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Wmﬁ% High -Vacuum

....’:

-

Technique

demands

VITREOSIL

FUSED PURE SILICA AND QUARTZ
High frequency vacuum . High - frequency vacuum

furnace Research Labora- distillation furnaces
tories Westinghouse Elec- Carnegie Institute of
tric & Manufacturing Co. Technology.

HEATING pOSTION COOLING POSITON ITREOSIL possesses

Vthree outstanding ad-
vantages for work in this
L) exacting field—gas tightness
-t connected to the pump, high
temperature immunity to
over 1000° C. and extraordi-
N acaumyoeehakior ririce nary electrical characteristics.

Carnegie Institution of Washington

G

D pipe in larger diameters and transparent

Vitreosil in various forms provide a variety of pos-

sibilities all within the same general range of use-

fulness which is quite beyond that of glasses or
ordinary ceramics.

The illustrations show characteristic applica-
tions. We shall be glad to discuss similar problems

with you.

The THERMAL SYNDICATE, Ltd.

62 Schenectady Avenue Brooklyn, New York M e
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MANY S the time the laboratory has been blamed for holding
up an important analysis when the blame really rests on the

executives who have refused to provide the laboratory with the

proper equipment to allow them to take speedy short methods.

Optical Methods allow /Jegitimate short cuts and often times elimi-
nate much of the delay of the wet method of analysis. Official
methods with their desirable conservatism, are adding more and
more optical methods each year.

Optical Instruments are not expensive or extravagant. Few cost
as much as a month’s salary of a good chemist. They soon pay for
themselves in time of laboratory workers alone, to say nothing
of the larger savings in plant operation. Salaries once paid are gone,
while an optical instrument may last for 20 years.

We will gladly assist you in checking your processes to see what
optical short cuts you can make. All inquiries will be held in
strictest confidence.

The Medium Quartz Spectrograph records all wave
lengths useful for chemical analysis. All observations
are by photography. Complete qualitative analyses
and surprisingly accurate quantitative analyses can be
made with this instrument. It is a great time saver.

Who is to blame 2

R
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WE DO OUR PART

Instruments
for the chemist

Littrow Quartz
Spectrograph

Spectrogram Density
Comparator

Linear Measuring
Microscope

L C Petrographical
Microscope

Centrifuge Microscope
Abbe Refractometer
Dipping Refractometer
H Jon Colorimeter
Duboscq Colorimeter
Slit Ultramicroscope

Photomicrographic
Apparatus

: BaL GLASS IS USED IN B & L MICROSCOPES, TELESCOPES,
BINOCULARS, SPECTACLE LENSES AND FRAMES » »
‘ : OPHTHALMIC APPARATUS, SCIENTIFIC INSTRUMENTS.

BAUSCH & LOMB OPTICAL CO., 609 ST. PAUL ST., ROCHESTER, N. Y.,

Uz SU AL
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BECKER’S SONS (Rotterdam)
Balances and Weights

The firm of Becker’s Sons (Rotterdam) has earned and enjoys an
enviable international reputation for its balances and weights of all
kinds, and for the analytical types in particular.

The line comprises balances and weights suitable to all scientific
purposes, such as chemical analysis of all kinds, including commercial
chemistry, blood and stomach analysis, assaying, specific gravity work,
as well as the less accurate work of the scientific laboratory such as
the making of stains and solutions in general.

The weighings made by these balances are positive and can be
absolutely relied upon. They are not arrived at by indirect mechani-
cal means which are at all times subject to error.

As sole United States agents for Becker’s Sons (Rotterdam) we
carry alarge assortment of balances and weights of their make in stock
for prompt delivery.

Your inquiries are solicited, and we shall be pleased to send
you a new book describing these balances upon request.

emncn

WE 5O DUR PaRT

E. H. SARGENT & CO.

Laboratory Supplies
155-165 E. SUPERIOR STREET CHICAGO

(4056B)
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EXAX CYLI N DE RS

HE graduated cylinder is one of the mainstays in
Tscientiﬁc laboratory work. lts calibration must be
accurate if results are to be relied upon. Kimble Blue
Line Exax Cylinders—blown in paste moulds to pro-
duce a highly polished surface —permit reading of
all liquid levels without error or distortion.

IMPORTANT FEATURES
1. Each cylinder is calibrated at 20°C at enough points to

NS
=1
=

assure accuracy of intermediate divisions.
2. Lining and numbering are done by automatic machines.

3. All lines are deeply acid-etched and filled with a durable
blue glass enamel, actually fused in.

4. An entirely new type of calibration lining for accurate and
rapid reading. Short lines for intermediate divisions with
encircling lines at the main graduation points.

(imdn

200

150

= 100

T
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5. All Kimble Blue Line Exax Cylinders are retested, and are
retempered (strain-free) to eliminate weck spots.

6. The lips are finished so that liquid can be poured slowly
without running down the sides.

7. All bottoms are ground so as to rest perfectly level.

The following tolerances are allowed:

5 ml. +0.10 ». 250 ml. 1.4 ml.
10 ml. 0.10 ml. 500 ml. 2.6 ml.
25 ml. 0.30 ml. 1000 ml. 5.0 ml.
50 ml. 0.40 ml. 2000 ml. 10.0 7l

100 ml 0.60 ml.

Stocked by leading Laboratfory Supply Houses throughout the
United States cnd Canada.

K I MBLE GLASS COMPANY

VINELAND, NEW JERSEY.
NEW YORK  «  PHILADELPHIA' .  BOSTON
CHICAGO . DETROIT
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WHERE
SMOKE
FIRE

It is very generally accepted as a fact that ‘‘where

Al , there’s

there’s smoke there’s fire’> because of irrefutable
supporting evidence. Likewise, among pyrometer
users, there is an almost universal acceptance for
Chromel-Alumel thermo-couples and lead wire,
not as a result of salesmanship, but because of the
sheer merit of the products themselves. The lead
wire, being made of the same material as the
couple,eliminatesoneprincipalsourceof error. The
Chromel-Alumel couple is noted for its long life
and its sustained accuracy at high temperatures,
around 2000° F. The couples don’t have to be
packed in the protection tube, which makes them
quickly responsive to changes of temperature. They
haveno *‘immersion”’ error. When they wearoutat
the hot end, they can be welded at the other end for
additional long service. These are some of the rea-
sons why all the significant pyrometer installations
are equipped with Chromel-Alumel couples and
leads. . . . For technical data, send for Catalog A.H.

HOSKINS MANUFACTURING COMPANY
4439 Lawton Avenue Detroit, Mich.
In Canada: Walker Metal Products, Limited, Walkerville, Ontario

. HOSKINS

Chviomel Couples
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Improved Style of Reinforcement

for . PLATINUM CRUCIBLES AND DISHES
—OFFSET RIMS—

e

A = ENLARGED DETAIL
ENLARGED CROSS-SECTION r OF OFF SET RIM

F NORMA'. 25 cc. CRUCIBLE
This A. P. W. feature has proved to add to the strength and stability of our wares without addi-
tional weight and without extra charge. Made in this style, wares will retain their shape longer and
withstand handling of tongs better. We will furnish the Offset Rim on any style of cruc.ible or d!sh
by special request, either on new purchases of wares or exchange of old worn-out utensils. No in-
crease in cost. For more information please ask for special description sheet. Our Catalog F-16, de-
scribing A. P. W. Platinum Laboratory Wares will be sent upon request.

Specify on your next order “with A. P. W. Offset Rims”’

THE AMERICAN PLATINUM WORKS
N. J. R. R. AVE. AT OLIVER ST. - - NEWARK, N. J.

PURE* WATER 5.

RS Automatically—Economically
with the NEW STOKES &

Laboratory Water Still

FEATURES
which safeguard purity of distillate and
P ® @ increase convenience of operation.

Pyrex Glass Cover—makes operation visible and
cleaning easy.

Triple Vapor Baffle—prevents entrainment.
ing, releases dissolved gases before distillation.

Fuse-Protected Heat- } *Typical Analysis of Distillate

ing Unit—in elec- P o
PORCELAIN tric models. Totat Songa 727t Do 109,000
Capacity — One Gallon T s Hollds, e
norgan
e N g“ﬂc o 0.0035
Steam-, Gas- and fee Jimmopia ¥ g
Electrically - heated. Niteites oot £ 00000
Wall-bracket and Chl‘il'ltfata g.gg
Floor-stand types. st:;f;::d o :
0.08
P C Sold Through Dealers Ff{"vcf'bo‘; ?g%de g.;z
or Direct alue at 20°C. .
otal Bact -
COORS PORCELAIN Co. || . z=pr=™ St i

\ * Made and certified by

No. 171 Arthur D. Litile, Inc.

RlSTokes MACHINE co.

rocess Equipment Since 1895

GOLDEN, COLORADO

CHEMIG AL Solid Block-tin Condenser Tube—not merely block-tin lined.

Gas Elx’mz'nt_ztor—Hot Well—where temperature, practically boil-

AND SCIENTIFIC Dec°"°‘"”{:§m§;‘g§ga£§sg‘ and scaling tendencies; vital

P
5922 Tabor Road, Olney P. O, Philadelphia, Pa.
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on 10 X 4 inck_x photographic plates. Required where the spectrum of the main substance is very complex, for example, in iron,
cobalt, chromium, molybdenum, titanium, tungsten, uranium or zirconium.

SPECTROPHOTOMETER, Hilger-Nutting Industrial and Research Model H-106. A new arrangement of the Hilger
Wavelength Spectrometer and Nutting Polarization Photometer, with an improved optical system. Advantages are: main-
tenance of high accuracy, speed of operation, ease of manipulation, mechanical suitability for rough routine usage and per-
manency of setup and adjustment.
( For detailed description, see listing under No. 9107 on pp. 7T18~720 of our catalogue.)

Special Price, on showroom sample, for immediate delivery

......................................... $ 979.00
Current Price, for special importation, delivery in approximately twelve weeks

The above special prices apply—subject to prior sale—only to showroom samples which are slightly shopworn

ARTHUR H. THOMAS COMPANY

3315% REDUCTION IN PRICE

on one each only

HILGER LARGE QUARTZ SPECTROGRAPH

and

HILGER-NUTTING SPECTROPHOTOMETER

Subject to conditions named below

Hilger E-1 Large Quartz Spectrograph

QUARTZ SPECTROGRAPH, Hilger Large Model E-1. Takes the entire spectrum from 1930A to 8000A in four expostures

(Detatled specifications on request).
Special Price, on showroom sample, for immediate delivery

......................... sagmme ST nie s $1,6006.00
Current Price, for special importation, delivery in approximately twelve weeks. .. ...........iiiinin.n.n 2,409.00

9107.

Hilger-Nutting Spectrophotometer H-106

Complete with pair of tubes, 150 c. p. Pointolite lamp and resistance for 110 volts a. c.

........................ 1,468.50

from display and from demonstration in our laboratory. The above current prices are subject
to daily fluctuation in cost of Sterling exchange.

RETAIL—WHOLESALE—EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE
PHILADELPHIA, US.A.

Cable Address, “BALANCE,” Philadelphia
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Measurement of Tube Wall Temperatures in
Heat Transfer Experiments

G. M. HessArp! Anp W. L. BADGER, Univeréity of Michigan, Ann Arbor, Mich.

an integral part of most experimental work involving a

study of heat transfer coefficients to and from these
surfaces through the enveloping films. The final degree of
accuracy obtained in such work is usually controlled by the
accuracy of determination of the surface temperatures.

Recent important investigations concerning the condensa-
tion of vapors and heating of liquids have required more than
an approximate knowledge of the wall temperatures of the ex-
perimental tubes. Some few investigators, justified by ac-
cepted data, have preferred to assume approximate heat trans-
fer coefficients for one or another of the films rather than to
carry out the work necessary for the actual measurement of
the desired temperatures. Others have adopted or developed
methods that have not eliminated this part of heat transfer
studies as a source of considerable error. The amount of
error involved in any given case can only vaguely be esti-
mated, but it is certain that a better correlation of all such
work would be possible with improved methods of measure-
ment.

Reviews of the methods utilized have recently been made by
Othmer and Coats (8) and Colburn and Hougen (4). : Add}-
tional references supplementing these are included in this
paper. Installations as applied to tubes alone are con-
sidered.

By far the major portion of the work
done on this problem has been carried out
with thermocouples, which, because of
their inherent economy and flexibility of
installation, may be considered the most
likely instrument to be chosen. Installa-
tions of resistance thermometers (3, 7),
mercury thermometers (2), portable con-
tact recorders (1, 5), and extensiometers
(9, 10) have been made. These latter
methods are not generally applicable and
are not to be preferred if a successful
thermocouple method is an alternative.

Use oF THERMOCOUPLES

Any installation involving t_hermo-
couples should meet the following re-

D ETERMINATION of the temperature of tube wallsis

2} BAKELITE

quirements: L3 LEADS
1 Present address, Dow Chemical Co., Midland, Ficure 1.

Mich.

TrERMOCOUPLE INSTAL-
LATION

1. The temperature recorded by any given junction must be
that of the corresponding wall temperature or one from which the
wall temperature may be calculated by the use of known rela-
tions.

2. The effect of heat conduction to the junction by the leads
should be minimized or eliminated. :

3. The characteristics of the normal film on the wall must not
be disturbed by the installation.

4. Any installation should be in mutual agreement between
different couples and should be capable of accurate reproduction.

The assembly should be sufficiently rugged to withstand
all conditions encountered during installation of the tube in the
test anaratus.

6. minimum of time should be required for installation and
calibration unless the permanency of the set-up warrants addi-
tional work.

7. Frequent recalibration and attention to the couples should
not be necessary.

As most investigations are carried out with tubes of rela-
tively small diameter and of considerable length, mechanical
considerations will restrict the operator to the use of the out-
side wall of the tube. When it is necessary to contend with a
vapor condensing on this wall, the problem of an undisturbed
film becomes paramount, particularly with vapors of large
latent heats which form very thin films of condensate.
Since relatively large temperature differences oceur through
these thin films, any mechanical imperfection or deformation
of the natural surface in the vicinity of
the couple junction that causes a penetra-
tion or distortion of the film will result in
abnormal heat conduction to the junction
(peened, plated, and slotted installations).
If the lead wires from the junction are
carried out directly into the higher tem-
perature of the vapor space, the effect of
heat conduction along the leads becomes
considerable (peened and plated installa-
tions). There is no way at present by
which this effect can be calculated.

No single thermocouple method de-
veloped to date, on the basis of data pre-
sented, can be said to be free from either
or both of these objections, with the
possible exception of the Kraussold instal-
lation (6).

The latter utilizes a longitudinal groove
[0.0625 inch (0.16 em.) dgele , 0.125 inch
(0.3 em.) wide, and 6 inches (15 ¢cm.) long]

359
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milled in the tube wall. A spline of the tube material, made with
a concave bottom to allow for the couple and leads, is cut to fit
the groove snugly. When the spline has been driven into place
an equivalent of the original surface remains. The leads are
brought through the film at opposite ends of the spline and well
away from the junction. It has been found extremely difficult
to make even a passably good job bg this method. Even if a
smooth external surface is obtained, the spline has a tendency to
work loose on repeated heating and cooling. Further, the leads
in the Kraussold method disturb the drainage of the condensate
if the tube is vertical. It is only necessary to try the Kraussold
method and the one here suggested to decide which is superior. -

0.113"piAM,

0.060 DIAM.
e

CHORD
HOLE
Ficure 2. Diacram oF Crorp HoLe, ANNULAR GROOVE,
Anp Prue Anp Recess Hores

ANNULAR
GROOVE

PLUG Anp
RECESS HOLES

Dimensions are for installation in 1-inch 11-gage tube.

The solution to both the requirements of unchanged surface
conditions and freedom from abnormal heat conduction to
the junction may be reached in a logical fashion. The couple
junction should be placed under a surface over which the
film drainage is not disturbed, and the leads must be with-
drawn for an appreciable distance from the junction through a
section of the wall that is isothermal with the point at which
the couple is embedded.

Prorosep METHOD

Reference to Figure 1 will illustrate the features of the
method. The thermocouple is inserted in a hole drilled
through a chord of the wall, and the leads are carried around
the tube in an annular groove to be withdrawn at the back,
180° from the junction. The junction itself is brought into
metallic contact with the wall by solder admitted through the
plug hole above. Bakelite cement of special composition
provides electrical insulation and fills the groove and chord
hole up to the junction. The excess solder and Bakelite may
be removed with fine emery cloth to produce a continuous
and polished surface at all points except where the leads leave
the tube, 180° from the point of measurement.

It is necessary to employ tubes of somewhat heavier walls
than those ordinarily used in order to provide sufficient metal
for the chord drill, which is necessarily limited as to the small-
est size that can be employed. The additional metal offers
no disadvantage as it is only a very small part of the total
resistance to heat flow, and transfer through it can be accu-
rately calculated.

DEera1Ls oF METHOD -
Steps in machining are as follows (Figure 2):

Crorp Hore. Diameter of drill chosen is dependent upon
obtainirag greatest distance S without causing too small a thick-
ness at 7. Drilling is done with tem%lélte shown in Figure 3.

ANNULAR GROOVE FOR LEADS. idth = C, depth = G.
Cut on lathe with round-nosed tool of width = C (Figure 3).
Lathe is moved by hand, lifting tool over uncut section.

Pruc AND Recess HoLes. Diameter = approximately 2 X C
to a convenient drill size. Recess hole is necessary to permit
proper footing for lead throat of Bakelite.

Thermocouples are made from copper-constantan of most
convenient wire diameter. Junction is butt-soldered with
silver to give neat bead that threads through chord hole.

ANALYTICAL EDITION

Vol. 5, No. 6

InsTaLrATION OF CouPLES. The plug hole is first tinned.
The chord hole must be packed with asbestos thread during
this operation. The couple is then threaded in. To center
the junction and prevent sweating of solder into the chord
hole while soldering the junction, short pieces of metal tubing,
that fit closely over the leads and in the chord hole, are
threaded over the leads and up to the junction. The tips of
these tubes should be covered with melted borax to prevent
solder from adhering to them. If hypodermic needles of
proper size can be found, they are the most convenient type of
tubing for the above work (D, Figure 3). The couple is
soldered in, using a blast lamp to maintain the tube at the
proper temperature. The solder must be allowed to flow
naturally into the hole and must cool slowly. Ordinary lead-
tin solder is recommended as satisfactory and most easily
handled. When the couple is soldered in place, each lead is
hand-wrapped in two steps (&, Figure 3): First, a cotton
thread, of sufficient diameter to allow only slight clearance
from the walls when well smeared with Bakelite, is wrapped
around the portion of the leads in the chord hole, and well
packed into the holes with the tubing previously mentioned.
Lighter cotton is then wrapped around the leads from the
holes and carried along a distance sufficient to provide for
insulation in the groove and about one inch additional. A
light coat of Bakelite is then laid in the groove and on the
thread, and cured. Next, the leads are brought together at
the recess hole, twisted around each other for about 0.5 inch
(1.26 cm.), and then carefully bent or pushed into the very
bottom of the groove at all points. With successive coats of
Bakelite, the groove is completely filled and a throat of sup-
porting Bakelite is built around the twisted leads. Excess

FiGurRe 3. PHOTOGRAPH OF INSTALLATION

solder and Bakelite are removed, first with sand paper, and
then with a fine grade of metallographic paper. The leads
are joined to wires of similar composition, leading to the in-
struments, and proper insulation is applied to these joints.
Thread and Bakelite will serve the latter purpose.

CuriNG oF BageriTe. Bakelite resin BR-0013 has been
found most satisfactory. This material should be mixed with
kaolin or silica (200 mesh) in the proportions of two parts of
resin to one part of filler. Better adhesion of the cured resin
to the metal is obtained by use of the filler.

The material recommended will harden completely within
20 to 30 minutes at a temperature of 120° to 130° C. Thin
coats must be applied. Curing the resin on the installations
can most easily be effected by the use of an oven of special
construction. This latter can be a transite box, split laterally
and fitted with hinges. The ends are cut out to fit the tube
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\ Q"'g necessary will be required
T for curing. This difficulty
x o 18 may be overcome by the
373 & ‘% use of an internal heater for
rER o 12 the tube, constructed of a
2. 2 short length of small-di-

3 g T8 ameter iron pi The pi
e % : pipe. e pipe
§2 '-'ﬁ is covered with an asbestos
;I;'" e e sleeve, wrapped with resist-
E e & g ance wire, and then further
8 Sz £ covered with a spaced
% = & olid o]k .f'g " spiral wrapping of asbestos
it 214 it e tape. Thisheating element
- g = is placed in the tube at a
sk, point under the junction.
A moderate heat input will
wie maintain the tube tempera-
il ture at the same degree as

\ o that of the oven.

s 2iase iR 8 g INSULATION OF LEADS

THROUGH VAPOR SPACE.

8
:
g
: s
\\\ \ 218 ; A satisfactory insulation of
STSNE the leads through the vapor
= space is essential. Tests of
°1° ~ &  various materials subjected
5 Q B ‘to steam and hot water at
BRI g temperatures of 250° to
o uw s 280°F. (121°to 138° C.) for
| ; KIS E periads of 100 to 200 hours
g I - o o o 3 definitely proved that the
Sz 1 *3 3 = x = usual forms of insulation
SIS 8% o o\ 2ol \n = = isfacto h
2 [3n 5 of [ o T © S 3 > are unsatisfactory. 1e
b 53 et S insulations examined and
; S o2 3 .
3 3 @ g found to be unsatisfactory
nds include ordinary red rubber
ia 5 tubing, soft and lightly vul-
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snugly. Sufficient coiled resistance wire is distributed on the
inner walls of the box to maintain the desired temperature
within the oven. Temperature control can be effected within
the desired limits by additional series resistances. Radia-
tion losses from the length of tube outside the box may be so
high that it will be impossible to maintain a proper intensity
of heat in the tube itself, and a longer period of time than is

Figure 2.

Tubes: I-inch 11-gage copper, 0.992 inch (2.5 em.) outside
diameter, 0.750 inch (1.9 em.) inside diameter.

Thermocouple: Copper-constantan, No. 24 B. & 8. wire, junc-
tion centered 0.074 inch (0.188 cm.) below outer wall.

Chord hole: No. 53 drill (0.0595 inch, 0.151 cm.).

Plug and recess holes: No. 33 drill (0.1130 inch, 0.287 cm.).

Bakelite: No. BR-0013, 2 parts, with 1 part 200-mesh kaolin.
_ Thread insulation: No. 20 cotton in chord holes, No. 60 cotton
in grooves,
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Grooves: 0.060 inch (0.152 em.) wide, 0.080 inch (0.203 cm.)
eep.
Hypo needles: No. 17 gage, 2 inch (5 cm.) length.

EXPERIMENTAL APPLICATION OF METHOD

Preliminary trials were made in a small test apparatus
which functioned as a single-tube horizontal water heater.
Installations were then made on tubes of two forced circula-
tion evaporators. Ten couples were installed on the tube of
an experimental evaporator having one vertical tube 12 feet
(3.7 meters) long, and six couples were installed on one tube in
an eight-tube semicommereial forced circulation evaporator.
Consistent results have been obtained with both installations.

Both of the above tubes were calibrated in a single-tube
apparatus in which it was possible to maintain constant iso-
thermal conditions at all points over the calibration range
(30° to 120° C.) with a maximum variation of =0.02° F.
(0.01° C.). The known accuracy of calibration was =0.001
millivolt (0.04° F. or 0.02° C.). Observed calibration values
for the couples of each tube at any given temperature fell
within a maximum range of 0.005 millivolt (0.18° F., 0.10°
C.). Recalibration of the single-tube couples was made after
150 hours of operation, The values obtained did not diverge
from the original results within the established limit of error,
(0.005 millivolt = 0.18° F., 0.10° C.), and all couples were in
the same relative agreement.

Results that have been achieved in the measurement of wall
temperatures are well illustrated by Figure 4. This is a
plot of the observed wall temperatures obtained with steam
and distilled water in the 12-foot (3.7-meter) single-tube
evaporator over a wide range of operating conditions. Actual
couple readings, transferred to temperatures in ° C., are
plotted against the locations of the couples on the tube.
(No. 5 couple was damaged during the course of a repair job
on the machine. No results for this couple are reported.)
Each group of curves is representative of a fixed boiling point
and steam temperature. Four different velocities of circula-
tion were employed to give the several curves. .

