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ALUNDUM Laboratory Ware has high heat transfer properties, is chemi-
cally inert and assures long service. Cleaning is a simple process of wash-
ing and igniting to constant weight. From your regular laboratory supply
house you can obtain Norton tubes, cores and muffles for electric furnaces;
crucibles and dishes for igniting, incinerating, melting,- dishes, cones,
discs, thimbles, crucibles for filtering; combustion boats, pyrometer tubes
and refractory cements. A Norton Laboratory Ware catalog will be sent
free upon request.

NORTON COMPANY, Worcester 6, Mass
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With todays increased production demands taxing
the metallurgist, chemist, and physicist—the
method used should facilitate obtaining informa-
tion concerning the submicroscopic structure of
any sort of material in the shortest possible time.

The G-E XRD Unit permits the registration of
patterns with exposure times which are from three
to thirty times faster than was previously possible.
In routine diffraction studies of steel, four to eight
hour tests were formerly necessary—with the G-E
XRD Unit it is possible to conduct the same study

ANALYTICAL EDITION

with a fifteen to thirty minute exposure. Corre-
sponding reductions in exposure times have
materially speeded up the control of other metals.

G-E X-Ray offers a complete line of diffraction
cameras—each a precision instrument designed to
meet the exacting standards required in analytical
procedures. The XRD Unit, along with the cameras,
offer a solution for many of the numerous problems
encountered in the control and investigation of
materials used in manufacturing processes. For
complete information, write to Department NN41.

GENERAL iff ELECTRIC
XRAY CORPORATION

2012 JACKSON BLVD. CHICAGO (12), ILL., U. S. A.
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accurate
minutes

hours.

SPECTROGRAPH

'k The time to-

day is all important, particu-
larly the time of highly trained
technicians.

That is why manufacturers through-
out the country are using the A. R. L.-

Dietert Large Grating Spectrograph in their f

testing laboratories. They have found that one

trained operator and the Spectrograph will do the H

work that formerly required the combined skill of 12 The Spectrograph

operators using the wet methods of analysis. illustrated includes

. .. i spark, D. C. Arc,

Not only is there a (_jeflnlte saving of mgn-hours, but_the and A. C. Arc,

A. R. L.-C)ietert Grating Spectrograph with its large linear source units.

dispersion and exceptionally high resolution is an ideal instru-
ment for all types of research and control analysis.

At the present time manufacturers are using it to analyze iron, steel, magnesium, aluminum,
bronze, brass, zinc, lead—in fact, almost everything.

For complete information about the A. R. L.-Dietert Spectrograph write for our Modern Analysis
Catalogue No. 128 today.

APPLIED RESEARCH LABORATORIES HARRY W DIETERT CO.
4336 SAN FERNANDO RD., GLENDALE, CALIF. 9330 ROSELAWN AVE., DETROIT, MICH.
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Beginning with Pyrex brand Laboratory Glassware in 1915, Corning Research has kept
pace with the growth of the modern laboratory by developing new lines of glassware to meet each new
laboratory need. Today there are five separate lines meeting every laboratory requirement.

1. Pyrex brand Laboratory Glassware

THE ALL-AROUND WARE FOR ALL-AROUND USE
Fabricated from “Pyrex” Chemical Glass No. 774—*“Pyrex”
W are combines the essential properties of chemical stability,
mechanical strength and heat resistance, scientifically balanced
—the standard glassware for general laboratory use.

2. Pyrex brand Lifetime Red Low Actinic Glassware
FOR LIGHT-SENSITIVE SUBSTANCES

Tliis colored glassware affords high protective value. Fabri-
cated from “Pyrex” Chemical Glass No. 774, its lifetim e bed
color is an integral part of the glass. Mechanical strength,
chemical stability and heat resistance are combined with
ability to retard deterioration from light influence.

The following data will serve as a guide to its efficiency:

3000 Angstroms 0%
4000 Angstroms 1%
5000 Angstroms 4%
6000 Angstroms 12%

Approximate percent wave-
length transmission in Ang-
strom unitsof “Pyrex” Low
Actinic Ware

3. Pyrex brand Fritted Ware-FOR sreen, retentiviTy

AND FREEDOM FROM CHEMICAL REACTION

Glass particles are fritted to form discs which are sealed into
non-porous bodies—both of “Pyrex” Chemical Glass No. 774.
W ith five porosities available—from ultra fine to extra coarse—
filtration of various types of precipitates can be accomplished
at maximum speed. Discs are mechanically strong, thermally
and chemically resistant.

4. Viycor brand Glassware
FOR HIGH TEMPERATURE REACTIONS, RAPID ANALYSIS
Fabricated from 96% Silica Glass No. 790, this ware possesses

exceptional chemical stability, has a high softening point and
extremely low coefficient of expansion.

5. Corning brand Alkali-Resistant Glassware

FOR BORON DETERMINATIONS AND SIMILAR APPLICATIONS
Designed specifically for use where resistance to alkalies is im-
portant. Fabricated from “Corning” Alkali-Resistant Glass No.
728—substantially boron-free (approx. B203Content, 0.06%).

COMPARISON OF PROPERTIES — (For other physical properties consult Catalog LP21 and Supplements)

Coef, of  Annealing Softening  Strain

Number and Type Expansion  Point Point Point
Pyrex brand Chemical
Glass No. 774 0.0000032 560°C 820°C 510°C

96% Silica Glass No. 790 0.0000008 910°C 1500°C 820°C

“Corning” Alkali-Resistant Glass

(Boron-Free) No. 728 0.0000063 620°C 870°C 585°C

PYREX srano
LABORATORY WARE

(PYREX

Specific Loss in Weight—100 Ibs. Steam
Gravity  Pressure 96 1Jrs. (grams per sg. cm.)

means —— -

Researdh in Aass

1"oss in Weight—Boiling 6 1Jrs. in
5% NaOIl (grams per sg. cm.)

223 0.0005 0.002
2.18 0.0001 0.0015
2.60 0.0005 0.00004

PYREX” and “VYCOR" are registered
trade-marks and indicate manufacture by |

CORNING GLASS WORKS

CORNING, N. Y.
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HOW IS THE WATER?

Testing water supply is one of the jobs of the Army Medical Corps.
The Army always plays safe with the health of the soldiers, who must be
protected against contaminated water. In this ever-constant watchfulness
over Army water supply, Hellige Simplex Testers are helping in provid-
ing a quick and accurate means for securing true chlorine determinations.

3718 Northern Blvd.

Lons Island City 1
New York
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the original
building of Ohio
Wesleyan University

—founded in

was the name of the course in
the first classroom instruction in chemistry at Ohio W esleyan University.
The course began in 1845 and was housed in the old Mansion House —
later named Elliott Hall Edgar Hall now houses the modern fire-
proof chemical laboratories where Multiple Unit Organic Combustion
Furnaces are used for instruction and research in organic chemistry.

Seeyour Laboratory Supply Dealer or sendfor Bulletin HD-135A

HEVI DUTY EtECTRIC COMPANY

T«<40E m

LABCRATCRY FURVAES MULTIPLE UNIT - BECTRIC EXCLLBMVALY

REG. U. S. RAT. OFF.

iffe

JBBMRMEB

MILWAUKEE, WISCONSIN 1» -1
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Lindberg Laboratory furnaces, hot plates and
control, modern in design, are engineered and built to
meet the exacting everyday requirements of your
laboratory.

Lindberg Combustion Tube Furnace—Temperatures
to 2500° F. For fast modern volumetric as well as
gravimetric types of determinations. Equipped with
built-in transformer, all necessary control, Globar
elements and tube adaptors.

Lindberg Box Furnaces—Temperatures to 2000° F.
Expressly built for the many usual laboratory jobs,
such as: ash determinations, fusions, etc. Equipped
with heavy, low voltage, rod type elements. Built in
two sizes with chambers 41" x 10" x 4" and‘7%" x 14"
X 5%".

Lindberg Hot Plates—Temperatures to 900° F. These
hot plates, available in three sizes, 10" x 12", 12" x 20"
and 12" x 30", have special cast metal tops. Coiled
nickel-chromium elements are placed to give uniform
fast heating.

The Indicating Pyrometer and Input Control
mounted in the same case provide the laboratory with
“stepless” temperatures and embody the famous
Lindberg “percent of current input” control.

For complete details and information get in touch
with your laboratory equipment dealer today.

LINDBERG ENGINEERING COMPANY

2450 WEST HUBBARD STREET - CHICAGO 12, ILLINOIS

ANALYTICAL EDITION

Combustion Tube Furnace Box Type Furnaces

Hot Plates

Lindberg Input Control
and Pyrometer

Well-known Throughout the
World as the Leaders in Developing
and Manufacturing Industrial Heat

Treating Equipment.

11
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when you need chemicals
by the pound or carload...
come to us with confidence

A 32 page listing of industrial
chemicals supplied by Harshaw
is available to you in booklet
form. Write for your free copy.

HARSHAW CHEMICAL

1945 East 97th Street, Cleveland 6, Ohio
BRANCHES IN PRINCIPAL CITIES

Vol. 16, No. 1
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booking Forwar

W artime achievements in science are
developing an era of progress which
challenges the imagination.

All that Spencer is doing now—pro-
ducing microscopes, periscopes, tele-
scopes, aircraft and anti-aircraft gun-
sights, prism binoculars, azimuth in-
struments for directing artillery fire,
tank sights, telescopic alidades for navi-
gation, projectors for instruction—wi ill
reap peacetime rewards in advanced
knowledge, better manufacturing tech-
niques, finer instruments.

At the war’s end, Spencer will be
ready to serve scientific optical needs on
a far broader scale than ever before.

S_pencer

BUFFALO, NEW YORK
SCIENTIFIC INSTRUMENT DIVISION OF
AMERICAN OPTICAL COMPANY

13
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BECKMAN PHOTOELECTRIC

QUARTZ SPECTROPHOTOMETER

A self-contained, precision instrument with quartz prism, operating on an electronic circuit, for the
rapid measurement of percentage transmission and density

, Wavelength Scale; B, Built-in Electronic Indicating Meter: C, Slits with ;lzi{recision adjustment; D, Light Source; E, Compartment for two
Phototubes; F, Holder for four 10 mm Absorption Cells; G, Filter Slide;; H, Compartment for Absorption Cells; J, Phototube Selector;
and K, Switch for checking dark current

QUARTZ SPECTROPHOTOMETER, Beckman Photoelectric. A self-contained unit with which a
wide variety of research and control work can be conducted with convenience, speed and precision.
Consisting of a quartz monochromator, with light source, holder for absorption cells, twin phototubes
and built-in electronic meter for translating phototube currents into direct readings of percentage
transmission and density. See Cary and Beckman, "A Quartz Photoelectric Spectrophotometer,”

16, No. 1

Journal of the Optical Society of America, Vol. 81, No. 11 {November, 1941), p. 682.

Monochromator. Autocollimating type, with 30° quartz
prism of selected crystal which provides high dispersion in
the ultra-violet. Wavelength scale approx. 100 cm long,
graduated from 200 mmu to 2000 mmu, readable to 0.1 mmu
in the ultra-violet and to 1.0 mmu in the red, with a scale
accuracy of 1 mmu.

Optical parts rigidly mounted in a massive heat-treated
iron block within a dust-proof steel case.

Slits. Protected by quartz windows, with stray light ef-
fects reduced to a minimum. Simultaneously and continu-
ously adjustable from 0.01 to 2.0 mm by a precision mecha-
nism. Slits can not be damaged by closing too far. Full
scale reading with nominal band width less than 2 mmu over
all but the extreme ends of the spectrum.

Electronic Indicating Meter. A built-in potentiometer
and electronic amplifier makes possible direct readings in
percentage transmission and density. The switch position

9101.

Quartz Spectrophotometer, Beckman Photoelectric, Model D,

marked “0.1” provides a ten-fold expansion of the trans-
mission scale for more accurate readings on solutions below
10% transmission.

Light Source. A standard 32 c. p. 6-volt, tungsten lamp
serves as a light source for the range 320 to 1000 mmu.
For the ultra-violet range below 320 mmu a small hydrogen
discharge lamp is offered with power supply.

Sample Holders. Absorption cells are accommodated in
a removable holder which is inserted in a light-tight com-
partment and is operated from the front of the instrument
by means of a sliding rod. Cells and holders arc available
for 10, 20, 50 and 100 mm liquid lengths.

Phototubes. Two phototubes are furnished in a compart-
ment which adjoins the cells. A sliding rod brings either
tube into position and simultaneously switches the electrical
connections.

range 320 to 1000 millimicrons. Consisting of monochromator with

quartz prism and two slits, built-in_electronic meter, 6-voLt tungsten lamp in detachable housing, one each caesium-oxide and blue-

sensitive phototubes, and holder with selected set of four Corex glass absorption cells for 10 mm liquid length.

Wi ith dry cells for

operating.the meter but without 6-volt storage battery as re(Luired for operating the tungsten lamp and electronic tube filaments.
i .

Overall

mensions, 30 inches long X 9 inches high X 9>/i in

es deep; shipping weight, 110 IDS.....cccceiminriiccersseeeeienes 764.00

9101-B. Ditto, Model DUY, range 220 to 1000 millimicrons, identical with above but with ultraviolet-sensitive phototube in place of the blue-
sensitive tube and with the addition of accessories for far ultraviolet consisting of one pair of Fused Silica Absorption Cells for 10 mm
liquid length, Hydrogen Discharge Lamp, housing for same, and a power supply unit, 110 volts, 50/60 cycles, for maintaining the

discharge at constant intensity.

Shipping weight, 165 Ibs......

............................................................................................ 1052.00

Copy of 7-pp detailed description sent upon request.

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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Polymerization of Synthetic Rubber in
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10-Gram

Systems

An Experimental Technique

CHARLES F. FRYLING, The B. F. Goodrich Company, Akron, Ohio

The experimental procedure consists of sealing the ingredients of a polymerization
recipe into a test tube and rotating the tube at a constant temperature, following the

course of the reaction by noting the decrease in volume of the system.

The latex is

removed for coagulation when the polymerization has proceeded as far as desired,
and the yield is determined by weighing the dried stabilized coagulum.

N DEVELOPING practical recipes for the manufacture of

synthetic rubber, it was desirable to investigate the effects
on the polymerization process of a large variety of highly puri-
fied substances. Only small quantities of many materials were
available. Furthermore, in order to obtain valid comparisons
between experiments conducted over a period of time, it was
necessary to keep standardized samples of the major compo-
nents and to use them as econonomically as possible. These
considerations led to the development of a small-scale polymeri-
zation technique whereby from 10 to 20 grams of monomers
could be employed. By this method an extraordinary amount
of valuable information was obtainable. This included:

1. Yield

2. A polymerization reaction curve from which to estimate
length of induction period, if any; rate of polymerization at any
desired time; and over-all conversion at any desired time

3. Kind of emulsion—i.e., whether fluid, viscous, gelatinous,
or heterogeneous, at any stage in the process

4. pH of emulsion at end of process
5. Qualitative observations on coagulation

G Production of a sample of synthetic rubber sufficiently
large to determine solubility, milling characteristics, and cured
properties by procedures described by Garvey (3)

This small-scale technique has been employed for investigating
polymerization of a large number of monomers and comonomer
mixtures, for evaluating emulsifying agents, for determining the
effect of impurities in the reagents employed, for varying the
comonomer ratio and the ratio of hydrocarbons to aqueous phase,
and for investigating behavior of various initiators, inhibitors,
and other ingredients of the polymerization recipe. It proved to
be especially advantageous in providing information on the
effect of some one ingredient over a range of concentrations.
The influence of reaction temperature was readily determined.
In general, the advantages of the technique were particularly ap-
parent in:

Preliminary surveys, where wide areas of investigation had to
be covered in the shortest possible time. The method is amen-
able to simple labor-saving tricks, such as filling a large number
of reaction tubes at the same time with solutions of a given emul-
sifying agent.

Control testing of raw materials. The particular properties
essential for polymerization of all shipments of materials intended
for large-scale production can be tested quickly. A good corre-
lation can be obtained between the experimental results of this
method and behavior on a manufacturing scale.

The most serious limitation to this technique is that materials
cannot be added to or subtracted from the system once poly-
merization has started. [Balandina el al. described a similar
technique, the details of which are not readily available to
English-speaking investigators (I).]

RECIPES FOR POLYMERIZING SYNTHETIC RUBBER

The development of satisfactory polymerization recipes is one
of the important objectives of synthetic rubber research. Patent
literature contains many examples of such. The following, from
a U.S. patentissued to Wollthan and Becker (5), and recalculated
to the scale of this technique, is perhaps typical:

Butadiene 7.5 grams
Styrene 2.5 grams
Isohexyl mercaptan 0.05 gram

W ater 18.0 grams
Sodium oleate 2.0 grams
Ammonium persulfate 0.03 gram
Temperature 30° C.

Time “Several days”
Yield “Excellent”

Anunderstanding of the function of each ingredient is essential
In the above example, the butadiene and styrene are the mono-
mers, which, by copolymerizing, form synthetic rubber. The
isohexyl mercaptan is described as a substance exerting a “regu-
lating effect”—i.e., it possibly decreases the branching charac-
teristics of the resulting polymer. Sodium oleate is the emulsify-
ing agent, and the ammonium persulfate acts as the polymeriza-
tion initiator, also called the “polymerization catalyst”.

The possibilities of research on such a system are great and
are increased by the fact that a variation introduced in any one
ingredient may require a concomitant change in some other in-
gredient. For example, substituting another substance for the
initiator might require a change in the type of emulsifying agent
employed in order to get satisfactory results.
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GENERAL CONSIDERATIONS ON TECHNIQUE

Polymerization, while a science, is also an art. The way in
which things are done—that is, the niceties of experimental tech-
nique employed—is of equal importance to the scientific aspects
of the subject. Unless this viewpoint is kept clearly in mind, the
investigator is frequently confronted by baffling failures. Emul-
sion polymerization is particularly susceptible to the influence of
traces of contaminants. The equipment of a research laboratory
may be covered with dust which contains inhibitors or accelera-
tors of polymerization, indeed, some substances, which under
certain conditions inhibit polymerization, may under sightly dif-
ferent conditions act as catalysts. Nevertheless, the difficulties
confronting the investigator can be avoided with a little care and
forethought.

Weighing Butadiene

In general, solutions or other substances to be employed in
polymerization experiments should not be exposed to atmos-
pheric contamination for longer periods than necessary. Glass
stoppers afford adequate protection. The contents of a flask
may be temporarily protected by covering the mouth with a
sheet of clean dry tinfoil. Cork stoppers should be avoided;
but if necessary, they can be covered with tinfoil. In no case
should the alkaline contents of flasks come in contact with tin-
foil.

Glass bottles and flasks must be clean. In most cases treat-
ment with chromic acid cleaning solutions, followed by rinsing
with tap water and then distilled water, is adequate. Reaction
tubes, however, require more effective cleaning.

In one operation it is convenient to pour the volatile contents
of a Dewar flask through a short length of rubber tubing. Al-
though rubber contains antioxidants, accelerators, and other
chemicals, no trouble is experienced from this source if the rubber
tubing is first extracted by boiling in several changes of acetone.
This can be done (on a steam plate) in a covered beaker if a sizable
piece of dry ice is placed on the watch crystal, which thereby be-
comes a convenient reflux condenser. The extracted tubing can
be kept in a stoppered wide-mouthed bottle for future use.

Certain monomers can be efficiently separated from powerful
inhibitors added as stabilizers by distillation through relatively
simple equipment. The practice of distilling monomers in the
absence of an inhibitor should be avoided because of the danger
of explosions due to the accumulation of peroxidesin the distillation
residue.

It has been customary in the laboratory to prepare fresh sam-
ples of butadiene by condensation in clean glassware from a
stream of gas taken from a large cylinder of hnuefied material.
Higher bofling monomers are freshly prepared by atmospheric,
vacuum, or steam distillation as required. All-glass distillation
equipment is most satisfactory. The unstabilized monomers
can be kept stoppered in a refrigerator at —30° C. for several days
without detectable deterioration.

Sometimes repetition of an operation is advisable. Metallic

polymerization vessels, no matter how carefully cleaned, may be
inhibited; merely emptying and recharging are often sufficient
to ensure a satisfactory reaction.

There is no substitute for constant care and cleanliness on the
part of the investigator. A careful experimenter can easily ad-
just the weight of small portions of certain monomers using a
clean medicine dropper, while a careless experimenter (perform-
ing the same operation) can ruin a large number of experiments
by allowing the monomer to come into contact with the rubber
bulb of the medicine dropper.

EXPERIMENTAL PROCEDURE

The ingredients of a polymerization recipe are sealed into a test
tube, which is rotated at a constant temperature. The course of
the reaction is followed by noting the decrease in volume of the
system, and the latex is removed for coagulation when the poly-
merization has proceeded as far as desired. The yield is deter-
mined by weighing the dried, stabilized coagulum.

Pyrex reaction tubes, 22 mm. in diameter, approximately 55
ml. in capacity, to the upper end of which are sealed 10-mm.
diameter Pyrex tubes, may be obtained in gross lots from the
Corning Glass Company, according to the following specifica-
tions: "Glass tubes, Pyrex, 22 mm. O.D. X 1.5 mm. walls (uni-
form), 215-mm. body to neck, 22-mm. tapered shoulder, 145-
mm. neck. 10-mm. neck X 1-mm. wall thickness”. These can
be made by the experimenter, but it has been found cheaper to
purchase them.

New tubes are cleaned by rinsing with distilled water and an-
hydrous c.p. synthetic methanol, in that order, and evacuating
until dry. Evacuation may be accomplished with a Cenco
Hyvac pump connected in train through a dry ice-acetone trap,
which condenses the methanol and prevents diffusion of any vola-
tile inhibitor back into the tube. Acetone-extracted rubber
tubing is used to attach the reaction tubes to the vacuum system.

Old tubes, after being cleaned in a chromic acid bath, are re-
paired by sealing new necks of 10-mm. Pyrex tubing, 10 cm.
long, to the shoulder of the tubes. The open ends are fire-pol-
ished. The tubes are then subjected to the cleaning treatment
recommended by Suess, Pilch, and Rudorfer (4). Clean con-
centrated nitric acid is poured into the tubes and allowed to
stand from 16 to 24 hour's. If the tubes are reauired at once,
they are filled to the shoulder with nitric acid and gently heated
from 15 to 30 minutes, then rinsed three times with tap water.
One rinse should completely fill the tube to displace all the fumes.
After two additional rinses with distilled water, the tubes may be
dried witlpsynthetic methanol and evacuated. If desired, the
methanol rinse and evacuation can be dispensed with by allowing
the distilled water to drain from the inverted tubes overnight.
The dry tubes are stoppered with No. 0 corks, which have been
covered with fresh tinfoil, and the tubes are kept in a clean place
until used.

Solids may be added to the reaction tubes in quantities as low
as 0.5 mg. from small aluminum foil weighing scoops. If dupli-

Adding Butadiene to Reaction Tube
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catc quantities are to be used throughout a series of experiments,
it is convenient to dissolve organic compounds in the less volatile
comonomer and inorganic compounds in the aqueous solution of
emulsifying agent.

Rotation of Tubes in Constant-Temperature Cabinet

' The solution of emulsifying agent is generally prepared sepa-
rately and added to the reaction tubes from a pipet or a graduated
cylinder. Since slight variations in the ratio of monomers to
agueous phase have little effect, convenience generally dictates
the use of the latter method. The volume of emulsifying agent
employed may vary from 10 to 30 ml. for 10 grams of monomers.

The reaction tubes containing the emulsifying agent and other
ingredients are placed in a refrigerator, inclined at an angle of
2° 8' from horizontal, and frozen at —30° C. This inclination
may be obtained by placing a piece of 10-mm. glass tubing under
the necks of the tubes. Unless chilled in this position, the tubes
will crack when placed in a dry ice-acetone bath. (The cork-
stoppered glass reaction tubes may be laid on a table at the
proper inclination and covered with dry ice. However, any
contamination of the contents by carbon dioxide will alter the
pH of the soap solution and affect the reaction rate seriously.)
If care is exercised, the aqueous phase can be frozen by direct
immersion of the tubes in a dry ice-acetone bath, with frequent
withdrawals and nearly horizontal rotations, so that the aqueous
phase freezes in contact with the glass in the form of a hollow
cylinder. The losses due to cracking of the glass are high and
the operation is time consuming; therefore the method of freezing
first described is preferred in most cases.

In the next step the frozen tubes are individually cooled further
in a dry ice-acetone mixture contained in a quart-size straight-
sided Dewar flask. A rubber dam is fitted over the tube and
the Dewar flask, the neck of the tube extending through a hole
in the dam. This minimizes contamination of the tube with es-
caping carbon dioxide, and holds it in a convenient vertical po-
sition.

The higher boiling comonomer is weighed to 0.1 gram into a
tared, clean microbeaker and poured into the reaction tube. A
buret is sometimes used for this operation but contamination by
stopcock grease should be avoided. In either case the opera-
tion must be performed in a rigorously clean manner.

Freshly distilled butadiene is temporarily contained in a pint-
size Dewar fitted with a two-hole extracted rubber stopper
through which extend two short glass tubes arranged for con-
venient pouring. The temperature of the butadiene is held at
—30° C. It is weighed to 0.1 gram into a small silvered Dewar
weighing flask using a torsion balance. The small Dewar is then
attached to the reaction tube by a short length of extracted rub-
ber tubing and the butadiene is poured into the reaction tube,
allowing about 45 seconds for condensation of vapor before re-
moving the rubber tube. The weighing flask has a 10-mm. neck,
and is 11.5 cm. from bottom to shoulder, 35 mm. in outside di-
ameter, 25 mm. in inside diameter, and about 16 cm. in oyer-all
length. Such flasks have been made in the laboratory but it has
been found more satisfactory to have them made by professional
glass blowers.

The reaction tube is scaled, using a hand blow torch. It is ad-
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visable to do the sealing close to the open end of the neck in an
oxidizing atmosphere; otherwise a carbon mirror may form on
the interior surface of the tubing and prevent a tight seal. Oc-
casionally, if condensation is not complete, a slow blue flame trav-
els from the heated glass down into the reaction tube. It has
been impossible, however, to demonstrate that this brings about
any variation in the ensuing polymerization.

POLYMERIZATION

The sealed reaction tube is brought to reaction temperature
by immersion in water. The height of the meniscus Is deter-
mined and recorded, using a millimeter rule. The tube is then
rotated at a constant temperature and readings of the meniscus
height are made periodically. It is from these readings that re-
action curves such as Figure 1 can be plotted.

If the polymerization is complete in less than 5 hours, a water
thermostat is required to prevent temperature buildup. How-
ever, a thermostatically controlled air cabinet, provided with
shafts for rotating the tubes, is more convenient.

Tl

Figure 1. Polymerization Curve

A reaction tube, prepared as described, using the Wollthan and
Becker recipe (5), will give an initial meniscus height of approxi-
mately 110 mm. During the course of polymerization, it will
drop 11 mm. Since the height can be read to 0.5 mm., this pro-
cedure provides a simple method of following the reaction rate
with an accuracy of about 5%. Table | shows for other recipes
that the drop in height of the meniscus is directly proportional
to the yield of polymer, within the limits of error of the method.
If the total decrease of meniscus height is measured just before
opening the tube, the yield, as measured on the dry polymer, will

Table I. Correlation between Percentage Polymerized and Fall of
Meniscus for Three Polymerization Recipes
------------------ Yield-
Fall of Calculated
Meniscus Measured from meniscus Difference

Mm. % % %

Series 1 3.0 18 19 +1
7.0 39 44 +5
10.4 61 65 + 4
141 89 89

Series |1 3.0 21 19 _2
7.0 43 45 2
10.9 70 70 0
14.4 93 93

Series |11 2.0 9 13 + 4
4.0 20 26 4-6 =
4.5 26 29 + 3
5.8 38 37 -
7.6 44 49 4-5
7.8 47 50 4-3
11.0 67 70 4-3
12.6 86 81 —5
14.7 94 94
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Washing Coagulated Synthetic Rubber Samples

give an accurate basis for calculating the partial yields at any
given time during the process. Reaction curves plotted using
these figures will not be affected by errors due to variations in
diameter of the individual tubes.

The formation of foam, which breaks with difficulty, frequently
interferes with the measurement of meniscus height. In such a
case the tubes can be centrifuged by swinging in a suitable tube
on the end of a 90-cm. (3-foot) rope. [According to Reynolds (S)
the accuracy of this method can be improved by constriction of
the tube at the position where the meniscus is read, together with
high-speed centrifuging and redispersion of the emulsion by shak-
ing after the reading.) If a gel forms, or if there is much coagu-
lation during polymerization, the height of the meniscus cannot
be determined accurately.

The end of the induction period, or the beginning of polymeri-
zation, is generally indicated by the appearance of a bluish opales-
cence, in addition to the change in height of the meniscus.

DETERMINATION OF YIELD

Opening the reaction tubes presents no difficulty except when
low partial conversions are under investigation. Then it is nec-
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essary to break the tip and direct the violently expelled foam into
a large beaker. The synthetic rubber latex must next be sta-
bilized by the addition of an antioxidant. Two per cent of dis-
persed phenyl-beta-naphthylamine has been found convenient
and satisfactory. The dispersion of the stabilizer can be ob-
tained by aqueous dilution of an alcoholic solution. The latex
can be coagulated by any method customarily employed for
breaking emulsions or coagulating natural rubber latex. Follow-
ing coagulation, the rubber is washed free of soap and electro-
lytes, using a Buchner filter and filter paper, and dried in air,
preferably at a low temperature. The yield, accurate to +2%,
can be obtained by weighing to 0.1 gram.

SUMMARY

Many manufacturers of monomers, emulsifying agents, ini-
tiators, modifiers, and other ingredients going into polymeriza-
tion reactions find it necessary to have a reliable polymerization
procedure for testing the quality of their products. The proce-
dure presented, despite some shortcomings, has many advan-
tages. Minimum amounts of material are required and large
numbers of experiments can be conducted in a relatively short
time. A serious effort is made to point out some of the pitfalls
which beset investigators of polymerization regardless of the
type of technique employed. The best recommendation for the
procedure described is that it has been used to develop certmn
types of synthetic rubber which are now in commercial produc-
tion.
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Determination of Tetraethyllead in Gasoline

HARRY GONICK AND J. J. MILANO, Shell Oil Company, Incorporated, Marlinez, Calif.

A method for the determination of tetraethyllead in gasoline is described in which the
tetraethyllead Is decomposed with iodine and the lead subsequently titrated by a new

acidimetric method employing 8-hydroxyqulnoline.

plicable to all types of gasolines.

NTIL recently the most widely used method for the

determination of tetraethyllead in gasoline was the
bromirration method described by Edgar and Calingacrt (S)
in which the tetraethyllead was decomposed by the action of
bromine. Although this method was rapid and convenient for
the determination of tetraethyllead in straight-run gasolines,
difficulties were encountered with cracked gasolines owing to
the rapid absorption of bromine by the olefins present, in com-
petition with the tetraethyllead. With gasolines of high olefiu
content it was necessary to brominate the gasoline completely7
to ensure complete decomposition of the tetraethyllead. Even
so, low results were frequently7 obtained. Moreover, the quan-
tity of bromine required for complete bromination of a gasoline
of high olefin content was rather large (frequently in excess of
200 grams) and added substantially7to the cost of the analysis.
In addition, the bromination reaction was violent and was
accompanied by the evolution of corrosive vapors which caused
considerable hazard to the operator. For these reasons, the

The method is rapid and is ap-

bromination method was not suited to the routine analysis of
cracked fuels.

More recently other methods have been devised in which the
gasoline is treated with hydrochloric acid and the load determined
in the acid extracts. The best known of these is the method of
Calingacrt and Gambrill (3), recently adopted by the American
Society for Testing Materials as a tentative standard (1). Al-
though this method gives satisfactory results with all types of
gasolines, the over-all time required for a determination is some-
what lengthy7and specialized equipment is required.

The method described in this paper was developed in an
effort to reduce the time required for the tetraethyllead deter-
mination. By the proposed method, a single determination can
be completed in one hour and for determinations in quantity only7
a small fraction of this time is required per determination. The
accuracy7of the method appears to be equal to previous methods
and docs not appear to be affected by7the type or composition
of the gasoline. More than three thousand samples of gasoline,
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representing all the principal brands and grades sold in the
western states, have been analyzed successfully.

PRINCIPLE OF PROPOSED METHOD

As in previous methods, the determination of the tetraethyl-
lead divides itself into two distinct parts: (1) the decomposition
of the tetraethyllead to yield an inorganic lead salt, and (2) the
determination of the lead.

Figure 1. Effect of Sodium Chloride on Neutralization Curve
of Solutions Containing Lead lons

0.137 gram of IPb(NO3)j In 100 ml. of water. (1) No NaCl added, (2)
5 gras of NaCl added

1. Experiments conducted in this laboratory showed that
tetraethyllead is rapidly and quantitatively decomposed by the
action of free iodine. Unsaturated hydrocarbons do not interfere,
as they do not iodinate so rapidly as to compete with the tetra-
ethyllead reaction. The gasoline is removed by evaporation
under a hot air stream, and any organic matter remaining is
subsequently oxidized with nitric acid and potassium chlorate.
The inorganic residue remaining then contains all the lead in the
form of inorganic salts including lead iodate, which is insoluble
in water. The lead salts so obtained are converted to the more
soluble chloride by treatment with hydrochloric acid.

2. The lead is determined by an acidimétrie titration method ;
it is therefore necessary to neutralize the solution exactly before
titrating the lead. The neutralization of a solution containing
lead salts ordinarily presents difficulties owing to the hydrolysis
of the lead. These difficulties are obviated, however, by the

sence of sufficient chloride ions which effectively suppress the

drolysis of the lead. The effect of sodium chloride on the
neutralization of a lead solution is shown by the curves in Figure 1

After the solution has been neutralized, an exceas of 8-hydroxy-
quinoline is added. This reagent reacts with the lead ions to
liberate an equivalent quantity of acid which is then titrated
with standard alkali. The reactions are assumed to be as follows:

HOC,H,N = -OC»H,NH+ 1)
Pb++ + 2"OCHiNH+ = Pb(OC,H,NH+)2 @
Pb(OCtHjNH+)j + 20H- = Pb(OC&H N)2+ 2110  (3)

As indicated in Equation 1, 8-hydroxyquinoline is amphoteric
and goes over to the ionic form. When 8-hydroxyquinoline re-
agent is added to a solution containing lead ions, lead 8-hydroxy-
quinolinium ions are formed according to Equation 2. These
are quantitatively titrated with standard alkali to pH 7 according
to Equation 3. Other equilibrium reactions are undoubtedly
involved, including reaction between lead 8-hydroxyquinolinium
ions and excess reagent; however, the equations given indicate
the essential result.

DETAILS OF METHOD

Apparatus. The hotair-jet evaporator (Figure 2) is designed
to direct a hot air stream into four Erlenmeyer flasks simul-
taneously during evaporations. Although the design shown
has proved very satisfactory in actual practice, other designs
which will accomplish the same purpose may be used.

Reagents. lodine, saturated solution in carbon tetrachloride
(technical). Nitric acid, c.r., concentrated. Potassium chlo-

ANALYTICAL EDITION

rate, c.p., crystals. Hydrochloric acid, c.p., dilute solution;
1to 1 Sodium chloride, c.p., crystals. 8-Hydroxyquinoline,
0.065Ar in GO per cent isopropyl alcohol. Standard sodium
hydroxide, 0.0624AL Standard hydrochloric acid, 0.0624Ar.
(Standard 0.0624Y acid and base were selected since these re-
agents are in general use in oil laboratories.)

Methyl red indicator; dissolve 1 gram in 600 ml. of alcohol
and dilute to 1 liter with water. Phenol red indicator, 0.2 gram
per liter of water.

Separation op Lead. Measure exactly 100 ml. (corrected to
G0° F.) of the gasoline to be tested into a 500-ml. Erlenmeyer flask.

Add 50 ml. of the iodine solution and allow to stand for at least
5 minutes. Place the flask on a hot plate under a hot air stream
and evaporate the gasoline to dryness. The velocity of the air
stream and the temperature of the hot plate should be regulated
so as to secure the maximum rate of evaporation without spat-
tering or bumping. The air stream effectively suppresses the
tendency toward bumping which is almost unavoidable without
its use. The evaporation ordinarily takes from 15 to 20 minutes.

Add 25 to 50 ml. of concentrated nitric acid (depending on the
amount of the organic residue) and rotate the flask over a burner
until dense fumes of iodine and nitrogen dioxide cease. Should
any organic matter adhere to the walls of the flask continue
rotating the flask until it is completely dislodged.

Air in/eA

Figure 2. Hot Alr-Jet Evaporator
All interior metal parts must be heat-resistant

To the actively boiling solution add crystals of potassium
chlorate until the organic matter is completely destroyed. The
potassium chlorate should be added cautiously. The solution
should not be permitted to evaporate to dryness while there is
visible organic matter present as indicated by a brownish colora-
tion of the solution- otherwise spontaneous ignition will occur
and cause losses of lead. Usually all organic matter disappears
after the first 2 or 3 grams of potassium chlorate have been added;
however, one or two additional portions of 2 or 3 grams each are
added in order to complete the oxidation. With practice, the
oxidation of residues from cracked gasolines with potassium
chlorate can be effected in 1to 3 minutes.

Evaporate the clear nitric acid solution to complete dryness.
Should the solution exhibit any darkening during the evaporation,
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Table I. Determination of Tetraethyllead in Synthetic Gasoline
Blends by the Proposed Method”

Tetraethyllead Content

Samples Calculated Determined
Mil/gallon
S0% cracked gasoline + 20% straight-run 3.07 3.07,3.06,3.07
gasoline 1.54 1.54,1.54, 1.56
. . 0.20 0.19,0.20,0.19
100% straight-run gasoline 3.00 3.00,3.00
1.50 1.51,1.50
0.30 0.29,0.29
50% cracked gasoline -f 50% isopentanc 1.54 1.54
50% cracked gasoline + 50% alcohol 1.54 1.55

c ° These blends were made using ethyl fluid obtained from the Ethyl
orp.

add more potassium chlorate. The use of the hot air stream is
not recommended during this operation, as the cooling effect
of the air stream impedes the oxidation of possible traces of or-
ganic matter. To ensure the complete destruction of organic
matter, heat the residue over a burner until it is completely fused.
The residue after fusion should be white (see note below on the
use of potassium cldorate).

Allow the flask to cool somewhat, and add sufficient 1 to 1
hydrochloric acid to dissolve the residue completely after 2 or 3
minutes’ boiling. Usually 10 to 20 ml. of the dilute acid are
sufficient. After complete solution is effected evaporate to
dryness. Special care should be exercised toward the end of the
evaporation, as the potassium chloride formed has a tendency to
spatter. Remove the remaining acid as completely as possible
by thoroughly heating the flask while blowing a hot air stream
into it.

Determination of Lead. Dissolve the residue in the flask
in 150 to 200 ml. of distilled water, add 2 or 3 drops of methyl red
indicator, and exactly neutralize the solution with 0.0624;V
sodium hydroxide to the alkaline (yellow-) end point of the
indicator. Usually there will be a sufficient concentration of
chlorides as a result of the preceding operations to suppress the
hydrolysis of the load. A deficiency of chlorides will render the
neutral point indefinite, in which case 5 to 10 grams of sodium
chloride should be added. At the neutral point one drop of
0.0624Ar acid should suffice to revert the indicator color from a
canary yellow to a definite pink. Occasionally the methyl red
indicator will show a fading tendency, owing to remaining traces
of oxidizing substances. This fading tendency is readily over-
come by the addition of a few milliliters of 0.1N sodium thio-
sulfate solution.

Where the quantity of lead present is approximately known,
the titration of the lead is carried out as follows: To the neu-
tralized solution add a 2- to 3-ml. excess of the 8-hydroxyquino-
line reagent and a similar excess of the standard sodium hy-
droxide solution. Stopper the flask and shake vigorously for a
few seconds to break up the precipitate and liberate any occluded
substances. Add sufficient phenol red indicator (about 3 ml.)
to produce a definite pink color and back-titrate the excess alkali
with standard hydrochloric acid. The hydrochloric acid should
be added dropwise toward the end of the titration and the end
point taken on the yellow (acid) side of the indicator change.
Agitate the flask when observing the end point and ignore any
pink fluorescence which may appear after settling of the pre-
cipitate. It is advisable to redetermine the end point by adding
a further excess of alkali and repeating the back-titration with
acid. Make certain that there is a 2- to 3-ml. excess of the 8-
hydroxyquinoline reagent over the net volume of alkali con-
sumed.

When the approximate quantity of lead is not previously
known, the titration must be carried out stepwise in order to
secure the correct excess (2 to 3 ml.) of the 8-hydroxyquinoline
reagent. Add about 3 ml. of phenol red indicator to the solution
which has been previously neutralized to methyl red. Now add
the S-hydroxyquinoline in 3-ml. increments and after each addi-
tion add an equal volume of 0.0624Ar sodium hydroxide. An
excess of the S-hydroxyquinoline reagent is indicated when the
addition of the alkali increment renders the solution alkaline
(pink) to the phenol red indicator. At this point stopper the
flask, shake vigorously for a few seconds, and back-titrate the
excess alkali with standard acid to determine the approximate
consumption ofalkali. Adjustthe volume of 8-hydroxyquinoline
added, so that there is an excess of 2 to 3ml. over the net volume
of alkali consumed (volume of standard alkali minus volume of
standard acid). A larger excess of 8-hydroxyquinoline should
be avoided, as this reagent exhibits a slight buffering effect which
interferes with the end-point determination. Redetermine the

end point after the addition of a further 2 to 3 ml. of standard
alkali by back-titration with standard acid as already described.

Two equivalents of titratable acid are formed for each mole of
lead. The solutions should be standardized against a known
quantity of lead, using the same titration procedure as in the
analysis. Pure test lead or lead nitrate may be used as a standard.

The result expressed in milliliters of tetraethyllead per gallon
of gasoline is obtained by multiplying the PbO equivalent (ex-
pressed in grams) of the net volume of sodium hydroxide con-
sumed by 33.24.

Use of Potassium Chlorate. In order to determine the
explosion hazard attending the use of potassium chlorate-nitric
acid mixtures for the oxidation of organic residues, the effects of
various conditions were investigated. It was found that a mild
explosion would sometimes occur in the vapor if the liquid was
not kept actively boiling during the oxidation process. In every
case the explosion was preceded by a dense accumulation of
greenish yellow vapors (probably a mixture of chlorine and or-
ganic vapors). The explosion hazard appeared to be completely
eliminated by maintaining the solution in an actively boiling
condition during the oxidation process, in which case the accumu-
lation of greenish yellow fumes was prevented. By following
this procedure more than 3000 samples have been analyzed with-
out an explosion. In spite of this record it is suggested that a
protective mask be worn by the operator during the oxidation.

Table Il. Comparison of A.S.T.M. and Proposed Methods
Tetraethyllead Content
Samples A.S.T.M. method Proposed method
Ml./aaUon
Competitive Q gasolines
Brand | 0.26 0.26
Brand |l 0.06 0.07
Brand |11 1.26 1.25
Brand IV 0.37 0.38
Brand V 0.53 0.53
Competitive Ethyl gasolines
Brand | 1.35 1.35
Brand Il 1.78 1.80
Brand I11 1.92 1.93,1.94,1.93
Brand IV 1.87 1.87
Brand V 1.58 1.57
Brand VI 2.01 2.01
Brand VII 1.06 1.08
Aviation gasolines
Brand | 3.04 3.04
Brand Il 3.05 3.06
Brand 111 2.97,2.97,2.97 3.00,3.00,2.99

ACCURACY OF THE METHOD

A series of synthetic blends of tetraethyllead in cracked and
straight-run gasolines was prepared to check the accuracy of
the method. Blends were alLso prepared with the addition of
isopentane and alcohol and analyzed by the described method.
The results of these experiments are shown in Table I.

A comparison of results obtained by the proposed method and
by the A.S.T.M. method (!) is shown in Table II.
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Specific Gravity of Butadiene

M. R. DEAN AND T. W. LEGATSKI
Phillips Petroleum Company, Research Department, Bartlesville, Okla.

The specific gravities (f/60° F.) of 1,3-butadiene of 99.6
mole per cent purity were determined experimentally for
the temperature range of —17.78°to 60° C. (0° to 140° F.),
by means of a specially constructed steel pycnometer of
approximately 4500-cc. capacity and capable of with-
standing the resultant vapor pressures without under-
going a permanent change in volume. The experimentally
determined specific gravities were smoothed graphically
and the experimental and smoothed values were compared
to show the magnitude of the probable error in the smoothed
data. The densities reported here were compared with
densities found in the literature, and it was concluded that
the final interpolated values determined in this work were
probably correct to +0.00015. The best value for the
specific gravity (60°/60° F.) of pure 1,3-butadiene was
estimated to be 0.6274 + 0.00015.

HE current interest in 1,3-butadiene as a synthetic rubber

raw material has created a need for more accurate and more
complete information on the physical properties of this hydro-
carbon.

Landoltand Bornstein {2) give a table of liquid densities for 1,3-
butadiene for the temperature range —20° to 20° C. (—4° to
6S° F.), Prevost (4) has reported a value at 6.22° C. (21.2° F.),
and Doss (1) lists a value at 68° F. Because these data cover a
range of temperature too small to meet most requirements, it
seemed advisable to check previous values and extend the tem-
perature range. This paper reports experimentally determined
liquid specific gravities for 1,3-butadiene for the temperature
range -17.78° to 20° C. (0° to 140° F.).

METHOD

The procedure consisted essentially of comparing the deter-
mined weights of known volumes of butadiene under a number of
temperature conditions and under pressures approximately equal
to the vapor pressures with the weights of identical volumes of
water at 15.56° C. (60° F.) and at atmospheric pressure. This
procedure has been employed previously by the writers to arrive
at similar data for propane, iso- and n-butane, the various butyl-
enes, and a number of commercial products falling in the classifi-
cation of liquefied petroleum gases (S).

COMPOSITION OF BUTADIENE USED

The 1,3-butadiene used in the investigation was obtained from
the by-product butadiene plant of the Phillips Petroleum Com-
pany and was representative of the commercial product of the
plant at the time of sampling. The sample was inhibited
against oxidation with 0.02 weight per cent of phenvl-beta-
naphthylamine. No solvent for the inhibitor was used. The
quantity of added inhibitor was calculated to increase the specific
gravity by no more than 0.00005 and its presence in the sample
could, therefore, be ignored.

The composition of the sample was ascertained by two different
analytical techniques, both based upon the well-known chemical
reaction between maleic anhydride and 1,3-butadiene. Analyses
by the two techniques gave a purity of 99.6 mole per cent. The
impurities present were believed to consist of 1-butene and the
high- and low-boiling 2-butenes.

APPARATUS

The apparatus consisted of two steel pycnometers of approxi-
mately 4500-cc. capacity fitted with expansion chambers to fa-
cilitate measurements at temperatures below room temperature.
A constant-temperature bath, a centrifugal pump for stirring the
bath liquid, a torsion balance with calibrated weights, and a
calibrated mercury-in-glass thermometer were also provided.

The details of one of the pycnometer units are shown in Figure
1, where A is the pycnometer and B is the expansion chamber.
C is a high-pressure stainless steel needle valve of such construc-
tion that when fully opened the pressure of the material in the
chambers is held by a metal-to-metal seat instead of by valve
packing, thus reducing the chance for errors due to leakage.
Valve D is a brass body steel needle valve. Both pycnometer
units were tested before use with hydrogen gas at 27-kg. (600
pounds) pressure to assure absolute freedom from leaks. The two
units were used simultaneously for check determinations.

The thermometer used for the measurement of bath tempera-
tures was graduated in 0.2° F. divisions. It was checked before
use against a Bureau of Standards calibrated mercury-in-glass
thermometer.

The torsion balance was checked before use for accuracy, sensi-
tivity, stability, and equality of length of balance arms. It was
tested during use for reproducibility of weights by weighing an
iron weight of about 9 kg. (20 pounds) at varioustimes during the
day and on successive days. These tests indicated that a weight
in the desired range—i.e., 7.7 to 8.6 kg. (17 to 19 pounds)—
could be reproduced to 68 mg. (£0.0015 pound). The set of
brass weights used were calibrated to 9 mg. (£0.0002 pound).

Calibration of Pycnometers. Alter being carefully cleaned
and dried, both internally and externally, the two pycnometer
units were evacuated and the tare weights determined and
checked by repeated weighings to the nearest 22 mg. (0.0005
pound). The volumes of the pycnometer chambers were then
ascertained for temperatures of 4.44°, 15.56°, 26.67°, 37.78°,
48.89° and 60° C. (40°, 60°, 80°, 100°, 120°, and 140° F.), and
with no internal pressure on the chambers, by weighing the water-
filled chambers at the various temperatures and then making cor-
rections for the changing density of water. Freshly boiled dis-
tilled water was used. The effect of internal pressure on pyc-
nometer chamber volumes was ascertained for a temperature
condition of 15.56° C. (60° F.) and pressures of 0,14, and 28 kg.
per sg. cm. (0, 200, and 400 pounds per square inch) gage, re-
spectively. The final results of the calibrations expressed in
terms of volume for various conditions of temperature and in-
ternal pressure, were plotted to arrive at a smooth relationship
for use in the subsequent experiments. It is believed that the

finally assigned volumes for the
various conditions were known to
+0.2 cc. for the entire temperature
range.

MEASUREMENT OF DENSITIES

The pycnometer units were
evacuated to an absolute pressure
of less than 1 mm. of mercury.
Sufficient butadiene was then
charged into the units to fill A com-
pletely and B to half its capacity.
Valve D was closed and C was left
open. The units were then placed
in a constant-temperature bath in
such a manner that cell A was
totally immersed in the bath liquid,
butwith no part of cell B immersed.
Heat was applied externally to B
by means of an electrically heated
removable jacket to maintain its
temperature, 6° to 9° C. (10° to
15° F.) higher than the bath tem-
perature. The temperature of B
was measured by athermocouple on
the outside surface of the cell at a
point below the liquid level in the
cell. In a preliminary series of ob-
servations it was determined that
approximately one hour was re-
quired to bring the temperature of
the pycnometer and its charge of
butadiene to the bath temperature.
The pycnometers were consequently
held in the constant temperature
bath for 1.5 hours before being
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Tabic I.  Summary of Experimentally Determined Specific Gravities

of 1,3-Butadiene

This Work (99.6 Mole Per Cent 1,3-Butadicne)

Tempera- Pycnometer
ture No. Specific gravity
°F. (i1/600 P.)°

0.66671
0.66671
0.66675
0.66675

20 0.65414
0.65410

21.2 0.6493 (4)

40 0.64097 0.6409 (£)&
0.64097
0.64070
0.64065

60 0.62732
0.62725

68 0.6213 (/)

80 0.61361
0.61371

100 0.59933
0.59944
0.59944
0.59932
0.59937
0.59947

120 0.58445
0.58422

140 0.56920
0.56890
0.56850
0.56S70

<Specific gravity at temperature t with reference to water at 60° F.
&lnterpolated values.

Literature,
Specific Gravity
(t/60° F.)a

0.6659 (2)b

0.6640 (2)b

0.6273 (2)b

removed for weighing. During that time, the bath tempera-
ture was held constant to 0.06° C. (x0.1° F.). Just before
removing a pycnometer from the bath, C was closed. Imme-
diately upon removal, the outside surface was dried and B was
evacuated. D was then closed, C was opened, and the unit was
weighed. In those instances where the bath temperature was be-
low the dew point temperature of the room air, the temperature
of the pycnometer was raised to above room temperatures to
avoid errors in weighing occasioned by condensation of moisture
on the surface. In such cases B served as a receiver for the liquid
butadiene displaced from A.

RESULTS

The specific gravities of the butadiene were subsequent”®’ ar-
rived at by dividing the determined weights of the butadiene
contained in A at the various temperatures by the weight of
the same volume of water when at 60° F. and atmospheric pres-
sure. The value for the density of water at 60° F. used in these
calculations was taken as 0.999017 gram per cc. All experi-
mental results are presented in Table | together with comparable
data from Doss (1), Landolt and Bernstein (2), and Prevost (/,).

An analysis of the method used showed that errors in deter-
mined gravities traceable to air buoyancy effects were of small
magnitude. The buoyancy correction, calculated to be
+0.00003, was not applied since it was too small in comparison
with the experimental error to be significant. W ithin the experi-
mental error it has been concluded that the determined specific
gravity values can be accepted as equivalent to those taken in a
vacuum.

The specific gravities presented in Table | were plotted against
temperature, and, from a smooth curve drawn through the points,
the specific gravity values for the various intermediate tempera-
tures were determined. These smoothed specific gravity values
are presented in Table Il. Of the twenty-two different specific
gravity measurements made at. temperatures of 48.89° C.
(120° F.) and below, only those made at 4.44° and 26.67° C. (40°

Table II. Smoothed Specific Gravity Values for Commercially
Pure 1,3-Butadiene
(09.6 molo per cent 1,3-butadicnc)
impcra- Specific Tempera- Specific
turc Gravity ture Gravity
°F (t/60° F.)a OF. (t/60° F.)'
0 0.6668 72 0.6191
2 0.6655 74 0.6177
4 0.6643 76 0.6163
6 0.6631 78 0.6149
8 0.6618 80 0.6135
10 0.6606 82 0.6121
12 0.6593 84 0.6106
14 0.6580 86 0.6091
16 0.6567 88 0.6077
18 0.6554 90 0.6063
20 0.6541 92 0.6049
22 0.6529 94 0.6035
24 0.6515 96 0.6021
26 0.6502 9S 0.6007
28 0.6489 100 0.5993
30 0.6476 102 0.5978
32 0.6463 104 0.5963
34 0.6449 106 0.5949
36 0.6436 108 0.5934
38 0.6423 110 0.5919
40 0.6409 112 0.5904
42 0.6396 114 0.5589
44 0.6382 116 0.5874
46 0.6369 118 0.5859
48 0.6356 120 0.5844
50 0.C342 122 0.5828
52 0.6328 124 0.5813
54 0.6314 126 0.5798
56 0.6300 128 0.5783
58 0.6286 130 0.5767
60 0.6273b 132 0.5751
62 0.6259 134 0.5736
64 0.6245 136 0.5720
66 0.6232 138 0.5704
68 0.6218 140 0.5689
70 0.6205

o Specific gravity at temperature t with reference to water at 60° F.

&Probable Bpccific gravity (60°/60° F.) for pure 1,3-butadiene, arrived
at bx applyiné; corrections for assumed impurities, waa estimated to be
0.027%1 * '0.00015.

and 80° F.) in pycnometer unit 2 differed from the smoothed
value by more than the predicted probable amount of 0.00018.

It was believed that the 0.4 mole per cent of impurities present
in the sample consisted of 1-butene and the high- and low-boiling
2-butenes. By making certain assumptions, it was possible to
predict the specific gravity at 60° F. of pure 1,3-butadiene. Thus,
if it were assumed that the three probable impurities were present
in substantially equal proportions, the computed value of pure
1,3-butadiene would be higher than the determined specific
gravity of the test material by 0.00007. On adding the buoy-
ancy correction of 0.00003 and subtracting the correction of
0.00005 for the amount of inhibitor present, the final value
rounded off to 0.6274 was obtained for the specific gravity (60°/
60° F.) of pure 1,3-butadiene. This was considered to be the
most nearly correct value for pure 1,3-butadiene at 60° F.
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Physical Methods of Analysis of Synthetic and Natural
Rubber

R. BOWLING BARNES, VAN ZANDT WILLIAMS, A. R. DAVIS, and PAUL GIESECKE
Stamford Research Laboratories, American Cyanamid Co., Stamford, Conn.

