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ON TO VICTORY"

The men and women of Merck & Co., Inc.
are proud to announce that The Army-Navy
Production Award lias been conferred upon
them for "great work in the production of
war equipment.”

Symbolic of distinguished service to America,
the Army-Navy "E” Flag now flies above our
main Plant at Rahway, New Jersey, and the
"E” Pin has been presented to all our work-
ers as evidence of the fact that they are mak-
ing "an outstanding contribution to Victory.”

The production of essential materials for
America’s Armed Forces and civilian popu-
lation, and for those of the United Nations,
demands the utmost in care, skill, accuracy,
and craftsmanship. Scientific research, rigid
control, and greatly expanded man-
ufacturing facilities—combined with esprit
de corps and thorough cooperation between
labor and management—have made it possible
for us not only to meet the increasing de-
mands of our Government for millions of
products, but to supply the basic
chemicals necessary for production by hun-
of other concerns in every branch of
industry.

accepting the award conferred upon us, we
have joined together in assuring the officials
our Army and Navy that we will not relax
efforts, and that they can count on us for
continued all-out production until this war

NE ana™actuttiny ™ /enitata RAHWAY, N. J.

Fine Chemicals for the Professions and Industry Since 1818
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MODERNIZE YOUR
0L

The Multi-Source is the ideal research instrument
— suitable for the solution of almost any problem in
the realm of spectro—chemistry.

ANALYTICAL EDITION

SPECTROGRAPHIC

PMENT FOR THE WAR EFFORT!

Many spectrographs could be made to yield two
or three times the analytical results that they do at
present if provided with the proper accompanying
equipment for high-speed,

precise, quantitative

spectrochemical analysis.

Proper source units in particular, producing the
electrical discharge to the samples to be analyzed,
can increase the speed and accuracy of an installa-

tion considerably.

A.R.L.-Dietert supplies a complete line of equip-
ment of the most modern type, including four kinds
of source units, grating spectrograph, developing
equipment, projection comparator-densitometer, and

calculator — plus various accessories.

Four Modern Source Units
The high voltage spark unitpictured is particularly
suited to the analysis of aluminum, steel, magnesium,
bronze, zinc, and lead. This unit is rapidly becoming

the accepted standard of the whole metal industry.

The D. C. arc rectifier unit is particularly suited
for general analytical work, including analysis of

metals, minerals, salts, paints, glasses, fertilizers,

cements, ores, etc.

The A. C. arc unitis particularly suited to the analysis

of minor constituents in metals and salts.

Write to

A.R.L/D

IETERT

CONTROL EQUIPMENT

WEST.

APPLIED RESEARCH LABORATORIES * GLENDALE, CAL.

4336 San Fernando Rd.

I rm il i

HARRY W. DIETERT CO. * DETROIT, MICH.
9330 Roselawn Ave.

.EAST
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Multiple Unit Muffle
Furnace

4 standard sizes, used with de-
tached rheostat—for drying pre-
cipitates— ash determinations —
ignitions—heat treating, etc. up
to 1850° F. (1010° C.)

Multiple Unit Solid Com-
bustion Tube Furnace

10 standard sizes—for carbon de-

terminations and special heat

treating operations up to 1950° F.

(1065° C.)

Multiple Unit Organic Combus-
tion Furnace

Sections four, eight, and twelve inches
long—each with separate rheostat control
—operations up to 1832° F. (1000° C.)—
an outstanding achievement tor accuracy
and comfort in operation.

Multiple Unit Muffle
Furnace

3 standard sizes with built-in
rheostat — same uses and tem-
peratures as the other described
muffle furnace.

Multiple Unit Hot Plate

7 standard sizes—each with three heats—
for evaporating solutions—drying precipi-
tates—distilling, boiling, etc. Maximum
temperature 750° F. (400° C.)

Multiple Unit Hinged
Combustion Tube
Furnace

10 standard sizes—for carbon
determinations—special organic
analyses and special heat treat-
ing applications up to 1950° F.
(1065° C.)

The seven examples of Multiple Unit Laboratory heat
treating equipment shown have been used extensively
for thirty years, providing types for all laboratory
furnace and hot plate requirements. Each type of
Multiple Unit equipment has the exclusive feature of
a multiple number of heating units, each readily
replaceable by the user. This results in economy
and uninterrupted operation.

Multiple Unit Crucible”s® yOur laboratory supply dealer or send lor laboratory furnace bulletins.

Furnace

5 standard sizes— for melting
small quantities of metals—py-
rometer calibration—molten salts
and heating all materials, when
contained in crucibles, up to
1950° F. (1065° C.)

HEVI DUTY ELECTRIC COMPANY

"»Ot MALK
LasorAaTORY FURNACES MULTIPLE UNIT ELecTRIC EXCLUSIVELY
RS-US P O

MILWAUKEE, WISCONSUN
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Naturally we at Corning
are proud to be included
among the industries who
have been awarded the Army-Navy "E”.

It is an honor we prize. And it will spur
all of us on to still greater efforts.

In accepting this award we are glad to
acknowledge the part so many of our
friends in the scientific world, our cus-
tomers and our laboratory supply deal-
ers, have had in aiding us in its winning.

In fact, Corning Research in Glass, which

Sfal.o><alory- and

COIimi i GLASS. WORKS

ANALYTICAL EDITION

began long before World War I, has been
a mutual affair.

Pyrex Laboratory Ware, important
though it is, is but one of the many
achievements of Corning Research which
so vitally affect both the war-time and
peace-time efforts of every American.

In expressing our appreciation to the
Army and to the Navy for their highest
civilian award, we are also expressing
our sincere appreciation to you of the

laboratory world who helped us win it.

um m aceul/ica/ Q ivusS toji

CORNING,, I. Y



INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 15, No. 3

CENCO CONSTANT TEMPERATURE OVENS

ale, uM etjfulU lejJL —

in ¢eSulUce.
(*tvalue.

in apsp& jSiance.

In industrial and educational laboratories everywhere Cenco-

DeKhotinsky Constant Temperature Drying Ovens, Incuba- Wuii.'-'-"\"'r':jaggs
tors, and Sterilizers are serving dependably night and day. j Ig
Some have been in continuous operation for twenty years. Al- Showing safety catch

used on No. 95050
though priced economically, these are designed to give uniform

and constant temperature so necessary for accurate control. The latest model, the Cenco Cylindrical
Oven, responds quickly to temperatures within a fraction of a degree from room temperature to 210°C.
Outstanding safety features include non-glow heating elements placed on the chamberexterior and not
in direct contact with oven atmosphere, and a double acting spring latch ontheoven door for easy

release. Price, for 115-230 volt AC, $85.00.

A vacuum chamber attachment, made of seamless drawn steel, readily
converts the oven into an efficient vacuum oven. Price, $45.00.

Write for details.

CHICAGO BOSTON
1700 Irvir:jg Park SCIENTIFIC TIVE:t._EFK LABORATORY 79 Amherst St.
Roa Cambridge A
Lakeview Station INSTRUMENTS : ] l I APPARATUS Station

New York e« Boston * CHICAGO Toronto + San Francisco
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RESEARCH

has provided materials and equipment needed
by our armed forces on the fighting front

and our industries on the home front.

KIMBLE LABORATORY GLASSWARE

fills requirements of today’s essential scien-
tificworkers in the industries and professions.

Consult leading laboratory supply houses
throughout the United States and Canada
for Kimble products to meet your own

requirements.

From the Comprehensive

KIMBLE LINE

15146-ST Bottle, Weighing, Kimble
<£>Brand, with” glass stopper fit-
ted on outside of body (cap style).

Bodies have serial numbers.

TR

lcdce .
Gl
15 50
15 80
25 40
25 50
30 60
40 50
40 80
40 100

I"TTTHN 15146-ST

i

?
Jart
19/10
19/10
29/12
29/12
34/12
45/12
45/12
45/12

M.

7
12
12
16
30
45
70
92

Your dealer will be glad
to supply further de-
tails, and to quote

quantity prices.
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A.H.T. CO. SPECIFICATION

KOFLER MICRO HOT STAGE

(MICRO MELTING POINT APPARATUS)

For determining corrected
micro melting points on the
microscope with samples
as small as a single crystal

Fig. 4
Showing Type B Fischer
Sublimation Block in posi-
tion on Hot Stage

Fig. 3
Showing Glass Baffle D in
position on Hot Stage

Fig. 5 Fig. 6

15, No. 3

Showing Kofler -Dcrnbach
Vacuum Chamber in posi-
tion on Hot Stage

g
Showing Kofler - Dernbach
Vacuum Chamber in posi-
tion on Fischer Block

6886-A— Fig. 1.

Showing Complete Assembly

KOFLER MICRO HOT STAGE (Micro Melting Point Apparatus), A.H.T. CO. SPECIFI-
CATION, electrically heated and with stage calibrated thermometers.

For determining corrected micro melting points by means of a microscope with samples as small as a single crystal,
permitting continuous observation of changes in the sample before, during and after melting. Useful also for general
micro-preparative work, sublimations, measurements of refractive indices at elevated temperatures, fusions, heating
under controlled conditions, etc., and physico-chemical studies. See Ludwig Kofler, Mikrochemie, Vol. XV (1934),
p. ZIfi', and Kofler, Kofler and Mayrhofer, “Mikroskopische Methoden in der Mikrochemie” ( Vienna, 1936).

For temperatures up to 350°C, with an accuracy of =*=0.5°C in the range to 200°C and of *+1.0°C in higher range.
Can be used with transmitted, reflected or polarized light on any compound microscope providing magnifications from
50 to 100X with objective having working distance of 6 mm or more, and preferably with a metal stage.

The apparatus consists essentially of an insulated metal stage, 90 mm diameter X 20 mm high, heated by an embedded
Niehrome unit, and with a central light well fitted with a condensing lens system. A threaded post takes either a fork
for the micro slide or various sublimation blocks. A vertical rheostat, specially designed for use with this Hot Stage,
permits exact reproduction of settings.

The thermometers have been calibrated on the individual Hot Stage with which they are to be used. A set of eight
stable test reagents is included with each outfit. They are convenient, not only in acquainting the user with manipu-
lation of the instrument, but also for the preparation of a calibration chart for the rheostat.

6886-A. Micro Hot Stage, Kofler, as above described, complete outfit as shown in illustration, i.e., Hot Stage A,
two calibrated thermometers M, cooling block H, Fischer sublimation blocks Ja and Jb, glass baffle D, three
sublimation dishes K, Kofler-Dernbach vacuum sublimation chamber E, fork lifter L, twenty-four micro
slides P, set of test reagents T, and vertical rheostat R; in case, with directions for use. For 115 volts,
E Koo o I o3P PO PO TP PP OPPPPTPPPPP 204.25

6887-A. Ditto, Hot Stage A, only, with two calibrated thermometers, cooling block, glass baffle and vertical rheostat
but WithOUL CaSE OF OTNEI BCCESSONIES. .....ciiiiiiiiiiiiieiiee e e e ettt e e e e e e e st e e e e e e e s s et nbeereaeeeeeeeanes 151.95

More detailed information sent upon request.

ARTHUR H. . THOMAS COMPANY

RETAIL —WHOLESALE— EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA, U. S. A.
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Determination of o-Cresol in Phenol
by a Cloud Point Method

WILLIAM SEAMAN, A. R. NORTON, anda R. T. FOLEY
Calco Chemical Division, American Cyanamid Company, Bound Brook, N. J.

I N THE process of freeing phenol from o-cresol by distilla-

tion it is important to have an accurate method for deter-
mining low concentrations of the latter in the presence of the
former, in order to evaluate the plate efficiency of the column.
It is assumed from a knowledge of the compounds involved
that only o—cresal is present with the phenol.

One method for o-cresol in phenol (6, 10) is based upon the
formation of a complex between o-cresol and cineole, followed by
the determination of the freezing point of this complex. This
seems to be more suitable for high concentrations of cresol. An-
other method which has been recommended by a number of
authors (3, 7, 8, 11) is based upon the lowering of the freezing
point of phenol. Unfortunately, o-cresol freezes out with the
phenol in a continuous series of mixed crystals (3). This would
make it impossible to get very accurate values of o-cresol unless
the degree of supercooling were rigidly controlled in relation to
the concentration of o-cresol. The extent of this difficulty is
obvious from an inspection of the divergent values reported for
the lowering of the freezing point of phenol by o-cresal (3, 7, 8,11).
At least one of these authors (3) recognized this difficulty, and so
determined the temperature at which the last crystals melted,
instead of the usual freezing point, in order to avoid the effects
of supercooling. This would, however, make the procedure less
adapted to routine use. Besides, the lowering of the freezing
point for a given o-cresol content is considerably less than the
corresponding lowering of the cloud point in the method reported
below.

The statement (1) that 1 volume of cold liquefied phenol (ren-
dered liquid by the addition of 8 per cent of water) forms, with 1
volume of glycerol, a clear liquid which is not rendered turbid
by the addition of 3 volumes of water (absence of creosote and
of cresol) suggested the possibility that a cloud point method
could be developed for o-cresol in phenol. Dolique (4) has pub-
lished a study of the systems phenol-water and phenol-glycerol-
water, including the effects of a number of impurities. Other
papers have also been published on the influence of impurities
on the critical solution temperature of phenol-water (2, 6, 9),
but in none did the authors find that o—cresol had been included.

The authors’ first work was done with the system phenol-
water—glycerol with additions of o—cresol, but this was aban-
doned in favor of the phenol-water system because the former
involved some difficulties in the precise observation of the
cloud point, and had no advantage over the simpler system.
Working with mixtures of phenol and o-cresol containing
up to 5.6 per cent cresol, and also containing water added in
the ratio of 65 parts by weight to 35 parts by weight of the
mixed phenol-cresol, the authors found that each addition of
cresol increases the cloud point to an extent that can be
expressed by two linear equations, one for concentrations
from O to 3 per cent o—cresol and the other for concentrations

from 3 to 5.6 per cent. The method has an accuracy for the
lower concentration range which is expressed by a standard
deviation of a single value from the true o-cresol content of
=*=0.07 per cent o-cresol and for the higher concentrations of
+0.09 per cent. The accuracy can obviously be increased
by taking the average of more than one determination.

Method of Analysis

About 7 to 8 grams of the phenol sample are placed in a dry,
tared test tube (2.5 X 15 cm.) and weighed to the nearest milli-
gram. A number of milliliters of distilled water equal to 1.857
times the weight of the phenol sample (this makes a mixture of
35 per cent phenol sample and 65 per cent water) are added from a
buret. The tube is placed in a water bath at 75° to 80° C. and
its contents are mixed with a glass stirrer (looped to fit around
the thermometer to be used later) until the mixture is clear.
The tube is then centered by means of a cork in a larger test
tube (3.25 X 175 cm., 1.5 X 7 inches) which serves as an air
jacket and is kept in a water bath maintained at about 65° C.
A thermometer with 0.1 ° divisions, calibrated for 7.5-cm. (3-inch)
immersion, is placed in the solution, which is then stirred vigor-
ously (about 80 to 100 strokes per minute).

As the solution cools, a turbidity sets in which serves as a
warning of the approach of the cloud point. This turbidity
starts at about 1° to 2° before the cloud point, starting sooner
the greater the concentration of cresol, but its onset ana the in-
crease in its opacity are not sharp. Finally there is an abrupt
increase in the opacity of the mixture. This is taken as the cloud
point and the thermometer is read to the nearest 0.05° C. The
tube may be reheated and the determination repeated at will if
it is desired to increase the accuracy by taking a mean of several
values.

For cloud points up to 70.25° C., the percentage of o-cresol is
calculated by the equation

m
% o-cresol = ————="— 020 -——————- @
and for cloud points from 70.25° to 73.5° C. by the equation
% o—cresol = PP~ point (°C.) - 66.81 ()

Development of the Method

Pheno1 Was purified by distilling c. p. phenol through a packed
column, redistilling the middle cut, redistilling the middle cut
from this, and collecting three successive cuts which had freezing
points of 40.94°, 40.93°, and 40.93° C., respectively. The
freezing points were run in a magnetically stirred enclosed appa-
ratus to protect the phenol from absorption of moisture from the
air. There was no significant change in the freezing point when
the phenol was boiled in the freezing point tube in order to
remove possible traces of moisture.
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Table |l. Deviation of Calculated Cresol Values from
True Values

Cloud Point ~ ——————- resol------- *
(Mean of 10 Values) Calculated Actual Deviation
0C. % % % cresol
By Equation 1
66.39 -0.01 0.00 -0.01
66.41 (mean of 5 values) 0.01 0.00 +0.01
67.00 0.45 0.45 0.00
67.36 (mean of 5 values) 0.72 0.67 +0.05
67.70 0.98 1.03 -0.05
68.19 1.35 1.37 -0.02
68.33 1.46 1.46 0.00
69.18 2.10 2.08 +0.02
69.40 2.26 2.33 -0.07
70.23 2.89 2.83 +0.06
By Equation 2
70.77 3.39 3.43 -0.04
71.59 4.10 4.17 -0.07
72.34 4.74 4.71 +0.03
73.42 5.66 5.59 +0.07

o-Creso1 Was prepared by diazotizing and decomposing with
water o-toluidinc which had in turn been prepared from o-aceto-
toluide that had been recrystallized to a constant melting point
of 110.9-111.6° c. (corrected). The o-cresol was distilled under
reduced pressure. The middle cut had a freezing point (run in
the aforementioned closed apparatus) of 30.99° C. (corrected).
The same freezing point was obtained upon redistilling this
material under reduced pressure and taking a middle cut.

Thermometers, The thermometers were calibrated at an
immersion depth of 7.5 cm. (3 inches) by comparing with another
thermometer certified by the National Bureau of Standards.

Glycerol-Water-Phenol-Cresol Mixtures. Choosing pro-
portions of phenol, glycerol, and water on the basis of data
reported by Dolique (4), a number of cloud points were deter-
mined for phenol-cresol mixtures containing up to 5.83 per cent
o-cresol. The phenol-cresol samples were mixed with an aqueous

glycerol solution having a specific gravity at 807k of 1.0218, in

the ratio of 87.80 ml. of the glycerol solution to 13 grams of the
phenol-cresol mixture. It was possible to get cloud point values
for the individual mixtures which agreed within 0.05° C., but
when the cloud points were plotted against the cresol content,
some of the points fell away from a straight line by as much as
0.2 per cent cresol. The difficulty was with the determination
of the cloud point. This did not appear sharply enough, so that
there was a lack of concordance between the point taken as the
cloud point for one sample and that for another, although two
successive readings on the same sample were concordant.

Phenol-Water-Cresol Mixtures. The first mixture which
was tried consisted of 32.15 per cent water and 67.85 per cent
phenol by weight. Repeated determinations of the cloud point
on the same mixture resulted in successive values, each of which
was lower than the previous value by about 0.2° C., the initial
value being 33.75° C. According to Dolique’s data (4) a change
in the water content of the mixture of about 0.07 per cent (or for
the size of sample used, about 0.004 ml. of water) would suffice
to lower the cloud point by 0.20C. It would seem most likely
that such losses explained the difficulty with this mixture.

It was next decided to use a mixture of 35 per cent phenol and
65 per cent water which would be closer to the critical solution
temperature of the system, because the system is much less
sensitive to small changes in composition in that region.

The method proposed does not pretend to determine the
critical solution temperature, which is the temperature at
which the two liquid phases become equal in composition.
What is determined is merely the temperature at which a
definite clouding phenomenon appears. Because of this fact
it is unnecessary for the use of the.method to resolve the
divergencies in the critical solution temperatures which have
been reported in the literature.

A number of mixtures were made up of phenol and o-cresol,
ranging from O to 5.6 per cent o-cresol, and the cloud points were
determined. With each mixture ten separate determinations
of the cloud point were made (five in two cases). When the
average cloud points were plotted against the known cresol con-
tent, it was found that the relationships could be expressed most
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conveniently by two straight lines (Equations 1 and 2). Possi-
bly the fundamental relationship could be expressed by a hyper-
bolic equation, but the use of two straight-line equations seems
more practical. The equations were chosen in such a way that
the percentages of o-cresol, calculated for each of the average
cloud points from the equations, would, when compared with the
actual percentages of o-cresol, give deviations such that the
difference between the sum of the squares of the positive devi-
ations and the sum of the squares of the negative deviations
would be at a minimum. The data are given in Table I.

Precision and Accuracy

The precision of the method will be determined by the
degree of agreement between individual cloud point values on
a single mixture and the mean. This has been determined
for each of the 14 mixtures by calculating for each mixture
the average deviation of each value from its respective mean
and then multiplying by a factor (1.49 for 5 values and
136 for 10 values) to convert to the standard deviation.
(The calculation of the standard deviation by means of a
factor is not so accurate as by means of the usual root mean
square average of the deviations from the arithmetic mean,
but it is felt that the difference in the two methods of cal-
culation is not sufficient to affect the reported standard de-
viations in the one significant figure to which they have been
calculated.) The latter is then calculated to per cent o-
cresol, using Equation 1or 2. The data are given in Table I1.

The accuracy of a single value was determined by calculat-
ing by means of Equations 1 or 2 the cloud point value cor-
responding to each actual percentage of o-cresol, getting the
average deviations of the individual determined cloud point

Tabie Il. Precision of Cloud Point Determination
Average
Composition of Cloud Point Deviation Standard Deviation
Sample (Mean of 10 Values) from Mean from Mean
% o-cresol °C. +° C. +° C. ZHo-cresol
0.00 66.39 0.050 0.07 0.05
0.00 66.41 (mean of 5 0.068 0.10 0.08
values)
0.45 67.00 0.045 0.06 0.05
0.67 67.36 (mean of 5 0.040 0.06 0.05
values)
1.03 67.70 0.045 0.06 0.05
1.37 68.19 0.040 0.05 0.04
1.46 68.33 0.045 0.06 0.05
2.08 69.18 0.067 0.09 0.07
2.33 69.40 0.061 0.08 0.06
2.83 70.23 0.067 0.09 0.07
Av. 0.07 0.05
3.43 70.77 0.052 0.07 0.06
4.17 71.59 0.050 0.07 0.06
4.71 72.34 0.046 0.06 0.05
5.59 73.42 0.065 0.09 0.08
Av. 0.07 0.06
Tabire IlI. Accuracy of M ethod
Calculated
Composition of Cloud Deviation from Calculated Cloud Point
Sample Point Average Average Standard
% o-cresol °C +° c. =*=% o-cresol % o-cresol
0.00 66.40 0.070 0.053 0.07
0.00 66.40 0.055 0.041 0.06
0.45 67.00 0.045 0.034 0.05
0.67 67.29 0.066 0.050 0.07
1.03 67.77 0.065 0.049 0.07
1.37 68.22 0.046 0.035 0.05
1.46 68.34 0.045 0.034 0.05
2.08 69.16 0.068 0.051 0.07
2.33 69.49 0.107 0.081 011
2.83 70.15 0.080 0.060 0.08
Av. 0.07
3.43 70.81 0.062 0.053 0.07
4.17 71.68 0.090 0.077 0.10
4.71 72.31 0.056 0.048 0.07
5.59 73.33 0.091 0.078 0.11
Av. 0.09
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values from their respective calculated values, recalculating
the average deviation to per cent cresol, and converting to
the standard deviation as per cent cresol. These data are
given in Table I11I.

The values indicate that the precision is a little better than
the accuracy. By taking the mean of a number of cloud
point determinations the standard deviation may be im-
proved by a factor equal to the reciprocal of the square root
of the number of determinations.

ElTect of Variations in Water Content

Since the sample must be made up by adding water, it is
important to know how changes in the water content of the
prepared sample will affect the cloud points. This is particu-
larly necessary because of the hygroscopic nature of phenol.
If the accuracy of the method were affected by small changes
in water content, it would be difficult to use.

Dolique (4) published data on the change of the critical
solution temperature of phenol-water with changes in com-
position :

Critical Solution

Water Phenol Temperature
% % °C
61.10 38.84 66.4
13 35.87 66.5
65.00 35.00 66.5
65.69 31 66.5
68.46 3154 66.4

It is seen that near the region of concentrations with which
this method is concerned, the cloud point of pure phenol is
insensitive to small changes in water concentration.

To two mixtures of cresol in phenol, 1 per cent less and 1
per cent more, respectively, than the usual 65 per cent of
water were added, with results as follows:

o-Cresol
Found Error

«Cresol Content  Water Content Cloud Point
% % °C % % o-creed
1.14 4 67.78 1.05 -0.09
(s3] 67.91 (ealed.) .
66 67.88 1U3 -6!61
2.63 64 69.61 2.46 -0.17
65 69.88 (calcd.)
66 69.84 2.62 - 6:06i

It can be seen that 1 per cent additional water causes a
negligible error. If about 15 ml. of water are measured from
a buret for a single mixture, an excess of even 0.2 ml. will
cause an error of no more than 0.01 per cent o-cresol. A
deficiency of water may be more serious, but that can be
avoided with considerable certainty.

Summary

A method has been devised for the determination of o-
cresol in phenol in concentrations up to 5.6 per cent, by
measuring the cloud point of a mixture of the sample with
water. The relationship between the cloud point and the
o-cresol content is expressed by one straight-line equation
up to 3 per cent and another from 3 to 5.6 per cent. The
accuracy of the method is indicated by the standard de-
viation of a single value from the true o-cresol content; this
equals #0.07 per cent o-cresol up to 3 per cent and +0.09
per cent from 3 to 5.6 per cent.
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A New Gas Generator

SIDNEY KATZ

Goldsmith Brothers Smelting & Refining Company,
Chicago, IIlI.

HE writer has frequently required a compact, portable

form of gas generator. The instrument described here
was finally adopted as being satisfactory from the stand-
points of simplicity of manufacture and operation and ease
of cleaning.

For ordinary operations, a 300-ml. Erlenmeyer flask was em-
ployed, to the base of which were sealed three 5-cm. lengths of
8-to 9-mm. tubing, as illustrated. These legs were sealed off and
a small hole was blown into each of them near the base. A
stopcock side arm was sealed to the neck of the flask, as shown,
though in a simpler modification the stopcock was simply
inserted in the stopper. The instrument fits nicely into a
1-liter beaker.

In operation, the solid reagent is placed in the flask, while the
acid is poured into the beaker, to within an inch of the brim.
Opening the stopcock admits acid through the legs of the flask,
generating the gas. When the stopcock is closed, the gas pres-
sure displaces the acid from the flask and the reaction ceases.



Determination of Furfural

IRA J. DUNCAN1
West Virginia Agricultural Experiment Station, Morgantown, W. Va.

| N STUDYING methods and procedures for the preparation

of hemicellulose from plant material many obstacles are
encountered. One difficulty is the possible loss of hemicellu-
lose as the stepsin the preparation are carried out. A means
of determining any change in the hemicellulose content would
aid considerably, as the procedure could be modified to prevent
this loss. With certain types of material, furfural may be de-
termined at the various stages of extraction and purification
to indicate whether there is a change in the hemicellulose con-
tent. With this in mind methods for determining furfural were
examined, seeking an accurate and rapid method which is
easily manipulated.

The method of Tollens and Krober for the determination of
furfural (<) is the one most commonly used. The pentoses,
pentosans, etc., are converted into furfural by distillation with
12 per cent hydrochloric acid solution according to a standard
procedure. After precipitation with phloroglucinol the weight
of furfural, pentose, or pentosan corresponding to a given weight
of phloroglucide may be obtained by reference to Krober’s
tables.

Pentoses do not usually yield the theoretical quantity of fur-
fural upon distillation with acids. Xylose gives about 90 per
cent and arabinose about 75 per cent of theoretical. This has
been explained as being due to a partial destruction of furfural.
Pervier and Gortner (3) and Youngburg (7) suggested distilling
in a current of steam to lessen the opportunity for decomposition.
Others (Iddles and Robbins, 3) found that passing steam into
the solution during distillation gave little or no increase in
furfural.

Instead of distilling pentoses or pentosans in the presence of
hydrochloric acid, Youngburg (7) used phosphoric acid. The
distillation was carried out in a stream of steam and the tem-
perature in the flask was allowed to rise to 175° C. Good re-

sults were claimed when pure xylose or arabinose were distilled, .

but only approximations are obtained in the case of various com-
plex materials yielding furfural.

Pervier and Gortner (3) found that furfural can be determined
in acid solution by oxidation with bromate salts in the presence
of bromides, determining the end point electrometrically. They
also found that the Tollens-Krober precipitation method was in
considerable error when applied to dilute solutions of furfural.
Powell and Whittaker (4) improved the method of determining
the end point by using an excess of bromate, adding potassium
iodide, and titrating back with thiosulfate. Each milliliter of
0.1 N bromate used is equivalent to 0.0024 gram of furfural.
Hughes and Acree (1) carried out the reaction at 0° C. This
procedure held the absorption to 1 mole of bromine per mole
of furfural and thus eliminated the error involved in the slow
absorption of the second mole of bromine. Each milliliter of
0.1 A bromate used is equivalent to 0.0048 gram of furfural.

For the colorimetric estimation of furfural in the distillate
such color reagents as benzidine, xylidine salts, and aniline salts
have been used. Stillings and Browning (0) developed a method
in which the furfural is allowed to react with aniline acetate in
acetic acid solution and the intensity of color produced is
measured photocolorimetrically.

Experimental

Since it was desired to select a suitable method for deter-
mining furfural in plant material, some of the available
methods were compared. As the Tollens and Krober method
has been shown to be in considerable error, particularly when
applied to low concentrations of furfural, attention was turned
to a volumetric or colorimetric procedure.

A study of the colorimetric method of Stillings and Brown-
ing (5) showed that fairly consistent results are obtained when
the temperature, concentration of reagents, and freedom from

1 Present address, Axton-Fisher Tobacco Co., Louisville, Ky.
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light are carefully controlled. However, the method could be
improved by reducing the time required for maximum color to
develop and by stabilizing the color. With this in mind a
number of substances were added to the furfural solutions
prior to the addition of the color reagent. It was found that
small amounts of a mixture of oxalic acid and disodium phos-
phate increased the rate of color development. In thesetrials
0.075 mg. of furfural, 25 ml. of glacial acetic acid containing
2.5 ml. of aniline, and varying amounts of the other reagents
were used. The final volume was 50 ml. and the relative
color intensities of the solutions were determined by means
of a Kuder photoelectric colorimeter.

Tabte | Effect of Oxalic Acid and Disodium Piiosphate
on Color of Furfural Solutions
Sample — Kuder Readings“-

No. Treatment 30 min. 45 min. 1hour 1.25 hou
Grams

1 1.0 NacCl 47.5 48.4 48.5 47.5

2 0.50 NajlIPO« 48.7 48.8 47.5 46.0

3 0.25 NajHPO< 48.2 48.1 40.8 44.9

4 0.12 NasHPO« 48.4 48.2 46.8 44.6
£0.5 NajHPOI

5 1032  Oruiic acid 49.1 50.2 50.1 49.4
J0.25 NajHPO*

6 025 NaitPo* 49.2 50.2 502 49.5
0.12 NajHPO«

7 012 Oxalic acid 48.5 50.2 50.1 49.8
0.50 NacCl

8 012  Oxalic acid Cloudy
(0.25  NacCl

9 0.25 NaaHPO* 48.9 50.0 50.7 50.2
(0.12 Oxalic acid

° All values represent means of from 2 to 4 determinations. Kuder read-

ing8 are directly proportional to color intensity of solutions.

The results given in Table | show that the addition of 0.12
to 0.50 gram of disodium phosphate to the color reagents in-
creases the rate of color development, but did not improve
the stability of the color. The addition of a mixture of 0.12
gram of oxalic acid and 0.12 to 0.5 gram of disodium phosphate
increased the intensity of color as compared to the sodium
chloride treatment, and the solutions were more stable than
those containing disodium phosphate alone. The addition of
0.25 gram of sodium chloride to this mixture had little or no
effect on the color. A mixture of oxalic acid and sodium
chloride gave a cloudy solution after standing 30 to 45 min-
utes.

Twelve per cent hydrochloric acid is commonly employed
in the distillation of pentoses, pentosans, etc., for the separa-
tion of furfural. Since Youngburg recommended phosphoric
acid, it was decided to compare phosphoric and different con-
centrations of hydrochloric acid.

A xylose solution containing 0.25 gram of xylose per 25 ml.
was used, and 25-ml. aliquots were placed in 500-ml. two-
necked, round-bottomed flasks. Samples of arabinose, sweet
clover, alfalfa, and crude hemicellulose were also distilled.
Acids to give the following concentrations were added to the
flasks: phosphoric acid, 57 per cent; hydrochloric acid, 12,
18.5, and 24 per cent. A steam inlet tube, which extended al-
most to the bottom of the flask, was placed through one opening,
and the flask was connected through the other opening to a
condenser by means of an adapter, provided with thermometer.
All connections were interchangeable ground-glass joints. A
steady stream of steam was passed into the flask, under which a
small flame was placed. A vigorous boil was maintained through-
out the distillation. The distillate was collected in 1-liter
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method is more accurate for
the determination of fur-
fural. Since plant materials

Wt. of Acid Used Temp, of Time of Furfural Found 1
Sample Material Sample 11iPO« HCI Distn. Distn. By titration Colorimetrically prot_)ably produce Cert"f"n. re-
Gram % % oc. Hours % % d_ucmg_substqnces on dlst_llla-
Xylose 0.25 57 98-105 3 57.4,57.4,57.7 49.5,49.5,51.1 F'On with a(_:lds, these might
) 0.25 57 110-12 2 55.3,54.7 50.2,51.0 interfere with the bromate
Z-Arabinose 0.25 57 110-12 1 44.4,44.1,44.7 37.0,36.3,36.9 - : ;
Sweet clover 0.20 57 110-12 1 8.2, 8.2 51, 51 titration method, as pointed
Alfalfa 0.20 57 110-12 1 9.3, 9.1 6.1, 6.1 i ;
Xylose 0.25 12’ 102-3 6 60.6,60.8 55.1,55.8, 54.9 out by Oth_er |n\{est|gators.
0.25 18.5 105 2.5 61.2,61.0 54.8,55.2,54.8, 55.2 To obtain evidence as to
0.25 24 105 2.5 60.8,60.2 55.9.54.8 .
Sweet clover 1.00 185 105 2.5 9.3, 9.0 6.0, 6.0, 5.9 the effect of substances dis-
Crude hemicellulose 0.10 18.5 105 2 33.2,32.2 29.2,29.2 i
Xylose 028 b 105-3 5 231 a4 tilled from alfalfa anq swegt
832 5 igg—g ig ggg E;é clover on the colorimetric
0.25 12 102-3 6 60.8 54.9 method, spectrophotometric

volumetric flasks. The distillation is complete when several
drops of the distillate placed in a test tube fail to give a color in
10 minutes when an equal volume of glacial acetic acid, contain-
ing 2.5 ml. of aniline per 25 ml., is added. The pH of the dis-
tillates was in the range of 3 to 5 and never failed to give a color
test when furfural was present.

The furfural in the distillates was determined by both the
titration procedure of Hughes and Acree (1) and the modified
colorimetric method.

The results given in Table Il show that higher furfural
values were obtained when the distillations were carried out
in the presence of hydrochloric acid as compared to phos-
phoric acid. Approximately equal values were obtained with
12, 185, and 24 per cent hydrochloric acid; however, 12 per
cent hydrochloric acid required at least twice as long for the
complete removal of furfural from the sample. The 185
and 24 per cent concentrations required about an equal length
of time.

The titration procedure gave consistently higher values
than the colorimetric procedure, but the reason for this was
not clear. In an attempt to clarify this point it was decided
to compare the results obtained by titration and colorimetri-
cally when other sugarswere distilled with 18.5per cent hydro-
chloric acid. In addition, samples of xylose were reinforced
with certain aldehydes and other compounds and distilled,
and pure furfural was determined colorimetrically and by ti-
tration.

Tabte IIl. Titration and Colorimetric Values

[Distillates from rhamnose (methylpentose), levulose (hydroxymethylpen-
tose), xylose, and xylose reinforced with 0.20 gram ol aldehydes, etc.J
Results Calculated

Wt. of as Furfural
Substance Distilled Sample By titration Colorimetrically

Gram % %
Rhamnose 0.17 29.6 0
Levulose 0.25 5.3 0
Xylose 0.25 58.3 55.6
Xylose + benzaldehyde 0.25 56.6 55.2
Xylose vanillin 0.25 109.3 55.7
Xylose quercitin 0.25 56.6 54.7
Xylose salicylaldehyde 0.25 204.9 55.2
Furfural 1.000 98.7 98.7

Table 111 shows that methylpentose and hydroxymethyl-
pentose gave a titration value but did not produce a color with
the furfural color reagents. When xylose was reinforced with
certain aldehydes the distillates gave higher titration values
than xylose alone. The colorimetric procedure gave no higher
values. Quercitin and benzaldehyde had no apparent effect
on either the colorimetric or the titration procedure. Pure
furfural gave almost theoretical values when titrated or
measured colorimetrically. Samples of pure furfural (not
shown) gave approximately 100 per cent recovery by steam-
distillation. These results indicate that the colorimetric

curves of the color produced

from the distillates of alfalfa

and sweet clover were com-
pared with similar curves plotted from pure furfural color
solutions of equal concentration. Within experimental error
all the curves were similar, which indicated that no ap-
preciable interfering substances were present in the alfalfa or
sweet clover distillates.

Procedure

A sample of pentose, pentosan, or plant material having a
furfural content between 1and 15 mg. is placed in a 500-ml. two-
necked round-bottomed flask. Hydrochloric acid and water in
sufficient amount to give between 200 and 225 ml. of about 185
per cent hydrochloric acid (approximately 1 to 1 by volume) is
added to the sample. A steam tube extending almost to the
bottom of the flask is inserted through one opening, and the flask
is connected to a condenser through an adapter containing a
thermometer. A steady stream of steam is passed into the
solution and a flame is placed under the flask. When the con-
tents of the flask begin to boil vigorously the flame is adjusted
to hold the temperature between 105° and 106° C., measured
at the opening into the condenser. The distillate is allowed to
pass through a small filter, as it comes from the condenser, and
then into a 1-liter volumetric flask. If the liquid in the dis-
tilling flask is reduced to approximately 75 ml., the steam inlet
tube is removed and hydrochloric acid (1 + 1) is added to bring
the volume back to 200 to 225 ml. The distillation is usually
complete in 2 or 2.5 hours. This is determined when a few drops
of the distillate fail to give a color in 10 minutes with an equal
volume of glacial acetic acid containing 2.5 ml. of aniline per 25
ml. of acid.

The solution is diluted to the mark, and mixed, and 10-ml.
aliquots are pipetted into 50-ml. volumetric flasks. The solu-
tions are made just alkaline to phenolphthalein with sodium
hydroxide, and 5 ml. of a solution containing approximately
0.12 gram of oxalic acid and 0.25 gram of disodium phosphate per
5 ml. are added. The solution is diluted to approximately 25
ml. with distilled water and 25 ml. of glacial acetic acid con-
taining 2.5 ml. of freshly distilled aniline are added. The acetic
acid and aniline should be mixed and allowed to come to room
temperature just before using. It is then diluted to the 50-ml.
mark, mixed, placed in a water bath at 20° C., and covered so that
almost all the light is excluded. After 45 minutes to 1 hour it is
read in a photoelectric colorimeter. The concentration of fur-
fural corresponding to a given colorimeter reading is obtained by
reference to a calibration curve made by plotting a series of known
furfural solutions against colorimeter readings. If a photo-
electric colorimeter is not available, the unknown solution may
be compared to known standards in any type of colorimeter in
general use.

Summary and Conclusions

The steam-distillation of pentoses and plant material with
hydrochloric acid resulted in higher yields of furfural than
steam-distillation with phosphoric acid. The use of 12 per
cent hydrochloric acid required at least twice as long as 185
or 24 per cent hydrochloric acid to remove all the furfural.
The yield of furfural from xylose was approximately the same
when the three concentrations were used.

In the application of the aniline acetate colorimetric
method, the addition of small amounts of oxalic acid and di-
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sodium phosphate to the color reagents resulted in increased
color intensity and shortened slightly the time required for
maximum color to develop. The colorimetric method was not
affected by methyl furfural or hydroxymethyl furfural. The
distillates from alfalfa or sweet clover produced colored solu-
tions very similar to that produced with pure furfural, as
shown by spectrophotometric curves. The titration method
of Hughes and Acree (1) gave consistently higher results than
the colorimetric method when applied to the distillates from
pure sugars, alfalfa, or sweet clover. This may be due to the
presence of reducing substances other than furfural in the dis-
tillates. For these reasons it is thought that the colorimetric
method may be more accurate.
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Determination of Total Sulfur in Rubber and
Rubberlike Materials

LA VERNE E. CIIEYNEY
The Goodyear Tire and Rubber Co., Akron, Ohio

A modification is presented of the oxida-
tion procedure employed in the standard
method for the determination of total sul-
fur in rubber and similar materials. The
method is especially valuable for the analy-
sis of vulcanized synthetic rubberlike ma-
terials. It is likewise applicable to a wide
variety of sulfur-containing organic com-
pounds.

T HE determination of total or combined sulfur in vulcan-

ized rubber and materials of similar type involves nu-
merous difficulties. This fact is attested by the very large
number of methods which have been proposed (3).

The most important methods all involve oxidation of the
sulfur, in whatever form it may be present, to sulfate and
weighing the latter as barium sulfate. The only essential dif-
ferences lie in the methods of oxidation employed.

The methods which seem to be the most popular at the present
time are (a) oxidation of the sample in a Parr bomb with sodium
peroxide, potassium chlorate, and sugar (5, 6, 8, 9); (b) oxidation
with perchloric acid and nitric acid (12), sometimes with the addi-
tional use of bromine (4); (c) oxidation with nitric acid and
bromine, followed by sodium carbonate—potassium nitrate fusion
(1, 2, 11); and (d) oxidation with nitric acid-zinc oxide mixture,
bromine, and potassium chlorate (1, 2, 7).

Serious explosions have been known to occur with perchloric
acid oxidations; hence this method is not so popular at present
as the other three. The fusion methods arc reliable, but they
are time-consuming and therefore not convenient when large
numbers of samples must be handled.

Methods (c) and (d) have been for a number of years the pre-
ferred procedures of the A. S. T. M. For several years the fusion
method was the “recommended” one and method (d), commonly
referred to as the “lvratz-Flower” method, was listed jis the
“alternate” method (1). In 1940 (2) the order of listing was
reversed, with the Kratz-Flower method becoming the recom-
mended and, at least inferentiallv, the preferred procedure.

This procedure involves a preliminary oxidation with nitric
acid and bromine, following which the mixture is slowly evapo-
rated to a foamy sirup. Then, if organic matter or carbon
remains at this point, a few milliliters of fuming nitric acid and a

few crystals of potassium chlorate are added and the solution is
evaporated at a boil. The operation is repeated until all carbon
is gone and the solution is clear, colorless, or light yellow. It is
then evaporated and nitrates are decomposed by one of two al-
ternate methods.

The analyst is cautioned to use care during the addition of
potassium chlorate. This is a standard precaution, to be
found in all analytical textbooks. That it is well founded is
proved by the fact that explosions frequently occur when the
addition is carried out in this manner.

An additional disadvantage of this standard procedure is
the fact that the seemingly drastic conditions of oxidation are
still not sufficient to effect the oxidation of many samples.
Carbon black is oxidized in some samples, but not in others.
Some of the synthetic rubbers prove especially troublesome,
as the solution reaches a dark, nearly black color which is
not destroyed by repeated treatment.

A somewhat unorthodox modification of the above proce-
dure has been found to take care of these difficulties and to
yield a clear, light-colored solution with considerably less
trouble. The writer does not claim to have originated the
method; in its present form it is an adaptation of a general
procedure with which he came in contact a number of years
ago and the exact origin of which is not known. In the mean-
time, the method has been extensively tested, in the hands of
both experienced analysts and students who were completely
unfamiliar with the procedure. A number of variables af-
fecting the procedure have thus been studied in some detail,
and the operating details as indicated here are believed to be
general in their application.

Modified Method

In the standard method as modified, the nitric acid-bromine
oxidation is carried out as usual. Then the resulting solution is
evaporated slowly until no more nitrogen oxide or bromine fumes
are visible, diluted with 10 to 15 ml. of concentrated nitric acid,
and heated to boiling. To the vigorously boiling solution are
added successively several 0.5-gram portions of potassium chlo-
rate.

Contrary to what one might expect, no explosion occurs.
This procedure has been employed in hundreds of analyses of
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Tabte |. Typical Sulfur Determinations
Modified
Sample Theoretical Parr Bomb A.S. T. M

Rubber stock A 2.42 2.50
2.45 2.45

Rubber stock B 1.80 1.80
1.85 1.84

Rubber stock C 3.05 3.10
3.09 3.14

Hycar O. R. stock 2.76 2.80
2.80 2.81

Buna S stock A 1.76 1.78
1.80 1.78

Buna S stock B 1.42 1.37
1.40 1.42

Thiokol stock 47.20 47.30
47.38 47.42

Mercaptobenzothiazole 38.42 38.28 38.50
38.42 38.40

Ethyl-p-toluenesulfonate 15.98 16.00 16.00
15.98 15.95

Thiocarbanilide 14.04 14.17 14.10
14.12 14.17

n-Butyl sulfite 16.48 16.32 16.40
16.37 16.47

various types of rubber products and explosions have occurred
only where the solution was allowed to cool and was no longer
boiling vigorously.

Carbon black is oxidized readily by this method, and the
dark-colored solutions obtained from wvulcanized synthetic
rubber samples are readily decolorized to yield usually straw-
colored solutions. If the successive portions of chlorate are
added too rapidly, foaming may result. An occasional sample
foams when companion samples do not; this variance may be
due to the presence of certain compounding ingredients. A
little practice will enable the analyst to anticipate cases of
bad foaming, and to control them by quickly removing from
the heat during the early stages of foaming, and, if necessary,
cooling under tap water.

The exact amount of chlorate necessary to effect the oxida-
tion varies with the individual sample. This is particularly
true of those containing carbon black. The relative ease of
oxidation seems to be related to the type of black. In general,
any unnecessary excess of chlorate should be avoided, to pre-
vent contamination of the barium sulfate precipitate by other
salts. A large excess of chlorate definitely tends to favor co-
precipitation.

Since potassium chlorate is somewhat difficult to obtain in
war time, a number of determinations have been made with an
analytical grade of sodium chlorate. The sodium salt may be
substituted for the potassium with no noticeable loss in effi-
ciency, but where both are available, the potassium salt is
preferred, as it can usually be obtained in a higher state of
purity.

Following the chlorate treatment the normal procedure may
be employed, with no additional modifications.

This general method for the determination of sulfur is also
adapted for the analysis of various sulfur-containing com-
pounds, especially organic ones. It is reasonably convenient
and merits more attention than it has received in the past from
those engaged in analyzing materials other than rubber. It
has been used successfully by the writer in analyzing a wide
variety of sulfur compounds; none of those investigated have
failed to be oxidized by this method. However, it is not a
completely universal method, and some judgment must be
exercised in its use. In the case of long-chain organic sulfur
compounds of very considerable molecular weight, and rela-
tively high sulfur content (10), the recurrence of units in the
chain of the type —RSR— is common and on oxidation can
give rise to sulfones of such stability that even the sodium
peroxide fusion method very frequently leads to low results.
The only method that gives consistently accurate results in
the case of this type of compound involves the practically in-
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stantaneous oxidation of the sample in a bomb under about
30 atmospheres of oxygen pressure.

Many organic compounds are completely oxidized by the
nitric acid-bromine combinations and the chlorate is then un-
necessary.

In Table | are listed a few of the more typical results ob-
tained by this procedure. The Parr bomb fusion with sodium
peroxide was chosen as a reference method for these samples.
The agreement between these two methods is good and the
analytical results for the pure compounds check well with the
calculated values.

Complete Procedure

Placc 0.5 gram of soft rubber or 0.2 gram of hard rubber in a
500-ml. Erlenmeyer flask of chemically resistant material (Pyrex,
quartz, etc.), add 10 ml. of zinc oxide-nitric acid solution (con-
taining 200 grams of zinc oxide to 1000 ml. of nitric acid, specific
gravity 1.42), and moisten the sample thoroughly. Let stand
at least 1 hour, overnight if convenient. The sample becomes
partly decomposed; this permits the addition of fuming nitric
acid with no danger of ignition of the sample. Add 15 ml. of
fuming nitric acid and whirl the flask rapidly to keep the sample
immersed to avoid ignition. With some samples it may be neces-
sary to cool the flask under running water.

When the solution of the rubber appears to be complete, add
5 ml. of a saturated water solution of bromine and slowly evapo-
rate the mixture until no more fumes of nitrogen oxide or bromine
are visible. Dilute the solution with 10 to 15 ml. of concen-
trated nitric acid and heat to boiling. To the vigorously boiling
solution add about 0.5 gram of potassium chlorate (or an ana-
lytical grade of sodium chlorate). If the solution is still dark in
color, continue to boil and add another portion of chlorate.
Continue the addition of successive portions of chlorate until all
carbon is gone and the solution is clear, colorless, or light yellow.
Do not use an excess of chlorate over the amount required to
complete the oxidation. (Caution: Foaming may result if the
portions of chlorate employed are too large or if the successive
portions are added too rapidly.) If foaming starts, cool imme-
diately, if necessary under running water.

Evaporate the mixture to dryness and bake at the highest
temperature of a Tirrill burner until all nitrates arc decomposed
and no more nitrogen oxide fumes can be detected. Anneal the
flask carefully to prevent cracking.

Add 50 ml. of hydrochloric acid (1 to 6) to the cooled flask and
digest warm until solution is as complete as possible. Filter
the solution, wash the filter, and dilute the solution to 300 ml.
Add 10 ml. of saturated picric acid solution, precipitate with 10
per cent barium chloride, and allow the precipitate to stand
overnight. Filter, wash with hot water until the filter paper is
colorless, and determine the barium sulfate precipitate in the
usual manner.
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Importance, Composition, and Analysis of
Bolivian Tin Concentrates

SILVE KALLMANN
Ledoux & Co., 155 Sixth Ave., New York, N. Y.

| T IS characteristic of all strategic metals, minerals, and

ores that their domestic supply is inadequate and that
there exists a marked inequality of distribution among
producing and consuming countries. This is particularly
true in the case of tin. This country, the world’s largest
consumer of tin (almost 50 per cent of the world output) is
compelled, with the exception of some secondary recovery,
to import all its tin from distant countries.

Prior to the present war, approximately 70 per cent of the
total world production of tin ore, mostly from placer de-
posits, was produced in southeastern Asia (Malaya, China,
Dutch East Indies) and about 20 per cent, mostly from lode
deposits, in Bolivia.

concentrates. A new and impressive tin smelter has been
built in Texas and is operated for the U. S. Government by
the Dutch N. Y. Billiton subsidiary, called the Tin Processing
Corporation, a group which reportedly has had “more actual
experience in smelting refractory Bolivian ores than any
other available person or corporation” (2). It is hoped that
the operation of this vital plant will go a great way toward
establishing a permanent tin industry in this country. Since
production and supply of tin are essential factors contributing
to victory, the importance of the Bolivian tin concentrates
(although of lower quality than the Malayan and East
Indian concentrates) cannot be overestimated, particularly
in the light of recent military events in the Far East.

Composition of Bolivian
Tin Concentrates

Table |l. Composition op Bolivian Tin Concentrates
Grade Sn Pb Cu Sh As Bi Zn S Fe Si02  WOj Ti The chemical analysis of the
% oo % % % % % % % % % % Bolivian tin concentrates presented
High 64.15 0.02 0.38 0.10 0.49 0.003 0.19 2.17 a a a a ; :
High 57.78 1.14 0.52 0.78 0.45 0.012 0.38 253 7.69 4.32 0.06 0.14 a majordprol_)lﬁm ht'o the I:aboratcr)]nes
High 59.30 0.32 0.62 0.09 0.53 0.004 2.47 4.13 6,42 4,70 0.17 0.03
High 62.19 0.02 0.17 0.18 0.27 0.027 0.21 2.35 a a i a entrusted with this ta_s , as ese
Medium 38.20 0.09 0.32 0.18 0.14 0.033 0.78 3.13 g 2 g a concentrates are of widely varying
Medium 52.83 1.38 0.07 0.65 0.62 0.008 4.14 4.79 .
Medium 48.92 0.14 0.87 0.64 0.22 0008 0.07 3.33 7,17 19,14 4 a grao_le and_ c;omposmon and the amount
Medium 36.49 4.17 0.66 0.14 0.46 0.230 10.09 12.99 d d a a of impurities ranges from zero to
Low 19.07 0.33 0.54 0.57 0.58 0.131 0.24 2.63 a a a a
Low 24.16 1.13 0.03 0.14 0.34 0.026 23.12 2455 1568 4 a a many per cent.
Low 22.16 0.92 0.96 3.48 0.56 0.074 0.37 8.19 1957 2291 0.75 1.21 ;
Low 23.11 0.75 2.11 0.34 0.07 0.217 0.03 6.77 12.15 38.00 3.07 & The tin concentrates are of the

0 Not determined.

Repeated attempts have been made to exploit small
and low-grade deposits in this country, but there seems
little hope that an appreciable output of tin ore can be de-
veloped, as known deposits are too small in size and too low
in grade to justify work on a scale that would produce an
output of appreciable magnitude (14).

Until recently, the smelting picture was not much brighter.
The smelters in Malaya and the Dutch East Indies used
to produce more than 60 per cent of the world’s metallic
tin; Bolivia, the world’s second largest ore producer, does
no smelting; and England, which is only a small ore producer
(2 per cent of the world production), is the second largest
smelter.

There have been only two noteworthy attempts in the
past to operate smelters in the United States (with Bolivian
ores), one in 1907, the other in 1916; both ended in utter
failure, chiefly because of political and commercial control
of the ore supplies. As tin is probably the most important
strategic metal, Roush advised (IS) a reserve stock pile
containing enough metal to tide over anticipated needs for
one or two years.

Therefore, early in the present crisis, the Government
increased imports of tin from abroad and stepped up second-
ary recovery, particularly from tin plate scrap and very
recently from used tin cans. In addition, and despite
failures in the past and -~viens of pessimistic observers, the
Government, represented by the Metals Reserve Company,
concluded, as early as November, 1940, five-year contracts
with a number of Bolivian tin ore producers, providing for
the annual delivery of many thousand tons of tin ores and

cassiterite (Sn02 type, stannite

(Cu.S.FeS.SnS;) and thealite (PbS.-

SnS) being rejected by terms of the

contract. They are delivered in 3
grades: high grade, over 55 per cent tin; medium grade,
over 35 per cent tin; low grade, over 18 per cent tin.

Bolivian tin concentrates are contaminated by varying
amounts of silica, iron, lead, copper, bismuth, antimony,
arsenic, and zinc, mostly in the form of oxides and sulfides.
Sometimes concentrates containing varying amounts of
tungsten, titanium, aluminum, and calcium are encountered,
as well as manganese, cadmium, molybdenum, vanadium,
tantalum, columbium, silver, and indium, mostly in very small
guantities. The contracts between the Metals Reserve Com-
pany and the Bolivian tin producers provide that more than
small but defined amounts of lead, copper, bismuth, antimony,
arsenic, zinc, and sulfur are objectionable, certain penalties
and treatment charges being imposed for their presence. Some
typical composition figures obtained in actual analysis
(Table 1) indicate some of the difficulties that analysts
encounter in judging the approximate composition of the
tin concentrates, and are helpful in choosing the proper
analytical procedure to be followed.

As the writer has been engaged in the analysis of tin
concentrates, he decided to test all methods mentioned in
the literature that appeared to be suitable, to determine
concisely their range of application, and to compile and
present them in a form that may prove helpful not only to
laboratories engaged in analysis of these particular con-
centrates, but also to chemists performing assays on similar
material.

In some instances, a procedure incorporating the best
features of several methods has been developed, which gives
reliable results and is generally applicable to almost any
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type of tin concentrate. In other cases, however, new
suggestions and procedures had to be worked out and these
have been included in the investigation reported here.
Spectrochemical methods for the determination of impurities
in tin concentrates are becoming more popular as methods
are being perfected. One laboratory engaged in the analysis
of Bolivian tin concentratcs first identifies all samples spectro-
scopically, and unless the amount of the impurity exceeds
a certain limit, it is quantitatively determined by spectro-
chemical analysis. The high cost of spectroscopic equip-
ment, however, and its limited range of application for
routine quantitative analysis caused this writer to omit a
detailed description of such methods.