It is difficult to adduce positive evidence of the accuracy
and reproducibility of wall thermocouples. The statements
made above as to the reproducibility of the readings in cali-
bration under conditions of no heat flow are not positive evi-
dence of the behayior of the same couples when there is a
temperature gradient through the tube and films. A study of
Figure 4 will show, from the relative positions of the curves in
all the groups, that the couples installed by this method are
apparently giving dependable readings. ' This is borne out
by the fact that all the groups show a similar change in the
curves caused by a change in velocity. Stronger evidence
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(though still indirect) is the close correspondence of the curves
for 10 and 13 feet (3 and 4 meters) per second. There would
seem to be no error involved comparable with the accuracy of
the work as a whole, when separate runs, often over a week
apart and with many other runs made in the interval, will
yield curves corresponding so closely as those for 10 and 13
feet (3 and 4 meters) in all the series, especially the series at
100° boiling point with steam at 110° and at 115° C.

With small over-all temperature drops only slight changesin
wall temperature may be expected with changes in velocity.
The curves for 80° boiling point, 90° steam, and 100° boiling
point, 110° steam, indicate the close agreement that has been
obtained. The very small decrease in wall temperature re-
sulting from increasing the velocity from 10 to 13 feet (3 to
4 meters) per second for the latter set of conditions has been
recorded accurately by the installed couples without a single
overlapping value. Runs of the 100° boiling point, 120°
steam, group were made on different days. The 3 and 10
foot (1 and 3 meter) velocities were completed a week before
the 5 and 13 foot (1.5 and 4 meter) velocities were made. The
80 hours of operation conducted between those dates did not
affect the consistency of the readings.

COMMENTS

The method as developed and tested in this laboratory has
proved very satisfactory. A modification of the manner of
withdrawal of the leads from the tube has been found pos-
sible, so that, in a purely test apparatus, the tube and thermo-
couples with the leads consist of a compact unit. This will
make feasible a study of the effect of tube surface conditions
on heat transfer coefficients, a requirement of which is the con-
stant observation and conditioning of the tube surface. A
later report will consider the modification.
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Bumping Prevention

Jorn E. S. Han
155/3 Route Stanislas Chevalier, Shanghai, China

HE author (7, 2) has recommended the use of a porcelain

sieve plate for preventing bumping, because it introduces

no impurity and causes no
oxidation. It is excellent for
liquid boiled in a small round-
bottomed vessel. For a thick
layer of liquid, the plate is
liable to rest on the bottom,
cause overheating of the
covered area, and result in the
cracking of the vessel.

For the preparation of a large quantity of carbon dioxide-
free water, the author has used successfully sieve plates made
of sheet silver without cracking a single glass vessel in two
years. For solutions that attack silver, the sieve plate could
be constructed of platinum.
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Quantitative Organic Microchemical Analysis
in Industrial Problems

W. R. KmneR, Coal Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Pa.

to 10 mg. of material; such methods have been re-

ferred to by Emich as milligram methods to differ-
entiate them from centigram or semi-micromethods and deci-
gram or macromethods. This discussion will not include
methods of chemical microscopy, which involve the application
of the microscope to the solution of chemical problems, al-
though they are of great value as research tools; Chamot (6)
states that they offer even greater possibilities in time- and
labor-saving than microchemical methods. Finally, discussion
of highly sensitive identification reactions on organic apd
inorganic compounds and ions, spot tests, and spectroscopic,
colorimetric, and nephelometric methods of analysis will be
omitted altogether although these are justly included in the
field of microchemical methods.

In the classification of quantitative microchemical methqu
of analysis there is the usual division into organic and in-
organic branches. The technic for inorganic quantitative
microanalysis has been carefully worked out, particularly by
Emich and his co-workers, but the methods deve}oped by
Pregl for organic compounds appear to be recei\n'ng more
attention. These methods are essentially the same in theory
and practice as the older macromethods and have, iI'l geneya},
merely been improved and modified to permit using milli-
grams in place of decigrams. 3

Lavoisier is generally considered the founder of organic
elementary analysis for, in 1781, he worked out an indirect
gas-volumetric method of analysis by which he determined
the composition of an organic substance from the products
of its complete combustion to carbon dioxide and water and
made clear the importance of elementary organic analysis
to the science of chemistry. Minor improvements were made
until, in 1830, Liebig and Dumas made the final improvements
and developed the macromethod to practically its present
form. With the exception of certain improvemc_:nts suggested
by Dennstedt in 1903 there were no important improvements
in the technic of organic elementary anal_ysis for carb.on and
hydrogen until the time of Pregl, a period of practically a
hundred years. §

The Dumas method for nitrogen appeared in 1883 and was
improved by Schiff in 1886 by his development of the present
form of azotometer. The period 1861-70 saw the develop-
ment of the Carius method for sulfur and halogens, and in
1883 Kjeldahl published his method for the determination of
nitrogen.

'-\ fl ICROCHEMICAL methods deal, arbitrarily, with 1

DEVELOPMENT OF ORGANIC ELEMENTARY MICROANALYSIS

In 1910 Pregl, in the course of a tedious investigation on
bile acids, isolated a decomposition product which could be
obtained only in extremely small amounts. He was faced
with having to start anew with very large amounts of ma-
terial or else to refine the methods of quantitative organic
analysis so that he could get correct analytical results on
previously unheard of small amounts of material which would
lead with certainty to the empirical formula of his substance.
Pregl was encouraged in deciding in favor of the second alter-
native by the success which Emich had attained in quantita-
tive inorganic microanalysis.

By the end of 1911 the determination of carbon and hydro-

gen could be made on 7 to 13 mg. of organic material, even if
nitrogen and small amounts of sulfur and halogens were
simultaneously present; nitrogen could be determined either
gasometrically or by titration, on 4 to 8 mg. of substance;
and finally determination of sulfur and halogens could be
made, also on 4 to 8 mg., by the method of Carius. TIn 1912
and 1913 many improvements were made, sources of error
discovered and eliminated, necessary stringent conditions
of technic imposed, time of analyses shortened, and finally
the amount of starting material diminished to as low as 2
mg. New developments included the combustion method
for halogens and sulfur, the electrolytic determination of
copper, molecular weight determination by the ebullioscopic
method, and the determination of methoxyl, ethoxyl, and
methylimino groups. During this period, about 10,000
exact weighings were made. Pregl’s first public announce-
ment of these methods was made before the German Chemical
Society in Berlin on February 27, 1911, with demonstration
of his technic. The results were first published in Abder-
halden’s Handbuch der Biochemischen Arbeitsmethoden in
1912,

In 1916 the first edition of Pregl’s book was published.
By this time the micromuffle for the microdetermination of
metallic residues had been worked out, also the carboxyl
group determination, and the technic developed for the
analysis of low-boiling liquids for carbon and hydrogen,
and the gravimetric determination of arsenic. At the time
of publication of the second edition in 1922 new determina-
tions included the volumetric determination of arsenic, the
determination of mercury in organic compounds, the deter-
mination of the acetyl group, and the ebullioscopic determi-
nation of the molecular weights of liquids. Up to the time
of the publication of the third edition in 1930 many industrial
laboratories of Europe had adopted quantitative organic
microanalytical methods, which had been spread to all
countries of the world by over three hundred of Pregl’s stu-
dents. Pregl received the Nobel Prize in Chemistry in 1923
for his development of these methods.

Microchemical analysis had such widespread acceptance,
particularly in Europe, that many new methods were worked
out, or new applications discovered, and some suitable
medium for publication had to be found. In 1922 Emil
Haim and Co., Leipzig and Vienna, undertook the publication
of Mikrochemie, which was devoted solely to papers on micro-
chemical topics and edited by such well-known microchemists
as Pregl, Emich, Lieb, Strebinger, and Feigl.

THE MICROCHEMICAL BALANCE

The success of all the above methods was dependent upon
the development of a balance which was capable of weighing
microsamples with at least the same precision as the ordinary
analytical balance is capable of weighing macrosamples,
The main contributor to this development was W. H. F.
Kuhlmann of Hamburg, Germany. His first balances had a
capacity of 20 grams and weighed accurately to 0.01 to 0.02
mg. At the suggestion of Pregl, and with advice offered by
him, Kuhlmann attempted to increase the sensitivity one
more decimal place by improving the grinding of the knife
edges and using the utmost care in having the agate bearings
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not only all in one plane but also absolutely plane parallel.
In 1911 Kuhlmann assembled the first balance having a
sensitivity of 0.001 mg., the last two decimal places being
read on the fixed scale in front of the pointer. Thus it be-
came possible for an experienced microanalyst to weigh a
2-mg. sample with approximately the same precision (1 part
in 2000) as one could formerly weigh a 0.2-gram sample on an
ordinary analytical balance; by using 3 to 5 mg. of substance
the error is less than that made when weighing a 0.2-gram
sample on an analytical balance. Despite its high sensitivity,
this balance has proved very durable and there are cases
where it has been in daily use in industrial laboratories for
six years, with 36,000 estimated weighings being made be-
fore any adjustments, other than periodic cleaning, were
necessary. A rather large number of firms now make micro-
chemical balances but, besides the Kuhlmann balance, the
only other balance recommended by Pregl is that of Starke
and Kammerer of Vienna. This balance has two inter-
changeable sensitivities (0.01 and 0.001 mg.), so that it is
unnecessary to arrest the balance and move the rider so
often, which makes for less wear on the knife edges, agate
bearings, and other moving parts. Other manufacturers of
microchemical balances include: Sartorius, Gottingen;
Bunge, Hamburg; Stiickrath, Friedenau b. Berlin; Nemetz,
Vienna; Rueprecht, Vienna; Ainsworth, Denver, Colo.;
and Becker, New York, N. Y.

MICROCHEMICAL APPARATUS

The necessary apparatus was developed by Pregl during
the progress of each investigation; in general, the glass
apparatus was made originally by Pregl himself and later
by the firm of Paul Haack in Vienna, under Pregl’s super-
vision; the iron ware and metal apparatus was made by the
university mechanic. The refined chemicals were at first
purified by Pregl, but later E. Merck and Company furnished
them according to his specifications.

At present this apparatus can be purchased from Paul
Haack in Vienna. Haack has appointed an authorized
American agent, Microchemical Service, Douglaston, N. Y.,
from whom these apparatus and reagents can be procured,
as well as the Kuhlmann and Starke-Kammerer microchemical
balances.

MicrocEEMICAL EQUIPMENT OF COAL RESEARCH LABORATORY

The installation of a microchemical division in the Coal
Research Laboratory of the Carnegie Institute of Technology
seemed particularly important, since a large part of its investi-
gations were to be on a laboratory scale where relatively small
amounts of material would be available. Because of the
complexity of the coal molecule, one is certain to obtain a
complex mixture of products from any reaction conducted
upon it, and if a relatively small amount of starting material
is used the separation, purification, and identification of the
products is obviously a problem best solved by the application
of microchemical technic. Most completed, successful
investigations on coal which deal with the isolation of prod-
ucts have started with extremely large amounts of material;
others have not been successfully completed because “‘an
insufficient amount of material was at hand to permit further
identification.” The quotation just cited is a constantly
recurring one, especially in the older literature and before the
development of microchemical technic.

The Coal Research Laboratory purchased a complete set
of apparatus for all procedures involving the following micro-
determinations:

Carbon-hydrogen
Nitrogen (Dumas)
Nitrogen (Kjeldahl)
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Halogens and sulfur (by combustion)
Halogens and sulfur (by Carius method)
Molecular weight (by elevation of the boiling point)
Molecular weight (Rast method)
Methoxyl and ethoxyl groups
Methylimino group

Phosphorus in organic compounds
Arsenic in organic compounds

Acetyl group

Carboxyl group

Residue or ash

Subsidiary apparatus includes apparatus for purification of
small amounts of material, Kuhlmann microchemical balance,
and Starke-Kammerer microchemical balance. The labora-
tory is thus equipped to do routine or special elementary
analyses on practically any organic product which may
be obtained in the course of the work. This apparatus was
all purchased directly from the foreign manufacturers or
distributors, the total cost, including duty, consular fees,
transportation, packing, etc., being: Apparatus (Paul
Haack), $400; Kuhlmann balance, $185; Starke-Kammerer
balance, $275; a total of $860.

SAMPLING FOR MICROCHEMICAL ANALYSIS

This subject has been thoroughly discussed by Benedetti-
Pichler (2). A criticism often directed against microchemical
methods of analysis is that it is impossible to get a true

. representative of the whole sample in the very small amount

of material (2 to 3 mg.) necessary for a microanalysis. In
macro- or microanalysis it would be impossible to get a repre-
sentative sample if the particle size of the mixture was so
large that only a few grains were taken for weighing. In
each case one is forced to pulverize the sample if one cannot,
or does not wish to, increase considerably the size of the
sample for analysis. If it is possible to take from a carload,
containing 15 short tons of large-sized material, 100 kg.
(0.75 per cent) and then, after thoroughly grinding and
mixing this amount to take a representative sample of 10
grams (0.01 per cent of 100 kg.) or less, it is just as possible
to get a representative sample weighing 1 mg. (0.1 to 0.01
per cent) from 1 gram or 10 grams of the original substance
which had first been finely pulverized.

The following factors are of importance in the preparation
of representative samples for microanalysis:

The sample should be capable of being very finely pulverized
for, in the weight of an individual particle, the third power o
the diameter o? the particle appears in the calculation. Gener-
ally, metals and alloys cannot be pulverized sufficiently fine to
yield a representative sample weighing but 5 mg. In this case
the sample may be made homogeneous by fusing it so that each
filing from the fusion product is a representative sample in
itself. One must insure that in the cooling of the melt selective
crystallization or segregation does not occur.

The density of the material only linearly influences the weight
of an individual particle. One must ﬁuard against a settling
out of various constituents of different densities during the mix-
in%and grinding, Iixarticularly if the densities differ fgreatly.

ery different hardness of the constituents of the mixture
may cause the hard particles to become imbedded in the softer
material during grinding and to escape being pulverized.

The procedure of fine grinding was tested experimentally
on synthetic mixtures involving two and three constituents:
(1) potassium sulfate and sodium chloride; (2) sulfonal
and potassium sulfate; (3) sulfonal, azobenzene, and po-
tassium sulfate. These mixtures were analyzed, respectively,
for chlorine; carbon, hydrogen, and ash; and carbon,
hydrogen, nitrogen, and ash. Completely satisfactory re-
sults were obtained, and it was concluded that this method
is applicable to all mixtures of a salt-like character which
can be finely pulverized. Samples weighing less than 3 mg.
could be used for the analysis, while for residue determinations
a fraction of a milligram sufficed.
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Next, bituminous coal was analyzed. Microdetermina-
tions of moisture are not possible where, as a result of the
official sampling of several carloads of coal, the chemist gets
anumber of samples of various particle size. This determina-
tion should show the moisture content of the mine run coal
and very little mixing and pulverizing should be done.

For the determination of all the constituents, the chemist
Teceives a bottle containing the more or less finely pulverized
coal representing the final result of the sampling process.
The moisture content no longer represents the mine condition,
and there is no harm in pulverizing the sample as finely as
possible and carrying out analyses on the pulverized sample.
Such microdeterminations have previously been made on
coal in Pregl’s laboratory, in Lipp’s commercial laboratory
in Graz, and by Strebinger and Radlberger (23).

Fifty grams of German bituminous coal, in fairly large
pieces, were crudely ground in a mortar (sample A). Five
grams of sample A were pulverized for 5 minutes (sample B).
A carbon-hydrogen determination on sample B showed
that the mixing was not yet sufficient to yield concordant
results; according to Miiller and Willenberg (19), one can
recognize a nonhomogeneous sample by the fact that the
analytical results may vary by as much as 1 per cent. Conse-
quently 1 gram of sample B was pulverized for 5 minutes in
an agate mortar (sample C). The analytical data follow:

Tasre I. German Brruminous CoAn
M ACRODETERMINATION OF MOISTURE AND ASH, SAMPLE A

Wei le = 4,7960 grams
Loilcgh: :fei.:ﬂp 2 -0.04005;:111 after drying 2 hours at 110° C. = 0.83% H:O
Weight of ash =().0864 gram = 1.81% ash

MACRODETERMINATION OF Asz, SiurrLE B

Weight of sample = 1.0000 gram
Weight of ash - = 0.0180 gram = 1.80% ash

MICRODETERMINATION OF CARBON-HYDROGEN AND AsH, SampLE B

WEIGHT OF BAMPLE CARBON HYDROGEN ASH
Mg. % o 2 9:':5

4.562 84.62 5.35 3
4.971 84,55 5.17 1,85
8.720 85.61 4.96 1.61
Mean  84.93 5.16 1,94

MICRODETERMINATION OF CARBON-HYDROGEN AND AsH, Sampre C

WEIGHT OF SBAMPLE CARBON HYDROGEN ASH
Mg. % %o 2‘7;2

.392 84.51 4.71 $
%225 84.35 5.21 2.08
4.679 84.48 4.42 2.14
3.458 84.49 5.18 2.11
4.738 84.50 5.39 2.18
4.212 84.65 5.21 1.90
Mean 84.50 5.02 2712

VOLATILE SULFUR AND AsE DBETERMINATION, SaumpLE C

(Combustion method)
WEIGHT OF SAMPLE SULFUR

Mg. % %
724 2.65 1.99

2.183 2.63 2.04
5.007 2.56 1.97
Mean 2.61 2.00

MorsTuRE DETERMINATION, SamrrE C

(Pregl drying bloek)
DECREASE IN WEIGHT AFTER MINUTES:
40 45 80

TEMP. WEIGHT OF BAMPLE 20 H:0
2.0 My. Mg. My. My. Mg, %

372 0.039 0.045 0.045 0.84

%3; 2.925 0.039 0.043 0.043 g%

102 3.582 et 0.2

MorsToRE DETERMINATION, Saurre C
(Pregl microdesiceator)
‘Weight of sample = 5.014 mg.
‘Temperature = 107° C. 4
D:crg:rso in weight = 0.018 mg. after 5 minutes

ight = 0.030 mg. after 20 minutes
D eraase I e T 0.030 mg. affer 45 minutes = 0.60% H;0

MorsTore DerERMINATION, SAMPLR C, wite UNINTERRUPTED DaYING
(Pregl microdesiceator, temp. 107° C.)

WEIGHT OF SBAMPLE DECREASE IN WEIGHT H:0
My. | My, %

7.094 0.041 after 20 min. 0.58

4.010 0.022 after 25 min. 0.55

3.320 0.013 after 45 min. 0.39
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The values obtained for carbon on sample C show the complete
homogeneity of the sample that had been obtained for the
microanalyses.

The values obtained in the microdeterminations of ash are
somewhat discordant because of spattering. Since spattering is
caused by decrepitation of the coal due to its moisture content,
this effect is diminished by fine grinding and losses in the ash
determination are smaller in microdeterminations than in macro-
because the combustion proceeds much more slowly. The mean
value obtained from the microanalyses is therefore probably
more accurate than that yielded by the macromethod.

The hydrogen values vary considerably because of the hygro-
scopicity of the coal. In the above experiments the coal was
always weighed in an open boat. If somewhat more time was
used and Pregl’s stoppered Weighing tube employed, a greater
constancy of hydrogen values would undoubtedly be obtained.
In practice one would combine the moisture determination with
the carbon-hydrogen determination and thus burn the dried
coal. Reabsorption of moisture would be excluded by using
microanalytical technic, for the dried sample would be put
directly into the glass—st%ppered weighing tube while still hot,
and exposed to the outside atmosphere for only a few seconds
while being transferred to the combustion tube.

Using Pregl’s microdesiccator for the determination of mois-
ture and drying at 107° C. for 20 minutes in a partial vacuum
gives results which are about 0.2 per cent low. That this is due
to oxidation of the sample by the small amount of air which
passes over it is confirmed by the fact that uninterrupted drying
in this apparatus for 45 minutes gives results about 8.4 per cent
low. More rapid and accurate results would be obtained by
passing an inert gas, such as carbon dioxide or nitrogen, over
the sample in place of air.

For the sake of speed and convenience the determination of
sulfur could be made acidimetrically, rather than gravimetrically,
by titrating the solution obtained from the combustion. If one
used Pregl’s procedure the results would not be absolutely
precise, owing to the presence of nitrogen (and possibly halogens)
in the coal, but might be sufficiently precise for certain cases.
By using Friedrich’s method (11) precise results can be obtained
titrimetrically despite the presence of these elements.

The determination of carbon, hydrogen, and ash can be
made in 45 minutes with a little practice. No special precautions
need be taken in the combustion of coal. The s sample is
rapidly gasified and then almost nothing but carbon remains and
one can proceed with the movable burner directly under the boat,
because in the reaction C + O; = CO, there is no volume change
in the gas phase and no danger of a backing-up of the gas with
subsequent cessation or back-flow of the bubble-counter.

The determination of sulfur, volumetrically, coupled with an
ash determination requires about 2 hours, of which 1.25 hours
represents actual working time. Determination of moisture,
using the drying block, requires 45 minutes but only 25 minutes
if one uses the microdesiccator. Thus a complete ultimate
analysis of coal, plus moisture and ash determinations, requires
but 3 or 4 hours. The time per analysis is further shortened if a
series of analyses is made.

SAMPLING INDUSTRIAL MATERIALS FOR MICROANALYSIS

Lucas and Grassner (16) state that the results of analysis
on 10-mg. coal samples are the same as those obtained with
twenty times this amount in a macroanalysis and that no
special sampling is required for microanalytical determina-
tions. The final 125-gram sample, which is taken in a
definite way, is finely ground and sieved through a metal
sieve having 1600 meshes per square centimeter (about
100 meshes per inch), so that a dust-fine, homogeneous
powder is obtained. Table II illustrates the excellent agree-
ment obtained.

TaBLE II. COMPARATIVE DETERMINATIONS

MACROSAMPLE MicROSAMPLE

(Arprox. 200 Ma.) (Arrrox. 10 MG.)
Coavr Carbon Hydrogen Carbon  Hydrogen
% o % %

Run of mine 77.94 - 4.28 77.82 4.17
Nut 82,59 4.67 82.49 4.64
Anthracite 81.20 4.30 81.33 4.26
Mid-German brown 59.44 6.28 59.26 6.29
Humus 50.18 5.22 50.20 5.41
Lignite 41.90 5.81 41.86 5.85

Strebinger and Radlberger (23) carried out microanalyses
on coal as a test of the possibility of getting 2 homogeneous
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representative sample from a nonhomogeneous material.
Even in macroanalysis the sample taken for analysis is
usually representative of many tons and is made homogeneous
by pulverizing. Any inorganic impurities which are present
and not uniformly distributed will cause large errors whether
3 mg. or 0.3 gram are weighed. One must thus proceed in
the same way for preparing samples for either macro- or
microanalyses and the sample must be thoroughly pulverized
in an agate mortar. Comparative results on different types
of coal are given below.

TasLe III. CoMPARATIVE DETERMINATIONS

MICROSAMPLE

———MACROSAMPLE————  —————
Carbon Hydrogen Ash H:0 Carbon Hydrogen Ash  H.0

% % % ) Y] 7 %o %

CoaL

Brown 41.01 3.50 6.38 25.80 41.33 3.58 6.21 25.92
Russian I 52.26 6.75 13.39 16.13 52.40 6.77 13.50 16.27
Russian IT 67.50 4.81 3.97 11.81 67.76 4.67 °4.02 11,97

The results agree satisfactorily and because of the great
advantages of the micromethod the authors decide in favor
of it.

Strebinger and Radlberger also made comparative micro-
and macroanalyses on two other industrial materials, nickel
in a nickel steel and sulfur in pyrites; satisfactory agree-
ment was obtained by the two methods. In the macro-
analysis of the steel, because of its low nickel content, 20
grams were used, whereas 10 mg. sufficed for the micro-
analysis.

For a theoretical discussion of sampling for microanalysis,
see Mika (18) and Baule and Benedetti-Pichler (1).