In a compounded rubber stock, the ratio of natural to synthetic rub-
ber can be estimated approximately from a knowledge of the phos-
phorus content of the rubber hydrocarbon. A considerably more
exact analysis can be carried out by means of infrared spectroscopic
methods, which permit a determination of the type as well as the
amount of rubber present. Complete details and comparative results
of these two methods of analysis are given, as well as a simple pro-
cedure for separating the rubber hydrocarbon of a rubber stock from
the carbon black and other compounding ingredients.

EPORTS have been made that more than 3000 kinds of

rubberlike synthetics have already been prepared. Obviously,
not all are of practical importance, nor can they legitimately be
referred to as “synthetic rubbers”, but a certain select group of
these, as well as still other new synthetics, will survive and prove
meritorious. Uses will be found for these new synthetic rubbers
both alone and when blended with other synthetics or with nat-
ural rubber. The rubber chemists of the future will therefore be
faced with the problem of analyzing such mixtures. Because the
components of these mixtures are often complex and their deg-
radation products are not well known, it will be difficult, by
conventional analytical methods, to establish their identities or
the proportions in which they are present.

In anticipation of these difficulties, it was deemed advisable
to study the applicability of various physical tools to this and
other problems of the rubber industry. In a previous publica-
tion (I) the authors called attention to the fact that infrared
spectroscopy could be of value in differentiating between rubbers
and in analyzing rubber mixtures, and pointed out that the in-
frared absorption spectra of the vari-
ous rubbers are unique and offer one
means of attacking the analytical

problem outlined. However, in this Table I.
preliminary paper the analytical possi-
bilities were merely noted without any
attempt to reduce them to practice.
Shortly after the completion of this
preliminary study, the authors were
called upon by the War Production Aluminum
. Antimony
Board to analyze a series of captured Barium
German tires and inner tubes for the Eggﬁgmm
Army Ordnance Department, and to Calcium
. . . Chromium
determine, if possible, the amounts Copper
and types of synthetic rubbers which fron, _
had been blended with natural rubber Magnesium
. . Manganese
in the manufacture of these tires. As Molybdenum
a result of this investigation, two ',;‘r:gt;'homs
satisfactory methods of analysis were Eﬁitggzlum
developed. Sodium
The first, the determination of the Strontium
phosphorus content, furnishes a sim- Titanium
) Vanadium
ple method for measuring the rela- Zinc

tive amounts of natural and synthetic
rubbers present in an unknown; the 5. 7
second, the application of infrared %4- p
spectroscopy, permits determination
of both the type of each rubber and

Smoked
sheet

(0.27)
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the amount present. In conjunction with the latter analysis,
a method was devised for separating from compounded rubber
products a sample of rubber hydrocarbon free of pigment and
filler. The details of the preparation and analysis of samples are
given, together with a typical set of data obtained in connection
with the tire and tube studies.

Although these methods may not necessarily be successful in
solving every type of rubber mixture analysis encountered, their
value in this particular problem warrants careful consideration
in connection with similar problems which may arise in the future.

DETERMINATION OF RATIO OF NATURAL TO SYNTHETIC RUBBER
BY PHOSPHORUS CONTENT

The metabolic processes of plants bring about, within the vari-
ous parts of the plant, the deposition of a great many of the
metals commonly found in the soil. In contrast with this, the
metals found in any synthetic product are limited to those pur-
posely added and those accidentally introduced by contact with
the pieces of processing equipment.

In order to determine whether this difference might prove to be
valuable for analytical purposes, samples of natural and syn-
thetic rubbers were subjected to an ultraviolet spectrochemical
analysis, using a large liilger E-1 spectrograph. Table | shows
the results of such a comparative emission analysis. It may be
seen at once that, whereas the synthetics contain little or no
phosphorus, this element is present in the natural rubbers in
readily detectable quantities. This clue was followed up in
great detail and the exact values for the phosphorus contents
were determined through the use of another spectrochemical

Ultraviolet Spectrochemical Analysis of the Metal Content of Rubber

Hydrocarbons
jm e Natural Rubber-----------ememcmeeeee * Synthetic Rubber--—---- »
Re- Do- Buna S
Crepe Tread Carcass claimed mestic German tread
rubber stock stock tires Buna S Buna$S stock
-Per Cent Ash-
(0.17) (3.6) (32.5)  (23.2)  (1.49)  (2.11) (6.3)
2 + 2 3- 2 4- 2
1 d 0 2 0 0 0
14- 14- 14- 3- 2- 2- 14-
+ + 2. 2. 1 64_ 4- 2.
1 14- 2. - 1
2 24- 2. 3 - 24- 24- 3-
1 14- 0 2- 14- 14- 2.
2. 1+ 14- 2- - 2- 14-
2- 2 2 2 2 2 2
1 14- 2- 2 14- 14- 14-
+ %+ 3- 214. 3- 4- 3- 31
+ 14- - 4-
0 i 0 2 6 0 0
1 14- 0 14- e 14- 2
+ 2 64. 2 2 64- 0
2 0 2- 2- 14-
2 24- 2 3 2 24- 3-
2 21 (2) - 24- 2 4-
+ + 2 14- 4-
% 1 1 1 i4 i 1
+ 1 64. 1 2 2 1
0 0 0 0 - 0
2. 3- 3 24- 2 2 3-
t01.0% 2- 100 to 1.0 p.p.m.
10 to 0.10% 14. 10 to 0.10 p.p.m.
1.0 t00.01% 1.0 to 0.01 p.p.m.
0.1 100.001% 1- less than 0.1 p.p.m.

metal not detected
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tool, the visible light spectrophotometer. The details of the
exact procedure followed are given below.

Table Il gives the phosphorus contents of a variety of natural
and synthetic rubbers. These values show a considerable varia-
tion for natural rubbers of different origins, but all may be char-
acterized by high phosphorus (average 400 p.p.m.) -when com-
pared with typical synthetics (average 20 p.p.m.). Thus, an
exact phosphorus determination should make possible a deter-
mination of the ratio of natural to synthetic rubber in an unknown
sample.

Tabic 1. Phosphorus
P.p.m. P.p.m.
Natural rubber Synthetic rubber
Smoked sheet A 690 Buna S (American; 15
gmolﬁe(g1 srp‘eet E ggg Buna A (German; 30
moked sheet i
Smoked sheet D 500 C_otton tl_re cord 210
Smoked sheet E 400 Viscose tire cord 10
Crepe 490
Pale crepe 350
Reclaimed tube 390
Guayule 200

Figure 1 was plotted in order to show that the phosphorus
could be determined accurately enough to allow the content of
tixis element to be used as a yardstick and as a direct measure of
the amount of natural rubber present. (If the origin of the
natural rubber is unknown, the slope of this curve is not determin-
able, and the method is only roughly quantitative. On the other
hand, if a sample of the natural rubber used in compounding is
available for a phosphorus test, a much higher degree of accuracy
may be expected.) In spite of the variation of the phosphorus
content of natural rubbers of different origin, a reasonable first
guess at a mixture of unknown constitution may be based upon
the following generalization:

High phosphorus (300 to 450 p.g.m.) natural
Medium phosphorus (100 to 250 p.p.m.) natural 4- synthetic
Low phosphorus (0 to 50 p.p.m.) all synthetic

As will be seen from Table IV, the above method provides a
very simple approximate analysis. The agreement between this
and the more exact infrared method is indeed surprising. How-
ever, the method is always open to the uncertainty that phos-
phorus may have been introduced in processing and not been
eliminated in the sampling procedure.

Although any sensitive method for determining the phosphorus
will be satisfactory, the spectrochemical procedure detailed below
was found to be most suitable. This colorimetric method is based
upon many literature references of which Zinzadze (10) and
Goodloe (6) are typical. An intense blue color is produced in
solutions containing phosphorus by reduction of phosphomolyb-
date, the intensity of the color being directly proportional to the
phosphorus content of the solutions. In this laboratory, the color
values or per cent transmissions were measured on a General
Electric recording spectrophotometer. The blue color which
develops has a rather broad spectral width -which can be meas-
ured satisfactorily by means of any ordinary comparison color-
imeter, although the increased precision of the more accurate
photoelectric instruments is to be preferred. Figure 2 shows a
series of transmission curves for standard phosphorus solutions.

Preparation of Sample. All glassware and reagents must be
free of phosphorus and a suitable blank or control must be carried
through the complete procedure.

Other possible sources of extraneous phosphorus are the cord
and plastieizer used in fabrication. [It is interesting in this
connection to note (Table Il) that cotton, or natural, fibers are
high in phosphorus, whereas synthetic fibers, rayons, etc., have
a low content, thus enabling a distinction to be made between
these two types of fibers. Undoubtedly other cases of natural
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versus synthetic materials may arise in which this general
method might be of help.] Therefore, it is advisable that all
cords, if present, be removed by the following procedure: A
section of the rubber (tire) is shredded in a two-roll mill, then
mixed with water in a Waring Blendor. After 5 to 10 minutes’
stirring, the cord can be partially separated by décantation. The
remaining cord is digested at about 4° C. for 18 hours with an
excess of cuprammonium solution [see Clibbens and Gaeke (5)
and the committee of the American Chemical Society (4) for
preparation of this solution]. The material is washed free of
cuprammonium with water and then dried. If the sample is a
prepared rubber stock, all phosphate-containing plasticizers
must be removed by refluxing the shredded rubber for 8 hours in
a Soxhlet extractor with a solvent composed of 68% chloroform
and 32% acetone.

For maximum photometric accuracy, a weight of rubber
should be taken such that a phosphorus content up to 0.080 mg.
is contained. With synthetic rubbers, a 1-gram sample is suit-
able, whereas, with natural rubber, approximately 0.1 gram is
used. In order to ensure a representative sample, a larger weight
is taken and subjected to the preliminary preparation. The
color value of a 1-gram equivalent is then measured to furnish a
rough idea of the phosphorus content. Waith this as a basis, a
weight of sample is chosen according to the above criterion and is
measured accurately.

Figure 1. Phosphorus in Carcass Stock Compounded

with Natural Rubber and Buna S
Formula oF Stock

Rubber hydrocarbon 100
Zinc oxide 50
Stearic acid 1
Pine tar 15
Alﬂerlte retin 15
Sulfur 2.0
Altax 1.25

Preferably, the phosphorus values should be calculated to the
weight of rubber hydrocarbon, the carbon, zinc oxide fillers, etc.,
having been removed previously. This was not always done in
the authors’ work, as the carbon analysis was done elsewhere;
hence, the phosphorus content of the samples reported here was
based on the entire rubber sample.

Ashing of Sample. The weighed sample of extracted rubber
is ashed in a suitable crucible in a controlled furnace at a tem-
perature not higher than 600° C. until free of organic material.
This must be done slowly enough to prevent the material from
kindling. It was not found necessary to add a phosphorus fixa-
tive in the case of rubber materials, as no increased phosphorus
values were obtained by adding zinc oxide to prevent the vola-
tilization of phosphorus. After cooling, the residue is dissolved
by boiling in dilute sulfuric acid in a quantity just sufficient to dis-
solve the soluble materials. Excess acid is to be avoided, since
the final acidity is very important, but an excess of acid may be
added and later neutralized. A slight turbidity which may be
removed by filtering remains in some cases as a result of the
presence of a siliceous material. The clear solution of the ashes
Is transferred to a 50-ml. Pyrex volumetric flask and the volume
is adjusted to about 40 ml.

Developmentof Color. Although many procedures are de-
scribed in the literature, the following modification was used
here.

Standard Solidions. Solution I, ammonium molybdate, 5.45
grams [(NH45M0j02Z.4HD], dissolved by warming with water
and made to 100 ml.

Solution I, 10iV sulfuric acid (282 ml. of concentrated sulfuric
acid diluted to 1000 ml.), checked by titration.
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Solution 11, stannous chloride. A stock solution of stannous
chloride dehydrate is 40 grams dissolved in concentrated hy-
drochloric acid (density 1.18) and made up to 100 ml. (stable
for months). For use, it is diluted 200 times with distilled water
(stable for one day)

Analytical Procedure. To the solution prepared according to
instructions above, 2.5 ml. of Solution | and 5 ml. of Solution Il
are added and mixed thoroughly, and 2 ml. of Solution Il are
added with constant swirling. The solution is made to volume
(50 ml.) and mixed thoroughly. (The final acidity of the 50-ml.
sample should be 1 N sulfuric acid. If excess acid is used in dis-
solving the ash, it may be neutralized at that point or the amount
of Solution 11 may be reduced to give the final acidity stipulated.)
A blank is carried through the same procedure to check for the
presence of phosphorus in the reagents.

Determination of Phosphorus Content. The per cent
transmission of the solution in a 1-cm. thick cell at 700 mu is
measured exactly 20 minutes after adding Solution I1l. The
amount of phosphorus in an unknown may be determined from
a calibration curve which shows the per cent transmission plotted
as ordinates versus the phosphorus content of known standard
solutions as abscissas. The calibration curve may be prepared
from a scries of transmission curves such as those of Figure 2.

Notes on Phosphorus Analysis. When a molybdate is
added to a solution containing orthophosphate according to the
method described above, an insoluble phosphomolybdate is
formed. However, because of the high dilution, a precipitate is
not apparent. The addition of a reducing agent (stannous chlo-
ride) causes a reduction of the phosphomolybdate and gives an
intense blue color. Under the proper conditions, the molyb-
denum reagent necessary as an excess is not reduced.

The factors which affect the color are:

1. The acid concentration is very important. In the presence
of too much acid, a light color is produced. Conversely, if too
little acid is used, the molybdate reagent itself will be reduced,
causing dark colors. In the method used, a 20% decrease in
acidity results in a 10% increase in color intensity, while a 10%
increase in acidity results in a 10% decrease in color intensity.
Soluble silica also produces a blue color with the above reagent
if the silica concentration is high or the acidity is insufficient to
suppress the ionization of the silicic acid. The acidity chosen as
optimum in this investigation (IN sulfuric acid) issuch that silica
up to 2000 p.p.m. does not interfere.

2. The molybdate concentration is the next most critical
factor. An _increased molybdate concentration results in a
higher sensitivity to phosphorus, but also an increased blank. A
high blank reading is not desirable when low concentrations of
phosphorus are present. A 50% increase in the molybdate con-
centration, as used above, results in approximately a 15% in-
crease in the color intensity. A 20% decrease in molybdate con-
centration results in approximately a 10% decrease in color in-
tensity.

3. The stannous chloride concentration is not very critical.
A £50% change in the amount of stannous chloride influences the
phosphorus result not more than +5%.

4. Under the given conditions, the color increases for 5 to 10
minutes after the stannous chloride is added and bleaches slowly
thereafter. It is recommended therefore that the color be meas-
ured 20 minutes after addition of the stannous chloride.

5. The following sources of interference have been considered,
and methods of reduction or elimination are recommended where
necessary:

Ferric ion up to 6 p.p.m. does no harm. Fifteen parts per
million slightly inhibit color development, while larger amounts
of ferric ion cause very rapid fading of the color. Ferrous ion
causes no harm. A Jones rcductor with metallic cadmium gives
best results for prevention of interference from ferric ion (7).

The presence of more than 20 p.p.m. of titanium causes in-
terference by retarding the rate of color development.

Arsenates give the same color as phosphates and the intensities
are inversely proportional to the molecular weights. Reduction
with sodium bisulfite eliminates the influence of arsenates (20
mg. of arsenic pentoxide per 50 ml. may be taken care of by re-
duction to arsenic trioxide).

Nitrates up to 100 p.p.m. have no effect;
the color about 10%.

Sulfates in large amounts interfere, presumably by depressing
the ionization of the sulfuric acid.

Tartaric and citric acids interfere above 20 p.p.m., with in-
hibition of maximum color. They may be removed by oxidation
witli permanganate.

Aluminum and manganese in reasonable amounts do not in-
terfere.

Calcium and magnesium up to 1000 p.p.m. have no effect.

Nickel up to 1000 times the phosphorus content does not in-
terfere except for its own color.

200 p.p.m. reduce
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Trichloroacetic acid begins to interfere with the maximum color
development at concentrations above 4% in the final mixture.
Acetic acid shows practically no effect.

Hydrochloric acid has a tendency to lessen color stability and
retards or inhibits maximum coloration.

DETERMINATION OF TYPES AND AMOUNTS OF RUBBERS BY
INFRARED SPECTROSCOPY

Recent publications (I, 8, 3, 8) have described in great detail
the methods and applications of infrared spectroscopy to the
identification and analysis of many types of organic materials.
I't is sufficient here to point out the two salient characteristics of
infrared absorption in order that the basis for analysis can be
understood.

In the first place, the infrared absorption spectrum (a plot of
per cent transmission as ordinate versus frequency in cm.-1) of a
material is a unique characteristic of the material and cannot be
duplicated by another compound. Some of the absorption
bands can be ascribed to particular atomic groups within the
molecule while others, characteristic of the molecule as a whole,
are particularly useful for such studies as differentiating isomers.
Thus it is to be expected that the phenyl group in Buna S would
give rise to absorption bands which would not be present in
natural rubber, while conversely, the methyl groups of natural
rubber would cause a characteristic absorption which would not
be observed in Buna S. Moreover, it isto be expected that there
will be further bands characteristic of the molecule as a whole
which will assist in the differentiation.

X IN ANGSTROMS

Figure 2. Spectrophotometric Determination”of2Phosphorus

Calibration of phoiphorui at reduced photphomolybdate
Final toluUon 1N In sulfun((:)%md MoOi 0%3 grlam par 50.ml., SnCIi.SHiO

6 gram par

Phot-
T -log 7 Blank —Iog T phorus —log T
Micro- Micro-

% gram* gram

94.5 0.024 Nona
73 0.137 0.024 0.113 8 0.0141
58 0.237 0.024 0.213 15 0.0142
34 0.469 0.024 0.445 30 0.0148
125 0.903 0.024 0.879 60 0.0146
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In the second place, so long as no intermolecular action occurs,
the spectrum of a mixture of rubbers will be simply the spectra of
the pure components combined in the proportion in which the
materials themselves are present. Hence, it is to be expected
that an unknown mixture can be analyzed by direct measure-
ment of the strength of absorption bands unique to each compo-
nent, or by comparison of the absorption spectra of the unknown
with those of a series of known prepared standards.

1800 1600 1400 1200 1000 800
FREQUENCY in cm:1

Figure 3.

The infrared absorption spectra of various common types of
rubber are shown in Figure 3 (1). The differences in these spec-
tra readily show their applicability in identifying an unknown
rubber or in estimating the content of a mixture. In the course
of this investigation, only mixtures of natural rubber and Buna S
were encountered. A consideration of these two spectra in Figure
3 or Figure 4 shows several major points of difference—Buna S
has a strong aromatic ring frequency near 1500 cm.-1 and two
strong bands at 970 cm.-1 and 917 cm.-1 which are not present in
the natural rubber. Natural rubber, on the other hand, shows a
methyl band at 1380 cm.-1 and a strong band at 835 cm.-1
which are not observed in Buna S. Taking advantage of these
differences, each unknown sample was analyzed by comparison
of its spectrum with the spectra of a series of known mixtures
compounded and treated in approximately the same way as the
unknown materials. The method is outlined roughly in Figure 4,
showing the absorption spectra of natural rubber, 50% natural
and 50% Buna S, pure Buna S, and an unknown tire tread. It
can be seen from the 50-50 mixture that the unique bands men-
tioned above are all present with a strength proportional to the
component concentration.

In the actual analysis, a great many intermediate standard
spectra were obtained. An unknown was matched with one of
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this series by a comparison of the absorption intensities

1500 cm.-1 917 cm.“ 1 .
g cm 1and Bxs om."1 By this method, an unknown such as

that shown in Figure 4 could be estimated to be 85% natural
rubber, 15% Buna S. All absorption spectra were taken with
samples smeared on salt plates and a high resolution spectrom-
eter (2) was employed. The accuracy of the method is limited
to 5 to 10% because of the inability to make smear samples of

1800 1600 1400 1200 1000 800
FREQUENCY in cm:'

Infrared Absorption Spectra of Rubber Hydrocarbons

constant thickness. Greater accuracy, if desired, could be ob-
tained by making per cent transmission measurements at the
chosen frequencies according to some of the more involved
analytical methods referred to above {2, 8, 8). In order to justify
the careful treatment, it would be necessary to study the un-
knowns and standards as solutions of known concentration in a
suitable solvent which would transmit infrared radiation at the
analytical frequencies chosen. This more careful treatment
would still require a preliminary complete absorption spectrum of
each unknown, in order to furnish a qualitative analysis for the
various rubber materials which are present.

Sample Preparation. The methods described above are
standard procedures and are given in detail in the references.
Considerable time, however, had to be devoted to finding a means
of converting a piece of tire stock to a sample whose infrared
absorption spectrum could be measured. All attempts to obtain
the spectra of the tire stocks directly, either by microtoming a
thin section or by a smear from a solution of the stock material,
were unsuccessful. In order to obtain a satisfactory spectrum,
it is necessary to extract the rubber hydrocarbon free of plasti-
cizer, filler, etc. The method finally devised was completely satis-
factory for the authors’ purpose and should be of great value in
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any situation whore it is desirable to separate filler and rubber
without destruction of the rubber hydrocarbon. Therefore, this
separation by means of p-cymene and xylene solution is com-
pletely described below.

After this separation, the rubber is present as a solution in the
hydrocarbon solvents. These solvents are removed by vacuum
distillation until the rubber is a gummy solid that will not flow
at room temperature. This gum is then washed four or five times
with hot acetone to remove the last traces of plastieizcr and
solvent.

In most cases the state of the rubber is such that it can easily
be smeared on a rock salt plate. The desired thickness is ob-
tained by scraping the film with a razor blade until the 1450
cm.-1 CIl band shows a transmission of about 10%. If the rub-
ber does not spread easily, it may be softened with a volatile
solvent such as carbon tetrachloride. The film is then dried in
a vacuum oven to remove the last traces of solvent. Finally,
the absorption spectrum of the sample is obtained throughout
the spectral region of interest.

DISSOLVING RUBBER HyDROCARBON AND SEPARATING IT FROM
COMPOUNDING INGREDIENTS

In the case of vulcanized natural rubber compositions, various
solvent methods of determining the amount of rubber hydrocar-
bon have been used with some success. These methods, however,
are somewhat involved and time-consuming. Even the A.S.T.M.
method requires that the solution stand overnight to allow the
mineral fillers and pigments to settle before filtration. If the
rubber composition contains highly dispersed, exceedingly fine
pigments, such as carbon black, separation of the pigments by
filtration or centrifuging is usually impossible.

Since many present-day rubber products, particularly tire
tread compositions or compounds, contain large amounts of
carbon black, none of the above-mentioned methods appeared
promising for separation of the rubber from the carbon black in
suitable condition for infrared analysis. Accordingly, research
on this question was initiated.

Fearing that destruction or decomposition of the rubber hydro-
carbons might result from the use of the conventional high-boiling
solvents used in the above separation methods, a number of low-
boiling solvents were tried: ethylene dichloride, toluene plus
piperidine, o-nitroanisole, Dispersing Oil No. 10 (Barrett) plus
xylene, and Circolight Process Oil (Sun Oil Co.) plus xylene.
These experiments were unsuccessful.

Method |. In the next attempts, which were somewhat more
successful, xylene plus a small amount of thio-/3-naphthol boil-
ing under reflux was found to dissolve natural or synthetic tire
tread stocks in 5 to 6 hours. To accomplish this, 1 gram of chloro-
form-acetone-extracted tread stock was heated in 100 cc. of
xylene plus 0.3 gram of thio-/3-naphthol at 140° C., until solu-
tion was complete.

However, this solution did not permit easy separation of the
carbon black unless a combination of centrifuging and slight
alcohol precipitation was used. (By adding alcohol to the solu-
tion, a small amount of rubber is precipitated in order to drag
down the carbon black during centrifuging. There is some danger
that this precipitation may be selective and thus change the
composition of the residual rubber.) A sufficient separation of
the carbon black can be made in this manner to permit fairly
satisfactory infrared analysis. In the case of carcass stocks con-
taining only zinc oxide as a filler, the pigment was easily separated
by settling or centrifuging. This method was not completely
satisfactory, however, because of carbon black troubles and the
difficulty of removing the peptizer without loss of the rubber
itself.

The search for a better means of carbon black separation was
therefore continued. The cresol method (9) was tried with some
success, although there was considerable oxidation of the rubber
at the high reflux and distillation temperature required. The
use of p-cymene in place of the oresol with digestion at about 160°
to 170° C. gave a satisfactory solution in about 4 hours and caused
no noticeable oxidation of the rubber. On dilution with the ben-
zene and 70° B6. rubber solvent gasoline, the supernatant liquid
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showed clearing in a few minutes and could be filtered free of the
carbon black after standing 10 minutes. This method was further
altered slightly by using 250 cc. of n-hexane instead of 300 cc. of
70° B6. gasoline for diluting the solution. Again the carbon black
separated easily. In order to determine whether or not the same
dilution technique would work with xylene as the solvent, a
solution of the same tread stock was made with 30 cc. of xylene
plus a small amount of thio-jS-naphthol, but on diluting with
benzene and hexane, the carbon black would not separate from
the solution.

Further experiments showed that the combined use of p-
cymene and xylene gave the most successful results and led to a
satisfactory method.

M ethod Il (adopted for solution of rubber and separation of
pigments). Sheet the sample to a thickness of approximately
0.375 cm. (0.15 inch) on a tight cold 15 X 30 cm. (6 X 12 inch)
laboratory mill.

Extract the plasticizer, etc., from 4 grams of the sheeted sample
with a mixture of 32% by volume of acetone and 68% by volume
of chloroform for a minimum of 7 hours, or until the extracting
liquid no longer shows color. This size of sample is sufficient to
permit repeat analyses.

Place 1.0 gram of the dried, extracted sample in a 400-cc. rub-
ber extraction flask with 25 cc. of p-cymene and 5 cc. of xylene.
Heat on a steam bath at about 70° to 80° C. for 1 hour, then on a

Figure 4. Outline of Infrared Analytical Method
Spectra of prepared standards and unknown sample
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BSELKSa CORD
SPEAKER + CUSHION STOCK

CARGOES CORD A STOCK

Figure 5. First Step in Sampling Procedure
Labeled cross section of tire to be analyzed for rubber content

Table Ill.  Composition of Typical Rubber Stocks
————————— Stocks-------

87-1 A-912 Al-141
Smoked sheets 50. 100.
Buna S 50. 100.
Zinc oxide 50. 5. 5.
Carbon black 50. 50.
Stearic acid 1 2.5
Pine tar 1.5 1.5
Thermoflex A 1.4
Neozone D 0.6
Bardol 5.
Sulfur 2. 3. 2.
Captax 1.2 1.5
Altai 1.25
Agerite resin D 1.5

hot plate under reflux at 150° to 160° C. until the rubber stock is
completely dissolved. Three to 4 hours are usually sufficient.

Cool and dilute with 20 cc. of benzene and then with 150 cc.
of hexane. Allow the carbon black and other pigments to settle
for at least 10 minutes, then decant the clear supernatant liquid
through a No. 1 filter paper. If desired, filtration may be done
with suction, using an asbestos pad.

Wash the flask, pigments, and filter with a mixture of 5 cc. of
benzene and 45 cc. of hexane.

The above treatment easily removes the carbon black and
other opaque compounding ingredients, giving a clear solution of
the rubber from which the solvent may be removed by vacuum
distillation.

In order to make valid comparisons between known and un-
known samples, many mixtures of natural and Buna S rubber in
varying proportions were compounded according to the typical
methods of preparing tread, carcass, and tube stocks. The rubber
content of these known samples was then extracted according to
the final method discussed above and was used for infrared com-
parison. The compounding ingredients used in three such typical
standards are given in Table I11. The infrared absorption spec-
trum of the 50-50 mixture is shown in Figure 4.

TYPICAL ANALYTICAL RESULTS ON ACTUAL TIRE AND TUBE STOCKS

This entire project was initiated in order to provide a suitable
method for determining the composition of tires and tubes, with
particular reference to the types and relative amounts of the
various rubbers present. The analytical methods which were
evolved were applied successfully to a large number of samples.
The type of information obtained is well illustrated by the results
shown below, which were selected at random from the samples
examined.

The tires, when received, were cross-sectioned, photographed,
and labeled as shown in Figure 5, thus ensuring a permanent
record of the tires and a ready means of identifying the various
samples chosen. Wherever possible, samples of the tread,
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cushion, breaker, and carcass stocks were re-
moved from each tire, extracted, prepared for
study, and then subjected to the two ana-
lytical procedures.

In Table 1V, the results obtained on a few
typical German tires and inner tubes are pre-
sented. In view of the spread in the phos-
phorus contents of natural rubbers from vari-
ous sources (Table Il1), a mean value of 400
p.p.m. was used in making the analytical
calculations from phosphorus determinations.
The agreement between the infrared and the
phosphorus methods is therefore all the more
gratifying.
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Table IV. Analysis of Captured German Tires
Phosphorus Infrared
Tire No. Natural Natural Buna S
P.p.m. % % %
Tread Stocks
FT 61 280 75 100 0
99 30 0 0 100
100 20 0 0 100
101 10 0 0 100
102 10 0 0 100
103 30 0 0 100
104 25 0 0 100
105 20 0 0 100
106 27 0 0 100
107 3 0 0 100
Carcass Stocks
FT 61 340 100 100 0
99 340 100 100 0
100 380 100 100 0
101 430 100 100 0
102 130 25 20 80
103 190 50 50 50
104 230 60 50 50
105 200 50 80 20
106 305 80 100 0
107 190 50 50 50
Cushion and Tubes
FT 6l« 290 75 100 0
99« 270 70 100 0
101« 450 100
102& 200 50 *75 *25
103& 255 65 75 25
104& 285 70 85 15
105* 295 75 100 0
106& 260 70 100 0
107& 290 75 100 0
“ Cushion.

b Tubes.
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Determination of Rate of Cure for Natural and
Synthetic Rubber

LEONARD H.COHAN and MARTIN STEINBERG
Continental Carbon Company, Research Laboratories, 6130 West 51st St., Chicago, IlI.

The tensile strength at a given marked undercure divided by the
maximum tensile appears to be a convenient index of rate of cure.
This index is called the tensile ratio. In comparing two stocks, the
one having the higher tensile ratio is the faster curing. The proper
undercure to use in calculating the tensile ratio has been found to be
in the range of roughly 60% of the maximum tensile, which for many
stocks occurs at about one fourth the time to reach maximum tensile.
The tensile ratio is very easy to determine, requires no special equip-
ment, and can be determined fairly accurately. In addition, it
agrees well with generally accepted indexes of cure rate for typical
natural rubber and GR-S formulations.

HE methods that have been proposed for determining the
Trate of cure of natural rubber stocks include:

Time to reach some maximum physical property, such as ten-
sile strength, tensile product (12, 16), modulus at a definite
strain, aged tensile, or some property of practical importance for
a given compound.

Tests depending on temperature susceptibility like T-50 (5,
6, 7,11,14) or zero degree set (S).

Chemical tests, such as determination of the amount of com-
bined sulfur (12).

Special tests based on physical measurements, such as time
to reach the break in the modulus at a given strain vs. cure-time
curve (4), time to reach the cure giving “reasonable snap with
substantially unimpaired tear” (optimum hand tear method) (2),
and time to reach minimum reduced residual elongation (8).

Of these methods, the T-50 test and the time to reach maxi-
mum tensile have been most widely accepted and have proved
very useful, but leave something to be desired. The T-50 test
requires special equipment not always available in smaller rubber
laboratories, while the time to reach maximum tensile, although
obtainable from tensile data which in most cases would have to
be determined anyhow in order to evaluate the compound, is
difficult to determine accurately, as the tensile vs. cure-time
curve usually has a flat maximum.

In GR-S the need for a convenient index of rate of cure is more
urgent. The T-50 test is not applicable to GR-S compounds (9)
and as a rule the tensile vs. cure-time curve has an even flatter
maximum than in rubber, so that the accuracy of determining
the time to reach maximum tensile is even lower.

In considering the question of obtaining a satisfactory index
of rate of cure, it mull be helpful to define the terms “optimum
cure”, and “state of cure”, “rate of cure”.

Optimum cure for a given physical property may be defined as
the time required to reach the maximum or optimum value for that
property—for example, the optimum cure with respect to re-
bound would be the cure time at a specified cure temperature to
bring the stock to its maximum rebound. The property most
generally used is tensile strength and the optimum cure for ten-
sile strength is often referred to simply as the optimum cure.

State of cure has been defined as the position of the cure in
question in a series of cures (16). It seems more precise to de-
fine state of cure with respect to a given physical property as
that fraction of the maximum value of the property shown by
the cure in question (16). For example, if the 30-minute cure
of a certain tread stock has a rebound of 47% and if the maxi-
mum rebound for this tread stock is 50%, then the state of cure
of the 30-minute cure with respect to rebound can be expressed as
47/50 = 0.94. It may be useful in some instances to distinguish
undercures from overcures; we may, therefore, indicate over-
cures by placing a negative sign before the state of cure.

Rate of cure may be defined as the time required to reach a
given state of cure compared to some standard or control stock.
Specifically, rate of cure referred to a given state of cure equals
time to reach that state for the control divided by the time for
the sample to reach the same state. In the previous example,
if the standard stock reaches a state of cure of 0.94 based on re-
bound in 20 minutes, the rate of cure of the sample tread stock
would be 20/30 = 0.67, since the sample stock required 30
minutes to reach the 0.94 state.

Optimum cure and state of cure depend on the physical prop-
erty used to determine curing characteristics. Rate of cure may
depend in addition on the state of cure at which the rate is meas-
ured. From a practical viewpoint the basic physical property
is the useful life of a satisfactory commercial product made from
the compound in question. If we then take useful life as the
physical property for determining state of cure and use a state
of cure of 1.0 (optimum cure) at which to measure rate of cure,
we arrive at the following definition of rate of cure at a given

CONTINENTAL AA IN NATURAL RUBBER

3500

Figure 1
13 %
w64 S
40 50 60 70 60
CURE TIME  (MIN. AT 307" f)
Figure 2



16 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 1

cure_te?[t)eratureh—rate_ of cure ?0: fli_f]ly fStOCk if ﬂae ((:jure titm‘i While the foregoing definition is precise, it is not very useful in
required to reach maximum useful life for a standard contro : .

stock divided by the cure time required to reach maximum useful actual laboratory work.  Some index of rate of cure is therefore
life for the sample stock. desired which correlates closely with rate of cure as defined above

but can be determined conveniently
and accurately. In the absence of
data connecting any proposed index
of rate of cure with actual useful life

Table 1 Natural Rubber comie conti. Conti tests it may be considered satisfac-
onti- onti- onti- .
Pptd. Conti-  nental  nental  nental tory to shorv that the proposed index
Formula Gum  Whiting  MT nex AA D R-40 correlates closely with indexes of rate
Smoked sheet 100 100 100 100 100 100 100 i
Zinc oxide 7.85 7.85 7.85 7.85 7.85 7.85 7.85 of cure, the usefulness of which has
Pine tar 3 3 3 3 3 3 3 already been established.
Stearic acid 3.3 3.3 3.3 3.3 3.3 3.3 3.3
Sulfur 2.81 2.81 2.81 2.81 2.81 2.81 2.81
Mercaptobenzothi-
az,;ué_’ - 0.743 0.743 0.743 0.743 0.743 0.743 0.743 TENSILE RATIO
I;/Ire(cj!pltatﬁd Whlltl?lng) 78 50
edium therma - N .
Continex (SRF 50 In order tg determine which phys'l-
Continental AA (EPC) 50 cal properties most closely fulfill
Continental D (MPC) 50 S .
Continental R-40 (CC) 50 the above criteria for a useful index
Cure at 280° F. of rate of cure, the indexes suggested
Min. by previous investigators and other
Mo;iulusfat Igo/o% g 240 200 900 250 250 180 combinations of physical properties
elongation, sq. . ) I
in. 9 q 15 180 870 720 1420 1238 1%%8 %8 mentioned below were examined in
30 280 960 1060 1920 -
60 300 1100 1250 2120 2100 1430 1690 natural rubber and GR-S. The best
90 390 900 1350 2200 2330 2360 1800 index was found to be the tensile
180 390 780 1320 2300 2675 2630 2470 ratio, which is defined as the tensile
Tensile at break, Ib./ g 0 100 1600 4% 250 310 389 strength at a marked undercure
sqg. In. P - .
g 15 24i6* 2450* 2650 gggg 5328 ggég Zlggg divided by the maximum tensile
30 3580 2400 2700 -
60 3800 2300 2820 3340 3750 gggg gggg strength. The undercure best suited
90 3490 2175 2550 3200 3900 i
180 2670 2000 2450 2450 3750 3780 3170 for this purpose was found to be the
cure giving a tensile strength of
Elongation at break, 0 975 900 750 860 975 1100 : .
%9 8 B 288 238 ggg ggg roughly 60% of the maximum tensile.
15 800" 6i0* 670 For many tread type stocks the de-
30 765 600 600 550 600 640 720 ) Y yp
60 755 580 ggg 2?)8 ggg ggg ggg sired cure is roughly one fourth the
90 695 580 - - -
180 680 570 550 450 530 535 290 time to reach maximum tensile. For
example, for a series of stocks of this
Breaking set, 0 135 145 185 180 220 205 275 ple. : .
8 %g 1%9 1(2)[51 180 type which reach maximum tensile
15 7 15 i.7* ; ;
30 10 ﬂ le 21f %8 %5’ *23* in about 60 minutes—say between
60 10 30 and 90 minutes—the proper
90 5 17 15 7 27 32 30 - prop
180 0 15 1 7 21 25 17 undercure for calculating the tensile
Tear, Ib.Jin. 0 25 25 35 40 45 50 ratio would be about a 15-minute
8 i70° 100 100 150 65 90 65 cure.
15 180 260 300 480 440 135 125 . .
gg ggg ggcs) g%g igg gg(s) 250 200 A very definite objection to the
600 650 i i-
%0 180 500 230 370 770 730 280 use of the time to reach some .maX|
180 170 200 230 300 635 730 540 mum property such as maximum
Duromcter at 25° C. 8 % gé gg % 23 39 45 tensile as an index of rate of cure
45 48 i ; ; ; R
15 3 8 s 54 55 £ 1 |s_tk_1e inaccuracy involved in (_jeter
28 i? gg g? gg gg gg gg mining this time when the tensile vs.
90 42 55 53 62 65 69 66 cure-time curve has a flat maximum.
180 4 55 51 62 69 70 70 The tensile ratio is, of course, not
Duromcter at 100° C. % 3&53 5 213 4118 %% 20 30 subject to this difficulty, as the
3%(5)) gi‘, gg gg 49 42 ﬁg ﬂ flatter the maximum in the tensile
56 56 54 50 -t ier it i
80 an 57 55 28 2 2 A vs. cure time curve, the easier it is to
138 2(2) gg ig g(l) gg g? 61 determine accurately the value of
64 the maximum tensile and hence the
Rebound at 25° C., 0 46 35 46 43 31 30 23 i i
%, Bashore 8 49 39 51 38 31 3 P tensile ratio.
15 g% é% 52 42 30 33
30 55 48 33 34 *27* .
60 60 55 58 47 37 32 34 In Figures 1 and 2 the effect of the
138 58 gg 59 47 36 32 32 form of the tensile maximum on the
56 58 45 34 32 28 accuracy of determining the time to
Rebound at 100° c., 0 28 27 28 26 23 23 23 reach max_imum tensile i_s iII_ustra;ed.
%, Bashore 1% gg gg gg 48 33 34 25 In both figures the solid line gives
2% o o 3 . 40 - the tensile strength as determined
60 75 71 75 60 52 46 48 from the average of four identical
12(0) gg 68 77 61 50 46 48 stocks cured simultaneously at the
67 4 60 a1 47 41 indicated cures. From the devia-
T-50.° C. 0 23.0 22.5 225 21.0 22.0 21.0 19.8 tions of the individual stocks from
12 5.0 7.0 11.5 12.5 o e 18.5 20.2 the average, the probable error (0.67
RN R e 2% 183 18.0 times the standard deviation) at each
. . . -6, ; . 9.5
60 -46.5 -24.0 -22.8 —18.0 _9.3 _7.2 33 cure was calculated and the two
90 -47.5 -27.0 -26.5 -22.0 -13.7 -10.0 -0.5 broken lines correspond to the average
180 -47.8 -27.0 -26.5 -25.5 -19.0 -15.8 -3.5 i

value minus the probable error and
the average plus the probable error.
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Thus the two broken lines represent the 50% confidence limits
for the tensile at various cures. The stock used for this purpose
in Figure 1 was Continental AA in the natural rubber formulation
given in Table I, while in Figure 2 Continental AA in the GR-S
formula given in Table Il was used. For the possible tensile vs.
cure-time curves that can be drawn within the broken lines, the
maxima can be anywhere in the shaded areas, so that the time
to reach maximum tensile can vary from <niD to G,». The ex-
treme per cent variation is therefore, as shown on the figures,
35% for the rubber stock and 64% for the flatter GIt-S curve.
From the same figures the extreme per cent variation for the ten-
sile ratio can also be calculated as indicated on the figures and is
10% for rubber and 13% for GR-S. (These values are only
approximate and illustrative. Since the experimental errors
responsible for the variation in the individual curves are not en-
tirely independent, the confidence limits for the various calcula-
tions may be somewhat different and the figures should not be
considered as indicating a precise comparison of the accuracy of
the tensile ratio and time to reach maximum tensile.)

DETERMINATION OF RATE OF CURE OF NATURAL RUBBER

In order to determine how satisfactory an index of rate of cure
was furnished by the tensile ratio, various pigments were milled
into a typical natural rubber formula, 26 volumes of pigment

Figure 3
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per hundred volumes of rubber being used in all cases. In Table
I the formulas of the stocks used and the experimental test results
are given. The results include tests on uncured stock and on a
range of cures from 8 to 180 minutes and permit comparison of the
tensile ratio and various indexes of rate of cure which have been
used or recommended for natural rubber. The time to reach
maximum tensile, tensile product (12, 16) (tensile multiplied by
elongation), tear, and rebound were determined from the data.
Likewise the time to reach minimum reduced residual elongation
(breaking set divided by tensile) (5), break in modulus at 400%
elongation (4), and optimum cure as determined by hand tear
(2) were determined. In addition to tabulating the time to reach
maximum values the time to reach various percentages (60, 70,
75, 80, 85, 90) of maximum values was determined for tensile
strength and also for the other physicals.

We have defined state of cure as the ratio of the physical
property at a given cure divided by the maximum value of the
physical property. It was therefore thought of interest to see if
the state of cure for any given cure, such as 15 minutes, could
offer a useful index of rate of cure. For this purpose the ratio-
of tensile at all undercures to maximum tensile was determined
and similar ratios for tensile product, rebound, modulus, and
durometcr. (In the case of modulus and durometer the 180-
minute cure was taken as the maximum value.) Since the re-
bound of the uncured stock is appreciable, the ratio of the in-
crease in rebound over uncured rebound at all undercures to the
increase in rebound over uncured rebound for the maximum re-
bound was also calculated.

Finally, it was thought, the slope of the curve for the various
physical properties vs. cure time at marked undercures might
furnish an index of cure. Therefore the difference in tensile for
various undercures—e.g., tensile at 15 minutes minus tensile at 8
minutes—divided by maximum tensile was tabulated and similar
ratios for tensile product, tear, and rebound.

Inasmuch as the T-50 test is probably the most generally ac-
cepted index of rate of cure for natural rubber, the indexes
enumerated above were tested by determining their correlation
with T-50. The tensile ratio which for this series of stocks was
taken as the tensile at 15 minutes divided by the maximum ten-
sile was found to give the best correlation.

The results are summarized in Figures 3 and 4, where the ten-
sile ratio and other indexes of rate of cure are plotted against
T-50 at the 60-minute cure. The other indexes are those found
to give the closest correlation with T-50 or which have been pre-
viously suggested in the literature.

The prediction indexes (P.l.) indicating the degree of correla-
tion between the various indexes of rate of cure and T-50 are
listed on the figures. (Prediction index = 1 —\/l —r2wherer
is the coefficient of correlation calculated according to standard
statistical methods. P.l. is 0 for no correlation and 1 for perfect
correlation. For six pairs of values as in the present instance
r > 0.8 or P.I. > 0.4 shows significant correlation within the
95% confidence limits.) The prediction index of 0.84 for tensile
ratio was the highest found. Likewise the fact that tensile ratio,
is the only function which can be fairly well approximated by a.
single straight line confirms the indication given by the predic-
tion indexes.

The tensile ratio has been used in the authors’ laboratory as;
an index of rate of cure for various channel black stocks. In at
series of twenty-seven experimental blacks in the same base for-
mula used for the pigments in Table | the tensile ratio and time
to reach maximum tensile were both measured. The rate of
cure as defined previously was then determined by dividing the
tensile ratio of each experimental stock by the tensile ratio for
the standard control which was cured at the same time as the
experimental sample. The same control was, of course, used
throughout the series. Likewise, the rate of cure was also esti-
mated by dividing the time to reach maximum tensile of the con-
trol by the time to reach maximum tensile for the sample. The.
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prediction index indicating the corre-
lation between the rate of cure de-
Table Il. GR-S termined in these two ways was then
found to be 0.24. Since for twenty-

Pptd. Conti- Conti- Conti- . -
/hit- Conti- nental  nental  nental seven pairs of values a prediction
Gum  ing mMT nex  HMF  AA D R-40 index greater than 0.08 shows a sig-
100 10g 10g 10g 1og 10(5)) 1og 1og nificant correlation, there is appar-
?—, 5 5 5 5 5 5 5 ently a definite relation between these
15 15 15 15 15 15 15 15 two methods of determining rate .of
2 2 0 2 2 2 2 2 cure. Of the two methods, tensile
78 ratio can be determined more
50 precisely.
50
50 DETERMINATION OF RATE OF
50 CURE IN GR-S
50
50 As in the case of natural rubber
various pigments were studied in a
Cure at 307« F. typical formulation, 26 volumes of
& pigment per 100 volumes of polymer
being used as before. The formula
240* 90 220 210 200 260 310 ;
%2‘8 %%8 ggg 172%8 510 360 390 and test results appear in Table II.
900 800 410 Since T-50 does not show much
240 400 1130 1420 1230 1180 970 S - A
240 410 1130 1450 1320 1260 1100 variation with cure for GR-S, this
250 420 1190 1470 1480 1500 1250 test was omitted. In place of the
0 0 0 40 50 100 80 T-50 as a reference test with which
160 700 520 650 560 300 720* 500 -
%38 ;gg 1%8 1340 1880 1570 950 740 other indexes could be compared,
1630 2200 2380 2320 1820 i i
190 760 1010 1550 2200 2620 2550 2360 combined sulfur was determined by
190 760 1010 1460 2170 2590 2760 2580 analysis. The sodium sulfite method
190 500 840 1400 2100 2570 2600 2570 (1, 10) was used to determine free
460 300 275 415 410 490 550 550 ' i -
215 590 880 632 600 640 o7e 200 sulfur and the com.blned sulfur cal
43188 ggg ggg ggg 228 g%g 660 660 culated by subtracting the free sul-
gig gig 625 390 415 465 288 228 fur from the total sulfur. The com-
590 385 395 450 490 540 i
595 158 220 350 285 155 230 280 bined sulfu'r values for all c.ures are
1 5 . tabulated in Table Il. It is worth
10 10 7 %S 25 % ggl, noting that the figures for the faster
¢ 4 : 2 1 19 20 curing stocks pass through a maxi-
g g ft 4 5 5 15 mum. Moreover, if the slower curing
5 2 4 % é g %3 channel black stocks were examined
20 20 20 20 s ateven longer cures than 180 minutes,
38 %%g i 55 125 50 i60° 145 it is possible that the combined sulfur
90 100 228 288 230 209 180 for these stocks too might pass through
155 220 285 380 280 i i R
a0 110 . 922 Tt 380 280 a maximum. The reason for this be
80 85 150 170 270 290 305 havior is not clear.
%g ig 213 15 16 21 23 33 The same indexes of rate of cure
33 33 38 37 41 ied i R
% 14 i b “ p 3 ye stydled in natqral rubber were deter
gg ié c‘té 49 51 55 54 57 mined. In Figures 5 and 6 those
3 pe 1 E 2 4 B & indexes suggested by other investiga-
35 43 43 51 54 60 61 66 tors or found to correlate well with
8 11 6 9 11 11 14 23 combined sulfur are plotted against
32 44 33 33 33 29 29 35
35 44 36 42 44 40 42 44
35 44 41 48 50 50 51 50
kot yit a 2 2t 2 ® 8 ° An interesting contrast appears in the
35 41 40 52 51 57 59 57 behavior of elongation as a function of cure
62 time flor Egtura | rubber qndh‘GhR—S.. rI]n
natural ru er, elongation is highest in the
ég %g 23 %g gg %(5) %g 19 uncured state for al? stocks and decreases
51 40 47 20 1 31 30 22 re%ularlﬁ/ as cure proceeds (Table 1). 1In
53 20 48 3 12 v i 25 GR-S, however, elongation ‘increases with
53 29 6 13 ph 36 3 25 cure reaching a maximum for moat stocks in
53 70 6 a5 e = 26 the vicinity of the 8-minute cure.
52 8 6 a1 15 e gg 26 bIn connection with combined sulfur
26 values for thefgﬁm stock, \INhlcl‘.fh apFroach al-
most 100% of the original sulfur, for a gum
ég 2:53 ig 2(2) 28 gg 27 22 formulation differing from the above stock
57 a3 0 Pt P 3 %g 24 only in that 10 parts of zinc oxide and 0.75
8 49 57 & 8 3 27 part of sulfur were used instead of 5 of zinc
80 47 o5 23 s Fid 38 32 oxide and 2 of Bulfur, the maximum com-
59 48 21 2 Pt 0 3 5 bined sulfur was less tfée_m 20% of Ithe
58 46 54 51 50 39 39 e ?Or:gtwiasl sst%lgllirére-:rhe combined sulfur values
705 895 43.3 45.5 37.5 32.6 31.6 i
Ség 906 %2 656 gg% ?gﬁ 436 36 gg:}(‘ebmelgutes 0 8 15 30 90 180
. . . 59.0 .
gg.g gg.g gg.g 8516 854 2 38_(1) sulfur, % 0 42 58 09 77 63
: 89.2 89.9 82 1 This behavior for GR-S is similar to that
9s.0 72.5 70.0 *69 "8 77.6 90.4 93.9 88.0 observed by Thornhill and Smith (13) for

natural rubber. They found that for higher
sulfur loading the per cent of the original
sulfur combined at a given cure is higher.
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COMBINED SULFUR AT IS CURE [% OF ORIGINAL SULFUR]|

Figure 5

Figure 6

the combined sulfur at the 15-minute cure expressed
as per cent of original sulfur. An index analogous
to tensile ratio but utilizing tensile product instead
of tensile was also found to correlate with combined
sulfur almost as well as tensile ratio but was not in-
cluded in the graph.

Prediction indexes listed on the figures indicate the
best correlation for tensile ratio, time to reach 85%
of maximum tensile, time to reach maximum tensile,
and time to reach break in modulus. The highest
value for the prediction index is obtained with tensile
ratio.

Since rate of cure increases as temperature of cure
is increased, a good test of an index of rate of cure is
the behavior of the index at different cure tempera-
tures. In Figure 7, tensile ratio, combined sulfur at
the 15-minute cure, and time to reach maximum
tensile are plotted against cure temperature. For
these tests Continental AA in the GR-S formula given
in Table Il was used. In addition to the stocks cured
at various temperatures, four duplicate stocks were
cured at 307° F. in order to give some indication of
the reproducibility of these three methods.

04
!

TIME TO
MAX. TE.
(MIM)
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Prediction indexes giving the correlation of the indexes of cure
rate with cure temperature are listed at the top of Figure 7. The
best correlation with cure temperature is obtained with tensile
ratio and combined sulfur. Time to reach maximum tensile
also shows a significant correlation with cure temperature but
does not correlate as closely as the other two indexes. (For the
eight stocks used in this case a prediction index > 0.3 or a corre-
lation coefficient > 0.7 indicates a significant correlation within
95% confidence limits.)

DISCUSSION

Studies with GR-I stocks also indicate that the tensile ratio is
a useful index of cure for this synthetic. It is planned to pre-
sent these results in a separate paper.

In dealing with certain special problems the time required to
obtain a satisfactory index of rate of cure may possibly be short-
ened. For example, in comparing a series of stocks all of winch
have very similar maximum tensiles, the tensile of the proper
undercure is approximately proportional to the tensile ratio and
can be used similarly as an index of rate of cure. A case of this
sort would occur in the control testing of rubber channel blacks
or other pigments. On the other hand, although the maximum
tensiles for different stocks in a series may be different, the cure
rate may be sufficiently similar so that the tensile of a fixed cure
in the maximum tensile range, say the 60-minute cure, may be
fairly close to the maximum tensile for all stocks. In thisevent
the tensile ratio would be approximately equal to the tensile at
15 minutes/tensile at 60 minutes, which could then be used as an
index of rate of cure and would only require the making of two
cures. A possible example of this type might be a series of stocks
containing different amounts of petroleum-type softeners.

The rate-of-cure results for both natural rubber and GR-S
indicate that the tensile ratio is a satisfactory index of rate of cure
even in a series of stocks containing a widely different variety of
pigments. However, it seems likely that the greatest usefulness
for the tensile ratio will occur in the comparison of similar pig-
ments or other compounding ingredients such as carbon blacks,
inorganic pigments, softeners, antioxidants, etc., in the same test
formula.

The above short cuts as well as tensile ratio itself are satisfac-
tory indexes of rate of cure only within a set of stocks milled and
cured side by side, such as the stocks in Tables | and Il. In the
comparison of stocks not milled and cured together a reference
control is customarily run at the same time as each stock. The

1 1 1
CONTINENTAL AA IN GR-S Pl

TENSILE RATIO 0 oo — 0.73
COMBINED SULFURA  — 069
TIME TO MAX. TE. = X

TENSILE
RATIO

Tt&. AT I
I MAX. TEJ

COMBINED

SULFUR
AT 15

70

\SULFUft]

60

310
CURE TEMP (°F)

Figure 7
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tensile ratio of the individual stocks divided by the tensile ratio
for the corresponding control should then be taken as the index of
rate of cure.
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Determination of Alpha”~ara-Dimethylstyrene

In the Presence of Para-Methylstyrene, Styrene, and Para-Cymene

JOHN H. ELLIOTT and EVELYN V. COOK
Hercules Experiment Station, Hercules Powder Company, Wilmington, Del.

a,p-Dimethylstyrene can be determined in the presence of p-methyl-
styrene, styrene, and p-cymene by two independent methods. The
chemical method depends upon addition of hydrogen chloride or
bromide to the styrenes with subsequent estimation of the tertiary
halide formed by a,p-dimethylstyrene. The other method involves
an analysis of the ultraviolet absorption curve of such mixtures.
Results obtained by these independent methods are in good
agreement.

ED has recently arisen for a method for the determination
I\Fof a-jp-dimethylstyrcne in the presence of p-methylstyrene,
styrene, and p-cymene. Since no satisfactory procedures were
available for the analysis of such mixtures, chemical methods,
ultraviolet absorption, and polarographic analysis were consid-
ered.

Preliminary experiments on the last, using the technique of
Laitincn and Wawzonek (I) were not promising and this approach
was not studied further.

It was found possible, however, to analyze such mixtures by a
chemical method and also by means of ultraviolet absorption.
Both procedures were readily adaptable to control use and have
been successfully applied to the analysis of a large number of
samples.

In order to test these methods it was first necessary to obtain
pure samples of the various styrenes and p-cymene. The a,p-
dimethylstyrene and p-methylstyrene were synthesized and puri-
fied in this laboratory. A good grade of commercial styrene
was vacuum-distilled several times before use. The p-cymene
was distilled through a 40-plate column packed with 0.23-cm.
(’/«-inch) stainless steel helices at 100-mm. pressure and a reflux
ratio of approximately 60/1, a middle cut being coEected and used
in this work.