Preparation and Solution of Sample

Cassiterite is scarcely attacked by any acid, but some of
the impurities present in the form of sulfide or oxide (arsenic,
zinc, sulfur, copper) can be dissolved by proper acid treat-
ment.

Other methods, applied in the procedures described below,
are:

1 Fusion with a mixture of sodium peroxide and sodium
carbonate in a nickel or iron crucible. The writer has carried out
numerous tests to determine the most efficient and economical
fusion mixture. Sodium peroxide alone, used by the majority
of laboratories, though very effective with cassiterite and other
ores, is extremely corrosive and readily attacks nickel and iron
crucibles, frequently causing loss of money and time when fu-
sions “melt through”. However, a mixture of 1 part of sodium
carbonate with 2 parts of sodium peroxide not only produces per-
fect decomposition of the sample but lessens the corrosive action
of the sodium peroxide upon the crucible, considerably lengthen-
ing its life.

2. Cassiterite can be decomposed by fusion with a mixture of
equal parts of sodium carbonate or potassium carbonate and
sulfur. Tin, antimony, and arsenic (also any molybdenum, tung-
sten, and vanadium) are found in the water extract of the fusion,
while iron, zinc, copper, lead, and bismuth (aswell as any titanium,
manganese, and cadmium) appear in the residue. This method
of decomposing tin concentrates, however, should be avoided
when the sample is high in iron or zinc.

3. Cassiterite is reduced to tin by ignition in a stream of hy-
drogen, most of the impurities also being found in the metallic
residue. Fusion of the concentrate with potassium cyanide and
other reducing fluxes will effect a similar reduction to the metal.

4. Fusion of cassiterite with certain oxidizing lead fluxes will
result in its decomposition, tin and impurities passing into the
slag and bismuth being collected in the lead button.

Determination of Tin (Routine Method)

Weigh 1 gram of low-grade tin or 0.5 gram of medium- or high-
rade tin concentrate into a 50-ml. high—-form iron or nickel cruei-
le, add 4 grams of sodium carbonate, mix thoroughly, and cover

with 8 grams of sodium peroxide. Heat the crucible and contents
over a small Bunsen flame to expel any water in the flux and until
the charge starts melting, then carefully finish fusion by holding
and revolving the crucible around the outer edge of the flame until
the mixture melts down quietly. When the contents are in quiet
fusion, continue heating with the full flame of the Bunsen burner,
while rotating the crucible, for about 2 minutes.

Let the melt solidify and cool, then place the crucible in a 400-
ml. beaker, add 60 mi. of cold water, and allow the melt to dis-
integrate. Remove the crucible from the beaker with a glass rod,
rinsing it thoroughly with warm water. Add 50 ml. of concen-
trated hydrochloric acid to the beaker, agitating the solution
until all has dissolved, as indicated by the clear green color of
nickel chloride or the brown color of ferric chloride. Clean the
crucible with 50 ml. of hydrochloric acid and add to main solu-
tion.

Transfer the solution to a 500-ml. Erlenmeyer flask and dilute
to 250 ml. Introduce a nickel strip or foil weighing about 5
grams and boil the solution gently for about 25 minutes until all
ferric chloride has been reduced (if fusion of the sample was
carried out in an iron crucible). Introduce a second nickel strip
and close the flask with a rubber stopper containing a glass tube
extending on the outside to the bottom of the flask. Boil the
solution gently for 20 more minutes, then seal the end of the glass
tube with a hot solution of sodium bicarbonate in a 250-ml.
beaker, remove the flask from the hot plate, cool to below 15° C.,
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and titrate with a 0.125 N iodine solution, using starch as indica-
tor.

Strength of lodine Solution. Welgh 160gramsofc. p.iodine
and 320 grams of c. p. potassium iodide into a large beaker and
cover with distilled water. Allow to stand for several days with
occasional stirring, adding more water until all is dissolved, filter
through asbestos into a dark bottle, and dilute with distilled
water to approximately 10 liters. Allow to stand for about 2
weeks. The strength of the iodine solution is such that all low-
grade tin concentrates (tin <35 per cent) and all high-grade con-
centrates (tin <78 per cent) can be run on the 1.0-gram or 0.5-
gram basis, respectively, using in either case less than 50 ml. of
the iodine solution. It is undesirable to reduce and titrate more
than about 400 mg. of tin.

Standardization of lodine Solution. 1 Asstannous chlo-
ride is very unstable and the titer of the iodine solution changes
somewhat with the concentration of acid and salts, it is best to
use one of the standard tin concentrates made available by the
National Bureau of Standards and fuse, reduce, and titrate it,
as described above, simultaneously with the sample which is
analyzed.

2. If a standard sample of a similar composition is not at
hand, it may be replaced by finely rolled and cut tin foil, which is
easily fused and decomposed in a nickel or iron crucible by the
same fusion flux (NaZZ03+ Na 2 used for cassiterite.

3. Adding to the hydrochloric acid solution of standard tin a
“blank fusion” of sodium peroxide in an iron crucible, in order to
introduce the same amount of salts and approximate conditions
prevailing during the reduction of the solution of the sample, is a
standardization procedure sufficient for routine work where ex-
treme accuracy is not required but is inadequate when highly
accurate results are expected. The sample has to undergo a num-
ber of manipulations during which it is subject to possible me-
chanical losses by spattering, volatilization, etc. On the other
hand, by dissolving tin in hydrochloric acid and adding a blank
fusion, the standard is not submitted to the same manipulations
and possible mechanical losses as the sample. Consequently this
standardization procedure produces somewhat low tin results.

4. One laboratory proposes the use of a “standard solder”
of known tin content, which is dissolved in nitric acid (1 gram of
the solder). Metastannic acid thus obtained is filtered dT, ig-
nited, and fused exactly like the sample. The writer believes
that this standardization procedure is objectionable, not only as
it raises the question of the reliability of the “standard solder”,
but also because any chemical or mechanical loss of metastannic
acid would raise the titer of the iodine solution. The tendency of
this procedure is to give high tin results.

Nature of Interference. Few of the elements found
in Bolivian tin concentrates mil interfere with the above
method.

Most of the arsenic is expelled as trichloride, and most of
the antimony precipitated by the nickel foil. Small amounts
of arsenious and antimonious compounds are without effect
if the solution contains sufficient acid. Larger amounts
of antimony (>50 mg.) will obscure the end point and are
best removed by treating the hydrochloric acid solution
with iron nails and subsequently filtering it prior to the
reduction with nickel. Small quantities of copper (<50 mg.)
do not interfere as they are precipitated by the nickel, but
larger amounts should be removed with iron. The small
amounts of bismuth found in Bolivian tin concentrates are
precipitated by the nickel and do not interfere. Tungsten
is reduced to a lower oxide by the nickel, presumably to
the blue tungsten pentoxide, which, however, does not
consume any iodine. When much tungsten is present the
blue color thus produced is apt to obscure the end point
of the starch indicator. In such cases lead should be used
instead of nickel to reduce the stannic chloride.

There are contradictory statements in the literature con-
cerning the exact nature of interference of molybdenum,
Mantell (11) asserting that molybdenum has no effect,
while Scott (16) claims that it is reduced by the nickel
(presumably to the trichloride) and is subsequently reoxidized
by the iodine. Tests carried out by the writer would support
this latter view. The reoxidation of the molybdenum
trichloride, however, is not proportional to the amount of
molybdenum present. According to Scott (16) reduction
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with lead will obviate the above difficulties. Vanadium is
also reduced by the nickel and partly reoxidized by the
iodine solution, and in the presence of large amounts of
vanadium reduction should be carried out with lead. Ti-
tanium chloride is reduced to titanous chloride by the nickel.
The reduced compound, however, is oxidized only by an
excess of iodine, and even then the action is extremely slow.
Modifications of the above method have been proposed.

Some analysts use iron, antimony, zinc, and aluminum instead
of nickel, to reduce the stannic chloride. The method favored
by many European laboratories (4) consists in removing copper,
antimony, etc., by reducing the hydrochloric acid solution of the
tin with “ferrum reductum” and subsequently filtering into a 750~
ml. Erlenmeyer. The solution is then treated with aluminum,
heated until both the aluminum and tin have dissolved, cooled,
and titrated, after starch has been added, with a solution of
iodine or of ferric chloride, using in the latter case an indicator
of potassium iodide and cuprous iodide. During the entire pro-
cedure the air in the Erlenmeyer flask is replaced by carbon di-
oxide gas. The ferric chloride solution is made up by dissolving
144 grams of Fedj.GI1jO or 86 grams of FeCl3in 300 ml. of con-
centrated hydrochloric acid and 1000 ml. of
water. The solution is then diluted to 3000 ml.
The indicator used for this titration is prepared
by adding 50 grams of hydriodic acid (specific
gravity 1.50) to 100 grams of potassium iodide

Standard Sample Containing 75.93% Sn

amount of tin, into nickel crucibles and fuse with 5 grams of so-
dium carbonate and 10 grams of sodium peroxide. Acidify, re-
duce, and cool along the lines indicated in the regular iodine
method, described above, using a 750-ml. Erlenmeyer flask.

Weigh in 0.8800-gram portions of potassium iodate if the
sample contains 75 to 78 per cent of tin, or 0.8500-gram portions
of potassium iodate if the sample contains 73 per cent of tin, add
about 0.5 gram of sodium bicarbonate and about 1 gram of po-
tassium iodide, and dissolve in 75 ml. of cold water. (As 0.9
gram of potassium iodate oxidizes approximately 1.50 grams of
tin, the amount of potassium iodate weighed in as directed above
is sufficient to oxidize approximately 96 to 97 per cent of the stan-
r}ou)s chloride present. 0.6010 gram of K103 == 1.0000 gram of
tin.

Remove the stopper with the glass tube from the Erlenmeyer
flask containing the reduced tin solution and add at once quanti-
tatively the potassium iodate solution, washing the beaker with
cold water. Add starch solution and titrate immediately with a
potassium iodate solution, 1 ml. of which contains 0.0030 gram
of potassium iodate.

Prepare the potassium iodate solution by dissolving 3.0000
grams of potassium iodate and about 3 grams of sodium bicar-
bonate in cold water. Transfer to a 1000-ml. volumetric flask,
fill up to the mark, and shake.

Calculation

N. E. I. Tin Concentrate

and 25 grams of cuprous iodide. Next 50 ml. of 'fo'(?ait:ﬁﬂfg{e%faml 1%52‘300 g8
warm water are added and the solution is stirred T 123 110
until the cuprous iodide has dissolved and then 10.95

decanted into a stock bottle containing some
copper wire. To the undissolved potassium
iodide 50 ml. of hydriodic acid and 50 ml. of
warm water arc added and after all has dis-
solved this is added to the main solution. Carbon
dioxide is passed in until the solution is colorless.

Potassium lodate Method

As pointed out above, the chief difficulty in obtaining
satisfactory tin results is that the reduced compound is ex-
tremely unstable and tends to reoxidize in contact with air.

Because of this instability of stannous chloride, most
analysts try to reduce the time of titration (unless special
precautions, such as eliminating admission of air by passing
carbon dioxide over the surface of the solution, are employed
during the titration) by running the assay with a small
portion of the sample (0.25 to 0.5 gram) or by using for the
titration a comparatively strong iodine solution, 1 ml. of
which titrates 10 mg. of tin.

Both procedures will meet routine requirements, but
are not adequate if extremely accurate results are expected.
For, if the assay is run with 0.5 or 0.25 gram of the sample,
any plus or minus error in the manipulation will be doubled
or quadrupled in the final calculation. On the other hand,
if the analysis is carried out with 1 gram of the sample and
titration is performed with an iodine solution, 1 ml. of which
oxidizes 10 mg. of tin, in order to obtain extremely accurate
results an agreement of 0.1 ml. or less in the titration must
be reached.

A method, recently worked out by this writer and described
below, successfully obviates the difficulties attending the
usual procedures. It is not intended for routine work, as
the approximate tin content of the sample must be known
or first be determined by another method. However, it
gives excellent results and makes it possible to take for one
tin determination 2 grams or more of high—-grade cassiterite.
The procedure was originally intended and may be highly
recommended for determination of tin in pig tin and tin-
bearing alloys by dissolving 2 to 5 grams of the sample in hot
concentrated sulfuric acid and proceeding as described below.

Procedure (Example, N. E. I. tin concentrate, tin * 75
per cent). Weigh 2-gram portions of tin concentrate, and 2
grams of a standard sample containing approximately the same

12.25 ml. of KIOj

0.8800 gram of KI10j
0.03675 gram of K10j

0.91675 gram of KIOj

10.99 ml. of KlIOa o 32.97 mg. of IUOj

0.8800 gram of KI10Oj
0.03297 gram of KIOj
0.91297 gram of KIOj
0.91297

0.91675

36.75 mg. of KIOj

Sample contains 75.93 X 75.62 % Sn

Notes. 1 If a standard sample is not at hand, stand-
ardization may be carried out by fusing 1.5000 grams of
finely cut c. p. tin foil in a nickel crucible with sodium car-
bonate and sodium peroxide.

2. As the oxidation value of the potassium iodate dif-
fers only very slightly from its theoretical titer, it is adequate
for routine analysis of samples of approximately known tin
content to establish an empirical factor.

3. Instead of the potassium iodate solution a weak
(0.075 N) iodine solution may be used to carry out the end
titration. To carry out the standardization of this iodine
solution, a certain measured amount of this solution and a
certain weight of potassium iodate (which is dissolved in
water and acidified with hydrochloric acid, and to which
some potassium iodide solution is added) are both titrated
with an approximately 0.1 N sodium thiosulfate solution.
Thus the strength of 1 ml. of the iodine solution and also the
amount which was required to carry out the end titration
can be expressed in grams of potassium iodate. This weight,
in turn, is added to the weight of potassium iodate which
originally had been added to oxidize the bulk of the stannous
chloride.

Determination of Copper, Lead, and Antimony

The determination of copper in cassiterite has been the
cause of some controversy between the laboratories involved,
as one side has insisted that methods based on acid de-
composition of the sample, although rapid and easy of manipu-
lation, are in most cases insufficient and will invariably
produce low copper results, while the other side insists that
acid decomposition is adequate.

The writer supports the former view and bases this opinion
on an extensive investigation which is recorded in Table 11.

In 2 series of tests copper was thus determined in a large
number of samples both by the two regular methods (described
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Tabie Il Reliability of Acid Decomposition
Copper Found Copper Found Copper Found
by Acid Decom- by Sulfur Soda by NaiOj
position Fusion Fusion
Type of Tin Dupli- Dupli- Dupli-
Concentrate Original cate  Original cate Original cate
% % % % % %
High grade 0.57 0.58 0.69 0.70 0.71 0.69

0.18 0.20 0.30 0.34 0.37 0.36
0.08 0.08 0.08 0.08 0.09 0.07
0.43 0.44 0.57 0.59 0.60 0.58
Medium grade 0.72 0.69 0.91 0.89 0.90 0.90
0.35 0.35 0.40 0.42 0.43 0.40
1.19 1.23 1.44 1.46 1.45 1.43
0.U8 0.64 0.71 0.69 0.68 0.68
Low grade 0.75 0.70 0.94 0.95 0.88 0.90
0.24 0.27 0.33 0.33
2.21 2.18 2.37 2.38 2.39 2.40
1.53 1.48 1.57 1.60 1.61 1.61

below) and by decomposing the sample with aqua regia and
sulfuric acid. The results definitely show that acid de-
composition is not sufficient and will not give the full copper
content. However, duplicate results obtained by this
method are generally in good agreement, thus misleading
some analysts to the belief that they are reliable.

Warmbrunn (3) arrived at a similar conclusion, although
the material that he analyzed was somewhat different.

Method |. This method is applicable to all grades of
cassiterite, although Method II, described below, has ad-
vantages under certain defined conditions.

Procedure. Weigh 1.0 gram of cassiterite into a 50-ml. iron
cruciblc, mix with 4 grams of sodium carbonate, cover with 8
grams of sodium peroxide, and fuse as for tin. Transfer the
crucible, when cool, to a 400-ml. beaker, add 100 ml. of water,
and allow the melt to disintegrate. Remove the crucible ancl
wash with hot water. Add just enough hydrochloric acid to give a
clear solution, but disregard undissolved iron scale. Rinse the
crucible with dilute hydrochloric acid and add to main solution.
Pass in sulfur dioxide for about 5 minutes to reduce the ferric
chloride, then expel excess sulfur dioxide by gentle boiling. Neu-
tralize the warm (but not hot) solution carefully with about 6 N
ammonia until a permanent deep green precipitate forms, then
add 6 N hydrochloric acid drop by drop until the precipitate turns
white, and finally an excess of 6 ml. of the same acid. Dilute to
250 ml., pass in hydrogen sulfide for about 20 minutes, dilute to
325 ml., and continue passing in hydrogen sulfide for 10 more
minutes.

Allow the precipitate to settle, filter on 12.5-cm. No. 40 What-
man filter paper, and wash 6 times with warm 1 per cent sulfuric
acid wash solution containing hydrogen sulfide. Wash the pre-
cipitate back into the original beaker and place the latter under
a funnel. Pour 60 ml. of potassium sulfide solution (prepared by
dissolving 75 grams of potassium hydroxide and 20 grams of
sodium sulfate in 500 ml. of water, saturating the solution with
hydrogen sulfide, and diluting to 1000 ml.) over paper. Warm on
a hot plate until the soluble portions have been extracted. Filter
through the original paper into a 500-ml. Erlenmeyer flask and
wash with warm dilute potassium sulfide solution. Save the
filtrate for the antimony determination.

Place the precipitate and paper in the original beaker and fume
with 20 ml. of nitric acid and 8 ml. of sulfuric acid, adding, if nec-
essary, more nitric acid to destroy all carbonaceous compounds.
Finally fume strongly to expel excess nitric acid. Dilute the cool
solution with 75 ml. of water and heat to boiling. Cool the solu-
tion for 2 hours to below 15° C., filter off lead sulfate on a 9-cm.
No. 42 Whatman filter paper, and wash 5 times with cold one
per cent sulfuric acid. Save filtrate for the copper determina-
tion.

Wash the lead sulfate back into the original beaker and place
the latter under the funnel. Pour 30 ml. of ammonium acetate
solution (300 grams of the salt in 1000 ml. of solution) over paper.
Warm on a hot plate until lead sulfate has dissolved, then filter
through the original paper, receiving the filtrate in a 250-ml.
beaker and washing with hot dilute ammonium acetate solution.
Add 5 ml. of 12 N hydrochloric acid and heat to boiling. (The
addition of hydrochloric acid instead of acetic acid tends to pre-
vent the precipitation of basic lead chromate upon the addition
of ammonium chromate.) Add to the boiling solution 20 ml. of
20 per cent ammonium chromate solution and continue with the
boiling until the precipitate has turned to a shade of orange.
Filter on a tared Gooch crucible, dry at 105° C., and weigh as
lead chromate.
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To the filtrate of the lead sulfate add 10 ml. of 50 per cent tar-
taric acid and make the solution slightly ammoniacal, then
slightly acid with hydrochloric acid. Add 20 ml. of strong sulfur
dioxide water and 2 ml. of 10 per cent ammonium thiocyanate
solution. Stir the solution vigorously to accelcrate coagulation of
copper thiocyanate, filter on 11-cm. No. 42 Whatman paper, and
wash the precipitate once with cold water. Place the precipitate
in the original beaker and take to fumes with nitric acid and 5
ml. of sulfuric acid until all the carbonaceous compounds are de-
stroyed and heavy fumes of sulfur trioxide escape. Dilute with
300 ml. of water, add 5 ml. of ammonia and 3 ml, of nitric acid,
and determine the copper electrolytically.

Acidify the potassium sulfide extract containing the antimony
with 75 ml. of 9 Arsulfuric acid, warm until the precipitate has
settled, and filter on 12-cm. No. 40 Whatman paper, washing the
precipitate with dilute sulfuric acid containing hydrogen sulfide.
Place the precipitate and paper in the original Erlenmeyer flask.
Take to fumes with 1 gram of potassium bisulfate, 3 grams of
ammonium sulfate, and 30 ml. of 36 N sulfuric acid by heating,
first cautiously, then with the full heat, on a very hot plate until
all carbon is destroyed.

Add to the cool solution 75 ml. of strong sulfur dioxide water
and 100 ml. of 12 N hydrochloric acid and boil down on a hot
plate to 85 ml. to expel all arsenic as trichloride. Dilute with
250 ml. of water, cool to below 15° C., and titrate with 0.05 Ar
potassium permanganate solution which has been standardized
with c. r. antimony.

If titration with potassium bromate is preferred, add 120 ml.
instead of 100 ml. of 12 N hydrochloric acid, boil down to a volume
of about 100 ml., add 100 ml. of hot water, and titrate with 0.02 N
potassium bromate solution, using methyl orange as indicator.

Method Il. This method is very rapid, accurate, and
well suited for the determination of lead and copper in high-
grade cassiterite. Considerable difficulties are, however,
encountered when applying it to low-grade concentrates
high in iron, and, to a lesser degree, to those concentrates
high in zinc. This is due to the tendency of iron sulfide
to enter into soluble complex compounds with sodium
sulfide, while the filtration of zinc sulfide from alkaline solu-
tion is difficult. This method is also well adapted for the
determination of antimony in cassiterite provided that the
amount of the latter does not exceed a few milligrams.
With a higher antimony content slightly low results will
be obtained with this procedure, and preference should be
given to Method |I.

Procedure. Weigh 1gram of cassiterite into a 150-ml. tall-form
porcelain beaker, mix thoroughly with 4 grams of sodium car-
bonate and 5 grams of sulfur, and cover with 3 grams of potas-
sium carbonate. lleat the beaker with the full flame of a Bunsen
burner until the charge has melted down quietly, keeping the
beaker covered with a watch glass. Allow the melt to cool, then
add 3 grams of sodium sulfite and 120 ml. of water and heat on a
hot plate to effect disintegration of the melt and extraction of the
soluble portions. Filter on 11-cm No. 40 Whatman filter paper,
receiving the filtrate in a 500-ml. Erlenmeyer flask and washing
the precipitate with warm dilute potassium sulfide solution. Pro-
ceed with the antimony determination as in Method |. For the
determination of lead and copper, place the precipitate in a 250-
ml. beaker, and clean the porcelain beaker with a little nitric

Tabte Il Accuracy of Methods |l ana 1l
Found by Found by Reputed Pb, Cu.
Type of Tin Method | Method [1I Sb Content
Concentrate Pb Cu Sb  Pb Cu Sb Pb Cu Sb
% % % % % % % % %
High grade 0.41 0.17 0.42 0.44 0.19 0.40 0.40 0.15° 0.38
1.14 0.52 0.78 1.17 051 0.73 1.18 0.40° 0.73
0.02 0.17 0.18 0.05 0.17 0.20 0.06 0.15° 0.19
0.14 0.08 0.09 0.14 0.09 0.12 0.10 0.09a 0.10
Medium grade 0.09 0.32 0.18 0.12 0.29 0.15 0.12 0.23° 0.14
1.38 0.07 0.65 1.36 0.09 0.62 1.32 0.08° 0.61
0.14 0.87 0.64 0.15 0.88 0.61 0.15 0.66a 0.60
0.23 0.45 0.02 0.20 0.49 0.00 0.25 0.36° 0.00
Low grade 0.75 2.11 0.34 0.73 2.15 0.29 0.77 1.98° 0.36
0.92 0.96 3.48 0.93 0.99 3.38 0.97 0.86a 3.43
0.68 0.36 0.63 0.64 0.40 0.59 0.71 0.30a 0.59

° Copper determined by acid decomposition.
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acid which is then added to the 250-ml. beaker. Add 20 ml. of
16 Nhniéric acid and 8 ml. of 36 N sulfuric acid, and proceed as in
Method I.

Some results of actual copper, lead, and antimony de-
terminations are given in Table 111.

Determination of Arsenic

Weigh 1.0 gram of cassiterite into a 250-ml. beaker, add 20 ml.
of 16 N nitric acid and 15 ml. of 36 N sulfuric acid, and evaporate
slowly on a hot plate to strong fumes of sulfur trioxide. When
cool, add 15 ml. of strong stilfur dioxide water and take again to
fumes, repeating the evaporation once more with 10 ml. of dis-
tilled water.

Transfer the solution to a distilling flask, using the least amount
of water possible. Add 45 ml. of hydrazine sulfate solution (10
grams of hydrazine sulfate and 20 grams of potassium bromide in
1000 ml. of solution) and 70 ml. of concentrated hydrochloric
acid. Immerse the outlet of the condenser beneath the surface
of 250 ml. of cold water in a 600 ml. beaker. Distill until the vol-
ume in the flask has been reduced to 75 ml., then add 40 ml. more
of hydrochloric acid and distill again to 75 ml.

Remove the beaker from under the condenser, washing the lat-
ter with distilled water and allowing washings to run into the
distillate. Make the solution alkaline with ammonia, using
methyl orange as indicator, then just acid with hydrochloric
acid. Cool to below 15° C., add 8 grams of sodium bicarbonate,
and titrate with 0.03 N iodine solution, using starch as indicator.

Standardize the iodine solution by dissolving a weighed amount
of arsenic trioxide in a little sodium hydroxide (0.5 to 1 gram)
and 10 ml. of water, dilute to 250 ml., add 100 ml. of concentrated
hydrochloric acid, neutralize with ammonia, acidify with hydro-
chloric acid, cool, and proceed with the titration as for the
sample.

Tabtle V. Application Range op Two Zinc Methods
Reputed Zinc Found by Zinc Found by
Typo of Tin Zino Method | Method 11
Concentrate Content Original Duplicate Original Duplicate
% % % % %
High grade 0.10 0.12 0.09 0.13
0.70 0.70 0.73 0.70
2.47 2.49 2.45 2.44 2.47
Medium grade 1.12 1.12 1.09 1.10 1.08
4.73 4.76 4.78 4.73 4.75
2.47 2.40 2.45 2.50 2.46
Low grade 0.99 0.99 0.98 0.99 0.96

12.89 12.81 12.78 12.91 12.88
16.64 16.52 16.50 16.62 16.64
23.98 23.88 23.88 24.00 23.96

Determination of Zinc

In contrast to copper which is found chemically combined
with cassiterite and other tin ores (stannitel), zinc seems
not to have entered into such combinations, but merely
accompanies the other impurities of tin concentrates. Hence,
there have been very few instances where the writer in
determining zinc in tin concentrates has had cause to dis-
trust results obtained by Method | which is based on acid
decomposition. This procedure, which is very rapid and
accurate, can be used as long as the amount of zinc does
not materially exceed 10 per cent. Method Il should be
preferred for tin ores of poor quality which occasionally
contain up to 25 per cent of zinc, although this method is
more lengthy and not so easy of manipulation as Method 1.
Preference should also be given to Method Il whenever
doubts arise as to whether or not acid decomposition is
sufficient. Results which indicate the range of application
of both methods are given in Table V.

Method |. Weigh 2.0 grams of cassiterite into a 250-ml.
beaker, add 25 ml. of 16 N nitric acid and 15 ml. of sulfuric acid,
and evaporate on hot plate until heavy fumes of sulfur trioxide
escape. Take up the cold solution with 100 ml. of water, add 3
grams of ammonium sulfate, and heat to boiling. Pass in hydro-
gen sulfide for about 5 minutes to precipitate arsenic, copper, an-
timony, bismuth, etc., and the small amounts of tin which have
been brought into solution. (If the sulfide precipitate is large,
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Table V. Determination of Zinc
Zinc Found as Zinc Zinc Found Elec- Zinc Found by
Oxide trolytically Titration
% % %
0.38 0.34
0.04 0.59
0.80 . 0.73
1.29 q%? 1.20
3.77 3.66 3.70
5.12 5.02 5.00
8.83 8.72 8.74
13.01 12.89
18.38 18.24
24.27 24.14

indicating that the sample consists largely of stannito or other
tin sulfides, it is advisable to discard this procedure and start
another portion of the sample using Method 11.) Filter on 9-cm.
No. 2 Whatman filter paper and wash the precipitate 5 times with
warm 3 per cent sulfuric acid containing hydrogen sulfide. Re-
ceive the filtrate in a 400-ml. beaker, heat to boiling to expel hy-
drogen sulfide, then oxidize the solution with hydrogen peroxide.
Add 12 iV ammonia until the solution is strongly alkaline. Heat to
boiling, filter off ferric hydroxide on 12-cm" No. 2 Whatman
filter paper, receiving the filtrate in a 600-ml. beaker, and wash 4
mtimes with hot water. Wash the precipitate back into the orig-
inal beaker and redissolve iron hydroxide in a little sulfuric acid
and hydrogen peroxide. Repeat the ammonia separation, filter
through the original paper into the original filtrate, and wash the
precipitate 4 times with hot water. Discard the precipitate.

Evaporate the filtrate to approximately 250 ml., cool to below
20° C., add 3 drops of methyl orange, then 9 N sulfuric acid, drop
by drop, until the yellow color just turns red, then add 2 drops of
the same acid in excess. Pass in hydrogen sulfide for half an
hour, allow zinc sulfide to settle, filter on 11-cm.,, No. 42 Whatman
paper, and wash the precipitate 3 times with warm water. 1g-
nite zinc sulfide and paper in a clay or porcelain crucible, first at
a low heat, then with the full flame of a Bunsen burner, and for 5
minutes with a blast lamp, raising the heat to approximately
900° C. Cool in a desiccator and weigh as zinc oxide.

The results are usually slightly high, owing to incomplete
oxidation of the sulfide. Hence it is advisable to verify
the results by one of the two following procedures:

Procedure for Less Than 100 Mg. of Zinc. This procedure is
based on the electrolytic deposition of zinc from sodium hy-
droxide solution, a method that is not particularly in vogue in
this country, even though extremely accurate, if properly exe-
cuted.

Transfer the zinc oxide to a 250-ml. beaker, add 15 ml. of 18N
sulfuric acid, and evaporate to fumes of sulfuric acid. Take the
solution up with 100 ml. of water and add solid sodium hydroxide
until just alkaline, then about 4 grams in excess. Filter off, if
necessary, any iron hydroxide, cadmium hydroxide, or sulfur
present, through a small paper into a 250-ml. electrolytic beaker
and wash the paper with hot water containing some sodium hy-
droxide. Dilute to approximately 250 ml. and electrolyze the
zinc from this solution with 2 volts and 0.5 ampere on a platinum
cathode which has previously been coated with not more than 20
mg. of copper.

Titration with Potassium Ferrocyanide. Transfer the zinc
oxide to 600-ml. beaker and dissolve in 15 ml. of 6 iV hydro-
chloric acid. Add 5 grams of ammonium chloride and dilute to
250 ml. Pass in hydrogen sulfide for 2 minutes, heat the solution
to boiling, and titrate with a weak solution of potassium ferro-
cyanide (9 grams of K4~e(CN)i in 1000 ml. of solution), using
uranyl acetate as an external indicator. Standardize with c. p.
zinc.

Results obtained by these two procedures are usually
in good agreement, although slightly lower than those
calculated from the weight of the zinc oxide (Table V).

Method Il. Method Il is more time-consuming and
its execution more exacting than Method |. Its application
should therefore be confined to tin ores high in zinc or con-
taining acid-insoluble zinc.

Procedure. Fuse 1.0 gram of cassiterite in a nickel crucible, as
for tin. Place the cool crucible in a 400-ml. beaker and add 100
ml. of water and 60 ml. of concentrated hydrochloric acid. Re-
move the crucible and rinse with dilute hydrochloric acid. Heat
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the solution to boiling to expel chlorine, then adjust the acidity
to 25 ml. of hydrochloric acid in 250 ml. of solution. Pass in
hydrogen sulfide for 15 minutes, dilute to 350 ml., and continue
passing in hydrogen sulfide for 10 more minutes.

Allow the precipitate to settle, filter on 11-cm., No. 40 What-
man filter paper, receiving the nitrate in a 600-mi. beaker, and
wash 5 times with warm 3 per cent sulfuric acid containing hydro-
gen sulfide. Wash the precipitate back into the original beaker,
add 10 ml. of hydrochloric acid and 3 grams of potassium chlo-
rate, and heat on a hot plate until the smfides have dissolved and
chlorine has been expelled. Dilute to 100 ml., pass in hydrogen
sulfide for 15 minutes, dilute to 150 ml., and continue passing hy-
drogen sulfide for 15 more minutes. Let the precipitate settle
and filter through the original paper into the original filtrate
containing the bulk of the zinc. Wash the precipitate 4 times
with 3 per cent sulfuric containing hydrogen sulfide. Discard the
precipitate.

Heat the filtrate to boiling to expel hydrogen sulfide, then
oxidize with hydrogen peroxide and proceed as in Method I.

Note. If the final zinc sulfide precipitate appears discolored,
indicating that some nickel sulfide had been coprccipitated, dis-
solve the zinc sulfide in hot dilute hydrochloric acid, add 2 ml. of
30N sulfuric acid, and evaporate to fumes of sulfur trioxide. Take
the solution up with 200 ml. of water and render it just alkaline
with ammonia, using methyl orange as indicator. Then render it
acid with 9 N sulfuric acid, adding an excess of 2 drops of the lat-
ter. Pass in hydrogen sulfide for half an hour and proceed as in
Method I.

Table VI. Influence of Tin

Expected Weight of Actual Weight of

Tin Present BaSO« BaSO«
Gram Grams Grams
0.24 0.3284 0.3254
0.37 0.2917 0.2911
0.26 0.7426 0.7405
0.26 1.6893 1.6878
0.55 0.3645 0.3629

Determination of Sulfur

Good sulfur results are frequently the product of a number
of compensating plus and minus errors. For instance, many
analysts (6, 13), find that the plus error due to coprecipi-
tation of barium chloride and the minus error caused by
the solubility of barium sulfate in water generally balance
each other, if some precautions are observed. Mellon {12)
speaks of entrainment of barium chloride as a minus error
when precipitating barium sulfate by adding sulfuric acid
to a solution containing barium chloride.

There are, however, a number of other factors which may
largely influence the determination of sulfur in tin ores,
necessitating more or less tedious purification or correction
procedures. Some of the more important factors causing
low sulfur results are:

1 Precipitation of barium sulfate in the presence of sodium,
potassium, and ammonium chloride causes coprecipitation of
sodium, potassium, and ammonium sulfate, instead of barium
sulfate; these are of lower molecular weight, hence producing
low sulfur results. In the presence of ammonium chloride this
minus error is greater, because of the volatility of ammonium
sulfate.

2. Precipitation of barium sulfate in the presence of the same
salts also causes coprecipitation of bisulfates of sodium, potas-
sium, and ammonium, of lower molecular weight than barium
sulfate, and decomposition at high temperatures, changing first
into the pyrosulfates and then into the normal sulfates. In the
case of ammonium chloride this minus error is greatest because
of the volatility of all ammonium sulfate salts.

2NaHSO< — NajSjoj + HD
Na&Or — NatSO, + SO,

3. Precipitation of barium sulfate in the presence of ferric
salts causes coprecipitation of ferric sulfate, of lower molecular
weight than barium sulfate, and decomposition into ferric oxide
and sulfur at 480° C.

4. Precipitation of barium sulfate in the presence of nitrates
causes entrainment of barium nitrate by the barium sulfate, pro-
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ducing high sulfur results. This tendency is lessened, eliminated,
or even reversed in the presence of alkali or ammonium salts,
because of their tendency to produce low sulfur results.

5. Precipitation of barium sulfate in the presence of even large
amounts of tin will produce satisfactory sulfur results (Table
VI).

With the above cited defects and sources of error in mind,
let us consider the pros and cons of those procedures that
seem to have possibilities for the determination of sulfur
in tin ores and concentrates.

Method |. Fusion with Sodium Peroxide. Fusion of
tin ores requiring sodium peroxide as flux eliminates the use
of platinum crucibles and necessitates the employment of
nickel crucibles, thus introducing large amounts of nickel
salts, which are without any influence upon the precipitation
of barium sulfate.

Procedure. Weigh 1.0 gram of tin concentrate into a nickel
crucible and fuse as for tin. Wien the fusion is cool, place the
crucible in a 600-ml. beaker, add 75 ml. of water, and allow the
melt to disintegrate. Add 70 ml. of hydrochloric acid and agitate
until all is in solution. Remove the crucible and wash it with
dilute hydrochloric acid. Evaporate the solution to dryness on a
water bath or hot plate and dehydrate the silica by heating the
residue for half an hour at about 105° C. Add 5 ml. of concen-
trated hydrochloric acid and 200 ml. of water, heat to boiling,
filter on 11 cm. No. 42 Whatman filter paper, receiving the filtrate
in a GOO-ml. beaker, and wash with hot water. (Hold the pre-
cipitate for possible test for barium sulfate.)

Dilute the solution to 500 ml., heat to boiling, then add slowly
with the help of a pipet or a precipitating cup (8) enough 10 per
cent barium chloride solution to precipitate the sulfate ion and
provide an excess of about 5 ml. Allow barium sulfate to settle
overnight and filter on 11-cm. No. 42 filter paper. Wash the
precipitate 3 times by dec.antation with hot water, transfer it to
the paper, and continue the washing until the test for chloride ion
fails. Dry the wet paper in a clay or porcelain crucible and ignite
carefully in a good oxidizing atmosphere, finally raising the heat
to about 900° C. Cool in a desiccator and weigh as barium sul-
fate.

In order to demonstrate the application range of this
method and its remarkable merits, unfortunately restricted,
however, to certain types of samples, it has been applied in the
analysis of alarge number of tin ores of reputed sulfur content.
Minus errors due to coprecipitation of sodium sulfate and
sodium bisulfate (7), ferric sulfate and tin sulfate were
accurately determined (Table V11I).

Tabte VII. Accuracy op Method |, Based on Fusion
Reputed Sulfur Sulfur
Sulfur Found, Un- Found, Na- Fea- Sn-
Content corrected Corrected NasSO« 11ISO4  (S04i (soot
% % % + % + % + % + %
2.11 2.08 2.13 0.02 0.01 0.01 0.01
2.87 2.83 2.89 0.02 0.02 0.02
3.46 3.39 3.46 0.02 0.02 0.02 oloi
4.55 4.47 4.57 0.03 0.02 0.04 0.01
7.68 7.56 7.67 0.03 0.02 0.04 0.02
10.24 10.10 10.26 0.05 0.04 0.04 0.03
13.72 10.55 10.74 0.06 0.06 0.04 0.03
18.93 18.66 18.95 0.11 0.10 0.05 0.03
23.37 23.02 23.38 0.16 0.13 0.04 0.03

The data in Table VIl clearly indicate that Method I,
although subject to many sources of error, gives excellent
results as long as the sulfur content does not exceed a certain
percentage (5 to 8 per cent). As the uncorrected sulfur
figures of samples in this category deviate only slightly from
the true sulfur content, and the split agreed upon by the
Metals Reserve Company and the Bolivian tin processors,
is 0.25 per cent, it would represent a major waste of time to
execute the corrections mentioned above for every sulfur
determination.

On the other hand it is apparent that with increasing
amounts of sulfur the reliability of this method undergoes
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Accuracy of M ethod I
Sulfur Found,

Tabik VI

Sulfur Found, Sulfur Found in

Method | (Corrected) Method II Residue of Method 11
% % %
2.13 2.02 0.09
2.89 2.73 011
3.46 3.28 0.15
4.57 4.39 0.14
7.67 7.49 0.15

10.26 10.02 0.18
13.74 13.50 0.18
18.65 18.39 0.20
23.38 23.12 0.22

a marked decline. For tin ores containing as much as
25 per cent of sulfur, there is scarcely any certainty that results
obtained by this method represent the true sulfur content,
even if all plus and minus errors have been corrected. One
source of a minus error, coprecipitation of ferric sulfate,
could be eliminated by prior reduction of the ferric to the
ferrous ion with aluminum, zinc, or iron, since ferrous sulfate
is not coprecipitated with barium sulfate. As this procedure
would eliminate only one source of error and still would
necessitate corrections of the remaining discrepancies, it
seems safer, more accurate, and more economical to have
recourse to a correction procedure, similar to that proposed
by Hiliebrand and Lundell (8). A correction graph is
prepared, based on the analysis of a great number of tin
ores of known sulfur content, covering the whole range of
the regular samples, by preparing the solution containing
the sulfate ion and precipitating the barium sulfate under
exactly the same conditions and in the presence of the same
impurities asin the regular routine samples.

Method Il. sSulfur Determination Based on Acid
Decomposition. A survey of the methods for the determi-
nation of sulfur, in use at the present time in various labora-
tories engaged in the analysis of tin ores and concentrates,
disclosed that the majority of chemists prefer methods
based on acid decomposition of the sample, frankly admitting,
however, various discrepancies and uncertainties encountered
in the execution of all such procedures. Procedures based
on acid decomposition more or less follow the line of opera-
tion used for pyrite samples (1, 17).

Procedure. Treat 1 gram of the sample either with a mixture of
bromine and carbon tetrachloride followed by nitric and hydro-
chloric acids (1), or with a mixture of 3 parts of nitric acid and 1
part of hydrochloric acid containing a little bromine (17). Sub-
sequently evaporate the solution on the water bath to dryness,
add hydrochloric acid, and repeat the evaporation. Dehydrate
silica by heating at approximately 100° C., take up the dried mass
in 5 ml. of concentrated hydrochloric acid, and warm until
solution of the soluble parts is complete, then treat with aluminum
or zinc until colorless, filter, and wash the precipitate with hot
water. Dilute the solution to about 500 ml., heat to boiling, and
precipitate barium sulfate as usual.

In order to determine the accuracy and application range
of this method, it was applied by the writer to the determi-
nation of sulfur in a great number of tin ores of known sulfur
content; it became apparent that these methods in their
original form are incompatible with accuracy, mostly because
of incomplete decomposition of the sample and failure to
recover the sulfur in the undecomposed residue (Table VII1).

Methods for the determination of sulfur in pyrites and
other sulfides, based on acid decomposition of the sample,
usually result in complete decomposition of the sample,
leaving very little, if any, undecomposed residue. But this
is different in the case of most tin ores, and particularly
with cassiterite. The preponderance of stannic oxide
causes partial envelopment of the sulfide particles, with
incomplete decomposition of the sample, and thus very often
produces irregular, erratic, and always low sulfur results;

hence it is imperative to determine sulfur also in the residue
from acid decomposition. This, however, involves lengthy
procedures. As ignition of the filter paper containing the
undecomposed residue would cause certain loss of the sulfide
sulfur, one of the two following procedures may be used:

1 Wash the residue into a nickel crucible, evaporate to dry-
ness on a water bath, mix with sodium carbonate and sodium per-
oxide, and proceed as in Method |, which is based on immediate
fusion of the sample.

2. Dry the paper and residue for 3 hours in an electric oven at
approximately 70° C., brush the residue into a nickel crucible,
and proceed as in Method I.

Method IlIl. The writer recently succeeded after many
fruitless attempts and with the defects of the above methods
in mind, in developing a method, also based on acid de-
composition, which is easy of manipulation and gives good
results (Table 1X).

It is based on the strong oxidizing power of 70 per cent
perchloric acid at its comparatively high boiling point of
approximately 200° C. Preliminary treatment of the sample
prior to the addition of perchloric acid consists in oxidizing
the bulk of the sulfide sulfur to the sulfate ion by a mixture
of bromine and acetic acid, followed by nitric and hydro-
chloric acids. The excess of the acids is expelled by per-
chloric acid, which in its turn readily attacks the residue,
oxidizing any remaining sulfur to the sulfate ion. To pre-
vent a loss of sulfuric acid during this evaporation, a little
calcium nitrate is added (5).

The new procedure has been applied to all types of tin
concentrates, regardless of their sulfur content, and is very
rapid, as it does not involve corrections of plus and minus
errors or the preparation of a correction graph as in Method
I or the lengthy treatment of the residue as in Method 11.

Procedure. Weigh 1.0 gram of tin ore into a 250-ml. beaker,
add 10 ml. of a mixture of 3 parts of acetic acid and 1 part of
bromine (each 100 ml. of which contain 10 grams of calcium ni-
trate or an equivalent amount of zinc nitrate), and add 3 ml. of
bromine. Allow to stand at room temperature for about 15
minutes, then add S ml. of nitric acid and 8 ml. of hydrochloric
acid and warm gently until action ceases. Add 15 ml. of per-
chloric acid and evaporate slowly on a hot plate to fumes of
perchloric acid, then heat strongly for about 3 minutes. Allow
the solution to cool, add 120 ml. of water, and 10 ml. of con-
centrated hydrochloric acid, and heat to boiling. Reduce with
zinc or aluminum until the solution is colorless. Filter on 11-cm.
No. 42 Whatman filter paper into a 600-ml. beaker and wash with
hot water. Dilute the filtrate to about 500 ml., heat to boiling,
and add 10 per cent barium chloride solution with the help of a
pipet or a precipitating cup. Determine and weigh as barium
sulfate.

Tabie IX. Accuracy of Method 11

Sulfur Found, Method Sulfur Found, Method 111

1 (Corrected Results) Original Duplicate
% % %
2.13 2.10 2.14
3.4C 3.47 3.44
10.26 10.22 10.23
23.37 23.40 23.42

Determination of Bismuth

Bolivian tin concentrates generally are low in bismuth,
most of them containing less than 0.03 per cent. In some
instances, however, bismuth was found to be as high as 0.5

.per cent.

The dissolving of samples with such small amounts of
bismuth is rather a difficult task, as acid decomposition is
insufficient, fusion with a mixture of sodium carbonate and
sulfur causes great losses of bismuth, and fusion with sodium
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peroxide in an iron or nickel crucible is confined to the opening
of small portions of cassiterite. The following procedure
enables the handling of 5 to 10 grams of tin concentrate by
collecting the bismuth by lead in a furnace fusion, while
tin and the remaining impurities pass into the slag.

Procedure. Weigh 5 grams of high-grade concentrates or 10
grams of medium- or low-grade concentrates into 30-gram clay
crucibles, containing 75 grams of flux No. 1 (No. 1flux consists of:
litharge 15,000, pearl ash 1000, soda ash 2500, borax glass 1500,
silica 500, flour 500), mix thoroughly, and add 75 grams of flux
No. 2 (No. 2 flux consists of: litharge 10,000, pearl ash 3000,
soda ash 2000, borax glass 5400, silica 2000, argols 800), cover
with borax glass, and fuse in a muffle furnace. When fusion is
complete, remove from the furnace and pour into an iron mold.
When cool, clean the lead button by hammering, add enough test
lead to give 65 grams (combine at this point two or more lead
buttons if the sample is extremely low in bismuth), place in 7.5~
cm. (3-inch) scorificrs, and scorify down to a button weighing
between 18 and 25 grams.

To continue, modifications of two reliable procedures
may be used.

Method |I. Ammonium Formate Method (9) Flatten the
lead button, place in a 600-ml. beaker, add 200 ml. of water, and
45 ml. of concentrated nitric acid, and warm to complete solu-
tion. Neutralize the warm solution with 8 N ammonia until
further addition would cause precipitation of lead and bismuth.
The solution should be definitely clear at this point, but the acid-
ity should not exceed 2 ml. of 16 N nitric acid in 300 ml. of solu-
tion. Add 8 ml. of 40 per cent ammonium formate solution.
Allow to stand warm for 1 hour, when as little as 1 mg. of bis-
muth has settled. Filter off the precipitate on 11-cm. No. 42
Whatman paper and wash S times with hot water. Dissolve the
precipitate in warm 4 N nitric acid, evaporate to dryness on a
water bath, and take up with 1 ml. of hydrochloric acid (1 to 9),
2 grams of ammonium chloride, and 5 mi. of hot water. Warm to
complete solution, then dilute to approximately 500 ml. and
allow bismuth oxychloride to settle. Filter and wash with hot
water. Dry at approximately 105° C. and weigh as bismuth
oxychloride.

If only minute amounts of bismuth are present, dissolve the bis-
muth formate in hot (6 N) sulfuric acid and determine bismuth
colorimetricafly with potassium iodide.

Method |Il. Ledoux’s Method (10) Dissolve the lead
button in nitric acid as in the preceding method. Add care-
fully to the warm solution S N ammonia until the excess acid is
neutralized and a faint cloud but no permanent precipitate forms.
Now add 1 ml. of hydrochloric acid (1 to 9). The solution will
clear for a moment, then bismuth, when present in appreciable
amounts, will precipitate and coagulate rapidly as a white crys-
talline precipitate. Allow it to settle on the hot plate until the
supernatant solution appears clear. Filter on No. 42 Whatman
filter paper and wash with hot water. Dissolve the precipitate,
which contains only small amounts of lead, in hot dilute nitric
acid and proceed as in Method I.

Other Impurities

A complete discussion of methods dealing with the de-
termination of other impurities is not attempted. A short
outline of the more important determinations follows.

Determination of Silica. Fuse 1 gram of cassiterite in a
nickel crucible with sodium carbonate and sodium peroxide.
Leach with water in a nickel dish. Pour the solution into a cas-
serole or a beaker containing enough hydrochloric acid to render
the solution acid. Evaporate to dryness and dehydrate the silica
by heating at 105° C. Take up with 10 ml. of hydrochloric acid
and 200 ml. of water. Heat to boiling, filter off silica, ignite in
a platinum crucible, weigh, expel the silica with hydrofluoric acid
and a drop of sulfuric acid, reignite, and weigh.

Determination of Tungsten. FUSe lgram of the sample as
for silica. Transfer the crucible to a 600-ml. beaker and leach
fusion with water. Acidify with hydrochloric acid and evaporate
the solution to dryness, then take it up with 10ml. of hydrochloric
acid and 200 ml."of warm water, and heat it to boiling. Add 5
ml. of cinchonine solution, and allow to stand overnight. Filter
off the precipitate and wash with 10 per cent cold hydrochloric
acid. Wash the precipitate back into the original beaker, which
is then placed under the funnel. Pour 40 ml. of 6 N ammonia over
the paper, warm the solution on a hot plate, filter through the
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original paper into a 400-ml. beaker, and wash with 10 per cent
ammonia. Dilute the solution to 200 ml., and expel ammonia by
boiling, acidify with 5 ml. of hydrochloric acid, dilute to 200 ml.,
add 5 ml. of cinchonine solution, and allow to stand overnight.
Filter, wash the precipitate with dilute cinchonine solution,
ignite in a tared platinum crucible, expel the silica with hydro-
fluoric acid and a drop of sulfuric acid, reignite, and weigh as
tungsten trioxide.

Determination oflron,Aluminum, Titanium, Calcium,and
Magnesium. Use the filtrate from the silica determination or
fuse 1 gram of the sample in a nickel crucible with sodium car-
bonate and sodium peroxide. Leach the fusion with 100 ml. of
water in a 400-ml. beaker, add 65 ml. of concentrated hydro-
chloric acid, remove the crucible, and rinse it with dilute hydro-
chloric acid. Heat the solution to expel chlorine, then adjust
acidity to 15 ml. of hydrochloric acid in 300 ml. of solution. Pass
in hydrogen sulfide for half an hour and allow the precipitate to
settle. Filter, receiving the filtrate in a 600-ml. beaker and wash-
ing the precipitate with warm 3 per cent sulfuric acid containing
some hydrogen sulfide. Discard the precipitate, expel the hy-
drogen sulfide by boiling, then oxidize the solution with hydro-
gen peroxide.

Render the solution ammoniacal, heat to boiling, filter off,
precipitate, and wash with 5 per cent ammonia containing some
ammonium chloride. Dissolve precipitate in hydrochloric acid
and repeat the ammonia separation, filtering into the main fil-
trate.

In the filtrate calcium may be precipitated as the oxalate and
in the filtrate of the calcium oxalate the magnesium as magnesium
ammonium phosphate.

Dissolve the precipitate containing the iron, aluminum, etc.,
in dilute hydrochloric acid, adjust the acidity to 5 ml. of hydro-
chloric acid in 150ml. of solution, add 2 grams of tartaric acid, and
pass in hydrogen sulfide for 20 minutes. Filter off any precipitate
and wash with 1 per cent sulfuric acid, containing hydrogen sul-
fide and a little tartaric acid. Discard the precipitate. Render
the solution ammoniacal, adding an excess of 5 ml. of ammonia.
Pass in hydrogen sulfide for 5 minutes, filter off precipitate im-
mediately, and wash it with an ammonium sulfide solution con-
taining tartaric acid.

Transfer precipitate to the original beaker and take to fumes
with nitric and sulfuric acids until all carbonaceous matter has
been destroyed. To expel any nitric acid, take the solution twice
to fumes with water. Finally determine the iron by reducing it
either with stannous chloride or by the Jones reductor and sub-
sequent titration with potassium permanganate.

Boil the filtrate containing the titanium and aluminum to expel
ammonium sulfide, add 40 ml. of hydrochloric acid and again boil
to expel all hydrogen sulfide, add 30 ml. of hydrogen sulfide, and
again boil to expel excess peroxide. Dilute to 300 ml. cool, add a
6 per cent cupferron solution until no further precipitate forms.
Filter, using pulp, and wash with cold w'ater containing 100 ml. of
hydrochloric acid per liter. The precipitate contains the titanium
which may be contaminated by zirconium (quantitatively) and
by some columbium and tantalum. Ignite the precipitate in a
platinum crucible, fuse with bisulfate, take up with 150 ml. of
about 3N sulfuric acid, add 5ml. of 3 per cent hydrogen peroxide,
and compare the color with that produced by a standard solution
of titanium. If larger amounts of titanium are present than can
be accurately determined by this colorimetric procedure, pass the
solution through a Jones reductor, receive it in a solution of ferric
sulfate, and titrate with potassium permanganate.

If zirconium has to be determined, it may be precipitated with
diammonium phosphate in the presence of hydrogen peroxide
after the colorimetric titanium determination.

Add 25 ml. of sulfuric acid and 40 ml. of nitric acid to the filtrate
of the cupferron precipitate and boil down to incipient fumes on
a hot plate, adding more nitric acid from time to time until all
organic matter has been oxidized. Take the solution up with 150
ml. of water, heat to boiling, filter off any silica, and wash with
dilute sulfuric acid. Precipitate aluminum in the filtrate with
ammonia, filter off, and wash with hot water containing am-
monium nitrate. If chromium and beryllium are absent, ignite
the precipitate in a tared platinum crucible and finally weigh
as aluminum oxide.

If chromium is present (indicated by the color of the precipi-
tate), dissolve into a 400-ml. beaker with hot dilute hydrochloric
acid (1 to 1), add 25 ml. of perchloric acid, and boil till the chro-
mium appears to be oxidized, and then for 5 more minutes. (If
a chromium determination is required, use dilute nitric acid, in-
stead of hydrochloric acid, to dissolve the hydroxide precipitate.)
Cool, take up with 200 ml. of water, and neutralize with ammonia
until distinctly ammoniacal. Heat to boiling, filter (through as-
bestos, if a chromium determination is required), and wash
with hot water containing ammonium nitrate. In the absence of
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beryllium, ignite the precipitate in a tared platinum crucible and
finally weigh as aluminum oxide. In the presence of beryllium,
separate aluminum using S-hydroxyquinoline.
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Determination of lodate in the Presence of
Bromate and Chlorate

I. M. KOLTHOFF AND DAVID N. ITUME, School of Chemistry, University of Minnesota, Minneapolis, Minn.

T HE method of van der Meulen (2) for the volumetric

determination of iodate in the presence of bromate, while
accurate, involves a long and rather complicated procedure.
It has been found that by carefully buffering the reaction
mixture it is possible to determine iodate by means of an
ordinary iodometric titration without interference from
bromate or chlorate. After the titration of iodate, bromate
can be titrated in the same mixture by adding an adequate
amount of hydrochloric acid and a few drops of a molybdate
solution as a catalyst (1).