ADVANTAGES OF MICROANALYTICAL METHODS TO INDUSTRY

Ecoxonmy or MATERIALS. Goubau (14) points out that one
of the principal advantages of microchemical methods is that
they use very small amounts of material. This advantage,
of little importance in ordinary industrial analysis, may be
very important in industrial laboratories dealing with bio-
logical, mineralogical, or organic products. Very often
in a research one obtains a very small amount of a sub-
stance which is not sufficient for analysis using macro-
methods. Micromethods may be the deciding factor in the
success of the research and, for this reason alone, deserve a
place in all scientific, research, and industrial laboratories.
Von Braun (5) stresses the importance of the saving of valu-
able materials, particularly at the present time when organic
chemistry is working farther into the field of biochemical
processes where the investigator often has a minimum
amount of exceedingly valuable substance isolated from
plant or animal bodies. Thus, a series of valuable investiga-
tions, such as those of Wieland on toad poisons, or Levene
on nucleic acids, or work dealing with enzymes, hormones,
vitamins, etc., would probably have not been possible without
the aid of microchemical methods of analysis.

An illustration of the economy of microchemical analysis
is cited by Cornwell (9): A certain company required an analysis
on a substance worth $5000 per gram, only 0.3 gram being avail-
able. A macrodetermination of carbon and hydrogen would
completely destroy 0.2 gram having a value of $1000. A micro-
determination would use but 2 mg. worth but $10. Flaschen-
triager (10) estimated that he and his co-workers, in the period
from 1920 to 1926, made 3000 carbon-hydrogen, 1000 nitrogen,
200 halogen, sulfur, and methoxyl, and 500 residue microdeter-
minations. Cornwell, assuming a 0.2-gram sample for each
macrodetermination, calculates that 940 grams of material
would have been burned in the making of these 4700 analyses
by macromethods, whereas, assuming an average of 2-mg.
samples for each microanalysis, only 9.4 grams were destroyed.
If smaller samples are used, other materials—gas or electricity,
tap and distilled water, reagents, etc.—will be reduced pro-
portionately and there is also a considerable saving of space.

Microchemical methods also permit working safely with
extremely explosive substances. Thus, Riesenfeld and
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Schwab (21) were able to make a complete study of very
pure ozone, using but a few milligrams. Working with large
amounts would have been very dangerous.

The economy of reagents is very great, usually requiring
from one-tenth to one-hundredth the amount necessary for a
macrodetermination.

Using microtechnic and a Schwarz-Bergkampf filtering beaker,
Benedetti-Pichler (3) made a single nickel determination in 1
hour, of which but 0.5 hour was actual working time. Less
time per analysis would be necessary if a series was made.
Only 5 mg. of dimethylglyoxime and 0.5 ce. of absolute alcohol
were necessary, which is approximately one-hundredth that
required for a macroanalysis. The precision of this method is
attested by the fact that Schwarz-Bergkampf, using 1 to 1.5
mg. of nickel ammonium sulfate, got the following results in five
analyses: 14.72, 14.85, 15.07, 14.78, and 14.63 per cent of
nickel; mean, 14.81; theory, 14.86 per cent.

Because of the economy of reagents it is permissible to
use precious substances such as platinum or palladium salts,
smaller apparatus is used, and the expense due to breakage
is less. This also permits the more general use of platinum
apparatus, so that errors due to inclusion of soluble portions
of glass, etc., in precipitates are avoided, making the deter-
minations more precise.

To illustrate comparative costs of apparatus for micro- and
macrowork, Pichler discusses Pregl’s ef:ectrolytic copper deter-
mination. For the microdetermination the electrolysis is carried
out in a small test tube. The platinum wire gauze cathode and
platinum wire anode, if of heavy construction, weigh but 2
grams, while the macroelectrodes total 16 to 18 grams. Elec-
trolyzing 4 to 5 ce. of a sulfuric acid solution requires 10 fo 20
minutes for quantitative deposition. With one stand and two
pairs of electrodes (4 grams of platinum), one analyst could
make 30 microdeterminations of copper in 10 hours. To make the
same number of macrodeterminations in the same time would
require at least six pairs of electrodes (100 to 110 grams of
platinum).

Ecoxomy oF Timve. This is one of the most important
advantages of micromethods. The determination of carbon,
hydrogen, and nitrogen by macromethods represents nearly
a day’s work, whereas the same determinations can be made
microanalytically in 1.5 to 2 hours.

Flaschentriiger (10) states that the normal day’s work for an
experienced microanalyst is eight carbon-hydrogen and four
nitrogen determinations. Meixner and Krocker (17) state that
in their laboratory a carbon-hydrogen determination requires
50 to 55 minutes (which confirms Pregl’s estimate), but that one
analyst cannot make eight determinations in an 8.5-hour day
if he has to pulverize and dry the samples to constant weight
before each analysis.

The micro-Kjeldahl method requires about 5 to 15 minutes
for complete digestion and only 4 minutes for distillation of the
ammonia; a single determination can be made in less than a
half-hour, the time factor becoming more favorable if a series of
analyses is conducted at one time. Bermann (4) points out the
advantage of this micromethod over other methods, under
actual technical conditions. He used barley, yeast, and molasses,
all of which differ considerably and show the practicability of the
method. Here also, the contention that a few milligrams of sub-
stance cannot be a representative sample of a large amount of
material was disproved. Comparative results obtained from the
two methods (macro and micro) differed by but 0.03 to 0.04

r cent.
peme the practical standpoint Bermann claims that one can
make eight microdeterminations of nitrogen in the same time,
with the same precision and with only one-tenth the reagents
necessary to make one macrodetermination. From the scientific
standpoint the microdetermination of nitrogen is very important
to the fermentation industry because it opens up possibilities
which are not attainable by macromethods—for example, a
study of the morphological elements of the barley seed, the
change in the nitrogen content during germination, ete., which
can be studied with a single granule. Technically, the method
is important because of its great speed which makes it possible
to change the mash ratios immediately and while the fermenta-
tion proceeds.
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The micro-Dumas method for nitrogen, using a 1- to 4-mg.
sample, can be made in 1 to 1.25 hours, including weighings,
and is more accurate than the macromethod. In the latter
method correct results were due to fortuitous compensation of
errors, whereas the micromethod is rational. The refinements,
discovered during the establishment of the method, include an
exact definition of combustion velocity as measured by the
number of gas bubbles per second, improvement in the prepara-
tion of air‘%ree carbon dioxide, and finally placing the reduced
copper section in the middle of the tube rather than at the end.
Pregl showed that glowing copper, especially if impure, reduced
carbon dioxide to carbon monoxide, causing the nitrogen values
to be too high. By having the reduced copper layer followed by
copper oxide at the proper temperature this error was removed.

For the determination of halogens and sulfur the micro-
combustion method is advantageous if one wishes to get a single
result quickly, requiring about 1.5 to 2 hours, of which about
one-hal(} is actual working time. If the volumetric determination
is substituted for the gravimetric there is a still greater saving
of time and the tedious filtration of the small amounts of pre-
cifpitate is avoided as well as the elimination of two weighings
of the filter tube, microcrucible, or filter stick and crucible.
For a series of determinations of halogens or sulfur the micro-
Carius method is probably best, since several tubes may be

laced in the bomb furnace at once. An average of about 4

ours’ heating is necessary for complete decomposition, compared
to 8 to 24 hours for macrosamples; the micromethod has the
advantage also that the small tubes can be rapidly brought to
275° to 300° C. in the furnace and rapidly cooled again to room
temperature, whereas this occupies considerable time in the
macro-Carius method. The danger of explosion of these small
pressure tubes with resulting injury to the analyst is nil.

The other determinations, such as microcarboxyl, methoxyl,
ethoxyl, acetyl, ete., are similarly rapid when compared with the
corresponding macromethods.

The advantage of rapidity coupled with precision is
especially great in an industrial laboratory where a large
series of analyses is made. The rapidity in getting results
enables a process operator to know, during the progress of
his process, just what is going on and, if necessary, to make
rapid corrections as suggested by the analysis.

EXPERIENCES OF VARIOUS LLABORATORIES

Meixner and Krocker (17) state that the I. G. plant at
Hochst a/M chose microanalytical methods because of their
certainty, precision, and economy of materials. Grassner
(15) points out that microchemical methods first gradually
extended from university laboratories to medico-chemical
laboratories of the pharmaceutical industries where they
were applied in the scientific investigation of medicinals.
Later microanalysis went into the chemical-technical re-
search laboratories of industry where it was at first skeptically
received. However, it proved of value to industry and is
used in an increasing circle of chemical-technical investiga-
tions. These methods are used in industries where there is
no shortage of material, because of the economy of space,
energy, and time and because of their increased precision.
They are also most useful in searching for “traces” in in-
dustrial products. In the I. G. chemical-technical research
laboratory quantitative organic microanalysis was introduced
in 1922 and is used almost exclusively.

Microchemistry as an industrial economy has been dis-
cussed by Gesell and Dittmar (13), who state that one of the
chief factors in the cost of chemicals is the cost of control
and a reduction of this item by means of the practical appli-
cation of microchemical methods seems promising. Three
serious difficulties are: The assumption that specialized
workers are necessary and that the average analyst is not
capable of adapting himself to methods using smaller quanti-
ties of material where the factor of error would be greater;
the difficulty of sampling for microchemical methods; and
the difficulty of obtaining equipment not too complicated
nor too delicate for practical purposes. Experience has shown
that these are easily overcome. The average, capable, in-
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telligent analyst can easily adapt himself to microtechnic;
representative samples can be obtained if proper precautions
are taken; and, finally, the equipment is easily obtainable
and no more complicated or fragile than ordinary apparatus.
Gesell and Dittmar present data on parallel macro- and
semi-microanalyses on the same materials involving ash,
Kjeldahl, and residue determinations, and conclude that
microchemical methods would effect marked economy in the
cost of analytical control. They estimate that in large con-
cerns, where the laboratory costs run between $20,000 and
$100,000 per year, a saving of 50 to 60 per cent could be
effected.

Goubau (14) points out certain disadvantages of micro-
chemical methods, which necessitate meticulous, painstaking
technie, not always applicable in an ordinary laboratory.
However, Pichler states that microchemical methods require
no special ability on the part of the analyst. It istrue that the
microchemical balance is a very sensitive instrument which
must be handled delicately to yield good results and have a
long life, but the technic of weighing with it and of cleaning it
at definite intervals is very easily learned. .

Gault and Nicloux (12) discuss the analysis of some bi-
tuminous minerals submitted to the petroleum laboratory
of the University of Strasbourg. These samples contained
only 11 to 30 per cent of carbon and 1.7 to 3.0 per cent of
hydrogen. To get satisfactory macroresults the combustion
had to be conducted for 4 to 5 hours; for satisfactory micro-
results, because of the low percentage of hydrogen present,
samples weighing 15 to 20 mg. were used, the combustion
requiring but 50 to 60 minutes. The following data show
comparative results on the same samples:

Tasre IV. CoMPARATIVE RESULTS ON SAME SAMPLES

~MACROANALYSIS— ~MICROANALYSIS—
SAmMPLE Carbon  Hydrogen Carbon  Hydrogen
% %o % %
1 24.60 3.68 25.15 3.85
2 11.02 1.45 11.27 1.53
3 21.80 2.29 22.27 2.38
4 23.63 2.65 23.70 2.73
5 14.65 1.82 14.57 1.85
6 29.94 3.18 29.90 3.21
7 16.50 1.66 16.98 1.83

The authors conclude that micromethods are not only
more simple and rapid but are more exact and more general
than macromethods. Pregl's methods can also be extended
to the analysis of fuels in general.

In a recent article Clark (7) points out that Pregl’s micro-
methods are as accurate as standard methods and, aside from
the economy of material, they require less time, reagents, and
space for the execution of the work and are preferred even
when a plentiful supply of material to be analyzed is available.
Adoption of micromethods is not confined to research labo-
ratories but routine and control laboratories are also using
these methods with an appreciable saving in financial upkeep.

However, the change from macro- to micromethods in
routine and control work has not been as general as appears
warranted. To overcome the arguments often directed
against Pregl’s methods—namely, that for routine and control
work the technic of this system demands too high a degree
of analytical skill, the work tends to become tedious, and a
special laboratory must be used—Clark recommends a semi-
micromethod using samples ranging from 5 to 25 mg. and
claims that requirements as to details, laboratory conditions,
balances, ete., are not nearly so exacting as those imposed by
the microsystem but possess the other advantages as to
economy of time, space, and reagents.

In numerous cases cited in the literature increasing the
size of the sample is recommended to make the results surer
and the technic simpler. Probably the foremost advocate
of the semi-micromethod is J. Dubsky. However, Pregl has
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stated (20) that the advantages claimed for the increase
in the size of the sample are questionable. Schéller has also
pointed out (22) that beginners often attempt to muake
the work easier by increasing the size of the sample. How-
ever, with careful weighing, errors in technic do not occur
during weighing but rather are due to incomplete combustion,
and the probability of error is considerably increased by
enlarging the size of the sample. One of the most important
advantages of the micromethod is immediately lost by in-
creasing the size of the sample used in the analysis.

No special skill is required to master the technic of the
micromethods as devised by Pregl. There is also probably
little to choose between the tediousness of the micromethod
compared to the semi-micro- or the macromethod; but since
the micromethod is more rapid than either of the other two
methods the long extended waiting periods for reactions
or processes to complete themselves are very much shortened.
For ordinary routine analyses no special room is necessary
for use as a microanalytical laboratory. Some care must be
used in the selection of a proper place for the microbalance
as is also advisable in case of a high-grade analytical balance.
The room in which analyses are carried out should be as free
as possible from dust, corrosive fumes, and organic vapors,
but these same conditions should apply, in general, to an
ordinary analytical laboratory.

It is not to be implied that micromethods must, of necessity,
ultimately completely replace macromethods; the two
methods should be used together. Working with small
quantities increases our knowledge of the errors in macro-
processes and often points the way to new methods. Clarke
(8) states that the microanalytical group, in addition to its
obvious function of performing analyses on samples too small
for macrochemical attack, is also charged with the task of
subjecting to critical scrutiny the methods employed in the
general laboratory, with a view towards incorporating into
these methods any points of technic derived from microanaly-
sis that will reduce the time required for their performance
or increase their precision.

The substitution of micro- for macromethods will occur
only where it is found that the former are better suited to the
particular needs and conditions of a given laboratory. Like-
wise, microchemistry need not be considered as a special field
but rather as a supplement to macrochemistry. It is im-
possible to deny the value of micromethods to both the
scientific and industrial laboratory, for microanalysis today
is one of the indispensable tools of research and has already
rendered much valuable service in many branches of science.
Industry would be making a mistake if it too did not take
advantage of the aid microchemical methods can offer in the
solution of its problems.

ExPERIENCE OF COAL RESEARCH LABORATORY

Experience in the Coal Research Laboratory confirms the
statements concerning the precision, speed, and economy
of microchemical methods.

[ ¥The sample of bituminous coal which all units of the laboratory
are investigating has been analyzed by Silbert, using samples
of various particle size. After pulverizing thoroughly in an agate
mortar these samples were analyzed and the following data
{Table V) show that there is no difficulty in getting a representa-
tive sample for microanalysis, for results satisfactorily check those
reported by the Bureau of Mines for the same coal and are, of
course, made with much greater speed and economy of reagents
and materials, .

The considerable difference in the values obtained for ash and
moisture are not unexpected and are accounted for by the fact
that the samples were prepared in another department by
grinding in a rod mill in a current of natural gas. Such treatment
would tend to raise the ash content of the sample and diminish
the moisture content. On & moisture- and ash-free basis, how-
ever, the checks are satisfactory. Table VI shows the excellent

ANALYTICAL EDITION

Vol. 5, No. 6

checks which are obtainable on the same sample (4 to 8 mesh
in the determination of carbon-hydrogen, nitrogen, sulfur, an
ash, which proves the sample to be homogeneous.

TaBLE V. ANALYSIS OF CoAL SAMPLE FROM EDENBORN MINE

Mors- Car- Hypro- Nitro- Oxy- Sur-

SAMPLE TURE ASH BON GEN GEN GEN FUR
% % % 3 % %o %
BUREAU OF MINES ANALYSIS
As received 1.9 7.5 77.4 5.2 1362872355150
Moisture-ash free o e 85.56 5.5 13801 151
COAL RESEARCH LABORATORY MICROANALYSIS
4-8 Meshe .

As received 1.19 8.30 77.27 5.25 1.60 6.59 0.99
Moisture-ash free (4 . 85.38 5.57 1.77 6.19 1.09
16-20 Meshbd
As received 1.01 7.48 78.26 b5.25 1.63 6.40 0.98
Moisture-ash free 6 .. B5.52 b5.55 1.78 6.07 1.08
60-80 Meshb
As received 1.12 8.30 77.39 5.32 1.61 6.41 0.97
Moisture-ash free o'e e 85.44 5.67 1.78 6.04 1.07

@ Results are mean of 5 determinations.
5 Results are mean of 3 determinations.
TaBLE VI. CHECK DETERMINATIONS
Mois- CAr- Hypro- NiTro- Oxy- SuLn
SAMPLE TURE ASBH  BON  GEN GEN GEN FUR
% % o % %o % %
As received 1.19 8.31 77.19 5.28 1.55 5.48 1.00
Moisture-ash free o's os 85.32 5.61 1,71 :6:28¢ 1,10
As received 1.19 8.31 77.28 5.24 1.58 3
Moisture-ash free % 55 85.39 5.57 1.74 2
As received 1.19 8.32 77.27 5.21 1.61 b5.40 0.99
Moisture-ash fres e 3'e 85.40 5.53 1.79 6.19 1.09
As received 1.19 8.29 77.32 5.30 1.64 ot s
Moisture-ash free e % 85.41 5.83 1.81 5 o
As received ,1.19: 8.29° 77,30 5.21 1.61 5.42 0.98
Moisture-ash free i o 85.39 5.53 1.78 ' 6,22 1.08

Analyses have also been made on a wide varielg' of products
isolated by the various units of the laboratory, and on gas gums
furnished by the research laboratory of the Koppers Company.
The formation of these gums at small orifices (pilot burner tips) was
a great annoyance, as it led to the extinction of the pilot light with
the resulting danger of asphyxiation or explosion. The accumu-
lation of even a few milligrams of these gums requires several
weeks and the amount of time necessary to collect 0.2 gram,
the amount needed for an ordinary macroanalysis, can be readily
calculated. This represents a case where there is not only a
saving in the time for the actual conduct of the analysis but a
tremendous saving in time in the collection of a sample of suit-
able size for analysis.

CONCLUSION

In general, American chemists have been slow to realize
the advantages to be gained by the use of microanalytical
methods, not only in industrial laboratories but also in uni-
versity and scientific laboratories. European laboratories
adopted micromethods shortly after the first work of Pregl
appeared; practically every university and technical institute
has its microanalytical laboratory, and European industrial
laboratories have also widely adopted these methods. Some
progress has been made in this direction in this country,
however, as judged by American scientific and industrial
journals which are reporting an increasing number of micro-
analyses.

The advantages of microchemical methods are so numerous
and so obvious that their general adoption in American
laboratories is certain to occur. Those laboratories which
postpone their adoption are losing an opportunity to save
time, energy, and money. Now, when economy is almost
a world religion, would seem to be an ideal time in which
to introduce these methods generally into American labo-
ratories.
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Apparatus for Microanalysis of Gas

J. S. SweArinGeN, Orro Gerses, ANp E. W. Eruis, University of Texas, Austin, Texas

HE need for a
device for mi-
croanalysis of a

large number of gas

samples led to the

design of the appara-
tus herein described. a
It is intended to be
easily constructed, con-
venient, and simple fo %

operate, and to elimi- X

nate much of the time- \
consuming tediousness
s0 often present in
both micro- and macro-
methods. The method
is identical in principle
with that of Blacet and =1
Leighton (Z) and the =

= _ X 2.5 feet, which
1 o =] stands on rubber-
L] headed tacks for legs to
o =gl 1 prevent sliding on the
I
o

as 1.25 X 12 inches

1J table.

The solid reagents,
or beads, must be kept
submerged in mercury

ToN k when not in use and
WO 4 f must not touch the
walls or bottom of the

A inverted gas container

<) while being used (5).

To move the beads
accurately and quickly
they and their accom-
= panying glass supports
] are attached to levers.

same accuracy is at-

This gives each bead a

tained, It differs in
the mechanical ar-
rangement of the essen- =
tial parts and in the
mode of operation.

Two sets are in use in :
the authors’ laboratories and have been found satisfactory.

The advantages of the arrangement lie in the use of a hori-
zontal capillary buret instead of the vertical type used by
Reeve (5), Christianson (3, 4), and Blacet and Leighton .(1),
and in the use of separate lever mechanisms for convenient
introduction of the various solid reagents into the gas. T'he
horizontal buret has several distinct advantages. It permits
the tip of the buret to be quickly and egsily raised into the
gas containers with the fingers. It eliminates the tendency
to leak because there is no pressure on the mbber.pouch due
to a column of mercury. Readings may be made in any sec-
tion of the buret, as the pressure is not changed by the posi-
tion of the gas. A trap is not needed to protect the buret from
bits of sealing wax, gas bubbles, etc. These impurities float
to the top, whereas the outlet into the buret is on the side.
The customary trap or enlargement at the end of the buret
to guard against loss of gas into the rubber pouch will not
work in a horizontal position. A piece of large capillary
tubing may be inserted instead, reserving the last fourth of
the buret for this protection.

APPARATUS

Figure 1 is the plan of the apparatus drawn to scale.
The parts are mounted on & moderately heavy board, such

Ficure 1.

@ i==

PLAN OF APPARATUS

! path of motion along
an arc which is prac-
tically a straight line.
If the level of the center
is that of the midpoint
of the arc, the lateral
motion will be a minimum. For 1 inch (2.5 ¢cm.) of vertical
motion the lateral motion d is given as a function of the radius
r by the expression

d=r—+r"=025

[o

For a radius of 2 inches (5 cm.) the lateral deviation is
about 0.0625 inch (0.16 cm.), and any greater radius would
allow only a negligible lateral motion.

Figure 1 shows the top view of the levers each carrying a
bead and glass support. The glass supports are curved =g
that their proximity to each other does not interfere with
their motion about the center at H. A thin sheet of brass is
soldered to the lever at I to give friction. Obviously the
bead must be placed in the gas with some precision; it must
be well up into the gas space but must not touch the top of
the tube. If the levers had been made straight, any rotary
motion about the line HJ, as by twisting at J while adjusting
the position of the bead, would make this adjustment more
difficult and inaccurate in the event that the bearing at H
was not well fitted. To reduce this effect the levers are
bent as shown in Figure 1 to bring the bead nearer in line with
the movable end J and the pivot H.

The tip of the buret is raised up into the gas containers by
rotating the whole buret about its axis. This motion is con-
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veniently and accurately produced by movement with the
fingers at A, better shown in Figure 2. The distance from
the center of rotation to the tip is about 4 inches (10 cm.),
50 the lateral motion here is only about 0.03 inch (0.07 cm.)

L m,

| 5 B

Ficure 2. Ricar Enp View

The diameter of the buret is determined by balancing two
opposing factors. If a gas sample is large, too much time is
required for reaction and, if small, too fine a capillary must
be used for the buret with consequent excessive sticking of
the mercury. Probably the optimum dimensions would
require a capillary 0.5 to 0.7 mm. in diameter. Capillary
tubes are generally far from uniform in cross section and must
be carefully calibrated. The authors used Christianson’s
method (3). The graduated cylinder of a 50-cc. buret serves
very well for the glass protecting tube C, Figure 1. It fur-
nishes easily readable uniform graduations as well as an air
jacket for thermal protection. A large water jacket may be
used but it is generally unnecessary for analyses of short
duration.

Any of the various devices described in the literature for
moving the mercury thread should work very well in this
apparatus. The authors controlled the mercury thread by
means of a rubber tube inclosed in a metal case similar to the
pouch and barrel of a fountain pen. The thumbscrew B,
Figure 1, is used to compress the pouch. The metal case is
rigidly sealed to the protecting tube C' with sealing wax.