The constants of these compounds are given in Table I. The
bromine numbers were run by a modification of the method of
Uhrig and Levin (3).

The refractive index results are in good agreement with the
International Critical Tables values, the temperature being con-
sidered. The samples of the various styrenes were always
freshly vacuum-dlistiUed before being used.

CHEMICAL METHOD

The chemical method of analysis depends upon the following
reaction. If the addition of HX to a,p-dimethylstyrene and p-
methylstyrene follows Markownikoff’s rule, where X is either Br
or Cl, the following compounds will be formed:

X X
CH.—; —CHi H—  CHj

The halogen in (1), formed from a,p-dimethylstyrene, is at-
tached to a tertiary carbon atom, while that in (2), formed from
p-methylstyrene, is attached to a secondary carbon atom. The
tertiary halogen in (1) is much more readily hydrolyzed than the
secondary in (2), and this fact offers a means of analytically de-
termining <x,p-dimcthylstyrene in the presence of p-methylstyrene
and styrene. There is no reaction of ILX with p-cymene.

It has been reported that hydrogen bromide adds rapidly to
styrene (2, 10), and that the secondary bromide formed by nor-

Table I. Constants of Materials Used in Testing Methods
Bromine No.

Com- no -

pound Formula rd'5 (1.c.T.) served Theory
p-Cymene p-CHi.CiH«.CH-  1.4913 1.4947 <1 0

(CH), (15° C.)

Styrene C,H,.CH:CHt 1.5467 %250{633 ) 151 154
p-Methyl-  p-CHj.C«Hi.CIlI:- 1.5421 1.5447 137 135
_8tyrene CH, (16.4° C.)
ci,p-Di- p-CH1.CflH4.C- 1.5356 1.5344 117 121

methyl- (CH):CH, (18.7° C.)

atyrene

* Value ot Moore, Burk, and Lankelma (7).

RubberChem.
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Table Il. Determination of a,p-Dimethylstyrene in Known Mixtures
(Using method involving addition of HBr)

Weight of a,p-Dimethyl-

styrcne
Other Materials Present Present Recovered Recovery

Grain Gram %
None 0.2731 0.2545 93.3
None 0.2131 0.1977 92.8
0.2080 gram p-methylstyrene 0.2408 0.2215 91.9
None 0.2693 0.2477 92.0
None 0.2414 0.2245 94.0
0.1 ml. of benzene, 0.2 ml. of 0.4147 0.3942 95.2
styrene, 0.2 ml. of p-methyl- 0.2613 0.2522 96.7

styrene, 0.5 ml. of p-cymene
25.6% p-methylstyrene and 0.0854 0.0796 94.2
48.8% p-cymene 0.1006 0.0926 92.0

mal addition may be hydrolyzed under relatively mild condi-
tions, indicating that the conditions of hydrolysis of the tertiary
halide must bo chosen so as to avoid interference from the second-
ary halides present. Based on these facts, the following meth-
ods have been developed, involving the addition of 11X, removal
of excess, followed by hydrolysis, and estimation of the tertiary
halide formed from a,?j-dimethylstyrene under conditions where
there is no appreciable hydrolysis of the secondary halide formed
from p-methylstyrene and styrene.

Hydrogen Bromide Method. A sample weighing approxi-
mately 0.5 to 1.0 gram is accurately weighed out into a 125-ml.
Erlenmeyer flask containing 25 ml. of carbon tetrachloride.
Gaseous hydrogen bromide, generated by dropping bromine onto
naphthalene and purified by passing through several towers of
naphthalene and finally one containing Drierite, is bubbled
through the sample for 30 minutes at a rate of 3 to 4 bubbles per
second. At the end of this time the addition tube is washed
down with 10 ml. of carbon tetrachloride and a brisk stream of
nitrogen is passed through the solution for 30 minutes to remove
unreacted hydrogen bromide. The flask is then removed and
chilled in an ice-salt bath for 10 minutes. Thirty milliliters of

WAVELENGTH IN  MILLIMICRONS

Figure 1. Ultraviolet Absorption Curves

For a, p—dimethylstyren«,p—methYIs rene, styrene,end p-cymene In
ethanol solutions
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previously chilled 90% alcohol are then added, the flask is swirled
for a few seconds, two drops of methyl red indicator are added,
and the cold solution is rapidly titrated with standard O.liV alco-
holic potassium hydroxide to a bright yellow end point lasting
for 10seconds. Table Il gives the results obtained by this method
on known samples.

Hydrogen Chloride Method. The procedure is the same as
that used in the hydrogen bromide method with the following
changes:

Benzene instead of carbon tetrachloride is used as the solvent.

Forty milliliters of 80% alcohol are used to effect hydrolysis
of the tertiaiy halide.

The titration is performed at room temperature and the sample
titrated with 0.1A'alcoholic potassium hydroxide to a 30-second
bright yellow end point. Hydrogen chloride was generated by
dropping concentrated hydrochloric acid into concentrated sul-
furic acid. The evolved gas was passed through a tower filled
with concentrated sulfuric acid before being passed into the solu-
tion being analyzed.

Table 111 gives the results obtained by this method on known
samples. The end points are considerably sharper than those
given by the hydrogen bromide method.

Table Ill. Determination of a,p-Dimethylstyrene in Known

Mixtures
(Using method involving addition of HC1)
Weight of a,p-Dimethyl-
styrene

Substances Present Present Recovered Recovery
Gram Gram %
p-Cymcno None None
Styrene None None
p-Methylstyrene None None
a,p-Dimethylstyrene 0.2936 0.2740 93'h
0.4739 0.4508 95.3
0.4116 0.3903 94.7
0.3077 0.2940 95.5*
0.5693 0.5415 95.3°
a,p-Dimethylstyrene plus 0.5 0.4015 0.3855 96.0
ml. each of p-cymene, sty- 0.4052 0.3902 96.2

rene, and p-methylstyrene
a HC1 gas added for 1 hour instead of 30 minutes as in all other cases.

Table IV. Analyses by Hydrogen Bromide and Hydrogen
Chloride Methods
Sample HBr method HCI method
% %

A 19.6,20.2 19.8,20.6
B 29.2,29.5 28.2,29.3
[ 20.2,19.9 20.2,19.8
D 20.5,20.4 20.6,20.6
E 22.6,22.0 22.6,23.3
F 10.6,10.7 9.5, 9.5
G 32.8,32.6 32.2,32.0
H 32.9,32.6 31.8,32.5

DISCUSSION OF RESULTS

An examination of Tables Il and 111 shows that somewhat low
recoveries (about 95%) of a,p-dimethylstyrene are obtained in
every case. Therefore, to correct for this a factor of 1.05 is used
in calculating the results. This low recovery of a,p-dimethyl-
styrcne is not raised by a longer time of addition of the hydrogen
halide. 1t may be due to the fact that a small fraction of the
addition takes place contrary to Markownikoff's rule. A con-
sideration of the results obtained by use of these methods in the
analysis of over fifty samples of known and unknown composition
indicates that the precision of the methods isapproximately ==3%
of the a,p-dimethylstyrene present.

Table 1V shows the agreement between the hydrogen bromide
and hydrogen chloride methods in the analysis of eight different
samples of unknown composition.

The agreement between the results obtained by the two meth-
ods is seen to be good. Since the hydrogen chloride method is
somewhat easier to use and the end point is sharper, it is recom-
mended for use.
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ULTRAVIOLET ABSORPTION METHOD

The spectrophotometric method has been successfully applied
to the quantitative determination of compounds having charac-
teristic absorption bands in the ultraviolet region of the spec-
trum. Good examples of this method used in calculating two,
three, and four constituents of a mixture have been reported in
the literature (S-6).

In mixtures of pure styrene, «,p-dimethylstyrene, p-methyl-
styrene, and p-cymene it was found possible to determine the
amount of each styrene present within 2% of the known value.

The absorption data were obtained from measurements made
with a Beckman quartz spectrophotometer. The solvent was
ethanol in all cases. The formulas used in making the calulations
use the term specific a:

h
logro y

Specific a = ol

where a = absorption coefficient
70 = intensity of radiation transmitted by the solvent
I —intensity of radiation transmitted by the solution
¢ = concentration of solute in grams per 1000 ml.
I = length in centimeters of solution through which the
radiation passes

The samples of pure a,p-dimethylstyrene, p-methylstyrene,
styrene, and p-cymene used to obtain the specific absorption
coefficients of the pure compounds were the same as those used
in the development of the chemical method previously described.

The values at different wave lengths are shown in Figure 1.
The curve for styrene agrees very closely with previously pub-
lished data concerning this compound (5).

Figure 2. Ultraviolet Absorption Curves

For a, p-dimcthylstyrcne, p-mtUiyltlyrcn«. styrene end mene |n ethanol solutions
b y(etr%largedpscale (%lfs;))/ectral Srtglglon i75 Qo 00 mp)

The styrenes have a strong absorption band in the spectral
region 248 to 252 mp with less pronounced but yet distinct bands
in the region to 300 mp. For the three styrenes the bands in the
region 248 to 252 mp are so similar that no attempt was made to
use them for quantitative determinations. A larger scale graph
of the region 280 to 300 mp (Figure 2), shows that at certain

Tabic V. Per Cent Composition
Calculated
rom
Composition of Ultraviolet
Mixture of Pure Absorption
Mixture Compounds Known Data Error
% % . %
1 <x,p-Dimethylstyrene 32 30.8 1.2
p-Methylstyrene 42 42.4 0.4
Styrene 26 26.0 0
2 a,p-Dimethylstyrene 5 6.0 1.0
p-Methylstyrene 5 5.3 0.3
Styrene 90 88.1 1.9
3 «.;’)\ADlmethylstyrene 5 3.9 1.1
ethylstyrene 90 90.3 0.3
Styrene 5 5.3 0.3
4 a.p-Dimethylstyrene 25 24.3 0.7
g Methylstyrene 26 26.3 0.3
tyrene 25 25.9 0.9
p-Cymene 24
5 or.p-Dimethylstyrene 20 21.9 1.9
p-Methylstyrene 30 29.4 0.6
Styrene 35 35.8 0.8
p-Cymene 15
Table VI. Samples of Unknown Composition
a.p-Dimethylstyrene
Ultraviolet
Chemical absorption
Sample method method
% %
23.0.22.9 21.7,22.3
20.0.20.2 19.8, 20.3
32.5,32.3 32.8,32.5
27.3,27.4 27.8,27.5

wave lengths there are sufficient differences in a of the pure com-
pounds to permit quantitative calculations. It is also evident
that p-cymene has its absorption values below 280 mp and there-
fore does not appreciably affect absorption values above 280 mp,
even though presentin quantities up to 70 or 80%.

Quantitative determinations on three unknowns require the
selection of three suitable wave lengths in order to set up three
simultaneous equations. At a given wave length, components
a, b, and cpresentin a solution in percentages of x, y, and z, re-
spectively, will give a total absorption value which can be repre-
sented by the equation:

M x + + = “ solution

a., ab, ae represent the specific absorption coefficients for each
of the pure compounds at that particular wave length. By set-
ting up three equations at different wave lengths, the percent-
ages (x, y, and z) of each component can be calculated.

Since simultaneous equations with three or more unknowns
are customarily solved by the method of determinants, the cri-
terion for the selection of wave lengths is that the determinants
in the expressions for the unknown concentrations be as large as
possible. Likewise, the individual values of a should be large
enough to be measured with accuracy on the spectrophotometer.

In known mixtures of pure compounds, with or without p-
cymene, it was found possible to calculate the per cent composi-
tion by using the absorption data at wave lengths 285, 291, and
295 mp (Table V). Values calculated from the absorption data
differ from known values by less than 2%. The presence of p-
cymene did not interfere with the calculations. The wave
lengths 283, 287, and 291 mp were found to give just as accurate
values as the previously mentioned wave lengths. It is there-
fore possible to use two sets of wave lengths to serve as checks on
each other.

Four samples of unknown compositions were analyzed for
a,p-dimethylstyrene by both the chemical and ultraviolet ab-
sorption methods (Table VI).

The agreement between these independent methods is seen to
be good.
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Determination of Soluble Pectin and Pectic Acid by
Electrodeposition

KENNETH T. WILLIAMS AND CLARENCE M.
Western Regional Research Laboratory, Albany,

In a new approach to the determination of pectin, solutions
of pectin or pectates are deashed by the use of ion-exchange
resins. The pectin or pectic acid is electrolytically de-
posited at a platinum anode in a weighable form. The
method requires less of the analyst's time and attention
than does the calcium pectate method and, with partially
purified solutions, gives results of the same order of accuracy.
The method is especially applicable to amounts of pectin
ranging between 5 and 50 mg.

NVESTIGATIONS designed to develop new and extended uses
for pectin have made desirable an analytical method capable
of determining small amounts of pectin. Approximate estima-
tions of pectin can be made by precipitation with 70 to 80 per
cent alcohol or 50 per cent acetone (1, 3, 8, 9). Alcohol and
acetone of these strengths precipitate gums, some proteins, and
calcium and potassium salts of some of the organic acids as well
as pectin. However, when dilute solutions are used the results
are likely to be low because of incomplete precipitation of the
pectin and difficulties in handling small amounts of the precipi-
tate. The alcohol precipitate is difficult to filter and wash
thoroughly. This filtration may be improved by precipitation
with acidified alcohol, but after several washings enough acid
may remain with the pectin to cause charring
when the precipitate is dried. Fifty per cent
acetone yields a precipitate which is more easily
filtered and washed but affords little improve-
ment in accuracy.
The pectic
ject to error
acid. The calcium pectate method of Emmet
and Carr6 (4), although tedious and time-
consuming, is probably the most reliable of the
methods in use at the present time, but is not
readily adaptable to very small amounts of
pectin because of the large number of manipu-
lations required. It has been used throughout
this investigation for the analysis of stock solu-
tions for comparisons with the proposed method.
The proposed method is the result of an at-
tempt to devise an accurate method which re-
quires less of the analyst’s time and attention
and can be used to determine smaller amounts of
pectin than the method of Emmet and Carr6.

Figure 1.

Since the soluble pectinous materials are negatively charged
colloids, it was decided to investigate the possibility of collecting
the pectin on the anode of a suitably arranged electrolysis system.
Brown (2) unsuccessfully attempted to precipitate pectin
electrolytically from aqueous solutions containing large amounts
of electrolytes. Griggs and Johnstin (5) observed flocculation
of pectin at the anode on electrolysis with 110-volt direct cur-
rent. The authors have found that pectin can be quantitatively
determined by electrodeposition, provided the electrolyte con-
centration of the solution is low. lon-exchange resins can be
used when it is necessary to remove the electrolytes before electro-
deposition.

APPARATUS

A conventional electrolysis apparatus supplied with 220-volt
direct current from a rectifier-transformer unit was used. A
mercury cathode cell was constructed from a 250-ml. Griffin-type
beaker, into the side of which was fused a platinum wire (Figure
1). A mercury-filled side arm was added to provide flexibility
in the connection to the negative binding post. Clean mercury
completely covering the platinum wire in the vessel served as
the cathode. The anode was a disk of 45-mesh platinum gauze
6.25 cm. (2.5 inches) in diameter, edged with 0.075-cm. (0.03-inch)
platinum wire to give rigidity and supported by a 15-cm.
(6-inch) piece of 0.127-cm. (0.05-inch) platinum wire at-
tached to the center (Figure 1). Similar electrodes are avail-

Electrolysis Vessel, Anode and Anodes in Holder
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Table I. Electrodeposition of Pectin from Solutions Containing
Various Percentages of Alcohol
(25-ml. aliquots of stock solution. Time, 5 hours)
Alcohol
Content Weights of Deposits Remarks

% byvolume Mg. Mg. Mg. Mg.

30 IT.2 18.9 20.6 Solutions became hot. One of 4
deposits did not adhere to
anode

40 21.8 22.1 22.2 219 Compact deposits

50 7.6 7.9 8.5 5.7 Deposits not compact

60 7.1 7.6 9.2 9.8 Bulky deposits

Table Il.  Time Required for Electrodeposition of Pectin from

40 Per Cent Alcohol Solutions
(25-ml. aliquots of stock solution)

Time Weights of Deposits Average Remarks
Hr. Mg. Mg. Mg. Mg.
2 19.9 20.4 19.4 19.0 19.7 Precision poor
3 18.9 20.5 19.6 20.3 19.8 Precision poor
4 20.8 20.3 20.1 20.1 20.3 Precision fair
5 21.8 22.1 22.2 21.9 22.0 Precision good
6 21.9 21.7 22.2 22.1 22.0 Precision good

able from platinum manufacturers. This electrode system has
proved to be much more satisfactory than one using either
cylindrical or spiral electrodes, since the mercury cathode-disk
anode system makes it possible to have all the solution under
the influence of the field without stirring.

lon-exchange resin columns were prepared from 24 X 190 mm.
glass tubing constricted to a 6-mm. outlet (Figure 2). Ten
grams drained weight of ion-exchange resin, supported on a glass
wool mat, was used in each tube. The cation-exchange column
was mounted so that the effluent dripped directly into the acid-
absorbing bed.

ELECTRODEPOSITION OF PECTIN FROM LOW-ASH SOLUTIONS

The following procedure was found to give a firm deposit that
adhered very well to the anode:

An aliquot of the aqueous solution containing approximately
5 to 50 mg. of pectin was placed in the electrolysis vessel and
diluted to 08 ml. with distilled water, and 42 ml. of 95 per cent
ethyl alcohol were added with stirring. To obtain quantitative
deposition in the shortest time, the alcohol concentration must
be close to 40 per cent by volume, as indicated in Table I. Pre-
cipitation of the pectin at this point indicates that the electrolyte
content is too high and that the solution must be deashed.
During the electrolysis the vessel was immersed in a water-ice
bath to prevent an undue rise in the temperature of the solution.
The anode was lowered into the solution so that the gauze was
barely covered and 220-volt direct current was applied. The
current varied between 5 and 20 milliamperes, depending on the
electrolyte content and the temperature of the solution. No
stirring of any kind was employed during the rim. Occasionally
it was necessary to adjust the anode level if the solution had
expanded or contracted as a result of changes in temperature.
At the end of 5 hours the anode was withdrawn from the vessel
and immersed in 99 per cent ethyl alcohol for 3 minutes and then
in anhydrous ether for 3 minutes.

A very compact deposit was obtained, which was further de-
hydrated by the alcoliol-ether treatment to a very thin uniform
film. This alcohol-ethcr treatment permitted complete drying
inonehouratl05° C. The electrodes were cleaned by immersion
in boiling water for a few minutes, followed by rinsing in distilled
water. If the deposit was pectic acid, the addition of a little
dilute alkali aided in the solubilization. Removal of the deposit
by ignition in a flame was avoided because of the possible danger
of changing the electrode surface.

Table Il shows the relation between the time of deposition and
the weight of the deposit.

REMOVAL OF ELECTROLYTES FROM HIGH-ASH SOLUTIONS

Pectin deposition from extracts of fruit was unsuccessful
because the current was transferred by the electrolytes present.
The solution heated up and gas was evolved from both electrodes.
No deposit was obtained.

A system of commercial
ion-exchange resins has been
used to remove electrolytes
from pectin solutions in
this laboratory. (The use
of exchange materials for
the removal of ash constitu-
ents from pectin solutions
was first investigated in this
laboratory by W. D. Maclay
and co-workers who are in-
vestigating the efficiencies
of various commercial prod-
ucts for this purpose.) The
IR 100 resin removes the
cations by exchange with
hydrogen ion, while the IR
4 resin removes the acids
which would interfere, by
conductance, with the clec-
trodeposition of pectin. No
pectin was lost during this
process when the conditions
described below were fol-
lowed. The capacity and
regeneration of these resins
are described by the manu-
facturer (7).

Solutions containing 0.4
to 1.0 mg. of pectin per ml.
were deashed in the follow-
ing manner: The columns
were rinsed with two 10- to
15-ml. portions of the solu-
tion, with thorough drain-
age between rinses. The
rinsings were discarded and
the main portion of the
solution was deashed by
percolation through the columns at the rate of approximately 3ml.
per minute.

Figure 2. Deashing System

Upper, cation exchange column,
ower, add adsorbing column

The pectin concentration of the solution was unchanged by
this treatment (Table I11). The pectin solutions treated in this
manner were low in ash, ranging from 0.5 to 4 mg. per 100 ml.,
and successful electrodepositions could be made from such
solutions. The resin system has been used successfully on neu-
tral, acid, and alkaline aqueous extracts of pectin.

Table Ill.  Pectin Content of Solutions before and after lon-Exchange
Treatment

Source of Pectin Before* After”

Mg./ml. Mg./ml.
Extract of whole grapefruit 1.03 1.03
Extract of whole orange 0.64 0.64
Extract of whole apple 0.41 0.40
High-ash commercial pectin 0.35 0.35

o Averago of three analyses by method of Emmet and Carré (4).

Table IV. Electrodeposition of Pectin from Acid Extracts of Whole
Fruit after Removal of Electrolytes”
Aliguot of
Extract Original
of Whole Solution —Pectin Deposited- Average
ML Mg. Mg. Mg. Mg. Mg./rrd.
Grapefruit 2.5 14.2 14.1 14.1 5.65
5.0 28.4 28.1 28.2 28.0 5.64
10.0 57.8 57.1 58.3 57.7 5.77
Orange 5.0 13.8 14.4 13.7 13.8 2.78
10.0 29.0 28.9 28.7 28.5 2.88
Apple 5.0 10.9 111 11.1 11.1 2.22
10.0 21.4 21.4 21.8 22.0 2.17
25. 55.2 54.8 56.7 56. 2.23

~a Averages of triplicate analyses by method of Emmet and Carré (4)
yielded 5.16 mg. of pectin per ml. of grapefruit extract, 2.57 mg. per ml. of
orange extract, and 1.99 mg. per ml. o% apple extract.
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Table V. Electrodeposition of Pectic Acid from Extracts of Whole
Apple and Grapefruit after Acetone Purification, Hydrolysis, and
Removal of Electrolytes'*

Aliquot of
Extract Original

ot Whole Solution e Pectin Acid Deposited------ . Average
MI. Mg. Mg. Mg. Mg. Mg./ml.

Apple 10.0 10.7 10.6 10.7 10.7 1.07
20.0 22.1 22.1 22.1 1.10

Grapefruit 5.0 10.6 10.4 10.7 10.7 2.12
10.0 21.1 21.0 215 21.2 2.12

a Averages of triplicate analyses by method of Emmet and Carré (4)
rielded 1.07 mg. of peotie acid per ml. of apple extract and 2.13 mg. of pec-
ic acid per ml. of grapefruit extract.

ANALYSES OF EXTRACTS OF GRAPEFRUIT, ORANGES, AND APPLES

The flavedo was removed from oranges and grapefruit, leaving
most of the albedo intact. The apples were not peeled. The
following modification of the extraction procedure of Myers and
Baker (5) was used: ,

The fruit was cut up and disintegrated in a Waring Blendor
with the addition of sufficient water and hydrochloric acid to
give a thin slurry of pH 1.7 to 2.0. The slurry was then heated
in a water bath at 85° C. for 30 minutes and filtered through
analytical grade Celite. The residual pulp was extracted and
filtered twice,more in the same manner. The clear extracts were
combined and diluted, if necessary, to a pectin content of ap-
proximately 1 mg. per ml. Aliquots of 100 ml. were taken for
analysis by the calcium pectate method of Emmet and Carré.
Electrolytes were removed from other portions of the solution
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by ion exchange and the pectin was determined by electro-
deposition and by the calcium pectate method (Table 1V).

Analyses by the proposed method gave résulta from 9 to 13
per cent higher than those obtained by the method of Emmet
and Carré.

None of the extracts used in this study contained starch or
dextrins, as indicated by the absence of any color formation
with iodine solution. It is probable that such interference
could be obviated, when necessary, by amylolytic treatment
prior to deashing.

Electrodepositions of pectic acid were also made from deashed
aliquots of fruit extracts which had been subjected to the same
preliminary acetone purification and hydrolysis as used for
calcium pectate determination. These results were in good
agreement with those obtained by the method of Emmet and

Carré (Table V).
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Analysis of Petroleum Oil-Soluble Sodium Sulfonates
by Adsorption

JOHN M. KOCH
The Atlantic Refining Coj, Philadelphia, Penna.

An adsorption method for separating and estimating the
components of oil-soap mixtures has been developed,
which compares favorably with aqueous alcoholic extrac-
tion analyses in accuracy and precision. It is rapid and
convenient and entirely free from emulsion difficulties.

N THE manufacture of medicinal white oil by the treatment

of petroleum stocks with fuming sulfuric acid, sulfonic acids
are formed, some of which remain dissolved in the oil layer after
it is separated from the sulfuric acid sludge. Upon neutralizing
the “acid oil” layer with alkali, oil-soluble sodium sulfonates are
produced. These “mahogany soaps” are extracted with aqueous
alcohol and are further refined to produce commercially impor-
tant emulsifiers.

Products of this type are marketed principally as a blend con-
sisting of approximately equal amounts of oil and soap, contam-
inated with small amounts of inorganic matter. To control the
ratio of oil to soap in these mixtures, it is necessary to estimate at
least one of these components. This may be done by separating
the sulfonates from the hydrocarbons by means of some physical
process. Distillation is not suitable because of the relatively high
boiling points of the hydrocarbons, coupled with the unstable
character of the sulfonates at temperatures in the neighborhood
of 130° C. Since neither of the components crystallizes readily
from their mixtures or from solutions of their blends, crystalliza-
tion cannot be used to separate them.

Because of the greater solubility of the soaps in a water-alcohol
mixed solvent, unsaponifiable matter or oil is usually extracted

selectively with petroleum ether, from soap dissolved in 50 per
cent aqueous alcohol solution. Most of the oil dissolves in the
petroleum ether and the aqueous alcohol retains in solution the
major portion of the soap. By a systematic process of multiple
extractions, soap and oil mixtures can be separated completely
if the proper conditions are chosen. Archibald and Baldesch-
wieler (2) have described a method of analyzing petroleum sul-
fonates by this type of extraction. Since some of the separations
were found to be incomplete, after employing the standardized
procedure, the authors have described a method of correcting the
oil fraction for the soap contained in it.

The large number of extractions and manipulations ordinarily
required by this method are time-consuming, and severe emul-
sion difficulties are encountered with some types of samples.

Selective adsorption can be used to separate mixtures composed
of materials having widely different adsorption characteristics,
just as selective solvent action is used to separate materials of
different solubilities. The adsorption process is often advanta-
geousbecause of its convenience, speed, and freedom from emulsion
troubles. An adsorbent must be found which will adsorb sodium
sulfonates, since oil is not easily adsorbed, and the proper solvent
and displacing agent must be chosen. Simple adsorption, like
simple extraction, is usually inadequate for sharp separation of
two components. Fractionation of some kind must be employed
to the best advantage to achieve quantitative results.

This paper presents a new adsorption method which has the
advantages of speed, convenience, and freedom from emulsion
troubles, and which has been found to be especially useful in this
laboratory for plant control work.
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PRELIMINARY EXPERIMENTS

Percolation experiments showed that
sodium sulfonates could be selectively ad-
sorbed from naphtha solution, and that
they could, in turn, be completely displaced
from the adsorbent by methanol.

APPARATUS AND MATERIALS

The percolation apparatus, shown in
Figure 1, consisted of a 250-ml. separatory
funnel, A, a 250-ml. extraction flask, B,
and a percolation tube, C. This tube had
a 1.5-cm. inside diameter and was 40 cm.
long. _A delivery tube 5 cm. long and 3
mm. in inside diameter was sealed to the
bottom of the percolator. Into it a glass
wool plug was packed for the purpose of
supporting the adsorbent. Just before
starting the percolation, fresh Attapulgus
clay was packed into the percolator by
tamping successive 5-cm. sections of clay
tightly in place with a rod. The clay was
30- to 60-mcsh size and had been calcined
at 482° C. (900° F.). (Silica gel of 28- to
200-mesh, from the Davison Chemical
Corporation, and Fisher adsorption alumina
for chromatographic analyses, were tried as
sodium sulfonate adsorbents, but were found
to be less, efficient than Attapulgus clay.
The clay was supplied by the Attapulgus
Clay Co., 260 South Broad St., Philadelphia,
Penna. Approximately 35 grams were used
for an analysis.)
The volatility of the petroleum naphtha
solvent used in these experiments was suffi-
ciently above that of the oil in the sample, Figure 1. Per-
so that the solvent could be completely colation Appa-
separated from the oil by evaporation. ratus
Naphtha of 30° to 80° C. (S6° to 176° F.)
boiling range, distilled from a paraffin-
base crude oil, and A.S.T.M. precipitation naphtha (J) of 50°
to 130° C. (122° to 266° F.)’boiling range, were found to be
satisfactory.

PROCEDURE

Approximately 2.0 grams of sample are accurately weighed
into extraction flask B, and dissolved in 25 ml. of petroleum
naphtha. The solution is transferred to separatory funnel A,
mvhich is then stoppered. The stem of the funnel is placed inside
.the open end of percolator C, so that it just touches the clay, as
shown in Figure 1. Upon opening the stopcock the solution will
percolate down through the clay, and the stoppered separatory
-funnel will act as an automatic feeding device. The percolate
issuing from the bottom of the clay column is caught in the tared
extraction flask.

As soon as the last drop of solution has entered the percolator,
the stem and inside of the funnel are washed with petroleum
naphtha. These washings are charged to the percolator. The
top of the percolator is also washed clean of any remnants of
sample. Then 100 ml. of naphtha are charged to the separatory
funnel and percolated through the clay using the same auto-
matic feeding arrangement described for the solution.

If the total naphtha percolate is clear, it is set aside for evapora-
tion. If it is cloudy, indicating the presence of unadsorbed soap
or salts, the combined percolate is run through a second percola-
tor packed with fresh clay. A 100-ml. naphtha wash is used
as before. The combined naphtha percolate in the tared extrac-
tion flask is very carefully evaporated on a steam bath. Oil is
prevented from creeping to the outside wall of the flask by blow-
ing a gentle stream of air into the flask during the evaporation.

While this operation is taking place, 100 ml. of absolute methyl
alcohol are percolated through each of the clay columns used to
adsorb the soaps. The resulting percolates are collected in a
tared extraction flask, and the solvent is evaporated from the
soaps in the same manner as was described for the naphtha.

When practically all of the naphtha has been evaporated from
the oil fraction on the steam bath, the extraction flask is placed in
an oven and kept at 100° to 105° C. for 15 minutes, then cooled
and weighed. This process of heating in the oven for 15-minute
periods, followed by weighing, is repeated until the loss in weight

is less than 0.01 gram.
sufficient.

Similar treatment is applied to the soap fraction dissolved in
methyl alcohol, except that an oven kept at 120° to 130° C. is
used to save time. The weights of oil and soap are reported as
per cent of sample taken.

Usually, 15 to 30 minutes of heating are

TEST OF THE METHOD

Two tests were applied to this method. For the first test, 40
grams of a refined petroleum sulfonate (sample A, Table Il) were
separated into an oil and a soap fraction by the method of Archi-
bald and Baldeschwieler (2). Settling times of from 8 to_ 16
hours were permitted for emulsions of naphtha and aqueous iso-
propyl alcohol to separate sharply into two layers. The oil frac-
tion, however, had an ash content of 0.14 per cent; so it was
filtered through Attapulgus clay to produce a colorless oil which
contained no ash, and was, therefore, free of soap. A series of
mixtures of this oil and the soap fraction was prepared, and then
analyzed by the adsorption procedure. Table I contains these
analyses and the corresponding known blend values. Sample 5
consisted of the extracted sulfonates themselves, without the addi-
tion of any oil.

In the second test, a similar series of known mixtures whs pre-
pared by blending oil and soap fractions which had been sepa-
rated from a group of samples by the adsorption method. The
adsorption analyses of these known mixtures are also presented
in Table I.

These data indicate that the adsorption procedure gives ac-
curate analyses of oil-soap mixtures of widely varying composi-
tion. As showm by the analysis of sample 5, the sodium sulfo-
nates obtained by aqueous isopropyl alcohol extraction contained
only approximately 0.3 percent of oil. The oil fractions obtained
in these adsorption analyses were practically colorless and free of
soap, as indicated by the absence of ash following their ignition.

PRECISION AND COMPARISON WITH EXTRACTION METHOD

A group of five refined soap samples was analyzed in duplicate
to test the precision of the adsorption procedure (Table I1).
These data, together with the results shown in Table | indicate
satisfactory reproducibility for most purposes.

Table I. Analyses of Known Blends of White Oil and Sodium
Sulfonates by the Adsorption Procedure
Composition of Sample- T '
Sample According to Blend Found by Analysis Deviation
No. Soap oil Soap oil Soap oil
% % % % % %
1 19.6 80.4 20.0 80.0 +0.4 -0.4
2 37.6 62.4 38.0 62.2 +0.4 -0.2
3 58.7 41.3 59.2 40.9 +0.5 -0.4
4 82.5 17.5 82.5 17.6 0.0 +0.1
5 100.0 0.0 100.0 0.3 0.0 +0.3
6 10.1 89.9 10.6 89.7 +0.5 -0.2
7 19.6 80.4 19.8 80.1 +0.2 -0.3
8 35.0 65.0 34.7 65.0 -0.3 0.0
9 50.0 50.0 49.7 49.9 -0.3 -0.1
10 65.0 35.0 64.2 35.1 -0.8 + 0.1
11 78.7 21.3 78.2 21.8 -0.5 + 0.5
12 89.4 10.6 88.7 11.2 -0.7 +0.6

~ Samples 1 to 5 were blended from components prepared b¥ aqueouR
isopropyl alcohol extraction. Samples 6 to 12 were blended from com-
ponents prepared by Attapulgus clay adsorption.

Table Il. Duplicate Adsorption Analyses of Refined Soaps
Composition by Analysis Deviation

Sample Soap Qil Soap Oil

% % % %

A 46.4 53.5 0.1 0.3
46.5 53.8

B 50.6 46.2 1.0 0.2
49.6 46.0

C 50.4 47.0 0.4 0.3
50.8 47.3

D 51.2 49.0 0.1 0.3
51.3 48.7

49.0 50.3 0.8 1.0
49.8 49.3
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Table Ill. Comparison of Analyses of Refined Soaps by the
Adsorption and Extraction Methods
[ e Composition by Analysis—
Adsorption Method Extraction Method Deviation
Sample  Soap Oil Total Soap Oil Total Soap Qil
% % % % % % % %
F 56.8 42.7 99.5 56.6 43.1 99.7 +0.2 -0.4
G 60.3 39.1 99.4 59.8 39.6 99.4 +0.5 -0.5
H 55.7 44.4 100.1 54.0 44.8 98.8 +17 -0.4
| 56.6 24.8 81.4 58.1 23.4 81.5 1.5 +1.4
J 67.4 32.8 100.2 66.6 33.4 100.0 +0.8 -0.6
Table IV. Resin-Displacing Power of a Series of Trial Eluants
Ratio of Material
i Weight of Material Displaced to
Trial Eluant Displaced Resin on Clay
Grama
Acetone 1.490 1.9
Et_h%/l acetate 0.788 1.0
Diethyl ether 0.786 1.0
Chloroform 0.052 0.8
Ethylene dichloride 0.612 0.8
Nitromethane 0.562 0.7
Carbon tetrachloride 0.136 0.2
Carbon disulfide 0.032 0.0

Five other refined soap samples were analyzed by both the ex-
traction method of Archibald and Baldescbwieler (2) and the ad-
sorption procedure and the results are compared in Table IlI.
Samples F and G were from the same manufacturer, but samples
H, I, and J came from three different sources. Sample | was
found to contain 18.6 per cent of material which was volatile at
130° C.

The agreement between the two methods appears to be satis-
factory. They are probably capable of giving equal accuracy and
precision on samples of this type.

SOAPS CONTAINING RESINS

Soaps that are produced in the course of medicinal white oil
manufacture, as described above, have been found to be practi-
cally free of resinous (oxygenated hydrocarbon) components.
There are some products on the market, however, which do con-
tain resinous materials. These samples, containing resins in
addition to sodium sulfonates and oil, present a more difficult
analytical problem for both the extraction and the adsorption
methods, than the simpler case of soap and oil mixtures. Whereas
the extraction method usually gives somewhat high results for oil
on these samples, the adsorption method gives high results for
soap, due to the adsorption of resins as well as sodium sulfonates
on the clay.

Since there is a difference in molecular structure and polarity
between resin and sodium sulfonate molecules, there should also
be an appreciable difference in their adsorption affinities. If all
the sulfonate molecules in a given sample are more strongly ad-
sorbed by clay than all the resin molecules, the latter can be se-
lectively displaced, by the proper eluant, from a solid on which
both components are adsorbed. By a series of trial experiments,
ethyl acetate was found to be a good resin eluant. Several pub-
lications (S, 4, 5) have been helpful in choosing eluants.

CHOOSING THE RESIN ELUANT

A sample of soap, prepared by treating a very naphthenic pe-
troleum stock with concentrated sulfuric acid, followed by neu-
tralization with sodium hydroxide, was separated into its chief
components: oil, resins, and sulfonates. This was done by ex-
tracting the soap from the oily matter (oil-resin mixture) by the
agqueous isopropyl alcohol extraction method (2), and then sepa-
rating the resin from the oil by percolating a petroleum naphtha
solution of these components through a column of Attapulgus
clay. The oil-free resin was recovered from the clay by displac-
ing it with absolute methyl alcohol.

A known test mixture consisting of 34.5 per cent oil, 33.1 per
cent resin, and 32.4 per cent soap was prepared and then dis-
solved in petroleum naphtha, and 25 ml. of this solution, contain-
ing 2.359 grams of the test mixture, were percolated through a
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prepared clay column following the method described in the ad-
sorption procedure. After the clay was washed with 100 ml. of
petroleum naphtha, 150 ml. of a trial resin eluant were percolated
through the column. This percolate was collected separately,
and the weight of material displaced was determined by the
method described for soaps. The ratio of this weight to 0.781
gram, the amount of resin in the percolator charge, was calcu-
lated.

Table IV contains the data obtained in this manner for a series
of organic liquids.

Impure solvents were percolated through an excess of Attapul-
gus clay to remove small amounts of water and other easily
adsorbed impurities.

Acetone displaced practically all of the resin and the sulfonates.
Ethyl acetate and diethyl ether displaced a quantity of material
practically equal to the weight of resin adsorbed. Since the dis-
placed material contained negligible amounts of ash, it was as-
sumed to be resinous matter. Ethyl acetate and diethyl ether
were chosen as being the best resin eluants of the group tested.

MODIFIED ADSORPTION PROCEDURES

To check these conclusions, and to test a modified adsorption
procedure for soaps of this type, a group of mixtures containing
known amounts of oil, resin, and sulfonates was analyzed. The
procedure employed was the same as the one previously described,
except that after the 100-mi. petroleum naphtha wash was per-
colated through the clay, 100 ml. of the resin eluant were perco-
lated in the same manner. The methyl alcohol percolation fol-
lowed that of the resin eluant. The results of these analyses are
shown in Table V.

Table V. Analyses of Known Blends of Oil, Resin, and Sodium

Sulfonates by a Modified Adsorption Procedure

Sample Composition of Known Composition by Analysis

No. Oil Resin  Soap Oil Resin  Soap Resin Eluant
% % % % % %
1 34.0 33.0 32.4 34.0 20.4 41.3 Chloroform
| 34.6 33.0 32.4 34.8 32.0 33.0 Diethyl ether
1 34.0 33.0 32.4 34.2 60.3 8.8 Acetone
2 55.0 5.0 40.0 57.3 5.7 38.4 Diethyl ether
3 49.8 15.5 34.7 50.5 14.5 34.5 Ethyl acetate
4- 59.2 10.9 29.9 60.5 11.1 29.5 Diethyl ether
Table VI. Comparison of Analyses of Soaps Containing Resins by

the Extraction and Adsorption Methods

Extraction Method Adsorption Method Deviation

Oily Oily Ollkl

Sample Soap matter Total Soap matter Total Soap matfer
% % % % % % % %

1 9.9 89.7 996 9.8 90.0 99.8 -0.1 +0.3

2 20.1 80.3 1004 19.9 79.2 99.1 -0.2 -1.1

3 30.5 70.5 101.0 29.7 69.7 994 -0.8 -0.8

4 37.1 63.4 1005 36.8 63.1 99.9 -0.3 -0.3

5 42,9 57.4 1003 42.5 57.9 1004 -0.4 +0.5

6 49.8 51.4 101.2 50.2 49.8 100.0 +0.4 -1.6

Diethyl ether and ethyl acetate were again found to be the best
resin eluants, and the modified adsorption procedure using either
of these liquids gave analyses of satisfactory accuracy.

In the analysis of petroleum sulfonates containing resins, it is
usually sufficient to determine the sodium sulfonate content and
the total amount of oily or inactive matter in the sample. The
aqueous isopropyl alcohol extraction method (2) accomplishes
this on samples of this type, but it is time-consuming. The ad-
sorption method can also be applied to obtain only the soap and
oily matter in these samples by simply replacing the petroleum
naphtha, in the original procedure, with a suitable resin eluant.
The first percolate will then contain both the oil and the resins
and the methyl alcohol percolate will again contain the sulfo-
nates.

A series of soaps prepared from a very naphthenic stock, as
described above, and containing varying amounts of oil and resins,
was analyzed by the isopropyl alcohol extraction method (#) and
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also by the modified adsorption method. Ethyl acetate was used
as the solvent for the oily matter, and methyl alcohol as the eluant
for the sodium sulfonates. A comparison of the analyses is given
in Table VI. Both methods gave essentially the same analyses,
but the adsorption procedure was more rapid and convenient.

A known blend containing 49.8 per cent oil, 15.5 per cent resin
(65.3 per cent oily matter), and 34.7 per cent sulfonates was ana-
lyzed by the ethyl acetate-methyl alcohol adsorption procedure;
66.2 per cent oily matter and 34.0 per cent soap was obtained.

In the case of petroleum sulfonates which are not known to be
free of resins, it is therefore advisable to introduce an ethyl ace-
tate percolation at the end of the petroleum naphtha wash, and
before the methyl alcohol percolation, to test for the presence of
resins. If the ethyl acetate displaces material which leaves
practically no ash after ignition, the presence of resins is indi-
cated, and one of the modified adsorption procedures described
above should be adopted.

DISCUSSION

The chief advantages of the adsorption procedure are freedom
from emulsion difficulties, rapid convenient physical operations,
and sharp separations of oil and sodium sulfonate components.

Experience in this laboratory has demonstrated that a given
adsorption procedure may fail to give correct analyses on differ-
ent types of samples. The procedure used will depend upon the
adsorption characteristics of the components in the refined oil-
soluble sodium soap. Unless the product to be analyzed is
known to consist entirely of oil and sodium sulfonates, as is nor-
mally the case, the mahogany soaps which are extracted by aque-

ous alcohol from caustic neutralized acid oil in the manufacture of
medicinal white oil, it will be necessary to introduce an ethyl ace-
tate percolation as a test for the presence of resins.

The adsorption procedure can be applied to crude oil-soluble
sodium sulfonate products containing appreciable amounts of
water and inorganic salts, after first removing these components.
This removal can be accomplished very conveniently in the deter-
mination of salt and water by the usual methods. For salt, a
precipitation-type method such as A.S.T.M. Method D91-40
(I) may be used, and for water a modified Dean and Stark method
is very convenient.

Adsorption methods should find applications in grease and as-
phalt analyses, and in the separation of mixtures containing or-
ganic salts or acids and hydrocarbons.
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Quantitative Determination of c/-Galactose by Selective
Fermentation

With SPecial Reference to Plant Mucilages

LOUIS E. WISE and JOHN W. APPLING
The Institute of Paper Chemistry, Appleton, Wis.

A simple method has been developed which permits the
determination of small amounts of d-galactose in the
presence of mannose, glucose, fructose, xylose, arabinose,
and glucuronic acid with an accuracy of 92 to 98 per cent
ft depends on differential fermentations with two yeasts,
Saccharomyces carlsbergensis (N.R.R.L. No. 379) which
ferments galactose, and S. bayanus (N.R.R.L. No. 966)
which leaves galactose unfermented. The yeasts have little
action on xylose, arabinose, or glucuronic acid, and these

ECENTLY, interest in the determination of galactose has
been revived because of the newer technological applications

of certain mannogalactan mucilages. The estimation of d-galac-
tose, which thus assumes a new importance, has always presented
difficulties, especially when other carbohydrates were present in
quantity. The van der Ilaar modification of the Kent-Tollens-
Creydt method (4), which depends on the oxidation of galactose
to mucic acid, is not quantitative. Only when rigorous precau-
tions are taken, and when relatively large amounts of galactose
are present, does the procedure give fairly accurate results (/.)).
Ever since the earlier investigations of ICluyver (7), the quan-
titative estimation of d-galactose by fermentation with certain
yeasts has interested chemists and microbiologists. Kluyver

compounds do not interfere with the determination. Reduc-
ing values of galactose, mannose, and d-glucurone were
determined using the Munson-Walker method of analysis.
The fermentation techniques were successfully applied
to the hydrolysis products of lactose and to certain plant
mucilages. The possible application of the method to
galactose in the presence of galacturonic acid is being
studied with a view toward its use in the analysis of other
natural products.

found that galactose was fermented by two varieties of Sac-
charomyces cerevisiae and by a “milk sugar yeast". He also
showed that Schizosaccharomyces pombe, Torula monosa, and T.
daltila did not ferment galactose. On the basis of these differ-
ences, he proposed a proximate method for the microbiological
determination of galactose in the presence of other sugars.
Among those who used (and modified) Kluyver’s procedures were
Schmidt, Trcfz, and Schnegg (11), ITopkins, Peterson, and Fred
(6), Sherrard and Blanco (1S), Kurth and Ritter (9), Kurth (8),
Scott and West (12), Harding, Nicholson, and Grant (5), and,
very recently, Menzinsky (10). The last author showed that the
strain of Saccharomyces cerevisiae which he used in galactose fer-
mentation required preconditioning by culturing the yeast on a
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galactose-containing medium. W ithout such pretreatment the
yeast was unable to utilize galactose.

Besides the yeasts mentioned above, the following are known
to ferment galactose: Saccharomyces pastorianus (S), S. marxia-
nus (3, 6), and S. fragilis {10). Other yeasts known to ferment
the common hexoses other than galactose are S. produdivus (3),
S. apiculatus (3), and “Honey B yeast (3). These lists are not
exhaustive.

Kluyver used the evolution of carbon dioxide as a measure of
fermentable sugars. Later investigators (3, 8) showed that a
quantitative measure of the reducing value simplified the analysis
of fermented sugar solutions.

Notwithstanding the extensive work on the selective fermen-
tation of galactose, the results of relatively few experiments with
pure sugar mixtures have been published and no attempt has
been made to determine whether the methods could be applied in
the presence of uronic acids. The limitations and general appli-
cability of the fermentation methodsare, therefore, indeterminate.
The present study shows the usefulness of the microbiological
method.

EXPERIMENTAL

The objects of the present investigation were to examine, more
critically than heretofore, the application of differential fermen-
tations to known sugar mixtures, noting their limitations, and
to develop a proximate biochemical method for the determina-
tion of galactose in the hydrolyzates obtained from mucilages
and hemicelluloses.

Several strains of S. cerevisiae, cultured in the laboratories of
The Institute of Paper Chemistry, had been shown to ferment
galactose quantitatively in 1937 by Kurth (3). In 1942, how-
ever, qualitative experiments with these same strains showed

Figure 1
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that none fermented 1 per cent galactose solutions completely
within 190 hours. It is evident that strains of S. cerevisiae may
lose their potency as galactose fermenters with time, unless spe-
cial precautions are taken to recondition them.

Torula datlila appeared at first to give fairly promising results
as a nonfermenter of galactose. About 92 to 95 per cent of the
galactose (in a 1 per cent solution), when treated with Torula
datlila, could be recovered after 2 days at 30° C., but only about
80 per cent remained after a 5-day fermentation period. When-
ever the concentrations of galactose dropped to 0.1 per cent, the
sugar was rapidly destroyed.

The use of these organisms was discontinued in favor of two in-
teresting yeasts obtained from L. J. Wickerham, Northern Re-
gional Research Laboratory, Peoria, 111 These were Saccharo-
myces carlsbergensis var. mandshuricus, N.R.R.L. No. 379 (origi-
nally obtained from Charles N. Frey of the Fleischmann Labora-
tories in 1940), a highly fermentative strain acting on dextrose,
galactose, and some of the common disaccharides, and S. bayanus,
N.R.R.L. No. 966 (also originally obtained from Frey in 1940),
which was known to ferment dextrose, sucrose, and maltose, but
which, qualitatively at least, had no effect on galactose. Neither
yeast had (during the past three years) been kept on galactose
media.

These organisms proved entirely satisfactory. Neither had
more than a slight effect on arabinose, xylose, and glucuronic
acid. No. 379 fermented d-glucose, mannose, fructose, and
galactose almost quantitatively within 48 hours. No. 966 fer-
mented the first three readily within the same time period and
showed no action whatsoever on galactose. These differences led
to the development of a satisfactory proximate method based on
differential fermentations, in which the Munson-Walker reduc-
tion method (3) was used without modification. In aliquot
portions, taken from fermentation mixtures, 20 to 125 mg. of
galactose could be determined with an accuracy of 92 to 98 per
cent, even when other sugars were present originally in great ex-
cess.

The yeasts were maintained in good condition by monthly
transfers on glucose agar (Bacto-Dextrose agar, dehydrated).
They have shown no decrease in potency over a period of 8
months. Agar slant cultures, 2 to 7 days old, were used for the
preparation of the suspensions required in inoculating the sugar
solutions. The following procedure was the same for either
yeast.

About 2 ml. of sterile water were pipetted into the tube con-
taining the agar slant culture, and the surface growth was re-
moved gently oy means of the pipet, which also served to stir the
suspension briskly. For each bottle slant of glucose agar re-
quired, 0.5 ml. of the suspension was removed and spread over
the surface by tilting the bottle back and forth. Eight-ounce,
narrow-mouth, square, flint glass bottles with molded screw
caps were used as containers for sterile water, yeast suspensions,
and bottle slants. Thereupon, the slants were incubated for
about 48 hours at 30° C. One bottle slant easily furnished
enough inoculum for four subsequent sugar analyses, because a
dense growth of yeast cells coated the agar surface at the end of
the 48-hour period.

About 10 ml. of sterile water were added to the bottle slant,
and the bottle was tilted back and forth to loosen the growth.
About 5 ml. of the dense yeast suspension were pipetted into a
sterile dilution bottle, and 20 to 30 ml. of sterile water were added.
The exact amount of water depended upon the turbidity shown
by a Ceneo-Sheard-Sanford photelometer. Suspensions whose
readings fell within the range of 10 to 16 on this instrument,
when distilled water gave a reading of 90, subsequently fermented
sugar mixtures satisfactorily. If the initial photelometer reading
fell below 10, more water was added and thoroughly mixed with
the suspension. Whenever the photelometer reading exceeded
16, more yeast suspension was added. In practice it was found
better to work with too dense than with too light a suspension.
The density range listed above was shown by plate counts to
approximate 35,(KK>,000 cells per ml. This density also corre-
sponded roughly to that of barium sulfate suspension prepared by
mixing 5 ml. of a stock solution of 10 grams of barium chloride di-

hydrate per liter of water with 55 ml. of 1 per cent sulfuric acid
and allowing the mixture to stand at least a week in a sealed con-



30 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 1

Table I. Action of Yeasts on Pentoses after a 6-Day Incubation
Period

CuaO Obtained in

Pentoses Present Munson-Walker

in Aliquot Treatment Determinations
Mg. Mg.
12.5 (xylose Control 26.3
12.5 (xylose Organism 379 20.8
12.5 (xylose Organism 966 22.3
12.5 (arabinose Control 28.6
12.5 (arabinose Organism 379 26.7
12.5 (arabinose Organism 966 26.7

tainer. It was found expedient to use 25 ml. of sugar solutions
in the fermentations and to carry out all experiments in 125-ml.
Erlenmeyer flasks. The total reducing sugar in such solutions
never exceeded 2 per cent, and the galactose concentration was
ordinarily kept within the range of 40 to 250 mg. per 25 ml. To
the sugar solution were added 15 ml. of a filtered yeast extract.
(Red Star starch-free yeast cake was mixed with sufficient dis-
tilled water to yield a 10 per cent suspension. This was heated
for 1 hour in an Arnold sterilizer at about 100° C. and subse-
quently for 20 minutes at 15 pounds’ pressure (at 121° C.).
The cooled suspension was filtered several times through fluted
filter paper using Cellite to clarify the solution. Ordinarily the
yeast extract formed a slightly turbid solution. This was dis-
pensed in 80-ml. portions into Erlenmeyer flasks, which were
plugged with cotton and heated at 15 pounds’ pressure for 20
minutes. The cooled flasks of sterile yeast extract can be stored
for months without change in a refrigerator.]

The sugar and yeast extract mixtures, which showed a pH of
about 5 to 6 (alkacid paper), were then sterilized at 15 pounds’
pressure for 15 minutes, cooled to about 30° C., inoculated under
aseptic conditions with 10 ml. of the appropriate yeast suspen-
sion, and incubated at 30° C. for a minimum of 48 hours.

Tlie fermentations were always run concomitantly in pairs,
under identical conditions, one flask being inoculated with organ-
ism 966 and the other with organism 379. Three or four times
during the incubation period, the flask was rotated gently to bring
the bottom yeasts into intimate contact with the sugar solution.
At the end of the fennentation period, each solution was diluted
to 100 ml. with distilled water, thoroughly mixed, and filtered
through two No. 50 Whatman filter papers. Twenty-five to 50-
ml. aliquot portions of the clear, pale yellow filtrates were taken
for analysis by the usual Munson-Walker technique. (Care
must be taken to digest the asbestos used in Gooch crucibles
thoroughly with hot Fehling solution, and with concentrated
nitric acid. To prevent later clogging of Gooch crucibles, such
treatments should be continued until asbestos filter pads permit
the rapid filtration of hot Fehling solution containing the filtered
yeast extract referred to above.)

The weight of cuprous oxide resulting from the fermentation
with organism 379 was subtracted from that obtained by the use
of organism 966. The galactose equivalent was calculated by the
use of the galactose-cuprous oxide graph (Figure 1) drawn from
data obtained experimentally with pure galactose. (The mannose
values given in Figure 1 were obtained from pure dknannose;
the glucose values were taken from Munson and Walker’s tables.)

The effects of S. carlsbergensis and S. bayanus on small amounts
of xylose and arabinose were shown to be relatively unimportant,
even after an incubation period of 144 hours instead of the usual
48-hour period. This is indicated in Table | (and Table II).

Inasmuch as the net reducing values in all differential galactose
determinations were obtained by subtracting the weight of cu-
prous oxide found after fermentation with organism 379 from
that found after a fermentation with organism 966, the over-all
error resulting from the presence of pentoses is negligible. Fur-
thermore, the authors’ quantitative fermentation periods seldom
exceeded 2 days, which presumably would result in a lessened
action on the pentoses.

Because glucuronic acid may be a minor component of hemi-
cellulose hydrolysis, the effect of d-glucurone in the galactose
analysis was determined. Figure 2 shows the reducing values
in milligrams of cuprous oxide plotted against the weights of
glucurone (melting point 174-5° C.) taken for analysis. Over a
fairly wide range, this curve is practically coincident with that
of glucose. The action of organisms 379 and 966 on glucurone

%

was found to be very slight and their over-all effectin differential
fermentations of galactose was almost negligible. This is indi-
cated in the last row of Table I1.