Preliminary experiments indicated that the reaction be-
tween iodate and iodide was rapid and complete in phthalate
buffers between pH 4 and 5. Under the same conditions
the reaction between bromate and iodide is slow. At pH
5 it is slow enough to be disregarded during the time re-
quired for a titration unless the concentration is high. The
rate of the reaction is more rapid at pH 4. By proper choice
of buffer it is possible to have all the iodate present in a

Table |. Titration of lodate
(Titration of 25.00-ml. samples of 0.1 N KIOi with 0.09791 N NajSsO*)
N KBrOa NafSioj
Added Biphthalate Used“ Error
ML Grams MI. %
2 25.54 +0.04
2 25.54 + 0.04
3 25.55 +0.0S
3 25.53 0.00
1.5 25.53 0.00
1.5 25.546 +0.04
25 2 25 .85 +0.08
25 2 2553 0.00
25 2 25.50 +0.08
25 6 25.60 +0.27
25 6 25.00 +0.27
[ 2 25.71 +0.7
c 2 25.80 + 1.1

a Theoretical 25.53.
b Stood 5 minutes before titration.
c1g. of KBrO* present.

mixture react without appreciable interference from the
bromate. The buffer added has two functions. It supplies
the hydrogen ions necessary for the iodate-iodide reaction.
It also adjusts the pH of the medium to a value at which
the iodate reaction is rapid, whereas the bromate reaction is
slow, though measurable. The pH of the buffered solution
increases during the reaction between iodate and iodide,
since hydrogen ions are used up. Thus the pH is raised to a
value at which the rate of reaction between bromate and
iodide is negligibly small.

Table Il. Titrations of lodate-Bromate M ixtures with
0.09713 N Sodium Thiosulfate

0.1 N 01N Na”rOj NajSioj

KIOi KBrOs Biphthalate Used Theoretical Error
MI. M. Grams MI. ML %
25 100 2.0 25.75« 25.74 +0.04
25 100 2.0 25.75« 25.74 +0.04
50 25 4.0 51.45 51.48 —0.0G
50 25 4.0 51.48 51.48 0.00
5 25 2.0 5.210 5.148 + 1.2
5 25 2.0 5.240 5.148 +1.9
5 25 0.5 5.153 5.148 +0.1
5 25 0.5 5.153 5.148 +0.1
5b 0 0.5 5.14S 5.148 0.00
10c 0 1.0 10.30 10.30 0.00
10 10 1.0 10.30 10.30 0.00
10 10 1.0 10.30 10.30 0.00
25 od 2.0 25.74 25.74 0.00
25 od 2.0 25.74 25.74 0.00

a End point tended to drift slightly.
b20 ml. of HIO added.

c 10 ml. of HjO added.

d 10 ml. of 1 N KCIOi added.

Experimental

Aliquot portions of a standard 0.1 N potassium iodate stock
solution were treated with various amounts of solid potassium
biphthalate. Potassium iodide was added and the mixtures
were titrated with standard sodium thiosulfate. In each case
the major portion of the thiosulfate was added from a pipet and
the titration was finished with a microburet. This technique
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Tabte Ill. Titrations with 0.0O1L N Sotutions in Presence
of 1 Gram of Potassium Bipiithalate

0.01 N 0.1 N 0.009713 N NaiSiOs

Kl10s KBrOi NajSiOa Theoretical Error
MI. MI. MI. MI. %
25 0 25.71 25.74 -0.12
25 0 25.70 25.74 -0.16
25 5 25.77 25.74 +0.12
25 5 25.77 25.74 +0.12
25 1 25.75 25.74 +0.04
25 O« 25.71 25.74 -0.12
25 0° 25.70 25.74 -0.16
10 1 10.34 10.30 +0.40
10 1 10.31 10.30" +0.10

“2ml. of 1.0 N KCIOj present.

permitted reproducibility to about 0.05 per cent in titrations
requiring approximately 25 ml. of solution. Titrations were
made also with varying amounts of potassium bromate or
chlorate present. The following procedure was found to give
excellent results.

To 25 to 50 ml. of solution (containing about 2 to 3 milli-
equivalents of iodate) 2 grams of potassium biphthalate are
added and the mixture is swirled until solution is effected.
Three grams of potassium iodide are added and the mixture is
allowed to stand for 3 minutes. The liberated iodine is then
titrated with standard 0.1 N sodium thiosulfate to a starch end
point.

The amount of biphthalate added supplies a threefold
excess of hydrogen for the iodate-iodide reaction. The pH
of a pure biphthalate solution is 4.0, but the reaction between
iodate and iodide removes sufficient hydrogen ions to raise
the pH to 5.0 (with 2.5 milliequivalents of iodate). This is
important, as the iodate reaction thus takes place within
a few seconds at the higher acidity and automatically reduces
the hydrogen-ion concentration to a level at which the bro-
mate reacts very slomly. |f a much larger excess of biphthalate
were to be added, a drifting end point and high results would
be obtained.
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Analytical Results

The data in Table | show that the conditions of the pro-
cedure permit an accurate titration of iodate and that the
amount of biphthalate used is not critical. Tables | and |1
show that a fourfold excess of bromate or chlorate does not
interfere.

The approximate ratio of 2 grams of biphthalate to 2.5
milliequivalents of iodate is necessary if results accurate
to 0.1 per cent or better are desired. The above ratio of
biphthalate to iodate is not critical, but large excess of bi-
phthalate gives results accurate to only 0.25 or 2 per cent if
bromate is present in equal or greater amounts. If the order
of magnitude of the iodate concentration is not known, a
preliminary titration permits estimation of the proper amount
of biphthalate to be added for the exact determination. The
determination gives high results when very large concentra-
tions of bromate are encountered. Thus, titration of 0.1 N
iodate to which sufficient solid potassium bromate had been
added to make its concentration 1.8 N gave results about
1 per cent high.

In titrations with 0.01 N solutions the reaction between
iodate and iodide was found to be inconveniently slow
unless the ratio of biphthalate to iodate was increased con-
siderably. By using 1 gram of biphthalate for 0.10 to 0.25
milliequivalent of iodate in 10 to 30 ml. of solution, fairly
accurate results were obtained (Table I11).
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Vacuum Desiccator for the Synthetic Organic Laboratory

F. P. PINGEItT, Eastman Kodak Co., Rochester, N. Y.

T HE conventional form of a vacuum desiccator has
limitations and disadvantages which render its use im-
practicable. In organic syntheses, whenever sharp drying
of larger batches is required, the following simple adaptation
of standard equipment has proved useful in this laboratory.

One of two similar round-bottomed flasks, B, is provided with
a side arm for connection to the vacuum pump. (A glass stop-
cock in this place is desirable but not necessary. Its presence
enables the flask to be used as a large separatory funnel.)

A not too loosely fitting glass sleeve, C, serves as a guide
for the union between flasks A and B. The sleeve carries a rubber
gasket, D, conveniently cut from an old inner tube. The gasket
seals the vacuum, while the sleeve prevents the side-slipping of
the contact surfaces. Without the guiding sleeve, the assembly
is not safe. Special guiding clamps could be used, but they have
no particular advantages in this case.

When in use, A contains the product, and B, the drying agent;
E is a steam bath, and F, any convenient support. The appara-

tus, assembled at random from stock flasks of 5-liter capacity,
will hold a vacuum of 2 mm. for 24 hours (with the aid of a high
grade vacuum grease).

The following features make the “dumb-bell desiccator”
particularly desirable for synthetic work: (1) Frequently
one operation may be saved, since a round-bottomed flask in
which the reaction or process of concentration was carried out
may be attached to the drying bulb without the need of a
transfer. (2) Within limits, the desiccator may be made as
large or as small as desired. With reasonable precaution,
flasks up to 24 liters may presumably be used. (The author
has found it useful to coat evacuated vessels on the outside
with a thin film of a soluble plastic. The shattering hazards
seemed to be greatly reduced and experimentally induced
implosions proceeded with not much more than a dull thud.)
(3) While being dried the product may be readily heated on a
steam bath and may be stirred by rotating the assembly.
This also exposes a new surface of drying agent at each turn,
thus hastening the process.

A comparative test with a highly hygroscopic sirup has
shown that the dumb-bell desiccator works about twice as
fast as the conventional model under comparable circum-
stances (such as equal amounts of desiccant). With gentle
warming, the rate of drying was increased fourfold or better.

Communication No. 904 from the Kodak Research Laboratories.



Rapid Determination of Starch

An Index to Maturity in Starchy Vegetables

JOHN P. NIELSEN

Western Regional Research Laboratory, Bureau of Agricultural Chemistry and Engineering,
U. S. Department of Agriculture, Albany, Calif.

| T IS well known that in certain vegetables such as peas,

corn, and lima beans, the starch content of the seed tends
to increase as the plant matures. This increase in starch is
usually associated with a decrease in total sugar, tenderness,
and general food quality of the vegetables.

Since the increase of starch is one of the major changes that
occur during the maturing of these vegetables, it seemed
logical that the estimation of starch should serve as an index
of maturity and quality. This idea was supported by the
fact that alcohol-insoluble solids, which give a rough measure
of starch, correlate well with quality in green peas {2, ,£).

Common methods of starch analysis (1, 3, 5) usually involve
drying the sample and grinding in a ball mill or other device for
disintegrating the tissues. The material is then extracted with
alcohol and suspended in water, the starch is brought into solu-
tion with acid, after which it is hydrolyzed with an enzyme or
acid, the resulting product is clarified, and the sugar is determined
by some conventional method. Some methods include an addi-
tional step for separating dextrins, either by different solubility
in various concentrations of alcohol or by a precipitation of the
starch with iodine, after which the starch is determined by hy-
drolysis or colorimetrically with iodine (5). Hassid and co-
workers (S) gombine the alcohol extraction and acid solubili-
zation by adding a small amount of acid to the alcohol and
refluxing.

The above procedures require a good deal of time—consum-
ing manipulation and they increase considerably the chances
of loss of starch. Most methods do not attempt to remove
dextrins and other polysaccharides, which are determined
along with starch upon hydrolysis. Pucher and Vickery
(6) by a long procedure do remove most of the interfering
substances.

A determination by any of the above methods will require
at least a day and sometimes several days. If a large num-
ber of samples are run together a considerable amount of
equipment is required. The method presented in this paper
was developed mainly for speed without appreciable sacrifice
in accuracy. Since manipulation is greatly reduced, errors
from that source are minimized. The starch is estimated
colorimetrically with iodine, using a red filter, which decreases
considerably the error due to dextrins. Interfering gluco-
sides and alkaloids are shown to be absent from the products
examined. However, a rapid procedure for their removal is
given, in case they are present in the sample to be analyzed.
A single sample can be carried through the whole procedure,
including preparation, in 20 to 30 minutes. Forty to 50
samples can be analyzed in a day.

Perchloric acid is unique, in that practically all its in-
organic compounds are soluble in water. In order to ascer-
tain whether this “solubilizing” effect might occur in organic
combinations, various concentrations of perchloric acid were
mixed with raw potato starch. It was found that after a
certain normality was reached, which was well below the
concentration of hydrochloric acid used for the same pur-
pose, the starch granules lost their form and passed into
solution in 3 to 4 minutes.

This acid “solubilization” has now been applied to vege-
table material disintegrated in a Waring Blendor. As a
result, a rapid procedure has been devised for the extraction

of starch, which can then be estimated by the starch-iodine
colorimetric method as suggested by Pucher and Vickery (5).

Reagents and Equipment

Photoelectric colorimeter. For rapid work the colorimeter
should have a test tube adaptor and at least a dozen matched
test tubes. A red filter is necessary for maximum sensitivity.

Disintegrator, a Waring Blendor or any similar instrument.

Perchloric acid, 72 per cent reagent grade solution; acetic
acid, 2 N solution; sodium hydroxide, 6 N solution; potassium
ioc||id<_e, 10 per cent solution; and potassium iodate, O.OlftiV
solution.

Procedure

A 100-gram sample of the fresh, frozen, or canned vegetable is
placed in the disintegrator cup with an equal weight of water,
and the instrument is allowed to run at the high-speed position
for 3 to 4 minutes. Two grams of the ground sample are weighed
directly into a 30- or 50-ml. beaker on a torsion balance sensitive
to 0.01 gram, 2 ml. of water are added, and then exactly 2.7 ml.
of 72 per cent perchloric acid are slowly added with thorough
stirring, so that there will not be momentary high concentrations
of the acid in any portion of the sample. The mixture is allowed
to stand with occasional stirring for about 10 minutes.

After standing, the mixture is made up to 25 or 50 ml. with
distilled water, depending on the starch content, and then
poured into a suitable test tube to settle. A 1-ml. aliquot of
the supernatant liquid is pipetted into a 100-ml. beaker and 6
ml. of water are added. A drop of phenolphthalein is added and
the solution is brought to a pink color with a few drops of 6 N
sodium hydroxide. Now 2 N acetic acid is added until the pink
color disappears, 2.5 ml. are then added in excess, 0.5 ml. of 10
per cent potassium iodide and 5 ml. of 0.01 N potassium iodate
are accurately added, and the solution is allowed to stand at
least 5 minutes. If the solution is relatively pale bluish-green,
it should now be made up to 25 ml., and if it is dark bluish-green,
it should be made up to 50 ml. The color is estimated in a
photoelectric colorimeter using a red filter having a trans-
mission range from 640 to 700 millimicrons. The colorimeter
should be set at zero absorption or the readings corrected, with

Figure 1. Absorption op Light by Starch-
lodine Solutions, Red Filter
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Table |I. E ffect of Perchloric Acid Concentration on
Solution and Hydrolysis of Potato Starch
Weight of Molality of Starch
eatment Starch Acid Recovery
Min. Mg. %
10 35 12.0 11.0
10 35 8.0 16.2
10 35 6.0 89.8
10 35 4.8 100.0
10 35 3.4 87.5
10 35 2.7 67.8
15 35 12.0 4.1
15 35 8.0 12.4
15 35 6.0 80.0
15 35 4.8 100.0
15 35 4.0 100.0
15 35 3.4 94.5

arblank containing all of the reagents. If the filtrate used in
developing the starch-iodine color is turbid, an extra blank
correction should be made if precise results are desired. This
can be done by discharging the blue color with a few drops of
0.1 N sodium thiosulfate and comparing the turbid solution
against water.

Standardization

The percentage of starch is calculated from a curve pre-
pared from the colorimeter readings of a known range of
starch concentration. For solution depths of about 1.25
cm. (0.5 inch), the best range of starch concentrations is from
0 to 3 mg. per 50 ml. Figure 1 shows a typical standardi-
zation curve with the Kletf"Summerson photoelectric color-
imeter.

Soluble starch cannot be used for standardization. If
absolute results are desired, starch prepared from raw, un-
blanched material similar to that which is to be analyzed
should be used. Equal weights of starch from different
products, such as potatoes and peas, do not give the same
amount of color with iodine; therefore one type of starch
cannot be used as a standard for all products. Perhaps if
factors were established between the various starches, a
single standard such as potato starch would suffice. If a
series of analyses is to be carried out on a given product and
only relative results are desired, potato starch, which is
easily prepared, could be used to prepare a standard curve.

To obtain starch for standardization, disintegrate raw, un-
blanched material in a Waring Blendor type of disintegrator with
an equal weight of water. Separate the fibrous material by
washing the ground pulp through a 100- to 200-mesh screen,
place the material that passed through the screen in a large
beaker or pan, and stir with a large volume of water. Allow the
starch to settle and decant off the water. Repeat this process
until the starch is free of extraneous material. Now wash the
starch with alcohol and ether and dry in an oven at 70° to 80° C.
for 30 minutes. This should give a starch that is reasonably
pure. Analyses can be made to establish its purity if such
accuracy is desired.

Effect of Perchloric Acid Concentration
on Solution and Hydrolysis of Starch

It was stated above that a certain concentration of per-
chloric acid had to be reached before the starch granules went
into solution. To study this further and to ascertain the
hydrolytic effect of the acid, samples of potato starch were
treated with known concentrations of acid for two different
periods. The data in Table | indicate that a concentration
near 4 molal is necessary to bring the starch into solution
and that this range can extend to at least 4.8 molal without
hydrolysis of the starch when held at room temperature for
15 minutes. A similar experiment carried out on corn as
shown in Table Il placed the lower limit slightly higher, prob-
ably because of the buffering effect of the sample. In a third
experiment on lima beans (Table 111), little hydrolytic effect
was shown even after 30 minutes.
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Effect of Filtration on Solubilized Starch

A Whatman No. 1 filter paper can be used to filter the
sample after it has been solubilized and made up to volume.
Curiously enough, a Whatman No. 2 paper, which is a good
deal heavier, removes about 20 per cent of the starch from the
solution. For this reason the method was devised so as to
involve no filtration and thus eliminate any chance of absorp-
tion of starch by filter paper. Turbid solutions which had
settled for only a few minutes were sampled and compared
with some of the same solution which had been centrifuged.
Starch results by the two procedures were identical.

Stability of Starch-iodine Color

If the sample is immediately made up to volume after the
preparation of the starch-iodine color, a slow upward drift in
colorimeter reading will be observed. However, if the
sample is allowed to stand in the concentrated state for 5
minutes, this drift occurs to only a very limited extent.
Twelve samples prepared by the latter procedure had an
average upward drift of 1 division, equivalent to 0.008 mg.
of starch in 40 minutes.

Tabte Il Influence of Perchloric Acid Concentration

on Extraction of Starcii from Corn

Molality
of Acia

Starch Found
in Sample

%
5.20
2.52

4.03
3.41
3.30

4.25
4.83

2.83
3.46

2.58
3.20

3.13
3.83

Sample No.

73

74

30
31
37

45

o PO ho ho WAM NA
0o ®o Mo o BRO® B

Table III. Influence of Time in 4.8 Moial Perchloric
Acid on Per Cent of Starch Found in Lima Beans

Time in Starch Found
Sample No. 4.8 M 1IC104 in Sample
Min. %
66 5 7.34
66 10 7.25
66 15 7.17
66 30 7.15

Effect of Alcohol Extraction

Most of the procedures that have been proposed for starch
involve drying the starch-containing material, grinding in a
ball mill, and then extracting for several hours with alcohol.
This serves to remove sugars which would interfere in a
hydrolysis procedure for starch. According to Pucher and
Vickery (5), it also removes certain compounds which give a
blue color similar to that produced by starch with iodine.
Since the method developed did not involve the determi-
nation of sugar produced by the hydrolysis of starch, the
removal of sugars was of no concern. However, it is neces-
sary to remove any compounds other than starch which
would give a blue color with iodine.

To check this point, 20-gram samples of the disintegrated
material from several different varieties of frozen corn, lima
beans, and peas were each mixed with 200 ml. of alcohol and
reground in the disintegrator for several minutes. A 25-ml.
aliquot of this mixture was then filtered through a Whatman
No. 1 paper in a Gooch crucible and washed several times
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Tabie IV. Influence of Preliminary Alcohol Extraction
on the Determination of Starch
Starch after
Sample Alcohol
No. Product Starch Extraction
% %

8G Corn 2.43 2.45

87 Corn 1.45 1.46

36 Corn 3.86 3.91

30 Corn 4.83 4.86

31 Corn 3.46 3.52

37 Corn 3.20 3.28

45 Corn 3.83 3.91

51 Lima beans 9.35 9.30
882 Lima beans 12.12 11.85
877 Lima beans 12.42 12.52
874 Lima beans 11.91 12.00

3 Soybeans 2.43 2.50

57 Peas 7.90 7.62

10 Peas 9.30 9.10

36 Peas 7.92 7.94

5 Peas 7.80 7.58

59 Peas 10.90 10.50

65 Peas 9.35 9.13

27 Peas 6.65 6.50

with alcohol. That the extraction was complete was indi-

cated by the pure white residue left on the filter paper. This
residue was then suspended in 4 ml. of water and starch was
determined by the procedure given above. Table IV shows
that there were no interfering compounds in the products
studied.

Influence of Dextrin

The method herein described does not attempt to separate
dextrins from starch. It is not necessary in most cases and
to do so would greatly lengthen the procedure. There was
no indication of the presence of dextrins in the peas, soybeans,
or lima beans used for the experiments. However, in corn
an occasional sample had a slightly brownish color when iodine
was added. To determine the influence of the red color of
dextrins in the colorimeter reading using a red filter, a sample
containing 125 mg. of bacteriological dextrin was analyzed.
This sample gave an apparent starch content of 22 mg. or
between one fifth and one sixth as much absorption of light

TENDEROMETER  READING

Figure 2. Relationship of Per Cent Starch to Ten-

derometer Reading in Raw Peas

Curve drawn by inspection

70

60
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Figure 3. Brine Flotation of Baby Lima Beans vs.

Per Cent Starch
Curve drawn by inspection

as would the same amount of starch. This means that the
error due to dextrins is much less than in a hydrolysis pro-
cedure for starch where the dextrins are not removed.

Recovery Experiments

A known quantity of potato starch was added to samples
of lima beans and soybeans whose starch contents had been
previously determined. Table V indicates that the starch
added can be determined within less than 3 per cent, which
is a good recovery for most starch methods.

Table V. Recovery of Added Potato Starch
Product Starch Added  Starch Found Recovery
Mg. Mo. %
Soybeans 0 25.C
49.3 74.2 98.6
Lima beans 0 109.6
49.3 158.0 98.2
0 69.5
49.3 117.5 97.4
Discussion

Since the vegetables are to be analyzed for a constituent
which is not in solution, great care should be taken to keep
the disintegrated material well mixed as it is being weighed
out. Care should also be taken not to add an excess of per-
chloric acid to the sample, since a few tenths of a milliliter
of acid will cause a considerable increase in the final molality.

Perchloric acid develops some heat of solution. The rise
in temperature brought about when the acid is added to ex-
tract the starch facilitates its solution. Cold 4.8 molal per-
chloric acid, however, will dissolve starch in 15 to 30 minutes.
If the time period suggested in this paper is adhered to, 72
per cent acid must be used in order readily to get a sufficient
rise in temperature to dissolve the starch in 5to 10 minutes.
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Complete extraction of the starch is indicated by recovery
experiments, the ability to duplicate results closely, and the
check of results on samples reground and extracted with
alcohol with those obtained directly determined without
extraction. Other evidence is that a reextraction of the
residue on the filter paper after the extraction of starch gave a
negligible starch content. A starch determination on ma-
terial left on a 40-mesh screen after grinding the sample in
the disintegrator and washing through the screen also gave a
negligible result.

Further evidence of the reliability of the method has been
obtained in its application. A group of raw pea samples
were graded for quality with a tenderometer and then ana-
lyzed for starch. Figure 2 shows the relationship between
these two factors.

Fifty samples of frozen lima beans were graded for quality
organoleptically and by brine flotation. Starch analyses on
these samples correlated very well with both the organoleptic
and brine flotation grading. The relationship between pro-
portion of sinkers in 20 per cent brine and percentage of
starch in lima beans is shown as an example in Figure 3.

Rapidity of the Method

Starch in a single sample can be determined in 20 to 30
minutes if the reagents have been previously prepared.
Forty to 50 samples can be analyzed for starch in an 8-hour
day if a routine is established.

Perchloric Acid Hazards

There is no danger whatsoever from the 72 per cent per-
chloric acid itself, other than the usual hazards of strong
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acids. The cold diluted acid is a very poor oxidizing agent,
as is evidenced by the fact that it will not release iodine from
iodide ion. Hot perchloric acid, however, forms unstable
compounds with organic material and for this reason the
treated samples should never be heated. Samples have
been allowed to stand in the laboratory at room temperature
and to dry on filter paper for several days without accident.

Summary

A very rapid and reasonably accurate method for the deter-
mination of starch in certain vegetables has been developed.
It includes grinding the fresh sample in a Waring Blendor-
type disintegrator, extracting the starch with 4.0 to 4.8 molal
perchloric acid, and estimating by photoelectric colorimeter
the dissolved starch indicated by the blue color produced
with iodine. Alcohol extraction of the products studied was
found to be unnecessary. The use of a red filter in the
colorimeter considerably reduces the error produced by
dextrins when present.
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Separation of Carotenes from Xanthophylls

A. J. HAAGEN-SMIT, C. E. P. JEFFREYS, and J. G. KIRCIINEK
William G. KerckhoiT Laboratories of the Biological Sciences, California Institute of Technology, Pasadena, Calif.

T HE methods which have been most generally used for the

separation of xanthophylls from carotenes in pro-
vitamin A analysis suffer from certain disadvantages. The
separation by extraction of petroleum ether solutions with
85 to 90 per cent methanol and the separation on various ad-
sorption columns are time—-consuming. The obvious advan-
tages of the chromatographic method for routine work are
offset by the difficulties in obtaining adsorbents of uniform
performance, and by the fact that there always appears to
be some loss of provitamin A material on the columns.

It was known that compounds containing conjugated
double bond systems such as occur in the azulenes (6) react
with 85 per cent orthophosphoric acid to form blue substances
which are extracted from petroleum ether by the acid. It
was thought that this reaction might be applied to carotene
separations.

Petroleum ether solutions of the mixed pigments of canned
pineapple, which were obtained by saponification of the solid
material with 30 per cent potassium hydroxide in methanol for
12 hours at 3° C. and extraction with petroleum ether (60 to 70°),
were treated with phosphoric acid; 25-ml. portions of the petro-
leum ether solution, which does not need to be dried, were shaken
with 4 to 5 ml. of 85 per cent phosphoric acid in a 25-ml. glass-
stoppered graduate. The acid layer became blue-green in color.
The absorption curve for the pigment remaining in the petroleum
ether solution was essentially the same as those obtained with
carotene solutions which had been purified by the methanol sep-
aration and by passage through magnesia and calcium phos-
phate columns. Figure 1 shows a group of such curves compared
with that of pure /3-carotene (S. M. A. (3-carotene).

The xanthophyll fraction obtained from a sample of these
mixed pigments by the methanol separation was transferred into
petroleum ether and this solution was treated with 85 per cent
phosphoric acid. All the pigment was removed from the petro-
leum ether phase and converted into blue-green substances in the
acid layer. On the other hand, carotene extracts, purified both
by the methanol separation and by passage through magnesia or
calcium phosphate columns, gave no apparent reaction when
treated in the same manner with 85 per cent phosphoric acid.
The absorption curves of such extracts were not appreciably
altered by the phosphoric acid treatment (Figure 2). The devi-
ation of the curve ol a sample of phosphoric acid-treated /3-caro-
tene from that of the untreated carotene is similar to that ob-
tained with extracts of natural materials. This change in the
absorption of the pigments is undoubtedly due to isomerization of
the type first observed by Gillam and El Ridi (3, 4) and exten-
sively studied by Zechmeister and his co-workers (5, 7, 8, 9), and
by Beadle and Zscheile (£).

Using this shortened method, results were obtained on
canned pineapple which were in satisfactory agreement with
those of biological assays (Table 1). In this case the results
can be expressed as units of vitamin A, since chromato-
graphic adsorption on magnesia showed the pigment to be
homogenous, and the absorption curve checked that of {3-
carotene which had been treated with phosphoric acid.

A comparison was made of the A. O. A. C. method (1) and
the phosphoric acid method, and since carotene has a slight
solubility in 90 per cent methanol the results are as might
be expected (Table IlI). In each case the phosphoric acid
method gave results which were slightly higher than those
of the A. O. A. C. method.
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Tabte |. Comparison' of Phosphoric Acid Method and
Biological Assay for Vitamin A Activity of Five Brands of
Canned Pineapple

(International units per 100 grams)

Hat Assa
Brand 1jPO* Method U.Ss. P.
A 135 145
li 100 125
C 129 143
D 134
E 135
Tabire Il Comparison of Phosphoric Acid and A. 0. A. C.
M ethods
A. 0. A. C.
Sample HiPO* Method Method
y/100 Q y/100 0Oe
1 75.G 66.0
2 111.5 99.5
3 103.9 97.3
4 GG.0O 58.1
5 99.5 90.0
0 97.3 87.6
Av. 923 83.1
D
.20
15
.10
.05
400 450 500 mw
Figure 1. Comparison of Absorption Curves

of /13-Carotene Obtained by Various Separa-
tion M ethods and of Pure /3-Carotene

1. Adsorbed on Micron Brand magnesia
Il. Separated with phosphoric acid reagent
IIl. « Partition between petroleum ether and 90 per
cent methanol
IV. Pure O-carotene
V. Filtered through dicalcium phosphate column

As a further check on the method, samples of mixed poultry
feeds were saponified and extracted by the A. O. A. C. pro-
cedure. These extracts were treated with 85 per cent
phosphoric acid and the absorption curves of the remaining
pigments in the petroleum ether solution were measured.
The curves were the same as those obtained for extracts
separated by the use of 90 per cent methanol, and the con-
centrations of carotene calculated from the absorptions at
450 m/i were in agreement (Table I11).

Summary

A new method which has been applied to the purification
of carotene extracts in the determination of carotenes in
foods, etc., makes use of the reaction between xanthophylls
and 85 per cent orthophosphoric acid to separate the latter
from carotene. Results agreed satisfactorily with the bio-
logical assays and also with the A. O. A. C. method. It is

Figure 2. Absorption Curve of /3-Carotene before

and after Treatment with Phosphoric Acid

————— Pure /3-carotene
————— Pure /3-carotcne after shaking with phosphoric acid

Tabte Il Comparison of Phosphoric Acid and A. O. A. C.
M ethods on Mixed Poultry Feeds
a. O.a. C.

Sample H*PO< Method Method

tyla- yla-

1 13.3 11.0

2 15.3 12.4

3 13.8 11.5

more rapid than the A. O. A. C. method and probably more
accurate for analysis of material of low or average carotene
content. This is due to the loss of carotene in the A. O. A. C.
method occasioned by the residual solubility of carotene in
90 per cent methanol.

When the spectrophotometer is used it is preferable to
make the measurements in the range of 440 to 450 m/i, since
the absorption values of the extracts do not deviate greatly
from those of /3-carotene.  As in all analytical methods, this
method must be used with discretion, as, for example,
phosphoric acid will not remove lycopene. It will not
separate a- and /8-caratene, and in such cases the method
would yield the crude carotene content.
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Chromogenie Reagent for Vitamin C
Determinations

RUTH ADELE KOENIG, T. L. SCHIEFELBUSCH, ana C. R. JOHNSON
Chemical Laboratory, University of Texas, Austin, Texas

R ECENT studies in this laboratory have shown that

ferridipyridyl sulfate may be used as a reagent for
spectrophotometric determination of vitamin C. The re-
agent cannot be prepared directly by reacting dipyridyl
with ferric sulfate, but a yellow-brown solution of the complex
compound may be obtained by oxidizing ferrodipyridyl
sulfate with eerie sulfate. Ferridipyridyl ion is fairly stable,
and on reduction with vitamin C forms the extremely stable
pink or deep red ferrodipyridyl ion. With ferridipyridyl in
excess, the ferrodipyridyl formed is proportional to the amount
of vitamin C. Beer’s law is followed over a wide range,
permitting accurate spectrophotometric determination of
the vitamin.

The reagent oxidizes ascorbic acid (molecular weight
176.12) in two stages, corresponding to equivalent weights
of 88.06 and 44.03, at widely different reaction velocities.
It may thus be possible to determine vitamin C in the presence
of other reducing substances, by suitable control of tempera-
ture, time, and concentration of the reagent. This possi-
bility is to be investigated in an extension of the present
work in which the new method is being compared with other
methods for ascorbic acid in analyzing a series of increasingly
complex systems.

Preparation of Reagents

Sulfur Dioxide Solution. Pass washed tank sulfur dioxide
into a weighed portion of distilled water, reweigh, and dilute to
obtain a 1 per cent solution.

Ceric Sulfate Sotution. Add 28 ml. of 3G N sulfuric acid to
500 ml. of water. Add 40 grams of commercial ceric sulfate, stir
until dissolved, filter after standing, and dilute to 1000 ml.

Aqua Ammonia. Bubble commercial anhydrous ammonia
into distilled water until a 4 N to 6 N solution is obtained. Or-
dinary aqua ammonia is not suitable even when distilled, as it
contains reducing impurities. Commercial synthetic anhydrous
ammonia produced by the National Ammonia Co. of Philadelphia
was found satisfactory.

Ferrodipyridyl Sotution. Dissolve 1.7C grams of ferrous
ammonium sulfate hexahydrate (Mohr’ssalt) in a little water and
add 10 ml. of 1 per cent sulfur dioxide solution. Make to about
800 ml., add 2.50 grams of a,a'-dipyridyl (2,2'-bipyridine) and
stir until this has dissolved. Heat to boiling (or allow to stand
overnight) to complete the reaction, cool, and make to 1000 ml.
The clear red ferrodipyridyl solution is very stable, and may be
used as a stock solution for preparing the ferridipyridyl reagent
in smaller portions.

Ferridipyridyl Reagent. Heat 200 ml. of ferrodlpyrldjd
solution to 80° C. and titrate with ceric sulfate solution until the
color changes from red to yellow; about 11 ml. of 0.08 N ceric
sulfate are required. The end point is sharp but slow. Back-
titrate with 1 per cent sulfur dioxide solution to restore a pink
color.

With the aid of a pH meter adjust the solution to a pH of 3.6
by addition of agua ammonia, avoiding even a temporary excess,
which may cause ferric hydroxide to precipitate. The solution
darkens as it is neutralized. Finally make to 400 ml. and if a
precipitate forms allow it to settle out overnight and use the clear
supernatant solution as the reagent. If necessary, add sulfur
dioxide from time to time to maintain a small amount of ferro-
dipyridyl in the reagent. The effect of the ferrodipyridyl will be
eliminated by use of a suitable blank as a reference solution in the
transmittance measurements, whereas if it is absent an error may
result. A check on this adjustment is provided by the blanks,
which should be faint pink in color rather than yellow. The
blanks prepared as described below are usually stable and each
one may be used for all transmittance measurements made over a
period of 2 or 3 days.

Acetate Buffer. Make 60.0 ml. of glacial acetic acid and

10.00 grams of recrystallized and suitably dried sodium acetate
trihydrate to 1liter, and adjust to apH of 3.6 by further small ad-
ditions of acid or salt.

Analytical Procedure

The following procedure is general, and may easily be
adapted to meet particular requirements. The essential
accuracy is between 0.5 and 2 per cent, but much larger
errors may result from sampling difficulties, oxidation of
the vitamin, and the presence of interfering substances.

The solution used in the transmittance measurements must be
clear. Clarification may be effected by filtration through Pyrex
or platinum filter crucibles, by centrifuging, or sometimes simply
by allowing suspended or colloidal material to settle out. This
may be done either before or after color formation; once the
color has been fully developed it remains constant for days, in
most cases.

Spectrophotometric Procedure. Add a small piece of
Congo red paper to an aliquot portion of the analytical solution
containing not more than 0.40 mg. of ascorbic acid. The volume
of the aliquot should be such as to permit addition of reagents
without exceeding the specified final volume, and should prefer-
ably be small, since dilution decreases the velocity of the analyti-
cal reaction.

Add aqua ammonia until the color of the indicator paper is the
same as that of a similar piece in a buffer of pH 3.6. The pH is
not critical, but should probably not be less than 2.5 or more than
40.

Next add 10 ml. of acetate buffer and 20 ml. of ferridipyridyl
reagent and eventually (see below) make the solution to a volume
of exactly 100 ml. The four critical amounts above may be
halved or quartered without changing the transmittance-concen-
tration curve, as a matter of convenience or economy: a,a'-
dipyridyl is somewhat expensive. Moreover, the ferridipyridyl
reagent addition specified represents a fivefold excess over the
maximum ascorbic acid concentration measurable with 1.308-
cm. cuvettes and might be reduced in some cases, the blank
being changed accordingly.

Constant color may be attained to permit readings within 30
to 60 minutes by heating the solution between 70° and 80° C. for
at least 25 minutes before cooling and dilution to final volume.
Some systems—often those in which the reagent has been con-
siderably diluted by the aliquot—become cloudy if heated too
long or at too high a temperature, but usually give correct re-
sults after clarification. Alternatively, constant color may be de-
veloped by allowing the solution to stand at room temperature
for 12 to 48 hours before dilution to final volume; this period of
standing may conveniently be used to remove suspended or
colloidal material. In either case the vitamin is oxidized to thre-
onic acid and oxalic acid.

Transmittance readings made between 10 and 40 minutes
after adding the chromogenic agent, with solutions kept
at room temperature, indicate in many cases that the analyti-
cal reaction has proceeded almost exactly to the dehydro-
ascorbic acid stage. This suggests that dehydroascorbic
acid is formed rapidly and later oxidized more slowly to the
other acids. Several interesting and perhaps useful im-
plications of this observation are more or less evident.

When constant color has been attained, make duplicate trans-
mittance readings with two successive portions of the solution at
a wave length of 510 millimicrons. Use as a reference solution
ablank containing 5 ml. of the buffer and 10 ml. of the reagent per
50 ml. Using the median transmittance found, read the result of
the analysis from a previously prepared graph.

In the present work calibration data were obtained with a
Coleman Model 10-S-30 spectrophotometer equipped with square
cuvettes 1.308 cm. in depth, using freshly prepared standard
solutions made at separate times over an extended period with
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pure crystalline ascorbic acid from three different sources. An
independent and most accurate calibration was derived by
calculating the transmittance-concentration curve for ascorbic
acid as ferrodipyridyl from an accurately established trans-
mittance-concentration curve for iron as ferrodipyridyl, through
the iron equivalent of ascorbic acid. All measurements were
made at temperatures between 28° and 32° C.

The various calibrations in which the ascorbic acid was
oxidized to threonic and oxalic acids are best represented
by a straight line passing through the points (T = 100.0,
C = 0.000) and (T = 10.0, C = 0.400) where T is the per-
centage transmittance of the solution relative to the blank
plotted on a logarithmic scale, and C is the ascorbic acid
concentration in milligrams per 100 ml., plotted on an
arithmetical scale. The less well established line for oxidation
to the dehydroascorbic acid stage passes through the point
(T = 10.0, C = 0.S0).
Colorimetric Procedure. Colorimetric measurements
may be made by comparing analytical solutions obtained

as described above with standards of similar composition
prepared in the same manner and at the same time.

Applications of the Reagent

So far the new reagent has been used mainly in assaying
commercial ascorbic acid, citrus fruit juices, and dried foods
for ascorbic acid. It doubtless may also be used in deter-
mining other substances capable of reducing it quantitatively.
However, both large and small concentrations of such com-
mon reducing agents as arsenious acid, formaldehyde,
acetaldehyde, methyl alcohol, and formic acid do not reduce
the reagent, either in hot or cold solution, and 0.4 mg. of
oxalic acid dihydrate or 200 mg. of citric acid per 100 ml.
have little or no effect on the reagent even in systems heated
to 80° C. Sulfur dioxide reduces the reagent rapidly, but
in small concentrations does not produce equivalent quantities
of ferrodipyridyl when treated by the procedure used for
ascorbic acid.

Photometric Determination of Reduced
and Total Ascorbic Acid

MELVIN IIOCHBERG, DANIEL MELNICK, ana BERNARD L. OSER
Food Research Laboratories, Inc., Long Island Cily, N. Y.

HE most widely used procedures for the determination

of reduced ascorbic acid depend on its oxidation to dehy-
droascorbic acid. Rapid titration of an acid extract with a
standardized solution of the sodium salt of 2,6-dichloro-
phenolindophenol yields accurate values for products rich in
ascorbic acid and relatively free from interfering reducing sub-
stances. The photometric method {2, 8, 15) has made pos-
sible analyses of colored or turbid solutions even in the pres-
ence of other reducing substances. This procedure involves
measurement in a photoelectric colorimeter of the progressive
reduction of an excess of the dye.

Dehydroascorbic acid, the biologically active, reversibly
oxidized form of the vitamin, must be reduced before it can be
determined by any of the dye methods. Hydrogen sulfide is
usually used. A microbiological reduction of dehydroascor-
bic acid employing a suspension of Bacterium coli has been
described (6). However, this fails for some food materials.

In this report, a modification of the photoelectric colori-
metric methods of Bessey {2} and Evelyn, Malloy, and Rosen
(3) is presented. Fundamental studies of the applicability of
the method to the determination of reduced and dehydroascor-
bic acids in a variety of biological materials were carried out.
Evidence is submitted for the superiority of the photometric
method over the visual, the necessity for including dehydro-
ascorbic acid in the estimation of “vitamin C”, and the proper
procedures which should be observed in partitioning vitamin
C between the reduced and dehydro forms.

Ascorbic Acid Determination, Biological Materials

Apparatus. A direct-rcading photoelectric colorimeter with
a 520-millimicron filter. (A null-point instrument cannot be
used. The direct reading galvanometer must be critically damped
and have a short period. The time required to swing from Oto 100
and become stable should not be more than 3 seconds. An
Evelyn photoelectric colorimeter, manufactured by the Rubicon
Co., Philadelphia, Penna., has proved very satisfactory.)

Interchangeable test tubes for the colorimeter.

A pipet delivering exactly 5 cc. of an aqueous solution in less
than 1 second. This is easily constructed from a 5-cc. transfer
pipet as illustrated in Figure 1

R eagents. The metaphosphoric acid and citrate solutions
described by Bessey (2, 16).

A stock 2,C-dichlorophcnolindophenol reagent containing
approximately 10 mg. per 500 cc. The photometric density of
5 cc. of the dye plus 5 cc. of the citratc-metaphosphorie acid
buffer at pH 3.5 is adjusted to read exactly 0.398 (transmis-
sion = 40.0 per cent) by dilution of the dye with water. (The
galvanometer is first set at 0.0 for zero transmission, and 100.0
for a solution containing 5 cc. of the buffer at pH 3.5 and 5 cc.
of dye, to which a crystal of ascorbic acid is added for complete
decolorization.)

Procedure. All manipulations are conducted under ah
atmosphere of nitrogen, and all extractions and dilutions are made
with solutions previously dcaerated with a stream of nitrogen.
This precaution is necessary if reduced ascorbic acid is to be
determined but not if only the total vitamin C content is of
interest.

A representative sample is dropped into an equal weight of 6
per cent metaphosphoric acid solution, and maccrated mechani-
cally. (A Waring Blendor has proved most satisfactory. One
minute at high speed gives an excellent homogeneous mixture
of most food substances.) For complete inhibition of the oxi-
dase in some vegetables, it is necessary to add large segments of
the sample directly to boiling 6
per cent metaphosphoric acid.
(Boiling converts metaphosphoric
acid in part to orthophosphoric
acid, the latter solution having
a lower pH. This, however, has
little effect on the final pH, for
subsequent dilutions are made

A = STOPCOCK

-PIPET with fresh metaphosphoric acid.)
In such a medium the action
of oxidative enzymes is inhibited.
After boiling for 5 minutes, the

-STIRRER contents are coolcd, transferred

to a Waring Blendor, and then
macerated.

By use of this technique as
much as 150 grams of material
may bo taken for analysis. The
desirability, and in many cases
the necessity, of using such large
quantities for proper sampling are
obvious. This procedure is better
than averaging a series of repli-
cate tests on very small portions of
the test material (7).

COLORIMETER
TUBE

Figure 1. Pipet Used

for Addition of Ascor-

bic Acid Extract to
Dye Solution
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An aliquot of the uniform suspension is drawn off and diluted
with 3 per cent metaphosphoric acid until the total solids content
of the sample in suspension is 10 per cent or less. The samples
are shaken mechanically for 15 minutes and then centrifuged.
The extract is then buffered at pH 3.5 by adding 14 cc. of the
citrate solution to 50 cc. of extract. Using graduated pipets, a
rough visual titration is made to determine the volume of extract
necessary to decolorize 5 cc. of the dye. Diluting this volume to
10 cc. with citrate-metaphosphoric acid buffer generally gives the
optimal concentration for measurement in the photoelectric color-
imeter. A testing range of 2 to 6 micrograms per cc. is considered
optimal. Smaller concentrations cause insufficient reduction of
the dye and hence give less precise results. Larger concentra-
tions are to be avoided because the quantity of dfye becomes a
limiting factor and also because accurate galvanometer readings
at the 5-second point are difficult when the transmission values
are increasing rapidly.

Total ascorbic acid (reduced plus dehydro) is determined by a
slight modification of Bessey's procedure (2). To 25 cc. of an
extract buffered at pH 3.5, 6 drops of caprylic alcohol are added,
and the solution is treated with a slow stream of hydrogen sulfide
for 20 minutes. After 2 hours’ standing in the closed system,
the excess hydrogen sulfide is removed by streaming wet nitrogen
through the solution for 2 hours.

For the photometric measurement the colorimeter tube is
placed in the instrument and 5 cc. of the standard dye solution
are introduced. The special pipet is filled with buffered extract,
and with stirrer lowered, the assembly is placed on the tube as
shown in Figure 1. The stopcock is opened, and 2 seconds later
the assembly is lifted out of the tube. Galvanometer readings
are taken exactly 5 and 10 seconds after the stopcock is opened.
The absorption of the reaction mixture due to extraneous pig-
ments and turbidities (the blank) is then obtained by adding a
crystal of ascorbic acid to complete the decolorization of the dye.

Reaction Rate between Dye and Ascorbic Acid. Flg-
ure 2 shows the rate of fading of the standard dye when it is
mixed with solutions of ascorbic acid containing 1 to 10 mi-
crograms per cc. Readings were also taken beyond 10 sec-
onds for study of the reaction rate. In solutions containing
less than 2 micrograms of ascorbic acid per cc., the reaction
with the dye is almost instantaneous—L e., complete in 5
seconds. Between 2 and 5 micrograms the reaction is incom-
plete at the end of 5 seconds but is complete at 10 seconds.
For 6 micrograms fully 15 seconds are required for completion
of the reaction, and concentrations from 7 to 8 micrograms
fail to react completely within the 30-second observation
period. Thus a concentration of ascorbic acid of 8 micro-
grams per cc., theoretically capable of completely reducing
the dye, fails to do so after 30 seconds. Only when an excess
of the vitamin is present, at least 9 micrograms per cc., is com-
plete reduction of the dye observed during this period.

In the absence of the vitamin, the fading rate of the dye at
pH 3.5 is approximately one tenth of a “per cent transmission
unit” per 5seconds. Accordingly, the reaction with the vita-
min is considered complete when the rate of fading is equal to
or less than this. In that case the extent of decolorization of
the dye is observed to be proportional to the concentration of
ascorbic acid in the extract (from O to 6 micrograms per cc.
during the 30-second period).

In the equation

A =CD

where A is the concentration of ascorbic acid in the buffered
extract, and D is the decrease in photometric density of the
dye at the completion of the reaction, C is found to be 19.9
micrograms per cc. per unit of photometric density. Thus
from a measurement of the decrease in the photometric den-
sity at any given instant, it is possible to calculate the extent
of reaction at that time.

The reaction rate constant, k, for a second order reaction
may be expressed by the equation

T iB)t Y %: x}{
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Figure 2. Progressive D ecolorization of

Dye witii Increasing Concentrations of

Ascorbic Acid

where A is the initial concentration of ascorbic acid in the re-
action solution, B is the initial dye concentration also in the
reaction solution, and X is the total decrease in concentration
of each of the reacting components at any instant. From the
data used in plotting Figure 2, the value of k may be calcu-
lated for each of the concentrations tested. Expressing the
concentration of the dye, B, in terms of its ascorbic acid equiv-
alent in micrograms per cc., A and X also in micrograms per
cc., and tin seconds, the value for k is found to be 0.099 =+
0.015 at 25° C. and pH 3.5. This constant is confirmed by
measurements with dye solutions of one third, one half, and
twice the concentrations of the standard dye. (Because of
the nature of the data the reaction constant is subject to much
greater error than the ascorbic acid concentration calculated
from the same data. The average deviation of the value for
k was ==10 per cent, and k may be in error by 15 per cent;
this value, however, is considered uniform for a reaction rate
constant of the type measured here.)

The results of the study plotted in Figure 2 and supported
by the reaction constant calculated therefrom constitute good
evidence that the reaction between ascorbic acid and the dye
is not instantaneous as has been claimed (7), and that the ob-
served drift in galvanometer readings is due to incomplete
reaction at the time of recording.

To avoid the complications arising from the fact that the
reaction between dye and ascorbic acid is not instantaneous,
two procedures were adopted by previous investigators for the
measurement of the vitamin in biological extracts. One tech-
nique {2, 15) involves taking readings at 15 and 30 seconds,
neglecting the course of the reaction up to the first 15-second
reading. However, results presented below indicate that
many nonspecific reducing substances react to a considerable
extent in 15 seconds, so that extrapolation of the 15-and 30-
second readings obtained with extracts containing such sub-
stances yields erroneously high “ascorbic acid” values. A
second alternative has been to take readings every 5 seconds
(S) and to correct for the nonspecific reductants by extrapola-
tion of the curve to zero time. This is a highly questionable
procedure, for theoretically all curves should extrapolate to
zero concentration of ascorbic acid at zero time because the
reaction is not instantaneous.
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Figure 3. N omogram for Estimation of Ascorbic Acid

Concentration of Extract

Photometric density of blank is subtracted from those of test solution at
5 and 10 seconds. Straight-line extrapolation of corrected photometrio
densities gives vitamin concentration.

Calculation of Results. Anomogram (Figure3) hasbeen
constructed to facilitate the estimation of the concentration of
ascorbic acid in an extract. From the photometric densities
of the test solutions at 5 and 10 seconds is subtracted that of
the blank, and a straight-line extrapolation of the corrected
photometric densities gives the vitamin concentration.

The nomogram was calibrated using the 0, 5 and 10-
second values in Figure 2. This nomogram is merely illus-
trative and is not intended to be universally applicable. Each
analyst should construct such a nomogram from data obtained
in his own laboratory.

The extrapolation assumes that when two or more reducing
substances are present their reaction curves (the residual
photometric density of the dye plotted against time) are ad-
ditive. If other reducing substances are present which react
bimolecularly with the dye, as ascorbic acid does, the rate of
disappearance of the dye is given by

d Del Ki [fi] [Dye]
where [Dye] is the concentration of the dye at any instant,
[ifo] is the concentration of each reducing substance, and Ki
is its bimolecular reaction constant. The rate of reaction in a
complex mixture is thus a function of the concentrations of
both the reducing substances and the dye. If a very large
excess of dye were present, the reaction rate of each constitu-
ent in the mixture would be unaffected by the reaction of the
other constituents; but with only a small excess of dye, the
reaction of each reducing agent decreases the dye concentra-
tion sufficiently to affect significantly the reaction rates of the
other constituents. Actual tests have been conducted on mix-
tures of ascorbic acid and other reducing substances, using
the procedure described in this report and reported more

IS, No. 3

fully below. These indicate that the negative error in the cal-
culated ascorbic acid values arising from this cause is of the
order of only a few per cent and is usually masked by the
small positive error due to these interfering substances.

Comparison of Photometric and Titrimetric
Dcterminations

The photometric method described above was compared
with visual titration of 8 per cent acetic plus 2.5 per cent
metaphosphoric acid (<) extracts of biological materials. The
results are given in Table I. Agreement between the two
methods is excellent for fresh orange juice, fresh tomato juice,
and a pharmaceutical vitamin tablet. These products con-
tain no appreciable amounts of nonspecific indophenol-reduc-
ing substances. For the other samples, however, the results
differ considerably. Large discrepancies in the ascorbic acid
values of the dehydrated products are noted. The vitamin
capsule was manufactured 6 months before analysis and at
the time of manufacture contained 35 mg. of ascorbic acid and
15 mg. of iron as ferrous sulfate. The results obtained with
the capsule and the control solutions do not support the find-
ing of Harris and Olliver (7) of no reduction of the dye by fer-
rous ion. In the photometric method extrapolation of the 5-
and 10-second values reduces the interference of ferrous ion
to one tenth of that evident in the visual titration. \Woessner,
Elvehjem, and Schuette {SI) state “the ferrous ion reacts
instantaneously with indophenol”. However, in that study
readings were taken only at 15 and 30 seconds. From the re-
action curves for ferrous sulfate in Figure 4, it is apparent
that a similar conclusion might be drawn from the authors’
data if the 5-and 10-second readings were omitted. Ferrous

Table I. Comparison of Reduced Ascorbic Acid Values as
Determined Photometrically and Titrimetrically®
Photo- Titri-
Material metric metricb
Mg. Mg.
Fresh orange juice, per 100 grams 49 48
Fresh tomato juice, per 100 grams 17 17
Vitamin tablet, per tablet 17 18
Canned tomato soup, per 100 grams (after 1 + 1
dilution) 2.0 3.5
Experimental dehydrated tomato soup, per 100
grams
Fresh sample 20 30
After storage ¢
No. 1 9 24
No. 2 7 24
No. 3 10 23
No. 4 8 22
Vitamin capsule containing FcS04, per capsule 21 45
FeSC>4 solution (10 mg. as Fe ++), per sample 1.5 15>
Ascorbic acid:FeSO< solution (10 mg.: 10 mg. as
Fe ++), per sample 11 245

° Using 2,G-dichlorophenolindophenol dye.

* Solvent — 8 per cent acetic acid, 2.5 per cent metaphosphoric acid.

cOne week at 37° C. at 90 per cent humidity.

d This figure was also obtained using 5 per cent metaphosphoric acid as
solvent.

Table Il. R educed Ascorbic Acid in Experimental Dehy-
drated Tomato Soups by Photometric Method*

Initial Incubated 1 Week, Incubated 2 Weeks,
Sample Test 37° C., 90% Humidity 37° C., 90% Humidity
Mg. per 100 orams
26.2 8.7 1.2
28.4 7.1 2.1
21.3 9.8 0.3
27.2 7.7 1.2

° Those samples had been judged by visual titration to be stable during
the periods of storage, the ascorbic acid values approximating 30 mg. per 100
grams. However, organoleptic and colorimetric tests supported the con-
clusions drawn from the photometric values. Discrepancies in the figures ob-
tained by the two assay procedures were not so great when the tests were con-
ducted on subsequent products of improved stability in vitamin content and
palatability.
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iron is oxidized by atmospheric oxygen much more readily
than ascorbic acid in the dilute solution used for photometric
measurement. Therefore, in order to demonstrate the inter-
ference of ferrous iron, it is essential to exclude air from all
solutions.

Visual titration with 2,6-dichlorophenolindophenol is fre-
quently used to follow the fate of ascorbic acid in foods during
processing and storage. The assumption is made that the
concentration of interfering reducing substances is small, and
is constant in the consecutive analyses. In the early stages of
the development of a dehydrated tomato soup, visual titra-
tions were used for control purposes for estimating reduced
ascorbic acid. The results indicated the vitamin to be stable
during the holding tests. Wien the photometric method was
employed, very rapid destruction of the vitamin was observed.
Typical values are listed in Table II. Apparently, other dye-
reducing substances were formed during the storage period,
and these were estimated as ascorbic acid by the titrimetric
method. The same conclusion was reached in studies con-
ducted by others (12A, 19A) on dehydrated potatoes.

Importance of Including Deliyclroascorbic Acid in
Determining Vitamin C Content

Total ascorbic acid of the dehydrated soups was also deter-
mined by the photometric method. The results in Table 111
indicate that failure to determine dehydroascorbic acid
causes the apparent loss of the vitamin to be much greater
than that which actually occurred. The reaction curves for
these samples have been plotted in Figure 5, after calculations
to eliminate the effects of the ascorbic acid present. This al-
lons graphic presentation of the progressive formation of
other dye-reducing substances on storage. These compounds
react slowly with the dye to give falsely high visual titrations.
This interference is even greater after the hydrogen sulfide
treatment.

FERROUS SULFATE

ALONE + VITAMIN C

PHOTOMETRIC PHOTOMETRIC
DENSITY DENSITY
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REACTION TIME

R eaction Rate Curves for Dye and Ferrous
lon

Figure 4.

With and without added ascorbic acid.
dye is 0.398.

Initial photometric density of

In Table 111 ascorbic acid analyses of a number of other
foods by the photometric method are also presented. In the
canned grapefruit juice, canned pineapple juice, and vitamin
tablet, very little dehydroascorbic acid was found. The same
was true of the tomato juice and orange juice when.fresh, but
after processing, appreciable amounts of the oxidized form of
the vitamin appeared. After 2 weeks’ storage at 37° C., 85
per cent of the ascorbic acid in the two dehydrated tomato
soups and 26 per cent of that in the concentrated orange juice
were in the biologically active, oxidized form.
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Initial photometric density of dye {8 0.398.

Factors Operating to Convert Reduced to
Dehydroascorbic Acid

Dehydroascorbic acid may be present in foods at the time
of analysis, as shown in Table I11, or it may arise in the course
of analysis from oxidation of reduced ascorbic acid. A funda-
mental precaution in the analysis, if a reliable value for re-
duced ascorbic acid is to be obtained, is the prevention of at-
mospheric oxidation which is accelerated by oxidases and
copper, especially with increasing temperature. Preparations
of composite samples and of extracts are sometimes lengthy
procedures, so that considerable oxidation of reduced ascorbic
acid may occur if precautions are not taken.