Again looking at Figure 1, three marks or graduations
may be seen on the knob or dial indicated by K and four
marks corresponding to the position for the buret and to
positions for the three beads may be seen on the plate L
fitting up to this dial. These are for setting the gas container
assembly in proper position for use of the buret or a reagent
as the case may be. The gas container support M is shown
as a triangular block of iron 0.25 inch (0.62 c¢m.) thick with
circular grooves cut at the corners for accommodation of the
glass gas containers. The latter are held in place by a very
thin iron band whose ends are both held by the screw at N.
This iron strap is kept tight by the easily removable arched
piece of thin clock spring slipped between it and the block
shown by the heavy dotted line at 0.

A fourth gas container would sometimes be convenient for
holding extra samples. A fifth space open to the air, through
~ which to examine a bead or to empty the buret, would also
be a convenience. In the authors’ apparatus there is barely
room on the side of the triangular block for this purpose.

Gas samples are stored and transferred by means of suit-
able capillary pipets, having the same ground tip and shape
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as the bent portion of the capillary buret with one change.
The capillary pipet comes up 1 inch (2.5 ¢m.) higher than at
A, Figure 2, and is then bent down and enlarged for a short
distance to give the necessary volume. A strong medicine
dropper bulb or a plugged piece of flexible rubber tubing is
attached to the end of this enlarged portion. The operation
of the pipet is similar to that of the buret.

REAGENTS

The reagents for oxygen and ammonia as found in the
literature—yellow phosphorus and moistened phosphorus
pentoxide, respectively—were found to be very slow and the
following improvements are recommended: In preparing the
phosphorus bead for oxygen, extreme care must be exercised
to have it dry because a film of phosphoric acid may increase
the time required for reaction as much as a hundred fold.
By washing the bead in water, then in alcohol, and then dry-
ing it in a stream of dry natural gas, the bead may be made
so active that it reacts almost instantly and will even ignite
in samples containing much oxygen.

Of several reagents tried, potassium bisulfate was found
to be by far the most satisfactory for absorbing ammonia.
The bead formed by dipping the platinum loop into the molten
salt must be moistened with water and dried in order to leave
a surface coated with many fine crystals. The reaction is
very rapid and goes to completion. A bead after having ab-
sorbed large quantities of ammonia will not increase the vol-
ume of a sample of nitrogen when exposed to it.

It was found that a measurable trace of ammonia will ad-
sorb on the walls of the buret. After the ammonia has been
adsorbed, if the sample is drawn back into the buret most of
this adsorbed ammonia leaves the walls and may be removed
by a second exposure to the bead. Careful cleaning of the
buret reduces this adsorption but does not eliminate it.

Liquid reagents such as concentrated sulfuric acid may be
used with some degree of success if contained in a suitable
porous bead (2). For such a bead, a mixture of 70 per cent
grog and 30 per cent kaolin was used. The grog, ground po-
rous earthenware, was sifted to a uniform size, passing 120- and
retained on 140-mesh screen. The kaolin should pass 200-
mesh. The consistency of the mixture should be such as
to allow it to be dipped up with the platinum wire loop if
a smooth surface is to be expected. Only a few minutes’
heating in a Fischer burner flame is necessary to bake the
bead.

This apparatus is inexpensive, is far less subject to dis-
aster than an Orsat or Burrell, and requires but a fraction
of the time to conduct an analysis, yet accuracy is not sacri-
ficed. The operator may sit at a table while conducting
analyses.
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Determination of Rﬁbber in Rubber-Bearing
Plants

D. SpEnce Anp M. L. CALDWELL, 'Carmel, Calif.

HE determination of the true rubber content of both
raw and manufactured rubber has been the subject of
extensive investigation. Search has failed to reveal

any corresponding record covering studies applicable to rub-
ber-bearing plants. The authors’ investigations, covering
such methods as have been published, demonstrate their inac-
curacy and inadequacy for practical use. There has never
been published, as far as the authors have been able to det.er-
mine, any thorough, systematic study of the factors which
determine the value and accuracy of any method for the
quantitative determination of the pure caoutchouc contained
in a given specimen of plant tissue. g

The work embodied in the present communication was
undertaken as an essential step towards the solution of some
of the complex problems in the production of rubber from the
guayule shrub.  Without some method for determining with
completeness and accuracy in terms of pure cac»ut;chpucl the
value of any given sample it would have been fruitless to
proceed to studies of the metabolism of the plant. T'he
equally important problems in the control of commercial
operations, both in field and factory, hinged at tl}e outset on
the development of an accurate means to determine the rub-
ber content of the plant.

The authors’ method, while primarily developed for t:he
analysis of guayule, has been applied with success to t.he in-
vestigation of other rubber-producing plants. The difficul-
ties encountered and overcome in developing tl}e me?hod .for
guayule shrub are no different from thosg Wl?lch will arise,
to a greater or less extent, in the investigation of rubber-
bearing plants in general. The authors are 1pdf§bted to the
Intercontinental Rubber Company fox: permission tg make
public the results of two years of intensive study of this prob-
lem.

At the outset the investigation was limited to method‘s in-
volving solvent extraction of the rubber from the plant tissue
and the direct gravimetric determination of the product.
Past experience of the senior author in this field had conclu-
sively demonstrated inherent inaccuracies an(} uncertainties
in alternative methods, such as the determination of the
Tubber as tetrabromide.

FAcCTORS AFFECTING ACCURACY

From the results of study of existing methods it became
evident that the problem of the complete extraction of the rub-
ber hydrocarbon from vegetable tissue was not nearly as s_lmple
as it might seem (2,8,5,6). The methods described in the
literature (1, 7) resulted either in incomplete extraction with
losses from one source or another, or in contamination of the
extracted rubber by impurities present in the raw material.
The alcohol precipitation method of Fox (1), for gxample,
was found to give, with guayule shrub, films contaminated in
some instances with as much as 25 per cent of benzene-in-
soluble impurities. Furthermore, some of the most important
factors affecting the accuracy of rubber determinations as
applied to plant products have been entirely overlooked.
Among those of major importance are:

1 The terms “pure caoutchouc’ or “‘pure rubber” used throughout refer
to the ultimate product of analysis which not only resembles rubber in all
its physical characteristics but also bears the empirical formula (CsHs)n,
as determined by analysis.

Respiration changes occurring in the plant tissue after harvest-
ing and before analysis.

The influence of colloidal, protective materials in the plant
structure upon the extraction of the rubber. 5

The effect of the type of rubber solvent used.

The oxidation which occurs during the drying of films of ex-
tracted rubber.

Much attention has been directed by Hall and Goodspeed
(2), Fox (1), and others to the influence of fine grinding of the
sample upon the completeness of extraction. In the authors’
early work considerable time was devoted to an investiga-
tion of this question. Later, however, they were able to
show that the degree of fineness of grinding of the material
for analysis is of relatively minor importance when account
is taken of other factors, more particularly of the breaking
down and removal of the protective colloids before extraction
of the pure rubber. The finest of grinding is no substitute
for this.

That changes are continually going on in plant products
after harvesting is generally recognized. In some fields these
changes have been studied in great detail and are of the ut-
most importance, but in the handling of rubber-bearing
plants for analysis they have apparently been overlooked.
Many of the anomalous results of past analyses may be
traced, without doubt, to the failure to appreciate the extent
of such respiration changes.

The evolution of carbon dioxide and water vapor, with
consequent loss of dry weight, which takes place in the ordi-
nary course of respiration in plant products stored under
favorable conditions, results in fictitiously high values for the
rubber content of the parent material. Losses of more than
15 per cent in the dry weight of the original material have
been found to occur in the few days elapsed between pulling
and analysis of guayule shrub.

This emphasizes the necessity for careful storage prior to
analysis. The authors’ studies have shown that desiccation
to less than 9 per cent moisture content or storage of the
freshly ground material, ready for analysis, in tightly packed
and stoppered jars, is an effective means for preventing this
loss in weight.

In addition to the apparent increase in rubber in the sample,
brought about by the more or less rapid disappearance of
materials other than rubber by decomposition in storage,
there may be a real increase in the amount of rubber extracted
by the published methods of analysis from shrub in which
such changes have taken place. But this, again, is due en-
tirely to the inadequacy of the analytical methods in use.
These methods have not taken into account the influence of
materials present in the plant which seriously interfere with
the extraction of the rubber itself. The decomposition of
these plant materials by respiration in storage facilitates the
subsequent extraction of the rubber by solvents.

It is obvious that if account is not taken of this fact, the rubber
value of a sample will depend upon the time and conditions of
storage. This was the situation found in connection with
guayule. Years of recorded results obtained by the older
methods of analysis tended to show consistently that the per-
centage of rubber in the guayule plant increased by storage after
harvesting. Similarly, the increase in the rubber content of
Chrysothamnus plants during storage, reported by Hall and
Goodspeed (2), will undoubtedly find its true explanation in
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changes and losses in materials other than rubber brought about
by respiration processes going on in the sample before analysis.

The influence of other plant products (hemicellulose, pec-
tins, proteins, ete.) within and without the cell wall upon
the extractability of the rubber has nowhere been given suf-
ficient consideration. Acetone extraction to remove fats,
resing, etc., has been generally applied. But the authors’
studies have shown that the presence of these other materials
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Ficure 1. RussBer EXTrACTION OF GUAYULE SHRUB

Samples extracted with water and acetone before determination of
rubber.

has a much more profound influence upon the completeness
of extraction than the constituents of the acetone extract.
Mere water leaching, as suggested by Whittlesey® (?), is
entirely inadequate. A slow hydrolysis in fact occurs during
the leaching operation, but the complete removal of water-
soluble materials from the plant by such means is a matter
of months and quite impossible s a practical matter.

Very drastic treatment is required to break down those
materials which prevent the complete extraction of the rub-
ber itself. Much time was devoted to the study of this prob-
lem before a satisfactory method, involving hydrolysis by
dilute acid under steam pressure, was evolved. Even this is
insufficient unless followed by a thorough removal of all the
products of hydrolysis prior to extraction of the rubber.

The results in this connection all tend to show that the
difficulties in the way of complete extraction of rubber from
plants are not due, as has been at times thought, to either
cell wall hindrance or to insoluble modifications of rubber.
Rather it is the presence of other materials, colloidal in char-
acter, which seems to prevent the solution of the rubber.
This is somewhat analogous to the effect of gelatin in raw
rubber, 10 per cent of which mechanically incorporated (by
milling) renders raw rubber very difficult of solution in ben-
zene.

The choice of solvent used for rubber extraction has
generally been left entirely open. The authors’ experience
has proved, however, that this is a matter of no small im-
portance. Carbon tetrachloride is a conspicuous example
of a solvent which has been widely advertised and much
recommended for extraction purposes in general because of
its noninflammability. But the decomposition to which it is
subject, in the presence of light, makes it entirely unsuitable
for accurate quantitative work (4). Chlorination of the rub-
ber in the process of extraction takes place accompanied by
the formation of nonvolatile residues from the solvent itself,
which are an even more serious source of error. The use of
so-called pure carbon tetrachloride for extraction purposes
over some period of time resulted in values for the authors’
rubber estimations which were never less than 10 and some-
times 15 per cent too high.
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These same errors are introduced in varying degree by all
the chlorinated hydrocarbon solvents investigated. With
the more stable ones, such as dichloroethane, the errors are
reduced, but in all cases the uncertainty involved makes the
use of a stable solvent such as benzene strongly recommended.

The universal practice in all published methods of rubber
determination of this class includes drying the film of ex-
tracted rubber in the air. The error due to oxidation of the
rubber under these conditions has been more or less ignored.
But such thin films of rubber, being free from the protective
agents present in the plant, are extremely susceptible to oxi-
dation. An increase of more than 10 per cent in the weight
of a film may easily be due to this source.

Neither vacuum drying nor the use of inert gases offers
a solution of the difficulty in practical routine work. The
former is excessively slow and the latter exceedingly cumber-
some.

Experience with antioxidants suggested their possible
application to analytical practice to overcome this difficulty.
The authors have been able to show that antioxidants of the
proper type are very effective in preventing the oxidation of
thin films of pure rubber obtained from plant extracts by
their method. Very small amounts of dimethyl-p-phenylene-
diamine, for example, are capable of protecting the rubber
during the severest overdrying. Added in a standard benzene
solution to the rubber extract before evaporation, this offers
a convenient means for eliminating the oxidation error.

It is the authors’ belief that such use of antioxidants in
analytical procedure should be capable of wide application in
other fields of research where organic compounds of great
susceptibility to oxidation are encountered.

With the foregoing major explanations the reasons for the
various steps in the authors’ method of analysis for rubber-
bearing plants will be at once clear. Simplification has been
sought wherever possible without sacrifice of accuracy, but
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in the case of guayule shrub, attempted short cuts have beem:
fatal from the standpoint of complete extraction. Laborious.
fine grinding has been eliminated. An analysis may be com-
pleted in 48 hours and in routine work two men may handle:
fifty analyses daily.

The accuracy of the method is shown by repeated treat-
ments of the extracted residues from the first analysis, which
fail to show the slightest trace of residual hydrocarbon, at-
testing the completeness of extraction; by tests on a large
number of samples by independent workers, which have given
results agreeing within 0.2 per cent; and by the purity of the-
extracted rubber.

That the material extracted from the plant tissue by this.
method is pure rubber is indicated not merely by its physicak
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characteristics (a colorless, transparent, elastic film) but also
by its chemical reactivity toward sulfur, bromine, etc. The
figures for analysis (by combustion) of the extracted films
point clearly to a hydrocarbon of the composition (CsHs)a of
India rubber. The rather remarkable absence, in fact, of any
appreciable amount of oxygen and the complete absence of
nitrogen in the films of rubber obtained in daily practice from
guayule shrub make both material and method ready means
for the preparation of pure, protein-free rubber.

EXPERIMENTAL

It should be unnecessary to point out that proper precau-
tions to insure a uniform and representative sample precede
any analytical work. As the authors were confronted with
sampling problems ranging from two or three irreplaceable
plants to fields of hundreds of acres, the difficulties in this
phase of the subject were forcibly impressed upon them.
The work involved in developing accurate methods which
would give the true rubber content for such cases has no place
in the present discussion. It is mentioned merely to empha-
size the fact that with variable plant products the method of
sampling is of equal importance with the subsequent analyti-
cal procedure.

PREPARATION OF SAMPLE

Certain precautions are necessary in the handling of rubber-
bearing plants if respiration losses are to be prgvented where
there is, for any reason, a delay between harvesting and analy-
sis. The importance of this is well illustrated in Table I.

TasLe I. Errect oF RESPIRATION LOSSES UPON THE EXTRACT-
ABLE RUBBER IN GUAYULE SHRUB

(5-gram samples leached with hot water and acetone, then extracted 24
hours with benzene)

Mois-
Loss IN TURB
DrY COs Coxn-
WeiGHT EVOLVED TENT RusBER
IN DURING ‘Xn:u AEtx:lx(A)cyn_n a
5 or TrEAT- TREAT- ANA- Actual Onginal
T:r‘ ﬁ'g}? Tg;:'runm‘ MENT MENT LYZED dry basis dry basis
Days % % % V3 o
Analyzed immedi- None None None 39.5 g.g gg
ately . 3
' 4 4.7 Not 42.4 11.0 10.5
Saulx:nt’ cll:eopxz % eig deter- 11.4 10.9
guk covered mined 11.4 10.9
with watch glass
at room tempera-
ture
Chopped plants
kept in flask at 5 16.0 7.2 41.0 14.0 11.8
4rl)g C. and slow 14.1 11.8
current of moist
air passed
through
Finely r ound 7 1.1 Not 18.8 9.3 9.2
shrub kept in deter- 9.5 9.4
open at room mined
temperature
Same packed 89 None None 85.3 8.9 gg
tightly in glasa- 9.3 :
stoppered bottle
sncf iept at room
Fit:!: ;mt:rraound 89 None None 8.8 9.; g%
shrub, vacuum 9. ¥
dried, kept in
open jar at room
temperature

@ After correction for loss in dry weight.

The differences between the results in the last two col-
umns of Table I represent the increase in t.he per cent of
rubber resulting from the loss through respiration of non-
rubber materials in varying amounts brought about by differ-
ent conditions of storage. This table also shows how the
usual methods of analysis, in which no provision is n.made for
the complete removal of all colloidal materials interfering with
the extraction of the rubber, may give real increases in the
amount of rubber extracted from shrub stored prior to analy-
sis. These increases are a function of the respiration changes
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as measured by the loss in dry weight of the samples. When
such elimination of extraction-inhibiting materials is provided
for in the method of analysis, no increase in rubber is ob-
tained by aging, as shown by Table II.

TABLE II. CoMPARATIVE EFFECT OF RESPIRATION AND STEAM
HYDROLYBIS IN INCREASING THE EXTRACTABILITY OF RUBBER
FROM GUAYULE SHRUB

Loss or
DrY  EXTRACTED RUBBER
TREATMENT OF WeigaT  Actual Original
SAMPLE BEFORE MEeTHOD OF IN dry dry
ANALYSIS ANALYBIS TREATMENT basis basis
% % %
Analyzed at once Water, acetone, None 10.4 10.4
and benzene 9.7 9.7
extraction
Same; chopped Same 5.1 12,9 12.3
plants incubated 12.7 1271
at 40° C. in satu-
rated atmosphere
with slow current
of air for 7 days.
Analyzed at once Hydrolyzed by None 13.2 13.2
steaming 3 13.3 13.3
hours at 30
lbs. pressure
then extracted
as above
Incubated 7 days at Same 6.4 14.4 13.4
40° C. in slow 14.5 13.5
current of satu-
rated air
Same, except hy- Same, except in- None 13.0 13.0
drolyzed = before cubated be- 13.2 13.2
incubation tween hy-
drolysis and
extraction

The increasing amounts of rubber extracted from samples
of increasing fineness by the usual published methods of
analysis are shown by Table III.

TasLe III. Errect or FINENESS OF GRINDING UPON THE ExX-
TRACTION OF RUBBER FROM GUAYULE SHRUB

(5-gram samples leached with hot water and acetone, then extracted with
benzene for 24 hours)
BexzeNe ExXTRACT
(Per cent of dry weight
of shrub)
Acid hydroly-
Without sis under steam

Finexess or GRINDING hydrolysis pressure
Coarse. Slivers about 9.5 mm. long ranging 10.1 14.5
down to pieces 1.6 mm., with many lumps. 10.7 14.4
Medium. A few slivers 6.4 mm. long but 11.9 14.2
most pieces about 3.2 mm. ranging down to 12.3 14.3
some very fines. (All pass 14 mesh,) No
lumps.
Fine. A very few slivers 3.2 mm. long but 12.8 14.1
most pass 30 mesh. Some lumps of rubber. 13.0 14.3
Regrinding. Residue from fine grinding 0.6 None
above; reground after first analysis until 0.8
all passes 50 mesh.
Total for fine sample, reground, average 13.8 14.2

Even with the finest grinding practicable with guayule
shrub, more and more rubber may be removed by increasing
the time of extraction, as is clearly brought out by Figure 1.
But such extremes of fine grinding are unnecessary when the
proper analytical procedure, involving hydrolysis, is followed,
as demonstrated by Table III. Moreover, owing to the high
rubber content of guayule shrub, extremely fine grinding is
impractical because of the tendency of the rubber to agglomer-
ate under mechanical working. For this reason a fineness of
about 14 mesh which gives a uniform sample has been adopted.
With other plants of lower rubber content, the hydrolysis
process will eliminate the tedious grinding to 100 mesh or
more which has been recommended.

REMOVAL OF COLLOIDAL PROTECTIVE MATERIALS

Ii has already been pointed out that drastic treatment is
necessary to insure the complete breaking down and removal
of materials which otherwise interfere with the accuracy and
completeness of the rubber extraction. The slow hydrolysis
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which goes on in the ordinary water-leaching of guayule
shrub is shown in Figure 2. The relationship between the
removal of materials which are water-soluble or which may
be rendered so and the rubber extracted is brought out by
Table IV.

TasLE IV. RELATION BETWEEN WATER-SOLUBLE MATERIAL
ReEMOVED AND RUBBER EXTRACTABLE FROM GUAYULE SHRUB

(Acetone extraction 12 hours, benzene extraction 24 hours)
WaTER-SOLU-

BLE MATE-
RIALS RE-
MpTHOD OF REMOVING MOVED AceTOoNE BENZENE

WATER-SOLUBLE MATERIAL (By difference) ExtrRAcT EXTRACT

%o %o %o
2 hours’ leach with water at 80° C. 6.2 gg gg
3 houre of steaming at 30 1bs. pres- 23:1 6.4 8.7
sure (2.1 kg. per sq. cm.) followed 6.6 9.0
by leaching as above
Steaming as with preceding sample, 30.7 6.0 9.2
followed by 8 hours of leaching at 6.3 9.4
132° C.
Same as preceding, except 1% sul- 49.4 6.9 10.0
furic acid used for leaching 7.0 10.3

All results based on dry weight of sample

Some of the studies made to determine the optimum condi-
tions of acid concentration, and time and temperature of
steaming required for complete rubber extraction are shown
in Tables V and VI. It was from such results as these that
3 hours of boiling with 1 per cent sulfuric acid followed by 3
hours of steaming at 122° C. was adopted for the hydrolysis
treatment in the final method.

Tasre V. Errect oF Acip CONCENTRATION AND TiME IN THE
Hyprovysis oF GUAYULE SHRUB PRIOR T0 RUBBER EXTRACTION

(All samples steamed 8 hours at 30 ﬁounda per 8q. in. pressure (2.1 kg. per
8q. em.) after acid treatment and then extracted with hot water 3 hours,
acetone 12 hours, and benzene 24 hours)

CONCENTRATION TiMe OF Russer EXTRACTED
oF SULFURIC Bormuina (Based on dry weight of
Acip WITH ACID sample)

% Hours %
o None 8.31-8.74

9.44-9.47
10.04-10.11

9.81-9.99
10.63-10.85

10.78-10.90
10.75-10.88

10.01-10.53
10,62-10.90
10.77-10.95

10.58-10.76
10.70-10.92
10.68-10.82
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That the complete removal of such materials after they
have been rendered water-soluble is absolutely necessary for
complete rubber extraction is illustrated by Table VII.
Clearly it is not only the hydrolysis which is important but

Tasre VIII.
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the removal of materials which interfere with the extraction
of the rubber. This has been provided for in the analytical
method finally adopted by 3 hours of leaching with hot water
after hydrolysis.

TasLe VI. ErrEct oF TiME AND TEMPERATURE OF STEAMING
ON EXTRACTABILITY OF RUBBER FROM GUAYULE SHRUB
(All samples treated with boiling 1 per cent sulfuric acid for 3 hours before

steaming and after steaniing extracted with hot water 3 hours, acetone 12
hours, and benzene 24 hours)

TIiME oF RuBBER EXTRACTED
SteasmiNg  (Based on dry weight of sample)

Hours
None

TEMPERATURE
OF STEAMING
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TasLe VII. ErreEct oF PRESENCE OF WATER-SOLUBLE Ma-
TERIALS UPON EXTRACTABILITY OF RUBBER FrROM GUAYULE
SHRUB

(All samples extracted 12 hours with acetone and 24 hours with benzene)

RUBBER EXTRACTED DIFFERENCE
(Based on dry weight of sample)  Dur To

TREATMENT After leaching Without REMOVAL OF
OF 3 hours with water WATER-
SAMPLES hot water leach SOLUBLES
%o %o %o
No hydrolysis 7.9-8.2 8.0-8.3 1
Steam hydrolysis 9.5-9.8 8.6-8.4 10

CHOICE OF RUBBER SOLVENT

The error introduced by the use of such solvents as carbon
tetrachloride may be clearly seen from Table VIII.

In the decomposition of carbon tetrachloride which takes
place in the light in the presence of air the odor of carbonyl
chloride was detected. The chlorination of the rubber pro-
duced by the more stable dichloroethane clearly indicates
the advisability of using benzene as a solvent for accurate
quantitative work unless the determinations are carried out
in the dark.