Orientating experiments were also carried out with purified
galacturonic acid, which remains virtually unattacked by either
organism, even when only small amounts of the acid are present
in the usual fermentation mixture. The reducing value (Mun-
son-Walker) of 12.5 mg. of galacturonic acid was shown to be
23.0 mg. of cuprous oxide; when neutralized, sterilized, inocu-
lated, and incubated in the usual manner, 20.7 mg. and 20.2 mg.
of cuprous oxide were obtained with organisms 379 and 966.
Here again the “error” is cancelled.

The value and limitations of the selective differential fermen-
tations in the determination of galactose are clearly shown in
Table Il.  The first and last columns of this table should be com-
pared. Invariably, in the higher concentrations, galactose shows
a slight but persistent residual reduction after fermentation with
organism 379. Whether this is due to very small amounts of un-
fermented galactose or (what is more probable) to the slight re-
ducing power of the products of the fermentation is not known.
The error is never very appreciable, but it accounts for the fact
that galactose recoveries are usually somewhat low. Organism
966 is without effect on galactose.

Fisure 2

In order to determine whether galactose could be satisfactorily
determined in the hydrolyzate of a disaccharide, pure lactose was
heated with 2 per cent sulfuric acid at the boiling point for 2.75
hours. The solutions were nearly neutralized with solid sodium
carbonate (pH about 5, alkacid test paper). Aliquot portions
representing, in each ease, 125 mg. of lactose (hydrate) were sub-
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by control experiments with pure sugar solutions

Table Il.  Galactose Determination Alone and in Mixtures of Pure Sugars that had been treated with 2 per cent sulfuric
3 - S
CusO Obtained 4 5 Galactose acid for 6.h0urs. One hundred m||||gr§ms of
2 after Fermen- CujO Obtained Net Recovered mannose yielded 217 mg. of cuprous oxide be-
1 Other tation with after Fermen- Weightof (Calcd. from . f
Galactose Compo- No. 966 tation with CujO, 5, by Use of fore and 210 mg. of cuprous oxide after acid
Taken nents No. 379 3-4 Figure 1) treatment. The mannose reversion products,
Mg. Mo. Mg. Mg. Mo. Mo. however, had no effect on the galactose deter-
125 None 247.0 2.6 244.4 123.5 o -
125 None 2501 57 244.4 1235 mination. The acid-treated mannose fermented
125 None 247.3 4.5 242.8 123.0 i i
150 None 5028 &0 666 1aes completely without reducing value._ Galactose
(Fermented appeared to be unaffected by the action of 2 per
72 hrs) cent sulfuric acid; 100 mg. of galactose yielded
None Mannose 125 None None None None i
None Mannose 125 Negligible Negligible None None 200.5 mg. of §uprous ox!de before and 201.0 mg.
<1 <1 of cuprous oxide after acid treatment.
252_5 mannose g(z).s 15?.2 1.7 124.9 61.5 Table 11l gives the yields of galactose (cal-
58 Mannee 300 20% 38 896 322 culated as galactan on the oven-dry, ash-free
20 Mannose 230 37.1 None 37.1 185 basis) of several endosperm mucilages, some of
(Mannose 40 i isti i i
0 s a8 8.8 792 375 which have distinct technological interest.
(Xylosc 5 (due to xylose)
(Mannose 20 DISCUSSION
40 <Glucose 20 173 92.06 81.0 38.5
(Xylose 45 (due to xylose) Assuming a modicum of microbiological con-
25 \(';/{23}1%5596%52-% 51.2 1.6 49.6 23.8 trol, the relative simplicity of the differential
% fFructose 30.0 605 None 605 2o 0 fermentation method for galac'tose 'has obvious
\ Mannose 75.5 : : : advantages over the older mucic acid procedure.
37.5 Glucurone 12.6 101.55 25.75¢ 75.8 36.0 It requires less material for analysis, less atten-

(duo to glucurono)

~ « Unless otherwise stated, figure in column 4 represents error due to incomplete fermenta-
tion of galactose or to presence of small amounts of reducing substances among galactose

fermentation products.
b Recovered (using Allihn’s factor), 40.7 mg. of xyloBe.
¢ Recovered, 13 mg. of gluourone.

jected to differential fermentation. The galactose values found
were 62.5 and 62.5 mg. (o 126.5 and 126.6 mg. of cuprous oxide);
the calculated value is 62.5 mg. of galactose.

The effect of fructose on the galactose determination is neg-
ligible. Fructose, when present in large amount, shows a per-
sistent reducing value after fermentation with either organism.
Inasmuch as these copper values were practically identical for
both No. 379 and No. 966, the errors cancelled each other. In
a set of fermentations with fructose alone, 250 mg. of this sugar
yielded 7.1 mg. of cuprous oxide after fermentation with No. 966,
and 6.9 mg. of cuprous oxide after treatment with No. 379.

Acid hydrolyzates of polysaccharides (such as gums or hemi-
celluloses) are ordinarily neutralized with purified barium car-
bonate. To avoid the introduction of barium ion, which may or
may not be deleterious to yeasts, sodium carbonate was used in
lowering the acidity of the sugar solutions. These were never
rendered alkaline. Alkacid test paper showed that the pH was
about 5 to 6, which experience had shown to be satisfactory for
yeast fermentations. Relatively large amounts of sodium sul-
fate had practically no effect on either the rate of fermentation of
the sugar or on the results of the Munson-Walker determination.

The above analytical method was applied to a
series of mannogalactan mucilages isolated from
the endosperms of various seeds by extraction
with hot water, filtration, and precipitation with
ethanol. The dried mucilages were hydrolyzed by
boiling for about 6 hours with 25 ml. of 2 per
cent sulfuric acid. The solutions were cooled,
brought to a pH of 5 to 6 writh solid sodium car-
bonate, and subjected to the differential fermenta-
tion without removing the solution from the 125-ml.
flask. The analyses were made as usual on 25- or
50-ml. filtered aliquots taken from the fermenta-
tion mixtures that had been diluted to 100 ml.

The sugar yields found in such hydrolyses should
be considered minimal values. Significant amounts

tion on the part of the analyst, and is less subject
to fluctuations with slight variations in technique.
It also appears to be more accurate.

S. carlsbergensis (organism N.R.R.L. No. 379)
requires no reconditioning to galactose, such as
that required by certain strains of S. cere-
visiae. Organism N.R.R.L. No. 379 ferments
galactose readily, despite the fact that this sugar has not been
used as a nutrientin its culture. In the authors’briefexperience,
S. carlsbergensis does not lose its potency on transfer. It was as
active in fermenting galactose after 8 months of culture as it was
on receipt from Peoria. S. bayanus, although a powerful hexose
fermenter, leaves galactose practically untouched. This differ-
ence in behavior should make for an ideal combination of micro-
organisms. On the other hand, the galactose fermentation by
No. 379 leads to products which have a slight reducing value (as
shown in Table I1). Although very slight, the error thus caused
must be taken into account. The reduction is also subject to
minor fluctuations. In general, it leads to galactose values that
are slightly low.

The usefulness of the method in its application to certain gums
and mucilages is manifest. In the case of the endosperm muci-
lages, independent determinations of mannose (7), coupled with
the figures given in Table Ill, account for 94 to 97 per cent of
the total hydrolyzates. The possible application of the galactose
method to the hydrolysis products of pectins, in which galac-
turonic acid residues predominate, is under investigation. How-

Table Ill. Galactan Content of Plant Mucilages
Mucilage Galactan, % Mucilage Galactan, %
Gua 37.8,38.2° Arabogalactan 79.4,79.5»
(Cyamopsis tetragonalobus) 37.4,37.6° (from W. Larchwood) 80.1
Guar 2 33.8,34.4°
_Palo verde 21.3,21.9«
Locust bean 20.0 (Cercidium torrcyanum)
(Ceratonia ailiqua) 19.9 Tara 26.2, 26.4«
Honey locust 26.0 (Cacsalpinia spinosa)
(Gleditsia” Iriacanthos) 25.9
Flame tree 18.2,18.9° Huizache 27.7,27.3»
(Delonix regia) (Caesalpinia cacaloca)
Kentucky coffee bean 26.2,26.8° Sophora japonica 15.6
(Gymnocladus dioica) 25.4,25.6°
° Duplicate determinations on aliquots from same fermentation are given on same line.

of mannose were lost on hydrolysis, but galactose
appeared to be largely unaffected. This was shown
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ever, a few preliminary experiments indicate that galacturonic
acid is affected but little by either organism.
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Use of the Discriminant Function in the Comparison of
Proximate Coal Analyses

W. D. BATEN AND C. C. DeWITT
Michigan State College, East Lansing, Mich.

Comparing a number of analyses of a material from one
source with analyses of similar material from another source
has heretofore presented a very real problem. The present
paper applies statistical methods to the comparison of
proximate analyses and B.t.u. per pound of coal from two
mines. This statistical analysis by random sampling shows
the probability that two coals come from the same source.
The discriminant function developed by Fisher is used. By
means of this function a comparison may be obtained
between analytical data based on material from one source
and data on similar material from a different source. In
addition, the order of significance of the several analytical
constituents in a single series of samples may be deter-
mined. The method Is capable of general application.

ISHER (8), in 1936, developed the discriminant function for

the comparison of multiple measurements obtained in taxo-
nomic problems. Since then three papers (3, 4,5) have appeared
which, make use of Fisher’s technique. The present paper is
concerned with the application of the discriminant function to
the differentiation of two series of proximate coal analyses and the
B.t.u. per pound of coal. Each series of analytical data is from a
different mine.

Each series consists of 100 samples of coal. The proximate
analysis, covering the volatile matter, fixed carbon, per cent of
ash, as well as the B.t.u. per pound of coal, is used in making the
comparison of the coal from these mines. The samples were
taken from cars of coal sent to this college over a period of several
years, and the analyses are reported on samples dried at 105° C.
The analytical data, while accurate, indicate that the methods of
sampling may be questioned. The value of the present approach
is, however, not in the data reported but in the application of
statistical procedures to comparison of similar chemical data.
The discriminant function enables one to obtain a numerical
comparison of the coals by the use of two linear compounds or
equations in which the effects, in the present instance, of all four
of these measurements are combined. Further, the application
of this fimction to these analytical data permits a test for signifi-

cance between the constituents of which the compounds are
formed.
The compound for the first mine is:

X = &X1+ hx? -f 63)X3 + bixt

where Xi, Xj, x3, and xt represent, respectively, B.t.u., per cent of
volatile material, per cent of fixed carbon, and per cent of ash,
and @, 62, b3>and § are constants to be found. The variables xi,
X2, Xz, and xt may be correlated. The compound for the second
mine is

X' = b&l + 62X3 + iI3X3 + btxi

where xj, x*, X3, and xi represent, respectively, the above
similar measurements; the coefficients are the same as in com-
pound X. The difference between the means of the above two
comptmnds made up of the four measurements is

I) —6l'h - bMdi T b$d3 T btdt 1)
wheredl —xI —x', d, = xa —x3,d3 = x3 —x3,and =x" —
xi, and xt, x2, x3, and x4 represent the arithmetic means of the
respective measurements made of the coal from the first mine
and x', x', x', and xi represent the means of similar measure-
ments made on the coal from the second mine.

Table |. Measurements of B.t.u., Per Cent of Volatile Material,
Per Cent of Fixed Carbon, and Per Cent of Ash for Mines A and B
--—--Mine A Mine B---------
Vola- Per Vola- . Per
tile Fixed cent tile Fixed cent
B.t.u., matter. carbon, ash, B.t.u., matter, carbon, ash.
X Xt xt Xi < <
13,000 25.7 04.3 7.9 13,600 33.0 59.6 0.5
13,700 25.0 64.2 S.4 14,300 36.9 56.3 6.2
12,800 23.0 60.2 10.0 13,000 35.5 50.9 12.9
12,300 22.8 59.9 12.9 14,000 34.9 58.7 5.8
14,100 33.5 60.2 5.9 13,700 30.1 59.3 10.0

13,900 2713 59.4 8"3
Av. 13,110 28.33 61.16 8.71

13,800 35.2 508 9.2
13,596 34.00 56.28 8.65
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Table I contains a few measurements from mines A and B,
taken at random from the sets of observations. The means of the
100 measurements on each of four properties are given in the last
line of that table.

Let

S = 6Js,i + U2 + &SRB+ 6Js,, f- 2&&S2 + 26,6,Si, +
26,6,Si, + 2626,32, + 26261521 + 26363831

where
100 B _ 100
s<i = kY= 1 ~ (> - xi) + I(Y= 1(*<l* ~ xi)(xf.k ~ x')
where Kis the variable of summation. The value of s,-wheni =
1andj —1is
100 _ 100
Sl :kY: 1(*>-*~ X *)*+ Yk: 1(*!.* | >)2

In our case this quantity is (using values in Table I) found as
follows:

s, = (13,000 - 13,110)* + (13,700 - 13,110)* + ...+ (13,900 -
13,110)* + (13,600 - 13,596)* + (14,300 - 13,596)* + ... +
(13,800 - 13,596)* = 20,110,000 + 17,718,400 = 37,828,400

The value of % where i=2and j = 3is

100 B B 100
B= ¥ - XD(X3k — Xi) + Y
k =1 k=1

X"k - xD(xik - xi)

By using the valuesin Table I this is

s., = (25.7 - 28.33) (64.3 - 61.16) + (25.0 - 28.33) (64.2 -

61.16) + ...+ (27.3 - 28.33) (59.4 - 61.16) + (33.0 -

34.00) (59.6 - 56.28)+ (36.9 -34.00) (56.3 -56.28) + ...+

(35.2° - 34.00) (54.8 - 56.28) = - 645.82 - 373.49 =
-1,019'31

The quantity S is equal to the sum of squares within com-
pounds. By maximizing the quantity D2S the following equa-
tions arise. These equations are actually proportionalities,
but for the pumpose of evaluating constants 61, 62 63, and &
they may be used.

Siiel + «1262+ 81363 + sh&i = di
«1261 +  S2262+ S2363 + 82161 = di
«1361 + S2362+ 83363 + S3M464 = di
«l461 +  S2462+ S3463 + 64 = K<

From these equations the values of the &s, of the coefficients
in compound X, can be found. The solution of these equa-
tions gives, of all linear compounds in Xi, X, x3 and x,, the one
compound, X, which most clearly discriminates one mine from
the other. These equations are:

37.828.400.006, + 123,906.0062+ 20,685.206, -
140,927.0064.= 486.00

123.906.006,+ 1,614.8762 - 1,019.316,- 571.2164 = 5.67
20.685.006, - 1,019.3162 + 1,849.626, - 849.976, = -4.88
-140,927.006, - 571.216, - 849.976, + 1,519.426, = -0.06

There are several ways of solving these equations. One way
(2), using the computing machines, is as follows: Dividing
each equation by the absolute value of the coefficient of 6, in it
gives:

(A) 6, + 0.00327562 + 0.0005476, - 0.0037256, =

0.000013

0.0046106, =

(B) 6, + 0.0130336, -
0.000046

0.0082266, -
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(C) 6, - 0.04927762 + 0.0894186, - 0.0410916, =
0.000236
(D) -6, - 0.0040536, - 0.0060316, + 0.0107826, =
0.000000
(A) - (B) —0.009758&2 + 0.0087736, + 0.0008856, =
-0.000033
() - (C) 0.0623106, - 0.097644&3 + 0.0364816, =
0.000282
(C) + (D) -0.05333Cs2 + 0.0833876, - 0.0303096, =
-0.000236

Dividing eacli equation by the absolute value of the coef-
ficient of 62in it gives:
(A) -62 + 0.8990576, + 0.0906956, = -0.003382
(F) 62 - 15670686, + 0.5854766, = 0.004526
(G) -62 + 1.5636046, - 0.5683296, = -0.004425
(F) + (F) - 0.6680116, + 0.6761716, = 0.001143
(F) + (G) - 0.0034646, + 0.017146, = 0.000101

Dividing each equation by the absolute value of the coefficient
of 6, in it gives:

(H) -6 + 10122156, = 0.001711
() -6 + 49500586, = 0.029157
(if) - (7) -3.9378436, = -0.027446; 6, = 0.006970

0.005344
0.005345; 6, = 0.005345 (average)

From (77) 6,
From (7) 6,

From (F) 62 = 0.008820
From (F) 6: = 0.008821
From (G) 62 = 0.008821; 62 = 0.008821 (average)
From (A) 6, = 0.000007
From (B) 6, = 0.000007
From (C) 61 = 0.000007
From (D) 6, = 0.000007; 6, = 0.000007 (average)

Therefore
6, = 0.000007, 6, = 0.008821, 6, = 0.005345, 6, = 0.006970

This method of solving simultaneous equations is easy to
follow and easy to explain to the average computer.

The linear compound which enables one to detect the greatest
difference between the mines in relation to these four measure-
ments is

X = 0.000007xi + 0.008821xj + 0.005345x, + 0.006970x,

The mean compound pertaining to mine A is

X = 0.000007xi + 0.00S821X2 + 0.005345x, + 0.006970x,
= 0.000007 (13,100) + 0.008821 (28.33) +
0.005345 (61.16) + 0.006970 (8.71)
or

X = 0.7293
The mean compound pertaining to mine B is

X' = 0.000007(13,596) + 0.008821 (34.00) +
0.005345 (56.28) + 0.006970 (8.65) = 0.7562

The difference D between these two meansis0.7562 —0.7293 =
0.0269. This can be found directly from Equation 1 as follows:

D = 0.000007 (486) + 0.008821 (5.67) +
0.005345 (-4.88) + 0.006970 (-0.06)

D = 0.003402 + 0.050015 - 0.026083
0.000418 = 0.0269 (2)

as before.

The question arises as to whether or not the means of these
compounds are statistically significantly different. Table Il
contains an analysis of variance of these compounds and enables
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one to test for a significant difference between these two means.
The two asterisks in the last column indicate that these com-
pounds are highly significantly different. This means that the
probability of getting by chance such a large value of D is less
than 0.01. This is found from a table of F values (I, 7). The
odds in favor of getting by chance such a large difference between
the compounds pertaining to the two mines are less than 1 to 99.
This indicates that the coal from mine A is definitely different
from the coai from mine B, as far as these four measurements are
concerned.

By examining the four terms in Equation 2 one can determine
which characteristic of the coal (B.t.u., per cent of volatile
material, per cent of fixed carbon, or per cent of ash) is
most important for differentiating the two coals, which is of next
importance, etc. The second term, 0.050015, in this equation is
greater than the absolute value of each of the other terms; hence
the per cent of volatile material is the most important factor, in
this casé, for determining whether or not the coal from one mine
is different from the coal from the other mine. The absolute
value of the third term in this equation, 0.026083, is second in
size; hence the per cent of fixed carbon is next in importance for
revealing a difference between the coal from the two mines. The
factor B.t.u. is third in importance for differentiating these two
coals. Per cent of ash is of the least importance for these mines.
The order of importance of these factors may change for other

coals. Table Il gives the ranks of importance of these charac-
teristics when various combinations are used to calculate the
compounds.

Table 11 gives the ranks of the characteristics of the coals for
various, combinations of the sets of measurements. In column 2
it is seen that per cent of fixed carbon is the most important
characteristic for differentiating one mine from the other as far
as per cent of volatile material, per cent of fixed carbon, and per
cent of ash are concerned.

Table Il. Analysis of Variance of the Compounds
Degrees of
Source of Variation Freedom Sum of Squares Mean Square
Total 199
Between compound means 4 50D* - 0.0362 0.00905**
Within 195 D - 0.0269 0.00014

Table 11 Rank of Characteristics for Various Compounds Pertaining
to Coals A and B

Compound Composed of

Per cent
B,t.u. of volatile
Per cent ~ Mmatter Per cent
of volatile Per cent of volatile
matter of fixed B.t.u. Per cent matter
Per cent  carbon  pep cent of carbon  per cent
of fixed Per cent of volatile Per cent of fixed
carbon of ash matter of ash carbon
B.t.u. 3 2
Volatile matter 1 2 1 B 2
Fixed carbon 2 1 | 1
Per cent ash 3 2

Table 1V contains the means of measurements pertaining to
B.t.u., volatile material, fixed carbon, and per cent of ash for
two other mines, C and D. The discriminant function pertain-
ing to these mines for the value D is

1) = 0.000020 (495) - 0.006S60 (5.10) -
0.001559 (-2.63) - 0.000468 (- 2.16)
or D = 0.00990 - 0.00350 + 0.00410 + 0.00101

D = 0.01151

An analysis of variance table (not given) shows that the two
coals are significantly different. The characteristic B.t.u. is

Table 1V. Arithmetic Averages of B.t.u., Per Cent of Volatile
Material, Per Cent of Fixed Carbon, and Per Centof Ash
Measurements from Mines C and D

Per Cent of Per Cent of
. Volatile Fixed Per Cent
Mines B.t.u. M atter Carbon of Ash
C 13,700 35.09 57.18 6.56
D 13,205 29.99 59.81 8.72
Difference 495 5.10 -2.63 -2.16
Table V. Averages of B.t.u., Per Cent of Volatile Material, Per
Cent of Fixed Carbon, and Per Cent of Ash for Mines E and F
Per Cent of Per Cent of
. Volatile Fixed Per Cent
Minea B.t.u. M atter Carbon of Ash
E 14,012 34.15 60.31 4.21
F 12,134 35.78 48.14 13.25
Difference 1,878 -1.63 12.17 -9.04

most important, per cent of fixed carbon is second, per cent of
volatile material is third, and per cent of ash is last in importance
in testing whether or not the mines differ as far as a compound of
these four sets of measurements is concerned.

Table V contains averages of measurements pertaining to
B.t.u., volatile material, fixed carbon, and per cent of ash for
mines E and F.

The difference between the means of the two discriminant func-
tions pertaining to the mines is

D = 0.000083 (1878) - 0.001356 (-1.63) + 0.006124 (12.17) +
0.009580 (-9.04) = 0.155874 + 0.002210 +
0.074529 - 0.086603 = 0.146010

In this case B.t.u. is first, per cent of ash is second, per cent of
fixed carbon is third, and per cent of volatile material is fourth in
importance for differentiating between the coal from these mines.

DISCUSSION

The discriminant function enables one to test for a statistical
difference between two linear compounds made up of several
variables or measurements. It has many advantages because it
furnishes one measurement pertaining to a combination of several
measurements.

In the present instance the statistical analysis of the data
shows a difference between the coal from the two mines. It may
be useful in the future to compare analytical data from other
mines. Such an effort would involve the selection of a standard
coal, and it seems apparent that other analytical data, such as
per cent of sulfur, per cent of moisture, and the fusing temperature
of the ash, should be included in the more accurate statistical
comparison.

CONCLUSION

Fisher’s discriminant function has been applied to the dif-
ferentiation of analytical data obtained from one hundred coal
samples taken from each of two mines. The intercomparison of
the relative significance of the elements of the analytical data
relating to coal has been accomplished. The probability that two
coals corrfe from the same source by random sampling is given.
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Colorimetric Analysis of Xanthone Spray Residues

C.

C. CASSIL and J. W. HANSEN

U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine, Yakima, Wash.

A colorimetric method for the determination of xanthone
spray residues consists in adding a measured quantity of
toluene to a sample of apples or apple plugs in a glass jar
and shaking for 5 minutes. The resulting solution of
xanthone and apple waxes is filtered and an aliquot of the
filtrate taken for analysis. The xanthone is reduced to
xanthydrol by refluxing with sodium amalgam in toluene
and methanol. After removal of the methanol by a water
extraction, an aliquot of the supernatant toluene solution is
swirled in concentrated hydrochloric acid, effecting an
equilibrium transfer of the xanthydrol to the acid layer to
give a yellow color, which is measured photometrically.

ANTHONE has been used experimentally as an insecticide
X against codling moth larvae and other insects. The pur-
pose of this study was to develop a satisfactory method for deter-
mining xanthone residues on sprayed apples, and the following
colorimetric procedure is recommended. It is based on a proce-
dure used by the Laurel Hill Laboratory of the General Chemical
Company for determining xanthone spray residues. The writers
are indebted to several of the staff of this laboratory for construc-
tive criticism and advice in the preparation of this paper.

ANALYTICAL PROCEDURE

Reagents. Toluene. Toluene may contain an impurity,
probably a thiophene derivative, which upon shaking with con-
centrated hydrochloric acid yields a slight yellow color in the
acid layer. This impurity can be removed by adding 50 ml. of
concentrated sulfuric acid per liter of toluene, allowing to stand
over 24 hours, separating the layers, and distilling the toluene.
The first milky portion of the distillate is discarded. Toluene
from all operations may be recovered and reused if treated in this
manner. White crystals of p-toluenesulfonic acid may appear in
the toluene layer during the sulfuric acid treatment, but they do
not distill and do not interfere, c.p. toluene usually does not
contain this impurity.

Methanol (absolute).

Sodium amalgam. Cautiously melt* 9 grams of sodium in 20
ml. of toluene in a round-bottomed flask and add 750 grams of
mercury, drop by drop at first and more rapidly after a few milli-
liters have been added. Most of the toluene will volatilize, but
some should be kept over the amalgam when it is transferred to
an airtight bottle.

Hydrochloric acid (c.p. concentrated).

Preparation of Standards. Carefully weigh 50.0 mg. of
pure xanthone, transfer to a 250-ml. volumetric flask, and make
to volume with toluene. Keep tightly stoppered to prevent loss
of toluene. One milliliter of this solution contains 200 micro-
grams of xanthone. If pure xanthone is not available for stand-
ards, it can be prepared by distilling a crude xanthone productand
recrystallizing the distilled material several times from dioxane
or other suitable solvent to a constant melting point of 174° C.
Measure 2 ml. of the standard solution and sufficient toluene to
make a total of 20 ml. into a 125-ml. flask fitted with a ground-
glass joint. Add 10 ml. of methanol and 0.5 to 1.0 ml. of sodium
amalgam, connect with a water-cooled condenser, and reflux for
30 minutes. Before removing the flask from the condenser, cool
to prevent loss of toluene. Add 20 ml. of water and shake vigor-
ously to remove the methanol from the toluene. Pour into a tall
tube, such as a 50-ml. Nessler tube, retaining the amalgam in the
flask. Allow the layers to separate, and pipet 5 ml. of the tolu-
ene layer (containing the xanthydrol) into a 100- to 150-ml. flask
that contains exactly 10 ml. of concentrated hydrochloric acid.
Develop the color by swirling the mixture gently for approxi-
mately 1 minute. Pour into a test tube or cell and measure the
color of the acid layer in a photometer. A glass color filter hav-
ing maximum transmission at 424 millimicrons gave satisfactory
results in a Type F Aminco photometer.

Repeat for 5- and 10-ml. aliquots of standard xanthone solu-
tion. The 5/20 aliquots of toluene used for color development
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represent 100, 250, and 500 micrograms of xanthone. Prepare
a standard graph by plotting the quantities of xanthone in the
standard solution against the logarithms of the corresponding
photometer readings. The light transmission of 14S micrograms
of xanthone read under the conditions above in a 2.5-cm. (1-inch)
cell is 50 per cent.

Analysis of Samples. A statistical analysis has shown that
20 to 25 apples, taken from different parts of a tree, constitute a
satisfactory sample for residue determination. Place the apples
in a tared glass jar, weigh, and calculate the surface area from the
weight, by the use of a previously established relationship. Add
from 100 to 250 ml. of toluene, depending on the quantity of
xanthone and the size of the apples, and shake for 5 minutes in a
machine by the process described by Fahey et al. (1). Filter a
portion of the solution, and use an aliquot not to exceed 10 ml. of
the filtrate for the analysis as described under the procedure for
standards. Read the amount of xanthone per aliquot from the
standard graph.

Apple plugs may be treated in a similar manner. If they are
used, a smaller volume of toluene can be used for stripping.

DISCUSSION

Solvents for Xanthone. In selecting a solvent for the re-
moval of xanthone residues, consideration was given to solubility,
efficacy of wax removal from apples, and the extraction of inter-
fering substances. Acetone, alcohols, benzene, and petroleum
ether were not satisfactory because of poor solvent power for
xanthone and too great solvent power for interfering substances.

10 20 30 40
TIME OF REFLUX - MINUTES

SO

Figure 1. Rate of Xanthone Reduction to Xanthydrol

in Toluene-Methanol Mixture

The solubility of xanthone in toluene is 1.43 gram per 100 mL
at 30° C., which is far in excess of any concentration normally en-
countered in residue analysis. Since the apple wax appears to be
completely dissolved, any xanthone that may be covered with
wax is also obtained. The amount of interference introduced by
shaking even mature waxy apples with toluene for 30 minutes is
negligible. On the other hand, 5 minutes’ shaking is sufficient
for complete removal of xanthone residues. Toluene was there-
fore selected as the most desirable solvent for this method.

Reduction of Xanthone. It is bestto use an aliquot of the
residue solution containing from 0.4 to 2.0 mg. of xanthone for
reduction. If the aliquot contains larger quantities, up to 50
mg., reduction will be complete, but further aliquoting and dilu-
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tion after removal of the methanol will be necessary. The term
"complete reduction” as used here means that, under the condi-
tions of the method, a more intense yellow color cannot be ob-
tained with a given amount of xanthone even if the time of reduc-
tion is doubled. Reduction of xanthone in a mixture of 20 ml. of
toluene and 10 ml. of methanol reaches a maximum, under the
reflux condition of the method, in 25 minutes (Figure 1), as
judged by color development.

Color Development. After reduction the addition of water
followed by vigorous shaking removes the methanol from the
toluene layer, which returns to its original volume of 20 ml.
When the mixture is transferred to a container for the separation
of the two layers, it is convenient to withdraw the amalgam for
subsequent recovery. The 5-ml. aliquot of the toluene layer
needed for color development can be taken before all the toluene
has separated; it is not even necessary to filter to remove slight
water turbidity. If smaller aliquots are used, sufficient pure
toluene to make 5 ml. must be added before treatment with acid.

When xanthydrol is treated with hydrochloric acid, chlorine
is substituted for the hydroxyl group. The resulting com-
pound is colorless in dilute acid, but in the presence of concen-
trated hydrochloric acid an intense yellow color is produced.
The intensity of yellow color is proportional to the quantity of
xanthone used in the determination. If the toluene is removed
from the acid layer to prevent a shift in the distribution ratio,
the solution can be diluted with concentrated hydrochloric acid
and the color still conforms to Beer’s law.

No decomposition of xanthydrol has been observed in toluene
up to 12 hours after reduction, but low recoveries were obtained
on some samples when the toluene layer was allowed to stand for
a longer time. It is possible that the observed decomposition is
due partly to oxidation of xanthydrol to xanthone, because a re-
newed reduction increases the yellow color upon subsequent acid
treatment, but not to its original intensity. Standard solutions
made directly from xanthone and toluene are stable for at least
60 days.

Table I. Rcco' of Known Amounts of Xanthone Added to
1 les Sprayed with Lead Arsenate0
Weight of Xanthone Xanthone
Variety Apples Added Recovered Recovery
Grams MO. Mg. %
Jonathan apples 467 10.0 9.40 94.
467 10.0 10.0 100.
586 25.0 25.5 102.
Winesap apples 453 2.00 2.00 100
524 5.00 5.00 100
323 50.Q 49.6 99.
Wi inesap plugs 142 sq. cm. 5.00 4.90 98.
Av 99.0

° Each sample contained 25 apples or 80 plugs.

X anthydrol Distribution Ratios. In this method there
are two distributions of xanthydrol, between toluene and water-
methanol solution and between toluene and hydrochloric acid.
Both distribution ratios have been found to be constant for any
total amount of xanthydrol up to 50 mg. for the former and 0.6
mg. for the latter, when the volumes are kept as specified in the
method. The distribution ratio between toluene and hydro-
chloric acid was not studied beyond 0.6 mg., because the inten-
sity of color at the corresponding concentration was more than
sufficient for the method. Two per cent of the xanthydrol re-
mains in the water-methanol solution, and 77 per cent of the
total is transferred to the hydrochloric acid. The concentration
of the hydrochloric acid is not too critical, since experience has
shown no color differences in the range of 34 to 36.5 per cent acid,
and whereas the use of lower strength acid will lead to lesser color
intensities, constant results will be obtained if the standards are
treated with the same acid. If conditions require the use of
volumes other than those specified, a new standardization curve
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Figure 2. Representative Standard Xanthone Graph

must be established. Since distribution ratios are involved in
the method, it is imperative that all volumes be measured accu-
rately.

When an aliquot is taken from the supernatant toluene layer,
there is some tendency for redistribution of the xanthydrol upon
standing 2 hours or longer. This effect is the more pronounced
the larger the concentration of xanthydrol. No explanation can
be given for this change in distribution, but it is constant for any
constant volume ratio. If the procedure is followed as described,
good results are obtainable. If the toluene solution is to be re-
tained for checking color development on the same day, it should
be separated from the water-methanol solution before an aliquot
is removed.

The distribution of xanthydrol between toluene and hydro-
chloric acid rapidly comes to equilibrium, but as a check one
should make duplicate determinations at this point in the proce-
dure. After color development no change in intensity occurs,
even after 24 hours, if precautions are taken with respect to
apple-wax concentration in the toluene as described in the next
section.

Interferences. Apples sprayed with lead arsenate alone
and stripped for 5 minutes in toluene gave a photometer reading
corresponding to that given with 0.1 microgram of xanthone per
square centimeter. Similar samples stripped for 30 minutes did
not show an interference greater than 0.15 microgram per square
centimeter. When this type of interference was tested on Delici-
ous, Rome, and Winesap varieties, no significant differences were
found. The blank on apple plugs is also negligible. Xanthone
deposits of 22 micrograms per square centimeter dropped to 1.6
micrograms after weathering for 4 weeks; therefore, if any de-
composition products are formed, they either do not remain on
the apple or do not cause any detectable interference with the
method.

Apple wax does not interfere in the reduction of xanthone.
It also causes no interference with the color developed in hydro-
chloric acid when the aliquot of strip solution is 10 ml. or less.
It is possible to use a 15-ml. aliquot or even 20-ml. with early-
season apples, but if turbidity occurs in the acid phase, the wax
concentration in toluene must be reduced in some way. The
yellow color developed in hydrochloric acid is stable for 24 hours
or more, but should be read within an hour, since turbidity may
develop on long standing. This effect is most marked when the
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toluene is in contact with the acid layer overnight and is prob-
ably due to temperature changes.

Ground-glass joints are preferred for the reflux reduction.
Rubber stoppers may be used if they arc boiled in normal alkali
for 15 minutes, then in normal sulfuric acid for 15 minutes longer,
and finally rinsed well with distilled water.

Accuracy and Precision. One standard graph obtained in
this investigation is given in Figure 2. The absorption cells used
were standard test tubes (2-cm. inside diameter). The line was
fitted by the method of least squares. The standard error of
estimate for the points on this line is =*67micrograms. Aliquots
can be so chosen as to permit readings on 200 to 500 micrograms
of xanthone, thus allowing reduction of the percentage standard
error to 3.3 or less. More accurate and precise results can be
obtained if the colored solutions are read in cells with flat optical
windows, since the test tubes used in this work vary about 0.5 per
cent in light transmission.

PHENOL
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Recovery experiments.were run by adding known amounts of
xanthone to apples that had been sprayed with lead arsenate, and
analyzing by the described procedure (Table 1). The average
recovery from seven samples was 99.0 per cent, which is not
statistically different from complete recovery.

The completeness of removal of xanthone from Winesap and
Rome apples (collected 6 weeks before harvest) was also studied
by submitting samples to a second stripping with toluene. The
amount of xanthone removed by the second treatment was cal-
culated after allowing for the amount of toluene left on the apples
from the first stripping. Six samples, having from 6 to 13 mg. of
xanthone per sample, treated in this manner, showed a removal of
99 per cent or better with the first 5-minute stripping treatment.
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STUDIES

Qualitative Tests for Phenol and o-, m-, and p-Cresol

Wm. B. DEICHMANN
Kettering Laboratory of Applied Physiology, College of Medicine, University of Cincinnati, Cincinnati, Ohio

Qualitative tests for phenol employing ferric chloride,
hypochlorite, or the reagents of Melzer, Millon, Lieber-
mann, Guareschi, and Cotton have been modified to permit
differentiation between phenol and o-, m-, ard p-cresol.

HE manufacture and use of phenol and cresol on a large
Tscale have furnished an incentive for investigating the
toxicity and metabolism of these compounds, and these investiga-
tions, in turn, have called for a review of analytical methods
useful in their detection and estimation. A review of quantitative
methods for the estimation of phenol in biological material, in-
cluding a spectrophotometric procedure for the quantitative esti-
mation of free, conjugated, and total phenol in tissues and
fluids, has been published (2, S). In this paper qualitative tests
for o-, 771, and p-cresol which are modifications of well known
qualitative tests for phenol are described. The hypochlorite test
for o-cresol offered here has apparently not been recorded before.

A single test or a combination of several of these color tests
can be used very effectively for the identification of phenol or
o-, mr, or p-cresol, if the unknown solution contains only one
of these compounds. If the unknown contains two or more of
these substances, positive identification of each compound is not
always possible; m-cresol, when presentin mixtures in a low con-
centration, is particularly apt to escape recognition.

In analyzing for these compounds, even though each substance
gives very similar color reactions in high and in low concentra-
tions, it is best to prepare and test dilutions that approach the
ranges of sensitivity. These concentrations will furnish in addi-
tion some rough idea of the quantities present.

The phenol used was Merck’s reagent quality, and the o-, m-,
and p-cresol, obtained from the Eastman Kodak Company, was
believed to be from 96 to 98 per cent pure. The melting points
of these cresols are 30-31°, 10-11°, and 32-34° C., respectively.

QUALITATIVE TESTS

Detection of Phenol and Derivatives Containing
Phenol-llydroxy Grouting. The sensitivity of Millon’s
test (7) depends to some extent upon the quantity of mercury

used and the manner of preparing the reagent. For these
studies the latter was prepared by dissolving 497 grams of mer-
cury in 700 ml. of nitric acid (sp. gr. 1.42) and diluting this
solution with 2 volumes of water. One milliliter of the test
solution is added to 2 ml. of Millon’s reagent.

Phenol and o-cresol when present to about 1.0 mg. per ml,
and 77- and p-cresol when present to about 0.5 mg. per ml.,
produce a red color almost immediately at room temperature.
When reduced to about 0.05 mg. per ml., each of these com-
pounds produces in the cold or on careful heating a straw-yellow
color which is destroyed by further heating.

M odification of Melzer's Benzaldehyde Test (&) for
Detection of Phenol and o-, m-, and p-Cresol. Mix 1ml. of
the aqueous solution to be tested with 2 ml. of concentrated sul-
furic acid (sp. gr. 1.84), and after cooling under the tap add 2
drops of benzaldehyde. Heat over a flame, cool, and add 10
ml. of water and 20 ml. of 40 per cent potassium hydroxide.
The sensitivity of this test is about 1 mg. per ml. of solution.

Modification of Guareschi's Test (4) for Distinguishing
Phenol and p-Cresol from o- and to-Cresol. Add about 0.5
gram of solid potassium hydroxide and 3 drops of water to 3
ml. of a chloroform extract containing phenol or cresol, then warm
and observe.

Straw-colored (yellow) globules will rise and the potassium
hydroxide and water layer will assume a yellowish tinge on
warming if phenol or p-cresol is present. In the presence of o-
or m-cresolj the potassium hydroxide and the water layer will
assume a pinkish or rose-red color. The sensitivity for each of
these compounds is about 4 mg. in 3 ml. of extract.

Ferric Chloride Test (S) for Detection of o- and p-

Table I. Color Changes
Phenol o-Chebol m-Cresol p-Cresol
Changes observed in 5 minutes after addition of sulfuric acid and
benzaldehyde
Cloudy olive Cloudy orange  Cloudy yellow Milky white
After heating
Cloud Cloudy Cl Cloudy

oud
reddish-brown brownish-red yellgwish-brown brownish-green

|
After cooling and addition of water and potassium hydroxide

Blue or violet solution and prc-

Colorless or faintly tan colored
cipitate

solution and précipitate
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Cresol. Add 2 drops of a freshly prepared 10 per cent agueous
solution of ferric chloride to 5 ml. of the test solution.

Phenol and rn-cresol produce clear bluish-purple colors, o-
cresol produces in about 10 minutes a slightly cloudy urine
yellow or brown solution, while p-cresol produces a cloudy blue
solution. The sensitivity for each compound is about 10 mg. in
5 ml.

M odification op Liebermann’s Test (5) for Detection op
ji-Cresol. To 3 ml. of the unknown aqueous solution add
slowly and with shaking 1 ml. of the reagent (6 per cent solution
of sodium nitrite in concentrated sulfuric acid). A cloudy orange
solution develops in about 6 minutes if p-cresol is present.
Phenol and m-cresol yield clear, and o-cresol very slightly cloudy
brown or yellowish-brown solutions. The sensitivity of this
testisabout 5mg. in 3 ml.

M odification of Cotton’s Tf.st (1) for Detection of p-
Crbsol. To 3 ml. of an aqueous solution, add 1 ml. of concen-
trated ammonium hydroxide (sp. gr. 0.901) and 4 drops of the
freshly prepared reagent (10 ml. of concentrated hydrochloric
acid and 0.5 gram of potassium chlorate added to 40 ml. of
water).

Phenol and o- and m-cresol produce in 5 to 10 minutes clear
light blue colors; p-cresol produces a clear light straw-yellow
color. The sensitivity is about 10 mg. in 3 ml. of solution.

Hypochlorite Test for Detection of o-Cresol. To 5 ml.
of the test solution, add one drop of sodium hypochlorite solution.
In the presence of o-cresol the solution will immediately turn a
cloudy yellowish-white; in the presence of phenol, and m- and p-
cresol, it will remain clear and colorless. The sensitivity is
about 4 mg. in 5 ml. of solution. (Excess of hypochlorite must
be avoided because it may produce faint cloudiness with p-
cresol.)

16, No. 1

DISCUSSION

It is reasonable to assume that all reagents discussed in this
paper will also react with some compounds other than phenol, or
0-, m~, or p-cresol. Therefore one must make certain that the
test solution is comparatively free from compoimds related to
phenol or cresol. This may require preliminary precipitation, ex-
traction, or distillation procedures.

Millon’s test, even though it makes specific differentiation be-
tween phenol and the three cresois difficult, is of value because of
its simplicity, as a preliminary test. This should be followed by
the modified tests of Melzer and Guareschi, which will identify
the compound. The conclusions drawn from these latter two
tests may be checked by the hypochlorite and ferric chloride tests
or by the modified procedures of Liebermann and of Cotton.
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Stability of Standard Solutions of Copper Perchlorate and
Potassium lodate

JOSEPH J. KOLB
Lankenau Hospital Research Institute, Philadelphia, Penna.

HENEVER sodium thiosulfate is used in titration work

of high accuracy frequent restandardization is neces-
sary. In order to avoid the troublesome and wasteful necessity
of preparing for each standardization a fresh solution of a primary
standard [iodine, potassium iodate (S), copper perchlorate (2)],
a standard in the form of a solution of a primary substance of de-
pendable stability is desirable. The work reported here deals
with the possibility of using potassium iodate or copper perchlo-
rate (5) for such a purpose.

In considering the stability of such solutions it is necessary to
distinguish between changes due to chemical instability, pre-
sumably resulting in decrease of active concentration, and
changes due to evaporation from the container, which will cause
increases of concentration. In the study of Berman (l), for in-
stance, on the stability of potassium iodate, it is impossible to
distinguish the role of these two factors. However, his data sug-
gestthatevaporation has been an appreciable factor in bis results,
and that, in some eases, an apparent stability has resulted from
the opposing effects of evaporation and decomposition.

In a recent paper (4) on the stability of sodium thiosulfate solu-
tions no account was taken of the possible effect of evaporation.
A graphical study of the data on stability shows that in the first.
60 days there is approximately a 0.3 per cent increase in normal-
ity. After that the values drop. Again two antagonistic tend-
encies, evaporation and decomposition, tend to produce a false
picture of the stability of thiosulfate solutions.

The evaporation factor can be eliminated if, at the beginning
of the experiment, samples of the solution to be examined are
pipetted into separate flasks, and some of these are titrated at
once, while others are titrated after a suitable lapse of time. The
extent of evaporation, on the other hand, can be measured by

suitable weighings of the vessels containing stock solutions. If
the solution is chemically stable, it is then possible to calculate the
theoretical normality at any time from the initial normality and
the loss of weight that has occurred.

APPARATUS AND REAGENTS

A 50-cc. buret and one 10-cc. pipet were carefully calibrated
and were used throughout the experiments. Details of the
preparation and use of the copper perchlorate and potassium
lodate are given in (2) and (5), respectively.

EXPERIMENTAL

All titrations were carried out in duplicate. The amount of
active substance present in solutions when they were fresh, and
after they had stood for various lengths of time, was always de-
termined by titration with thiosulfate (0.025V), newly standard-
ized against two freshly prepared cupric perchlorate solutions (2).

Table I. Stability of 0.1 N Copper Perchlorate and
Potassium lodate Solutions
. Dag_s Normality
Solution Standing Initial Final® Conditions

Cu(C10%)j 565 0.1007 0.1002 Thymol, glass stoppers
565 0.1007 0.1004 Glass stoppers
289 0.0993 0.0992 Cork stoppers, spores on corks
. 454 0.0993 0.0993
KIOi 565 0.1027 0.1021 Glass stoppers
565 0.1027 0.1013 Thymol*», glass stoppers
565 0.1027 0.0983
289 0.1007 0.1002 Cork stoppers, spores on corks
454 0.1007 0.1004

° Final normality calculated on basis of its initial volume.
&Only one sample; others are average value found for two samples.



January 15, 1944

ANALYTICAL EDITION 39

Table II. Stability of Solutions in Glass-Stoppered Bottles
. i Approximate
Loss of Weight per Normallt'y: Bottle Volume of
Days 100 Days Calculated ound Container Capacity Solution
% of weight of
solution present ~ Grams Cc. Cc.
Copper Perchlorate
0 0.1005 Glass-stoppcrcd Pyrex about 12 years old 250 155
0-85 0.740 1.218 0.1011 0.1013
85-290 0.679 0.898 0.1026 0.1025
290-355 0.445 0.534 0.1033 0.1034
0 N A 0.1003 Glass-stoppered, flint 500 165
0-85 0.675 1U 12 0UO009 0.1009
85-290 0.488 0.671 0.1019 0.1023
290-455 0.506 0.576 0.1028 0.1034
0 . L 0.1007 Rubber stopper, Pyrex 250 12a
0-185 0:0i8 01021 0*.i007 0.1007
0 0.0993 Glass stopper, Pyrex, sealed with paraffin 250 145
0-373 0*033 o1<348 010994 0.0994
373-1159 0.083 0.075 0.1001 0.0997
Potassium lodate
0 . o 0.1007 Glass stopper, flint glass; mold after several 500 265.
0-85 0!053 ou41 0!io07 0.1007 months
85-453 0.095 0.156 0.1011 0.1010
0 ) 0.1028 Brown, glass stopper, paraffined 500 195
0-368 0.'032 0.064 0!i029 0.1026
368-768 0.021 0.036 0.1030 0.1021
0 . 0.1001 Standard interchangeable glass stopper, Pyrex 250 160-
0-157 0.051 0.083 0*i002 0.1000
157-557 0.035 0.050 0.1003 0.0997
0 N . 0.1027 Glass stopper and ground-joint cap ("ether 500 185.
0-238 0'!021 01040 0.i028 0.1027 bottle")
0 ) . 0.1027 Rubber stopper 250 165.
0-165 0.022 0.036 0*i028 0.1013
0 . 0.1028 Flint, glass stopper, turbid, deposit of inorganic 1 liter 85
0-855 o! 130 o!il3 0.1040 0.1037 material on walls

In the experiments summarized in Table I, 10-cc. samples of
freshly prepared cupric perchlorate and potassium iodate solu-
tions were pipetted into 125-cc. Erlenmeyer flasks. Some solu-
tions were titrated at once, while other flasks were closed with
either glass stoppers or fresh cork stoppers and protected against
dust by paper caps. These flasks were stored in the laboratory in
a cabinet that was opened frequently and thus provided no pro-
tection against possible contamination from the laboratory at-
mosphere. The temperature was 22°to 35°C. The last of these
solutions were titrated after 19 months. As a possible preven-
tion of mold growth, about 10 mg. of thymol were added to some
of the flasks.

Table 111 Effect of Storage under Conditions of Minimum
Evaporation
. Loss of Weight ‘Normality "
Solution Days per 100 Days Initial Final Conditions
%of #
weight of
solution
present  Grams
Cu(Clo0» 368 0.018 0.019 0.1022 0.1018 Glgss stopper.
yrex
KlOa 392 0.0018 0.0018 0.1002  0.0999 Glﬁs:s stopper,
int

Table | shows the results. It appears that copper perchlorate
solutions possess a high degree of stability, while potassium iodate
solutions show a pronounced tendency to become weaker. In
either case thymol has a harmful effect, presumably because it is
oxidized, while in the copper perchlorate solutions, even the
presence of black, sporeliko spots on the cork stoppers was not
associated with any loss of titer.

In the experiments summarized in Table Il, samples of freshly
prepared copper perchlorate and potassium iodate solutions were
titrated with thiosulfate. The remaining portions of the solu-
tions were transferred to clean, dry, tared, glass-stoppered re-
agent bottles and weighed with an accuracy of +5 mg. After
standing for varying periods under the conditions described
above, the bottles were carefully dusted and about half an hour
later weighed. A pair of 10-cc. samples were withdrawn and

titrated as above. The bottles were then reweighed and the-
above procedure was repeated at intervals. From the data given,
one can readily calculate the initial weight of the solutions. In
some cases, portions of the solutions were removed for other pur-
poses. The bottles were weighed before and after such removals
and due corrections were applied in the calculations.

In order to keep evaporation at a minimum the following pro-
cedure was tried. A tared 250-cc. glass-stoppered bottle contain-
ing about 100 cc. of copper perchlorate solution was weighed.
The bottle, placed in a dry beaker, was stored in a desiccator over
a portion of the same solution. One year later the bottle was
taken from the desiccator, wiped, and carefully weighed as be-
fore. Duplicate 10-cc. samples were then titrated. A potas-
sium iodate solution was treated in the same manner. A com-
parison of the results obtained (Table I11) with those shown in
Table I'l shows that by the use of good glass-stoppered or rubber-
stoppered bottles nearly the same results can be attained as by
the desiccator method.

CONCLUSIONS

Solutions in glass-stoppered bottles may lose weight by evapo-
ration. This loss in weight has a tendency to give some types of
solutions an appearance of stability. Results of experiments
indicate that solutions of copper perchlorate are more stable than,
those of potassium iodate. For use as permanent standards
copper perchlorate solutions should be stored in good glass-
stoppered or rubber-stoppered bottles (evaporation losses should
be determined by weighing, and normalities should be corrected
accordingly). lodate solutions must be stored in glass-stoppered,
bottles. Thymol should not be used as a preservative for either
copper perclilorate or potassium iodate solutions.
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Semiautomatic Pressure Control in Low-Pressure,
Low-Temperature Laboratory Fractionation

D. R. DOUSLIN and W. S. WALLS
Phillips Petroleum Company, Research Department, Bartlesville, Okla.

HE necessity of using laboratory personnel manpower to the

best advantage and the desire continually to improve the
quality of fractional analysis have led to the installation of
automatic (£) and semiautomatic control (1, 2, 4) on fractionat-
ing columns in many laboratories. In the past, even semi-
automatic pressure control (2, 3) has entailed the use ofan elabo-
rate device installed at no small expense. The pressure control
devices described by Bosschart (I) and Podbielniak (2) employ
compressed air for dispensing liquid nitrogen to the column head
by means of electrically operated valves controlled by electrical
contacts in the column manometer.

Semiautomatic Pressure Control Device

A. Throttling valve

Liguid nltrogen dispenser
Column condenser
Manual control
Electrical buzzer

Figurell.

moow

This paper describes a control device developed in this labora-
tory from materials usually available, which provides a simplified
means of semiautomatic control for low-temperature, low-pressure
laboratory fractionating equipment, without sacrificing excellence
of control or ease of operation. Its outstanding attributes are
simplicity of construction and low cost. The device may be
used with good results on either the standard low-temperature
laboratory fractionating column or the Podbielniak Heli-Grid
type (3); and if these two types of columns are connected to the
same manifold, the control may be shifted from one column to the
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other simply by moving the nitrogen flask. No other changes
in the pressure control mechanism are necessary.

The principal features of the control device are shown in
Figure 1, in relation to the fractionating column. Three es-
sential parts of the mechanism are shown in detail: the throttling
valve in Figure 2, and the nitrogen dispenser and nitrogen ex-
pander in Figure 3.

THROTTLING VALVE

The throttling valve (Figure 2) is an extension of the outer
arm of the column manometer, and is actuated by mercury which
rises out of the manometer and into the valve, causing the needle,
a, to float on the meniscus of the mercury column. The ball
on top of the needle will move in the throat, 6, of the valve with
rise and fall of mercury. This motion will restrict the freedom
of a stream of air which normally exhausts through the vent, c,
on the valve and must, as a result of the throttling effect of the
needle, create sufficient pressure within the nitrogen-dispensing
bottle to cause a discharge of liquid nitrogen. The needle will
seek an equilibrium position in the throat of the valve, effecting
a small but constant discharge of nitrogen just sufficient to
control the pressure in the column and maintain it with very
slight fluctuation. The amount of mercury in the manometer
may be varied to produce any pressure
plateau desired from 0 to 760 mm.

The dimensions of the throttling valve are
somewhat arbitrary; but 7-mm. glass tubing
for the column manometer and lower sec-
tion of the control valve in which the needle
rides was found to give satisfactory results.

The following dimensions are suggested:
length of throat section, 7.5 cm.; diameter
at narrowest section of throat, 2 to 2.5 mm ;
length of needle, 9 cm. The throat section
can be drawn down to proper size from
10- or 11-mm. glass tubing; the main pre-
cautions are to keep the glass circular and
as thick as possible. After a satisfactory
throat section has been drawn, it should be
scaled to tubing of the proper size (7 mm.).
The ball on top of the needle should just
pass through the narrowest section of the
throat without sticking, and the bottom of
the needle must ride freely in the tube on
the mercury meniscus. The most satisfac-
tory method for connecting the throttling
valve to the column manometer is shown
in Figure4. The three-way stopcock should
be atleast 25 mm. below the 760-mm. mark
on the meter stick to allow a length of man-

ometer tube to take care of pressure
build-up when recharging the nitrogen
bottle.

The needle in the throttling valve de-
scribed above never seats, but allows ex-
haust air to flow through at all times. The
movement of the needle in the tapered sec-
tion varies the size of the orifice formed by
the throttling valve, which acts to control
the flow of exhaust air, thereby producing
control of pressure within the nitrogen-
dispensing system. The position of the ball
on the needle in the lower tapered section
of the throat of the valve restricts the flow
of air through the valve just enough to

create sufficient pressure within the nitro- Figulre 2. IThrot-
gen-dispensing system to force the tling Valve
amount of liquid  nitrogen out of the a. Floating needle
P . b. Throat Section
liquid nitrogen flask needed to control ¢, Air exhaust
column pressures and to maintain lig- d. Tungsten elec-
uid reflux in the column. As the nitro- o comed contact
gen level in the flask decreases, more " Ttubing
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Figure 3. Liquid Nitrogen Dispenser (left) end Nitrogen Expander
{ (right)
Dewar flank . Discharge tube
Porcelain conduit Nitrogen expander
Rubber stopper Asbestos string packing
Air intake tube . Liquid nitrogen intake tube
Heating element < Spent nitrogen exhaust tube

Electrical lead wires

pressure is required in the flask to force the liquid nitrogen
out; this extra pressure is furnished automatically by the valve,
since the ball on the needle merely assumes a position further up
the throat, further restricting the flow of air. Waithin reason-
able limits, the rate of furnishing compressed air to the nitrogen-
dispensing system produces no difficulties to operation, since the
needle in the throttling valve automatically adjusts itself to a
position suitable for operation at a given rate of air flow. The
rate of air flow is usually set to permit the ball of the needle to
operate at a pointabout 1to 1.5 cm. below the narrowest section
of the throat. Since the nitrogen expander has been designed
to permit rapid response of column pressure to the addition of
cooling agent, the throttling valve is capable of automatically
controlling the column pressure'within very narrow limits of
fluctuation.

