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SO; in cement may be determined
quickly and accurately with the

PARR TURBIDIMETER

Sulphate in Boiler Water is deter-
mined with the same ease; many
power plants are using this instru-
ment in the control of boiler em-

brittlement.

Among other applications of the
Turbidimeter, outstanding examples
are:

SULPHUR IN FUELS

SULPHATE IN PLATING SOLUTIONS
SULPHUR IN RUBBER

Write for Bulletin E-24

PARR INSTRUMENT CO.

INCORPORATED
222 FIFTY-SECOND STREET

MOLINE, ILLINOIS

GILMORE

STANDS FOR

QUALITY

Corning Glass Works—"'Pyrex-ware’
Coors Porcelain Co.—"'Porcelain’’
Kimble Glass Co.—"Exax-ware’’
“Elconap’—"'Ovens & Incubators”
Precision Scientific Co.—"/Precision Hardware'’
Hevi Duty Electric Co.—"'Furnaces’’
Whatman, Munktell C. S. & S.—"Filter Papers”
Torsion, Becker, Troemner—"'Balances’
LaMotte, Hellige, Leeds & Northrup—
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Amersil & Vitreosil—"'Quartz-ware”
Baker & Adamson—'Reagents"’

SERVICE

Fifty years of
fair and square dealing
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BURRELL

High Temperature

ELECTRIC .

BURRELL 3441 —$150.

J.&J. Fric
SACCHARIMETER

BATES TYPE U. S. CUSTOMS MODEL

Range up to 2550° F.

in 20 minutes

The Burrell High Temperature Muffle Type Furnace

15 suitable for cement testing, ignitions, fusions, melting,

A -double wedge saccharimeter of ex-
treme precision, equipped with variable
brightness control to give the utmost
sensitivity with all solutions. J. & J.

heat ireating and similar operations in whick the
material is contained in crucibles, dishes, or other
vessels—or when the samples can be placed directly on
the furnace hearth.

Fric trans-illuminated engraved glass
scales contribute much to ease and ac-
curacy in reading.

Ask for the new catalog offering four-
teen polarimeters and saccharimeters
in seven distinct models of Josef & Jan
Fric manufacture.

E. H. SARGENT & CO.

Laboratory Supplies

155-165 E. SUPERIOR ST. CHICAGO

The refractory hearth plate is 334" x 9" x 3" high.

No transformer is necessary. The proper rheostat
maintains the desired temperature,

SEE BURRELL CATALOG 78 for complete descrip-
tion of this and other modern electric laboratory

furnaces for laboratory use.

BURRELL

TECHNICAL SUPPLY CO.
PITTSBURGH, PA.
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Longer Life
by adding only
a few more grams

It is real economy to get platinum wares somewhat heavier than at standard weights.
A few grams added to the bottom of a crucible often adds years to its life.

The increase of metal thickness will give a higher resistance to diffusion of hydrogen from
the flame of the burner.

The higher rigidity and extra strength through including our “Offset Rim” (which is
optional) will result in a further increase of its physical strength as to life and service.

A. P. W. branded Platinum or Platinum-Rhodium crucibles and dishes are hammered—
hand hammered to give a greater homogeneity and to insure better wear.
Send your old platinum wares to us and have them replaced by new A. P. W.
wares at a nominal cost.

Wares of every description are shown in our Catalog F-16, which is sent
upon request.

THE AMERICAN PLATINUM WORKS

N.J.R.R. AVE. AT OLIVER ST. NEWARK, N. J.

TEST ASPHALTIC PAVING MIXTURES WITH THE

DULIN ROTAREX SEPARATOR

Thoroughly separates Bitumen from Aggregates
in Asphaltic Paving Mixtures within 10 minutes.

A vitally important test quickly and accurately made

It is the most efficient means yet devised for an engineer to
determine how closely his specifications are being followed as to
bitumen content and the character and relative proportions of
the aggregates in the asphaltic mixture. -

The test consists of weighing the sample, then heating it slightly
in a separate container to start it crumbling. After cooling, it is
placed in the bowl of the Rotarex and the solvent added.

The centrifugal action forces all the liquid through the filter paper gasket at the periphery of the
bowl, effectively drying the samples. Comparing the weight of the aggregates with the original
weight of the sample determines the percentage content.

No. 11160. Dulin Rotarex, Motor Driven 110 volt, capacity 100 grams ca. $ 95.00
No. 11170. Dulin Rotarex, Motor Driven 110 volt, capacity 1000 grams ea. 175.00

Hand operated models also available.
Prices f. o. b. factory Los Angeles

BRAUN CORPORATION, fcsngeles, Catitornia
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Spencer Microcharacter. Prices
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be pleased to send a copy to you.
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HE MICROCHARACTER is designed to deter-

mine the hardness of the different microscopic
constituents of alloys. Electrolytically deposited
chrome plate and nitrided nitralloy steels are suc-
cessfully tested in a manner entirely novel in the
field of testing. ® Chrome plate .0001 of an inch
in thickness and the successive strata or hardness
gradient of nitrided nitralloy steel can be deter-
mined to a degree of accuracy never before
attained. ® The operation consists of moving the
test surface beneath the point of an accurately cut
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DNESS of GHloys
diamond loaded with a standard 3 gram weight.
The width of this microcut is then measured with
a microscope having a Filar Micrometer eyepiece.
Readings can readily be interpreted in terms of
microns. A chart of MICROHARDNESS NUMBERS
giving the micro-hardness corresponding to the
width of microcuts is supplied with the instrument.

NEW H-ION APPARATUS

Can be used with glass electrode

,
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ADVYANTA

Measures pH from 0 to 14
Usable with most electrodes
Direct pH readings

No polarization

Used by unskilled operators
Long distance control
OPeratw relay for control
No time lag

Inexpensive ($50.00)

Write for Bulletin IH for complete details

PAIC-MYERS INc.

Apparatus for Industrial and Laboratory use
81 Reade St., New York, N. Y.
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ALOE

NEURERA G 1= A SIS
OIL SAMPLE BOTTLES

Made of highly polished glass, plane bottom. Free from all

imperfections.

P:RI:GE'S
Corked, 2 oz. perdoz................ $0.95
4oz perdozieiy L e $1.50
B0z perdozies e il $2.25
Aluminum screw capped, 4 0z. per doz............ $1.60

Discount—In lots of 1 gross, 20%. In lots of
5 gross, 3314%. In lots of 10 gross, 40%.

A. S. ALOE CO.

LABORATORY EQUIPMENT and CHEMICALS
1819 OLIVE ST. ST. LOUIS, MO.
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- CHEMICAL CONTAINERS

WORTHY OF THEIR CONTENTS

D 1 ERCK Laboratory Chemicals—recognized as standards
of purity and uniformity—are packaged in containers
specially designed to provide these important advantages:

Amber Glass Bottles—afford maximum protection against
light and other deteriorating agents.

Non-metallic Screw Caps—designed to overcome corro-
sion due to unfavorable atmospheric conditions and vapors
present in the laboratory.

Easy to Open—because of the large facets on the side
of the cap.

Air-tight sealing—ensured by a special liner in the cap,
impervious to the chemical.

Dust-proof—due to the extension of the cap over the lip
of the bottle, thus preventing an accumulation of dust.

Attractive appearance—the amber glass bottles with their
black caps and blue and white labels add to the attractive
appearance of your laboratory or stock room.

Your wholesaler is ready to supply you.

=

MERCK & CO. Inc. * RAHWAY, N. J.

Manufacturing Chemists

* MERCK LABORATORY CHEMICALS *
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Viscosity of Petroleum Products
Methods and Apparatus for Viscosity Measurement

E. A. WiLiancanz, W. B. McCruer, M. R. Fenskg, anp R. V. McGRrEw
Petroleum Refining Laboratory, Pennsylvania State College, State College, Pa.

HE measurement of vis-

cosity by means of cap-

illary tubes dates at least
as far back as 1839. In that
year, Hagen (5) published work
anticipating the results obtained
by Poiseuille which were pub-
lished in 1846 (7). Because of
the completeness of Poiseuille’s
work, the concept of the laws
controlling viscometry flow are
generally attributed to him.
Since that time, the subject of
viscosity has been studied by
many investigators. The re-
sults obtained substantiate those
of Poiseuille in general, although
various corrections (usually
arising from conditions other
than viscous flow) have been proposed. These corrections
usually involve drainage, liquid head, kinetic energy, end
effects, and surface tension.

Results obtained in capillary viscometers are expressed
in terms of absolute or kinematic viscosity. In general,
the pressure type of capillary viscometer, in which zero
change in liquid head occurs, is preferred for determining
viscosities in terms of absolute units. Viscometers similar
to the Ostwald type (6) are generally preferred when the
results are to be expressed in terms of kinematic viscosity.

given.

use for aboul 2 years.

REDpUCTION OF ERRORS IN ViscosiTy MEASUREMENTS

Errors resulting from incomplete drainage may be reduced
by making the draining surfaces more nearly vertical, in-
creasing the time of drainage, and decreasing the surface-
volume ratio. The nearly horizontal surfaces at the top and
bottom of most commercial forms of the Ostwald pipet
(Figure 1) are to be avoided. Bingham () states that the
ideal shape of the upper bulb is that produced by placing
two cones base to base. The time of drainage may be in-
creased for any given viscosity through pipet design by
increasing the capillary length, decreasing the capillary
diameter, and increasing the volume of liquid. The last
factor also serves to decrease the surface-volume ratio which

The probable sources of error encounlered in
viscomelry praclice are discussed and methods
for eliminating or minimizing these effects are

Modified Ostwald pipels designed o minimize
the probable sources of error have been con-
structed, many of which have been in salisfaclory
The pipets are of rugged
construction and loss due lo breakage is negligible.

Viscosily delerminalions made by wvarious
research workers using different apparalus nor-
mally check within 0.2 per cenl. The pipels re-
quire only 5 cc. of liguid for viscosily delermina-
tions. Their applicalion o petroleum work and
research in general is indicaled.

itself decreases the percentage
drainage error. Obviously, the
drainage error may be elimi-
nated by measuring the volume
of the efflux fluid rather than
the volume of the inlet fluid.
This is difficult to perform ex-
perimentally at various tem-
perature levels except by means
of the pressure viscometer (2,
3, 8).

Most errors in liquid head
result from uncertain values of
the average head if viscosities
are calculated from Poiseuille’s
law. A second source of error
arises from the pipets being at
various angles from the ver-
tical during different viscosity
measurements. This may be avoided to a considerable ex-
tent (Figure 2) by placing one bulb directly over the other
(4). The degree of this probable error for pipets of dif-
ferent design is shown in Table I. A third source of error
results unless precaution is taken to fill the pipet each time
with exactly the same volume of liquid. The seriousness of
this possible source of error is a function of the size of the
lower bulb.

ErrFect oF ReEvATIVE PositioNn or Burss oN PEr-
MISSIBLE TIuT oF VISCOMETER

TasLE [.

ANGLE A, FIGURE 1¢ AxaLe B, F1Gure 1%

0° 0’ 2° 34'
2030 1oy
55 7
15° 0’ 137
20° 0" 09’

4 Angle between the vertical and the line joining the centers of the two

3.
5 Angle of tilt which produces an error of 0.10 per cent.

Kinetic energy errors may be minimized greatly through the
proper choice of capillary length and diameter and volume
of liquid employed. Certain corrections of Poiseuille’s law

4 2 .
involving o have been proposed and experimental data on

231
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this effect have been discussed by Griineisen (4). The
relation of kinetic energy correction to viscosity and capillary
diameter are given in Figure 3, based both on experimental

MU* g
data and values calculated from %Q . Errors amounting to

0.1 per cent are on the upper curve, while
errors of 1.0 per cent are on the lower curve.
Experimental errors of this nature may be
! reduced considerably by properly designing
I pipets for specific purposes, and corrections
! may be eliminated by calibrating the pipets
with liquids of known viscosity throughout
the anticipated working range.
\ End effects are closely related to those
i produced by kinetic energy effects. These
) effects may be reduced to a considerable ex-
; tent by employing capillaries having trumpet-
I

rocal
ol

o
Fyi
il

f
0
i
(5 &
[

shaped ends. In general, kinetic energy
corrections include end effects and end correc-
tions include kinetic energy effects.

Surface tension affects viscosity measure-
ments whenever the diameters of the upper
and lower bulbs vary greatly. Corrections
for surface tension effects may be neglected

-

Lo ——

g(‘);;é‘n’éli . if the pipets are calibrated with liquids hav-

Form or ing surface tensions approximately equal to

Os ; waLp those of the liquids whose viscosities are to
IPET

be determined. For work with petroleum
fractions, this procedure is entirely satis-
factory since the surface tensions of various types of oils
having equal viscosities do not vary appreciably.

REQUIREMENTS OF VISCOMETER

Any viscometer, regardless of design, should fulfill certain
practical requirements. These are as follows:

1. The viscometer should be sufficiently accurate to produce
results in terms of relative viscosity within 0.2 per cent.

2. For convenience the time required
for determining the viscosity of any liquid
should not be less than 200 seconds nor
greater than approximately 2000 seconds.

3. Viscosity measurements should
avoid manual operation, control, and con-
stant observation.

4. The viscometer should be capable
of operating on not more than 5 cc. of
liquid.

5. The usefulness of the viscometer
should not be limited by temperature.

6. The viscometer should Ete: capable
of measurin% the viscosity of any product
regardless of its viscous characteristics,
provided true fluid flow is obtained.

7. The viscometer should be of suffi-
ciently rugged construction so that undue
breakage does not occur.

Liad o

i
|

2
W\
\

DEvELOPMENT OF MoODIFIED OSTWALD

VISCOMETER

A preliminary review of the existing
methods for viscosity measurements in-
dicated that precision of measurement
with small amounts of liquid could be
best attained with instruments employing

Ficure 2. Mobi-
FIED VISCOMETER

capillary tubes. PIpET
The Ostwald type of pipet was con-  an d‘in.menmt'eorl:s in
1me .

sidered more desirable than the pressure
type of capillary viscometer for two rea-
sons: (1) the determination of a great number of viscosities
per day required a minimum of complicated apparatus;
(2) viscometers of the Ostwald type produce results directly

ANALYTICAL EDITION
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Frcure 3. Revation orF Kineric ENErRGY CORRECTION TO
Viscosrty AND CAPILLARY DIAMETER

in terms of kinematic viscosity which can be converted
readily either into the conventional units of Saybolt viscosity
or into units of absolute viscosity.

The modified type of Ostwald pipet (Figure 2) reduces
appreciably the first four sources of error, while all five are
further minimized by the method of calibration. Drainage
errors are reduced by making the upper bulb pear-shaped,
assimilating Bingham’s recommendation of two cones base
to base (7). Variations in liquid head are minimized by
placing the upper bulb directly over the lower bulb. Kinetic
energy corrections are reduced in so far as practical by the
proper relation of capillary length to diameter. End effects
are minimized by the trumpet-shaped ends of the capillary.
Appreciable differences in bulb diameters do not result in
significant errors due to surface tension effects.

TaBLe II. SpECIFICATIONS FOR THREE SERIES OF VISCOMETERS

Viscometer series 300
Total volume required, cc. 0
Volume of upper bulb, ce.
Diameter of lower bull:. cm.
Capillary length, cm.
Capillary diameter, cm.

Accurate viscosity range (0.1 per cent error)
Centistokes 4.6-45 40-100  125-1250
Saybolt seconds 41-200 185-1800 560-5500

Useful viscosity range (0.1 to 1.0 per cent error)
Centistokes 13;—380

Sounmod

=
'-‘OCIU!OS

O~ ;
0o

(=i LT

.5
.5
.0
.1

(=12 {1 5120

)

0-400 12.5-1250

4.
Saybolt seconds 39-1800  68-5500

The method of calibrating viscometers is important in
the further reduction of errors and in the elimination of
correction factors. The generally accepted method for the
calibration of viscometers consists in determining the time
of efflux for two liquids of known viscosity (the liquids
preferably being more viscous and less viscous, respectively,
than the anticipated working range) and expressing the
calibration of the viscometer in terms of an equation in-
volving two constants and the time of eflux. The equation
does not, however, consider other probable sources of error
such as drainage, end effects, etc. The fact that calibration
by this method is not desirable is indicated by the results
shown in Figure 4. The solid curve (temperature = 100° F.,
37.8° C.) represents the actual calibration data obtained,
while the dotted line represents the results obtained when
the calibration curve is calculated from the kinetic energy
correction equation and terminal data are employed. It is
indicated that there is a possible error of approximately
1 per cent in the pipet constant, and consequently in vis-
cosity. :

Corrections for all sources of error other than liquid head
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and the negligible effects produced by slight variations
in surface tension for oils of equivalent viscosity but of
different source and type may be included in the calibration
of the viscometer. This is accomplished by calibrating the
pipets with several oils of known viscosity which cover
not only the maximum and
minimum limits of viscosity
but also the intermediate
range. The time of flow in
seconds, divided by the vis-
cosity in stokes or centi-
stokes, is called the pipet
constant. A smooth cali-
bration curve results if the
pipet constant determined
for each different calibrat-
ing liquid is plotted against
the corresponding time of
efflux. A straight line, in-
stead of a curve, usually re-
sults if the logarithm of the
time of efflux is plotted
\ against the pipet constant.
: Hence, the correct pipet
X constant for determining
the kinematic viscosity of
any unknown liquid is ob-
tained from the plot after
the time of efflux for that
liquid has been determined.
The fact that corrections
involving drainage, kinetic
energy, end effects, and sur-
face tension (within negligible limits) may be included in
the pipet constant is due to the relation of each to the time
of eflux. Errors due to differences in surface tension for oils
of equal viscosity in pipet of the present design are indicated
to be less than 0.05 per cent.

Corrections for all major sources of error in viscometry
practice other than variations in liquid head are included
in the pipet constant by the method of calibration. Sig-
nificant errors due to variations in liquid head are avoided
by filling the pipet with the same amounts of material
(either by weighing or more practically by using a volumetric
pipet), by placing the upper bulb directly over the lower
bulb, and by aligning the pipet vertically within 1° by
means of a small plumb-bob.

55
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CONSTRUCTION OF PIPETS

During the past two years, approximately one hundred
pipets of the design illustrated in Figure 2 have been made.
These pipets have been constructed according to the three
classifications of dimensions given in Table IL Series 100
is adapted for determining the 210° F. viscosity of most
grades of oil and the 100° F. viscosity of light oils. Series
200 is adapted for determining the 210° F. viscosity of very
heavy oils and the 100° F. viscosity of most grades of oil.
Series 300 is adapted for determining the 100° F. viscosity
of relatively heavy oils.

For viscosity ranges other than those indicated in Table II
or for pipets having more particular and specific purposes,
reference to Figure 5 will enable capillary diameters to be
selected for the case when the capillary length and liquid
head is 7 em. and the volume of liquid flowing through the
capillary is 2.5 cc. The middle curve in Figure 5 is based on a
minimum time measurement of 200 seconds and the kinetic
energy correction data for 0.1 per cent error contained in
Figure 3.
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Pipets of this design can be fabricated at a reasonable
cost.! Loss due to breakage is negligible.

ACCESSORY APPARATUS

In making viscosity determinations, the viscometers are
supported in water or transparent oil baths which are thermo-
statically controlled at 100° F. (37.8° C.), 130° . (54.4° C.),
or 210° F. (98.9° C.) within =0.1° F. A convenient form
of thermostat affording complete visibility and low heat

‘loss is shown in Figure 6. Instead of the indicated com-

pressed-air reciprocating motor, an electric motor may be
used to drive an efficient stirrer. Cork or rubber stoppers,
fitting in the supporting member and slit to facilitate easy
removal, serve as suitable supports for the viscometers.
Stopelocks? have been found more suitable than stop-
watches, since they are of more rugged construction and the
minimum times of flow are never less than 200 seconds.
Experience with nine stopclocks has led to checking them
daily. Changes in room temperature introduce errors in
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F1GURE 5. CAPILLARY DIAMETERS FOR DIFFERENT
VISCOMETERS

measurement of elapsed time, a change from 70° to 90° F.
making an error of approximately 0.3 per cent. Also, the
clocks should be used only when wound to the same extent.

CALIBRATION OF PIPETS

The method of calibration and the reasons for adopting
this method have been given. Satisfactory -calibrating
liquids may be secured through the Bureau of Standards
when the required accuracy is approximately 1 per cent.
Especially standardized oils were made in this laboratory
for the calibration of the viscometers used. These oils were
made from fractions of petroleum having the required vis-
cosity. Prior to standardization, the fractions were treated
with anhydrous aluminum chloride, the sludge separated, the
oil washed, and then filtered through activated charcoal.
Standardization was accomplished by means of a Washburn
precision viscometer? made of quartz (9).

Accurate viscometer constants were obtained by using
distilled water as the calibrating liquid at various rates of
shear. A value of 1.005 centipoises (1.008 centistokes) was
used for the viscosity of water at the calibrating temperature,
20° C. (68° F.).

1 F. J. Malloy, State College, Pa.

2 Purchased from Arthur H. Thomas Co., Philadelphia, Pa.
3 Purchased from the Thermal Syndicate, Brooklyn, N. Y.
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The viscosities of several different oils, treated as indicated
above, were then determined by means of the quartz
viscometer. These oils ranged in viscosity at 100° F. (37.8°
C.) from 0.0217 to 12.80 stokes (34 to 6200 Saybolt seconds).

Occasionally, standardized oils obtained from the Bureau
of Standards were used as an independent check on the
calibration. Typical results obtained with two pipets of
different series (series 100 and 200) are given in Table III.

TaBre III. CALIBRATION OF MoODIFIED OSTWALD VISCOMETERS

Viscosity oF O1n PreeT 104 PreeT 220
STANDARDIZED 77° F. 100° F. ‘limeof Pipet Time of Pipet
O (25.0°C.) (37.8°C.) efflux constant efflux constant
Centistokes Seconds Seconds
PS 1 2.170 120.1 55.3
PS 2 8.010 441.3 55.13 29.7 3.722
PS 4 46.53 2546 54.73 172.3 3.703
BS 3A 64.43 3519 54.69 236.8 3.680
P8 5 86.04 4704 54.65 316.3 3.675
PS 6 157.4 B579.7 3.681
BS 5 295.3 1088 3.688
PS 7 398.6 1469 3,684
PS 8 1280 4713 3.681

All viscometers were calibrated at 100° F. Experience
has shown that the same calibration data may be used for
evaluating the pipet constant at 210° F., provided the
change in volume of the oil with temperature, resulting in a
change in liquid head, is considered. Calculations indicated
that the thermal expansion of Pyrex glass between the limits
of 100° F. and 210° F. was negligible in its effect on the
viscometer. Actual tests showed this to be true.

PracricAL OPERATION

Thousands of viscosity determinations have been made at
100° F. (37.8° C.), 130° F. (54.4° C.), and 210° F. (98.9° C.)
during the past two years with pipets of this design. Some
twenty research workers have used the pipets successfully.
It has been found that different operators using different
apparatus can check viscosities within 0.2 per cent. Pipets
of this modified design are being used by four other petroleum
laboratories.
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The time required for making accurate viscosity determi-
nations with these pipets is not excessive. During a recent
research program it became necessary to determine approxi-
mately 4000 viscosities accurately. One research worker
averaged 40 viscosities per day.

These viscometers fulfill the practical requirements listed
above.
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Use of Solid Carbon Dioxide in the
Determination of Tin

H. I. Warre
Union Square Hotel, New York, N. Y.

HE use of solid carbon dioxide as the source of carbon
dioxide gas and as a cooling medium facilitates the
determination of tin or the weight of coating on tin plate, by
reducing the time required, and by reducing the amount of
work required for the determination.

The standard volumetric methods for tin or tin plate re-
quire extensive equipment, such as Sellers apparatus, a cylin-
der of carbon dioxide, and a cooling arrangement where a
large number of tin determinations are made. In some
laboratories a generator is arranged so that the gases evolved
by the dissolving tin can be conducted into a solution of
sodium bicarbonate when only a small number of determina-
tions are made at a time. The use of solid carbon dioxide
makes it possible to determine tin or the weight of coating
on tin plate by using an Erlenmeyer flask, a small watch
glass, and a hot plate. No time is required to set up or take
down apparatus and any number of determinations can be
made at a time. There is no need for a cooling arrangement
other than the solid carbon dioxide and the use of solid car-
bon dioxide reduces the time required for cooling.

The start of the determination is conducted as heretofore
up to the point where carbon dioxide is to be passed through
the solution. At this point, approximately 0.5 cubic inch
of solid carbon dioxide is added to the flask. If it is desired
to speed up the work, this may even be crushed into smaller
particles. Cooling and purging of the solution take place
simultaneously and titration may be commenced when the
solid carbon dioxide has about disappeared.

Recervep February 20, 1934,



Analysis of Gaseous Hydrocarbons

A Method for Determining Gaseous Paraffins and Olefins

Hans Tropsca anp W. J. MaTTox, Universal Oil Products Company, Riverside, Il1.

HE work of previous in-
I vestigators on the an-
alysis of gaseous hydro-
carbon mixtures has been
summarized in a review (8).
This study has shown that
specific tests are not generally
- available for the direct determi-
nation of individual hydrocar-
bons in complex mixtures, and
that resort must be made to frac-
tional distillation analysis rather
than to difference in their chemi-
cal behavior.
A precise separation of the in-
dividual hydrocarbons in not
too complex mixtures can be ob-

A melhod of hydrocarbon analysis is described,
in which by fractional condensation small
samples (500 cc. or less) of complex mixztures are
separaled inlo composile fractions conlaining
both two and three, and both three and four car-
bon aloms per molecule. Densily delermina-
tions of these composile fractions conlaining
paraffins and olefins and the same fractions
afler the removal of the olefins, by means of a
Stock electromagnelic gas-densily balance, give
data from which the percentage of each hydro-
carbon is readily derived.

Penlane and hydrocarbons of higher molecular
weight (gasoline) are delermined in the same frac-

liquid nitrogen and by alumi-
num blocks cooled by this -
medium. Advantage is taken
of the high vapor pressure
ratios between the constituents
at low temperatures and hence
the rates of evaporation, which
make possible the selection
of temperatures such that the
less volatile components pres-
ent possess in each case a neg-
ligible vapor pressure and the
more volatile components rela-
tively high vapor pressures.
Since these distillation, or con-
densation, temperatures are
maintained fairly constant for

tained by means of a fraction-  lionalion.
ating column which utilizes
vapor-liquid contact, but the
unavoidable hold-up of ma-
terial in the column makes it
necessary to have a sample
sufficiently large, usually not less
than 4 or 5 liters, to make an
error from that source negligible.
For the same reason the separa-
tion of a very small fraction in a large sample is unsatisfactory.
With even the most precise fractionating column, the separa-
tion of the individual hydrocarbons in the complex C-4 frac-
tion of highly cracked gases is difficult and time-consuming.

The object of this work was to modify and improve the
fractional condensation method of Tropsch and Dittrich (7)
to a general method for the analysis of mixtures of gaseous
paraffin and olefin hydrocarbons, the method being rapid,
accurate for the determination of very small samples (less
than 0.5 liter of gas), of low cost of operation and mainte-
nance, and suitable primarily for routine analyses in which the
composition as ethane, ethylene, propane, propene, butanes,
butenes, and pentane and heavier is rapidly determined.

The boiling points of the gaseous hydrocarbons, particu-
larly the simpler ones, depend chiefly upon the number of
carbon atoms per molecule and are affected little by differ-
ences in structure and unsaturation. For this reason a com-
plex mixture can be more easily separated into fractions
containing molecules of the same number of carbon atoms,
and with even less difficulty into fractions containing mole-
cules of two and three, and three and four carbon atoms, which
can be analyzed by chemical means or by a combination of
chemical and physical methods. The latter procedure con-
stitutes the most favorable method for meeting the object
of the research.

The mixture of hydrocarbons condensed from the sample
at the temperature of liquid nitrogen is distilled into composite
fractions containing both two and three, and both three and
four carbon atoms per molecule. This fractionation is ac-
complished without the use of a fractionating column by
simple evaporation at controlled low temperatures and cor-
respondingly low pressures -and by fractional condensation
in a series of glass bulbs cooled to suitable temperatures by

gases.

The accuracy of the method has been verified by
the analysis of carefully prepared synthelic miz-
tures of known composilion and application
made lo the analysis of various lypes of refinery
The method is rapid and of low cost of
operalion and mainlenance.

the removal of each fraction, the
fractionation is effected by vary-
ing the pressure rather than the
temperature. Very low pres-
sures are employed, 1 mm, or
less, which involve correspond-
ingly low temperatures. Two
desired advantages accrue from
these conditions. The first, and
by farthe more important,is that
the ratio of the vapor pressureof themore volatile component to
that of the less volatile component becomes very much greater
at low temperatures, and so the separation is distinctly sharper.

Figure 1 shows the per cent ratios of the vapor pressures
of hydrocarbons in pairs, curve 1 being the per cent ratio of
the vapor pressure of ethane to the vapor pressure of methane
at the same temperature. This per cent ratio is not in
general the per cent of the more volatile hydrocarbon in the
vapor but merely a comparison of the vapor pressures of
two hydrocarbons. However, when the two hydrocarbons
are present in equal molal proportions in the liquid, the
curves do represent the per cent of the less volatile hydro-
carbon in the vapor above the liquid and may be interpreted
on this basis.

In the first place, the proportion of the less volatile hydro-
carbon in the vapor above the liquid increases with tempera-
ture in almost a straight-line function. Therefore, the
separation of hydrocarbons by fractional condensation im-
proves as the temperature and therefore the pressure are
lowered. The curves also give a measure of how the effi-
ciency of separation will change upon a change in temperature.

At a temperature of —100° C., the vapor above a binary mix-

-ture of butane and propane of equal molar proportions will con-

tain about 92 per cent of propane, while at a temperature of
0° C. it will contain only about 78 per cent of propane. At very
low temperatures the separation is particularly effective in the
case of ethane and butane, curve 3, whereas at —100° C. there
is only 0.5 per cent of butane in the vapor above a 50-50 per cent
mixture. The effect of low temperatures on the ratios is even
more pronounced in the case of methane and ethane, curve 1,
where at —160° C. there is only about 0.1 per cent of ethane in
the vapor above a 50-50 per cent mixture. While the separation
of heavier hydrocarbons is not nearly as efficient at correspond-
ingly low temperatures, the trend of the curves indicates that
their separation can be made fairly complete by going to very
low temperatures.
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A second advantage in using very low pressures lies in the
fact that the actual amount of the vapor phase over the liquid
phase is quite small at the low pressures, and consequently
a negligible amount of the vapor phase remains above the
liquid at the completion of each distillation, an important
consideration where small amounts of gas are used.
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A number of distillations made in this way would be re-
quired to obtain results equal to those from one fractionation
in a well-designed column. However, the separation into
the above composite fractions may be accomplished in one
distillation, as it is necessary only to avoid a separation so
imperfect as to allow ternary fractions.

In an earlier method of the same type (1, 7), the most diffi-
cult part of the analysis was the analysis of the composite
fractions, which may contain as many as four constituents,
two paraffins and two olefins. For a simple gas, such as a
natural gas containing only the paraffin hydrocarbons, the
procedure would be simple, as no fraction would contain
more than two constituents, and the measurement of a single
physical property, such as density, thermal conductivity, or
refractive index by the interferometer, would serve to de-
termine both. However, if the method is to be general, it
must be suitable for the analysis of mixtures which may con-
tain any or all of the following gases: hydrogen, carbon
monoxide, oxygen, nitrogen, methane, ethane, ethylene,
propane, propene, butanes, butenes, and pentane and heavier.
The method described has been developed so as to be suit-
able for the analysis of the hydrocarbon constituents in such
complex mixtures.

The hydrogen, carbon monoxide, oxygen, nitrogen, and
methane are easily and rapidly removed from the condensable
hydrocarbons at the temperature of liquid nitrogen by re-
ducing the pressure to 0.1 mm. or less, and the percentage of
each constituent may be obtained by an Orsat analysis on
this fraction. Acetylene is removed from the gas before the
condensation is made.
ways remains so low at the temperature of liquid nitrogen
(—195° C.) that none of it is removed with the last methane
distillates. Pentane and heavier hydrocarbons present in
the gas mixture are quantitatively condensed from the butanes
and the other gaseous hydrocarbons at a temperature of
—105° C. and 1 mm. pressure. The fractionation of the re-
maining hydrocarbons into two composite fractions is made
at 1 mm. pressure and at temperatures of —135° to —140° C.
and at —195° C.! The components of the fractions are as
follows:
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1 —195 Ethane, ethylene, propane, propene
2 ~135 to —140 Propane, propene, butane, butene
3 —105 Pentane and higher (gasoline)

The analysis of fractions 1 and 2 is made by density deter-
minations, one on the mixture of paraffins and olefins and
a second on the paraffins after the removal of the olefins by
concentrated sulfuric acid activated by nickel and silver sul-
fates. From the change in the density of the fraction on the
removal of the olefins the density of these olefins is calcu-
lated. Then from the density of the two olefins, the density
of the two paraffins, the volume of the olefins, and the volume

.of the paraffins in the fraction, the volume of each hydro-

carbon and the volume per cent of each hydrocarbon in the
original sample are calculated.

Fraction 3, consisting of pentane and higher hydrocarbons,
is reported as gasoline, since these hydrocarbons are liquids
at temperatures below 20° C., either as grams per liter of gas,
as volume per cent, or as gallons of gasoline per 1000 cubic
feet of gas, each of the calculations being made from the
volume and the density of the vaporized fraction. Tables
have been prepared for facilitating the evaluation of the
specific gravity of the gasoline fraction, and by means of a
simple relation the gallons of gasoline per 1000 cubic feet of
gas may be calculated.

The density determinations are made with a Stock electro-
magnetic gas-density balance which permits a determination
accurate to 3 parts per 1000 in approximately 2 to 3 minutes.
This apparatus has been fully standardized and described by
Stock and his co-workers (3-6).

The gas volumes are determined from the pressure exerted
in a known volume of the apparatus at a definite tempera-
ture. :

DESCRIPTION OF APPARATUS

Figure 2 shows apparatus for the separation of the lique-
fied gas sample into fractions by fractional condensation at
regulated low temperatures and a Stock electromagnetic gas-
density balance for determining the specific gravities or
molecular weights of the fractions.

The apparatus for the fractional condensation of the gaseous
hydrocarbons consists essentially of five U-tubes, B, C, D, E, and
F, which can be cooled to suitable temperatures by liquid nitro-
gen and by aluminum blocks cooled by liquid nitrogen; an ab-
sorption pipet, V, for removing olefins from the fractions; -cali-
brated bulgg P, @, and R for volume measurements; and a
manometer, 3/', for pressure readings. The temperature of the
aluminum block is indicated by means of an iron-constantan
thermocouple calibrated at the freezing points of water, mercury,
and carbon disulfide, and at the boiling point of liquid nitrogen.
The junctions of the iron and the constantan wires with the cop-
per lead wires from the millivoltmeter are maintained at a con-
stant temperature of 100° C. by immersion in steam,

The -lime tube and anhydrone drying tubes are constructed
so0 as to eliminate all rubber connections or stoppers and to per-
mit their easy removal for cleaning and refilling. Anhydrone,
magnesium perchlorate, is used as the drying agent rather than
phosphorus pentoxide, which has been found to remove olefins
after it has absorbed some moisture.

The precision manometer, ¥, permits pressure readings from
0 to 800 mm. of mercury, made accurate to 0.2 mm. by use of a
mirror scale and 25-mm. tubing to overcome capillary attraction.
The manometer is a modification of the one described by Ger-
mann (2) improved for the authors’ purposes.

The construction of the aluminum blocks I and J used in
cooling the condensation tubes is shown in detail in Figure
3. Table I shows the approximate rate of cooling, rate of
heating, and the amount of liquid nitrogen used in cooling
the blocks.

1 These temperatures are slightly lower than those used by Tropsch and
Dittrich, but more suitable for the condensation as shown under Selection of
Temperatures for Condensations.
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TABLE I. CooLiNG AND HEATING RATES OF ALuMINUM BLOCKS

VoLuUME or
NITROGEN
G ° C./min. Ce./° C.
Rate of cooling 0 to —80 28
Rate of cooling 0to —100 25-30
Rate of heating —65 to —60  0.2-0.3
Rate of heating —~115 to =100 0.9
Rate of heating —~130 to —115 0.9
Liquid nitrogen required for cooling 0 to —80 A7 1.8
Liquid nitrogen required for cooling 0 to —100 RS 1.9-2.1

Preliminary cooling with solid carbon dioxide and acetone
lowers the temperature to about —80° C., so that less liquid nitro-
genisrequired. The temperatures required for the condensations
are maintained by the occasional addition of small amounts of
liquid nitrogen. Alcohol is placed in the blocks around the con-
densation tubes so as to insure more rapid heat transfer.

The first aluminum block used had only one hole for liquid
nitrogen, and, especially when the block was warm, the nitrogen
boileg so rapidly that considerable quantities were lost in cooling
it, and, if the nitrogen was added in such small amounts as to pre-
vent its being wasted, the time required to cool the block was
much too long. With the block shown in Figure 3, the liquid
nitrogen passes to the bottom of the Dewar flask and boils up
through the many small holes in the rim of the block, permitting
rapid cooling witﬂ no loss of liquid nitrogen.

%‘he calibrated bulbs P, Q, and R, in addition to serving as
known volumes for the measurement of the fractions, permit the
entire fractions to be transferred to these bulbs, by condensation
in M, N, or O, and vaporized so as to obtain & homogeneous mix-
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ture before being passed into the gas balance for the molecular
weight determination. If the fractions are allowed to vaporize
and pass directly into the balance, the lighter components enter
the balance first and cause errors in the molecular weight deter-
minations as high as 10 per cent.

The volumes of P, Q, and R are accurately determined before
being sealed into the apparatus and are then used to determine
the volume of the balance and the manometer, Y, since the vol-
ume of the balance and the manometer must always be added
to any combination of bulbs P, @, or R. The volume of P is
approximately 150 ce., @ 200 cc., and R 500 cc. The volume of
the balance, manometer, and connections to stopcocks 6, 10,
‘and 17 is approximately 250 cc.

The activated sulfuric acid is a mixture, in the proportion 1 to
15, of concentrated sulfuric acid (specific gravity 1.84) saturated
with nickel sulfate at room temperature, and concentrated sul-
furic acid containing 0.6 per cent of silver sulfate (7).

The Stock gas-density balance operates according to the prin-
ciple of determining specific gravity by measuring the Archi-
medic buoyancy produced on a small hollow quartz ball fastened
to a scale beam by the influence of the surrounding gases. The
scale beam, into which a thin staff magnet has been fused, bears
at the other end a second hollow quartz ball serving as counter-
balance which is open and whose total surface is approximately
equal to the surface of the buoyancy ball, in order to avoid final
one-sided loading by absorption of gases. The balance beam
rests on steel points in stone pans and is in a glass case closed
with a ground cap and having ground connections for introduc-
tion of gases. The glass balance housing is suspended in a glass
trough which is filled with a temperature bath. An observation
microscope makes possible convenient observation of the fine-
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scale pointer which plays before a fixed counterpointer arranged
in the balance frame. Beneath the balance are the electro-
magnets, Lc and Re, free of iron and therefore of hysteresis, for
magnetic influencing of the balance.

Water is contained in the bath around the balance and a ther-
mometer indicates the temperature to 0.1° C. The small aux-
iliary magnet, D/, for correcting the zero position of the balance
beam (in vacuum) is usually suspended over the center of the
balance beam and the ad-
justments are made by rais-
ing or lowering the magnet.

The gas balance is sup-
ported on a rigid stand near
the manometer and is con-
nected to the manometer
and the fractionation appa-
ratus with 8-mm. tubing
through a ground-glass
joint, F’. The arrange-
ment and connection of
shunts, resistances, milliam-
meter, etc., are shown in
Figure 2. Switch G’ per-
& mits the left-hand coil, Le,
f the right-hand coil, Re, or
P, both coils to be used. With

the resistances M;, M, and
n M; and the switch H’, by
Ll which two, three, or four
s dry cells can be thrown in
the circuit, currents from
0.5 to 100 milliamperes can
be sent through the coils.
The milliammeter reads
from 0 to 15 milliamperes
with an accuracy of 0.02 milliampere, and three shunts reduce
the current by one-half, one-quarter, and one-tenth, so that any
current up to 150 milliamperes can be read. The resistance coils,
shunts, batteries, and switches are mounted on a Bakelite switch-
bparqtsalxd carefully checked against current leakages or short
circuits.
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In operation, the scale housing is filled with the gas under
investigation, whereupon the scale, which balances in a
vacuum, is brought out of equilibrium as a result of the bouy-
ancy of the closed quartz bulb. The balance is then again
adjusted to zero by sending a current of suitable strength
through the electromagnet. From a calibration curve taken
previously with dry air, the specific gravity of the gas is
derived immediately.

The accuracy of the balance was carefully checked by a
large number of determinations on air and on various hydro-
carbon gases and was found to average three parts per thous-
and. The values for the hydrocarbon gases were checked
by the Dumas method with the same order of accuracy.
The balance operates best in a location free of vibration and
one in which all iron bodies are stationary. The presence
of iron has no influence, but changes in its location near the
balance cause variations in the zero position of the balance.

PROCEDURE

CaLiBrATION OF BALANCE. The gas balance is calibrated with
dry air free of carbon dioxide. The balance and manometer are
evacuated through stopcocks 17, 23, 29, and 30 by means of a
Cenco Hyvac pump capable of producing a vacuum of less than
0.001 mm. of mercury. The balance beam is then adjusted to
the zero point by raising or lowering the magnet D’. Stopcocks
17 and 30 are closed and 6 is opened slowly to allow air to pass
slowly through the gas holder, the soda lime, and the anhydrone
into the gas balance. Stopcock 29 is then closed and the pressure
in the balance determined by carefully opening stopcock 30 and
at the same time admitting mercury to tge manometer from B’.
After the mercury level has risen almost to the zero point, Z, the
final adjustment of the mercury level to the zero point is made
with the screw clamp, A’. The switch, G/, is set on coil Le, and
the milliamperes of current necessary just to balance the beam
are determined. The milliammeter reading, the temperature of
the balance to 0.1° C., the manometer reading to the nearest
0.2 mm., and the temperature of the manomster to the nearest
0.5° C. are recorded. The balance and the manometer are again
evacuated by closing stopcocks 6 and 30 and opening 17 and 29.

ANALYTICAL EDITION

Yol. 6, No. 4

B’ is lowered, stopcock 33 opened, and, as the mercury level in
the manometer falls, stopcock 30 is opened slowly to keep the
mercury level near Z. When the mercury levels are below Z
stopcock 33 is closed and 30 opened fully. The evacuation is
completed and the operation repeated until at least four deter-
minations have been made for each shunt at pressures distrib-
uted over the range of that particular shunt.

The apparent molecular weights, calculated from the
temperature and corrected pressure, are plotted as ordinates
and the corresponding milliamperes of current as abscissas.
The straight line connecting these points should pass through
the origin. If the line does not pass through the origin,
the zero point has not been properly adjusted.

THE ANALYSIS

The sample for the analysis is measured in gas holder A
over salt water. The volume of the sample is usually 300
to 500 cc., depending upon the noncondensable gases pres-
ent. The most suitable quantity is about 200 to 300 cc.
of hydrocarbons above methane. The sample may also
be measured in the calibrated bulbs P, @, or R from the pres-
sure and temperature.

The sample is admitted slowly to evacuated condensation tubes
B and C which are cooled by immersion in liquid nitrogen con-
tained in Dewar flasks G and H. If the pressure, indicated by
manometer L through stopcock 19, reaches atmospheric, the ex-
cess of noncondensables is allowed to pass into the vacuum line
through stopcock 25, but the pressure in B and C is kept near
atmospheric until all the sample is displaced from the gas holder.
The pressure is then lowered slowly to remove noncondensables
and gases dissolved in the liquefied hydrocarbons, the last traces
of which are removed by distilling the hydrocarbons in B into
C with stopcock 25 open to the vacuum and € immersed in liquid
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nitrogen, and then from C back into B with stopcock 25 closed, 23
open, and B immersed in liquid nitrogen. Usually two or three
distillations will completely remove methane and dissolved gases.

The condensed sample, contained in C, is allowed to vaporize
slowly and pass at 1 mm. pressure, indicated by manometer {L,
into condensation tube D, cooled to —105° C., tube E, cooled to
—135° to —140° C., and tube F, cooled to —195° C., stopcock 28
remaining open to the vacuum during this distillation. At the
end of the distillation, the fractions are closed off in their re-
spective condensation tubes. The aluminum blocks are cooled
dllxlring the condensation of the sample and the preliminary dis-
tillations.
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Fraction 1, containing ethane and ethylene and a part of the
propane and propene, is distilled to bulb M, N, or O, dependin
on its volume, allowed to vaporize into P, @, or R, and then, wit
stopcocks 10 and 17 close(}? admitted to the gas balance and
manometer Y for the molecular weight determination. The
milliammeter reading, the temperature of the balance, the ma-
nometer reading, anci the temperature of the manometer are re-
corded. Stopeock 10 is opened and the gas allowed to pass
through stopcock 12 into S, forcing the mercury out of condensa-
tion tube § into buret 7. Fraction 1 is then condensed in S
by cooling in liquid nitrogen. If the pressure is not sufficient
to force the mercury from S into 7', the fraction is condensed first
in F, stopcock 10 closed, and the fraction then vaporized. After
the fraction, now in S, is vaporized into 7', it is passed into pipet
V, the portion in S being displaced by mercury. As soon as the
olefins are absorbed, the remaining paraffins, fraction 1-a, are dis-
tilled back into M, N, or O, vaporized, and the molecular weight
is determined.

The same procedure is applied to fraction 2 which contains the
remainder ofp the propane and propene and the butanes and bu-
tenes. The analysis is complete when fraction 3, the gasoline
fraction, is distilled to M, vaporized, and the molecular weight
determined.

The absorption of the olefins by the activated acid in V'
usually requires 6 to 9 minutes for fraction 1, and 3 to 6
minutes for fraction 2, and the procedure is arranged so that,
while the absorption is being made on fraction 1, the molecu-
lar weight of fraction 2 is determined, and, similarly, while
the olefins are being absorbed from fraction 2, the molecular
weight of fraction 3 is determined. When the data on a
fraction are complete, the fraction is removed from the ap-
paratus through stopcock 23 or 28.

About 1.5 to 2 hours and approximately 1 liter of liquid
nitrogen are required for an analysis. The operation of the
apparatus can be learned by an operator in a short time as
a manipulative process without necessity for thorough under-
standing of the theory involved.

DarAa AND CALCULATIONS
A typical set of data is shown in Table IL.-

TasLe II. TypicAL DaTa OBTAINED IN ANALYSIS OF COMPLEX
HyDpROCARBON MIXTURE
(Volume of sample, 295.5 ce.)
FRrACTION VoLumE MovrecuLArR WEIGHT
Ce:

1 96.0 35.90

1-a 57.3 37.23

2 113.2 52.96

2.a 78.3 54.62

3 . 35.5 72.47

Noncondensable 50.8 ..

The following relations have been derived for calculating
the volume of each hydrocarbon constituent in each of the

fractions:
Fracrions 1 anp 1-a. (1) Ethane and propane

Volume of ethane =

45.25 — molecular weight of 1-a X 1
14.85 ) volume of 1-a (1)
Volume of propane = volume of 1-a — volume of ethane  (2)
(2) Ethylene and propene
Volume of ethylene = 3 (volume of 1 — volume of 1-a) —
volume 1 X molecular weight of 1 — volume of 1-a X
( molecular weight of 1-a (3)
14.02
Volume of propene = volume of 1 — volume
of 1-a — volume of ethylene (4)
Fracrions 2 AND 2-a. (1) Propane and butane
Volume of propane =
59.87 — molecular weight of 2-a -
volume of 2-a  (5)
14.62
Volume of butane = volume of 2-a — volume of propane (6)
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(2) Propene and butene
Volume of propene = 4 (volume of 2 — volume of 2-a) —

volume of 2 X molecular weight of 2 — volume of 2-a X
molecular weight of 2-a

14.02

Volume of butene = volume of 2 — volume
of 2-a — volume of propene (8)

With these relations and the data in Table II, the data in
Table III are calculated.

TasLe III. Data CALCULATED FROM MOLECULAR WEIGHT AND
VoLuME OF FRACTIONS
VorLume PEr

Fraction Fraction Cent 1IN
HYDROCARBON 2 TorAL SAMPLE
Ce. Ce. Ce.

Methane S s 50.8 17.2
Ethane 31.0 35 31.0 10.5
Ethylene 22.5 1 22.5 7.6
Propane 26.3 28.1 54.4 18.4
Propene 16.2 175 33.3 11.3
Butanes 7 50.2 50.2 17.0
Butenes 17.8 17.8 6.0
Pentane Ly 35.5 12.0

The volume per cent of each hydrocarbon in the original
mixture is calculated from the volumes derived through the
above relations and the volume of the original sample, the
volumes of propane and of propene being the sum of the
volumes of these hydrocarbons in fractions 1 and 2.

The per cent of methane plus noncondensable gases is
calculated from the difference in the volume of the sample
and the sum of the volumes of fractions 1, 2, and 3.

Since the molar volumes of the gaseous hydrocarbons,
especially the paraffins, vary considerably from that of an
ideal gas, the molecular weights or rather the weight (grams)
of 22.41 liters have been calculated from the experimentally
determined densities. Complete data have not been found
in the literature for the olefins. The data for the paraffin
hydrocarbons are shown in Table IV.

TaBrLe IV. EXPERIMENTALLY DETERMINED DENSITIES OF
PARAFFIN HYDROCARBONS

WEerGHT
HYDROCARBON 1 liter 22.41 liters
Grams Grams
Ethane 1,3564 30.40
Propane 2.0190 45.25
n-Butane 2.8753 59.95
Isobutane 2.6678 59.79

It is clear that the molar volumes of the hydrocarbon
gases would reach the theoretical values at zero pressure,
but at the pressures used in the authors’ experiments the
deviation was not appreciably influenced by pressure and
they could use the values in Table IV with better results
than could be obtained by using the theoretical values.

Since the value given in the literature for the density of
ethylene (1.2604 grams per liter) is close to the calculated and
the value obtained by the authors on the Stock gas-density
balance (2.529 grams per liter) for isobutene is also so close
to the calculated value as not to cause any appreciable error
in the calculations, the theoretical values have been used for
the olefins.

Normal and isobutane are determined together in this
analysis, and the average weight of 22.41 liters of these hydro-
carbons, 59.87, has been used as the value for butane.

For the calibration of the balance, the apparent molecular
weight, M, of air is calculated from the pressure and tempera-
ture corresponding to a particular current by the following
relation:

/2 273
J[=28.98X%'0Xt+—27§

The apparent molecular weight, M, read from the cali-

bration curve, molecular weight-milliampere relation, is
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calculated to the molecular weight at 0° C. and 760 mm.,
Mo, by the relation,
760

Mo=Mx32 x* *2'7:2373

All pressure readings are reduced to 0° C. since at pressures
over 100 mm. the expansion of the mercury introduces an
appreciable error in the readings. A nomographic chart,
Figure 4, has been constructed from which corrections be-
tween 15° and 32° C. and to 800 mm. pressure can be read
directly.
R

D)

T HERMOMETER

VACUUM
PUMP

e |
ot

s

re

{

N
Lo

A

H
s
F1GURE 5. APPARATUS FOR PREPARATION OF
SynTHETIC GAS MIXTURES

The volumes of the fractions are calculated from the pres-
sures as read on Y to 0.2 mm., the temperature of the bulbs
P, @, and R to 0.1° C., and the known volume of the ap-
paratus.

SELECTION OF TEMPERATURES FOR CONDENSATIONS

The quantitative separation of methane from C-2 hydro-
carbons at the temperature of liquid nitrogen (—195° C.)
has been well established by a number of investigators, and
in this work it has been found unnecessary to provide for
the possibility of the presence of C-2 hydrocarbons in the
methane fraction.