PREVENTION OF OXIDATION

The importance of protecting the rubber after extraction
against oxidation, during drying, in preparation for weighing
has been emphasized. The extent of the error introduced by
the usual air-drying is shown by Table IX which also illus-
trates the way in which dimethyl-p-phenylenediamine may
be used to overcome this difficulty. Details of procedure

E¥rEcT OF SOLVENT oN THE RUBBER VALUES OF GUAYULE SHRUB

(All samples boiled 3 hours with 1 per cent sulfuric acid and steamed 3 hours at 30 pounds per sq. in. (2.1 kg. per 8q. em.) pressure, then extracted with
hot water 3 hours, acetone 12 hours, rubber solvent 24 hours)

WeigET OF RESIDUR

RussER EXTRACT
(Based on dry weight of

FROM SOLVENT shrub sample

SoLvexT UseEp ToTAL (Determined in blank) CHLORINE IN < rrected
(150 cc. in MEeTHOD OF WeiGHT OF Before After RUBBER No for residue
each case) EXTRACTION ExTrACT extn. extn. (APPROX.) corrections from solvent

Mg, Mg. Mpg. % %o %
Carbon tetrachloride In the dark 424 000 000 i 11.2 11.2
(purified) 433 11.5 11.5
Same In diffused light 443 000 19 0.9 11.8 11.2
452 1% 12,1 11.5
Same In direct sunlight 469 000 42 Not 12.4 11.3
481 estimated 12.7 11.6
Same, except crude In dark 460 30 30 No 12.3 11.4
from reagent bottle G e :?53 %0 b estém;ted {gl;‘ }%%
Same In diffused light o oo l§:4 ﬁ—;
i i 506 30 82 Not 13.4 ¢
S i 521 estimated 13.8 11.6
Di&hloroe(hnnet A In diffused light zgg T gl o H; 0%
Tom reagen: tle, « .
Benzene (c. ».) In diffused light 422 000 000 0.0 11.2 11.2
428 11.4 11.4
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adopted to this end are to be found in the description of tuhe
method given below.

TasLe IX. OximArioN oF RuBBerR FILMS DURING DRYING

(All samples obtained by standard acid hydrolysis and steaming treatment
of guayule shrub followed by extraction with hot water, acetone, and

benzene)
Time oF DrYING
24 HOURS 43 HOURS
Extraction Extraction
Weight (Based on Weight (Based on
MgeTHOD OF DRYING of ilm dry shrub) of film dry shrub)
My. % Mg. %
In flask open to air in 674 15.0 701 15.6
oven at 105° C. 676 15.0 705 15.7
In closed flasks through 629 14.0 634 14.1
which current of nitro- 637 14.1 639 14.2
gen at 105° C. was
passed
In flask open to air in 628 14.0 631 14.1
oven at 105° C. but in 632 14.1 638 14.2

presence of 7 mg. of di-
methyl - p - phenylene
diamine. (Results cor-
rected as determined in
blank)

AccUurAcy oF METHOD

The two criteria of accuracy in the determination of the
true rubber value of a plant product are both met by the
present method. First, the extraction of the rubber is com-
plete as evidenced by the failure of repeated treatments,
even after regrinding of the sample to a fine mesh, to remove
the slightest trace of additional rubber. This is to be con-
trasted with the results obtained with the usual methods
which do not include hydrolysis treatment as shown in Figure
1and Table ITI. Second, the rubber extracted and weighed in
the final determination is entirely free from impurities. The
unusually good agreement between the carbon and hydrogen
values for the rubber extracted by this method from guayule
shrub (when dried in nitrogen), with the theoretical values for
CsHg, is shown by Table X. In addition, qualitative tests
gave negative results for nitrogen, sulfur (thought possible as
a result of the acid hydrolysis treatment), and ash.

TaBLE X. ComBUSTION OF RUBBER OBTAINED FROM GUAYULE
SHRUB BY Acip HYDROLYSIS, STEAMING AND EXTRACTION WITH

BENZENE
(Rubber films dried in a current of pure dry nitrogen)
CARBON HYDROGEN ToTAL
T o o
Theory (CsHs) 88.22 11.78 100.0
88.00 11.75 99.75
g:ﬁg}: % 88.09 11.68 09.77
Sample C 88.15 11.41 .56

DESCRIPTION OF METHOD

The following is a detailed description of the method as
finally adopted for the routine handling of as many as fifty
samples a day of guayule shrub by two experienced opera-
tors:

PrEPARATION OF Sampre. The plants to be analyzed, washed
free of adhering soil, are first coarsely crushed by two passes
through corrugated differential laboratory mill rolls set up as
tightly as possible. This material is then ground successively
with a Universal grinder and a corn mill. (Made by Landers,
Frary, and Clark, New Britain, Conn. The use of an attrition-
type mill operated with a reciprocating motion for the finer stages
of grinding has proved effective in preventmithe agglomeration
of the rubber in guayule shrub.) After each stage of grinding
the shrub is thoroughly mixed and quartered by means of Jones
ore samplers of various sizes. The final quarter is divided into
two lots of a little more than 5 grams each and one lot of approxi-
mately 10 grams. The remaining shrub is preserved, packed
tightly in an airtight glass jar, in case of emergency. ;

uplicate 5-gram samples are then Wexghed out on the ana]im-
cal bagance from the sma?l samples divided out with the sampler.
These are transferred to Coors porcelain extraction thimbles,
which for convenience are 22 mm. in diameter by 70 mm. high,
inside measurements, with 2-mm. perforations in the bottom.
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A thin layer of wool batting is placed below and above the shrub
to prevent loss.
he moisture content of the sample is determined at the same
éllmf by vacuum-drying the 10-gram sample at 110° C. in a Petri
sh,

REMOVAL OF WATER-SOLUBLES. The samples in the porcelain
thimbles are boiled in & 1 per cent solution of sulfuric acid for
3 hours. For this operation it has been found convenient to use
a monel metal bath provided with a water-sealed lid and water-
cooled condenser outlet to maintain the acid concentration. A
punched plate is emplog'ed to hold the thimbles upright on a
monel metal screen, After 3 hours the samples, still saturated
with acid, are transferred, along with the supporting tray, to an
autoclave where they are steamed for 3 hours at 30 pounds per
8q. in. (2.1 kg. per sq. cm.) pressure.

For the subsequent operation of leaching to remove the ma-
terials rendered water-soluble by the preceding treatments, a
copper bath has been found convenient in which the thimbles are
held upright by holes in the lid and are supported on a wire
screen 4 cm. from the bottom. Water at 60° 8 from a storage-
type electric water heater is run through each thimble individu-

y in a slow stream. Three hours of leaching are sufficient
completely to remove all water-soluble materials. The amount
of material thus removed can be determined quantitatively with
fair accuracy, by difference, by weighing the thimbles before
and after the completed analysis.

ACETONE EXTRACTION. Xfter water-leaching, the thimbles
are immediately placed in siphon cups of the Underwriters’
Laboratories type and are extracted for 12 hours (on an electric
hot plate) using about 150 cc. of acetone. If the water-solubles
are to be determined, as above, this extraction must, of course,
be made in a tared flask.

ExtrAcTION OF RUBBER. The acetone left in the sample from
the preceding operation is first removed by heating the thimbles
in the vacuum oven for about half an hour. The rubber is then
extracted with 150 cc. of benzene in the usual way. At least 16
hours are required for this operation.

Dryineg oFr RueBer. The benzene extract of the shrub is
evaporated, dried, and weighed in the same tared flask used for
the extraction. Before evaporation 5 cc. of a 0.1 per cent solu-
tion of dimethyl-p-phenylenediamine in benzene is pipetted into
the rubber solution. A correction, based upon a blank determina-
tion, is made for this material in calculation of the results.
The rubber solution is evaporated on a water bath and then dried
to constant weight in a Freas oven at 105° C. Overnight drying
has been found very convenient for this last step. The flask
is finally weighed to three decimal fizures. Accuracy to three
significant figures in the final result expressed as a percentage of
the dry weight of the sample has been found sufficient for all pur-

poses.
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INcrEASED TRADE IN TANNING ExTrACTs. That the trend
in international trade in tanning products is toward increased
purchases of tanning extracts and reduction in purchases of raw
products is revealed in a survey recently completed by the Com-
merce Department. International trade in tanning extracts
during 1932 totaled nearly 310,000 tons as compared with 270,000
tons in the preceding year. Quebracho continued to be the
most important tanning extract in international trade, account-
ing for approximately 75 per cent of total exports of tanning ex-
tracts. Argentina supplied almost the enfire amount of this
item, making shipments to all parts of the world, with the United
States the chief purchaser,



Evaluation of Textile Penetrants
An Improved Centrifugal Method

SAMUEL LENHER AND J. Epwarp Smith, Technical Laboratory, Organic Chemicals Department, E. I. du Pont de
Nemours & Co., Inc., Wilmington, Del.

HE recent wide use of a
variety of synthetic or-
ganic chemical products,

as assistants in the penetration
of textile fibers by liquids, has
led to a considerable interest in
the quantitative evaluation of
the efficiency of these substances.
The penetration of textile fibers
is assisted by two classes of ma-
terials, solvents which remove
the obstructions to penetration,
and surface-active materials
which greatly reduce the tension
at interfaces and act as colloidal
penetrating assistants. This paper is concerned only with
the surface-active materials. The action of solvent penetra-
tion assistants in aiding in the entrance of solutions into fibers
requires no discussion, but the action of the colloidal pene-
trants is complicated by a number of factors which require
study. No attempt is made to throw light on the mechanism
of the action of penetrants, but a method for the practical
evaluation of surface-active, or colloidal, textile penetrants is
described. Y

It is necessary to examine a system in which the textile
fiber, surrounded by oils and waxes together with a layer of
sorbed gases, is in contact with a solution of the penetration
assistant. If the solution is to penetrate the fiber it must
displace this gas, emulsify the waxes and oils sufficiently to
gain access to the material, and diffuse throughout the fiber
by means of capillary forces. The evaluation of a penetra-
tion assistant is an evaluation, directly or indirectly, of the
tension of the solution at the interface liquid-adsorbed gas,
as well as of the tension at the interface liquid-solid (fiber);
and of the emulsifying action of the solution on the waxes
and oils of the fiber,

A number of methods for the evaluation of textile penetra-
tion assistants have been reported in the literature, but many
are obviously capable of giving only a qualitative measure,
while others are limited through their failure to measure all
the factors involved. The methods may be divided roughly
into three groups:

lemperalures are given.

1. Measurements of the forces acting at the surface of the
solutions.

2. Determinations of the time taken for a substance to wet-
out and sink in a solution.

3. easurement of the quantity of liquid absorbed during
a ?{ven period of time by the fiber.

ind and Auerbach (?) made comparisons of wetting agents

?{v measuringe the drop number of solutions of the assistants.

erbig and Seyferth (6) made observations of the capillary rise
in threads of yarn suspended under standard conditions in solu-
tions of the wetting assistants. Auerbach (Z) used as a method
of evaluation the measure of the time required for a square of
fabric floating on the surface of the liquid to become wet-out and
sink. Ristenpart and Petzold (9) measured the time required
for a submerged strand of the fiber to become sufficiently wet-
out to sink, while Draves and Clarkson (2) measured the time
required for a submerged skein to become sufficiently wet-out
to sink when attached to a 1.5-gram weight. Herbig and Sey-
ferth (4, 6) wet-out yarn and centrifuged it under standard
conditions in order to obfain a measure of the amount of water

An improved cenlrifugal method for the evalua-
tion of lexlile penetration assislants is described.
The advantages of this method as compared with
the sinking-time method for the quantitative
evaluation of wetling-out agents are pointed out.
It is shown that the surface tension of a solution
toward air is no crilerion of its penelraling
ability toward textile fibers.
efficiency of a variely of lextile assistants as pene-
trating agenls over a range of concentrations and

absorbed. Seck and Lachmann
(10) immersed a weighed piece of
cloth in a solution for a definite
time, and after draining calculated
the amount of solution absorbed
flionll] the gain in weight of the
cloth.

Comparisons of wetting assist-
ants based on determinations of
the surface tension of their solu-
tions do not take into considera-
tion the interfacial tension and
the forces of capillary attraction
involved. Methods based on the
capillary risein a thread dipping
into a solution of the assistant
are stated by Herbig and Seyferth (6) to lead to conclusions
contradictory to observations made in actual commercial
practice. Methods which involve sinking-time measurements
are frequently erratic in their performance since they depend
upon the interface liquid-adsorbed gas, the behavior of which
may be readily influenced by both the temperature and the
viscosity of the solution. A method involving the use of a
centrifuge to remove extraneous solution from the wet fibers
appears much more likely to give uniformly reproducible
results than does a method which relies upon the draining
of the liquid from the fabric.

The method of Herbig and Seyferth (4, §) has certain de-
fects which tend to render questionable any conclusions of
a quantitative nature based on its use. Stdocker (11) has
pointed out that large errors are introduced as a result of the
procedure employed by Herbig because of the relatively long
time interval between the wetting of the yarn and the sub-
sequent centrifuging process. He also states that Herbig's
immersion time is too short to give results of any significance.
The work reported in this paper has eliminated the source of
error pointed out by Stocker, placed the method on a sound
basis, and established a method of testing that will be of
significance in industrial problems.

The primary function of any good textile penetration as-
sistant is the production of a thorough and rapid penetration
of fibers by a solution. It is of importance in the evaluation
of textile penetration assistants to know the actual degree of
saturation of the fiber with a solution—i. e., the extent to which
the solution has penetrated into the fiber—at various time
intervals during the wetting-out process, as well as to know
the moisture content of a fiber when it is wet-out. These
data, together with stability data, are needed to evaluate the
worth of penetration assistants.

Measurements of the

QuTLINE OF METHOD

Textile penetration assistants are most widely used in the
processing of cotton. Most of the work with the centrifugal
method has been confined to a study of cotton yarn. How-
ever, the method is applicable to other vegetable and to
animal fibers. The cotton fiber used was in the form of skeins
prepared from unbleached, unboiled-out cotton yarn (40/2)
of the type which is extensively used in the testing of dye-
stuffs. This yarn contained moisture which had been ab-
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sorbed from the atmosphere, but several months’ experience
indicated that the validity of the results was not seriously
impaired by the initial quantity of moisture present in the
air-dry yarn provided the yarn was of uniform quality.

5 grams in

A skein of the raw cotton yarn, approximatel
he yarn was

weight, was weighed to the nearest centigram.
pulled tight several times in order to line up the strands, then
doubled to form a loop of half the original length, and attached to
an anchor. The skein was cut open at the top of theloop by means
of shears and struck on the palm of the hand 8 to 10 times in order
to separate and free the individual strands. This preparation
produces uniformity in the physical condition of the skeins,
while the shearing of the yarn facilitates the rapid expulsion of
adsorbed air by the solution as it penetrates the fibers. "The skein
and anchor were dropped into a cylinder containing a solution
of the penetration assistant at a known concentration. The
yarn was immersed in this solution for a time, measured on a stop-
watch graduated to read to fifths of a second, and was then trans-
ferred to the slowly revolvini; basket of a centrifuge blx; pouring
the entire contents of the cylinder into the basket. The centri-
fuge used was a hand machine with a gear ratio of 1 to 36 and a
basket radius of 5.5 em. Since the time of contact of the yarn
with the liquid is an important factor in this test, care was taken
that the skein dropped from the cylinder into the basket with
a variation of only a few fifths of a second from the desired wet-
ting-out time. ithin one second after the transfer of the skein,
the speed of the slowly rotating basket was brought to approxi-
mater; 2160 r. p. m. and the extraneous solution was removed.
The basket was reyolved at this velocity for the desired time and
then stopped quickly by means of a braking force. The skein
was removed, :lletached rom the anchor, and weighed in a weigh-
ing bottle. The quantity of solution retained by the yarn was
expressed in terms of the initial weight of the skein.

The amount of solution in the yarn after this treatment is
indicative of the amount of water absorbed. The percentage
of moisture absorbed is a relative figure which depends en-
tirely upon the length of the wetting-out time and the condi-
tions employed in the centrifuging procedure. For this reason
it is necessary to adopt & standard procedure that will give
results which can be reproduced with reasonable accuracy and
which at the same time will remove a minimum quantity of
the solution actually absorbed by the fibers. To study the
various conditions which can be employed and to select:. a
proper testing procedure, a series of tests were made with
solutions of a commercial alkylated naphthalene sodu.un
sulfonate (product A) over a range of concentrations with
& variation in the immersion time of from 15 to 60 seconds
and in the centrifuging time of from 10 to 30 seconds. Five
determinations were made at each concentration for each
specified variation. Summary of the data is given in Table I.

TapLe I. PexerrarioNn Tests oN CorroN wiTH ProbpUcT A
Sorurions N WATER AT 25° C.

WATER ABSORBED

ConeN., G./1. % % Zg 1%.'.: T;
Immersion time, seconds: 60 30
Centrifuging time, seconds: 30 30 10 30 15
0.0 . 27,475 21517,24.6 <o A
0.1 20.6 29.5 27.5' 23.5 25.6
0.2 36.1 34.0 33.1 29.8 29.5
0.5 50.1 45.0 48.9 38.1 41.5
1.0 64.9 55.8 68.8 50.1 53.2
2.0 68.3 64.0 80.3 62,8 71.7
3.0 65.1 68.1 88.2 67.4 78.2
5.0 69.9 66.1 838.3 72,4 B82.7

As a result of the above tests a standard wetting time of 15
seconds and a standard centrifuging time of 15 seconds were
adopted. The immersion time of 15 seconds is sufficiently
long for a good wetting agent to show pronounced activity at
concentrations ordinarily used in commercial practice, while
the results obtained by centrifuging the yarn for 15 sef:onds
aré sufficiently reproducible to permit a definite distinction to
be made in the activity of the solutions at different concentra-
tions of the penetration assistant. To illustrate the varia-
tion to be expected between individual determinations, de-
tailed information on experiments at four different concentra-
tions of product A is given in Table IT.
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While the individual determinations of a given series in
Table II show considerable variation, the mean averages
obtained represent reasonably accurate evaluations of the
quantity of solution retained by the cotton fibers. The prob-
able error in the mean average of a series has been determined
by the equation (3)

Probable error = 0.6745 \/

Zd?

nin — 1)

where Zd? is the sum of the squares of the deviations of the
single observations from the mean. It was found that the
probable error in the mean average was in each case less than
1.5 per cent. The results are represented graphically in
Figure 1 with logarithms of the concentrations plotted as
abscissas and logarithms of the average per cent absorp-
tion plotted as ordinates. Itis observed that a smooth curve
can be drawn through the points plotted.

TaBLe II. PeNeTrATION TESTS WITH SOLUTIONS OF PRODUCT
A 1IN WATER AT 25° C.

Triar  WeIGHT OF Bx'zm WATER ABSORBED
Grams Grams %
CONCENTRATION 1.0 GRAM PER LITER
1 5.05 2.59 51.3
2 5.00 2.71 54.2
3 5.09 2.64 51.9
4 5.07 2.73 53.8
5 5.11 2.80 54.7
Av. B53.2
CONCENTRATION 2.0 GRAMS PER LITER
1 5.11 3.53 69.1
2 5.09 3.89 76.4
3 5.19 3.79 73.0
4 5.11 3.48 68.1
5 5.15 3.71 72.0
Av. 71.7
CONCENTRATION 3.0 GRAMS PER LITER
1 5.04 3.67 72.8
2 5.11 3.71 72.6
3 5.11 4,22 82.6
4 4.97 4.03 81.1
5 5.10 4.18 81.9
Av., 78.2
CONCENTRATION 5.0 GRAMS PER LITER
1 5.15 4.45 86.4
2 5.14 4.00 1
3 5.11 4.37 85.4
4 5.08 4.32 85.0
5 5.00 3.95 79.0
Av. B82.7

APPLICATION OF METHOD

The method was applied to a study of a variety of chemical
types of penetration assistants which represent the most
important commercial products on the market at present.

Product A is a dialkylated naphthalene sodium sulfonate of

85.2r505er cent strength.

Product B is a sodium lauryl sulfate 1product of 71.1 per cent
strength pr(e})ared from technical lauryl aleohol.

Product C is a sodium oleyl sulfate product of 48.4 per cent
strength prepared from technical oleyl alcohol of iodine number

Product D, which contains 39.7 per cent of active constituent,
is a condensation product of oleic acid or oleyl acid chlorine
with taurine.

The soap used was a sodium oleate soap containing 79.4 per
cent of fatty acid salts.

PENETRATION EFFICIENCY OF WATER SOLUTIONS

Tests of the wetting-out efficiency of solutions of these
products were made over a range of concentrations at 25°,
49° and 93° C. A summary of the results obtained is
given in Table III, while graphical representations of the
data at 25° and 49° C. are given in Figures 2 and 3. Each
value given in this table represents an average of five experi-
mental determinations.

The data given in Table III show that, with the exception
of solutions of product C, the actual efficiency of the solutions
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Warer ABsORBED BY COTTON YARN AT 25°, 49°, AnD 93° C. FrROM SoLUTIONS OF TEXTILE PENETRATION ASSISTANTS

~———PRrobpUCT A Propuer B— P
Coxcy, 252 C. 49°C. 03°>C. 25°C. 49°C, 93°C, 25°C,
a./l. %o %o %o o %o %o %
0.0 24.0 20.9 87.3 : 23.1 A e
0.1 25.6 27.8 e 27.4 31.9 P k5
0.2 29.5 36.3 =55 33.2 40.6 45, e
0.5 41.5 44.2 69.0 52.2 55.6 64.4 36.3
}g 53.2 52.6 o 69.1 68.9 68.3 45.6
2.0 71.7 64.0 3 81.2 73.1 68.9 5
14!8 78.2 70.6 65.1 83.6 74.4 67.3 59.4
5.0 82.7 71.5 81.5 73.3 66.1
6.0 o i 7 ¥ e
7.5 <
8.0 i R
10.0 72.3 77.9

of wetting-out agents studied decreases with increase in tem-
perature. The surface activity of these solutions decreases
as the temperature increases and this decrease in surface
activity leads to the conclusion that these colloidal penetra-
tion assistants pass into molecular solution as the temperature
is increased. On the other hand, solutions of product C are
shown to exhibit decidedly superior penetrating qualities at
the higher temperatures. Solutions of product C are par-
ticularly effective at 49° C. but still show some superiority
even at 93° C. Lenher (8) has shown that the micelles of
product C are too large to produce their maximum effect at
25° C. A dispersion of the micelles at high temperatures into
more effective sizes would account for the marked increase
noted in the surface activity and the resultant penetration of
the fiber by the solution.

The indicated lack of efficiency of most penetration agents
at elevated temperatures was checked in the following way:

Weighed skeins of cotton yarn were wet out at 93° C. by the
method of Draves and Clarkson (2). The skeins were then sub-
jected to the standard centrifugal procedure and it was shown that
the average amount
of water retained
bg the skeins was
82 per cent of the
weight of the dry
cotton. Further
tests on this point
were made by sub-
merging weighed
skeins of un-
bleached cotton
yarn in boilin
water for a perio
of 10 minutes. The
skeins were re-
moved and sub-
jected to the
standard centrifu-
gal procedure.
The amount of
water retained by
the skein was 90 per
cent of the weight
of the yarn.

Propuct A
AT 25°C.

@ & 823848

Per CENT ABSORPTION
B

-~
(9

Io A L L L A L
Ol ED Q451647
Conc. IN GRAMS Prr LITER

Figure 1. PENETRATION WITH SOLU-

TIONnS OF Propuct A v WATER AT 25° C.

These data add further proof that the lack of efficiency
at elevated temperatures, observed in the solutions of the
wetting-out agents, is not due to unexpected changes in the
nature of the fiber or to a variable expulsion of the liquor at
varying temperatures.