LIQUID NITROGEN DISPENSER

The nitrogen-dispensing unit shown in detail in Figure 3 (left)
is contained in a quart-size, wide-mouthed Dewar flask. An air
intake tube, t, a nitrogen discharge tube, m, and electrical leads,
k, are sealed into the flask by means of a rubber stopper, h,
and a porcelain conduit, g, for the electrical lead wires. Air
which has been induced to flow into the Dewar flask as a result
of the action of the throttling valve will force liquid nitrogen up
m into contact with the heating element, j, which being relatively
hot flash-vaporizes a small portion of the liquid nitrogen, and
the sudden expansion of the vapor forcibly ejects the liquid
nitrogen from the discharge end of the tube. The increments
of liquid nitrogen discharged in this manner are of small size,
since the flash-vaporization occurs before any large quantity
can find its way into the upper portion of the discharge tube.
The heating element in the discharge tube will continue to expel
nitrogen in small bursts, at rapid, regular intervals, which are
regulated as regards amount of nitrogen and time interval by
the pressure brought to bear by the throttling valve, which in
turn reflects the need of the column for cooling agent.

The heating element can be made from 8.75 cm. (3.5 inches) of
No. 26 Chromel resistance wire, sufficient to make a heater
which extends from just below the rubber stopper to the bend
at the top of the discharge tube. During an analysis it is neces-
sary to vary the amount of current in the heating element; this
can be done with a small 2-ohm, 5-ampere rheostat if a potential
of 6 to 9 volts is being used. The discharge tube, m, should be
made of 9-mm. glass tubing sealed as it enters the rubber stoDper
to capillary tubing having 2.5- to 3-mm. inside diameter. Cap-
illary tubing smaller than 2.5 mm. cannot be used successfully,

ANALYTICAL EDITION

as the large resistance offered to the flow of nitrogen makes it
necessary to maintain an unduly large pressure in the Dewar
flask in order to force over sufficient nitrogen.

The heating element in the liquid nitrogen dispenser is useful
for reducing the fluctuation in column pressure during the
fractionation of methane and ethane, since it tends to cause de-
livery of the.cooling agent to the column head in the form of a
more nearly continuous stream of dropwise increments of liquid
nitrogen automatically adjusted to meet the column require-
ments. For separating the components propane through hexane
the throttling valve usually affords satisfactory control of column
pressure. The use of the heating element in the liquid nitrogen
dispenser appears to cause very little if any significant increase
in the liquid nitrogen requirements for fractionating methane
and possibly ethane. Since only a small portion of the liquid
nitrogen is vaporized by the heater while fractionating methane,

\Y
Compressed
Air
S
Figure 4. Connection of Throttling

Valve to Column Manometer

r.  Pinch clamp

». Three-way stopcock
Throttling valve o
Valve on compressed air line
Manual control button
Electrical buzzer

X< <~

the more uniform manner of dispensing nitrogen to the column,
head enables better operation of the column and more efficient
use of the cooling agent, thereby partially compensating for
the nitrogen requirements of the heater.

NITROGEN EXPANDER

In designing the nitrogen expander (Figure 3, right) and the
nitrogen intake tube, it is important to keep in mind that the
liquid nitrogen should be conducted from the Dewar flask to
make contact with the distilling tube by the shortest possible
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route and should in no case pass through a difficult path before
making contact. The intake tube, p, should be a continuation of
tube m in the nitrogen flask, and should have the same inside
diameter (2.5 mm.). Expander n is machined from a solid
piece of metal, and is supported by small pieces of rubber or
felt inside the column condenser. This type of expander allows
the nitrogen to contact the distilling tube immediately, and
conducts any excess nitrogen away from the distilling tube where
it may vaporize without causing excessive cooling near the
tube. The packing, o, is asbestos string wound around the
distilling tube and pressed into place. Precautions must be
taken to prevent water from accumulating in the nitrogen ex-
pansion chamber or around the distilling tube.

TECHNIQUE OF OPERATION

During the time that a sample is introduced into the fractionate
ing column, the throttling valve controller should be cut out by
turning the stopcock (s, Figure 4). After sampling is completed
and the kettle allowed to warm up, clamp r should be released
from the leveling bottle and may be closed again when the de-
sired pressure is reached. At some time during the period when
pressure is building up, valve vshould be opened, causing a small
stream of air to flow through the throttling valve. The condenser
head on the column is next brought to proper temperature,
using the manual control button, y, and should be at temperature
when the throttling valve controller is cut in.

Soon after the throttling valve controller is cut in, the nitrogen
bottle should be inspected for leaks around the stopper and special
care taken to see that a smooth connection is made between
the discharge tube in the nitrogen bottle and the tube to the
column head.

If the sample being analyzed contains methane, it may be de-
sirable to build up reflux in the column with the manual control
button, and cut in the throttling valve controller after the column
has become completely wet.

An operator must be present to adjust the take-off rate valve
at the various cut points and to record the necessary data.
The buzzer, z, signals the operator when the nitrogen bottle is
empty, or if for any other reason the column condenser is not
being supplied with sufficient nitrogen. W ith.a suitable ar-
rangement of laboratory equipment it is frequently possible for
one operator to operate two columns simultaneously.
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Color of Aqueous Potassium Dichromate Solutions

R. E. KITSON WITH M. G. MELLON
Purdue University, Lafayette, Ind.

A spectrophotometric study has been made of the color
of aqueous potassium dichromate solutions, including the
effect of pH and of the concentration of acid, base, and di-
chromate. Al these variables have an effect on the color
of the solutions, and any recommendations of potassium
dichromate solutions as permanent colorimetric standards
should specify the exact nature of the solution.

AQUEOUS solutions of potassium dichromate and/or potas-
I\ sium chromate are recommended as permanent colorimetric
standards in a number of colorimetric methods involving un-
stable yellow colors. Examples are the following procedures:
silica as molybdisilicic acid, residual chlorine in water, carotene,
and varnish. In spite of these widespread uses, little work has
been done on the color of potassium dichromate and potassium
chromate solutions, especially the effect on them of such variables
as pH and the kind and amount of acid or base added.

Hantzsch and Clark (S), Neuss and Itieman (4), Sherrill (5),
Vosburgh and Cooper (7), and others have studied the chromate-
dichromate relationship from the standpoint of the ionic equilibria
involved rather than the color of the solutions. Swank and
Mellon (G) pointed out the necessity of buffering potassium chro-
mate solutions at pH 9 to secure color matches with molybdisilicic
acid.

The present spectrophotometric study was undertaken to de-
termine the effect of pH, various acids and bases, and dichromate

concentration on the color of aqueous potassium dichromate solu-
tions.

EXPERIMENTAL WORK

Apparatus and Solutions. Transmittancy measurements
were made in 1.000-cm. cells with a General Electric recording

spectrophotometer, adjusted for a spectral band width of either
5 or 10 m/i. In case of colored reagents, these solutions were
used in the reference cell. Otherwise, redistilled water served.
All pH measurements were made with a glass electrode assembly.

Stock solutions of potassium dichromate were prepared from
twice recrystallized salt and redistilled water. Two solutions,
containing 10.00 grams per liter and 12.50 grams per 100 ml.,
were used. A series of Clark and Lubs buffer solutions was pre-
pared according to the directions of Clark (2).

Effect of pH on the Color of Potassium Dichromate
Solutions. To study the effect of pH on the chromate-dichro-
mate system, thé desired amount of potassium dichromate solu-
tion was pipetted into a 50-ml. volumetric flask, and then di-
luted to the mark with a buffer of the desired pH. The contents
were mixed and allowed to sit a few minutes to ensure equilibrium.

The spectral transmission curve and the pH were then deter-
mined.

In general, dichromate solutions at a low pH have an orange
hue, while those at a high pH are yellow. These colors are com-
monly associated with the dichromate and chromate ions, re-
spectively. An intermediate range exists in which the hue is ex-
tremely sensitive to small changes in pH. At low dichromate
concentrations this intermediate range extends from pH 5 to 7,
as shown in Figure 1. At higher concentrations, the range shifts
upward, being from pH 6 to 8 at 2.0 mg. of potassium dichromate
per ml.

At low concentrations of salt the series of solutions at various
pH values has an isobestic point (I) (Figure 1). Waith different
concentrations of dichromate, the transmittancies of this point
vary according to Beer’s law. The wave length at this point de-
creased from 444 ma at 0.2 mg. to 440 at 1.0 mg. of dichro-
mate per ml. At concentrations greater than 1.0 mg. per ml. the
absorption is too high at these wave lengths to show the point.

Effect of Acids. In studying the effect of various acids, and
in all subsequent work, the following procedure was used:
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The dichromate solution was pipetted into a 50-ml. volumetric
flask, the acid or base added, and the solution diluted to the mark
at room temperature with water. In case the water could not be
added to the concentrated acid, approximately the desired
amount was added to the flask before the acid. The transmit-
tancy curves were determined within an hour after making the
final volume adjustments.

W ith single acids two dichromate concentrations were used:
0.4 and 5.0 mg. per ml.  The former was low enough to show the
relatively flat portion of the transmittancy curve near 440 m/i,
and to observe the effect of acid upon it. The latter was high
enough so that this part of the curve did not appear. The acid
concentration varied from none to concentrated acid.

Figure 1. Effectof pH on the Color of Potassium
Dichromate Solution
pH on curve

With mixed acids only one concentration of dichromate was
used: 0.4 mg. per ml. The total acid concentration did not ex-
ceed that likely to be encountered in general analytical practice.
W ith the binary mixtures 5 ml. of each acid per 50-ml. final volume
was the maximum, while with the ternary and quaternary mix-
tures the maximum of each acid was limited to 3 ml.

Lack of space prevents presentation or adequate description of
all the transmittancy curves. An attempt is made in the follow-
ing paragraphs to summarize their characteristics:

Sulfuric Acid. Potassium dichromate solutions containing
sulfuric acid showr the greatest variation in color of any of the
acids used. With a low concentration of dichromate, small
amounts of acid give a very definite minimum in the curve near
440 mp, the wave length of the minimum being related to the
acidity (Figure 2). Larger amounts of acid, up to 9M, cause no
great change. Between 9and 111V, however, the hue of the solu-
tions changes from orange to orange-red, and the minimum point
in the curve disappears. As the acidity is increased further,
there is a shift toward an orange-brown hue, with no striking
change in the curve.

A high concentration of dichromate behaves similarly, but
there is no minimum in the curve at concentrations much greater
than 1 mg. of dichromate per ml. because of complete absorption
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where the minimum should be. Even a small amount of acid
shifts the entire curve toward longer wave lengths. Then acidi-
ties on up to 9M have little effect on the color; but between 9
and 12M the color changes from orange-red to brown. Above
12il/ there is little further color change.

Nitric Acid. With a low dichromate concentration solutions
containing nitric acid show the first of the two color changes noted
with sulfuric acid-potassium dichromate solutions. The mini-
mum near 440 mp appears when the acidity reaches 5M, and the
intensity of the minimum increases with increasing acidity. W ith
a high dichromate concentration the entire curve shifts to longer
wave lengths as the nitric acid concentration increases. The
brown color noted with sulfuric acid does not appear.

Phosphoric Acid. Qualitatively phosphoric acid has much the
same effect on the dichromate color as nitric acid, but quantita-
tively it differs considerably. With a low dichromate concen-
tration the minimum near 440 m/u is definite with 0.311l acid.
Increasing the acidity to LLOAF increases the intensity greatly,
but higher acidities cause little further change. The transmit-
tancy curve for high dichromate concentrations shifts to longer
wave lengths with small amounts of acid, but, as before, amounts
greater than 1.0il/ have little additional effect.

Perchloric Acid, With a low dichromate concentration, this
acid has little effect on the color. The minimum in the trans-
mittancy curves does not appear, but the percentage transmit-
tancy of the horizontal portion of the transmittancy curve in-
creases slightly with increased acid concentration. In the pres-
ence of larger amounts of potassium dichromate, a precipitate,
presumably potassium perchlorate, appears.

Acetic Acid. Dichromate solutions containing acetic acid
show changes similar to those with nitric acid. The magnitude
of the changes is greater than those with nitric acid, although not
so large as the corresponding changes with sulfuric acid.

Hydrochloric Add. Although it is generally assumed that po-
tassium dichromate does not oxidize hydrochloric acid in aqueous
solution, the yellow color of solutions which contain 0.4 mg. of
potassium dichromate per ml. and which are 911/ or stronger in
acid disappears within 5 minutes after addition of the acid.

Because of this reaction, which proceeds at a slower rate in
more weakly acidic solutions, hydrochloric acid solutions of po-
tassium dichromate fade and should not be used as permanent

mg.K2Crt0 7per ml.

Aqueous solution

|
2.0..81 M HzSO,
3 162 m
4 .7.20
5 10.8
6 16.2 m

50.50 50 3 W

Wavelength, mjj

Figure 2. Effect of Sulfuric Acid on the Color of Potassium
Dichromate Solutions
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standards. A solution 0.8M in acid fades about 2 per cent in 48
hours, and one 0.4A/ in acid fades to the same extent in a month.

If the fading of the solution is overlooked, hydrochloric acid
affects the color in a manner similar to nitric acid. The minimum
appears at 0.4A/ acid, and as the acid concentration increases the
minimum is more marked.

Binary Mixtures. Binary mixtures containing small amounts
of phosphoric acid and one of the other acids show very definite
minima near 440 m/i. Changes in the concentration of the
second acid have only a small effect on the color of the solution.
The minimum is present in the transmittancy curve even if the
second acid is nitric or perchloric acid, neither of which, alone and
at low concentrations, causes the minimum to appear.

Mixtures of either perchloric or nitric acid and sulfuric acid
show limited minima formation at low, and definite minima at
higher, sulfuric acid concentrations.

Mixtures of nitric and perchloric acid show no minima in the
transmittancy curve.

Figure 3. Effect of Potassium Dichromate
Concentration on the Color of Solutions
in 1.5M Phosphoric Acid

Ternary Mixtures. Solutions containing small amounts of
phosphoric acid with two other acids show a very definite mini-
mum near 440 my. in the transmittancy curve. The intensity of
the minimum isnot much affected by small changes in the concen-
tration of either or both of the other acids.

Solutions not containing phosphoric acid show a limited mini-
mum formation, and the intensity of the minimum is affected by
changes in the concentration of the other acids. Increases in
sulfuric acid concentration increase the minima, while increases
in nitric and/or perchloric acid decrease them.

Quaternary Mixtures. The spectrophotometric curves for all
the quaternary mixtures tested were virtually the same, and all
showed a pronounced minimum near 440 mji.

Effect of Dichromate Concentration. The range of con-
centration for measurements of dichromate solutions in 1-cm.
cells depends on the amount and kind of acid used, and the wave
length at which the measurements are made. With 1-cm. cells,
measured at the wave length of minimum transmission, 0.02 to
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1.2 mg. of potassium dichromate per ml. can be determined in
solutions 1.8M in sulfuric acid or 1.5M in phosphoric acid
(Figure 3). Beer’s law is valid over the entire range in both
cases. With 1.6M nitric acid, 1.7M acetic acid, or 0.911/ per-
chloric acid, 0.02 to 0.9 mg. of potassium dichromate per ml. can
be determined if the measurements are made in 1-cm. cells at 430
m/i. Beer’slaw is valid only to 0.6 mg. per ml. for these solutions.

If the dichromate solution is adjusted to pH 2 or 9, and the
transmittancy measurements are made in 1-cm. cells at 440 m/r
the measurable range is 0.02 to 1.0 mg. per ml., Beer’s law being
valid over the entire range.

Effect of Base. In thisstudy the same experimental proce-
dure was followed as with the acids. A freshly prepared solu-
tion, 8A/ in sodium hydroxide, served as the source of the base.

After enough base has been added to convert the dichromate
to chromate, addition of an excess has little effect. Solutions 8A/
in base show a very slight greenish tint.

DISCUSSION

Solutions of potassium chromate and/or potassium dichromate
used as permanent colorimetric standards should be buffered to a
definite pH. In the case of the intermediate pH values, the buf-
fer should have a high capacity, since small changes in pH make a
large change in the color. At either a high or low pH this is not
so important.

It is necessary to specify both the kind of acid, or acids, and the
amount of each when acidified dichromate solutions are used.
If the phosphoric acid is more than 0.3AZ, small variations in the
concentration of a second, third, or fourth acid will not seriously
change the color of the solution. Solutions containing hydro-
chloric acid are not suitable for permanent standards.

A high concentration of base should be avoided, since it attacks
glass and causes turbidity. A low concentration (pH 9 or 10)
gives the same color, with much less attack on the container.

The isobcstic points probably have some significance in terms
of the ionic equilibria involved. Clark (1) states that an isobestic
pointis an intersection of all isohydric curves, and “consequently
the probability of occurrence is low unless two colored com-
pounds and two only have some intimate relationship”. Such a
point in the chromate-dichromate transmission curves seems to
indicate that only two ions are significantly involved in the
equilibrium transformation. Three ions have been postulated
for this system, CrO» , HCrOt-,and CrD7 , the reactions in-
volved being

CrOr~ + 11+~ HCrOr 1)
2HCrOr =#Crd7— + HD 2)

The isobestic point would seem to indicate that Reaction 1 is of
major importance, since it alone involves hydrogen ions. Calcu-
lations from the data of Neuss and Rieman (/) show that 88 per
cent of the dichromate ion in a solution containing 1 mg. of po-
tassium dichromate per ml. should react to give the HCrO«- ion.
If these data, and the facts about isobestic points, are correct,
the absorption spectra of the HCrO<~ and Cr2 7— ions should be
similar, since conversion of one form to the other has little effect
on the over-all transmittancy.
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Gravimetric Determination of Tungsten

With Anti-1/S-di-ip-methoxyphenyl)-!-hydroxylamino-3-oximino-4-pentene

JOHN H. YOE and A.

LETCHER JONES1

University of Virginia, Charlottesville, Va.

A new organic compound has been developed as a reagent
for the gravimetric determination of tungsten. Its physical
and chemical properties have been investigated and pro-
cedures are given for its use in the determination of tungsten
in ores and alloys. Determinations of tungsten with the
new reagent are equivalent in accuracy to the standard
cinchonine method.

OST procedures for the gravimetric determination of tung-

sten involve separation of the major portion of the ele-
ment from solution as tungstic acid, HjWO(, by strong mineral
acid treatment, and recovery of the small amount remaining in
solution by means of an organic precipitant. Cinchonine is gen-
erally used for this purpose. Present governmental restrictions
on the sale of cinchonine for analytical purposes and the increas-
ing number of applications of tungsten and tungsten alloys to
industrial uses make the introduction of an effective and easily
obtainable reagent for tungsten particularly desirable at this
time.

This paper describes a new organic reagent for tungsten,
anti -1,5 - di - (p - methoxyphenyl) - 1- hydroxylamino - 3 - ox-
imino-4 pentene, first synthesized in this laboratory and applied
to the analysis of a variety of tungsten ores and alloys with highly
satisfactory results. The compound may now be obtained from
LaMotte Chemical Products Co., Towson 4, Baltimore, Md.

Various organic reagents for the gravimetric determination of
tungsten have been proposed since Lefort (IS) first reported in
1881 that quinine acetate would precipitate tungstates from solu-
tion. Cremer (1) reported the cinchonine reaction in 1895, but
it was not applied to actual analyses until about 20 years later
when Low (14) developed a gravimetric procedure employing
cinchonine as a precipitant for tungsten. Jannasch and Bett-
ges (8) used hydrazine hydrochloride and strong hydrochloric
acid to precipitate tungsten but separations were not complete by
this method. Knorre (11) found benzidine hydrochloride
slightly better than hydrazine hydrochloride but still not en-
tirely satisfactory.

Other investigators have proposed a variety of gravimetric or-
ganic reagents: a-naphthylamine and cumidine (23), tetra-
methyl-p-dinminodiphenylmethane (10, 20), 1,4-diphenylendani-
lodihydrotriazole (Nitron) (4), quinoline (15), tannin (16, 21),
phenylhydrazine hydrochloride (2), 8-hydroxyquinoline (5, 9,18),
vanillylidene-benzidine (7), and rhodamine B (17). None of
these reagents has proved sufficiently effective to replace cin-
chonine as the preferred reagent in standard procedure, although
its use involves certain difficulties (1, 6, 12).

Early in 1931 a systematic investigation of the reactivity of
organic compounds, with respect to color and precipitate forma-
tion with inorganic ions, was begun in this laboratory. Standard
solutions of about eighty inorganic ions were prepared and
tested, in both acid and alkaline medium, with various types of
organic compounds, especially those with one or more chelating
or salt-forming groups. The oximes, as a class, appeared to be
one of the most promising types to try in this search for specific
and highly sensitive reagents for inorganic ions.

During the 1930’s several new and important organic analytical
reagents were discover«” in this laboratory (19, 24-27). In 1940
anti - 1,5 -di - (p - methoxyphenyl) - 1 - hydroxylamino - 3 - ox-
imino-4-pentene, one of a series of compounds synthesized ex-

1 Present address, Cornell University, Ithaca, N. Y.

pressly for this work, was observed to form a highly insoluble
yellow precipitate with tungstate ions (W04—) in acid solution.
A detailed investigation revealed that this new compound com-
bines with the tungstate ion

CHJ0<”A~  )>CH—CII2—C—CH=CH<" ~>0CH,

HONH NOH

in a definite ratio of one molecule of reagent to one tungstate
ion and that this reaction may be applied to the gravimetric
determination of tungsten.

NATURE OF REACTION WITH TUNGSTATE ION

The exact mechanism by which the reagent combines with the
tungstate ion to form the insoluble complex is not known with

certainty. It is possibly a salt-forming reaction:
CH,Q<( A>CIl—CHr-C—CH=CH<” )>OCH, + I,\WO«—
HONH NOH
IIONH, HNOH
+HWO«]=*=

45

The reagent belongs to the basic salinogenic group of organic
compounds, many members of which combine with anions such
as nitrates, perchlorates, sulfate, phosphates, molybdates, vana-
dates, thiocyanates, etc. (28), in acid medium. .The “syn” iso-
mer of the organic compound is completely unreactive with the

CH,Q<(  )>CH—CIlI2-C—CH=£€H )>OCll,

HONH HON

tungstate ion.
(m.p. 217° C.).

It crystallizes in the form of colorless plates

PHYSICAL AND CHEMICAL PROPERTIES OF REAGENT

The reagent crystallizes from ethanol in the form of small yel-
low needles which melt at 156-157° C. (corrected). It is soluble
in the following organic solvents, solutions being yellow in all
instances: ethanol, acetone, ethyl ether, ethyl acetate, dioxane,
acetic acid, and benzene. The compound is insoluble in water
and petroleum ether. Solutions of the reagent in ethanol are
used in tungsten analyses. The solubility is 0.766 gram of re-
agent per 100 ml. of ethanol at 25° C.

Solubility of Tungsten Complex. AN experiment was
conducted to determine whether or not the precipitated organo-
tungsten complex was soluble in water to the extent of one part
per million.

One milligram of finely pulverized dried complex (dried at
105° C. for 2 hours) was introduced into a flask containing 1 liter
of water at 25° C. The water was mechanically stirred for one
week. At the end of that time, the complex had not dissolved;
hence it was concluded that its solubility is less than 1 mg. per
liter of water—i.e., 1 p.p.m.
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The pure reagent is pale
This discolora-
No discolora-

Stability op Reagent to Light.
yellow in color but is slowly darkened by light.
tion does not affect its reactivity with tungstates.
tion occurs if stored in dark bottles.

Reactions with Inorganic lons Tests for reactivity with
inorganic ions were made on porcelain spot plates by adding a
drop of an ethanol solution of the reagent to a drop of solution
containing the respective ions (approximately 0.05 mg.) in both
acid and alkaline medium where possible. No reactions were ob-
served between the reagent and any of the following ions:

Ag+, Al+++, As+++, As04 , BHD7—, Ba++, Be++, Bit+++,
Br~, CO,—, Ca++,Cbh04 ,Cd++, Ce++\ CI“, Co++, Cr+++,
Cs+, Dy+++, Er+++, Eu+++, F~, Fe++, Ga+++, Gd+++,
Ge++++ (aqueous solution of GeOQj), IIfO++, Hg+, Hg++, | ,
In+++, K+, La+++, Li+, Mg++, Mn++, NOr, NOr, Na+,
Nd+++, Ni++, HP04* , Pb++. Pr+++, PtCI5—, Rb+, Re04,
Rh+++, Ru+++, S—, S04—, Sh+++, Sc+++, SeO, , SiO,~,
Sm+++, Sr++, Ta04 , TeO** |, TiO++, Th++++, Tl+++,
Tm+++, VO+, Y+++, Yb+++, Zn++, Zr++++ (ZrO ++).

Auric, eerie, and iridic ions produce brown precipitates with the
reagent butthese are extremely rare in tungsten ores and alloys.

Ferric iron reacts to form a small amount of brown precipitate
but not enough to interfere even in the analysis of steels contain-
ing tungsten.

Stannous and stannic tins produce an orange and a yellow pre-
cipitate, respectively, with the reagent.

Copper reacts in alkaline solution to produce a brown precipi-
tate but does notreactat all in acid medium. In analysis, the re-
agent is always used in acid solution; hence copper presents no
interference.

Molybdates are precipitated but not quantitatively. When
molybdenum and tungsten are present together, a small amount
of molybdenum may precipitate with the tungsten. The pre-
cipitation of molybdenum by the reagent is no greater than when
cinchonine is used (see procedure for analysis of steels and alloys;
cf. analysis of N.B.S. steel 132).

The only other ions found to react with the reagent are .UO,++
and OsOs , which produce an orange and brown precipitate,
respectively.

OPTIMUM EXPERIMENTAL CONDITIONS

Permissible Acidity. Tungsten is quantitatively precipi-
tated by the reagent when the acidity is less than pH 1. Partial
precipitation occurs above pH 1and above pH 5 no precipitation
occurs. The best acidity to use is about 0.2Arhydrochloric acid.
Sulfuric and nitric acids may also be used, but in the presence
of lead or tin sulfuric acid is objectionable and nitric acid solu-
tions stronger than IN begin to attack the reagent.

Temperature of Solution. Room temperature is preferable
for effective precipitation of the tungsten complex. Precipita-
tion begins immediately upon addition of the reagent in cold
solution, with the precipitate collecting and settling much more
readily than if the solution is hot. The reagent should therefore
not be added to hot solutions.

Amount of Reagent Required. The reagent combines with
tungstate ions in a ratio of 1to 1. However, when the approxi-
mate quantity of tungsten is known, it is recommended that
twice the theoretical amount of reagent be added to ensure com-
plete and rapid precipitation. If the tungsten content is un-
known, the amount of reagent required may be judged by ob-
serving the color of the precipitated complex as it forms.

Time Necessary for Complete Precipitation. Complete
precipitation is obtained when solutions are allowed to stand at
room temperature for 3 hours after the addition of excess reagent,
with occasional stirring to collect the precipitate. Allowing
solutions to stand overnight ensures complete precipitation but is
not necessary.

Washing the Precipitate. The mosteffective wash solution
has been found to be a cold, dilute hydrochloric acid solution
containing a small amount of the reagent. It is prepared by di-
luting 20 ml. of concentrated hydrochloric acid to 1 liter and
adding | ml. of a saturated ethanol solution of the reagent.

Final Treatment of Precipitate. Attempts to weigh the
organo-tungstate precipitate directly, after washing and drying,
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indicate that the method is impractical. Conditions have to be
tediously controlled to get consistent results. The difficulties
arise from the fact that the reaction must occur in acid solution
and that the reagent itself precipitates when added in small ex-
cess. Unless the reagent is added immediately after acidifying
the solution, some tungsten may precipitate as tungstic acid and
be occluded in the organic precipitate, preventing a considera-
tion of it as a compound of definite composition. It is also diffi-
cult to remove precipitated reagent from the complex without at
the same time dissolving some of the complex.

The complex may be ignited easily to tungstic oxide, WOs, in
which case it makes no difference if tungstic acid and excess re-
agent are present, because tungstic acid is converted to tungstic
oxide and excess reagent is completely removed upon ignition

The precipitated complex is easily and rapidly separated by
filtration through quantitative ashless filter paper. Whatman
filter paper No. 40 and other papers of similar texture and grade
are suitable for quantitative analyses when using this reagent.
Filtration is most rapidly accomplished if the precipitated com-
plex is allowed to settle (about 3 hours is sufficient) and the
solution filtered by decantation. There is very little tendency
for the precipitate to clog the pores of the paper, thus permitting
thorough washing «nth a minimum time consumption.

The washed precipitate may be ignited without difficulty.
There is no tendency for explosion, or decomposition rapid enough
to sweep out any of the contents of the crucible. The precipi-
tate and the filter paper decompose at about the same rate.
Moisture should be removed at about 100° C. before raising the
temperature of the crucible and contents to ignition temperature.
The crucible should not be heated above a dull red until all car-
bon has been burned off.

DETERMINATION OF TUNGSTEN IN SOLUTIONS, STEELS,
ALLOYS, AND ORES

Of the various procedures investigated, a modification of that
of Hillebrand and Lundell (6, pp. 553-5) has been found most
satisfactory for the analysis of tungsten ores. For steels and
tungsten alloys, modifications of the procedures of the American
Society for Testing Materials (22, pp. 1011-2) are both speedy
and accurate.

Determination in Ores. Transfer to a 400-ml. beaker 1
gram of sample which has been ground in an agate mortar to
200-mesh or finer and dried to constant weight at 105° C. Un-
less the sample is ground to 200-mesh or finer, a protective layer
of precipitated tungstic acid may coat the particles, preventing
the hydrochloric and nitric acids from coming in contact with all
the unreacted material. This is especially true with ferberite
and wolframite, which are difficult to decompose. If sufficient
hydrochloric acid is used and the temperature is held at approxi-
mately 75° C., the formation of tungstic acid on the particles
may be avoided. Serious error may be introduced by this
effect if samples of particle size much larger than 200-mesh are
used. The magnitude of the error depends on the mineral being
analyzed. Scheelite, CaWO04 and hubncrite, MnWO04 are
easily decomposed by the hydrochloric-nitric acid treatment, in
which case the error is small; ferberite, FeW 04 and wolframite,
(Fe,Mn)WO04 being much more difficult to decompose, require
very small particle size.

Add 5 ml. of distilled water and rotate the beaker so as to dis-
tribute the sample evenly over its bottom. Add 100 ml. of hy-
drochloric acid (sp. gr. 1.19), cover the beaker with a watch
glass, and heat for one hour at a temperature not exceeding
60° C. Stir occasionally to break up formations of crusts and to
facilitate contact of the acid with all particles of the sample.
Raise the watch glass on glass hooks and cautiously boil to a
volume of about 50 ml. Break up the material on the bottom of
the beaker with a glass stirring rod. Add 40 ml. of hydrochloric
acid and 15 ml. of nitric acid and again boil the solution to about
50 ml. Stir up the caked matter again, add 5 ml. of nitric acid,
and boil to 10 or 15 ml. Dilute to 250 ml. with hot water and
heat just below boiling for 30 minutes. Allow to cool to room
temperature and add 25 ml. of alcoholic reagent solution (made
by dissolving 0.7 gram of reagent in 100 ml. of ethanol) slowly
with constant stirring. Allow the precipitate to settle for about
2 hours and test the supernatant liquid with a few drops of the
reagent for complete precipitation of the tungsten.
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Because of the limited solubility of the reagent in agueous
solutions, some precipitate may be expected to form whenever
the reagent is added. The appearance of the precipitate formed
in the presence of tungsten is different from that formed when
the latter is absent. The organic tungstate is deep yellow-orange
in color while the precipitated reagent alone is almost white. It
is advisable for an analyst using the reagent for the first time to
add some of it to a solution of sodium or ammonium tungstate
(1 mg., of tungstate per ml.) acidified with 8 or 10 volumes of
0.2)V hydrochloric acid. The same amount of reagent should be
added to a similar volume of 0.2N acid alone. The striking dif-
ference between the color of the reagent and that of the organo-
tungstate may be observed by this simple procedure.

In testing a solution for completeness of precipitation of tung-
Bten, more reagent should be added if an orange precipitate is
formed. If it is white or pale yellow, precipitation of the tung-
sten is complete.

After the precipitate has settled at least 2 hours (or overnight
if convenient) filter by decantation through an Il-cm. ashiess
filter paper. Wash the precipitate several times with reagent
wash solution.

Transfer the precipitate to an ashiess filter paper and moder-
ately scrub the beaker by means ofa rubber policeman to remove,
as far as possible, any precipitate adhering to the walls of the
beaker. It is not necessary at this point to attempt to remove
all the finely divided tungstic acid adhering to the walls of the
beaker, since the main precipitate, after it is washed, is to be
transferred back to this beaker and all the precipitated tungsten
redissolved.

Wash with the prepared wash solution. Repeat several times
and set aside the combined filtrate and washings. Test the fil-
trate with a few drops of reagent solution for complete precipita-
tion of the tungsten. It israre that any is found in this filtrate.
Transfer the filter paper containing the washed precipitate to the
original beaker and add 6 ml. of concentrated ammonium hy-
droxide. Shred the filter paper to a uniform pulp by means of a
glass stirring rod, cover the beaker, and warm gently for a few
minutes. Stir the pasty mass with the rod, then wash down the
inside of the beaker with warm dilute ammonium hydroxide (1 to

9) containing 10 grams of ammonium chloride per liter. Warm
again and stir thoroughly. Filter through an Il-cm. ashiess
filter paper and collect the filtrate in a 400-ml. beaker. Wash the

original beaker and residue several times with the warm dilute
ammonium hydroxide solution; between washings, squeeze as
much of the liquid from the fibers of the pulp as possible. Wash
the beaker and residue with several small portions of hot 95 per
cent ethanol to dissolve any organo-tungstote that has not been
decomposed by the ammonium hydroxide treatment. Follow
with a final washing with the warm dilute ammonium hydroxide
solution. Keep the volume of liquid as small as possible. Re-
serve the residue of filter fiber for further recovery of traces of
tungsten.

Evaporate the filtrate to a volume of about 50 ml.; add 20 ml.
of concentrated hydrochloric acid and 10 ml. of concentrated
nitric acid; cover and cautiously boil to a volume of 10 to 15 ml.
If any organic residue is still present and tends to adhere to the
walls of the beaker, it may be decomposed by the addition of more
hydrochloric and nitric acids in the same ratio as above. Dilute
the solution to about 250 ml. with water and allow it to cool
slowly to room temperature. Add the alcoholic reagent solution
until the color of the precipitate, as it forms, indicates complete
precipitation of the tungsten. Allow the precipitate to settle and
filter through an Il-cm. ashiess filter paper; wash thoroughly
with reagent wash solution. If the filtrate has a clear yellow
tint, precipitation is complete. If it is colorless, more reagent
must be added to complete the precipitation. The washed pre-
cipitate is the main precipitate and is to be ignited with the very
small amounts of tungsten that may be obtained in the procedure
described in the following paragraphs.

Any tungsten that may not have been recovered is contained
in the reserved residue of filter fiber, in combination with iron
or alumina or with small amounts of reagent that were not com-
pletely dissolved. This combined tungsten may be dissolved by
digesting the filter paper and residue of fiber with warm dilute
hydrochloric acid (1 to 9). Filter and wash the residue with
small amounts of hot 0.5 per cent ammonium chloride solution
and the warm dilute ammonium hydroxide wash solution, col-
lecting all in the same vessel. Acidify the filtrate with hydro-
chloric acid until it is approximately 0.2Ar and then slowly
add 5 to 10 ml. of alcoholic reagent solution. Any precipitate
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obtained should bo filtered and washed with the reagent wash
solution. Reserve the washed precipitate and ignite later with
the main one already obtained.

The residue that now remains is usually free from tungsten.
To be positive, ignite it in a porcelain crucible (not a platinum
crucible because tin might be present), transfer the ash to a
platinum crucible, and volatilize the silicon by treating it with
hydrofluoric and sulfuric acids. Fuse the remaining residue
with as little sodium carbonate as possible, cool, and extract the
melt with water. Filter and acidify the filtrate with hydrochlo-
ric acid, boil to expel carbon dioxide, and add dropwise some of
the reagent solution to test for the possible presence of tungstate
ions. If the precipitate is orange, upon the addition of the first
few drops of reagent, filter it off, wash with the reagent wash solu-
tion and ignite with the two residues already obtained. (The
authors have never obtained any organo-tungstate precipitate
at this point.)

Place the papers containing the main precipitate and the two
recoveries in a weighed platinum crucible and heat at a tempera-
ture below a dull red until all the carbon has been burned off.
Cool, add a few drops of hydrofluoric acid to the residue (enough
to moisten it completely), add a drop of sulfuric acid and evapo-
rate to dryness over a water or sand bath. Reignite in order to
get the weight of W 03free from Si02

The tungstic oxide obtained at this point is not pure but must
be examined for contaminants. The examination for contami-
nants does not involve any changes from the standard procedures
now in use (3; 6, p. 555; 22). The contaminants most apt to be
present at this point are principally iron and molybdenum, with
very small traces of phosphorus. The iron is separated by fusion
with sodium carbonate, dissolving in hot water, and filtering.
Tungsten and molybdenum (if present) form soluble sodium salts.
If molybdenum is present, the amount of its contamination may
be determined colorimetrically (3; 22, pp. 1008-9) in the fil-
trate. It israre that the amount of phosphorus present justifies
a test for it. The weights of contaminants found are subtracted
as oxides from the weight of impure tungstic oxide and the cor-
rected weight is used to calculate the percentage of tungstic oxide
or tungsten in the sample.

Determination in Alloys and Metals. Treat 1 gram of
the finely divided metallic sample with 5 ml. of hydrofluoric acid
in a large covered platinum crucible or dish. After the initial
effervescence has ceased, add nitric acid dropwise until the metal
has dissolved. Add 15 ml. of sulfuric acid (1 to 1), transfer the
vessel to a sand bath, and heat cautiously until dense fumes of
sulfur trioxide are evolved freely. Perchloric acid may be sub-
stituted for sulfuric acid if desired. In this case, add 15 ml. of
perchloric acid (60 per cent) after the hydrofluoric-nitric acid
treatment and heat cautiously to dense fumes of perchloric acid.
Cool, dilute, and transfer in the same manner as when sulfuric
acid isused. The use of perchloric acid shortens slightly the time
necessary for this part of the analysis, but otherwise offers no
particular advantage.

Allow to cool and transfer the contents to a 400-ml. beaker by
washing the platinum vessel with a fine stream of water. Wipe
the vessel with a small piece of ashiess filter paper and transfer
it to the beaker. Rinse the vessel with a little warm ammonium
hydroxide (1 to 1), a little water, then a little hot hydrochloric
acid (1 to 1). Repeatthe treatments with ammonium hydroxide,
water, and hydrochloric acid, adding all rinsings to the 400-ml.
beaker. Dilute the contents of the beaker with water to about
150 ml. Add 10 ml. of hydrochloric acid (sp. gr. 1.19), cover
with a watch glass supported on glass hooks, and boil cautiously
for at least 5 minutes. Remove the source of heat and dilute
the contents to about 350 ml. with water. Allow to cool and add
slowly, with constant stirring, 15 to 20 ml. of alcoholic reagent
solution (0.7 gram per 100 ml. of 95 per cent ethanol). Allow
the precipitate to settle for about 2 hours and test the supernatant
liquid for complete precipitation of the tungsten. If an orange
precipitate forms upon the addition of more reagent, precipita-
tion isincomplete. If the precipitate is almost white, separation
of tungsten is complete.

When the precipitate has completely settled, filter by decanta-
tion through an Il-cm. ashiess paper. Wash the precipitate
several times with reagent wash solution, ignite the paper and
residue, in the platinum vessel in which the sample was treated
originally, at a temperature below a dull red heat until all of the
carbon is consumed. Add a few drops of nitric acid and evapo-
rate to dryness ona waterorsand bath. Ignite to constant weight
(preferably in an electric muffle furnace) at a temperature not
exceeding 750° C. This is the weight of impure tungstic oxide.
Add about 5 grams of sodium carbonate and carefully heat until
a clear melt is obtained. Rotate the fused mass in the vessel
until it solidifies around the wall of the container. When cool,
dissolve the melt in hot water, filter through an 11-em. ashiess
paper, and wash thoroughly with hot water. Place the filter in
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the crucible and ignite again. Repeat the sodium carbonate fu-
sion on the small residue, using a proportionately smaller amount
of carbonate than in the first fusion. Cool and dissolve in the
same manner as before. Filter and wash thoroughly to remove
all traces of sodium carbonate. Ignite in the same platinum ves-
sel, cool, and weigh. Subtract the weight of this oxide residue
from that of the original impure tungstic oxide. Calculate the
percentage of tungsten from the corrected weight of tungstic
oxide.

If molybdenum is present, the amount of its contamination of
the tungsten precipitate can be determined in the sodium car-
bonate extracts. This is best done colorimetricallv (3; 22, pp.
1008-9).

ANALYSIS OF STANDARD TUNGSTATE SOLUTIONS

A standard tungstate solution was prepared from c.p. tungstic
acid (HjwO<, 99.84 per cent pure) by fusion with sodium hy-
droxide in a silver crucible. The fusion mass was dissolved in
water and diluted to the mark in a volumetric flask. Measured
volumes of this solution were taken and acidified to 0.2N with
hydrochloric acid and the tungsten was precipitated by the addi-
tion of an ethanol solution of the new reagent. In order to com-
pare the two reagents, the tungsten was also precipitated by cin-
chonine from a similar series of solutions. The precipitated com-
plexes were filtered off through quantitative paper and ignited
in platinum crucibles to tungstic oxide (Table I).

APPLICATION OF PROCEDURES

Analysisof Steels and Alloys. National Bureau of Stand-
ards samples Nos. 50a, 132, and 75 were used to study the appli-
cability of the procedure to the determination of tungsten in
steels and alloys (Table Il). One-gram samples were used and
the tungsten was precipitated and separated according to the
procedure given for the analysis of tungsten alloys and metals.

Analysis of Ores. Samples of scheelite and ferberite (ob-
tained through the courtesy of G. E. F. Lundell, National Bureau
of Standards, Washington, D. C.), and wolframite (supplied by
the Callite Tungsten Corporation, Union City, N. J.) were
analyzed by the procedure outlined for the determination of
tungsten in ores (Table 111). One-gram samples were used.

DISCUSSION OF RESULTS OF ANALYSES

The results obtained in the analyses of the solutions, steels,
alloys, and ores show that anti-1,5-di-(p-methoxyphenyl)-I-
hydroxylamino-3-oximino-4-pentene may be applied to the gravi-

Table 1 Standard Tungsten Solutions
WO» Found by WO» Found by

Sample WO» Present Cinchonine New Reagent
Mg. MO. Mo.
1 9.1 9.1 9.1
2 18.5 18.5 18.5
3 18.0 17.9 18.0
4 18.0 18.1 18.1
Table II. Steels and Alloys
) w w
Sample M aterial Present Found Difference
% % %
1 N.B.S. chromc-tungsten-vanadium 18.25° 18.35 +0.10
2 steel No. 50a 18.21 -0.04
3 18.27  +0.02
4 N.B.S. molybdcnum-tungsten steel 6.29° 6.58 +0.296
5 No. 132 6.65 +0.366
6 6.73 + 0.446
7 6.34 +0.05¢
8 6.34 +0.05«
9 N.B.S. ferro-tungaten No. 75 75.2° 75.36 +0.2
10 75.11 - 0.1

“ National Bureau of Standards certificate value.

SN.B.S. No. 132 contains 7% (approx.) molybdenum. In samples 4,
5, and 6, no correction was made on ignited tungstic oxide for molybdic
oxide as a contaminant.

e In samples 7 and 8, molybdenum contaminating oxide was determined
colorimetrically and corrections applied. High results of samples 4, 5
and 6 are evidently due to presence of molybdic oxide.
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metric determination of tungsten in these materials. The varia-
tion of percentage values between individual samples is well
within the range of variation encountered by the use of other ac-
ceptable gravimetric methods. With the National Bureau of
Standards samples, the values found by this method are within
the range of variation of values reported by the various analysts
using other methods. The small variations in percentage found
by this method are believed to be due to experimental technique
rather than any inconsistency in the behavior of the new reagent.

In the analysis of N.B.S. steel 132, which contains approxi-
mately equal amounts of tungsten and molybdenum (7 per cent
molybdenum and 6 per cent tungsten) it was necessary to deter-
mine the amount of molybdenum contaminating the tungsten
precipitate and correct for it.

Table Ill.  Ores
. WOj WO» )
Sample M aterial Present Found Difference

% % %
1 Scheelite 59.6° 59.53 - 0.1
2 59.70 +0.1
3 Ferberite 66.0« 66.08 +0.1
4 66.25 +0.3
5 65.97 0.0
6 Wolframite 69.39t 69.40 +0.01
7 69.23 -0.16

« Tentative values supplied by G. E. F. Lundell. Samples were dried
for 18 hours at 105° C. before being analyzed by Dr. Lundell in 1918. They
were dried under same conditions for analysis” with new tungsten reagent,
after each was thoroughly mixed.

&Value supplied by Callite Tungsten Corporation on basis of air-dried
sample of a commercial wolframite ore.
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Dichromate Determination of Iron, Using the Silver Reductor

J. L. HENRY AND R. W. GELBACH, State College of Washington, Pullman, Wash.

HE method of Walden, Hammett, and Edmonds (4) for the

determination of iron using the silver reductor and titrating
with eerie sulfate, although highly satisfactory, is expensive be-
cause of the relatively high cost of the eerie sulfate and its very
high equivalent weight. In the titration large quantities of sul-
furic acid are required. The dichromate method as presented in
this paper overcomes these objections and seems to retain the more
desirable features.

In the analysis of ores and alloys of iron the common impurities
which may interfere with the reduction and subsequent titration
are chromium, manganese, molybdenum, titanium, and vana-
dium. Molybdenum may be separated from iron by precipitating
iron as the hydrous oxide. In the silver reductor, chromium is
not reduced below the trivalent state, while manganese and tita-
nium arenotreduced at all. Vanadium is reduced to the vanadyl
ion which is not oxidized by either cerate or dichromate ions.

Table I. Effect of Added Impurities
(Volume of FeCli. 25 ml.)
. No. of Average
Solution Added Detn8. Fe Found Deviation
MU Gram P.p. 1000
From previous standardization0 0.1755
None 0 0.1750 ‘0.6
25 0.0lVfKjCrjor 6 0.1757 1.1
25 0.13f MnCli 5 0.1760 2.8
25 O.IAf TiCSOi)* 10 0.1756 0.6
5 O.litfNaVOi 2 0.1755 0
10 O.lilfNaVvO. 2 0.1754 - 0.6
15 0AM NaVvOi 3 0.1754 - 0.6
20 0. UIf NaVvOj 2 0.1753 - 1.1
40 10 ml. of each 2 0.1754 - 0.6

e« From the standard method of Walden, Hammett, and Edmonds.

The oxidation potential in IN hydronium-ion concentration
of the system, VO< -VO++, is given as 1.2 volts (1), and that
of diphenylamine sulfonic acid is 0.83 volt (8), which according to
Walden, Hammett, and Edmonds (8) is sufficiently below the
vanadate-vanadyl potential to give precise results. Adjusting the
acidity to approximately IN and adding 5 ml. of 85% phosphoric
acid, one obtains a condition favorable to the titration of ferrous
ion with potassium dichromate even in the presence of vanadium.

MATERIALS

Standard solutions of eerie ammonium sulfate and potassium
dichromate were prepared in the usual manner and standardized
against pure iron wire. They were also checked against a gravi-
metrically standardized solution of ferric chloride, using stannous
chloride reduction.

A solution of ferric chloride standardized gravimetrically was
used in studying the behavior of the dichromate-diphenylamine
sulfonic acid titration in the presence of the ions of chromium,
manganese, vanadium, and titanium.

The effect of impurities was studied by adding definite quanti-
ties of 0.01 molar potassium dichromate, 0.1 molar manganese
chloride, 0.1 molar sodium vanadate, and 0.1 molar titanium
sulfate. The latter was prepared by fusing 4 grams of titanium
dioxide with 80 grams of potassium hydrogen sulfate, dissolving
in 55 ml. of concentrated sulfuric acid, and diluting the resulting
solution to 500 ml.

The silver reductor was prepared in the manner described by
Walden, Hammett, and Edmonds (4).

METHOD

Analyses were made with 25-ml. portions of the standard ferric
chloride solution by the method of Walden, Hammett, and
Edmonds (4), titrating with eerie ammonium sulfate. Similar
analyses were then made by titrating with potassium dichromate.

A 25-ml. sample of standard ferric chloride solution was pipet-
ted, the acidity was adjusted to 1 molar with hydrochloric acid,
and the final volume of 50 ml. was passed through the reductor
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at a rate of about 30 ml. per minute. The reductor was washed
with 150 ml. of 1 molar hydrochloric acid added in small portions.
To the reduced solution 5 ml. of 85% phosphoric acid and 5 to 6
drops of 0.25% diphenylamine sulfonic acid were added, and the
solution was titrated with potassium dichromate. The results,
shown in Table I, deviated from those of the Walden method by
only 0.06% error.

Similar analyses were made by introducing in the first series
25-ml. portions of 0.01 molar potassium dichromate, in the second
0.1 molar manganese chloride, and in the third 0.1 molar titanium
sulfate. Controls were run on each ion by passing the solution
through the reductor in the absence of iron. In each case one
drop of 0.1 normal potassium dichromate gave a distinct end
point.

It has been shown that reliable results can be obtained in the
presence of chromium, manganese, or titanium with acidities
ranging between 0.5 and 1.5 molar. Checks were obtained with
titration acidities as low as 0.1 molar and as high as 2 molar, but
at the extremes of concentration the end points were not sharp.
The results shown in Table I indicate that these ions do not inter-
fere with the analysis.

In the presence of high concentrations of vanadium an indis-
tinct end point was obtained, the color change being from light
green to gray. Titrations were made in the presence of a wide
range of concentrations of vanadyl ion; up to concentrations of
100 mg. of vanadium per 200 ml. of titrating volume a very sharp
end pointwas obtained. The deep violet colorwas not shown as in
the absence of vanadium but there was;a distinct color change
from light green to deep blue. The results of these runs checked
well with the accepted value foriron in the standard ferric chloride
solution.

T$ro samples obtained from the Bureau of Standards were
analyzed: iron ore, B. of S. No. 27, and ferrovanadium alloy,
B. of S. No. 61. The samples were dissolved according to recom-
mended procedures accompanying the samples. The removal of
molybdenum from the alloy was accomplished by twice precipi-
tating the hydrated ferric oxide from ammoniacal solution. In
each instance the acidity was adjusted to 1 molar with hydro-
chloric acid and reduced as before. Results of the analyses are
shown in Table II.

Table 1l.  Determination of Iron
No. of Fe Fe, B. of S. Average
B. of S. Sample Detns. Found Certificate Deviation
% % P.p. 1000
Iron ore 27 69.30 69.26 0.6
Ferrovanadium alloy 61 2 52.83 52.8
SUMMARY

Potassium dichromate, using diphenylamine sulfonic acid as
indicator, is an oxidizing agent for the determination of iron by
the Walden silver reductor method. Manganese, chromium,
and titanium do not interfere. Vanadium does not interfere in
concentrations of 100 mg. or less in 200 ml. of titrating solution.

A more economical method results from the use of only IN
hydrochloric acid instead of the higher concentrations of sulfuric
acid required in the eerie sulfate method. The stability, purity,
low equivalent weight, and comparatively low cost of potassium
dichromate render it a very desirable oxidizing agent in this con-
nection.
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Precise Measurement of Volume in Titrimetric
Analysis

W ILLIAM M. THORNTON, JR., Loyola College, Baltimore, Md.

A review of precise measurement of volume in titrimetric
analysis is presented. Detailed descriptions of the burets
and special techniques used by the author are given. Rep-
resentative standardizations indicate the reliability to be ex-
pected under the prescribed conditions.

A SIDE from the choice of a suitable chemical reaction, or
[\ the resultant of a series of successive reactions, on which
to base a dependable titrimetric process, one is confronted with
the responsibility of performing the physical measurements with
sufficient nicety. More specifically, if the highest accuracy is
to be attained, the following points must be given serious con-
sideration: (1) influence of temperature change, (2) position of
the meniscus, 13) drainage or afterflow, (4) errors of graduation,
(5) evaporation, and (6) point of complete reaction.

Except for the last two, these sources of uncertainty can be
removed by weighing, instead of measuring by volume, the
standard solutions. For this purpose, various forms of “weight”
or “weighing burets” have been invented; and a few investi-
gators (I, 2, 15) have seen fit to take account of the solution of
known concentration by weighing the reaction vessel both before
and after the titration.

If the loss of water (or other solvent) from standard solutions
during long periods of storage be left out of account, it is safe
to assume that the evaporation taking place within the ,time
required to effect a volumetric determination is of no signifi-
cance (19). On the contrary, rendering a decision as to the
equivalence point looms up as an unquestionably difficult ob-
jective in this kind of analysis, and one in which the weight
buret, as compared with the volume buret, offers no advantage.

If the volume burets are properly designed, and used with
certain precautions, a much higher degree of accuracy may be
realized in dealing with a number of the well known volumetric
solutions than is commonly supposed. The very fine work of
Ponndorf (26) may be cited in support of the above contention,
and this constitutes by no means the sum total of the evidence
(cf. 11, 14, 31, 48).

Admittedly, when many titrations have to be made, it is
expedient to feed the evaluated solution from a large reservoir
directly into the buret. jMoreover, in the case of solutions that
are sensitive to the oxygen of the air and have to be kept under
a nearly constant pressure of an indifferent gas (4, 17), the
transfer to a short buret for weighing would probably lead to a
lowering of the titer (28). Weighing the titration flask
is not always feasible: in some experiments the reaction mixture
must be heated; it is often desirable to bubble an inactive gas
(carbon dioxide, for example) through the test solution (43);
it is sometimes necessary to introduce an indicator during the
latter stages of the procedure. However, Lee (18) has developed
an ingenious weighing buret, wherein a known solution of titanous
sulfate may be obtained by shaking acidulated titanic sulfate
with zinc amalgam. But such a device, owing to the high
density of the amalgam (about 4 per cent zinc, presumably),
would seem to bo unduly heavy, besides being restricted to the
preparation of only a small quantity of the reducing agent at a
time.

The chief limitation to measurement by volume in precise
analysis is the lack of experimentally established data regarding
the thermal expansion of numerous very useful solutions. This
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expansiveness is a matter of some importance; hence its further

study would seem to be justified.

THERMAL EXPANSION

Thiessen and his collaborators, and also Chappuis, have
determined the density of water (“ordinary water-substance”) at
various temperatures with great exactness.
From their data the expansivity may be calcu-
lated. Accordingly, Circular 19 of the Bureau
of Standards (5) enables one to correct the ob-
served volume to what it would be at 20° C —
the standard temperature for volumetric analysis
throughout the United States (24). The small
numbers that are to be added or subtracted
have been computed on the assumption that the
glass forming the measuring utensils has a coef-

ficient of cubical expansion of 0.000025 per de- -1
gree Centigrade. (Certain borosilicate glasses, -\Ts

47, such as Pyrex, exhibit thermal expansions
much smaller than the foregoing.) These cor-
rections apply not only to water but also,
practically speaking, to sufficiently dilute aque-
ous solutions. Furthermore, a supplementary
table (5, below Table 38) gives the percentage
increase in the corrections for water to be applied
when standard solutions of four common acids
and bases—namely, nitric and sulfuric acids
and sodium and potassium hydroxides—are under
consideration. This increase is about 5 per cent
for the before-named reagents when of O.l}V
concentration. In like manner, it is but 3 per
cent for 0.1Arhydrochloric acid (44)—an almost
negligible increment. Yet the higher the nor-
mality of the solution the greater must be the
augmentation of the temperature corrections
for pure water.