In the analysis of a composite of a daily diet, the constituents
were mixed with solid carbon dioxide, and the mixture was ground
several times to produce a homogeneous semisolid mass. The
manipulations required 2 hours, but at all times the temperature
was maintained at less than 0° C. Photometric analysis for

Tabie Il R educed, D eiiydro, and Total Ascorbic Acid
in Biological Materials Determined by the Photometric
M ethod

Ascorbic Acid
Material Reduced Dehydro Total
Ma. Mg. Ma.
Canned grapefruit juice, per 100 cc. 40 1 41
Canned pineapple juice, per 100 cc. 35 0 35
Vitamin tablet, per tablet 17 1 18
Fresh tomato juice, per 100 grams 17 1 18
Fresh orange juice, per 100 grams 49 0 48
Raw, fresh string beans, per 100 grams 17 6 23
Orange sirup 2, per 100 grams 30 4 34
Stored 2 weeks, 42° C., per 100 grams 23 8 31
Experimental dehydrated tomatoa, per 100
grams 02 1 73
Experimental dehydrated tomato soup&

(No. 1), per 100 grams 26 0 32
Stored 1 week, 37° C. 9 0 15
Stored 2 weeks, 37° C. 1 0 7

Experimental dehydrated, tomato Boupb

(No. 2), per 100 grams 27 5 32
Stored 1 week, 37° C. 8 6 14
Stored 2 weeks, 37° C. 1 G 7

Dehydrated potato, per 100 grams 0 0 0
Dehydrated banana, per 100 grams 2.5 0.8 3.3
Potato chips*, per 100 grams 1n 5 16
Pasteurized milk, per quart 0 3.6 3.6
Evaporated milk, per quart 0 0 0
Milk powder, per 100 grams 2.3 0 2.1

Composite diet, freshly prepared at less than
0° C. under COj, per 2710 calories 0 115 115

a Represents 12-fold concentration of tomato solids.

b Represents 5-fold concentration of tomato solids.

c In preparation of potato chips a 3.5-fold concentration of solids occurred.
Thus, actual loss of ascorbic acid in making this product is calculated to be
approximately 80 per cent.



186 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 15, No. 3

Table V.
nation of Reduced and Total Ascorbic Acid in Dehydrated

Influence op Temperature in the Determi-

Tomatoes”

(Values oxpresscd in mg. per 100 grams of sample)
Ascorbic

Acid Initial 1 Hour 3 Hours 5 Hours

———-At 0° C.——————

Reduced 54 54 52 51

Dehydro 9 9 13 14

Total 63 63 65 65
/-—— At Room Tompcraturo-

Reduced 54 46 40 38

Dchydro 9 12 22 24

Total 63 58 62 62

° This product, representing a 12-fold concentration of tomato, was free
from enzymes, but contained approximately 50 p. p. m. of copper. Acid
extracts were allowed to stand for periods indicated.

Table V. Influence of Atmospheric Oxygen in the Deter-
mination of Reduced and Total Ascorbic Acid in Dehy-
drated Tomato Soups

Sample Ascorbic Acid
No. Experiment Reduced Dchydro Total
Mg. per 100 grama
A-l Extracting buffer saturated with air;
analysis under air 27 1G 43
A-2 Extracting buffer saturated with
nitrogen; analysis under air 32 12 44
A-3a Extracting buffer saturated with
nitrogen; analysis under nitrogen 36 7 43
B-1 Same as A-I 23 11 34
B-2 Same as A-2 27 8 35
B-3° Same as A-3 31 3 34

° Tests involving addition of 3 mg. of ascorbic acid to 10 grams of these
samples gave recovery values of 92 and 98 per cent, respectively, as reduced
asoorbic acid.

reduced ascorbic acid showed none to be present. However,
after the hydrogen sulfide treatment, 115 mg. of total ascorbic
acid were found. Calculation of the ascorbic acid content from
published data on the component foods indicated this finding to
approximate the expected value. The ascorbic acid was supplied
mainly by fresh, uncooked fruits and vegetables; these included
150 cc. of orange and 75 cc. of tomato juice. From the nature of
the foods in the diet, it was obvious that the dehydro was formed
from reduced ascorbic acid (through the action of ascorbic acid
oxidases) in the course of preparing the sample, despite the pres-
ence of carbon dioxide and maintenance of the low temperature.
The dehydroascorbic acid apparently was stable under these
conditions.

In an accurate measurement of reduced ascorbic acid, it is
desirable to complete the analysis as soon as possible after ex-
traction is effected. If delay is unavoidable, especially when
a large series of analyses is being conducted, immersion of the
samples in an ice bath inhibits oxidative changes. In Table
IV values are given for reduced and total ascorbic acid in an
acid extract (buffered at pH 3.5) of dehydrated tomatoes
which was allowed to stand in air at room temperature and at
0° C. for various periods. Progressive decrease of reduced
ascorbic acid was observed in the extract at room tempera-
ture with little change at 0° C. However, the values for total
ascorbic acid were not affected by the preliminary oxidation.
(These measurements were made immediately after removal
of the excess hydrogen sulfide by nitrogen aeration.) The ma-
terial analyzed was free from enzymes but contained an ap-
preciable amount of copper (IS).

The influence of atmospheric oxygen upon the oxidation of
reduced ascorbic acid at room temperature is shown in Table
V. In the first solution the extracting buffer was saturated
with air and the analysis conducted in air. In the second the
extracting buffer was saturated with nitrogen and the analysis
conducted again in air; and in the third the extracting buffer
was saturated with nitrogen and the analysis conducted under
nitrogen. A progressive increase in reduced ascorbic acid
was noted with the elimination of oxygen from the atmosphere.
It is significant that here again the figures for total ascorbic
acid were not affected by the partial oxidation.

In the analysis for reduced ascorbic acid in cooked and un-
cooked vegetables, the figures for the cooked products are
frequently higher than those for the uncooked. This has been
attributed by some (17) to the presence of bound ascorbic
acid, which is released on cooking. Others (IS) have ascribed
the observation to the presence of active enzymes in the raw
samples, which are inactivated during cooking. In Table VI
are presented the results of some analyses on string beans, a
product rich in ascorbic acid oxidase. Sample 1was prepared
in a Waring Blendor by a 1-minute, high-speed maceration of
the raw beans with water under carbon dioxide. Sample 2
was homogenized with Gper cent metaphosphoric acid instead
of water. Sample 3 was blanched for 5 minutes in boiling
water, cooled, and then macerated in the cooking water. The
results of this study, summarized in Table VI, emphasize the
precautions which must be observed to prevent enzymic oxi-
dation of the ascorbic acid. The thermal inactivation of the
enzymes by boiling in 6 per cent metaphosphoric acid appears
to be the preferred method. Use of 5 per cent sulfuric-2 per
cent metaphosphoric acid as the extracting solvent (14), with
no preliminary blanching of the beans, yielded essentially the
same results for the reduced and dehydroascorbic acid con-
tent. Extraction with the stronger acid is not so desirable,
since subsequent pH adjustment cannot bo made so readily
as in the procedure recommended in the present report. It is
significant that the figures for total ascorbic acid in all samples
were the same. These observations support Harris and O1-
liver’s criticism (7) of the bound ascorbic acid theory (17),
since the total ascorbic acid content of the unblanched beans
is not increased on cooking. The enzymic oxidation taking
place in the uncooked product accounts for an apparent in-
crease in "ascorbic acid” after cooking when reduced ascorbic
acid alone is measured.

Applicability of Photometric Method to
Urine Analysis

Dehydroascorbic acid is reported (1) to be fairly stable in
pure solutions below pH 5. The stability of reduced and
total ascorbic acid was investigated photometrically in a com-
posite sample of fresh urine obtained from twelve subjects
and stored under air. For comparison with the photometric
method, the usual visual titrations for reduced ascorbic acid
were also conducted. The results are presented in Table VII.
The visual titration for reduced ascorbic acid on the freshly
voided urine gave results more than 100 per cent greater than
those yielded by the more specific photometric method.
This confirms the findings of Roe (19) who used an independ-
ent analytical approach. Another series of tests with added
crystalline ascorbic acid (100 mg. per liter) indicated good
agreement between both methods, due to the fact that at the
higherdilutionsusedin the test the concentrationsof nonspecific
reducing substances were considerably lower. (This is com-
parable to generally observed values for the urine of normal
subjects following oral administration of a 300-mg. test dose.)

Table VI.
Determination of R educed and Total Ascorbic Acid in

Influence of Ascorbic Acid Oxidase in the

R aw String Beans

(Values expressed in mg. per 100 grams of beans)

Samplo Ascorbic Acid

No. Preparation of Sample® Reduced Dehydro Tota
1 Raw, macerated with equal weight of

Hjo 4 19 23
2 Raw, macerated with equal weight of

6% HPO« solution 14 9 23
3 Boiled with HjO 5 minutes, then

macerated 16 7 23
4 Boiled with 6% HPOIi solution 5

minutes, then macerated 17 6 23

a All manipulations were carried out under an atmosphere of carbon di-
oxide.
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Tabte VII. Stability of Ascorbic Acid and Other

Substances in Urine

(Values expressed in mg. per liter)

—-Ascorbic Acid before and after Storage
After 48 Hours*

Initial After 24 Hours
Preservative per Photo- Titri- Photo- Titri- Photo-
Liter Form metric metric metric metrio metric
None Rcduccd 8 19° 3 13 0
Dehydro 9 3 1
Total 17 0 1
30 cc. of 3.5 N Rcduccd 11 23 9 19 3
Uisoi Dehydro 5 4 4
Total 10 13 7
10~roms of Reduced 8 20 4 13 2
Dehydro 10 4 3
Total 18 8 5
10 grams of Reduced 9 20 8 23 1
1iPOi and stor- Dehydro 9 8 1
age at 5° C. Total 18 10 12

a Comparisons should bo made between only reduced ascorbic acid values in evaluating degree of
Total ascorbic acid values, obtained by titrimctric method, are

nonspccilicity of titrimctrio method.
greater, but such analyses of urine aro practically never made.

b Ascorbic acid values obtained after this period of storage lack precision bccausc of lowered concen-
tration of vitamin in prescnco of large amounts of interfering reducing substances in urine.
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particularly true of dehydroascorbic acid figures which are obtained by difference.

The ascorbic acid in the samples containing the larger quan-
tities appeared to be appreciably more stable. This is in
agreement with frequent observations (4) that the oxidative
destruction of ascorbic acid is more nearly absolute than pro-
portional to the concentration of the vitamin. Storage of the
urine sample at 5° C. with added metaphosphoric acid was
the most effective means for preservation. A consideration of
the data compiled indicates that the nonspecific reducing sub-
stances in urine are also unstable but not to the same extent
as ascorbic acid.

Extrapolation of Photometric Densities at Five
and Ten Seconds

Linear extrapolation of the photometric density at 5and 10
seconds gives ascorbic acid values considerably lower than ex-
trapolation at 15and 30 seconds. This may arise from greater
specificity of the former method, or from a possible early re-
tardation of the rate of reaction between the dye and ascorbic
acid by other substances in biological extracts. |If such a re-
tardation were a reality, low recoveries of added ascorbic acid
would be obtained by the 5 and 10-
second extrapolation procedure. Ac-
cordingly, recovery tests were con-
ducted on a variety of biological
materials. The values shown in Table
VIl are representative of the differ-
ences in ascorbic acid values to be
expected in the photometric method
using the two extrapolation proce-
dures, and indicate that extrapolation
of 5-and 10-second readings furnishes
a more specific index of ascorbic acid
content.

Tabte VIII.

Dehydrated banana
Dehydrated potato
Pasteurised milk
Evaporated milk

Compounds Interfering with
Milk powder

the Photometric Method

Justification for
5 and 10 Seconds in

Test Material

Dehydrated tomato soup A-3
Dehydrated tomato soup B-3

Urine, composite of 12 subjects
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hydrogen sulfide to cause any photo-
metrically measurable dye reduction
even after only 20 minutes of nitro-
gen aeration of a pure buffered solu-

After 120 Hours tion previously saturated with the gas,

Titri-  Photo-  Titri- or of a similarly treated solution with
motrio metric metric . . . .
4 o o added ascorbic ac_ld. This is confirma-
4 tory of the experiments of Hamburger
4 and Joslyn (6). Reference is made to
13 2 6 Figure 6 giving the reaction curves
o for two solutions of hydrogen sulfide
13 o 6 (not subjected to nitrogen aeration)
0 which were able to decolorize the dye.
7 0 o By using the 5-and 10-second extra-
1 3 ¥ polation this interference is reduced
10 by more than 70 per cent.

It has further been suggested (6, 9,
10, 14) that the hydrogen sulfide is
loosely combined in biological ex-
tracts or is responsible for the for
mation of nonvitamin dye-reducing
substances. However, alleged inter-
ferences from these causes were based for the most part upon
titration values without extrapolation to zero time.

In the present study tests were conducted with three of the
compounds which have been reported (SO) to react with hy-
drogen sulfide to yield indophenol-reducing substances. The
reaction curves for these are also plotted in Figure 6 In
these graphs, the “ascorbic acid” concentration is 0.0 micro-
grain per cc. at a photometric density of 0.398, and 4.0 at a
photometric density of 0.200. The solid curves represent re-
action curves after hydrogen sulfide treatment (with subse-
guent removal of the gas). The values at 5and 10 seconds are
extrapolated to zero time by means of a straight line as on the
nomogram. (The dotted curves obtained prior to hydrogen
sulfide reduction indicate that these compounds cause no de-
colorization of the dye.) The results show that except for
2-methyl-l,4-naphthoquinone, the interferences following the
hydrogen sulfide treatment are much greater in the visual ti-
tration (single value at the 15-second or 30-second point) than
in the photometric method. In fact, pyruvic acid shows no
interference, for its curve extrapolates linearly to a photo-

This is

Extrapolation of Photometric D ensities at
Preference to 15and 30 Seconds

Recovery of

Ferrous sulfate, 5 micrograms of Fe ++

per cc.
Orange, fresh
Tomato, fresh
Urine

The use of hydrogen sulfide for the
determination of dehydroascorbic acid
has been criticized (6, 9, 10, 11, 1H).
It has been asserted (S, 14) that nitro-
gen aeration fails to remove the last
traces of hydrogen sulfide, which in
turn could be responsible in part for
increased *“ascorbic acid” figures.
Under the conditions of test described
here, there is insufficient residual

Pineapple pie
Pumpkin pie

test solution.

Urine during vitamin C saturation test

Ascorbic Acid from Added &As-
Extrapolation of corbic Acid
Photometric front Extrapo -
Densities at w lated Photo-
5and 10 15 and 30 Value* for metric Densities
seconds seconds X 100 at 5 and 10
(0) <« (a) Soconds
Microgramt
per cc. of extract %
2.03 3.80 30 104
2.34 2.81 20 93
1.63 2.01 00 93
0 0 e 90
0.91 1.15 20 105
0 0 90
1.07 1.39 *30 103
1.81 2.15 20 91
0.74 2.25 204 97«
4.18 -1.18 0 No recovery tests
5.62 5.94 0 conducted on
2.32 3.22 39 these samples
2.97 3.14 0
0.60 1.83 205
0.59 1.49 153

° Per cent difference in ascorbic acid values obtained by two methods of extrapolation.

&Except where indicated, amount of ascorbic acid added for recovery experiment was approximately
equal to amount believed to bo originally present as determined from data in literature, or by previous
analysis of same or similar samples.
carried through entire analysis.

e For recovery test on this sample, 3.05 micrograms of ascorbic acid were added to each 1.00 cc. of

For recovery test, vitamin was added to original material and
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REACTION TIME

Figure 6. R eaction Curves for Substances

Alleged to Interfere in Determination of
Ascorbic Acid

Before (dotted lines) and after (solid lines) hydrogen
sulfide treatment. Initial photometric density of dye is
0.398.

metric density of 0.398. For the others, the concentrations
normally found in biological materials are not sufficient to
interfere in the determination of total ascorbic acid. Thus,
the objections to the use of the hydrogen sulfide reduction
procedure in titrimetric or photometric methods previously
published are minimized in the procedure described in the
present report.

Discussion

In titrimetric methods in general, as the titration progresses
the concentration of at least one of the reactants decreases.
Thus, from kinetic theory the reaction rate must decrease.
The behavior of the sulfhydryl compounds on dye titration
reported by King (11) is entirely analogous to that noted in
this laboratory with ferrous sulfate. Indeed, at the concen-
trations used in the photometric method, the reaction rate
between ferrous sulfate and the dye becomes easily measurable
(see Figure 4). As a consequence of this slower reaction, the
interference of ferrous sulfate is reduced by 90 per cent in the
photometric method (see Table 1). Other interferences may
be similarly minimized.

The results presented here impose serious limitations on the
use of the visual titration. The method of “reversed titra-
tion” (7), titrating the dye with the extract, is inadvisable,
for many of the interfering reducing substances added to the
dye during the early part of the titration are given an ample
period for reaction. The interference is thus much greater
than in the normal titration where the dye is removed as it is
added, chiefly by the more rapidly reacting ascorbic acid.
The question of duration of the end point is controversial, for
with a 5-second end point the ascorbic acid may not react
completely, and with a 30-second end point, many interfering
substances may react. In this laboratory, interfering reduc-
ing substances have been encountered in such a wide variety
of samples that the photometric method has replaced visual
titration. Only in the routine testing of pharmaceutical prod-
ucts shown by the photometric reaction curve to be free from
interfering compounds is visual titration used.

The data presented in this paper on the occurrence of de-
hydroascorbic acid in biological materials and on the necessity

15, No. 3

for its determination are contrary to the conclusion of Harris
and Olliver (7), who state, “The amount of vitamin C present
in foodstuffs in the form of dehydroascorbic acid, even during
aging and in stale foods, is generally so small as to be of little
or no practical significance.” However, their conclusion was
based on analyses of a limited variety of foods by the “re-
versed titration” method, involving also an obviously faulty
procedure for the conversion of reduced to dehydroascorbic
acid, particularly with reference to pH adjustment (14).

Summary

Reduced and total ascorbic acid in biological materials have
been determined by a modification of published photometric
methods based on the rate of decolorization of the dye 26—
dichlorophenolindophenoi. A nomogram has been presented
to facilitate the estimation of the ascorbic acid concentration
from the residual photometric densities of the dye at the end
of 5and 10 seconds of reaction. The reduction of the dye by
the vitamin was found to be a reaction of the second order;
the rate constant was calculated for 25° C. and pH 3.5. The
photometric procedure has a much greater degree of specificity
than the visual titration, and allows determinations to be
made on extracts containing small amounts of ascorbic acid,
even in the presence of relatively large amounts of other sub-
stances which reduce the dye. Evidence has been obtained
stressing the importance of determining dehydroascorbic acid,
initially present in some materials and produced in others
when proper analytical precautions are not taken. The photo-
metric method is applicable to analyses of urine before and
after the administration of test doses. Proof is presented of
the greater specificity of the improved photometric method, as
compared with the various titrimetric and photometric pro-
cedures.
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Determination of Ferrous lron in Difficultly
Soluble Materials

GILBERT E. SEIL, E. J. Lavino and Company, Norristown, Penna.

T HE determination of ferrous iron in materials containing
both ferrous and ferric iron presents several difficulties
when the material to be analyzed is difficultly soluble, asis the
mineral chromite. Not only is it difficult to get the ore into
solution, but the solvents oxidize the ferrous iron, usually
without liberating another material which can be determined.
The method herein described indirectly determines ferrous
iron by titrating the sulfur dioxide liberated when sulfuric
acid oxidizes ferrous oxide.
Various methods have been proposed, but for one reason or
another none has proved entirely satisfactory.

As early as 1860, Mitscherlich (11) determined ferrous oxide
in chrome ore by decomposing the ore with medium strength
sulfuric acid in a bomb tube at 250° to 290° C. The decom-
position required about 8 hours, and precautions were taken to
prevent oxidation by the air. Similar results were obtained by
Jannasch and Vogtherrr (8), using hydrochloric acid-ammonium
chloride solutions in a bomb tube. Not all chrome ores respond
to this treatment, however.

Fusion with boric acid and treatment with a mixture of sulfur
and hydrofluoric acid have also been tried (7). Decomposition
with concentrated sulfuric acid has been found to be incomplete
(2, 15), and treatment with acid sulfates such as potassium bi-
sulfate oxidizes the chrome ore completely (1, 6,12), as is the case
also with Usatenko’s phosphoric-sulfuric acid method (18).
Treatment with oxidizing acids such as nitric acid is impracti-
cable (4, 10, 19).

Alkaline fusions, using sodium carbonate or borax (3,5,13,14),
absorb oxygen from the air rapidly at the high fusion temper-
ature required.

Schein (16) measures the increase in weight of the ferrous oxide
on heating in oxygen, making allowance for the loss of water and
carbon dioxide in the process. The unusually high calculating
factor, 9, is an objection to this method. The author has deter-
mined the oxidizable materials in the ore by first finding the loss
on ignition in an atmosphere of nitrogen and the subsequent
gain when heated in oxygen. The results agree very closely
with those obtained by the procedure described in this paper.

Methods recently proposed depend upon solution of the ore in
phosphoric acid, the ferrous iron in the solution being then deter-
mined by titration with potassium permanganate. Konopicky
and Caesar (3) dissolve 0.2 gram of powdered ore in 16 to 20 ml.
of phosphoric acid of specific gravity 1.92 in a wide test tube.
The test tube is heated on an air bath to 300° to 320° C. and
carbon dioxide is passed through it during the reaction. The
cooled solution is diluted with air-free water and titrated with
permanganate to a gray color. In the author’s experience this
method gives results which are not only much too low but in-
capable of being duplicated. This is true because any sulfur
trioxide present is reduced to sulfur dioxide which is lost, and at
high temperatures phosphine may be lost. By this method
duplicate results cannot be consistently obtained on magnetite of
known ferrous oxide content.

Stevens (17) describes a method in which a 0.3-gram sample of
ore is placed in a glass tube about 20 cm. long, 11 mm. in inside
diameter, and 1 mm. in wall thickness. Five milliliters of 85
per cent phosphoric acid are added, the air in the tube is displaced
by carbon dioxide, and the tube is sealed off by drawing it out in
the form of a hook, at a point about twice the height of the
phosphoric acid. The tube is then suspended about 1.25 cm.
(0.5 inch) above the bottom of a metal crucible which is heated
just strongly enough to keep the phosphoric acid gently boiling
until the sample is dissolved. This may take anything up to
24 hours. After cooling, the tube is opened and the contents
are washed into distilled water containing 10 ml. of sulfuric acid.
This solution is then titrated with 0.05 N potassium permanga-
nate to a gray color. (Incidentally, none of the authors men-
tioned seems to have made use of o-phenanthroline-ferrous
sulfate complex as indicator in this titration.) This method has
the same objectionable features as the Konopicky and Caesar
method described above.

It has been found possible to obtain consistent results by this
method, but they are again too low, and the correction to be
applied, as determined by experiments with magnetite, is so large
as to preclude use of the method for materials containing low
percentages of ferrous oxide. Another disadvantage is the
length of time required for a determination.

Stevens notes that the need for a correction factor is due to
the reduction of some of the phosphoric acid and consequent
oxidation of some of the ferrous oxide. The extent of this oxi-
dation probably depends on the time of heating and on the
amount of ferrous oxide present, and since these factors vary
with different ores, a single correction factor cannot very well
serve for all ores. Sulfur trioxide and other impurities in the
phosphoric acid yield gaseous reducing reaction products
which are partially lost. If the product of reduction is phos-
phorous acid, as assumed, the amount of the latter formed
should be equivalent to the amount of ferrous oxide oxidized.
Phosphorous acid, however, is not oxidized by permanganate
solutions in the cold under these conditions, and thus cannot
be determined by titration with permanganate.

In order to eliminate the large factor involved in the
Stevens method, by estimating the phosphorous acid formed
as well as the ferrous iron in solution, an iodometric method
was tried. Theoretically, either ferrous or ferric iron may be
determined iodometrically in a solution containing both, in
accordance with the reversible equation

2Fe(OH), + 12+ 2D ~ 2Fe(OH), + 2HI

In strongly acid solution (hydrochloric acid) the reaction
proceeds toward the left. In the presence of a small amount
of sodium bicarbonate, which keeps the pH of the solution
constant, the reaction proceeds toward the right, and should,
therefore, constitute a method for the determination of fer-
rous iron. Tests were carried out using the methods, the
phosphoric acid solution of the ore being neutralized by add-
ing sodium hydroxide solution until nearly neutral and then
adding solid sodium bicarbonate. An excess of standard io-
dine solution was then added, and the excess was titrated with
sodium thiosulfate. The results obtained were still too low,
and it was found that phosphoric acid could not be effectively
neutralized with sodium bicarbonate.

Phosphorous acid decomposes on heating, phosphoric acid
being formed and phosphine liberated in accordance with the
equation

4HjPOj = 3HPOI + PH,
Assuming that acid solutions of phosphates behave in the

same way, the reaction between ferrous oxide and phosphoric
acid might take place in the following stages:

1 The ferrous oxide dissolves in the phosphoric acid, forming
ferrous phosphate

3FeO + 2H.PO, = Fe3PO0,)2+ 3HD
2. The ferrous phosphate reacts with a further quantity of
phosphoric acid, forming ferric phosphate, ferric phosphite, and
phosphorous acid

8Fe,(P002+ 11HsPosa =
15FePO, + 9FePO, + 3H.PO, + 12HjO
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Table |.
Weight Taken Found by Operator A  Found by Operator B
Mg. Mo. Mg.
Estimation of Fe in Iron Wire

25 25.4 26.7

50 50.3 51.1

75 74.8 75.8

100 99.3 101.4

125 123.9 125.7

150 149.9 149.9

Estimation of FeO in Cuban Chromite

200 8.4 9.0
300 8.6 9.0
400 8.8 8.9
500 8.8 8.9
600 8.7 8.9
Estimation of FeO in Magnetite
200 25.6 26.4
400 25.9 26.4
600 25.6 26.4
800 25.7 6.0
3. The ferric phosphite-phosphorous acid mixture decomposes

under the influence of heat, giving ferric phosphate and phosphine
3FePO, + II,P0O, = 3FePOi + PH,

These equations may be combined and the net result of the
reactions expressed as

SFeO + 9H,P04 = SFePO, + PH, + 12H,0

Phosphine is oxidized by potassium diehromate, giving
phosphoric acid

PH, + 20, = H,PO<

It was decided to attempt the determination of ferrous
oxide on these lines. The sample was heated strongly with
phosphoric acid in a stream of carbon dioxide, and the gaseous
products of the reaction were passed into standard 0.1 N
potassium diehromate solution. From the amount of dichro-
mate reduced, the ferrous oxide was calculated, using the last
two equations. Any unchanged ferrous phosphate was de-
termined by titrating the phosphoric acid solution with po-
tassium permanganate.

At the time these experiments were started no pure phos-
phoric acid was available and c. p. phosphoric acid of specific
gravity 1.57 was used. With this acid, the method was found
to give excellent results with Cuban chrome ore containing
about 9 per cent of ferrous oxide, but with a magnetite of
known ferrous oxide content low results were obtained
(Tablel). Moreover, in the case of chrome ore the amount of
residual ferrous iron in the phosphoric acid solution was
found to be so small that the permanganate titration could be
omitted, but with magnetite this titration amounted to 4 ml.
or more, using a 0.5-gram sample. When the experiments
were repeated later, using pure phosphoric acid, no reduction
of the diehromate took place, but titration of the phosphoric
acid solutions with permanganate gave results averaging
22.3 per cent ferrous oxide with a magnetite of 26.3 per cent
ferrous oxide content, and 7.2 per cent ferrous oxide with a
chrome ore containing 9.2 per cent ferrous oxide.

The reduced diehromate solutions obtained when c. ».
phosphoric acid was used were analyzed for phosphates, and
showed a phosphate content equivalent to only 0.26 per cent
of ferrous oxide calculated on the phosphine theory. This
amount of phosphoric acid could easily have been carried over
mechanically into the diehromate. Furthermore, when
chrome ore or magnetite was heated with either pure or c. ».
phosphoric acid in a stream of carbon dioxide, and the gaseous
reaction products were passed into mercuric chloride solution,
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Determination of Ferrous lron

Found by Operator B

Weight Taken Found by Operator A

Mo. Mo. Mo.
Determination of FeO in Chromites

Cuban 500 8.2 8.2
500 8.9 9.0

Transvaal 500 16.9 16.7
500 16.8 16.7

Low-grade 500 8.3 8.5
Philippine 500 8.3 8.5
High-grade 500 10.8 11.2
Philippine 500 10.8 11.3
Rhodesian 500 10.4 10.7
500 10.5 10.8

Turkish 500 8.9 8.6
500 9.0 8.6

Blanks, Determination of FeO in c. p. FeaOa

500 0.0 0.0

500 0.0 0.0

500 0.0 0.0

500 0.0 0.0

a slowly forming white precipitate of calomel was obtained
which contained no phosphorus. There was no trace of the
light brown chloride-phosphide precipitate which forms in
large quantities in the mercuric chloride when a small quantity
of phosphorous acid is heated strongly with phosphoric acid
under similar conditions.

It was, therefore, concluded that the reduction of the di-
chromate when c. » . phosphoric acid was used was caused by a
gaseous product formed by the reaction of the ferrous oxide
with some impurity in the acid rather than with the acid itself.
Analysis of the c. » . phosphoric acid showed that, among other
impurities, sulfates were present in considerable quantity.
At high temperatures and in the presence of phosphoric acid
the reaction between ferrous oxide and sulfuric acid may be
represented by the equations

FeO + HjSO* = FeSO< + HLD
2FeSO, + 2H,SO< = Fe,(S09, + SO, + 2H,0
or simply
2FeO + 4HX0i = Fe,(SO,), + SO, + 4H,0

The sulfur dioxide passes into the diehromate and is oxi-
dized to sulfuric acid. The amount of diehromate reduced, for
the same amount of ferrous oxide, is the same whether the gas
formed is phosphine or sulfur dioxide. Chrome ore was dis-
solved in c. p. phosphoric acid and the gases were passed into
neutral diehromate solution. The sulfate content of the re-
duced diehromate solution was estimated gravimetrically as
barium sulfate, and calculated to ferrous oxide. The results
obtained were all high, owing to a small amount of sulfur tri-
oxide carried over, but were in proportion to the results cal-
culated from the titration of the reduced diehromate.

It was thus proved that the reduction of the diehromate was
due to sulfur dioxide formed by the reduction of sulfuric acid
by ferrous oxide, and that this reaction was quantitative.

The amount of sulfate in the c. p. phosphoric acid used was
insufficient to oxidize all the ferrous oxide in a 0.5-gram
sample of magnetite and this probably accounts for the low
results obtained. A mixture of 1 part of sulfuric acid and 4
parts of phosphoric acid was found to give excellent results
with all ores, including magnetite, and the resultant solution
contained no ferrous iron. This mixture was, therefore, used
in all subsequent experiments.

Chromium may also be determined in the phosphoric acid
solution. The chromium is oxidized with ammonium persul-
fate in the presence of a silver salt, and the resulting chromate
determined by titration.
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Apparatus and Procedure

Reducing agents, such as ferrous iron, carbides, and sulfides,
react at high temperatures (350° C.) and under low pressures
with sulfuric acid in phosphoric acid to form sulfur dioxide,
which is distilled into an excess of 0.1 N potassium dichromate.
The excess potassium dichromate is determined and the reducing
agent is calculated.

Chemicals Required for Ferrous Oxide Determination.
Phosphoric-sulfuric acid mixture, 4 parts of 85 per cent phos-
phoric acid to 1 part of concentrated sulfuric acid; potassium
dichromate, 0.1 N containing 50 ml. of sulfuric acid per liter;
sodium thiosulfate, 0.1 N; potassium iodide, 40 per cent solu-
tion; and starch solution.

Apparatus._ The apparatus used is shown in Figure 1. The
sample and acid are contained in the 200-ml. round-bottomed
reaction flask, A. A round-bottomed flask is necessary not only
because the system is under a partial vacuum during the deter-
mination, but also because it is much more difficult to get chro-
mium ores into solution in a flat—-bottomed flask, the ore collecting
around the bottom edge of the flask.

The reaction flask rests on the electrically heated air bath, B.
The heating element is covered by an iron plate, and the heater
supports an iron ring, which in turn supports a cover made of
thick asbestos board. The cover has two holes for each flask,
one of which is actually above the air bath, whereas the other is
used to hold the flask while it is cooling after the reaction. The
holes are tapered to fit the flask, and, using a 200-ml. flask and a
a 1000-watt heater, should be 6.56 cm. (2.625 inches) in diameter
at the bottom. Tne iron ring is made of such depth that there
will be 2.5 cm. (1 inch) of space between the iron plate covering
the heating element and the cover of the air bath. The tempera-
ture of the bath is controlled by a rheostat and ammeter, and is
measured by a thermometer passing through a hole in the cover
and suspended from a stout wire bent as shown.

The stopper of the reaction flask carries two tubes, one of
which is connected with a supply of carbon dioxide contained in
the large aspirator bottle, C. Prior to the determination the
aspirator is completely filled with air-free water, which is then
displaced by carbon dioxide from bottle C, and forced over into
the other large bottle, D. Carbon dioxide of the highest purity
should be used and it is recommended that the carbon dioxide be
generated by adding cold freshly boiled dilute sulfuric acid to a
strong solution of sodium bicarbonate which has been previously
boiled and cooled. Cylinder carbon dioxide of the highest purity
may be used, but it is not recommended because of the wide vari-
ation in the purity of different cylinders of gas. During the
determination a slow stream of carbon dioxide is drawn from C
by way of tube E through the whole apparatus. (Two tubes
E are shown in the diagram, but only one is necessary.) E con-

Figure 1.
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tains water and is of help in adjusting the rate of flow of the
carbon dioxide.

The other tube leading from the reaction flask is connected
with the absorption tubes, F and G, which contain the standard
dichromate solution. These tubes are immersed in a vessel
through which passes a stream of water for cooling purposes.
The gaseous products of the reaction, together with carbon
dioxide, bubble through the dichromate, which absorbs any
reducing agent. Trap H is inserted as a precaution against the
loss of dichromate by splashing, which may occur if too rapid a
stream of carbon dioxide is passed.

The whole system is under a vacuum of some 680 mm. of
mercury throughout the determination, and any possibility of
the entry of air is precluded by the insertion of the Bunsen valve,
J, in the line.

If the equipment is available, the rubber-stoppered reaction
flask can be replaced by one having a ground-glass stopper with
glass inlet and outlet tubes, and glass stopcocks can bo used
wherever metal pinchcocks are indicated in the drawing. The
Bunsen valve can likewise be replaced by a glass float valve. Pre-
cautions, however, must be taken to avoid sticking of the ground-
glass joints.

Preparation of Sampte. Since all reducing agents, such as
metallics, carbides, sulfides, etc., react with phosphoric acid, the
preparation of the sample is important. Many chromites, after
heat-treating, are magnetic and, therefore, removal of iron by a
magnet is precluded.

The sample is crushed carefully in hardened steel, then ground
in a porcelain ball mill with nonmetallic balls until all passes 100
B. S. mesh. A 10-gram sample is ground to pass through a 325-
mesh Bureau of Standards screen in an agate or mullitc mortar.
Fine grinding is essential because of the time of solution.

Procedure. Twenty-five milliliters of the phosphoric-
sulfuric acid mixture are placed in flask A, and 0.5 gram of the
325-mesh ore is introduced on top of the acid. When the sample
has become wetted, the liquid is swirled in the flask until all
small lumps have been broken up. Fifteen milliliters of 0.1 N
potassium dichromate are placed in absorption tube F and 5 ml.
in G, diluted with 10 ml. of water. Clamp K and stopcock L
are then closed, and the apparatus is connected as shown in the
diagram, A, resting in the cooling hole of the air bath for the time
being. The vacuum pump is then started and L opened slowly,
care being taken to avoid excessive splashing in the absorption
tubes as the evacuation of the apparatus proceeds. When the
stopcock is fully open and bubbling in the tubes has ceased, li is
opened carefully and carbon dioxide is allowed to pass at the
rate of about one bubble per second, as observed in E. A is
then placed in the hole over the air bath, and is held in position
by inverted U-shaped wire supports which stand in holes drilled

MEW

Apparatus for Determining Ferrous lron



192 INDUSTRIAL AND ENG

in the air bath cover. The bath is maintained at a temperature
of 360° to 380° C.

Little or no solution of the ore takes place until all the water
has evaporated from the acid mixture, after which the ore dis-
solves fairly rapidly. The time required for completion of the
reaction varies from 35 to 90 minutes, depending on the ore.
With some ores it is necessary to raise the temperature of the
bath somewhat, but this should be avoided if possible, as the
silica liberated from the glass of the flask coats the remaining
particles of ore, rendering solution even more difficult. The
reaction is complete at the point when bubbles cease to form in
the acid mixture, but heating is continued for about 10 minutes
after this point is reached.

The flask is then removed to the cooling hole of the air bath
and the rate of flow of carbon dioxide is increased somewhat in
order to avoid sucking back of the liquid in the absorption tubes
and to ensure complete reaction between the sulfur dioxide and
the potassium dichromate. After about 5 minutes L is closed
and more carbon dioxide is admitted until the pressure has
reached equilibrium throughout the system.

The absorption tubes are disconnected and the contents
poured into a 500-ml. Erlenmeyer flask. The tubes and connec-
tions are carefully washed and the washings added to the main
solution. Five milliliters of 1 to 1 sulfuric acid arc added and
the solution is diluted to about 250 ml. An excess of 0.05 N
ferrous sulfate solution is added, using o-phenanthroline as an
indicator. Not less than 10 ml. is added, and the excess is
titrated, using 0.05 N potassium permanganate solution.

AUemaie. Two milliliters of 40 per cent potassium iodide
solution are added, and the liberated iodine is titrated against
0.1 N sodium thiosulfate to a green color having a faint yellow
tinge. Starch solution is added and the titration completed, the
end point being reached when the solution loses its blue color and
becomes a pale apple green. This end point is sharp.

Since phosphoric acid varies considerably in impurities, it is
necessary to determine the blank which must be deducted from
each determination. The blank includes impurities in the acid
and the amounts of standard solutions used to indicate the end
point, and in no case should exceed 0.5 ml. If the solvent, con-
sisting of 4 parts of phosphoric acid and 1 part of sulfuric acid,
is fumed for 30 minutes at atmospheric pressure, the blank to be
deducted from the determination approaches zero very closely.
Boiling the solvent is considered good practice.

calculation. The equation

2Fe0 + 4H:S0s = FeS043+ SOz + 4110

shows that 2 moles of ferrous oxide liberate 1 mole of sulfur
dioxide, which is equivalent to 0.5 mole of oxygen or 2 liters
of 1-N potassium dichromate. Hence 1 liter of 0.1 N dichro-
mate is equivalent to 0.1 mole of ferrous oxide in the deter-
mination, so that if A ml. is the combined volume of 0.1iV po-
tassium dichromate used in the two absorption tubes, and B
ml. of 0.1 N sodium thiosulfate is required to titrate the iodine
liberated by the dichromate remaining after the reaction,
(A—B) ml. of potassium dichromate has been reduced. Then
if W gram is the weight of the sample

A —B
Percentage of FeO = 0.7185 X — jp—

Limitations of Test. It is clear that the method will fail
if the sample contains carbon, sulfides, metallics, or any reduc-
ing substance other than ferrous oxide, as these will also liber-
ate sulfur dioxide from the sulfuric acid. (It is possible to re-
move reducing substances from chrome ore by ignition in air
at 1000° F. without appreciably altering the ferrous iron
mcontent.)  On the other hand, they may sometimes be used for
the determination of these reducingsubstancesif present alone.
Experiments with pure iron were found to give accurate re-
sults by this method.

Determination of Chromium. The acid solution ob-
tained during the determination of ferrous iron in a chromium
ore may be used for the determination of chromium, eliminat-
ing the need for a sodium peroxide fusion.

Water is added to the flask while still hot. If the phosphoric
acid solution is allowed to cool too much it becomes very thick
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and viscid, and is difficult to dissolve. The solution is washed
into a 600-ml. beaker and diluted to 200 ml., 25 ml. of 1 to 1
sulfuric acid, 1 ml. of 1 per cent silver nitrate (catalyst), 50 ml.
of 40 per cent ammonium persulfate, and at least 5 or 6 drops of
strong potassium permanganate solution (2.5 per cent) are added,
and the solution is boiled for 10 minutes. The presence of
manganese is necessary to obtain complete oxidation of the
chromium during this operation. The amount of manganese
in most chrome ores is insufficient. Two milliliters of 1 to 1
hydrochloric acid are then added and the boiling is continued for
a further 5 minutes, precipitating the silver and destroying any
permanganate that may have been formed from manganese
present in the ore.

The cooled solution is diluted to 350 ml. and 6 drops of o-phe-
nanthroline indicator are added. Standard ferrous sulfate (ap-
proximately 0.2 N) is added from a buret, with stirring, until the
liquid turns red, and then about 10 ml. more. The excess of
ferrous sulfate is found by titration with 0.1 N potassium per-
manganate until the solution assumes a clear green color.

Alternate. The solution is cooled, 2 ml. of 40 per cent potas-
sium iodide are added, and the iodine liberated is titrated against
0.1 N sodium thiosulfate. The thiosulfate titration is directly
proportional to the chromium content of the ore.

The equation

2CrDj + 30, = 4CrOj

shows that 12 liters oi 1 N permanganate are equivalent to 304
grams of chromium trioxide, so that 1 ml. of 0.1 N potassium
permanganate is equivalent to 0.002533 gram of chromium tri-
oxide. If the amount of ferrous sulfate added is equivalent to
A ml. of 0.1 N potassium permanganate and the final titration is
B ml. of 0.1 N potassium permanganate, the chromium trioxide
in the sample is equivalent to (A — B) ml. of 0.1 N potassium
permanganate. Hence, if the weight of the sample of chrome
ore is IF gram

Percentage of Crd3= 0.2533 X "

Summary

The method outlined is not perfect, but it gives the most ac-
curate results of any method which has come to the authors
attention. It is satisfactory for control. Boiling the solvent,
4 parts of phosphoric acid and 1 part of sulfuric acid, for 30
minutes decreases the blank to an exceedingly low value.
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Baume-Dextrose Equivalent-Dry Substance
Tables for Corn Sirup and Corn Sugar

E. E. FAUSER, J. E. CLELAND, J. W. EVANS, and W. R. FETZER
Union Starch & Refining Co., Granite City, Ill.

Tables covering tbe Baume—dextrose
equivalent-dry substance relationship for
corn sirup and corn sugar sirup are pre-
sented. These are based on extensive re-
search on a method (previously presented)
for determination of dry substance. Dry
substance for a given Baumé increases with
increasing dextrose equivalent. Commer-
cial Baumé is defined as Be. = Be. 140°/
60° F.+1.000. The tables have been accepted
by the Corn Industries Research Founda-
tion for use by its member companies, all
refiners of the corn wet-milling industry.

APPROXIMATELY 1,500,000,000 pounds of corn sirup
A and 125,000,000 pounds of crude corn sugar are pro-
duced annually in the United States. The confectioners’
industry is the largest consumer of corn sirup, although sub-
stantial quantities are used by the baking, canning, preserv-
ing, mixed table sirups, and ice cream industries. Crude
sugars in either billet or chipped form—No. “70” and No.
“80”—are used in the manufacture of rayon, leather, caramel
color, and tobacco.

Corn sirup is the thick, viscous, substantially colorless
sirup obtained from the incomplete hydrolysis of starch. It
is sold on the basis of Baum6 and dextrose equivalent and in
the trade is often referred to as corn sirup unmixed or, more
simply, C. S. U. The Baum6 (commercial) will run from 42°
to 47°, the bulk being 43°. Dextrose equivalent (D. E.) is
defined within the industry as the percentage of reducing
sugars calculated as dextrose, expressed on a dry substance
basis. Under this general classification, commercial sirup
falls roughly into four groups: brewers’ body sirup, 25 to 35
D. E.; standard confectioners’ sirups, 40 to 45 D. E.; extra
sweet sirups, 50 to 57 D. E.; and dual conversion sirup (acid
plus enzyme), 60 to 70 D. E. The names for the first three
groups are general, in that there is considerable interchange
in the use of these sirups.

Existing tables for various sugars, covering Baum6-dry
substance, are not applicable to corn sirup. One publication
(7) covers a small range of Baum6s. Various references are
to be found in the trade journals covering a specific Baum6,
usually based on a private table of one refiner. The industry
has lacked uniform Baum6-dry substance tables primarily
for two reasons: (1) The amount of dry substance for a
given Baum6 increases with increasing dextrose equivalent,
and (2) there was considerable dispute in the industry itself
regarding moisture methods and the stability of the specific
product on drying. Through an extended research program,
the questions of methods and stability have been solved and
these methods accepted by the industry and published (8-8).

Since commercial corn sirups are extremely viscous, it is
difficult to obtain satisfactory readings with a Baum6 hy-
drometer at ordinary temperatures. To eliminate this difficulty
an arbitrary method was adopted years ago and is still in use.

It consists of making the determination at 140° F. (60° C.)
using a hydrometer standardized at 60° F., adding the ar’
bitrary correction of 1.00° Baumé to the observed reading.
The application of this correction approximately corrects
to the reading at 100° F. The hydrometer used is that
based on 145 modulus, 60° F. (the standard in the United
States for liquids heavier than water). Thus commercial
Baumé, the basis for sale, is designated as Baumé = Baumé
140°/60° F. + 1.00. The use of a hydrometer at 80° F.
above the temperature of standardization requires special
considerations which will be discussed in detail.

When the temperature of observation differs from that
at which the hydrometer was standardized—i. e., the normal
reading—the observed reading is not the true specific gravity
according to the basis of the instrument, but a figure which
differs from the normal reading by an amount depending upon
the difference in temperature and the relative thermal ex-
pansion of the instrument and of the particular liquid. A
table of temperature corrections of considerable precision
may be determined, provided subsequent hydrometers are
made with glass of the same thermal expansion and of the
same physical dimensions as the primary standard. The
Baumés in the following tables are based on readings made
with the so-called “streamlined” type hydrometers, having
a range of 10.00° Bé. graduated to 0.1° Bé. Hydrometers
of such simple design have definite advantages when used at
temperatures higher than that of standardization, particularly
in viscous liquids.

Determination of Baumé

The procedure for determination of Baumé on corn sirup
requires that the test be made at 140° F. This temperature
materially reduces the viscosity of the sirup, but introduces
other troubles.

Evaporation. Surface evaporation is the principal difficulty.
At a temperature of 140° F., water is lost rapidly by evaporation
at the surface. As water is lost, a tough surface skin develops,
which must be removed before the hydrometer is introduced.
Even so, a small amount of skin will develop during the reading
of the hydrometer. This exerts a drag on the free movement of
the hydrometer and its effect must be removed before the read-
ing is made. Two common methods are employed to alleviate
this trouble, both of which are only partially successful:

1 The skin may be removed from the hydrometer stem by
means of a thin straw, such as a broom straw, or a thin wire.

2. The skin effect on the hydrometer is retarded or minimized
by diluting the surface sirup around the stem of the hydrometer.
A capillary tube is used to place small drops of water around the
stem.

While these methods help, particularly when the meniscus is
read from above, they cause striations through density differ-
ences, or a blurred reading when the hydrometers are read
through the glass at plane surface level, as is required for more
accurate work.

Condensation. When the sirup under test is placed in a
cylinder which is not completely filled (in order to allow for
added volume when the hydrometer is immersed), water vapor
condenses on the inner surfaces of the cylinder and subsequently
runs down into the sirup. This produces a change in density,
causing density striations which give blurred readings when the
hydrometer scale is read through the glass cylinder at plane
surface line.

Time for Sirup to Attain Bath Temperature. A COrrect
Baumé reading is obtainable only after the temperature of the
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sirup and hydrometer equals that of the bath—that is, 140° F.
An error is often introduced by reading the Baum6 before suffi-
cient time has elapsed for the temperature of the sirup and
hydrometer to attain bath temperature. A study has been made
of the time necessary (for sirup at 70°F.) to attain bath tempera-
ture. The results are shown in Table I. When glass cylinders
are used, a longer time is required.

Effect of Ain. The presence of air in corn sirup or corn
sugar sirup results in too low a Baumi reading. A serious error
is often introduced, as the observer fails to recognize the impor-
tance of air on the reading. Sirup must be free of air before an
accurate reading can be obtained. The time required to remove
all the air is longer than generally assumed, and in the case of
copper cylinders is difficult to observe. In order to obtain a
measure of the time necessary to remove all the air from the sirup
in a cylinder, the following experiment was made:

Corn sirups (42 D. E.) of different Baum6s were poured with
average care into glass cylinders 2 inches in inside diameter and
the cylinders were placed in a water bath at 140° F. The ob-
served time required for all the air trapped in the pouring oper-
ation to float to the surface where it could be removed by skim-
ming was as follows:

0Bi Hours
42 1
43 3.5
44 C
45 24
46 95

The effect of small residual quantities of trapped air is too often
discounted as insignificant. In order to determine the magni-
tude of this effect, the following test was made:

Com sirups (42 D. E.) of different Baum6s were poured into
glass cylinders, which were placed in a water bath at 140° F.
When the temperature in all the cylinders reached 140° F., a
stream of air was introduced through a capillary for an equal
period of time in all cylinders, after which the Baum6 was read at
stated intervals and the amount of deviation between the ob-
served reading and that on the final air-free sirup determined.
(Table 11).

These data show the danger of introducing errors through
occluded air, since an analyst, noting that the reading on the
46° B6. sirup had been constant for 60 minutes, would assume
constancy and report a false reading. Apparently in sirups of
such high viscosity, the effect of small amounts of residual air is
more slowly transmitted to the hydrometer, for in cross checks
between laboratories on such samples there is always better
agreement, although the data are invariably low.

E ffect of Grease, etc.,, on Hydrometer Reading. Very
small traces of grease, etc., have a noticeable effect on the hy-
drometer position, particularly in the range of 35° to 43° BG6.
Errors caused by surface effects can be eliminated in many
liquids through the use of an overflow (2) which renews the sur-
face of the liquid, but this is not practical in the case of com
sirup. At least, the cylinder and hydrometer used can be thor-
oughly cleaned by sulfuric acid-sodium bichromate mixture, and
the hydrometer can be kept clean and free from grease by touch-
ing only the portion of the stem above the scale during ma-
nipulation.

Tabite |. Time to Attain Bath Temperature
Commercial Baumé of Corn Sirup
42° 43° 44° 5° 46°
Copper Cylinder Time to Reach 140° F.
Inches Minutes
2 55 70 80 90 100
2.25 72 86 98 111 124
2.5 90 107 120 136 152
3 130 155 180 205 240
Tabie Il. D eviation
Deviation from True Baumé Reading
Time ° 43° 44° ne°
Min. ° Bi. ° Bi. ° Bi. ° Bi.
10 -0.14 -0.16 -0.28 -0.15
30 -0.07 -0.07 -0.17 -0.15
60 -0.02 -0.05 -0.07 -0.15
120 -0.00 -0.01 -0.02 -0.07
1010 -0.03

Although the difficulties in
the accurate determination
of Baum6 in com sirup are
many, it is believed that
the official referee method
adopted by the Corn In-
dustries Research Founda-
tion overcomes them to a
large extent.

C. I. R. F. Official
Referee Method
for Baumc

The necessary equipment
is shown in Figure 1. The
important step in the proce-
dure is the method of sealing
the sample in the cylinder,
during the period of heating
to 140° F. and of removing
all the air. The equipment
for this consists of two rubber
stoppers which fit snugly in
the cylinder, and are sepa-
rated on a metal rod by ap-
proximately 3 inches. The
rod is fixed in the bottom
stopper, but does not extend
through it. The top stopper
is free to move on the rod,
although sufficiently tight to
maintain a predetermined
position. Through the use
of these stoppers, little or no
water evaporates from the
surface and cool air does not
reach the inner walls of the
cylinder, thus enabling a given sample of sirup to remain
in the bath without the difficulties previously mentioned.

Figure 1. Hydrometer
and Special Cylinder

Apparatus. Water bath, 32-gallon capacity, lagged, equipped
with stirrer and metastatic mercury regulators with sensi-
tivity of 0.02° C., set at 100° and 140° F. The bath was further
equipped with a live steam inlet to raise the temperature rapidly
from 60° to 100° to 140° F.

Vacuum ovens, Weber, with Cenco Megavac pumps, producing
an oven pressure of less than 1 mm.

Distillation apparatus, as described (5, 7, 9).
ratus, as described (3). Pycnometers, as shown.
cylinders, 15 X 2.25 inch, Pyrex, without lip.
10.00° B6., graduated to 0.1° B&

The Com Industries Research Foundation has adopted speci-
fications for referee hydrometers to be used by the industry in
the sale of com sirup. These specifications conform to those of
the hydrometers used in the preparation of the tables appearing
here and are as follows:

The hydrometers shall be the streamlined type, 145 modulus,
standardized at 60° F., with a range of 10.00° B6., graduated to
0.1° B6., manufactured from Kimble flint glass with a linear
coefficient of expansion of 0.0000092.

The over-all length of the hydrometer shall be not more than
13 or lessthan 12 inches. The diameter of the body at the center
shall be not more than 0.790 or less than 0.770 inch.

For 35° to 45° Baum6 hydrometers, the scale length for 10
Baumi degrees shall not be more than 155 mm. or less than 147
mm. For other hydrometers, the scale length for 10 Baum6
degrees shall not be more than 140 mm. or less than 130 mm.
Hydrometers to these specifications are made and stocked by
Win. Hiergesell & Sons, New York, N. Y., asC. |. R. F. hydrom-
eters.

Procedure. Pourthe sirup under testinto the cylinder within
4 inches of the top, taking care that the sides are free of sirup.
Seal the cylinder with the dual stoppers, the bottom stopper
being placed within 0.5 inch of the sirup surface and the top
stopper closing the cylinder. Place the cylinder in the water

Moisture appa-
Hydrometer
Hydrometers,
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Tabite Il Expansion of W ater

Specific Gravity Specific Gravity Baum(S of

of Water, of Water, Water,

Temperature, ° C. T°/4° C. rvi5.5G° C. T°/15.56° C.
15.50 0.99904 .00000 0.000
37.78 0.99307 ..99402 -0.872
00.00 0.98324 . 98418 -2.331

Tabtle IV. Specific Gravities

Specific Gravity Baumé, Pycnometer 6

Temperature, ° C. Apparent Corrected Apparent Corrected
15.56/15.50 100000 100000 0.000 0.000
37.78/15.50 0.99423 0.99402 -0.842 -0.872
60.00/15.50 0.98465 0.98424 -2.200 -2.322

Pycnometer 7
15.50/15.50 1.00000 0.000 0.000
37.78/15.56 0.99423 0.99402 -0.842 -0.872
60.00/15.50 0.98457 0.98415 -2.272 -2.335

bath so that the water extends to within 1 inch of the top. At
the same time, run distilled water into a second cylinder, place
the test hydrometer in it, and place in the water bath. When
the sirup is free of air, place the cylinder on a higher shelf, so that
the surface of the sirup will extend about 0.5 inch above the
water after immersing the hydrometer. Remove dual stoppers
from the cylinder. Remove test hydrometer by contact with
top of the stem, dry quickly with clean towel, and immerse in the
sirup.

In approximately 10 minutes read the hydrometer at intervals
of 2 minutes through the cylinder, taking every care to avoid
parallax. Read until two or more readings are identical. Watch
carefully that the sirup meniscus is uniform around the hydrom
eter stem. Usually it is necessary to add a very small drop of
water at the stem meniscus. To the observed reading of the
hydrometer add any correction found necessary from the pre-
vious standardization against a Bureau of Standards hydrom-
eter.

Baumc by Pycnomcters

In the initial work Baum6s were determined by hydrom-
eters as given above. Hydrometers were compared with
an instrument certified by the Bureau of Standards at five
points. The Baumd reading on distilled water was —0.71°
at 100° F., and —2.01° at 140° F. The Baumd on a given
sirup was the average of the readings of two or more observers.
In view of the large amount of data necessary for complete
tables, this method was so laborious and tedious that the
determination of Baumd was transferred from hydrometers
to pycnometers, whereby two or more could be employed
on a single sirup by one analyst, and greater accuracy could
be obtained.

The initial work was started with the usual type of fiat-
bottomed pycnometers, but it was found that when used at
elevated temperatures, each expanded differently according
to some small change in design. Accordingly, a new type of
pycnometer was designed in the form of a sphere with standard
taper joints of Pyrex, as shown in Figure 2.