An inspection of low-temperature vapor pressure data of
the gaseous hydrocarbons indicates that at a temperature be-
tween —120° and —150° C. the C-4 hydrocarbons should, at
pressures of 1 mm. or less, be quantitatively condensed from
C-2 hydrocarbons, and similarly, pentanes and heavier
from C-4 hydrocarbons at temperatures between —90° and
—110° C.

To determine the temperature most suitable for the
quantitative separation of C-2 and C-4 hydrocarbons, syn-
thetic mixtures of ethane and isobutane of known composi-
tion were fractionated at temperatures between —120°
and —160° C. Isobutane was taken for this separation
rather than n-butane, since isobutane, owing to its lower boil-
ing point, is more difficult to separate. At temperatures be-
tween —135° and —140° C. the separation of isobutane from
ethane was quantitative. In addition to the measurement
of the gas volumes from the fractionation and their com-
parison with the calculated values, the purity of the fractions
was verified by accurate molecular weight determinations.
With 50 per cent mixtures, no ethane was condensed at
temperatures between —120° and —140° C.; 0.08 per cent
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was condensed at —145° 1.2 per cent at —150°, 1.7 per
cent at —155° and 3.1 per cent at —160° C. Similar re-
sults were obtained with other ethane-butane mixtures of
varying composition.

In similar experiments with n-butane-pentane mixtures,
the condensation of pentane was —99.1 to 99.7 per cent com-
plete at —100° C. and 100 per cent at —105° C. Accurate
molecular weight determinations showed that no butane was
present in the pentane fraction. With mixtures containing
over about 5 per cent of butanes, a small amount of butane
was condensed in the fractionation but was completely re-
moved by a second distillation.

ACCURACY OF METHOD

The analysis of a number of complex synthetic hydrocarbon
gas mixtures of known composition has shown the method
to give values of a high order of accuracy.

The Podbielniak fractionating column was used in the
purification of the gaseous paraffin and olefin hydrocarbons.
Samples of ethane, ethylene, propane, propene, n-butane,
and isobutane were obtained from cylinders of the compressed
gases and fractionated on the column until a constant-boil-
ing fraction was obtained. Isobutene was prepared from
tertiary butyl alcohol and oxalic acid and 1-butene from n-
butyl alcohol by dehydration over alumina. These butenes
were also purified by fractionation on the Podbielniak
column.

The apparatus used in the preparation of synthetic gas mixtures
is shown in Figure 5. The entire apparatus, including the 5-
liter bulb, F, was evacuated througg’ stopcocks 2 and 3; stop-
cock 4 was then closed. The hydrocarbon was admitted through
stopcock 1 and condensed in bulb A which was cooled in liquid
nitrogen contained in Dewar flask C. Stopcock 1 was then closed
and 3 opened to the vacuum, to remove any air that may have
contaminated the sample during storage or in being transferred.
Any dissolved air was removed by distilling the ﬁydrocarbons
into B, which was cooled in liquid nitrogen contained in D.

The condensed gas, now contained in B, was transferred to F
by closing stopcock 3 and lowering D until the pressure in B
was near atmospheric, as indicated by manometer E. Stop-
cock 4 was then opened carefully until the pressure, as shown by
manometer G, indicated that the desired amount of the hydro-
carbon had been admitted to F. The excess was allowed to
vaporize and pass out through stopcock 1 or was removed through
the vacuum pump. The absolute pressure of the gases in F was
obtained by subtracting the difference in the mercury levels of
manometer G from the atmospheric pressure, The volume per
cent, of each was calculated by dividing the pressure exerted

by each iy the total pressure of the mixture, all pressure
readings emg reduced to 0° C. F was removed from the ap-
paratus through ground joint H and the mixture displaced by
mercury or salt water.

This method of preparation of synthetic gas mixtures is
rapid and accurate, and excludes the possibility of contamina-
tion by air or of any absorption of the gases by salt water,
as is usually experienced in other methods for the preparation
of these mixtures.

The analysis of one of the synthetic mixtures prepared in
this manner is shown in Table V.

TABLE V. ANALYSIS OF SYNTHETIC MIXTURE

Vorume Per CexT oF CONDENSA- CALCULATED
TION ANALYSIS YoLuvme

HYDROCARBON 1 2 Av. T
Methane -+ air 21.6 21.5 21.6 21.8
Ethane 10.5 10.4 10.5 121
Ethylene 10.7 9.7 10.2 10.5
Propane 14.0 15.9 15.0 15.1
frohl‘)ene 11.7 11.8 11.8 128
sobutane 3
A {15.7 14.5 15.1} b
Butenes 10.8 10.7 10.7 10.0
Pentane 5.4 5.4 5.4 5.6

Isobutane and n-butane are reported as total butanes, so
the values given for n-butane correspond to the calculated
value of 14.2 per cent.
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The method has been applied to the analysis of a number
of refinery gases. Typical examples are shown in Table V1.

TasBLE VI. ANALYSIS OF REFINERY GASES

SAMPLE SAMPLE  SAMPLE SAMPLE
HYDROCARBON 1 4
Methane + air 0.1 14.8 0.0 0.0
Ethane 3.3 2.5 2.8 4.8
Ethylene 0.2 0.0 1.4 0.0
Propane 24,2 27.1 36.4 30.8
Propene 10.7 0.0 11.1 15.9
Butanes 33.6 52.1 24.6 33.0
Butenes 26.6 0.0 23.7 11.7
Pentane -+ 1.5 3.5 0.0 3.8

ADVANTAGES OF METHOD

The chief advantages of this method lie in its application
to the complete accurate analysis of small samples, less than
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0.5 liter, the rapid, routine analysis of all types of gases, and
the low cost of apparatus and of operation.
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Estimation of Aldehydes in Rancid Fats

Coriy H. LA, The Low Temperature Research Station, Cambridge, England

r I YHOUGH the theories
which have been pro-
posed from time to time

to account for the deterioration
produced in fats by autoxidation
of the unsaturated constituents
differ in detail, they all agree in
postulating that the first stage
in the reaction consists in the
addition of molecular oxygen to
the double bonds of the unsatu-
rated acids with production of
labile peroxides which then
further isomerize, decompose
spontaneously into, or react
with water to form a complex
series of products including al-
dehydes, ketones, and acids of
lower molecular weight.

in an oil or fal.

CHEMICAL TESTS FOR RANCIDITY

Various chemical methods based upon the presence of one
or other of the above-mentioned decomposition products have
been suggested for the detection and estimation of rancidity,
of which the peroxide and Kreis tests, and in smaller degree
the Schiff and Issoglio tests, are probably the best known.

The peroxide estimation (11) has proved itself of par-
ticular value in investigating the earliest stages of the oxida-
tion of fats, its sensitivity making possible an investigation
of those slow changes during the induction period which
lead to rapid oxidation and the accompanying deterioration in
odor and flavor. In some cases the peroxide test has been
successfully applied in the presence of protein (10), thus avoid-
ing the very real difficulty of extracting the fat unchanged
from the tissue. In recent work determination of peroxide
oxygen appears also to be displacing other less reliable or
more cumbersome methods in heat-accelerated tests for the
determination of relative susceptibility to oxidation (9, 17).

The Kreis reaction, stated by Powick (13) to be due to the
presence in the fat of a derivative (possibly a glyceryl acetal)
of epihydrin aldehyde, has been widely used as a criterion of
oxidation rancidity but has recently been adversely criticized
in America and in Germany by committees set up to investi-
gate it.

The Schiff test with fuchsin-sulfurous acid for the aldehyde
grouping has been applied to the detection of rancidity in

Stalements in the literalure suggest that ali-
phatic aldehydes of medium molecular weight,
in particular heplaldehyde and nonaldehyde, are
the compounds mainly responsible for the ob-
Jjectionable odor and flavor of oxidized fals.

An investigalion of the bisulfite melhod has
therefore been carried out with a view to estimating
small quanlities of these subslances in solution
Purified heplaldehyde has been
employed and the sensitivily of the method in-
creased unlil the aldehyde content of 1 gram of
collonseed oil (containing approximalely 0.1 per
cent of the aldehyde) can be delermined with an
accuracy of the order of 0.001 per cent.

Specimen dala are given on the development of
aldehydes in ozidizing fals.

fats by Browne (3), Fellenberg
(7), and others, but always in a
qualitative or at best a very
rough quantitative manner;
while determination of the per-
manganate-reducing power of
the steam-volatile or water-solu-
ble products obtainable from a
known weight of oil under stand-
ard conditions has also found
some practical application but is
rather empirical in nature.

Much controversy has oc-
curred in the past as to the ability
of the various chemical tests to
parallel rancidity as judged by
odor and flavor. Actually, as
Barnicoat (7) has recently
pointed out in case of the Kreis
and peroxide tests, there are no
values above which oils and fats
in general are invariably rancid and below which they are sweet.
The points on the peroxide-oxygen and Kreis curves at which
a fat becomes perceptibly rancid depend on the nature of the
fat (generally speaking, a low content of acids less saturated
than oleic favors the early development of rancidity but
this generalization holds better for normal than for high
temperatures), and also in some degree on the conditions of
temperature and light to which it has been subjected. It has,
for example, already been shown (I, 11) that the ratio be-
tween the rates of peroxide accumulation and development
of the Kreis reaction is not constant for a particular fat, but
increases with falling and decreases with rising tempera-
ture—a result probably attributable to a greater stability
of the peroxide at lower temperatures. Similarly the ratio
between the observed peroxide and Kreis values is not the
same for different oils under similar conditions.

In view of the wide variation in sensitivity to “off”’ odors
and flavors displayed by different individuals, and by the
same person at different times, and of the difficulty of fixing
standards for odor and flavor, a quantitative chemical test
which would correspond more closely to the organoleptic
method than do the existing ones would clearly be of con-
siderable value. Such a result would, of course, best be
achieved by estimating directly the substance or substances
actually responsible for the rancid odor and flavor.



242

TESTS FOR ALDEHYDES

Among the products of the atmospheric oxidation of fats
the aliphatic aldehydes of medium molecular weight im-
mediately stand out as possible sources of the deterioration
in odor and flavor, and Scala (15) as far back as 1908 expressed
the opinion that heptaldehyde and nonaldehyde, and to a
smaller extent hexaldehyde and butaldehyde, are actually the
substances concerned. More recently Powick (13), as the
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result of an examination of a large series of the compounds
which might reasonably be present in an oxidized fat, came
to the conclusion that of these only heptaldehyde, and in a
smaller degree nonaldehyde, could contribute appreciably to
the rancid odor. On the basis of these results it was decided
to attempt the estimation of the minute amounts of alde-
hydes present in oxidized fats.

Tre Scurer Test. A series of experiments was therefore
carried out with the object of placing the Schiff reaction on a
quantitative basis, but neither by Fellenberg’s (?) technic nor
by various modifications of it could quantitative results be ob-
tained. The color produced in the test often appeared to con-
centrate at the interface between the two phases and attempts
to carry out the reaction in a single-phase medium by means of
alcohol or glacial acetic acid were not successful. Schibstead
(168), however, in a paper which has appeared since the above
work was carried out, has succeeded in obtaining quantitative
results from a modification of the Schiff test. According to this
author’s technic the fat in petroleum ether solution is shaken with
a solution of rosaniline hydrochloride—sulfurous acid in 50 per
cent alcohol (which is red), and the color produced in the pe-
troleum ether layer compared with a cresol red standard at pH
8.3. The actual depth of color obtained from a given specimen
of fat is dependent upon the concentrations of alcohol, sulfur
dioxide, and hydrochloric acid employed, on the proportion of
reagent to fat solution, and on the shape of container, manner of
shaking, and time and conditions of standing; all of these vari-
ables being adjusted so far as possible for maximum color de-
velopment. Simple aldehydes such as heptaldehyde do not
develop any color in the petroleum ether phase, the test appar-
ent.lg' being specific for aldehydes of high molecular weight whose
condensation products with rosaniline hydrochloride are soluble
in petroleum ether. The substances reacting in rancid fats are
therefore presumably the glyceride-aldehyde residues which re-
main after splitting off of the simple aldehydes. Schibstead also
states that samples of oleic and linoleic acids which had quite a
tallowy odor failed to give any reaction with the reagent.

Tre BisvLrite METHOD. As an alternative to the Schiff
reagent the bisulfite method for the estimation of aldehydes
seemed to offer the best hope of success. Ripper’s original
method (14) imgroved by Clausen (4) has already been used
by Clausen and by Friedemann, Cotonio, and Schaffer (8) to esti-
mate small amounts of acetaldehyde produced by oxidation of
the lactic acid present in tissues, and Ey Clift and Cook (5) for
the determination of pyruvic acid and other carbonyl-containing
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compounds in samples of biological origin. Brieﬂly the method
consists in allowing the solution containing the al dehyde to re-
act with a solution of sodium bisulfite. The excess of the latter
is then destroyed by addition of iodine, sodium bicarbonate is
added to facilitate dissociation of the aldehyde bisulfite com-
ggimd, and the combined bisulfite is titrated with standard io-

e,

For use with fats the main practical difficulty, apart from the
extremely small quantities involved, is that of securing adequate
contact between the aqueous reagent and the fat in order that
complete extraction may be obtained.

EsTIMATION OF HEPTALDEHYDE

As experimental material solutions of heptaldehyde of
known concentrations were made up in the solvent under
investigation or in freshly refined cottonseed oil. The com-
mercial product usually analyzed to about 70 to 90 per cent
heptaldehyde and was purified via the bisulfite compound
before use.

Two or three of the samples thus prepared displayed a
rather remarkable instability, the liquid after two or three
days becoming turbid through separation of water (?) and of
fine needle-like erystals resembling glass wool. During this

‘change the aldehyde content fell from 96-98 per cent to

about 15 per cent without, however, any appreciable increase
in free acidity, indicating that the reaction involved was one
of condensation rather than of oxidation. Suspecting the
influence of traces of alkali derived from the anhydrous
sodium sulfate (analytical reagent) used or from the glass
bottles, the time of drying was reduced to a minimum and
the aldehyde stored in small hard glass tubes at —20° C.
during the few days elapsing between purification and use.
Under these conditions no further trouble was experienced.

HyproxyraMINE METHODS. For estimation of the purified
aldehyde, modifications of the methods of Bennett and Salamon
(2) and of Leone and Tafuri (72), both employing hydroxylamine,
were used. The reagent for the former is prepared by dissolving
5 grams of h'ydroxyi;amine hydrochloride in 9 ce. of hot water,
adding 80 cc. of 90 per cent alcohol and 0.2 cc. of 0.4 per cent
bromophenol blue,! neu-
tralizing with alcoholic
potassium hydroxide to
a greenish blue color,
and making up to 100 cc.
with 90 per cent alcohol.
The aldehyde (1 gram)
is added to 20 cc. of this
solution and after stand-
ing for 20 minutes the
liberated  hydrochloric
acid is titrated with 0.5
N alcoholic potassium
hydroxide to a clear
blue color, the end point
being matched with that i
of a blank determination SO R S el
to which has been added
a quantity of alcohol
corresponding approxi- S0
mately to the titration o 50 100 150
obtained. In this way TIME OF SHAKING IN MINUTES.
it is possible to obtain
much better reproduci-
bility than by attempt-
ing to neutralize the rea-
gent exactly before use
as recommended in the original method. The purified aldehyde
always reacted neutral to bromophenol blue, so that no correction
was necessary on this score.

In the Leone and Tafuri (12) method the aqueous hydroxyl-
amine solution employed for the determination of acetaldehyde
was found to give low results with hepta!dehgvde and was there-
fore replaced by a 5 per cent solution of hydroxylamine hydro-
chloride in 90 per cent alcohol. Twenty cubic centimeters of
this reagent are neutralized to phenolphthalein with 1 N alcoholic
potassium hydroxide, the aldehyde (1 gram) is added, and after
standing for 20 minutes the excess hydroxylamine is titrated to

o5

o
ES

RECOVERED .

o
)

o2

Mg. HEPTALDEHYDE

O—0 Zce smumen A,
A [0ce sovmon B,

200

Ficure 2. ErreEcr oF VOLUME OF
SoLVENT oN RATE OF EXTRACTION OF
HEPTALDEHYDE FROM BENZENE

1 The figure of 2 ce. given in the original paper is presumably a misprint,
since it is practically impossible to titrate at this concentration.
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methyl orange with standard 0.5 N sulfuric acid. A blank de-
termination is again carried out, water being added in this case
to the experiment to compensate for the smaller quantity of acid
required. The results obtained were not quite so reproducible
and were usually also somewhat lower than those obtained by the
Bennett and Salamon method (Table 1I).

TasLe I. EsTiMATION OF HEPTALDEHYDE BY BISULFITE

MeTHOD
TiMB OF ————NORMALITY OF BISULFITE SOLUTION:
SPECIMEN SHAKING 0.1 0:2 .5 1.0 2.0
Min,

A 30 35 .8 92.6 94.1 04.1 il

A 60 (i 88.2 03.6 93.3 Ra 94.6

A 90 3% 88.5 92.8 93.9 03.7 e

B 60 o 90.4 04.7 96.6 97.0 o

C 30 85.5 91,0 94.9 096.7 96.6 96.3

D 90 84.8 90.3 04.7 06.2 96.2 96.0

E 30 o o 94.2 95.7 5 e

E 60 e 94.5 96.8 i

E 90 S 94.9 96.6 o

P 60 A7 95.2 96.0 e i

38 30 o o R 79.8 oo S

G 60 75.4 78.0 78.3 79.5 79.6 80.0

He 60 73.7 76.1 79.1 79.4 e A

¢ Unpurified specimens.

Bisurrite MerHOD. In Table I is given a series of results
obtained by the bisulfite method. In this case the aldehyde
(0.15 gram) was shaken at approximately 240 cycles per minute
with 20 cc. of the bisulfite solution in a constant-temperature
room at 20° C. The excess bisulfite was then neutralized with
iodine, sodium bicarbonate added, and the combined bisulfite
titrated with standard 0.1 N iodine. The figures show that no
appreciable advantage is to be gained by using concentrations of
bisulfite greater than normal, or by shaking for longer than 30
minutes. The values obtained were slightly lower than those
given by the hydroxylamine methods.

EstiMaTION OF TRACES OF HEPTALDEHYDE

For the purpose of extracting small amounts of heptalde-
hyde from a fat the latter was dissolved in a solvent and
shaken vigorously with the bisulfite solution in the absence
of light. Various solvents were employed in turn, the
earlier experiments being carried out with ether, which emulsi-
fied readily with the bisulfite, gave more rapid extraction than
any other solvent tried, and did not interfere too serious!y
with the end point of the titration. The blank titration in
the absence of added alde-
hyde or fat was, however,

Lol P e e found to increase appreci-
a—] ey ably with the time of shak-
20 et dZaal e ing, owing possibly to the
g : 4 production of traces of
3o A [ - o i L3 acetaldehyde, a reaction
i _! ?7}} | which is known to occur
f oo T when ether is allowed to
s o i stand in the presence of
g iy air, especially in daylight
Ereal el F (6). In Figure 1 results
g 4f o—0 6 are given for one of the
Al S 90 e preliminary experiments
in which a solution of

o ©O02 04 06 08 IO

heptaldehyde in fresh
cottonseed oil (1 gram),
ether (5 cc.) and 0.1 N
sodium bisulfite solution
(25 cc.) were used for each
estimation. The lower
curve, which has been used to correct the values plotted in the
upper, shows the increase in the blank titration (calculated
as heptaldehyde) during the experiment. Under the con-
ditions here employed extraction of the aldehyde from the
fat is apparently complete in 90 to 100 minutes.

Two disadvantages are inherent in the above method—
namely, the relative instability of the solvent, and the pres-
ence of ether and fat in the emulsion to be titrated which
makes the end point somewhat difficult to obtain accurately.
In later experiments therefore the emulsion obtained after

shaking was centrifugalized for 5 minutes and an aliquot

NORMALITY = OF BISULPHITE SOLUTION.

Ficure 3. Errecr or CONCEN-

TRATION OF BISULFITE oN RATE

oF Exrtracrion ofF HEPTALDE-
HYDE FROM BENZENE
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portion of the aqueous layer removed for titration. Ether
proved unsatisfactory with this technic on account of its
volatility and partial miscibility with water, and was replaced
by benzene.

The efficiency with which heptaldehyde can be transferred
from the benzene to the bisulfite solution will depend upon
the volume of benzene employed and the partition co-
efficient of the aldehyde between benzene and water, as well
as the volume and concentration of bisulfite solution and the

1500 T

o
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800 %/

800

OF OlL.

1200

A—A Bewzene ewy,

*— Brwaene pus wi.

............................................... 4 385 ppm.

aoo o

PARTS HEPTALDEHYDE PER MILLION*

o ’
o 30 €0 80 120 150 180 210

TIME OF SHAKING N MINUTES.

Ficure 4. Esrmmation oF HeEpTALDEHYDE IN COTTONSEED
O1 BY CentrirucE MeTHOD, UsiING BENZENE AND 0.5 IV
Soprum BIiSULFITE

dissociation constant of the bisulfite compound at the tem-
perature and pH of the reaction. The effect of volume of ben-
zene is shown in Figure 2 in which 2 ce. of solution A of
heptaldehyde in benzene or 10 cec. of solution B (one-fifth
as strong as A) were shaken with 20 cc. of 0.2 N sodium bi-
sulfite at 20° C. for various lengths of time, centrifugalized,
and 15 cc. of the aqueous portion titrated. The results show
a much slower and less complete extraction in presence of the
Jarger amount of solvent. In subsequent determinations the
volume of benzene was therefore fixed at 2 cc. which is suf-
ficient to hold 1 gram of a solid fat in solution.

The figures given in Table I indicate that the rate of com-
bination of heptaldehyde with sodium bisulfite is influenced
to a considerable extent by the concentration of the latter
employed. In case of the extraction of small quantities of
aldehyde from solution in benzene the effect is still more
marked. In Figure 3 are collected the results of a series of
experiments in each of which 2 ce. of a solution of heptalde-
hyde in benzene were shaken with 20 cc. of bisulfite solution
of various concentrations for 30, 60, and 90 minutes. Several
samples of aldehyde were used, the results being expressed as
percentage purity of the sample, those below 85 per cent rep-
resenting crude commercial samples and those above 95 per
cent purified specimens. These results show that with the
possible exception of 1 N and stronger bisulfite solutions 30
minutes’ shaking is not sufficient to extract the aldehyde com-
pletely. Using 60 or 90 minutes, comparatively little ad-
vantage is to be gained by increasing the bisulfite concentra-
tion beyond 0.5 N. With solutions stronger than normal the
estimation becomes difficult owing to fading of the end point
when the 0.002 N iodine is being used, and the larger quanti-
ties of iodine necessary to destroy the excess bisulfite give rise
to so much hydriodic acid and sodium bisulfate as to cause
considerable frothing during neutralization with bicarbonate.
For subsequent experiments 0.5 N was therefore adopted
as the most suitable bisulfite concentration.

Finally a series of determinations was carried out on 2 ce.
of a benzene solution of the aldehyde shaken for 30 minutes
at20° C. with 5, 10, 15, 20, and 25 ce. of 0.5 N bisulfite solution,
resulting in values of 41.4, 58.0, 70.0, 78.3, and 80.0 per cent
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for a sample of crude aldehyde which analyzed to 79.7 per
cent by the bisulfite method. The figures indicate that a
volume of 25 cc. of bisulfite is desirable; in practice, however,
owing to the limited capacity of the centrifuge cups used 20
ce. were found more suitable, the slight loss in efficiency
being compensated for by a longer time of shaking.

7
o
32
= |
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FiGure 5.

RecommeNpED MEeTHOD. The bisulfite solution is pre-
pared by dissolving 66.2 grams of anhydrous sodium carbon-
ate in approximately 450 cc. of water, saturating with sulfur
dioxide, and making up to 500 cc. with a little sulfur dioxide
water. A portion of this stock solution is diluted 10 times
when required.

A determination is carried out as follows: Approximately 1

am of the fat is weighed into each of several glass-stoppered

ottles (total capacity about 70 cc.), dissolved in 2 ce. of analytical
reagent benzene, warming if necessary, 20 ce. of 0.5 N bisulfite
solution are added‘; and the mixture is shaken at about 240 cycles
Eer minute at 20° C. in the absence of light. At intervals a

ottle is removed, the emulsion poured into a tube, centrifugalized
at 2000 to 3000 r. p. m. for 5 minutes, and 15 cc. of the clear aque-
ous layer are pg;estted into a 150-cc. Erlenmeyer flask. Iodine
is then run in, first 1 N, then 0.05 N, and finally 0.002 N until
the excess bisulfite has been destroyed. Shoulcf' the end point
be slightly overrun, a drop or two of dilute thiosulfate may be
added, the end point being adjusted to a definite depth of tint,
starch and at least 1 gram of potassium iodide of course being
present. Sodium bicarbonate (analytical reagent, 3 grams) is
now added and standard 0.002 N iodine run in until the same tint
is r:dgain reached. Towards the end of the titration the color
produced by the latest addition of iodine tends to fade more and
more slowly, but the true end point is perfectly definite and easy
to determine. In this as in the peroxide estimation it has been
found preferable to titrate by the aid of a daylight lamp in a
darkened room, but this is not, of course, essential.

In Figure 4 are graphed the results of a series of deter-
minations carried out on two solutions of heptaldehyde in
fresh cottonseed oil. It can be seen that the blank titration
for the benzene alone rises hardly perceptibly (the initial value
of about 25 p. p. m. is due to the bicarbonate), but in presence
of the oil the increase after 60 minutes becomes rather more
marked. When the curves obtained for the aldehyde solu-
tions are corrected for the blank titrations constant values of
1325 and 385 parts per million are obtained, corresponding to
99.2 and 100.3 per cent of the crude aldehyde contents of
the two solutions. The specimen of heptaldehyde used
analyzed to 98.7 per cent by the Bennett and Salamon
method. : ;

In Table II are given analyses of a series of samples of
heptaldehyde by the Bennett and Salamon and Leone and
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Tafuri methods, using in each case approximately 1 gram of
material, by the bisulfite method shaking about 0.15 gram of
aldehyde with normal or stronger bisulfite for 30 or 60 min-
utes, and by the same method shaking 1 gram of cottonseed
oil or 2 ce. of benzene containing about 0.0004 gram of alde-
hyde with 0.5 N or 1 N bisulfite for 60 or 90 minutes. The
determinations on the dilute solutions actually correspond
more closely to the hydroxylamine figures than do the bi-
sulfite estimations on the aldehyde itself.

TaBLe II. EsTIMATION OF HEPTALDEHYDE IN DILUTE SOLUTION

BY BisurrirE METHOD

HyproxyrLaMiNe METHODS
Bennett and Leone and

Bisurrite METHOD :
Aldehyde Benzene Cottonseed oil

Salamon Tafuri alone solution solution

96.3 95.1 94.0 %

08.3 96.3 96.3 99.5 we
08.7 97.5 96.5 e 99.2
08.5 97.2 .. 99.5 e
97.4 95.9 e i 97.9
06.4 94.6 3 95.8 5
97.5 96.7 95.6 97.1

ALDEHYDE DETERMINATIONS ON OXIpDIZED FATS

Aldehyde determinations have as yet been carried out on
relatively few natural fats, but preliminary experiments
indicate that zero values are obtained from perfectly fresh
samples. The method employed in all cases has been that
described above, the time of shaking being 60 minutes and
appropriate correction being made for the blank titration on
the reagents. [Mean values for the blank titration (15 cc.)
in the absence of fat were 0.17, 0.20, 0.24, and 0.27 cc. of
0.002 N iodine for 30, 60, 90, and 120 minutes’ shaking.]
With continued shaking perceptibly higher results are ob-
tained (Table III), but the shorter period has been adhered to
in order to minimize any danger of aldehyde production during
the determination.

In Figure 5 data
are given for the
oxidation of a
specimen of
cottonseed oil illu-
minated at 22° C.
by a 100-watt
lamp at a distance
of 3 feet (90 cm.),
20 cc. of the oil
being placed in
each of a series of
flat-bottomed
glass dishes 6 cm.
in diameter, one of
which was re-
moved at intervals
for examination.
The Kreis test was
carried out by dis-
solving the oil (3
grams) in benzene (6 cc.) in a glass-stoppered cylinder, and
shaking with concentrated hydrochloric acid (3 cc.) for 1
minute. Five drops (0.1 cc.) of a 5 per cent solution of phloro-
glucinol in aleohol were then added, the mixture reshaken for 1
minute and separated by means of the centrifuge. Approxi-
mately 2 ce. of the clear aqueous layer were transferred to a
1-cm. glass cell and matched against the color standards of
the Lovibond tintometer (B. D. H. pattern, with artificial
light attachment). By use of a little yellow or blue (de-
pending on the nature of the fat) in conjunction with the red
an accurate match can readily be obtained. The values
plotted in Figures 5, 6, and 7 on the same scale as the peroxide
oxygen figures are the sums of the red and yellow or red and
blue glasses required. In case of samples of fat giving colors

(%)
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deeper than about 10 units on the Lovibond scale the amount
of fat used must be reduced and the observed value corrected
back to the normal weight.

Figure 6 gives the results of an experiment in which butter
fat (20 ce.) was exposed in Petri dishes (15 cm. diameter) to
direct sunlight for 3 hours. All the specimens of fresh butter
fat examined gave Kreis tests of 0.0R, 0.5Y; which figure
has therefore been treated as a blank and subtracted from the
subsequent readings.

A second sample of butter fat oxidized under conditions
similar to those employed for the cottonseed oil gave the
results expressed in Figure 7. In this latter experiment the
Schibstead test was carried out exactly as described by the
author, the solutions being matched in a Duboseq colorimeter.
It is, however, somewhat simpler to calibrate the cresol red
standard against the Lovibond color glasses (4.75R, 1.1B in
1-cm. cell), after which the experimental solutions can be
matched directly in the tintometer. The color of light
transmitted through 1 em. of the melted butter fat is ex-
pressed in Lovibond units and plotted on the same scale as the
peroxide oxygen and Kreis values.

TasLe III. ErrecT oF TIME OF SHAKING ON APPARENT ALDE-
rYDE CONTENT OF Ox1p1zZED FATS

TiMB OF SHAKING

60 min. 90 min. 120

B

Far 3

Fresh beef fat®

Fresh butter fat®
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Oxidizing butter fat
Fresh lard®

Oxidizing lard
Oxidizing lard I
Fresh cottonseed oil®
Oxidizing cottonseed oil
Oxidizing cottonseed oil
Oxidizing cottonseed oil
Oxidizing cottonseed oil
Oxidizing cottonseed oil
Oxidizing cottonseed oil

B
=)
(=}
(=)
=)

BN HOOoOHOCHHOOoo00oo &
BBD D~ OOBO BT 9000 B,
—
B W=-HOCOH-HOOHHOOOOOO
L3800 B NILS RS = N D O BT RO O
- -5 ;
NI COOHHOOHHOOOO00
P R 1 SO RS - C

-
PUBRHOOHHOOH-HOOOOoCO
BRI O e D = R BN OO B,

@ Laboratory extracted.
b Commercial.

TaBLE IV. STANDARDIZATION OF THIOSULFATE SOLUTIONS

WitHoUT

CARBONATE Wit CARBONATE
MgeTHOD 0.002 N 0.002 N 0.1N
Bichromate (acid) 97.2 97.2 09.6
Iodate (acid) 99.8 99.8 100.0
Iodine (acid) 100.0 100.0 100.0
Iodine (no acid) 100.4 104.2 100.4

Iodine (bicarbonate) 102.9

The pronounced lag in the appearance of aldehyde in
cottonseed oil (Figure 5) as compared with the butter fat in
Figures 6 and 7 is of interest in view of the ability of the
former to absorb much larger quantities of oxygen at ordinary
temperatures without developing perceptible rancidity.
The similarity in shape of the peroxide-oxygen, fat aldehyde
value, aldehyde content, Kreis test, and bleaching curves
ghown in Figure 7 is also rather striking. Further work
utilizing the aldehyde estimation method is in progress.

DiscussioN

Dilute thiosulfate solutions are often standardized against
0.01 N bichromate prepared by weighing out the exact amount
of the dry analytical reagent salt. This method possesses
the advantage that the bichromate solution is quite stable,
and when precautions are taken in running a blank on the
reagents and titrating in the absence of daylight perfectly
consistent results can be obtained. It has been found,
however, that the values given by the bichromate method are
distinctly in error. Further, as can be seen from Table III,
the common practice of adding a trace of sodium carbonate
(0.1 gram in 5 liters) to thiosulfate solutions for the purpose of
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preventing precipitation of sulfur can lead to serious in-
accuracy with dilute solutions unless the titration against
iodine is carried out in presence of acid. It is probably
preferable, therefore, whether carbonate has been added or
not, to standardize dilute thiosulfate solutions against iodine
in the presence of a little acid, the results obtained in this
manner agreeing closely with those of the iodate method.
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Bisurrire TrtratioN. In the determination of small
quantities of aldehydes by the Clausen method the com-
bined bisulfite is liberated by addition of sodium bicarbonate
and titrated with iodine in the presence of the excess of bi-
carbonate. If, however, a blank determination is carried out
without the aldehyde, and, after addition of the bicarbonate, a
known amount of sodium bisulfite is run in and titrated with
iodine, an incorrect result is obtained. For example, 25 cc.
of a bisulfite solution actually equivalent to 25.7 ce. of 0.002 N
iodine (standardized by running the bisulfite from the buret
into the acidified iodine solution) neutralized only 12.3 cc. of
iodine under the conditions of the determination, though by
omission of the bicarbonate the figure could be raised to 25.1
cc. By running in the bisulfite approximately 1 cc. at a time
and immediately neutralizing with iodine a titration of 25.1
cc. was, however, again obtained even in presence of the bi-
carbonate. This latter observation probably accounts for
the fact that no large error arises in the actual estimation of
aldehyde, most of the bisulfite being oxidized as soon as it is
liberated.

Two modifications of the standard method were investi-
gated. In the first the bicarbonate was added slowly as a 10
per cent solution. The first 8 or 10 cc. being used in neu-
tralizing the acid present produced practically no liberation
of bisulfite, which was however almost completely liberated
by the next 1 or 2 cc., the remainder of the bicarbonate being
added only at the end of the ftitration to insure complete
reaction. The results obtained were identical with those of
determinations in which the solid bicarbonate had been used.

In the second modification, after neutralization of the
excess bisulfite a quantity of standard iodine equal to approxi-
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mately twice that which would be required to oxidize the
combined bisulfite was added, followed by the bicarbonate in
the usual way, the excess iodine being titrated with thio-
sulfate solution. A blank determination without the alde-
hyde sufficed to standardize the thiosulfate. Several deter-
minations carried out by this method on a sample of heptalde-
hyde (0.15 gram) gave consistent results rather higher than
those obtained by the usual technic, and, since they agreed
closely with the Bennett and Salamon method, probably
more correct. Dilute bisulfite solutions (0.002 N) could also
be estimated satisfactorily in this way, but applied to solu-
tions of heptaldehyde in cottonseed oil erratic results were
obtained, the blank determination on the fresh oil being high
and irregular. The back-titration method was therefore
abandoned in favor of the ordinary technic described above,
which as can be seen from Table II gives consistent and
sufficiently accurate results.
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Heat-of-Solution Method in the Calorimetry
of Portland Cement

R. W. StenzeL Anp S. B. Mornis, Water Department, Pasadena, Calif.

HE measurement of the
heat evolution of Port-
land cement during

hardening has been the subject
of numerous investigations dur-
ing the past two years (2, 6),
and has reached the stage of
practical application in mass
concrete construction. Thus
the cement used in the construc-
tion of the Pine Canyon Dam!
(City of Pasadena, Calif.) and of
the Boulder Dam has been sub-
ject to restrictions of heat de-
velopment at 7 and 28 days (3,4).

The heat-of-solution method
as proposed by Woods, Stein-
our, and Starke is probably the most accurate of those used
thus far, and although it may be replaced by less expensive
methods for routine work, it will undoubtedly continue in
use for research and referee tests. For this reason it was
thought desirable to make available the results obtained by
the authors during the investigations of the heat. evolution
characteristics of cement furnished for construction of the
Pine Canyon Dam, and to point out the sources of error in
the method and means of avoiding them. The principle
of the method is scientifically sound and requires simply the
measurement of the heat of solution of the dry cement and
of the hydrated cement in a suitable acid charge, the differ-
ence between the two values obtained being the heat of hy-
dration.

The apparatus is shown diagrammatically in Figure 1, being
modeled after that of Woods et al. (6), and follows the prin-
ciples of calorimeter design given by White (5). It consists
essentially of a gold-lined reaction vessel into which the ce-
ment to be tested is introduced. The temperature rise is

! This structure has recently been renamed the “Morris Dam."”

various ages.

The study of the thermochemistry of cement has
recently been given considerable impelus by
such practical applicalion as the specificalion of
heat evolution limits during hardening for cement
used in construction of the Boulder Dam. Fun-
damental lo such studies is an accurale calori-
meltric method and this article indicales the pre-
caulions necessary to allain a reasonable accu-
racy. The method gwen is especially designed for
measuring the heat of hydration of cement at

Zinc oxide is suggested as a suilable secondary
standard for heat capacily delerminalions.

measured by a copper resistance
thermometer, and the heat ca-
pacity is determined by means of
a manganin wire heater coil and
a potentiometer. A platinum
stirrer is used to maintain a uni-
form distribution of temperature.
The calorimeter is immersed in
a water bath which is closely
regulated at 30°C. The cement
sample is contained in a stop-
pered glass tube which has a rod
and ground-glass valve to permit
the introduction of the sample
into the acid. The acid charge
consists of 1200 grams of nitric
acid (normality 2.000 = 0.002)
and 22.5 grams of 48 per cent hydrofluoric acid. Six grams
of dry cement and a weight of the hydrated cement which
gives approximately the same temperature rise constitute
the cement charge.

PROCEDURE

The procedure may suitably be divided into four distinet
operations: preparation of the sample for hydration; weigh-
ing of the calorimeter sample; operation of the calorimeter;
and calculation of results. The principal features of these
operations will be discussed here; the detailed procedures
must be adapted to the particular apparatus used.

PREPARATION OF THE SAMPLE FOR HypraTioN. The dry
cement is mixed with pure water to give a water-cement
ratio of 0.40 and is stored for one day at 70° F. (21.1° C.),
then at 100° F. (37.8° C.) until the time of test, which is at
7 days’ and at 28 days’ total elapsed time. This time-tempera-
ture curve is of course entirely arbitrary, but lends itself well
for laboratory testing and does not differ greatly from that
actually found to exist in mass concrete construction. It is
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obvious that any curve whatever would be just as arbitrary
since the temperatures in the structure itself are not uniform.
The effect of different curing temperatures upon the heat of
hydration is shown in Figure 6 and will be discussed below.
The water-cement ratio of 0.40 corresponds to that used in
mortar compression test specimens but differs from that ac-
tually used in the concrete of the dam, which is nearer 0.6.
However, the heat
development with
different ratios may
be determined by
suitable auxiliary
tests, such as are
shown in Figure 5.
The principal pre-
caution to be ob-
served in preparing
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PULLEY SECTION A-A each container (4-
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the process. A con-
venient arrange-
ment is that shown
in Figure 2. The
manually operated screen stirrer does not beat air into the
mixture, as is usually the case with the ordinary propeller
type. The stirring is continued while the cork is withdrawn
and the vials filled. The reproducibility of different vials
from the same pour as shown in Table II indicates that the
desired result has been accomplished. It is essential that the
hydrated cement be sealed in its containers during storage,
so that no water will escape or air be introduced.

Wr1GHING PROCEDURE. The dry cement is safely handled
in the air when exposure is not longer than that required to
weigh the sample by the usual methods.

Two sources of error in preparing the
hydrated sample for the calorimeter must
be carefully guarded against if repro-
ducible results are to be obtained. The
sample will of course have ‘“‘set” in its
container during the hydration period,

CALORIMETER VESSEL ASSEMBLY
Fi1Gure 1. DIAGRAM OF APPARATUS

so that it must be ground before weigh-  \—-r> ’:UZ
ing. During the grinding and weighing X _—’5%'25&“
processes it is exposed to the laboratory T CORK

Ficure 2. Mix-

atmosphere, and it has been found that
ING APPARATUS

undue exposure of this kind causes it to
absorb carbon dioxide from the air, re-
sulting in a lowered heat of solution. The magnitude of the
effect is shown in Table Iand indicates that the exposure must
be kept to a minimum, especially when the sample is still
quite moist—i. e., at the earlier ages. The most effective
means of accomplishing this purpose is to grind the sample
as rapidly and as coarsely as the procedure will permit (a
10-mesh sieve size has been found satisfactory). The ad-
vantage of using a 10-mesh sieve size instead of the 100-mesh
which has usually been specified can be readily seen in that the
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grinding time is reduced to one-third and the surface area
probably to /10 of the values for the finer grinding. This
is clearly indicated in Table II, which shows the results ob-
tained on four different vials from the same pour, each sample
being ground first through the 10-mesh and then through the
100-mesh sieve. As has been stated, the effect of exposure
is greater at the earlier ages, which is reflected in the 7-day
group. The average difference of 1 calorie between the two
sets at 7 days has been found consistently in other tests.
Thus the magnitude as well as the reproducibility of the re-
sults is affected by the change in procedure, and shows the
care required to obtain reliable results.

TasLe I. Errect oF ExXprosure oF HYDRATED CEMENT TO
¥ VARIOUS ATMOSPHERES

(Sample: Riverside 19R4)
HEeat or SoLuTiON
T DAYS
10 100 10 100
mesh mesh mesh mesh

Cal./g. Cal./g. Cal./g. Cal./q.

TRBATMENT

Normal 535.6 534.7 b526.4 525.4
Exposed to air 4 hrs. 525.9 521.7 518.1 510.3
Exposed in desiceator 4 hrs. 535.2 534.2 527.3 525.9
Exposed to saturated CO:z for 10 min, 502.3 484.0 497.9 477.3

TasLeE II. RepropucisBiLiTY oF HeAT orF SoLurioN oF Hy-
DRATED CEMENT GROUND 'I‘SO Pass 10-Mesg Axp 100-MEsH
[EVES

HeaT oF SoLuTION HpAaT oF SoLUTION

7 DAYS 28 DAYS
10 mesh 100 mesh 10 mesh 100 mesh

ViaL ViaL
Cal./g Cal./g. Cal./g Cal./g.
1 532.9 532.3 2 519.0 520.2
3 533.3 531.2 4 520.9 520.1
5 533.7 533.3 6 . 519.6 520.1
7 533.5 531.5 8 519.8 519.9
Av. 533.3 532.1 Av. 519.8 520.1

The other source of error is associated with the weighing
procedure, because of the fact that the sample is quite moist
and loses water rapidly upon exposure to the atmosphere.
The usual procedure of differential weighing of the calorime-
ter sample and the ignition
sample successively from —
the same weighing bottle is
subject to considerable error
when the sample is moist.
This error may be made
negligible by use of a suit-
able technic—e. g., the sum
of the calorimeter sample
and that for ignition may
be roughly weighed into a
bottle, then thoroughly
rolled in the bottle, and the
ignition sample quickly re-
moved in one operation.

If these precautions are
observed, the error in the heat of solution of the hydrated
sample will be no greater than that in the dry sample.

CaLormMETER PROCEDURE. The quality of the results of
the calorimeter tests depends primarily upon the accuracy
of the temperature measurements and heat capacity deter-
minations. The resistance thermometer is carefully cali-
brated against a Bureau of Standards Beckmann thermome-
ter and suitable calibration charts are made. The heat ca-
pacity is determined by introducing a measured quantity
of electrical energy and noting the resultant temperature
rise. The operating technic will of course be peculiar to each
apparatus and need not be given here.

CarcurATioN oF REsunrs. A discussion of the calculation
of the heat of hydration of the cement from the calorimetric
data has been given in the literature (). The required pre-

/6
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cision makes it necessary to take into account fully all the
sources of error which are encountered and to make adequate
corrections therefor.

Errecr oF HYDROFLUORIC Acip CONCENTRATION

The heat of solution of cement is rather sensitive to the
concentration of hydrofluoric acid in the charge, so that suit-
able corrections must be made if the concentration differs
materially from the standard. Figure 3 shows the variation
of the heat of solution with the amount of hydrofluoric acid
used and may be used as a basis for these corrections. The
specifications originally prescribed a hydrofluoric acid con-
centration of 10 ml. of 48 per cent acid per charge, but were
later modified to double this quantity because some of the
cements showed incomplete solution with the smaller amount
of the acid present.

DirFERENTIAL HEAT-OF-SoruTIiON EFFECT

A correction to the heat of solution must be made when a
weight of cement is used in the charge which differs from the
standard weight
which has been de-
cided upon (6 grams

225 6. HF

b SLOPE +05 CAL/G.AT 6 GRAMS
© RIVERSIDE BR4C

.
=

£ LA VICTOR 1V6 -4C in this case). This

ol s iecoton casc|  arises from the fact
e T that successive in-

m' & | crements of cement
7 £ added to the acid do
Gl 2 q not give the same

heat of solution per
gram, and is called
the differential
heat-of-solution ef-
fect. Its magni-
tude is determined
empirically from
data such as those
plotted in Figure 4.
It is evident that
this effect is only
one-third as great
when 20 ml. of hydrofluoric acid are used in the charge than
when 10 ml. are used, and is an advantage of the use of the
greater quantity, in addition to the more rapid and complete
solution which is obtained.
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Heat of solution at 6.0 grams taken as
reference point.

TEMPERATURE COEFFICIENT OF HEAT OF SOLUTION
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brought about by a change in this ratio. The results of tests
on two different cements are shown by the curves in Figure
5. The water-cement ratio was varied from 0.40 (used in
the tests) to 1.0. The ratio used in the concrete of the dam
was about 0.6 and is indicated by the broken line. Instead
of the smooth curves which might be expected, consistently
angular graphs are ob-
tained.

The irregularities
may be due to the fact
that it was difficult to
maintain the cement in
uniform suspension
during the curing
period. The vials in
which the cement was
placed were rotated
horizontally for 2 days
to prevent segrega-
tion, but in the case
of the higher water con-
tents a portion of the
mix acquired a set after about 24 hours, leaving some free
water at one end of the vials. In those having the lower
water-cement ratios the mixture appeared to set without
noticeable segregation. It is probable that in the less homo-
geneous mixtures the conditions of hydration are not uni-
form and therefore not comparable with those in which no
segregation takes place.

In order to calculate the heat evolved by the cement under
the conditions in which it was used in the concrete of the dam,
it appears necessary to add a definite fraction to the values
obtained in the tests. These are 2.5 per cent at 7 days, 5
per cent at 28 days, and about 10 per cent at 5 months.

It is difficult to explain the nature of these curves in any
simple manner; there are evidently a number of complicating
factors, such as the hydrolysis of the cement compounds, ete.,
whose effects cannot be separated by means of the data ob-
tained.

EFrreEcT OF CHANGE IN CURING TEMPERATURE

RATIO0 USED IN RATIO USED IN TESTS

. S & 3

HEAT 0F HYORATION (CAL./G.)
£ 3 5

o
S

; cww{-&mca RATIO *
et bl
e e e s i" AT
5798 4
WATER - CEMENT RATI0

Ficure 5. EFrrFeEcT oF WATER-
CemeENT RATIO UPON HEAT OF
HypraTioN

Since the particular time-temperature curve used in curing
the test specimens will be different from that to which the
concrete in the dam is subjected, it is of interest to know what
the general effect is of a change in curing temperature condi-

The heat of solution of cement also varies with the [#& AT L
temperature at which the tests are made. Table III  |wJ 00 URke s )
shows the results of experiments made to determine the [, S 70°F. CURING 3
temperature coefficient of the reaction, which turns out £ —- =~ STANDARD CURING
to be about — 0.3 calorie per gram per °C. in the range [ & HAE MEMG I E UG 3
from 15° to 30° C. This coefficient will of course apply = [*E
only to the low-heat cement for which it was deter- |®C )
mined, but probably does not vary greatly with the |02 A OrS) LoeeseaL p e EMER CEMEH R A R ) !
chemical compositions ordinarily encountered. [y : f ; % ; )

10HRS, 2 HRS. 3 7 28 20 1) 360

Tasre III. TeEMPERATURE COEFFICIENT OF HEAT OF Ficure 6. ErrFecr oF CURING TEMPERATURE UPON
SoruTioON OF CEMENT HeAT or HypraTion
HEAT OF SoLuTIoN

PAMPLE 1715 C. = | 29.9°/C.  DirrerExce tions. Figure 6 shows the results obtained with a Riverside
S gaa. el low-heat sample f ing t t f 70°, 100°, and

Victor 1V6-40 590.0 585.7 4.3 DO N I U L E LU LELALILES A0 1 180
Riyerside 6R4 590. 4 586.2 4.2 212° F. (21.1° 37.8°, and 100° C.) continuously, as well as

Temperature coefficient = —0.33 cal. per ° C.

ErrEcT OF CHANGE IN WATER-CEMENT RATIO

Since the water-cement ratio actually used in the concrete
of the dam differs from that used in the test specimens, it is
important to know what effect upon the heat development is

the standard of 70° F. for 1 day and 100° F. thereafter. Itis
significant that while the rates of heat development differ
markedly for the different temperatures, yet the ultimate
value seems to be nearly the same. This would indicate
that the temperature coefficient of the reaction is rather small.
It should also be noted that the ultimate value is reached
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in less than 14 days by the sample cured at 212° F., whereas
those cured at 70° and 100° F. require 6 months or more to
reach a maximum. It is clear that when it is desirable to
know the ultimate heat developed by the cement, a curing
temperature of 212° F. would be advantageous in greatly
accelerating the reaction. The results here shown are of
course to be considered as preliminary and merely indicative
of the possibility of using elevated temperatures for acceler-
ated tests. It is likely that valuable information on the
thermochemistry of the cement reactions may be obtained
by further studies along these lines.

Z1Nc OXIDE AS A SECONDARY STANDARD IN HEAT CAPACITY
DETERMINATIONS

The electrical calibration of the calorimeter to determine
its heat capacity is probably the most reliable method of ob-
taining an accurate absolute value. However, it is somewhat
tedious and gives a temperature-time curve which is unlike
that obtained with cement. There is also the possibility
that the heater may be attacked by the acid and rendered
useless for calibration purposes. Therefore it was desirable
to find a chemical substance which might be used as a sec-
ondary standard. Calcium oxide has been proposed, but its
high reactivity with moisture and carbon dioxide introduces
manipulation difficulties, in addition to the precipitation of
calcium fluoride which it produces in the acid charge. After
some investigation it was found that zine oxide was suitable
for the purpose, being only slightly hygroscopic and giving a
highly reproducible heat of solution. The best results are
obtained if the zinc oxide is first ignited at about 950° C. for
several hours. It goes into solution very rapidly and pro-
duces a time-temperature curve which approximates that of
a cement, in contrast to the electrical heating which gives a
slow temperature rise.

Table IV shows a series of results obtained with the sub-
stance and indicates its suitability as a standard of this kind.
In one set of comparative tests it was found that both Merck
c. p. and Baker c. p. samples gave the same value.
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TasrLe IV. RepropuciBILITY OF CALORIMETER TESTS

HeaT CarAciTY OF  — HEAT oF SOLUTION—————
Zinc oxide (c. »., ignited)

CALORIMETER Dry cement 6C30
Date Cal./® C. Date  Cal./g. Date Cal./g.
Apr. 17 1165.3 Dec. 20 572.8 May 10 256.65
May 3  1163.5 Dec. 30 572.5 ° May 10 256.69% Lot 1
May 19 1162.6 Dec. 31 573.0 May 10 256.70
June 26 1163.3 Feb.1 573.8 June 27 256,56
July 26  1164.8 Feb. 7  572.6 July 26 256.75}F Lot 2
Sept. 20 1164.1 Feb. 17 573.1 Sept. 20 256.55
Dec. 14 1162.5 Dec. 5  256.10
Av.  573.0 Dec. 5 256.00} Lot 3
Dec. 14 256.34
Av. 1163.7 Ayv. 256.48¢

- @ Using heat capacity 1163.7, average heat of solution is 256.1.