As early as 1869, Gerlach (13) studied the ex-

pansion of aqueous solutions of acids and salts;
and in 1877 Casamajor (6), utilizing Matthies-
son’s data for water, attempted to correct the
volume of his standard solution for changes of
temperature. Some 5 years later, Schulze (39)
determined the rate ofexpansion fora good many -
of the better known volu- is
metric solutions, and these
apparently reliable values
have been used to a con-
siderable extent. Schloes-
ser (30, 31) and several
other authorities (7,9,10,
20, 25, 88) have contrib-
uted to the subject in
one way or another.
Finally, Osaka (22) has
made available his exten-
sive investigations.

In this connection, it
may be desirable to call
attention to a point that
is apt to be overlooked.
When an auxiliary re-
agent is added to a titri-
metric  solution, even
though it does not enter
into the stoichiometric re-
lations, it must needs alter
the thermal expansion of
the liquid. Many such
cases might be cited, buta

< & >
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few will suffice. Addition of potassium iodide increases the
solubility of iodine, acidification of ammonium sulfato-cerate
prevents hydrolytic decomposition of the cerium compound, and
so on. In all candor, there seems to be a dearth of information
concerning the expansivity of the more complex volumetric
solutions.

Besides dilatation or contraction, certain other physical
properties of an aqueous solution—namely, density, surface
tension, and viscosity (37)—undergo appreciable change when
the concentration with respect to a dissolved substance is mark-
edly increased. As these properties influence delivery, the
habitual assumption that the volume measured at a given tem-
perature is equal to that of pure water may not be fully war-
ranted in the case of the complex solutions discussed above.

BURETS

The gratifying results obtained by Getz and the writer (42)
in standardizing 0.1N barium hydroxide (measured from an
ordinary buret) against benzoic acid and p-nitrobenzoic acid,
respectively, led to the expectation that, with a special instru-
ment of comparatively simple construction, it might be possible
to attain a very high degree of precision in certain titrimetric
analyses.

Two such burets (Figure 1) were procured. They were made
by Eimer and Amend, of New York City, in accordance with
definite specifications. Each instrument consists essentially of
a middle wider portion, graduated in intervals of 0.2 ml., and two
narrower portions, one above and one below, both marked in
intervals of 0.05 ml. The total capacity is 50 ml., and the entire
graduated length is approximately 70 cm. Each stopcock, which
is somewhat larger than usual, is composed of a blown (and
therefore hollow) plug and a neatly fitting shell. The former
turns in the latter with the utmost smoothness. This low-
friction bearing and the long handle (more than 5 cm.) permit
the operator to release fractions of drops when nearing the end
point. These stopcocks do not leak at all.

The following statements and recommendations regarding
this type of buret are held to be self-evident. No matter what
may be the magnitude of the sample, a reading will be obtained
in any titration, provided the required volume does not exceed
50 ml., for the entire interval is graduated—even the shoulders.
If, however, the level of the liquid stands between the 3- and the
45-ml. marks, the determination should be taken as tentative
only. But, with this datum in hand, it is a simple problem to
calculate by means of a proportion what increase in the weight
of the sample will give rise to a reading somewhere between the
45- and the 50-ml. graduations, where, on grounds of probability,
the best observations are to oe had. (The linear value corre-
spgn(;ing to 1 ml. is about 34 mm. in the narrower portions of the
tube.

In order to measure volumes somewhat less than 45 ml., a
25-ml. Normax buretwas provided. This instrumentis fashioned
from a straight tube, the smallest division is 0.1 ml., and the
distance representing 1 ml. is 16.3 mm.

To make the burets ready for use, a uniform, thin layer of a
suitable lubricant is spread between the plug and the shell of
the stopcock. With the plug in position Bt, Figure 1, a small
amount of carbon tetrachloride is poured into the buret. The
key is then turned through an angle of 90°, B,t and the issuing
liquid is caught in a small beaker. The jet being momentarily
closed by tire index finger, the same portion of the tetrachloride
is again introduced into the buret at its top opening; but on no
account should the key bo turned back to position B. at this
juncture, for fear that a furrow will be cut in the film of lubricant
by the solvent. These operations are repeated until the small
tubes have been washed free from visible greasy matter; where-
upon the buret is dried thoroughly by aspiration.

The well known “cleaning mixture” (concentrated sulfuric acid
to which powdered potassium dichromate has. been added in
abundance) is then applied, the preceding instructions as to the
two positions of the stopcock key (more particularly, the plug
capillary) being adhered to in an equally conscientious manner.

In calibrating the burets, the gravimetric method of Peffer
and Mulligan (24) was followed in a general way. However,
great care was taken to discharge the water very slowly—not
faster than by rapid dropping from the tip, even during the initial
stages of the delivery—and the settings and removal of hanging
drops were made with all necessary pains.

Experience has shown that very uniform volumes of pure water
may be obtained by slow delivery from a scrupulously clean

ANALYTICAL EDITION 51

buret. This observation is in substantial agreement with the
words of Osborne and Veazey (28): “By limiting the rate of
outflow the residue and the afterflow may bo made negligibly
small.”

The results obtained in calibrating the three burets are given
in Table 1. Judging from duplicate determinations, it is reason-
able to hope that, in the case of the special burets (Eimer and
Amend 12 and 13, respectively), measurements will agree to
within 0.005 ml., and with the 25-ml. buret (Normax 830),
to within 0.01 ml.

Tabic 1 Calibration of Burets
(Volumes corrected to 20° C.)

Interval Delivery Bounded Value
MI. MI. MI.
13 and A. Buret No. 12
O- 3 2.996 2.995°
2.995
0-25 25.00 25.00b
0-45 45.086 45.085°
45.086
0-47.5 47.606 47.605°
47.608
0-50 50.080 50.080°
50.082
E. and A. Buret No. 13
0- 2.5 2.517 2.515°
2.514
0-25 24.84 2484 &
0-45 45.068 45.070°
45.068
0-47.5 47.579 47.580°
47.580
0-50 50.068 50.070°
50.067
Normax Buret No. 830
0- 5 4.992 4.99*
4.994
0-10 9.995 9.99*
9.994
0-15 14.998 15.00*
14.996
0-20 19.999 20.00*
19.999
0-25 24.997 25.00*
25.006

° Mean value rounded off to nearest 0.005 ml.
* Mean value rounded off to nearest 0.01 ml.

STANDARDIZATION OF SOLUTIONS

By way of forming a fairly satisfactory estimate as to the pre-
cision of the physical measurements in really nice volumetric
analysis, wherein the titrations are made with volume burets,
three familiar titrimetric solutions, of O.IA strength, were
standardized in accordance with supposedly accurate methods.
The solutions were: (1) potassium permanganate, (2) sodium
tetraborate, or borax, and (3) sodium hydroxide.

In the first set of experiments, O.IA solutions of potassium
permanganate were evaluated against the certified sodium
oxalate of the National Bureau of Standards (Standard Sample
40c), the procedure of Fowler and Bright (12) being followed in
all its minutiae.

The solutions were prepared by dissolving high-grade crystals
of potassium permanganate in the requisite quantity of distilled
water, aging for more than a month, and filtering very slowly
through glass frit of fine texture under the influence of mild
suction.

The clear solution was introduced into the buret by means of
the “lift” (Figure 2), an apparatus modeled after a similar con-
trivance by Oshorne and Veazey (23). The suction being turned
on and properly regulated by obvious manipulations of the
stopcocks, S and T, any desired quantity of the liquid may be
pulled up from the storage bottle into a large pipet, P, held there
at will, and finally allowed to enter the buret. Transferring in
this manner loaves the neck of the bottle clean—a condition to
be wished for in the case of a permanganate solution.

The temperature of the solution in the buret was taken by
inserting a slender thermometer with enclosed scale, just before
setting the meniscus upon the 0-ml. graduation; and again at
the end of the titration, by running the remaining liquid into a
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Table Il. Potassium Permanganate against Sodium Oxalate
Solution
No. Date NaaCiOi KMnO* Normality
Gram ML
| June 25 0.311 55 45.325 0.10260
June 26 0.312 15 45.435 0.10255
June 27 0.313 15 45.570 0.10257
July 8 0.310 85 45.225 0.10259
July 9 0.311 45 45.320 0.10258
Mean 0.10258
1 May 24 0.316 65 47.420 0.09967
May 24 0.315 60 47.270 0.09966
Aug. 5 0.316 85 47.450 0.09967
Aug. 5 0.316 60 47.415 0.09966
Mean 0.09966
11 Aug; 16 0.317 05 47.600 0.09940
Aug. 19 0.317 85 47.725 0.09939
Mean 0.09940
v Jan. 18 0.317 05 47.570 0.09947
Jan. 20 0.317 90 47.675 0.09951

Mean 0.09949

small test tube. The mean of the two values was arbitrarily
accepted, and the volume was adjusted on the assumption that
the thermal expansion is the same as that of pure water {22).

Excellent observations of the meniscus were made by utilizing
a device similar to the one proposed by White (46), despite the
purple color of the solution.

lhe tiny excess of permanganate unavoidably added was
estimated by matching the pink color of the test solution in the
usual way. But it is doubtless more accurate to arrive at the
correction iodomctrically, as suggested by Bray (5).

The results obtained with potassium permanganate are set
forth in Table II.

In the second set of experiments, the primary standard was
constant-boiling hydrochloric acid (41), and from this a 0.1N
acid was obtained. A solution of sodium tetraborate, likewise
O.AT, was prepared from recrystallized borax (16). For making
the standardizations, the borax solution was weighed in a stop-
pered flask and was then titrated with the hydrochloric acid
(in buret 12), methyl red serving as indicator.

A slight lack of uniformity in the results was apparent, owing,
presumably, to an end point that is somewhat difficult to judge;
and, because of this uncertainty, the tests with borax are not
tabulated in the present report. Nevertheless, as the average
deviation of a determination was less than 3 parts per 10,000,
this part of the work may still be regarded as acceptable.

In the third set of experiments, a 0.11V solution of sodium
hydroxide was prepared, reasonably free from carbonate, by the
method of Cowles (5); it was protected against atmospheric
carbon dioxide in the usual manner. A second basic solution, in
all respects similar to the first, was also employed. The sodium
hydroxide was standardized against 0.2N hydrochloric acid,
which, in its turn, had been obtained by appropriately diluting
constant-boiling acid.

For alkaline Solution | (see Table I11), a reference color was
established by adding 1 drop of methyl red (0.2 per cent alcoholic
solution) to 100 ml. of water. For Solution Il, 25 ml. of 0.2N
sodium chloride were diluted to 100 ml., and the before-named
quantity of the indicator was introduced. The latter mixture
is theoretically correct, but it differs very little from the former
in tint.

Twenty-five milliliters of the 0.2Ar hydrochloric acid were
measured from the small buret (Normax 830), 25 ml. of water
and a single drop of the methyl red were added, and the titration
was performed with the 0.11V sodium hydroxide (in buret 12),
the standard color being matched as well as possible.

The results of this last series of experiments, wherein all the
solutions were measured by volume, are given in Table I1I.

Table Ill.  Sodium Hydroxide against Hydrochloric Acid
Solution 0.20066 N
No. Date HC1 NaOH Normality
MI. ML

| July 19 24.95 47.525 0.10534
July 19 24.94 47.500 0.10536
Mean 0.10535
11 Oct. 13 24.98 47.165 0.10628
Oct. 13 24.98 47.145 0.10632
Oct. 14 24.98 47.145 0.10632

Mean 0.10631

CONCLUSIONS

Barring such remarkably accurate results as those attained
in iodometry by Washburn (45), who used a weight buret of the
Ripper type (27), the experimental data reported herein compare
favorably with many to be found in the scientific literature,
which were obtained by weighing, and not by measuring the
volume of, the standard solution.

The delivery of a liquid from a graduated tube is at best a
somewhat empirical operation, and, naturally, the best measure-
ments may be expected when the physical properties of the
solution under consideration are near to those of the liquid
(usually water) employed in calibrating the instrument. More
especially, the thermal expansion of the titrant should bo known,
at least approximately. These and many other points have
been discussed and elucidated by such prominent metrologists as
Schloesscr (29-37), Osborne and Veazey (23), and Stott (40), to
whose writings the interested reader is referred for further in-
formation and advice.
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Ethylbis-2/4-Dinitrophenylacetate/ a New pH Indicator

Determination of Saponification Equivalents in Dark-Colored Oils

E.

A. FEHNEL and E. D. AMSTUTZ

Wm. H. Chandler Chemical Laboratory, Lehigh University, Bethlehem, Penna.

A new acid-base indicator, ethylbis-2,4-dinitrophenylacetate, has been studied and

its preparation described.

The pH range over which the change from colorless to

deep blue occurs is found to be from 7.5 to 9.1 (pK ca. 8.3), making the indicator
suitable for most titrations which are ordinarily performed with phenolphthalein.
The indicator gives an accurate end point in amber-colored solutions where the
phenolphthalein end point is not visible, and it is therefore recommended for use
in the determination of acid numbers and saponification equivalents of dark-colored oils.

N THE course of an investigation on the preparation and

properties of substituted phenylmalonic esters, the com-
pound identified by Richter (6) as ethylbis-2,4-dinitrophenyl-
acetate was obtained, and the opportunity was taken to study

NO02

its indicator properties. Richter noted the color change of this
compound from colorless in acid to intense blue in base and ac-
cordingly suggested its possible application as an acid-base
indicator, but he reported no further studies along this line.
The authors’ results show not only that the compound may serve
as a satisfactory substitute for phenolphthalein in the titration
of most weak acids with strong bases, but also that it is specially

suited to the titration of orange- and red-colored solutions in
which the phenolphthalein end point is not visible. Because of
the frequency with which dark-colored oils are encountered in
organic analysis and because of the inadequacy of present-day
methods of performing titrations with these products (1-6),
data were obtained to determine the applicability of this indicator
for such work. It was found that satisfactory results are obtain-
able even with extremely dark-colored oils and that the ac-
curacy of the method approaches that of ordinary phenolphtha-
lein titrations.

PREPARATION AND PROPERTIES

The indicator is not difficult to prepare and, while the yield
is not good, enough of the compound may be obtained from 0.5
mole of dinitrochlorobenzene to serve for thousands of titrations.
The following procedure furnished 19.0 grams (18.1 per cent of
theoretical) of recrystallized material sufficiently pure for use
as an indicator.

One-half gram-atom (11.5 grams) of sodium was dissolved in
200 ml. of absolute alcohol in a 1-liter three-necked flask fitted
with a reflux condenser, motor stirrer, and dropping funnel. The
solution was cooled and 0.25 mole of diethyl malonate was added
dropwisc, with stirring, over a 30-minute period. Stirring was
continued for another 10 minutes and a hot solution of 0.5 mole of
2,4-dinitrochlorobenzene in about 200 ml. of absolute alcohol
was then added over a 30-minute period. The deep red reaction
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mixture was refluxed, with stirring, for 4 hours and allowed to
stand overnight. Enough water was then added to the resulting
molive-brown solution to bring the volume up to about 1200 ml.,
after which the_solution was acidified with a little concentrated
sulfuric acid, stirred for 20 minutes, then allowed to stand for 30
minutes. The water layer was decanted and the residual tar
washed twice with water and finally with successive 200-ml. por-
tions of alcohol until a granular black mass was obtained. By
repeated washing with hot alcohol an orange solid was finally
obtained, 'which, after recrystallization from benzene, gave pale
yellow' crystals melting at 150-153.5° C. (uncorreeted).

(A small amount of a second compound wfith indicator proper-
ties can be isolated from the alcohol washings; it appears to be
the monophenylated ester, ethyl-2,4-dinitrophenylmalonatc,
which would be expected as an intermediate in the formation of
the diphenylated ester. After recrystallization from alcohol this
compound melted at 48° C. and dissolved in dilute base to give a
deep red color. The change from colorless to red was found to
occur over a pH range of ca. 7.2 to 9.0, but the compound is not
recommended as a substitute for phenolphthalein because the
change is less distinct.)

Figure 1. Indicator Range» in Titration of Potassium Acid

Phthalate with Sodium Hydroxide

The exact range over which the color change occurs was deter-
mined by titration of a buffered hydrochloric acid solution with
sodium hydroxide, using the glass electrode to measure pH.
About 5 drops of a saturated solution of the indicator in 50-50
acetone-ethyl alcohol were added to each 100 ml. of solution to
be titrated. At pH 7.5 the first blue tinge appeared in the solu-
tion, and at pH 9.1 the change to deep blue was complete. (The
indicator has been successfully used in the authors' analytical
laboratories by students who, by reason of deficiencies in color
vision, do not easily recognize the phenolphthalein end point.)

The pK of the indicator is therefore about 8.3. Figure 1
shows the indicator range given by ethylbis-2,4-dinitrophenyl-
acetate compared w'ith that given by phenolphthalein in the
titration of potassium acid phthalate with sodium hydroxide.
The same reversible color change was observed to occur in
anhydrous solvents such as absolute alcohol, dry ether, and dry
benzene.

TITRATION OF DARK-COLORED OILS

Since the basic color of cthylbis-2,4-dinitrophenylacetate,
instead of being masked in amber-colored solutions as is the
case wfith phenolphthalein, becomes more pronounced as a result
of the complementary spectral relations, the end point is
easily visible even in titrations involving dark-colored oils.
In order to check the accuracy of the end point determined under

Table I. Saponification Equivalents Determined for Colored QOils
Approxi-
Color
Saponification Equivalent olor
P Observed Density,
Calcu- Un- *£
Oil lated colored  Colored it
Propyl benzoate 164 165 165 1.85
Propyl benzoate 164 167 166 1.85
Proprl benzoate 164 166 164 1.85
Ethyl-3-carbethoxy-2-furanacetate 113 113 1.85
Ethyl-3-carbethoxy-2-furanacetate 113 115 1.85
Oil A 256 1.55
Oil A 254 1.55
Oil A (electrometric) 256 1.55
Oil B 276 60.3
Oil B 270 60.3

these conditions, saponification equivalents were determined for
samples of pure propyl benzoate and ethyl-3-carbethoxy-2-
furanacetate both before and after the addition of an artificial
coloring material. For this purpose the addition of a few
milliliters of a highly colored neutral caramel solution prepared
from pure cane sugar was found to be satisfactory.

About 0.3 gram of the carefully distilled ester was weighed into
a 125-ml. Erlenmeyer flask and the mixture was saponified with
15.00 ml. of a standard alcoholic sodium hydroxide solution ac-
cording to the procedure of Shriner and Fuson (7). The saponi-
fication mixture was titrated almost to neutrality with standard
acid, 5 drops of the indicator solution were added,_and the end
point w'as determined by adding an excess of acid and back-
titrating with standard alkali to the first blue tinge. Several
milliliters of aqueous caramel were then added to the alkaline
solution and the end point was redetermined in the dark green
mixture by adding acid until the amber caramel color just re-
turned. In the dark-colored solutions the end point w'as ap-
proached from the basic side, not from the acid side as in the case
of the uncolored solutions.

In Table I the saponification equivalents thus determined
for uncolored propyl benzoate and for artificially colored propyl
benzoate and ethyl-3-carbethoxy-2-furanacetate are compared
with the true values calculated from the molecular -weights of
the esters. The agreement between the calculated and the
observed values Is sufficiently good to prove the usefulness of
the procedure as an analytical method.

Two heat-bodied linseed oils, one of which (oil B, Table I) was
almost opaque when viewed by daylight in thicknesses greater
than 5 cm., were studied in order to determine the reproducibility
of the results under actual working conditions. Oil A was also
subjected to eloctrometric titration, thus affording an additional
chock on the accuracy of the results. The following procedure is
recommended as a working method.

A sample of 0.2 to 0.4 gram of the oil was saponified as before,
and after reducing the alkalinity of the mixture by titrating al-
most to neutrality with 0.25A hydrochloric acid, 5 drops of
saturated solution of the indicator were added. More acid was
then run in until the dark green color of the indicator just dis-
appeared. Two more determinations of the end point were then
carried out on the same sample by adding a few milliliters of
standard sodium hydroxide solution and back-titrating with acid.
The results of the triplicate determination were then averaged
and the saponification equivalent was calculated. The electro-
metric titration on a saponified sample of oil A was performed in
the usual manner, using a Beckman pH meter and a glass elec-
trode.

As can be seen by reference to Table I, the values for oil A
obtained by means of the relatively simple indicator method agree
with the value obtained from the more elaborate electrometric
method, and even the very high color density of oil B does not
seriously interfere with the precision of the determination.

The approximate density of the amber color of both the
naturally and the artificially colored oils is recorded in the last
column of Table | with reference to 0.017.1/ potassium di-
chromate solution arbitrarily assigned a value of unity. The
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light absorption was measured by comparison of the various oils
with the standard on a Klett-Summerson photoelectric colorimeter
without a filter. W ith the instrument adjusted to give a scale
reading, B, of zero for the reference standard, the ratio of the
light absorbed by the oil, i,, to that absorbed by the standard, t.,
was calculated from the equation

- logs = 0.002E

or %

o — antilog 0.002/E

Thus oil* B has a light-absorbing power approximately 60
times that of 0.017/1/ potassium dichromate solution.

ANALYTICAL EDITION 55

ACKNOWLEDGMENT

The authors are indebted to Earl J. Serfass for many helpful
suggestions concerning the analytical procedures.

LITERATURE CITED

(1) Am. Soc. Testing Materials, Standards, Part Ill, pp. 954, 958
(1942).

(2) Mcllhiney, J. Am. Chem. Soc., 16, 408 (1894).

(3) National Technical Laboratories, pH Bull. BIO.

(4) Pomeranz, Seifensieder-Ztg., 45, 578 (1918); Chem. Zentr., 90, II,
647 (1919).

(5) Pschorr, Pfaff, and Berndt, Z. angew. Chem., 34, 334 (1921).

(6) Richter, Ber., 21, 2470 (1888).

(7) Shriner and Fuson, “Systematic Identification of Organic Com-
pounds”, 2nd ed., Procedure B, p. 118, New York, John Wiley
& Sons, 1940.

Pycnometer for Volatile Liquids

Control of Diffusion as an Aid in Precision Pycnometry

M. R. LIPKIN,J. A. DAVISONL W.T. HARVEY, and S. S. KURTZ, Jr.
Sun Oil Company, Marcus Hook and Norwood, Penna.

This paper reports the design of a pycnometer which is especially
well suited for the determination of density on 5 ml. of volatile liquid
with an accuracy of =*=0.0001 gram per ml.

FURTHER publication in the field of density determinations
might seem unnecessary in view of the large number of de-
vices which have already been described. However, most of
these instruments were designed for a special purpose and a
simple pycnometer for general use in hydrocarbon analysis, and
particularly for obtaining precise densities on materials as vola-
tile as pentane, has not previously been described.

Many general references (I, 9, 16, 19, 90, 24, 29) are available
on the determination of density, and Irving {16) gives a general
discussion of the method of floating equilibrium. Unusual meth-
ods include measuring the frequency of acoustic vibration {17)
which is dependent on the density of the surrounding medium.
Especially interesting are the balanced column methods {4, 7,11,
13) which eliminate the use of an analytical balance, and which
merit further investigation.

The more conventional pycnometers, such as the pipet types
{8, 10, 33) and the Sprengel-Ostwald type with its modifications
{6, 19, 20, 23, 27), often involve some kind of closure or cap to
prevent rapid vaporization of volatile materials. These caps are
in part successful, but are not entirely satisfactory with materials
as volatile as pentane and ether.

In 1884 Perkin {22) recognized the advantage of having both
menisci remote from the ends of the pycnometer arms, so that
vaporization would be somewhat hindered. This principle is in-
volved in the design of several flask-type pycnometers {2, 3, SO,
31) and many capillary-arm pycnometers {6, 12, 21, 22, 25, 26).
However, the control of diffusion by the use of an unfilled capil-
lary arm has not been generally recognized and has never, as far
as the authors are aware, been discussed on a quantitative basis.

PYyCNOMETER

The pycnometer which has been developed (Figure 1) has been
in use in these laboratories for about 4 years. It is of Pyrex and
consists of a 0.3-, 1-, 3-, or 5-ml. bulb blown in one side arm of a
capillary U-tube. About 2 cm. of the upper end of the other
side arm are bent over to form a hook for filling the pycnometer
by capillary action and for hanging the pycnometer in the bal-
ance.

This hook is a self-filling device, previously described by Hen-
nion {14). The liquid is first drawn into the pycnometer by
capillary action and the pycnometer then fills by siphoning.

1 Present address, U. S. Rubber Company, Passaic, N. J.

Parker and Parker {21) also used the principle of siphoning to
fill their pycnometer. Siphoning has the definite advantage over
filling by a suction technique that it reduces the loss of the more
volatile components of gasoline.

Both upper side arms of the U-tube are calibrated in scale divi-
sions from 0 to 8.0 with ten intermediate scale divisions between
each major scale division. Each major scale division equals 10
mm. The capillary tube should have a 0.6- to 1.0-mm. bore
and should not be over 6 mm. in outside diameter. The pyc-
nometer is similar to those of Shedlovsky and Brown {26) and
Robertson {25), which feature two calibrated stems and 25-ml.
capacity. The present pycnometer, however, is of much smaller
capacity and is easily handled on an analytical balance. It is
constructed with a bulb in only one side arm, which allows the

ycnometer to be filled easily and avoids loss of volatile products
y the slow rate of diffusion through unfilled capillary arms.

Figure 1. Pycnometer

Capillary bore 0.6 to 1.0 mm., outside diameter 6 mm. maximum,
material Pyrex, total weight not to exceed 30 grams
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The data showing the restraining effect of diffusion through a
capillary on rate of evaporation, summarized in Figure 2, were
obtained using a preliminary design in which both arms of the
pycnometer were straight. Recent tests with the pycnometer
having one arm bent are similar. Total length referred to is
the sum of the unfilled capillary in both arms of the pycnometer
and the rate of evaporation is the total rate from both arms of the
pycnometer in milliliters per minute. The rates given in Figure
2 are based upon data obtained during July and August in a hot,
drafty laboratory. Therefore these rates are probably maxi-
mum since heat and drafts on the exposed ends of the pycnom-
eter both increase vaporization. Howrever, these rates are suffi-
ciently accurate to establish the length of the unfilled capillary
necessary to avoid volatilization. Under more favorable condi-
tions the evaporation rates are somewhat lower than shown in
Figure 2.

It is clear from Figure 2 that if total length of unfilled capillary
is over 10 cm., the rate of diffusion is so low that the vapor loss
from the pycnometer becomes negligible.

The specification for these pycnometers is 0.6- to 1.0-mm.
inside capillary diameter. Since the data were obtained on a
pycnometer of 1.0-mm. capillary, the evaporation losses will not
be greater than indicated in Figure 2.

CALIBRATION OF PYCNOMETER

The pycnometer calibration is based on the density of water
and is checked with a pure hydrocarbon such as benzene. [Ben-
zene may be easily purified Dy the following procedure: Place 5
gallons of commercial c.p. benzene in a can surrounded with 5 cm.
(2 inches) of felt, and place the can in a cold room at about
—30° C. (—22° F.), or if this is not available, in a box chilled
with dry ice. Allow the benzene to freeze without agitation until
only about 1000 cc. of benzene remain uncrystallized. Pour off the
impure benzene, melt the crystallized benzene and recrystallize.
Each crystallization should take 3 to 5 days. Five or six such
slow crystallizations will usually give benzene having a freezing
point of 5.51° C. {SI), and density and refractive index agreeing
with the best literature values.]

The volume at 20° C. of water free from air (boiled and cooled
without agitation shortly before use) is obtained near the top, bot-
tom, and middle of the scales of the pycnometer. The volume
at 20° C. is calculated by dividing the weight of water by
0.99823. A calibration curve is drawn, plotting the sum of the
scale divisions on both arms as the abscissa and the volume in
milliliters as the ordinate. All points must fall on the same
straight line, which is the calibration curve for the pycnometer.
No correction is made for air buoyancy in the water calibration.
Instead, a correction, C, given by Equation 1, is added to the
observed value of the density to take care of all buoyancy errors
in which Do = density in air. This correction

C = 0.0012 X (1 - DO 1)

is based on the use of an average value of 0.0012 gram per ml. for
the density of air {29), and is applicable to all types of weights,
provided that weights of the same density are used in both the
calibration and the density determinations.

The use of a sealed counterpoise has not been recommended,
since the total volume of the 5-ml. pycnometer is only about 15
ml. and a variation in air density of =+=0.00005 gram per ml. will
give a change in buoyancy of only 0.00075 gram. Since about 4
grams of liquid are weighed, this buoyancy variation corresponds
to about =*=0.00015 in the density of the sample. This value is
probably extreme. For more accurate work, especially with pyc-
nometers of larger size, a sealed counterpoise can be used to com-
pensate accurately for buoyancy of the air on the pycnometer it-
self. The buoyancy effect can then be corrected using an accu-
rate value for the density of air, which is dependent on the tem-
perature and humidity.

Check points on the water calibration arc obtained with ben-
zene. To obtain volumes, the weights of benzene are divided by
0.8788. The density of benzene in vacuum at 20° C. determined
by use of this calibration curve and Equation 1should be 0.87893,
which checks the values of 0.87890 of Timmermans and Martin
{28) and 0.87895 of Wojeiechowski (32).

DETERMINATION OF PRECISION DENSITIES

A. Pure Compounds and M ixtures op Medium and Low
Volatility. The pycnometer is cleaned with benzene and

Vol. 16, No. 1

dried by suction. The final rinse should be with good clean ben-
zene. Acetone is not recommended because it frequently con-
tains nonvolatile residue. If the outside of the pycnometer is
dirty or oily, it is rinsed with benzene and dried by gently wiping
with cheese cloth or other suitable material. [Static charge in-
troduced by wiping the pycnometer with a dry cloth is apt to
cause errors in weighing, especially in cold dry weather. Before
hanging pycnometer on wire hook in the balance, observe whether
ycnometer exerts attraction for the wire hook by touching the
ook with the pycnometer and gently drawing it away. Static
charge can usually be nullified by touching the side of the pyc-
nomcter lightly with one’s fingers. If this procedure will not
remove the static charge, the humidity of the balance room
should be increased until the difficulty disappears (about 60 per
cent relative humidity).] The weight is then obtained within
=0.0001 gram on a good analytical balance, after allowing the
pycnometer to come to balance case temperature.

TOTAL LENGTH UNFILLED CAPILLARY.

Figure 2. Evaporation Rates

The pycnometer is filled in an upright position by placing the
hooked tip in a vial containing the liquid until the liquid level
reaches scale mark 4 on the bulb side. Liquid level must be on
the scale when the pycnometer contents are at 20° C. (68° F.).
In hot weather (100° F.), the contraction to 68° F. on a 3-ml.
pycnometer of small bore is approximately 10 cm. If room
temperature is below 68° F. or the sample is much below that
temperature, due allowance should be made in the filling level.
The level of liquid in the vial must be very near the top. Pen-
tane will fill a 3-ml. pycnometer in less than a minute. More
viscous samples wall fill more slowly. This pycnometer is not
recommended for samples more viscous than gas oil of 50 seconds
Saybolt viscosity at 100° F. (about 7.4 centistokes).

The pycnometer is removed from the sample bottle, and the
hook which had been immersed in the sample is cleaned with a
cloth moistened with benzene and wiped dry. The weightis then
obtained within =£9.0001 gram.

The pycnometer is placed for 10 to 15 minutes in a vertical
position in a glass jar thermostat held at 20.00° ==0.05° C. and
allowed to reach that temperature. A variation of 0.05° C. is
equivalent to approximately 0.00004 gram ml. per ml. for gaso-



January 15, 1944

line hydrocarbon. A more général expression for the tempera-
ture coefficient of density of hydrocarbons may be obtained from
the correlation of Lipkin and Kurtz {18).

The meniscus levels are read on both arms of the instrument
within one half of the smallest scale unit without removing the
pycnometer from the bath. To avoid undue volatilization losses,
the elapsed time between weighing and reading the meniscus
levels should not be over 15 minutes. The volume in milliliters
corresponding to the sum of the readings is read from the cali-
bration curve:

... weight of sample
Density in air = 6tﬁgr_vea vofumie @)

Equation 1 gives the corrections to be added to the determined
density to take care of air buoyancy and to obtain density in
vacuum.

B. Highly Volatile Mixtures. This procedure is to be
used on highly volatile mixtures because it prevents or reduces
change in the compositions of the sample by the selective vola-
tilization of the lower boiling components while the pycnometer
is being filled and while it attains balance temperature.

The sample is cooled to ice temperature, charged to the pyc-
nometer, and the pycnometer and contents are allowed to come
to temperature, 20° C. The volume is read, the instrument re-
moved from the bath, the outside cleaned anddried,and the
pycnometer plussample weighed. The sample isthenflushed
from the pycnometer with benzene, and the pycnometer is dried,
and weighed empty.

Either procedure may be used on pure compounds of high
volatility, since selective loss of one component is not involved.
Procedure A is more convenient for samples which are not ex-
tremely volatile.

In both procedures there is a time interval between the meas-
urement of weight and the measurement of volume. If volatili-
zation occurs between these measurements in the case of proce-
dure A a high density will result, since weight is measured first.
In the case of procedure B, since volume is measured first, low
densities will result from such vaporization. Such losses are
negligible except in the measurement of very volatile materials
such as isopentane in pycnometers of small volume such as 0.3
ml. If vaporization losses are suspected, the density should be
determined by both procedures and averaged.

Table I. Deviations in Density Observed Using Pycnometers of
Different Sizes*

0.32-M1. 1.2-M1. 3-M1. 5-M1.
Opera- Material Pycnom- Pycnom- Pycnom- Pycnom-

tor Examined d20/4 eter eter eter eter
1 Isopentane 0.6197 +0.0019 +0.0014 +0.0006 - 0.0001
1 +0.0011 +0.0010 +0.0000 - 0.000!1
2 +0.0084 +0.0025 + 0.0005 - 0.0002
2 +0.0040 +0.0011 + 0.0001 - 0.0001
Av. +0.0038 +0.0015 +0.0003 - 0.0001
1 Ethyl ether 0.7140 + 0.0024 +0.0002 - 0.0002 -0.0005
1 +0.0022 + 0.0006 +0.0000 - 0.0001
2 +0.0044 +0.0013 + 0.0004 +0.0000
2 +0.0006 + 0.000L1 - 0.0001 + 0.0000
Av. +0.0024 +0.0005 - 0.0002 - 0.0001
1 300-400° F. 0.7975 —0.0003 -0.0005 - 0.0001 + 0.0001
1 naphtha . -0.0003 - 0.0002 - 0.0001
2 +CLOO04 -0.0007 -0.0003 -0.0003
2 -0.0004 -0.0006 +0.0000 - 0.0002
Av. -0.0004 -0.0005 - 0.0001 - 0.0002
1 (50% iso- 0.7128 -0.0015 +0.0005 - 0.0002 +0.0000
1 gentane) - 0.0022 +0.0003 +0.0002 - 0.0001
2 0% 300- -0.0069 +0.0009 +0.0002 +0.0004
2 400 F. +0.0019 +0.0012 + 0.0003 +0.0000

naphtha

Av. . -0.0031 +0.0007 + 0.0002 + 0.0001
1 Gas oil 50 0.8304 -0.0032 -0.0005 +0.0000 + 0.0001
1 sec. Say- -0.0028 -0.0008 - 0.0002 + 0.0001
2 bolt at -0.0014 -0.0005 - 0.0001 £0.0000
100° F. +0.0001 - 0.0010 -0.0003 -0.0003
Av. -0.0019 -0.0007 - 0.0002 - 0.0001

° Obtained using procedure A and early design of pycnometer with both
arms straight. Similar data obtained with bent-arm pycnometer check these
data. Earlier tests are given, Bince they are more complete than recent tests.
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PRECISION

Tests of the precision of the pycnometer using procedure A are
shown in Table I. (Results obtained with procedure B are of
comparable accuracy.) Two operators determined the densities
of isopentane, ethyl ether, a naphtha, a mixture of isopentane
and a naphtha, and a gas oil. Each operator made duplicate
determinations. The data showed that, with the 3- or 5-ml.
pycnometer, precision does not depend on the operator, and that
the 5-ml. size is precise to +0.0001, the 3-ml. to £0.0002, the
1-ml. to £0.001, and the 0.3-ml. to £0.002 gram per ml. over
the entire viscosity and volatility range between pentane and
light gas oil.

The sources of the larger errors in determining densities with
the smaller pycnometers are shown in Table 1l. The effect of
the various possible errors on the final determination of the den-
sity is given. With the 1-ml. and the 0.3-ml. pycnometers,
errors in the scale readings and weighings are important. Errors
due to temperature control and air buoyancy are the same with
all size pycnometers, as indicated in the table. The 3- and 5-ml.
pycnometers are recommended for routine use.

Table Il.  Errors in Determined Densities of Ethyl Ether Due to
Errors of Observation
Volume of 1° C.Errorin 0.5 Mg. Error 0.5 mm. Error in

PycnometerB“ Temperature in Weighing Scale Reading
MI. O./ml. a./ml. O./ml.
0.25 0.0011 0.0020 0.0011
1 0.0011 0.0005 0.0003
3 0.0011 0.0002 0.0001
5 0.0011 0.0001 0.0001

“ Capillary diameter 1.0 mm.

ACCURACY

The data in column 3, Table I, on the density of the materials
were obtained by a skilled operator with the 5-ml. pycnometer,
and are believed to be accurate within +0.0001 gram per ml.
If this is true, the data in Table | constitute a test of accuracy as
well as of precision. As a further test of absolute accuracy of
the authors’ method, the density of a carefully purified sample of
benzene was determined on a pycnometer calibrated with water.
The density at 20° C. was found to be 0.87895. This result
checks the literature value of Timmermans {28) of 0.87895 cor-
rected from 15° C. and the value of 0.87891 determined by Woj-
ciechowski {82) corrected from 25°, using the temperature co-
efficient of density values determined by Timmermans.

SPEED

Each determination requires 10 to 15 minutes of the operator’s
time, and an elapsed time of 20 to 30 minutes. W ith a damped
balance, 10 minutes of operator’s time per sample is sufficient.
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Apparatus for Measuring the Gas Permeability of
Film Materials of Low Permeability

A.

CORNWELL SHUMAN

Central Laboratories, General Foods Corp., Hoboken, N. J.

Apparatus is described (or measuring the gas permeability
of film materials having permeabilities as low as 0.001 cc.
(at standard temperature and pressure) per 100 square
inches per 24 hours. The low range for previously reported
methods (water vapor permeability and balloon fabric
permeability) is about 100 cc. per 100 square inches per
24 hours. The apparatus combines simplicity of design,
simplicity of manipulation, and high sensitivity in a unit
which can be fabricated in most machine shops. The
measurements are made under conditions of one atmosphere
pressure differential.

HE packaging of some foods, drugs, chemicals, etc., requires

flexible films and paper coatings of very low permeability to
fixed gases, particularly oxygen. The need for film having a
permeability of not more than 0.25 cc. per 645 sq. cm. (100 square
inches) per 24 hours has been pointed out by Elder (S). This
figure is entirely out of the range usually measured for balloon
fabrics (5), where permeabilities range from 100 cc. per 100
square inches per hour and up. The customary measurements
of water vapor permeability (1, 2, 4) of packaging films are also
in a relatively high range—for example, a “good” water vapor
barrier will have a permeability figure of 0.1 gram or 125 cc. per
100 square inches per 24 hours. The apparatus described in this
paper is designed for measurements in the range 0.001 to 1000 cc.
per 100 square inches per 24 hours, and primarily for the meas-
urement of the fixed gases, although with some modification it
might be also used for water vapor permeabilities. The purpose
of this publication is to make available to others the means which
the author has developed for testing packaging films of very low
permeability.

The mechanism of gas transmission through solids has not
been explained thoroughly. Oswin discusses this briefly (4).
If the gas passed through small pores or openings in the solid, the
situation would be a relatively simple one; the permeability of a
film to various gases could be predicted from the known laws of
gas flow through orifices. However, such is not the case. It is
known that polyvinyl alcohol film is permeable to water vapor but
not to oxygen, and Pliofilm is permeable to carbon dioxide but

relatively impermeable to oxygen. Perhaps a process of solution
of gas in the film on one side, diffusion through the film, and
evaporation from the film on the other side takes place in some
cases.

Figure 1.  Diagram of Apparatus
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The mechanism of gas transmission through film determines to
some extent the conditions under which a film should be tested.
Two factors are involved: the difference in total pressure on the
two sides of the film and the difference in partial pressure of the
gas being tested on the two sides of the film. If permeability is
due to gas flow through orifices in the film, the difference in total
pressure is of primary importance and the difference in partial
pressure is of secondary importance. If the permeability is due
to solubility of the gas in the film, the difference in total pressure
is of no importance, but the difference in partial pressures is im-
portant. In the apparatus described in this article, the test is
made under the conditions of atmospheric pressure of the gas
being tested on one side of the film and zero pressure of all gases
on the other side.

The apparatus, shown in Figures 1 and 2, combines simplicity
of design, simplicity of manipulation, and high sensitivity in a
unit which can be fabricated in most machine shops. Essentially
the method involves measuring changes in pressure inside a small
evacuated space due to gas passing into that space through the
film sample being tested.

CONSTRUCTION OF APPARATUS

The manometer, M, is held in place by the nut, N, to which it
is sealed with Cenco Plicene cement or other sealing compounds
of good adhesive properties and low vapor pressure. The hole
through the nut is bored nearly the same diameter as the glass
tube, thereby minimizing the amount of cement necessary for this
seal. The nut is screwed up against the thin rubber washer, W,
and the entire joint is coated with shellac to ensure a vacuum-
tight seal.

Manometer M serves the dual purpose of recording the pres-
sure change and of evacuating the space inside the apparatus.
For evacuation, the entire apparatus is tipped so that the mer-
cury runs over into the reservoir, R; then the apparatus is evacu-
ated through tube B with stopcock S in the open position. After
evacuation, S is closed and the apparatus is tipped again so that
the mercury runs from R into M. In case air leaks through S
during a test, the mercury in that arm of the manometer will be
depressed, thus serving as an indicator of leakage at this point
without spoiling the test. The center arm of M is made of cap-
illary tubing of about 1.5-mm. internal diameter for the purpose
of reducing the volume of gas space inside the apparatus and
thereby increasing its sensitivity. The rest of the manometer
may be made of tubing of any convenient size. The scale used
in measuring the height of the mercury is not shown. A piece of
millimeter cross-section paper held behind the manometer serves
very well for the purpose.

The upper part of the hole in the center of the disk, K, is
covered with a small metal disk, D, which has four small holes
about 1 mm. in diameter for passing gas into the manometer
system. The top surface of the small disk is flush with the top
surface of the large disk, If, presenting a continuous smooth sur-
face for mounting the film, F.

The drying agent absorbs all moisture which passes through F,
thus eliminating this gas as a source of error in gas transmission
measurement. Dehydrite (anhydrous magnesium perchlorate)
diluted with a small quantity of Indicating Drierite (anhydrous
calcium sulfate) serves admirably. A screen fraction passing 14-
mesh and retained on 40-mesh has been found to be a convenient
size. In general, any drying agent which will reduce the water
vapor pressure inside the apparatus to less than 0.5 mm. of mer-
cury will serve. A small plug of cotton over the top of the man-
ometer tube will prevent particles of the drying agent from
falling into the manometer.

MOUNTING SAMPLES

The film sample, F, is mounted on the apparatus as showm in
the diagram. A piece of filter paper, P, is placed between the
film and K to provide a porous medium for gas leaking through
the film to travel to the openings in D and pass through the drying
agentinto M. The part of F overlapping P and in direct contact
with K is sealed to the disk by means of a thin film of heavy stop-
cock grease having a low vapor pressure. This area of the film
is held in place by the rubber gasket, C.

Disk E has two small holes diametrically opposite one another
and near the inside circumference of the metal ring, 0. When
measuring air transmission, these openings are left open so that
the space between E and F is filled with air. When it is desired
to measure the gas transmission for any other gas, a small rubber
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stopper with a glass tube is inserted into each of these holes.
The space between E and F is then flushed out with gas to be
measured by passing the gas in one opening and out the other.
It has been shown that the moisture content of fixed gases mark-
edly affects their rate of transmission through some film mate-
rials (4). This factor may be controlled by conditioning the gas
to be tested before it is passed through the apparatus.

Courtesy "Modern Packaging”

Figure 2. Apparatus

In mounting multi-ply film having one or more plies of a porous
material—for example, a film laminated between twro pieces of
paper—it is practically impossible to obtain a vacuum-tight seal
using stopcock grease between the paper surface of the sample
and K. In mounting such films, use has been made of a plas-
ticized tar as shown in Figure 3. An edge coating extending
about 0.6 cm. (0.25 inch) from the circumference is applied to
both sides of the disk of film to be tested by dipping in the plasti-
cized tar (Figure 3). The tar-coated disk of material is mounted
directly on K without the use of stopcock grease. When cap G
is screwed into place, the plasticized tor is spread out by the com-
pressive forces and makes a vacuum seal between F and K.
Carbowax 1500 is a suitable plasticizer for the tar when used at
the level of about 5 per cent.

CALCULATIONS

Gas. transmission measurements are conveniently recorded as
cubic centimeters of gas at standard conditions of temperature
and pressure transmitted per 100 square inches of surface per 24
hours. Such a figure is given by the following expression:

P v v 273 100 24
760 * X T X A A hours

where P = the absolute pressure inside the apparatus as meas-

ured on the manometer in millimeters

V = total volume of the inside of the apparatus in cubic
centimeters

T = temperature in degrees absolute

A —surface area of test sample (area of filter paper P in
square inches)

hours = time of test

The value of V may be calculated with sufficient accuracy
(within 5 per cent) from the known dimensions of the apparatus,
making a correction for the volume of the drying agent used.
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It is equal to the sum of the volume of the holes in D, the volume
of the circular opening containing the drying agent minus the
volume of the drying agent, and the volume of the capillary bore
of the center stem of the manometer down to the mercury level
in this stem. The volume of the pore space in P amounts to
about 0.05 cc. and the volume change due to a mercury level
change of 20 mm. in the center stem of the manometer amounts
to about 0.04 cc. These errors in volume are neglected.

For the apparatus diagrammed in Figure 1, the value of V is
about 2 cc., and the value of A is 23 sq. cm. (5 square inches).
At a temperature of 30° C., T = 303° absolute. Substituting
these values in the above equation, we get the following working
equation:

P/hours X 1.14 = cc. of gas at standard conditions of tempera-
ture and pressure transmitted/100 square inches/24 hours

SENSITIVITY, ACCURACY, AND PRECISION

The actual time required for a test with this apparatus varies
with the permeability of the film being tested and the limits
within which it is desired to determine the gas transmission rate.

For example, it might bo desired to know whether a film sample
has a transmission rate greater or less than 0.25 cc. per 100 square
inches per 24 hours. Using the above equation and constants
for the apparatus herein described, this transmission rate will
produce a pressure change in the manometer of 0.5 mm. in about
2.5 hours: 0.5-mm. change is easily read on the manometer;
therefore, the failure of the manometer to change 0.5 mm. in 2.5
hours’ time is sufficient evidence that the gas transmission rate is
less than 0.25 cc. per 100 square inches per 24 hours. Should the
time of the test be extended five times as long, to 12.5 hours, the
failure of the manometer to cliange 0.5 mm. is sufficient evidence
that the gas transmission rate is less than 0.05 (0.25/5) cc. per
100 square inches per 24 hours. Further extending the time of
the test thus further reduces the figure Tor the maximum trans-
mission rate of the sample.

W ith films of liigh permeability, the mercury in the manometer
will drop several millimeters in an hour’s time. W ith such films,
therefore, the test need not be extended more than a few hours.

Occasionally film samples contain material, such as plasticizers,
which have appreciable vapor pressures. Such materials will
vaporize into the apparatus and depress the mercury in the man-
ometer. This may bo mistaken for gas transmission through the
film, but may be distinguished from gas transmission by the fact
that the pressure will reach a constant value, the rate of change
of pressure decreasing as this value is approached. It is there-
fore necessary to make readings of the manometer at intervals
during the test and calculate the rate of manometer change for
each interval. If the rate of change is constant, it is due to gas
transmission through the film, but if it is a decreasing rate of
change, the change is due at least partly to vaporization of some
volatile material from the film.

The required accuracy is not very great for measurements of
permeability of film packaging materials where values might vary
a millionfold among various materials and a thousandfold among
various samples of the same material. It is estimated that meas-

urements with this apparatus are accurate to within 15 per cent.
The temperature, time, and manometer reading may be deter-
mined within a few per cent. The principal factors affecting the
accuracy are the volume of the apparatus and the area of the test
sample. It is estimated that these are easily determined in the
manner described within 10 per cent accuracy. The precision or
reproducibility of measurements on duplicate samples of the same
material is generally about 10 per cent.

EXAMPLES

The following examples will serve to typify the data which may
be obtained with this apparatus:

1. Air transmission for an impermeable sample (a sample of
laminated glassine at 60 to 80 per cent relative humidity).

In a period of 36 hours, no change was observed in the man-
ometer. Assuming that a minimum change of 0.5 mm. can be
detected on the manometer, the rate of change of the manometer
was not greater than 0.5/36 or 0.0139 mm. per hour. The gas
transmission was, therefore, not greater than 0.0139 X 1.14, or
0.016 cc. per 100 square inches per 24 hours.

2. Air transmission for an impermeable sample containing a
volatile plasticizer (a polyvinyl alcohol coating at low humidity).

The manometer changes during the indicated time intervals
were as follows:

Time Interval

Manometer Change Rate of Change

Hours Mm. Mm./hour
0-1 2 2.0
1-2 1.5 1.5
2.4 2 1.0
4-10 . 3.5 0.58
10-40 0.5 0.017

Total 9.5

Itisevident from the above data that a material having a vapor
pressure of about 9.5 mm. is evaporating from the sample and
that equilibrium is nearly established after 10 hours. The rate
of change of the manometer during the last 30 hours of the test
was 0.017 mm. per hour. Therefore, the gas transmission rate
for the sample was not more than 0.017 X 1.14 or 0.019 cc. per
100 square inches per 24 hours.

3. Air transmission for a permeable sample (a thin coating of
polyvinyl alcohol).

The manometer changes during the indicated time intervals
were as follows:

Time Interval
Hours
0-1
1-2
2-4
1-10
10-18
Total 18

Manometer Change Rate of Change

Mm./hour
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The constancy of the rate of change figures indicates that this
sample is permeable to air. The rate of gas transmission is
1.5 X 1.14, or 1.71 cc. per 100 square inches per 24 hours.
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Because of critical shortages, the American Chemical
Society has been forced to cut its use of paper to an abso-
lute minimum. It will no longer be possible to print the
customary number of extra copies to supply demands
for volumes and sets in subsequent years. Therefore, it
is suggested that subscribers who do not bind their
journals save current issues for later sale.



Design of Large-Size Laboratory Extraction Glass Apparatus

RAYMOND JONNARD
Warner Institute for Therapeutic Research, 113 West Eighteenth St., New York, N. Y.

A SIMPLE large-capacity extraction apparatus has been

described by Smallwood (2).

The frequent need for extraction apparatus of larger capacity
than the conventional Soxhlet extractors for research as well as
for small pilot production justifies a description of the improved
all-glass apparatus which has been in satisfactory operation in
this laboratory for a number of months.

The apparatus is

shown in Figure 1,
after removal of the
insulation. It is de-

signed for operation at
either ordinary or re-
duced pressures and is
equipped to permitthe
collection of all engi-
neering data required
for pilot work. It is
made of standard

Pyrex parts with Ace

spherical joints, size

35/25. The boiler is

a three-neck 12-liter

flask installed in a

Glas-Col heater pro-

vided with proper in-
put control (rheostat
.and ammeter) and
pyrometer. The ex-
tractor has a total
capacity of 8 liters.

In order to obtain a

sufficient speed of ex-

traction the hot sol-
vent vapor is fed at

the top of the 600-mm.

Allihn condenser, in-

stead of the bottom,

as in the conventional

Soxhlet. Experiment

has shown that flood-

ing occurs with the
conventional design at

a distillation rate of 3

liters per hour at ordi-

nary pressure and 15

liters per hour at 74.1

mm. hg. (27-inch)

vacuum in the pres-
ence of alcohol vapor, with a condensing area of 640 sg. cm.
cooled with brine, whereas the present design permits an extrac-
tion of 5.5 liters per hour at ordinary pressure and over 4 liters
per hour in vacuum with a condensing area of only 350 sg. cm.

When used under vacuum, excessive evaporation of the solvent
in the extractor is prevented by a oack-condenscr inserted in the
vacuum line (350-sq. cm. Allihn Pyrex vertical condenser) at the
level of the side connection of the 8-liter bell jar forming the
extractor.

Inasmuch as the sudden emptying of the large extractor into
the hot boiler could be dangerous, particularly with very volatile
solvents, the return U-tube is provided with a glass stopcock
which permits either controlled periodical or continuous circula-
tion of the solvent. A sampling outlet is provided at the bottom
of the extractor.

The condensers can be cooled with either water or brine, and
the piping circuit includes the necessary valves and measuring
devices for determination of the heat balance.

Figure 1

Table | indicates the performance of the apparatus in two
different experiments.

The volatility involved in calculating the over-all theoretical
plate number has been calculated from the recent data of Beebe
and co-workers (f): For Xf = 24.10 and %>= 56.75 the overhead
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temperature was always lower than 39.3° C., the difference being
probably accounted for by the presence of noncondensable gas
in the vapor phase, which is difficult to avoid in apparatus of
relatively large size. Despite the length of the vapor line, the
apparatus appears well suited for use with mixed or diluted
solvents.

Some determinations of the approximate heat balance have
been made and one typical resultis reported in Table II.

Table I. Performance of Apparatus
Head Boiler  Extract
Tem- Tem- Tem-  Absolute Over- Plate
perature perature perature Pressure head Bottom No.°
° C. °C. °C. Mm. Hij Mole % Mole %
32 36 27 109 73.0 23.5 1.4
29 35 26 100 62.8 23.5 1.1

° Over-all theoretical plate number. Although a certain reflux takes place
from the top of the vapor line downward, no liquid is ever carried back to the
still f)ot when the licat input is correctly adjusted. Therefore the phases in
equilibrium considered for the calculation of the "over-all theoretical plate
number” were the still pot liquid composition and the distillate composi-
tion, respectively. No flow measurement is involved in this calculation.
However, the rate of distillation can be determined by measuring the time
required to fill the extractor whose capacity is known; this operation re-
quires shutting off the stopcock on the return U-tube for only a short time.

The data reported show the excellent performance of the
apparatus. They demonstrate the possibility of obtaining a rate
of extraction much faster than hitherto reported with large all-
glass laboratory apparatus, while at the same time maintaining
a satisfactory and economical heat balance so that the extraction
can be carried out under conditions more closely resembling
those of plant operation.

Table II.
Heat Input from Distillate

A. Heatofcondensation
Kate of distillation, ml. per
min., 80

Distillate, sp. gr., 0.840
Ethanol, mole %, 62.8
W ater, mole %, 37.3
Sp. heat of ethanol, 204.26
Sp. heat of water, 579.3

A *=23,103.96 calories per min.

B. Heat of of cooling of distillate
Temperature decrease, ° C.,
29-26° » 3°
Sp. heat of 62.8 mole % of
ethanol at 23° C.f calories
er gram, 72.0
B @ 145715 calories per min.