These pychometers agreed among themselves when used
at elevated temperatures, and specific gravities at 100°/60° F.
and 140°/60° F. were close to the true specific gravity
after correction for the expansion of glass, as will be seen from
the following tables. Table IIl gives the theoretical ex-
pansion of water itself, specific gravity being calculated on the
basis of grams per milliliter.

Table 1V gives the data obtained by two typical pycnom-
eters, showing the specific gravities, as is or apparent, and
after correction for the cubical expansion of Pyrex (0.0000096
per ° C.).

The Baumd readings obtained by the Pyrex pycnometers
did not check the values of hydrometers for distilled water
at 37.78° and 60.00° C. As the glass in the two instruments
was different, this was at first explained on the basis of differ-
ence in thermal expansion.
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A formula was developed whereby the apparent specific
gravity of pycnometers could be translated to hydrometer read-
ings. The basis for the formula was the hydrometer readings in
distilled water at 37.78° C. (-0.71° Bd.) and 60.00° C. (-2.01°
Bd.), as follows:

m W,+AXVXO0
Wi

when
/I = specific gravity at 7'°/15.56° C. (in vacuum) cor-
responding to hydrometer reading at T°
Wi = weight of liquid in pycnometer at 2 , corrected to
_ vacuum
Wi = weight of water in pycnometer at 15.56° C., cor-
rected to vacuum

apparent specific gravity

volume of pycnometer at 15.56° C.
correction

oL >

1§ 1

or
IF,// - Wi
° AV

The seven pycnometers used had an average capacity of 80 ml.
The average value for C at 37.78° C. was 0.00089 and at 60° C.
was 0.00175.

The apparent specific gravi-
ties by pycnometers on various
concentrations of corn sirup,
employing the correction as in-
dicated above, were compared
with actual readings by hy-
drometers in the same sirup and
found to agree within 0.01° Bd.
The same relationship was found
true, employing sulfuric acid
solutions at the temperatures
indicated.

In Tables V to XVI, the
Baumé6 recorded is in all cases
the hydrometer reading at the
temperature indicated, The
specific gravity in air is the
corresponding value of the
Baumd. In the case of the
60°/60° F. tables, the Baumd
reading is true, as is also the specific gravity in air. However,
in the tables at 100°/60° F. and 140°/60° F., the Baumd
reading and the assigned specific gravity are apparent. True
specific gravity—vacuum—can be obtained for Baumd read-
ings at the three table temperatures by means of Table V,
which covers the corrections to be subtracted from the as-
signed specific gravity in air.

Figure 2. Pycnom-

eter

' Determination of Moisture

Cornsirup is extremely stable at the temperatures en-
counteredin the usualmoisture determination methods. It
can be dried without decomposition as high as 112° C., if the
pH of the product is within the range of 45to 5.5. The basis
for this statement is that identical values can be obtained
by benzene distillation (80-81° C.), vacuum oven drying
(100° C.), and toluene distillation (112° C.), and the results
of these determinations can be correlated to others obtained
at much lower temperatures through special methods (3, 8).

In a moisture determination, the problem involved is that
of spreading the corn sirup over a sufficiently large surface
so that the moisture can be removed quickly and com-
pletely (S, 7, 8, 9).

Crude corn sugars, in contrast to corn sirups, are more
variable among manufacturers, and are marketed with several
dextrose equivalents and ash contents. They are more sus-
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Hy-
drom-
eter
Reading

0.00

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

—0.71
0.00
5.00

10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

-2.01

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
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Table V. Corrections
,——— Corrections to Be Subtracted —-.
Assigned Expan- Hy- True
Specific sion drometer Specific
Gravity, Air to of cor— Gravity
Air vacuum glass rection Total Vacuum
60°/00° F.

1.0000 0.00000 0.0000 1.0000

1.0358 0.00005 0.0001 1.0357

1.0742 0.00012 0.0001 1.0741

1.1156 0.00019 0.0002 1.1154

1.1602 0.00025 0.0002 1.1600

1.2086 0.00031 0.0003 1.2083

1.2612 0.00037 0.0003 1.2609

1.3186 0.00043 0.0004 1.3182

1.3815 0.00050 0.0005 1.3810

1.4506 0.00056 0.0006 1.4500

100°/60° F.

0.9951 -0.00001 0.00021 0.00085 0.00105 0.9940

1.0000 0.00000 0.00021 0.00090 0.00111 0.9989

1.0358 0.00005 0.00022 0.00093 0.00120 1.0346

1.0742 0.00012 0.00023 0.00095 0.00130 1.0729

1.1156 0.00019 0.00024 0.00100 0.00143 1.1142

1.1602 0.00025 0.00025 0.00104 0.00154 1.1587

1.2086 0.00031 0.00026 0.00108 0.00165 1.2069

1.2612 0.00037 0.00027 0.00113 0.00177 1.2594

1.3186 0.00043 0.00028 0.00117 0.00188 1.3167

1.3815 0.00050 0.00030 0.00120 0.00200 1.3795

1.4506 0.00056 0.00031 0.00124 0.00211 1.4485

140°/60° F.

0.9864 -0.00002 0.00042 0.00166 0.00206 0.9843

1.0000 0.00000 0.00042 0.00174 0.00216 0.9978

1.0358 0.00005 0.00044 0.00184 0.00233 1.0335

1.0742 0.00012 0.00046 0.00191 0.00249 1.0717

1.1156 0.00019 0.00047 0.00199 0.00265 1.1129

1.1602 0.00025 0.00050 0.00206 0.00281 1.1574

1.2086 0.00031 0.00052 0.00215 0.00298 1.2056

1.2612 0.00037 0.00055 0.00222 0.00314 1.2581

1.3186 0.00043 0.00057 0.00230 0.00330 1.3153

1.3815 0.00050 0.00059 0.00238 0.00347 1.3780

1.4506 0.00056 0.00061 0.00246 0.00363 1.4470

Table VI. Experimental Bé.-D. E.-D. S.
(140°/60° F = Factor « D. S./B6. + 2.01)
42.00 D. E. 55.00 D. E. 89.00 D. E. 90.7 D. E.

F D. S. F D. S. F D.s. F D. S.
1.7469 1.76 1.7553 1.78 1.7830 1.80 1.7823 1.80
1.7479 3.51 1.7566 3.53 1.7845 3.59 1.7838 3.59
1.7489 5.26 1.7579 5.29 1.7861 5.38 1.7854 5.37
1.7499 7.02 1.7593 7.06 1.7876 7.17 1.7870 7.17
1.7510 8.77 1.7607 8.82 1.7893 8.96 1.7886 8.96
1.7521 10.53 1.7619 10.59 1.7909 10.76 1.7901 10.76
1.7532 12.29 1.7633 12.36 1.7925 1257 1.7917 12.56
1.7543 14.05 1.7647 14.14 1.7942 14.37 1.7934 14.37
1.7554 15.82 1.7661 15.91 1.7959 16.18 1.7951 16.17
1.7565 17.58 1.7675 17.69 1.7977 18.00 1.7968 17.99
1.7577 19.35 1.7689 19.48 1.7994 19.81 1.7985 19.80
1.7589 21.12 1.7704 21.26 1.8012 21.63 1.8003 21.65
1.7601 22.90 1.7719 23.05 1.8031 23.46 1.8021 23.42
1.7614 24.68 1.7733 24.84 1.8050 25.29 1.8040 25.28
1.7627 26.46 1.7749 26.64 1.8070 27.12 1.8058 27.11
1.7640 28.24 1.7764 28.44 1.8090 28.96 1.8077 28.94
1.7654 30.03 1.7780 30.24 1.8110 30.80 1.8097 30.78
1.7668 31.82 1.7796 32.05 1.8131 32.65 1.8117 32.63
1.7682 33.61 1.7813 33.86 1.8152 34.51 1.8138 34.48
1.7697 35.41 1.7830 35.68 1.8174 36.37 1.8159 36.34
1.7711 37.21 1.7847 37.50 1.8196 38.23 1.8181 38.20
1.7727 39.02 1.7865 39.32 1.8220 40.10 1.8203 40.06
1.7742 40.82 1.7883 41.15 1.8244 41.98 1.8227 41.94
1.7758 42.64 1.7902 42.98 1.8268 43.86 1.8250 43.82
1.7775 44.46 1.7921 44.82 1.8294 45.75 1.8275 45.71
1.7793 46.28 1.7940 46.66 1.8320 47.65 1.8300 47.60
1.7810 48.10 1.7960 48.51 1.8347 49.56 1.8326 49.50
1.7829 49.94 1.7981 50.37 1.8375 51.47 1.8354 51.41
1.7848 51.78 1.8003 52.23 1.8404 53.39 1.8382 53.33
1.7867 53.62 1.8025 54.09 1.8433 55.32 1.8411 55.25
1.7887 55.47 1.8048 55.97 1.8464 57.26 1.8441 57.19
1.7908 57.32 1.8071 57.85 1.8496 59.21 1.8472 59.13
1.7930 59.18 1.8095 59.73 1.8529 61.16 1.8505 61.09
1.7952 61.05 1.8120 61.63 1.8563 63.13 1.8538 63.05
1.7975 62.93 1.8146 63.53 1.8598 65.11 1.8572 65.02
1.7999 64.81 1.8173 65.44 1.8634 67.10 1.8607 67.00
1.8024 66.71 1.8201 67.36 1.8672 69.11 1.8644 69.00
1.8051 68.61 1.8231 69.30 1.8710 71.12 1.8681 71.01
1.8078 70.52 1.8261 71.24 1.8750 73.14 18720 73.03
1.8107 72.45 1.8293 73.19 1.8791 75.18 1.8760 75.06
1.8137 74.38 1.8326 75.16 1.8834 77.24 1.8801 77.10
1.8169 76.33 1.8361 77.14 1.8877 79.30 1.8845 79.17
1.8202 78.29 1.8397 79.13 1.S922 81.38 1.8890 81.25
1.8237 80.26 1.8436 81.14 1.8968 83.48 1.8935 83.33
1.8273 82.25 1.8477 83.17 19017 85.60 1.8982 85.44
1.8311 84.25 1.8518 85.20 1.9066 87.72 1.9030 87.56
1.8350 86.26 1.8562 87.26 1.9116 89.86 1.9079 89.69
1.8391 85.30 1.8609 89.34 1.9168 92.03 1.9130 91.84
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ceptible to decomposition because of a larger protein, acid, and
ash content. Further, as the dextrose equivalent of the
starch hydrolysate increases, the material retains its water
more tenaciously. This appears to reach a peak at about
82 D. E. Thus the problem of drying has been to remove
these last traces of residual moisture, without resorting to
high temperatures which lead to decomposition. Occasion-
ally with some lots of crude sugar, the vacuum oven pro-
cedure described gave results which made the distinction
between the last traces of water removal and decomposition
a difficult decision. In such cases benzene distillation was
employed as confirmative. The basis for this conclusion is
described elsewhere (6, 6).

The determination of moisture in corn sirup and corn
sugar is discussed fully elsewhere {3-9). The methods used
were as follows:

Corn sirup. Filter-Cel method (diatomaceous silica, Johns
Manville Hy-Flo), vacuum oven at 100° C.; alternative meth-
ods, toluene distillation and benzene distillation.

Corn Sugar. For 80 to92D. E., Filter-Cel method, vacuum
oven at 80° C.; alternative, benzene distillation.

Preparation of Sample. The sirups used for the tables
were from two factories. The heavy sirups or solid sugars
were diluted with distilled water, refined with activated carbon,
and either diluted further or concentrated under vacuum to the
desired density. The warm sirup was run into a 2-liter round-
bottomed flask fitted with rubber stopper and stopcock. The
flask was then evacuated to a pressure of 70 to 75 mm. (mercury)
by a water pump and slowly cooled to 80° to 90° F. During the
cooling process the sirup was constantly stirred by rotating the
flask. A homogeneous cooled sample substantially free from
dissolved air was obtained by this procedure. The cold sample
was transferred carefully to 4-ounce glass bottles, fitted with

Tabte VII. Experimental Bé.-D. E.-D. S.
(100°/00°. F = Factor « D. S./B6. +0.71)
42.00 D. E. 55.00 D. E. 89.00 D. E. 90.7 D. E.
Baumé F D. S. F D.s. F D.sS F D. s.
0.00 1.7544 1.25 1.7680 1.26 1.7927 1.27 1.7898  1.27
100 1.7555 3.00 1.7692 3.03 1.7943 3.07 1.7914 3.06
2.00 17567 4.76 17704 4.80 1.7959 4.87 1.7931 .
3.00 17579 6.52 1.7716 6.57 1.7976 6.67 1.7948 égg
4.00 17591 8.29 17729 8.35 1.7993 8.47 1.7966  8.46
5.00 1.7604 10.05 1.7741 10.13 1.8010 10.28 1.7984 10.27
6.00 1.7617 11.82 1.7755 11.91 1.8028 12.09 1.8002 12.08
7.00 1.7630 13.59 1.7768 13.70 1.8046 13.91 1.8020 13.89
8.00 1.7643 15.37 1.7782 15.49 1.8065 15.73 1.8039 15.71
9.00 1.7657 17.15 1.7796 17.28 1.8084 17.56 1.8058 17.53
10.00 1.7671 18.93 1.7810 19.07 1.8104 19.39 1.8078 19.36
11.00 1.7685 20.71 1.7825 20.87 1.8125 21.22 1.8098 21.19
12.00 1.7699 22.50 1.7840 22.67 1.8145 23.06 1.8119 23.03
13.00 1.7713 24.28 1.7855 24.48 1.8165 24.90 1.8140 24.87
14.00 1.7728 26.08 1.7871 26.29 1.8187 26.75 1.8162 26.72
15.00 ' 1.7743 27.88 1.7888 28.10 1.8209 28.61 1.8184 28.57
16.00 1.7759 29.68 1.7904 29.92 1.8231 30.47 1.8207 30.42
17.00 1.7775 31.48 1.7921 31.74 1.8254 32.33 1.8230 32.28
18.00 . 1.7791 33.29 1.7939 33.56 1.8278 34.20 1.8253 34.15
19.00 1.7808 35.10 1.7957 35.39 1.8302 36.07 1.8277 36.02
20.00 1.7825 36.92 1.7975 37.22 1.8327 37.96 1.8302 37.90
21.00 1.7843 38.74 1.7994 39.06 1.8353 39.85 1.8328 39.79
22.00 1.7861 40.56 1.8014 40.91 1.8379 41.74 1.8354 41.68
23.00 1.7879 42.39 1.8034 42.76 1.8407 43.64 1.8381 43.58
24.00 1.7898 44.23 1.8055 44.61 1.8435 4555 1.8409 45.49
25.00 1.7918 46.07 1.8077 46.47 1.8464 47.47 1.8437 47.40
26.00 1.7938 47.91 1.8099 48.34 1.8494 49.40 1.8466 49.32
27.00 1.7960 49.77 1.8122 50.22 1.8525 51.33 1.8497 51.25
28.00 1.7982 51.63 1.8146 52.10 1.8556 53.27 1.8528 53.19
29.00 1.8005 53.49 1.8171 53.99 1.8589 55.23 1.8560 55.14
30.00 1.8028 55.36 1.8196 55.88 1.8623 57.19 1.8593 57.10
31.00 1.8052 57.24 1.8223 57.79 1.8658 59.16 1.8626 59.06
32.00 1.8077 59.13 1.8250 59.70 1.8694 61.15 1.8661 61.04
33.00 1.8104 61.03 1.8279 61.62 1.8731 63.14 1.8697 63.03
34.00 1.8131 62.93 1.8308 63.55 1.8769 65.15 1.8735 65.03
35.00 1.8159 64.85 1.8338 65.49 1.8809 67.17 1.8774 67.04
36.00 1.8189 66.77 1.8370 67.44 1.8850 69.20 1.8814 69.07
37.00 1.8219 68.70 1.8403 69.40 1.8893 71.25 1.8855 71.10
38.00 1.8251 70.65 1.8438 71.37 1.8936 73.30 1.8898 73.15
39.00 1.8283 72.60 1.8474 73.36 1.8981 75.37 1.8943 75.22
40.00 1.8317 74.57 1.8512 75.36 1.9028 77.46 1.8990 77.31
41.00 1.8353 76.55 1.8552 77.38 1.9078 79.57 1.9038 79.41
42.00 1.8391 78.55 1.8594 79.41 1.9129 81.70 1.9088 81.53
43.00 1.8430 80.56 1.8637 81.46 1.9182 83.84 1.9140 83.67
44.00 1.8470 82.58 1.8682 83.53 1.9236 86.00 1.9194 85.82
45.00 1.8512 84.62 1.8728 85.61 19292 88.18 1.9250 87.99
46.00 1.8556 86.68 1.8776 87.70 1.9350 90.38 1.9307 90.18
47.00 1.8602 88.75 1.8826 89.82 1.9410 92.61 1.9367 92.40
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Tabte VIII. E xperimental Bé.-D. E.-D. S.
(60°/60°. F » Factor = D. S./Bé.)
42.00 D. E. 55.00 D. E. 89.00 D. E. 90.7 D. E.
Baumé F D. S. F D.S. F D.s. F D.S.
0.00 0.00 0.00 0.00 0.00

100 1.7358 1.74 1.7407 1.74 1.7670 1.77 1.7638 1.76
2.00 1.7371  3.47 1.7425 3.48 1.7690 3.54 1.7658 3.53
3.00 1.7385 5.21 1.7443 523 17710 5.31 17678 5.30
4.00 1.7399 6.96 1.7462 6.98 1.7730 7.09 1.7699 7.08
5.00 1.7413 8.71 1.7480 8.74 17750 8.87 1.7720 8.86
6.00 1.7427 10.46 1.7499 10.50 1.7771 10.66 1.7742 10.64
7.00 17441 12.21 1.7518 12.26 1.7793 12.46 17764 12.43
8.00 1.7456 13.96 1.7537 14.03 17816 14.25 17787 14.23
9.00 1.7471 15.72 1.7557 15.80 1.7838 16.05 1.7810 16.03

10.00 1.7487 17.48 1.7577 17.58 17861 17.86 1.7833 17.83
11.00 1.7503 19.25 1.7597 19.36 1.7885 19.67 1.7857 19.64
12.00 1.7519 21.02 1.7617 21.14 1.7909 21.49 1.7881 21.46
13.00 1.7536 22.80 1.7638 22.93 1.7934 23.31 17907 23.28
14.00 1.7553 24.58 1.7659 24.72 1.7959 25.14 1.7933 25.11
15.00 1.7571 26.36 1.7680 26.52 1.7985 26.98 1.7959 26.94
16.00 1.7589 28.14 1.7701 28.32 1.8011 28.82 1.7986 28.78
17.00 1.7608 29.93 17723 30.13 1.8038 30.66 1.8013 30.62
18.00 1.7627 31.73 1.7746 31.94 1.8066 32.52 1.8040 32.47
19.00 1.7646 33.53 1.7769 33.76 1.8094 34.38 1.8068 34.33

20.00 1.7666 35.33 1.7792 3558 1.8123 36.25 1.8097 36.19
21.00 1.7687 37.14 1.7816 37.41 1.8153 38.12 1.8127 38.07
22.00 1.7708 38.96 1.7840 39.25 1.8184 40.00 1.8158 39.95
23.00 1.7730 40.78 1.7865 41.09 1.8215 41.89 1.8189 41.83
24.00 1.7752 42.60 1.7890 42.94 1.8247 43.79 1.8221 43.73
25.00 1.7775 44.44 1.7916 44.79 1.8281 45.70 1.8254 45.64
26.00 1.7799 46.28 1.7943 46.65 1.8315 47.62 1.8288 47.55
27.00 1.7823 48.12 1.7970 48.52 1.8350 49.55 1.8323 49.47
28.00 1.7848 49.97 1.7998 50.39 1.8387 51.48 1.8360 51.41
29.00 1.7874 51.83 1.8027 52.28 1.8424 53.43 1.8397 53.35

30.00 1.7901 53.70 1.8057 54.17 1.8464 55.39 1.8435 55.31
31.00 1.7929 55.58 1.8088 56.07 1.8504 57.36 1.8474 57.27
32.00 1.7958 57.47 1.8119 57.98 1.8545 59.34 1.8515 59.25
33.00 1.7987 59.36 1.8152 59.90 1.8588 61.34 1.8557 61.24
34.00 1.8018 61.26 1.8186 61.83 1.8633 63.35 1.8601 63.24
35.00 1.8051 63.18 1.8221 63.77 1.8679 65.38 1.8646 65.26
36.00 1.8084 65.10 1.8258 65.73 1.8727 67.42 1.8692 67.29
37.00 1.8119 67.04 1.8296 67.70 1.8775 69.47 1.8740 69.34
38.00 1.8155 68.99 1.8335 69.67 1.8825 71.54 1.8790 71.40
39.00 1.8192 70.95 1.8377 71.67 1.8877 73.62 1.8841 73.48

40.00 1.8231 72.92 1.8420 73.68 1.8931 75.73 1.8893 75.57
41.00 1.8272 74.92 1.8466 75.71 1.8987 77.85 1.8946 77.68
42.00 1.8314 76.92 1.8514 77.76 1.9045 79.99 1.9002 79.81
43.00 1.8359 78.94 1.8564 79.83 1.9105 82.15 1.9061 81.96
44.00 1.8406 80.99 1.8616 81.91 1.9167 84.33 1.9121 84.13
45.00 1.8456 83.05 1.8670 84.01 1.9229 86.53 1.9183 86.32
46.00 1.8509 85.14 1.8726 86.14 1.9293 88.75 1.9246 88.53
47.00 1.8564 87.25 1.8784 88.28 1.9359 90.99 1.9310 90.76
48.00 1.8621 89.38 1.8843 90.45 1.9426 93.24 1.9375 93.00

screw tops. Ten bottles were so prepared. One bottle was used
for each Baumd and each moisture determination. The specific
gravity determination was the average of two or three tests, the
variation never being more than one in the fourth decimal place.
The moisture determinations were the average of two to six tests
by different methods and carried out by two analysts. _ The maxi-
mum variation between analysts was 0.03 per cent with an aver-
age of 0.015 per cent.

Dextrose Equivalent and Ash

Dextrose equivalent is the amount of reducing sugars, de-
termined by the Lane-Eynon (10) method, expressed as
dextrose on the dry substance obtained. The ash, largely
sodium chloride, was determined by ashing at dull red heat
according to the A. 0. A. C. procedure (1). The results
were in agreement with direct determination of chlorides
by the Volhard titration.

Procedure. In this work one chemist determined all the
specific gravities; one or two, the moistures. With sirups
which would crystallize, tests were started as soon as the samples
were prepared. The dextrose equivalent was the average of
tests made by at least two chemists.

The Baum6-dry substance correlation was made on four
sirups as follows:

D.E. Aah, D. S. B.
42.00 0.28
55.00 0.30
89.00 0.61
90,7 1.22

The first two corn sirups are typical for all manufacturers in
dextrose equivalent, specific rotation, and ash content. The
latter two are typical of two general types of crude sugar manu-
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factured in the industry—a low-ash sugar of approximately 89
D. E. maximum and a high-ash sugar of approximately 92 D. E.

maximum.

The complete range of Baumd O to 47° was covered at three

temperatures—60.0°, 100.0°, and 140.0° F.

The points were

determined every 5° Bd. in the lower ranges and every 2° B6. in
the higher ranges. The average number of points for each curve
was nineteen. The method of plotting used at first was Baumd
The paper chosen was millimeter paper,
each millimeter equaling 0.10° B6. and 0.10 per cent dry sub-
stance. The second decimal place was plotted on the paper by
the fine point of the drawing instrument and a hand lens. Al-
though this was satisfactory for the Baumd, the length of the
curve for dry substance was so great that it did not sufficiently

against dry substance.

show up small variations in dry substance.
changed to one of factors against Baumd.

determined as follows:

At 60° F., factor 60°F.

At 100° F., factor 100° F.

At 140° F., factor 140° F.

D.

The method was

The factors were

S.

Baumé

D. S

Baumé + 0.71

D. S

Baumé + 2.01

The use of these factors shortened the ordinate and amplified
the experimental variation.
equaled 0.0090 per cent D. S. The curve was drawn through the
points by means of a steel ferule and a very fine-pointed hard
pencil. From the curve so drawn, the factors were read for each
Baumd and, in turn, the dry substance value was obtained. The
values so obtained were in excellent agreement with experi-

mental results.

Thus at 5°

Bd. each millimeter

The computed data for the three temperatures appear in
Tables VI, VII, and VII.

Tabte IX.

E xpanded Bé.-D. E.-D. S.

D. E. 30.00 42.00 55.00 82.00 87.00 89.00

Ash 0.28 0.28

-1.00 1.75 1.76
0.00 3.49 3.51

}. 5.23 5.26
. 6.98 7.02
3.00 8.72  8.77
4.00 10.47 10.53
5.00 1222 12.29
6.00 13.97 14.05
7.00 15.73 15.82
8.00 17.48 17.58
9.00 19.24 19.35
0.00 20.99 21.12

1
11.00 22.76 22.90
12.00 24.52 24.68
13.00 26.29 26.46
14.00 28.06 28.24
15.00 29.83 30.03
16.00 31.61 31.82
17.00 33.39 33.61
18.00 35.17 35.41
19.00 36.95 37.21

20.00 38.74 39.02
21.00 40.53 40.82
22.00 42.33 42.64
23.00 44.13 44.46
24.00 45.92 46.28
25.00 47.73 48.10
26.00 49.55 49.94
27.00 51.37 51.78
28.00 53.19 53.62
29.00 55.02 55.47

30.00 56.84 57.32
31.00 58.68 59.18
32.00 60.52 61.05
33.00 62.37 62.93
34.00 64.23 64.81
35.00 66.10 66.71
36.00 67.97 68.61
37.00 69.85 70.52
38.00 71.75 72.45
39.00 73.65 74.38

40.00 75.57 76.33
41.00 77.50 78.29
42.00 79.44 80.26
43.00 81.39 82.25
44.00 83.36 84.25
45.00 85.34 86.26
46.00 87.35 88.30

(140°/60°)

0.30 0.41 0.610.
--Per Cent Dry Substance---
1.78 1.80 1.80 1.80
3.53 3.58 3.58 3.59
529 536 537 538
7.06 7.15 7.17 7.17
8.82 8.94 8.96 8.96
10.59 10.73 10.76 10.76
12.36 12,53 1256 12.57
14.14 14.33 14.36 14.37
1591 16.13 16.17 16.18
17.69 17.94 17.98 18.00
19.48 19.75 19.79 19.81
21.26 2156 21.61 21.63
23.05 23.38 23.44 23.46
24.84 25.20 25.26 25.2d
26.64 27.02 27.09 27.12
28.44 28.85 28.93 28.96
30.24 30.69 30.77 30.80
32.05 32.53 32.62 32.65
33.86 34.38 34.47 3541
35.68 36.23 36.33 36.37
37.50 38.08 38.19 38.23
39.32 39.94 40.05 40.10
41.15 41.81 41.93 41.98
42.98 43.68 43.81 43.86
4482 4556 45.70 45.75
46.66 47.44 47.60 47.65
48.51 49.34 4950 49.56
50.37 51.24 51.40 51.47
52.23 53.15 53.32 53.39
54.09 55.07 55.25 55.32
55.97 56.99 57.18 57.26
57.85 58.93 59.13 59.21
59.73 60.87 61.08 61.16
61.63 62.82 63.04 63.13
63.53 64.79 65.02 65.11
65.44 66.76 67.00 67.10
67.36 68.75 59.00 69.11
69.30 70.75 71.01 71.12
71.24 72.75 73.03 73.14
73.19 74.77 75.06 75.18
75.16 76.81 77.12 77.24
77.14 78.86 79.17 79.30
79.13 80.92 81.25 81.38
81.14 83.00 83.34 83.48
83.17 85.10 85.46 85.60
85.20 87.21 87.58 87.72
87.26 89,33 89.71 89.86
89.34 91.47 91.87 92.03

91.2
60.61

1.80
3.59
5.39
7.18
8.97
10.77
12.58
14.39
16.20
18.02
19.83

21.65
23.48
25.31
27.15
28.99
30.84
32.69
34.55
36.41
38.28

40.15
42.03
43.92
45.81
47.71
49.62
51.54
53.47
55.40
57.34

59.30
61.25
63.23
65.21
67.21
69.22
71.24
73.26
75.31
77.37

79.44
81.53
83.63
85.75
87.88
90.03
92.20

90.7
1.22

1.80
3.59
5.37
7.17
8.96
10.76
12.56
14.37
16.17
17.98
19.80

21.62
23.45
25.27
27.10
28.94
30.78
32.63
34.48
36.34
38.20

40.06
41.94
43.82
45.71
47.60
49.50
51.41
53.33
55.25
57.19

59.13
61.09
63.05
65.02
67.00
69.00
71.01
73.03
75.06
77.10

79.17
81.25
83.33
85.44
87.56
89.69
91.84
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Table X. Expanded Bi:.-p. E.-D. S Tabte XI. Expanded Bli.-D. E.-D. S.
(i0o0°/e0®) (60°/60° F.)
D.E. 30.00 42.00 55.00 82.00 87.00 S9.00 91.2 90.7 D. E. 30.00 42.00 55.00 82.00 87.00 89.00 91.2 90.7
Ash 0.28 0.28 0.30 0.41 0.610.6102%1 Ash 0.28 0.28 0.1350 ) 0.]41\ 61 0.61 0.61 1.22
Bauma e-————————————— Per Cent Dry Substance---------—- ilauine r ’l‘%m ﬁ_ry udstancc
0.00 124 125 1.26 127 1.27 1.27 127 127 0.00 000 000 000 000 000 000 0.00 0.00
1.00 298 3.00 3.03 3.06 3.07 3.07 307 310G 1.00 173 1.74 174 177 177 177 177 1.76
2.00 473 4.76 480 485 487 4.87 4.88 486 2.00 3.45 3.47 3.48 353 3.54 354 354 3,53
3.00 6.48 652 657 6.65 6.66 6.67 6.68 6.66 3.00 5.18 5.21 5.23 530 531 531 531 5.30
4.00 8.24 8.29 8.35 8.44 8.46 8.47 8.48 8.46 4.00 6.93 096 6.98 7.07 7.08 7.09 7.10 7.08
5.00 9.99 10.05 10.13 10.25 10.27 10.28 10.29 10.27 5.00 8.67 S.71 874 885 8.86 887 8.88 8.86
6.00 11.75 11.82 11.91 12.05 1208 12.09 12.10 12.08 6.00 10.41 10.46 10.50 10.63 10.65 10.66 10.67 10.64
7.00 13.51 13.59 13.70 13.86 13.90 13.91 13.92 13.89 7.00 12,15 12.21 12.26 12.42 12.45 12.46 12.47 12.43
8.00 15.28 15.37 15.49 15.68 15.71 15.73 15.75 15.71 8.00 13.89 13.96 14.03 14.21 14.24 14.25 14.27 14.23
9.00 17.05 17.15 17.28 17.50 17.54 17.56 17.58 17,53 9.00 15.63 15.72 15.80 16.00 16.04 16.05 16.07 16.03
10.00 18.81 18,93 19.07 19.32 19.37 19.39 19.41 19,36 10.00 17.38 17.48 17.58 17.80 17.84 17.86 17.88 17.83
11.00 2058 20.71 20.87 21.14 21.20 21.22 21.24 21,19 11.00 19.14 19.25 19.36 19.61 19.65 19.67 19.69 19.64
12.00 22.36 22.50 22.67 22.98 23.04 23.06 23.09 23.03 12.00 20.90 21.02 21.14 21.42 21.47 21.49 21.51 21.46
13.00 24.13 2428 24.48 24 .81 24.87 24.90 24.93 24,87 13.00 22.67 22.80 22.93 23.23 23.29 23.31 23.33 23.28
14.00 25.91 26.08 26.29 26.65 26.72 26.75 26.78 26,72 14.00 24.44 2458 24.72 25.06 25.12 25.14 2517 25.11
15.00 27.69 27.88 28.10 28.50 28.58 28.61 28.64 28,57 15.00 26.20 26.36 26.52 26.89 26.95 26.98 27.01 26.94
16.00 29.48 29,68 29.92 30.35 30.44 30,47 30.51 30,42 16.00 27.97 28.14 28.32 28.72 28.79 28.82 28.85 28.78
17.00 31.26 31,48 31.74 32.20 32.29 32.33 32.37 32,28 17.00 29.74 2993 30.13 30.55 30.63 30.66 30.69 30.62
18.00 33.06 33,29 33.56 34.06 34.16 34.20 34.24 34.15 18.00 31.52 31.73 31.94 32.40 32.49 32.52 3255 32.47
19.00 34.85 35,10 35.39 35,93 36:03 36,07 36.12 36,02 19.00 33.31 33.53 33.76 34.25 34.35 34.38 34.42 34.33
20.00 36.65 36,92 37,22 37.81 37.92 37,96 38.01 37,90 20.00 35.10 35.33 35.58 36.11 36.21 36.25 36.29 36.19
21.00 38.46 38,74 39.06 39.68 39,80 39,85 39.90 39,79 21.00 36.89 37.14 37.41 37.97 38.08 38.12 38.17 38.07
22.00 40.26 40.56 40.91 41,56 41,69 41.74 41.80 41.68 22.00 38.69 38.96 39.25 39.85 39.96 40.00 40.05 39.95
23.00 42.07 42,39 42.76 43,45 43,59 43.64 43.70 43.58 23.00 40.49 40.78 41.09 41.73 41.84 41.89 41.94 41.83
24.00 43,89 44,23 44 61 45,35 45,49 45.55 45.61 45.,49 24.00 42.30 42.60 42.94 43.61 43.74 43.79 43.85 43.73
25.00 45.71 46,07 46.47 47,26 47.41 47,47 47.54 47.40 25.00 44.12 44.44 44.79 4551 4565 4570 45.76 45.65
26.00 47.53 47,91 48.34 49,18 49.34 49,40 49.47 49.32 26.00 45.94 46.28 46.65 47.42 47.56 47.62 47.68 47.54
27.00 49,37 49,77 50.22 51,10 51,26 51.33 51.40 51.26 27.00 47.76 48.12 48.52 49.34 49.49 49.55 49.61 49.47
28.00 51,21 51,63 52,10 53,03 53,20 53,27 53.35 53.19 28.00 49.58 49.97 50.39 51.26 51.42 51.48 51.55 51.41
29.00 53.05 53.49 53,99 54,97 55.16 55.23 55.31 55,14 29.00 51.42 51.83 52.28 53.19 53.36 53.43 53.50 53.35
30.00 54.89 55,36 55.88 56,92 57,11 57,19 57.28 57.10 30.00 53.27 53.70 54.17 55.14 55.32 55.39 55.47 55.31
31.00 56,75 57.24 57.79 58,87 59,0S 59,16 59.25 59,.06 31.00 55.13 5558 56.07 57.09 57.28 57.36 57.44 57.27
32.00 58.61 59.13 59,70 60,85 61,06 61,15 61.24 61,04 32.00 56.99 57.47 57.98 59.06 59.26 59.34 59.43 59.25
33.00 60,49 61,03 61,62 62,83 63,05 63,.14 63.24 63,03 33.00 58.85 59.36 59.90 61.05 61.26 61.34 61.43 61.24
34.00 62.36 62.93 63,55 64,82 65.06 65,15 65.25 65,.03 34.00 60.73 61.26 61.83 63.04 63.27 63.35 63.45 63.24
35.00 64,26 64,85 65,49 66.82 67,07 67,17 67.28 67,04 35.00 62.62 63.18 63.77 65.05 65.29 65.38 65.4S 65.26
36.00 66,15 66.77 67,44 68,84 69.10 69,20 69.31 69,07 36.00 64.51 65.10 65.73 67.07 67.32 67.42 67.53 67.29
37.00 68.05 68.70 69,40 70,87 71,14 71.25 71.37 71,10 37.00 66.42 67.04 67.70 69.11 69.37 69.47 69.58 69.33
38.00 69,97 70.65 71,37 72.91 73.19 73.30 73.42 73,15 38.00 68.34 68.99 69.67 71.16 71.43 71.54 71.65 71.40
39.00 71.89 72.60 73.36 74,96 75.25 75.37 75.50 75.22 39.00 70.27 70.95 71.67 73.23 73.51 73.62 73.74 73.48
40.00 73.83 74.57 75.36 77.03 77.34 77.46 77.60 77.31 40.00 72.20 72.92 73.68 75.31 75.61 75.73 75.86 75.57
41.00 75.78 76.55 77.38 79.12 79.44 79,57 79.71 79.41 41.00 74.16 74.92 7571 77.41 77.73 77.85 77.99 77.68
42.00 77.75 78.55 79.41 81,23 81.,57 81.70 81.85 81.53 42.00 76.14 76.92 77.76 79.53 79.86 79.99 80.13 79.81
43.00 79.72 80.56 81.46 83,35 83.70 83.84 83.99 83.67 43.00 78.12 78.94 79.83 81.67 82.01 8215 82.30 81.96
44.00 81.71 82.58 83,53 85.49 85.85 86.00 86.16 85.82 44.00 80.14 80.99 81.91 83.83 84.19 84.33 84.49 84.13
45.00 83.71 84.62 85.61 87.65 88.03 88.,18 88.35 87.99 45.00 82.16 83.05 84.01 86.01 86.38 86.53 86.70 86.32
46.00 85.74 86.68 87.70 89.83 90.22 90.38 90.55 90.18 46.00 84.21 85.14 86.14 88.21 88.60 88.75 88.92 88.53
47.00 87.76 88.75 89.82 92,04 92.45 92.61 92.79 92.40 47.00 86.29 87.25 88.28 90.45 90.84 90.99 91.16 90.76
48.00 88.39 89.38 90.45 92.67 93.08 93.24 93.42 93.00
Tabte XII. Temperature Corrections
EFFECT OF ASH ON DS. OF A (Standard hydrometer, range 10i° Bd.)
Observed 140° to 140° to 100° to
\ 40_(:)0O Be'CORN SIRUP BS. 100° F. 60° F. 60° F
140V60OF 42.00 D. E. C. S. U.
76 -2.01 1.30 2.01
-0.71 1.29 2.02 0.71
0.00 1.29 2.02 0.72
5.00 1.26 2.04 0.77
10.00 1.23 2.06 0.82
15.00 1.19 2.06 0.86
20.00 1.15 2.03 0.88
25.00 1.10 1.99 0.89
30.00 1.04 1.93 0.89
75 35.00 0.97 1.83 0.87
40.00 0.89 1.70 0.83
45.00 0.79 1.53 0.75
55.00 D» E. C. S. U.
V- as. -2.01 1.30 2.01
-0.71 1.29 2.02 0.71
0.00 1.29 2.03 0.72
5.00 1.25 2.06 0.79
74 10.00 1.22 2.07 0.84
\ 15.00 1.18 2.06 0.87
\ 20.00 1.14 2.04 0.90
\ 25.00 1.09 2.00 0.91
\ 30.00 1.03 1.93 0.90
35.00 0.96 1.83 0.88
\ 40.00 0.88 1.69 0.83
45.00 0.79 1.52 0.75
W
89.00 D. E. Sugar
v -2.01 1.30 2.01
\ -0.71 1.30 2.03 0.71
\ 0.00 1.29 2.03 0.72
5.00 1.26 2.06 0.79
10.00 1.23 2.08 0.84
15.00 1.18 2.08 0.89
20.00 1.14 2.06 0.91
25.00 1.09 2.01 0.92
72 30.00 1.03 1.93 0.91
2 6 35.00 0.96 1.82 0.88
% 40.00 0.87 1.68 0.82
7. ASH 0S. BASIS 45.00 0.77 1.50 0.74

Figure 3
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Tabtre XIII. Temperature Corrections
(In Baum6 to be added or subtracted to observod Baum6 to reduce to
100° F.)
Temper-

ature, = ———————— Observed Baumé--——————-

°F. 0.0 10 15 20 25 30 35

Subtract from Observed Baumé
60 0.72 0.79 0.84 0.87 0.90 0.91 0.90 0.88
65 0.64 0.70 0.75 0.77 0.79 0.80 0.79 0.77
70 0.56 0.61 0.65 0.67 0.69 0.69 0.68 0.67
75 0.48 0.52 0.55 0.57 0.58 0.58 0.57 0.56
80 0.39 0.43 0.44 0.46 0.47 0.47 0.46 0.45
85 0.30 0.33 034 0.35 0.36 0.36 0.35 0.33
90 0.21 0.23 0.23 0.24 0.24 0.24 0.24 0.22
95 0.11 0.12 0.12 0.12 0.13 0.12 0.12 0.11
Add to Observed Baum6

105 0.12 0.12 0,12 0,12 0.122 0,12 0,12 0.12
110 0.24 0,24 0.25 0,25 0.25 0.25 0.24 0.23
115 0.37 0.38 0.39 0,39 0.39 0,38 0,36 0.35
120 051 052 0.53 0,54 053 0.51 0.49 0.46
125 066 0.68 0.69 0,69 0.67 0,65 0.62 0.58
130 0.84 0.84 0.8 0.8 0.82 0,79 0.75 0.71
135 1.05 1.04 1,03 101 0.98 0.94 0.89 0.83
140 1,29 1,26 1,283 1,19 1.14 1,09 1,03 0.96

The ash content of a sirup affects the dry substance for a
given Baum<b. Of the four sirups used, the first three have
ash contents essentially in proportion to the dextrose equiva-
lent, thus permitting a cross plot wherein coordinates dry

substance and dextrose equivalent are
plotted for the corresponding values for each
Baum6.

In this plot each millimeter equaled 0.10
per cent D. S. and 0.10 D. E. The curve
for each Baum<$was found to fit a straight
line within the experimental error of 0.01° B6.
or 0.02 per cent D. S. This observation
was checked by a number of points at 32.8,
36.5, 82.0, and 83.6 D. E. with sirup prepared
or obtained for this particular purpose. The
data obtained by extrapolation and inter-
polation for the usual dextrose equivalents at
60.0°, 100.0°, and 140.0° F. are shown in
Tables IX, X, and XI.

As noted, the ash content of a given
sirup changes the dry substance for a given
Baum6—that is, the addition of ash lowers
the dry substance for a given Baum6. This
ash effect becomes very important in the
manufacture of refined sugar, where second
and third corn sugar sirups and hydrol are
obtained with increasing amounts of ash,
up to 8 per cent. Thus a table of ash cor-
rections is most important. In Tables IX,
X, and X, the last two columns are headed
D. E. 91.2, ash 0.61 per cent, and D. E. 90.7,
ash 1.22 percent. If these dextrose equiva-
lents are reduced to an ash-free basis they
are the same. Thus the difference between
these dry substance values for all Baumds
becomes a measure of the effect of 0.61 per
cent ash. This is 0 at 0° B6. and in-
creases as the Baum6 is increased. Thus it
would be possible to prepare a series of such
curves for different amounts of ash, pro-
vided a cross curve for a given Baum6 was
obtained—that is, a curve showing the
effect of increasing amounts of ash on
the dry substance in a given sirup having
a constant dextrose equivalent (carbo-
hydrate solids basis) and a constant
Baum6.

Temper-
agure,
e 0.0 5
40 45
60 0.00 0.00
65 0.08 0.09
70 0.16 0.18
0.84 0.77 75 0.24 0.27
0.73 0.66 80 0.33 0.36
0.63 0.57 85 0.42 0.46
0.52 0.48 90 0.51 0.56
0.42 0.39 95 0.61 0.67
0.31 0.29 100 0.72 0.79
0.21 0.19 105 0.84 0.91
0.10 0.09 110 0.96 1.03
115 1.09 1.17
120 1.23 1.31
125 1.39 1.47
0,10 0,10 130 1.57 1.64
0,21 0,19 135 1.78 1.84
0,32 0..29 140 2.03 2.06
0,43 0,39
0,54 0..49
0.65 0.59
0,76 0.,69
0,88 0.79 Table XV.
Ash
%
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
Tabte XVI.
(Bi. - BS
Pounds
) Specific pcr 30.0n
Baumé GravityO GallonB 0.28
0.00 1.0000 8.328 1.70
1.00 1.0009 8.380 3.50
2.00 1.0140 8.445 5.24
3.00 1.0211 8.504 0.98
4.00 1.0285 8.505 8.72
5.00 1.0358 8020 10.47
0.00 1.0433 8.089 1222
7.00 1.0508 8.751  13.97
8.00 1.0585 8.815  15.73
9.00 1.0003 8.880  17.48
0.00 1.0742 8.940  19.24
11.00 1.0822 9.013 21.00
12.00 1.0903 9.081 22.70
13.00 1.0980 9.150 24.52
14.00 1.1071 9.220 20.29
15.00 1.1150 9.291  28.00
10.00 1.1242 9.302 29.83
17.00 1.1330 9.430 31.01
18.00 1.1419 9.510 33.39
19.00 1.1510 9.580 35.17
20.00 1.1002 9.002  30.95
21.00 1.1090 9.741  38.73
22.00 1.1791 9.820 40.52
23.00 1.1888 9.900 42.32
24.00 1.1980 9.982  44.12
25.00 1.2080 10.005  45.92
20.00 1.2188 10.150 47.73
27.00 1.2291 10.230 49.54
28.00 1.2390 10.324  51.30
29.00 1.2503 10.413  53.19
30.00 1.2012 10.504 55.02
31.00 1.2723 10.590 50.85
32.00 1.2830 10.090 58.09
33.00 1.2950 10.785  00.53
34.00 1.3007 10.883  01.39
35.00 1.3180 10.982  04.25
30.00 1.3307 11.083 Q0.
37.00 1.3430 11.185 07.99
38.00 1.3550 11.289 09.88
39.00 1.3084 11.390 71.77
40.00 1.3815 11.505 73.00
41.00 1.3947 11.015 75.58
42.00 1.4083 11.729  77.51
43.00 1.4221 11.844  79.45
44.00 1.4301 11.901  81.39
45.00 1.4500 12.081  83.30
40.00 1.4052 12.202 85.34
47.00 1.4802 12.328 87.33

e In air.

Tabte XIV.

(In Baum6 to be added to observed Baum6 to reduce to 60° F.)

10

0.00
0.09
0.19
0.29
0.40
0.50
0.61
0.72
0.84
0.96
1.09
1.23
1.37
1.53
1.69
1.87
2.07

Temperature Corrections

15

0.00
0.10
0.20
0.30
0.41
0.52
0.63
0.75
0.87
0.99
1.12
1.26
1.41
1.56
1.71
1.88
2.06

20 25 30 35
0.00 0.00 0.00 0.00
0.11 0.11 0.11 0.11
0.21 0.22 0.22 0.21
0.32 0.33 0.33 0.32
0.43 0.44 0.44 0.43
0.54 0.55 0.55 0.55
0.66 0.67 0.66 0.66
0.77 0.79 0.78 0.77
0.90 0.91 0.90 0.88
1.02 1.03 1.02 1.00
1.15 1.16 1.14 1.11
129 1.29 1.26 1.23
1.43 1.42 139 1.34
1.57 156 1.52 1.46
1.72 1.70 1.65 1.59
1.88 1.85 1.79 171
2.04 2.00 1.93 1.83

40

0.00
0.11
0.21
0.31
0.41
0.52
0.62
0.73
0.83
0.93
1.04
1.15
1.25
1.36
1.47
1.58
1.69

199

a5

0.00
0.10
0.19
0.28
0.37
0.47
0.56
0.66
0.75
0.85
0.94
1.03
1.13

1.33
1.42
1.52

Ash Correction for 40.00° BE. (1400/60o F)

Decrease in Dry
Substance

%

0.51
1.01
1.51
2.00
2.50
2.98
3.41
3.76

Commercial Table

140° F./GOO F. + 1.00°)
Dextrose Equivalent and Ash-

1.77

5.27
7.02
8.77
10.53
12.29
14.05
15.82
17.58

19.35
21.13
22.90
24.08
20.40
28.24
30.03
31.82
33.01
35.41

37.21
39.01
40.82
42.03
44.45
40.27
48.10
49.93
51.77
53.02

55.47
57.33
59.19
01.00
02.94
04.83
00.72
08.02
70.54
72.40

74.39
70.34
78.30
80.27
82.25
84.25
80.20
88.29

55.00
0.30

-Per

1.78
3.53
5.29
7.00
8.82

10.59
12.30
14.14
15.91
17.09

19.48
21.20
23.05
24.84
20.04
28.44
30.24
32.05
33.80
35.08

37.50
39.32
41.15
42.98
44.82
40.00
48.51
50.37
52.23
54.09

55.97
57.85
59.73
01.03
03.53
05.44
07.30
09.30
71.24
73.19

75.10
77.14
79.13
81.14
83.17
85.20
87.26
89.34

82.00
0.41

0.01

87.00 89.00

0.01

Cent Dry Subatance-

1.80
3.58
5.30
7.15
8.94

10.73
12.53
14.33
10.13
17.94

19.75
21.50
23.38
25.20
27.02
28.85
30.09
32.53
34.38
30.23

38.08
39.94
41.81
43.08
45.50
47.44
49.34
51.24
53.15
55.07

50.99
58.93
60.87
02.82
04.79
00.70
68.75
70.75
72.75
74.78

76.82
78.86
80.92
83.00
85.10
87.21
89.33
91.47

1.80
3.59
5.38
7.17
8.90
10.76
12.50
14.36
10.17
17.98

19.79
2101
23.44
25.20
27.09
28.93
30.77

32.02
34.47

30.33

38.19
40.05
41.93
43.81
45.70
47.00
49.50
51.40
53.32
55.25

57.18
59.13
61.08
03.04
05.02
67.01
69.01
71.01
73.03
75.07

77.12
79.18
81.25
83.35
85.40
87.58
89.71
91.87

1.80
3.69
5.38
7.17
8.90

10.70
12.57
14.37
10.18
18.00

19.81
21.03
23.40
25.29
27.12
28.90
30.80
32.05
34.51
30.37

38.23
40.10
41.98
43.80
45.75
47.05
49.56
51.47
53.39
55.32

57.26
59.21
01.10
63.13
65.11
67.10
09.11
71.12
73.14
75.18

77.24
79.30
81.38
83.48
85.00
87.72
89.80
92.03

1.80
3.59
5.38
7.18
8.97

10.77

12.58

14.39

10.20

18.02 _

19.83
21.05
23.48
25.31
27.15
28.99
30.84
32.09
34.55
30.41

38.28
40.15
42.03
43.92
45.81
47.71
49.62
51.54
53.47
55.40

57.34
59.30
01.25
63.22
65.21
67.21
69.22
71.24
73.20
75.31

77.37
79.44
81.52
83.63
85.75
87.88
90.03
92.21
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The ash encountered in this industry is largely sodium
chloride formed from the neutralization of the hydrolyzing
acid (hydrochloric) by soda ash. This ash is increased auto-
matically as crystalline dextrose is withdrawn from the
massecuite. The method chosen for establishing a cross
curve was as follows:

It was assumed that the ash effect would be essentially inde-
pendent of dextrose equivalent—that is, dependent upon a ratio
of carbohydrate to salt. Since corn sirup is more easily dried
than sugar and free from the criticism of instability on drying, the
test was made with corn sirup. A 5-gallon conversion was made
in pilot plant equipment to approximately 42 D. E., using
sulfuric acid for hydrolysis and barium carbonate for neutrali-
zation. This was refined in the usual manner, and concentrated
to 40° B<5. at 140° F. (41° B6. commercial). This sirup was
substantially ash-free (0.07 per cent). To this was added sodium
chloride in amounts to make 1.00, 2.00, 4.00 and 8.00 per cent
(dry substance basis). Sirups were made above and below 40°
B6. (140°/60° F.) and specific gravity and dry substances
were obtained. Since the Baum6 range was small, a straight
line was drawn between the two points, the values being plotted
on a scale which was five times that previously used, and the
exact values for 40.00° B& (140°/60° F.) were obtained for each
of the salt concentrations.

The data obtained together with the calculated ash-free
point appear in Figure 3. The specific values are shown in
Table XV.

The curve obtained is a straight line up to 6 per cent and
bends slightly thereafter. For commercial work the salt
correction may be taken as a straight line. Thus a cross
curve for salt effect has been obtained for a heavy Baum6,

Pressure

and the data, together with the data for salt effect for 0.61
per cent ash for all Baum6s, enable a family of curves to be
drawn of high precision and of greater accuracy than is
generally required for factory work.

Attention was called above to the commercial method
of determining Baum6—namely, the reading at 140° F. plus
1.00° B6. or BL = B6. 140°/60° F. + 1.00. All sirups
are sold in the industry on this basis. Table XV is the
commercial table that has been accepted by the Corn Indus-
tries Research Foundation for its member companies for use
in the sale of its products. The specific gravities and the
weights per gallon are those in air. This method of assign-
ment was suggested by the National Bureau of Standards for
use in the preparation of a commercial table.
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Stopcock

JOSEPH A. CONNELLYZ1 The United Gas linprovcmcnt Company Chemical Laboratory, Philadelphia, Penna.

W ITH present laboratory techniques it is frequently

necessary to employ for gas absorption, gas analysis,
solvent extraction, and the like, glass systems which operate
under superatmospheric pressures. As far as this writer is
aware only special, commercially manufactured pressure
stopcocks operate reliably. Rubber bands and metal clips
either impede the operation of the stopcock or do not prevent
lifting of the plug, thereby causing escape of the confined
material.

The design of the commercially available stopcock requires
special glass-drilling equipment and is, therefore, not well
adapted to duplication at the laboratory. A pressure stop-
cock which can be adapted from the generally stocked glass
stopcock, with ordinary glass-blowing skill and at insignificant
cost should, therefore, prove of
help to the laboratory worker.

The pressure stopcock presented
here has been designed to fill
this gap. Depending upon spring
strength and the type of stop-
cock lubricant pressures of 30 pounds
or more may be applied. The stop-
cock has proved its worth in vari-
ous apparatus.

f\,

The drawing illustrates a standard I
4 mm. Pyrex stopcock. It is recom-
mended that stopcocks made from Py-
rex be used in the assembly of the pres-

1Present address, United States Depart-
ment of Agriculture, Eastern Regional Re-
search Laboratory, Philadelphia, Penna.

sure stopcock. Only those possessing a protruding portion of
the barrel for a rubber ring should be selected. As an added
precaution against damage, during sealing, the ground portion
of the barrel may be protected by a moist strip of asbestos paper.
Stopcocks made from soft glass could probably be used only if
reground after the sealing operation.

1 is a solid glass rod of slightly smaller diameter than that of
the plug body, sealed to the latter without undue heating of the
ground portion of the plug. This seal should be carefully
annealed. The rod is drawn out in the shape indicated by 2 and
the rounded portion is flattened with forceps or pliers to fit
through the elongated portion of the hole in the washer. Part 6
is machined from a metal bar of suitable size or a nut may be
adapted. It rests against the evenly ground reinforced rim of
the stopcock shell and fits rather loosely over the extension of
the stopcock plug. 5 designates a metal bar with a hole of
about the same diameter as part 6. Spring 3 should be of

suitable strength and its ends should
preferably be squared to ensure proper
seating against 5 and 6.

The stopcock is assembled by in-
serting the properly lubricated plug (1)
into the stopcock shell, slipping cap
6, spring 3, and part 5 over the
plug extension, and securing these
parts by locking plate 4, which is
turned 90 degrees after insertion.

Exact dimensions depend on the
stopcock size applied, but the pro-
portions of the various component
parts are apparent from the draw-

ing.
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Analysis of the Thixotropy of Pigment-Vehicle
Suspensions

Basic Principles of tlxe Hysteresis Loop

HENRY GREEN AND RUTH N. WELTMANN, Research Laboratories, Interchemical Corporation, New York, N. Y.

T HIXOTROPIC systems have been studied in numerous

ways, but an investigation of the subject by means of the
hysteresis loop—one of the most fruitful methods—seems to
have been neglected. Very few references to the loop occur
in the literature. An early paper by Hatschek (9, 1913)
shows data that if replotted would give the loop. Ostwald
(11), much later, observed thixotropic hysteresis behavior
and would have obtained the characteristic loop if he had
plotted his data in the necessary manner. Reiner (14) lists
non-Newtonian types giving hysteresis loops. Pryce-Jones
(12) shows a graph of a hysteresis loop and at the same time
states a cardinal rheological principle: Thixotropy cannot
be determined from a single consistency curve. The im-
portance of the Pryce-Jones principle has not been universally
recognized by rheologists.