REPRODUCIBILITY OF RESULTS

It was found that by exercise of the precautions given
above, ‘the errors could be reduced to those which may be
called purely calorimetric—i. e., involving errors due to the
calorimeter alone. Tables IT and IV show the kind of repro-
ducibility of which the calorimeter is capable and indicate
that the probable error in the heat of solution tests is less
than one calorie. Such accuracy is quite satisfactory when
the number of operations involved is considered, but its
price is great care and skill in conducting the operations.
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Dilution Method for Micro-Kjeldahl Determinations

OLive HartLEY, Bureau of Home Economics, U. S. Department of Agriculture, Washington, D. C.

HE use of sulfuric acid as a dilution medium in micro-

Kjeldahl determinations, where no microbalance is
available, is convenient for materials insoluble in water,
such as wool and silk, and reduces the time of digestion as
compared with that required for water solutions. So far
as the writer is aware, this has not been previously suggested
in the literature. .

Rapid solution occurs, without charring, when wool is
heated with concentrated sulfuric acid in a thick-bottomed
container, over a hot plate, with frequent shaking to avoid
local overheating. A 0.2-gram wool sample will dissolve in
10 ce. of sulfuric acid in 3 to 5 minutes, giving a clear amber
solution. Since special volumetric flasks with thick bottoms
would be needed to apply a volumetric method, the solution
was carried out in this laboratory in 30 cc. dropping bottles.
Portions containing 25 drops were then transferred to micro-
Kjeldahl digestion flasks, the weights determined by differ-
ence, and the catalyst added.

The amount of catalyst may also be regulated by dissolving
it in sulfuric acid and using a definite number of drops.
Selenium, which was found to give much quicker results with
wool than Pregl’s CuSO,~K.SO, catalyst, was prepared in
1 per cent solution by strongly heating reduced selenium in

concentrated sulfuric acid, until it dissolved to a pale yellow
solution. A round-bottomed flask is required. A 1 to 1
ratio of selenium to wool is the optimum concentration. The
digestion liquor is clear within 15 minutes, but 25 to 30
minutes should be allowed for complete nitrogen recovery.
Hydrogen peroxide is seldom required.

It was also found advantageous to use a volume rule instead
of Pregl’s! time rule for the steam distillation in Parnas and
Wagner’s micro-Kjeldahl apparatus. Distillation is con-
tinued until 10 cc. of distillate have condensed in the receiver.
Graduated centrifuge tubes of 50 cc. capacity are satisfactory
for collection and subsequent titration and boiling.

Aliquots of the same wool solution checked within 1 part
in 160. Typical results were 16.23, 16.11, and 16.18 per cent
of nitrogen in a wool blanket composed of two parts of

‘three-eighths blood and one part of one-quarter blood wool,

and 16.00, 16.01, and 15.93 per cent of nitrogen in a wool
blanket containing one part of one-quarter blood wool and
two parts of reworked wool.

Recervep March 24, 1934.

1 Pregl, F., ""Quantitative Organic Microanalysis,” 2nd English ed., tr.
by E. Fyleman, P. Blakiston’s Son & Co., Philadelphia, Pa., 1930.



Moditied Hydrogen Evolution Method for

Metallic Magnesium,

Aluminum, and Zinc

Raymonp H. Kray, Naval Powder Factory, Indian Head, Md.

THERMOMETER

type pinchcock, which can be operated
with one hand, is the best to use,

CAPILLARY GLAS
\1 LASS

HEMICALLY this method
is the same as the Meyer
hydrogen evolution method

(2), depending on the measurement
of hydrogen gas evolved by metals
acting on dilute sulfuric acid. The
apparatus and technic used, how-
ever, offer a quicker, more con-
venient, and more accurate way of
determining metallic magnesium,
aluminum, and zinc than is obtained
by the Meyer method.

The glass immersion filter (3),
which is the essential feature of this
method, affords a means of con-
trolling the speed of reaction by
allowing acid to be drawn into or
driven out of the reaction tube at
will by the simple expedient of
lowering or raising the leveling
bulb. In the same way any ac-
cumulation of salts formed by the
reaction can be flushed out at
regular intervals without danger of
losing gas, keeping the surface of
the metal constantly exposed to
fresh acid. When the evolution
of gas is completed, it can easily be drawn into the eudiometer
without any difficulty from trapped gas bubbles, which one
frequently encounters in the regular method.

The immersion filter used was made of Jena glass, with a
fused-in sintered filter disk 3 mm. thick. These tubes are
made in three degrees of porosity—coarse, medium, and fine.
The tube used was of medium porosity, and was of 30 cc.
capacity. The other parts of the assembled apparatus are
illustrated in Figure 1.

The eudiometer tube was especially designed for this
method. As illustrated it has a capillary tube on top for
entrance of gas, and is graduated in 0.1 cc. between the 320-
ce. and 400-cc. mark.

WATER
AGITATOR

PROCEDURE

The apparatus is assembled preferably in a room with
fairly even temperature and no drafts.

All rubber connections are made secure with wire, and eudi-
ometer tube B is filled completely with distilled water, saturated
with hydrogen. The metal, equivalent to about 360 cc. of hydro-
gen gas at standard conditions of temperature and pressure, is
weighed into the dry immersion filter, A. (The eudiometer was
calibrated from 320 to 400 cc.) A piece of thick-walled rubber
tubing, of 0.188 inch (0.47 em.) inner diameter and 4 inches (10
cm.) in length, is next connected with the filter. Distilled water
saturated with hydrogen is poured rapidly into the filter until it
flows over the top of the tubing, at which time a pinchcock is
clamped on the rubber tubing, stopping the flow of water through
tge porous filter and preventing air from entering the tube from
the top.

While filling, the slow downward flow of water through the
%orous disk keeps the finer mesh metals in the bottom of the tube.

y using hydrogen-saturated water, preferably at 15° to 20° C.,
in filling the tube little difficulty is experienced even with very
fine magnesium powder of a high degree of purity. A spring-

leaving the other hand free for pour-
ing. After clamping the pinchcock
and making sure the rubber tubing
is completely filled with water, the
reaction bulb is connected to the
eudiometer as shown. About 1 inch
(2.5 cm.) of distilled water is poured
into beaker D around the reaction
tube, and the pinchcock is removed.
The reaction can now be started
A little concentrated sulfuric acid is
poured into beaker D, the stopcock on
the eudiometer opened, and leveling
bulb C slightly lowered, so as to draw
a little acid into the immersion filter.
At first, caution should be used so
that the flow of gas is slow, until a
gap is formed between the levels of
liquid in B and A. Action is then in-
creased by lowering C as required.
About two or three times during a
determination leveling bulb C is
raised, and the liquid in A partiall
expelled. On lowering C again, fres
acid is drawn in and the reaction
continues with renewed vigor. On
completion of reaction, leveling bulb C'
is slowly lowered and all remaining gas
in A and in the tubing is drawn into
the eudiometer and after standing 5
minutes is measured in the usual way.

TUBING

SPLIT CORK MADE
TIGHT WITH
SEALING wAX

Barometer and temperature readings are closely checked
and calculation made according to the formula

PV (P! — )V’ % 1 —(0.00018 X t)
T 7 1
Ve X 100 = per cent free metal in sample

X = volume of hydrogen, under standard conditions of tem-
perature and pressure, generated by same weight of
metal of 100 per cent purity

This method has been used successfully with magnesium
samples of various degrees of purity and fineness, and has been
found applicable for all grades up to and including 150-mesh
material.

TasLE I. REesuLTs oF LABORATORY TESTS
MopIFiED

Gas CoPPER  ALUMINUM

Evorurion  Oxipe CHLORIDE

METAL Mgerrop MEeTHOD(1) METHOD(!)
Magnesium ribbon 99.89 A% e
99.88 99.87 Py
Magnesium 35-80 mesh 98.11 98.30 e
98,11 08.28 e
98.16 98.41 AL
fa i 98.15 S
Magnesium 100-mesh 97.51 97.47 gy
< 97.68 97.64 L
e 97.35 RS
Magnesium 100-mesh. 99.09 08.99 rizhd)
Sample 120 99.20 99.21 57
s 99.09 b
Magnesium 150-mesh, 92.40 £ A
Sample A 92.41
92.33 e 55
Magnesium powder. 97.42 97.81 A
Sample D. 100-mesh 97.67 97.71 A
97.88 97.50 Ca
Magnesium powder 5 95.13 95.18 i
94.85 Yo e

Aluminum wire 99.70 99.81

99.73 i
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Zinc and aluminum (but not aluminum powder) can also
be determined in this way. In the case of aluminum, a
sodium hydroxide solution is used as a reagent.

Some results obtained at this laboratory by different analysts
over a period of about 4 years are given in Table I.

The time required for an analysis of magnesium varied
from 2 to 4 hours, depending on the temperature of the
room. No heat was applied to speed up the reaction, but
could doubtless be used to advantage when the room tem-
perature is very low or when less reactive metals than mag-
nesium are being analyzed.
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Furoic Acid as an Acidimetric Standard

Henry B. Kerroc anp Apa M. Kerrog, The AMP Research Laboratories, Corona, L. I., N. Y.

was suggested by experience gained in purifying the

acid for use of its derivatives as bactericides. In these
experiments it was necessary to prepare by sublimation from
the technical grade an acid of the highest purity. The acid
was then titrated with an alkali previously standardized by
the Bureau of Standards—Standard Samples No. 39d, benzoic
acid, and No. 84, acid potassium phthalate. It was observed
that the purified furoic acid could be titrated with the stand-
ardized alkali to a high degree of accuracy and that this
titration afforded the most rapid and accurate method
of determining the purity of the sample of furoic acid, which
finally led to the determination of its applicability as a
standard.

The method used in studying the applicability of furoie
acid was indirect, standardizing the standard alkali by Bureau
of Standards samples.

Upon analysis the furoic acid showed the following results:

r I YHE suitability of furoic acid as a primary standard

Melting point 128-9° C.
Moisture 0.25
Nonvolatile matter ¢ 0.02
Acidity (as furoic acid with phenolphthalein) 99.72%

This sample was purified by crystallization from water.
After drying, the melting point was found to be 129.6° C.
After subliming the melting point became 131° C.; resub-
liming gave no change in the melting point, which remained
constant at 131° C.

A sample of this purified furoic acid exposed to the regular
laboratory conditions for 8 months showed a gain of 0.94
per cent moisture, indicating that it was slightly hygroscopic,
but this slight trace of water was readily removed by careful
fusion.

The sodium hydroxide solution used was prepared free
from carbonates. It was carefully protected from the carbon
dioxide of the air by guard tubes and all titrations were per-
formed on the same day in order to avoid possible errors in
the titrations due to contamination by carbonates. The
apparatus in which the titrations were performed was that of
Jackson.

STANDARDIZATION OF Soprus Hyproxipe BY BENzoic AcCID

The first step was to standardize the sodium hydroxide
solution by the use of benzoic acid which was fused and cooled
before using. The titration was performed according to the
directions in Certificate No. 39d for benzoic acid, U. S. Bureau
of Standards, using the Jackson titrating apparatus. Various
weighings of benzoic acid were taken, 3 drops of a 1 per cent

1 Jackson, J., J. Soc. Chem. Ind., 53, 36 (1934).

solution of phenolphthalein were added, and the solution
was titrated with the approximately 0.1 N alkali. The
results obtained are shown in Table I.

TasLe I. Benzoic Acip
(99.98 per cent pure Bureau of Standards Sample No. 39d)

WretarT OF NaOH RELATIVE CORRECTED

No. SAMPLE Usep NORMALITY NORMALITY
Gram Ce.

1 0.3241 25.49 0.10417 0,10415
2 0.3419 26.90 0.10414 0.10411
3 0.2551 20.07 0.10414 0.10411
4 0.3133 24.64 0.10418 0.10415
5 0.2981 23,44 0,10420 0.10417
6 0.3091 24.32 0.10413 0.10410
7 0.2446 19.24 0.10416 0.10413

Mean of seven determinations 0.10413

STANDARDIZATION BY POTASSIUM PHTHALATE

The second step was to repeat the standardization by the
use of potassium acid phthalate. These titrations were per-
formed as described in Certificate No. 84, U. S. Bureau of
Standards, and the results obtained are recorded in Table I1.

TasLE II. Porassiom Acip PHTHALATE
(99.97 per cent pure Bureau of Standards Sample No, 84)

‘WEIGHT OF NaOH RELATIVE CORRECTED
No. SAMPLE Usep NORMALITY NorMALITY
Gram Ce.

L 0.2122 9.08 0.10415 0.10411
2 0.2319 10.90 0.10421 0.10417
3 0.3115 14.64 0.10422 0.10418
4 0.2535 11.92 0.10417 0.10413
5 0.2242 10.54 0.10419 0.10415
6 0.3575 16.80 0.10423 0.10419
Mean of six determinations 0.10415

STANDARDIZATION OF Furoic Acip

Before using, the purified furoic acid was fused in a covered
platinum dish over an air bath. The temperature during
the fusion did not exceed 142° C. Upon completion of the
fusion the acid was cooled in a desiccator. Various weighings
were transferred into the titrating apparatus, 25 to 50 cc. of
previously boiled distilled water were added, and the appa-
ratus was swept free from carbon dioxide. The sample was
allowed to stand until the acid had dissolved and then ti-
trated. The results are shown in Table III.

TasrLe III. Furoic Acmo

WEerlaeT OF NaOH
No. SAMPLE Usep NORMALITY
Gram Ce.

1 0.2927 25.08 0.10417
2 0.2033 17.43 0.10411
3 0.4754 40.73 0.10418
4 0.3000 25.72 0.10411
5 0.3321 28.45 0.10419
8 0.2862 24.52 0,10418

Mean of six determinations 0.10415
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CONCLUSION

The normalities obtained by the use of benzoic acid and
potassium acid phthalate, respectively, show that on the
basis of these titrations furoic acid has a purity of 100 per
cent and a neutralizing power almost equivalent to benzoic
acid. There is no justification for carrying the normality
beyond the fourth decimal place without such precautions as
correction of weights to vacuo and the use of weight burets;
however, these figures were carried out to the fifth decimal
place to show the relative purity of furoic acid and the close
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agreement of the results obtained. They indicate that furoic
acid can be employed as a standard because of the following
advantages: ease of obtaining the acid in a fairly high state of
purity, coupled with ease of purification; solubility in water,
which is the chief advantage over benzoic acid, as benzoic
acid requires the use of aleohol to effect solution; its fairly
high molecular weight, permitting large samples; and
finally its stability and lack of appreciable hygroscopicity.

Receivep March 13, 1934,

Mixed Perchloric and Sulfuric Acids

II. Potassium Ferro- and Ferricyanides as Reference Standards
in the Evaluation of Titanous Solutions

G. FrepERrICK Syrth AND C. A. Gerz, University of Illinois, Urbana, Ill.

is the only practical example of a salt of ferric iron suit-

able for the evaluation of reducing solutions. Its re-
action with potassium iodide in acid solution, with or without
the addition of zinc, for the liberation of iodine followed by
reaction with sodium thiosulfate is an important procedure
of iodometry. Potassium ferrocyanide  trihydrate can be
used as a reference standard for the same purpose. In this
case (4) a weighed quantity of the salt is oxidized with a
slight excess of potassium permanganate. Potassium bro-
mide is added to remove the excess permanganate, followed
by hydrazine sulfate to remove bromine. The ferricyanide
thus formed is used to liberate iodine from potassium iodide.
Potassium ferrocyanide has been
used in the direct standardization
of potassium permanganate (3)
in sulfuric acid solution, but the
reaction for this purpose has no
advantage over other methods

POTASSIUM ferricyanide as a reference standard (1, 2)

~ except the high equivalent weight,
:| and there are several disadvan-
El tages.

The ferro- or ferricyanide is de-
composed by digestion with mix-
 tures of perchloric and sulfuric
acid or by perchloric acid alone.
The process serves, therefore, for
the determination of ferro- and
ferricyanides and has the distinct
advantage that insoluble salts can

be determined without previous
Figure 1. Diagram oF liberation of the iron by diges-
APPARATUS

tion with sodium carbonate.
Finally, the new process simpli-
fies the use of titanous solutions as a laboratory volumetric
reagent, an influence favoring its more general application.

APPARATUS

The automatic storage bottle and buret delivery assembly
with an atmosphere of hydrogen as described by Zintl and
Riendicker (6) was employed, somewhat modified in accord-
ance with the drawing of Figure 1. The storage bottle, 4,
was of 14 liters capacity and buret J a 50-ml. U. S. Bureau
of Standards calibrated goose-neck buret modified as shown.

The titration flask is shown in Figure 2. A 300-ml. Erlen-
meyer flask, 4, has the insealed side arm, B, of 8-mm. glass

tubing terminating on the inside at the bottom of the flask.
A 2-inch (5-cm.) extension outside is for connection to a
source of carbon dioxide or hydrogen gas. The titration head,
C, is made from a 100-ml. beaker with a 12-mm. neck sealed
in the bottom at D for insertion of the buret tip and side arm
E for washing the inside walls of the reaction flask.

The digestion of samples of potassium ferro- and ferri-
cyanides with either perchloric acid or mixtures of perchloric
and sulfuric acids to destroy organic matter required that a
cover to the flask be employed to prevent loss by spray. An
inverted crucible cover was not satisfactory since drops of
cold acid collected on the projection of these lids and, upon
dropping into the hot acid of the solution below, caused
violent spattering. This difficulty was corrected by a chest-
nut-shaped cover, F, made from short sections of 35-mm.
tubing closed flat at one end and with an extension as shown
to make contact with the inside top of the 300-ml. Erlenmeyer
flasks used for the digestions. Drops of condensed acid from
the under side of the cover return to the flask down the side
walls and the difficulty of spattering is eliminated.

MATERIALS

PorAssiuM FERRICYANIDE. As
ordinarily purchased from stock, this
reagent was found to be sufficiently
pure. It was ground to a fine powder
and dried at 135° to 140° C.

Porassiom FERROCYANIDE.  Stock
Elregamtions were found to be of a

igh degree of purity but of indefinite
degrees of hydration. The sample
from stock was therefore dried over
anhydrone at 135° to 140° C. to form
the anhydrous salt, or, in some cases,
it was found necessary to purify by
recrystallization with subsequent dry-
ing to the anhydrous form.

Trranous CHLORIDE.

A stock

solution of 20 per cent titanous chlo- EIGURE 2. TiTRATION
ride in hydrochloric acid was diluted FLASK mﬁsﬁgom@'m’“

to the desired strength after the ad-
dition of hfydmchloric acid. It was
not tested for ferrous iron since with the methods to be employed
this impurity has no influence.

PercaLORIC Acip. The 70 to 72 per cent, c. ». (sp. gr. 1.67)
acid free from iron was diluted to 60 per cent (sp. gr. 1.54) for
oxidation of ferro- and ferricyanides if used alone. The full
strength was used if the oxidations were to be made with the
addition of sulfuric acid. :

Svrruric Acio.  The regular stock 96 per cent (sp. gr. 1.84)
acid was diluted to 75 per cent strength (sp. gr. 1.675).
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PercHLORIC AND SuLrFUric Acip MixTure. One part b
volume of 70 to 72 per cent perchloric acid was mixed wit
five parts by volume of 75 per cent sulfuric acid.

AnmmoNTUM THIOCYANATE. A 10 per cent solution of c. p.
stock crystals which gave a colorless solution was prepared.

FERRIC ALUM AND POTASSIUM PERMANGANATE. lutions of
approximately 0.1 N strength were prepared in the usual manner
for stock reagents.

SopioMm OxavaTe. Bureau of Standards sodium oxalate;
dried at 100° C.

STANDARDIZATION OF SOLUTIONS

Porasstum PERMANGANATE. Weighed samples of sodium
oxalate were dissolved in 15 to 20 per cent sulfuric acid and
titrated hot by the addition of the potassium permanganate
from weighing burets. The results of the standardization
were as follows:

; 1 2 3 4 5
Sample of Na:C:04, gram 0.1934  0.2306  0.2267 0.1902  0.1966
Weight of KMnOq solu-

tion reguired, grams 35.318 40.256 40.3525 34.656 35.823
N Na:C:O¢ per gram of
MnOy, ml. 0.08174 0.08166 0.08183 0.08192 0.08192

Av. 0.08182 ml, of N KMnOy per gram of solution.

Ferric Anum Sonution. Weighed portions of the ferric
alum solution containing 5 per cent of free sulfuric acid were
reduced by a Jones reductor and the ferrous iron titrated
using standard potassium permanganate. The solutions
were reduced in the cold and titrated with potassium per-
manganate after the addition of sufficient phosphoric acid

to decolorize the iron after oxidation. Weighing burets were
used for both solutions. The results follow.

1 2 3 4
Ferric alum solution, grams 43.013 44.342 44.678 45.1415
KMnOq solution, grams 74.400 73,533 73.998 74.922

N Fea(S0. f solution,
mf( e o 0.13557 0.13585 0.13568 0,13596

Av. 0.1358 ml. of N Fe:(SO4)s per gram of solution.

TrraNous CuroripE SorLurioN. Weighed portions of
standard ferric alum were taken using weighing burets. The
samples were treated with 10 ml. of ammonium thiocyanate
and titrated with titanous chloride, using the apparatus de-
scribed and a stream of carbon dioxide. The reagent was
added dropwise at the end of the reaction to avoid over-
titration as a result of the slow reaction velocity at the end
point. Titration was made at room temperature following
the directions of Thornton and Chapman (). Hydrogen
gas can be used in place of carbon dioxide as shown by the
results of cases 1 and 2 following.

1 2 3 4 5 6
Ferricalum so-
lution, grams 12.0657 9.8760 10.6586 9.6642 9.6783 9.7577
Titanous chlo-
ride solution,
59.61 47.85 51.76 46.90 47.05 47.30

Norn'mlity of
titanous chlo-
ride 0.02749 0.02796 0.02796 0.02798 0.02793 0.02801

Ay, (results 2 to 5incl): titanous chloride = 0.02796 N.

A second solution of titanous chloride was similarly pre-
pared and stored under hydrogen. It was found to have the
value 0.0550 N. It was used to check the efficiency of the
hydrogen storage bottle described below.

OxIDATION OF PoTAssiuM FERRO- AND FERRICYANIDES
UsING PERCHLORIC AND SULFURIC ACIDS

Samples of anhydrous potassium ferro- or ferricyanides
of approximately 400 mg. were weighed from a glass-stoppered
bottle into clean, dry 300-ml. Erlenmeyer flasks. Perchloric
acid (10 ml. of 60 per cent) was added and each flask covered
with the cover glasses previously described and heated on
the hot plate to just below the boiling temperature for 30
minutes. The reaction mixture first precipitates potassium
perchlorate and, as the temperature rises, the yellow solution
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due to the ferro- or ferricyanide turns dark blue. The decom-
position products of this color then turn brown and some
spray forms as a result of the oxidation of a small amount of
deposited colloidal carbon to carbon dioxide. The digestion
need not be done in a draft hood. As the heating is con-
tinued, the 60 per cent acid concentrates to 70 to 72 per cent
strength and the solution gradually turns light yellow as
chlorine is formed from the decomposition of the hot, concen-
trated perchloric acid. The digested solution, after this 30-
minute treatment, is cooled to approximately 100° C. and
20 ml. of water are added. The flask contents are gently
boiled for 2 minutes to expel chlorine, cooled, and transferred
to the titration vessel and diluted to 100 ml. after the addi-
tion of 10 ml. of 10 per cent ammonium thiocyanate. Carbon
dioxide is passed in for a few minutes, and the solution ti-
trated with titanous chloride solution in a current of carbon
dioxide. The last few drops of the reducing agent are added
with a time lapse of one minute between drops.

The required amount of perchloric acid, if thought to in-
volve excessive cost, can be reduced greatly by using an oxi-
dation mixture of sulfuric acid to which is added a small por-
tion of perchloric acid. The boiling point of the mixed acids
is higher because of the sulfuric acid present and the oxida-
tion is somewhat more rapid, but the formation of insoluble
ferric sulfate requires a little more heating after digestion and
dilution to dissolve the ferric sulfate which has been partially
dehydrated. The heating does not completely dehydrate
the ferric sulfate and it is fairly easily dissolved upon dilu-
tion. Sulfuric acid alone for the process was found to be
unsatisfactory, the decomposition always being incomplete
after 30 minutes’ digestion. If the cost is not considered,
the perchloric acid alone is to be preferred.

STANDARDIZATION OF TrraNous CHLORIDE UsiNng PoTAssium
FERRICYANIDE

A sample of J. T. Baker’s potassium ferricyanide was pul-
verized and dried 12 hours at 100° C. Weighed samples
were digested using 2 ml. of 70-72 per cent perchloric acid plus
8 ml. of 75 per cent sulfuric acid for 30 minutes. The result-
ing mixture was diluted with a little water and the chlorine
expelled by gentle boiling. The samples were diluted to 80—
100 ml. and titrated with titanous chloride as previously de-
seribed. The resultant values are found in Table I.

TasLe I. K;Fe(CN)s AS PRIMARY STANDARD ¥OR EVALUATION
oF Trraxous CHLORIDE
VorLume Nor-
oF MALITY OF

g T+ ++ Ti¢+# Fe++0 Fe+0-+ ERROB

K:;Fe(CN)s Sorution Fouxp Presext Founp Fe

Gram Ml Mpy. Mg. Mg.
0.4926 53.33 0.02806 83.56 83.26 +-0.30
0.4842 52.69  0.02792  82.13  82.26 —0.1
0.3967 43.07 0.02798  67.29  67.24 +0.05
0.4483 48.45 .0279 75.71  75.64 +0.07
0.4633 50.25  0.02801  78.59  78.45  +40.14
0.4087 44.42  0.02795  69.33  69.35 —0.02
Av. 0.02798 +0.07

Av. value of TiCls from previous standardization = 0.02796.

It will be seen from Table I that the standardization of a
titanous solution by the new process gives an average accuracy
of one part in one thousand using potassium ferricyanide with-
out further purification. The high equivalent weight,
329.19, requires 400 to 500 mg. for each 44 to 54 ml. of 0.028
N titanous solution. The process is therefore admirably
suited to the standardization of weak solutions which are
most frequently employed in titanometry.

STANDARDIZATION OF TITANOUS CHLORIDE UsiNng PoTAssIum
FERROCYANIDE

A sample of J. T. Baker’s hydrated potassium ferrocyanide
was recrystallized from water, pulverized, and dried 12 hours
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at 135° to 140° C. over anhydrone. Weighed samples of
this product were used to standardize the titanium solution
as described in the case of the ferricyanide with the results
found in Table II.

Tasre II. K.Fe(CN)s (ANHYDROUS) AS PRIMARY STANDARD FOR
EvVALUATION OF TITANOUS SOLUTIONS
(Conditions same as in Table I)
Vorums NORMALITY
oF oF

B Tit++ Fe Fe ERROR

KiFe(CN)s Sorurion Fouxp Present Founp Fe

Gram Ml Mg. My. My.
0.4199 40.80 0.02795 63.66 63.70 —0.04
0.4173 40.66 0.02787 683.27 63.48 -0.21
0.3882 37.90 0.02793 58.86 59,17 —0.31
0.4215 41.15 0.02781 63.91 64.25 —0.34
0.4070 39.43 0.02803 61.71 61.56 —0.15
Av. 0.02792 —0.21

It will be observed that results are obtained which, while
not quite as satisfactory as those obtained using potassium
ferricyanide, are well within the range of ordinary error—
4 parts in 2800 or approximately 0.15 per cent.

INFLUENCE OF TiMe uroN ReEpuciNG VALUE oF TiTANOUS
CHLORIDE

Two solutions of titanous chloride stored under hydrogen
in the apparatus described in Figure 1 were tested. The
determinations of the first solution were made with potas-
sium ferricyanide by the process described above but without
the use of a titration head or stream of carbon dioxide during
titration. The results with the second solution were ob-
tained using the titration head and a stream of carbon di-
oxide. In all cases the standardization was carried out in
duplicate or triplicate. The results are found in Table III.
The value for the second solution at the beginning of the
storage period was obtained, as previously described, using
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ferric alum standardized by permanganate through sodium
oxalate.

TasrLe ITI. INFLUENCE OF TIME OF STORAGE UNDER HYDROGEN
UPON REDUCING STRENGTH OF TITANOUS CHLORIDE

Time stored, days 1 2 3 4 5 8 15 °

Solution 1, nor-
mality

Solution 2, nor-
mality

0.0551  0.0550 0.0550 0.0550 0.0550 0.0549

0.02796 0.02796

No hazardous reactions are described in connection with
this paper.

SUMMARY

Potassium ferricyanide has been shown to be an accurate
primary standard for ferric iron after oxidation with per-
chloric acid or perchloric acid and sulfuric acid to liberate
its iron either as ferric perchlorate or as the perchlorate plus
sulfate. The ferricyanide is stable at 140° C. for dehydra-
tion.

Potassium ferrocyanide trihydrate can be dried at 140° C.
to form the anhydrous salt and serves as a substitute for
potassium ferricyanide.

Potassium ferri- and ferrocyanides have been shown to be
capable of standardizing solutions of titanous chloride with
an accuracy of one part in one thousand.
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Estimation of Methyl Salicylate, Menthol,
and Camphor in Mixtures

Harny J. HoskinG, Foster DeE SNELL, AND FrANk M. Brrren, Foster D. Snell, Inc., Brooklyn, N. Y.

salicylate, menthol, and camphor in medicinal prepara-
tions discloses the difficulties of obtaining accurate re-

sults. Menthol and camphor present particular problems
owing to their volatility even at room temperature. Methods
have been published for the analysis of substances containing
one or two of these three ingredients, but none was found
which involved the estimation of all three in one sample.

Methyl salicylate is usually determined by the use of alco-
holic potassium hydroxide to saponify the ester, the quantity
used being determined by titrating the excess alkali (16).
When other saponifiable substances are present, the salicylic
acid formed by saponification is sometimes extracted with
ether (9).

Menthol, while more difficult to determine, can be satis-
factorily estimated by itself by acetylation (6, 8, 17).

Camphor in substantial amounts is estimated by polariza-
tion in alcohol (18, 20) or benzene (§) with satisfactory ac-
curacy. In small amounts it cannot be determined with a
high degree of accuracy by known methods. Reported meth-
ods include precipitation and gravimetric estimation as semi-
carbazone (1), salol camphor (15), and the oxime (2, 14).
Estimation by loss on evaporation from a nonvolatile base
is inaccurate if the base is oxidizable (19).

r I YHE literature dealing with the estimation of methyl

Other methods are extraction with carbon tetrachloride
and evaporation of the solvent in an atmosphere saturated
with camphor (7), extraction from aqueous salt solution (3,
10) with ether, and extraction from aqueous solution with
petroleum ether (72). Estimation of camphor by its effect
on the surface tension of an aqueous solution has also been
proposed (4, 13). Results 10 per cent low for camphor are
reported in extraction of menthol-methyl salicylate mixtures
followed by determination of the methyl salicylate (11).

An effort was made to select from these methods those
which could be suitably combined in a procedure for analysis
of commercial products. The mixtures to which the method
was applied were analgesic balms made by well-known manu-
facturers. These consist of a base of lanolin, petrolatum, or
gum solution, in which the methyl salicylate, menthol, and
camphor have been incorporated.

PROCEDURE

Weigh about 20 grams of the substance into a flask and steam-
distill, using an efficient condenser, till no more oily matter comes
over. Usually about 500 cec. of distillate are sufficient.

Rinse the condensing system with 50 cc. of ether and add this
to the distillate in a separatory funnel. Extract the distillate
with this 50-cc. portion of ether. Repeat with another 50-cc.
portion of ether. The aqueous layer still contains some menthol
and camphor in solution, because of the solubility of ether in
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water. Saturate the solution with salt and extract with two
more 50-cc. portions of ether. Filter the combined ether extracts
through a dry filter paper into a weighed narrow-necked glass-
stoppered flask. An iodine flask is suitable. Evaporate the
bulk of the ether on a water bath. Remove the remaining ether
under a moderate vacuum at room temperature. This minimizes
loss of menthol and camphor due to volatilization; 30 minutes
to 1 hour in the vacuum desiccator is usually sufficient. As a
check on later results weigh the flask and extract. This gives
the combined weights of methyl salicylate, menthol, camphor,
and any oil that has been distilled over from the base.

Add 25 cc. of approximately N potassium hydroxide solution
in absolute metth alcohol to the éixsk, or to a portion weighed
out therefrom if the amount is large. Reflux for 2 hours. To
minimize loss during subsequent evaporation it is advisable to
keep the volume of alkali solution added low. For thisreason N'
instead of 0.5 N potassium hydroxide is used and the lower-
boiling methyl alcohol is used instead of ethyl alcohol. After
refluxing, evaporate the bulk of the methyl alcohol on a water
bath, dilute with 50 cc. of water, and titrate with 0.5 N hydro-
chloric acid. Run a blank equal to the amount of alcoholic potas-
sium hydroxide used and titrate. The difference Fives the potas-
sium hydroxide used in saponifying the methyl salicylate. Then

100

wt. of sample 5 3
per cent of methyl salicylate

After titration transfer the contents of the flask with water to
a separatory funnel. Rinse the flask with ether and extract the
solution twice with 50 cc. of ether. Then saturate with salt and
extract with two more 50-cc. portions of ether as before. Filter
through dry filter paper into a dried and weighed narrow-neck,
glass-stoppered flask and evaporate off most of the ether on a
water batg. As previously, finish evaporation of the ether in a
moderate vacuum at room temperature and weigh. This weight
gives a check on the amount of menthol and camphor present,
with possibly a small amount of oil distilled over from the base.
The loss in  weight should check with the amount of methyl
salicylate determined by saponification.

Add to the flask 10 cc. of acetic anhf'dride and 1 gram of an-
hydrous sodium acetate. Reflux gently for 1 hour, pool, a_nd
wash into a separatory funnel. ash two or three times with
water, being careful not to shake too vigorously. The addition
of salt will assist in preventing formation of emulsions. Then
wash with very dilute sodium hydroxide or with 2 N sodium car-
bonate until just alkaline, and finally wash once with distilled
water. Drain well and transfer by washing with neutralized
absolute methyl alcohol into a dry flask. It is not necessary to
perform the tedious drying with calcium chloride usually recom-
mended in the acetylation method for menthol. Saponify the
acetylated menthol by heating gently under reflux for 1 hour with
25 ce. of 1 N potassium hydroxide in absolute methyl alcohol.
Treat a blank of the alcoholic alkali similarly. = Cool, dilute with
water, and titrate the sample and blank with 0.5 N flydrothorlc
acid. The difference is due to alkali used in saponification of
acetylated menthol. Calculate as follows:

100
wt. of sample

ce, 0.5 N KOH used X 0.07605 X

ce. 0.5 N KOH used X 0.0781 X = per cent of menthol

Subtracting this from the previous weight gives the percentage of
camphor plus oil.

To obtain the amount of camphor, extract the contents of the
flasks as before with ether. Evaporate the ether in a weighed
crystallizing dish on a water bath, and weigh to obtain & value
for menthol and camphor. After all the ether is gone, place
the dish in an oven at 110° C. Menthol and camphor are vola-
tilized. The residue is oil from the base which was volatile with
steam. Calculation, allowing for the menthol determined by
saponification, gives the amount of camphor present. An error
will be introduced if the sample contains drying oil.

In actual practice it has been found that the amount of oil
from the base distilled over was negligible and need only be
taken into account for very accurate work. For routine
determinations it is therefore not necessary to perform the last
extraction and the volatilization of the menthol and camphor.

The method was applied to a synthetic sample with the
following results.

ApDED Founp

o V3

Lanoline 76 vee

White petrolatum 10 s
Methyl salicylate 10 10.05
Menthol 2 1.87
Camphor 2 2,18
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The accuracy of the technic is also confirmed by satisfactory
checks when applied to commercial samples, and agreement
with the known composition of commercial products.

DiscussioN

While the above method is necessarily rather long, it is not
involved and can be performed in a surprisingly short time.
The three ingredients can be determined on the one sample.
The base itself can be identified and determined on the residue
after steam distillation of the same sample. The objection to
using ether as an extracting agent, owing to its solubility in
water with consequent solubility of menthol and camphor,
is overcome by the use of salt. Ether is the best extraction
medium because of its very low boiling point.

By employing the low-boiling methyl alcohol for the saponi-
fications it is possible to evaporate without substantial loss
of menthol and camphor. Finally, the troublesome drying
of the acetylated menthol is eliminated.

SUMMARY

Available methods for estimation of methyl salicylate,
menthol, and camphor do not include mixtures such as occur
in analgesic balms. Methyl salicylate may be determined by
saponification and checked by the loss in weight of sample
resulting. Camphor is then determined by the acetylation
method. Camphor and menthol are estimated by volatiliza-
tion and menthol then obtained by difference. A synthetic
sample shows a high degree of accuracy for methyl salicylate
and accuracy within 10 per cent for camphor and for menthol.
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DETERIORATION OF EGGS IN SToRAGE. The secret of why stor-
age eggs compare unfavorably with fresh eggs has been revealed
by scientists of the Department of Agriculture, who have found
that an egg deteriorates in storage because it is digesting itself.
For years food chemists have suspected that trypsin, one of the

. enzymes present in the pancreatic juice of the human body, was

present in egg white. cent experiments have shown the exist-
ence of this enzyme in egg white.

The search for trypsin in egg white was hindered by the pres-
ence of a substance which inhibits further action of the enzyme.
Consequently, tests of mixed thick and thin egg white have failed
to show the presence of trypsin.



Rapid Method for Determination of Small
' Amounts of Arsenic

C. E. Lacaere, National Canners Association, Western Branch Laboratories, San Francisco, Calif.

HE method is essentially
& modified Gutzeit pro-
cedure, except that the

arsine is liberated from the
sarmiple in 2 manner similar to
that employed by Smith (15)
and Taber (17) buf using
smaller quantities. Taber
modified Smith’s procedure by
adopting a larger generator flask
to sccommodate s larger volume
of liquid and fitting to it 2
condenser so that heat could be
applied to the flask to secure
proper reduction of the arsenic znd 2 vigorous ebullition of
gas. 'The estimation of arsenic by Taber’s distillation method
was based upon an iodine titration of the reaction products
formed when arsine is passed into mercuric chloride solution.

The method deseribed in this paper differs from that of
Taber and the official Gutzeit method in that the evolved
arsine is fmpinged upon an impregnated mercuric bromide
diaphragm securely held between two ground-glass joints.
The colored disks are then developed in a solution of iodide
(1, 7) and compared with standards. Earlier workers have
employed the principle of stain deposition upon a sensitized

paper disk (2, 3, 4,
11, 12), but the sen-
sitizing solution used
was mercuric chlo-
ride. Variousdevices
for securing the dia-
phragm in place have
1sropn 8180 been suggested

v 6, 8, 9, 13, 14, 16,
N oeonly 18, 19); some of these

were unsatisfactory
because they did not
enable the operator
to obtain a stain with
a sharply defined
boundary, and others
were subject to criti-
cism for reasons re-
lated to simplicity of
design or ease of
manipulation.

For minute amounts
of argenic the method is especially applicable, as the entire
digest of a gample can be used, With a disk 20 mm. in
diameter 0,001 to 0.040 mg. of arsenic trioxide can be directly
determined. The analysis can be made in the presence of im-
purities such as iron, tin, antimony, or reducible sulfur or phos-
phorus compounds, which tend to affect the evolution rate
of arsine or to deposit interfering stains on the mercuric
bromide strips used in the regular Gutzeit method.

an undigested sample.
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Ficune 1. AppARATUS POR AnseNIC

DereaMINATION

REAGENTS

Hyprocuroric Acip.  Make up 50 ce. of 35 per cent arsenic-
free hydrochlorie acid to 100 ce. with water.
Stannous Crvorios SoLuTioN. Dissolve 40 grams of arsenic-

A melhod is giren for the delermination of
arsenic by estimaling the exolved arsine deposifed
apon a mercuric-bromide-impregnated  dia-  acid.
phragm. It is applicable for estimating minude
quanlities of arsenic in the presence of impurilies
such as iron, lin, anlimony, or reducible sulfur
and phosphorus compounds. Modifying the
procedure somewhal makes il possible {o deler-
mine the arsenic conlent of many products using

. which usually

free SnCl-H,O in concentrated
hydrochloric acid and make up to
100 cc. with the same strength

Mzecuric BRouMIpE ParEm.
Carefully select filter sheets,
similar to S & 8 No. 589 black
ribbon paper, for weight and tex-
ture, and soak one hour in 2 satu-
rated aleoholic solution of mer-
curic bromide. After sensitizing,
remove sheets and dry by means
of an air blast, and cut in disks of
thhia;;ne b&diamceAter (fs the hdia.—
P tul void touching
the sensitized disks with the hands
as far as possible. Disks should
not be used when more than 5 or 6 days old.

Zmsc. Cut arsenic-free zinc in pieces about 1 cm. in length
(a;gmm’mztely 5 grams). Activate the pieces by covering with
hydrochloric acid (1 + 3) containing about 2 cc. of special stannous
chloride solution for each 100 cc. of acid. Allow the action to
continue for 15 minutes and wash well with distilled water.

Porassiom Iopmoe SoLuTtioN.  Dissolve 15 grams of potassium
iodide in water and dilute to 100 cc.

FErrOUS AMMONTUM SULFATE. Use this substance or ferrous
sulfate crystals free from arseniec.

Currous CHLORIDE SoLuTION. Dissolve 15 grams of cuprous
chloride in 100 cc. of 1 to 1 hydrochloric acid.

Capxiom Topipe SorutioN. Dissolve 20 grams of cadmium
iodide in water and dilute to 100 cc.

STANDARD ARsENIC SorutioN. Dissolve 1 gram of arsenic
trioxide in 25 cc. of 20 per cent sodium hydroxide. Saturate
the solution with carbon dioxide and dilute to 1 liter with recently
boiled water. One ce. of this solution contains 1 mg. of arsenic
trioxide. Dilute 40 cc. of this solution to 1 liter, diluting 50 ce.
of the resulting solution to 1 liter. One cc. of this latter solution
contains 0.002 mg. of arsenic trioxide and is used to prepare stand-
ard stains. Prepare fresh dilute solutions at frequent intervals.

APPARATUS AND PROCEDURE

Use an Erlenmeyer flask connected by a two-hole stopcﬁe; to
a Liebig or Allihn condenser. A gas such as nitrogen or hydrogen
is introduced through a tube extending below the surface of the
contents of the flask. The upper end of the condenser is packed
with absorbent cotton, the lower half of which is saturated with
the cuprous chloride solution which acts as a scrubber to remove
impurities, such as phosphine, stibine (10), and hydrogen sulfide,
from the evolved arsine. A chamber having a diameter that will
accommodate a sensitized diaphragm of a size sufficient to com-
bine with all the arsine is fitted to the condenser. The chamber
consists of two thick-walled tubes of the same diateter with
ground-glass joints held together by an outside sleeve of Gooch
rubber tubing. The impregnated paper is fitted between the
two ground joints as pictured in Flﬁura 1.

An aliquot obtained from a sample digested with sulfuric and
nitric acid in the usual manner (or the entire digestion in case of
small amounts) is p in a 1000-cc. Erlenmeyer flask with
enough distilled water to make about 200 ce. of solution. Then
2 to 3 grams of solid ferrous ammonium sulfate or ferrous sulfate,
10 to 15 drops of stannous chloride solution and 50 cc. of 1 to 1
hydrochloric acid are added. Just before connecting to the con-
denser, introduce two or three pieces of activated zine. A con-
tinual stream of nitrogen is kept flowing through the system to
¢ all traces of evolved arsine through the scrubber cotton
to the paper diaphragm impregnated with mercuric bromide.
The contents of the flask are boiled until all the arsine is evolved,
uires about 15 minutes. When the reaction is
complete, the disk is removed and developed in cadmium iodide
solution. This fixes the stain more permanently to light and
water than does potassium iodide and changes the color from yel-
low to brown. The disk is allowed to remain in the iodide solu-
tion until all fraces of red mercuric iodide, which immediately
forms, have been dissolved. After prolonged use, the cadmium
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iodide solution turns yellow from the accumulation of complex
cadmium mercuric iodides and should be replaced by fresh re-
agent. The excess reagent is removed from the disk by a water
wash followed by a rinse with alcohol, and the disk is then dried
between blotters. When dry the stains are compared with
standards. The standards are prepared in a similar manner to
the unknowns in steps of 0.0025 mg. of arsenic trioxide, keeping
them free from excess light exposure. The stains have a tend-
ency to bleach slightly with age and it is desirable to prepare
fresh standards frequently, especially in the approximate range
of the unknown.

With some modifications the method is applicable to the undi-
gested material, thus shortening the total time of an arsenic de-
termination to 15 to 30 minutes and eliminating the costly pro-
cedure of digestion with nitric and sulfuric acids.

From 5 to 100 grams of the undigested sample may be placed
directly in the 1000-cc. Erlenmeyer flask together with 100 ce.

of 1 to 1 hydrochloric acid, 1 to 2 cc. of stannous chloride solu-

tion, 15 cc. of potassium iodide solution, and 1 to 2 grams of
solié ferrous sulfate. The activated zine (three or four pieces)
is added, and the flask immediately connected to the condenser
unit. The reaction is usually complete after 15 minutes of boil-
ing except that, when using large amounts of sample, a somewhat
longer time may be necessary to evolve all the arsine. The
scrubber cotton should be saturated with a 15 per cent solution
of cuprous chloride in 1 to 1 hydrochloric acid to remove hydrogen
sulfide, phosphine, and stibine, if present. In case these gases
have not been efficiently removed, the yellow stain imparted to
the disk is not changed to brown when immersed in the cadmium
iodide solution. When using large samples of some products that
contain considerable reducible sulfur or phosphorus compounds,
the scrubber cotton may not remove all impurities, and a prelimi-
mu?l' treatment is necessary. The sample is heated a short time
with an alkaline solution, after which it is slightly acidified with
hydrochloric acid and the excess sulfide removed by boiling. The
remaining sulfur and reduced phosphorus compounds are oxidized
with bromine water, and then the bromine is removed by boiling
before adding the sample to the reaction flask.

TapLe I. RECOVERY OF ADDED INORGANIC ARSENIC FROM
Uxpieestep Foop Propucts

(20-mm. disk)
WEeigHET
or ApDED
SampLEs As:0;-FrEE Propucr SaiupLE As:0; RecoveErED As:0:%
Grams Mg. Mg,
4 Apple sauce 20 0.010 0.008-0.011
3 Apple sauce 20 0.020 0.018-0.021
4 Apple butter 20 0.005 0.004-0.
4 Apple butter 20 0.0075 0.0075-0.009
4 Apple butter 50 0.010 0.009-0.011
15 Canned peaches 50 0.010 0.0075-0.010
1 Canned pears 50 0,010 0.010

2 Canned cherries 50 0.005 0.004-0.005
4 Canned cherries 50 0.010 0.008-0.010
2 Canned apricots 50 0.010 0.009-0.010
3 Canned saverkraut 20 0.010 0.009-0.011
2 Canned celery 20 0.010 0.010

28 Canned spinach 20 0.010 0.009

1 Apple cider 50 ce. 0.010 0.010

1 Apple cider 50 co 0.020 0.019

10 Shrimp? 10 s Traced

5 Shrimp 10 0.005 0.005-0.008
b Shrimp 10 0.010 0.010-0.012
2 Shrimp 10 0.020 0.018-0.022

4 Maximum spread of results, iRy A

b These samples all contained arsenic originally which could not be re-
covered by the disk method except after complete digestion with nitric and
sulfuric acids

TasLe II. Tests oN LyE-PEELED PEACHES

Gurzerr Disx GurzeiT Disx
SAmrLE  MgzTHOD MEeTHOD SamMpLE METHOD MgeTHOD
Myg./gram Mg./gram Mg./gram Mg./gram
83 0.00010 0.00014 52 0.00010 0.00017
173 0.00021 0.00028 89 0.00015 0.00036
130 0.00015 0.00017 0.00014 0.00028
85 0.00014 0.00034 136 0.00011 0.00017
1756 0.00028 0.00029 137 0.00011 0.00007
132 0.00007 0.00014 1 0.00004 0.00004

0.0075
mg.

Blank 0.00125

0.0025

0,005
mg. mg.

INDUSTRIAL AND ENGINEERING CHEMISTRY

0.010
mg.

DiscussioN oF REsuLTs

Known amounts of added inorganic arsenic were directly
recovered from undigested material in such products as
fruits, apple sauce, apple butter, cider, sauerkraut, celery,
and other vegetables. However, in the case of marine
products, such as shrimp, it was not possible to determine

1
!
! Hefirp impregoated
dise
Cround
rlzss
:oxut\
/1
=
Cotton
o Cotton plug saturated
with special Cuprous
Chloride solution
Milligan 5
absorption b s
containing Nitrogen or
100cc. of Rydrogea
special i supply
Cuprous Chloride
solution

FIGURE 2. SPECIAL APPARATUS FOR ARSENIC
DETERMINATION

the original arsenic content without first thoroughly digesting
the sample with nitric and sulfuric acids, although complete
recovery was made of inorganic arsenic added fo undigested
samples of macerated shrimps previously found to give
negative results for arsenic by the disk method (Table I).
Determinations made of the original arsenic content of various
undigested fruit and vegetable products were found to be in
good agreement with those obtained by the Gutzeit method
on the same samples after digestion. The presence of such
substances as waxes, casein binders, oils, soaps, and nicotine
bases, which are used in various spray mixtures, were found
to be without effect in the determination. One set of data
obtained on lye-peeled peaches which had been heavily
sprayed with lead arsenate in plot tests made by representa-
tives of the Department of Agriculture of the State of Cali-
fornia (5) is shown in Table IL The disk method was em-
ployed on 50-gram samples of the raw product using a
15-mm. disk, and check analyses were made by the Gutzeit
method on one-fifth aliquots of a 210-gram sample digested
with nitric and sulfuric acids.

After using the disk method in this laboratory over the
period of a year for the analysis of various products, the

0.030
mg. mg.

0.025

0.015
mg. mg. mg.

STANDARD ARSENIC STAINS
(20-mm. disk)
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method was submitted to an industrial laboratory for use.
Using 20-gram samples of undigested material in the disk
method with 20-mm. diaphragms, the variation they ob-
tained on fifty-four samples of apple butter (ranging in arsenic
trioxide content from 0.1 to 3.0 p. p. m.) compared to the
Gutzeit determination run on a digested sample is shown in
Table III.

Tasre III. ComparisoN oF GurzeErr AND Disk METHODS
DeviaTioN DEvVIATION
SampreEs  rrox GurzEIT SampLEs  FroM GuUTzEIT
P.p.m. A0 P.p.m. As:0x
1 +0.3 14 0
8 +0.2 12 -0.1
18 +0.1 1 -0.2

Deviation from Gutzeit = »
No. of smgples =n

Mean = :'—n" = +0.04 p. p. m.

G [s_u’
Standard deviation = ¢ = T 0.12 p. p. m.

Probable error of a single determination = 0.6745 0 = 0,08 p. p. m. =
+0.0016 mg. As:0;

Small amounts of arsenic were quantitatively removed in
the presence of relatively large amounts of antimony. A
special absorption train (Figure 2) is necessary, however,
when more than 30 mg. of antimony are present, as the
single cuprous-chloride-saturated cotton plug is not efficient
above that range. Excessive amounts of reducible phos-
phorus and sulfur compounds also require the special train
unless they are previously oxidized with bromine water.

Some examples of the recoveries of added arsenic in the
presence of arsenic-free contaminants appear in Table IV.