The ease of removal of the absorbed solution from yarn is
obviously related to the viscosity of the solution. With the
exception of soap solutions, the viscosities of the solutions of
penetration assistants used in the experimental work reported
in this paper are approximately that of water. It was ob-
served from the data reported in Table III that the maximum
apparent absorption of water by cotton yarn immersed in
soap solutions is uniformly greater at the higher concentra-
tions than the indicated absorption from the solutions of the
other assistants. The following tests show that in general

ropuer C Propuvcr D SoAP
49°.C, 93°C. 25°C.  49°C. 93°2C. 25°C.  49°C. 93°C.
% % %o o % %o V3 o
.o 3% 53 19:2 e s 25.5 Al
e e 5 22.5 2729 34.3 A
o 5 30.9 28.8 33.6 35.0 o
50.8 70.1 43.1 48.7 62.1 50.8 52.1 64.9
61.0 e 55.0 57.4 66.4 60.1 =
50 e S s % 72.0 o
73.9 5 68.7 69.0 34 79.5 73.9 e
74.6 72.9 i AT 65.4 85. 81.5 75.9
o i 74.8 5 e ie e i
77.0 Lo 70.8 94.1 88.9
.e 78.0 ae e o
SV 69.4 04,7 87.0
A 79.4 e o oo
75.2 82.0 73.0 90.7 85.9

this apparent difference is due to a difference in the relative
viscosity of the solutions: A stock solution of product B
with gelatin was prepared, such that the solutions of product
B and soap at 25° C. possessed the same relative viscosities
at a concentration of 5 grams per liter of the assistant. Tests
of the amount of solution retained by the yarn after being
run through the standard centrifugal procedure were made
over a range of concentrations. Comparisons of the quan-
tity of solution retained by cotton yarn when immersed in
solutions of product B, product B plus gelatin, and soap are
made in Table IV.

TaBrLE IV. REerATIONSHIP OF VISCOSITY TO RETENTION OF
SoLuTiON IN PENETRATION TESTS

Propucr B +

Coxon, Propucr B GELATIN SoAr
G./L. % % %
1.0 69.1 68.5 66.4

.0 81.2 84.1 79.5
3.0 83.8 88.5 85.2
5.0 81.5 87.5 94.1

The data in Table IV show that solutions prepared from the
same assistant but with different viscosities at comparable
concentrations differ appreciably from each other in the val-
ues which they give for retention of the solution.

While the apparent greater absorption of water from soap
solutions is accounted for at most concentrations on the basis
of the greater viscosity of the soap solutions, this explanation
does not apply at a concentration of 5 grams per liter. The
concentration of soap micelles on the cotton fiber might be
advanced as an explanation. However, at concentrations
below 1 per cent the soap micelles are very small and it is to
be expected that they will not concentrate on the fiber to a
greater extent than they are absorbed with the solution dur-
ing a 15-second contact.

PENETRATION OF HARD WATER SOLUTIONS

One of the outstanding advantages of the various penetra-
tion assistants as compared with soap is the ability of solu-
tions of the products to effect penetration in hard water
solutions under conditions where soap is coagulated. Tests
were made of the penetration efficiency of products A, B, and
D in a solution containing 400 p. p. m. of calcium chloride.
This concentration of calcium chloride is above the limit of
the hardness of the water ordinarily encountered in industrial
practice. A summary of the data obtained is given in Table
Y.

Tapie V. Soruriox RETAINED BY CoTTON YARN AT 25° C.
FROM SOLUTIONS OF TEXTILE ASSISTANTS IN PRESENCE OF Ci
croM CaLorDE (0.4 g./1.) :

Coxcy, Proouct A Propuct B Propuer D
aG./l. % o %
0.1 25.5 29.5 5
0.2 31.2 33.8 23.2
0.5 43.8 47.9 35.1
1.0 60.5 55.6 52.5
2.0 76.9 75.2 66.9
3.0 79.9 84.0 2
5.0 80.2 83.2 80.2
75 e ve 84.2
10.0 81.1
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It is evident from a comparison of the data in Tables III
and V that the efficiency of products A and D as penetration
assistants is actually increased in calcium chloride solutions
as compared with distilled water solutions. On the other
hand the efficiency of solutions of product B decreases slightly
under the same conditions. However, the general order of
effectiveness remains product B > product A > product D.

APPLICATION TO WOOL AND SILK

The centrifugal method has been applied in this labora-
tory for the evaluation of the effects obtained by the use of
penetration assistants with wool and silk as well as with
cotton. The wool skeins used in these tests were prepared
from scoured wool yarn (30/2), while the skeins of silk were
prepared from Spanish floss silk in the gum (2 ply). The
tests were made in distilled water solution at 25° C. A com-
parison of the data obtained by immersing skeins of cotton,
wool, and silk in the gum, in solutions of product B over a
range of concentrations is given in Table VI.

TasLe VI. WATeEr ABsorBep BY CorroN, WooL, AND SILK
FROM SOLUTIONS OF Propuct B

Coxcn. Corron WooL SiLk
G./L % % %
0.0 24.0 54.4 40.0
0.5 52.2 52.0 45.7
1.0 69.1 51.8 48.56
3.0 83.6 52.7 58.8

The maximum amount of water retained by unboiled-out
cotton yarn has been shown to be 90 per cent. Wool yarn,
after immersion for 180 seconds in a solution of product B of
5 grams per liter concentration, retains 56 per cent of its
weight of moisture, while silk in the gum after immersion
under similar conditions retains 77 per cent of its weight of
water.

The tests summarized in Table VI show that well-scoured

“wool wets out readily in water. The results obtained with
the silk in the gum are interesting since they show that while
the rate of penetration is entirely different from that observed
with cotton, a very definite effect can be evaluated by the
centrifugal method.

RELATIONSHIP OF SURFACE TENSION TO PENETRATION OF
TexTILE FIBERS

Measurements of the surface tension of solutions of several
assistants were made over a range of concentrations in order
to determine whether or not a definite relationship can be
established between penetration and surface tension. The
measurements were made with the du Noiiy ring type of
tensiometer. The instrument was calibrated against distilled
water and the values given in Table VII are corrected on the
basis of the calibration. The surface tensions of solutions
of products A, B, C, and D, and soap at 25° C. are given.
Each value given in the table represents an average of five
experimental determinations.

Tapre VII. Surrice TENSIONS OF SOLUTIONS OF TEXTILE
ASSISTANTS

Coxcy. Prooucr A Propver B Propucr C Proovcr D Soar
G./l. Dynes/cm. Dynes/em. Dynes/cm. Dynes/cm. Dynes/cm.
: 72.0 72.0 72.0 72.0
0.1 2.9 433 41.8 33.0 339
0.2 e 33.3 os 31.5 30.6
0.5 51.5 28.3 35.3 31.6 26.9
1.0 44.8 27.9 34.5 32.0 26.7
2.0 2 27.0 34.7 31.68 26.7
5 -2 e . e o
gg 38 26.7 e 31.6 26.9
5.0 34.1 28.9 32.8 31.4 27.3
10.0 32.6 % 34.0 31.1 e

These data show that the presence of soap, product B, and
product D produces marked lowering in the surface tension of
water. While the surface tensions of product A solutions
are relatively quite low, product A produces the least effect
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of the five assistants. These data show that while there is
the expected general increase in penetration ability with a
decrease in the surface tension there is no general quantitative
relationship. For example, solutions of product A at a con-
centration of 5 grams per liter show a surface tension of 34.1
dynes per centimeter, a value which is higher than that found
for solutions of product D or soap at a concentration of 0.1
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gram per liter. However, data obtained by the centrifugal
method (Table ITT) show that cotton yarn absorbs 83 per cent
of its weight of a solution containing 5 grams per liter of
product A, while the quantity of liquid absorbed from a solu-
tion of soap at a concentration of 0.1 gram per liter is less
than 28 per cent. It is evident from this and other compari-
sons which can be made from the data in Tables VII and
IIT that there is no quantitative relationship between the
surface tension of a solution of a textile assistant and its
ability to penetrate textile fibers.

CrITICAL SURVEY OF METHODS BASED ON Sinking Tiumes

The most satisfactory sinking-time method is that of
Draves and Clarkson (2). Data have been accumulated in
this laboratory which make possible a comprehensive com-
parison between the sinking-time method as developed by
Draves and Clarkson and the centrifugal method described
in this paper.

The sinking-time method, as applied by Draves and Clark-
son, measures the time required for an aqueous solution of
the textile assistant to wet a submerged 5-gram skein of un-
bleached cotton yarn to an extent such that its weight plus
the weight of absorbed liquid, together with that of an at-
tached 1.5-gram sinker will overcome the buoyant force of
the wetting solution and cause the skein with its attached
weight to sink to the bottom of a eylindrical container. This
method can give only a measure of the time required for a
textile fiber to reach a certain unknown degree of saturation
with a solution containing a known concentration of wetting
assistant.

Tests made of the wetting-out efficiency at 25° C. of aque-
ous solutions of products A, B, and D, and soap by the sink-
ing-time method are summarized in Table VIII, and a graphi-
cal representation of the data is given in Figure 4. Each
value given in Table VIII represents an average of seven
experimental determinations, made with skeins of raw cot-
ton yarn (40/2).

An examination of the data in Table VIII and of the graphi-
cal representation in Figure 4 shows that the sinking-time
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method appears to give uniformly good results with solutions
of products B and A, but very erratic results with solutions of
soap and of product D. Very definite experimental diffi-
culties were encountered in observations of the wetting times
of both the soap and the product D solutions and these dif-
ficulties are reflected in the data.

Tasre VIII. Werring-Our Tmvm oF SoLuTionNs oF TEXTILE
AssisTants witH CorroN YARN BY SINKING-TrME METHOD

Propucr B
5° C.  49°

ConNcN. Propucr A 2 9° C. Propucr D Soar
G./L Sec., Sec. Sec, Sec. Sec,
1.0 We 35.0 31.5 .o oo
1.5 86. 23.6 15.3 P 43.2
2.0 32.9 15.8 9.3 41.7 33.8
2.5 20.9 e e & 25.8
3.0 14.0 11.1 6.2 2 15.6
3.5 A o Te 25.9 o
4.0 7.4 7.9 5.0 28.4 7.1
5.0 4.9 7.3 e 27:1 5.9
7.5 Ay 5 21.0 4.6
10.0 . 1731 o

Determinations by the same method relating to the wetting
efficiency of product B at 49° C. are also included in Table
VIII and show that solutions of product B are considerably
more efficient at 49° C. than at 25° C. Table III shows that
this result is in direct contradiction to that obtained with the
centrifugal method. A contradiction of this nature is not
unexpected, for the sinking-time method depends fundamen-
tally upon the tension at the interface liquid-adsorbed gas.
It is obvious that this tension is extremely sensitive to varia-
tions in temperature. On the other hand the centrifugal
method depends basically upon the tension at the interface
fiber-liquid and it is this interface that is of fundamental im-
portance in the penetration of the fiber. The data in Tables
III and VIII give additional proof that the quantitative evalua-
tion of a penetration assistant by means of the sinking-time
{nethod alone may easily give misleading results and lead the
investigator to erroneous conclusions. The centrifugal
method of testing shows that solutions of soap are consider-

ok T
80
70-
60k
=50k
= 30
~
40
X
"’bd-
& I OLIVE OIL SoAP
II PRobuCT B
520_ II PropucT A
S I¥ ProbuctT D
o Y Propuct C
fid AT 49°C,
7] Z 5 A4 5478500 25 4 567830

CONCENTRATION IN GRAMS PER LITER

Ficure 3. WATER ABSORBED BY COTTON YARN AT
49° C. FroM SOLUTIONS OF TILE RATION
ASSISTANTS

ably superior to those of product A as penetrating agents in
distilled water while the sinking-time method would indicate
that solutions of soap are slightly inferior. This discrepancy
probably lies in the difficulty of obtaining satisfactory deter-
minations of the wetting-out times in soap solutions by the
sinking-time method. The sinking-time method shows that
concentrations of 2 grams per liter of product B and 12 grams
per liter of product D in distilled water solution are required
to produce wetting out of cotton yarn in a 15-second wetting
time. This indicates that product B is six times as efficient
as product D in producing this degree of effectiveness. On
the other hand, according to the centrifugal method a con-
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centration of 2.4 grams per liter of product B produces 82
per cent absorption in cotton yarn during an immersion time
of 15 seconds, while a concentration of 10 grams per liter of
product D is required to produce the same effect. Product
B is only four times as effective as product D on this basis.

The sinking-time method for the evaluation of wetting
agents is quite limited in the range of concentrations over
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which it may be employed. In the evaluation of agents with
which this method has been successfully used the results are
erratic when the actual time measured is greater than 40 to
50 seconds. Thus the lowest concentration of penetration
assistant -which can be evaluated is approximately 0.1 per
cent or 1 gram per liter. However, with many agents of
excellent wetting power the method breaks down when the
concentration is from 2 to 3 grams per liter. The sinking-
time test cannot be used for a quantitative comparison of the
efficiencies of penetration assistants of different types or for
the comparison of the relative efficiency at different tempera-
tures. On the other hand the sinking-time method has been
found to be decidedly valuable in the standardization of the
alkylnaphthalenesulfonic acid type of penetration assistants.
This is largely because slight changes in concentration cause
relatively large variations in the sinking time as observed in
a logarithmic plot of concentration against sinking time. As
a result the actual strength of the wetting assistant present
can be determined within an experimental error of 5 per cent
even though the values for the sinking time may be in error
by a considerably greater figure.

ADVANTAGES OF CENTRIFUGAL METHOD

The centrifugal method is of value for the comprehensive
evaluation and comparison of textile assistants. Evaluations
made by this method give a direct measure of the most im-
portant factor in the penetration of textile fibers—i. e., a
measure of the quantity of a solution absorbed by the fiber.
The amount, of solution absorbed at the end of any time at
any desired concentration of wetting agent can be determined
regardless of the degree of saturation which the fiber has
reached. The centrifugal method makes possible a deter-
mination of the maximum absorption of liquid by a fiber in
solutions of all textile assistants. Measurements may be
made at any temperature with the assurance that the results
obtained are comparable with those obtained at any other
temperature. The method can be applied to cotton, wool,
or silk fibers.

The technic involved in the use of the centrifugal method
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can be readily mastered by any person experienced in labora-
tory methods. The time required for a test compares favor-
ably with the sinking-time method. A series of five indi-
vidual determinations, required for the determination of the
efficiency at a given concentration, may be made in 15 to 20
minutes, depending naturally upon the length of the actual
sinking-time observed.
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Antimony as an Indicator Electrode in
Potentiometric Titration of Iron
and Aluminum

E. W. KanNiNG AnD F. H. Kratrr, Indiana University, Bloomington, Ind.

NTIMONY has been

found by many investi-

gators to be well adapted
as an indicator electrode to the
potentiometric titrations of acids
and bases and to the determina-
tion of the pH of various solu-
tions. The antimony electrode
has also found application in a
number of titrations involving
precipitation reactions.

In the titration of aluminum and magnesium chlorides with
sodium hydroxide solution, Treadwell and Bernasconi (8)
“have found that in the titration of aluminum chloride two
jumps in the antimony electrode potential occur, one when
the aluminum hydroxide has been quantitatively precipitated,
and one, which is less pronounced, when the aluminate has
been produced. In the titration of mixtures of aluminum
and magnesium chlorides with sodium hydroxide, jumps in
the electrode potential occur at the precipitation of alumi-
num and magnesium hydroxides, respectively, the second
jump being too early, causing an error of from 1 fo 2 per cent.

The antimony electrode has been found by Malvea and
Withrow (2) to be satisfactory to indicate the end points in
the titration of mixtures of calcium and magnesium with
sodium hydroxide solution.

An abnormal titration curve occurs, according to Elder
(1), for the antimony electrode in acid solutions of ferric
chloride, probably because of the presence of pentavalent
antimony in solution. G

The purpose of this investigation is to show the application
of antimony as an indicator electrode in the precipitation of
ferric iron and aluminum from neutral solutions of their chlo-
rides by the addition of sodium hydroxide solutions.

PROCEDURE

The titrations were carried out using antimony as the indi-
cator electrode. The electrode was prepared from electrolyti-
cally refined antimony by casting in & carbon mold, and un-
doubtedly contained some oxide; however, no precaution
was taken to exclude the oxide from the cast metallic rod.
The electrode had a length of 4.5 inches (11.25 cm.) and a
diameter of 0.25 inch (0.63 cm.). In all the titrations the
potential of the indicator electrode was measured against the

The antimony electrode is applied as indicator
electrode to the direct titration of ferric chloride
and aluminum chloride with sodium hydrozide
solution. Dala are given which show the general
suilabilily of the antimony electrode for the
titration of aluminum and iron chlorides. The
method also affords an approzimale analysis of
miztures of the two salts.

saturated calomel electrode.
The titration vessel consisted of
an open 400-cc. beaker. The
potential of the electrode com-
bination was measured by means
of a students’ type Leeds and
Northrup potentiometer, No,
7651, in conjunction with a Leeds
and Northrup galvanometer No.
2310. In all cases, unless other-
wiseindicated, the solutions were
kept continually agitated by means of a current of air bub-
bling through the solution in the titration vessel. All experi-
ments were carried out at room temperature, which varied
from 24° to 28° C.

Three stock solutions of ferric and aluminum chloride were
prepared having the following normalities with respect to iron
andP aluminum: ferric chloride, 0.3146 N, 0.9969 N, and 0.1000
N; aluminum chloride, 0.2968 N, 1.0045 N, and 0.1000 A.
The aluminum chloride solutions were standardized gravi-
metrically and the ferric chloride solutions by reduction with
stannous chloride and titration with (Fota.ssium bichromate solu-
tion. A determination of the chloride content of the ferric and
aluminum chlorides used in preparing the stock solutions in-
dicated that the error encountered in the calculation of the
theoretical quantit}/ of the sodium hydroxide solutions required
for the samples of ferric and aluminum chlorides titrated was of
little consequence, since the commercial
and aluminum chlorides used containe
amount of basic salts.

Titrations of various quantities of ferric and aluminum
chlorides, both separately and as mixtures, were carried out
using sodium hydroxide solutions approximately 1 N, 0.5 N, and
0.1 N. These solutions were prepared from carbonate-free
sodium hydroxide and carbon dioxide-free water and were
standardized against pure recrystallized succinic acid, using
phenolphthalein as indicator, The strengths of the wvarious
sodium hydroxide solutions are shown in the tables.

reparations of ferric
an undeterminable

Three series of experiments were carried out, involving
sodium hydroxide solution approximately 0.5 N, and 1 ¥,
and 0.1 N, respectively. In the first series the effect of the
presence of sodium and ammonium sulfate was also deter-
mined.

Because of the difference in solubilities of ferric and alumi-
num hydroxide, the ferric hydroxide was found to be quanti-
tatively precipitated first, giving rise to a jump in the poten-
tial of the antimony electrode at the iron equivalence point.
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The precipitation of the aluminum hydroxide followed and
the second jump in the potential appeared at the quantita-
tive formation of aluminum hydroxide. In the case of the
titration of aluminum chloride alone, two jumps in the poten-
tial appeared, as found by Treadwell and Bernasconi, one
when aluminum hydroxide was quantitatively precipitated,
and a second less pronounced jump when the aluminate was
produced. The second jump appeared to be rather indistinct
and unsuitable for accurate determinations. In the case of
the titration of ferric chloride alone, only one jump in the
potential occurred, the one at the quantitative precipitation
of ferric hydroxide.

TAsre I. Sermes 1 or TITRATIONS

Vor. oF VorL. oF
NaOH?# NaOHe
Vor. THEORETICALLY ACTUALLY
OF PrEsSENT REQUIRED Usep OR
Expr, Soun., FeCly AlCl:  FeCly AlCI:; FeCly AlCIs AlCls

Ce. Grams Grams Ce.’»« Ce. Ce.' " Ce.
1 50 0 0.3297 0 11.78 0 11.80
2 75 0 3297 0O 11.78 0 11.70
3 123 0 0.3297 11.78 0 11.80
4 50 - 0.4250. 0O 12,49 0 12.40
5 75 0.4250 0 12.49 0 12.50 0
6 125 0.4250 O 12.49 0 12.40 0
7 150 0.4250 0.3297 12.49 11.78 12.40 11.80
8 150 0.8500 0.3297 24,98 11.78 24.98 11.90
9 150 0.4250 0,8594 12.49 23.56 11.90 24.00
105 150 0.4250 0.6594 12.49 23.56 11.80 23.40
11¢,d4 125 0 1.8276 O 27.00. 0 6. 60
124" 125 0 1.8275 0 27.00 0O 26.60
13¢ 125 1.3519 0O 28.60 O 20.00 0 +1.39
14¢ 125 0.6759 0.9137 14.20 13.50 13.00 15.00 —8.45
16/ 125 0.8759 0.9137 14.20 13.50 12.80 13.40 -—9.85

@ 0.6297 N NaOH used. 2

5 25 ce. of 15 per cent NH.Cl solution added.

¢ 2 grams of Na:SOy added.

aTn experiments 11 to 15, inclusive, 0.5059 N NaOH was used.
¢ 1 gram of N2:304 adde d.

7 2 grams of (NH):S04 added,

In order to determine the end point of each reaction, curves
were constructed with e.m.f. of the electrode combination
plotted as ordinates and volume of sodium hydroxide solu-
tion as abscissas. The definite location of the point of maxi-
mum increase in potential was determined from these curves
by means of the oscillatory tangent to the curve and also
from differential curves in which the volume of sodium hy-
droxide solution was plotted against the change of potential
with unit change of volume of sodium hydroxide (AE/AV).
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Curves for the titrations in this first series of experiments,
which are typical of the curves in all the titrations in this
investigation, are shown in Figures 1, 2, 3, and 4. The deter-
mination of the end points is shown and it is seen that the
accuracy of the end point is largely dependent upon the cor-
rect interpretation of the curve. The differential curve
gives a much more definite determination of the end points,
since it brings out more clearly the points of maximum in-
crease in potential of the indicator electrode.

TasLe II. Series 2 or TITRATIONS
Vor. or NnOHb Vor. or NaOHb

THEORETICALLY  ACTUALLY
PRESENT® REQUIRED Usep ERROR
Expr. FeCls AICl:  TFeCls AICls FeCls AIClL FeCls AICI
Grams  Grams = Ce. Ce. Ce, Co. %% %
16 0.5390 0.4480 11.10 11.19 11.20 11.20 +0.90 -0.08
17 1.0780 0.4480 22,20 11.19 21.60 11.40 —2.70 --1.84
18 0.5390 0.8920 11.10 22.38 11.00 22.50 —0.90 +40.52
19¢ 1.0780 0.8920 22,20 22.38 21.60 22.70 —2.70 -+1.41
20 0.2695 1.1150 4.52 22.80 4.40 22.40 —2. 70 +-2.23
21 1.3475 0.2230 22.82° 4.56 22.50 5.00 -—0.55 +9.67
224 0.5390 0.4460 9.05 9.12 10.30 11.30 —13. 80 +23.90

@ In all cases volume of titration solution was 100 cc. at the start.
5 0.8972 N NaOH use

¢ In experiments 19 to 21, inclusive, 1.1012 N NaOH was used.

d Hydrogen electrode used.

TasLe ITI. SERIES 3 oF TITRATIONS
Vor. or NaOH? VoL. or NaOH»b

THEORETICALLY ACTUALLY
PRESENT® REQUIRED SED ERrrOR
Expr. FeCls AlCl; FeCls AlCl:s FeCl; AlCl; FeCls AlCl
Gram  Gram Ce. Ce. 6. Ce. Y% %
23 0.0540 0.0444 10.00 10.00 10.10 10.10 -1.00 -+1.00
24 0.0270 0.1111 5.00 25.00 4.80 25.20 —4.00 -0.80
25 0.1352 0.0222 25.00 00 26.00 5.30 +4.00 +6.00
26¢ 0.1081 0.0889 20.00 20.00 19.90 20.20 —0.50 -1.00
274 0.1081 0.0889 20.00 20 19.80 20.70 ~—1.00 +3.50

8 Volume of solution at start of titration, 100 cc.

5 0.1 N NaOH used.

¢ Agitated with a stream of hydrogen bubbling through solution.
¢ Hydrogen electrode used in this experiment,

In the second series of experiments the titrations were
made with sodium hydroxide of approximately normal
strength. More
ferric and alumi-
num chlorides
were present
than in the first
series of experi-
ments. In this
series of titrations,
various mixtures of
ferric and aluminum
chloride were used,
and the data in
Table II show the .400
results obtained.