To learn something of the extent and nature of thixotropic
change in breakdown or buildup, it is necessary to have data
that cover both the before and after states. This requires
at least two curves. The hysteresis loop, obtained by means
of the rotational viscometer (described by one of the authors
in a recent paper, 6) is the graph of both states. The loop
is obtained by plotting both curves together—i. e., the up-
curve, demonstrating breakdown, and the downcurve, show-
ing the particular state of equilibrium to which the material
has been brought. Instead of the loop, two downcurves
obtained at two different thixotropic levels can be employed.
In either case two curves are always necessary.

The Criterion of Thixotropy

A true sol has been defined as a colloidal suspension that
has zero yield value. Freundlich (S) describes a thixotropic
material as one that will undergo isothermally a gel/sol/gel
transformation, but is very careful to qualify this definition
by pointing out that the conversion to a complete sol is “a
specially characteristic and limiting case of thixotropy”.
This qualification permits such suspensions as paints and
printing inks to be classified as thixotropic. Freundlich
further adds that suspensions not truly colloidal but con-
taining particles of microscopic size such as “pastes of clay,
etc.”, “show extremely pronounced thixotropic behavior”.
He also includes under the phenomenon of thixotropy—and
this is important—materials like gelatin, which “become
less viscous and elastic on shaking or stirring but assume the
original values of viscosity and elasticity when left to rest”.
Since elasticity is associated with the presence of yield value,
it is evident that a material that only becomes “less elastic”
(in addition to a decrease in viscosity) might still possess
yield value. In other words, a complete transformation
from a gel to a true sol is not a prerequisite for thixotropy.-
A partial transformation is all that is necessary. This is the
attitude taken by Goodeve (4) and it is the one that will be
used here.

Controversial Issues

There are four controversial points involved in the rheology
of thixotropic systems. It is necessary that the authors’
position in regard to them be made clear.

1. The Nonlinearity of the Lower End of the Con-

One of the primary causes of this curva-

sistency Curve.
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ture has been shown to arise from the gradual change of
plug to laminar flow (7, 8). Buckingham (2) showed that
this condition occurs in capillary tube viscometers because
the shearing force decreases from the capillary wall inward.
Reiner (IS) proved that this same condition exists in rota-
tional viscometers and furthermore indicated that this
curvature must become shorter when the distance between
the bob and cup is decreased. Laboratory experiments have
confirmed this conclusion.
Hence the curvature, so far
as actually known at present,
could be entirely due to an
instrumental effect and does
not necessarily have to arise
from any change in the struc-
ture of the material under low
shearing stresses. If the dis-
tance between the bob and cup
were infinitesimally small, there
probably would be no curva-
ture under such a condition.
The authors realize, however,
that Reiner’s deductions are
based on an entirely stable
system and that thixotropy and pseudoplasticity might
easily increase the length of the nonlinear portion of the
curve beyond the amount predicted by Reiner.

2. The Houwink
(10) defines three types of yield values (Figure 1). The
lower yield value is the intercept fi where the first evidence
of flow occurs.This is  known to be where the outer layer
of the “plug”begins toshear (2, 7, 8). The maximum yield
value, f,n is where the curve becomes linear (7, 18). This
is where plug flow is completely gone and the entire flow
is laminar. Buckingham (2) shows that for capillary
viscometers this state is attained only at infinite rates of
shear and fmis the intercept of the asymptote. The inter-
cept, fa, is the Bingham yield value.The authors’ view-
point is that these three intercepts are not three different
yield values but three different functions of one and the
same yield value. Reiner (13) has shown for rotational vis-
cometers, where thixotropy and pseudoplasticity are not in-
volved, that

Figure 1

Three Different Yield Values.
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where Rc = radius of the cup
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depth of immersion of the bob
the real yield value
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3. The Apparent Viscosity. This is a variable quantity
depending on the rate of shear. It is obtained by dividing
the ordinate (rate of flow; r. p. m.) by the abscissa (force;
torque) and multiplying the product by an instrumental
constant. It is obvious that apparent viscosity is not the
coefficient of viscosity, which by definition is the number of
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dynes per sg. cm. that will give a
velocity gradient of 1 cm. per
second. Other than being the
ratio of force to rate of flow it is
not “apparent” what it is; hence,
it is something of a misnomer and
perhaps an unfortunate one.

An inspection of Figure 2 will
show that the ratio of torque—
to r. p. m. must decrease with
increasing rate of shear—i. e., the
apparent viscosity decreases as the
speed of the agitation or stirring
increases. Unfortunately  this
reaction is an isothermal one and reversible; hence, any
investigator who considers apparent viscosity to be a sub-
stitute for coefficient of viscosity will erroneously classify
the material giving the consistency curve in Figure 2 as
thixotropic. Now all that can be said about the curve is
that except for its lower end it is linear (indicating stability)
and does not pass through the origin. It does not pass
through the origin because the material is plastic—i. e., it has
a yield value. The authors’ opinion is that in the case of a
curve like the one in Figure 2, the apparent viscosity de-
creases with an increase of rate of shear simply because it is
mathematically impossible for it to do otherwise—that is,
it is a question of geometry and not one of thixotropic break-
down of the sample during testing.

TORQUE

Figure 2

Figure 3. Thixotropy

Time of measurement constant

4. Plastic There is a
widespread belief that certain suspensions, like finely divided
quartz in carbon tetrachloride, are highly thixotropic. If
such a suspension, of the right consistency, is put into a
test tube and inverted it will not flow out because of its
high yield value. If the thumb is placed over the end of
the tube and the tube is shaken, it can be observed that the
material flows. |If the thumb is suddenly removed im-
mediately after shaking has ceased, the material will not flow
out. The customary argument is that the material would not
flow during shaking if it did not first liquefy—i. e., turn into
a sol. When a metal, many degrees below its melting point,
is drawn through a die the metal is easily visualized as under-
going plastic flow. In other words, it is a solid before it
enters the die, while it passes through the die, and after it is
drawn from the die. At no time is the metal considered to
be liquid because at no time is it above its melting point.
If consistency curves could be obtained for metals like steel,
bronze, copper, etc., it seems obvious that they would not
be Newtonian. They would all possess intercepts, such as
that shown in Figure 3, A; yet no one has classified these
metals as thixotropic. However, when soft mushy materials
of the quartz-carbon tetrachloride suspension type are con-
sidered, it is often assumed that flow takes place only when
preceded by an intermediate state of liquefaction.

Flow without Liquefaction.
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This is an important point, for if it should be true—and the
authors believe it is not—then the quartz-carbon tetrachloride
type of suspension would be thixotropic in spite of the fact
that it gives no hysteresis loop. If such a non-loop-forming
material (see also Figure 12) must be accepted as highly
thixotropic, a conflict is introduced in our reasoning, for it
would mean that at both ends of our series of loops (Figure 3)
a high state of thixotropy would exist. In other words, no
hysteresis loop A and a large hysteresis loop D would both
indicate a high state of thixotropy. Any investigator
examining a series of thixotropic materials like those repre-
sented in Figure 3 would unhesitatingly say that D was more
thixotropic than C, and C more thixotropic than B. It
therefore seems unreasonable that there should be a sudden
increase in thixotropy in going from B to A. Consequently
the authors have adopted the viewpoint that curve A in-
dicates plasticity with no thixotropy. By so doing confusion
is eliminated and a large part of the theory of thixotropy be-
comes rationalized.

The Hysteresis Loop

The method of making the loop has been described in de-
tail in a previous paper (6).

Briefly, it is obtained with a rotational viscometer of special
design. This instrument is operated through a Graham con-
tinuously variable transmission (Briggs and Stratton Mfg. Co.)
which enables the investigator to change the r. p. m. without
stopping the rotation of the cup. The procedure commences
with the upcurve, starting at the lowest practical r. p. m. The
speed is increased continuously and rapidly while noting the
change in torque induced. At some specified upper limit the
speed is reversed and the downcurve taken. If the material is
thixotropic, the up- and downcurves when plotted together will
not coincide, thus forming the loop (Figure 3, B, C, D).

The Time Element in Thixotropic Breakdown. If re-
straints could be placed on the thixotropic material at the begin-
ning of the upcurve so that it could not break down, the con-
sistency curve would follow a straight path, such as T2A (Figure
4). If the restraints should then be removed and the r.p. m. atB
maintained, the torque would decrease from Ta until a state of
equilibrium is reached at some point Ta,. Since the product of
the two coordinates (r. p. m. X torque)'gives a quantity with the
dimensions of power, it is evident that the area of the parallelo-
gram OTaAB must be the minimum power that will break down
the material from the thixotropic level TiA to the thixotropic
level TtAn using the velocity gradient given at B. In actual
practice restraints cannot be employed and so the material con-
tinuously breaks down as the upcurve is taken. The real up-
curve follows a path such as TiCAt. If on reaching Ai the
r. p. m. is kept constant and sufficient time is allowed for equilib-
rium to be attained, the torque will drop from Ta\to Ta,. The
downcurve AnTt will be linear, if not too much time is consumed
in running it.

As the time taken for the upcurve is increased, the curve moves
in the direction of the curve TtDAnN. If equilibrium points are
run—i. e., if sufficient time is allowed at each successive r. p. m.
for the thixotropic buildup to equal the thixotropic breakdown—
then the upcurve will follow the path T2DAnand not the straight
path TiA,,. This means that after equilibrium has been attained

Figure 4. E ffect of Thee
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for any given r. p. m. further breakdown can be had only by
increasing the velocity gradient—i. e., by using a higher r. p. m.
(more power).

There are two methods then for breaking down thixotropic
structure: by increasing the velocity gradient, and by prolonging
the time of the applied force. When the time used in taking the
measurements for the upcurve is decreased—i. e., when the time
during which each successive r. p. m. is allowed to operate is
lessened—then the upcurve is displaced in the direction of the
curve TiA. A hypothetical curve run in such a short time that
breakdown resulting from the time element is negligible would
occupy some position as 7'2lo, where point AOwould fall between
the theoretical point A and the last (fastest) experimentally
determinable point, At. The curve TVlo should not coincide
with curve ITN\A because the former is run without restraints while
the latter is run with them.

Any curvature of T?A< must result
from thixotropic breakdown; but
this breakdown has taken place simul-
taneously with the commencement
of flow. In other words the curvature
of TiAo arises only from velocity gra-
dient, because the time element is in
this case negligible. Such a model
of flow would necessitate exceedingly
short nondistensible bonds.

When the downcurve is com-
menced as soon as the maximum
r. p. m. is reached, the loop will
be referred to simply as a hys-
tercsis loop—e. g., Figure 5, loop
TIiCATi. When the maximumr. p. m.
is applied over a time interval sufficient to attain a state
of equilibrium, the loop wall be called an equilibrium hysteresis
loop—e. g., Figure 5, loop TtCABTIi. When every point on the
upcurve is an equilibrium point, the loop will be called the
minimum equilibrium hysteresis loop—e. g., Figure5, loop
TIEBTt. The consistency of the material atpoint A is given
by its plastic viscosity, derived from the angle DTIA; itsyield
value is obtained from the torque 7\. When the material is
broken down further by the prolonged application of the maxi-
mum r. p. m. until equilibrium is reached at B, it will have a
plastic viscosity derived from the angle DTtB, and a yield value
again obtained from torque E\. The equations for calculating
these consistency factors are derived from Reiner’s work 6, 13):

Figure 5

Plastic viscosity, U = (T — Ti) S/oi (@)
Yield value,/ = T,C )
S = (URI - I/Rft/i-rh 6)
C = S/In(Re/Rb @)
where
o = angular velocity
Unlike “apparent viscosity”, plastic viscosity has a definite

meaning. It is the number of dynes per sg. cm. in excess of the
yield value that will produce a velocity gradient of 1 cm. per

Figure 6. E ffect of Time
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E xperimental D ata for Figure 6, Giving
Equation 8

Tabte I.

A area of hysteresis loop in (gram-cm.) r. p. m.
Jieq. area of equilibrium hysteresis loop. Its dimensions are those of A.
t

RPM is constant = 200.

t A(Z22P3/)* Aeq/(/2PAf)«

31.5 3.7

44 8.3

61 8.1

75 inQ .
140 3.5 i
280 3.2 5.7
420 2.9 4.4
630 2.6 2.6
840 2.6 2.7
1570 2.6
2520 2.6 2.6

second. Yield value is the dynes per sqg. cm. that will just cause
flow. These quantities are given by Equations 4 and 5.

If experimentally determined areas like the diagrammatic ones

in Figure 4, T2AiAnTI, etc., are plotted against their respective
times (in seconds), a linear relationship results. This relation-
ship is obtained whether hysteresis loops or equilibrium hystere-
sis loops are used. Data of this type are plotted in Figure 6,
but A/(RPMY s used instead of area.
The hysteresis loops are given in curve
AiB and the equilibrium hysteresis loops
in curve AoB. The general formula for
these curves is

A = Ao- Nt(ié tB ®

where N is the proportionality constant,
tis the time taken in making the upcurve,
and Aa is the intercept at zerotime. The
extrapolated point Ao times its top
(r. p. m.)s should correspond to the
area of the hypothetical equilibrium loop
TtAaANTI given diagrammatically in Fig-
ure 4. Similarly the extrapolated point
Ao times its top (r. p. m.)J should corre-
spond to the area of its hypothetical

hysteresis loop. Figure 7

Tabie Il. E xperimental Proof of Equation 9

Experimentally
etermined

Area, A (RPM)* Q - A/(RPM)

Yellow ink 1 1.61 X 10* 1X 10* 1.61
6.40 4 1.60

10.0 9 1.11

26.6 16 1.66

2.64 1 2.64

10.25 4 2.56

26.06 9 2.78

44.17 16 2.76

Red ink 1 1.5 1 1.50
5.0 4 1.25

12.9 9 1.43

22.4 16 1.40

3.63 1 3.63

14.3 4 3.58

32.0 9 3.55

55.0 16 3.44

Blue ink 0.41 1 0.41
1.82 4 0.45

3.46 9 0.38

7.6 16 0.47

White ink 0.54 1 0.54
2.15 4 0.54

5.00 9 0.55

The Velocity Gradient Element in Thixotropic Break-
down. If the time of application of each r. p. m. is maintained
constant and the top or maximum r. p. m. is varied, a series of
hysteresis loops such as those shown in Figure 7 occurs. The
area of these loops plotted against the square of their respective
top r, p. m. gives the linear equation

(Area) A = Q(RPMy ©)

where Q is the proportionality constant and (RPM) is the top
r. p. m. Equations 8 and 9 constitute the two basic principles
involved in the subject of thixotropy. The existence of both
principles—breakdown by _time, and breakdown by velocity
gradient—has been recognized by most investigators of thixot-



204 INDUSTRIAL AND ENGINEERING CHEMISTRY

ropy; but they probably have not been expressed previously
in the form of the equations given here.

The Upcurve

Thixotropic Breakdown. Let a be any point above Taon
the upcurve (Figure 8). At point a the materialhas a viscosity
given by the cotangent of TN\a. If upon increasing u to u + du
there is no further thixotropic breakdown, the torque would in-
crease from T to T,. There is breakdown, however, and the
torque is increased from T only to Tt; hence, the loss in torque
resulting from breakdown is (7’7a — Ti) or be

Let the total thixo-
tropic loss in torque
acquiredingoing from
u=0tow= abe
equal to some quan-
tity in excess of the
yield value, such as
CT - T,). Also let
it be assumed that
(7" — TY) is propor-
tional to the velocity
gradient. Then

1" — Tt -

Zu/2xR*hS (10)

and dT'/du =
Z/2vR}hS (11

where Z is the pro-
portionality con-
stant, u/2irR'ihS the
velocity gradient at
radius R, and dT'
is the loss of torque
resulting from break-
down when u is in-

Figure 8
creased by the

amount du, How-
ever, beis also equal to this loss: hence be = dT".
The triangles abc and aTtg are similar; consequently,
dT'/du = (ff - Ti)/o> 12)
From Equation 11 it follows that
g—Tz ~Zu/2 RS (13)

From Equations 10 and 13 it follows that
T =9

and that the loss in torque from thixotropic breakdown, when
u is increased from w = Oto w = w isequal to (g — Ti). In
other words, the tangent at point a gives an intercept g on the
torque axis from which the total breakdown (in loss of torque)
up to point a can be determined.

Equation op the Upcurve. In Figure 8 it can be seen that
the net change in torque for an increase in angular velocity of
daisad. Then from the similar triangles bae and aTiT,

dTdu + dT/du = (T - T2/o> (14)

Substituting from Equations 12 and 13 and making the con-
stant Z/2ir R*h equal to 2/m gives

dT/du — T/u 4- Ti/lu — — 2/iiiS (15)
Table IlIl. Printing Ink Data for Figure 10
Equilibrium
Upcurve Downcurve Downcurve
RPM Torque Torque Torque

11 114 X 10* 49 X 10« 37 X 10«
14 136 66 45
21 161 88 67
26 182 106 76
33 196 120 87
42 205 133 98
48 216 151 111
55 225 160 121
62 233 174 128
69 236 193 139
76 244 202 150
83 248 214 162
90 253 230 168
97 262 240 180
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Multiplying by udu/u*
gives
iodT/ai2 — Tdu/wl+ Ttdo>/
a5 = — 2do>/mS (16)
Then
d [(r - Tt)S/u] = - 2du/
[mu @an
dU — — 2du/mu (18)
Integrating and multiply-
ing by m/2
Figure 9 mU/2 = —In u + const.

(19)

When U theoretically = 0, let u have the value fcl12(see Figure 8).
Then

Const. = In Kl,i (20)
Hence

muU/2 = In(fcl/2/w) (21)
or

erlJ/> = kiI/1/u (22

Squaring puts Equation 22 into a more useful form, as will
appear later.
enJ = fc/«2 (23)
Upon substituting (T — T23S/u for U, the equation of the
upcurve is obtained.

T=ulnk/mS —2u Inu/mS + Ti (24)

From Equation 23
mU —Ink + In (1/«2 (25)

Hence, if experimentally determined U is plotted against
experimentally determined (1/to2 on semilogarithmic paper a
linear relationship should result. This is what happens, as
shown in the section on experimental results. Equations 23 and
24 are thus confirmed.

Area of the Loop. The area, A, of the loop (Figure 9) is

- .I: Tdu — Ttu — (T — TzZ)u/2 (26)

Substituting the value of T given in Equation 24 and inte-
grating gives
A = a*In k/2mS — w2Inw/i/iS F+u22mS — (T — Ti)u/2 (27)
From Equation 24

w2In k/2mS = u2Iln u/mS + (T - TJu/2 (28)
t-0
PRINTING
INK
LI
H*hyst«ratis loop
E*«qullibrlum loop 2/
r T o
0
o
r °
o U410
o Ue*320
o fHs9400"
| fE’ 6300
1600000
TORQUE

Figure 10
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Figure 11

Substituting in Equation 27 gives
A = dl/i2ms (29)

which shows that A is directly proportional to w. This is con-
firmed by the empirical relationship given in Equation 9.

Other important relationships derived from the preceding
equations are

A = Zco78x/m (30
dT'/dw = 4/1/V (1))
A = l/i area A T'TiB (Figure 9) (32)
emvV = k/2mSA 33)
2/m= M = = 2(Ui - Ut)/In(«2/«]) (34)

The proportionality constant, Z, is the loss in torque per unit
increase in velocity gradient for the arbitrarily selected time
employed in making the upcurve. Z depends on the instrument
used in so far as the torque depends on the instrumental dimen-
sions. However, m is independent of the instrument. There-
fore 2/m, or M, will be called “the coefficient of thixotropic
breakdown”. It is defined as the loss in shearing force per unit
area per unit increase in velocity gradient for the arbitrarily
selected time employed in making the upcurve.

Experimental Results

In a previous paper (6) a number of experimental flow
curves were given showing loops of various sizes; con-
sequently, in order to avoid unnecessary repetition only one
experimental hysteresis loop is presented here (Figure 10 and

Table IV. Experimental Data for Figure 11
[RPM - 9.55 o3 Z = 4xR*h/m, R * (Re+ Rb)/2\

Plastic
Viscosity,
RPM 1/(RPAF)* u z
Tink 100 100 X 10-« 300 1.07 X
200 25 205
260 15 172
400 6.3 104
k 1 100 100 380 1.42
200 25 198
300 n 132
400 6.3 60
2 100 100 447 1.80
200 25 261
300 11 166
400 6.3 119
3 100 100 255 0.74
200 25 173
300 1 132
400 6.3 100
Blue irsk 100 100 82 0.21
200 25 57
300 11 44
400 6.3 38
ink 100 100 115 0.27
200 25 88
300 11 72.5
400 6.3 53.5
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Table I11). Most pigment suspensions of the printing ink
type give loops of this kind. The loop area is best obtained
with a planimeter. This area must be multiplied by the
proper conversion factors, so that the dimensions are correct
for substituting in the various equations given here.

It was found empirically that a linear relationship is ob-
tained by plotting plastic viscosity U against In (1/RPM 2
when the “time” is maintained constant (Figure 11, Table
1V). By “time” is meant the time interval during which the
shearing force is allowed to operate for each experimental
point on the curve. This interval is regulated and con-
trolled by the operator, who measures a predetermined num-
ber of points per minute. Each succeeding point is separated
by exactly the same number of r. p. m. The results of the
above work lead to the following empirical equation.

const.
e RPM* W5)

This checks the theoretical Equation 23, which was derived
on the assumption that when the “time” is maintained con-
stant the loss in torque resulting from thixotropic breakdown
is directly proportional to the velocity gradient. Since the
empirical and theoretical equations check, this assumption
is probably correct.

Goodeve and Whitfield (5) use a similar hypothesis. They
state that “the rate of breakdown is proportional to the
shear”. They develop and use this conception, however,
in a different manner from that employed in this paper.

Equation 8 is empirical. No theoretical equation has
been derived so far that corresponds to it. In this equation
the top r. p. m. is maintained constant while the time is
changed for each different curve (see Figure 6). In Equation
9 the opposite plan is followed. Time, here, is constant
while the top r. p. m. is varied (see Table Il1). This equation

Table V. Quartz in Nujol Data for Figure 12
Upcurve Downcurve

RPM Torque Torque
9 161 X 10* 145 X 10»
13 179 163

20 196 196

27 214 216

34 232 232

40.5 245 247

49 259 261

55 273 273

02 283 288

70 294 296

77 304 308

84 314 319

92 325 332

98 337 340

Figure 12
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Tabte VI. Carbon Black in Glycerol D ata for Figure 13
Upcurve Downcurvc
RPM Torque Torque
9 198 X 10*
13 210
20 238 X 10» 226
26 235 232
33 238 241
41 244 244
48 254 254
55 260 256
62 275 260
69 275 269
76 275 272
83 275 278
90 278 281
97 281 284
104 284 286
116 286 290
131 299 305
144 308 308
158 314 318
177 324 324
196 336 339

is empirical but it corresponds to the theoretically derived
Equation 29.

In deriving Equation 17, m is treated as a constant. Equa-
tions 29 and 30 give the relation between A and w for any
single substance, m (or Z) being a constant for a given ma-
terial. For different substances m (or Z) varies and the rela-
tionship between m (or Z) and A is expressed by Equation 33.

It is difficult to find pigment suspensions that give no
loops. They can be made, however, and three of them are
shown in Figures 12, 13, and 14 (Tables V, VI, and VII).
The microscopic glass spheres used in Figure 14 were made
in the Interchemical Research Laboratories by a method
similar to the one developed by Bloomquest (1).

From the authors’ viewpoint these non-loop-forming
materials are plastic without being thixotropic. The more
general conception is that such materials are so highly
thixotropic that no apparatus built so far is quick enough
to record either the breakdown or the buildup. Obviously,
then, this breakdown or buildup is entirely conjectural, for
its existence has not been proved experimentally. If con-
jecture is acceptable, it seems far more reasonable to say
that the absence of a loop indicates the absence of thixotropy.

Conclusion

The authors have treated the subject here only in its ele-
mental form—i. e., where the primary change occurring upon
agitating a thixotropic suspension is a decrease in plastic

Figure 13

TORQUE

Figure 14

Tabie VI Glass Spheres in Nujol Data for Figure 14
Upcurve Downcurve
RPM Torque Torque
5 67.7 X 10* 59.8 X 10*

8 70.2 72.8

15 83.2 S0.5

21 91.0 91.0

30 96.2 98.8
37 104 104
45 112 110
51 120 117
59 128 122
65 132 128
72 138 135
79 143 140
87 148 146
94 156 156
101 161 156
107 166 166
141 195 195
174 226 223
204 252 252
234 278 278
264 301 307
291 325 330
319 349 354
345 372 375
369 393 398
392 414 414

viscosity. This treatment is sufficient for many cases.
In a later paper an analysis will be given of materials in-
volving a double change—i. e., in both plastic viscosity and
yield value.
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Monochloroaeetic Acid in Wine

G. E. MALLORY ANDR. F. LOVE, Alcohol Tax Unit, Bureau of Internal Revenue, San Francisco, Calif.

T HE detection of monochloroacetic acid in the analysis of
beverages brings into play one of the most renowned
and historical syntheses of organic chemistry, the manu-
facture of synthetic indigo. Monochloroacetic acid is a
basic material used in one method of its manufacture; an-
thranilic acid is condensed with monochloroacetic acid to
produce phenylglycine-o-carboxylic acid, and the resultant
product when heated with alkali is transformed into indoxyl,
which on being made alkaline in the presence of air yields
indigo. This process is followed in the detection of mono-
chloroacetic acid in wine; the acid is extracted and purified
and synthetic indigo is produced. Considering the com-
plexity of the manipulation, the results obtained with ex-
ceedingly small quantities of the acid are excellent. At the
present writing, indigo has been produced from 4.2 grams of
the acid in 100 liters of wine or 42 parts per million by the
use of a 200-ml. sample.
The steps in the formation of indigo from monochloroacetic
acid are (1)

COONa COONa
/ /
C«H4 + CHjCI.COOH + NaZZ0O, = C.H,
N N\ .
NHj NH.CHjCOONa
COOH Cco
/ /' \
CrH< + 2NaOH = CH, CH. + NaZ 0, + 2H
N\ N/
NH.CHZOO0OH NH
CO (of0) (of0)
2CtYU NCH2+ 02= CiH,// ~biC Nbed1l+ 2HD
N\ o/ N/ N/
NH Nil NH
Indoxyl Indigo or indigotin

Methods for both the qualitative and quantitative deter-
mination of monochloroacetic acid in wine seem to be lack-
ing, but Wilson (3) has developed a quantitative method for
nonalcoholic beverages, and Chernoff (2), one for its quali-
tative detection in salad dressing. These were used as a
basis for the method for its detection in wine.

In order to determine whether or not Wilson’s method is
applicable to wine, more than 100 authentic samples of wine
were analyzed and in none of them was a trace of chlorine or
chlorine compound extracted. Known quantities of mono-
chloroacetic acid were then introduced into some of the
samples and the chlorine compounds which were extracted
corresponded to 94 per cent or more of the acid added.

The qualitative analysis of wine containing monochloro-
acetic acid is much more difficult than the quantitative deter-
mination. In extracting the very small quantities of the
acid which may be present, there are also extracted wine
congenerics which contaminate the acid to such an extent
that Chernofl’s method cannot be successfully followed
without removing the interfering substances.

In the procedure outlined, the conditions of evaporation
and heating of the residue at a high temperature for a few
seconds which are prescribed permit attainment of consistent
results when small quantities of the acid are present.

Detection of Monochloroacetic Acid in Wine

Reagents. Anthranilic acid reagent. Dissolve 1 gram of
anthranilic acid in 50 ml. of water containing 0.3 gram of sodium
hydroxide (7.5 ml. of N sodium hydroxide + 42.5 ml. of water).
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Caustic soda solution. Dissolve 10 grams of caustic soda in
10 ml. of water.

Anhydrous sodium carbonate, c. p.; ether, c. p.; and ben-
zene, thiophene-free, which meets A. C. S. specifications.

A dropper, 20 cm. (8 inches) long, with orifice 2 mm. in di-
ameter. Rubber bulb, 2-ml. capacity.

Method. Place 200 ml. of sample, to which have been added
2 ml. of concentrated sulfuric acid in a continuous extractor and
extract rapidly with ether for 2 hours, using a 500-ml. round-
bottomed flask for the receiver, and preferably heating on a
water bath over an electric heater. Pour the ether from the
extraction chamber through a dry filter paper into the round-
bottomed flask by tilting the extractor to drain as much of the
ether as possible into the flask without contamination by the
wine solution. Discard the wine and clean the extraction
chamber. Add 5 ml. of distilled water to the ether in the flask,
shake vigorously, and distill the ether back into the extraction
chamber, which is cooled by being placed in a beaker of ice water.
This usually leaves 30 to 35 ml. of alcoholic solution in the flask.

Place the alcoholic solution in a 15-cm. (6-inch) porcclain evapo-
rating dish and evaporate it in the cold by use of an elcctric fan
until approximately 10 ml. of liquid remain. Place the liquid
in a separatory funnel, add 25 ml. of ether, shake vigorously for
5 minutes, allow to settle for 5 minutes, draw off the aqueous
solution, and decant the ether into
a 150-ml. beaker. Evaporate the
ether in the cold by use oi an electric
fan, to the residue add 25 ml. of
benzene, stir, and pour into a 50-ml.
glass-stoppered Erlenmeyer flask,
washing out traces of the residue by
pouringback the benzene several times from the flask. Add 3 drops
of water to remove the last remaining portions of residue and add
them to the flask. Shake vigorously for 5 minutes, allow to
settle for 5 minutes, decant the benzene into a 150-ml. beaker,
evaporate in the cold by the use of an electric fan, and to the ben-
zene-free residue add 2 ml. of the anthranilic acid reagent and
0.03 gram by actual weight of anhydrous sodium carbonate, and
stir. This solution should be alkaline; if it is not, add another
0.03 gram of the sodium carbonate. No more than 0.06 gram of
sodium carbonate should be added and the second portion should
not be added unless absolutely necessary.

Pour the liquid into a 15 X 1.56 cm. (6 X 0.625 inch) test tube
having a fully rounded bottom and heat in a boiling water bath
for 30 minutes. Place in a drying oven at 120° to 130° C., with
the test tube reclining at a 45° angle, and evaporate nearly to
dryness or until only 1 drop of liquid remains. With the long
dropper, add 2 drops of the caustic solution and replace in the
oven to dry, keeping the contents in one spot of the test tube,
which is inclined at a 45° angle. Dry at 120° to 130° C. for
approximately 60 minutes, remove from the oven, and without
cooling, plunge the test tube into a molten solder bath main-
tained at 305° to 312° C. for approximately 30 seconds. The
temperature of the solder bath and the time of heating for this
reaction should be strictly observed to prevent decomposition
of the phenylglycine-o-carboxylic acid. As the alkali melts, the
contents of the tube may assume an orange color, the depth of
color depending upon the amount of reacting materials. Remove
the tube from the bath, cool immediately, add at once 8 to 10 ml.
of water, and shake in contact with the air. A green to deep
blue color will become apparent almost immediately if indigo has
developed. After approximately 10 minutes, acidify the liquid
with N hydrochloric acid, shake thoroughly to subdivide the
precipitate, and pour through a folded filter paper, washing with
approximately 100 ml. of water to remove all the acid. Dry at
room temperature the filter paper which contains the indigo.

+ NaCl + COj + HD

In the first extraction of the sample with ether, in addition
to any monochloroacetic acid present, many of the wine
congenerics are partly or completely extracted, such as
glycerol, tartaric acid, alcohol, higher alcohols, esters, and
coloring material. The second extraction with ether re-
moves 80 per cent of any monochloroacetic acid present and
some of the wine congenerics, leaving the bulk of them behind
in the small amount of aqueous solution. To purify the
acid further, benzene is employed. Chloroform was tried
as a solvent, but it removed too many impurities to give
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Tabte . D etermination of M onochloroacetic Acid
Mono-
chloro-
Size of acetic
Wine Date of Analysis Sample Alcohol Acid
M. % P. p.in.
Sauterne June 13, 1942 200 13 90.0
July 27, 1942 200 90.0
January 4, 1943 200 90.0
Dry white June 5, 1942 200 13 230.0
January 5, 1943 100 22G.8
Champagne dosage August 13, 1942 200 14 40G.0
solution August 20, 1942 25 411.0
January 5, 1943 50 39G.8
satisfactory results. Benzene removed small amounts of

the acid in a fairly pure state, the main deterrent to extrac-
tion being the presence of water. The importance of having
as little water as possible present at this point in the proce-
dure is shown by the fact that when a sample containing 20
mg. and one containing 40 mg. of the acid are extracted with
benzene, 26 per cent of it is removed in each case, whereas
if 7 ml. of water are present only 5 per cent of the acid is ex-
tracted with benzene. When as little as 2 mg. of the acid
is separated from the wine in a fairly pure state for the final
reactions, positive results are obtained with the test.

To obtain consistent results in the detection of minute
quantities of monochloroacetic acid in wine, the method must
be carefully followed in several details—the test tube kept
at a 45° angle at all times, so that the residue is concentrated
in one small spot; the initial evaporation in the test tube
continued until only 1 drop of liquid remains; and the solid
alkaline mass heated for 1 hour or more for complete desic-
cation, so that the final reaction at 305° to 312° C. may be
obtained in the required time of approximately 30 seconds.
Occluded moisture causes the compact mass to swell and
allow too much air to take part in the reaction, and prevents
the sudden reaching of the reaction temperature, resulting in
prolonged heating and destruction of the phenylglycine-o-
carboxylic acid.

In some of the wine, an emulsion formed during the first
extraction with ether. Since no way was found to prevent it,
the procedure was to continue the extraction for the required
time, allowing the emulsion to be carried over into the re-
ceiver, The ether was distilled off as usual, and the solution
containing the monochloroacetic acid was made up to the
original volume with acidified water and reextracted with

Tabite Il
. M onochloroacetic
Mfg. Wine Alcohol Storage Aci<
% P. p.
A Sweet white 13 Tank 230
Sweet white 13 Tank 270
Sweet red 13 Tank 230
Sauterne 13 Bottlo 90
B Sauterne 13 Bottlo 90
Claret 13 Bottle 90
C Medium dry 12 Bottle None
Sweet white 13 Bottlo None
D Dry white Tank None
Dry red Tank None
E Chateau type ~ Tank None
Sauterne 12 Bottle None
F Champagne 12 Bottle 187
Champagne 12 Bottle 137
Wine dosage 14 406
solution
Sparkling wine 13 Bottle 230
Tanks 42 on

Q D r(6 white 13

samples)
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ether. This time no emulsion formed or not enough to be
carried into the receiver.

Results so far obtained in this laboratory show that the
presence of sulfur compounds in wine as normally used for
preservative purposes has no effect on the determination of
monochloroacetic acid and the presence of the acid docs not
interfere with the quantitative determination of sulfur di-
oxide therein.

In addition to various types of wine, the juice expressed
from unripe grapes was analyzed. Samples of 175 ml. of
juice from each of two varieties were analyzed by the quali-
tative method and in both cases the results were negative.

The chlorine compounds naturally present in normal
wines are not extracted by ether; therefore any chloride in
the ether extract must come from foreign material added to
the wine.

Quantitative Determination

The following method is that of Wilson (3), with a few
minor changes necessary to make it applicable to the small
quantity of the acid found in wine.

Place 200 ml. of wine and 2 ml. of concentrated sulfuric acid in
a continuous extractor and extract with ether for 2 hours. Dis-
connect the apparatus and drain through a dry filter paper into
the flask as much of the ether as possible from the extraction
chamber, add 25 ml. of N sodium hydroxide, and distill the ether
back into the extraction chamber, which lias been emptied and
is cooled by being placed in a beaker of ice water. Disconnect
the flask and digest on a steam bath for 2 hours. Cool, and add
50 ml. of water, 8 ml. of nitric acid, and 20 ml. of 0.1 N silver
nitrate. Boil the solution gently for several minutes, allow to
cool in the dark for 30 to 60 minutes to settle the precipitate,
filter off the silver chloride, wash the filter paper thoroughly with
water, and titrate the excess of silver nitrate with 0.1 JV thio-
cyanate solution, using 5 ml. of 8 per cent ferric alum solution
as indicator.

In connection with the process of removing wine extrac-
tives for the detection of monochloroacetic acid, the quanti-
tative determination of the acid by continuous extraction with
chloroform was tried on a commercial wine in which 9 mg. of
the acid per 100 ml. of wine were obtained by ether extraction,
using 200 ml. of sample. The chloroform extracted 7.1 mg.
of the acid during the first 1.5 hours and 11.3 mg. during a
further 1.5-hour extraction, making a total of 184 mg. from
200 ml. of sample. However, no advantage was gained by
the use of chloroform instead of ether.

The range of quantities of monochloroacetic acid so far

Analyses of Wines and Champagnes

Indigo J-————— Chlorine Due to—
Free Total Produced CH,CICOOH Wine Total
P.p. m P.p. m Oram/100 ml.
66.0 Yes 0.0085 0.0053 0.0138
Yes 0.0101 0.0059 0.0160
870 Yes 0.0085 0.0053 0.0138
209.9 Yes 0.0034 0.0030 0.0064
74.2 Yes 0.0034 0.0059 0.0093
Yes 0.0034 0.0076 0.0110
No 0.0000 0.0039 0.0039
2Q.0 25610 No 0.0000 0.0057 0.0057
No 0.0000 0.0036 0.0036
No 0.0000 0.0046 0.0046
253.6 771.8 No 0.0000
126.5 289.3 No 0.0000
Yes 0.0071
Yes 0.0052
Yes 0.0153
Yes 0.0085
Lx Yes 0.0016
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extracted from commercial wines and champagnes in this
laboratory extends from 42 to 400 parts per million, which
have fallen into four average groups: 42, 90, 150, and 250
parts per million.

To determine whether or not monochloroacetic acid is
decomposed in wine on long standing, three samples were
analyzed at various intervals of time. The results given in
Table I not only show that the acid is stable in wine, but
also check the accuracy of the method, since consistent
figures were obtained with varying amounts of sample.

Table Il contains some of the results of the analysis of
various wines and champagnes made during the course of the
work.

The total chlorine was determined by the official A. O. A. C.
method for chlorine in wines, by the addition of sodium car-
bonate and evaporation to dryness. Two hours or more are
required for the determination and Wilson has shown that
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monochloroacetic acid is completely hydrolyzed in that length
of time, according to the equation 2CHjCI.COOH +
NaZ 03+ |ID = 2CH2DH.COOH + 2NaCl + CO,. There-
fore the figure for total chlorine in the wine includes that
derived from any monochloroacetic acid present.

The chlorine due to monochloroacetic acid was determined
by Wilson's method and that due to the wine was found by
difference. The chlorine content due to the wine itself, as
shown in Table 11, is normal for the types of wine repre-
sented.
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A New Selective Reagent for Lithium

Application to the Rapid Volumetric Estimation of Lithium in the Presence
of Potassium and Sodium

LOCKIIART B. ROGERS1AND EARLE R. CALEY2

Frick Chemical Laboratory, Princeton University, Princeton, N. J.

L ITHIUM is quantitatively precipitated as a complex

periodate by a strongly alkaline potassium periodate
solution. Such a solution may be made the basis of selective
methods for the detection or determination of lithium, since
with proper adjustment of alkalinity the other alkali metals do
not form insoluble periodates. By systematic experiments
with a series of trial reagents it was found that a reagent of
the following composition gave the best results: potassium
hydroxide, 24 grams; potassium metaperiodate, 10 grams;
water, 100 ml.

The potassium hydroxide is first dissolved in the water,
and after the solution has become nearly cool the potassium
metaperiodate is dissolved. Simultaneous dissolution of
the two solids is not a satisfactory procedure, since slight
decomposition of the periodate then often occurs, apparently
as a consequence of heat developed by the dissolution of
the potassium hydroxide. The reagent undergoes slight
decomposition by the action of light and should preferably
be kept in a dark bottle. Because of its high alkalinity it
should be placed in a paraffined container unless all of it
is to be used within a very short time. When properly
prepared and bottled, this reagent is stable for at least a
month.

Qualitative Behavior

For delicate results in the detection of lithium, both the
volume of test solution and the volume of reagent must be
properly restricted. The test solution should be reduced
to a volume of 1 ml. or less, and an equal volume of reagent
should be added. With 1 ml. of each, 0.5 mg. of lithium
present as chloride yields a distinct precipitate in one minute
in the cold, and if the mixture is warmed to about 70° C.,
a distinct precipitate is produced by 0.1 mg. of lithium. The
delicacy of the test is but little reduced by the use of larger

*Present address, Department of Chemistry, Stanford University,

Calif.
* Present address, Wallace Laboratories, New Brunswick, N. J.

volumes of reagent up to 5 ml., but is greatly reduced by the
use of larger volumes of test solution.

As much as 50 mg. of sodium or ammonium, or 100 mg. of
potassium, present as chloride does not yield a precipitate
when the volume of test solution and reagent is each 1 ml.
The presence of potassium, sodium, or both does not reduce
the sensitivity of the test, but the presence of ammonium in
appreciable concentration does. For example, in the presence
of 50 mg. of ammonium no precipitate is produced when 1 ml.
of reagent is added to 1 ml. of test solution containing 0.5
mg. of lithium. For best results, therefore, ammonium
should be removed before testing for lithium with this re-
agent. Excess ammonium may be readily removed by
boiling the test solution with a slight excess of concentrated
potassium hydroxide solution, and the test may be made
directly on the boiled solution, since some potassium hy-
droxide in the test solution does not interfere with the lithium
reaction.

Because of the nature of the reagent, metals other than
alkali metals must obviously be absent. Common anions
such as chloride, nitrate, or sulfate do not interfere. More-
over, free strong or weak acids, when not present in high
concentration, do not interfere, though when such acids
are present some free iodine may be liberated on the first
addition of the reagent to the test solution, but this dis-
appears when the solution becomes basic. It is better in
practice, however, to neutralize any free acid with potassium
hydroxide solution before adding the reagent. Numerical
data on interference are given under the discussion of the
guantitative application of this reagent.

Properties and Composition of the Precipitate

The precipitate formed by this reagent is finely divided
but may be separated by filtration without much difficulty,
especially when the precipitation is performed slowly at
an elevated temperature. It is soluble in water, in acid
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Table |I. Analyses of Precipitates Formed by Addition
of Periodate Reagent to Solutions of Lithium Chloride

Average Lithium Average lodine  Atomic Ratio of

Preparation Content Content Lithium to lodine
% %
| 11.13 46.62 4.37
1 12.27 49.10 4.57
11 11.87 47.01 4.62
v 12.42 48.34 4.70

Key to preparations:
I. Precipitated cold and dried in air at room temperature.
Il.  Precipitated cold and dried at room temperature over PiOi.
I11. Precipitated hot and dried in air at room temperature.
IV. Precipitated hot and dried in air at 90° C.

solutions, or in weakly alkaline solutions. Only in strongly
alkaline solutions does it have a low solubility in agueous
media. However, when precipitated in and washed with a
strongly alkaline solution, considerable alkali is firmly re-
tained by the precipitation, probably in large part by ad-
sorption. Though but slightly soluble in the common
organic solvents miscible with water, most of these react
with it to an appreciable extent. Hence, it is difficult to
isolate this precipitate in a pure state for the purpose of
studying its composition. By precipitating a large enough
quantity and washing it sparingly with small portions of
distilled water, enough to provide samples for analysis may
be isolated.

Actually, in preparing the four samples for the analyses
shown in Table I, 200-mg. quantities of lithium were pre-
cipitated with 40 ml. of reagent. The precipitate separated
by filtration was transferred to a centrifuge, and washed
with 10 successive 5-ml. portions of distilled water. Lithium
was determined either gravimetrically as the sulfate or
volumetrically by the method described below. lodine was
determined by titration with standard arsenite solution after
adding potassium iodide to the properly prepared solutions
of the samples.

There are not only differences in the percentage composi-
tion of these samples, but no integral stoichiometric relation-
ship exists between the proportions of lithium and iodine.
The differences in composition are evidently due in part to
differences in the extent to which the samples were dried,
but all differences in composition cannot be ascribed to dif-
ferences in the method of drying. It is not unlikely that
some alteration of the original composition of the precipitates
occurred on washing them with water, and this may account
in part for the observed differences in composition. How-
ever, neither the method of drying nor the method of washing
can account for the lack of integral stoichiometric ratio be-
tween the proportions of lithium and iodine, since the same
lack of integral ratio was found to exist in precipitates which
had neither been washed with water nor dried. Moreover,
as indicated by Table | and as established definitely in the
development of the volumetric method described below, the
atomic ratio of lithium to iodine is lower in precipitates
formed at room temperature than in precipitates formed at
higher temperatures. Evidently, the precipitate produced
by this reagent is a mixture of lithium periodates and does
not consist of a single compound. However, as shown by
the quantitative studies described below, this mixture is
so constant in composition when formed under fixed con-
ditions that its lithium content may be accurately deter-
mined from a measurement of its iodine or periodate content.
The ratio of lithium to iodine in the precipitate is much more
variable after washing with water and drying than in the wet
precipitate separated from solution and washed with strong
alkali solution. Because of the difficulty of washing and
drying this precipitate and because of its uncertain composi-
tion when washed and dried, it apparently is useless for the

gravimetric determination of lithium. It may, however,
be made the basis of a rapid and satisfactory empirical method
for the volumetric estimation of this element.

Quantitative Application

By properly restricting the volume of the solution in
which lithium is to be determined and the volume of re-
agent used, quantities of lithium as small as 0.1 mg. may be
quantitatively precipitated, and for convenience in manipu-
lation 50 mg. is about the maximum amount that should
be precipitated, though somewhat greater amounts may
be precipitated and successfully determined. After precipi-
tating, filtering, and washing in the manner detailed in the
procedure, the precipitate is dissolved in dilute sulfuric
acid and the liberated periodate is determined by titration,
which may be done in several different ways. For example,
potassium iodide may be added to the acid solution, and
the liberated iodine may be determined by titration with a
standardized 0.1 N thiosulfate solution. Because of the
very large ratio between volume of thiosulfate solution and
weight of lithium in the precipitate, this method of titration
is unusually suitable for the determination of amounts of
lithium not exceeding 10 mg., but is not suitable for the
determination of larger amounts of lithium. For such
determinations it is better to buffer the acid solution of
the precipitate with an excess of borax or sodium bicarbonate,
add potassium iodide, and then titrate with a standardized
0.1 N sodium arsenite solution. The solution of the precipi-
tate may also be titrated with arsenite by adding the potas-
sium iodide first to the acid solution and afterward adding the
buffer. In this way the ratio of volume of titrating solution
to weight of lithium is as favorable as in a thiosulfate titration.
The validity of this variation in the usual method of titrating
periodate with arsenite solution was established by ap-
propriate experiments. Thus a single standardized arsenite
solution may be used for the titration of both large and
small amounts of lithium in the range in which this method
is applicable.

Tabre Il. Trial Determinations with Lithium Alone
Volume of 0.1040 N
Lithium Arsenite Solution Lithium
Present Required Found Error
Mg. ML Mo. Mo.
Cold Precipitation and Titration with Standard Arsenite Solution
0.5 0.25 0.4 -0.1
1.0 0.55 0.9 -0.1
5.0 3.00 5.0 ==0.0
10.0 6.02 9.9 -0.1
20.0 12.32 20.2 +0.2
25.0 15.26 25.0 =*=0.0
50.0 30.70 50.3 + 0.3
50.0 30.40 49.7 -0.3

Hot Precipitation and Titration with Standard Arsenite Solution

0.5 0.27 0 -0.1
1.0 0.55 0.9 -0.1
2.0 1.17 2.0 ==0.0
5.0 2.93 5.0 =*=0.0
10.0 5.93 10.1 +0.1
20.0 11.87 20.2 +0.2
25.0 14.84 25.3 +0.3
50.0 29.34 50.0 =t0.0

Tabie Il Trial Determinations with Lithium Alone
(Hot precipitation and titration with standard thiosulfate solution)

Volume of 0.1034 N

Lithium Thigsulfate Solu- Lithium

Present tion Required Found Error
Mo. MI. Mg. Mg.
0.1 0.12 0.05 -0.05
0.2 0.43 0.2 -=0.0
0.5 1.12 0.5 »*»0.0
1.0 2.34 1.0 =*=0.0
2.0 4.70 2.0 »*=0.0
5.0 11.85 5.0 =*=0.0
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Tabtu IV. Trial Determinations of Lithium in the Pres-
ence of Sodium

Volume Volume
of of Test Sodium Lithium Lithium
Reagent Solution Present Present Found Error
MI. MI. Mg. Mg. Mg. Mg
Cold Precipitation
1 1 50 0.5 0.3 -0.2
2 2 150 0.5 0.3 -0.2
1 1 50 5.0 5.2 +0.2
1 1 50 5.0 5.1 +0.1
5 1 50 5.0 5.0 *0.0
2 2 100 5.0 5.0 *0.0
3 3 150 5.0 5.0 *0.0
10 2 200 5.0 6.1 +1.1
5 1 50 50.0 49.7 -0.3
10 2 150 50.0 50.5 +0.5
Hot Precipitation
1 1 10 0.5 0.5 *0.0
2 2 30 0.5 0.5 *0.0
1 1 50 0.5 1.0 +0.5
1 1 10 5.0 4.9 -0.1
1 1 20 5.0 8.0 +3.0
2 2 20 5.0 4.9 -0.1
1 1 30 5.0 9.9 +4.9
2 2 30 5.0 4.9 -0.1
1 1 40 5.0 10.4 +5.4
5 1 50 5.0 4.9 -0.1
5 1 50 50.0 49.5 -0.5
2 2 100 5.0 25.0 +20.0
3 3 150 5.0 35.0 +30.0
Procedure

From the chloride, nitrate, perchlorate, or sulfate solution
containing not more than 50 mg. of lithium remove all metals
except those of the alkali group. Remove ammonium also, if
more than a few milligrams are present. Reduce the volume of
the solution to 2 ml., finally placing it in a beaker of not more
than 50-ml. capacity. Immerse the bottom half of the beaker
in a water batn maintained at 60° to 70° C., and after a few
minutes add the special periodate reagent dropwise with constant
swirling at a rate not exceeding one drop every 5 seconds until 2
ml. have been added. If a heavy precipitate forms add 3 ml. more
of reagent in the same way. If the precipitate is very heavy, as
shown by the formation of a mixture that does not flow freely,
add another 3 to 5ml. of reagent. Allow the precipitated solution
to digest at 60° to 70° C. for 20 minutes and then filter through a
Gooch crucible fitted with a moderately thick asbestos pad.
Wash the precipitate with 4 successive 2-ml. portions of 3to 5N
potassium hydroxide added slowly from a pipet. |f more than 20
mg. of sodium is present, precipitate, filter, and wash in the same
way but at room temperature. Transfer the pad and precipitate
to a 250-ml. beaker with the aid of distilled water, ana add 5-ml.
of N sulfuric acid in order to ensure complete solution of the pre-
cipitate.

Titrate the periodate in the solution by means of a standardized
sodium thiosulfate or arsenite solution. If thiosulfate is used
adjust the acidity, add potassium iodide, and titrate in the usual
way. If arsenite is used and the amount of lithium is relatively
high, add an excess of borax or sodium bicarbonate as a buffer
before adding the potassium iodide and titrating. |If the amount
of lithium is low, add the potassium iodide before the buffer and
then titrate. Standardize the titrating solution on a known
amount of lithium by exactly the same procedure as used in the
determination.

In Tables Il and IIl is shown the degree of accuracy
obtainable when this procedure is applied to pure lithium
chloride solutions. The results of Table Il are based upon
the results for the 50-mg. quantity taken as a standard. For
those of Table Ill, the 5-mg. quantity was taken as the
basis. Although the accuracy is not high, it is satisfactory
from the standpoint of practical analysis. The results in
these tables illustrate well the different volumes of the same
titrating solution required for a given quantity of lithium
when the precipitation is made at different temperatures, and
also the different volumes of arsenite and thiosulfate solution
required for a given quantity of lithium.

The results in Table 1V indicate the effect of sodium on
the accuracy of the determination. These results were
also obtained on chloride solutions. It is evident that when
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precipitation is done at room temperature interference occurs
only with the largest amounts of sodium that may possibly
be present, whereas at an elevated temperature interference
occurs with much smaller amounts of sodium. The reason
for this difference apparently is that a periodate containing
sodium precipitates out at the elevated temperature. When
more than a decigram or two of sodium is present it is ad-
visable to precipitate at room temperature. Precipitation
at an elevated temperature produces a precipitate that may
be filtered and washed more easily and rapidly, but, to
avoid gross errors, precipitation should always be made at
room temperature whenever doubt exists as to the amount
of sodium present.

As shown by Table V, considerable amounts of ammonium
lead to low results, apparently because ammonium in high
concentration increases the solubility of the lithium pre-
cipitate. However, relatively small amounts do not cause
an appreciable error. Table VI indicates that lithium may
be successfully determined by this method in the presence
of various substances, some of which will commonly be
present in the solution in which the lithium is to be deter-
mined when this solution is a filtrate from other determina-
tions or separations.

In spite of the empirical nature of the method lithium
may be successfully determined by its use in the presence
of sodium and certain other substances which ordinarily
interfere with the quantitative determination of this element.
As far as the authors are aware, this is the only method by
which lithium may be determined in the presence of sodium
with rapidity and satisfactory accuracy.

Table V. Trial Determinations of Lithium in THE
Presence of Ammonium
Volume Volume Am-
of of Test monium Lithium Lithium
Reagent Solution Present Present Found Error
M. MI. Mg. Mg. Mg. Mg.
1 1 50 5.0 4.8 -0.2»
3 1 50 5.0 5.1 +0.1»
2 2 100 5.0 4.8 -0.2»
3 3 150 5.0 3.7 -1.3¢
2 2 50 5.0 5.1 +0.10
3 1 50 5.0 4.0 -0.1b
5 1 50 5.0 5.0 +0 06
3 1 100 5.0 4.1 -0.9t

a Hot precipitation.
b Cold precipitation.

Table VI. Trial Determinations of Lithium in the
Presence of Various Substances
Volume Volume

Substance Added to of of Test Lithium Lithium
Test Solution Reagent Solution Present Found Error
MI. MI. Mg. Mg. Mg

0.05 ml. of iconcen-

trated HC1 3 1 10.0 10.1 +0,1
3 1 10.0 9.9 -0.1
0.1 ml. of 60% HC10< 3 1 10.0 10.0 +0.0
3 1 10.0 10.0 *0.0
1.0 gram of KNOi 9 3 10.0 9.9 -0.1
9 3 10.0 10.0 *0.0
0.3 gram of KjSO< 9 3 10.0 10.0 *0.0
9 3 10.0 10.0 *0.0
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The Rolling Ball Viscometer

ROBERT M. IIUBBARD1AND GEORGE GRANGER BROWN

University of Michigan, Ann Arbor, Mich.

A study of the system of the inclined tube and
rolling hall as applied to the measurement of vis-
cosity is described. Dimensional analysis was
used to derive general relations between the
variables involved and the simple calibration for
the rolling hall viscometer in the streamline region
of fluid flow. The coefficient of the calibration
equation may be calculated from the dimensions
of the instrument with the aid ofan experimentally
determined empirical factor. By using the equa-
tions given, the useful range of the rolling ball vis-
cometer may be predicted without experimental
calibration or an instrument may he designed for
measurements over any desired range of viscosity.
An empirical correlation is given which allows vis-
cosity to he estimated from data taken on the vis-
cometer in the turbulent region of fluid flow. The
effect of temperature changes on the viscometer
and its calibration is discussed.

OR many years the system of the inclined tube and rolling
ball has been used as an empirical instrument for vis-

cosity measurement without complete knowledge of the gen-

eral relations existing between the variables involved. The
instrument has been used because it is more easily adaptable
for measurements in enclosed systems. It has many advan-
tages, which may be listed as follows:

1 The apparatus can be extremely simple.

2. Only a small sample of material is required.

3. Visual observation in glass apparatus is possible even with
opaque liquids, since the ball is in contact with the tube at one
point.

4. The system possesses great flexibility, with the oppor-
tunity of changing one or more of the variables: tube diameter,
ball diameter, angle of inclination, ball density, and rolling dis-
tance of ball.

The use of the system of the inclined tube and rolling ball as a
viscometer was first suggested by Flowers (7) and was studied
by Horsey (8), who evolved by dimensional treatment the
manner of correlation of the variables involved. A calibration
first used by Hersey and Shore (9) consisted of a plot of the
equation

e— T-?7— -~ zJerri

Except at high rolling velocities this relation was linear, and
the line extended passed through the origin.