TaBrLe IV. RECOVERY OF ARSENIC IN PRESENCE OF Con-
TAMINANTS

As:0s As:03

IMpURITY ADDED RecovERED
Mg. Mg. Mg.
500 Purified antimony trioxide 0.005 0.005
125 Same 0.010 0.011
125 Same 0.010 0.008
250 Same 0.020 0.020
250 Same 0.020 0.022
250 Same 0.020 0.020
250 Same 0.020 0.020
250 Same 0.040 0.038
500 Same 0.005 0.005
250 Sodium thmsu]late 0.005 0.004
250 Colﬂ:er chloride 0.010 0.010
acetate 0.010 0.010
50 Sodium hypophosphate 0.010 0.010

Arsenic was quantitatively removed without previous diges-
tion from dilute solutions of the following organic arsenicals
having arsenic in the trivalent as well as the pentavalent
form:

Av. By Gurzeir Av. BY Disx

MEeTHOD MzTHOD
Mg./cc. Mg./cc.
Tryparsamide 0.0025 0.0020
Neoarsphenamine 0.0012 0.0010
Tricacodylates 0.0006 0.0004
Carbasone 0.0030 0.0035
Arsphenamine 0.0010 0.0012
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Easily Made Gas-Washing Bottle

Arrrep H. McKINNEY
Philadelphia Quartz Company, Philadelphia, Pa.

HE gas-washing bottle herein
described 1is useful because of its
ease of construction and satisfactory

Stopper

N
% M rnareia  performance. The requirements are a
5-foot (150-cm.) section of glass tubing,

—auie g glass cylinder, a rubber stopper, and

a few grams of paraffin. The glass tub-
ing is bent in the spiral form as shown
so that it will fit within the glass
cylinder. At the bottom of the spiral,
on the under side of the tubing, a hole
is blown. This is best done in a hot
flame with but gentle pressure, so that
the hole will not be too small. When
the apparatus is assembled with the
paraffin loose within the jar, the jar is inverted and heated so
that the paraffin makes a gas-tight seal around the stopper
and protects the latter from attack by the liquid.

In operation the gas to be washed passes down to the
bottom of the central tube. As it starts up the spiral, liquid
enters the tube through the hole so provided. The gas then
passes up the spiral as small bubbles, acting as an air lift,
the volume of the bubbles and the ratio of liquid to gas de-
pending upon the design of the apparatus and the gas velocity.
The gases remain in contact with the liquid from 10 to 40
times as long as they would if allowed to bubble unobstructed
to the surface.

In the laboratory of the Philadelphia Quartz Company,
this bottle of home-made construction, has, in a period of
four years, been found entirely satisfactory. It has been
subsequently improved first by specifying a ground-glass
stopper and finally by making it of one-piece glass construc-
tion.

RecerveEDp April 14, 1934,

Stainless Steel Bomb in Oxygen Calorimeter

A bomb made of stainless steel (18-8) has been in use in this
laboratory for about 3 years. This bomb constitutes the es-
sential part of an improved type of oxygen bomb calorimeter.
Up to date 2593 samples of coal and 164 samples of heavy fuel
oil have been burned in it. Although no linings are used, the
beautiful mirror finish of its inside surface has not been dulled in
the least. It appears to resist corrosion perfectly.

Frep F. FLANDERS
State Purchase Laboratory
Boston, Mass.



Nature and Constitution of Shellac

VIIL.

Thiocyanogen Numbers of Resins

Wwn. HowLETT GARDNER, GEORGE PRiBYL, AND HAROLD WEINBERGER
The Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

LTHOUGH some inor-
A ganic free radicals have

been known for nearly a
century, it was not until the
last decade that Browne (7)
first pointed out their simi-
larity in properties. It was in
Browne’s laboratory that one
of us (W. H. G.) first became
interested in this field (9),
and it was there that he recognized the analytical possibilities
of free dimeric inorganic radicals. This is the first paper
of a series which will describe the use of some of these new re-
agents in analytical work.

From their close analogy to the halogens Browne used the
term “halogenoids” to described the radicals fulminate,
cyanate, trinitride, thiocyanate, azidodithiocarbonate, seleno-
cyanate, and tellurocyanate. This term describes them as a
group more clearly than ‘“pseudo-halogens,” later used by
Birckenbach and Kellerman (6). Walden and Audrieth (36)
cite the parallel which this work bears to the now classical
investigations which were carried out with organic free
radicals.

THIOCYANOGEN

Liebig attempted to prepare free thiocyanogen (26) shortly
after the discovery of the first halogenoid, cyanogen. A great
deal of investigation followed (11, 23, 27, 33), but it remained
for Séderbach (34) actually to isolate the true free radical in
1920. This was undoubtedly because of the relative lack of
stability of this compound, a property shared by some of
the others and by many of their inter-halogen derivatives
(9, 12, 17, 20, 35). In this respect they deviate most from
the halogens. §

Soderbich first obtained free thiocyanogen by the action
of iodine on an ethereal suspension of silver thiocyanate. .He
later showed that bromine gave a more complete reaction,
pointing out that the solvent, the concentration, and local
heat effects had an important influence on the character of
the product obtained. This halogenoid may also be pre-
pared by the oxidation of the free acid in ethereal solution
with manganese dioxide, but the yield from this reaction is
small (19). It has been prepared too by the electrolysis of
thiocyanates (21) and by the interaction of lead tetraacetate
and thiocyanic acid (719).

Although the tautomeric properties of thiocyanogen (18, 36)
and its inorganic reactions are of only passing interest to the
resin chemist, a number of the organic reactions studied by
Kaufmann (17) are directly related to the chemistry of resins.
With unsaturated members of the C.Ha. series, thiocyanogen
forms addition compounds:

R—CH=CHR + (SCN), —> RCH (SCN) CH(SCN)R

With unsaturated members of the C.H. series it is added only
at one of the unsaturated bonds, while with compounds con-
taining & triple bond there is no addition. Similar reactions
occur with the unsaturated fatty acids. These reactions,
however, are not general, since steric hindrance can prevent

This paper describes how the application of
thiocyanogen may be exlended to resins, and the
many precaulions which must be taken in pre-
paring thiocyanogen solutions for this purpose.
As a resull of this investigation, new informa-
tion has been oblained regarding steric hindrance
and the struclure of shellac.

the addition of the halogenoid
in certain cases where addition
products would be expected.
Thiocyanogen substitutes in
the benzene ring with aromatic
amines and phenols, and one of
the products is thiocyanic acid:

CeHiOH -4 (SCN); —>
C¢H((OH)SCN -+ HSCN

This acid is also formed when thiocyanogen reacts with mer-
captans to give disulfide compounds:

RSH 4 (SCN); —> RSSCN + HSCN

The first group of reactions has been used in the analysis
of oils (16) and fats (37) to determine quantitatively the
amounts of the different unsaturated glycerol esters. For
example, in a linseed oil it is possible to calculate the exact
percentage of the triglycerides of oleic and linoleic acids
from the difference between the iodine and thiocyanogen
numbers. Both sets of reactions offer possibilities in the
analysis and study of the nature of unsaturation in resins.

ANALYTICAL SOLUTIONS

In the preparation of stable thiocyanogen solutions for
analytical use, none of the authors clearly emphasize all the
essential precautions, especially when it is intended to extend
their use to resins,

Kaufmann (17) has shown that the tendency of thiocyano-
gen to polymerize is less in glacial acetic acid than in any
other solvent. This is fortunate, since this liquid is usually
one of the best solvents for resins. Kaufmann also points
out that traces of moisture on the glass apparatus and ex-
posure to the atmosphere lessen the stability. Dilute solu-
tions (0.05 M) were found to give the best results. He pre-
pared his acetic acid by treating it with phosphorus pentoxide
and using the fraction distillating at 118° to 120° C. His
solution of thiocyanogen was stable for more than a week and
he reports that 5 hours’ contact of the reagent with the oils is
sufficient for complete addition.

Zeleny and Bailey (37), who kept their solutions in the dark,
found that 17 hours were required in analyzing lard. Barbour
(3) claims to have obtained a more stable solution by de-
hydrating his acid solvent with acetic anhydride. Kimura
(22) adds the bromine during the preparation of the thio-
cyanogen by dissolving it in carbon tetrachloride. This
modification the authors find prevents local overheating.
Kimura also uses a 50 per cent excess of thiocyanogen and
allows 24 hours for its reaction. Hugel and Krassilchik (14)
recommend the use of a shaking machine during preparation
of the reagent and a rapid filtration for the removal of the
lead bromide formed.

Besides incorporating the best features of all these in-
vestigators, the authors found it desirable to add a 10 per cent
excess of acetic anhydride to the reagent in order to remove
any moisture introduced by the resin. They also proved
that either chloroform or carbon tetrachloride can be used as
solvent for the bromine, but that the bromine solution must
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be added in very small quantities to the lead thiocyanate
suspension and the mixture allowed to become completely
decolorized between additions. During this operation, which
takes several hours, the reaction mixture should be vigorously
agitated.

The purity of the lead thiocyanate is also highly important.
One of the best grades that could be purchased in the market
did not give satisfactory results. For this reason in all this
work, the lead thiocyanate was freshly prepared from re-
crystallized lead nitrate and sodium thiocyanate, and dried in
a desiccator protected from light. It is essential that lead
thiocyanate shall be perfectly dry in order to obtain stable
solution of thiocyanogen. For the same reason a calcium
chloride tube was used above the buret to protect the solution
during titrations.

METHOD OF PREPARATION

The methods of preparation of the reagent and the pro-
cedure found practical for resins were as follows:

Aceric Acip.  Glacial acetic acid was dehydrated with phos-
phorus pentoxide. The supernatant liquid was then distilled
in a round-bottomed flask which carried a fractionating column
attached to a Liebig condenser. All connections were made with
corks carefully protected with silver foil. The flask was heated
in a 28° Bé. glgrcerol bath and the acid which distilled between
118.0° to 118.5° C. was collected and received in a suction flask
which was protected from atmospheric moisture by means of a
phosphorus pentoxide tube attached to the side arm.

This procedure was repeated until the product had a melting
point corresponding to 99.5 per cent acetic acid, and showed no
reaction with potassium permanganate when 2 ml. of the acid
were diluted with 10 ml. of distilled water and 0.1 ml. of 0.1 ¥V
permanganate was added. As proof of this, the color did not dis-
appear at the end of 2 hours when kept at 24° = 3° C.

o the pure acetic acid was now added a 10 per cent excess of
acetic anhydride and the solution was kept in a stoppered con-
tainer protected from moisture.

Leap TaiOCYANATE. About 56 grams of sodium thiocyanate
were dissolved in 100 ml. of distilled water, evaporated to one-
half the original volume, and allowed to cool. The material
which separated was filtered on a Biichner funnel and then re-
crystallized in a similar manner. The lead nitrate was purified
in the same way.

Each salt was then dissolved in 100 ml. of distilled water and
lead thiocyanate precipitated by adding the solution of the
sodium salt to that containing the lead nitrate. Precipitation
was carried out in the cold, since a high temperature causes de-
composition of the lead haloid. The precipitated salt was then
thoroughly washed with distilled water, filtered, and placed in a
desiccator to dry in the dark over phosphorus pentoxide.

A determination of lead as lead sulfate on the dry material
gave the following results: found, 64.15 per cent; theory, 64.10
per cent.

BroMINE SonuTioN. In 200 ml. of redistilled, water-free car-
bon tetrachloride 8.4 grams of pure bromine were dissolved. To
this were added 300 ml. of the above specially prepared acetic
acid solution.

THIOCYANOGEN SorutioN. Five milliliters of the bromine
solution were then added to a suspension of 30 grams of lead
thiocyanate in 300 ml. of the acetic acid, and vigorously shaken
until the mixture was practically colorless before adding another
portion of bromine. This procedure was followed until all the
above bromine solution had been added. The mixture was then
rapidly filtered through a dried, fluted filter paper. At this step
if traces of moisture are present a pink color is imparted to the
pal%er. This was avoided in all cases.

he solution was then standardized against sodium thiosulfate
in the usual manner. The buret containing the thiocyanogen
solution was protected from moisture with a tube containing
calcium chloride or phosphorus pentoxide.

The above method gives approximately 0.1 N solution and re-
tains its strength for about 8 days, as shown by the following: 15
ml. of thiocyanogen required 14.90 ml. of sodium thiosulfate
solution initially; on the third day it required 14.90; on the fifth,
14.80; on the sixth, 14.75; and on the eighth, 14.75.

Procepure. Into a dry Erlenmeyer flask containing 20 ml.
of the specially prepared acetic acid, 0.2000 gram of ground (30-
mesh) resin was introduced, and the contents were warmed on an
oil bath at 65° to 70° C. for 15 minutes to insure complete solu-
tion. Ten milliliters of pure dry chloroform or carbon tetra-
chloride were then added and the flask was kept at 22° = 5° C.
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for 30 minutes. At the end of this time 25 ml. of the standard
solution of thiocyanogen were added and allowed to react in a
dark place for 48 hours.

To determine the excess thiocyanogen, 20 ml. of a 10 per cent
aqueous solution of potassium iodide were added and the mixture
was rapidly titrated with standard sodium thiosulfate. The
thioeyanogen absorbed was calculated as centigrams of iodine in
order to obtain numbers which could be readily compared with
those from Wijs solution.

THIOCYANOGEN NUMBERS

Thiocyanogen numbers were determined for three un-
saturated carboxylic acids, and for several samples of shellac
and rosin. These numbers were compared with those ob-
tained by using Wijs solution (Z, 2).

TaBLE I. THIOCYANOGEN NUMBERS

Iopinn THIOCYANOGEN
SUBSTANCE NUuMBER NUMBER
Ricinoleic acid 131.8 84.6
Oleic acid (commercial) 84.3 75.2
Oleic acid (vacuum distilled) 85.6 77.7
Cinnamic acid (pure) 71.0 0.0
Methyl cinnamate 100.6 3.9
Rosin (G) 186.0 105.0
Rosin (G) 199.6 88.5
Rosin (WG) 203.1 101.7
Rosin (I) 197.3 88.4
Rosin (W. W.) 204.4 102.1
Abietic acid (commercial) 180.9 87.0
Shellac (T. N. pure) 8.0 18.4
Shellac ssu erfine) 19.9 19.8
Shellac (refined bleached) 9.5 9.2
Shellac (bleached) 10.6 11.1
Shellac (L & M) 19.1 18.3
Shellac (U. S. S. A. T. N.) 23.7 20.6
Shellac (U. S. 8. A. T. N.) 23.0 20.0
Manila copal 69.84 44.0

As can be seen from Table I, the thiocyanogen value for
ricinoleic acid is nearly that for theory, 85.03, but the iodine
value is practically one and a half times that required.
Ricinoleic acid, 9-octadecene-12-ol-1-acid, contains a hy-
droxyl group which is removed by but one carbon from the
unsaturated bond. It is highly probable that with Wijs solu-
tion, the hydroxyl group in this acid is oxidized by the
halogen. The literature contains no values for pure ricinoleic
acid, but methyl acetyl ricinoleate has the theoretical iodine
number, acetylization protecting the hydroxyl group.

The thiocyanogen number for oleic acid is lower than that
required by theory, but the iodine number is also below that
for a pure sample. The values are, however, the same as
those obtained by other investigators (8, 25) for commercial
oleic acid. Vacuum distillation does not greatly increase the
purity.?

The reaction between cinnamic acid and Wijs solution is
incomplete, as shown by the very low value, while thiocyano-
gen is practically without reaction.

The halogenoid numbers for two grades of rosin and of
commercial abietic acid are less than half the iodine number
determined by the Langmuir method, but it is of interest to
note that they are approximately one-half of the theoretical
value, 168, for the addition of 4 atoms of halogen by pure
abietic acid. It is well known that Wijs solution gives both
addition and substitution with this substance (4, 5, 28, 29, 31).
Apparently thiocyanogen adds at but one unsaturated bond
and from the high degree of hydrogenation of structure of
abietic acid, one would expect it to behave as a fatty acid of
the CaHan—y Os series.

The two numbers are practically identical for pure shellac.
The differences for the U. S. Shellac Association T.N. grades is
due entirely to the presence of rosin as shown by calculating
the percentage of rosin both by the Langmuir formula (2)
and by the difference in the two absorption numbers. The
results agree within 0.2-0.3 per cent. It would appear, there-

1In the discussion of this paper at Washington, J. S. Long stated that
he had obtained similar results, but that when the acid was purified by the

method of Lapworth, Pearson, and Mottran, Biochem. J., 19, 7 (1925), both
the thiocyanogen and iodine values correspond to theory.
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fore, that there is some theoretical chemical basis for the
results obtained by the Langmuir method (24). For this
reason the Langmuir values should not be treated as purely
empirical, when considering them in connection with those
of other methods, such as the Hiibl method.

The iodine number for the superfine shellac is abnormal
for this grade. This sample contained 0.45 per cent of
arsenious sulfide, and Rangaswami and Aldis (32) have shown
that if this adulterant is in a finely divided state, it will
increase the iodine number. Apparently it affects both thio-
cyanogen and iodine numbers equally.

StErRIC HINDRANCE

These results bring to light certain other theoretical con-
siderations, such as the effect of steric hindrance (15) which
investigators are apt to overlook. The authors’ values for
cinnamic acid present a typical case. It is well known that
while chlorine and bromine add quantitatively to this acid,
the absorption of pure iodine is very slow. This is caused by
the proximity of two strongly negative groups, phenyl and
carboxyl, to the unsaturated bond of the acid. In view of
these facts, it was not surprising to find that the less reactive
thiocyanogen gave no reaction.

If the authors’ theory is correct, values for methyl cinna-
mate should be better than those for the free acid, since the
methyl group should decrease the negative character of the
carboxyl group. As can be seen from Table I, this is true for
the addition of iodine, but the negative groups still prevent
the addition of thiocyanogen.

This would explain the behavior of this halogenoid with
fatty acids of the CaHas-y O, series where the addition of
one molecule of thiocyanogen would prevent the absorption at
the second, and hence, as is observed, the thiocyanogen
number is one-half of the iodine number.

The consideration of steric hindrance is also of interest
from the point of view of postulation of the constitution of
shellac, since Harries and Nagel have found that the only
isolated unsaturated acid (10, 13, 30, 31), shellolic acid, did
not absorb bromine (78): To account for this they have
postulated an internal unsaturated bond in its structure:

HOOCH H COOH

H XH
HO” <0H
Ha! H,

H H
H H,

H,

The question, then, naturally arises as to why shellac should
have an iodine number. It can be readily demonstrated by
acetylization that Wijs solution does not replace bydroxyl
groups in this resin, so that some other explanation is neces-
sary.

’f"he facts as they are known can be readily explained if
cinnamic acid and methyl cinnamate are used for analogy.
If we assume that the double bond in shellolic acid is ad-
jacent or close to the carboxyl groups, it is easy to underst_aqd
why halogens may not be absorbed by the free acid, but if in
the structure of shellac these same carboxyl groups form.part
of the ester linkages, it would be clear why the resin itself
showed unsaturation. The large molecules, attached to these
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acid groups of shellolic acid, should have a marked effect in
decreasing their negative character, so that a thiocyanogen
number for shellac would not be considered unreasonable.

CONCLUSIONS

Halogenoid solutions may be used to give the chemist an-
other method by which to study the nature of unsaturation
and the constitution of resins. Because of the difference be-
tween the iodine and thiocyanogen numbers of different resins,

‘it may be possible to develop methods for the quantitative

determination of some of these resins in varnish mixtures.
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Detection and Determination of Solvents
and Volatile Liquids i Nitrocellulose
Lacquers and Lacquer Thinners

C. E. Warrs, 1511 South Fourth St., Terre Haute, Ind.

‘ ‘ J ITHIN the last few years, various new solvents for

use in the lacquer industry have made their ap-

pearance on the market. Some of these solvents are

sold under trade names which afford no certain clue to their

actual chemical identity; or they may be encountered as

unknown components of finished nitrocellulose lacquers or
of the thinners sold with such lacquers.

For the purpose of appraising a solvent, thinner, or lac-
quer as to probable value and behavior on application or in
use, it is often highly desirable to know the identity of the
liquid or liquids it contains, as well as the approximate com-
position of the mixture in case a thinner or lacquer is involved.
For this purpose a practical method for the quantitative
determination of low-boiling and high-boiling solvents and
diluents, followed by their identification, is here presented.

Solvents are distilled from the lacquer at atmospheric
pressure, low-boiling partly water-soluble components being
taken off first, followed by removal of higher-boiling com-
ponents after the addition of water. Distillation under re-
duced pressure may be desirable for the removal of super-
high-boiling compounds, but in general is not recommended
since it entails the possible loss of volatile components.

Lacquers formulated with the esters of lactic acid require
a special procedure which will not be described in this paper.

Quantitative results are obtained by analysis of two
fractions—the fraction boiling up to 93° C. and the fraction
boiling above 93° C. Components are identified by frac-
tional distillation of the products of alkaline saponification.
Identification tests for the more commonly used lacquer sol-
vents and diluents are described. Results obtained by the
method described have been found to agree closely with the
actual composition of known lacquers and thinners.

QUANTITATIVE DETERMINATION OF ESTERS, ALCOHOLS,
AND TorAL HYDROCARBONS

ANaLysis or THINNER. Two hundred and fifty cubic
centimeters of thinner are slowly distilled through a good
fractionating column until & vapor temperature of 93° C.
isreached. At 93°C.all ethyl compounds will have been dis-
tilled over. If iso- or secondary butyl compounds are
present, small amounts of these compounds may come over
with ethyl acetate below 93° C. The volume of distillate is
measured and recorded; and esters, hydrocarbons, and al-
cohols on both distillate and residue are determined as
follows:

Esters are determined on both the distillate and the residue
by saponifying 2 cc. of sample with 25 ce. of 1 N alcoholic sodium
hydroxide. The mixture is refluxed for 1.5 hours, and the excess
sodium hydroxide titrated against standard acid. Saponifiable
matter in the distillate is calculated as ethyl acetate and con-
verted from grams per 100 cc. to per cent by volume of 88 per
cent commercial ethyl acetate by dividing by (0.9 X 0.88).
Esters in the residue above 93° C. are calculated as butyl acetate
and converted from grams per 100 cc. to per cent by volume
8f (g per cent commercial butyl acetate by dividing by (0.88 X

.92).

Hydrocarbons are determined on both the distillate and the
residue by mixing 20 ce. of sample with 20 cc. of 80 per cent
sulfuric acid (80 cc. of concentrated sulfuric acid plus 20 ce. of

distilled water) in a 50-ce. buret which has been sealed off at the
lower end. After thorough shaking, the mixture is allowed to
stand overnight in an upright position, and the percentage by
volume of hydrocarbons is calculated from the volume of the
u;)pcr layer. Erroneous results will be obtained if the strength
of the sulfuric acid deviates more than =3 per cent from the
80 per cent specified.
Alcohols are determined on both the distillate and the residue
by mixing 50 cc. of sample with 200 cc. of water in a 250-cc.
raduated cylinder. The percentage of alcohols is determined
y decrease in volume of upper layer from the original 50 cc.
This determination is approximate only, and is used as a check.
In final calculations, alcohols are estimated by difference.

In case the volume of either distillate or residue is insufficient
for the determination of alcohols, as outlined above, 10 or 20 ce.
of sample may be mixed with an equal volume of distilled
water in a 50-cc. buret sealed at one end. If the sample is in-
sufficient for esters, hydrocarbons, and alcohols, determina-
tion of the alcohols should be omitted or a larger amount of
sample taken for fractional distillation at the start. Alcohols
as determined on the distillate below 93° C. should be fairly
accurate, but results on the residual portion (above 93° C.)
will be somewhat low and merely indicative of the presence or
absence of free higher alcohols.

If time is available, a valuable check may be obtained on
the values derived above by determining esters, hydrocar-
bons, and alcohols on the sample as received, following the
procedure outlined above. In this case, esters calculated as
butyl acetate will be higher than actual, the error being in
proportion to the ratio of butyl acetate and ethyl acetate
present in the thinner. Very little extra time is required to
make these determinations if run simultaneously with tests
outlined above.

TaBLE I. TypIcAL ANALYSIS OF SAMPLE OF THINNER
Hypro-

CARBONS [EsTERS ALCOHOLS
% % %
As received (by volume) 55.5 28.58 16.0

HIGH- AND LOW-BOILING FRACTIONS (250 CC. DISTILLED)
Below 93° C. (80 ce., 32% by volume) 47.75 21.32 42
Above 93° C. (170 cc., 88% by volume) 58.75 29.64 12
CONVERTED TO PERCENTAGES OF ORIGINAL TEINNER

Low-boiling 15.28 6.82 13.44
High-boiling 39.95 20.16 8.18
55.23 26.98 21.60

26.98

21.60

103.81

ALCOHOLS CALCULATED BY DIFFERENCE

Low-boiling 15.28 6.82 9.90
High-boiling 39.95 20.18 7.89
55.23 26.98 17.79

Calculating the alcohols by difference is believed to be more
accurate, in that it allows for the alcohols which normally are
present in the commercial acetates. This analysis agrees
fairly closely with results for the material as received, and
indicates the following approximate formula, subject to con-
firmation and identification later:

%

Hydrocarbons

Ethy] alcohol

Ethvl acetate
High-boiling alcohols
High-boiling esters

&3 —Cn
O~N~NOO>
(=1 =Y

8
o
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ANALYSIS OF LAcCQUER. After separation of the total
volatile constituents from the solids, analysis of a lacquer is
identical with that of a thinner, except that the amount of
sample available is less, and that it may be advisable, from
the point of view of the extra time involved, to omit deter-
minations on sample as received and confine the analysis to
examination of low- and high-boiling portions.

For unthinned lacquers of average viscosity, 1030 cec. are
poured into a graduated cylinder (the 30-cc. mark is estimated
on a 1000-cc. cylinder) and transferred to a 3-liter round-bot-
tomed flask. In this way allowance is made for the lacquer
which adheres to the sides of the cylinder and the actual sample
taken is 1000 cc. The flask is fitted with two thermometers,
one reaching into the lacquer and one to record the vapor tem-
perature in the neck of the flask. The flask is immersed in an
oil bath in which a third thermometer is immersed. To avoid
the difficult operation of drying the low-boiling alcohols and es-
ters, distillation is conducted slowly and carefully on the water-
free lacquer until a vapor temperature of 93° C. has been reached.
At this point a cut is made, and, if the lacquer still appears to be
fairly liquid, distillation is continued and as much high-boiling
(from 93° C. upwards) liquids as possible recovered before stop-
ping the distillation and adding water. However, caution is ad-
vised at this point and the temperature of both the oil bath and
the liquid lacquer should be carefully watched, so that the oil
bath does not go above 150° to 155° C. and the liquid lacquer
above 110° C.

When the liquid lacquer temperature has reached 110° C.,
distillation is giscontinued and, as soon as the apparatus is
cool enough for handling, 500 cc. of distilled water are added
and heat again applied. Distillation is continued until about
1100 cc. of total distillate, dry and aqueous, have been collected.
The distillate towards the end should be tested for the presence
of solvents by tasting and by collecting a small portion and
treating with anhydrous potassium carbonate. In some cases
a second portion of 300 cc. of distilled water may be necessary
for complete removal of solvents.

When tests show that the solvents have all been extracted,
the aqueous distillate, including small amounts used for testing,
is dried with potassium carbonate and added to any nonaqueous
distillate collected above 93° C. Drying of the high-boiling
liquids is much easier and more complete than when low-boilin
distillates are present. Determination of alcohols, esters, an
hydrocarbons is then made according to the proceciure outlined
for analysis of thinner. If desirable and time permits, the dried
high-boiling liquids can at this point be mixed with the low-
boiling portion, and total esters, hydrocarbons, and alcohols de-
termined. However, if this be done, it is desirable to refraction-
ate the mixture up to 93° C., since identification of the lo'w-boxlmg
solvents, assumed to be ethyl alcohol and ethyl acetate, is usually
omitted, and identification of the high-boiling solvents is more
positive in the absence of the ethyl compounds.

IDENTIFICATION OF VOLATILE CONSTITUENTS

In the identification of the volatile constituents of a lacquer
or thinner, close attention should be paid to distillation tem-
peratures, as much can be learned in this way. Low-boiling
naphtha may be detected by initial boiling point, or, in the
rare cases in which it is used, acetone may be detected by its
boiling point and otherwise confirmed later. The absence

TasLe II.
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of saponifiable matter discovered in the foregoing scheme of
analysis would indicate a solvent of the cellosolve type.
Cellosolve may be readily identified by its boiling point,
water solubility, solvent action on nitrocellulose, and odor
after separation from hydrocarbons in the manner to be de-
scribed.  Its approximate percentage by volume may be de-
termined by fractional distillation of the nonhydrocarbon
material.
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Ficure 1

For identification of the solvents and diluents in a standard
lacquer or thinner of the alcoholic ester type, 500 or 1000 ce.
(depending on the amount of hydrocarbons present) of
sample are thoroughly mixed with an equal volume of cold
sulfuric acid (80 cc. of concentrated sulfuric acid plus 20 cec.
of distilled water). The mixture should be kept cool during
mixing to prevent losses by evaporation, or to minimize
decomposition due to heating. In some cases the use of
85 per cent phosphoric acid rather than 80 per cent sulfuric
acid may be found preferable, but in general the much higher
cost of phosphoric acid will make its use in large quantities
undesirable. For the quantitative estimation of hydrocar-
bons in the analysis of lacquers and thinners, cold sulfuric
acid has been found to give more accurate results than 85
per cent, phosphoric.

In the analysis of a lacquer, if the quantitative determina-
tions and the distillations preceding it tend to show that the
low-boiling solvents are ethyl compounds, further treatment
of this portion is unnecessary, unless identification of the
possible low-boiling hydrocarbons is important. The entire
high-boiling portion left after quantitative determinations of
hydrocarbons, esters, and aleohols is treated with an equal
volume of 80 per cent sulfuric acid. The solvent hydrocar-
bon-sulfuric acid mixture is allowed to settle in a separatory
funnel, and the lower layer of alcohols and esters in sulfuric
acid is drawn off. The upper hydrocarbon layer is examined
for composition and the presence of naphthas, toluene, and

PrOPERTIES OF ALCOHOLS PRESENT IN INDICATED ESTERS

ZnCl~HCI Trst Iobororu TesT

Perfectly clear solution. No up- Negative

per layer on standing

Positive in one minute
None in amyl alecohol range.
Trace in low-boiling fraction

Deep upper layer

Positive test in 5 minutes or less

Upper layer in all fractions
* in all fractions

Amyld;lcetatf;e from unsaturated 110-135 Mi;:iu.rq oﬁl afICOht?hni; 11720;)81 b

ocar nei ractio

> yies C. is 1.408. Last fraction 134°
to 135° C. is 1.413.

Amyl acetate from saturated 117-137

hydrocarbons boiling from 120° to 136°
1.410

Higher alcohols acetate by cataly- 105-130
si8, mostly isobutyl acetate Hote

404 to 1.410. Principal fraction Upper layer in first fractions fad-
1 o to C. is ing out above 130° C,

1.388 to 1.420. Principal fraction Upper layer in last fraction only
hoiling from 106° to 112° C.

Positive test in fractions below
20° C. Heavy precipitate in
117° to 120° C. fraction.
only above 120° C.

Negative in all fractions

Trace
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xylene determined by correlation of boiling ranges and specific
gravities of naphtha, and toluene and xylene, so that it is
easy to detect the presence of the former in admixture with the
two latter compounds. Figure 1 gives the specific gravities
of mixtures of lacquer diluent naphtha and toluene.

However, in cases where it is important that the actual
composition of the hydrocarbons be known, the following
method will give very close approximations:

Fifty cubic centimeters of the mixed hydrocarbons are meas-
ured into a 500-cc. Erlenmeyer flask. To the flask are added
100 ce. of approximately 100 per cent sulfuric acid made by adding
50 ce. of reagent fuming sulfuric acid containing 20 per cent ex-
cess of sulfur trioxide to 50 cc. of reagent sulfuric acid (1.835
zgeciﬂc gravity). This mixture is stoppered and thoroughl

aken at least three times during a 15-minute reaction pcriocz
The contents are then poured into a 250-cc. glass-stoppered

aduated cylinder and after 1 hour the percentage of petroleum
ydrocarbons is calculated from the volume of the upper layer,
the coal-tar hydrocarbons having been completely sulfonate g

The presence of xylene may be detected by nitrating the hydro-
carbon mixture in two parts of sulfuric and one part of nitric
acid. The crystalline nitration products are separated from
the excess acid, washed in water, and dried at 60° C. Trini-
trotoluene is soluble in ethyl alcohol and melts at 78° to 80° C.;
trinitroxylene is insoluble in alcohol and melts at 180° to 182° C.

The sulfuric acid solution of the alcohols and esters is
slowly diluted with at least three times its volume of distilled
water, precautions being taken to avoid heating the mixture
at the start of the dilution. Through a short fractionating
column the alcohols and esters are distilled off with water,
and the water is removed by salting out with potassium car-
bonate. The dried mixture may be analyzed for ester
and alcohol content by the method given for analysis of thin-
ner, or, if the volume is not large enough, 2 cc. may be taken
for ester determination and the alcohols estimated by differ-
ence. If these data are desired, it will be necessary to re-
distill the dried solvents to remove any dissolved potassium
carbonate, as this would interfere with the determination of
esters by alkaline saponification.

The dried alcohols and esters are now saponified in the
following way:

Crushed sodium hydroxide sticks or pellets, equal in weight to
one-third of the weight of the alcohols and esters, are dissolved
in an equivalent number of cubic centimeters of distilled water
with constant stirring to take advantage of the heat generated.
After complete solution the liquid is cooled, and a volume of
methanol equal to twice the amount of water used is added.
This alkaline solution is now added cautiously to the alcohol-
ester mixture in a suifable size round-bottomed flask. The
mixture is refluxed for 0.5 hour under a good fractionating col-
umn, after which the known amount of methanol is distilled off
and discarded. The alcohols are then distilled off and the wet
fractions dried with potassium carbonate.

Several refractionations may be necessary to divide the
alcoholic mixture into its true fractions. At this point, much
will be known of the probable identity of the alcohol or al-
cohols, and 5- to 10-cc. cuts of the apparently pure fraction
should be made, using the theoretical boiling point of the
suspected alcohol as a guide. These small pure fractions
can be used for identification tests, such as refractive index
and the zinc chloride-hydrochloric acid test for characteriza-
tion as primary, secondary, or tertiary alcohol.

The alcohols from the original esters, as well as any high-
boiling free alcohols originally present, are now ready for
identification, and the following data should be obtained:

1. Volume-per cent distribution of the different fractions
present, for use in comparison with the same values for known
alcohols or mixtures of alcohols used in the lacquer industry.

2. Refractive indices of all fractions.

3. The zinc chloride-hydrochloric acid test on all fractions for
characterization as primary, secondary, or tertiary alcohols.
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This test, described by Lucas (1), has been found very satisfactory
in distinguishing between the more commonly used primary
and secondary alcohols. The reagent for this test is made by
dissolving 136 grams (1 mole) of anhydrous zine chloride in 105
rams (1 mole) of concentrated hydrochloric acid with cooling.
%‘he test is carried out by adding 2 cc. of the alcohol in a vial
or test tube to 12 cc. of the zine chloride-hydrochloric acid
reagent, stoppering with a cork, and shaking. Alcohols lower
than hexyl are soluble in this amount of the reagent, but tertiary
alcohols react so fast that separation of tertiary chloride as an
upper layer is noticeable almost at once. If a secondary alcohol
is present, the clear solution becomes cloudy in about 5 minutes
and, on standing overnight, a distinet upper layer is visible. In
the case of a primary alcohol, no change, except a slight darken-
ing, takes Eplace even on long standing. By the use of larger
amounts of alcohol and reagent in standard test tubes, such as
Nesslers, the method may be made more or less quantitative for
mixtures of secondary and primary alcohols by measuring the
u};])lpcr layer formed and comparing its volume with the volume of
chloride produced by a known alcohol or mixtures of alcohols.
4. In case positive tests for secondary alcohols are obtained in
3, the iodoform test for secondary alcohols should be made.
In addition to isopropyl, which is little used in the lacquer in-
dustry, both secondary butyl and secondary amyl alcohols have
been found to react with iodine at room temperature in alkaline
solution. Two or three drops of the alcohol are dissolved in 10
cc. of 1 N sodium hydroxide solution, and 15 or 20 cc. of 0.1 N
iodine are run with constant shaking. A yellowish white pre-
cipitate of iodoform, visible in a minute in the case of the sec-
ondary amyls, indicates these alcohols.

CoRRELATION OF Darta. With the above data at hand,
the nature or source of the alcohols present originally, mostly
as esters, may be fairly accurately determined by a process
involving elimination and comparison. The esters most
commonly used in the lacquer industry are ethyl acetate,
secondary butyl acetate, normal butyl acetate, amyl acetate
(from fusel oil), secondary amyl acetate by synthesis from
unsaturated hydrocarbons, amyl acetate by chlorination of
saturated hydrocarbons, and the acetates of synthetic al-
cohols by catalysis from hydrogen and carbon monoxide
(mostly isobutyl alcohol). Cellosolve and its esters will be
recognized by special tests referred to above.

Ethyl acetate is universally used in lacquer formulas, is
easily separated from the higher-boiling compounds, and its
presence as the low-boiling ester is generally assumed in
lacquer analysis, unless contradictory behavior of some sort
is noticed, in which case identification could be made by well-
known methods. The characteristics of the six other types
can be summarized as in Table IL

From these data it is possible to recognize with certainty
any of the esters of the foregoing list present in a lacquer or
thinner. For example, n-butyl compounds can be readily
identified by the narrow boiling range, the refractive index,
the absence of any upper layer in the zinc chloride-hydro-
chloric acid test, and the negative test for iodoform. Further
confirmation may be obtained by determining the melting
point of the dinitrobenzoate (2, 3). Secondary butyl alcohol
may be identified by its boiling point, its very positive reaction
in the zine chloride-hydrochloric acid and the iodoform tests,
and by its characteristic odor. Fermentation amyl aleohol
is distinguished by its boiling range and the negative test
with zinc chloride-hydrochloric acid in all fractions. Amyl
alcohol from unsaturated hydrocarbons is identified by its
characteristic odor, and the positive reaction of all its frac-
tions in the zinc chloride-hydrochloric acid and the iodoform
tests. This commercial product is made up largely of sec-
ondary alcohols in contrast to the amyl alcohols from satu-
rated hydrocarbons, which are largely primary amyl alcohols,
and have a higher average boiling point. The latter com-
pounds may be distinguished from fermentation amyl alcohols
by the presence of the lower-boiling secondary compounds.
The higher alcohols produced from hydrogen and carbon
monoxide may be identified by the high isobutyl alcohol con-
tent and the negative iodoform test in all fractions.
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For more positive identification when necessary, the melt-
ing point of the 3,5-dinitrobenzoic acid derivative, referred to
above, may be found helpful.

The following method devised by the author has been
found to give closely approximate results for the determina-
tion of secondary butyl compounds in mixture with normal
butyl compounds:

Ten cubic centimeters of thinner, or 10 cec. of the total volatile
matter from a lacquer, are carefulfy weighed into 50 cc. of 1 N
aqueous potassium hydroxide solution in a stoppered flask.
Refluxing for 38 to 4 hours with frequent shaking, using a long
condenser, has been found to yield practically complete saponifi-

. cation of the esters. The saponified mixture is then titrated to
neutrality with 0.25 N sulfuric acid solution, and the esters are
calculated as a check on previous quantitative determination.
The neutral solution is diluted with about 100 cc. of distilled
water, and the alcohols are distilled off in about 75 cc. of water.
The distillate is made up to 150 cc., thoroughly mixed, and a 25-
ce. aliquot (Fipetted into a 500-cc. flask containing 100 ce. of
sulfuric acid (1.35 specific gravity). Fifty cubic centimeters
of 1 N potassium dichromate are now run in slowly from a buret
with constant shaking and maintenance of the temperature at
10° to 15° C. The mixture is allowed to stand for 30 minutes
after the last of the bichromate has been added. It is then di-
luted to 600 cc. and distilled, 250 ce. of distillate being collected
in a flask immersed in a bath of water at 15° C. The 250 cc. of
distillate are thoroughly mixed, and a 25-cc. aliquot is pipetted
out for determination of methyl ethyl ketone by the Messenger
method, as follows:

Fifty cubic centimeters of 1 N potassium hydroxide are
measured from a cylinder into a 750-cc. Erlenmeyer flask. The
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25-ce. aliquot from the 250 cc. of distillate is added, and 50 ce. of
0.1 N iodine are added from a buret with constant shaking. The
mixture is allowed to stand at room temperature for about 20
minutes, after which the excess iodine is titrated with 0.05 N
sodium thiosulfate using starch as the indicator. A blank must
be run on the reagents, omitting the sample.

The approximate percentage of secondary butyl acetate
by weight is calculated as follows:

(cc. of thiosulfate for blank — ce. of thiosulfate for sample) X
normality of thiosulfate X 60 X 0.01935 X 100 _ % secondary
weight of sample (10 cc.) butyl acetate

For the detection of other mixtures of the six typical
groups of solvents discussed in this article, considerable in-
genuity may be necessary, but a reliable opinion may be
formed by comparison of the suggested properties, the volume—
per cent distribution of the different alcohols as to boiling
temperature being especially helpful in detecting mixtures or
adulterations.
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Determining Flex Cracking in Treads

Harorp Gray, H. S. Karcr, anp R. J. Huw, B. F. Goodrich Company, Akron, Ohio

F I Y HE initiation and growth
of cracks are obviously
important factors in the

service rendered by tire treads.

Several machines have been de-

signed to give comparative

data on the flex resistance of
various compounds, but in the
experience of the present authors,
none of the available meth-
ods for flex cracking compari-
sons are satisfactory, since pre-
dictions based upon them are not confirmed by road tests.

As a result, a great deal of time and money has been wasted

in developing compounds in the laboratory only to meet with

failure on the road.

Any new method should permit a fairly accurate means of
estimating the tendency towards initiation of cracks and a
quantitative measure of cracks and cuts once formed. In
addition, it should be adapted to studying the effect on crack-
ing of various compounding ingredients such as age resisters,
of varying such physical properties as modulus, hardness,
etc., of cure, methods of mixing, tread design, tread contour,
ete. The method should also permit the use of either labora-
tory- or factory-mixed stock. Before the present work was
completed, it was found possible to make fairly accurate
studies of various construction details of the tire carcass on
tread cracking as well as to compare the products of various
manufacturers.

Definite knowledge on formation of cracks due to flexing
is necessary. On the other hand, in many types of service,
tires are subjected to the action of sharp objects, such as

tained from the road.

A method for comparing the flex cracking
properties of tread stocks on standard tires which
permits the use of laboralory-mized balches is
presenled. The method can be adapled to the
lesting of the effect of carcass construction, tread
design, elc., on flex cracking. Comparalive
lests on tires of different make can also be made.
Laboralory resulls check with information ob-

cracked stones, which will cut
the tread. Such cuts are not
always harmful. If there is a
tendency to grow, however,
the cut will, in time, extend to
the carcass and serious trouble
result. Some tread designs
will pick up stones, which may
cut the undertread before they
are expelled. Here again,
in many cases, if the cuts do
not grow to any extent,
very little harm is done.

DEscrIpTION OF TEST

Obviously, the only way to test a tread that would answer
all the above qualifications would be on a tire. A 7.00-18,
6-ply tire was used exclusively for the preliminary work on
laboratory-mixed batches. Other sizes varying from a 5.25-
18, 4-ply, to a 10.50-22, 12-ply, have been satisfactorily used.

One standard and three experimental sections can be tested
on a single tire. The raw materials for the four batches, except
the particular items to be tested, are always taken from the same
lot.  If possible, the major portion of the batches are mixed in a
master batch in the factory. The batches, generally 10 pounds,
are mixed on a 24-inch laboratory mill. The stock is sheeted off
about 0.125 inch thick, and while still warm is cut and plied up
to approximate the shape of the mold described in the next para-
gr:’tlph. Care must be taken not to trap air between the plies.

he plied-up stock is now ready to be molded. The mold used
is merely a flat plate, machined out to a cavity which in cross
section equals the contour and gage of a tubed 7.00 tread. The
length of the cavity is about 3 inches greater than one-fourth that
of a 7.00-18 tread. A standard sheet-metal cover is used. The



Taere I. VamiaTiox v Acvg PeRiop®

Davs 1x Cracx Growra Nouszz or
Acine Ovex Inpzx FLex Cracxzs

None 100 0

2 144 0

5 2658 29

7 320 71

9 403 109

21 830 128

% Both crack growth index and number of independently formed flex
eracks vary with the increzse in time in the szing oven.

TasLe II. Lnars oy Tesr

Pawxr 1. Vamiamiox 1x Lexora or Cracks iy 4 Givex Szerion®
UNAGED AVERAGE CRACE XNUMSER
COM- LENGTH OF CRACKS IN INCHRS? CRACK GROWTE OF FLEX
POUND r.1 Gr.2 Gr.3 Gr.4 GROWTH INDEX CRACKS
%o
A 0.37 0.43 0.40 0.36
0.39 0.41 0.38 0.42
0.46 0.41 0.41 0.41
Av. 0.41 0.42 0.40 0.40
% increase 64 63 80 &0 63 100 None
B 0.35 0.35 0.35 0.38
0.35 0.326 0.33 0.34
0.35 0.33 0.34 0.33
Av. 0.35 0.35 0.34 0.35
% increass 40 40 36 40 9 62 None
AGED
coM-
FOUND
A 0.72 0.83 0.75 1.02
0.90 0.88 0.74 1.08
1.03 0.81 0.81 0.98
Av. 0.88 0.84 0.77 1.02
% increase 252 236 208 308 251 100 107(large)
B 0.70 0.690 0.84 0.81
0.80 0.74 0.65 0.76
0.73 0.54 0.56 0.85
Av. 0.74 0.68 0.62 0.74
% increase 196 164 148 196 176 70 61(small)
Pant 2, Variation rrox Tire 1o Tire
CRACK GROWTH INDEX®
Test no. Unaged Aged
1 68 84
2 76 75
3 83 C
4 86 20
5 89 96
(] 85 83
Av. 78 83

@ Of two sections, the one with the larger average growth will generally
show the greater variation from cut to cut within the section. Three cuts
were placed in each of four grooves.

dﬁdhlength of each crack, 0.25 inch,
¢On of standard as 100,

‘b.l&ctu.d ger::ntue z{:wthbolt both :?mp?undnknn lom: u(ri‘;'x w‘uhcon.uider-
y greater than on others, but variation of crack growth in of the i-
mental on the basis of the standard as 100 is not extrems. ook

mold and cover are heated in a press to approximately the tem-
perature of the stock as it comes from the mill.

A sheet of parchment paper is placed on each side of the built-
up tread slab. The slab is then placed in position in the mold,
and the mold placed in a press and cooled under pressure.

The standard and three experimental sections are cut to one-
fourth the length of a 7.00-18 tread. The sections are spliced to
form a full tread, built into a tire, cured, and are ready for test.

As samples from factory-mixed batches can be used as well
as laboratory batches, all desired variations in factory proc-
essing can be studied. By using laboratory-mixed batches,
it is possible to obtain information on materials available only
in small quantities. The use of both factory- and laboratory-
mixed batches permits the study of all available materials.
Factory-mixed experimentals are checked against factory-
mixed standard and laboratory-mixed experimentals against
laboratory-mixed standard.

Molded treads have been checked against extruded treads
and found to be equal in resistance to cracking. In testing
this point, the stock in a given test was from the same fac-
tory batch. Part of the batch was held out for the prepara-
tion of two molded sections and the rest extruded in the regu-
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Tasre III. ComparisoN or GrowTH oF CrAcEs IN MoLDED
AxD ExtrUupED TREADS FROM SAME BaTcH®
Uxacep AcEp
CoxrouNp Molded  Extruded Molded Extruded
% % o %
R 51 52 276 272
s 53 55 245 240

& Variation shown is n:;gruter than would be expected from two halves
of a tire with & single tread.

TasLe IV. AcceELERATOR COMPARISONS®
BUREAU OF STANDARDS MACHINE

UNAGED HOT ROOM
No. No. AGED Roap Data
Crack of Crack of Crack No. of Crack
growth fex growth flex growth flex growth
AcczrezaToR index cracks index cracks index cracks index
A 100 0 100 1 100 188 large 100
B 53 0 68 0 23 5 very small 67
F 41 0 e ] Voo L 62
B 40 0 38 0 24 97 very small 56
G 39 0 o3 F, /e e 47

2 All stocks were cured to optimum conditions as judged by cure analysis.

Tasre V. Ace ReSISTER COMPARISONS
BUREAU OF STANDARDS MACHINE
UNAGED HOT ROOM — AGED Roap Data
Crack Crack Crack No. of Crack
Acx growth growth growth flex growth
Reasrzz® index index index cracks index
A 100 100 100 90 large 100
C 93 e 86 66 large 98
B 81 s 80 74 small 920
D 76 82 72 26 small 89
B 78 78 83 32 small 79
F 77 62 70 66 very small 76
G 133 134 148 67 large s
AMOUNT oF Agep
Ace REsisTer Crack growth
ox 100 Ruseerbd index
0.75 100
1.00 72
1.50 36

2 Small amount of age resister. : 4
b Increasing amount of age resister. Choice of age resister as well as
amount used is of extreme importance in development of a tread stock,

Tasre VI. CompArISON OF CARBON BLACKS FROM VARIOUS
SoURCEs®
BurEAU oOF
STANDARDS
MAcEINE RoaDp Data
Crack growth Crack growth
BrAck index aged index
B 82 80
C 79 88
D 102 97
A 100 100
F 116 113
E 104 118

@ All batches were mixed in the factory under standardized conditions.
The blacks were equally well dispersed. The laboratory data place the
black in the same order as the road except that E and F are reversed.

lar way. These two molded sections were spliced to make
half a tread. The other half was taken from the extruded
ribbon. Crack growth on the extruded and molded tread
from the same batch was identical.

After the tire has been cured, a series of 12 cuts is made with
a special tool in the tread design in each of the stocks at definite
points, relative to the design. The blade of the knife is approxi-
mately 0.031 inch thick and is exactly 0.25 inch long. The
knife is fitted with a shoulder so that the blade cannot penetrate
the surface more than 0,016 inch. The cut formed is 0.25 inch
long by 0.016 inch deep. After the tire has been run, the length
of the cuts is measureg The increase over 0.25 inch multiplied
by four gives the percentage increase. The average increase of
the 12 cuts in a given section is used on the crack growth percent-
age for the section.

After the cuts have been made, the tire is mounted and in-
flated as desired, generally using loads and inflations recom-
mended by the Tire and Rim Association. The tire is then run
on a Bureau of Standards test wheel at 45 miles per hour 2000
miles at room temperature, the tire is removed, and the increase
in length of the cuts is recorded. Examination may reveal inde-
pendently formed flex cracks with some tread compounds.

In the first part of the work on this problem, the tires, after the
original 2000 miles, were replaced on the machine, using the same
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TasLe VII. Tests Run oN 9.75-22 TIRES .

BUREAU OF STANDARDS MACHINE
UNAGED HOT ROOM B

Crack No. of Crack No. of
growth flex growth flex
CoMpoUND index cracks index cracks RoAD DaTad
Cb 100 36 100 Very numerous  Cracked badly
(not counted) 7
D 43 7 31 38 No cracking

4 Results from tires in service in various parts of the country. Half-
and-half tread tires.

b [t was necessary to remove some of the tires from service because of
excessive cracking in section C.

TasLe VIII, Frex-CrackiNG COMPARISON OF AGE RESISTERS
OoN BUREAU OF STANDARDS MACHINE AND ON CRUSHED STONE
Roaps®

StoxE RoAD
UNAGED AGED
BUREAU OF STAND- Radial Radial
Aae ARDS MACHINE In in side- In in side-
ResisTer Unaged Aged grooves  wall grooves  wall
M 1 90 large 14 3 70 69
N 9 66 v. small 5 1 31 5

@ Ayerage number of flex cracks of four tires on both road and Bureau of
Standards machine. The tires were run 6000 miles.

TasLe IX. Errect oF CURE VARIATION®

UNAGED AGED
Crack No.of Crack No.of
growth  flex growth flex
Cure index cracks index  cracks
A Soptimum cure) 100 0 100 290
B (over-cure) 114 0 122 475

@ Corresponding road data are not available,

TaBLE X. TrEAD DESIGN COMPARISON
BUREBAU OF STANDARDS

MACHINE RoAD DATA
CRACK GROWTH INDEX Crack Growth
TreAD DEsiGN Unaged Aged Index
A 100 100 100
B 40 62 77
C 79 a
D 100 100 g,
B 102 136 &
F 126 92 %
G 149 164 &

@ Crack growth index relationship of the aged tires not the same as on
the unaged tires. Facilities did not permit testing on the road.

initial load and inflation, and were run an additional 1500 miles.
In this second phase, however, the temperature of the room
was maintained at 46° C. (115° F.). Crack growth percentage
and number of independent flex cracks were again recorded.