The third series of
experiments  was
carried out with
0.10 N sodium hy-
droxide solution and
more dilute solu-
tions of ferric and
aluminum chlorides.
As in the second 00
series, one titration
was made using the
hydrogen electrode 0
in ordex: to n_xake a s W/o/ i
comparison with the 5 e
antimony electrode. 2 e
Table III gives the
data for the titra-
tions in series 3.
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ResuLrs

The data given in the tables indicate that antimony is
suitable as an indicator electrode in the potentiometric titra-
tion of either aluminum or ferric chloride with sodium hydrox-
ide solution. The end point is clearly defined and accurately
located by the jump in the electrode potential at the quantita-
tive precipitation of the hydroxides. The slight jump in
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Ficure 3. E.w. r—VoLumeE CURVE FOR TITRA-

TION OF MIXTURE OF ALUMINUM AND KERRIC
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(ExperiMENT 7, TABLE I)
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potential (Figure 1) at the equivalence point for the aluminate
formation is less distinet and practically imperceptible in the
case of mixtures of aluminum and ferric chlorides and is not
satisfactory, under the conditions of these experiments, for
the determination of the end point. Dilution seems to have
little effect upon the accuracy of the method. : :

In general it was found that in the titrations involving mix-
tures of aluminum and ferric chlorides, the end point indi-
cating the equivalence point for ferric hydroxide was too
early and the end point for aluminum hydroxide too late. I.n
all cases the jump in the electrode potential at the ferric
hydroxide equivalence point was less pronounced.

The potentiometric titration of mixtures of ferric aqd alu-
minum chlorides with sodium hydroxide, using an antinony
indicator electrode, affords a method for an approximate
analysis. Titration errors oceur which prohibit a more accu-
rate analysis. The accuracy is greater when nearly equal pro-
portions of the two salts are titrated, probably because the
titration curves can be more easily interpreted. The accu-
racy is no doubt impaired by the formation of basic salts at
the location of the jump in potential, since no precautions
were taken to prevent this difficulty at the end point. Evi-
dence of the formation of basic salts is clearly indicated by
the small jump in potential immediately before the alumi-
num end point in Figure 4. : :

The presence of sodium sulfate in the solutions of elthgr
aluminum or ferric chloride caused an increased error, as is
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seen from Table I. In the case of mixtures of aluminum and
ferric chlorides, the presence of sodium sulfate caused errors
of from 8 to 11 per cent, making the method prohibitive in
the presence of this alkali sulfate. The presence of am-
monium sulfate had an effect similar to that of sodium sulfate.
Normal titration curves were obtained in the experiments in
which sodium and aluminum sulfate was added.

The strength of the sodium hydroxide solution used for the
titrations and the amounts of ferric and aluminum chlorides
present in the solutions to be titrated seem to have, in general,
little effect on the suitability of antimony as the indicator
electrode (Table I). !

The hydrogen electrode was found. to be inferior to the
antimony electrode for the direct titration of iron and alumi-
num by sodium hydroxide, especially in concentrated solu-
tions, probably because the platinized surface is poisoned by
the salts in solution. In more dilute solutions, the hydrogen
electrode behaves in the same manner as the antimony elec-
trode but exhibits no advantages.

Stirring by means of air was found to be a suitable method
of causing agitation during the titrations. There was no
perceptible difference in the action of the antimony electrode
where hydrogen was used in place of air.
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The potential of the antimony electrode reached equilibrium
rapidly, except at the very start of the titrations. The pres-
ence of a relatively large quantity of iron in the solution
seemed to affect the electrode, causing it to be covered with a
dark coating. When most of the iron had been precipitated,
the dark coating disappeared and the potential of the elec-
trode thereafter reached equilibrium almost immediately
after the successive additions of sodium hydroxide solution.
In contrast to this, when the hydrogen electrode was used
equilibrium was reached only after 10 to 15 minutes through-
out the entire titration. This fact, together with the other
factors above mentioned, points favorably to the use of the
antimony electrode for the titration of ferric and aluminum
chlorides with sodium hydroxide.
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ter Meulen Method for Direct Determina-
tion of Oxygen in Organic Compounds

W. Warker Russern anp Jorn W. Furron, Metcalf Laboratory, Brown University, Providence, R. I.

LTHOUGH methods for
A the direct determina-
tion of oxygen in or-
ganic compounds have been
studied for over eighty years, it
is probable that oxygen is still
most frequently determined
by difference. The defects of
the indirect method are obvious
in that it is time-consuming
and subject to accumulated
errors, if not gross error—e. g.,
where complete combustion is difficult. The need of a rather
simple, reliable, direct method is apparent. Among the meth-
ods proposed during the past decade (-3, 6-10) for the
direct determination of oxygen in organic combination, that
of Meulen stands out prominently. Although this method
gave excellent results in the hands of its originator, and was
found by Schuster (15) to give accurate results with benzoic
acid, but not with pure coal, Dolch and Will (2), who studied
the method in considerable detail, were unable to obtain satis-
factory results even with such a simple substance as crystal-
lized oxalic acid. Furthermore, students of advanced analyti-
cal chemistry have been unable to obtain anything like the
accuracy claimed for the method, It was therefore con-
sidered desirable to investigate this method. Briefly it
consists in vaporizing the sample in a stream of hydrogen
which flows over a red hot surface where the organic sub-
stance is decomposed, forming oxides of carbon, water, and
gaseous hydrocarbons. The gases then pass over a nickel
catalyst where the oxides of carbon are converted to methane
and water. Provision is made for evaluating water and any
carbon dioxide in the exit gases, thus giving data for the cal-
culation of the oxygen present. In the present work certain
modifications of this method have been found desirable in
order to obtain consistently good results.

examined.

VAPORIZATION OF SAMPLE

As Meulen points out (9), the success of the method depends
largely upon vaporizing the sample very slowly and uni-
formly. This necessitates very careful manipulation with a
microburner for a half hour or more. If the sample is heated
in an electric furnace, however, it may be easily vaporized at
the desired rate and a tedious and uncertain operation avoided.
While the temperature to be employed in the furnace varies
with the substance undergoing analysis, it is usually best to
heat rapidly to the melting point of the substance and then to
raise the temperature just fast enough to avoid any appreci-
able condensation of water in the side arm of the first calcium
chloride tube. Too rapid heating causes poor results because
of incomplete methanation, sublimation of the sample through
the absorption train, etc. While with substances like -
naphthol especial care is necessary in order to avoid sublima-
tion, in most cases 20 to 30 minutes suffice to vaporize 200 to
300 mg. of sample.

THE CRACKING SURFACE

Various hot “cracking” surfaces have been proposed by
Meulen (6, 7, 9), such as fine nickel wire, platinized asbestos,
and pure asbestos. The authors’ experience with iron or

The method of ter Meulen for the direct deler-
minalion of oxygen in organic substances con-
taining carbon, hydrogen, and oxygen has been
Very salisfactory resulls can be ob-
lained if certain modificalions are made.
involve primarily the use of a furnace to volatilize
the sample, the use of plalinum-coaled granular
quartz as a cracking surface, and the use of a very
aclive, thorta-promoled, nickel calalyst.

nickel was unsatisfactory and
they have found it extremely
undesirable to have asbestos
present anywhere in the system
because of the slowness with
which it gives up water. Inas-
much as the analysis depends
primarily upon the amount of
water formed, it is obvious
that any uncertainty about
sources of water easily vitiates
the results. A very satis-
factory cracking surface can be made by igniting 20-mesh
granulated quartz with about one-twentieth the amount of
ammonium chloride and enough 10 per cent platinum chlo-
ride solution to wet the mass. The mass is heated in a
casserole to dull redness long enough to decompose the am-
monium platinic chloride and to volatilize completely the
excess ammonium salts. The result is a light gray mass of
platinum-coated quartz granules which is employed at red
heat.

These

TaE CATALYST

As no provision is made for the evaluation of carbon mon-
oxide in the exit gases, it is essential to have a very active
hydrogenation catalyst. It is probable that the difficulties
of Dolch and Will (2) were in part due to an inactive catalyst
although they used the asbestos-supported nickel recom-
mended by Meulen. Very active methanation catalysts
(5, 14) can be prepared by using thoria as a promoter for
nickel. Rugged catalysts of high activity were prepared in
the present work by dissolving pure thorium nitrate in pure
nickel nitrate melted in its water of erystallization, in amounts
necessary to give 2 per cent thorium oxide on the nickel
present. The mass was stirred continuously, while igniting
over a Bunsen burner, to a fine gray powder. To insure
complete destruction of the nitrates, the mass may well be
cooled and finely ground once during the ignition. Because
the thoria acts also as a support, the oxide may be reduced with
hydrogen at 350° and finally at 400° C. While the initial
reduction required, to give a blank of about 1 mg. of water per
hour at the rates of hydrogen flow used, occupied 2 to 3 days,
subsequent reductions could be carried out overnight at
400° C. To avoid delays extra catalysts may be reduced
independently and sealed off in glass tubes in an atmosphere
of hydrogen. Such catalysts may be fransferred to the
analysis system with only superficial oxidation if a rapid
stream of hydrogen is issuing from it. Thoria-promoted
catalysts are pyrophoric and so become incandescent when air
is drawn through the analysis tube, as is necessary when
carbon deposited on the cracking surface must be burned off.
With continued use they become less active and may then be
heated slightly during the burning-out process in order to
remove any deposited carbon or volatile poisons. If the
samples analyzed contain no catalyst poisons, such as mer-
cury, sulfur, halogens, etc., one charge of 5 to 10 grams of
catalyst may serve for 10 to 15 analyses before requiring re-
activation. Substances such as anthraquinone, which clog by
depositing much carbon on the first portions of the platinized
quartz, necessitate burning out carbon after 4 to 5 analyses.
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In order to have a quantitative removal of the oxides of
carbon, it is essential that conditions be such that the follow-
ing reactions go very near completion:

CO + 3H1 = CH( + Hzo
2CO + 2H, = CO, + CH,
CO. + 4H, = CH, + 2H,0

While there is evidence that the equilibrium constants for
these reactions reach a maximum between 300° and 400° C.,
other reactions probably intrude and complete equilibrium
data (4, 11, 12) in this temperature region are not available.
The temperature range of 350° to 420° C. proposed by
Meulen seems unnecessarily high and 300° to
350° C. has proved satisfactory with the
active catalysts used here. Using a large ex-
cess of hydrogen the authors have found 350° C.
to be the most generally applicable tempera-
ture because of the faster rate of reaction.
The relatively high rate of hydrogen flow
employed in the present work—90 cc. per
minute—is advantageous too because it tends
to prevent the deposition of carbon (13) on the
catalyst, and also shortens the time of analysis
by allowing the system to be rapidly swept ouf
at the end. :

THE APPARATUS

A quartz tube is an indispensable part of the apparatus
shown in Figure 1. It should be about 1 meter long, about 1
cm. in inside diameter, and preferably provided with a small
side arm which greatly facilitates the safe introduction of
the sample. If desired, the plain tube suggested by Meulen
(9) may be used. While it is desirable to have at least the
portion of the tube which holds the sample boat made of
ttansparent quartz, the whole tube may be of opaque matex:ml
if the platinum boat G is provided with an eyelet into which
the hook of the loading rod P fits, so that the sample cannot
be overturned when inserted. The substitution of an opaque
quartz tube removes the only expensive part of the apparatus,
About 5 em. from the exit end of the tube F a plug of glass
wool is inserted, followed by 5 to 10 grams of t}.xe prepared
oxides K. A perforated platinum disk is slipped in and then
enough of the platinized quartz I to fill the tube about two-
thirds full. Another perforated platinum disk may now be
inserted if desired, but the tube must not be packed too
tightly. The filled tube is conveniently placed in an ordmary
organic combustion set-up in which the smalles§ furnac.e. H,is
used to volatilize the sample, and the medium-sized unit, J, to
heat the catalyst. The largest furnace may be used to heat
the granulated quartz to redness but this may b.e conveniently
and efficiently done, as has been the practice in most of the
present work, by using the full temperature of 3 ordU}ary
Bunsen burners. In the latter case, 2 shields and a light
covering of asbestos paper are sufficient to retain the heat.
The ends of the tube F are flared out to receive rul?ber
stoppers snugly. The U-tubes L and M contain. calcxu'm
chloride, and N contains ascarite and calcium chloride, while
0 is a calcium chloride guard tube. Electrolytic hydrogen
is freed from oxygen by passing over hot palladized asbestos
in B, dried over calcium chloride in (), measured in the flow-
meter D, and finally dried over calcium chloride in .

Tae METHOD

Having in the system a reduced catalyst, its tempgrature is
brought to 400° C. and a rapid stream of hydrogen is passed
for at least a half-hour interval. This is necessary even
though the system is always kept under a pgsit.ive pressure
of hydrogen when not in use. During this interval the
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granulated quartz should be at full heat and the U-tubes may
well be in place in order to flush them with hydrogen. The
catalyst temperature is then lowered to just 350° C. and the
recently weighed tubes L, M, and N are placed in the train.
Hydrogen is passed at 90 cc. per minute for half an hour in
order to obtain the blank which is by no means negligible.
Since results are desired to 0.1 mg., the blank must be care-
fully determined—e. g., temperature and rate of hydrogen flow
kept constant, and in case of doubt another should be taken
after the analysis. Having ascertained the blank, the U-
tubes are again attached but not opened. The hydrogen tank
valve is opened so that 100 to 150 cc. per minute pass out

DIAGRAM OF APPARATUS

Ficure 1.

through A and the weighed sample quickly inserted in F.
Hayving placed the sample about 5 ¢m. from the hot cracking
surface by means of the rod P, the solid rubber stopper is
tightly replaced. The U-tubes are now opened, the hydro-
gen rate is adjusted to 90 cc. per minute, and H rapidly raised
to the desired temperature. The sample is slowly and uni-
formly volatilized during the course of half an hour and then
the temperature of H raised to 300° to 400° C. The furnace
is then slid back and the tube holding the sample boat heated
with the full heat of a blow torch. Strong heating is espe-
cially necessary with substances like sugars which leave a
voluminous carbon in the boat. The greater portion of the
second half hour is allotted to sweeping out the system.
Thus the analysis proper usually takes an hour. One analysis
can be immediately followed by another, with occasional
blanks, until the tube becomes choked with carbon. With
an active catalyst and following the above procedure, all the
oxygen will be found as water in the first caleium chloride
tube. The tubes M and N are therefore useful mainly as
guard tubes. When it becomes necessary to remove the
carbon from 7, the quartz tube F is evacuated on a good water
pump and air drawn over the hot quartz. When this opera-
tion is complete, the air is evacuated and replaced by hydro-
gen which starts reduction of the catalyst again. This pro-
cedure avoids the use of an inert gas like ecarbon dioxide and
also does not disturb the set-up. Directions have been given
in some detail in order to avoid ambiguity (2).

REsvurs

The results of analyses made upon high-grade organic
chemicals by the modified Meulen method are given in Table
I. These results were obtained using an ordinary analytical
balance and it is felt that by the use of semi-microtechnic some-
what better accuracy could be obtained, or smaller samples
might be satisfactorily employed. The analyses made sub-
stantiate the soundness of the basic principles of the Meulen
method for representative substances containing only carbon,
hydrogen, and oxygen. While Meulen gives procedures by
which materials containing also nitrogen, sulfur, chlorine,
bromine, and iodine (7) can be handled, such substances have
not been dealt with in the present work. It is hoped to re-
port on these at a later date.
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Tasre I. REsuLTs OF ANALYSES BY MobDIriep MEULEN
MEeTHOD
Weicar TEMPERATURE
OoF oF OXYGEN
SUBSTANCE SAMPLE CATALYST Found Calculated
Gram 2 Yo %

Suceinic acid 0.1289 300 54.22 54.21
0.1621 300 54.24
0,1830 350 54.28
0.1480 380 54,14

Oxalic acid 0.1940 325 76.15 76.16
0.1053 350 76,24

Dextrose® 0.2568 300 53.39 53.31
0.1293 350 53.30

Cane sugar 0.2855 300 51.59 51.44

Benzoic acidb 0.2650 325 26.31 28.22
0.2315 350 26.24

Anthraquinone 0.2716 350 15.50 15.38
0.2108 350 15.38

Quinhydrone 0.1601 350 29.57 29.35
0.1906 350 20.18

B-Naphthol 0.2108 350 11.04 11.11
0.2029 350 11.21

@ Bureau of Standards sample 41.
b Bureau of Standards sample 39¢.
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Volumetric Determination of Small Quanti-
ties of Inorganic lodine

JosepH F. Sapusk, Jr., anp Eric G. BALL
Department of Physiological Chemistry, The Johns Hopkins University, School of Medicine, Baltimore, Md.

determination of iodine in biological material have

been largely directed toward improvements in the
procedure for destruction of organic matter. Though most
methods described have employed the Winkler procedure
25) for the final estimation of the iodine, little attention has
been given to the investigation of the accuracy of the pro-
cedure when applied to the small quantities of iodine dealt
with in biological material. Recently several investigators
(2, 17) have held this procedure to be defective because of
the risk of decomposition of iodides in acid solution. It is
the purpose of this contribution, first, to show that under
conditions to be described the estimation of small amounts
of iodine, 1 mg. or less, by the Winkler procedure is both ac-
curate and trustworthy; second, to report a study of the
interference by other substances; and third, to make a prac-
tical application—namely, the determination of iodine in
iodized salt.

RECENT attempts to increase the accuracy of the

REAGENTS AND APPARATUS

STANDARD IODATE SoLuTION. An exactly 0.1 & iodate solution
was prepared according to the directions of Jamieson (9), usin
Kahlbaum’s purest potassium iodate. The solution so obtaine
was further diluted to give an exactly 0.005 N reagent.

TrrosuLrATE. Thiosulfate solutions 0.005 N seemed to be
more stable if they contained 3.8 grams of crystallized borax
(N2.B;07.10H:0) per liter (15). The solution was standardized
immediately before use, employing the optimum concentrations
of acid and potassium iodide mentioned below.

Staxparp Porassiom Iopipe SorurioN. The iodine content
of a specimen of potassium iodide was accurately determined by
precipitation Witgosilver nitrate, using the precautions recom-
mended by Hillebrand and Lundell (7). The requisite amount
of the salt was dissolved in water to give a solution so dilute that
small quantities of iodine could be measured with sufficient ac-
curacy.

BromiNe. Iodine-free bromine was prepared by repeated

washings of the c. p. product with water in the manner suggested
by Karns and Donaldson (11). Early in the work it was found
that the use of bromine water for oxidation purposes was inad-
visable. Therefore, the following procedure, slightly modified
from Schockaert and Foster (22), was employed: Bromine
vapor, obtained by blowing air (wasiled with water and dried by
calcium chloride) through a gas-washing tube containing bromine,
was delivered just above the surface of liquid in a flask. Upon
swirling the contents of the flask, sufficient bromine was dis-
solved to give a yellow color to the liquid. To prevent the ex-
pulsion of too large quantities of bromine it is wise to draw out to
a gapillary both the inlet and outlet tubes of the gas-washing
tube.

StarcE INpIicATOR. This reagent containing salicylic acid
for a preservative as recommended by Nichols (19) was found
to be very satisfactory as to sensitivity and keeping qualities.
A solution kept at room temperature with no aseptic precautions
for over 6 months showed no deterioration in quality.

OreEr REAGENTS AND ApparaTUs. Iodine-free water was
produced by redistilling water from an alkaline permanganate
solution. Pumice stone used for the prevention of bumpin
was prepared by boiling millimeter cubes in dilute nitric aci
and, after washing thoroughly with water, igniting to a bright
red heat in a porcelain crucible. All volumetric glassware was
carefully calibrated. Titrations were carried out with 1-, 5-, and
10-ml. microburets.

SexsITIVITY OF END POINT

In order to gage the accuracy of a volumetric method, it is
essential to know the sensitivity of the end point. Accord-
ingly, experiments were carried out to ascertain the smallest
quantity of iodine necessary to give a perceptible blue color
to a solution 50 ml. of which contained 0.1 gram of potas-
sium iodide, 1 ml. of 2 N sulfuric acid, and 1 ml. of starch
indicator. Potassium iodate (0.001 N) was added from a
micropipet in successive 0.002-ml. portions to the first ap-
pearance of a blue color. At 31° C. (room temperature in
Baltimore in the summer of 1932), the following amounts of
iodate iodine were necessary: 1 ml. volume, 0.08 v; 10 ml.
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volume, 0.5 v; 100 ml. volume, 4 v (1 v = 0.001 mg.)
Six times this amount of free iodine would be necessary for
the production of a blue color, but the authors have chosen to
express the results in terms of iodate iodine in order to define
the sensitivity in terms of the amount of iodine present in the
original material under analysis. The Erlenmeyer flasks em-
ployed for the experiments were respectively 25, 50, and 200
ml. At a temperature of 17° C., only 2 v iodine was necessary
to impart a blue color to 100 ml. of solution—that is, half the
quantity required at 31° C. Therefore, the temperatures at
which the thiosulfate solution is standardized and the actual
determination is made should be approximately the same.
Since completing this work a paper has appeared by Allott,
Dauphinee, and Hurtley (1) reporting values very similar to
those given here, though the authors fail to state the tem-
perature in their experiments.

Since the sensitivity of the starch indicator when the total
volume is 1 ml. is 0.08 v of iodate iodine at 31° C., the deter-
mination at this temperature of quantities of iodine less than
8 v would theoretically be subject to errors greater than 1
per cent. The authors have therefore confined their
attention in this paper to quantities no smaller than 20 .
It would appear that the titration of quantities of iodine
smaller than this can be carried out more accurately at loyv
temperatures where the sensitivity of the starch indicator is
increased.

ErrecT oF AcipiTY AND IopIDE CONCENTRATION

Acid solutions of iodides decompose with greater or less
rapidity according to their H* concentration to liberate free
iodine. Upon this fact—namely, the oxidation of hydriodic
acid by atmospheric oxygen—are based the objections to the
titrimetric method for iodine determination. Since the reac-
tion (formulistically)

Hetd i T= —— HI 1)

is reversible, it should be possible to have a minimum of
hydriodic acid formed if both the acid and iodide concentra-
tions are as low as possible. On the other .hand, the solution
should possess the requisite acidity and iodide content for the

reaction
10,- +51- + 6 Ht=—=31: 4+ 3 H.0 (2)

to go to completion. ]
Tf the titration were carried out under an inert gas such as

nitrogen or carbon dioxide, there shopld be no appreciable
oxidation of hydriodic acid and the acid concentration could
be neglected. This procedure, however, is burdensome.m
routine laboratory work, so efforts were made to determine
the effect of acid and iodide concentrations on titrations
carried out in the presence of atmospheric oxygen.

Consideration of the effect of pH on the titration of free
jodine with thiosulfate at the acid concentrations to be em-
ployed can be neglected, since Reith (20) has shown that the
reaction is quantitative at pH values below 6. :

Tt was found that variation of the iodide concentration
within certain limits did not markedly affect the procedure.
Optimum conditions were obtained when 0.1 gram of potas-
sium jodide was present in 50 ml. of solution.

The effect of acidity, however, was more striking. It can
be seen from the data given in the third column of Table I
that the acid normality of the solution must be 0.02 or higher
in order to carry Reaction 2 rapidly to c(?mp_letion. In the
presence of air there is a marked increase in titer as th'e acid
strength becomes greater than 0.1 N. This increase is pre-
sumably due to the oxidation by air of t-h.e large{' amount, of
hydriodic acid formed according to Equation 1, since no such
increase is noted in the absence of oxygen (column 4). There-
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fore, if the titration of small quantities of iodine is to be made
in the presence of air, the pH of the solution must be between
1.0 and 2.0 if serious errors are to be avoided. Solutions of
potassium iodide with a pH between 1.0 and 2.0 show no ap-
preciable oxidation by air even after standing 0.5 hour. The
rate of air oxidation appears to decrease with temperature.
It is therefore possible that titrations could be carried out in
higher acid concentrations than those recommended here if
lower temperatures were employed.