Sage (IS) described the use of the system in measuring the
viscosity of hydrocarbon solutions. He used a calibration of the
form

n=bz({E —p) )]

which may readily be derived from Equation 1. This relation
also departed from the linear function through the origin, but
only for viscous fluids and low rolling velocities.

Sage and Lacey (14) measured the viscosity of hydrocarbon
gases in a similar apparatus and worked in the turbulent region
of flow to a large extent. The value of constant bin Equation 2,
which represented the calibration in the streamline region only,
was obtained from observations on known liquids. Using other
fluids for the turbulent region, but still calculating viscosity bv
Equation 2, a viscosity-ratio correction factor obtained for each
fluid was plotted against a function proportional to Reynolds

' Present address, Koppera Co., Pittsburgh, Pcnna.

number. By use of this plot applicable to the one instrument
only, the viscosity of fluids flowing with turbulence was calculated
by the method of successive trials.

Block (5) has recently suggested the addition of a term con-
taining an empirically derived exponent to the calibration
Equation 1to effect agreement of the equation with experimental
results in the turbulent region.

Hoeppler (10) reported the results of experimental work on the
eccentric fall of large spheres in a tube inclined at an angle of
80°. In suggesting that this arrangement of the inclined tube
and rolling ball bo used as a viscometer, he too employed Equation
2 asacalibration. The commercial instrument bearing his name
uses a short, nearly vertical glass tube of large diameter (16 mm.)
and close fitting balls of either glass or steel.

No general study of the system of the inclined tube and
rolling ball has been reported. An experimental investiga-
tion of the system was therefore made on tubes from 6 to 10
mm. in diameter with balls of aluminum, steel, and brass
ranging in size from 85 per cent to the full tube diameter.
The general correlation obtained verified the viscometer
calibration, Equation 2, and in addition indicated a method
by which the unknown coefficient, b, could be calculated
from the dimensions of the apparatus with the aid of an
empirical correlation.

Nomenclature

b, ¢ — proportionality constants

C = coefficient, defined by Equation 15

d — diameter of ball, cm.

= diameter of tube, cm.

resistance factor = /£/(/i2p u2, dimensionless

resistance factor at critical velocity

force, gram cm. per second2

= acceleration of gravity =980 cm. per second2

= equivalent diameter ofannular space between ball and
tube, defined by Equation 7, cm.

correlation factor, dimensionless

length, a fundamental dimension, cm.

mass, a fundamental dimension, grams

driving force on ball or resistance of fluid to motion of ball,
defined by Equation 8, gram. cm. per second2

Re = Reynolds number = (h u p)/tx, dimensionless

Rec = Reynolds number at critical velocity

SO
Inun
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t — temperature, OC.

T —time, a fundamental dimension, seconds

u = average fluid velocity through annular space between
ball and tube, cm. per second

V = terminal rolling velocity of ball, cm. per second

z = time of rolL seconds

at = linear coefficient of thermal expansion of ball material,
per ° C.

at = coefficient of expansion of tube, per ° C.

fi = coefficient in Equation 1

5 = prefix indicating derivative

A = increment of change of variable

0 = angle of inclination of tube to the horizontal

n = viscosity of fluid, grams per cm. persecond

po = viscosity of fluid calculated whenEquation 14 is used in
the turbulent region, gram per cm. per second

ir =31416

p = density of fluid, grams per cc.

p, = density of ball, grams per cc.

0 = symbol for “is function of”

0 = subscript denoting value at temperature of calibration of

viscometer

Dimensional Analysis

There are seven variables to be considered in the analysis
of the rolling ball viscometer. In addition to the funda-
mental units—length, L; mass, M; and time, T—force,
F = MLT~Z is considered a unit of its own kind. This can



March 15, 1943

be done because the system is in equilibrium and in un-
aceelerated motion, and no use is made of the fact that where
there happens to be accelerated motion, force is equal to mass
times acceleration. The seven variables with symbols and
dimensions are:

Variable Symbol Dimension
Diameter of tube D L
Diameter of ball d L
Velocity of motion \% LT-i
Density of ball pe ML-a
Density of fluid p ML~*
Viscosity of fluid FL~*T
Acceleration of gravity 0 FM~1

The dimensional formula of viscosity is obtained directly
from its definition of force per unit area per unit velocity
gradient. The intensity of gravity is taken with the dimen-
sions FM ~1| because the equations of motion in this case will
not use the accelerating aspect of gravitational motion but
only the intensity of the force exerted by gravity upon unit
mass. Because of the inclination of the tube at the angle
0 to the horizontal, the effective acceleration of gravity is
g sine 0.

There are seven variables and four kinds of units; there-
fore three dimensionless products or groups of variables
must be found. Two of these groups, the ratios d/D and
p,/p, may be written immediately by inspection. The third
dimensionless product, obtained by the method of Bridg-
man ((?), includes five variables in the form V" d2pg
sine 0. The final general relation is

*(V i~1d2p gsine 0) =0
The velocity of the ball rolling down an inclined tube is

given by the equation

c92pgsine 0

The viscosity of the fluid is expressed as a function of all
the variables by the relation

_d2Pgsmee ,Jp.\
m= ¢ —y-—"\-p)*\ d) ®)

Figure 1.

Experimental Apparatus, Rolling Ball in Inclined Tube
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The solution of the entire problem is obtained if the un-
known functions are evaluated.

The resistance to the motion of the ball is developed by
the fluid in being accelerated and decelerated in passing
through the constriction between the ball and tube. The
average fluid velocity through this space is related to the
ball velocity by the equation

D2- d2

The linear dimension commonly employed in hydraulics
for noncircular channels is the equivalent diameter, equal
to four times the hydraulic radius, which is defined as the
cross-sectional area of the channel divided by the wetted
perimeter. In this system the equivalent diameter of the
crescent-shaped space is theoretically

m D2—d2

ax @O +d P

The dimensional analysis can be simplified by combining
the factors d, p,, p, and o into a force term, the driving force
on the ball, equal to the resisting force of the fluid since the
ball rolls with unaccelerated motion. This term is repre-
sented by the equation

5 . .ird3 .
R = ygsinee -g- (p. - p)

The coefficient 5/7 is that fraction of the effective force of
gravity that causes translational motion of the rolling sphere.

In the dimensional treatment of a similar problem, Aw-
berry and Griffiths (1) included Reynolds number as one of
the dimensionless products. In a second application of
dimensional analysis to the present system, the variables
used are;

Dimension

MLT-*
L

ML -»
ML-iT-i
LT-i

Variable

Driving force® R
Equivalent diameter h
Density of fluid p
Viscosity of fluid )
Velocity of fluid u

There are now five variables and three
kinds of fundamental units; therefore two
dimensionless products must be found. If
the Reynolds number, (h u p)/h, is assumed
to be one dimensionless product, the other
is shown to be R/(h2p u2, which group will
now be called the resistance factor. A
general relation having only one unknown
function and whose terms are capable of
evaluation by experiment is written

Apparatus and Experimental
Methods

In order to evaluate the functions of
Equations 5 and 9, experimental equipment
designed to permit variation of all factors
was constructed.

The apparatus consisted of a precision-bore
glass tube (procured from the Fish-Schurman
Corp., New York, N. Y., and also available from
the Fischer and Porter Co., Hatboro, Penna.)
in an isothermal water bath and an auto-
matic photoelectricedevice for recording the
time required for a rolling ball to traverse a
known distance in the tube. A photograph
of a tube in its bath is shown in Figure 1
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rolling velocity from 05 to 1
Table |I. Summary of Experimental Conditions and Results percentwasobtalnedon me_as-
No. of R . critical urements made under similar
0. O ange O ritica iti H H
Tube Ball Diameter Experimental Reynolds Reynolds Correlation Factor, K conditions at different times.
Tube Diameter Diameter Ratio Points No. No. Calculated Graphical
Cm. Cm. Experimental Results
I 0.5994 0.5951 0.9928 38 0.31-18.0 6.22 X 10-'
0.5937 0.9905 45 0.43-32.6 1.16 X 10-* iti i
0.5801 0.9778 37 1.8-135 21.5 7.13 X 10-* Thg conditions used in the
0.5785 0.9650 38 5.1-236 18.0 2.00 X 10—« experimental work more than
0.5709 0.9523 21 35-330 (15.5) 4.00 X io->
0.5556 0.9269 107 8.2-511 13.0 1.06 X 10-* covered the useful range for
0.5144 0.8581 37 32-505 (9.8) 4.17 X 10-* viscosity measurement. The
1 0.6485 0.5951 0.9177 33 20-270 (12.0) 1.54 X 10-* i i i
0.5785 0.8921 33 30-344 (11.0) 2.78 X 10-* streamllne_ reglon of f'%“d
0.5556 0.8568 99 15-448 (10.0) 4.60 X 10-* flow, which is the region
i 0.8014 0.7950 0.9921 23 0.97-13.1 6.84 X 10-» having characteristics suit-
0.7938 0.9905 61 1.03-65 1.02 X 10« ble f - .
0.7525 0.9390 62 0.036-705 13.0 7.36 X 10-« able for viscosity measure-
0.7144 0.8914 237 0.0046-806 10.6 2.62 X 10-« ment, was covered over its
v 0.9997 0.9906 0.9909 51 1.5-122 35.0 1.13 X 10—«
0.9830 0.9832 20 18-263 24.0 3.94 X 10-« most  useful _range. The
0.9754  0.9756 40 12-406 20.0 7.15 X 10-» turbulent region of flow,
0.9677 0.9680 21 63-537 (18.5) 1.59 X 10-*
0.9525  0.9527 109 13-916 175 465 X 10-* often used but not as
0.9112 0.9115 31 60-936 (11.5) 1.67 X 10-* i i
0.8731 0.8734 44 38-383 (10.0) 3.45 X 10-* advantageous for viscosity
) ) ) measurement, was also
Values in parentheses obtained by extrapolation.
covered.
The turbulent region was
) characterized by a deviation
Light from two lamps was focused onto the upper surface near from therelations existing in the streamline region of flow.

the ends of the glass tube. Light passing through the tube was
conducted through quartz tubes to two gas-filled photoelectric
cells. These cells were part of circuits which, through sensitive
relays, controlled an electric chronoscope. When the light to the
first photocell was interrupted by a ball rolling down the inclined
tube, time measurement by the chronoscope was started. Simi-
larly, the ball stopped the time measurement in passing through
the second light beam.

The inclination of the tube and the distance traversed by the
balls were measured with a cathetometer. The roll distance
between the light beams was measured as the distance between
the positions of stationary balls placed in each light beam at the
point at which they just caused the relays to operate the chrono-
scope. The inclination of the tube was varied from 4° to 25°
from the horizontal. The distance between the light beams was
about 17 cm.

The glass tube was carefully cleaned before use. Water main-
tained at a constant temperature was circulated through the
jacket by a pump. After the water jacket attained the desired
temperature, the tube and reservoir at its lower end were filled
with the liquid used. At each inclination about ten balls of each
size and material were introduced into the open end and succes-
sively rolled down the tube. The balls were removed from the
receiver at the lower end of the tube, the tube was refilled, and
the procedure was repeated at another inclination. The roll
velocity was calculated from the known distance and the average
of the values of roll time.

Four Jena KPG glass tubes were used in this work. Their
inside diameters were measured with plug gages. Seventeen
different ball sizes were used. Steel balls are manufactured to a
high degree of precision and were assumed to be their nominal
diameter. Close fitting aluminum balls were specially measured
by the manufacturer (Hoover Ball and Bearing Co., Ann Arbor,
Mich.). Table | gives the diameter of the tubes and balls used.

Sixteen fluids were used. Except for air. water, ethyl alcohol,
and solutions of ethanol and sucrose, which are accepted as
standards for viscometer calibration, the viscosity of the fluids
was measured in Bingham (5) or Ostwald capillary tube vis-
cometers. The density of all fluids was measured experimentally.
The viscosity of the fluids varied from about 0.23 to 144 centi-
poises, the density from 0.62 to 1.61 grams per cc. The measure-
ments were made to an estimated precision as follows:

Tube diameter 0.08 per cent
Ball diameter 0.01 to 0.05 per cent
Ball density 0.03 per cent
Fluid density 0.02 per cent
Roll distance 0.1 per cent
Roll time 0.2 percent
Inclination of tube 0.05 to 0.1 percent

The major source of error was the change in viscosity of the
fluid with slight changes in temperature, caused by contact of
the fluid with the rolling balls. Most of the work was conducted
at room temperature. At other temperatures the balls were
brought to operating temperature in a separate container jacketed
with the circulating water. An over-all precision in calculated

The deviation isprobably due to the inertia of the fluid, to
the formation of eddy currents in the flowing fluid, or to a
combination ofthese causes. Block (5) has expressed the
opinion thatinertia andnot turbulence accounts for the
deviation. No attempt was made in this work to determine
the causes and only an empirical correlation was obtained.

TUBE | hi
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DIAMETER RATIO — d'D

Critical Reynolds Number for Rolling Ball
Viscometer

Figure 3.

The observed motion of the ball was fundamentally a steady-
rolling motion at constant velocity. Block (4) observed and
measured the extent of sliding motion in combination with
rolling in more viscous fluids at angles above 13°. Sliding
was observed in this work with viscous oils at higher inclina-
tions. With the least viscous fluids sliding was not apparent.
The critical velocity at which the fluid flow changed from
streamline to turbulent could not be determined by direct
observation of the rolling balls. To a large extent the motion
of the ball in both the streamline and turbulent regions was
uniform and the data were reproducible. The limit of use-
fulness of the viscometer was reached before the motion of
the ball became visibly irregular.

The experimental data were grouped according to ball and
tube size or ratio of diameter of ball to diameter of tube,
d/D. For each combination the values of Reynolds number
and the resistance factor were calculated and plotted on
logarithmic coordinate paper. The twenty-one plots ob-
tained were similar in every respect to the fluid friction plot
for flow through pipe. Two representative curves are shown
in Figure 2.

In the region of streamline flow the experimental data fell
on a straight line of slope —1 (upper curve of Figure 2). The
turbulent region was represented by a smooth concave curve
as shown by the lower curve. Within the limits of the
experimental data all curves had the same shape. Re-
gardless of the values of ball and tube diameter, the location
of the curve on the coordinate system was dependent only
on the ratio d/D.

For streamline flow the equation of the straight line
through the plotted data was expressed as

hu!

R
0 hopu2 log + log (10)

which became Equation 11.
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R
A2pul Khup an

After substituting the values of the equivalent diameter,
h, and the driving force, R, given by Equations 7 and 8,
respectively, Equation 11 was written

5ir Fd*pgsine6p, —p d
M~ 42 u p ) -d 12)
By expressing the fluid velocity in terms of the ball velocity,
V, the above relation became

5t 1. dlpgsine Op, —p D + d
"o 42k —— Ve P T~ s
Equation 13 is dimensionally correct and similar to Equa-
tion 5. The correlation factor, K, must be included with the
term (D + d)/d as a part of the function < since it is shown
to be a function of the ratio d/D.
When D, d, 0, and K are constant, Equation 13 reduces to

=C*- (14)
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Figure 4. Correlation for Rolling Ball Viscometer
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Table Il. cCalculations from Data of Hoeppler (10)
. Diameter Ball Driving Roll Fluid Resistance Reynolds Correlation
) / Radl_us of TubeN\* “patio, Diameter, Force, Reciprocal Velocity, Velocity, Factor, Number, Factor,
Fluid N\Radius of Ball/ d/D d R Velocity \Y u / Re K
Cm. Cm. Om. cm./sec.* Sec./cm. Cm./sec. Cm./sec.
Air» 1.002 0.9990 1.5984 11.46 X 10» 0.2 100.2 3.84 X 10 1.07 2.4 X 10-*
Castor oil*» 1.016 0.9921 1.5874 9.844 X 10» 1810 0.000552 0.0345 5.39 X 100 4.54 X 10-» 4.1 X 10
1.06 0.9713 1.5541 9.235 54.7 0.01828 0.305 4.90 X 107 1.46 X 10"» 1.4 X 10“6
110 0.9535 1.5256 8.736 20.01 0.0500 0.500 C.60 X 10« 3.87 X 10-* 3.9 X 10
1.14 0.9366 1.4986 8.280 9.92 0.1008 0.720 1.62 X 10« 7.50 X 10-* 8.3 x 10~
122 0.9054 1.4486 7.479 3.77 0.2653 1.205 2.34 X 106 1.90 X 10-* 2.3 X 10~—<
1.31 0.8737 1.3979 6.722 1.96 0.5102 1.644 6.34 X 10« 3.46 X 10-* 4.6 X 10—«

a Tube: diameter = 1.600 cm. assumed; inclination * 80°; sine 0 « 0.9848. Ball: steel; p, - 7.77.

0.0012; p, — p - 7.769.
Tube: diameter « 1.600 cm. assumed; inclination
0.960 (assumed); p» — p *= 6.815.

which is equivalent to Equation 2, most general'}' used to
calculate viscosity from experimentally determined values
of roll time or velocity.

Values of K were calculated from the experimental data
by the method of least squares for 8 out of the 21 cases. For
the remaining cases K was determined by inspection of the
data. Since all the curves had the same shape, they could
be superimposed by transposition. An aid to this process
was a template made in the form of an average curve in the
turbulent region and placed in proper relation to the straight
line in the streamline region with a definite critical Reynolds
number indicated at the intersection of the line and the curve.
This template was superimposed on each of the plots and
fitted to the experimental data in the most favorable manner.
Values of the critical Reynolds number, Reg and the corre-
sponding critical resistance factor, f¢ were read from the plot.
The curve drawn through the data of the lower curve in
Figure 2 shows the position of the template on this plot.

Values of the correlation factor, K, and the critical Reyn-
olds number, Reg are given in Table | for each ball and tube
combination. Most weight must be given to the calculated
values of K, but many of the graphical values are based
on enough points in the streamline region to assume almost
equal weight. Figure 3 shows the critical Reynolds number
and Figure 4 the correlation factor plotted as functions of the
diameter ratio.

The value of constant C of Equation 14 can be calculated
from the dimensions of the apparatus and the corresponding
value of K from Figure 4 by the relation

C = K gsine Bd(D + d) (15)

For experimental determination of viscosity, however,
it is recommended that the value of C be determined by ex-
periment with fluids of known viscosity and density.

Equation 14 is the valid calibration for the rolling ball vis-
cometer only in the streamline region of fluid flow. This
region is defined as having a Reynolds number, (h u p)//x,
smaller than the critical value given in Figure 3. In practice
the condition of flow is checked by showing that the resistance
factor is greater than the corresponding critical resistance
factor. The opposite limit of the streamline region was
estimated to have a resistance factor of about ten million.

For any resistance factor smaller than the value corre-
sponding to the critical Reynolds number, there are values
of Reynolds number (h u p)/ji and (h u p)/nQ which re-
spectively represent the abscissas of the curve and the
straight line of Equation 10 extended beyond the critical
Reynolds number. A ratio of these values is equal to n/nQ
which is the ratio of the true viscosity to that calculated from
the calibration of the instrument in the streamline region.
For each experimental point known to lie in the turbulent
region, this ratio and the ratio of the resistance factor to the

* 80°; sine 0 = 0.9848. Ball: steel; p* =* 7.775.

Fluid: air at 20.0° C.; n = 1.81 X 10“« p «

Fluid: castor oil at 20.0° C.; n =9.204: p ™

critical resistance factor were calculated. The plotted points
with a curve drawn through them are shown in Figure 5.
The scattering of the points is not unusual in this transition
zone between the regions of streamline and turbulent flow.

The curve of Figure 5 is drawn through points obtained
for relatively close fitting balls and is a general correlation
from which viscosity may be calculated from data taken with
the rolling ball viscometer in the turbulent region of flow.
The diameter ratio will be known. The viscometer will have
been calibrated in the streamline region with known fluids,
or the value of the correlation factor may be read from Figure
4. The value of the critical Reynolds number may be read
from Figure 3. The corresponding critical resistance factor
is then calculated by substituting these values in Equation 11.
Corresponding values of the resistance factor, /, and the
Reynolds number, Re, may be calculated from the experi-
mental roll velocity and the known driving force by means of
Equation 11. If the resistance factor, /, is smaller than the
critical resistance factor, f¢ the data were taken in the tur-
bulent region of flow. Nevertheless the viscosity, no, is
calculated from Equation 14. Corresponding to the ratio of
the resistance factors f/fc the ratio of the true viscosity to
the viscosity just calculated is read from Figure 5.

The experimental work done in the turbulent region was
very extensive and reached the point at which the rolling
motion of the ball ceased to be uniform. The absolute limit
of applicability of the instrument as a viscometer is a Reyn-
olds number of about 800. Since the instrument loses its
sensitivity in the turbulent region, its use isnot recommended
when ratio f/fcis less than 0.25.

0.9

08

0.7

06

0.5

ol 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
f/fc

Figure 5. Correction for Rolling Ball Viscometer in

Region of Turbulent Flow
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pTT > ElTect of Temperature Changes

XXX X The effect of temperature changes on the rolling ball

coio o viscometer is appreciable when high temperatures are em-

cot-ci ployed or when materials with high coefficients of thermal
expansion are used. The effect is greater if the ball and tube

o are of different material and when the ratio of diameters

o approaches unity.
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When the rolling ball viscometer is used at a temperature
other than that at which it was calibrated, the density of the
fluid at the temperature used must be known. The value
of factor C of Equation 14 will change as the operating tem-
perature is changed, and the direction and magnitude of the
change may be calculated from a knowledge of the average
linear coefficients of expansion of the tube and ball materials.
The general calibrating equation is written in the form

t —
m= a2 gsine9p PKdD + d) (16)

Temperature changes have an effect only on the terms
p,, K, and d(D + d). The coefficient of the calibrating
equation must be estimated at each temperature and is
the product of the numerical factor and the variable terms of
the above equation.

Effect on Tube. The increase in length and diameter
of the tube is calculated from the dimensions and average
linear coefficient of expansion of the tube material. The
rolling velocity is obviously the calculated length of tube
divided by the observed roll time.

Effect on Ball. An increase in temperature increases
the diameter and decreases the density of the ball. The
change in ball density is given by the relation

— I AL

Ap. P
P 1 4-3a6A( °

17)

The term (p, - p) in Equation 16 is mainly affected by the
change in fluid density.

Effect on Diameter Ratio. If the ball and tube are
made of the same material there is no change in the ratio
of diameters and no change in the value of the correlation
factor, K, when the temperature is increased. A change
in the ratio of diameters causes a change in the value of the
correlation factor which depends on the value of d/D and
the rate of change of K with d/D. This rate is shown graphi-
cally in Figure 6. The change in the diameter ratio with
temperature is estimated from the individual coefficients of
expansion and the relation shown in Equation 18.



218 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 15, No. 3

d _ (at-a,) At/d\
AD ~ 1+ a, At\Dj. (18)

The rate of change of K from Figure 6 is then multiplied
by the change in d/D from the equation above to obtain
the estimated change in the correlation factor.

Effect on Diameter Product. The linear dimensions
of the apparatus combine in the term d{D + d) to affect the

calibration when the temperature is changed. A general
expression for the change in this term is
A[dD 4" d)] — [(A, "-2d9 ab ~' Do a&] dOAt 19

If the ball and tube are made of the same material the co-
efficient of the calibrating equation still changes because of
the change in the value of this diameter product.

Comparison with Data in the Literature

Apparently the work of Hoeppler (10) was done on appara-
tus almost identical with the instrument now marketed
under his name. Although he failed to give the diameter of
tube and balls, other details, including the ratio of the radius
of the tube to radius of ball, were given. In describing the
commercial instrument Knop (12) gave the diameter as
15985 cm. and Schrader (IB) gave 1.5987 cm. Using the
data of Hoeppler on air and castor oil, the values of the
resistance factor and Reynolds number were calculated for
seven ball sizes. The correlation factor, K, was calculated
from the single values for each condition. The detailed
calculations are given in Table Il and the calculated values
of K are plotted on Figure 4.

Four out of six values of K calculated from these data
check the present work, and the remaining two values are
within about 40 per cent of the corresponding values read from
the curve. Hoeppler’s instrument was almost twice as large
in diameter and inclined at an angle of 80° from the horizon-
tal. Since sliding motion of the balls was probably more
pronounced with this instrument, the agreement of these
data with the present work is unexpectedly good. The
values of Reynolds number limiting the streamline region
cannot be applied to this instrument.

Benning and Markwood (2) used a modified Hoeppler
instrument to measure the viscosity of gases and liquids.
They derived a calibration equation for the ball and tube
combination used on gases from an interpolated value of
roll time in air at 20° C. Measurements in air were made at
temperatures from 1.4° to 79.5° C., and the viscosity was
calculated from the experimental values. The calculated
viscosity did not check the critical values (11) for air and the
deviation from the critical values was greater than the normal
dispersion of data for air. Using the original data and the
viscosity of air from International Critical Tables, the correla-
tion factor, K, was calculated at seven temperatures. There
was a definite trend of the values with changing temperature.

Apparently the ball used in this work was of glass. If it is
assumed that the ball and tube material were the same, the
diameter ratio and correlation factor would not change with
temperature. The increase in diameter product in the tem-
perature range used was small and did not account for the
change indicated. It is concluded that the ball and tube
were not made of material having the same coefficient of
thermal expansion.

The ball and tube combination used on liquids and vapors
was calibrated with water and two other known liquids at
temperatures from 0° to 60° C. A definite trend in the
calculated correlation factor was not evident, but in this
case the diameter ratio was smaller and the apparatus was
not so sensitive to temperature changes. The calculated

values agree well with themselves but are 40 per cent smaller
than the values found in the present work. The detailed
calculations on the data of Benning and Markwood are given
in Table |11 and the values of the correlation factor calculated
from their data are plotted in Figure 4.

Sp6e (16) described experimental measurements of the fluid
velocity required to suspend spheres in inclined tapered
glass tubes. The full effective force of gravity was used in
maintaining the position of the ball against the flowing fluid.
In four cases of streamline flow values of the resistance factor,
Reynolds number, and correlation factor were calculated.
The detailed calculations are given in Table I11.  The points
plotted on Figure 4 agree with the present work in two out
of four cases, but the other values are of the right order of
magnitude.

Summary

By the use of dimensional analysis, the variables involved
in the calibration of the rolling ball viscometer have been
combined in the Reynolds number containing the variable
viscosity and a resistance factor proportional to the driving
force on the ball. A general equation showing the relation
between all variables was obtained from a correlation of these
factors.

The usual calibration of the instrument in the streamline
region of fluid flow was readily obtained from the general
equation. The coefficient of this viscometer calibration can
now be predicted from the dimensions of the instrument.

When data are taken with the rolling ball viscometer in the
turbulent region of flow, the true viscosity can be estimated
by applying an empirical correction to the viscosity cal-
culated from the calibration valid only for the streamline
region of flow.

A study of the effect of a change in operating temperature
on the calibration has been made for the first time. The
effect of temperature is appreciable when the coefficients of
expansion are different, when temperature changes are
large, and when close-fitting balls are used.

Because of the greater sensitivity to viscosity in the
streamline region of fluid flow, best results as a viscometer
are obtained when the instrument is used in this region. The
relations presented have practical value in allowing the vis-
cometer to be designed for a specific purpose or in allowing
its range in the more applicable streamline region to be
determined. A study of the variables involved will indicate
the best design which should result in experimental measure-
ments of greater reliability.
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An Electrically Heated Melting Point Apparatus

EDWIN DOWZARD and MICHAEL RUSSO
The New York Quinine and Chemical Works, Inc., Brooklyn, N. Y.

AN ELECTRICALLY heated melting point apparatus
JN\ _ with which it is possible to determine the melting
point of substances in strict accordance with the heating
rates prescribed by the United States Pharmacopoeia (1) is
described. The relative simplicity and ease of operation
make the apparatus very satisfactory for routine laboratory
testing where a high degree of reliability is essential.

Figure 1. M elting Point Apparatus

The volume of the bath used, 450 ml., while appreciably
larger than those ordinarily employed for melting point
determinations, is of the minimum size consistent with close
temperature control. Most textbooks do not sufficiently
emphasize the necessity for decreasing the rate of rise in
temperature to 0.5° C. per minute at a point 3° or 4° below
the supposed melting point of the material being tested. The
authors feel that this is a serious oversight, for, unless this is
done, high results are almost always obtained.

Because of the nature of the bath used, the apparatus
should not be heated above 280° C. |If it is to be used at
higher temperatures, an adequate quantity of potassium
sulfate or other suitable salt should first be dissolved in the
sulfuric acid.

219

Apparatus

A thin-walled, three-necked (16, 19, and 16 mm. in inside
diameter) Woulff bottle (Figure 1), approximately 75 mm. in
diameter and 130 mm. high (to shoulder), is wound with seven
turns of Nichrome ribbon having a resistance of 1.656 ohms per
foot (1.5 X 0.125 mm.), the first and last turns being anchored
by means of two metal bands, 0.6 mm. thick and 6 mm. wide,
passing entirely around the bottle. To prevent the short-
circuiting of a portion of the ribbon, a thin sheet of asbestos is
interposed between the metal surfaces wherever the wire passes
beneath the metal bands. (The bottle .is specially blown by
The Emil Greiner Co., New York, N. Y. The lower part con-
sists of a 500-cc. tall-form Pyrex beaker. The upper part is
made by cutting down a second beaker, to the bottom of which
are attached the three necks. The two parts are then fused to-
gether.)

The bottle, thus wound, is set into a Pyrex battery jar (stand-
ard Pyrex battery jar, 116 X 225 mm. cut down to size) ap-
proximately 116 X 140 mm., and is held in place by a layer of
asbestos fiber 20 mm. thick having a central depression about
10 mm. deep in which the bottle rests. This asbestos layer may
be prepared by moistening long asbestos fiber with water, mold-
ing into shape, and then drying slowly at a moderate tempera-
ture.

The position of the bottle is so adjusted that the three necks
lie in a direct line with the observer. An Anschutz thermome-
ter of appropriate range is placed in the opening nearest the
observer and held by means of a molded asbestos stopper. The
hole in the stopper is cut slightly elliptical, so that both the
thermometer and melting point capillary may be passed through
it. A short section of rubber tubing serves to hold the capillary
in place as well as to prevent the thermometer from falling into
the bottle.

In order to assure atmospheric pressure in the bottle and at
the same time prevent the escape of sulfur trioxide fumes due to
the gradual decomposition of sulfuric acid at the higher tempera-
tures, a “breather” consisting of a loose roll of thin asbestos
sheeting is set in the opening farthest from the observer. A

Figure 2. Melting Point Apparatus
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small motor-driven stirrer, fitted with a mercury seal, completes
the setup.

The electrical input to the heating coil is controlled by means
of a variable-voltage transformer—similar to the “Voltrol”,
Type T 1404—having a capacity of at least 6 amperes at 110
volts. The current is measured by an ammeter having a range
of O to 6 amperes in 0.2-ampere divisions.

After using, the apparatus may be cooled quickly by blowing
a current of air through the space between the bottle and the jar.
Figure 2 shows the arrangement used by the authors, the air
being distributed by means of a perforated brass ring made of
6.25-mm. tubing, set on the asbestos layer.

Calibration

No claim is made for the originality of this method. Credit,
however, is given to Leo A. Flexser as the first to employ the
method in this laboratory.

Having assembled the apparatus as indicated above, 450 ml.
of sulfuric acid (specific gravity 1.84) are introduced and the speed
of the stirrer is adjusted to a rate sufficiently high to assure
effective distribution of heat. A current is then made to flow
through the heating, coil by closing the circuit, and is then ad-
justed to a definite value by applying the necessary potential
across the unit by means of a variable voltage transformer. The
temperature of the acid is noted periodically by means of a ther-
mometer having a range from 0° to 300° C. In this work the
authors found it best to make runs between 1.5 and 6 amperes in
0.5-ampere steps.

The temperatures so recorded are plotted as shown in Figure 3,
and the point at which the slope of each curve is 0.5 and 3 (cor-
responding to a temperature rise of 0.5 and 3° C. per minute)
is approximated graphically. This may easily be done by cut-
ting two small right triangles, from a file card or other similar
paper, having side ratios of 0.5 and 3. To determine the tempera-
ture at which a given amperage will give the desired heating
rate, the base of the triangle is set horizontally and the triangle

is moved along the curve under consideration until a reasonably
good fit is found. The temperature line intersecting the mid-
point of the hypotenuse of the triangle is the value sought. This
procedure is repeated, with both triangles, on all curves. The
temperatures so noted are then plotted against the corresponding
amperage as shown in Figure 4.

The amperage required to give a temperature rise of 0.5°
and 3° C. per minute at various temperatures is then read from
the respective curves (Figure 4) and the results are tabulated as
shown in Table I.

Table |I. Amperes Required to Give Indicated Heating
R ate at Various Temperatures
Temperature 3“ C. per minute 0.5° C. perm
* C. Amperes Amperes
50 2.8 1.4
60 2.9 1.5
70 3.0 1.6
80 3.1 1.7
90 3.2 1.8
100 3.3 2.0
110 3.4 2.1
120 3.5 2.2
130 3.6 2.3
140 3.7 2.4
150 3.8 2.6
160 3.9 2.7
170 4.0 2.8
180 4.1 2.9
190 4.2 3.1
200 4.3 3.2
210 4.4 3.3
220 4.4 3.4
230 4.5 3.5
240 4.6 3.7
250 4.7 3.8
260 4.8 3.9
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Operation

After calibration, the apparatus is ready for use. The speed
of the stirrer is adjusted to such a value that thorough mixing of
the bath is assured without undue agitation. The capillary
tube containing the material, the melting point of which is to be
determined, is attached at its uppermost end to an Anschutz
thermometer of appropriate range. The thermometer and
capillary are then inserted in the asbestos stopper previously
described, and put into the bath in such a position that both
the material being tested and the thermometer graduations
within the suspected melting point range are clearly visible.

The initial current to be used will depend upon the melting

ANALYTICAL EDITION 221

oint of the substance, as much as 6 amperes being used for the
igher temperatures. The temperature of the bath is raised
rapidly to a point approximately 30° C. below the supposed
melting point of the material. At this point the amperage is
reduced to the value required for a temperature rise of 3° per
minute. This heating rate is continued until the substance
softens. The amperage is then further reduced to the value
required for a temperature rise of 0.5° per minute, which rate is
maintained until the substance melts.

Literature Cited
(1) U. S. Pharmacopoeia X1, Class | Material, p. 596, 1942.

Simplified Cell Unit for Internal Electrolysis

ROBERT P. YECK AND O. C. ZISCHKAU
American Smelting and Refining Company, Central Research Laboratory, Barber, N. J.

| N ORDER to follow the bismuth content of lead in certain

processing operations, it is necessary to have a rapid, ac-
curate method of determination. The oxychloride and other
older methods sacrifice accuracy for speed. The internal
electrolysis method described by Clarke, Wooten, and Luke
(1) appeared to hold promise, but because duplication of the
apparatus recommended proved difficult, the authors con-
structed a simplified cell unit from laboratory stock parts.
This unit provides greater compactness and convenience of
operation at a fraction of the cost of construction. The
methods employed were those recommended by Clarke, Woo-
ten, and Luke (2).

The design illustrated is assembled entirely from inex-
pensive stock items. The only section not found in any labo-
ratory stock room is the hard-rubber base plate, which pre-
sents no construction difficulties. The air stirrer shown in
the illustrations not only is economical, but eliminates a
source of accidental error through contamination of the elec-

trolyte during electrolysis, by copper salts from the electric
motor. It also permits more compact assembly of the unit. 3

The cell consists of a hard-rubber or similar electrode support
with three hard-rubber binding posts connected together on the
upper side with a thin copper strip. Other parts of the cell-
flushing tubes, anodes and shells, and the cathode—are attached
to the hard-rubber base, which rests on the rim of a beaker during
electrolysis with anodes and cathode suspended from it into the
electrolyte. At completion of deposition, the unit is disconnected
from the anolyte reservoir by one rubber tube connection, and
lifted from the electrolyte with simultaneous flushing of the
cathode. The continuance of the e. m. f. prevents resolution.

Figure 1 shows details of the anode construction. The flushing
tubes serve as the anode cores, and the method by which the
anodes are supported by the flushing tubes and rubber tubing
above the plate should be noted. The binding posts are attached
by tapped holes, but do not continue through to the under side.
It is important to have no metals exposed on the under side. This
design necessitates bending the cathode stem to avoid a hole
through the plate, as shown in Figure 2. Figure 3 shows the rela-
tive positions of anodes and cathode and the extension of the
cathode position for the introduction of the stirrer through the
center.

Figure 4 shows the unit on an ordinary ring stand with all
parts in place, exactly as it appears in operation. A small hot
plate with high-, medium-, and low-temperature adjustments
will be found satisfactory for this purpose. One valve, not two,
in the previously designed'apparatus is used for anode flushing.
The plainly visible outlet tubes make this feature practicable.

Stock tubing. 0.25 inch in outside diameter

Short length of rubber tubing connecting flushing

tubes to Y-tubc, 6 to 7 cm. long

Binding posts, 3; one in center, outer ones 2.5 cm.

from center, in line, on either side

Overflow tubes, same size as flushing tubes, bent

U-shaped, inverted in use. These must turn to drain

in opposite direction from cathode. A drop of

anolyte might otherwise accidentally fall on cathode

during removal (Figures 2 and 3)

E. Hard-rubber, Bakelite, or similar material plate,
13 cm. long, 0.7 to 1.0 cm. thick, 3 cm. wide. Slight
variations in dimensions are permissible

F. Rubber stoppers with two holes to accommodate
tubing (flusning and overflow tubes), also a very
small hole to permit passage of anode leads

G. Alundum shells covering anodes, Norton Co.’s
RA360, 2 X 9 cm. These are cut down to 7-cm.
length to fit standard 400-ml. beaker

H. Platinum cathode, 5.5 cm. long, 3 cm. in diameter,
stem bent as shown in Figure 2. Clearance of
cathode and anode shells should be at least 1.5 cm.
Cathode must extend beyond edge of hard-rubber
base to permit stirrer operation through center
(Figure 3)

I.  Anode flushing tubes serving also as core for anode
wire winding. They extend close to bottom of anode
shells, and upwards through hard-rubber plate to
1.5 to 2.0 cm. above upper surface. Lead wire wind-
ing begins at extreme lower end of these tubes and
continues upward to as close as possible to rubber
stopper. Length of tubes will determine clearance of
overflow tube from bottom of plate

J. Copper strip, 6.5 X 1.0 cm. connecting bases of all

binding posts. After insertion should be greased

lightly to minimize corrosion

o o w»



INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 15, No. 3

Table I. Determination of Bismuth
R Bismuth Found—
Sample Internal
No. electrolysis Oxychloride

314 0.083 0.080
316 0.073 0.071
318 0.084 0.082
319 0.036 0.036
320 0.039 0.039
321 0.087 0.084
326 0.129 0.136
H4456 0.022 0.023
114470° 9.20 9.20
352 0.099 0.099
H168 0.018 0.018
H4792 0.019 0.017
H92 0.016 0.016

° By aliquoting equivalent of 0.2 gram of sample.

Operation and Care of Cell Unit

As will be seen from Figure 4, a compact series of these
units may be easily arranged. The method (1) stresses the
use of the cell for the determination of small amounts of cop-
per and/or bismuth. However, considerably larger amounts

may be safely handled
by reducing the
weight of the sample
used, either by direct
weight or by diluting
and aliquoting. The
limiting factor is the
amount of bismuth
which will form an
adherent deposit. On
perforated cathode
used, this is approxi-
mately 30 mg. Be-
yond this point diffi-
culty will be ex-
perienced in washing
and handling because
of the powdery

A. Anode lead through
small hole in rubber
stopper to outside
binding posts. Anode
wire is high-purity
lead of No. 12-16 B. &
S. gage

Anode shell

Flushing tube serving
as lead anode wire core
Relative positions of
lower edge of cathode
and anode

ow

Figure 2

Figure 3. Top View

Shows clearance of cathode and anode shells as well as

extension of cathode position to accommodate centrally

positioned stirrer. Note location and direction of over-
flow tubes.

Figure 4. Cell Unit

characteristics. By starting electrolysis at from 40° to 50° C.
and gradually raising the temperature to 70° C., some slight
improvement in adherence may be noted when working in the
maximum weight range. Considerable improvement in this
respect will occur in the presence of copper, which may be
added in known amounts for this purpose, if desired. Wash-
ing of the cathode during removal from the electrolyte should
be done with generous quantities of water, but under a mini-
mum of pressure.

Care of Alundum Shells (/). When disassembling, solu-
tion of the pure lead anode wire may be reduced considerably by
removing tne anode shells immediately after electrolysis and
thoroughly rinsing the wire with water. The shells should be im-
mersed in water. When the apparatus has not been used for
several hours, wires should be washed off with dilute (10 per
cent) nitric acid, followed with water, before each electrolysis.
As many as 50 determinations may be made with a single winding,
if unnecessary corrosion is avoided. Contacts should be kept
efficiently clean and secure at all times. Operation at tempera-
tures above 75° c. should be avoided. Use of thermometer in
trial determinations to check temperature controls of the hot
plate will be helpful.

Results

A number of comparisons with the oxychloride method ai'e
given to demonstrate the accuracy of the internal electrolysis
technique (Table I).

These results give ample evidence of the value of the
methods of Clarke, Wooten, and Luke (/), as well as the prac-
tical aspects of the cell unit described here.

The Stirrer

Owing to objections to the electric motor stirrer, an all-
glass device has been used. It may be made in the laboratory
or purchased from laboratory supply houses.
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A Continuous Liquid-Liquid Extractor

RICHARD KIESELBACH
Bakelite Corporation, Bound Brook, N. J.

L IQUID-liquid extraction can be an extremely tedious

and time-consuming operation, particularly when the
two liquids tend to emulsify. Most commercial laboratory
continuous extractors, though labor-saving, are expensive
and very slow in operation. Hossfeld (i) describes an ap-
paratus which is a considerable improvement over previous
extractors, but which requires a motor and moving glass
parts, always a potential source of trouble in careless or in-
experienced hands.

The apparatus here described was devised for the routine
analysis of cresylic acids, in which pyridine, oils, and naphtha-
lene are extracted with benzene from an alkali solution of the
cresylic acid. The potassium phenolates present ordinarily
cause a high degree of emulsification. By use of this ap-
paratus, a quantitative extraction is completed in 1 hour,
as against more than 12 hours for a commercial extractor
dispersing the solvent by means of a fritted-glass bubbler.
The apparatus is relatively compact, inexpensive, and simple
to build and operate.

The extractor is illustrated in Figure 1. Benzene passes from
the boiling flask, A, to the reflux condenser, whence it drips into
the solution in the mixing flask. Air passing through the inner
tube, D, enters the flask in a fine jet at the bottom, agitating the
mixture vigorously. The mixture of extract and solution over-
flows into the settling chamber, B, from which the extract over-
flows into the boiling flask, and the solution returns ~vathe trap,
C, to the mixing flask.

This design represents a simplification of an attempt to
eliminate the moving parts in Hossfeld’s extractor. The
original design is shown in Figure 2. In this case, the reflux
was led through inner tube E to the intake, F, of the aspi-
rator, G. The aspirator, operated by a jet of air, circulated
fresh solvent through the mixture, while the air served also
to agitate the mixtuire. Surprisingly enough,; it was found
that removing E and closing F had no effect on the efficiency
of the apparatus. Accordingly, the simpler and more com-
pact device shown in Figure 1was constructed. In operation,
there was no measurable difference in efficiency between
these two designs.

There are two possibly undesirable features inherent in the
design of the extractor. One is that a long and efficient
reflux condenser is necessary to prevent the loss of solvent
vapor entrained in the stream of air. However, using a
50-cm. West-type condenser, this loss is negligible in routine
work for the 1-hour period of operation. The other dis-
advantage lies in the fact that the stream of air may oxidize
the material being extracted. An inert gas could, of course,,
be used to obviate this difficulty.

Details of Construction and Operation

The specifications for the extractor are fairly flexible. It was
designed to contain approximately 1 liter of liquid, but there is
no apparent reason why the flask could not be altered to any
desirable shape and capacity. In this case, an 800-ml. Kjeldahl
flask with a 24/40 standard-taper neck was used as the mixing
flask, and a side arm approximately 25 cm. long was constructed
of 3-cm. tubing. The seals at both ends of this arm were made
at the top, to allow a maximum amount of space for the separa-
tion of the liquids. These openings must be at least 1 cm. in
diameter to permit the flow of liquid and vapor in opposite
directions. However, the opening at the flask end should not
be larger than necessary, lest the turbulence of the contents of
the mixing flask be carried into the settling chamber. In order
to permit the extracted liquid to flow back to the drain, C, the
side arm should be sealed on at a slight upward angle. The inner
tube, D, was a length of 8-mm. tubing, whose lower end was
drawn down to an opening of about 0.25 mm. It was sealed
through the wall of the flask at the top, to prevent the loss of
liquid when the air was turned off.

Figure 2. Original Design

In operation, the flask is filled with the liquid to be extracted
to a point just below the bottom of the side arm, B. The volume
of the air bubbles and solvent brings the level to the overflow.
The stream of air should be regulated to the minimum required
to give thorough mixing, as indicated by the homogeneity of the
contents'of the flask. Where colored material is being extracted,
completion of extraction is easily estimated by the appearance
of the extract in the settling chamber.
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Absorption Tube Tares in Carbon and Hydrogen
Microdetermination

w. M. jVI/VCNEVIN AND J. E. VARNER, Ohio State University, Columbus, Ohio

T HE microdetermination of carbon and hydrogen as

described by Pregl makes use of two absorption tubes,
one for water and the other for carbon dioxide. Glass vessels
containing lead shot are used as tares. The use of a third
absorption tube as a control was described by Friedrich (#),
who used specially designed tubes that could be closed for
weighing. Niederl and Niederl (presumably using Pregl
tubes) have suggested the use of a third tube not only as a
control but as a tare in order to overcome the effects of high
humidity (3, p. 114). However, the performance of their
absorption system using Pregl type tubes has not been
described in the literature. The authors have studied this
system extensively and find that its use makes the handling
and weighing of the absorption tubes much more flexible.
As a result, this part of the carbon and hydrogen procedure
is no longer regarded as most subject to error (3, p. 123).

Pregl-type tubes are used, since they are the simplest in design
and operation. Drierite (20-mesh) is used as water absorbent and
Ascarite (20-mesh) as carbon dioxide absorbent. Cotton plugs
are used at either end and the stoppered ends are sealed in with
Kronig’s cement. The tare tube is filled one half with Ascarite
and one half with Drierite, with the Ascarite toward the exit end.
The weight of the tare tube is adjusted so as to be slightly lighter
than the two absorption tubes. When the tubes are put on the
combustion line, the tare is also put on the line following the As-
carite tube, and is treated in every way like the absorption tubes.
At the balance it is placed on the right-hand pan, while the ab-
sorption tubes go as usual on the left. When standing overnight,
the tubes are left open to the air on a rack near the combustion
apparatus. Dust is kept off by covering the tubes and rack with
a folded piece of paper.

When these observations were first begun, the need for
the elaborate process of wiping the tubes prescribed by
Pregl (6) was questioned. It quickly appeared, as Royer
(6) has also observed, that wiping did not improve the
results and often resulted in a drift in the apparent weight,
thus requiring a longer waiting period. When the wiping was
omitted the tubes became constant within 2 to 3 minutes
of putting them on the balance—that is, as soon as the
weighing could be completed—and remained constant over
a relatively long period of time. The only wiping is given
the outside of the tips of the capillaries between the thumb
and first finger of the gloved hand, and the inside with a
“pipestem” cleaner. A pair of clean white cotton gloves is
worn when handling the tubes. The omission of wiping
makes possible the use of absorption tubes made of Pyrex
despite the statement of Niederl and Niederl (3, p. 136).

Table | shows data representing the changes in weight of
the absorption tubes over a period of time counting from the
moment the tubes were placed on the balance. The first
time noted under each experiment represents the time
elapsed between placing the tube on the balance and observing
its weight.

Discussion

The data of Table | indicate that constant weight is
reached about as rapidly as the weights can be added and
the weighing operation completed. There is no pronounced
tendency for the tubes to change weight, as has been found
for other absorption systems (1). Thus it is not necessary to
have a weighing time schedule. This makes the procedure
flexible and therefore advantageous for beginners in the
technique, whose working speed may be unusually slow.
The greatest change noted in the water tube after 1-hour
standing is +0.019 mg. For the four observations, the
average change is +0.008 mg. For the carbon dioxide
tube the corresponding values are noticeably less. This
means that the operation of running carbon and hydrogen

Tabte | Constancy op Absorption Tube Weights Using
Tiiird Tube as Control and Tare
11:0 Tube COj Tube
Elapsed Elapsed
Expt. time Change time Change
Min, Mg. Min. Mg.
1 3 . 3
5 -0.002 5 -0.001
8 -0.006 8 -0.005
15 -0.008
2 3 3
5 -0.001 5 -0.001
8 -0.003 8 -0.002
3 8 12
30 0.006 24 -0.002
4 8 12
[ce] 0.019 64 0.000
5 8 12
60 0.007 64 -0.004
6 8 12
60 0.002 64 0.012
7 8 12
60 -0.003 64 0.007
S 8 12
90 0.013 94 0.004
9 8 12
90 0.024 94 0.014
10 8 12
20 hours -0.020 20 hours 0.010
11 8 12
20 hours -0.038 20 hours 0.015
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analyses may, so far as the absorption tubes are concerned,
be interrupted without affecting the results. Thus it is
not always necessary to have a continuous period of several
hours in order to perform carbon and hydrogen analyses.
This is of some importance to students whose time is likely
to be interrupted. (While such interruptions do not affect
the tube weights, some combustion tube fillings, especially
those containing lead dioxide, must be conditioned immedi-
ately before running an analysis.) The relative constancy
of the tubes over a period up to 20 hours indicates the definite
absence of any trend in the weight of the tubes. It also
indicates that the Pregl tubes may safely be left open to the
air for several hours without protecting them with rubber
caps.

A great many analyses of research compounds prepared
in this laboratory have been run with the absorption system
described. The carbon values have agreed regularly within
0.3 per cent relative error and the hydrogen within 1 per cent
relative error. However, the high hydrogen values usually
associated with high temperatures and humidities (4) are
still obtained with this system of tares, just as with the
lead shot tares, and the proper correction must be determined
using a known compound. The high hydrogen values are
therefore probably not a direct result of high humidity.

This system of tare requires the use of extra weights from
the set up to 300 to 400 mg. to tare the continuous gain in
weight of the absorption tubes. The use of so many weights
as a tare has not produced a noticeable error in the results.

The elimination of wiping apparently makes the use of
Pyrex absorption tubes satisfactory. The omission of the
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waiting period shortens the total time for the analysis by
at least 10 minutes.

Summary

The behavior of a carbon and hydrogen absorption system,
in which a third Pregl-type tube is used both as a control
and tare, is described.

If the tubes are not wiped, they are constant in weight
as soon as they can be weighed. Thus they may be weighed
without the usual waiting period.

The tubes remain fairly constant in weight up to periods
of 1 hour and show only slight variations over much longer
periods. Hence, a rigid weighing program is not required.

The omission of wiping makes possible the use of Pregl
tubes made of Pyrex.

The use of a third tube as tare and control does not elimi-
nate the high hydrogen values usually obtained at high
atmospheric humidities with other absorption systems.

The use of extra weights to tare the gain in weight of the
absorption tubes does not introduce a noticeable error.
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Microdetermination of Hydroxyl Content
of Organic Compounds

Acetic Anhydride—Pyridine Mixture as Reagent

JACK W. PETERSEN, KENNETH W. IIEDBERG, aAnD BERT E. CHRISTENSEN
Oregon Stntc College, Corvallis, Ore.

T HE simplest procedures for the determination of the

hydroxyl content of organic compounds are those based
on esterification. As yet little attention has been given to
their application on a micro scale, a field in which they would
be especially useful.

Several macro- and semimicromethods (1, 2, 4, 5, 7) em-
ploying both acetic anhydride and acetyl chloride have been
described in the literature. Extensive esterification experi-
ments with acetyl chloride have been reported recently from
this laboratory (1). Attempts to use this reagent on a
micro scale, however, have led to several other limitations
besides those already mentioned (1).

Attention was therefore directed to a study of the esterifi-
cations with acetic anhydride-pyridine mixture. Both
Peterson and West (4) and Verley and Bélsing (7) have
published methods based on the use of this reagent. Stodola
@) has reduced the procedure to a micro scale. Since
extensive testing of this mixture has not been previously
reported, the behavior of a large number of typical alcohols
and phenols treated with acetic anhydride-pyridine solutions
was studied. As a result of this work a simple microchemical
technique based on the use of a hermetically sealed tube has
been developed in this laboratory which gives fairly satis-

factory results for the microdetermination of the hydroxyl
content of organic compounds.

Reagents

Cc. p.acetic anhydride, redistilled and acetate-free, kept in well-
stoppered (screw cap) bottle; c. p. pyridine, redistilled and
water-free; and 0.04 N sodium hydroxide, carbonate—free.

Apparatus

The reaction vessel consists of a melting point tube, 3 mm. in
diameter and Gcm. in length, made from a soft-glass test tube.

Three medicine droppers, for the delivery of alcohol, acetic
anhydride, and pyridine, respectively, are made by drawing one
end of a 6-mm. soft-glass tubing to a fine capillary and equipping
the other end with a rubber policeman.

Glass plungers, 1.0 mm. X 0.5 cm., are made from soft-glass
rod.

A microcentrifuge.

Analytical Procedure

Introduce 2 to 10 mg. of the compound into a weighed reaction
tube by means of the dropper, or, in the case of solids, employ
the technique described by Niederl for filling Rast tubes (8).

Centrifuge and again reweigh the tube. Using the same tech-
nique, add approximately 20 to 25 mg. (4 to 5drops) of pure acetic
anhydride from the second dropper, recentrifuge, and weigh
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Tabte |.
No. of
Deter- OH
Primary and Secondary mina- OH Found Average
Alcohols tions Theory (Average) Deviation
Part» per
% % 1000
7-Phcnyl-n-propyl 2 12.4 12.3 0
Butyl 2 22.9 22.7 5
Isoamyl 2 19.3 19.25 8
Allyl 2 29.3 29.15 2
Cyclohcxanol 2 17.0 16.90 6
Octanol-2 2 13.1 12.95 4
Hexanol 2 10.6 15.45 15
Benzyl 2 15.7 15.85 10
s«c-Butyl 1 22.9 22.4
Cinnamyl 2 12.7 12.25 4
Diethylcarbinol 2 19.3 18.4 5
2-Ethylbutanol 2 16.0 15.9 12
Polyhydric alcohols
Ethylene glycol 4 54.0 54.0 20
Propylene glycol 6 44.7 41.0 29
Diethylene glycol 4 32.1 30.1 4
Mannitol 2 56.1 56.15 1
Sorbitol 2 56.1 54.7 0
Substituted alcohols
Ethylene chlorohydrin 4 21.1 20.0 3
1,3-Dichloropropanol-2 2 13.1 12.8 0
Terpenes
Borneol 2 11.0 1 0
Menthol 2 11.0 10.9 9
Geraniol 2 11.0 9.9 0
Eugenol 2 10.4 10.55 5
Isoeugenol 4 10.4 9.75 7
Citronellol 4 10.9 9.45 28
Miscellaneous
Benzoin 8.0 8.11 0
Cholesterol0 2° 4.4 4.5 11

a Hydrolyzed in usual way, then 10 ml. of 95% ethanol added to dissolve
eater before titration.
* Ran 48 hours.

again. In order to ensure the quantitative conversion of the
alcohol to the ester, a ratio of at least 2 moles of anhydride per
equivalent of hydroxyl should be maintained.

Add 4 to 6 drops of pure pyridine and again centrifuge. The
amount of pyridine does not appear to be critical except in a few
cases involving solubility. Insert a small glass rod in the tube,
seal, then shake well to ensure complete mixing, and set aside
for 24 hours. At the same time run a blank to determine the
volume of standard base required to neutralize the acid derived
from 1mg. of acetic anhydride.