As the work progressed, it was found that the test was not
drastic enough and it became necessary to develop an aging pro-
cedure. The tires, after running the initial 2000 miles, are re-
moved from the rim and hung on a truck which is placed in an
oven maintained at 82° C. (180° F.). 3
oven for 16 hours and are then removed for 8 hours. This cycle
is repeated seven times. It is felt that the alternate hqatmﬁ
and cooling is more nearly like natural aging than continue
heating would be. The tires are then run for 15600 miles at room
temperature as described above. This modified test brings out
enormous differences between various stocks both in growth of
cracks and flex cracks. However, some tires are still tested in
the hot room as a check.

The method has been checked by hundreds of tests in the
field. In the field tests, half tread tires were built. Tests
were run on the test cars, mileage accounts, and the regular
commercial accounts, and in various sections of the United
States. Without exception, stocks that show low crack
growth, and few if any flex cracks after the aging period,
will perform better on the road as far as cracking is concerned
than those that show a larger number of cracks and greater
crack growth on the indoor test.

A still further check on the laboratory procedure is to age
tires with half-and-half treads for 7 days, as described, with-
out previously running them on the wheel. If such tires are
then run on a gravel or crushed stone road, the cracking tend-
encies will check the results obtained on the indoor machine
although percentage relationship will vary. Furthermore,
such tires have all the appearance of having been run for a
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TaBLE XI. VARIED THICKNESS OF UNDERTREAD?

UNAGED Agep
Crack No. of Crack No. of
growth flex growth flex
UNDERTREAD index cracks index cracks
Thick 100 0 100 77
Thin 178 0 183 245

@ Comparison given merely to show how much cracking can be varied
using same compound.

Tasre XII. Errecr oF Dkt AND GRIT ON TREAD CRACKING

Nunmner oF FLex CRACKS

TREAD Unaged - Hot room

X 7 10
Y¢ Very numerous (not counted) Very numerous (not counted)

@ Three per cent of grit from black and dirt from various places in the
factory added to tread Y, Test used as example in a campaign against dirt,

season or so in a region where crushed stone roads predomi-
nate.

For the most part, it is unnecessary to run more than one
tire where the standard stock is on the same tire as the ex-
perimentals. Where comparisons are to be made from tire
to tire, however, it is always advisable to run parallel tests.

EXPERIMENTAL DATA

In Tables I to XII, the basic compounds are the same in
any given table although the compounds are not the same
from table to table. Percentage relationships from compari-
sons run on the road and in the laboratory are not exact but
for the most part are close approximations and are almost
invariably in the same direction.

Comparisons of increase in length of the cuts are carried
under the heading ‘‘Crack Growth Index.” In all cases,
the growth of the cuts in the standard section or tire is con-
sidered as 100. Values less than 100 mean that the cracks
grew less than the standard, while those larger than 100
indicate greater growth. The number of independent cracks
formed 1s listed under “Flex Cracks.” In most cases, the
approximate size of the independent cracks is indicated.
Where flex cracks are not shown on road test tires, none were
in evidence.

Where data are listed under the heading “Hot Room,” it
is to be understood that the tires have first been run at room
temperature. ‘“‘Aged” tires have been run at room tempera-
ture first. All percentages are calculated from the original
0.25-inch cut and are listed in whole numbers.

No attempt has been made to compare the results obtained
with those from various flexing machines available in the
laboratory. Furthermore, it is not the interest of the authors
to show how to compound to obtain maximum resistance to
tread cracking.

Except where definitely indicated as “Road” the data are
from tires run on the Bureau of Standards machine.

CONCLUSIONS

A practical method of studying tread cracking in the labora-
tory which gives data comparable with field service results
has been presented. The method is not a costly one and per-
mits the investigation of a large number of factors that have
a bearing on crack growth and flex cracking.

ReceiveDp April 4, 1934, Presented before the Division of Rubber Chem-
istry at the 87th Meeting of the American Chemical Society, St. Petersburg,
Fla., March 25 to 30, 1934.

FormaTiON OF IopINE PENTAFLUORIDE. Jodine pentafluoride
is formed when iodine is brought into contact with fluorine, but
is invariably in admixture with the heptafluoride. According to
O. Ruff [Chem.-Zlg., 58, 449 (1934)] compounds with a lower
proportion of fluorine could not be detected. In the presence of
oxygen, however, or when the pentafluoride was exposed to mois-
ture, iodine oxyfluoride (I0F;) could be detected.



Determination of Small Amounts of Glucose,
Fructose, and Invert Sugar in Absence
and Presence of Sucrose

R. B. WarrmoyeR, Senior High School, Atlantic City, N. J.

study of the hydrolysis of

very dilute sucrose solutions
by invertase, it was necessary to
make many determinations of
the small amounts of invert sugar
(0.5 to 2.0 mg.) which were
formed. The methods given in
the literature as standard for in-
vert sugar determination were
examined and found either in-
convenient or inaccurate for
making many routine determina-
tions. Colorimetric methods
were discarded because of the
difficulty in manipulation and in
preparing standards of the same
composition as the unknown
sugar solution. In the case of
the copper reduction methods,
the minute amounts of cuprous
oxide could not be measured

IN CONNECTION with a

The method depends upon the oxidation of
polassium ferrocyanide lo polassium ferricyanide
by ceric sulfale after the ferricyanide has been
reduced by the sugars in alkaline solution. The
end point of the tilration is oblained by using
alphazurine G as the indicalor. This dye is very
sensilive in acid solulion lo any excess of ceric
sulfale, bul is nol affecled as long as any ferro-
cyanide remains in the solulion.

The proposed method was developed and used
with pure sugar solutions. In addilion, ils
accuracy was examined when cerlain buffers and
other impurilies were present in the reduction
mizture. Chlorides and {tartrales have pracli-
cally no effect on the reduction of the ferricyanide
by invert sugar, while acelate and citrale buffers
slightly affect the reduction. The influence of
these buffers may be measured and proper correc-

supposed to have the same com-
position as the following: Nep-
tune Blue, BG, Badische Co.;
Brilliant Acid Blue V, Bayer Co.;
and Azure Blue V, Kalle Co. Its
color change in the presence of
ceric sulfate as oxidant is from
yellowish green to brown and is
very distinct and marked when
viewed under a white light, such
as is given by a 100-watt stereop-
ticon bulb in an ordinary study
lamp. (Alphazurine G is suit-
able as an indicator for either day
or night work, since the color
change is accentuated by a white
light.) The brown color is not
permanent, lasting about 3
minutes when pure potassium
ferrocyanide is titrated and from
0.5 to 3 minutes if sugar oxida-

easily with sufficient accuracy.  lionmade.

The Hagedorn-Jensen (3)

method, while sufficiently precise, requires very careful manipu-
lation. In that method, alkaline potassium ferricyanide is
added to the reducing sugar and the unused ferricyanide is
determined by iodine-thiosulfate, the amount of ferricyanide
reduced by the sugar being then obtained by difference. Very
careful measurements must be made of the volume of ferri-
cyanide added to the reduction mixture, since small errors are
apt to double in the final determination of the volume of ferri-
cyanide used; and, in addition, the thiosulfate solution re-
quires frequent standardization.

The present method is comparable to the Hagedorn-Jensen
method in accuracy and has the advantage of being a direct
method, requiring no great skill in manipulation, and using
solutions which are very stable. It determines the reducing
sugar by oxidation in alkaline solution with potassium ferri-
cyanide, also employing a modification of the method origi-
nally suggested by Gentele (2). The ferrocyanide formed in
the reaction is titrated, after acidifying with sulfuric acid,
with a standard solution of ceric sulfate. Furman and Evans
(1) have shown that ferrocyanide can be oxidized quantita-
tively by ceric sulfate. Because of the small quantities of
reducing sugars in the reduction mixtures, the amounts
of ferrocyanide and ceric sulfate were not sufficient to give
sharp color changes at the end point in such titrations. This
difficulty is met by the use of an inside indicator, alphazurine
G, which is extremely sensitive in acid solution to the least
excess of ceric sulfate.

MATERIALS AND SOLUTIONS

ArraAzURINE G. This dye was a product of the National
Aniline Co. It is listed in the Color Index! as No. 712 and is

1 Published by the Society of Dyers and Colourists, 30 Pearl Assurance
Buildings, Bradford, Yorkshire, England.

tion products are present in the
solution. The color change is so
pronounced that it can be de-
tected by any one who has observed it a few timesin practice,
even with an excess of half a drop (a drop being about 0.015
ce.) of 0.01 M ceric sulfate.

Five drops of a 0.4 per cent water solution of the dye as
obtained from the National Aniline Co., without further
purification, were usually used in each titration. Its sta-
bility was tested by titrating definite volumes of potassium
ferrocyanide solution with ceric sulfate solution, using solu-
tions of alphazurine G which had been prepared at various
times during a period of over 3 years. Practically no differ-
ence could be noted.

The oxidation products of the sugars apparently have no
effect on the ceric sulfate in this titration. Potassium per-
manganate may be used to titrate the reduction mixture ob-
tained when reducing sugars are oxidized by alkaline potas-
sium ferricyanide, using alphazurine G as indicator, in the
same manner as ceric sulfate. The color change of the
indicator is not as good as with ceric sulfate; hence, potas-
sium permanganate was used only with pure glucose in the
standardization of the ceric sulfate. The color change of the
indicator when potassium ferrocyanide solution is titrated
is just as good with permanganate as with ceric sulfate.

Ceric SurraTE. A stock solution of ceric sulfate was
prepared from cerous oxalate and standardized against
Bureau of Standards sodium oxalate, according to directions
given by Willard and Young (6). About 6 liters of approxi-
mately 0.01 M ceric sulfate were prepared by diluting 750 cc.
of the stock solution of ceric sulfate (0.08122 M) and 300 cc.
of concentrate sulfuric acid to 6 liters. This dilute solution
was standardized against Bureau of Standards glucose by
comparison with results obtained when standard potassium per-
manganate was used to titrate the ferrocyanide formed in the
reduction mixture, and against pure potassium ferrocyanide.
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In standardization of ceric sulfate solution against glucose
the procedure detailed below was followed. The sugar sample
contained 1.5 mg. of glucose in 100 cc. Some reduction mixtures,
after acidifying with sulfuric acid, were titrated with ceric sulfate,
others with standard potassium permanganate. The concentra-
tion of the potassium permanganate as determined by titratin
against Bureau of Standards sodium oxalate was 0.00931 A,

TaBrLe I. STANDARDIZATION OF CERIC SULFATE AGAINST
GrLucose
Ceric Surrare  0.00931 N Poras-
SoLuTIoN BIUM PERMANGA-
Dare REQUIRED NATE REQUIRED
Ce. Ce.
Nov. 14, 1932 4.090 4.47
Dec. 19, 1932 4.085 s
March 18, 1933 4,08

The concentration of the ceric sulfate, calculated by compari-
son with the permanganate values, using an inverse proportion—
X :0.00931 :: 4.47 : 4.085—was 0.01018 N.

In standardization of the ceric sulfate solution against pure
potassium ferrocyanide, Baker’s c. p. nnagzed, the sample of
potassium ferrocyanide, KiFe(CN).3H:0, was accurately
weighed, dissolved in water, and diluted to 250 cc. This solu-
tion was then poured into a buret and 15 cc. were withdrawn as
used into a 400-ce. beaker, diluted to about 95 ce., and acidified
with 5.7 cc. of 4.3 M sulfuric acid. It was titrated at once with
the ceric sulfate solution, using 5 drops of alphazurine G, 0.4 per
cent, as indicator. Some titrations were made with standard
podmssium permanganate as the oxidant and alphazurine G as the
indicator.

TaBLE II. STANDARDIZATION OF CERIC SULFATE AGAINST
PorAssiuM I'ERROCYANIDE
Ceric 0.00931 N
SULFATE KMnOq
SorurioN SoLUTION
Porassium Calcu- Calcu-
DATE FBRROCYANIDE Found lated® Found lated®
Ce: Ce. Ce. © Ce.
Dec. 20,1932  0.3622 gram in 250 ce.
at room temp. 5.135 5.00 b5.56 b5.52
Mar. 5, 1933 i

0.3691 gram in 250 ce.
at 20° C. 5.24 5.07

@ Calculated for 15 cc. of a constant weight of 0.36 gram of potassium
ferrocyanide in 250 ce.

From the above data, the concentration of the ceric sulfate by
comparison with the permanganate values—X :0.00931 ::
5.52 : 5.08—was calculated as 0.01013 N. Assuming that the
potassium ferrocyanide is pure K;Fe(CN)s.3H.0, the concentra-
tion of the ceric sulfate was found to be—X :0.003409 :: 1000 :
338.6 or 0.01006 N.

Since the ceric ion undergoes a decrease of 1 in valence when
used as an oxidant, normal solutions will be the same as molar and
the above concentrations may be expressed as 0.01018 M,
0.01013 M, and 0.01006 M. This 0.01 M ceric sulfate solution
used in most of the experiments has remained stable for over 4
months, The 0.002 M solution of ceric sulfate used in the modi-
fied method was prepared by diluting 100 cc. of the 0.01 M ceric
sulfate to 500 cc. at 25° C.

Burrer Sovurions. The pH values of the buffer solu-
tions were determined electrometrically.

Porassium FERRICYANIDE. Merck’s ¢. p. crystals were
used without further purification. Eight grams of the
crystals were weighed, dissolved in water, and diluted to 1
liter at 20°.  This solution was poured into a Pyrex bottle, the
outside of which had received two coats of black paint, and
was kept in a dark room. When required, the solution was
withdrawn by means of a pipet and transferred to a buret
which was also kept in a dark room except when the ferri-
cyanide was being withdrawn. Under these conditions, the
potassium ferricyanide solution remained stable for at least
6 weeks.

Frucrose. The fructose was prepared from cane sugar
by the method of Jackson, Silsbee, and Proffitt (4), and re-
crystallized from alcohol until a 2 per cent solution gave a
reading of —4.23° at 25° C. using a 200-mm. tube and mer-
cury light (5461 A.). According to Vosburgh (5), the rota-
tion value of a 2 per cent pure fructose solution under the
same conditionsis —4.18°,
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Bureau of Standards, standard sample 41.
Bureau of Standards, standard sample 17.

GLUCOSE.
SUCROSE.

DgscrrprioN oF METHOD

The following procedure provides for the reduction of al-
kaline potassium ferricyanide by amounts of glucose, fruc-
tose, and invert sugar varying from 0.5 to 2.0 mg. in a total
volume of 125 cc. and the titration of the ferrocyanide formed
with ceric sulfate, using alphazurine G as the indicator.

Five cubic centimeters of potassium ferricyanide solution (8
grams per liter) were placed in a flat-bottomed 125-cc. Pyrex flask
containing 15 ce. of water and 5 ce. of sodium carbonate solution
(140 grams of Na,CO;.H;0 per liter). The flask and its contents
were allowed to stand at 25° for 4.5 minutes. A 100-cc. sample
of the sugar solution was added by means of a pipet 1.5 minutes
before placing in the bath at 80° C. (Sugar solutions at approxi-
mately 25° C. were used to make up the sugar sample to a volume
a little greater than 100 cc. so that 100 ce. contained the re-
quired amount of sugars.) A small glass stirring rod was inserted
in the reduction mixture, which was stirred and then covered
with a small glass funnel, the stem of which had been removed.
The reduction mixture was placed in a water bath kept at 80° C.
and stirred for 1 minute, usually beginning about 10 seconds
after placing in bath. After 30 minutes, it was removed to a
25° bath, allowing 30 seconds for making the change, and after
about 5 seconds was stirred for 1 minute and left for 4.5 minutes,
(The entire procedure required 35 minutes.)

After cooling, the mixture was poured into a 400-cc. beaker.
The flask was rinsed three times with 5-cc. portions of distilled
water which also were added to the beaker. The contents of the
beaker were next acidified with 5.7 cc. of 4.3 M sulfuric acid and
then titrated with 0.01 M ceric sulfate, using a Folin microburet to
which a jet tube had been attached which delivered drops of ap-
proximately 0.015 cc. The ceric sulfate was added in a rapid
succession of drops, with constant shaking, to within about 0.1
ce. of the end point. Five drops of a 0.4 per cent alphazurine G
solution were added and the titration was continued by adding the
ceric sulfate a drop or fraction of a drop at a time, shaking after
ﬁach addition, until the color changed from yellowish green to

rowWn.

The titration with ceric sulfate is apparently an extremely
rapid reaction and hence permits the ceric sulfate to be
added slowly or rapidly without affecting results.

DETERMINATION OF GLucose, FRUCTOSE, AND INVERT
SueAr. Different amounts of sucrose may be used, as the
slight effect on the ferricyanide appears in the blank and can
be measured. In order to have the proper concentration of
sugars, it was found convenient to prepare the solutions as
follows:

At 25° C. 40 cc. of the glucose solution contained 1 mg. of
glucose.

The fructose solution was prepared in the same way as the
glucose solution.

Exactly 0.25 gram of glucose and 0.25 gram of fructose were
dissolved in water and diluted so that 20 cc. contained 1 mg. of
invert sugar.

The sucrose solution was prepared so that 1 cc. contained 2
mg. of sucrose.

The sugar solutions were often prepared approximately 24
hours before being used.

The volume of 0.01 M ceric sulfate in Table III, obtained
by subtracting the blank for the reagents from the mean of
many determinations, represents definite values for the
weights of the sugars as given, under the conditions of the
reduction. An accuracy of 0.3 to 0.4 per cent was readily
attained with 1 mg. of these reducing sugars. Sucrose does
not seem to affect the reduction, since the increéase in the
amount of ceric sulfate solution required when sucrose is
present is fairly constant and is approximately 0.02 cc.
for 18 mg. of sucrose. The reduction of the potassium ferri-
cyanide by the invert sugar is practically constant and
equivalent under the conditions of the reduction to about
0.545 ce. of the 0.01 M ceric sulfate solution per 0.2 mg. of
invert sugar.
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TasLe III. DETERMINATION OF GLUCOSE, FRUCTOSE,
AND INVERT SuGArR BY PrOPOSED METHOD
WeiHT OF SUGAR 0.01 M Cxric SULFATE REQUIRED
PER 100 cc. Calculated for 0.2 mg.
Glucose Sucrose Volume of invert sugar
Mg, My. Ce. Ce.
0.5 0 1.365 R
1.0 0 2.735
2.0 0 5.44
0.5 18 1.385
1.0 18 2.75
2.0 18 5.47
Fructose
0.5 0 1.37
1.0 0 2.75
2.0 0 5.48
0.5 18 1.395
1.0 18 2.78
2.0 18 5.50
Invert sugar
0.5 0 1.37 i
1.0 0 2.745 e
1.2 0 3.28 0.535
1.4 0 3.83 0.550
1.6 0 4.37 0.540
1.8 0 4.915 0.545
2.0 0 5.4 0.545
0.5 18 1.395 e
1.0 18 2,765 o
1.2 18 3.305 0.540
1.4 18 3.855 0.550
1.6 18 4.40 0.545
1.8 18 4.04 0.540
2.0 18 5.475 0.535

The sodium carbonate and potassium ferricyanide solutions
need not be accurately measured into the reduction flask. The
sulfuric acid was added to the reduction mixture from a measuring
pipet which was filled to the mark and then allowed to empty.
Variation of 1 ce. in the amount of acid gave no noticeable eﬂ}::ct.

Practically no effect on the results was noted when the tem-
perature of the bath fluctuated from 80° to 79° C.

The alkali had no effect on the sugars when the order of
adding the sugar sample and the potassium ferricyanide was re-
versed. The sugar solution may be allowed to stand as long as 10
minutes in contact with the alkaline solution before adding the
5otassium ferricyanide solution and continuing with the reduc-
ion.

The volume of the reduction mixture can be varied from 125 to
100 ce. without affecting the results to any extent.

A decrease in the amount of reduction was noted when the
reduction mixture was allowed to remain in the cooling bath at
25° C. for 9.5 minutes instead of the usual 4.5 minutes. The
alkaline mixture seemed much more susceptible to change than
when acidified.

Sugar solutions mixed with sodium carbonate, potassium
ferricyanide, and acetate buffer solutions showed practically no
change when allowed to stand for 5 minutes, and only a trace of
an effect was observed when they stood for 10 minutes. This
makes it unnecessary to follow rigidly the direction for adding the
sugar sample and the potassium ferricyanide solution to the re-
duction flask.

Mobpiriep METHOD

When amounts of reducing sugar approximating 0.1 mg.
are to be determined, a ceric sulfate solution more dilute than
0.01 M should be used in order to obtain comparable ac-
curacy. However, when a very dilute ceric sulfate solution
is used, the sharpness of the indicator change is affected
because of the large volume (about 150 cc.) of the titration
mixture. In order to overcome this difficulty the method
was modified by selecting 20 cc. as the volume of the reduction
mixture and carrying out the reduction in a special tube. This
gives a reduction mixture of less than 40 cc. for titration and
0.002 M ceric sulfate solution may be used.

This modified method was applied to the determination of
amounts of glucose as small as 0.05 mg. The color change
of the alphazurine G is not as permanent as with the 0.01 M
ceric sulfate, but with care it can be distinguished very sharply
with 1 drop of 0.002 M ceric sulfate solution. An accuracy
of less than 0.8 per cent may be easily attained in the deter-
mination of these small amounts of glucose. (For details
about this modified method, the reader is referred to the
author’s thesis.)

Obviously, this modified method may be used with amounts
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of reducing sugar in the range of the previous method (from
0.5 to 2.0 mg.). However, it is not readily applicable in a
series of experiments where the volume of the sugar sample is
varied greatly in order to maintain the amount of reducing
sugar within fixed limits—determination of invert sugar
between 2.5 and 10 per cent of the hydrolysis when sucrose
solutions varying from 0.02 to 2.0 per cent in concentration
are hydrolyzed with invertase.

INFLUENCE OF PoSSIBLE INTERFERING SUBSTANCES

Since sugar solutions usually contain buffers or other
foreign substances, the accuracy of the determination was
examined when certain of these substances were present. By
adding such a substance to the reduction flask, carrying out
the reduction in the presence of definite weights of sugars,
and then subtracting the blank for the reagents including the
foreign substance, the total effects of the sugars and foreign
substance in terms of cubic centimeters of ceric sulfate are
obtained. By comparing these results with the values in
Table III for the corresponding weights of the sugars, any
influence of the foreign substance is readily apparent.

Impurities apt to be present in sugar solutions which are
able to influence the reduction of alkaline ferricyanide (or
affect the titration of the ferrocyanide with ceric sulfate and
alphazurine G) must either be removed or their effect meas-
ured and proper correction made.

CHLORIDES AND TArTRATES. These substances were
found to be without effect on the reduction of ferricyanide
when as much as 10 cc. of 0.1 M potassium chloride or
sodium tartrate was added to the reduction mixture.

AceraTe AND CiTrATE Burrers. Both acetate? and cit-
rate buffers with pH values of 3.5 and 4.5 increase the reduc-
tion of potassium ferricyanide by invert sugar and this in-
crease is not given by the blank for the reagents (including the
buffer). Furthermore, this increase seems to be propor-
tional to the amount of invert sugar present. The citrate
buffer at pH 5.75 likewise gives an increase in the reduction,
but this increase is practically taken care of by the blank and
does not affect the reduction of the ferricyanide by the sugar.

TaBLe IV. IncreasE IN CeEric SULFATE REQUIRED IN
PrESENCE OF BUFFER SOLUTIONS®

Excess 0.01 M Ceric SULFATE REQUIRED
ACETATE BUFFERS CITRATE BUFFERS

WEIGHT OF SUGAR
Invert Su-

sugar crose pH44 pH4569 pH35 pH45 pHS575
My,  Mgy. Ce. Ce. Ce. Ce. Ce.
0.5 18 0.02 0.015 0.005
1.0 18 0.045 0.045 0.035 0.040 0.005
1.2 18 0.055 0.080 ove 0.020
1.4 18 0.070 0.090 0.010
1.6 18 0.080 0.100 0.015
1.8 18 0.090 0.110 .020
2.0 18 0.100 0.135 0.110 0.115 0.025

@ In each case 10 cc. of buffer were measured into reduction flask and the
{)educti%ta carried out in the regular way, total volume of reduction mixture
eing 125 co.

PROBABLE APPLICATIONS

The proposed method provides for the determination of
small amounts of reducing sugars and because of its sim-
plicity, accuracy, and stability of solutions, may find applica-
tion in both physiological and general sugar chemistry. By
increasing the concentration of the potassium ferricyanide
and ceric sulfate solutions, the range of the method as given
in Table III may be considerably extended (unpublished
data). The period of heating and temperature may be
varied to suit specific conditions. Thirty minutes and 80° C.

* Two acetate buffer solutions were used: one at pH 4.59 and one at
pH 4.4. The one at pH 4.59 was made from sodium acetate and acetic acid
and the one at pH 4.4 from sodium hydroxide and acetic acid. The experi-
ments using the buffer at pH 4.4 were run several months after those with
the buffer at pH 4.59 and all solutions had been remade except the ceric sul-
fate, Three citrate buffers with pH values of 3.5, 4.5, and 5.75 were used.
These buffers were made from solutions of citric acid, sodium hydroxide, and
hydrochlorie acid.
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were selected because preliminary experiments indicated that
the maximum effect of the reducing sugars with little reduc-
tion of sucrose was attained under these conditions.

The use of alphazurine G as an indicator for ceric sulfate
may find application in the analytical determination of
various compounds. Titrations with ceric sulfate and alpha-
zurine G as indicator give constant results with ferrous sul-
fate, hydroquinone, and potassium ferrocyanide. In the
case of potassium ferrocyanide, the results are practically
unaffected by phosphoric acid, malic acid, succinic acid, and
ethyl alcohol.
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The Mackey Oil Tester

Paur H. Grir anp Aucustus H. Giur, Massachusetts Institute of Technology, Cambridge, Mass.

NDUSTRY annually suffers large losses from spontaneous
combustion. Despite the seriousness of the hazards en-
countered in the use of unsaturated oils, satisfactory methods
of predetermining the action of such oils have not yet been
developed.

Ordinarily, a questionable oil is tested by exposing it to the
air on fibers in a heated bath. The temperature rise within a
specified time is used as an indication of the degree of hazard
of the oil. In the Mackey tester, which is used to the greatest
extent, 14 grams of the oil are intimately worked into 7
grams of cotton. This material, with a thermometer in the
middle, is then put into a wire gauze and the whole inserted
in a combustion chamber, which is merely a water-jacketed
container of specified size kept at 100° C. in which arrange-
ment for a continuous current of air is provided by means of
tubes inserted in the cover. Any oil which shows a tempera-
ture of over 100° C. at the end of 1 hour or over 200° C. at the
end of 2 hours is arbitrarily considered as dangerous; results
thus obtained seem to agree with practice.

In order to study the action of the tester, samples were care-
fully prepared in identical manner and subjected to the test.
Figure 1 shows a typical curve. Between the times of 95 and
120 minutes there is a temperature rise of 98° or 3.9° C. per
minute.

TasLe I. Tests wrte Corx O

TEMPERATURE AT END OF Maxinum  Tive 70 REACH
First hour Second hour TEMPERATURE MAXIMUM
° (. ° . Q. Min.
95 185 205 100
97 180 202 93
100 175 192 100
96 173 178 110
96 170 190 100
96 170 174 110
105 173 190 100
09 140 152 100
95 180 108 100
95 183 198 103
96 171 187 100
95 190 207 110
95 190 208 100
99 165 182 100
104 200 225 100
104 182 203 100

Considerable discrepancies are frequently encountered in
the temperature of the samples when duplicates are tested,
as is illustrated by the results of the tests on corn oil. No
matter how carefully the oil is dispersed through the cotton,
there is some difference between the samples. Moreover,

factors such as the depth at which the thermometer is in-
serted, its position in relation to the center of the wire cylin-
der, the condition of the cylinder itself, whether new or
covered with an oily film, and the height of the water bath—
all cause variable results, that frequently cause the rise in
temperature to vary by as much as 10 minutes. In the
case of the oil in Figure 1, this would mean a temperature
difference of 39° C. on the steep part of the curve. It may
thus happen that a dangerous oil may be considered safe and
vice versa.

In making these
tests, if the oil is not
extremely inflam-
mable, a maximum
temperature is
reached after a quick
rise. If the tempera-
tures of the samples
are observed only at
the suggested times
of 1 and 2 hours,
it may well happen
that the maximum
may have been
passed and a low 110
temperature would
be recorded. A 90

dangerous oil would 00 S350, FIRE 100 SRERI20 51214013 5160
thugs blel passed as TIME EXPOSED IN MACKEY APPARATUS

MINUTES
safe.

In order to make this test more reliable, some standard
other than the arbitrary ‘‘not over 100° in the firs} or over
200° C. at the end of the second hour’ should be considered.
In the many tests conducted, it has been found that the time
required to reach a maximum temperature gives better
checks and is of much more value in determining the future
action of an oil than the usual standard. The actual maxi-
mum temperature is of some value in appraising an oil, but
considerable discrepancies occur in the numerical values.

It is apparent that the ruling factor to be considered in
judging the safety of an oil is the time required to attain the
maximum temperature, and not merely the temperature at the
expiration of 1 or 2 hours.
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Microanalytical Determination of CGarbon
and Hydrogen

A Simplified Method

JosepH B. NieperL Anp Rosryn T. Rorr, Washington Square College, New York University, New York, N. Y.

at New York University (Z) in 1925, the interest in these

procedures has widened considerably (21, 33), notably
at the University of Pittsburgh, Coal Research Institute,
Pittsburgh, Merck’s Research Laboratory, Rockefeller In-
stitute, College of Physicians and Surgeons, Columbia Uni-
versity, Loyola College, Baltimore, and elsewhere. A sim-
plified method for the microdetermination of carbon and hy-
drogen is described below, incorporating numerous improve-
ments,

: ; INCE the introduction of organic microchemical methods

APPARATUS

In the simplified apparatus the use of air has been elimi-
nated from the combustion train and the gasometer is re-
placed by the use of a reduction valve on the oxygen tank,
a, and a Pregl precision stopcock (28). Traces of organic
matter and hydrogen found in many sources of oxygen are
eliminated by passing the gas through a preheater, b, devised
by Bock and Beaucourt (5) and modified by Whitman (36).
It consists of two quartz tubes, one inside the other, the outer
one, which is filled with coarse copper oxide or platinum as-
bestos, being 100 mm. long and 10 mm. in diameter. The
inner tube is 3 mm. in diameter, open at the upper end and
sealed to the outer tube at the bottom, thence extending 40
mm. downward, a ground-glass joint attaching it to the
spiral coil. The preheater is heated by an electric heating
cap or by a Bunsen burner, and by cooling the oxygen in the
spiral coil possible decomposition of the rubber connections
is avoided.

tion tube, Pregl’s (29) capillary tubes and rubber connections
are eliminated.

The combustion tube, g, is of quartz, 50 cm. long, with a
side arm (24) of capillary glass of the same dimensions as the
arm of the bubble counter. It is filled with the Universal
filling devised by Pregl (30) and closed by a tight-fitting cork,
removable for the introduction of the sample without dis-
connecting the oxygen stream.

As constant-temperature device, %, for the lead superoxide,
the improved mortar according to Verdino (34) is employed
using p-cymene as the constant-boiling liquid. A copper
rod, protruding from the mortar, heats the capillary con-
striction on the water absorption tube. The permanent
filling is heated by Flaschentriger’s (13) electric furnace, and
a Bunsen burner serves as the movable burner.

Pregl absorption tubes with a hollow ground-glass stopper
and well-fitting copper wires suggested by Boetius (§) and
modified by Whitman (27), to reduce the absorption of mois-
ture and carbon dioxide during weighing time, are used.
The water absorption tube, 7, is filled with a coarse and fine
layer of anhydrone, previously treated with carbon dioxide,
with thick cotton plugs on each side of the layers. The car-
bon dioxide absorption tube, 7, contains a 10-mm. layer of
anhydrone and is otherwise filled completely with ascarite.
They are connected head to head, the water absorption tube
next to the combustion tube, with specially impregnated
seamless rubber tubing.

The Boyle-Mariotte flask, /, is similar to Pregl’s (31) ex-
cept for a stopcock on the gas inlet tube, as employed by
~ Lieb. A drier, £, filled with anhy-

drone, attaches it to the absorption

tubes.
A similar Mariotte flask is kept in
the balance room, serving as an as-
l pirator (27) to rinse the oxygen-filled
j absorption tubes with air while they
are cooling to balance room tempera-
ture. The air is purified by pass-

Ficure 1. ComsustiON TRAIN
a. Oxygen tank e. Bubble counter .
b. Preheater J. Drying tube 7s
¢, Pressure regulntor g Combustion tube k. D
d. Ascarite tube . Heating mortar (5

The pressure regulator, ¢, is the usual one described by
Pregl (28). The side-arm outlet is bent at right angles di-
rectly into an ascarite absorption tube, d, which also removes
moisture, preventing dilution of the alkali in the bubble
counter.

The bubble counter, e, and drying tube, d, are larger than
those used by Pregl (29). Having a total length of 150 mm.
and a diameter of 12 mm., the anhydrone filling needs re-
placement less often. By connecting the capillary glass arm
of the drying tube directly with the side arm of the combus-

Water-absorption tube
Carbon dioxide-absorption tube

rier
Mariotte flask

7 ing it through a gas wash bottle
k containing sulfuric acid to remove
organic matter, and a purifying tube
containing ascarite and anhydrone is
connected with the wash bottle.
The free end of the water absorption
tube is connected with the purifying
train and the carbon dioxide absorp-
tion tube to the drier of the Mariotte
flask, so that the air flows in the same direction as the oxygen
during the combustion, bringing the temperature of the ab-
sorption tubes quickly down to balance room conditions.

PROCEDURE

1. The capillary ends of the ascarite tube are cleaned with
cotton, the copper wires inserted, and the tube is wiped accord-
ing to Pregl’s directions, placed on the rack for 10 minutes,
transferred to the balance, and 5 minutes later weighed to 0.01
mg. It is reweighed after 5 minutes. The anhydrone tube is
wiped and weighed in the same manner.
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2. After removal of the copper wires, the absorption tubes are
connected head to head by a rubber tubing 20 mm. long, another
15 mm. long being attached to the anhygrone tube, the rubber
tubings having been moistened previously with a trace of glycerol.
The absorption tubes are then attached to the combustion train,
the anhydlzoue tube adjoining the latter, and the ascarite tube
next to the drier of the Mariotte flask, the side arm of which is
always in a horizontal position.

3. The cork stopper of the combustion tube is removed, the
substance quickly introduced to within 50 mm. of the oxidation
filling, and the tube immediately closed. Then the stopcock to
the Mariotte flask is opened,

4. As soon as the gas flow is normal (5 cc. per minute), a
small flame is applied 30 mm. from the sample, slowly increased
until it envelops the combustion tube, and then gradually moved
toward the sample, observing whether the substance sublimes,
distills, or decomposes, the distillate or sublimate slowly being
driven toward the heated oxidation filling. If it decomposes with
charring, it is heated strongly directly under the substance until
no black residue remains. %he combustion is carried out with
75 ce. of oxygen and should take about 15 minutes, after which it
is repeated to burn off all traces of charring, requiring only about
5 minutes. 5

5. The gaseous products are washed out with 75 cc. of oxygen
in 15 minutes, then the stopcock of the Mariotte flask is closed,
the absorption tubes are detached and immediately attached to
the air filter, and the entire train is connected to the aspirator
and washed with 50 cc. of air at the rate of 10 cc. per minute.

By employing two sets of absorption tubes and utilizing the
waiting time during the analysis, while washing out the gaseous
products, for wiping and weighing the second set, the time for an
analysis may be reduced to about 35 minutes.

Discussion

The use of an extra combustion tube for a precombuster,
as previously used, incurred the possibility of overheating
the rubber connections at the end, but this danger is elimi-
nated by the preheater described above.

Improvements in the Pregl pressure regulator and advice -

on the treatment of rubber tubing are given by Weygand
(85). A new pressure meter is also described by Friedrich
(14). A newer method of treating rubber tubing with strong
potassium hydroxide and steaming out has been found effec-
tive (16).

The original form of the bubble counter was replaced by a
few authors with a similarly functioning arrangement. Boe-
tius (6) uses a bubble counter having on each side a special
removable tube, one filled with ascarite, the other with
phosphorus pentoxide-pumice stone mixture.

Pregl’s combustion tube has been retained by most authors
except Flaschentriger (12), whereas Avery, Brackenbury,
and Maclay (2) suggest the use of copper and silver tubes
with water-jacketed ends. Miiller and Willenberg (24) sim-
plified the handling by devising a side-arm inlet for the com-
bustion tube.

Boetius (6), Weygand (35), and Lindner (22) tested exten-
sively the materials used by Pregl for the filling of the com-
bustion tube. Boetius (?) shows in numerous experiments
a gradual lessening of the water content of the lead superoxide
and Friedrich (15) finds that this substance gradually takes
up carbon dioxide and gives it off again in the combustion of
substances containing nitrogen, halogen, and sulfur. Haas
and Rappaport (17) suggest cerium dioxide for copper oxide—
lead chromate as filling, contending that the tube is better
protected. Kirk and McCalla (20) use catalytic manganic
oxide, and Friedrich (16) has devised a catalytic combustion
method, permitting the easy removal of the lead superoxide,
a platinum foil serving as the catalyst. Niederl (25) calls
attention to the danger of not having present sufficient oxy-
gen for the complete oxidation, when using this method.
In a succeeding article Friedrich:(14) separates the thermal
decomposition of the substance and the oxidation of the de-
composition products using the catalyst only for the last, but
it seems that combustion would be difficult for substances

INDUSTRIAL AND ENGINEERING CHEMISTRY

273

which char. Attempts have been made to replace the lead
superoxide by metallic copper or silver. Lindner suggests
air for the actual combustion and nitrogen for the transport
gas, but even partial use of air would oxidize the copper and
necessitate frequent renewals. Avery, Brackenbury, and
Maclay (2) use a metal tube allowing the insertion of a copper
coil for the combustion of substances containing nitrogen.
Niederl and Whitman (27) use nitrogen exclusively by mixing
the sample with copper oxide and employing a combustion
tube filling similar to the micro-Dumas.

*Investigations of the weighing errors
of absorption tube are summarized by
Hernler (18) and include the observa-
tions of Schoorl (32), Friedrich (15),
Brunner'(10), and Meixner and Krocker
(23). Blumer (4) and Flaschentriiger
(12) constructed tubes with side-arm
exits which could be closed by movable
glass stoppers. Mercury for a liquid
seal was adopted by Kemmerer and
Hallett (19) and improved by Corn-
wall (11). Friedrich describes two
kinds of mechanically self-sealing tubes
(14). All these absorption devices have
been found of little advantage, as the b
difficulty of handling (wiping) such
tubes increases, while on account of
prevented temperature-pressure equali-
zation no greater constancy is observ-
able.

At first moistened soda lime and
calcium chloride, as recommended
by Pregl (28), were used in the absorption tubes which,
however, required refilling every six or seven analyses, and
ascarite, capable of absorbing up to ten times as much
carbon dioxide, was substituted for the soda lime. But
when the tube was aspirated, it increased in weight about
0.02 mg. for every 100 ce. of air or oxygen, equivalent to over
0.04 mg. increase for 175 cc. of oxygen and 50 cc. of air used
in an analysis and due to the difference in vapor pressure of
calcium chloride and ascarite. According to Baxter and
Starkweather (3) a liter of air passed over calcium chloride and
sodium hydroxide contained residual water vapor of 0.36
and 0.16 mg., respectively, indicating that 100 cc. of air
dried over fused calcium chloride would give up 0.02 mg. of
moisture on passing over ascarite. For this reason anhy-
drone, a more efficient dehydrating agent, was used.

According to Willard and Smith (37), anhydrone is as
efficient a drying agent as phosphorus pentoxide. It is neu-
tral, porous, and stable towards heat up to 250° C. Its
vapor pressure is 0.000 mm. at 0° C. and it is capable of ab-
sorbing water up to 30 per cent of its weight. Kirk and
MecCalla (20) reported using ascarite and anhydrone and
Boetius (9) ascarite and phosphorus pentoxide. A change in
the absorption of the combustion products is described by
Niederl and Meadow (26). The absorption of carbon dioxide
takes place in a filter tube and is gravimetrically determined
as barium carbonate.

In previous attempts to eliminate the use of air in the com-
bustion, Miiller and Willenberg (24) and later Kirk and
McCalla (20) weigh the absorption tubes filled with oxygen in-
stead of air. Later experiments on absorption tubes which
are not self-sealing show that they cannot be brought to con-
stant weight when filled with oxygen, and seli-sealing tubes,
as mentioned before, do not allow for the equalization of
pressure and temperature of the contained oxygen or air to
balance room conditions. Table I shows the decrease in
weight of the absorption tubes on standing, due to the re-
placement of oxygen by air, comparing also the increase in
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weight when filled with air due to the absorption of moisture
and carbon dioxide, with and without wires in the capillaries.

TasrLe I. CuaanGE IN WEIGHT OF ABSORPTION TUBES
(Measured in 0.001 mg.)
ANHYDRONE ABCARITH
Minutes Minutes
15 . 45 90 15 45 90
Filled with oxygen
Without wires —47 —104 —168 —-23 -76 —-125
With wires -9 — 41 — 88 -13 =37 - 82
Filled with air
Without wires +3 <411 <419 4+3 +6 4 13
With wires 4+ 244 40 + 1 +4 4+ 8
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Determination of Selenium and Arsenic by
Distillation

In Pyrites, Shales, Soils, and Agricultural Products

W. O. Rosmson, H. C. DupLey, K. T. Witriams, Anp Horace G. ByERrs
Bureau of Chemistry and Soils, Washington, D. C.

NVESTIGATION of an animal disturbance (known
locally as alkali disease), which was traced to vegetation
grown in certain soil areas, rendered urgent the develop-

ment of a rapid and accurate method for the detection and
estimation of selenium in both organic and inorganic mate-
rials. The methods outlined below are an extension and
improvement of a distillation method described by Robinson
(7) during the progress of the work.

The principles of the distillation method are outlined by
Noyes and Bray (6). Selenium can be separated from all the
other elements except arsenic and germanium by distillation
with concentrated hydrobromic acid. The selenium must
be in, or be converted into, the hexavalent condition before
distillation in order to insure its distillation with the acid.
In most cases this conversion may be accomplished by the
use of bromine. The excess of bromine distills at a low tem-
perature and the hydrobromic acid then reduces the selenium
to the quadrivalent condition. In this form it readily dis-
tills along with hydrobromic acid.

When a distillation method is applied to soils and other
insoluble materials difficulties due to bumping and frothing
may be encountered. Bumping may be greatly minimized
by the introduction of short pieces of capillary tubing, sealed
at one end. In the case of soils, at least, frothing is dimin-
ished or wholly prevented by the use of a sufficient excess of
bromine.

In the distillate, selenium may be precipitated quantita-
tively by reduction by sulfur dioxide and hydroxylamine

hydrochloride. The selenium may be estimated either
gravimetrically or by the colorimetric procedure of Cousen
(2). In either case reprecipitation is essential to free the
precipitate from sensible quantities of impurities.

Arsenic is quantitatively distilled along with the selenium
and may be determined in the filtrate from the first selenium
precipitation. If present in but small quantities it is best
determined by one of the modifications (3, 9) of the cerulean
blue molybdate method of Denigés (4).

In general, the procedures described below are very sensi-
tive and may be used for any material with such modifica-
tions as may be necessary. The method as developed for
soils is perhaps the most sensitive used in soil analysis. One
part of selenium in ten million parts of soil may be easily
detected and by use of the integration procedure described
below, quantities as small as one part in a billion may be
isolated.

APPARATUS

P7A distilling apparatus is graphically described in Figure 1.
The still is conveniently made of Pyrex glass and rubber con-
nections must be avoided. Measuring flasks and Nessler
jars of 25 cc. capacity are also required.

REAGENTS

All reagents should be free from selenium. Blank deter-
minations should be made on all reagents.
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1. Hydrobromic acid, 40 to 48 per cent, capable of being com-
pletely decolorized with sulfur dioxide.

2. Bromine.

3. Solution of 1 cc. of bromine in 10 ce. of hydrobromie acid.

4, Hydroxylamine hydrochloride.

5. Sulfur dioxide as compressed gas in cylinders.

6. Five per cent solution of gum arabic in water.

7. A suspension of asbestos which will not lose weight when
washed with strong hydrobromic acid.

PROCEDURE FOR SOILS

The air-dried sample should be well mixed and passed
through a 2-mm. sieve.

Weigh out 50 grams of the air-dried soil and transfer to the
distilling flask. Add 10 ce. of solution 3, a few cubic centimeters
at a time, with shaking. If carbonates are present, add the mix-
ture to the contents of the flask slowly and with constant shaking
to avoid loss by frothing. Add, in all, 10 to 50 ce. of solution 3,
the quantity depending on the quantity of organic matter present.
There must be an excess of bromine over that required to saturate
the organic matter in the soil. After sufficient bromine in solu-
tion 3 has been added, add enough hydrobromic acid to bring
the total quantity of this reagent up to 75 to 100 cc. The larger
quantity is used on soils containing much calcium carbonate or
on very basic soils. Connect the still with the adapter just below
the surface of 2 to 3 ce. of bromine water in the receiver flask
and apply heat gradually. One or two grams of bromine should
distill over in the first few cubic centimeters of distillate. If in-
sufficient bromine has been added to produce this quantity of
bromine, more must be added. A somewhat greater excess of
bromine does no harm, but too great an excess is to be avoided
because of the formation of too much sulfuric acid later. When
danger of frothing is passed, apply increased heat and collect
from 30 to 50 cc. of distillate. Make a second, or even third,
distillation with intervening additions of hydrobromic acid and
bromine, unless it is certain from experience that all the selenium
is in the first distillate. Remove the distillate and pass in sulfur
dioxide until the yellow color due to bromine is discharged. Add
0.25 to 0.5 gram of hydroxylamine hydrochloride, stopper the
flask loosely, put on the steam bath for an hour, and allow to stand
overnight at room temperature. If selenium is present it will
appear as a characteristic pink or red precipitate. If much se-
lenium is present it will shortly turn black.

Collect the precipitated selenium on an asbestos pad in a por-
celain crucible, and wash slightly with hydrobromic acid contain-
ing a little hydroxylamine hydrochloride. Dissolve the sele-
nium on the pad by passing through 10 to 15 cc. of solution 3 in
small quantities and wash into a 25-cc. measuring flask if the
quantity is small and is to be estimated colorimetrically. If
over 0.5 mg., filter into a small beaker, precipitate as before,
gather on an asbestos pad as before, and wash with hydrobromic
acid containing a little hydroxylamine hydrochloride and then
with water. Prepare a tare in a similar manner. Dry at 90° C.
for 1 hour, place in a vacuum desiccator, and exhaust the air
while the crucibles are still hot. Cool 0.5 hour. Allow the air
to enter the desiccator, cool an additional half-hour, and weigh
against a tare. Check the weight by drying again. ' If the quan-
tity is small and is to be estimated colorimetrically, add 1 cc. of a
solution containing 5 per cent gum arabic and precipitate the
selenium by sulfur dioxide andg hydroxylamine hydrochloride.
Prepare comparison solutions containing known quantities of
selenium in exactly the same manner and allow them to stand
overnight. Shake the standard and test solutions and compare
the depth of color in Nessler jars. This comparison is best
carried out in sunlight. It is difficult to match solutions contain-
ing more than 0.5 mg. of selenium in 25 cc. and the color com-
parison is most satisfactory when 0.01 to 0.1 mg. is present.

PROCEDURE FOR PYRITES AND OTHER SULFIDES

Grind the sample to pass a 100-mesh sieve. Weigh out 10
grams of the sample. Pour 100 cc. of concentrated nitric acid
into a 800-cc. quartz or porcelain dish and place the dish on the
steam bath. Add small portions of the pgrites into the dish by
:zpdping from a spatula, stir thoroughly between portions, and

more when brown fumes cease to come off. Add 25 to 50
cc. more nitric acid when half the material has been added.
When the reaction appears to be complete, add 15 ce. of concen-
trated sulfuric acid and evaporate until all nitric acid is expelled.
Add a few drops of 30 per cent hydrogen peroxide and stir vigor-
ously. When the peroxide is decomposed add 75 ce. of concen-
trated hydrobromic acid and bromine and distill as under direc-
tions for soils. The mixture bumps badly.
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PROCEDURE FOR WATER

Measure from 1 to 10 liters of water, and add sufficient sodium
peroxide to make the liquid definitely alkaline. Evaporate to
dryness. Take up with 100 cc. of concentrated hydrobromic
acid and 1 to 5 cc. of bromine, depending upon the quantity of
organic matter present, and proceed as under directions for soils.

PROCEDURE FOR VEGETABLE MATTER

With vegetation the procedure must be modified accord-
ing to the quantity of selenium present. The most satis-
factory procedure for material of unknown character is as
follows:

Stir 100 grams of well ground and mixed vegetation into a con-
centrated solution of 25 grams of magnesium nitrate, and add 5
grams of magnesium oxide. Dry the mass over a water bath and
finally in* an oven at

105° C. Ignite the

dried material slowly

in a muffle until the

ash is a uniform gray
color.! After igni-
tion, triturate the
ash with 100 cc. of
concentrated hydro-
bromic acid and 2 cc.
of bromine, transfer
it to a distilling flask,

;iistill las suggested D/ wide- movihy
or goils, and esti- B/ Erlermeyer Tlask:
mate the 'selenium in A\ 2 P

the distillate. J00mi. Pyrex rourd bolfom flask

In case the
quantity of selenium
exceeds 2 parts per
million it is preferable to use a procedure devised by A. Van
Kleeck in this laboratory. The procedure is as follows:

Digest 1 to 5 grams of the material with sulfuric acid as in the
Kjeldahl grocess, using a suitable catalyst. Instead of digesting
in a Kjeldahl flask, carry out the process in the distillation ap-
paratus previously described (Figure 1). Conduct the issuin
gases through bromine water which is kept continuously supplie
with an excess of bromine. When the digestion is complete, cool
the flask and cautiously add an equal volume of water and then
the distillate, together with 100 cc. of concentrated hydrobromic
acid, through the funnel of the distilling apparatus. Distill the
mixture, as in the case of soils, and estimate the selenium. If
more than 5 grams of vegetation must be digested in order to
secure a measurable quantity of selenium, this procedure becomes
very tedious, but it nevertheless seems to be the most accurate
yet devised. The oxidation of vegetation, preliminary to distilla-
tion, may also be effected by digestion with 30 per cent hydro-
ﬁeu peroxide to which has been added 0.5 gram of soil and a few

rops of nitric acid.

Ficure 1. DISTILLING APPARATUS

PROCEDURE FOR ANIMAL TISSUE

Cut flesh, skin, ete., into small pieces and drop into cold 30
per cent hydrogen peroxide. When danger of frothing has
ceased, warm on the steam bath, add a little nitric acid, and when
decomposition is nearly complete, add about 5 per cent of the
weight of the sample of magnesium nitrate. Evaporate to dry-
ness and char at a low temperature. The animal tissues may
also be dif{csted by the Kjeldahl process as a preparation for dis-
tillation if the selenium content is sufficiently large. Distill and
proceed as under “Soils.”

SENSITIVENESS OF METHOD

By the use of what may be termed an integration distilla-
tion process (the cohobation of the alchemist) the selenium
from a large quantity of soil may be concentrated into a very
small volume of distillate. A charge of 50 to 100 grams of
soil or plant ash is distilled and the distillate is poured back

1 Beath (1) and his associates at the University of Wyoming use a pro-
cedure which they ascribe to Taboury (8) but with a very important modifi-
cation. The material is digested with a solution of sodium hydroxide, dried,
and ignited to a gray ash. During this ignition a very voluminous swelling
oceurs, accompanied by crust formation which makes the procedure difficult.
Ignition without the addition of a fixative is accompanied by large losses of
selenium. Even with this addition the loss of some selenium remains pos-
sible.