Total heat input, 23,249.11 calories
per min.

Heat Balance
Heat Output (to Brine)
Ka5'(<-:f-3 of brine flow, liters per min.,

Brine, sp. gr, 1.20

Brine, sp. heat, 0.7

Input temperature, ° C., 8.0
Temperature increase, 0 C., 8.1
Weight, gal. of water, Ib., 8.33

Heat output, 81.4 B.t.u. or 20,462.4
calories per min.

Balance®, 2787 calories per min. or
11.9%

° “Balance” represents summed effect of heat losses from the still pot
and the vapor line, the thermometers, various experimental uncertainties,
and some simplifying assumptions made in calculation of the quantities
involved.
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A Continuous Liquid-Liquid Extractor

IRWIN A.
The Institute of Paper Chemistry, Appleton, Wis.

ECENTLY Kieselbach (1) introduced a new principle into
the field of liquid-liquid extractors for use with mixtures
which tend to emulsify. His extractor, using air agitation and a
settling chamber for the separation of any emulsion formed, made
possible the rapid extraction of solutions formerly taking as long
as several weeks. However, Kieselbach's extractor has a number
of disadvantages, chief among which are the facts that a separate
extractor is necessary for each desired volume of solution to be
extracted and that very stable emulsions do not separate in the
narrow settling chamber.

The apparatus herein described was an attempt to increase the
utility of Kieselbach’s extractor for use with strongly emulsifying
sulfite waste liquor reaction mixtures varying in volume from
250 cc. to several gallons. The extractor unit is actually an
adapter to be used with standard-taper glass bottles or flasks.
It is made from readily available stock glassware and requires
a minimum of glass blowing.

Figure 1

The operation of the complete extractor assembly drawn to
scale in Figure 1is identical to Kieselbach’s. The extractor unit
was used successfully for extracting solutions contained in vessels
ranging from 250-cc. flasks to 12-liter bottles.

The mixing chamber, A, was made by sealing together two
standard-taper glass joints. The upper joint in this case was
24/40, although any size compatible with other equipment is sat-
isfactory. The lower joint was 29/42; because of the possibility
of constriction, a smaller standard-taper joint should not be used.
Both standard joints were connected to 28-mm. outside diameter
tubing. A 500-cc. Erlenmeyer flask served as the settling cham-
ber, B, and was connected to the mixing chamber by a short
piece (30 mm.) of 25-mm. outside diameter tubing. A 24/40
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standard-taper joint was used for the connection to the boiling
flask, C. Tubing of at least 10-mm. outside diameter should be
used for the glass part of the trap, D; otherwise, the passage of
very slowly breaking emulsions is impeded. The trap itselfwas
made of a short length of fairly thick-walled neoprene tubing.
The inner tube, E, was made by sealing a piece of 8-mm. outside
diameter glass tubing to a stock gas inlet adapter. The length
of the tube depended upon the size of the flask containing the
material to be extracted. If a number of gas inlet adapters are
not available, a 10/30 standard joint may be sealed to the stock
adapter and a number of 8-mm. tubes with standard 10/30 joints
of lengths to fit various flasks or bottles may be used.

The completion of the extraction is usually determined by the
change in color taking place in the settling chamber. However,
in the case of extractions of colorless substances, samples of the
solvent layer in the settling basin may be taken periodically by
lowering the solvent solution interface (by withdrawing a little
solution through the gas inlet tube, E) and the appropriate use
of several screw clamps on the rubber trap. (Richard Kiesel-
bach, after reviewing the paper, suggested that the settling
chamber might be provided with a tubulature, close to the point
which used to be the neck of the Erlenmeyer flask, which would
permit sampling without interruption of the operation of the ex-
tractor. This should prove a valuable modification of the present
apparatus when dealing with colorless solutions.)

A glass T in the rubber trap may be used if a number of such
solutions are to be encountered. When the extraction is com-
plete, the solvent in the settling basin may be drawn oS in the
manner described above. These advantages make the rubber
trap preferable to the all-glass U-trap. In addition, the glass
blowing is greatly simplified. An Erlenmeyer flask was used for
the settling chamber because many fairly stable emulsions did
not break in the small-diameter settling basin of the earlier ap-
paratus. The shape of the Erlenmeyer flask is admirably suited
for this purpose because the slopes of its base and sides (when in
the position shown in Figure 1) facilitate rapid separation of the
two liquid phases. Furthermore, this design is relatively com-
pact. For maximum applicability, the seals at both ends of the
Erlenmeyer flask should be at the same level. The size of the
flask depends upon the nature of the solutions encountered. For
fast-breaking emulsions a 250-cc. flask may be used, thereby
holding up less solvent in the settling chamber. If a large mixing
chamber is used with a correspondingly increased air stream, a
larger settling chamber should be used. The specifications of the
entire apparatus are flexible.

When extracting materials subject to oxidation by air a stream
of inert gas should be used for agitation. Furthermore, when ex-
tracting gas-saturated solutions (such as bicarbonate or bisulfite
solutions), carbon dioxide or sulfur dioxide, respectively, may be
used advantageously as the agitating gas. In extractions of large
volumes of solutions with corresponding increases in time, the
loss of solvent due to extrainment in the exit gases may become
appreciable, and more solvent may have to be added to the boiling

flask. In this case advantage may be taken of a two-necked
boiling flask. A long efficient reflux condenser should always be
used. An active carbon trap is useful for recovering larger

amounts of solvents.

A large apparatus, using semiball joints, for use with 22-, 50-,
and 72-liter flasks was fabricated according to specifications by
the Scientific Glass Apparatus Co., Bloomfield, N. J.
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Determination of Small Amounts of Acrylonitrile in Air

G. W. PETERSEN and H. H. RADKE

Industrial Hygiene Laboratory, The B. F. Goodrich Company, Akron, Ohio

HE recent widespread use of acrylonitrile in the manu-

facture of one type of synthetic rubber has made it impera-
tive that a quantitative method for its determination in air be
developed. The toxicity experiments conducted by the U. S.
Public Health Service (1) indicate that the maximum allowable
limit for acrylonitrile is in the neighborhood of 20 p.p.m. Con-
sequently, an analytical method must be accurate to at least
that concentration. As far as is known no analytical method
has yet been reported. The Raleigh-Jeans gas interferometer
has been used for concentrations above 90 p.p.m. Below this
figure the results are questionable (2). In addition, the gas inter-
ferometer is not very satisfactory for field use where mixtures
of vapors are likely to be encountered.

METHOD

The method developed in this laboratory depends upon a
modified Kjeldahl reaction in which the absorbing solution
containing the acrylonitrile is made strongly alkaline with sodium
hydroxide and then oxidized with hydrogen peroxide. Upon
refiuxing, the acrylonitrile is
converted quantitatively to
ammonia, which is distilled Js
over and collected in a stand-
ard acid solution. The
amount of ammonia evolved
is determined by titration of
the excess acid. The acrylo-
nitrile vapors are absorbed
in cold concentrated sulfuric
acid contained in- a suitable
absorption trap. This
method is limited by the fact
that there can be present in
the contaminated air no
nitrogen-bearing compounds
other than acrylonitrile.

PROCEDURE

Sampling. Two absorp-
tion traps (Figure 1) are filled
to a depth of about 2.5 cm.
(1 inch) with glass beads, and
2 ml. of concentrated sul-
furic acid are added to each
trap. The traps are con-
nected in series and put in
a water-ice bath. The air
sample is drawn through at
a maximum rate of 0.4 liter
per minute. The rate of
sampling is accurately meas-
ured by means of a rotam-
eter. The volume of air sampled should be such that the
total sample consists of approximately 6 mg. of acrylonitrile.
The sample is then washed into the reflux flask (Figure 2), and
0.2 gram of copper acetate is added as an inhibitor to prevent
polymerization.

Analysis. Twenty-five milliliters of 0.0251V sulfuric acid are
pipetted into the titration beaker and diluted with distilled water
until the bubbler is at least 1.25 cm. (0.5 inch) below the surface.
The reflux flask containing the sample is put into place and the
system is completely closed. The acid sample is made alkaline
by adding 50 ml. of 50 per cent sodium hydroxide to the closed
system by means of the separatory funnel. The residual sodium
hydroxide in the reflux condenser is washed down with 10 ml.
of distilled water, and 20 ml. of 30 per cent hydrogen peroxide
are then added slowly from the separatory funnel. When the
addition is completed, the sample is refluxed gently for 30 minutes.
At the end of the reflux time, the water is drained from the reflux
condenser and approximately one half of the sample is distilled
over. The second condenser is then washed down with distilled

Figure 1. Absorption Trap

A. Glass outlet tube

B. One-hole rubber stopper
C. 0.25-Inch test tube

D. Glass beads

E. Glass inlet tube
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Table I.
Concentrations
Theoretical Sampling
Concentration  Rate Time - —VYield-
P.p.m. L./mxn. Min. Mg P.p.m
400 0.4 20 6.54 394 98.5
200 0.4 35 5.51 189 94.6
100 0.4 75 6.12 97.9 97.9
50 0.4 150 6.29 50.6 101.2
25 0.4 180 4.50 30.0 120.0

water, and the excess sulfuric acid is titrated with 0.0LY sodium
hydroxide, using methyl red as the indicator.
The concentration of acrylonitrile is calculated as follows:

P.p.m. = (25.00Ah - NBVB) X » X C

when Na = normality of 11250i
Vb = ml. of NaOH used in titration
Vs = volume of air sampled, liters
Nb = normality of NaOH used in titration
C — 22,400 corrected to sampling pressure and tem-

perature

DISCUSSION

The analysis is based upon Radziszewski’s reaction (3). The

mechanism is as follows:

(0}
H22 NaOH /e
RCN— >R—C—HN2—- >NHS+ R—C
A A \
ONa

The use of hydrogen
peroxide reduces the re-
flux time from 4 hours

to 0.5 hour, and also
drives the reaction to
completion. Low yields

due to polymerization
of the acrylonitrile are
prevented by the addi-
tion of copper acetate
as an inhibitor, and by
limitation of the size of
the sample. A sample
containing approxi-
mately 6 mg. of acrylo-
nitrile proved to be most
satisfactory because it is
dilute enough to pre-
vent polymerization and
yet large enough to give

an accurate analysis.
The maximum sampling
rate of 0.4 liter per

minute is very critical
for the type of absorp-
tion equipment de-

Figure 2. Apparatus for De-
termination of Acrylonitrile

é. éOO-ccd. blallot_)n_ Qaslc

. Ground-glass join i i i i

g grounc-glass Jon scrlb_ed in this a.rtlcle.
D. Separatory funnel A higher rate will re-
E. No. 2 condenser .

F. Sintered-slass bubbler sultin loss of sample.
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Table | contains the results of the analyses of known concen-
trations of acrylonitrile vapors, prepared in a gas chamber of
1000 liters’ capacity by the introduction of measured amounts
of liquid acrylonitrile. The various concentrations were chosen
to indicate the accuracy of the method over a wide range.

Over the entire range of concentrations the only variable is
the time of sampling. The large relative error in the analysis
of the 25 p.p.m. samples is misleading, since the actual error
is only 5 p.p.m. The principal reason for the error in the
results of the low concentrations is the difficulty of measuring
the exceedingly small amounts of liquid acrylonitrile required
in making up these concentrations in the 1000-liter gas chamber
available.
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Spectrophotometric Determination of lodine Liberated in
the Oxidation of Carbon Monoxide by lodine Pentoxide

BERNARD SMALLER and JOHN F. HALL, Jr.
Aero Medical Laboratory, Army Air Forces, Wright Field, Dayton, Ohio

A spectrophotometric method for measuring the lodine
liberated in the oxidation of carbon monoxide by iodine
pentoxide Is described. The lodine concentration was
measured at 350 millimicrons against a water blank, using a
Coleman photoelectric spectrophotometer. Results in terms
of carbon monoxide were calculated by the use of a for-
mula derived from the calibration curve and the chemical
reactions Involved. The method Is sensitive, convenient
(requiring the preparation of only one reagent, 1 per cent
potassium iodide), and reliable for concentrations of
carbon monoxide as low as 0.005 to 0.001 per cent.
The range of applicability is 0.001 to approximately 0.2
per cent. Interfering substances (gasoline vapor, water,
etc.) are effectively removed by the use of chromic acid,
silica gel, and phosphorus pentoxide as the absorbing or
"scouring" agents. As described, the method has an
accuracy of £+10 per cent In the range 0.001 to 0.010 per
cent carbon monoxide. For analyses of carbon monoxide
concentrations above 0.010 per cent and within the limits
of usefulness of the apparatus (0.2 per cent) the accuracy
of the method is Increased to +3 to 5 per cent.

NE of the standard methods and probably the most widely

used quantitative procedure at present available for the de-
termination of small amounts of carbon monoxide in air is the
iodine pentoxide method. Numerous workers, including Edell
(J), Sendroy (S), and Vandaveer and Gregg (4, 5) have suggested
modifications or have added improvements to the method as
originally introduced by de la Harfe and Reverdin (2).

In these methods the gas sample is usually first passed through
chromic acid to remove volatile hydrocarbons, then through po-
tassium hydroxide and phosphorus pentoxide to remove water
vapor, and finally overdry solid iodine pentoxide at 150° to 160 0 C.
to produce quantitatively the volatile products carbon dioxide
and iodine. These are absorbed or collected in barium hydrox-
ide in case carbon dioxide is measured, or in potassium iodide in
case the iodine is to be determined. lodometric measurement by
titration with sodium thiosulfatc, using starch as the indicator,
has been generally adopted as the method of choice.

However, the necessity for frequent determinations in this
laboratory of low (0.005 to 0.001 per cent) carbon monoxide
concentrations disclosed several difficulties and disadvantages
which made desirable some other means of measuring the iodine

liberated. The following may be mentioned specifically: (1) the
very dilute (0.001A0 sodium thiosulfate solutions used, because
of a slow rate of decomposition, require periodic checks upon
their concentration; (2) slight overtitration of the end pointis a
potential source of error; and (3) duplicate titrations on the same
sample are sometimes impossible.

APPARATUS AND REAGENTS

lodine pentoxide apparatus. Coleman photoelectric spectro-
photometer, Model 10S. One per cent potassium iodide solution
(Merck’s c.p. granular potassium iodide is satisfactory). Pipets,
10.0, 1.0, and 0.2 cc.

METHODS AND PROCEDURE

The above-mentioned difficulties could be eliminated, it was
found, by the use of a spectrophotometric method of measuring
the iodine concentration. For this purpose a Coleman double
monochromator photoelectric spectrophotometer (Model 10S)
having a range of 350 to 1000 millimicrons was used. Deter-

minations of the spectral
transmittance of iodine in 1
per cent potassium iodide,
the calibration curve relating
concentrations to logarithm
of the percentage transmit-
tance, as well as all meas-
urements of iodine concen-
tration in blanks and un-
known samples were per-
formed with this instrument.

The  spectrophotometric
method . of measuring the
amount of iodine in a 1 per
cent potassium iodide solu-
tion requires no chemical
reaction of the iodine but is
dependent only upon the
absorption of light by the
iodine in solution. For the
range of iodine concentra-
tions used this absorption
has been observed to follow
Beer’s law, in that the rela-
tionship between the
logarithm of the percentage
transmittance and the con-
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Figure 2. Spectral Transmission Curve of lodine
(5 X 10-»N)

In 1 percent potassium lodide solution as determined with Coleman

8hotoelectr|c spectrophotometer (Model 10S) using a 5-mm. slit.

uvettes were circular tubes of 16.5-mm. diameter and comparison
tube wes a blank solution (10 cc.) of 1 per cent potassium iodide

centration of absorbing material (iodine in 1 per cent potassium
iodide) is linear and the calibration curve is a straight line.
This may be expressed as:

Concentration = K' X —"r°

wherc To equals the intensity of incident light, T equals the in-
tensity of transmitted light (after passing through sample), and
K" equals the calibration constant expressing the relationship
between concentration of iodine in 1 per cent potassium iodide
solution and the logarithm of the percentage transmittance. Ab-
sorption of light by iodine (5 X 10“bV) in 1 per cent potassium
iodide increases as the wave length of light used decreases into
the ultraviolet. As a result of this observation all measurements
were made at 350 millimicrons, the point of greatest absorption
of the wave-length range available with this type spectrophotom-
eter.

Gas samples are collected in calibrated metallic containers of
approximately 1600- to 1700-cc. (STP) capacity; smaller 200-
to 250-cc. (STP) glass tonometers may be used for sampling pur-
poses, but give less satisfactory results. The samples are then
passed through the iodine pentoxide apparatus by displacement
with water, this method being preferable from the standpoint of
safety, ease of adjustment, and convenience to the suction method
usually employed. It was experimentally observed that the
displacement of the 1600- to 1700-cc. sample in 60 minutes fol-
lowed by a 30-minute flushing with nitrogen gas at the same rate
of flow gave most accurate results. However, size of sample, its
concentration, and degree of accuracy demanded are all factors
which may modify the time necessary to complete an analysis.

For the collection of the liberated iodine the original Gomberg
tube used routinely with the iodine pentoxide apparatus was re-
placed by an absorption tube designed and adapted by J. W.
Heim of this laboratory for the present method of analysis (Figure
1). The iodine passes through the collecting tube, which extends
almost to the bottom of the absorption vessel, and bubbles out
through the sintered-glass filter at its end. The amount of iodide
solution used (10 cc.) is sufficient, of course, to keep the filter well
below the liquid level. This tube has marked advantages over
the Gomberg type, in that its wide-mouthed ground-glass stopper
permits ready access to the iodide solution for sampling at the
completion of an analysis; it is easily washed out or cleansed;
and quantitative results obtained with its use have proved it an
efficient type of absorption vessel.
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Blank analyses are carried out by filling calibrated containers
with nitrogen (commercial), passing the gas through the appara-
tus, and flushing exactly as with unknown samples. From the
amount of iodine measured the equivalent carbon monoxide is
then calculated. Blank analyses are always performed prior to
the analysis of unknown samples and the blank value in terms of
percentage carbon monoxide is always subtracted from the un-
known value to obtain the true or “corrected” carbon monoxide
percentage concentration. The only reagent required for an
analysis is the 1 per cent potassium iodide solution. This should
be prepared from a pure grade of potassium iodide (since impure
preparations readily liberate appreciable iodine) and should be
renewed about once a week. The solution should bo stored in a
dark glass bottle.

RESULTS

In Figure 2 the spectral transmittance curve of iodine (5 X
10~W) in 1 per cent iodide solution is presented. Maximum
absorption of light by iodine (5 X 10~8AT) in 1 per cent potas-
sium iodide solution occurs in the region of the ultraviolet.
However, at 350 millimicrons (the lower limit of the Coleman in-
strument) the absorption is sufficiently great (90 per cent) to pro-
vide a means of measurement that is as sensitive and accurate as
the routine sodium thiosulfate titration method. Both the ti-
tration method and that described here have been employed in
this laboratory for determining carbon monoxide in air samples.
However, the authors have found the titration method less satis-
factory for concentrations of carbon monoxide below 0.005 per
cent. Below this value the titration method was less convenient
and more time-consuming than the spectrophotometric.

The relationship between the concentration of iodine over a
wide concentration range and the logarithm of percentage trans-
mittance is linear. The value of the calibration constant, K',
which expresses this relationship between concentration in equiv-
alents per liter and logarithm of percentage transmittance, is
51 X 10"
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Figure 3. Changes in Percentage Transmission of lodine

in 1 Per Cent Potassium lodide as a Function of Time

The change in the percentage light transmission of iodine in 1
per cent potassium iodide solution as a function of time is illus-
trated in Figure 3 and the quantitative effects of such changes
are presented in Table I. Dilutions of 1 to 50 showed changes
equivalent to only a 6 per cent decrease in the percentage of car-
bon monoxide after one hour. |If spectrophotometric readings
are made within 5 to 10 minutes following the completion of the
sample run, the error due to any change inlight transmission may
be considered negligible.

Blank analyses using nitrogen gas (commercial) and performed
as previously described gave fairly consistent values, the average
being equivalent to a carbon monoxide concentration of 0.0004
per cent. These results are summarized in Table II.
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Tabic I. Effect of Changes in Percentage Transmission of lodine
in 1 Per Cent Potassium lodide Solution with Time
Original®
Concentration 1 Hour 5 Hours 23 Hours
Dilution Cco CcO Change Cco Change CcO Change
% % % % % % %
1:10 0.0137 0.0120 -12.4 0.0109 -20.4 0.0103 -24.8
1:20 0.0136 0.0120 -11.8 0.0112 -17.6 0.0107 -21.4
1:50 0.0116 0.0109 - 6.0 0.0091 -21.6 0.0085 -26.8

Table Il. Blank Analyses
[Nitrogen (Commercial) Gas Samples]

Date Sample Volume CO (as lodine E
Cc. %

12/5/42 1660 0.0003
12/5/42 1610 0.0007
12/8/42 1630 0.0002
12/12/42 1590 0.0002
12/12/42 1600 0.0005
12/12/42 1580 0.0004
12/19/42 1640 0.0003
1/2/43 1630 0.0005
1/6/43 1650 0.0004

Av. 0.0004MD « (¢00.0001

An opportunity to check the accuracy and sensitivity of this
method was offered when known standard samples of carbon mon-
oxide mixtures prepared and analyzed by the National Bureau of
Standards, Washington, D. C., were sent to Wright Field for
check analyses. The comparative results are presented in Table
II1. In general, values with the spcctrophotometric method
varied from 4 to IS per cent below those reported by the Bureau
of Standards, with results averaging 10 to 11 per cent lower.
While the method is capable of detecting concentrations as low as
0.001 per cent, the limit of accuracy is approximately 5 to 10 per
cent for concentrations below 0.010 per cent.

Table Ill.  Carbon Monoxide
(Comparison of Bureau of Standards and Wright Field Analyses)
Bureau of Wright Field
Standards Analyses Date Analyses Difference
% % %

0.0076 4/12/42 0.0070 - 7.9
4/12/42 0.0005 -14.5

4/12/42 0.0068 -10.5
4/12/42 0.0069 - 9.1
Av. -10.5
0.0050 4/11/42 0.0041 -18.0
0.0048 - 4.0
Av. —11.0

The analysis of samples whose concentration is below 0.010 per
cent requires consideration of several factors. As previously
mentioned, rate of sample flow should be sufficiently slow to en-
sure complete oxidation of all carbon monoxide by the iodine
pentoxide. For concentrations of 0.010 per cent and below total
sampling periods of 80 to 90 minutes gave satisfactory results.
Sample volume is another factor to be given consideration when
accurate results are desired. Comparative results of analyses
of a standard carbon monoxide mixture when using small and
large sampling volumes are shown in Table IV. Accuracy and
dependability of analysis are obviously increased when larger
volumes are used, particularly when the concentration of carbon
monoxide is below 0.010 per cent.

The photoelectric colorimeter used with a filter which transmits
the greater portion of its light as nearly as possible within the re-
gion of the maximum absorption of iodine in 1 per cent potassium
iodide solution—i.e., about 350 millimicrons—can be used if
the spectrophotometer is not available. A calibration curve
must be determined and the sensitivity of the photoelectric colori-
metric procedure is somewhat less than that obtained with the
spectrophotometer.

From the chemical reactions involved 1.0 ml. of O.0OQliViodine
solution is equivalent to 0.056 ml. of carbon monoxide meas-
ured at 0° and 760 mm. Tlie volume of carbon monoxideat0°
and 760 mm. is then calculated as follows:

pn K' X (0.056 X 1000) X 100 X 10 X (2 - log% T)
/0 cc. of sample (STP)

where K'is 5.1 X 10-t and 10 ml. of 1% potassium iodide are
used.

substituting,

Mpo 51X 10-6X (0.056 X 1000) X 1000 X (2 - log % T)
/0 * cc. of sample (STP)
Of m = 51 X 10-s X 56,000 X (2- log % T)
cc. of sample (STP)
Finally % CO = X dilution used

The value 2.86 is termed K in the final equation below and is
determined as indicated from both the calibration curve and the
quantitative relationship between the concentration of carbon
monoxide and iodine released in the oxidation reaction. The
final general equation is then:

% CO = X dilution

Ke%t&m ple (STP)

As an example of the use of the above equation in calculating
results, the following analytical data are presented:

A 10-ec. portion of the 1 per cent potassium iodide was used to
collect the iodine liberated when a gas sample of 2360 cc. (STP)
was passed through the apparatus. A 1 to 100 dilution of the
iodine collected in the 10-cc. portion of the 1 per cent potassium
iodide solution was made and when measured (at 350 millimi-
crons) with the spectrophotometer against a 10-cc. 1 per cent po-
tassium iodide blank set at 100 per cent light transmission, gave
a percentage light transmission of44.5. The calculation, by sub-
stitution of the above data, is illustrated as follows:

2.86 X (0.352)

%»CO = 2360

X 100 = 0.043

Table IV. Standard Carbon Monoxide Mixture

[Comparison of Analyses Using Small and Large Sample Volumes
of Standard CO (0.012 per cent)]

Date Gas Volume CO Found Deviation
Cc. % %
10/23/42 264 0.011 +0.001
10/23/42 204 0.009 - 0.001
10/23/42 264 0.013 + 0.003
10/24/42 270 0.006 -0.004
10/24/42 270 0.010 0.000
10/24/42 270 0.006 -0.004
10/24/42 270 0.015 +0.005
Av. 0.010 MD - (a.) 0.0020
10/26/42 1660 0.013 +0.002
10/26/42 1660 0.010 - 0.001
10/26/42 1660 0.011 0.000
10/27/42 1660 0.012 +0.001
10/27/42 1660 0.011 0.000
10/27/42 1660 0.013 + 0.002
10/30/42 1600- 0.011 0.000
10/31/42 1060 0.011 0.000
11/13/42 1645 0.012 +0.001
Av. 0.011 MD - (*) 0.0008
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Yeast Microbiological Methods for Determination
of Vitamins

Pantothenic Acid
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The yeast growth method for determination of pyridoxine
is modified for the determination of pantothenic acid.
The basal medium contains ammonium sulfate as a nitrogen
source and in addition sufficient asparagine to prevent
interference due to O-alanine. Extracts of substances to
be assayed are prepared by aqueous extraction under
pressure (15 pounds for 15 minutes) at pH 5.6 to 5.7, by

HE yeast microbiological method recently described for the

determination of pyridoxine (0) can, with certain modifica-
tions, be used to determine pantothenic acid. The yeast growth
factor activity of pantothenic acid was known before its need in
animal nutrition was established (72). That the yeast method
was not further developed as an assay method-by the discoverers
of pantothenic acid was due in part to the interference of 13
alanine (S). 0-Alanine is a structural part of the vitamin mole-
cule but is itself without vitamin activity for higher animals, al-
though under certain conditions it can replace pantothenic acid
as a yeast growth factor. The inclusion of asparagine in the
yeast growth medium tends to reduce the effect of 0-alanine (73),
but apparently it was not realized that the presence of sufficient
asparagine further reduces the interference to an insignificant
level. Asparagine does not, however, affect the activity of pan-
tothenic acid under the conditions employed.

The assay method described here has been used by the authors
for some time and may possess certain advantages over the micro-
biological method of Pennington, Snell, and Williams (3). The
method is rapid, 16 to 18 hours being allowed for yeast growth,
and it is especially adapted for turbidimetric measurement of
the yeast growth with a photoelectric colorimeter. Furthermore,
it offers an opportunity for checking assay results with a different
type of microorganism.

APPARATUS

AThe apparatus employed has previously been described (7, 2).

The utility of the Evelyn photoelectric colorimeter was also
studied. Using the test tubes usually supplied with the Evelyn
and the 660 (red) filter, the absorption curves were found to be
essentially the same as with the Lumetron instrument.

SOLUTIONS

Sugar and Salts Solution. One liter contains 200 grams of
c.p. dextrose (anhydrous), 2.2 grams of monopotassium phos-
phate, 1.7 grams of potassium chloride, 0.5 gram of magnesium
sulfate (MgS0(.7H2), 0.5 gram ofcalcium chloride (CaCI22HD),
0.01 gram of manganese sulfate, and 0.01 gram of ferric chloride.

Potassium C itrate Buffer. One liter contains 100 grams of
potassium citrate (K«H®7.H20) and 20 grams of citric acid
(HC HD7HD).

T hiamine Solution, 10 micrograms per ml.

Pyridoxine Solution, 10 micrograms perml.

Inositol Solution, 1mg. perml.

Biotin Solution. S. M. A. Corp. biotin concentrate No.
5000, diluted so that it contains approximately 0.8 microgram of
biotin per ml.  On one occasion this material was found to con-
tain appreciable amounts of pantothenate and as a consequence
a high blank, 15 to 20 per cent absorption, was obtained. The
pantothenate was readily destroyed by alkaline heat treatment
and the blank or zero value returned to the previous value (less
than 10 per cent). Pure biotin was also tried when it recently

enzyme digestion at the same pH, or by enzyme digestion
followed by aqueous extraction (15 pounds for 15 minutes).
The choice of extraction method depends upon the sub-
stance, since some have pantothenate in a bound form
whereas others do not. The results of assays of a number
of representative substances compare favorably with results
obtained by other methods.

became available and the results indicate that it may be sub-
stituted for the crude concentrate.

Ammonium Sulfate Solution, 150 mg. per ml.

Asparagine Solution. One hundred milliliters contain 3
grams of (-asparagine. Heating to 100° C. is necessary to dis-
solve the asparagine.

The solutions are sterilized by heating in flowing steam for 30
minutes on three consecutive days, and may then be stored at
room temperature until used. The pyridoxine solution is care-
fully protected from light.

Pantothenate Standard Solution. d-Calcium pantothe-
nate (synthetic) is used as a primary standard. A freshly dis-
solved solution containing 1 mg. per ml. is keptin the refrigerator
and used as a working standard for not more than 2 to 3 weeks.
Immediately before use a portion of the working standard is di-
luted with distilled water, to contain 0.1 microgram (100 milli-
micrograms) per ml.

YEAST INOCULUM

Fleischmann culture 4228, a strain of Saccharomyces carlsber-
gensis, is grown on malt agar slants (Difco) for 24 hours at 30°
and then may be stored in the refrigerator for not more than one
month. The day before an assay run, a fresh transfer is made
and incubated at 30°. Yeast is transferred from this slant to a
tube of sterile saline until the light absorption indicates that the
concentration is 3 mg. per ml. The calibration (50 per cent ab-
sorption with the authors’ instrument) is based on a known sus-
pension of moist baker’s yeast. The absolute quantity of yeast
in the inoculum is not critical and hence this approximation is
satisfactory. A 10-ml. aliquot of this suspension is added to 90
ml. of sterile saline contained in an Erlenmeyer flask. The final
suspension contains 0.3 mg. of moist yeast per ml. and is ready
for use.

PREPARATION OF SAMPLES FOR ASSAY

Kuhn and Wendt (7) have reported that pantothenate (filtrate
factor) may occur as part of a nondialyzable complex of high
molecularweight. The pantothenate content of tissues and yeast,
as measured by microbiological methods, is increased by
autolysis or enzyme digestion and the increase appears to be due
to a decomposition of the complex. Pantothenate is a relatively
unstable compound, being readily hydrolyzed by either acid or
base. Consequently it is desirable to prepare extracts for assay
by the mildest and most direct means. In general, there are
three extraction methods available:

1. Enzyme digestion by clarase or other suitable enzyme
preparations. Autolysis (self-digestion) may be considered a
form of enzyme digestion but is inapplicable to most substances
and uncertain with some tissues.

2. Water extraction at high temperature (autoclave) and at
the most stable pH range.

3. Enzyme digestion followed by water extraction at high
temperature.
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Table 1.

suspension (0.3 mg. of moist yeast) is added to each.
to the incubator for 2 hours and measured again.

No. 11jO Added . Absorption
ML ML %
1 4.0 0 6
2 3.5 0.5 0 50 My of calcium pantothenate0 16
3 3.0 1 0 100 Same 29
4 2.5 1.5 o 150 Same 41.5
5 2.0 2 0 200 Same 48.5
6 1.0 3 0 300 Same 59.5
7 0 4 0 400 Same 66.5
8 3 1 0 0.025 ml. whole urinc*> 21
9 2 2 31
10 1 3 48
11 0 4 54.5
12 3 1 0 0.1 mg. yeast extract (dry)c 17.5
13 2 2 9y (dry) 31.5
14 1 3 43.0
15 0 4 50.5
16 3 1 0 0.5 mg.dry 200-B yeast«* 22.5
17 2 2 41.5
18 1 3 56
19 0 4 63
20 3 1 0 10 mg. wheat-hard winter No. 2e 25.5
21 2 2 41.5
22 1 3 54.5
23 0 4 62.5

u £alcium pantothenate, prepared from 1 m%. per ml. of refrigerated solution.
0

H 5.6 for 24 hours, 10 ml. diluted to 400 ml.

&No treatment, preserved at
ays at 45° C., 100 mg. diluted to 1 liter.

j Jjgestcd with clarasc for 2
« Digested with clarase for 2 days at 45° C.,

Vol. 16, No. 1

Typical Protocol

To each tube are added 5 ml. of basal pantothenic acid-free medium plus ingredients noted below.
The tubes are then shaken at 30° for 16 hours, the turbidity is measured, and the tubes are returned

After the 10-minute heat treatment 1 ml. of yeast

16 Hours 18 Hours
Panto- Panto- X Panto- Panto-
thenate thenate Absorption  thenate thenate Average
ylo- or y//g- or y/ml. or
My/tube y/ml. % My/tube y/ml. y/g,
7
21
37
48
55
66
73
70 2.8 28.5 72 2.9 2.7
130 2.6 36.5 130 2.0
195 2.6 55.5 203 2.8
250 2.5 01.5 250 2.5
57 570 22.5 55 550 550
110 550 40 112 560
165 550 53 165 550
215 538 57 212 530
75 150 29 75 150 163
155 155 48.5 155 155
265 177 61.5 250 166
355 173 67.5 317 159
87 8.7 32.5 86 8.6 8.3
157 7.9 49.5 160 8.0
250 8.3 60 235 7.8
350 8.8 67.5 320 8.0

100 mg. diluted to 200 ml., solution centrifuged until clear.

« Water extraction, autoclaved 15 minutes at 16 pounds pressure, 1 gram diluted to 100 ml.

MILLIMICROGRAMS- PANTOTHENATE

Reference Curve
B. 18 hours

Figure 1.
A. 16 hours

The third method has been found necessary with certain mate-
rials—e.g., fresh green peas—because of the presence of a sub-
stance inhibitory to yeast growth which, however, is inactivated
by ashort treatment in the autoclave.

Enzyme Digestion. Insoluble substances should be pow-
dered or dispersed in water with a Waring Blendor or its equiva-
lent. Weigh or measure a portion of the unknown estimated to
contain 10 to 20 micrograms of pantothenate into a 40-ml. test
tube graduated at 10 and 20 ml. Add 1.0 ml. of the buffer and
sufficient water to make the volume to 10 ml. Heat in flowing
steam for 5 minutes, cool, and add a weighed amount of clarase
roughly equal to the dry weight of the sample. Dissolve by
gentle shaking and after adjusting the volume to 20 ml. add 0.5
ml. of benzene. Cork securely and incubate at 45° for 2 days
or 37.5° for 3 days. Make the volume to 200 ml. with water.
W ith materials of high potency it is not convenient to weigh out

an amount containing only 10 to 20 micrograms: hence 100 mg.
are weighed out and after digestion a greater dilution is made.
The solutions are centrifuged, if necessary, to obtain a clear ex-
tract.

W ater E xtraction (High Temperature). Some cereals do
not appear to require enzyme digestion (9, 10)—e.g., wheat and
wheat products—and for these water extraction may be used.
Suspend an amount of sample estimated to contain 5 to 10 micro-
grams of pantothenate—e.g., 1gram of wheat—in 80 ml. of water,
add 1 ml. of buffer, and adjust the pH to 5.6 to 5.7, using dilute
sodium hydroxide or sulfuric acid. Heat the suspensions in an
autoclave at 7 kg. (15 pounds) for 15 minutes, cool, and dilute to
100 ml. This treatment does not always yield a clear extract
even after centrifuging. A short incubation at 45° for 15 minutes
after the addition of a knife point of clarase will usually produce
flocculation and a clear supernatant fluid.

Enzyme Digestion Followed by W ater Extraction. Pro-
ceed exactly as in the simple enzyme digestion but rinse the con-
tents of the test tube into a flask with 60 ml. of water, check the
pH and adjust, if necessary, to 5.6 to 5.7, and then heat at 15
pounds for 15 minutes. Cool and dilute as usual.

METHOD

Five milliliters of basal pantothenate-free medium plus a solu-
tion of the unknown or an aliquot of the pantothenate standard
solution are placed in a series of test tubes together with sufficient
water to make the volume in each tube 9 ml. The tubes are
plugged with cotton, steamed for 10 minutes, cooled, and inocu-
lated with 1 ml. each of the yeast inoculum. The tubes are then
shaken at 30° C. and the yeast growth is estimated at 16 and 18
hours by turbidimetric measurements made directly on the tubes
with the photoelectric colorimeter. Each assay run includes a
series of tubes which are used to construct the reference curve.
This series is made with the following levels: 0, 50,100,150, 200,
300, and 400 millimicrograms per tube. For assay runs contain-
ing more than 25 tubes two reference series are included, one at
the beginning and one at the end of the run, and the results of the
two are averaged to construct the reference curve.

The basal medium for 20 assay tubes is prepared by mixing the
stock solutions in the following proportions: sugar and salts
solution, 50 ml.; potassium citrate buffer, 10 ml.; inositol solu-
tion, 5ml.; ammonium sulfate solution, 5ml.; thiamine solution,
5ml.; pyridoxine solution, 5ml.; biotin solution, 5ml.; aspara-
gine solution, 12.5 ml.; and water to 100 ml.

It is not essential to prepare this medium fresh for each run.
Larger batches may be prepared and stored at a temperature a
few degrees below 0° for as long as 3 months with no observed ill
effects upon the assay run.
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The protocol of a typical assay run in which representative
materials were assayed is shown in Table | and the reference
curve is given in Figure 1. In practice this curve is plotted on
ordinary graph paper and values for the unknown are obtained
by interpolation. The estimated potency is an average of the
value at each assay level and at both 16 and 18 hours. The aver-
age deviation from the mean is about 4 per cent. If more than
two of the eight values obtained for each assay deviate from the
mean by more than 10 per cent, the assay is usually repeated.

Results are reported as pantothenate content and are based
on d-calcium pantothenate as the primary standard without con-
version to the equivalent weight of free acid. There seems to be
good precedent for this in the use of thiamine hydrochloride and
pyridoxine hydrochloride equivalents without conversion to the
equivalent weight of free base.

Determination of Pantothenate in Presence of Its
Hydrolytic Products

Table II.

Composition of Mixture Assay
Completely Recovery
hydrolyzed Calcium of addca

calcium Calcium pantothenate calcium
pantothenate pantothenate (by assay) pantothenate

Mg. Mg. Mg. %

0 1.0 1.02 102

0.25 0.75 0.70 93

0.50 0.50 .0.50 100

0.70 0.30 0.29 97

0.80 0.20 0.19 95

0.90 0.10 0.10 100

0.95 0.05 0.055 110

1.00 0.00 <0.01

RESULTS

Pantothenate Estimation in the Presence of /3-Alanine.
Since /3-alanine is a potential interfering substance in this assay
it is desirable to determine the limits of the interference. There
is no evidence that /3-alanine occurs as such in nature except as a
degradation product of pantothenate. Consequently, the in-
fluence of /3-alanine on the assay was studied by analyzing a se-
ries of mixtures representing pantothenate in various stages of
hydrolysis.

A solution of completely hydrolyzed pantothenate was pre-
pared by heating 10 mg. of the calcium salt dissolved in 10 ml. of
12V and 42V sodium hydroxide, respectively, at 15 pounds pres-
sure for 2 hours and then cooling and neutralizing. The panto-
thenate remaining was determined after adding a known amount
of pantothenate to the solution. The assay showed 1.5 per cent
of the pantothenate left in the 12Vtreated solution and less than
1per centin the 42Vtreated solution.

In order to determine the amount of /3-alanine produced by the
hydrolysis the basal medium was modified by the omission of
asparagine, the inclusion of Z-leucine, and the substitution of
pure biotin for the crude which contains /3-alanine. A reference
series of growth tests with increasing amounts of /3-alanine then
supplied data for a reference curve, which was used to determine
the /3-alanine content of the hydrolyzates. Theoretically each
100 parts of calcium pantothenate should yield 37.3 of /3-alanine.
The 12V solution assayed 32.5 parts or 87 per cent and the 42V
solution 30.25 parts or 81 per cent. Apparently a portion of the
/3-alanine is destroyed in the course of the hydrolysis.

Assuming that the 42V solution represented “completely” hy-
drolyzed pantothenate, the experiment described in Table 11 was
made. The hydrolyzate was mixed in various proportions with
freshly dissolved pantothenate and the mixtures were assayed as
unknowns. The results show that little interference from 23
alanine is to be expected until 95 per cent or more of the panto-
thenate has been destroyed.

The ease with which the present method may be converted to a
method for /3-alanine determination suggests that it may be use-
ful in determining the nature of the loss of pantothenate activity
in the processing of vitamin concentrates.

Influence of pH on the Stability of Pantothenate.
Since pantothenate is readily hydrolyzed by either acid or alkali,
it is desirable to establish the pH range of maximum stability, so
that extracts for assay may be made with a minimum of loss.
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Solutions of pantothenate were heated at 7 kg. (15 pounds)
pressure for 15 minutes and at 9 kg. (20 pounds) for 1 hour.
The heating at 20 pounds was used to accentuate the destruction;
the milder heating is used in the assay. The solutions contained
in 1 liter: 1 mg. of calcium pantothenate, 10 ml. of potassium
citrate buffer, and enough citric acid to adjust the pH to 5.0.
Potassium hydroxide (30 per cent) was added to adjust the pH to
various levels and aliquots of the solution were removed at each
level. After heating and cooling, the solutions were diluted to
correspond to a concentration of 100 millimicrograms per ml. and
assayed by the usual procedure.

As can be seen from Figure 2, the most stable region is between
pH 5.5 and 6.0. In practice the pH is adjusted to between 5.6
and 5.7 in the extraction procedures. Although a suspension of
whole wheat had a pH of 6.4, extraction without lowering the pH
showed no significant loss. Relatively large quantities of organic
matter may have a protective action on pantothenate. It is de-
sirable, however, to adjust the pH to the most stable range in
routine analysis, unless investigation shows it to be unnecessary.
Clarification of aqueous extracts of starchy substances by the
short clarase method proceeds best at pH 5.6 to 5.7.

Enzymatic Digestion. Early pantothenate assays of certain
substances by the microbiological methods did not agree with
chick assays (9). The discrepancy is now believed to be due to
the existence of a bound form of pantothenate available to the
chick but not to the microorganism. Digestion with various en-
zyme preparations liberates the bound pantothenate and tends
to bring the assay results by the two methods into somewhat
better agreement. Waisman and Elvehjem (22) found pan-
creatin satisfactory, Cheldelin el al. (3) prefer takadiastase,
whereas Strong, Feeney, and Earle (9) recommend clarase. The
authors have compared clarase with a few other preparations and
find it satisfactory and furthermore relatively low in color and in
pantothenate content. The product is labeled “Diastase, Vera,
highly concentrated ‘Clarase’”, and may be obtained from Eimer
and Amend, New York. The pantothenate content of this
preparation varies between 2 and 4 micrograms per gram. When
clarase treatment is used, the results of the assay must be cor-
rected for the pantothenate content of the enzyme.

pH

Figure 2. Influence of pH on Stability on Pantothenate

A. 15 pounds for 15 minutes
B. 20 pounds for 1 hour

The enzyme is active in the pH range of maximum stability of
pantothenate. Maximum liberation of bound pantothenate was
obtained by digestion for 3 days at 37° C. or 2 days at 45° C.
Higher temperatures did not appear to offer any advantage.
It is essential to maintain an excess of benzene or toluene in the
digestion mixture during incubation.
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Table Ill. Alkaline Hydrolysis of Pantothenate
Original )
Pantothenate Residual .
Sample Content Pantothenate  Destruction

t/ (* 7/(7- %

Y east extract 509 2.5 99.5

509 5.0 99.0

Dried yeast 104 10.0 94.0

Urine 3.2 7/ml. 0.00 7/ml. 98.4
Calcium pantothenate 1 mg. 10.0 7/mg. 99

Table IV. Recovery of Pantothenate
Total Added Found Recovered Recovery

7/(7- T/(7- 7/(7- T/(7- %
W heat 8.3 8.0 17.4 9.1 110
8.3 8.0 10.4 8.1 101
Yeast extract 550 500 1053 503 101
550 500 10S0 530 10G
Dried yeast 104 200 371 207 104
104 200 357 193 97

Av. 103.0

Hydrolysis op Pantothenate. The relative ease with which
pantothenate activity is destroyed by hydrolysis suggests an
added test of the specificity of the assay method. Quantitative
destruction of the pantothenate activity by alkaline hydrolysis
would indicate the absence of an alkali-stable, nonspecific growth
factor in the preparation under study. Similarly, acid hydroly-
sis would indicate the absence of an acid-stable factor.

Y east extract (100 mg.) and dry yeast (100 mg.) were subjected
to clarase digestion and then 10iV sodium hydroxide was added
to make the final concentration IN. Urine and calcium panto-
thenate were prepared in similar fashion but without digestion.
All were heated at 20 pounds for 2 hours, cooled and neutralized,
and then assayed for pantothenate after superimposing a known
quantity of pantothenate on the test. The results are shown
in Table Ill. It is apparent that essentially all the activity is
destroyed by alkaline hydrolysis. Similar results were obtained
by acid hydrolysis.

Recovery of Added Pantothenate. The recovery of panto-
thenate which has been added to the unknown is a necessary test
of the specificity of an assay method of this sort. Table IV gives
the results obtained with wheat, yeast extract, and dried yeast,
when the pantothenate was added at the beginning of the extrac-
tion. The calculated recovery is based upon the added panto-
thenate and the average recovery of 103.6 per cent is considered
satisfactory, since each estimate is based upon two assays.

Assay op M iscellaneous Substances. Table V gives the
results of assays on a number of representative materials. These
assays are in essential agreement with those appearing in the
literature if allowance is made for the fact that many early micro-
biological assays were made without enzymic digestion. Wheat
and wheat derivativesappearto give maximum values with simple
agueous extraction, but yellow corn requires enzymic digestion.
It would thus appear difficult to generalize about the best ex-
traction method for cereals.

Citrus fruits contain some of the bound pantothenate. Meats,
animal tissues and extracts, and yeast products have a high pro-
portion of bound pantothenate and must always be subjected to
enzymic digestion. Milk and urine do not appear to contain any
significant proportion of bound pantothenate. Enzyme diges-
tion of fresh w-hole milk does not yield results as high as aqueous
extraction. There are indications that fresh milk may have an
inhibitory substance which is destroyed by heat. Most fresh
vegetables contain bound pantothenate. Fresh green peas con-
tain a substance which is markedly inhibitory to yeast growth
but which appears to be completely destroyed when the autoclave
method of extraction is employed. Simple enzymic digestion is
therefore inadequate and the authors follow the enzyme treatment
with autoclaving, when assaying fresh vegetables and fruits.

Table V. Pantothenate Content of Various Substances
Pantothenate
Determined
W ater
extraction Clarase Pantothenate
Description (autoclave) digestion Literature Value
. 7(7- 7/(7. ylo-
Cereais
Whole wheat A 8.9 8.4 12 (4). 12.8 (10
Whole wheat B 8.3 8.3 (9), 11.2“ (S
White flour (patent) 4.0 3.9 3.5 (4),5.7 (10
Whole wheat bread "(air-dry) 8.9 8.S (4
White bread (air-dry) 3.8 6.9 (4
Yellow corn 4.2 9.3 9.0 (9
Citrus fruits
Grapefruit (fresh) 2.7 3.76 2.9 E4;
Oranges (fresh) 1.9 3.36 3.4 (4
Clarase A 1.9
B 4.0
C 3.3
Meats
Pork muscle (fresh) 8.5 4.7, 5.8 (4)
Pork liver (fresh) 60.0 50 (11)
Beef muscle (fresh) 8.2 10 «?), 9,8“ (5)
Beef liver (fresh) 59.0 70 (4). 01.5 (9)
Liver concentrate No. 20 (dry) 472
7/ ml. 7/ml.
oryly. or yly. 7/ml. or 7/y.
Milk
Pasteurized A 3.2 X 4.0 (9)
Pasteurized B 3.3. 1.8.°2*46
Dried skim milk 43.0 40.0 '44, 47 (9)
Milk (whey)c 3.2
7/day 7/day y/day
Urine, normal 24-hour excretion**
Subject A 3410 3250 3000-5000 (9)
Subject A 4400
Subject B 4400
Vegetables (frefch)
omatoes 2.0 4.56 3.7 (4)
Cabbage 2.1 2.56 1.8 (4
Beets 1.3 1.06 1.1 U
Carrots 2.3 3.16 2.5 (4
Green peas 3.8 3.96 3.8 (4>
Potatoes 2.1 2.56 3.2 (4)
Yeast
Brewers’ (dry) 100 22*. 80* (9)
200-B (dry) "8 104
Yeast extract (dry) 319 500 240 *({?),” 260 * (5)
Autoclaved (dry) 48
“ Chick assay.

b Clarase digestion followed by autoclaving with water.

c Casein coagulated with mineral acid and supernatant fluid neutralised
and autoclaved for assay.

4 R‘H of urine adjusted and assayed without further treatment.

*No enzymic digestion.

The specificity of the present method is supported by a number
of observations: The values estimated at the various testing
levels and at 16 and 18 hours show no significant drift, recovery of
added pantothenate is virtually quantitative, the potential inter-
ference of /S-alanine has been eliminated, the pantothenate ac-
tivity of extracts prepared for assay may be destroyed by alkaline
or acid hydrolysis, and the results obtained are in substantial
agreement with reported values obtained by tests which employ
other microorganisms, and also in a limited number of cases with
the results of the chick assay method.

In order to obtain a measure of the reproducibility of the
method, a carefully refrigerated sample of dried yeast was as-
sayed ten times over a period of 3 months. The complete assay
including clarase digestion was performed each time. The mean
of the ten assays was 166.3 micrograms of pantothenate per gram
with an average deviation of 3.2 per cent and a standard devia-
tion of 3.8 per cent.

SUMMARY

A yeast microbiological method for the determination of pan-
tothenate is described. Specificity of response to pantothenate
in the presence of /3-alanine is obtained by the inclusion of a rela-
tively large proportion of asparagine in the medium in addition
to ammonium sulfate. The yeastis grown in test tubes which are
shaken at 30° C. for 16 to 18 hours. Yeast growth is estimated
with the aid of a photoelectric colorimeter. Methods of extrac-
tion of the vitamin have been studied and recovery experiments
are described. Extracts of substances to be assayed are prepared
by agueous extraction under pressure (16 pounds for 15 minutes)
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at pH 5.6 to 5.7, by enzyme digestion at the same pH, or by en-
zyme digestion followed by aqueous extraction (15 pounds for
15 minutes).
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Polarographic Determination of Copper, Lead, and
Cadmium in High-Purity Zinc Alloys

R.C. HAWKINGS and H. G. THODE
McMaster University, Hamilton, Ontario, Canada

A study has been made on the application of the polaro-
graphic method of analysis in determining trace elements
(down to 1 X 10"‘ per cent) found In zinc-base die casting
alloys. Trace amounts of lead, cadmium, and tin cause
intergranular corrosion which results in a serious weakening
of the alloy. A polarographic procedure has been de-
veloped for the direct determination of copper, cadmium,
and lead in these alloys. The samples are dissolved in
hydrochloric and nitric acids, evaporated to near dryness,
redissolved, treated with hydroxylamine hydrochloride,
and finally diluted to volume. The solution is then elec-
trolyzed cathodically over a range of approximately 0.8

M ETALLURGISTS have found in recent years that traces

of lead, cadmium, and tin in zinc-base die-casting alloys
tend to cause intergranular corrosion which results in a serious
weakening of the alloy. For this reason, specifications for the
manufacture of these alloys are very rigid, often requiring that
lead shall not exceed 0.003 per cent, cadmium 0.003 per cent, and
tin 0.001 per cent. The purpose of this investigation was to de-
velop a system of analysis for zinc die-casting alloys of the
Mazak type in which the polarograph could be used with advan-
tage to determine trace amounts down to 10 per cent with high
precision and accuracy.

The determination of trace quantities by wet methods of
analysis is exceedingly difficult. It is usually necessary to use
large samples (100 grams or more), and to make repeated time-
consuming separations. The polarographic method, on the
other hand, is particularly suited to trace amounts, the very
nature of which greatly reduces the necessity for making separa-
tions, and which compares very favorably with the spectro-
chemical method with respect to the limits of determination
possible. A polarographic determination, where applicable, is
considerably cheaper than a spectrochemical determination, and
can often be carried out more rapidly.

Heyrovsky (/,) in a review of the applications of polarograpby
noted that it is possible to determine lead and cadmium in zinc,
and gave curves for a 0.5-gram sample in 5 ml. of hydrochloric
acid, in which the concentration of lead is 0.0050 per cent and
cadmium is 0.0037 per cent. Terui {11) determined lead and
cadmium to the nearest 1 X 10“*per cent by dissolving 8 grams
of zinc in 70 ml. of 5N hydrochloric acid with a few drops of ni-
tric acid and evaporating to 50 ml. Ensslin (3) reported a po-
larographic method for lead and cadmium in pure zinc, in which
the zinc was dissolved in nitric acid and the resulting solution
combined with different base solutions. The lead and cadmium
were determined separately; the lead with an accuracy of 20 per

volt to obtain waves for copper, lead, and cadmium. Using
an 8-gram sample in 50 ml. of solution, these elements can
be determined with a precision of *1 X 10~* per cent
of the sample weight. National Bureau of Standards zinc
samples have been analyzed using the above procedure
and the results found to agree very well with the certificate
value. Samples of high-purity zinc and zinc alloys have
been analyzed without difficulty. Nineteen elements
have been considered from the standpoint of possible
interference. The results indicate that trace amounts of
copper, cadmium, and lead can be determined polaro-
graphically with high precision and accuracy.

cent of the total amount present, from 3 X 10"3to 5 X 10"1per
cent on what would correspond to a 100-gram sample in 1 liter of
solution. ICrossin (8) applied the polarograph to the analysis of
copper- and aluminum-bearing zinc alloys for lead, and bismuth
by means of precipitation with sodium sulfide. Seith and Esche
(9) determined lead, cadmium, bismuth, thallium, and tin in
zinc by the polarographic method. The lead, cadmium, and
bismuth were determined simultaneously by treating a 5-gram
sample with hydrochloric acid and diluting to 25 ml. before elec-
trolysis at 28° C. The thallium and tin were determined by
difference from the sum of cadmium and thallium and lead and
tin, respectively. Results are reported to the nearest 1 X 10“3
per cent except for tin, which is limited to 1.5 X 10-3 per cent.
Hohn (5) in a review of polarographic methods of analysis out-
lined a method for copper, lead, and cadmium in zinc, but made
no mention of its accuracy or precision.

In the work reviewed above, only one paper deals with the de-
termination of impurities in zinc alloys, and this involves an ob-
jectionable sulfide separation with its attendant errors. The
present investigation was undertaken in an effort to develop a
method for the direct determination of copper, lead, and cadmium
in high-purity zinc-base die-casting alloys of the Mazak type with
special emphasis on accuracy and precision in the region of 10
per cent of the sample weight.