Place the reaction tube in a 50-ml. Erlenmeyer flask, add 5 ml.
of water, and then break the tube by means of a stout stirring
rod. Titrate released acid with 0.04 N sodium hydroxide. The
per cent hydroxyl can then be calculated by means of the formula:

(m. e. of anhydride used —m. e. ofacid found) X 1700
% (OH) =
mg. of sample

where m. e. of acid found = ml. X normality, m. e. of anhydride
used = mg. of anhydride X ratio X normality, and ratio = ml.
of base required to neutralize acid derived from 1 mg. of anhy-
dride.

Results and Discussion

The results obtained with this procedure are given in
Table I. In most cases they are the average of duplicate
determinations.

This method is not applicable to the determination of
tertiary alcohols. Ethyl citrate, i-amyl, and ¢-butyl alcohol
gave very low results which confirm the observations of others.

Although all experiments were extended over a period of
24 hours at room temperature, these conditions are not to be
considered as well-established optima. Since the reaction
mixture is hermetically sealed, experiments can be con-
ducted with equal ease at elevated temperatures. Several
compounds have been reported to acetylate in 15 minutes
at 100° C. in acetic anhydride and pyridine. In this labora-
tory borneol has been quantitatively acetylated in 35 min-
utes at 100° C. On the other hand a number of alcohols give

Acétylation with Acetic Anhydbide-Pyrldine M ixtures

No. of
Deter- OH
Primary and Secondary mina- OH Found Average
Alcohols tions Theory (Average) Deviation
Parts per
% % 1000
Phenols
Phenol 2 18.1 17.65 3
o-Cresol 2 15.7 15.55 10
p-Cresol 2 15.7 15.7 22
m-Cresol 2 15.7 15.35 3
a-Naphthol 2 11.8 11.55 4
fl-Naphthol 2 11.8 11.65 4
Kesorcinol 2 30.9 30.8 6
Hydroquinone 2 30.9 30.7 3
Orcinol 2 27.4 26.9 4
Catechol 2 30.9 31.05 5
2-Hydroxy-1,4-dimethy 1~
benzene 2 13.9 13.8 8
Pyrogallol 3 40.5 40.0 17
Substituted phenols
Vanillin 2 11.2 10.85 4
p-Hydroxy-benzalde-
hvde 2 13.9 13.65 4
Gallic acid 2 27.1 27.3 4
Thymol 2 11.0 11.15 4
Guaiacol 2 13.7 13.65 4
o-Chlorophenol 2 13.2 13.1 0
p-Chlorophenol 2 13.2 13.0 0
Methyl salicylate 2 11.2 11.35 4
Salicylic acid 2 12.3 12.35 4
m-Hydroxybenzoio 2 12.3 12.2 9
p-Hydroxybenzoic 2 12.2 12.25 4
4-Hydroxy-1,2-dimethyl
benzene 2 13.9 14.15 4
m-Nitrophenol 2 12.2 12.1 9
p-Nitrophenol 2 12.2 11.35 4
o-Nitrophenol 2 12.2 11.45 2
p-Aminophenol 2 15.6 15.05 1
2-Hydroxy-1,4-dimcthyl-
benzeno 2 13.9 13.8 7
Sugars
Sucrose & 4 39.8 39.9 5
Xylose 2 45.5 45.55 3

poor results at higher temperatures, possibly because of
decomposition.

The authors’ experience indicates that the ease of acetyla-
tion varies with the individual compounds. The ratio of
acetic anhydride to alcohol has been found to be somewhat
critical and should not fall below 100 mole per cent excess
per equivalent of hydroxyl. Since the hydroxyl is deter-
mined by difference, it is not a good policy to employ too
large an excess for accurate work.

Care should be exercised in the selection of acetic anhy-
dride. It is essential that pure redistilled anhydride (from a
good fractionating column) be used to obtain the best re-
sults. In some of the initial work erratic results were traced
to the presence of a considerable quantity of acetic acid
in the acetic anhydride. As soon as this was remedied the
results were nearer the theoretical values and were much
more reproducible. In later experiments the acetic anhy-
dride was redistilled in a 7-plate column. The titer of this
anhydride agreed perfectly with the theoretical value.

The experiments with sugars were performed merely to
ascertain the possibilities of a micromethod in this field.
As indicated, the results are satisfactory and are in agreement
with the data of Peterson and West (4).
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Qualitative Analysis of Microgram Samples

Separation, Estimation, and ldentification of the More Common
lons of the Hydrogen Sulfide Group

A. A. BENEDETTI-PICHLER1AND MICHAEL CEFOLA2
Washington Square College, New York University, New York, N. Y.

The technique of working in the capillary cone
has been applied to analyses requiring lengthy
separations followed by sedimetrie estimations and
confirmatory tests. Various improvements have
been made in the performance of manipulations,
and a method for fractional distillation has been
developed, which may be applied to liquids of ap-
proximately 0.1- to 0.01-cu. mm. volume.

The complete analysis of a particle of Wood’s al-
loy of 1-microgram mass required approximately
12 hours. Such efficiency can be expected only
after a period of training. Manual dexterity is per-
haps of less importance than methodical organiza-
tion of work. Proper design of work bench and the
use of microprojection will considerably reduce fa-
tigue, if work of this kind has to be performed for
any length of time.

T HE technique described in preceding papers of this series

(1, S) was tested by application to the analysis of rather
complex mixtures containing ions of the hydrogen sulfide
group. To make the test more severe a scheme of macro-
analysis was chosen, which emphasizes quantitative separa-
tions and estimation of the amount of the ions.

Technique

The experience gained led to various improvements and ex-
tensions of the techniques employed in the transfer of solu-
tions to capillary cones and in the mixing, stirring, and heat-
ing of the contents of such cones. These, as well as the proce-
dure for distillation from one capillary cone to another, have
been described in detail (2). Some advice may be added.

Transfer of Solids to Capillary Cones. When a sample
is selected for analysis, it is desirable to have the material spread
for microscopic inspection. The procedure described for the
transfer of solid reagents (2) has the disadvantage that the use of
an inclined slide does not permit a sharp focus for the entire
field of vision. If the microscope slide with the
material is placed level on top of the chamber con-
taining the capillary cone, a suitable needle for
the transfer of particles is obtained by sealing the
tip of a micropipet and bending it through an
angle of 30 degrees (4,9). The shank of the pipet
is then inserted into the holder, so that the tip
points downward. When the selected particle has
been picked up with the needle, the clamp of the
manipulator is released for a moment, and the
pipet holder is rotated to bring the tip of the
needle into a horizontal plane. It is then easy to
introduce the particle into the capillary cone.

Theprocedure is illustrated by Figure 1.  Filings
of Wood’s alloy (specific gravity 7) are first shown
on amicroscope slide. An approximately spheri-
cal particle, 66m in diameter, which may be ex-
Eected to have a mass of 1 microgram, has been

rought into the center of the field and is just
beinfi touched with the point of the needle. On
the right is the same particle just before it is de-
posited inside the capillary cone.

1Present address, Queens College, Flushing, N. Y.
*  Present address, Metallurgical Laboratory, The Uni-
versity of Chicago, Chicago, IlI.

Figure 1.

Estimation of the Quantity of Precipitates. Figure 2
(left) shows a sulfide precipitate containing 0.1 microgram of
antimony and 0.01 microgram of bismuth. Figure 2 (right)
shows the same precipitate after whirling in the centrifuge. Ob-
viously, it is collected in the point of the cone, but inspection
under higher magnification would conclusively demonstrate that
the point of the taper is free from precipitate. Neither baso nor
top of the truncated cone Slic'd by the precipitate presents a
plane surface. Since some arbitrary lines must be drawn when
the calculation of the volume of precipitate is based on the
assumption of a truncated cone, it seemed well to imagine a
sphere containing the precipitate, and to base the estimation on
the diameter of this imaginary sphere (1). It is understood that
a definite amount of centrifugal force was applied for a certain
time when collecting precipitates for the purpose of estimation.
As a rule, 1 minute of centrifuging with a relative centrifugal
force equal to 500 times gravity gave satisfactory results.

Use of Test Paper. Spot tests on paper may be performed
in a very simple manner. The paper is cut into strips approxi-
mately 3 mm. wide and 20 mm. long. Whenever needed, a
strip is placed on the carrier so that it lies flat and parallel to the
capillary cones and reagent cones. Approximately one third of
the strip projects beyond the edge of the carrier, and this part
of the paper is bent downward, so that the opening of the micro-
pipet makes contact with the paper. Test solutions and reagent
solutions are transferred from capillary cones or reagent con-
tainers to the paper by means of the micropipet. The colora-
tions produced are best observed with low magnification and
reflected light of low intensity.

The technique was employed when testing the acidity of
solutions with litmus paper and in the confirmatory tests for cad-
mium (cadion) and tin (molybdenum blue).

Projection of Microscopic Images. The operations per-
formed under the microscope are just as easily controlled by
observation of a projected image as by viewing through the eye-
piece. The glare sent out by the illuminated apparatus on the
stage is not very bothersome when the intensity of the light is
decreased to that required for a screen image of 10- to 20-cm.
diameter. Under this condition, the use of projection will
reduce eyestrain, and the operator will be able to assume a more
restful posture.

Scheme of Analysis

The scheme of Swift {12) was adopted with some modifica-
tions. The return, in a sense, of the mercury to the copper

Transfer of a Particle of Wood’s Alloy of Approximately
1-Miciiogram M ass from a Slide to Capillary Cone
One division of micrometer scale corresponds to 22 microns.

Magnification, X 46
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group probably is the most pronounced devia-
tion, and it was introduced when it was found
(5,10) that the extraction of mercuric sulfide
from the sulfide precipitate remained incom-
plete when medium to large quantities of
mercury were present. Various minor changes
had to be made because of the substitution of
sedimetric estimations followed by confirma-
tory tests for the titrimetric determinations
employed by Swift.

Preparation of Solution. IN the analysis
of Wood’s alloy a particle of approximately 1
microgram mass was treated in the capillary
conc with 0.01 cu. mm. of 16 M nitric acid. Re-
action with evolution of gas and separation of
a white precipitate started immediately. The
mixture of solution and precipitate was evapo-
rated almost to dryness by heating on the steam
bath, and the residue was taken up with 0.007 cu.
mm. of 12 M hydrochloric acid. Most of the
residue dissolved, and the mixture was treated
with 0.1 cu. mm. of water previous to saturat-
ing with hydrogen sulfide.

Known solutions were prepared on a large
scale and made approximately 4 M with re-
spect to acid. Of these solutions 0.01 cu. mm. was taken for
analysis, transferred to the capillary cone, and diluted with 0.1
cu. mm. of water. Precipitates separating because of hydroly-
sis appear brown in transmitted light and white in reflected
light. They were left in suspension for the treatment with
hydrogen sulfide.

Precipitation of the Hydrogen Sulfide Group. The
solution or mixture of solution and precipitate was saturated
with hydrogen sulfide, as described in an earlier communication
(/). The reaction mixture was heated at 60° to 70° C. for half
a minute and then allowed to stand for 1 hour at room tempera-
ture. The precipitate was collected by means of the centrifuge
and its volume was estimated. Another portion of 0.1 cu. mm.
of water was added, and saturation with hydrogen sulfide, heat-
ing, standing, centrifuging, and estimation of volume were re-
peated. The solution was removed, and the precipitate was
washed once with 0.01 cu. mm. of 0.12 M nitric acid.

Separation of the Copper and Arsenic Groups. The
sulfide precipitate was immediately treated with 0.02 cu. mm. of
sodium sulfide-hydroxide reagent (8, 48 grams of sodium sulfide
novahydrate and 4 grams of sodium hydroxide in 100 ml. of
solution). The capillary conc was scaled into a capillary and
inserted in a water bath at 60° to 80° c. for one minute. The
capillary was withdrawn from the bath a few times, and its con-
tents were stirred by means of the buzzer (2). The extraction was
repeated with a 0.02-cu. mm. portion of a 1to 1 dilution of the
reagent. The volume of the residual sulfides was estimated
before removal of the second extract. The extracts were com-
bined, and the residue was washed with 0.01 cu. mm. of water by
stirring and centrifuging.

Dissolving the Sulfides of the Copper Group. The
residue from the extraction with sodium sulfide was immediately
treated with 0.02 cu. mm. of 3 M nitric acid, sealed into a capil-
lary, and heated in steam until solution of the sulfides appeared
complete when observed under the microscope. A small residue
of white sulfur was collected by means of the centrifuge, and the
clear solution was transferred to another cone.

If the precipitate did not dissolve completely, 0.01 cu. mm.
more of the 3 M acid was added and the heating was repeated.
Mercuric sulfide may remain behind with the sulfur. Its volume
may be estimated immediately or after solution in nitric-hydro-
chloric acid and reprecipitation with hydrogen sulfide. Ob-
viously, the solution in nitric-hydrochloric acid may be set aside
and later used for dissolving any mercuric sulfide separating from
the extract containing the arsenic group.

Isolation of Mercury. The cone with the sodium sulfide
extract was transferred to a dry chamber with a large drop of
concentrated ammonia on the bottom plate and then treated with
0.03 cu. mm. of 3 M ammonium acetate. The mixture was
stirred by means of the buzzer (2). The precipitate was col-
lected by whirling in the centrifuge. Particles adhering to the
walls of the capillary conc were loosened with the micropipet.
The volume of the precipitate was estimated, and the super-
natant solution was immediately transferred to another cone.
All these operations were performed without delay, for evapora-
tion of ammonia from the capillary cone may lead to separation
of the sulfides of arsenic, antimony, and tin from the solution of
their thio complexes.

Figure 2.

INDUSTRIAL AND ENGINEERING CHEMISTRY

One division of cycpicce micrometer is equal to 21 microns.

Left. Contents of capillary cone after treatment with hydrogen sulfide

Right." Precipitate collected in point of cone by means of centrifuge.
precipitate would fill a sphere of 03-micron diameter, 3 divisions of the scale
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Sulfide Precipitate Containing 01lwm icrogram of Antimony
and 0.01 m icrogram of Bismuth
Magnification, X 48

Estimated that

Confirmatory Test for Mercury. The precipitate of mercuric
sulfide was washed once with 0.01 cu. mm. of water, then treated
with 0.01 cu. mm. of nitric-hydrochloric acid (1 to 1). The
mixture was evaporated to dryness on the steam bath. The
residue was either dissolved in 0.01 cu. mm. of 0.12 M nitric acid
and the solution used for the diphenylearbazide test (S), or it was
dissolved in 0.005 cu. mm. of water and treated with 0.01 cu.
mm. of 1 per cent stannous chloride. The whitish gray pre-
cipitate produced by the latter reagent is easily observed with
reflected light after collection in the point of the capillary cone
by means of the centrifuge.

Precipitation of the Arsenic Group. The Centrifugate
from the mercuric sulfide precipitate, which may contain thio
complexes of arsenic, antimony, and tin, was treated with 1 M
sulfuric acid. Approximately 0.2 cu. mm. of this acid are re-

uired, but the relatively large volume is of little consequence,

tronger acid reacts so violently that some of the reacting matter
may be ejected from the cone as a consequence of the rapid liber-
ation of hydrogen sulfide.

The sulfuric acid was added in small portions while stirring
with the micropipet until the mixture became just acid. For
testing, small portions of the solution were transferred to litmus
paper. Flocculation of the precipitate was finally made com-
plete by heating in a sealed capillary for a few minutes at 80° to
90° C. The mixture was centrifuged and the solution removed
and rejected.

If there is reason to believe that too much acid had been
added, one may test for absence of tin from the centrifugate by
diluting it with 0.05 cu. mm. of water, saturating with hydrogen
sulfide, heating, and stirring by means of the buzzer. An
estimation of the volume of the sulfides of the arsenic group re-
quires subtraction of the volume of the sulfur contained in the
precipitate. The volume of the sulfur loft behind when the
sulfides are dissolved allows a crude approximation.

Isolation of Arsenic. The sulfides of the arsenic group
were treated with 0.03 cu. mm. of 12 M hydrochloric acid. The
mixture was warmed for 15 seconds in a water bath and then
thoroughly agitated by means of the buzzer. The capillary cone
was then returned to the dry chamber, and its contents were in-
spected under the microscope. If any sulfide was discovered,
tne mixture was treated with potassium bromate. One particle
of the potassium bromate was added at a time, whereupon the
solution was stirred. The addition of bromate was stopped as
soon as all the sulfide was dissolved. The sulfur was then col-
lected by means of the centrifuge, and the clear solution was
transferred to another capillary cone. The residue of sulfur was
washed with 0.03 cu. mm. of 12 M hydrochloric acid, and this
acid was then added to the solution of the sulfides.

The solution of the sulfides was treated with 0.01 cu. mm. of
9 M hydrochloric acid and 0.02 cu. mm. of 3 M phosphorous
acid. The cone was sealed into a capillary, immersed for 5 to 10
seconds in water at 80° to 90° C., and cooled in a stream of tap
water. After insertion of the capillary cone into a distilling
capillary (2), the distillation was started (Figure 3), and con-
tinued until the volume of the residue in the capillary conc was
reduced to 0.015 or 0.01 cu. mm. The residue of the distillation
was treated with 0.01 cu. mm. of 12 M hydrochloric acid, and the
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Figure 3.

Photomicrographs show two halves of same distilling capillary.
Left. Start of distillation.

lary containing capillary cone with liquid to be distilled
Right. Close of distillation.

distillation was repeated until again a residue of the above in-
dicated volume remained behind.

The distillate (Figure 3, right) was transferred to a capillary
cone of the standard type, diluted with water to a volume of
approximately 0.1 cu. mm., treated with 0.04 cu. mm. of 12 M
hydrochloric acid, and saturated with hydrogen sulfide. Floc-
culation of the precipitate was brought about by heating for 30
to 45 seconds at 60° to 70° C. and agitation by means of the
buzzer. The volume of the precipitate was estimated after
centrifuging.

Confirmatory Test for Arsenic. The supernatant solution was
removed, and the yellow precipitate of arsenic sulfide was
washed once with approximately 0.03 cu. mm. of water and then
dissolved in 0.01 cu. mm. of 6 M ammonia. The solution was
evaporated almost to dpmess by heating in steam, the residue
was treated with approximately 0.05 cu. mm. of 16 M nitric acid,
and the mixture was evaporated to dryness. The residue was
extracted with a volume of 1 M nitric acid to give an approxi-
mately 1 per cent solution of arsenic. Part of this solution was
treated on the plateau of the condenser rod with silver nitrate
in acetate buffer solution (8).

Isolation of Antimony. The residue from the distillation
was treated with 0.02 cu. mm. of 3 M sulfuric acid and 0.01 cu.
mm. of 6 M hydrochloric acid, and water was added to bring the
total volume to 0.075 cu. mm. Finally 5 cu. mm. of phosphoric
acid, obtained by mixing 1 volume of sirupy acid with 4 volumes
of water, were added, and the antimony sulfide was precipitated
by saturating with hydrogen sulfide, and heating at 60° to 70° C.
as described. The precipitate was collected by means of the
centrifuge, and its volume was estimated. The solution con-
taining the tin was transferred to another capillary cone. The
precipitate was washed with 0.01 cu. mm. of 1.2 M hydro-
chloric acid, which was then combined with the centrifugate.

Confirmatory Test for Antimony. The antimony sulfide was
dissolved by heating with 0.02 cu. mm. of 12 M hydrochloric
acid. Part of the clear solution was transferred to the plateau
of the condenser rod and tested with the quinine reagent (3).

Isotation of Tin. The centrifugate containing the tin was
treated by the addition of small portions of concentrated ammonia
until test with litmus paper indicated alkaline reaction. The
solution was then saturated with hydrogen sulfide and briefly
heated at 60° to 70° C. After the capillary cone had been
placed in a dry chamber, 0.005 cu. mm. of 3 M sulfuric acid was
added to the contents. The precipitate of tin sulfide formed
slowly. It could not be readily seen in transmitted light, but
was visible in reflected light. Stirring with the pipet hastened
flocculation. Precipitate and solution were again saturated with
hydrogen sulfide, and the mixture was allowed to stand for at
least a few hours. It was then centrifuged, and the volume of
the stannic sulfide was estimated.

Confirmatory Test for Tin. The centrifugate was removed
from the yellow stannic sulfide, the precipitate was washed once
with 0.015 cu. mm. of 1 M ammonium chloride, and the sulfide
was dissolved by heating in steam with 0.02 cu. mm. of 6 M
hydrochloric acid. After addition of 0.01 cu. mm. of 12 M
hydrochloric acid and centrifuging, parts of the clear solution
were used for confirmatory tests. Since the crystals of the

Distillation from One Capillary Cone to Another

Magnification, X 30
Heating clement is visible above opening of distilling capil-

Distillate collected at sealed end of distilling capillary
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cesium chlorostannate are very small and diffi-
cult to identify, performance of a spot test was
preferred. A small particle of magnesium metal,
obtained by scraping with a razor on the edge of
magnesium ribbon, was introduced into the acid
solution. A small portion of the reduced solu-
tion was immediately transferred to a strip of
ammonium phosphomolybdate test paper (7).
The blue spot was observed with the use of the
general room illumination and a magnification of
28 diameters.

Isolation and Confirmation of Lead. The
nitric acid solution of the sulfides of the copper
group was evaporated to dryness on the steam
bath, the residue was treated with 0.015 cu. mm.
of 6 M sulfuric acid, and the volume of the lead
sulfate was estimated. The solution was trans-
ferred to another centrifuge cone, and the precipi-
tate was washed once with 0.005 cu. mm. of 0.6 M
sulfuric acid, which was then added to the cen-
trifugate containing bismuth, copper, and
cadmium.

The lead sulfate was dissolved by adding
0.02 cu. mm. of 3 M ammonium acetate and
stirring. To the solution was added 3 M
sodium chromate in small portions until
yellow coloration of the solution indicated
an excess of the reagent. The lead chromate
was collected by means of the centrifuge, and its volume was
estimated.

Isolation of Bismuth. The capillary cone with the centrifu-
gate from the lead sulfate was transferred to a dry chamber, and
the solution was treated with small portions of concentrated
ammonia until a white precipitate could be perceived with
reflected light. Then 0.005 cu. mm. more of the ammonia was
added, and the mixture was heated for 15 seconds at 90° C.
after being sealed into a capillary. After centrifuging, the
capillary cone was transferred to a moist chamber for the deter-
mination of the volume of bismuth hydroxide.

Because of the transparent appearance of the precipitate, the
removal of the supernatant solution and washing of the precipi-
tate with 0.01 cu. mm. of 1 M ammonia were observed with re-
flected light. The washing was combined with the centrifugate
containing copper and cadmium.

Confirmatory Test for Bismuth. The bismuth hydroxide was
dissolved in 0.005 cu. mm. of 3 M hydrochloric acid. Parts of
the solution were used for performance of the cesium and quinine
iodobismuthite tests (3) on the plateau of the condenser rod.

Isolation of Copper. The copper may be separated from
cadmium by precipitation as cuprous thiocyanate. This method
was successfully applied to the analysis of centigram and milli-
gram samples [5, 10). In the experiments on the microgram
scale copper never occurred with cadmium, and it could be
isolated as the sulfide. The volume of the sulfide precipitate
served for estimation of the quantity of copper.

Confirmatory Testfor Copper. The copper sulfide was treated
with 0.02 cu. mm. of 3 M nitric acid, the mixture was evaporated
to dryness, and the residue was stirred with 0.015 cu. mm. of
water. After centrifuging, half of the clear solution was trans-
ferred to the plateau of a condenser rod and tested with salicyl-
aldoxime (S). The rest of the solution was treated on a plateau
with a somewhat larger volume of a saturated solution of potas-
sium ferrocyanide. The brown precipitate of copper ferro-
cyanide was observed with a magnification of 60 diameters.

Isolation of Cadmium. The ammoniacal centrifugate from
the bismuth hydroxide was treated with 0.005 cu. mm. of 10 per
cent potassium cyanide. The clear solution was then saturated
with hydrogen sulfide, heated at 65° c. for about 20 seconds,
agitated with the buzzer, and centrifuged. The volume of the
yellow cadmium sulfide was determined.

Confirmatory Testfor Cadmium. After removal of the centrifu-
gate the cadmium sulfide was washed once with 0.02 cu. mm.
of water and then dissolved in 0.015 cu. mm. of 6 M sulfuric
acid. The mixture was briefly heated on the steam bath. After
centrifuging, the clear solution was transferred to another capil-
lary cone and treated with an approximately equal volume of
buffer solution containing 10 grams of Rochelle salt and 0.1 ml.
of glacial acetic acid in 100 ml. Homogeneity was obtained by
stirring with the pipet. Approximately 0.015 cu. mm. of the
solution was transferred to a strip of paper treated with Cadion
3B reagent (£, 6). After the solution had evaporated on the
paper, 0.01 cu. mm. of a solution consisting of 4 volumes of 2 M
sodium hydroxide and 1 volume of ethyl alcohol was added.
The pink coloration produced by the lake of the dye with the
cadmium hydroxide was distinctly visible with reflected light.



230 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. IS, No. 3

Results

Application of the technique and scheme of analysis to sam-
ples of approximately 1-microgram mass revealed the qualita-
tive composition in each instance. The reliability of the esti-
mation of quantities may be derived from the following three
examples.

In 0.01 cu. mm. of a solution containing 0.1 microgram each of
the ions copper, arsenic, antimony, and tin were found: 0.1
microgram of copper, 0.06 microgram of arsenic, 0.1 microgram
of antimony, and 0.24 microgram of tin.

In 0.01 cu. mm. of a solution containing 0.1 microgram each of
mercuric mercury, lead, bismuth, cadmium, and antimony were
found: 0.1 microgram each of mercury, lead, bismuth, and anti-
mony, and 0.8 microgram of cadmium.

In 1 microgram of Wood'’s alloy containing 0.5 microgram of
bismuth, 0.2 microgram of lead, 0.125 microgram of tin, and
0.125 microgram of cadmium were found: 10 microgram of bis-
muth, 0.4 microgram of lead, 0.1 microgram of tin, and 0.1 micro-
gram of cadmium.

The most glaring mistakes were committed in the estima-
tions of bismuth and cadmium, and in both instances the rea-
son must be sought in the poor reproducibility of the volumes
of gelatinous precipitates of bismuth hydroxide and cadmium
sulfide. The trouble might be overcome by converting the
bismuth hydroxide to metallic bismuth and the cadmium sul-
fide to cadmium-thiourea Reineckate (11). The determina-

Report on

tion of the volume and consequently the mass of the alloy
may easily be affected with an uncertainty of + 50 per cent.
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A PREVIOUS report covering the recommended specifi-

cations for the apparatus for the determination of car-
bon-hydrogen and Dumas nitrogen (1) states the purpose and
aims of the work and gives the bibliography from which much
of the information was obtained. The present report is a con-
tinuation of the same work with regard to the apparatus for
microchemical analysis. This present report was approved
by the members of the Division of Analytical and Micro
Chemistry after its presentation at Buffalo in September,
1942. It has also been approved by a special committee of
the Scientific Apparatus Makers of America, appointed by
John M. Roberts, president, which consisted of J. J. Moran,
chairman, A. A. Kelm, L. D. Wilson, W. B. Warren, and J. E.
Patterson. The specifications reported here, having been
approved by this committee, have thus received the approval
of the Scientific Apparatus Makers. With the acceptance of
these recommended specifications by this organization and

2..S" 3-0Omnf.

UMGIAZA(
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Farin.

Figure 4. Porcelain Filter
Crucible and Ignition Disn
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with the approval of the Division of Analytical and Micro
Chemistry, the Committee on Standard Apparatus of the
American Chemical Society advocated their publication.

An examination of the drawings shows that certain of the
dimensions are theoretically and experimentally critical,
while others could be varied over wide limits. However, many
of these dimensions, which may not in themselves be critical,
can be accurately controlled in the manufacturing process
without inconvenience. For this reason, all the dimensions on
the drawings are given with specified limits which have been
agreed upon by both the manufacturers and the microchem-
ists. We have been unable to describe specifically certain
factors, such as the porosity of the sintered porcelain and glass
apparatus. Therefore, we must rely upon the manufacturers
to control these within the limits necessary to be satisfactory.

The drawings which accompany this report are not repro-
duced here in full size. Copies of the full-size drawings may
be obtained at a nominal cost from the office of the Scientific
Apparatus Makers of America, 20 North Wacker Drive,
Chicago, 11

Sulfur

The following units were considered by the committee as
requiring specifications:

Part Il1.

Filter stick (Figure 1)

Crucible (Figure 21

Glass crucible holder (Figure 3)

Filter crucible and ignition dish (Figure 4)

Cruciblc filter assembly (Figure 5)

Siphon, receiver, and inner container for barium sulfate
filtration (Figure 6)

Glass dome and metal crucible desiccator (Figure 7)

Micro evaporating dish for sulfur bomb determination (Figure

8
Plaginum microware for both halogen and sulfur determina-
tions (Figure 9)
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BUTADIENE GAS ANALYZER

For the determination of butadiene in the presence of other
lolefinic hydrocarbons in amounts ranging from 0.2 to 100%

This apparatus is based on the Diels-Alder reaction in-
volving the addition of a conjugated olefine to maleic
anhydride with the formation of a six-membered ring
containing one double bond. The analyzer was developed
by the Universal Oil Products Company and E. H. Sar-
gent & Co., in accordance with the specifications of the
former company.

The apparatus consists of a 500 ml gas sam-
pler, a drying tube, an U. S. Bureau of Standards
type burette and compensator assembly, the ab-
sorption pipette containing maleic anhydride and
an expansion bulb, together with the necessary
leveling bulbs for passage of the gas sample. Con-
nections between the burette, absorption pipette
and the expansion bulb are made with spherical
interchangeable ground joints firmly held with
special clamps providing considerable flexibility
for connections and thus reducing materially pos-
sibility for breakage of glassware. Mercury is
used as the confining liquid except in the case of
the gas sampler where a saturated sodium sulfate
solution is used.

The absorption pipette consists of a “U” tube
filled with glass beads of 5 mm diameter to pres-
ent a large surface for the absorption of butadi-
ene by the maleic anhydride. The “U” tube is
ring sealed into a cylindrical glass jacket which is
provided with an inverted well for the insertion
of a cartridge heater of sufficient heating capac-
ity to raise the water in the cylindrical jacket to
the boiling temperature in order that the maleic
anhydride in the “U” tube may be kept molten.
Steam generated in the water jacket is condensed
by a 4-inch reflux condenser. The apparatus is
also provided with a control panel containing a
switch controlling the heater and another switch
and neon light for actuating the compensator
which indicates the attainment of atmospheric
pressure in the system. All glass parts are mount-
ed on adjustable supports on a sturdy steel frame
finished in white enamel.

%Br?FZSO Gas CA‘ Z€r, Butadlen Un| rsal
odutcs rﬁ% fg Sart gent, Syrex ass
' JRsLeIop fam e Vot

E.H. SARGENT 8 COMPANY, 155-165 East Superior Street, Chicago, Illinois

Michigan Division: 1959 East Jefferson, Detroit, Michigan
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NOT
CONTENT WITH

CONVENTION

One of America's great astronomical labo-
ratories asked us to produce the optical
parts for a 24-inch Cassegrain telescope.
This involved a 24-inch primary mirror and
two small convex secondary mirrors. Not
satisfied with conventional tests, we invented
a more exacting one which enabled us to
figure these secondary mirrors to a per-
fection never before attained.

This telescope permitted photographic ex-
posures of only one-twelfth of the obser-
vatory's normal expectation for such instru-
ments. The only difference in construction
was the more precisely ground secondary
mirror.

It is this type of initiative and performance
you may expect of a manufacturer of pre-
cision lenses, prisms and mirrors, whose
aim is not how many but how well.

Today our facilities are wholly devoted to
essential military needs. When victory
comes we shall be in a position to work
upon your optical requirements with initia-
tive, exactness, and an enlightened ap-
proach to precision.

P

LaMOTTE CHEMICAL
CONTROL SERVICE

LaMOTTE pH TEST PAPERS

As an aid in the approximate estimation of the pH, we have
prepared a series of sensitive test papers from our stand-
ardized pH indicators. They are supplied in vials containing
100 strips of the paper and are available within a range of
1.2 pH to 13.6 pH. The label on each vial bears a color
chart to guide the observer in making pH readings. Price
$1.00 per vial for each indicator range — f.0.b. Towson, Balti-
more, Md.

LaMOTTE CHLORINE TEST PAPERS
As an aid in the rapid estimation of the concentration of
chlorine sterilizing solutions, in water, etc., we have pre-
pared test papers showing definite color changes for chlorine
values 50, 100, and 200 p.p.m. They are supplied in vials
containing 100 strips of the paper and color chart for the
concentrations mentioned above. Price $1.00 per vial,
f.o.b. Towson, Baltimore, Md.

LaMOTTE STANDARDIZED pH

INDICATOR SOLUTIONS

LaMotte Indicator Solutions are standard throughout the
world for pH control work. Manufactured from purest chem-
icals, exclusively in the LaMotte Laboratories; standardized
and sold in Special Bottles, they are guaranteed to give re-
sults of unvarying accuracy at all times. LaMotte Standard-
ized Indicator Solutions are available for the range 0.2 pH
to 13.6 pH. Prices sent on request.

LaMOTTE CHEMICAL PRODUCTS CO.

Originators of Practical Application of pH Control
Dept. F Towson, Baltimore, Md.

a o TODAY ror TOMORROW

Out of todays war effort will come new and better
materials, methods, and designs which will dic-
tate the design and construction of laboratory
equipment tomorrow. Sheldon long a leader in
producing laboratory, home economics, art and
vocational furniture can help you meet the
demands of tomorrow if you will plan today.
Let us discuss your post-war plans with your
organization NOW. Ask our Planning Engineers
to call.

. » OHELDON * .,

718 NIMS STREET MUSKEGON. MICHIGAN
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TO UNCOVER
NEW SECRETS

Americas Weapon

Two years ago, the RCA Electron Micro-
scope made its timely and dramatic entry
on to the stage of crucial global strategy-
two years in which the struggle shifted from
“blitzkrieg” techniques to the cold, emotion-
less battlefields of science.

In those two short years discoveries have
been made which will be fresh in the mem-
ory of man when the hordes of aggression
have been forgotten. Those two years have
wrested secrets from the sub-microscopic
world which for all ages to come will benefit
mankind.

Those two years have found research
workers in great industries, laboratories and
universities laboring tirelessly on problems
whose solutions even now, though secret,
are making themselves felt directly or in-
directly in the great war in which we are
engaged.

The RCA Electron Microscope becomes
increasingly important as America’sweapon
to uncover new and valuable secrets. It isin
the front line of every modern scientific at-
tack upon the obscure and hidden mysteries
of the sub-microscopic world.

We pay tribute, on this second birthday
of the RCA Electron Microscope, to those
progressive institutions and brilliant scien-
tists who are helping in the battle of today
and the building of tomorrow.

1. Pearlite, a special form of carbon steel.
2. Bacteriophage attacking and destroying germs.
3. The windpipe of a mosquito larva.

4. A diffraction pattern, enabling the atomical
analysis of a structure.

Photographed by C. K. Fitzpatrick, courtesy of Interchemical Corporation.

®  RCA ELECTRON MICROSCOPE

RCA Victor Division
RADIO CORPORATION OF AMERICA, Camden, N. J.

Among the Great Institutions Using the RCA Electron Microscope

Aluminum Corp. of America
American Cyanamid Company
Carnegie Institute of Technology
Celanese Corporation

Duke University Hospital

B. F. Goodrich Company
Goodyear Tire and Rubber Co.
Hercules Powder Company
Illinois Institute of Technology

Institute of Paper Chemistry
Interchemical Corporation

Eli Lilly & Company
Massachusetts Inst, of Technology
Monsanto Chemical Company
Mount Sinai Hospital, New York
National Naval Medical Center
New Jersey Zinc Company
Republic of Guatemala

Standard Oil Co. of New Jersey

United States Bureau of
Standards

United States Department of
Agriculture

United States Naval Research
Laboratories

United States Rubber Company

University of California

University of Illinois
University of Michigan
University of Missouri
University of Pennsylvania,

Johnson Foundation
University of Pittsburgh
Westinghouse Electric and

Manufacturing Company

. .and many others
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THE "EQUIPOISE"
HEAVY DUTY SHAKER

PATENTED

EOtnpo;

The distinctive feature of this shaking machine
is its remarkably silent operation, attained by a
unique patented mechanism which imparts a
perfectly balanced reciprocal motion to the
powerful motor and shaking compartment. Motor
and shaking compartment BOTH oscillate in
opposite directions on a smooth track, so that
the momentum of the motor opposes that of the
compartment.

Another pronounced advantage is its extreme
portability. It is unnecessary to fasten it to the
table or bench since the operating mechanism
is so carefully balanced that creeping is im-
possible. There is no abrupt "pounding” and
practically no vibration. It is ruggedly built
for continuous duty with the shaker loaded to
capacity. Shaking speed is 260 strokes per
minute, the shaking compartment having an
excursion of 2},

Ine snaking compartment measures b deep,.
9%" wide, 15" long— large enough to accom-
modate containers up to 2 gallons capacity,
and adjustable by means of a movable block
with a locking screw which will not loosen in
shaking.

15166— "Equipoise” Heavy Duty Shaker. Complete with
single speed motor suitable for 115 Volts A.C., 60
cycles only. Installation space required approxi-
mately 17 x 40'. Total height of machine 13"
Weight approximately 150 pounds............... $125.00

Office and Warehouses

W ill Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

WITH THE NEW

For Micro and Semi-Micro Analysis

Powerful brushless type motor for con-
tinuous operation * Four tube capacity
Either horizontal or angle sedimentation
« Mechanical brake for rapid stoppins ¢
Steel guard bowl- sturdy base— rubber
suction feet« Finished in dark gray crackle.
No. 1936 Micro Centrifuge, complete for 0.5, 1,

2,3 0r 5ml 12 x 75 mm, or M x4 In. tubes.
110 volts, 60 cycles A.C. only. Price, without

LUMETRON

PHOTOELECTRIC COLORIMETER

A highly sensitive instrument covering an un-
usually wide field of application.

Abridged spectrophotometry with 14 monochromatic
filters, trichromatic filters.

Great variety of sample holders, microcells, test tubes,
absorption cells up to 150 mm light path.

Line-operated, highest reproducibility and stability due
to use of balanced circuit, no batteries or voltage
stabilizers required.

Applicable (with accessories) to faint turbidities, fluores-
cence, ultraviolet absorption, reflection of opaque
liquids, powders, pastes, solids.

Write for literature on LUMETRON Mod. 402E and on com-
plete line of other photoelectric and electronic instruments.

95 Madison Ave.

PHOTOVOLT CORPORATION
NEW YORK CITY
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B&A WILL HELP YOU SOLVE PROBLEMS
INVOLVING SPECIAL CHEMICALS/

A very definite part of B &A'’s service to industry
—aside from furnishing an extensive line of high
quality reagents for laboratory use—is working
with manufacturers whose processes require new
or very pure chemicals in unusually large quan-
tities.

Are you using such chemicals? If so, it will
pay you to investigate Baker & Adamson’s service
in furnishing your requirements! And if your
research indicates probable needs for “special”
chemicals, now is the time to check their avail-
ability in commercial quantities.

SETTING THE PACE IN

T fc

aker

CHEMICAL

Adamson

Baker & Adamson’s 60 years of experience in
manufacturing Reagent, U.S.P. and N.F. chemi-
cals can be an invaluable asset to you in coping
with such problems. Our technical staffs and
production facilities can relieve your organiza-
tion of many difficulties incident to obtaining
satisfactory chemicals.

Call a conference with Baker & Adamson now,
if you have a problem of this kind. We will dis-
cuss your requirements confidentially, and work
with you directly throughout. Why not write or
phone today? No obligation, of course!

PURITY SINCE 1882

K xulaxmT

Division of GENERAL CHEMICAL COMPANY, 40 Rector St., Njjw York

Technical Service Offices: Atlanta -«
Chicago Cleveland « Denver
New York o

Pacific Coast Technical Service Offices: San Francisco <
Pacific Northwest Technical® Service Offices: Wenatchee (Wash.) -«
In Canada: The Nichols Chemical Company, Limited -«

Baltimore < Boston =
Detroit e+ Houston

Philadelphia ¢ Pittsburgh -«

Bridgeport (Conn.) < Buffalo -
Kansas City Milwaukee

Providence (R. I.) =+ St. Louis e+ Utica (N. Y.)

Los Angeles

Yakima (Wash.)

Toronto + Vancouver

Charlotte (N. C.)
Minneapolis

Montreal
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\XE &D Qualitative Filter Papers

are among the world’s finest"”

for all general laboratory work requiring a retentive
paper. Excellent for routine qualitative analysis, re-
taining all but the most difficult precipitates, such as
BaSo., precipitated cold, etc. (Other grades are recom-
mended for this filtration.)

N 613 A smooth surface, high grade filter paper recommended
0. >

A high grade white paper with embossed surface, pos-

NO 612 > sessing a medium pore size. This grade was created to
- fill the need for a paper with specifications between

our No. 613, slow, and No. 615, fast. It may be used
for routine qualitative analysis.

AVAILABLE THRU The creped surface and open texture of this grade denote
YOUR FAVORITE NO 615 > rapid filtering properties, making this paper a suitable

- one for the filtration of gelatinous substances, such as
LABORATORY SUPPLY HOUSE AlI(OH):. Widely used by manufacturing chemists,

etc., for purposes requiring a rapid filtering paper.
Used extensively in the sugar industry.

Qualitative grades

€EATON-DIKEITIAN CO
n = n Booklet No. 1 sent
++ MANUFACTURERS OF FINE FILTER PAPERS =«-

MOUNT HOIIY SPRINGS, PA. to you on request.

INCINERATION DISH, 50 MM. ACROSS
CATALOG No. 10

ILLUSTRATIONS ACTUAL SIZE

INCINERATION DISH, 38 X 28 MM.

CATALOG No. 11 The American Pla+inum Work,
N J RR AV AT OtIVCR ST.

Newark.N.J.

1875
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For almost three generations we have specialized in platinum
laboratory ware and today such ware carrying the Baker name
is known and used Wherever scientific laboratories exist. But
we have done much more. We have made advances in metal-
lurgical processes and so increased the useful life ol"Baker
Laboratory Ware; developed the platinum-rhodium

N\ alloy, now so widely used; instituted design changes
like the reinforced rim for crucibles and dishes;
developed the low-form crucible; made improve- A
k ments in the design ofplatinum electrodes and / j
are constantly trying for more betterment. 1A
. ' m SPECIAL APPARATUS: As the largest re- S
finers and workers of platinum, gold and / Pj
silver in the world, our plant is the | iK
S n logical place to bring your designs /
tJHwa fl for special apparatus. Our research $;
staff is always at your disposal /
®m |P]| - \ for consultation in working </ #'-pJT
out such designs and we f
\ hope you will avail your- V n
self of its services. M

M ssem

it© itJ1 JCtfJLb mm Ilve

SMELTERS, REFINERS AND WORKERS OF PLATINUM, GOLD AND
m]113 Astor St., Newark, N. »l

SAN FItANCISI'O

SILVER

CHICAGO
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SCIENTIFIC TESTING EQUIPMENT

A TLAS-OMETERS offer a simple, controllable method

of reducing months of actual use conditions to just
a few days testing. By accelerating the effect of sun,
weather, and laundering, they determine, in your lab-
oratory, how a product will resistsun, washing and

weathering.

Government requirements for many prod-

ucts specify the use of the Fade-Ometer, Launder-

Ometer, or Weather-Ometer.

ATLAS FADE-OMETER

The accepted standard for deter- H CA3t
mining the fastness to light of rr—Jjf; mJt <I)
dyes and fabrics—originated and jpy BV,
made solely by Atlas, and now
used all over the world. Atlas en-  nSjaf g
closed Violet Carbon Arc repre- Mi
sents closest approach to natural
sunlight. Temperature automati-
cally controlled.
ATLAS
LAUNDER-OMETER
Standard laboratory

72*

washing machine of the
A.AT.C.C. Tests wash-
ing action, textile
shrinking, staining, and
color fastness to dry

cleaning solvents, soaps and de-

tergents.
washing

All factors, including
action, carefully con-

trolled—can be reproduced iden-
tically at any time.

ATLAS
WEATHER-OMETER

Reproduces faithfully the de-
structive action of sun, rain,
heat and cold, with all the at-
tendant phenomena of expan-
sion and contraction. Shows
natural weathering effect from
any given conditions at any
time, any location. Newest
Weather-Ometer has twin arcs,
for faster testing.

ATLAS ELECTRIC DEVICES COMPANY

361 W. Superior Street.

Chicago, IUinoiB

ATLAS -0 NIETERS

Scientific Testing Equipment

FADE-OMETER -

LAUNDER-OMETER

WEATHER-OMETER

CHEMISTRY Vol. 15, No. 3

PATENTED

This unique shaker will be appreciated at once for its excep-
tionally quiet and dependable operation under continuous duty.
It is not to be confused with ordinary shakers which are fre-
quently so noisy as to compel their installation in sound-proof
compartments.

Actually, several of these shakers may be run simultaneously
without creating the least disturbance. Such silent operation,
free from creeping, chattering and abrupt "pounding,” is at-
tained by a unique patented mechanism which imparts a per-
fectly balanced reciprocal motion to the powerful motor and
shaking compartment. Motor and shaking compartment
BOTH oscillate in opposite directions on a smooth track, so
that the momentum of the motor opposes that of the compart-
ment.

A pronounced advantage is extreme portability since the
shaker need not be secured to table or bench. It requires no
drilling of holes, no fastenings, since the opposing forces in-
herent in the mechanism are so carefully balanced that creeping
is impossible. There is little or no vibration. Spring snub-
bers act as cushions to absorb the shock of reversal at the ter-
mination of each stroke, thereby contributing to silent, steady
performance.

The V. H.P. motor is powerful enough for continuous duty
with the shaker loaded to capacity. Shaking speed is 260
strokes per minute, with stroke amplitude of 2y2' (horizontal
translation of shaking compartment).

While many applications of this shaker are apparent, it will be
found especially useful for the intimate mixing and agitation of
solutions, emulsions, dispersions, and colloids — cutting of dye-
stuffs, etc. It is especially recommended for laboratories of rub-
ber, petroleum, food processing and pharmaceutical plants.

Shaking compartment measures 5' deep, 9%' wide, 15°'
long — large enough to accommodate a container up to 2-gal-
lons capacity, and adjustable by means of a movable block, hav-
ing a locking screw which will not loosen during running of
the shaker.

Exceptionally sturdy and rigid construction safeguards against
breakdown, insuring continuous dependable service. Driving
mechanism is equipped with grease sealed ball bearings; all
vital parts are reinforced; all electrical equipment conforms to
standards of the National Electrical Manufacturers Association;
all wiring is enclosed conforming to the National Electric Safety
Code.

Installation space required approximately 17 x40'. Total height
of machine 13'. Weight approximately 150 Ibs. Complete with

single speed motor suitable only for 115 volts AC. 60 cycles.
Price $125.00
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For More Than Forty Years-

for more than forty years the International Equipment Co.
has furnished to Medicine, Public Health and Industry, reliable
centrifuge equipment adapted to the growing requirements of
the Scientist. In this period our centrifuges have been shipped
to all parts of the globe and wherever they were sent they made
friends. Today, the International trademark is the standard
for quality centrifuge equipment the world over.

It is a matter of pride to us at International that our centrifuges
are contributing substantially to our country’swar effort. The
Size 1 Type SB model has been adopted asU. S. Army Specifica-
tion 41290 and the Clinical, Type C, Size 2 and BP models are
standard items for both the Army and Navy.

With the demands made upon us by the Army, the Navy and di-
rect defense industries— as well as necessary medical and scien-
tific activities — our production facilities are crowded to ca-
pacity. We are trying to meet the requirements of all essential
users as promptly as possible. |f your shipment is delayed, we
ask your indulgence and understanding. Production for Vic-
tory must be the first aim of all American industry.

INTERNATIONAL EQUIPMENT CO.

352 Western Avenue Boston, Mass.
Makers of Fine Centrifuges for more than forty years.

COORS » CHEMICAL AND SCIENTIFIC PORCELAIN WARE
&*U equipment OF AIL MODERN TESTING LABORATORIES FOR 5 DECADES

LABORATORY FURNITURE
OF ACKNOWLEDGED QUALITY

In all walks of life,
at home or abroad,
leather is vital to
progress- fastor slow.
Truly coors ware

\ IS an”essential prod-
uct in the manufacture
of all necessary ad-
juncts to living.

INDUSTRIAL
LABORATORY TABLE 6610

Many of the nation’s industrials who find defense
work necessitates expansion have marvelled at the
difference between Peterson furniture and the
average the market affords.. .and that has been a
characteristic of the Peterson line from its very
beginning.. .over five decades ago. Our experts
who are well versed in today’s laboratory tech-

COORS niqgues and requirements are at your command
U.S.A for discussion and counsel.
LEONARD PETERSON & CO., Inc.
Coors Porcelain Company 1222-34 FULLERTON AVE. CHICAGO, U.S.A.

GOLDEN, COLORADO



20

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol.

NONMEMBER

Subscrip

tion Rates

Effective January 1, 1943
American Chemical Society Publications

1. Journal American Chemical Society........cccocoeeiiieeininnnnnn
2.  Chemical Abstracts.................

3. Industrial and Engineering Chemistry

Industrial Edition and Analytical Edition....
4. Chemical and Engineering NeWs—..........cccoceiiieiiieneeeeneennn.

10% discount on 1 and 2 when sent to the same
address and ordered together. No discount on

8 ant’or 4. Foreign postage 'to countries out-
side the Pan American Postal Union additional
charge as follows: 1, $1.50; 2, $2.40; 3, $2.25;

4, $0.60. Canadian postage one-third these
rafes

Single copies of current issues $0.15 each,
except Analytical Edition ($0.50) and Chemi-
cal and Engineering News ($0.15).

The Society will not be responsible for loss due to
change of address unless notification is received ten
days in advance of issue. Claims for non-receipt must

he made within 60 days of date of issue. "Missing
from files” is not sufficient reason for claim. If change
_.of address means a change of position, please indicate
its nature.

Subscribers wishing to have their journals forwarded
should notify the Postmaster and furnish necessary
postage. .

The names of members and subscribers whose
journals cannot be delivered by the Post Office Depart-
ment will be removed from the mailing list at once,
and will not be restored until correct addresses have
been supplied. ) ] .

In the absence of other information, a notice of
change of address received from the Post Office De-
partment will be considered as correct, and the mailing
list changed accordingly.

BACK NUMBERS AND VOLUMES

Jour. Am. Chem. Soc., Vols. 15-64, if available, each
Index to Vols. 1-20................coeeee.
Single copies, Vols. 1-64, each*.......

Chemical Abstracts, Vols. 1-36, including 1st and 2nd Decennial

INdEXES.....ccevieiiiiiieieeeeeee
Vols. 15-36, if available, each.........
Single copies, except Index Nos., Vols. 1-36, each*.
Annual Index, each year..................
2nd Decennial Index, 5 Volumes...

Ordered for replacement.........
3rd Decennial Index, 5 VVolumes.....

Industrial and Engineering Chemistry

100.00
Contingent discount of 50% to individual members, contributing firms,
educational institutions, and public libraries in the United States.

Industrial Edition, VOIS. 1-34.........cccccciii i 306.00
Vols. 1-34, if available, each.................. 9.00
Single copies, Vols. 1-34, each*. 0.80

Analytical Edition, Vols. 1-14........ 56.00
Vols. 1-14, if available, each.. 4.00
Single copies, Vols. 1-4, each*............... 1.00
Single copies, Vols. 5-8, each*... 0.70
Single copies, Vols. 9-14, each*...........ccoooiiiiiiiiiiiiiiiiiieee - . 0.50

Chemical and Engineering News (News Edition through Vol. 19), Vols.

Lm20. e 40.00
Vols. 1-20, if available, each....... 2.00
Single copies, Vols. 1-17, each*...... 0.10
Single copies, VolIs. 18-20, each™........ccccciiiiiiiiiiiiiiiii e 0.15

*Many numbers no longer available.

Volumes not priced singly, available only in com-
plete sets.

A few bound volumes of certain journals are available.

Members, for personal use, 20% discount from above
prices, except complete sets, Decennial Indexes, and
single copies and volumes of Chemical and Engineering
News.

Advance payment is required in all cases and must
be made by postal order or check payable in U. S.
currency on a bank in the United States.

SHIPMENT. Single issues or volumes mailed, post-
age free, to any address in the United States; larger
shipments sent express collect. « Authorized delivery

to countries in the Pan American Postal Union made by
mail; all volumes now shipped at purchaser’s risk;
postage charged on large orders. Postage on Canadian
shipments one-third of foreign; large orders by insured
registered mail.

Postage charged on all foreign shipments; the
Society assumes no responsibility for delivery. If de-
sired, journals sent by registered mail at postage cost
plus 5% of invoice additional for registry, minimum
charge 75 cents. Large shipments delivered free, if
desired, to responsible forwarding agents in New York,
further charges to be paid by the purchaser and method
of handling to be arranged by him.

Address communications relating to the foregoing to

CHARLES L. PARSONS, Business Manager,
1155—16th St., N.W., Washington, D. C.

15, No. 3
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e The heating unit of this FH-303-A
Combustion Furnace is heavy—it's 7
gauge Chromel-A. Hence, it will stand
a lot of hard going. This extreme dura-
bility constitutes one factor in economy
of maintenance. Another economy
feature lies in the fact that the heating
unit consists merely of the wire itself.
There is no refractory mounting. The
combustion tube passes directly
through the helical coil which is sur-
rounded by high-temperature insula-
tion. . . . The furnace shown here is a
relatively new model. Due to its
increased insulation, it heats up in one-
third less time, uses 18% less power,
and has a case temperature 120° F.
cooler (at 2000° F.) than before. The
furnace operates on A.C. through a
small transformer, with temperature
control through a rheostat. For more
information on this FH-303-A, of
minimum maintenance, write to your
dealer or to us. . . . Hoskins Manufac-

turing Company, Detroit, Michigan.

ANALYTICAL EDITION

HOSKINS PRODUCTS

HEATING ELEMENT ALLOYS ¢ « THERMOCOUPLE AND

ELECTRIC HEAT TREATING FURNACES - .

LEAD WIRE ¢ < PYROMETERS « <« WELDING WIRE < -
FIXTURES < < SPARK PLUG ELECTRODE WIRE < « SPECIAL ALLOYS OF NICKEL « < PROTECTION TUBES

HEAT RESISTANT CASTINGS < -

ENAMELING
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Determination of Aluminum in JI/lagnesium Alloy:

REAGENTS— Ammonium Benzoate; 8-Hydroxyquinoline
METHOD— Gravimetric

REFERENCE— Stenger, Kramer, and Beshgetoor, Ind. Eng. Chem., Anal. Ed
14, 797 (1942)

Rapid and virtually complete separation of aluminum from most other
m* divalent elements is obtained in a single step by precipitation in
slightly acidic solution with ammonium benzoate. The aluminum ben-
zoate precipitate is easily soluble in warm ammoniacal tartrate solution
from which the aluminum is precipitated by 8-hydroxyquinoline. None
of the common alloy constituents interfere, nor is separation of silica
necessary. The method has an accuracy suitable for referee work.
Write for an abstract of the article in which the determination of alumi-

num until ammonium benzoate and 8-hydroxyquinoline is described. . . .
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

Ef ‘There are more than 3400
e EASTMAN ORGANIC CHEMICALS
.KODAK.

A?eat, 2 uU>k, PoltialiuU , — T h e PRECISION

e  AEAVY DUTY SHAKER

Operation is so silent that several shakers may
be run simultaneously without disturbance.

Employs an unique mechanism which imparts
a perfectly balanced reciprocal motion to
motor and shaking compartment. Both oscil-
late in opposite directions on a smooth track,
the momentum of the motor opposing that of
the compartment. Operates without creep-
ing, chattering or pounding.

For intimate mixing and agitation of solu- Catalog No. E10003
tions, emulsions, dispersions and colloids.

Recommended for use in all laboratories, driving mechanism. Spring snubber cushion-
especially those of rubber, petroleum, food ing. Sturdy reinforced construction.

processing and pharmaceutical plants.
Space required approximately :-"X 40 ". ToO-

Shaking compartment s " deep, s ¥ / wide, 15" tal height of Machine . ".

long, accommodates containers up to .. gallons

capacity, adjustable to smaller quantities— No. E10003 — Complete with single speed

V. H.P. Motor. Shaking speed . so strokes motor suitable only for

per minute. Grease-sealed ball bearings in 115 VOIts A. C.s0 cycles 4)12 5.00
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