2i6

into the still with a fresh samiple of soil with additionsl
hydrobromie zeid and bromine, and the process repeated.

Fifty grams of Ceril g2ndy loam from Sﬂatm’il!ﬁ i\;dc.. were

treated with 75 ee. of 42 per cent hydrobromie aci 2 ce. of
bromine, z2nd distilled until the volume of the distillate mezsured

wzs sbout 50 ee.  One hundred grams of 2 fresh sample of the soil
were introduced into the flask, the distiliste from the frst ot
was poured into the distilling flzsk, 75 ee. of hydrobromie zcid 2nd
2 ee. of bromine were to the mixture in the flask, 2nd the
contents distilled until the volume of the distillate wzs z2gzin
about 50 ee.  One hundred grams more of the soil were put in
the distilling flask and the operstion repeated 2s above. The

residuzl soil from each distillation was, of eourse, thrown away.
In this manner the selenium in 250 of 80il was concentrated
into z distillate of about 50 ecc. is was further eoncentrated

in 2 small still to about 10 ec. This distillste, when treafed to
Ww&w the selenium, showed the e of zbout 0.02 mg.
of ium 28 estimated eolorimetrically, or 0.08 part per million,
on the s0il basis. The reagents yielded no blank test. Carring-
ton loam from Winthrop, Iowa, and Colby sl loam from Hays,
Kang., showed the presence of about the same quantity of sele-

ninm.

Five hundred grams of Norfolk fine sandy loam treated in five
100-gram lots, 25 outlined above, gave no test for selenium. To
1000 grams of this soil 0.002 mg. of selenium in the form of 2 solu-
tion of sodium selenate was added. After drying, it wzs trezted

with hydrobromie zeid and bromine in 10 lots of 100 grams esch

by the hli:ae tion dj%st;;léaiim MCEER m:;xzd 2 distinet red precipi-
ont tom of £ glass tube resulted, corresponding
% parts per billion.

The recovery of the selenium from the soil appears eom-
plete.  One-half the quantity of seleninm used will give 2
distinet precipitate under the proper conditions and less than
one-tenth zs much will give a distinet vellow eolor when
treated, in volumes of 5 ce. or less, by Cousen’s (2) method,
as used in the determination of selenium in glass. The
method appears capable of detecting one part of selenium in a
billion of soil, and probably with care and patience one part
in ten billion can be detected. The limits of detection would
be the patience of the analyst in mzking the number of dis-
tillations necessary. Large quantities of the reagents can be
prepared free from gelenium by redistillation, so there should
be no danger of contamination from this source. In carrying
out the successive distillations air-dry soils should be em-
ployed and no water added to the receiving flasks. This
precaution is essentizl in order to avoid dilution of the
successive distillates.

Accuracy o¥ MeTHOD

It appears that selenium is quantitatively recovered, by
the distillation process, from material properly prepared for
distillation. Quantities of selenium 2s small as 0.01 mg. may
be satisfactorily determined colorimetrieally. For quantities
greater than 0.5 mg the degree of accuracy with which
the precipitated material can be determined depends pri-
marily on the accuracy of the balance employed. When ig-
nition methods are employed there is, of course, a possibility of
loss of selenium, despite the fact that added sodium selenate
may be quantitatively recovered from wheat and similar
materials. Complete combustion of wheat, without the
addition of any fixative, reduces the quantity of selenium
recovered. In an earlier publication (7), it was stated that,
in the absence of tellurium, the distillation procedure could
be eliminated, and determination made directly upon the
leachate from the ash. Unless a second precipitation is made
the results so obtained are too high, owing to contamination
with silica and possibly other materials. :

In the treatment of soils and shales and ignited organic
matter some difficulty has been caused by failure to add suffi-
cient bromine to insure an excess.
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- The zgreement of duplicates and of different analysts on
the same sample s shown in Table I for two materials,
selected beecause representative of a long series of shales, soils,
znd grains.

Trziz I AcezzwmNt OF DUPLICATES AND oOF DIFrFEResT

Awarysrs BY DisTiiiaTion MzTHOD
Preere Cray

AxarysT Szaiz, B-2885 Loasw, B-391 WeEaT

P.p. s P.p.m. P.p m.

H. C. Dudley 22-35 10-12 15-15°
W. 0. Robinson 2840 11-14 145-17¢
K. T. Willisems 28-40 10-11 145163
< Onidation by Kjeldah] process.

¥ Igmition with magnesium mitrate.
€ Oxidstion with bydrogen percxide.

DETERMINATION OF ARSENIC

In the process of isolation of selenium any arsenic present
in the sample distills over with the hydrobromic acid and is
converted into azrsenic zcid by the bromine present in the
receiver. Reduetion by sulfur dioxide and hydroxylamine
does not precipitate the arsenic, which is present quantita-
tively in the first filtrate from the selenium precipitate. It is
thus separated from zll other elements save germanium. A
quantitative separation of all the arsenic from mispickel was
effected by one distillation when the mispickel was treated
25 recommended for pyrites. Arsenic may be determined in
the filtrate from the selenium determination after evaporation
with eoncentrated nitric acid, essentially as recommended by
Deemer and Schricker (3) for the determination of arsenic
in plant ash. By the use of the integrated distillation pro-
cedure the detection and estimation of arsenic may be made
25 sensitive 2s is the case with selenium.

The same procedure may be followed for concentration of
germanium into the distillate where it appears in the filtrate
after removal of selenium. In the solution it may be deter-
mined by the methods suggested by Noyes and Bray (6) or
Hillebrand and Lundell (5). In the present investigation,
no attempt has as yet been made to apply the procedures sug-
gested to the determination of germanium. The procedure
suggested for arsenic was followed in the case of a sample of
Cecil clay loam from North Carolina, and 21 parts per million
found.

The method described, with appropriate modifications, has
been applied to the determination of selenium in several
thousand analyses in this laboratory and has been found
eminently satisfactory. These analyses include the estima-
tion of selenium in sulfide ores, shales, soils, water, a wide
range of vegetation and grains, blood, hoofs, bones, and a
wide variety of animal tissues. The quantities found have
ranged from minute fractions of a part per million to as high as
0.38 per cent. :
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Determination of Total Carbon in Soils by
the Wet Oxidation Method

J. E. Apawms, Bureau of Chemistry and Soils, Columbia, S. C.

HE need of a rapid

method for the deter-

mination of carbon is
apparent when a large number
of samples are to be analyzed.
In the investigations under way
at this station experimental
plots are sampled periodically
and are analyzed for carbon to
obtain an index of the changes
in the organic matter content of
the soils as influenced by the
crop management.

The methods for the deter-
mination of carbon in soils are
well known. The carbon, regardless of form or source, is
converted into carbon dioxide which in turn is determined by
gravimetric, titrimetric, or gasometric methods. The fur-
nace or dry combustion method is ordinarily employed and
consists of the oxidation of the carbon by oxygen at a high
temperature. A mixture of sulfuric and chromic acids has
been used extensively for this purpose in the so-called wet
combustion method. The fact that the two methods give
comparable results has been established by Ames and Gaither
(1) and White and Holben (11); the former found it neces-
sary to boil the solution in order to obtain complete oxidation
of the carbon, while the latter introduced the use of an ab-
sorption tube containing constant-boiling sulfuric acid to
intercept the fumes from the boiling solution, thus insuring
complete absorption of the carbon dioxide. Other workers,
Cameron and Breazeale (3), Brown (2), Hardy (4), Heck (5),
and Schollenberger (8), have studied the wet oxidation
method as applied to soils. A variation of the method is that
of Robinson (7) in which the sulfur dioxide evolved in the
Kjeldahl digestion of soil was used as a measure of the carbon
content. The results were low as compared with those ob-
tained by the furnace method; therefore a factor was used to
correct for the deficiency. Some modification is necessary
when the method is applied to materials containing chlorides.
Normal soils do not contain these in appreciable quantities;
consequently the apparatus as presented does not take these
into account.

Brown used the soil residues following the determination of
carbon by the wet oxidation method for the determination
of nitrogen. The results were in fair agreement as compared
with those obtained by the Gunning method. The apparatus
presented was developed with the idea of saving time and
materials. However, the speed with which the carbon deter-
mination can be made, coupled with the difficulties involved
in the removal of the excess sulfuric acid before making the
Kjeldahl distillation, made this procedure unnecessary and
undesirable.

White and Holben point out the danger of contamination
of the sample by the charring and disintegration of rubber
stoppers through contact with the fumes from the oxidizing
solution. They used the Knorr apparatus in which glass
seals instead of rubber stoppers are employed. It has been
found in this laboratory that contamination from the source
mentioned is very appreciable after a few determinations are
made. This objection, coupled with the cost of equipment

Lions.

The apparalus presented obviales the necesstly
for glass seals to prevent conlamination of the
sample by the disinlegralion of rubber connec-
A novel bul efficient interceplion of the
fumes from the ozidizing solution allows com-
plele absorption of the carbon dioxide.
of a measured quanlily of absorbing solulion
permils a single lilration with phenolphthalein
as the indicalor with the elimination of the methyl
orange lilration excepl when desired as a check.
Twelve unils occupy bul 6.5 feel of desk space.

using glass seals, led to the
abandonment of the type of
apparatus ordinarily used and
the development of a unit that
can be prepared at a low cost.
It is very compact, easy to
operate, and in addition retains
the features necessary for ac-
curacy. Rubber stoppers can
be used safely. The incoming
oxygen prevents the fumes from
reaching the stopper of the
Kjeldahl flask, while the inter-
ception of the fumes by the glass
wool protects the smaller
stopper. The necessity of using a condenser to return the
acid and water to the oxidizing solution is eliminated. The
fumes are intercepted in a novel but efficient way which allows
the complete absorption of the liberated carbon dioxide.

The use

CONSTRUCTION OF APPARATUS

OxyeeN Ling. This consists of 0.375-inch (0.94-cm.) copper
tubing into which the individual 0.125-inch (0.3-cm.) copper
outlets are soldered at intervals of 6.25 inckes (15.6 cm.). (I: ass
tees and rubber tubing have been used but are more difficult to
support.

Mopiriep BunseN VALVE (Figure 2). A 3-inch (7.5-cm.) piece
of glass tubing is fitted at each end with a rubber stopper carry-
ing a short piece of glass tubing. The valve consists of a 1-
inch (2.5-cm.) piece of thin-walled, red rubber tubing in which
a smoothly cut slit, 0.125 to 0.188 inch (0.31 to 0.47 cm.) long,
is made. The valve is attached to the glass tubing of one of the
stoppers and the free end plugged with a short piece of glass
rod, the mounted valve being enclosed in the 3-inch (7.5-cm.)
glass tube.

ApsorprioN Tuse. Pyrex, heavy-walled tubing of an
outside diameter equal to the average inside diameter of 800-cc.
Kjeldahl flasks is used. A length equal to that of the neck of the
flask is constricted to approximately 1 cm. at one end. This is
packed with glass wool to within 1 inch (2.5 ¢m.) of the open
end, care being taken to leave no channels. If packed too
firmly the gases from the oxidation flask will be forced back into
the main line in spite of the Bunsen valve and will be distributed
among the units of lower resistance. The wool has to be changed
after approximately one hundred determinations, as it disinte-
grates under prolonged acid digestion.

Derivery Tuse. This is made from 10-mm. Pyrex combustion
tubing. The added strength of the heavy wall is necessary to
prevent excessive breakage.

CarBoN Dioxipe AssorprioN Tower. This is a modified
Truog (10) tower. The lower end is constricted to insure the
formation of a stream of small bubbles and to retain the short
pieces of glass tubing which are not removed during the washing
process.

OPERATION OF APPARATUS

Sulfuric acid is boiled in each unit for 10 to 15 minutes to
saturate the glass wool preparatory to operation. This suffices
for the life of the wool. An amount of sample sufficient to pro-
duce 0.1 to 0.3 gram of carbon dioxide is added to G, care being
taken to prevent any of the sample from adhering to the neck of
the flask. Three to five grams of potassium dichromate are added
to the dry sample and G is elamped loosely in position. Approxi-
mately 60 cc. of concentrated sulfuric acid are now added from a
flask with wash-bottle fittings, using compressed air or oxygen.
The entire assembly, including the measured quantity (100 cc.)
of sodium hydroxic{e in flask K which has previously been at-
tached to stopper JJ, is connected to flask G at E. The oxygen
inlet tube A which is attached to the main line (not shown) is of
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sufficient length to allow the assembly to hang on a universal
elamp attached to the upper part of the rod before making the
connection and while the apparatus is not in use.

It is best to regulate the flow of oxygen, or air, for each unit
before heating is commenced. This is done by means of the
gcrew-clamp on A. The upward or downward adjustment of the
absorption tower i3 made at this time; this is made easier by
lubrieating the openings in stopper J with glycerol, as recom-

s
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i
|
|
|
|

Fioure 1. Discrav oF ApparaTUS
A. Rubber tube leading to Kjeldahl digestion flask,
800 ce

main hzy:ﬁn :ine with eedin

screw pinch clam; 0 sto for - F
B. Modified Bunsen \mplve attached tgx}ef
(. Spring pineh elamp Delivery tube
D. 1Inlet tube for oxyzen No. 10 rubber stopper
E. No. 7 rubber stopper Erlenmeyer flask, 500 ce.
F. Tube with glass wool Absorption tower

Glass tubing as beads

RNRSN X 9

mended by Heck. The flow of oxygen is now shut off at the tank,
spring clamp C is placed on the rubber tube between the valve
and glass inlet tube D, and slow heating is begun. Slow boilin
is continued for 15 minutes and then C is clamped on D an
oxygen is forced through all the units simultaneously with
sufficient force to maintain a rapid flow of bubbles in the ab-
sorption towers.

: the oxidation is oomglete (30 to 45 minutes) the oxygen
is shut off, C is clamped on the rubber inlet tube, the absorption
f are loosened, and heating is discontinued. The apparatus
is elevated with one hand amf the tower flushed with approxi-
mau;(lfr 150 ce, of water, the last 20 ce. being used to wash the
outside of the tip of the tower. The entire apparatus is now
clamped in an elevated position and left until cool.

Twelve units can be operated satisfactorily from one tank
of oxygen, using a pressure regulator. Air under constant
pressure and free from carbon dioxide can be used. Drawing
air through the apparatus is not recommended, as the vacuum
prO({uced decreases the absorptive capacity of the glass
wool.

DeTERMINATION OF CArRBON DIOXIDE

A comprehensive survey of the literature on the deter-

:]nim(ltéon of carbon dioxide is given by Partridge and Schroe-
er (6).

There are two titrimetric procedures ordinarily used when
the carbon dioxide is dissolved in a solution of either sodium
or potassium hydroxide. One is to titrate with a standard
acid using phenolphthalein and methyl orange as theindicators,
the former indicating the complete neutralization of the base
and the conversion of the carbonate to bicarbonate; the
latter indicating the conversion of the bicarbonate to a salt,
carbon dioxide, and water. In the other procedure a meas-
ured quantity of base is used to absorb the carbon dioxide,
the carbonate is precipitated as barium carbonate, and the
solution titrated to the phenolphthalein end point. A like
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quantity of base is titrated to the same end point and is
termed the blank. The difference between the titrimetric
value of the blank and sample solution is proportional to
the amount of carbon dioxide absorbed from the sample.
Heck terms this a “single” titration, while Schroeder calls it
the Winkler titration. This use of a measured quantity of
base to absorb the carbon dioxide from a sample, with a like
quantity as a blank, makes unnecessary the titration of the
solutions beyond the phenolphthalein end point, even though
the carbonate is not precipitated as barium carbonate. The
titrimetric value of the blank minus that of the sample solu-
tion gives a difference that is proportional to the amount of
the earbon dioxide absorbed, as is the case in the Winkler
titration. This difference, numerically, is twice that for the
Winkler titration if the same strength acid is used in both
cases; it follows that the carbon equivalent of the acid in
the first case is one-half that used in the Winkler method.
This difference is also equal, numerically, to the amount of
acid required to titrate the sample solution from the phenol-
phthalein end point to the methyl orange end point, providing
the blank has also been titrated to the same end point to
determine the amount of carbonate it contains. In this pro-
cedure one titration serves as a check on the other. This
technie has been used for several years in this laboratory and
has been found reliable.

Truog has given a discussion of the difficulties involved
in the so-called double titration. Schroeder (9) gives a
critical discussion of the conditions pertaining to an accurate
analyzis of a mixture of base and carbonate. The phenol-

phthalein end point is quite
:.—_% =>4 i:l
)

definite, however, if the solu-

tion is agitated by a mechani-
cal stirrer so that the opera-
tor’s attention can be
centered on the color change.

Mechanical stirring is also an =

aid should the methyl orange

titration be made. o 7
The complete absorption of

carbon dioxide from a rapidly JE Dee

flowing stream of oxygen and A z

this gas requires a fairly
strong solution of sodium

hydroxide. Ames and LA
Gaither, and Brown used a 4. Topsection of buret (three-way
8 O/

4 per cent solution for this B. Top section of automatic pipet
i to deliver solution

purpose. This method em- Tediiadiiod

ploys 100 ce. of an approxi- C. Modified Bunsen valve
mately 0.5 N solution. The

titration of a large excess of unused base is exceedingly
laborious if an acid sufficiently dilute to insure an accurate
end point is used alone. To obviate this difficulty it is neces-
sary to know the approximate carbon content of the sample.

A measured quantity of approximately 2.5 N acid, sufficient
to neutralize most of the base unused by the carbon dioxide, is
added from a buret to the sample solution accompanied by stirrin
or vigorous rotation of the flask. The solution is then titrate
to the phenolphthalein end point with the weaker acid. To
another 100-cc. portion of the base a like amount of strong acid
is added and titrated in the same way; this is termed the blank.
The difference obtained by subtracting the titrimetric value of
the sample solution from the blank is then multiplied by the
carbon equivalent of the titrating acid. The accuracy of this
procedure is determined by that with which the solutions are
measured. The chance for error is enhanced by the considerable
variation in the strengths of the solutions used. A satisfactory
and ;:gid rocedure is to use an automatic pipet to dispense
the sodium hydroxide and a buret with a three-way sto for
the strong acid. Each is so equipped (Figure 2) that the entire
contents can be forced out with carbon dioxide—free air under
pressure; the air being allowed to flow through each for an in-
stant to sweep the tips free of solution. The titrations of dupli-

FIGURE 2. DETAILS OF ApPA--
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cate blanks with a 0.166 N acid show that a combination of the
factors involved results in an average error of 0.3 mg. of carbon.

It is not necessary to have the approximately 0.5 N sodium
hydroxide free from carbonate. Neither it nor the strong acid
needs to be standardized. The saving in time is consider-
able and is enhanced if large quantities are prepared at one
time, as is desirable for routine work. A considerable saving
of the standard acid is accomplished in the use of the single
titration if the proper amount of strong acid is used for estab-
lishment of the blank.

TasLe I. ComparisoN oF Dry CoMBUSTION AND WET OXIDA-
TION METHODS

TorAL CARBON

SUBSTANCE ANALYZED Wet oxidation Dry combustion

% %
Soluble starch 36.86 36,89
Potassium acid phthalate 44.64 44.45
Soil 1882 2.01 1.98
Soil 1992 2.04 2.05
Soil 4 1.00 0.99
Soil 7B 0.39 0.40

Soil 4C
& Samples furnished by E. C. Shorey, Bureau of Chemistry and Soils,
Washington.

ANALYTICAL DATA

Although the apparatus was developed for the deter-
mination of carbon in soils, it has been used to determine its
adaptability to a limited number of other materials. The
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apparatus needs modification for use with some organic mate-
rials, as the reaction with the oxidizing solution is very vigor-
ous. As presented it is best adapted to materials of medium
to low carbon content. A comparison of results obtained
by the dry combustion and wet oxidation methods is made
in Table I.
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Constant-Head Gas Scrubber for Small Pressure Drops

ArLeN S. SwmrrH, Cryogenic Laboratory, U. S. Bureau of Mines, Amarillo, Texas

N THE analysis of combustible gases by thermal conduc-

tivity, it is often necessary to eliminate one or more con-
stituents by combustion and subsequent removal of the com-
bustion products. In such a process, particularly if oxygen or
air is added for combustion, constant gas flows are essential.
To obtain constant rates of flow, the pressure drop through
the apparatus must remain unchanged. It is, furthermore,
desirable to have as small a
gas volume and pressure drop
throughout the apparatus as
is consistent with satisfactory
operation.

Of the combustion products,
water offers no difficulties in
removal. Furnas (1) has de-
scribed a gas bubbler which is
suitable for carbon dioxide re-
moval by caustic solutions but
which has the disadvantage of
the possibility of a change in
liquid head due to dilution
from absorption of moisture
and from the carbon dioxide
reaction. During the con-
struction of an apparatus for
continuous analysis of helium
&3 (8), now in use in the Amarillo

M, Helium Plant of the U. S.
Bureau of Mines, the need
arose for a carbon dioxide

scrubber to fulfill the requirements outlined above. Such a
serubber has been designed which gives entire satisfaction, and
which may find application in similar work.

The gas scrubber, constructed on the principle of the

Ficure 1

Milligan (2) absorber, is shown in Figure 1. It is made from
a 500-cc. round-bottomed flask by sealing & manometer tube
m to the neck of the flask about 1 cm. below the stopper
bottom. The absorbing solution is filled and drained con-
veniently through tubes f and d, sealed to the side and
bottom of the flask. The gas enters through capillary tube ¢
and is scrubbed free from carbon dioxide as it passes upward
through the liquid around the spiral which fits snugly in tube
t. 'The spiral is formed from a 2-mm. glass rod wound around
the gas inlet' tube and fused to it, at each end and in the
middle, to secure the rod in place. The gas, as it breaks into
bubbles at the entrance to the spiral, creates a lifting effect
which causes fresh solution from the bottom of the flask to rise
in tube ¢ and pass around the spiral so that a fresh absorption
surface is continually presented to the gas. Increase in
pressure head, due to dilution, is eliminated by overflow from
manometer tube m, by which a constant level is maintained
in the flask. The residual gas leaves the flask through capil-
lary tube e.

The scrubbing surface of the spiral is equivalent to a
column of solution approximately 20 cm. long. Complete
removal of carbon dioxide has been accomplished, using 20
per cent sodium hydroxide solution, from 1.5 liters per hour of
gas containing 70 per cent carbon dioxide, for 24- to 30-hour
periods. The rate of gas flow is limited by the size of the
spiral. The dimensions, as given, provide for a maximum
flow of about 3 liters per hour.
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Application of Enclosed Torch to Estimation
of Arsenic in Foods

RoEe E. Remincron, E. JAck Courson,! Anp HARRY von KorLniTZ
Medical College of the State of South Carolina, Charleston, S. C.

Chemists (1) for the determination of traces of arsenic

in foods provides for the destruction of organic matter
by wet combustion with nitric and sulfuric acids. Wet ash-
ing, properly conducted, gives concordant results and good
recoveries on most food products. In applying it to dried
shrimp and cod liver oil, however, the authors experienced
certain difficulties, which, together with the long time re-
quired for the digestion, led them to try combustion in the
enclosed torch devised in this laboratory (?) for the estima-
tion of iodine in foods.

THE method of the Association of Official Agricultural

METHOD

The apparatus is set up and handled exactly as for the
estimation of iodine (7). It was found, however, that 1 or 2
ce. of nitric acid in each absorber could be substituted for
the sodium hydroxide, with equally efficient absorption and
the advantage that less acid is required in the later treatment.

After combustion, the water and ash of the cup are transferred
to a beaker, the cup and flask rinsed with very dilute nitric acid,
and the rinsings added to the beaker together with the contents
of the absorption bottles. The combined solutions are evapo-
rated to small volume, then 5 to 20 ce. of sulfuric acid are added,
the beaker is covered with a watch glass, and the solution evapo-
rated to fumes. The concentration to small volume before
addition of sulfuric acid insures oxidation and expulsion of
chlorine, a precaution that is of particular importance in analysis
of sea food or other products rich in salt. In a properly con-
ducted combustion there should be no darkening with sulfuric
acid, but if darkening does occur, a few drops of nitric acid will
clear the solution. From this point the solution or an aliquot of
suitable size is treated as provided in the official method.

It was found that while a larger proportion of arsenic than
of ilodine stays in the combustion chamber, absorption in
the washing bottles is not so efficient, so that in some cases
the addition of a third washing bottle is desirable. On ac-
count of its larger orifice, the Friedrichs wash bottle is very
much less efficient than the Milligan in this case, even though
the two bottles are alike in principle. Table I gives data
from experiments with both types of bottles.

IMPORTANCE OF OXIDATION

Usual directions for wet digestion do not stress sufficiently
the necessity for constantly maintaining oxidizing conditions.
Whenever charring of the sample takes place, arsenic may be
reduced from the pentavalent to the trivalent state. Ac-
cording to Rushton and Daniels (5) the vapor pressure of
arsenious oxide is practically negligible below 250°, and
increases t0 32 mm. at 275° and 144 mm. at 338° C., the boiling
point of sulfuric acid. Appreciable losses might therefore
be expected if the digest were heated to vigorous fuming
while any reduced material was still present. Analysts
generally avoid this danger by keeping the temperature rela-
tively low, with frequent additions of nitric acid, until satis-
fied that oxidation is complete and arsenic consequently in
pentavalent form.

Occasionally substances are encountered which are very
difficult to oxidize completely by the wet method, or which
contain compounds which interfere with the evolution of
arsine in the generator. Fats and oils require long treatment

1 Associate biochemist, U. S. Bureau of Fisheries.

at high temperatures and correspondingly greater amounts
of nitric acid. With acid-digested tobacco, Gross (2) ex-
perienced difficulty which he attributed to the presence of
pyridine, and was able to get better recoveries if the arsenic
was precipitated by magnesia mixture before marshing,
thus separating it from the pyridine. Pyridine is obtained
on dry distillation of many proteins, however, and Sorensen
and Anderson (6) have noted that if nitrogen determinations
yield lower values by the Kjeldahl than by the Gunning-
Arnold method, the sample contains either ring-like nitroge-
nous compounds such as pyridine or piperidine which are not
decomposed, or substances which yield these compounds
on closure of the ring; hence the difficulty encountered by
Gross in working with tobacco might occur in many foods
rich in protein.

TABLE I. DISTRIBUTION OF ARSENIC IN DIFFERENT PARTS

OF ABSORPTION TRAIN

(10 grams dried shrimp)
Nitric Acip Soprum HYproXIpe

USED IN Usnp IN
ABSORBERS ABSORBERS
V3 /3
Combustion chamber 52.83 51.95
18t Friedrichs bottle 4.20 6.43
2nd Milligan bottle 41.69 40.58
3rd Friedrichs bottle 1.28 1.04
100.00 100.00
P.p.m. P. p. m.
Total As:0s 157.1 154.0
TaBrLe II. RECOVERY OF ARSENIC FROM DRIED SHRIMP
RECOVERY
WeigaT As:03 As:03  or Appep
SampLe Takexy Appep  Founp As:05 REMARKS
Grams Mgy. Mg. %
10 No stain Wet oxidation at low
temperature
20 No stain Wet oxidation at low
temperature
10 1.0 No stain None Wet oxidation at low
temperature
10 Trace Above solution pptd. with
magnesia mixture
107 20 Trace Above solution pptd. with
magnesia mixture 2
10 1.0 1.03 103 Above solution pptd. with
magnesia mixture
10 0.72 Wet oxidation with CuSO«
at high temperature
10 0.73 Burned in torch
10 0.725 Burned in torch
10 1.0 1.69 97 Burned in torch

10 0.275 Burned in torch

Burned in torch

Wet oxidation with CuSO«

at high temperature

10 0.109 Burned in tore

10 1.0 1.090 98 Burned in torch

20 0.215 Wet oxidation with CuSOq
at high temperature
Burned in torch

108 i
10 0.048

113 { 10 0.049 Burned in torch
10

10 0.289
10 0.288

102

0.045 - Burned in torch

‘Wet oxidation with CuSO«
at high temperature

10 0.900 Burned in torch

Burned in torch Y

10 0.470 Wet oxidation without

uSO4
Aliquot of preceding redi-
gested with CuSOq

117

AppricaTION OF TorcH METHOD
The authors digested a sample of dried shrimp by the
official method, but failed to recover more than traces of
arsenic, either with or without precipitation with magnesia
mixture. When 1 mg. of arsenic trioxide was added to 10
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grams of dried shrimp before digestion, none was recovered
by direct marshing of an aliquot, but 1.03 mg. after precipi-
tation with magnesia mixture. The authors concluded that
the arsenic of the shrimp was not liberated by the digestion,
and that some substance, possibly pyridine, was present in
the digest and inhibited the evolution of added arsenie, until
removed by separation. This same sample of shrimp, when
burned in the torch, yielded duplicate values of 73 and 72.5
parts per million of arsenic trioxide. When digested with
acid at higher temperature and with the addition of copper
sulfate as a catalyst, as suggested by Maechling (4), 72 parts
per million were recovered.

A sample of pipe tobacco yielded 17.4 parts per million
of arsenic trioxide by wet oxidation, and 24.8 parts after
precipitation with magnesia mixture, confirming the ob-
servation of Gross. Another sample of tobacco gave 28.0
when treated according to Gross, and 27.4 when burned in
the torch. The results shown in Table III indicate that the
method can be applied to various kinds of dried vegetable
matter.

Tasre III. Arsenic RECOVERED FROM MISCELLANEOUS
Foops By EncLosep TorcH COMBUSTION

As:0; RECOVERED

SAMPLE D ESCRIPTION Dry basis Fresh basis
P.p. m. P. p. m.
753 Carrot tops 0.34 0.046
1265 Carrot tops 0.16 0.024
856 Cabbage (8. C.) 0.35 0.038
837 Cabbage (8. C.) 0.12 0.008
706 Cabbage (N. Y.) 0.04 0.003
493 String beans (8. C.) 0.32 0.052
794 String beans (Ga. 0.29 0.025
388 String beans (8. C.) 0.20 0.020
812 Spinach EVn. 0.59 0.084
857 Spinach (S. C.) 0.94 0.116
A Dried kelp 88.0 G
B Dried kelp 97.0

The authors also found the torch applicable to the burning
of cod liver oil, the oil (usually 5 cc.) being pipetted onto a
6-inch (15-cm.) piece of No. 3 dental cotton roll, the roll en-
closed in a segment of Visking sausage casing to prevent
loss of oil by contact with the side of the feed tube of the
apparatus, and the roll burned. To insure that the roll
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turns with the feed plate, the bottom of it is split and the two
halves are pressed down on the pins of the plate. Twenty
samples of American cod liver oil analyzed by this method
gave values ranging from 1.9 to 6.7 parts per million of
arsenic trioxide (3). Duplicate analyses of cotton rolls, to
which had been added 107 of arsenic dissolved in alcohol,
vielded identical results of 10.4y. No detectable stain was
obtained from the cotton alone.

CONCLUSION

The method is applicable to products which contain suffi-
cient combustible matter to burn freely in a current of oxygen.
Consequently it can hardly have wide application in the es-
timation of spray residues on vegetables, which would have
to be dried and ground before burning, except as a check on
acid digestion. Its principal advantages, when applied to
dried material or oils, are economy in time and reagents and
the elimination of acid fumes from the air of the laboratory.
Dry samples ranging in size from 5 to 100 grams can be burned
continuously in one operation, at a rate of 1 to 3 grams per
minute. The amount of oil that can be burned in one opera-
tion is limited to that which a cotton roll will absorb without
leaking when subjected to the heat of the torch.
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Determination of Base Exchange in Soils
with Copper Nitrate

E. A. FIeGeR, J. GrAY, anp J. F. REED, Louisiana State University, Baton Rouge, La.

and the amounts of the various exchangeable bases in

soils is important in many soil and agronomic investiga-
tions. The results of such determinations have been applied
with singular success in the study of morphological and
genetical problems pertaining to soils; the study of soil acidity
and its related problem, soil liming; the investigation of the
availability of plant food cations and their retention when ap-
plied as fertilizers; and finally the problem of adequately
explaining the development of so-called alkali soils. It is
evident that a simple, accurate, and rapid method for the
determination of the base-exchange capacity of soils and the
amounts of the various exchanged bases should be available to
the soil investigator.

By the term ‘“base exchange” is meant the exchange or
replacement of the adsorbed cations of the soil by some other
cation. Those cations which have been replaced or removed
are known as the exchanged or replaced bases. Theoretically
any salt can be used to supply the replacing cation, provided

r | YHE determination of the total base-exchange capacity

it will form an aqueous solution of sufficiently high concentra-
tion and be highly ionized. In laboratory practice the soil is
usually leached with solutions of one of the following salts:
sodium chloride, potassium chloride, ammonium chloride, or
ammonium acetate, or with 0.05 N hydrochloric acid. Each
of these substances as a source of cations has certain inherent
objections. When sodium or potassium salts are used as the
replacing agents, it is impossible to determine the amounts of
these elements in the replaced bases. Another serious objec-
tion is that exceedingly small quantities of the replaceable
bases, a few milligrams, must be determined in the presence of
a high concentration of the replacing agent, usually several
grams, or some special method must be used in order to re-
move these salts, such as volatilization in the case of am-
monium salts with possible mechanical losses, or evaporation
with nitrie acid, which is tedious, disagreeable, and expensive
when many determinations are to be carried out, as previously
pointed out (2). Also it is important to note that all the
methods so far proposed and used require for the estimation of
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the base-exchange capacity a subsequent replacement from
the soil of the adsorbed replacing cation and its quantitative
determination in the second leachate. This latter objection is
not so serious when the ammonium ion is used as the replacing
agent since its quantity can be determined by distillation
with magnesium oxide. However, when many determina-
tions are undertaken, this operation requires considerable
time and attention.

To eliminate these objections, the authors propose the use
of copper nitrate to supply the replacing cation, and the
determination of the base-exchange capacity by the electro-
lytic deposition of copper in the leachate. The electrolytic
separation of the copper serves two purposes—namely, the
calculation of the base-exchange capacity of the soil and,
most important of all, the removal of the replacing cation
from the leachate, leaving a solution which can then be used
for the determination of the replaced bases, after concentra-
tion to small volume to remove excess nitric acid set free dur-
ing electrolysis.

MEgeTHOD

The method consists in using 250 ml. of approximately 0.3 N
copper nitrate for leaching 10 grams of soil. The soil is ground
to pass a 40-mesh sieve and is then allowed to stand in contact
with 125 ml. of the solution for 24 hours. The solution and soil
are transferred to a prepared Gooch crucible and leached with
the remaining 125 ml. of solution. The soil is then washed with
80 per cent alcohol until the washings are free of copper. This
requires about 100 ml. Alcohol is used to wash out the unad-
sorbed copper ions instead of water, since the latter causes
hydrolysis of the adsorption complex with subsequent low values
for the base-exchange capacity. The leachate and washings are
made up to 500 ml. and an aliquot of this is analyzed for copper
and the replaced bases. An aliquot of the originafcopper nitrate
solution is also anal{zed for its copper content. The subtraction
of the former value from the latter gives the amount of copper ad-
sorbed by the soil, and when expressed in milliequivalents per 100
grams of soil represents the base-exchange capacity of the soil.

For the determination of copper the authors have used
with satisfactory results the electrolytic apparatus sold by
the Fischer Scientific Company, and also a set-up consisting
of storage battery, suitable resistors, ammeter, and voltmeter.
The authors have obtained the best results by using 1 to 1.5
amperes and 5 volts. Each determination requires about 45
minutes. Using these conditions, a dense adherent film of
copper was obtained which did not flake off through stirring
or washing. After removal of the copper the solution was
concentrated to convenient volume and the calcium and
magnesium were determined by the usual methods.

The authors have also determined the amount of copper
ions adsorbed by the soil by replacing these adsorbed copper
ions by leaching with 0.1 M hydrochloric acid, and electro-
Iytically determining the copper in this leachate.

As a check upon the accuracy of this new method, they
have also determined the base-exchange capacity, and the
exchangeable calcium and magnesium ions, using the stand-
ard neutral ammonium acetate method (4). Since the con-
centrations of replaceable sodium and potassium in the
soils reported are exceedingly low, their values were not
determined.

Resvurs

In Table I is reported a comparison of the values obtained
for base-exchange capacity and for replaceable calcium and
magnesium by using the neutral ammonium acetate method
and the copper nitrate method upon six soil profiles. Soils 1
to 5, inclusive, are forest soils of the Caddo Series and soil 6
is a Sharkey silty clay loam. The results in all cases are the
average of duplicate determinations. It is evident that the
two methods yield values which check within the limits of
experimental error for base-exchange capacity, and also for the
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amounts of replaceable calcium and magnesium. The data
also show that the amount of copper adsorbed by the soil from
the copper nitrate solution can be displaced by hydrogen
ions, and that the copper so replaced is equal to the amount of
copper lost from the cupric nitrate solution used in the original
leaching of the soil.

TaABLE I. CoMPARISON OF BASE-EXCHANGE CAPACITY OF
Six SoiL PROFILES

REPLACEABLE® REPLACEABLE?

Base-ExcHANGE CApACITY? Carcrun MAGNESIUM
Ammonium Copper Copper Ammonium Copper Ammonium Copper
acetate adsor!| recovered  acetate nitrate acetate  nitrate

Sorn  method by soil from soil ~method method method method
1A 7.58 7.45 7.23 4.68 4.46 2.24 2.562
1B 9.01 10.68 10.61 5.45 5.18 1.75 1.48
1C 32.75 32.70 32.60 23.20 23.85 3.23 3.50
2A; 12.36 12.57 12.44 4.55 4.46 2,11 2.57
2A: 3.43 3.46 3.45 3.21 3.21 1.18 1.07
2B 8.69 8.33 8.22 7.31 7.31 2.61 2.55
2C 21.45 21.40 20.90 15.95 16.55 3.27 3.569
3A 2.22 2,51 2.23 2.31 2.14 Trace Trace
3B 12.80 12,73 12.84 6.51 6.86 41 3.19
3C 15.70 15.87 15.88 10.17 10.67 3.24 3.32
4A 5.92 6.29 30 4.91 Trace Trace
4B 19.50 19.50 18.92 14.59 14.25 1.86 1.62
4C 14,51 13.89 13.90 12.17 12.11 0.96 0.97
5A 5.70 5.97 6.02 3.56 3.72 1.07 1.03
5B 9.70 9.28 9,14 6.05 6.21 1.85 1.73
5C 14.90 14.45 14.26 10.25 10.38 2.11 2.29
B6A 24.01 24.05 24.01 16.30 16.50 2.33 2.38
6B 11.19 11,16 11.08 .26 9.10 1.61 1.69
6C 36.10 35.75 35.72 19.26 19.3 2.82 2,82

4 Milliequivalents per 100 grams of soil.

Previously it was generally agreed that base exchange in
soils could be represented by stoichiometrical relationships,
but later work has shown that within narrow limits it is a
function of the hydroxide-ion concentration of the replacing
solution, and also that these cannot be differentiated from
the exchangeable cation (Z, 3). The results reported here,
while not offering conclusive proof, indicate very clearly
that stoichiometrical relationships do hold for base exchange
in soils.

CONCLUSIONS

A rapid and accurate method for the determination of the
base-exchange capacity of soils is proposed, which results in
considerable saving in time when compared to the standard
ammonium acetate method and eliminates some objections
which have been raised to the older methods.

A 0.3 N solution of copper nitrate is used to replace the
adsorbed bases, the decrease in copper content of replacing
solution being used as a measure of the total exchange
capacity of the soil. The removal of the copper from the
leachate by electrolysis results in a solution which can be used,
after evaporation to small volume to remove the excess nitric
acid, for the determination of the replaced bases.

If desired, a check upon the accuracy of the base-exchange
capacity can be obtained by leaching the adsorbed copper
from the soil by means of dilute hydrochloric acid and esti-
mating the amount of copper in this leachate by electrolysis.
The replacement of the adsorbed bases of soils by copper ions
is quantitative and can be represented by stoichiometrical
values.

LiTeRATURE CITED

(1) Bradfield, R., Soil Sct., 17, 411-22 (1924).

(2) Burgess, P. 8., and Breazeale, J. F., Ariz. Agr. Expt. Sta., Bull.
9 (1926).

(3) Mattson, 8., and Jackson, B., Soil Sci., 34, 459-81 (1932).

(4) Schollenberger, C. J., and Dreibelbis, F. R., Ibid., 30, 161-73
(1930).

Recervep April 2, 1934. Presented before the Division of Agricultural and

Food Chemistry at the 87th Meeting of the American Chemical Society,
St. Petersburg, Fla., March 25 to 30, 1934.

6V



Determination of Citrate

Wirriam F. Brucg, The Rockefeller Institute for Medical Research, Princeton, N. J.

OR investigations re-
quiring large numbers of
citrate determinations,

such as the study of decom-
position of citrates by microor-
ganisms, a relatively simple and
rapid method for estimating
citrate is desirable. The most
general methods available for
the determination of citric acid

ference is made.

MG. MERCURIC SULFATE COMPLEX
N o

>

are: (a) acetone formation (I,
6, 15); (b) pentabromoacetone
formation (5, 8, 9, 11, 12); (c)
mercuric sulfate complex forma-
tion (2, 4, 18, 14); (d) enzy-
matic dehydrogenation (12); and (e) esterification (10). These
methods have their peculiar limitations, some in the large
quantity of material required for a determination or the exces-
sive time necessary for complete analysis; some in the appre-
ciable volatility and solubility of the analytical precipitate,
the limited number of concur-
32 rent determinations feasible, the
/ delicate control needed, or the
complicated apparatus de-
manded.

/ The mercuric sulfate method
was selected for its rapidity
and convenience. A detailed
study of some of its limitations,
including the effect of tempera-
ture, acidity, and rate of oxida-

/‘ tion on the amount of mercuric

complex produced, was made.

It was found that control of

° o volume during oxidation and the

ey o o use of centrifuge tubes rather

Ficune 1, RELATION BE-  thap Gooch crucibles increase

TWEEN CIitric AciD AND

Mzercuric Surrate Com.  accuracy and speed. Interfer-

PLEX ence from aconitic acid has been

established, but moderate

amounts of formate, acetate, succinate, malate, tartrate,
lactate, and phosphate do not interfere.

EXPERIMENTAL PROCEDURE

The method consists in precipitating citric acid with
barium acetate in dilute alcoholic solution to separate it
from interfering substances. The precipitated citrate, which
is soluble in acid, is then oxidized by permanganate in the
presence of mercuric sulfate, yielding a very insoluble pre-
cipitate. This is determined gravimetrically and com-
pared with the weight of a precipitate formed from known
amounts of citrate treated in the same way.

MATERIALS AND APPARATUS. The following solutions
are prepared:

1. A fresh solution of analyzed anhydrous citric acid (3)

containing 2 mg. of citric acid per ml.
. Ten per cent barium acetate.

3. PBaturated barium hydroxide.

4. Fifty per cent alcohol with one per cent barium acetate.

5. Eighty-five per cent phosphoric acid.

6. A solution of mercuric sulfate, made by dissolving a
suspension of 50 grams of mercuric oxide in 500 ml. of water
by the gradual addition of 200 ml. of 96 per cent sulfuric acid
and diluting to 1000 ml.

A relatively simple procedure ts presented for
estimaling cilrale in a solulion conlaining as
little as 1 mg. in a 5-ml. sample.
cedure consists principally in oxidizing citric
acid by means of polassium permanganale in
the presence of mercuric sulfate.
precipilate formed is delermined gravimetrically.
The analysis may be completed in 3 lo 4 hours.
A study of the conditions required in the deler-  1°P
mination and of some possible sources of inler-

7. One per cent potassium per-
manganate.

8. Fifty ?er cent alcohol.

Heavy-walled Pyrex glass cen-
trifuge tubes of 15 ml. capacity,
numbered, weighed, and marked
at 10 ml. are used. A copper
stand holds the centrifuge tubes
in a water bath and a special
stirrer is used when permanganate
is added to each in turn. The
stirrer is made from a 25-cm.
h of 3-mm. glass rod, fitted
with a glass bearing and rubber
stopper as holder. The upper
end is bent to a small hook
and weighted. The lower end is
bent to ashort spiral small enough
to enter the centrifuge tubes,
with a 2-cm. tip to prevent the stirrer from sticking in the cone.
This stirrer when mounted is operated by a string in the hand of
the analyst. Graduated 1-ml. pipets are used to measure the
mercuric sulfate and phosphoric acid solutions. Potassium
permanganate is added from a 10-ml. buret having a rubber
connection with a glass pearl and a bent tip. This type of buret
permits more accurate control of the rate of addition of the
reagent than the type with a glass stopcock. A silver or platinum
wire is used for stirring the precipitate in the wash liquid. |

Procepure. For known quantities of citric acid, six centri-
fuge tubes containing 1 to 5 ml. of the standard solution are a
convenient series. To each is added 1 ml. of 10 per cent barium
acetate and four drops of saturated barium hydroxide. The
precipitation of the barium salt is completed by the addition
of two volumes of 95 per cent alcohol.  Afterstanding 10 minutes,
the precipitate is centrifuged for 5 minutes and is washed three
times by centrifuging with 3 ml. of 50 per cent alcohol containing
1 per cent barium acetate. After the precipitate is well drained
(10 minutes at 30° C.), it is dissolved in a mixture of 3 ml. of
water and 0.16 ml. of phosphoric acid. For 5 minutes this
solution is placed in a boiling water bath to insure complete
elimination of the alcohol.

To the hot solution is added 1 ml. of the mercuric sulfate
reagent. After the precipitate has settled, the solution is
diluted with water to 10 ml., centrifuged, and decanted through
a filter into a small beaker. Eight ml. of the filtrate are trans-
ferred to a weighed 15-ml.
centrifuge tube, and 0.2 ml.
of mercuric sulfate reagent
and 1 ml. of water are
added. The tube is placed
for 1 minute in a water
bath at 85° C., a drop of 3
per cent hydrogen peroxide
is added, and with con-
tinuous stirring, 1 per cent
potassium permanganate is
added at a rate not exceed-
ing one drop in 10 seconds
until & faint pink color
persists for 10 seconds.
One drop of hydrogen
peroxide is added. After 1 minute the stirrer is rinsed off, and
the tube cooled and centrifuged for 5 minutes. Upon decant-
ing the supernatant liquid, the precipitate is stirred with 3 ml.
of 50 per cent alcohol and centrifuged again. Washing is re-
peated three times. During the process a slight scum occa-
sionally escapes from precipitation; but the combined scum
from eight such tubes weighs less than 0.2 mg. After draining
for 5 minutes, the tube is wiped off and dried at 100° C. for
an hour, or in a vacuum oven for half an hour. No change
in weight occurs on standing overnight. The weights of pre-
cipitate, multiplied by 10/8 to correct for the fraction of the
original solution taken, when plotted against the known amounts
of citric acid, form a straight line between 1 and 10 mg. of acid
(Figure 1).

The pro-

The insoluble

(3
»

N

N
; )

Wo'C. 90 80 10 €0 50 40

CITRIC ACID

MG, OF MERCURIC SULFATL
COMPLEX FROM 6.3 MG,

Ficure 2. Errecr oF TEMPERA-
TURE ON YIELD OF MERCURIC
SurraTE CoOMPLEX

The same procedure applies to the determination of citrate
in some mixtures of organic materials. Certain precautions
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are necessary in this case, however, and these are discussed
after some sources of error are considered.

STUDIES OF INTERFERENCE

By the precipitation of the barium salt, interference due
to chloride ions has been avoided. Phosphate has not been
found detrimental. Although Gowing-Scopes (4) has re-
ported that the precipitate is dissolved by prolonged exposure
to hydrogen peroxide, no interference from this source has

A

N

N

S

FROM 3 MG. CITRIC ACID
«

“

MG, MERCURIC SULFATE COMPLEX

™
B

375 100 125 150 L7S 200 225 250 2715
ML SULFURIC ACID IN I0ML. REAGENT

3

Ficure 3. Errecr orF Acip CoNCEN-
TRATION ON YIELD OF MERCURIC SuL-
FATE CoMPLEX

been found in the present procedure. The small amount of
peroxide introduced does not alter the weight of precipitate
appreciably until the period of contact is many times that
given in the procedure.

Studies on the effect of formate, acetate, and succinate on
the amount of mercuric sulfate complex formed are sum-
marized in Table I. No interference was observed.

TABLE I. ABSENCE OF INTERFERENCE BY SUCCINATE, ACETATE,
AND FORMATE
MERCURIC SULFATE

CompPLEX
My.
8.0 mg. anhydrous citric acid 29.1
-+ 2 mg. sodium succinate 29.0, 28.2
+ 2 mg. each of sodium acetate and succinate 29.1, 28.3

2 mg. each of sodium formate, acetate, and succinate 28.6, 28.7

While U. 8. P. lactic acid yielded a rather large precipitate
with this procedure, distilled lactic acid and pure zinc lactate
did not. A study of the influence of tartaric and malic
acids on the yield of the precipitate from citric acid showed
that no appreciable error was introduced within the range
selected. The results of these studies are summarized in
Table II. The maximum error is equivalent to about 0.4
mg. citric acid.

TasLE II. Errect oF TARTARIC AND MaLIc Acips ON CITRATE

DETERMINATION

ANHYDROUS MERCURIC TARTARIC MERCURIC Maric  MEeRrUCRIC
ITRIC SULFATE Acip SULFATE Acip SULFATE
Acip ConmPLEX ADDED ComPLEX ApDED CompLEX
My. My, Mg. Mg. Mg. Mg.
1.9 2.9 3.0 3.4 3.0 3.3
5.0 16.5 3.0 16.4 3.0 16.5
8.1 28.7 3.0 30.4 3.0 29.9

Of the various substances studied, only one has been found
to offer serious interference. This is aconitic acid, which is
closely related in structure to citric acid. This material,
whether used as a commercial c.p. chemical, or whether
further purified, yielded a precipitate when subjected to the
same procedure as citric acid. (See Table III.)

TasrLe III. MEgrcuric CompLEX OBTAINED FROM ACONITIC

Acmp
c. », Acoxnrric MEeRCURIC RECRYSTALLIZED MERCURIC
CID SULFATE Aconrtric Acip SULFATE
(d. 192°) CoMmpPLEX (WATER) CompLEX
Mg. Mg, Mg. Mg.
8.5 5.9 7.9 5.9
7.0 5.6 5.9 4.0
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ErrFecT OoF TEMPERATURE

Since the product of oxidation in this procedure is pre-
sumably acetone dicarboxylic acid, the objection may be
raised that the known instability of this acid at elevated
temperatures may cause erratic deviation in the results.
Since this acid may be kept for months at 7° C. but is almost
instantly decomposed at 100°, the rate of decomposition
evidently varies with the temperature. The yield of mer-
curic sulfate complex might therefore increase as the tem-
perature is lowered from 100°. Experimental study has
shown that this is not the case. The amount of precipitate
remained practically constant between 70° and 100°, and
therefore no error due to changes in temperature will be
encountered when the temperature is kept above 70° C.
Below 70° the amount of precipitate decreases (Figure 2).
An explanation for this may be found partly in the observa-
tion of Kuyper (7) that oxidation of citric acid is more com-
plete at lower temperatures, and partly in the fact that,
while oxidation and complex formation occur practically
instantaneously at elevated temperatures, the rate becomes
slower at the lower temperatures, and the easily oxidized
product is subjected to further oxidation before it is removed
as an insoluble precipitate.

EFFECT OF ACIDITY

The effect of varying the acid concentration in the oxida-
tion has been studied by changing the amount of sulfuric
acid added with the mercuric sulfate reagent. Various
amounts of sulfuric acid were added with stirring to 0.5
gram of mercuric oxide suspended in 10 ml. of water. The
limits between which this variation may be studied are on
the one hand the lowest acidity which suffices to prevent
spontaneous hydrolysis of the reagent in the hot solution
before oxidation, and on the other hand, the highest acidity
at which the reagent may be held in solution. The former
was found to lie between 0.75 and 1.00 ml. and the latter at
about 2.75 ml. The yield of mercuric sulfate complex
decreased linearly with increasing amounts of sulfuric acid
(Figure 3).