APPARATUS AND REAGENTS

The preliminary studies were made with a Leeds & Northrup
Electro-Chemograph, and the work was concluded with a Hey-
rovsky polarograph Model X1 (E. H. Sargent and Co.). The
same capillary was used throughout the investigation. The
capillary constant in 2.5.V zinc chloride was found to be 1.37
mg.*/3sec.-1/3when h = 36.5 cm., t = 3.3seconds, and tempera-
ture = 25 £ 0.5° C. When the curves showed irregularities
traceable to fluctuations in the drop time, the capillary was
cleaned with concentrated nitric acid as directed by Kolthoff and
Lingane (7). The pressure on the dropping electrode was main-
tained by using the Leeds & Northrup electrode assembly in con-
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junction with a large flask to serve as a pres-
sure regulator. This kept the pressure constant
to within 0.5 mm. of mercury over periods
of not less than 45 minutes. An ordinary
electrolysis cell with an internal anode was
used throughout these experiments. The step
heights were measured by the slope intercept
method—i.e., straight lines were drawn along
the principal slopes of the curve and the ver-
tical distances between the points of intersec-
tion of the extensions of these lines were meas-
ured with a millimeter scale (/) (see Figure 1).
All work was carried out at 25 =0.5° C.

Most commercial reagents contain traces of
various elements, and it was found necessary
to check the purity of the reagents used under
the conditions existing in the procedure out-
lined below. It was not possible to procure
zinc metal of such purity that no steps were
obtained wunder the operating conditions.
(The word “step” is intended to describe the increase in current
caused by the discharge ofan ion, 7.)

A sample of zinc was made uniform by reducing the sample
to shavings and mixing. A portion of this sample was analyzed
polarographically, using the procedure outlined, without addi-
tion of metal ions. This gave the residual current for the en-
suing determinations.

Concentrated Hydrochloric Acid (sp. gr. 1.19). One
hundred milliliters of concentrated hydrochloric acid were evap-
orated almost to dryness in a 125-ml. Pyrex beaker. An 8-gram
sample of zinc was then added to this residual liquid and the
whole carried through the procedure for analysis. After sub-
tracting the residual current duo to the zinc, it was found that
for the 32 ml. of hydrochloric acid required, a correction of 5 X
10-5 per cent of cadmium and 5 X 10-6 per cent for copper would
have to be applied. No trace of lead was found.

Concentrated Nitric Acid (sp. gr. 1.42). One hundred
milliliters of concentrated nitric acid were treated in a manner
similar to that used for the hydrochloric acid. No traces of
copper or lead were found, but cadmium corresponding to
0.00015 per cent in an 8-gram zinc sample was detected. Inas-
much as the amounts of nitric acid used were seldom in excess of
10 ml., this amount of cadmium was considered negligible for the
present purpose.

Hydroxylamine Hydrochloride (ZAI'). Ten milliliters of
2iV hydroxylamine hydrochloride were evaporated almost to
dryness and treated as was the hydrochloric acid. No traces of
copper, lead, or cadmium were found.

Gelatin Solution (0.2 per cent aqueous). One gram of
gelatin was ashed in a porcelain crucible and the residue taken
up in a few milliliters of concentrated hydrochloric acid. The
contents of the crucible were then added to a zinc sample as for
hydrochloric acid. Copper corresponding to 3 X 10“4per cent
and cadmium to 1 X 10“4per centin an 8-gram zinc sample were
found. Since only 2.5 ml. of the 0.2 per cent solution are used
in an analysis, these impurities were considered negligible.

Distilled W ater. Five hundred milliliters of water were
evaporated to dryness and treated as for hydrochloric acid.
No detectable amounts of copper, lead, or cadmium were found.

Using the procedure described below, it was found that the
over-all effect of impurities in the reagents amounts to copper
0.00005 per cent, lead 0.00000 per cent, and cadmium 0.00005 per
cent. These amounts may be neglected for most purposes.

The standard solutions of copper, lead, and cadmium, required
for the calibration of the capillary were prepared by diluting stock
solutions.

Standard Stock Solution for Copper. A 0.23/ solution
of cupric nitrate was prepared by dissolving 12.714 grams of
electrolytic copper in dilute nitric acid and diluting to 1 liter.
This solution was analyzed by slow deposition, and found to be
0.1982 ==0.00023/ (average of four determinations).

Standard Stock Solution for Cadmium. A 0.23/ solution
of cadmium nitrate was prepared by dissolving 22.496 grams of
c.P. cadmium in dilute nitric acid and diluting 1 liter. Thissolu-
tion was analyzed by electrical deposition and found to be 0.1996 +
0.00043/ (average of three determinations).

Typical Polarogram and Method of Measuring Wave Heights

Standard Stock Solution for Lead. A 0.23/ solution of
lead nitrate was prepared by dissolving 41.458 grams of c.p: lead
in dilute nitric acid and diluting to 1 liter. This solution was
analyzed by the lead acid method and found to be 0.1981 +
0.00023/ (average of four determinations).

PROCEDURE

To 8 grams of turnings in a 125-ml. Pyrex beaker add slowly
25 ml. of concentrated hydrochloric acid. After the first violent
reaction has subsided, add cautiously a few milliliters of concen-
trated nitric acid, and warm to effect solution. When solution
is complete, add sufficient nitric acid to make the volume of
added nitric acid 5 ml. Evaporate on a hot sand bath until
salts begin to crystallize out, and the mixture boils like thick
sirup. If desired, the evaporation may be hastened somewhat
by careful heating on a wire gauze. Allow the mixture to cool
for a short time, or until solid. Wash down with distilled water
until about 10 ml. of water have been added.

Add 7 ml. of concentrated hydrochloric acid and heat on a sand
bath until any hydrolyzed aluminum is redissolved. This may
require 10 to 15 minutes. Transfer to a 50-ml. volumetric flask
with the minimum of distilled water. Add 2.5 ml. of 0.2 per cent
gelatin solution and 0.1 ml. of 2N hydroxylamine hydrochloride.
Shake and heat until the solution becomes colorless. If neces-
sary, add a second portion of hydroxylamine hydrochloride.
(Occasionally a solution may remain colored in spite of a large
excess of hydroxylamine. If the excess corresponds to 100 to 200
times the amount of iron present, this color can usually be ig-
nored.) Dilute with freshly boiled distilled water, cool, and di-
lute of volume. Bubble with nitrogen in the electrolysis cell for
15 to 20 minutes to remove dissolved oxygen, and eleetrolyze
from —0.04 volt to the discharge potential of the supporting
electrolyte (approximately —0.8 volt) using a bridge potential of 1
volt. The sensitivity should be adjusted to give the largest pos-
sible steps in the curves.

The ferric iron is readily reduced to the ferrous state by treat-
ing the warm hydrochloric acid solution with hydroxylamine (2).
In this state, the iron will not interfere with the determination of
the copper, lead, and cadmium. Strubl {10) also made use of
this reagent in the analysis of zinc blende which was high in iron.

The time required for a determination of copper, lead, and
cadmium in a zinc-base alloy using the above procedure is about
3 hours. However, a large number of samples may be run at the
same time, as only 10 minutes are required for a polarogram after
the sample is prepared.

If copper is present in the alloy in excess of 0.1 per cent, it is
advisable to remove the copper by electrodeposition from nitric
acid solution as follows:

To 8 grams of zinc in a tail-form 250-ml. beaker, add 50 ml. of
water and then add 23 ml. of nitric acid in small portions. When
all the acid has been added, boil to complete solution, dilute to
100 ml. (or sufficient volume to cover the electrodes), and elec-
trolyze at 4 amperes and 3 to 4 volts for 1 hour, with a rotating
gauze anode and a gauze cathode. At the end of this time, wash
down the cover glass and beaker and continue for another 5
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minutes. Carefully remove the electrodes, while washing with a
heavy stream of water. Under no circumstances should the
circuit be broken before the electrode is completely free of acid.
Rinse theelectrode several times in 95 per cent alcohol, shake
free of excess alcohol, and dry by revolving rapidly over a Bun-
sen flame after igniting the film of alcohol. Weigh as pure
copper. Replace the anode, which may have lead oxide deposited,
in the electrolyte and heat the whole to boiling. Then wash the
electrode and remove it and boil the solution down to incipient
crystallization. Add hydrochloric acid and carry out the proce-
dure as for zinc which is low in copper. Care must be taken to
remove all excess nitric acid. To do this, an extra evaporation
with 10 ml. of hydrochloric acid is recommended before addition
of the 7 ml. of hydrochloric acid and 10 ml. of water to redissolve
the hydrolyzed aluminum.

This modification increases the total time required for an
analysis, but when a large number of samples are to be run, this
increase is considerably lessened. The results obtained for the
copper by this method are usually slightly high (0.03 per cent
high for 3 per cent copper). No traces of cadmium or zinc were
found in the deposit when the deposit had been redissolved and
deposited, and the electrolyte examined polarographically.

Table 1. Calibration Constants for Copper, Lead, and Cadmium
Leeds & Northru£ Sargzent

Element 1 2 verage 1 Average
% /micro- % /micro- % /micro- %/micro- %/micro- % /micro-

ampere ampere  ampere ampere ampere  ampere

Cu 0.01815 0.01864 0.0184 0.02040 0.02078 0.0206
Pb 0.02905 0.03009 0.0296 0.03334 0.03413 0.0338
Cd 0.018G9 0.01873 0.0187 0.01875 0.01888 0.0188

RESULTS AND DISCUSSION

The capillary was calibrated by making additions of copper,
lead, and cadmium from the diluted stock solutions. The cali-
bration was carried out over a concentration range of 10~W to
3 X 10~*M on both the Leeds & Northrup and the Sargent
polarographs. The step heights were obtained by difference
from the residual current of the zinc used as a supporting electro-
lyte, and those produced by the zinc plus added ions. In the
lower concentration range (1 X 10"5to 5 X 10-6ilf), this residual
current amounted to from ten to twenty times the increase in
current due to the added ions, and, accordingly a large error was
introduced. This error was more significant when using the
Leeds & Northrup instrument than when employing the Sargent
apparatus. The fact that the latter has over twice the maxi-
mum sensitivity of the former would account in part for this dif-
ference in the results.

The calibration constants for two successive calibrations using
two different zinc samples as a supporting electrolyte are given in
Table I.

The factors were obtained in terms of per cent per microampere
for each metal for the sake of convenience in calculating the
values from the step heights. The basis for the calculation is an
8-gram sample in 50 ml. of solution.

In order to determine the precision of the method, and to dis-
cover the greatest source of error in the polarographic proce-
dure, five'series of determinations were carried out, using the
Sargent instrument (Table I1).

1. Precision of repeated determinations on the same cell.

2. Precision of repeated determinations on different aliquots
of the same solution.

3. Precision of repeated determinations on different samples
of the same alloy.

4 and 5. Precision of repeated measurements of the same curve
by different individuals and by the same individual.

These results indicate that the mean deviation of measurement
in all cases is approximately one half of the total mean deviation
of the procedure. The deviation is not significant, however, in
that it barely affects the fourth place of decimals. The over-all
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Table Il.  Precision of Polarographie Procedure
. pper Lead | Cadmium
Scries” Average Deviation& Average Deviation*» Average Deviation®
% % % % % %
1 0.00I81  0.00006 0.00579  0.00008 0.0005«  0.00004
2 0.00I81  0.00003 0.0058t 0.00003 0.00062 0.00005
3 0.0018s  0.00011 0.00560  0.00008 0.00062 0.00005
4 0.00I0t  0.00003 0.0017! 0.00004 0.0009s  0.00002
5 0.00102  0.00003 0.00I67  0.00005 0.0009a  0.00003

° Each of series 1, 2, and 3, is result of seven determinations. In series
3, each determination was made in duplicate. Series 4 is result of duplicate
measurements by nine differentindividuals. Series 5 isresult of ten measure-
ments of same curve.

&Average deviation from arithmetical mean.

precision would indicate that it is possible to determine copper,
lead, and cadmium to within 1 X 10-< per cent for the range of
concentrations encountered in high-purity alloys of the Mazak
type.

At the time this investigation was carried out, it was impos-
sible to procure a National Bureau of Standards zinc die-casting
alloy of the type desired (Mazak 3). In lieu of this, an analysis
was made on an alloy high in copper. Analyses are also pre-
sented for several standard zinc spelters (Table 111).

It has been found, as a result of the analysis of a large number
of commercially analyzed zinc samples, that the polarographic
results are usually high. No explanation is available for this
phenomenon. The calibrations have been checked and re-
checked repeatedly in the authors’ laboratory by different meth-
ods. There is a possibility that because of the small amount of
handling, the polarographic results represent a closer approxima-
tion to the true value than analyses which are the result of many
successive manipulations. The degree of precision of the polaro-
graphic procedure is high, as illustrated, and the deviations from
other analyses do not show signs of a constant error. This is
evidenced by examination of the above results for the Bureau of
Standards samples.

Table Ill.  Accuracy of Method
(Sargent instrument)
Copper Lead Cadmium
% % %
National Bureau of Standards. Sample 94
Experimental 2.83" 0.0318 0.0025-
Precision +0.01 +0.0002 =*=00001
Certificate value 2.82 0.031 0.004
National Bureau of Standards. Sample 109
Experimental 0.0007 0.0025 0.0019
Precision +0.0001 +0.0001 *=0,0001
Certificate value 0.0005 0.0020 0.0018
National Bureau of Standards. Sample 108
Experimental 0.0004 0.0505 0.0960
Precision +0.0001 +0.0002 *=0.0007
Certificate value 0.0004 0.047 0.092

“ By electrodeposition.

INTERFERING ELEMENTS

There are some nineteen elements which may be found in zinc,
either as impurities, or as alloying elements: Cu, Pb, Cd, Ni, Co,
Mn, Ag, As, Hg, TI, Bi, Sbh, Al, Fe, Ge, Ga, In, Mg, and Sn. (“In-
terference” is intended to describe the preliminary or almost co-
incidental discharge of some undesired ion which either results
in a masking of the step desired or makes impossible the record-
ing of the desired ion at maximum sensitivity.)

Experiments with 0.05 per cent each of nickel, cobalt, manga-
nese, silver, arsenic, mercury, and indium show that there is no
detectable effect on the steps for copper, lead, and cadmium
within +0.0001 per cent. Magnesium was tried up to 0.5 per
cent and no interference was detected. This is to be expected,
since the discharge potential of magnesium is well above that of
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zinc. Copper up to 0.1 per cent has been determined polaro-
graphically without reducing the sample size while retaining a
high degree of precision for lead and cadmium. Results of the
electrodeposition of copper in conjunction with the polarographic
determination of lead and cadmium indicate that there is no loss
of lead and cadmium during this operation and that less than
0.01 per cent of the copper remains after deposition. Bismuth
was found to give a step which precedes that of copper and for
this reason interferes with the ensuing determination of copper,
lead, and cadmium when present in excessive amounts. It is
not close enough, however, to mask the copper step. The factor
for bismuth was found to be approximately 0.024 per cent per A.
for an 8-gram zinc sample in 50 ml. Antimony at 0.05 per cent
gives a poorly defined step which interferes with the steps for
copper, lead, and cadmium; however, at 0.01 per cent and less,
no interference was found. Thus antimony concentrations of
0.01 per cent can be tolerated. The nature of the interference
would seem to indicate a small diffusion coefficient for Sb+++++
in this particular medium. Thallium gives a well-defined wave
which comes between lead and cadmium in 2.5 zinc chloride.
For trace amounts of copper, lead, and cadmium, only 0.002
per cent of thallium can be present. This corresponds to the
findings of Seith and Esche (9) with regard to the limit of detec-
tion of thallium in zinc. Germanium was not tested for inter-
ference, because of the extreme volatility of its chloride. Gallium
was not tested because of the difficulty in obtaining a salt of this
metal. No interference is to be expected from gallium because
of its high discharge potential.

Stannic tin when present in amounts greater than 0.0015 per
cent will rive a measurable increase in the step height for lead.
Occasionally, amounts greater than this may be tolerated due to
volatilization of stannic chloride, but such amounts of tin are not
volatilized appreciably by this particular procedure. Kalovsek
(5) indicates that the electroreauction of stannic tin is not re-
versible except in hydrochloric acid solutions of high concentra-
tion (above 0.1 A%, where, however, the reduction process ap-
pears inhibited. This would explain why such a large amount of
stannic tin would cause no interference. These results confirm
those of Seith and Esche for the limit of detection of tin in zinc.
Aluminum up to 6 per cent has been found to be without detect-
able effect on the height of the steps for copper, lead, and cad-
mium. Higher concentrations of aluminum might have an effect
only in so far as they affected the concentration of the supporting
electrolyte. Iron, after reduction with hydroxylamine hydro-
chloride is without significant effect in the determination of
copper, lead, and cadmium at 2.5 per cent. It is necessary, of
course, to adjust the amount of hydroxylamine hydrochloride
used in accordance with the iron content for satisfactory results.
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A study of the polarographic determination of trace quantities
of tin, aluminum, and magnesium in high-purity zinc alloys is in
progress.

CONCLUSION

Trace amounts of copper, lead, and cadmium can be rapidly de-
termined by the polarographic method in high-purity zinc and
zinc die-casting alloys with a high degree of precision. Such a
method should prove of value in industrial laboratories where time
isat a premium.

In an effort to make possible a complete polarographic analysis
of high-purity zinc and zinc die-casting alloys, procedures are
being developed for the determination of other elements present.

ACKNOWLEDGMENTS

The authors wish to thank the Department of Physics, Uni-
versity of Toronto, for the use of its Leeds & Northrup Electro-
Chemograph. Thanks are due also to D. H. Simpson for his
valuable assistance in the preliminary investigations, and to F. E.
Beamish, University of Toronto, who kindly provided a sample
of indium chloride.

LITERATURE CITED

(1) Borcherdt, G. T., Meloche, V. W., and Adkins, H., J. Am.
Chem. Soc., 59, 2171 (1937).

(2) Bray, W. C., Simpson, M. E., and MacKenzie, A. A,, lbid., 41,
1366 (1919).

(3) Ensslin, F., Melall u. Erz, 37, 171-2 (1940).

(4) Heyrovskjb J., Chimie and Industrie, Special No., 1933, 204-10.

(5) Hohn, H., Ch.em.-Ztg., 62, 77-81 (1938).

(6) Kalovsek, M., Collection Czechoslov. Chem. Commun., 11, 593-
613 (1937).

(7) Kolthoff, 1. M., and Lingane, J. J., "Polarography”, p. 243,
New York, Interscienco Publishers, 1941.

(8) Krossin, E., MetaU u. Erz., 38, 10-12 (1941).

(9) Seith, W., and Esche, W., Z. Melallkunde, 33, 81-3 (1941).

(10) Strubl, R., Collection Czechoslov. Chem. Commun., 10, 466
(1938).

(11) Terui, Y., Bull. Inst. Phys. Chem. Res. (Tokyo), 17, 644-8
(1938).

Presented before the Division of Analytical and Mloro Chemistry at the
105th Meeting of the American Chemical Society, Detroit, Mich.

Determination of Pectin in Biological Materials

Modification of Pentose-Furfural Method

EDWIN F. BRYANT, GRANT H. PALMER, AND GLENN H. JOSEPH
California Fruit Grower» Exchange, Research Department, Corona, Calif.

Pectin is converted to a pentose which produces the furfural
with which this method is concerned. Data are presented
to show the normal levels of furfural-yielding substances in
various organs and fluids from rabbits. The analytical pro-
cedures described make it possible to recover 95 to 100
per cent of pectin which has been added to animal tissues
and fluids.

RESENT wartime conditions, which have increased inter-

est in pectin sols for intravenous use in treating shock, have
made it necessary to devise a semimicromethod for the deter-
mination of pectin in biological materials.

Pectinum N. F. VII which is suitable for intravenous use is es-
sentially a pure polygalacturonic acid ester. When such a pectin
is refluxed at elevated temperatures with 12.5 per cent hydro-
chloric acid the polygalacturonic anhydride units are decarboxyl-
ated, producing a mole of carbon dioxide for each carboxyl, and
forming furfural from the newly formed pentose. Accurate
quantitative procedures based upon the determination of the

carbon dioxide evolved and upon the furfural produced have been
developed during the forty years which have elapsed since the
general reactions were first described by Tollens (5).

The methods which have been developed for quantitative esti-
mations of furfural are sensitive to extremely small amounts and
adaptable to colorimetric procedures. The carbon dioxide meth-
ods are useful only when relatively large amounts of material are
available; hence for purposes of determining pectin in biological
systems the furfural scheme is preferred.

Furfural methods and their applications to pectin analyses
were discussed by Browne and Zerban in 1941 (2). Youngburg
(7) in 1927 described a particular adaptation of furfural estima-
tion useful for biological materials. Bryant, Palmer, and Joseph
(4) used a modification of Youngburg’s method in these labora-
tories early in 1941 for an examination of the liver and other
organs of the rabbit. The Youngburg scheme involved steam
distillation from 85 per cent phosphoric acid and colorimetric
determination of furfural in the distillate by the furfural-aniline
acetate reaction. Details for the use of the Youngburg method,
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particularly the step involving trichloroacetic acid treatment of
samples, were given by Andersch and Gibson (1).

Modifications of the Youngburg method previously published
failed to allow reasonable recovery of pectin which had been added
to urine, and also failed to provide samples from blood and tissue
materials which could be distilled without excessive foaming.
The method described here provides for an alcohol treatment of
urine samples which permits complete recovery of pectin added
to urine. It substitutes sodium tungstate for trichloroacetic
acid and centrifuging for filtration, in preparing other samples,
and continues with the regular Youngburg distillation. Foam-
ing iseliminated and recoveries from control samples are excellent.
The technique for the determination of furfural in the distillate by
a photoelectric colorimeter is described. The procedures given
below are the result of several hundred analyses of rabbit blood,
urine, and organs, and of many mixtures of pectin with these ani-
mal materials.

APPARATUS

The distillation apparatus shown in Figure 1 is composed of
a steam generator, A, made from a large ether can with burner
underneath regulated by screw clamp for control of steam flow
into B, the distillation unit, a Pyrex 25 X 150 mm. test tube, with
thermometer covering the range 0° to 200° C.: C, tin cylinder
shield for microbumer; and D, a water-cooled condenser, 250-
mm. jacket, with inside tube preferably 6 to 7 mm. in diameter
and turned down at end for delivery into E. a 50-ml. graduated
cylinder. An ordinary steam generator made from glass may be
used instead of the metal one described.

A number of the Pyrex 25 X 150 mm. test tubes should be
available because urine samples are prepared in them and then
may be stored until time is available for distillation. 1t is con-
venient to have 2.0-, 3.0-, 4.0-, and 5.0-ml. volumetric pipets, as
well as Mohr pipets, 1.0-ml. size graduated in 0.10 divisions. A
centrifuge at least as large as the International No. 1 and several
30-ml. centrifuge tubes are required. A photoelectric colorim-
eter is recommended. The Fisher Electropnotometer with a blue
filter (No. 425B) and the Klett-Summerson photoelectric colorim-
eter with a green filter (No. 54) have been used successfully with
this method.

REAGENTS

Freshly -prepared furfural, vacuum-distilled at a pressure of
20 to 30 mm.

Standard furfural stock solution prepared from the freshly dis-
tilled furfural; 1.000 gram is diluted to 500 ml. with distilled
water. This stock solution may be kept for several weeks in a
refrigerator.

Standard dilute solution of furfural for calibration of photo-
electric colorimeter or as a comparison solution with the Du-
boscq-type colorimeter. This solution is made by diluting 5.0
ml. of the stock to 1000 ml. with distilled water. This dilute
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standard (1.00 ml. equivalent to 0.01 mg. of furfural) should be
made fresh the day of use.

Freshly distilled aniline, free from furfural. Test by adding
0.25 ml. to 2.0 ml. of glacial acetic acid. If a pink color develops
within one minute, furfural is present.

Glacial acetic acid, 85 per cent orthophosphoric acid, 10 per
cent by weight solution of sodium tungstate (NasWOiYHjO),
0.5Ar sulfuric acid, and isopropyl or ethyl alcohol, at least 95 per
cent.

PREPARATION OF SAMPLES

Pectin Sols for Check on Method. The utility of this
method in determining the fate of injected pectin depends upon
having an accurate figure for the furfural equivalent per milliliter
of the pectin sol being used in the animal experiments. Each
lot of Exchange Pectinum N. F. V11 will have a definite value for
the furfural equivalent, usually varying from 190 to 215 mg. of
furfural per gram of pectin. These furfural values, obtained by
the method described below, have been checked by using the
standard gravimetric phloroglucin method (6). The values by
the two methods agree almost perfectly.

Animal work with pectin usually involves 1.0 to 2.0 per cent
sols which have been sterilized by autoclaving and filtered to
sparkling brilliance. Standardization analyses on such sols
should be run on samples prepared as follows: 5.0 ml. of 1.0 to
2.0 per cent pectin sol, diluted to 200.0 ml. with distilled water;
2.0 ml. of this diluted sol should be used for each analysis.

Urine. Normal urine from rabbits usually contains so little
furfural-yielding material that 4.0-ml. samples are required for
an analysis. When pectin has been injected into an animal, it
is necessary to use only a 2.0-ml. sample of urine to get good re-
sults, while pectin is being excreted.

Pipet duplicate samples of urine into 25 X 150 ml. Pyrex test
tubes and add 10 volumes of at least 95 per cent alcohol. After
standing for an hour or two centrifuge the tubes and pour off the
supernatant liquor. Place the tubes containing the residue in a
drying oven at 100° C. and dry for about 30 minutes, or until no
odor of alcohol can be detected. These tubes containing the
dried residue may then be covered and stored until ready for
analysis.

Urine and Added Pectin, as Controlon Method. Prepare
a check solution by diluting 5.0 ml. of a 1.0 to 2.0 per cent pectin
solution with urine up to 200.0 ml. in a volumetric flask, and
treat 2.0-ml. samples with alcohol as described above.

Blood. Prepare a Folin-Wu blood filtrate by the following
method: Weigh 2.0 ml. of oxalated blood (10 mg. of potassium
oxalate per 5 ml. of blood) accurately in a 30-ml. centrifuge tube.
Add to this by pipet 13.0 ml. of distilled water, 2.0 ml. of 10
per cent sodium tungstate solution, and 3.0 ml. of 0.51V sulfuric
acid. Mixthe contents ofthe tubeswell, allow the samples to stand
15 minutes, then centrifuge at about 1000 r.p.m. for 30 minutes.
Remove the clear centrifugate and save for analyses, using 2.0 ml.
for each sample, as described below.

Animal Tissues. Analyses may be made upon the organs
immediately after they have been removed from the animal and
weighed, or the material may be frozen with dry ice and stored
for later use. In either case it is necessary to macerate the organ
(or a portion of it in cases of large organs) in a mortar. Transfer
as much as possible from the mortar (not to exceed 10 grams of
the larger organs), into a tared beaker and then add about 10
times as much distilled water as the weight of the organ used.
Stir this weighed mixture thoroughly and transfer to a mixer
such as the Waring Blendor where it is reduced to a homogeneous
slurry. Pipet a volume of this slurry equivalent to about 0.3
to 0.5 gram of the original organ into a 30-ml. centrifuge tube,
and weigh. Add distilled water to bring the volume to 15.0
ml., then add 2.0 ml. of 10 per cent sodium tungstate solution
and 3.0 ml. of 0.51V sulfuric acid, mixing the contents of the tube
by careful swirling after the addition ofeach reagent. Mix the con-
tents of the tubes well and allow the samples to stand 15 minutes.
Then centrifuge at about 1000 r.p.m. for 30 minutes. Remove
the clear centrifugate and save for analyses, using 2.0 ml. for each
distillation.

METHOD

The sample for analysis should be ina 25 X 150 mm. Pyrex test
tube, prepared as discussed under “Preparation of Samples”.

Add to the sample in the test tube 5.0 ml. of 85 per cent phos-
phoric acid and connect with the condenser and the steam gen-
erator. Light the microburner and raise the temperature rapidly
to 170° to 175° C. The temperature should be maintained at
this point and never allowed to go higher during the 20- to 30-
minute distillation period.

Collect 40 ml. of distillate in the 50-ml. graduated cylinder used
as a receiver, and an additional 10 ml. of distillate in a test tube
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previously marked at the 10-mi. level. Test this last distillate
for the presence of furfural as follows: Mix 2.0 ml. of the distil-
late, 0.25 ml. of aniline, and 2.0 ml. of glacial acetic acid in a test
tube. 1f no color develops in one minute, stop the distillation and
discard the final 10 ml. of distillate. If color does appear in the
test sample, distill an additional 10 ml. and test a portion for fur-
fural as above described. When analyzing blood or urine of un-
treated animals, 30 ml. of distillate are usually sufficient to con-
tain all the furfural.

Table I. Recovery of Pectin Added to Rabbit Urine
Furfural Found
Youngburg Present
M aterial Analyzed method method
Mg. Mg.
2.0 ml. of 1.75% pectin sol B-9221 7.08 7.08
48.0 ml. of urine + 2.0 ml. of pectin sol B-9221 11.46 9.22
48.0 ml. of urine 4- 2.0 ml. of distilled water 7.33 2.08
Difference, due to added pectin 4.13 7.14
Recovery of added pectin, % 58.3 100.9
Tabic Il.  Furfural Equivalent of 1.00 Gram of Pectinum N. F. VII

Analyses made on water solution containing 750 mg. of

(Sample 444-H-3. 3 1
pectin per liter)

Furfural Found
MgJgram
41?4-%4-3

B 201

P 198
P. 205
P.
e

Operator

[eXelolul

200
verage value used 201

.F.
.H
H
H
A

Combine and mix 20.0 ml. of the original 40-ml. distillate and
5.0 ml. of each 10-ml. distillate showing a positive test for fur-
fural, Place 5.0 ml. of this mixture (or 5.0 ml. of the original
40-ml. distillate when the furfural test in the next 10 ml. was
negative) in a tube and mix with 0.5 ml. of aniline and 4.5 ml. of
glacial acetic acid, carefully measured with a pipet.

Set this mixture aside in the dark at 20° to 25° C. for exactly
15 minutes, at which time the color intensity is determined with a
photoelectric colorimeter. This 15-minute period has been deter-
mined experimentally as giving the most exact value. The col-
orimeter should be calibrated by using the standard dilute fur-
fural solution described above, spacing samples over the range
from 0.001 to 0.050 mg. of furfural per 10 ml. of solution contain-
ing 0.5 ml. of aniline, 4.5 ml. of glacial acetic acid, and the diluted
standard furfural solution.

When using the Duboscq type of instrument a standard for
colorimetric comparison must be prepared for eacli sample. This
is done by mixing 2.0 ml. of the dilute standard furfural solution
made tiiat day, with 3.0 ml. of distilled water, 0.5 ml. of aniline,
and 4.5 ml. of glacial acetic acid. The tube containing this mix-
ture and also the one with the unknown are set aside in the dark
for exactly 15 minutes, for color development. The unknown
and the standard should have about the same color intensity.
If they do not, the solutions should be remade, reducing the
volume of either the unknown or standard, adjusting the total
volumes with distilled water to keep them the same as outlined
above.

DISCUSSION

An illustration of the accuracy of the present method com-
pared with that of the original Youngburg scheme, in the case of
rabbit urine, is given by Table I.

It was found that urea added to pectin sols decreased the re-
covery of pectin by the Youngburg procedure. Many analyses,
as illustrated by Table I, show that even though the alcohol pre-
cipitation scheme does remove some of the naturally occurring
aldehyde-producing substances of urine, it also removes the urea
and thereby allows complete recovery of the added pectin. The
increase in furfural due to added pectin in urine (human as well
as rabbit), using the alcohol precipitation method, has always
been found equivalent to the furfural obtained from the pectin
when analyzed alone.

When this method is used to follow pectin excretion from ani-
mals to which pectin sol transfusions have been given, it is neces-
sary to know the furfural equivalent for the pectin sol used and
the normal furfural values for the organs or fluids being examined.
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It is desirable to know the actual pectin concentration of the pec-
tin sol used or else the furfural equivalent per gram of the pectin
used to make the sol. The typical examples of these data shown
in Tables 11 and I11 illustrate the ranges for these values as well
as show the precision and accuracy of the method.

The data in Table Il show that 100 ml. of solution B-9221
would be equivalent to 355 mg. of furfural; hence the solution
must be 355/201 or 1.76 per cent pectin. Pectin sol B-9221, when
analyzed by a modified Lefevre-Tollens method (described by
Bryant and Joseph, 3), showed 0.2315 gram of galacturonic acid
per 15.0-ml. sample. Pectin 444-H-3 had previously been found
by the same method to contain 87.6 per cent of galacturonic acid;
hence the 15.0-ml. sample of B-9221 contained 100 (0.2315)/15.0
X 0.876 or 1.76 per cent of pectin.

The extent to which furfural-producing substances occur in
rabbit organs is indicated in Table IV, along with analytical
values showing how the present method eliminates interference
from the various animal materials and permits practically com-
plete recovery of any added pectin.

Table 111 Furfural Equivalent of 1.00 MI. of Autoclaved 1.75 Per
Cent Isotonic Pectin Sol

(Sol B-9221 made from Pectin 444-H-3. Analyses made on dilution of 5.0
ml. of B-9221 to 200 ml. total)

Operator Date Furfural
Mg./ml. B-9221
G.H.J Sept. 11, 1942 3.59
G.H.P Sept. 14, 1942 3.46
E.F.B. Oct. 5, 1942 3.54
G.H.J. Oct. 7, 1942 3.57
E.F.B. May 27, 1943 3.58
G.H.J July 21, 1943 3.54
E.F.B. July 21, 1943 3.56
Average value 3.55

Table IV. Furfural Obtained from Rabbit Tissues and Recovery of

Pectin Added to These Tissues
(1.00 ml. of pectin sol B-9221 added is equivalent to 3.55 mg. of furfural,
Table 111)

Furfural Obtained

Tissue plus  Furfural
Original 1.0 ml. of Due to Recovery

Sample tissue pectin sol Added of Added
M aterial Weight sample B-9221 Pectin Pectin

Grams Mg. Mg. Mg. %
Blood 1.903 0.23

1.539 3.80 3.61 101.7
Bile 0.320 0.29

0.320 3.71 3.42 96.3
Bone 0.500 0.10

0.500 3.62 3.52 99.2
Heart 0.330 0.14

0.330 3.62 3.48 98.0
Kidney 0.535 0.22

0.535 3.74 3.52 99.2
Liver® 0.492 1.95

0.496 5.60 3.65 102.8
Spleen 0.320 0.14

0.320 3.62 3.48 98.0

° Better results are obtained when sample weight of liver is about 0.2 to
0.3 gram.
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METALLURGICAL PRODUCTS ANALYZED

SPEEDILY AND ACCURATELY
Slomin High Speed Electrolytic Analyzers

The rapid acceptance of this instrument for
metallurgical analysis is outstanding endorse-
ment of its proven ability and consistent relia-
bility. Over 800 Slomin Analyzers are now in
use in metallurgical laboratories.

Electrode design, current efficiency and im-
proved procedures reduce deposition time for-
merly required by other systems as much as 25
to 40 %. Under these high speed conditions hard,
smooth, bright and closely grained deposits that
firmly adhere to the electrodes are produced,
thus assuring good reproducibility of results.
Users report an accuracy of 0.01 to 0.04% for
routine determinations.

Each model is portable and enclosed in a -weld-
ed steel case finished in acid resistant baked
white enamel. The brushless motor is vapor tight
and is therefore unaffected by corrosive fumes,

Both models have an electrically heated, rheo-
stat controlled beaker platform for adjusting
solution temperatures, and voltmeters and am-
meters so that detailed studies can be made,

Each position of the two place analyzer is a
complete circuit that operates independently of
the other. Consequently this unit can be used
for the simultaneous determination of two sam-

pleshavingwidely divergent characteristics,

No accessory generators or rheostats are
required— all models are self-contained,
portable and operate from standard elec-
tric circuits.

A laboratory manual of high speed elec-
trolytic methods of analysis written by
G. W. Slomin is supplied with each analy-
zer. Individual copies are available at

.50 each.

¢ S-29460 Slomin Electrolytic Ana-
lyzer. One position, 5 Ampere Model,
with Heating Plate. For operation from
115 volt, 60 cycle circuits. Each $170.00

¢ S-29462 Ditlo. But for operation from
230 volts, 60 cycle circuits.Each $175.00

¢ S-29465 Slomin Electrolytic Ana-
lyzer, Two positions, 5 Ampere Model,
with Heating Plate. For operation from
115 volt, 60 cycle circuits. Each $310.00

¢ S$-29467 Ditto. But for operation from
230 volts, 60 cycle circuits. Each $320.00

High Speed Electrodes for Use
with Slomin Electrolytic
Analyzers

¢ S-29632 Corrugated Platinum Anode
(Pat. pending). Price subject to market.

¢ S-29&72 Corrugated Platinum Cath-
ode (Pat. pending). Price subject to
market.

Literature on Request

E. H. SARGENT & CO., 155-165 E. Superior St., Chicago 11, IIl.

Michigan Division: 1959 East Jefferson, Detroit 7, Michigan
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57 Indicators for Determining

Hydrogen-lonConcentration

E astman Organic Chemicals include 57 indicators covering the entire

pH range. Careful laboratory tests assure the dependability and
uniformity of these compounds. In addition, each indicator of the
sulfonphthalein type is tested spectrophotometrically to make certain
that it exhibits maximum color change and sensitivity.

A table giving the solvents employed and the concentrations in which
these Eastman indicators are generally used, as well as a chart showing
their pH ranges and color changes, will be supplied free upon request. . ..
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

There are more fhan 3400’

ER

CODAK.

Modem EFFICIENCY

COUPLED WITH

50 YEARS OF QUALITY
E DIAL OF A

6ji‘§’v _JFD R E LABORATORY TABLE 6610

The[MOISTURE TESTER does
away with the old, laborious
method of determinins mois-
ture content. One instrument
takes the place of the oven,
the balance and the desicca-

tor. Moisture content can be For hall a century Peterson engineers Lave constantly

idHEtt?]rem(')r\'g%Wh”e samples are studied the requirements of laboratory workers and the

W herever moisture content Is a ac- various techniques which emanate from the classroom

tor— in the laborat In the plant i i i i

R AL on into comm.ermal' prac.tlce. Eyery bit of.Peterson

make Its place. laboratory furniture is designed with full cognizance of
:EENSH%%TES TAOT 8(’)\‘2%E modem improvements necessary to the current technique
* READINGS TO ,05% ... plus the fact that it is backed by the reputation for

WRITS FOR FULL INFORMATION . -
quality which stems back through half a century.

S C H A A R & C O M P A N Y WRITE FOR PETERSON'S CATALOG, GRATIS OF COURSE
Complete Laboratory Equipment LEONARD PETERSON & CO; lnC-
1222-34 FULLERTON AVE. CHICAGO, U. S. A.

754 WEST LEXINGTON ST., CHICAGO
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The most important

bottle of chemicals

in the world..Jo You

It s the next bottle of reagent chemicals you
take from your laboratory shelf, for upon the
quality, purity and uniformity of the product
it contains may depend the outcome of your
careful analyses ... perhaps the success or fail-
ure of vital research that “can’t wait!’

B &A recognizes your need for dependable
chemicals. That’s why all B&A Reagents are
produced only under the strictest manufactur-
ing standards.

Into every B&A product—whether it is a
reagent you use every day or one you need
infrequently—goes the same careful attention
to minute details and constant laboratory con-
trol that assure you chemicals of unusually
high uniformity and purity.

When you reach for a bottle of B&A Reagent
Chemicals you reach for the best. Be sure to
specify Baker and Adamson Reagents!

THE PACE I'N CHEMICAL PURITY SINCE 1882
T* 71
Baker A dam son
Division of GENERAL CHEMICAL COMPANY,40 Rector St.,NewYork6,N.Y. C.'R Acl/s
Technical Senkte Offices: Atlanta . Baltimore + Boston « Bridgeport (Conn.) * Buffalo + Charlotte (N. C.)
Chicago « Cleveland <« Denver =« Detroit * Houston « Kansas City +« Milwaukee « Minneapolis
New York < Philadelphia « Pittsburgh « Providence (R. 1.) e« St. Louis « Utica (N.Y.)
Pacific Coast Technical Service Offices: San Francisco <+ Los Angeles

Pacific Northwest Technical Service Offices: Wenatchee (Wash.) « Yakima (Wash.)
In Canada: The Nichols Chemical Company, Limited ¢ Montreal « Toronto + Vancouver
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PUMPING  SPEED For its capacity—The Speediest

14.9 Liters Per Minute at
1 Micron at 304 R.P.M.

24.2 Liters Per Minute at
1 Micron at 528 R.P.M.

No. 140S-H

DUO-SEAL VACUUM PUMP, Motor Driven.
Vacuum .05 micron — free air capacity of 33.4
1Iters Per MinNULE ..o $140.00

Wi ith larger motor giving 57 liters free air capacity
per minute and vacuum of 0.1 micron... .$155.00

Order today for prompt delivery.
W. M. Welch Scientific Company

Established 1880

1518 Sedgwick Street Chicago, Illinois, U.S.A.

LaMOTTE OUTFIT FOR
DETERMINATION OF VITAMIN A

The importance oi grading fish oils and similar materials
according to the vitamin A content has demanded a
simple means of determining vitamin A. This LaMotte
outfit employing the method of Dr. B. E. Oser provides a
reliable chemical procedure to meet this need. The
unit comes complete with color standard special com-
parator, reagents and full instructions. Price $35.00
f.0.b. Towson-4, Baltimore, Md.

LaMDTTE CHEMICAL PMDJCTS CO.

Dept. F. Towson-4
BALTIMORE, MD.

Pump at any
Pressure

Welch DUO-SEAL
VACUUM PUMP

Greater free-air capacity and higher
ultimate vacuum assure fastest pumping
at all pressures.

In addition to superior performance
it is
QUIET RUNNING
No drumming in the ears even where
banks of them are pumping.
GUARANTEED VACUUM . FREE AIR CAPACITY

.35 Micron — .00005 mm Hg 33.4 Liters Per Minute
OPTIMUM OPERATING SPEED <« OIL REQUIRED
300 Revolutions Per Min. 650 ml Duo*Seal Oil

* ELECTRONICS

* FREEZING
* DRYING

THIS BOOKLET
EXPLAINS ALL. “
Write for it today. Con-
tains full details and dia-
grams on Welch Pumps.

CHEMICAL AND SCIENTIFIC PORCELAIN WARE

djaiic equipment

OF ALL MODERN
TESTING
LABORATORIES

EVAPORATIKC DISU
A Goleiade Product

fijjA"W exldm ide A ante

»Ta Coors Porcelain Company
BewW 87 . GOLDEN, COLORADO . ~*masaJM
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It's UOka Fancy Furnace —
But It’s Built to Do the Job

HIS Hoskins Furnace, Type FD,

is an old stand-by to most labora-
tories. For almost 30 years, it has
been building that reputation by its
good performance. Chemists like its
relatively cool surface temperature.
They like the good-sized work shelf
and the easily operated sliding door.
Also, repairs are so easy to make
because everything is so easy to get
at. Finally, the Chromel units are so
durable that when they at last wear

45/5" of Insulation

means efficient operation,
long they have lasted. Operates on and a cooler laboratory

out, it only reminds you of how very

line voltage. Full story in Catalog-
58, from your dealer or ourselves.

Sturdy
Hoskins Manufacturing Company, Long-Lasting
Detroit 8, Michigan. Chromel Elements—
EASY TO APPLY

HOSKINS PRODUCTS

ELECTRIC HEAT TREATING FURNACES e « HEATING ELEMENT ALLOYS « « THERMOCOUPLE AND
LEAD WIRE = < PYROMETERS < « WELDING WIRE < < HEAT RESISTANT CASTINGS < < ENAMELING
FIXTURES SPARK PLUG ELECTRODE WIRE « < -SPECIAL ALLOYS OF NICKEL < « PROTECTION TUBES



INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No.

NOW . ..
FASTER DELIVERIES ON

Burrell Temp.
TYPE K FURNACE

fio* tampatatWcai

up 1o 2990°F

This furnace accommodates laboratory crucibles
and dishes of various sizes and may be used for
heating articles which can be laid directly on
the hearth plate.

e Heating chamber measures 4" wide x 4"
high x 9” deep. Throat is 4/2" deep.

 Floor is a removable, refractory plate with
moulded sides to prevent spillage from
reaching isulation.

» Heating elements give long life and can
be replaced in a few minutes without
cooling furnace.

» Overall outside dimensions without table
are 26" wide x 30” high x 24" deep.

For complete information on all standard models
of box, muffle, combustion-tube and pit types,
write for Burrell Catalog F-241.

Burrell
TECHNICAL SUPPLY COMPANY

1936-42 Fifth Avenue Pittsburgh (19), Pa.

Photom eters

KU tt-Eu*tunesU & ri

Photoelectric
QlaM. Cell
Golo>U*net™*si

For the varied needs of industrial, clinical
and agricultural laboratories. Complete
and self contained —no accessory equip-
ment necessary. Fused cells for readings
on solution depths of 2.S, 10, 20, and 40 mm.
Selective light filters available.

«1U K b it
fyluosU m ei& i
No. foT1

. Designed for the
rapid and accurate
determination of
thiamin, riboflavin, and other substances which
fluoresce in solution. The sensitivity and sta-
bility are such that it has been found particu-
larly useful in determining very small amounts
of these substances.

To further increase its adaptability a separate
circuit and scale is provided for colorimetric
determinations.

LITERATURE SENT UPON REQUEST

K le tt Manufacturing Co.

179 EAST 87TH STREET NEW YORK, N.T.
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M AKER

Platinum Laboratory Ware

iT o\
gA

CSl

m«B>y

sMjjpfr

Tested by Use

Tests of any piece of apparatus under con-

ditions that simulate those under which it
will have to operate are valuable, hut notli-
ing can equal workaday use really to show
the quality of a piece of equipment.

Baker Laboratory Ware is under the con-
tinual trial of test by use, because we em-
ploy it freely all the time in our own
laboratories. In this way we discovered S'
how the steins of stationary type electrodes
\tended to break at their juncture with the
cylinder and corrected the fault by rein-
fbrcing the joint there.

Among our other improvements are design >
‘ychanges like our reinforced rim crucibles /
ar>d'dishes, the Baker Low Form Crucible /
and Our platinum-rhodium alloy, now so,
widely, used for laboratory ware.

SPECIAL APPABATUS — When you are
in need of special apparatus, our plant is
the logical place to have it produced. We
are the largest refiners and worker® of
platinum, gold and silver in the world.; Our
experience covers a period of more than
seventy-five years and our research staff is
always ready to work with you.

BAKER & CO

SMELTERS, REFINERS AND WORKERS OF PLATINUM. GOLD AND SILVER

113 Astor St., Newark.5, N. «.

SAIV I''lANCISt'O
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FLUORESCENT
UTILITY LIGHT

This fluorescent Utility Light is an efficient, flexible, attrac-
tively designed lighting unit for laboratory or office use.

The reflector housing is of Bakelite molded in one
piece—overall length 18 inches. The ballast is
built into and concealed inside the housing.

A manually-operated switch with separate stop-
and-start buttons assures dependable operation
and fluorescent lamp efficiency. Light output is
boosted by an aluminized metal reflector inside
the housing.

A universal ball-joint on the mounting hub per-
mits adjustment of the lamp to any angle. The
unitis completely adjustable and, when separated
from the support base, may be used atop a
balance.

10303—Fluorescent Utility Light. As illus-
trated, with 8" diameter stand and 15" support rod
and clamp. For 110 volts, 60 cycle,

$15.75

Write for descriptive bulletin

WILL

Office and Warehouses

CORPORATION
ROCHESTER, N. Y.

Wiill Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

- liaae auailahle i&me

ICAL MICROSCOPES

New and Reconditioned

Heating stages

Polarizers and analyzers
Also

BIOLOGICAL and
Metallurgical Microscopes

Photomicrographic Cameras

types of microscope lenses,
new and used

We are experienced and successful in the design
and manufacture of high temperature furnaces particu-
larly for research laboratories requiring a range from
2000° to 3000° F. In this field we have served some
of America’s leading Chemical and Industrial plants.

If your furnace requirements are unusual, our de-
signs as well as our quotations will interest you.
Address Harper.

HL-7610-F High
Temperature Electric
Laboratory Furnace

HARPER
ELECTRIC
FURNACE

Vol. 16, No. 1
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"Spectrophotelometer™

A typical assembly of the "Spectrophotelometer* and

accessories for work in the visible wave

lengths.

fyecduneA. aoJ, £tcceile*ice.

e EASE OF OPERATION

« ACCURACY AND REPRODUCI-
BILITY OF MEASUREMENTS

e FACILITY
BRATION

FOR CHECKING CALI-

e RAPIDITY IN MAKING READINGS
9 NEGLIGIBLE STRAY LIGHT EFFECT

ADAPTABILITY FOR VARIOUS
SIZES AND KINDS OF ABSORP-
TION CELLS

9 NOMINAL BAND WIDTHS FROM
21/2 TO 20 mu.

The Cenco-Sheard “Spectrophotelometer” is unsurpassable for
accurate and economical spectral transmission measurements
in research or control. More than a hundred of these instru-
ments are being used daily in educational and industrial labo-
ratories. For work in the visible range of 380 to 700 milli-
microns, the 1 cm. cell unit, complete with light source and
all necessary accessories, may be purchased for $572.90. The
5 cm cell unit, covering the same range, complete with ac-
cessories, sells for $577.90. [fthe range 325 to 750 millimicrons
is desired, the addition of a special high amperage light source
and suitable transformer, rheostats, and other accessories is
necessary. The 1cm unit and accessories covering this range
total $720.25. The 5 cm unit and accessories for this range
total $725.25. The I cm outfits are equipped to handle ¥t inch
test tubes. Write forother detailed information.

CENTRAL SCIENTIFIC COMPANY

scieNTiFic INSTRUMENTS TFN(() LABORATORY APPARATUS
RbSrtpLr otf.
NEW YORK  TORONTO CHICAGO BOSTON SAN FRANCISCO

23
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GLASS ABSORPTION CELLS

made. Ly K.Ic tt

oj pHe Quality, = = =

Fused in an elec-
tric furnace with
cement that is
acid, alkali and
solvent resistant.

Sole manufacturer in the United States
of fused Electrophoresis Cells

Makers of complete Electrophoresis Apparatus

K Iett Manufacturing Co. 177

» Mills, washers and calenders in a
range of sizes for laboratory work
in natural and synthetic rubber and
plastics. Heavily constructed and
precision built. For full details write

NATIONAL RUBBER MACHINERY CO.

General Offices: Akron, Ohio

east 87TH street,

Vol. 16, No. 1

Optical Flat
Walls. Many
stock sizes are
available. Special
sizes made to
order.

new York, n. y.

I1t’s VERSATILE!

PERMANENT

| Records — available only
with the Recording Vis-
| cosimeter

1CHANGES
in viscosity. can now be
] studied easily

j ADAPTABLE
|to many materials. In
j many industries
VARIATION
in speed, paddles, springs
| easily accomplished

IT’S NEW!

RECORDING

VioEnete

For paints, pigments, varnishes,
printing inks, adhesives, oils,
greases, chocolate, ice cream,
starches, and other viscous ma-
terials, from approximately 1
poise up. Write for information.

Have you received your copy
of CATALOG 43, Part One?

SCHAAR & COMPANY

Complete Laboratory Equipment
754 WEST LEXINGTON ST., CHICAGO
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NEW LUMETRON

) ] ) PHOTOELECTRIC COLORIMETER
American Chemical Society

Monographs

VEGETABLE FATS
AND OILS

The Chemistry, Production and Utilization of
Vegetable Fats and Oils for Edible, Medicinal and
Technical Purposes
Second Edition

by George S. Jamieson ) o )
A highly sensitive instrument covering an un-

Revised and re-written to include new information from i i i i

South America this monograph is packed with vital details usually wide field of appllcatlon'

on the sources of these products, their characteristics, com- - Abridged spectrophotometry with 14 monochromatic
position, properties and uses; commercial and laboratory filters, trichromatic filters.

processes for the preparation and extraction of fats and oils
from oleaginous seeds, clarification, bleaching, deodorization,
hydrogenation, refining and other treatments in special cases

e Great variety of sample holders, microcells, test tubes,
absorption cells up to 150 mm light path.

are discussed. Grading is described. Methods are given for = Line-operated, highest reproducibility and stability due
sampling, for examination of seeds, oils, fats, press cake and to use of balanced circuit, no batteries or voltage
meals as well as tests for evaluation purposes and for the stabilizers required.

detection of adulterants ... all exhaustively documented.  Applicable (with accessories) to faint turbidities, fluores-
;0S Pages U -71 cence, ultraviolet absorption, reflection of opaque

liquids, powders, pastes, solids.

Write for new 15-page bulletin on LUMETRON Mod. 402-E.

TUNGSTEN PHOTOVOLT CORPORATION
Its History, Geology, Ore-Dressing, Metallurgy, 95 Madison Ave. NEW YORK CITY
Chemistry, Analysis, Applications,
and Economics

by K. C. Li and Chung Yu Wang
The increasing importance of tungsten in the metallurgical
and electronic industries has evoked a need for a compre-
hensive treatment of its geology, processing and uses, which
this book expertly meets. Written by two outstanding YOU W”‘L FIND HELPFUL
authorities in the field, it presents detailed discussions of the . .
occurrence, composition and preparation of tungsten ores in Just erte for |t
all parts of the world. Includes three striking color repro-
ductions of tungsten alloys, maps and other illustrations.

A valuable reference work for all those concerned with the In tills booklet the'. pH
uses or properties of this important metal, ji; Pages Illus- chlorine, and phosphate Con’—
trated  $7.00 trol problems of 34 INDI-
VIDUAL INDUSTRIES are

discussed and brief solutions are given ... 84 pages of in-

BIOCHEMISTRY OF THE process conirol." IT 15 YOURS FOR THE ASKING.
FATTY ACIDS AND THEIR TAYLOR
COMPOUNDS THE LIPIDS COMPARATORS

offer many advantages for pH,
by W. R. Bloor chlorine, and phosphate control in
practically every industry. Molded

A much-needed study of the fats — the organic compounds of durable plastic, they will last a

so closely associated in the human body with carbohydrates lifetime. Accuracy of determina-

and proteins — of greatest value to physicians, nutritionists, tion is assured af all times because Taylor Liquid Color

organic chemists, biochemists, and to those in the food and Standards CARRY AN UNLIMITED GUARANTEE
harmaceutical fields. Discusses the part played by fats and AGAINST FADING. Extremely easy to use— permit
i{fids in digestion and nutrition, and the relation of fatty

quickest method of determination. Their cost is insignifi-

acid metabolism to sgch pertinent sub_jects as vitgmins, en- cant compared to the savings they make possible.
zymes, the reproductive cycle, embolism, anaemia, cancer,

diabetes, syphilis, arthritis, and others. }$y Pages Illustrated
$6.00 See your dealer or utrite direct.

Senel for our New 1944 Book Catalog
"Let’s Look It Up"

REINHOLD PUBLISHING CORPORATION W.A. TAYLOR o



26

INDUSTRIAL AND ENGINEERING CHEMISTRY

- Spe

/*

Csv-":! Vir.:¢

These things fight! They fight 24 hours a
day! Striking hard blows at the enemy by
constantly giving our soldiers deadlier
weapons, faster planes, better armor. The
few symbols and words above are a small
part of technology, that know how of produc-
tion which has become as important as
logistics or strategy. These are the weapons

Coleman instruments are so |d by

COLEMAN ELECTRIC cCoO.

leading

MAYWOOD,

W

X

of modern men, the realists of research
and industry, always seeking the practical,
newer, better way of doing their work.
We offer these weapons in their most
efficient form, proper implements for men
who have no more roots in the past than

are useful to roll back the future—and
win a war
dealers in lab oratory supplies

pH ELECTROMETERS
PHOTOFLUOROMETERS
SPECTROPHOTOMETERS

ILL. NEW YORK, N. Y.
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