The sensitivity of the determination can be increased by
diminishing the acid concentration between the limits in-
dicated. The reagent made by using 1.0 ml. of sulfuric
acid permits detection of half as much citrate as can be
found by the usual method using 2.0 ml. This may be of
particular importance where small amounts of material are
to be analyzed.

DiscussioNn oF Resunrs

The method for analysis of citric acid by the mercuric
sulfate procedure as modified here can be used for samples
containing 1 to 10 mg. of citric acid in 1 to 5 ml. of solution.
By using half the amount of sulfuric acid in the reagent, as
little as 0.1 mg. per ml. can be found. This modification
has not seemed desirable for larger quantities because the
precipitate assumes a dark appearance during the extended
period of oxidation.

The volume of the solution from which the barium salts
are precipitated does not materially influence the result
within the indicated limits. The results of Téufel and Mayr
(15) show that, in the presence of an excess of the precipitat-
ing agent, the solubility of barium citrate in 50 per cent
alcohol is sufficiently low to allow an accuracy of 0.1 per cent.

No interference was encountered from formie, acetic,
succinic, malic, lactic, or tartaric acids in amounts com-
parable with the citric acid present. Where much larger
amounts of substances precipitable by barium acetate are
present, it is necessary to use larger amounts of the reagent.
To test this possibility, the supernatant fluid from the pre-
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cipitation of an unknown mixture of barium salts should
be treated with more reagent before it is discarded. It is
necessary to neutralize the sample if much strong acid is
present, since the precipitation of the barium salt is most
complete in a neutral or slightly alkaline medium.
Interference by aconitic acid requires a qualitative test
for the absence of this material in the unknown mixture in
order to determine the applicability of the method. The
pink or blue coloration of acetic anhydride at 100° C. (16)

is of some value in detecting aconitic acid. The absence of

this coloration indicates absence of aconitic acid.

The rate of oxidation should be not greater than one drop
of potassium permanganate solution in 10 seconds, since
more rapid oxidation gives low results. The use of other
oxidizing agents or more dilute permanganate was not found
advantageous in the present proceduré. For the smaller
quantities in particular, the addition of manganous sulfate
has proved useful, but this has not been essential for the
successful application of the method within the sample range
considered here. All the oxidative methods apply to the
citrate ion; trimethyl citrate and citric triamide, for example,
give no evidence of citrate content by the permanganate
procedures unless they are first hydrolyzed.
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A Large-Size Modified Soxhlet for Hot Extractions

L. S. Grant, Jr., Axp W. M. BiuLing, Hercules Powder Company, Inc., Hopewell, Va.

HE need for a modified Soxhlet extractor intermediate
between the large-size Soxhlets ordinarily used for
quantitative determinations and the very large extractors
described by Cameron (1), Drake and Spies (2), and McCay
(4) but more refined than that described by Liston and Dehn
(3) led the authors to design the extractor shown in Figure 1.
This extractor is especially useful where the material is
fibrous in structure or is to be given a hot extraction.

The apparatus consists of three parts like the ordinary Soxhlet:
the condenser A, the extractor body, C, and the
receiving flask which fits at D. Condenser A con-
sists of a 12-inch (30-cm.) Allihn condenser having
the delivery tube bent and cut as shown. The
flask (not shown) is a 2-liter flat-bottom flask
having a No. 30 standard taper joint to fit at D.
The body of the extractor, C, is 16 inches (40 em.)
in length (over-all) and carries a No. 50 standard
taper joint, B, at the top and a No. 30 standard
taper joint, D, at the bottom. The va{:or tube,
G, having a vent, V, at the top, carries the siphon
tube E, fastened at points H to give it strength
and protected by the shield, F. is vented at [
and carries 6 or 8 holes, J, at the bottom. The
body is 5 inches (12.5 cm.) in diameter and 10.5 |;
inches (26 em.) in height (exclusive of joints). |

Shield ¥ is 2 inches (5 em.) in diameter. The i

volume of liquid required to cause siphoning (ex- i

tractor empty) is 1900 cc. ;
This extractor overcomes the chief difficulty [’/‘ i

found in most Soxhlets—imperfect siphoning— I

by the use of the large siphon shield F. This '
shield, besides protecting the siphon tube, acts
as a reservoir so that the siphon is always in i
contact with liquid, the reservoir being so large
that the solvent has considerable time to drain
from the sample into the reservoir before the
reservoir is emptied. For best results siphon >'

The fact that the vapor tube, &, passes through the liquid
in the extractor means that only constant-boiling solvents, or
those which have a very short boiling range, may be used
because the liquid in the reservoir is always hot and re-
fluxing will occur to such an extent that no extraction will
take place if the solvent has a wide boiling range. However,
by placing a chimney around the body of the extractor in
such a manner that little heat is lost by radiation, extraction
at a few degrees below the boiling point of the solvent will
take place when a constant-boiling solvent is
used. Since siphoning is clean and rapid, very
good hot extractions can be carried out in this
manner. If low-boiling solvents are used and
exceptionally rapid extractions are desired, it
would no doubt be advantageous to replace
condenser A by one of the type described by
Cameron (1).

The extractor described above has been used
mainly for the alcohol extraction of cotton
linters, although other solvents have been em-
ployed. With this solvent excellent results
have been obtained over a period of 6 months.
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Determination of Butter Fat in the Presence

of Coconut Oil
A Modified Kirschner Procedure

Frep F. FLanpers AND ANNA D. Trurrr, State Purchase Laboratory, Boston, Mass.

HE regular Kirschner test! for the determination of

butter fat in the presence of coconut oil has a number

of inherent disadvantages which limit its usefulness.
It calls for a second distillation of the fatty acids and depends
upon the use of silver sulfate, which is not very soluble or
quick in its action.

The modification to be described reverses the regular
procedure in that it avoids the second distillation and operates
directly upon that portion of the fatty acids precipitated by
silver. Also, the use of silver nitrate as the silver salt
insures quick and clean precipitation. This process has
been in use for many years in this laboratory in controlling
the composition of oleomargarine which contained 10 per cent
of butter fat and a similar amount of coconut oil. The
authors’ modification of this method (called the Kirschner-
Flanders procedure) is as follows:

Mobrriep METHOD

The Reichert-Meissl determination is carried out as usual,
using glycerol soda for the saponification. The distillation is
best conducted on an electric heater capable of close regulation,
as the time of distilling 110 cc. must be 30 = 0.5 minutes for
good results.

The 110 cc. of distillate are titrated in a 300-cc. Erlenmeyer
flask with 0.1 N sodium hydroxide, using phenolphthalein
indicator and running to a distinet end point. This gives the
Reichert-Meissl number, which should be corrected by a blank
titration found by carrying through the heating and distillation
on the glycerol soda solution alone.

Add 5 ce. of 10 per cent silver nitrate solution to the neutralized
Reichert-Meiss] distillate. Let it stand 30 minutes with occa-
sional rotatory shaking. (The flask should be stoppered.)
Filter on a 9-cm. paper (Whatman No. 41). Let filter drain
(do not wash precipitate). Transfer precipitate to a separatory
funnel with cold water and also rinse out flask into separatory,
using as little water as possible. Rinse flask with 15 cc. of
0.1 N sulfuric acid and pour the acid over the filter, into the
separatory. Rinse filter with a little water and discard paper.

Stopper the separatorg and shake vigorously till precipitate
is dissolved. Rinse the flask with 15 ce. of chloroform and add
to separatory. Shake well and let stand until the chloroform
clears. Draw chloroform layer carefully through a dry filter
(Whatman No. 4) into a 150-cc. Erlenmeyer flask. Repeat
extraction twice with 10-cc. portions of chloroform, letting
stand a few minutes each time %?afore drawing off. Rinse filter
with 25 cc. of additional chloroform. Add 3 or 4 drops of
}}henolphthalein indicator made up with absolute alcohol.

itrate directly in chloroform with 0.1 N sodium ethylate solu-
tion to strong end point.

The ftitration is carried out in the absence of water. The
standard sodium ethylate is prepared from cleaned sodium and
absolute alcohol and may be standardized in the usual way
against standard hydrochloric acid. The chloroform used must
be washed, if not neutral, and filtered through dry paper to
remove water,

For practical use the figures as shown in Table I should be
plotted on plain cross-section paper, with increasing per-
centages running vertically and titrations horizontally. The
Reichert-Meissl value of the pure butter fat is taken as 28
and is drawn as a straight line. The Kirschner-Flanders and
Reichert-Meissl values yield curves of similar shape. The
proportion of the volatile acids precipitated by silver varies
from 81 per cent at 10 per cent coconut oil in the mixture to
76 per cent when pure coconut oil is used.

1 Assoe. Official Agr. Chem,, Methods of Analysis, 3rd ed., p. 324 (1930).

The authors’ experience with this method has been princi-
pally on oleomargarine containing 10 per cent of butter fat
and from 6 to 15 per cent of coconut oil. Under these
conditions it has given results very close to the true value for
butter fat and approximate values for the coconut oil. In
this range fairly close results for the butter fat may be secured
on mixtures of butter fat with coconut oil by subtracting the
Kirschner-Flanders titration from the Reichert-Meissl and
dividing the result by 28.

TaBLE I. Pure BurTtEr FAT AND CocoNut O1n ALONE
BurTER FAT Cocoxvur O1L
Reichert- Kirschner- Reichert- Kirschner-
% Meissl Flanders Meissl Flanders
0
100 28.0 4.0 7.8 6.0
90 S0 3.5 7.6 5.85
80 3.0 7.2 5.6
70 2.5 6.85 5.4
60 2.05 6.4 5.1
50 1.6 6.0 4.8
40 1.2 5.5 4.5
30 0.8 4.8 4.0
20 0.5 3.9 3.2
10 0.25 2.7 2.1
5 0.1 1.8 0.8
TaBLE II. RESULTS WITH VARYING AMOUNTS OF BUTTER FAT
AxDp Coconur Orin
Burrer  BUTTER
Far MIXTURE Kirsca- FAT BY FAT BY
Butter Coconut REICHERT-  NER- Kirscn- Kirscr- KIRSCHNER-
fat oil MEi1ssL® FLANDERS? NER® NER FLANDERS
% % % o
50 50 LTl 5.6 12.6 55.4 48.6
40 40 15.1 5.2 10.1 44.7 39.7
30 30 11.6 4.2 7.6 33.68 29.3
20 20 8.4 3.2 5.0 22.1 20.7
15 15 6.3 2.6 3.7 16.4 14.6
10 10 4.8 2.0 2.5 11.7 10.9
5 5 2.7 1.0 1.2 5.3 6.6
80 20 23.6 5.8 19.7 87.1 73.2

@ Ce. 0.1 N sodium hydroxide.

When larger percentages of butter fat are involved more
exact results may be secured by the following formula:

% butter fat = tas ) ;é Co X100
where A = Reichert-Meissl value
B = Kirschner-Flanders value
¢ = correction for part of Kirschner-Flanders due to
butter fat

Using A — B as an approximation for the Reichert-Meissl
value of the butter fat present we find the corresponding
Kirschner-Flanders value for pure butter fat on the Reichert-
Meissl and Kirschner-Flanders curves, which can be plotted
from Table I.

For example, a mixture containing butter fat and coconut oil
had a Reichert-Meissl value of 17.7 ce. and a Xirschner-
Flanders value of 5.6 ce.: A — B = 12.1. Using this agﬁroxi—
mation of the R. M. value for the butter fat present we find by
running up to the R. M. line a corresponding K. F. value of
1.3. Adding this to 12.1 we get 13.4. By using this corrected
value and again referring to the R. M. line we find it would
have a K. F. of 0.2 higher, or 1.5. This is the value C, or the
true K. F. yalue corresponding to the butter fat present. Add-
ing this to A — B or 12.1, we get 13.6, which divided by 28
and multiplied by 100 gives 48.6 per cent.

By subtracting the K. F. number from the total R. M. value
we have taken off not only that portion of the acids from coconut
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oil which were precipitated by silver, but also those from butter
fat. This is not serious when the percentage of butter fat is in
the neighborhood of 10 per cent, but becomes serious when
larger percentages are present. By means of the approximate
value A — B, we may determine what the K. F. was and add
it as a correction.

Table II gives results obtained on several samples con-
taining varying amounts of butter fat and coconut oil.
Results by the regular Kirschner method are given for com-
parison, also the percentages of butter fat indicated by di-
viding these results by the average factor 22.6.

A very intéresting set of curves showing the relation be-
tween the Reichert-Meissl, Kirschner-Flanders, and Kirsch-
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ner values may be secured by plotting all the values given
in both tables on the same sheet of cross-section paper.

A consideration of the curves obtained would indicate
that the method should be most useful on mixtures containing
up to 30 per cent of butter fat and from 10 to 40 per cent of
coconut oil. The lower range might be extended by the
addition of just enough of the silver salt of the fatty acids
to saturate the solution in which the precipitation is to be
made. On the Kirschner-Flanders curve this would appear
to be the equivalent of 5 per cent of coconut oil. This the
authors have never tried, but offer the suggestion for what
it is worth.

Receivep March 5, 1934,
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Columbium in Steel
Determination in 18-8 Chromium-Nickel Steel and in Low-Titanium Steel

Louis SiuveErMAN, Office of Inspector of Naval Material, Munhall, Pa.

and a simple gravimetric method for its determination

in alloy steels is available. Weiss and Landecker
(2), in a summary of the properties of columbium and tan-
talum, stated that they could be separated from solution by
perchloric acid, quantitatively, and in an easily filterable form.
It was found that fuming with perchloric acid also gave an
easily filterable product.

4 I YHE use of columbium in steel is increasing rapidly,

PROCEDURE

Corumeiva. Two grams of alloy steel (0.8 per cent colum-
bium, 18 per cent chromium, 9 per cent nickel) were dissolved in
about 25 cc. of dissolving solution (750 cc. hydrochloric acid,
250 cc. nitric acid, 1000 cc. water) in a 400-cc. beaker. After
the steel had been completely disintegrated, 20 to 25 cc. of 70
per cent, (technical) perchloric acid were added; the heating was
continued until red chromic acid formed and then 5 minutes
longer. The contents of the beaker were cooled and diluted to
100 cc. with water, the chlorine was boiled out, and the pre-
cipitate was filtered off on a No. 40 Whatman paper.

The paper was washed six times with hydrochloric acid (1 to 10)
and once with water to remove excess acid. The paper was
transferred to a tared platinum crucible, the paper charred, and
the crucible ignited, cooled, and weighed. This gave columbium
pentoxide plus silica. About 5 cc. of 1 to & sulfuric apxd and
3 to 4 drops of hydrofluoric acid were added. .The_crumble was
heated (150° to 200° C.) to fumes of sulfuric acid, and then
till practically all acid had been evaporated. The upper edge of
the crucible was heated in the flame of a Meeker burner (because
of danger of spitting), and increasing portions of the crucible were
ignited to drive off more acid; finally the residue in the crucible
was heated to about 900° C. to drive out the last traces of acid.
Columbium pentoxide remained. Silica was obtained by differ-
ence. i

The residue on the filter paper was black, which might indicate
lower oxides or the carbide of columbium. To determine car-
bon, a sample of steel was fumed in perchloric acid, filtered off on
a small Gooch crucible, and washed with hydrochloric acid and
then with water. The crucible was dried af 110° C. and placed
in a carbon furnace apparatus; the carbon was determined and
found to be 0.05 per cent. It is possible that lower oxides of
columbium were present. Hydrofluoric acid changes the residue
to the higher oxide of columbium. :

Redigestion of the black precipitate on the paper with a
mixture of nitric and perchloric acids is of no help. However,
if hydrofluoric acid is added to the original dissolvm% solution,
the residue from the perchloric acid treatment will be light
yellow but will contain some silica. Such treatment of the
steel would have no advantages. 3

In the removal of the silica by hydrofluoric acid, sulfuric or
nitric acids may be used, but in decided excess to prevent partial
volatilization of columbium as the fluoride. The residue must

be ignited strongly to remove the last traces of the acid radical
present. The oxide is yellow when hot and nearly white when
cold. The oxide may easily be removed from the crucible by
fusion with phosphate.

If the steel is dissolved in hydrochloric acid (1 to 2), cooled, and
cupferron added, columbium, some iron, silica, and carbides are
found on the filter paper. {When the paper is returned to the
beaker, treated with 10 cc. of nitric plus 10 cc. of perchloric acid,
fumed, and then treated as in the usual procedure, all the colum-
bium will be found in the residue.

Trranxiom. It has been shown (1) that titanium originally
present in a steel sample can be dissolved out with perchloric
acid. Weiss and Landecker (2) found that titanium causes
tantalum and columbium to react differently after fusion than
if titanium were absent. A steel containing both columbium and
titanium was not available. However, a l-gram sample con-
taining columbium and & 1-gram sample containing 0.30 per cent
titanium were mixed and run for columbium. The residue in-
dicated that the perchlorie acid had taken up all the titanium
and left the columbium. It has been found that perchloric acid
will hold at least 12 mg. of titanium in solution.

TantaLuMm. Tantalum is expected to react in the same man-
ner as t(:lolumbium but no samples of tantalum in steel have been
received.

The data obtained are as follows:

2 6. STEEL
TREATED WITH

1 6. STEEL TREATED HF-H:804 BY

wite HNO~HF 1n CUPFERRON
Pt CrucisLe MeTHOD
Crucible, Si0s, Cb oxide, grams 19.8545 19.8443 25.0994
Same, after HF treatment, grams 19.8441 19,8341 25.0958
Crucible, grams 19.8318 19.8219 25.0715
Si0:~Cb20s, gram 0.0227 0.0224
8i0y, gram 0.0104 0.0102 0.0243 (2 &)
: .
CbiOs, gram 0.0123  o.o122  {3-0950 (3
81,% 0.49 0.48
Cb, % 0.86 0.85 0.85
16.Cb + 1a.
- Ti (0.30%) CIN A 2-a.
SteEELs MIXED Resipur
Crucible + oxides, 2 g. COy, gram 0.0038
grams 16.0461 1 g. CO;, gram 0.0019
Same, after HF treat- Carbon, % 0.05
ment, grams 16.0264
Crucible, grams 16.0143
Remainder, gram
(shows no Ti) 0.0121
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Determination of Malic Acid in Plant Tissue

Simultaneous Determination of Citric and Malic Acids

GeorGe W. Pucner, HuBerT BRADFORD VICKERY, AND ALFRED J. WAKEMAN

Connecticut Agricultural Experiment Station, New Haven, Conn.

ALIC acid is one of the
most widely distrib-
uted organic acids

found in plants, and frequently
occurs in relatively high concen-
tration in them. A method for
its accurate determination is
therefore a matter of consider-
able importance in plant physi-
ology; unfortunately, however,
none of the methods that have
been proposed hitherto are suit-
able for the estimation of small
quantities.

Methods that depend upon
precipitation of the acids as lead
or barium salts (4, 5, 9), with
subsequent preparatlou and frac-
tional distillation of the esters,
can be successfully applied only

to large quantities of material. 4

The method most commonly
used in recent years is based
upon the high optical rotation
of malic acid in the presence of
uranium (2) or of molybdenum
(1) salts. This method is spe-
cific only in the absence of other
optically active acids; further-
more, the possibility that di-

Malic acid, when oxidized by polassium per-
manganate in the presence of potassium bromide,
is converted into a bromine compound that s vola-
tile with steam. This substance combines wilh
dinitrophenylhydrazine in acid solulion lo yield
a product insoluble in water which can be filtered
off and dissolved in pyridine. The pyridine
salution, when diluted with waler and made
alkaline with sodium hydroxide, promptly de-
velops a blue color suilable for spectrophoto-
melric measuremenls, strictly proportional lo the
quantity of malic acid laken over the range 0.1
lo 2.5 my., and stable for several hours. The
same product is formed from both optically aclive
and inaclive malic acid.

A method, based upon this reaclion, has been
developed lo delermine the malic acid conlent
of dried leaf tissue, or of extracts from leaves,
and has been applied lo lobacco leaf. Prelimi-
nary experiments have shown that it can readily
be adapled lo the investigation of the malic acid
conlent of muscle, blood, and urine, and also
lo the delermination of aspartic acid afler this
has been deaminized with nitrous acid.

extraction with petroleum ether.
This solvent does not extract the
oxidation product of malic acid.

Products that yield precipi-
tates with dinitrophenylhydra-
zine are formed when carbohy-
drates or certain amino acids
are subjected to oxidation with
potassium permanganate. But
no such compound is formed
from either malic or citric acid,
unless potassium bromide is also
present during the oxidation;
consequently it is possible to
estimate malic acid in the pres-
ence of these interfering sub-
stances if two parallel oxidations
are conducted, one with and one
without bromide, and the result-
ing solutions are extracted with
petroleum ether to remove pen-
tabromoacetone. The difference
in the yields of dinitrophenyl-
hydrazine derivative then repre-
sents with considerable accuracy
the quantity of malic acid
present, inasmuch as the bro-
mide has no effect upon the oxi-
dation of the carbohydrates. It
is generally more convenient,

malic acid may sometimes be present in plant tissues (8) in-
troduces an element of uncertainty into the result as a meas-
urement of the total quantity of malic acid present.

The method described in the present paper depends on the
observation that malic acid, when treated with potassium
permanganate in the presence of potassium bromide under
the proper conditions, is converted into a bromine compound
that is volatile with steam. This substance yields an ex-
tremely insoluble condensation product when heated with
dinitrophenylhydrazine in acid solution. The ratio between
the amount of this product and of the malic acid submitted
to oxidation is constant, and the quantity can be easily esti-
mated by dissolving the product in pyridine, diluting with
water, and making the solution alkaline with sodium hydrox-
ide. The intense blue color formed is in every way suitable
for measurement in a Pulfrich spectrophotometer.

The specificity of this reaction with respect to the common
organic acids is remarkable. A quantity of 0.2 mg. of malic
acid gave a distinct orange precipitate after heating the oxida-
tion product with an acid solution of dinitrophenylhydrazine,
but 25 mg. each of acetic, lactic, fumarie, succinie, pyruvie,
tartaric, maleic, glycollic, and glyoxylic acids failed to give
any precipitation when oxidized and treated in the same
way. Citric acid is converted into pentabromoacetone by
the oxidation procedure employed, and this substance yields
a precipitate with dinitrophenylhydrazine. No difficulty
1s thereby presented, however, since pentabromoacetone, if
present, is readily removed from the oxidation mixture by

however, to eliminate the amino acids and carbohydrates as a
preliminary step by extracting the organic acids with ether
from the material under investigation.

Although considerable study has been given to the nature
of the oxidation product of malic acid, a detailed explanation
of the chemical reactions that occur has not yet been ob-
tained. It seems better therefore at present to describe the
reaction from an entirely empirical point of view.

REAGENTS

Sulfuric acid, 50 per cent:
centrated acid and water.

Potassium bromide, 1 M:

Potassium permanganate, 1.5 N:
ce.

Bromine water: saturated aqueous solution.

Sulfuric acid, 2 N: 28 cc. of concentrated acid diluted to 500
ce.

Hydrogen peroxide, 3 per cent: ordmary commercial product.

Petroleum ether: boiling point, 35° to 50° C.

Sodium sulfide, 4 per cent: 4 grams of cry%t'illme sodium sul-
fide diluted to 100 cc., prepared fresh every 2 to 3

Hydrogen peroxide (halogen-free): 4 grams of sodlum rox-
ide dissolved in 50 cec. of water, cooled, and faintly acidified to
Congo red with 50 per cent sulfunc acid (7 to 8 ce. required);
prepared fresh every week.

Silver nitrate, 0.02604 N: 4.4231 grams of pure silver nitrate
diluted to 1000 ce. 1 ce. = 1.0 mg. of citric acid.

Ammonium thiocyanate, 0.02604 N; 1.98 grams diluted to
1000 ce. and standardized against the silver nitrate.

Ferric ammonium sulfate (ferric alum): 30 grams dissolved
by warming with 100 ce. of water.

a mixture of equal volumes of con-

11.9 grams diluted to 100 cc.
47.4 grams diluted to 1000

288



July 15, 1934 INDUSTRIAL AND
Dinit,ro(i)henylhydrazine: 5 grams of Eastman’s dinitro-
- phenylhydrazine are ground in a mortar with several successive
portions of a mixture of 200 cc. of concentrated hydrochloric acid
with 800 cec. of water. The whole is then transferred to a beaker
and boiled for 1 to 2 minutes with vigorous stirring; after bein
cooled, the solution is diluted to 1000 cc. with water and filtere
through hard paper. The reagent is filtered again just before
using.
Sodium sulfite, 20 per cent: 20 grams of crystalline sodium
sulfite diluted to 100 cc., prepared fresh every 2 to 3 days.
Pyridine: Eastman’s pyridine (pract.) is redistilled.
Sodium hydroxide, 5.0 EV ;200 grams of c. p. sodium hydroxide
diluted to 1000 cc.

PREPARATION OF ORGANIC Acip FracTION

Two grams of the dried and powdered tissue are acidified to
pH 1 with sulfuric acid, mixed with 3.5 grams of asbestos, and
extracted with ether according to the technic of Pucher, Vickery,
and Wakeman (7). The organic acids are transferred to aqueous
alkali and the solution is made to 100 ce. If extracts of tissue
are employed, a portion equivalent to 2 grams of the tissue is
evaporated to a sirup (not to dryness), acidified to pH 1 with
sulfuric acid, and mixed with the asbestos; the mixture is then
extracted with ether in the same way.

OXIDATION OF MALIC AND CITRIC ACID

An aliquot part of the organic acid fraction that contains 0.2
to 2.0 mg. of malic acid (5 cc. are usually sufficient) is diluted to
20 cc. with water, and 3 cc. of 50 per cent sulfuric acid are added.
The mixture is boiled gently for 8 to 10 minutes to expel traces of
ether, cooled, and 1 cc. of bromine water is added. After 5
minutes the solution is filtered with gentle suction through asbes-
tos in a Gooch crucible into a beaker marked at 35 cc.; interfer-
ing impurities are thereby removed. The Frecipitate is washed
with small quantities of water until the filtrate reaches 35 cc.,
when 2 cc. of 1 N potassium bromide are added. The tempera-
ture of the solution is then adjusted to 20° to 22° C. and 5 cc. of
potassium permanganate previously brought to the same tem-

rature are added. The mixture is allowed to stand in a water

ath at 20° to 22° C. for 10 minutes with occasional stirring, and
is then chilled to 5° to 10° C. and decolorized with 3 per cent
hydrogen peroxide added dropwise with vigorous stirring.

REMOVAL OF PENTABROMOACETONE

The oxidation mixture contains the pentabromoacetone
derived from any citric acid present; this is removed by ex-
traction with petroleum ether according to the technic de-
scribed by Pucher, Vickery, and Leavenworth (6). The
petroleum ether is washed once with 3 cc. of water and the
citric acid equivalent to the pentabromoacetone may be de-
termined as described below.

DETERMINATION OF MALIC ACID

The aqueous solution together with the 3 cc. of wash fluid
from the petroleum ether is ﬁluted to 100 cc. and a 25-cc. aliquot
is transferred to a 300-cc. Kjeldahl flask. About 25 cc. of water
and a few angular quartz pebbles are added. To insure the de-
struction of hydrogen peroxide about 0.5 cc. of potassium per-
manganate is then added and the solution is decolonzeq by the
addition of 2 ce. of sodium sulfite solution. The flask is fitted
with the distillation tube described by Folin and anht (3).
A 250-cc. wide-mouth Erlenmeyer flask charged with 10 cc.
of freshly filtered dinitrophenylhydrazine solution and 20 cec.
of water is used as a receiver; the end of the distillation tube is
dipped beneath the surface of the reagent in the receiver and the
flame of a microburner is applied to the flask. Distillation is
continued at a rapid rate without cooling the receiver until the
volume of solution remaining in the Kjeldahl flask has been re-
duced to somewhat less than 10 cc. A mark previously placed
on the flask with a wax pencil at the 10-cc. point is of assistance.
The distillation requires from 12 to 15 minutes. The distillation
tube is then rinsed off and the receiver is cooled to room tempera-
ture.

The orange precipitate is transferred as completely as possible
with water to a small (No. 2) Gooch crucible furnished with an
asbestos mat, and is then dried for a short time at 100° to 110° C.
Meanwhile the receiver is thoroughly drained, and the last traces
of precipitate are taken up in hot pyridine used in several succes-
sive portions but not more than 3 to 4 cc. in all. The ’F idine
washings are transferred to a 25-cc. volumetric flask. The cru-
cible is then fitted into a rubber sto%per carried on a cylindrical
funnel which is attached to a test tube equipped with a side arm
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and marked at 20 cc. Boiling pyridine is added in small por-
tions to the crucible, and the contents are gently triturated with
a glass rod, after which suction is applied anci, the pyridine is
drawn through each time; three or four washings are usually suf-
ficient to dissolve and transfer all the precipitate to the test tube.
The pyridine solution is then added quantitatively to the 25-cc.
flask used for the rinsings of the receiver. After being cooled to
room temperature the solution is made to volume with pyridine
and mixed; it is then allowed to settle or is filtered, if necessary,
through soft paper to remove shreds of asbestos.

Either a 2-ce. or a 5-ce. aliquot part of the pyridine solution
is transferred to a 100-cc. flask and 50 ce. of water are added,
The solution is then
diluted to the mark and the blue color is read in a Pulfrich spec-
trophotometer using color filter S-57 and a cell length that gives
readings between 30 and 80 per cent. In general a 1-em. or a
3-cm. cell is suitable. The extinction coefficient is calculated and
the malic acid equivalent is read from a_calibration curve con-
structed as described in the next section.

The method is satisfactory for the estimation of from 0.1 to
2.5 mg. of malic acid in the 25 ce. of pyridine. If more than 2.5
mg. are found the distillation shoul(ﬁ) be repeated on a smaller
aliquot part of the oxidation mixture, but if less than 25 ce. are
employed it is necessary to add 1 or 2 cc. of 50 per cent sulfuric
acid before distilling, and in any case the aqueous volume in the
Kjeldahl flask must be from 40 to 50 cc.

CoNSTRUCTION OF CALIBRATION CURVE

Pure commercial dl-malic acid is recrystallized twice from
water and dried to constant weight in a vacuum desiccator;
exactly 200 mg. of the product are dissolved and diluted to
100 cc. with 1 A sulfuric acid. This solvent preserves the
malic acid indefinitely.

A 5-ce. aliquot (10 mg.) is oxidized under the conditions
described; the oxidation mixture is made to 100 cc. omitting
the extraction with petroleum ether, and aliquot parts are
distilled into the dinitrophenylhydrazine reagent. Readings
of the blue color are obtained using both 2- and 5-ce. aliquots
of the pyridine solution, and the extinction coefficients are
plotted against the number of milligrams of malic acid in the
aliquot of pyridine taken. Several determinations should
be made of each point and these should agree within 5 per
cent of each other. The average values should give a straight
line.

CALIBRATION DATA FOR DETERMINATION OF MaLIC
Acip wiTH PULFRICH SPECTROPHOTOMETER

(Light filter 8-57)
Extincrion COBFFICIENT Mavurc Acip

TasLe I.

K My,
0.030 0.016
0.039 0.020
0.047 0.024
0.060 0.032
0.078 0.040
0.116 0.060
0.156 0.080
0.200 0.100
0.315 0.160
0.395 0.200
0.473 0.240
0.628 0.320

Table I gives the data of the calibration curve obtained in
this laboratory. It represents the average of a large number
of closely agreeing determinations obtained in several differ-
ent ways: (1) From 0.1 to 5.0 mg. of malic acid were sepa-
rately oxidized and the extinction coefficient was obtained
with and without steam distillation of the product of oxida-
tion. When distillation was omitted the dinitrophenylhydra-
zine was added and the mixture was heated for 10 minutes in
a boiling water bath. (2) Ten milligrams of malic acid were
oxidized and the resulting solution was diluted to 100 ce.;
of this 0.5- to 25-cc. aliquots were analyzed both with and
without distillation. (3) Similar experiments were conducted
in which from 0.3 to 6.4 mg. of citric acid were added before
oxidation, and the pentabromoacetone was subsequently re-
moved by extraction with petroleum ether. In all cases five
and usually ten readings of the spectrophotometer were
taken and averaged, and readings were usually obtained with
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two cells of different lengths. In these observations the ex-
tinction coefficient observed for a given quantity of malic
acid never varied more than =8 per cent, and duplicate de-
terminations usually agreed within =3 per cent. Consist-
ent results were obtained whether the oxidation products
were distilled or not, and the presence of citric acid during the
oxidation had no effect.

The data in Table I give the extinction coefficient, K, for
the number of milligrams of malic acid represented by the
100-cc. volume of blue solution upon which readings are taken.
The calculation of the result of an analysis is made as follows:

. Grams of malic acid in 2 grams of tissue = mg. of malic acid
in
25 100 100 1
Py % 0z X Fr * 1000
where Py = aliquot of the 25 cc. of pyridine solution
Oz = aliquot of the 100 cc. of oxidation mixture
Fr = aliquot of the 100 cec. of organic acid fraction
To convert into percentage the result is multiplied by 50.

Py X

If preferred, calibration curves may be so drawn as to give
the malic acid content of the entire 25 cc. of pyridine when a
2-ce. aliquot and a 5-ce. aliquot are taken. The data for
these curves may be derived by multiplying the data in col-
umn 2 of Table I by 12.5 and 5, respectively.

DiscussioN

The oxidation of malic acid with potassium permanganate
must be conducted with careful attention to the temperature.
In a series of experiments carried out at various temperatures
with known amounts of malic acid, the yield of product, as
measured by the blue color of the alkaline solution of its di-
nitrophenylhydrazine derivative, was 66 per cent at 9° C.,
100 per cent at 19° and at 26° C., 70 per cent at 32° C., and
32 per cent at 40° C. Experience showed that an oxidation
temperature within the range 20° to 22° C. gave consistent
results and this condition was therefore adopted.

The yield of product is also influenced by the amount of
potassium bromide added, being considerably depressed if
only 1 cc. of N bromide is added instead of 2 ce. A further
moderate excess of bromide, however, did not influence the
results. Variations in the amounts of sulfuric acid and of
permanganate were without material influence, provided ex-
cess of both were present, but the conditions recommended
with respect to these reagents have been found advanta-
geous and should be observed.

The removal of the excess of permanganate after the oxida-
tion was found to present some difficulty. Ferrous sulfate
was not satisfactory because oxidation mixtures prepared
with this reagent gave a large blank when heated with dinitro-
phenylhydrazine. Sulfites were satisfactory if malic acid
alone was to be determined, but if citric acid was present the
pentabromoacetone was partly converted into substances
that could not be removed with petroleum ether and that sub-
sequently increased the apparent yield of malic acid. Hydro-
gen peroxide was satisfactory if carefully used. Undue ex-
cess must be avoided since, if present under the conditions
adopted, a dinitrophenylhydrazine compound soluble in
pyridine is produced which increases the amount of blue color
observed. The addition of a small amount of permanganate
to the solution before distillation provides for the removal of
any ordinary excess of peroxide, and the subsequent addition
of sulfite removes the excess of permanganate together with
any bromine that may have been liberated.

The distillation of the oxidation product with steam effects
an important purification of the substance and eliminates the
necessity for blank determinations, at least in connection
with the determination of malic acid in the leaf tissue the
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authors have chiefly employed. Before the possibility of
this step had been appreciated, it had been necessary to con- °
duct parallel oxidations on equal aliquots of the oxidation
mixture, one with and one without potassium bromide. The
blank determination usually amounted to the equivalent of
from 0.2 to 0.4 per cent of malic acid in the tobacco leaf tissue,
but was undoubtedly due to the presence of some other
substance. Blanks of a similar order of magnitude were se-
cured when tissue was analyzed from which all the malic acid
had been removed by thorough extraction with hot water.
This difficulty was completely avoided by the steam distilla-
tion of the oxidation product.

Another blank, although of very small magnitude, was
eliminated by the aliquoting of the oxidation mixture. The
reagents alone give a small but constant blank equivalent to
from 0.025 to 0.04 mg. of malic acid in the entire pyridine
solution when the whole of the oxidation mixture is distilled;
a similar blank is obtained if organic acids are present but
potassium bromide is omitted. The amount of color is un-
readable, however, if an aliquot of 50 cc. or less of the oxida-
tion mixture is employed, and does not influence the accu-
racy of the determination of even as little as 0.1 mg. of malic
acid. The blank determination in the oxidation mixture
does assume importance, however, when tissues very low
in malic acid are studied. Such preliminary experiments as
the authors have carried out with blood, urine, or muscle
extracts have shown that a control oxidation in the absence
of bromide is necessary in these cases.

The selection of the proper aliquots to use must be founded
on experience. The method is best adapted to the determina-
tion of quantities of malic acid not exceeding 2.5 mg. Larger
amounts yield a precipitate with dinitrophenylhydrazine
that is difficult to manage by the technic described.

The oxidation product of malic acid is stable for many days
in sufficiently acid aqueous solution at room temperature, but
is unstable in alkali. The pyridine solution of the dinitro-
phenylhydrazine derivative can be kept for several days if
necessary without change. The blue color produced by the
addition of alkali is fully developed at once and does not
change appreciably for at least 2 hours.

SIMULTANEOUS DETERMINATION OF CITRIC ACID

The citric acid equivalent of the pentabromoacetone re-
moved by extraction with petroleum ether is best determined
by the method recently described by Pucher, Vickery, and
Leavenworth (6). Certain refinements of this method have
been developed to deal with the small quantities of citric acid
encountered when the chief object is the estimation of the
malic acid.

The petroleum ether extract, obtained as already described, is
washed three additional times with 3 cc. of water to remove in-
organic halides, the washings being discarded. A 3-cc. quantit
of 4 per cent sodium sulfide solution is added to the funnel and,
after vigorous shaking, the aqueous layer is drawn off into a 50-
cc. Erlenmeyer flask. The petroleum ether is then treated a
second time with 3 cc. of sodium sulfide, and is washed three
times with 3 to 4 cc. of water, the aqueous solutions being all
received in the same flask. To this 2 cc. of 2 N sulfuric acid are
added, a few angular quartz pebbles are droglped in, and the solu-
tion is boiled gently for 3 minutes to expel hydrogen sulfide. It
is then cooled to room temperature, and sufficient 1.5 N perman-
ganate is added to produce a red color (0.8 to 1.0 cc. usually)
permanent for 15 to 20 seconds. The color is discharged by the
addition of a small excess of halogen-free hydrogen peroxide, and
2 ce. of concentrated nitric acid, 3 cc. of standard silver nitrate,
1 ce. of ferric alum indicator solution, and 3 to 4 cc. of ether are
added. The flask is shaken vigorously to coagulate the silver
bromide, and the solution is titrated with thiocyanate from a
microburet to a faint salmon-pink color. Multiplication of the
number of cubic centimeters of silver nitrate used by the factor
1.12 gives the number of milligrams of citric acid in the aliquot
of the organic acid fraction taken. If the solution should chance
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to contain in excess of 3 mg. of citric acid the first drop of thio-
cyanate will produce a red color. In these circumstances addi-
tional silver nitrate is added and the titration is completed in
the usual way.

REcovERY OF MALIC AcID

Table II gives the data of analyses of a solution of pure
malic acid. The values of the extinction coefficient as ob-
served in cells of two lengths are shown, and the malic acid
equivalent to the average of these is given as closely as it
could be read from the calibration curve.

Tasre II. RecovERY OF MaLIC AcID

(Light filter 8-57)

Mavic Acip K Mavic Acip
TAKEN 1-cm. cell 3-cm. cell Founp RECOVERY

Mg. My. o
0.20 0.032 0.031 0.20 100
0.029 0.031 0.20 100

0.50 0.070 0.077 0.50 100
0.082 0.081 0.51 102

0.074 0.075 0.48 96

1.00 0.153 0.152 0.97 97
0.168 0.158 1.03 103

0.158 0.155 1.00 100

In Table IIT are data on further analyses; the first five
determinations were made on solutions that were subjected
to the complete procedure—that is, the malic acid was ex-
tracted with ether in the customary way and every successive
step was carried out. The next group of determinations was
on aliquots of a standard solution to which 25 mg. of a mix-
ture of oxalic, lactic, pyruvie, succinic, tartarie, maleic, gly-
collic, and fumaric acids in approximately equal amounts
had been added. The last determinations were conducted in
the presence of 6.4 mg. of citric acid.

TasLe III. Recovery oF MALIC ACID
MIXTURE OF
OTHER Crrric
Mavric Acip Acips Acip Mavic Acip

TAKEN TAKEN TAKEN Fouxp RECOVERY
My. My. Mg. Mg. %
2.00 Ve e 2.10 105
4.00 or 4.00 100

100.0 e 104.0 104

100.0 e 101.0 101

100.0 o 106.0 106
0.0 25 0.00 St
0.0 25 0.03 S
1.0 25 1.00 100
1.0 25 1.08 108
0.1 25 0.09 90
0.1 25 0.11 110
2.0 6.4 1.96 98
2.0 6.4 2.04 102

Table IV illustrates the recovery of malic acid added to
tobacco leaf tissue. The malic acid content of each sample
of the tissue was first ascertained by the present method; ad-
ditions of malic acid were then made, and the complete analy-
gis was conducted. The results are expressed in milligrams
per 2 grams of tissue and show excellent recoveries and close
reproducibility.

TasLe IV. REcOVERY oF MALic Acip Appep T0 DrY TosAacco
Lear Tissve

(Figures are milligrams per 2-gram sample)

ORIGINALLY
AppED PRESENT Founp RECOVERED RECOVERY

My. My. My. Mg. %
80.0 20.8 103.5 82.7 103
80.0 15.0 91.2 76.2 95
100.0 26.4 135.0 108.6 109
100.0 26.4 124.0 97.6 98
100.0 26.4 126.0 9.6 100
100.0 26.4 130.0 103.6 104
100.0 26.4 123.0 6.6 97
2.0 26.4 28.3 1.9 95
4.0 26.4 30.4 4.0 100

As a further test of the reliability of the present method,
a number of samples of tobacco leaf tissue were analyzed for
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malic acid by the polarimetric method of Dunbar and Bacon
(2), as modified by Vickery and Pucher (9). The results in
Table V show a satisfactory agreement between the two
methods. The oxidation method in all but one case gave
slightly higher results. The data illustrate the wide differ-
ences in malic acid content that may be encountered in this
tissue, and provide evidence that little, if any, optically in-
active malic acid occurs in the tobacco plant.

TaBLe V. CoMPARISON OF OXIDATION AND POLARIMETRIC

MeTHODS FOR MALIC ACID

Oxipa-  POLARI-

TION METRIC

SAMPLE MgereEop  METHOD

o o

Fresh leaf I after extraction with water 0.00 0.00
Fresh leaf F.L, after extraction with water 0.10 0.00
Cured leaf 584 1.02 0.85
Cured leaf 504 4.76 4.00
Cured leaf 582 0.88 0.86
Partially cured leaf I 3.04 2.88
Partially cured leaf H 4,08 3.93
Partially cured leaf A 8.14 8.34
Partially cured leaf 2 6.48 6.20
Fresh leaf F.L. 9.64 9.53

The oxidation method to determine malic acid has been
chiefly employed in this laboratory in the study of tobacco
leaf and stem tissue. Preliminary experiments with other
plant tissues have given equally satisfactory results, however,
and there seems no reason to suppose that the method cannot
be generally applied. Successful analyses have also been
conducted on blood, urine, and muscle extracts, and experi-
ments with aspartic acid have shown that this amino acid
can be accurately determined, if deaminized with nitrous
acid previous to the oxidation.
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Preparation of Sintered Pyrex Glass Filters

Sir: Attention of research workers was called in your Analyti-
cal Edition of March 15, 1934, to the preparation of fritted glass
filters by an article on page 154 of that issue by Kirk and his co-
workers at the University of California. Unfortunately, Kirk
neglected to mention that the filters he described are covered by
patents throughout the world and, in the United States, by
Patent 1,620,815 issued to Herschkowitsch and Prausnitz and
by them assigned to this company. Obviously your readers
should be appraised of this fact for their profection and our own.

JExA Grass Works, Scaorr & GEN.

JENA, GERMANY
May 28, 1934



Volumetric Estimation of 5-Bromo-2-Furoic
Acid with Standard Bromate

Evrizasern E. HucHES AND S. F. Acreg, Bureau of Standards, Washington, D. C.

equipment, technic, and conditions for allowing furfural

to react quantitatively with one molecule of bromine from
standard bromate within 5 minutes at 0° C. with errors less
than 0.5 per cent. The method is especially useful in the
analysis of farm wastes for pentosan content. The usual
procedure (1) is to distill the fibers with 12 per cent hydro-
chloric acid and determine the volatilized furfural with
phloroglucinol, thiobarbituric acid, or with excess bromine
by the method of Powell and Whittaker (5). The errors, even
with empirical corrections, may be 2 to 4 per cent. The
technic of the bromination method cited above is more nearly
accurate and takes much less time.

In an attempt to apply this method to the analysis of
products of bromination and oxidation of furfural, the
present investigation was undertaken to see whether 5-
bromo-2-furoic acid can be determined quantitatively both
by titration with standard alkali and by addition of molecular
equivalents of bromine.

IN A PRECEDING article (4) the authors described the

EXPERIMENTAL PROCEDURE

The 5-bromo-2-furoic acid was first described by Hill
and Sanger (3) with melting point of 184° to 186° C. It is
isomeric with a monobromo derivative having the bromine
in the 3 or 8 position with melting point of 128° to 129° C.
The acid used in these experiments was kindly made for the
authors by J. A. V. Turck by the method of Gilman and
Wright (2), and was a white crystalline substance melt-
ing at 184° to 186° C. The purity based upon acidity by

titrating with 0.1 N'
or 0.02 N sodium
hydroxide using
phenolphthalein as
indicator was 100
per cent (=0.1 per
cent). The solu-
bility in water was
determined as ap-
proximately 2.5 mg.
per ml. at ordinary
room temperatures.

For these experi-
ments the solution of
the acid was prepared
by dissolving 2 grams of the acid in 1 liter of boiling water which was
kept warm until solution was complete, then cooling to room
temgemture. An aliquot portion of the solution was transferred
to the body of a special side-arm titration flask (Figure 1) con-
taining 200 ml. of 3 per cent hydrochloric acid (prepared by di-
luting 1 part of 36 to 38 per cent concentrated hydrochloric acid
with 11 parts of water). In one side arm were placed 25 ml. of
0.1 N aqueous solution of potassium bromate containing 50
grams per liter of potassium bromide. In the other side arm were
placed 10 ml. of an aqueous solution of 10 per cent potassium
lodide. A second flask was similarly prepared but omitting the
§-bromo-2-furoic acid. The flasks were sealed by placing a drop
of phosphoric acid on the ground-glass stopper; the flask and
contents were allowed to come to constant temperature. The
experiments at 0° C. were made with the flasks suspended in an
ice bath for the short time periods and placed in an ice box main-
tained at 0° C. for the longer ones. Experiments at 21° C.
were conducted in a constant-temperature room. The tempera-

Ficure 1. Diacram or Frask

tures mentioned above are subject to fluctuations of not more
than 2° C.

The potassium bromate solution was introduced from the side
arm into the acidified 5-bromo-2-furoic acid by tilting and the
solutions were mixed by swirling the flask gently. The reaction
was allowed to proceecf for definite time [{)erio s, at the end of
which the potassium iodide was added. At ordinary laboratory
temperature about 10 minutes seems to be ample duration for
the reaction. The contents were shaken vigorously and the
liberated iodine titrated with 0.1 N sodium thiosulfate using starch
indicator (0.5 grams of soluble starch in 250 ml. of boiling water).

TaBLE I. REAcTION OF 5-BrOMO-2-FUROIC AcID WiTH BROMINE
‘WEIGHT OF SAMPLE.

TiMe 103 mg. 85 mg. 50 mg. 62 mg. 46 mg. 26 mg.
oF Re- PER CENT OF THEORETICAL AMOUNT FOUND
ACTION 212 C. 0° C.
Sec.
30 61.7 63.2
Min.
1 81.6 83.8
2 92.3 95.7 99.0
3 63.1 52.4
65.9
4 97.7 98.9 100.0
5 86.3
6 99.0 99.8 100.1 3
8 99.8 100.0 100.1 3
10 100.0 100.2 100.1 92.8 93.6
20 100.1 100.6 100.5 98.3 (85.3) g;g
30 100.0  100.5  100.6 T
40 99.6 99.8
99.7
60 100.0 100.6 102.3 (93.7) 98.5
100.6
90 100.6 99.9
(75.8) 100.7
Hrs.
2 101.1 100.1
(97.8)
5 103.4
18 103.3 101.9 102.9
100, 5
20 101.2 102.1
Days
3 103.0
7 105.2

The results at 0° and 21° C. are shown in Table I and
Figure 2 and express the extent of the reaction with respect
to time. The addition of 2 moles of bromine to 1 of 5-bromo-
2-furoic acid is represented by 100 per cent. The number of
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Figure 2. Reacrion oF 5-Bromo-3-Furoic Acip witi BroMinNg

milliliters of 0.1 N thiosulfate required for the blank less that
required for the sample multiplied by 0.004775 gives the
number of grams of 5-bromo-2-furoic acid.
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DiscussioN oF RESULTS

Table I and Figure 2 show the rate of addition of bromine
under specified conditions upon which basis the percentage
of the theoretical amount found is calculated. It is found
that bromine adds so rapidly to 5-bromo-2-furoic acid that,
in contrast to furfural (4), it is not practical to stop the re-
action short of two molecular equivalents of the halogen.
Over a period of several hours and days the tetrabromide
addition product of the normal reaction apparently loses
hydrobromic acid very slowly to form more double bonds
and the bromine used in subsequent reaction may reach 0.1
mole or more. According to the mass law and verified in
Table I and Figure 2, the percentage of normal and of further
reaction with the same amount of bromine for a given short
time period should increase with decrease in size of sample.

At 0° C. the results are not always reproducible, as shown
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by the percentages given in parentheses. Experiments to be
reported later show a small photochemical effect which is
not, however, responsible for the discrepancies in the analy-
ses, especially at 0° C. At 21° C., however, the results are
concordant and the reaction, regardless of the size of the
sample, is complete within 8 to 30 minutes.
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Continuous Determination and Recording of
Carbon Dioxide Content of Gas Mixtures

Apparatus Used in the Bureau of Mines Helium Plant

Arren S. Smrrh, U. S. Bureau of Mines, Amarillo, Texas

HE determination of
I carbon dioxide in gas
mixtures by absorption
in alkaline media has occupied
the attention of a large number
of investigators since Dalton
originated the method. The
literature has been adequately
reviewed, most recently by
Thomas (9) and by Martin and
Green (3). The latter authors
also classify and discuss
briefly the methods which have
been used. An improvement
in pH measurement has been
published by Wilson, Orcutt,
and Peterson (11), who describe
a potentiometric method for
determination of carbon dioxide.
At the Amarillo Helium Plant of the Bureau of Mines the
need arose for an accurate apparatus to record continuously
and automatically the carbon dioxide content of helium-
bearing natural gas. The average carbon dioxide content
of the unprocessed gas is about 0.7 per cent, and the hydrogen
sulfide content less than 0.002 per cent. The other constitu-
ents vary somewhat, depending upon the proportion of the
total flow produced from each of the government’s gas wells
and upon temperature conditions in the pipe line. Because
of this low concentration of carbon dioxide and variation in
other constituents the gasometric methods and those based
on physical properties of the gas could be eliminated at once
in considering the known continuous, recordable processes.
Three types of electrolytic methods offered possibilities and
were investigated.

desired.

natural gas.

MEASUREMENT OF CARBONATE-BICARBONATE EQUILIBRIA

First MEeTHOD. Tywo variations of a method depending
upon measurement of the equilibrium between carbonate

In designing an apparatus o give a continuous
record of the carbon dioxide content of helium-
bearing nalural gas processed in the Amarillo
Helium Plant of the Bureau of Mines, three
methods were investigated. One, described by
White, based on conductance measurements, was
selecled as being most suilable for the application
A modification of this method, which
improves ils operalion and adaplabilily in plant
installation, is briefly described. The apparatus,
as modified, has given satisfaclory service in a
plant installation for recording concenlralions of
carbon dioxide from 0.1 lo 1.0 per cenl in sweet

and bicarbonate salts of the
alkalies or alkaline earths, as
affected by the partial pressure
of carbon dioxide in equilib-
rium with the solution, have
been developed. The earlier
process determined the equilib-
rium by colorimetric measure-
ment of the pH of the solution.
The relatively low accuracy
inherent in this method has
been improved upon by the use
of the glass electrode to deter-
mine the pH potentiometrically
(11), adding rapidity and sim-
plicity to a method which has
advantages in being independent,
of gas flow.

Continuous measurements of the pH of a solution are
practicable only with the quinhydrone and antimony elec-
trodes.r The latter has the advantage of not requiring the
addition of any reagents for the measurement but offers some
difficulties in preparation and calibration for use with alkaline
solutions which are in motion and are not in contact with air.
The quinhydrone electrode has a limited range because of
decomposition and oxidation which occur in the system when
subjected to alkaline solutions. It has been applied without
success in an attempt to measure carbonate-bicarbonate
equilibria (11). This type of electrode is not suitable for use
in unbuffered solutions, but since a decided change in pH
will be caused by a trace of carbon dioxide in a perfectly
neutral salt it seemed desirable to make some very brief tests
of the pH in unbuffered solutions. The results of this limited
study were not satisfactory, showing excessive drifting of the

1 After completion of the experimental work on which this paper is based,
an article by Vickers, Sugden, and Bell appeared in Chemistry & Industry,
51, 545 (1932), reporting an apparatus for the continuous recording of pH in
which a glass electrode is used.
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potential, as would be expected, and' slow attainment of
equilibrium.

Seconn MeTaOD. A continuous’ record of the carbon

dioxide content of & gaseous mixture has been: obtained' by

Gordon' and: Lehmann' (2), who used' a recording’ alternating
current milliammeter to measure the electrolytic conductance
of & barium’ carbonate-bicarbonate solution in' equilibrium

with earbon dioxide. To determine the operating charac-

Frevnw 1. Scamwaric Dricray oF
APPARATUS

teristics of this method and its adaptability to the immediate
réquirernents an apparatus was constructed similar to that
used in the work of the authors mentioned above. The
recommended gas flow and temperature of operation were
employed, but a smaller volume (15 ¢¢.) of saturated barium
carboriate was used, since it was believed that equilibrium
in the apparatus would be atéained more quickly. The meas-
uring cireuit consisted of an alternating current indicating
milliarineter in series with the conductance cell and with a
110=volt, 60-cycle source of current,

Gordon and Lehmann (2) found the time lag of their ap-
paratus to be of the order of one minute at 50° C. In the
apparatus constructed for preliminary tests in this laboratory
the time to reach equilibrium, which is an indication of the
usefulness of the apparatus, was 10 to 20 minutes, depending
upon the carbon dioxide concentration. Although the device
is simple, the method was not considered suitable because of
the time lag.

MEASUREMENT OF NEUTRALIZATION OF A HYDROXIDE BY
Ersetricsrn CoNpueriviTy

Tuinp Murion, The third type of electrolytic method
investigated was a direct measurement of the change in con-
ductance of a solution of an alkaline or alkaline earth hy-
droxide accorpanying the formation of a carbonate. A brief
theoretical discussion of the method has been given by Smith

).

Martin and Green (3) state that the method was devised
by Cain and Maxwell (1), although Taylor and Taylor (8)
give priority to Rideal and Taylor (4) by stating that in 1918
they “published the first aceount of gas analysis on the elec-
trolytie principle.’” Tt has been useful in determining small
pereentages of carbon dioxide by eumulative absorption at
constant gas flow, measuring the rate of change of conduc-
tivily. A recording instrument has been employed by
Thomas (9) in mensuring the conduetivity of a sodium hy-
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droxide solution: used' for the continuous absorption of carbon
dioxide from & measured volume: of air, and' by Spoehr and
McGee: (7) with' barium: hydroxide. Both developments
were: designed to' measure atmospheric: carbon dioxide.

White (10) has: developed’ an: ingenious apparatus suitable
for the analysis of various percentages of carbon dioxide as
well as & number of other gases. His device is a simplifica-
tion: of the earbon monoxide recorder described by Taylor
and Taylor (8) who developed, and applied for a patent on, a
fluid' proportioning device.  The novelty of their apparatus
consisted in this' method of securing accurate mixtures of gas
and reagent. A disadvantage of both devices is the use of
direct: current for the conductance measurements, making
recording: of the measurements not readily applicable, and
introducing the possibility of error from polarization of the
electrodes. A modification: of White’s apparatus was con-
structed and found to operate satisfactorily with natural gas
containing 0.7 per cent carbon: dioxide and with atmospheric
carbon dioxide. It was mot so satisfactory with the gas
which had passed through the carbon dioxide-removal system
of the Amarillo Helilum Plant, possibly because of minute
traces of other soluble constituents in the gas, which con-
tained only 2 trace of carbon dioxide. The modified appara-
tus differs from that of White’s in three particulars:

1. Two conductivity cells are used, relative measurements
being made with & Wheatstone-bridge circuit.

2. Alternating current is used for the conductivity measure-
ments.

3. The apparatus operates under a small pressure differential.

A schematic diagram of the apparatus is shown in Figure 1.

DESCRIPTION OF APPARATUS

The absorbing solution of 0.025 N potassium hydroxide is
siphoned at & constant-pressure head from a 2(0-liter reservoir
(not shown) through temperature-equalizing coil @ into reference
cell b. The solution then drops at a predetermined rate into
bulb ¢, trapping a sample of gas, which enters through coil d in
tube e. Goose-neck f is adjusted so that each drop will halt,
making it necessary for a succeeding drop to form and push the
sample of gas and the preceding drop down into absorption coil
g. %he gas and liquid separate at h, the solution, after absorption
of the carbon dioxide, passing into measuring cell 7 and being dis-
charged from the sipixon at 7. Trap k maintains constant pres-
sure on the apparatus with an excess gas flow. As constructed in
this laboratory, the entire ag;e)aratus is operated in a large
Dewar vessel used as a water thermostat.

For convenient plant installation 110-volt, 60-cycle current
is used, from which are obtained 6 volts for the Wheatstone-
bridge conductance-measuring circuit. The use of two cells
allows relative measurements to be made of the change in
conductance due to the absorption of carbon dioxide, and
partially compensates for variations in temperature, voltage,
and concentration. A Leeds & Northrup potentiometer
recorder was adapted (6) for use in recording the carbon di-
oxide concentration. Two ranges are available: one from
0 to 1.0 per cent and a low range from 0 to 0.2 per cent of
carbon dioxide. The range of the recorder is conveniently
changed by means of a double-pole, double-throw switch
which changes the galvanometer and slidewire shunts of the
recorder. A wiring diagram is given in Figure 2.

(CALIBRATION OF APPARATUS

Two methods are available for calibration. White recom-
mends an empirical calibration for mixtures containing 5
per cent or more of the gas sought, or in cases where absorp-
tion is incomplete. When the sample contains less than 2
per cent of the soluble constituent a calibration from con-
ductance data is said to be capable of great accuracy. The
latter method of calibration was undertaken for the purpose
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of determining the capacity and probable range of the appara-
tus, the effect of variations in operating conditions, and as a
guide in the design of the electrical circuit before construction
was completed. This calibration followed White's procedure
for obtaining the volume of the drop and the volume of gas
aspirated per drop, a and b,
respectively, in his notation.
After obtaining the number of
moles of dry gas m pumped
per stroke, the method is some-
what different.

Experimental values for a, b,
and m were 0.0993 cc., 0.958
cc., and 3.34 X 10-% moles,
respectively, at 25° and
670 mm. An equation, specific
for the apparatus, correlat-
ing conductivity and carbon dioxide concentration under any
conditions facilitates calibration. This is derived as follows:

Ficure 2. Wiring Dia-
GRAM

0.958 X 273 (P — p)
22420 X 760 X T

0.958 X 273 (P — p) X 138.21 X 1000 X Pco
22420 X 760 X T X 0.0993 X 69.105 X P

n = 0.3091 (P o p)Pco,
TP,

mie=

Nxicos = n =

P = pressure in mm.
P = VApOr pressure in mm. s
Pgco, = partial pressure of carbon dioxide in mm.
T = absolute temperature :
n = Nxicos = N — Nxom in gram equivalents per liter
N = Nxon at 0 per cent carbon dioxide

where

The specific conductance k of any mixture is

k = 0253 (N — n) + 0.1205 n

0.3091 (P — p)Pco:
- 0.253 [N L o
— p)P
1. 011205 [2:S%3L =) Soos (I; B P) °°’]
0.041 (P — p)Pco:
= 0.253N — ——-—TT'——

To determine the effect of the variables in the equation, it
was differentiated with respect to P, 7, and N and the differ-
ential equations integrated to obtain the pressure, tempera-
ture, and concentration coefficients. The first two coeffi-

cients are negligible, but the
latter is considerable, indicat-

2 ing that care must be exercised
o 7| in preparing a carbon dioxide-
d 7 free potassium hydroxide solu-
N 7 tion, unless the two cells are
i’.f . identical so that compensation
Y, will be perfect.
¢, A The calibration from con-
b i) ductance data was obtained
% only as a guide during construc-
% tion, and in the arrangement of
o 3 0 & & the electrical circuit of the re-
Hecoraer freadly corder. For usein plant opera-
Ficure 3. Carmsrarron  tion an empirical calibration
DATA was made by using standard

samples of natural gas con-
taining various percentages of carbon dioxide. The con-
centration of carbon dioxide was determined by absorption
in barium hydroxide with subsequent titration, using thy-
molphthalein as the indicator, as recommended by Schollen-
berger (5). The calibration data, using standard samples,
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are plotted in Figure 3. A comparison of curves plotted
from empirical and calculated data showed a constant per-
centage deviation, indicating systematic errors in the cali-
bration from conductance data. Although the relation be-
tween conductance and concentration of carbon dioxide is a
straight line, resistance, the reciprocal of conductance, is a
hyperbolic relation; hence, the curves are hyperbolic.

OPERATION OF APPARATUS

. As mentioned by White (10), the apparatus is somewhat
fragile, but, securely mounted and enclosed in a cabinet, it
has proved satisfactory for industrial process control. The
attention required is limited to renewal of the potassium hy-
droxide. solution at weekly intervals and occasional checking
of the gas-aspirating device and the zero point. Excessive
vibration will interfere with a steady rate of gas sampling
and must be avoided.

The lag of the apparatus was determined to be approxi-
mately 3 minutes, which may be reduced, if desirable, by in-
creasing the rate of flow of the reagent. There should be no
possibility of incomplete absorption with the low carbon
dioxide-content gas at any rate of flow possible with the
apparatus. The spiral absorber has been shown (3) to be a
highly efficient scrubbing device, and, moreover, the absorb-
ent is but 25 per cent exhausted at the maximum of the
range of carbon dioxide. To check the completeness of ab-
sorption, however, a qualitative test was made, by passing
the gas from the apparatus through a barium hydroxide solu-
tion, which showed complete absorption in the apparatus.

The apparatus whose calibration was described by White
was stated to have a sensitivity of about one volume of carbon
monoxide (or carbon dioxide) in ten thousand of the mixture
in the range 0 to 2 per cent. This degree of precision was
not required in the apparatus which has been described. In
the range 0 to 1 per cent carbon dioxide, the recorder is easily
sensitive to one division, or about 0.01 per cent. The analy-
ses of the gas samples which determined the calibration were
readily reproducible to 0.01 per cent. Some unaccountable
factors may also affect the precision of measurement, but an
assumed accuracy of one part in five thousand is considered
to be well within the limits of error.
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Sovip CarBoN DioxXipE IN GERMANY. Germany, like Euro-
pean countries generally, lags far behind the United States in
the use of this product. High cost, climatic conditions, absence
of extremely hot weather, and smaller consumption of ice cream
and iced foodstuffs generally, coupled with transportation diffi-
culties, have retarded development. Manufacture, nevertheless,
is making steady gains. he Mannesmannroehren-Werke is
constructing a plant at its limestone works in Neandertal, utilizing
the carbon dioxide gas produced in burning lime.



Occurrence of Selenium in Pyrites

KennerH T. Witriams anp Horace G. Byers, Bureau of Chemistry and Soils, Washington, D. C.

Dakota, which traced the causes of a certain animal

disturbance, locally known as alkali disease, to the
vegetation grown upon certain definite soil areas, and the
subsequent detection in the Bureau of Chemistry and Soils of
selenium in the vegetation of these areas has led to a series of
investigations upon selenium. In the course of these in-
vestigations the presence of selenium has been traced from
plant to soil and from soil to its parent shales.

Among the shales known to contain selenium is the Pierre
shale, in certain sections of which occur nodules of iron pyrites.
One of these nodules, collected by one of the writers, was
found to contain 205 parts per million of selenium. Thisis a
greater concentration of selenium than has been found in any
other portion of the shale, some hundreds of samples of which
have been examined in this laboratory. This fact, coupled
with the known occurrence of selenium in chamber sulfuric acid
made by roasting pyrites, and the historical fact that selenium
was discovered, in 1817, in the sulfuric acid chambers in
which the sulfur dioxide used was derived from certain copper
pyrites (2), made it of interest to determine how general
the association of sulfur and selenium in pyrites may be.
There was also the added incentive that over the area of
soils known to be derived from the Pierre shale, the presence
of selenium in both soil and vegetation had been deter-
mined to be of general occurrence.! These soils all oceur in
arid or semi-arid areas. If selenium occurs in pyrites in
general, the fate of the selenium in humid areas, as contrasted
with its disposition in arid areas is of striking interest in
relation to the whole selenium problem. Initial data were
secured through the analyses by W. O. Robinson of the
samples indicated in Table I.

THE work of Kurt W. Franke, state chemist of South

TasLe I. SELENIUM IN SELECTED SAMPLES OF PYRITES

SELENTUM
SAMPLE SourcE CoNTENT
Pepem,
Concretionary pyrite Fischer's Gully, Nebr. 205
Massive pyrites Brigham, Utai 15
Crystals of pyrite Saratoga, Colo, 10
Crystals of pyrite Isle of Elba Trace
Mispickel Paris, Me. Trace

With these facts in mind, T. D. Rice, of the Soil Survey,
was requested to locate a number of sources of pyritiferous
materials in the humid area of the eastern portion of the
United States. In 1917 a survey of available pyrite sources
was published by Smith (4), and through this a number of
the sources of pyrite listed below were located and samples
collected by Rice and Byers.

Other samples were secured from a pyritiferous clay deposit
near Bay Springs, Miss. A sample of concretionary pyrite
was secured by S. A. Swenson from the Selma chalk of Ala-
bama, and samples of pyrite and of limonite pseudomorphs
after pyrite through the courtesy of W. H. Sage of the Al-
berene Company of Schuyler, Va. In addition to the pyrite
samples a number of samples of soil and of other materials
presumably derived from materials of pyrite content were also
secured.

These samples were all examined quantitatively for their
selenium content by the appropriate one of the methods out-
lined by Robinson, Dudley, and Williams (3). The results
obtained are given in Table II. Where only whole number
values are given, the accuracy does not exceed 2 parts per
million.

1 Unpublished data, Bureau of Chemistry and Soils,

No attempt has been made to determine the sulfur content
of the pyritiferous material of the samples reported in Table
II. The ores were far from pure pyrites and in no case is
there any guarantee that they may be represented by any
definite formula. It is probable, however, that the mean
sulfur content is not more than 40 per cent, corresponding to
400,000 parts per million. The mean selenium content is
59.0 parts per million. The ratio of sulfur to selenium is,
therefore, of the order of 6 X 10%. The mean ratio of sulfur
to selenium in the earth’s crust is, according to Clark and
Washington (Z), about 10°. Both these quantities are of
course a rough approximation, but even so, it is evident that
in this series of minerals there is a very marked concentration
of selenium.

TasLe II. SerENiuM CONTENT OF PYRITE AND ASSOCIATED
MATERIALS
SELE-
NIUM
Lan Coxn-
No. Type oF MATERIAL LocATioN TENT
P.p.m.
B-3179 Marcasite in black clay Bay Springs, Miss. 0.3
B-3183 Marcasite in clay Bay Springs, Miss, 0.6
B-3174 Concretionary pyrite in Selma chalk Livingstone, Ala. 8
B-3192 Pyrite Pyriton, Ala. 75
B-3196 Pyrite Bremen, Ga. 8
B-3197 Pyrite Draketown, Ga. 50
B-3199 Pyrite Villa Riea, Ga, 45
B-3202 Pyrite allas, Ga. 250
B-3203 Pyrite Marietta, Ga. 110
B-3204 Pyrite Marietta, Ga. 150
B-3205 Pyrite Marietta, Ga. 180
B-3207 Pyrite Ball Ground, Ga. 80
B-3169 Pyrite Crouse, N. C. 10
B-3170 Pyrite (partially decomposed) Crouse, N. C. 55
B-3171 Pyrites Crouse, N. C. 50
B-3209 Pyrrhotite Ducktown, Tenn. 5
B-3210 Chalcopyrite Ducktown, Tenn. 10
B-3211 Pyrite Ducktown, Tenn. 1
B-3212 Pyrite Mineral, Va. 15
B-3213 Pyrite Mineral, Va. 65
B-3215 Pyrite Madison, Va. 0
B-3216 Pyrite 3 Dumfries, Va. 125
B-3464 Pyrite in serpentine 2 Schuyler, Va. 75
B-3465 Pseudomorphs after pyrites Schuyler, Va. 45
Av. 59

It would appear, therefore, that in the hydrolysis of pyri-
tiferous material to produce soil, the selenium content, when
conditions are not favorable for removal of both sulfur and
selenium, should be higher than in soils derived from other
sources. It is to be expected that the processes which
convert pyrites to limonitic material accompanied by oxida-
tion of the sulfur to sulfuric acid will cause a like frans--
formation of selenium to soluble form. If these processes are:
accompanied by leaching both selenium and sulfur should be
almost completely removed from the soil produced. This.
should be the case in humid areas. On the contrary, in
arid or semi-arid areas where little percolation accompanies
soil formation, pyritiferous soil parent material should.
result in a soil which, along with a high sulfur content, should
have appreciable selenium content. This appears to be the
case in the soils derived from the Pierre shale. In this shale-
the selenium content varies between wide limits, a range from
traces up to 103 parts per million having been observed. In
soils derived from these shales, in an area of present mean
annual rainfall of 15 inches, selenium has been found as high
as 32 parts per million.

In scils of humid areas selenium has been found only in
traces, though it must be confessed that no extensive examina-
tions have as yet been made. A little light is thrown upon
the fate of selenium in soil formation under humid conditions.
by the data given in Table III.

296
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TasLe III. SeveEnNtum CoNTENT OF SEcTIONS OF A Cray Bep
; NEAR BAy SprinGs, Miss.

SELENIUM

No. MATERIAL CoNTENT
P.p. m.
B-3175 Surface soil 0.0
B-3176 Yellow sand (0-6 ft.) 0.0
B-3176a Limonite scales in sand 0.4
B-3177 Yellow sand (620 ft,) 0.1
B-3178 Iron stone cap of clay 0.3
B-3187 Yellow clay beneath cap 0.4
B-3179 Black clay with pyrites 0.3
B-3183 Pyrites scale 0.6
B-3180 Light-colored scale 0.15
B-3182 Weathered black clay 0.15
B-3181 Weathered mixed clay 0.20
B-3185 Concentrated extract of weathered clay 0.01

The samples reported in Table III were obtained from a de-
posit which is being used as the source of supply of a “medicine.”
The clay bank has been excavated to a depth of about 50 feet.
The over-burden is a yellow sandy clay of a maximum depth of
about 25 feet. On parts of this sandy slope small pillars of clay
are capped with thin scales of limonitic material. Below the
sandy layer is a crust of limonitic material about 2 inches thick.
This crust is apparently a partly hydrolyzed prrite layer. Im-
mediately below this crust is a tKin layer of yellow clay. Below
the yellow clay is a 3-foot layer of dense black clay containinﬁ
large numbers of small crystals of marcasite. Below the blac
clay is a very thin layer of scale consisting ln.rﬁely of marcasite.
Belbow this, and of a thickness not determined, is a deposit, of
clay somewhat lighter in color than the black clay and containing
much smaller quantities of pyrites. The clay layers are used for
the preparation of the above mentioned medicine by being allowed
to dry and weather, under cover, for a year or more. The
weathered material, which contains considerable quantities of
ferrous sulfate, is leached with water.

It is unfortunate that this deposit is so low in selenium
content, since otherwise it offers a very favorable set of condi-
tions for tracing the course of the selenium in weathering.
It is, however, clear that the soil proper is essentially free
from selenium, that the weathering produces water-soluble
selenium removable by leaching, and that the removal of
selenium from the limonitic material does not keep full pace
with the removal of the sulfur. This last fact is also indicated
by B-3465 of Table II. In this sample nearly all the sulfur
is removed while a considerable selenium content remains.

The transfer of selenium by leaching of weathered products,
and its relation to sulfur translocation, are also indicated by
the presence of selenium in certain shallow wells in the Pierre
shale. These waters are high in sulfate content and selenium
has been found in quantities as high as 0.07 part per million.
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The presence of selenium in gypsum deposits in weathered
Pierre shale has also been determined in quantities ranging
from 5 to 15 parts per million.?

A small number of shales were also collected and their
selenium content determined in Table IV.

TABLE IV. SeLENIUM CONTENT OF ALABAMA SHALES

Lan. SELENIUM
No. MATERIAL LocATION CONTENT
P, p.m.
B-3191 Dark calcareous shale 3 miles south of
% Desmopolis 0.6
B-3188 Dark shale Leeds 0.15
B-3189 Ferruginous shale Leeds 0.20
B-3190 Dark shale Leeds 0.15
B-3195 Light shale Heflin 0.15

* GENERAL REMARKS

It would appear from the data above presented, supple-
mented by a mass of unpublished data on file in this bureau,
that selenium is of much greater distribution in soils and vege-
tation than has heretofore been suspected. It seems probable
that in arid and semi-arid areas the presence of selenium is to
be expected in every case where the sulfur content of the soil
parent material is high and that, where the selenium content
permits, the derived soils and their vegetation may con-
tain sufficient selenium to render them potentially dangerous.
The mere presence of selenium in soil is not to be considered
an indication of an inferior soil. = It also seems probable that
soils produced in humid areas are not likely to have a perni-
cious selenium content even though the parent materials
are relatively rich in this element.

If the above inferences be warranted, it would appear that
investigations of the selenium contamination of soils should
be greatly broadened in scope, and that, in particular, they
should cover soils which are to be used under irrigation.
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Constant-Feed Buret and Apparatus for Catalytic
Dehydration of Alcohols

B. B. Corson, Universal Oil Products Company, Chicago, Il

N MANY reactions a constant rate of liquid feed is de-
sirable and it is impossible to obtain an even flow of
liquid by means of an ordinary glass stopcock. The ap-
paratus described below will deliver liquid at a constant
rate over any desired length of time. It operates on the
principle of opposing a constant liquid head to a constant
resistance. Somewhat similar devices have been described
by Sabatier (1) and by Vaughen (2).

The liquid reservoir of the constant feed-buret is essentially a
Mariotte bottle, and the head of liquid can be yaried at will by
raising or lowering tube A; the effective head is at B, the lower
end 0% tube A, and the range through which the head can be
varied depends on distance C. The constant resistance is fur-
nished by capillary spiral D through which the liquid must travel.
The choice of feed rate is wide, depending as it does on two
variables, the liquid head and the resistance, the latter being
governed by the length and the bore of the capillary.

For an all-round buret capable of delivering from 15 to 60 cc.
per hour, the capacity of A is 500 cc., the length of C is 60 cm.,
the bore of capillary D is 0.25 to 0.5 mm., nns the length of the
capil]aiy is 40 cm., the vertical height of the spiral being 5 em.
Tube E is of convenience in venting the pressure caused by the
insertion of stopper F, and with liquids which tend to deposit
solid matter, it is well to protect the capillary by a small filter
plug of cotton, G

CATALYTIC DEHYDRATION OF ALCOHOLS

This apparatus has a general application for catalytic re-
actions in which a liquid is vaporized and the resulting gas
passed over a solid catalyst. It is especially convenient for
the dehydration of alcohols over alumina.

The buret is connected to the catalyst tube by means of mer-
cury seal H, which is designed along the conventional lines of a

mercury seal for a mechanical stirrer. The alumina catalyst is
introduced through the open end of the tube at I, which is then



sealed. The charg-
ing rate is visible at
J. The catalyst is
£~ held in place by a
perforated glass par-
.7 tition at K and by a

lug of glass wool at
IIJJ. Heat loss is cut
down by the inser-
tion of asbestos
packing at M and N
into the annular
space between the
catalyst tube and the
furnace block. Re-
ceiver O can be
i emptied without dis-
H—a N mantling the appara-

@ tus, by application

I < of pressure at P with
7 : A bulb aspirator, stop-

L {r cock @ being open and

stopcock R closed.
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In the dehydration of the lower alcohols (ethyl, propyl, and
butyl) the gaseous olefin passes out at P, water anci) undecom-

osed alcohol collecting in receiver O, whereas in the case of
Eigher alcohols such as amyl, liquid olefin also condenses in the
receiver.

This apparatus can be used for any catalytic reaction in
which a vaporized liquid is passed over a solid catalyst at
approximately atmospheric pressure—dehydrogenation, de-
hydration, dehalogenation, etc. Also by the addition of a
gas inlet tube at I, catalytic reactions can be run in the pres-
ence of a gas—oxidation, halogenation, hydrogenation, hy-
dration, ete.

LiteraTURE CITED
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Thiocyanogen Number

Wirriam J. WiLey anp Aucustus H. Girr, Massachusetts Institute of Technology, Cambridge, Mass.

HE thiocyanogen number is a very useful method of

determining the composition of oleaginous bodies having
oleic and linoleic acids or glycerides as constituents.! With
tests conducted according to the customary procedure,
however, it seems to be subject to considerable inaccuracy.

The usual method of analysis requires 25 ce. of thiocyano-
gen solution equivalent to 25 ce. of 0.1 N thiosulfate and
0.2 gram of the oil to be analyzed. Since there must be a
50 per cent excess, only 12.5 cc. are used in the reaction.
In the analysis for the iodine number the 25 cc. of Hanus
iodine solution are equivalent to approximately 50 cc. of
0.1 N thiosulfate. It is apparent, therefore, that the accu-
racy of the thiocyanogen number is much less than that of
the iodine number, when 25 ce. of solution and 0.2 gram are
used in the analysis. In order to make the thiocyanogen
number as accurate as the iodine number, as it should be,
since it must be in conjunction with the iodine number in
these analyses, it appears that samples of double in size should
be used.

In order to determine the effect of a larger sample, five
different samples of olive oil were analyzed with 0.2 gram
of sample and 25 cc. of solution and with 0.4 gram and 50 ce.
of solution. In both cases, the thiocyanogen solution was
added from pipets having glass stopcocks on the outlets, in
order to give greater accuracy than could be secured from a
buret.

TasLE I. ResurLts oF THIOCYANOGEN ANALYSES
SAMmPLE 1 2 3 4 5
0.2 GRAM 25 CC. USED
78.05 77.07 74.72 72.78 73.17
77.32 76.55 73.21 71.49 73.42
77.36 77.41 72.92 72.63 72.62
74.00 75.98 67.59 74.46 78.36
73.89 73.52 68.11 74.80 82.97
0.4 GRAM 50 CC, USED
75.84 75.21 75.49 73.00 75.58
76.28 75.37 75.73 74.60 75.53
75.63 75.69 76.00 74.39

A very wide disparity was encountered in the 0.2-gram
sample analyses—a difference which is much greater than
would ever be secured in an iodine number. It is obvious
that these analyses would lead to very inaccurate results in
the linoleic and oleic acid determinations since the error is
so great. With the 0.4-gram sample and 50 cc. of thiocyano-
gen solution excellent checks were secured. With the ex-
ception of the first analysis of sample 4, all were well within
the limits of accuracy of the iodine determination.

It is therefore recommended that the determination of the
thiocyanogen number should be made with 0.4-gram sample
and 50 ce. of thiocyanogen solution.

REecE1vEDp March 20, 1934.

1 Jamieson, G. S., ““Vegetable Fats and Oils,” p. 345, Chemical Catalog
Co., N. Y., 1932,

Solution of Difficultly Soluble Copper Ores

T. H. WarreseAp, University of Georgia, Athens, Ga.

T HAS been known since the time of Fresenius that sulfide
ores of copper may often be extremely difficult to get into
solution for analysis. When treatment with mineral acids
and ordinary aqua regia fails to effect solution, the author
has found that the acid mixture recommended by Bonilla
(1) for dissolving nickel metals is very effective. This mix-
ture consists of 40 volumes of 15 M nitric acid and 3 volumes
of 12 M hydrochloric acid. Samples of ore from 0.150 to
3.0 grams are usually dissolved by 43 cc. of the mixture, after
boiling for half an hour.

The excess nitric and hydrochloric acids are easily removed
by adding 20 cc. of 18 M sulfurie acid after the above treat-
ment and heating until the total volume is reduced to 10 cc.
This solution can then be diluted with water and the copper
determined either iodometrically or electrolytically accord-
ing to standard procedures.

LiteraTurE CITED
(1) Bonilla, C, F., Inp. Exc. CrEM., Anal. Ed., 4, 128 (1932).

RecerveDp June 8, 1934



A New Distillation Trap

0. S. Rasg, E. Kapran, Department of Biochemistry,
The Johns Hopkins University, Baltimore, Md., AND
H. C. WaterMAN, U. S. Department of Agriculture,

Washington, D. C.

MONG the common laboratory manipulations none can

be more troublesome than distillations of foaming and
bumping liquids, especially under reduced pressures which
fluctuate. To overcome these troubles, various and familar
distillation flasks, bulbs, traps, and columns have been de-
vised. Few of these have
the desired combination
of durability, simplicity in
design, efficiency of opera-
tion, and general utility,
which have been com-
bined in a fairly satisfac-
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DistiLLATIiON TRAP F1GURE 2. VALVE

Ficure 1.

factorily even under a fluctuating house vacuum,.in dis-
tillations of either foaming or bumping liquids filling the
distilling flask into the neck.

The valve illustrated by Figure 2, attached by means of
fusion or a short piece of rubber tubing to the drain igube_ of
the large safety reservoir, prevents liquids in the distillation
flask from ascending into the safety reservoir but allows
liquids to drain out of the reservoir and back into the dis-
tillation flask. -

If desired, the lower bulb identified by dimension 16 M. M.
R. in Figure 1 may be omitted without impairing seriously
the operation of the trap. §

The dimensions specified are those of a trap suitable for a
1- or 2-liter ring-neck flask, and should be inpreased by 25
to 50 per cent for traps to be used on 3- to 5-liter flasks and
probably doubled for traps to be used on 10-liter or larger
flasks.

Recervep April 11, 1934,

SupERIODIZED SEA WATER containing more than 500 mg. of
iodine in salt form per liter is reported to be obtained by use of a
recently ' patented French process (French Patent 763,083).
Todine-saturated air is continuously pumped into a sea water
reservoir stocked with certain marine animals s_md pla.nts,
and through this medium the iodine eventually finds its way into
solution in salt form.

A Microburet

G. W. StaANDEN AND M. L. FuLLER

Research Division, The New Jersey Zinc Company,
Palmerton, Pa.

IN THE practice of quantitative spectrographic analysis
in this laboratory, it is necessary to measure small volumes

of many different solutions with precision and rapidity

(1, 2). In the course of routine analytical work, from one to
four 0.1-cc. portions of fifty or more different solutions are
measured daily. The use of one of the usual forms of micro-
buret or fractional cubic centimeter pipet would require a
clean buret or pipet each time a different solution is to be

.measured. To overcome this difficulty a microburet was

designed in which the calibrated portion could be used over
and over again without cleaning.

DESCRIPTION OF MICROBURET
Figures 1 and 2 are photographs of the microburet.

Tube A is a capillary measuring pipet of 2 ce. capacity, gradu-
ated in tenths of a cubic centimeter, each marking encircling the
tube and being separated from adjacent graduations by about
0.375 inch (0.94 cm.). The tip end, B, of the measuring pipet
is attached with a rubber tube to the S-shaped glass tube, C.
At D is attached the delivering tube, E, which is a glass tube of
7 mm. outside diameter and 6 inches (15 cm.) long, with its lower
end drawn to a tip. The liquid to be measured is drawn into and
delivered from this tube, a clean tube being used for each liquid.
The tubes are readily removed by detaching them from the rubber
tubing connector, D, and the bronze spring clip, F. Water
(tinted with a few drops of red ink) is introduced into the right-
hand half of C and into the calibrated tube in approximate
amount indicated by the levels at G and H. Level H is controlled
by varying the position of the top of the air column above it.

Ficure 1 Ficure 2

This is done by varying the position of the roller, J, which is
arranged to pinch the rubber tube, K, against a ba.cf(ing plate
at any point, maintaining an air-tight seal continuously. The
roller is mounted on a carriage, L, actuated parallel to the rubber
tube by a long vertically mounted screw, the latter being rotated

299
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by hand at M or N. The carriage is designed so that it may be
disengaged from the screw for a rapid change of position, the screw
being intended for a fine adjustment of the position of the roller.

Tube K should be of semi-transparent pure gum rubber, other
types of tubing giving trouble due to air leakage at the point of
pinch by the roller. The tubing is kept under slight tension in
order to enable the roller to move smoothly and produce definite
displacements of the water in the graduated tube.

In use the liquid to be measured is drawn into the de-
livery tube by dipping the tip of the latter into the liquid
and moving the roller upward. When a sufficient quantity
has been drawn into the tube the roller is moved downward
until the level of the water in the calibrated tube is at one
of the graduations. The solution adhering to the tip of the
delivery tube is touched off, after which the microburet is
ready for use. The desired amount of solution is delivered
by running the roller downward, the amount of solution de-

ANALYTICAL EDITION
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livered being equal! to the volume displacement of the water
in the calibrated tube. Precise setting of the level of water
in the graduated tube is facilitated by the magnifier, P, and
parallax is avoided by the fact that the graduations com-
pletely encircle the tube. The measuring tube is viewed
against an illuminated ground glass, as indicated.

LiterATURE CITED

(1) Nitchie, C. C., Inp. Exa. CHEM., Anal. Ed., 1, 1-18 (1929).
(2) Nitchie, C. C., and Standen, G. W., Ibid., 4, 182 (1932).

RecerveEp March 1, 1934.

1 This is not exactly true, inasmuch as the volume of the air column be-
tween the liquid in E and the water in C is not constant but varies with the
height of the column of liquid retained in E. Calculation shows, however,
that the error in delivering each 0.1 cc. from & 5-mm. inside diameter delivery
tube is only about 0.00005 ce. from this source. :

Automatic All-Glass Extractors for the Laboratory

W. A. LA LAnDE, Jr., Anp E. C. WagNER, University of Pennsylvania, Philadelphia, Pa.

HE extractors shown in Figures 1 and 2 are designed
for extractions with immiscible solvents lighter than
water. They are self-contained and compact, occupying
little table space as they have a minimum of lateral ex-
tension. The absence of projecting parts decreases the
liability to breakage. Obviously these extractors can be
made only by a glass blower, but it may be assumed that
apparatus of such permanent usefulness need not be consid-
ered an extravagance because it cannot be homemade.
The extractors are made wholly of Pyrex glass and may be
of any convenient size; those now in service have about 1000
cc. capacity to the overflow at level 5. Dimensions of parts
can be varied within reasonable limits, depending upon the
size of the apparatus; hence no dimensions are indicated
in the figures, which are drawn to scale.

The liquid to be extracted is poured through @ into the main
vessel, C, to level a. The solvent is put into the boiling flask, 4,
and enough is added through G to form a floating layer, ab. The
inner tube, B, is of sufficiently large bore to accommodate both
the ascending solvent vapor and the overflowing solvent from
the upper layer. The solvent vapor passes upward through the
ports at D and into the condenser. As the entire path of the
vapor is within the extractor, which is thereby kept somewhat
warm, there is avoided much of the useless refluxing which occurs
when an external tube is used to convey the solvent vapor from
boiling flask to condenser. The reflux from the condenser is
directed by F so that it passes through the tube E, entering the
lower part of the liquid through e, whence it rises through the
liquid, eventually overflows through B, and returns to the boiling
flask. Tube E must be long enough above the overflow level so
that with a light solvent and a heavy liquid a sufficient head of
solvent can collect in E to expel it rapidly at e.

The extractor shown in Figure 1 has tube E divided into four
branches, the refluxed solvent being thus delivered through the

rforated bulbs at four points in the lowermost level of the
quid. The apparatus shown in Figure 2 is provided with a
mechanical stirrer and liquid seal. The stirrer is so placed that
the upper paddle is in the solvent layer, ab, and the otﬁer paddles
in the lower liquid. Further, the upper paddle and the lower
paddles are opposed so that, by operating the stirrer at moderate
speed, the upper solvent layer is pushed downward and the lower
liquid upward, the sliding int-er?ace and the continuous move-
ment within both layers increasing the rapidity and thoroughness
of the extraction. The drainage tube, H, permits the apparatus
to be emptied while assembled.

These extractors once started require no attention and can
be operated at a high rate of solvent flow. Those now in
use are of substantial construction, and are the work of J. D.
Graham, University of Pennsylvania glass blower.

ReceiveDp February 6, 1934.
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The ’hot metal’’ department, or
blow-shop, where the fabrication
of a Kimble Cylinder begins; the
glassblower inserts the molten
glass into a water-cooled pasted
mold, blows it into shaope, and
then fashions the base by hand.
Only highly skilled artisans, with
years of glass-blowing experi-
ence to their credit, are em-
ployed by Kimble,

<—-aT:stT— ‘
<EXAD

VA
20°C
ml 500
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KIMBLE QUALITY IS CONSTANT

Every step in the manufacture of Kimble Blue Line Exax Glassware
is performed by master craftsmen who have devoted many years
to doing one thing faultlessly. At every step in the process of making
a piece of Kimble glassware, the same care, the same expert knowl-
edge and experience as employed by the man in the blow-shop,
are built into the products.

s 33 0

It is this great attention to detail —this honesty of purpose and
sincerity of workmen and company alike —that have made Kimble
Blue Line Exax Glassware what it is and what it stands for today—
“Assured Accuracy” in the great laboratories of the industrial,
clinical and scientific world.

e >

K l MBLE GLASS COMPANY

VINELAND, NEW JERSEY.

NEW YORK . PHILADELPHIA . BOSTON
CHICAGO . DETROIT




ANALYTICAL EDITION

HELLIGE
H- ION
COMPARATORS

WITH PERMANENT (non-fading) GLASS

STANDARDS FOR DETERMINING THE

pH CONCENTRATION IN INDUSTRIAL,

CHEMICAL, SOIL, WATER AND SEWAGE
ANALYSES.

RAPID
ACCURATE
CONVENIENT
ECONOMICAL

5480=HELLIGE HYDROGEN - ION COMPARATOR.
This Comparator, illustrated above, is the Standard Model.

Furnished complete as illustrated, with two acid proof
cemented plane and parallel glass cells, 13 mm. wide; four
round measuring tubes with graduations from 5 to 10 cc.
in 1/1 cc. for measuring the test solution; pipette with
graduations at 0.20, 0.50 and 1.0cc. for measuring the in-
dicator solution; white and blue frosted glass plate; 50 cc.
bottle of indicator solution and one color disc to cover

range of about 1.6 pH in steps of 0.2 pH, disc to be
specified in ordering

In addition to the Standard Model there are several
other styles of Hellige Comparators.

A 24-page bulletin completely describing the different

types, together with list of color discs and indicators and
directions for use will be sent on request.

WILL CORPORATION

Products for Every Laboratory
Guaranteed Without Reservation

Rocnesten, NY.

For Molybdenum

Determinations

use

WHATMAN No. 54

To filter the Fe(OH); precipi-
tate in determining Molybdenum
by the routine method, WHAT-
MAN Filter Paper No. 54 is
recommended by leading An-
alysts.

No. 54 is a rapid filtering,
hardened filter paper, unaffected
by concentrations of alkali that
reduce ordinary filter papers to a
pore clogging pulp. Try it for
Molybdenum and wherever an
alkali resistant, rapid filtering
paper is required.

For filtering the Lead Molyb-
date in the final stages of the de-
termination by the gravimetric
method, use WHATMAN No.
42 or 44.

Samples cheerfully supplied
H. REEVE ANGEL & CO. INC.
7-11 Spruce Street
New York, N. Y.

Vol. 6, No. 4
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Analysis of Heavy Metal Soaps

BY EXTRACTION with TRICHLOROBENZENE

THE gravimetric determination
of inert materials in commercial
greases is often made difficult due
to the presence of ether insoluble
compounds such as calcium stear-
ate. The use of trichlorobenzene to
remove these compounds is re-
ported by F. M. Biffen in Inp. &
Exc. CHEM., ANAL., 0, 169 (1934).
A table showing the approximate
solubility of calcium stearate in

other common solvents is also
given. The high boiling point and
good inherent solvent properties
of trichlorobenzene make it a most
useful reagent for this extraction.
Eastman Trichlorobenzene,
chemical No. T 1909, is very satis-
factory for this and other solvent
uses. Price, 1 kg. $2.45.
Kodak Company, Chemical Sales
Davision, Rochester, N. Y.

Eastman

¥  EASTMAN ORGANIC CHEMICALS

COORS
U.S.A.

CHEMICAL
AND SCIENTIFIC
PORCELAIN

CoorS PoOrCELAIN Co.

GOLDEN, COLORADO

*Typical Analysisof Distillate \
Parts per 100 000
Total Solids ,

Volatile Solids O lb
Inorganic Solids

For Nitrogen as w A
Free Ammonia 0.0035
Albuminoid Ammonia  0.0000
Nitrates 0.0000
Nitrites 0.00
E Chlorine 0.00
R Dissolved Oxygen 0.06
? Free Carbon Dioxide 0.12
pH Value at 20° C 5.7
” Total Bacteria per cc. none
* Made and cerlified by
\ Arthur D, Little, Inc. /-
.
The NEW STOKES Water Still

produces an exceptional distillate—see typical
analysis above—at low cost.

‘\
m
5

Features

which safeguard purity of distillate and increase con-
venience of operation.
Pyrex Glass Cover—makes operation visible and
cleaning easy.
Triple Vapor Bafile—prevents entrainment.

Solid Block-tin Condenser Tube—not merely
block-tin lined.

Gas Eliminator-—Hot Well—where temperature,
practically boiling, releases dissolved gases
before distillation.

Deconcentrator—reduces foaming and scaling
tendencies; vital in hard water districts.

Patenged Heating Unit—in electric models—em-
bodies dual-purpose protective device.

Capacity—One Gallon per Hour,

Steam-, Gas- and Electrically-heated. Wall-
bracket and Floor-stand types.

RlSTokes MACHINE co.

Process Equipment Since 1895
5944 Tabor Road Olney P. O. Philadelphia, Pa.
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—MUBFTIPEE UNIE—

For Over
20 Years
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CRUCIBLE
| FURNACES

“MULTIPLE UNIT”

MUFFLE
FURNACES

“MULTIPLE UNIT"

HOT
PLATES

“MULTIPLE UNIT"

TUBULAR
FURNACES |||

"MULTIPLE UNIT"

ORGANIC
COMBUSTION
FURNACES

“MULTIPLE UNIT”

USED AS STANDARD EQUIPMENT IN LABORATORIES

Let your Jobber or Dealer, handling
laboratory apparatus, supply you with
"MULTIPLE UNIT" electric Furnaces
and Hot Plates. Catalog No. 30
sent upon request.

N

Hevi Dury ELectric COMPANY

MILWAUKEE ~ WISCONSIN

————MANUFACTURERS OF———
® Industrial Heat Treating and Laboratory Furnaces @

WANTED

Back Journals of the

American Chemical Society

Address all packages to the American Chemical Society, 20th and
Northampton Streets, Easton, Pa., and pay transportation charges. Be
certain that your name and eddress appear on outside of package. |f
you desire payment, which some members do not, send memorandum to
Charles L. Parsons, Secretary, Mills Building, Washington, D. C.
Journals must be received in good condition. This offer is subject to

withdrawal without notice.

Journal of the A. C. S.
Vol.
55, No. 6 @ .25 each

Analytical Edition, |. & E. C.
Vol.
2, Nos. 2 and 3 @ .25 each
3, Nos. 3 and 4 @ .25 each

News Edition, |. & E. C.
Vol.
11, No. 1 @ .25 each

Chemical Abstracts
Vol.
1, Nos. 12 and 14 @ $1.00 each
1, Nos. 2, 3,13, 16, 19, 20 and 22 @ .75 each
1, Nos. 4,5, 7, 8,9,10, 11, 15,17, 18, 21, 23, 24 and index @
.50 each
9, Nos.1,2,3,4,5,6,7,8, 9, 10, 11, 13, 14, 15, 16, 17, 18,
19, 20, 21, 23 and 24 @ .50 each
3,Nos.1,9,3,4,5,7,8,9, 11, 13, 15, 16, 17, 20, 21, 22 and
93 @ .25 each
3, Nos. 6, 10, 12, 14, 18, 19, 24 and index @ .50 each
4, No. 1 @ .50 each
96, No. 21 & 22 @ .25 each
97, Nos. 11 & 21 @ .25 each
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STORMER
VISCOSIMETER

IN THREE OUTFITS, I.E. GENERAL OUTFIT,
SILICATE OUTFIT AND CORN
CANNING OUTFIT

7649

VISCOSIMETER, STORMER. The speed of a rotating cylinder,
actuated by a weight, is measured by a revolution counter attached to
the spindle. The time required for a definite number of revolutions of
the cylinder when immersed in the sample maintained at a desired
temperature and driven by a definite weight is the measure of viscosity.
Readings are independent of the specific gravity of the liquid.

In the current model are incorporated a number of improvements,
and this instrument has found wide application in l.he silicate, insulat-
ing varnish, paint, pyroxylin, starch and corn canning industries.

See Rodgers and Sabin, ‘‘Consistency of Paints by the Stormer Vis-
cosimeter.” Journal of Industrial and Engineering Chemistry, Vol. 3
(1911) p. 737; Rigg and Carpenter, ‘“The Stormer Viscosimeter and the
Value of Viscosity Determinations by Its Use,” Journal of Industrial
and Engineering Chemistry, Vol. 4 (1912), p. 901; Higgins and Pitman,
““Measurement of Viscosity of Pyfoxylin Solutions,”” Journal of Indus-
trial and Engineering Chemisiry, Vol. 12 (1920), p. 587; Rask and Als-
berg, “‘A Viscosimetric Study of Wheat Starches,” Cereal Chemistry,
Vol. 1, No. 1 (January, 1924), p. 7; Charles J. Meister, “Recording
Corn Consistency,”” The Canner, Vol. 64, No. 9 (Feb. 19, 1927), p. 23;
James G. Vail, ‘‘Soluble Silicates in Industry”’ (American Chemical So-
ciety Monograph Series), New York, 1928, pp. 139-154; and J. C. Rip-
perton, ‘“Measurement of Consistency of Starch Solutions,” ndustrial
an%_l?nginnn’ng Chemistry, Anal. Ed., Vol. 3, No. 2 (Apr. 15, 1931),
p. 152,

Code

7649. Viscosimeter, Stormer, General Outfit. Word
Complete in case, with thermometer and

directions for use . . 110.00 Letok

7649-A. Ditto, Silicate Outfit, In case, with direc-
tions for use, but without thermometer

7649-B. Ditto, Corn Outfit. For use in determining
the consistency of canned corn. In case,
with directions for use, but without ther-
mometer . . = . . - R . 105.00 Letuy

107.50 Letre

For detailed description of the Stormer Viscosimeter
see pp. 595 and 596 of our current catalogue.

ARTHUR H. THOMAS CO.

RETAIL - WHOLESALE - EXPORT

LABORATORY APPARATUS AND
REAGENTS

WEST WASHINGTON SQUARE
PHILADELPHIA, PA, U. S. A.

Cable Address: BALANCE, Philadelphia

THE CENCO
FORCED CIRCULATION
LABORATORY DRYING OVEN

Provides

Constant and Uniform Temperatures
Under Full Load Conditions

Accelerates
Drying Operations
Saves Time
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HE Cenco Forced Circulation Oven, on ac-
count of the rapid circulation of air within
the oven chamber, permits the handling of its
entire capacity of samples, to produce consistent
results within the specified time for the determi-

nation. Since the Cenco Forced Circulation Oven
is provided with adequate heating units, all of
which are under the control of the thermo-
regulator, it recovers the desired temperature,
after the introduction of samples or opening of
the oven, within a very short time interval.

No 9834A
Inside Dimensions: 14-3/4 x 12 x 12 inches
For 110 volts A.C. - = - - - - $950.00

No. 9835A
Inside dimensions: 19-3/4 x 17 x 14 inches
For 110 volts A.C. - - -=-- . - $325.00

ASK FOR
BULLETIN No. 7F

@&s%m_@, ScienTiFic CoMPANY

ABORATORY [\ SUPPLIES
Apparatus m Chemicals

NEw YoRK - BoSTON - CHICAG O-TORONTO-LOS ANGELES
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This book will be of great value to petroleum refiners, chemists, petroleum
technologists, research workers, chemical engineering students interested in the
chemistryandrefiningof petroleum, manufacturing chemistsusing petroleumderiva-
tives, and patent attorneys requiring a survey of patents on the subjects discussed.

CHEMICAL REFINING OF

PETROLEUM

The Action of Various Refining Agents and

Chemicals on Petroleum and Its Products

VLADIMIR A. KALICHEVSKY
BERT ALLEN STAGNER, Ph.D.

THE application of chemicals in refining petroleum

] | and petroleum derivatives and improving their
desirable characteristics and, likewise, the concep-

Other Interesting Books tions themselves of the properties desired in the

finished products have undergone rapid develop-

Ellis—Chemistry of Petroleum Derivatives ment in the last few years. The general knowledge
(just published). .......coov.n $18.00 of the chemistry of petroleum hydrocarbons has also

broadened. Processes and investigations have for

Sachanen-Tilicheyev—Chenmistry and Tech- the most part been published in miscellaneous scien-

jolesyiolGackine = 38.00 tific and technical periodicals and in patents. This
Marek-Hahn—Catalytic Oxidation of Or- volume has, therefore, been prepared to meet an urgent
ganic Compounds in the Vapor Phase need for a single publicalion presenting a comprehen-
----------------------------- $9.00 swe and practical discussion of the use and effects of
R the various chemicals and reagents in refining and

B"&ilsl-R“W”‘/ of Gasoline from st’;“g‘g modifying petroleum and its products.
Bl LR b Such subjects as the following are discussed exten-
et St eUZe IOl Ol YOTOCAT °$9.00 sively: chemistry of the petroleum hydrocarbons;
""""""""""""""" ? useand effectsofsulfuricacid ; disposal,regeneration,
Eeslie—Motor Flielss i $11.00 and re-use of spent sulfuric acid ; use of alkaline rea-
gents; removal of combined sulfur; sweetening and
McKee==Shale ©ff -5t 2L o $4.50 elimination of corrosive constituents; adsorption
Ricgelladustris] Chenlsl, reagents—fuller’s earthclays, silica gel, etc.; refining
e e ol o e $6.00 with solvents and extractants; detonation, effects,
prevention; oxidation and reduction reactions and
Condensed Chemical Dictionary processes; gums and sludges in petroleum products;
Bockrami e im 8 $10.00 autoxidation and antioxidants, miscellaneous refin-

Alcan Hirsch—Industrialized Russia.$3.00 ing methods, etc.

An extraordinarily complete bibliography and
i B patent references are given, which will facilitate re-
search in the original literature.

448 Pages Illustrated $7.00

A. C.S.MONOGRA{’H 63

The Chemical Catalog Company, Inc.
330 West 42nd Street New York, U. S. A.