TasLe I. ErrFECT OF ACIDITY

(6 ml, of 0.005 N KIO; titrated with Na:S:0s. 0.1 gram of KI present, total
volume 50 ml. Room temperature 20° & 2° C.)

Ta108ULFATE TITER

ExperiMENT Acip Normarrry  Exposed to air  Under nitrogen
Ml Ml.
1 0.0005 2.44 4
2 0.005 4.42¢ A
3 0.02 4.42 e
4 0.04 4.43 4.40
5 0.05 4.44 o'y
6 0.10 4.44 4.42
7 1.0 4.49 4.41
8 2.0 4.53 4.42
9 4.0 S 4.43

¢ Very slow end point.

EstmMaTION OF IoDINE

Because the use of chlorine water in Winkler’s method has
several disadvantages, chief among which is the fact that
high results (8, 12, 13, 21, 23) may be obtained, the employ-
ment of bromine as originally proposed by Bugarszky and
Horwath (3) has been instituted for purposes of oxidation.

An accurately measured portion of the potassium iodide solu-
tion was transferred to a 125-ml. Erlenmeyer flask. After the
addition of 1 ml. of 2 N sulfuric acid and sufficient water to give
a total volume of 50 ml., bromine vapor was added as previously
described. A few glass beads were introduced and the contents
of the flask boiled briskly over a thin sand bath. After the yel-
low color due to bromine had disappeared, the boiling was con-
tinued for 2 minutes in order to insure complete removal of that
element. Upon cooling to room temperature, the sides of the
flask were washed down with sufficient water to replace that
lost by boiling. One milliliter.of a fresmﬂi;s repared 10 per cent
potassium iodide solution was added, the i was gently swirled,
and the liberated iodine immediately titrated with thiosulfate.

Table II gives the result of a typical experiment and shows
that the Winkler procedure gives satisfactory results when
the precautions given here are followed.

TaAsLE II. DETERMINATION OF loDINE

Ex- ToraAL

reRI- VoL~ 2N KI 0.00512 N 0.001024 Iopixe IopiNe Dir-

MENT UME H2SO4 AppEDp NasS:0: N Na:S:0; TaxeN FOUND FERENCE

Ml Ml Gram Mi. Ml Mg. Mg. Mg,

1 50 1 0.1 9.25 1.000 1.002 +0.002
2 25 0.5 0.05 4.64 0.501 0.502 +0.001
3 25 0.5 0.05 1.845 0.1995 0.200 +0.0005
4 100 0.2 - 0.02 4.54 0.1000 0.0983 —0.0017
5 10 0.2 0.02 2.27 0.0500 0.0492 —0,0008
6 10 0.2 0.02 0.915 0.0200 0.0198 —0.0002

Use or Sauicynic Acip. It is the practice of some workers
to add salicylic acid or phenol directly after boiling the
solution in order to destroy any traces of residual bromine.
This procedure was apparently substantiated by the observa-
tion that determinations of iodine in which salicylic acid was
added were invariably lower than in those to which the com-
pound was not added. Later, however, this interpretation
was shown to be incorrect by subjecting iodate solutions to
the same treatment. A lowering. of titer manifested itself
in those cases where salicylic acid had been introduced even
though no bromine was present in the solution prior to this
mode of treatment. Moreover, titrations of iodate solutions
in which bromine had been added (no salicylic acid added)
and then boiled off did not differ from those in which none
of this element had been present. Salicylic acid, therefore,
apparently offers a reducing action and must not be added.
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The small amount of salicylic acid present as a preservative
in the starch solution has no harmful effects.

INTERFERENCE BY OTHER SUBSTANCES

Experiments on interference with the proposed procedure
by certain elements and compounds were carried out accord-
ing to the technic given aboye. In brief, the substance to
be tested for its effect on the determination was added to
50 ml. of a solution containing 1 mg. of iodine and 1 ml. of
2 N sulfuric acid. The estimation of iodine was carried out
in the usual manner.

Iron. When 0.1 mg. of iron was present, the results obtained
were about 1 per cent too high, indicating that the added potas-
sium iodide was being oxidized i)y the ferrie salt. Correct figures
were had when less than 0.1 mg. of iron was present. If the deter-
mination of iodine is carried out in the presence of larger amounts
of iron, phosphoric acid should be added to remove the ferric
ion.

Bromipes. Since the oxidation of iodides by bromine is a re-
versiblé reaction, bromides may be expected to have some effect.
It was found that no more than a twenty-fold excess of bromine
over iodine could be present. When 30 mg. of bromine (as
Br~) were introduced, a 1 per cent loss of iodine took place and
as much as a 30 per cent loss was observed when 50 mg. were

resent. Reith (21), on the other hand, has reported that a four

undred fold excess of the bromide ion may be present with no
deleterious effects. This disagreement is probably due to the
fact that he worked with quantities of 1 to 10 v of iodine.

Nrrrires. There should be little or no nitrites present. As
small a quantity as 1 mg. of nitrous acid caused a 2 per. cent loss
of iodine. The azide method of Reith (21) was found to be
highly effective in destroying even as much as 100 mg. of nitrous
acid present in a determination.

Curoripes. Only large quantities of chlorides interfere.

OrHER SUBSTANCES. Sulfates interfere only when present in
a nearly saturated solution. Ammonium salts and nitrates ap-
parently have no effect if present in moderate amounts. Mercury
does not interfere until sufficient quantities (30 to 50 mg.) are
contained in solution and precipitate as mercuric iodide when po-
tassium iodide is added, thus obscuring the end point. Onl
traces of alcohol may be present; in the extraction oF iodides wit
this substance care must be taken, therefore, that all alcohol is
evaporated off.

ANALYsIS oF IopizEp SALT

The use of iodized salt for the prevention of endemic
goiter (14, 16) is well known and various methods, both
volumetric (4, 5, 18) and colorimetric (6, 24), have been
devised for the estimation of iodides in this product. The
volumetric methods of Dunn and von Fellenberg were tested,
but the results obtained were not satisfactory with iodine
and sodium chloride mixtures comparable to the iodized
salts as sold in America. Indeed, using the procedure of
Dunn, losses of iodine as high as 50 per cent were experienced.

TasLe I1I. DETERMINATION OF IODINE IN PRESENCE OF SoDIUM

CHLORIDE

Experl-  NaCl 0.00500 N IopiNe Iopixe
MENT PrESENT? Na:5:0;5 ADDED Fouxp DIFFERENCE
Gram M, Mg, Mg, My.

1 20 5.37 1.000 0.568 —0.414
2 20 8.04 1.000 0.850 —0.150
3 10 9.40 1.000 0.094 —0.006
4 10 9.32 1.000 0.986 ~0.014
5 5 9.45 1.000 0.999 —0.001
6 b 4.74 0.501 0,501 0.000

5 1.89 0.199 0.200 <+-0.001
8 5 0.95 0.100 0,101 -0.001

¢ Volume, 100 ml.

Errecr or Curormpes. The estimation of iodides in
iodized salt resolves itself to a matter of determination of
iodine in the presence of large amounts of chlorides. Ac-
cordingly, experiments were carried out fo ascertain the
interference, if any, of salt on the determination. Sodium
chloride (c. p.) was carefully recrystallized from alcohol and
weighed portions were added to solutions containing a known
amount of iodine and 2 ml. of 2 N sulfuric acid in a volume
of 100 ml. The iodine was then determined by the procedure
given above.
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Results obtained (Table III) show that no more than 5
grams of sodium chloride should be present in 100 ml. of
solution if accurate results are desired. It is to be noted
that the methods of Dunn and von Fellenberg depend upon
determination of the iodine in a 20 per cent solution of iodized
salt. Doubtless this high salt concentration accounts for
failure to obtain correct figures with their analytical pro-
cedure.

Anarysts orF Iopizep SAur. The method finally adopted
for the determination of iodine in iodized salt is as follows:

A 5-gram portion of the salt and 100 ml. of water were trans-
ferred to a 200-ml. Erlenmeyer flask and the contents of the vessel
mixed until solution of the sodium chloride had taken place.
Methyl orange indicator was added and 2 N sulfuric acid was
introduced drop by drop until a pink color resulted which per-
sisted on standing. (This treatment is necessary since table
salts usually contain calcium phosphate or certain carbonates
which are insoluble in neutral solution.) After the addition of
2 ml. of 2 N sulfuric acid and bromine vapor, a few glass beads
were added and the solution boiled until the yellow color due to
bromine had disappeared and then for 2 minutes longer. Upon
cooling, the sides of the flask were washed down with approxi-
mately the amount of water lost by boiling, 2 ml. of a 10 per
cent potassium iodide solution (freshly prepared) were added,
the contents of the flask were gently swirled, and the liberated
iodine was immediately titrated with 0.005 N thiosulfate, adding
2 ml. of starch indicator near the end point.

Analyses were made on several representative brands of
iodized table salt as purchased on the open market. The
results obtained are summarized in Table IV, and it can be
seen that salts A, Bj, and B, contain an amount of potas-
sium iodide which is far below their stated value. This is
probably due to loss, since 1t has been shown by several in-
vestigators (5, 10, 18) that iodized salts may lose their iodine
content with greater or less rapidity according to the form of
the iodine compound contained, the presence of certain
other elements in the salt, and the mode of storage.

TasLe IV. DEereErMINATION OF Porassium Iopioe 1x Iopizep

SALT
Exppri- Weraar or 0.00500 N KI KI
MENT Branp Sampre  Na:S:0: Fouxp CraimMED?
Grams M1, % %
1 A 5,18 0.63 0.00168 0.01
2 A 5.40 0.64 0,00164 0.01
3 B 5.29 5.08 0.0133 0.023
4 By 5.42 5.10 0.0130 0.023
5 B: 5.14 4.96 0.0133 0.023
8 Bs 5.05 4.91 0.0134 0.023
7 Bs 5.00 7.64 0.0211 0.023
8 Bs 5.00 7.64 0.0211 0.023
9 C 5.13 7.37 0.0199 0.02
10 C 5.12 7.42 0.0200 0.02

¢ Label statement.

As a final verification of the procedure, determinations of
iodine recovery were carried out. Twenty-five grams of
iodized salt (sample B;) were dissolved in water and the
volume was made up to 500 ml. after total solution by careful
acidification as given above. Aliquot portions of 100 ml.
were taken for analysis and are represented by experiments
7 and 8 in Table IV. To each of two other aliquot portions
was added 0.501 mg. of iodine. After estimations of the
total iodine present, it was found that 0.503 and 0.502 mg.,
respectively, of iodine were recovered.
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Errors in Determination of Carbonate
in Boiler Waters

W. C. SceroeDER,! Department of Chemical Engineering, University of Michigan, Ann Arbor, Mich.

HE concentration of car-
bonate present in a
boiler water is ordinarily

determined, in plant practice, by
either the modified Winkler
method (9) or the phenol-
phthalein-methylorange method
(7). Like most analytical pro-
cedures for boiler waters, these
two methods have been taken
from the field of analysis of
natural waters, and without ma-
terial modification or very exten-
sive checking have been applied
directly to boiler waters. Be-
tween natural waters and boiler
waters there are very material
differences; and these differences
are especially great in the case
of the carbonate. In natural
waters an extremely low concen-
tration of hydroxide and a com- v
paratively high concentration of carbonate are ordinarily
found. In samples removed from a boiler the reverse is
usually true. : .
The carbonate concentrations in a boiler treated with
sodium carbonate for the prevention of scale usually run from
5 or 6 to 50 or 60 parts per million. In most natural waters
the concentration of carbonate is above 60 parts per million.
The extension of an analytical method to lower concentra-
tions than those for which it has been designated will often
cause the method to be inaccurate or perhaps fail altogether.
As a considerable amount of previous work has shown
(18, 17), and as will be shown in the present paper, the Winkler
method and the phenolphthalein-methyl orange method for
the determination of carbonate become inaccurate at low
concentrations, but for different reasons. The Winkler
method has been found to be inaccurate in the presence of
sulfate; the phenolphthalein-methyl orange method be-
cause it has been extended to carbonate concentrations which

are too low.

able concenlralions.

WinkLER METHOD

The Winkler method, as applied to the determination of
the carbonate concentration of a sample containing hydroxide
and carbonate, consists in the titration of one sample directly
to the phenolphthalein end point; a second s.afnple, aft,er'the
precipitation of the carbonate by the addition of barium

1 Present address Nonmetallic Minerals Experiment Station, U. 8. Bureau
of Mines, New Brunswick, N. J,

From the resulls of adsorption lests on the
Winkler method it is apparent that the method ts
susceplible lo serious errors in the presence of
sulfale. It will not prove salisfaclory for boiler
walers where the sulfale ion ts present in appreci-

The phenolphthalein—methyl orange titralion is
not accurale in solutions whose concenlrations of
carbonate are below 60 parts per million.
parls per million of carbonale, the minimum
possible error which may be expected is 26 per cent.

Methods have been suggested for improving the
accuracy of this delerminalion of carbonate.
It s advised, however, thal any method used for
the delermination of carbonale be checked by the
evolution method (13) which is known fo be ac-
curale in practically all cases.

chloride, is also titrated to the
phenolphthalein end point. The
difference in the amount of acid
used in these two titrations is
equivalent to the carbonate
present.

The presence of sulfate in the
samples causes the precipitation
of the barium sulfate before
barium carbonateis precipitated,
because the sulfate is consider-
ably more insoluble than the car-
bonate. The fact that the sul-
fate causes errors in the Winkler
method has been definitely
shown (10, 13). It seems desir-
able to ascertain whether the
errors in the presence of sulfate
are due to the occlusion or ad-
sorption of hydroxide by the pre-
cipitate of barium sulfate. This
would seem to be highly prob-
able, since both barium sulfate and carbonate have been
shown to occlude or adsorb many compounds (2, 4, 5, 7, 8,
12, 14).

ExpErRMENTAL MgeTHOD. The method used consisted
essentially in making up solutions of accurately known con-
centrations of hydroxide which contained sulfate, precipitat-
ing the sulfate as barium sulfate, and then titrating back the
hydroxide to find how much was still present in the solution.
This back-titration was performed both on the solution con-
taining the precipitate and on an aliquot portion after the
precipitate had been filtered off.

At 30

All the solutions used were made up with boiled distilled water
and great care was exercised to keep them carbonate-free through-
out the duration of the test. Tﬂe carbonate-free sodium hy-
droxide was made up with sodium metal in the manner described
by Clark (3). The sodium hydroxide solution was standardized
against potassium acid phthalate. The hydrochloric acid solu-
tion was standardized against the hydroxide solution. An
evolution analysis for carbonate was run on all the solutions and
the distilled water used. This indicated that the maximum
amount of carbonate which could be present in any of the samples
titrated was less than 0.8 part per million. The sodium sulfate
and the barium chloride solutions used were neutralized until
the maximum possible error they could cause was less than 0.01
cc. of the titrating acid.

For those samples in which an aliquot was titrated the
apparatus shown in Figure 1 was used. It consists essen-
tially of a tower filled with soda lime and ascarite for removing
carbon dioxide from the air which was to come in contact
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with the sample; the sample with the precipitate was held in
the 100-ce. volumetric flask shown; this sample filtered down
through the crucible into the lower suction flask. The
crucible used had a porous bottom and over this were placed
four layers of fine filter paper. After 10 minutes for pre-
cipitation at room temperature, a 100-cc. sample could be
readily filtered in this equipment in 10 or 20 minutes, without
having a chance to
come in contact
with the carbon di-
oxide of the air.

In the actual fil-
tration of the
sample the first 10
or 20 cc. were dis-
carded to allow the
filter paper to come
to equilibrium with
the solution, or the
filler paper itself
might have ad-
sorbed hydroxide.
The aliquot was
then taken from the
remainder. No
correction was made
for the change in
the volume of the
solution during pre-
cipitation. Some
tests indicated that
this change was
about 0.25 cc.,
which would pro-
duce a difference of about 0.03 cc. on the titrating acid
used. This was about within the limits of accuracy of the
experiments on these titrations of the aliquots.

All pipets and burets used were calibrated and the measure-
ment of the volume of the titrating acid used was made ac-
curate within 0.02 cc.

Resvrrs or Trrrations. Table I shows the results se-
cured for a series of samples which were titrated back with
acid in the presence of the barium sulfate precipitate. This
represents, of course, the procedure generally used in the
Winkler method where the precipitate is not filtered off.

APPARATUS FOR FILTER-
mwe Orr BArium Surrate Precipl-
TATE

Ficure 1.

TasLe I. TrrraTioN oF HYDROXIDE IN PRESENCE OF
BARIUM SULFATE PRECIPITATE
COs
HCl HCl Equiva-
SaMrLE OH SO NaOH Requirep Useb LENT
P.p.m. P.p.m. Ce. Ce. Ce. P. p.m.
5 102 300 10.00  12.35 12.10 7.3
102 300 10.00  12.35 12.13 6.4
3 102 500 10.00 12,352  12.13 6.4
102 500 10.00  12.35 12.10 7.3
4 102 1500 10.00  12.35 11.87 13.9
102 1500 10.00  12.35 1.86 14.2
(i 254 500 25.00  30.94%  30.43 14.8
254 500 25.00  30.94 30.43 14.8
7 254 1500 25.00  30.94 30.05 25.8
254 1500 25.00  30.94 30.08 25.0

% Values determined by titration of a 100-¢e. sample.

5 minutes for precipitation at room temperature. Stoppered.
10 co. neutralized 10 per cent BaCls added.

NaOH solution 0.05986 N.

HCI solution 0.04837 N.

100-ce. samples.

Since the hydrochloric acid required is the amount of acid
necessary to titrate the sodium hydroxide added to the sample,
the difference between this value and the hydrochloric acid used
represents the amount of hydroxide which was occluded or ad-
sorbed during the precipitation of the barium sulfate. This
difference in the amount of acid used has been converted into
carbonate equivalent in parts per million, exactly as if this
analysis were being applied to the determination of carbonate.
This carbonate equivalent really represents the positive error in
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the carbonate concentrations when the Winkler method is bein
agglied to solutions of these concentrations of hydroxide an
sulfate. As is seen, this error runs from about 7 to 25 parts per
million of carbonate and, since in boiler waters we are usually
dealing with concentrations from about 5 to 60 parts per million,
this may cause an extremely large error. The error also tends to
itr_xcreasc with increase in either the hydroxide or sulfate concentra-
ion.

Table II shows the results secured in titrating a 50-cc.
aliquot after filtering off the precipitate of barium sulfate.

Tasre II. TrTrrATION OF 50-cC. ALIQUOT AFTER FILTER-
ING OFF BARIUM SULFATE

COs

HCI HCl Equiva-
SAMPLE OH SO NaOH Requiren  Usebp LENT?
Bipints e Bl pi. Ce. Ce. : Ce. P.p.m
8 102 500 10.00 6.18b 5.74 25.6
102 500 10.00 6.18 5.75 25.0
9 102 1500 10.00 6.18 5.57 35.4
102 1500 10.00 6.18 5.66¢ 30.2
10 254 500 25.00 15.47b 14.83 37.2
11 254 1500 25.00 15.47 14.62 49.4

8 Calculated on the basis of 100-cc. sample.
b Values determined by titration,
¢ Faint turbidity present in filtrate.

10 minutes for precipitation at room temperature.
10 cc. neutralized 10 per cent BaCly added.

NaOH solution 0.05986 N.

HCI solution 0.04837 N.

100-cc. samples.

The fifth and sixth columns apply to the 50-ce. aliquot; twice
the difference between the two would represent the amount of
hydroxide adsorbed or occluded in the 100-cc. sample, the value
used in the carbonate equivalent. This makes the last column
in Tables I and II directly comparable and, as shown, the error is
much larger in the filtered sample. This indicates that when the
Winkler method is applied to solutions containing sulfate a larger
error for adsorption or occlusion will occur when the precipitate
is filtered off than when it is not. It is very possible that some
of the adsorption of the hydroxide occurs on the surface of the
barium sulfate precipitate and that, when the precipitate is left
in the solution which is being titrated, a portion of the hydroxide
on the surface may enter into the back-titration.

The adsorption or occlusion of hydroxide by the barium
sulfate precipitate will, of course, cause some error in the
determination of the hydroxide concentration as well as the
carbonate. Since the hydroxide in boiler waters is usually
high, and since an error of 10 parts per million in the car-
bonate corresponds to an error of only 3.5 parts per million of
hydroxide, this will not be important in routine work. Where
a high degree of accuracy is required for the hydroxide deter-
mination it may become important.

Straub has indicated (16) that the precipitation of sulfate
in an alkaline solution does not produce serious errors in the
determination of sulfate. This checks well with the present
work which indicates that to some extent the hydroxide is
adsorbed on the surface and this might be removed by ex-
posure of the material to wash water, especially that contain-
ing carbon dioxide. The precipitates from the six filtered
samples in Table II were washed with carbon dioxide—free
water until the wash water was acid to phenolphthalein and
were then placed in a solution of excess standard acid and
allowed to stand, with occasional shaking, for 24 hours.
On back-titration it was found that practically none of the -
excess acid was neutralized by the precipitate. This would
indicate that the wash water may have, to a considerable ex-
tent, removed the hydroxide adsorbed on the surface and that
the rest of the hydroxide was occluded in such a manner that
it could not react with the acid.

Since the work which has been done shows that the Winkler
method for carbonate is susceptible to large errors in the pres-
ence of sulfate, it would seem desirable to consider ways of
removing this error. The use of strontium chloride instead of
barium chloride for the precipitation of the carbonate has
been found satisfactory; when strontium is used it is not
necessary to precipitate the sulfate at all, and the strontium
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carbonate precipitated does not occlude or adsorb enough
hydroxide to produce a measurable error (15). The chief dis-
advantage with the use of strontium is that the sample in
which the precipitation is carried out has to be boiled. At
the present time this seems, however, to be the most satis-
factory method for carbonate unless it is possible to use the
evolution method (13).

PHENOLPHTHALEIN-METHYL ORANGE METHOD

The application of the phenolphthalein-methyl orange
method to a solution containing hydroxide and carbonate
assumes that at the phenolphthalein end point all the hy-
droxide has been titrated and the carbonate has been titrated
to bicarbonate; at the methyl orange end point the bicar-
bonate is assumed to have been converted to

INDUSTRIAL AND ENGINEERING CHEMISTRY 391

Substituting in 2 so as to eliminate all the variables ex-
cept Cl~, which represents the mole per liter of acid added,
and H* Equation 9 is obtained. The values for the various
dissociation constants have also been inserted. :
Cl‘=c.+2o.—l—H+—H£:

o H*+41.2 X 10710
=30 10 [(H+)= F3 X107 (HY) F18 % 10-”] ©)
6 X10°8 5 X 10-10
= H* + 1010 H+*+5 X 10~

This equation assumes that all the hydroxide has been
added as sodium hydroxide and all the carbonate as sodium
carbonate. The hydrolysis of the sodium carbonate is

carbonic acid. From this reasoning the amount 2
of acid used between the phenolphthalein and Al

methyl orange end points is equivalent to t.he e re———|

carbonate present in the sample. Several in- \\~ \\

vestigators have found that this method is not ° N N

reliable at low concentrations of carbonate (13, . } ‘

17) and it has been found especially inaccurate k \ \

in actual boiler-water samples. It seems desir- =z7 AV g
able to ascertain if there is anything funda- A \ N =i

mentally wrong with this method at low concen-

\ 30 pRM.COy

trations of carbonate, and to determine at which

(SPRM.CO, \

concentrations it may be expected to become
reasonably accurate. Inorder fo do this, a series

of titration curves for mixtures of hydroxide and

carbonate were calculated.

DerrvaTion orF Equarions. The equation = —
for the titration curve—that is, the curve of pH
against cubic centimeters of acid req}llred to
reach a given pH—is derived very simply by
writing all the fundamental equations fog‘ ?he
sample involved. Assuming a solution containing
hydroxide, carbonate, sodium, anfl the indicators phenol—
phthalein and methyl orange which is being titrated with hy-
drochlorie acid, the following equations may be written:

II:CO; + HCO;‘ + COI——‘ = Cy (1)

- OH- - + 2(C0,~") + CI~
Na® | Hie OHp £ HCORGs 2(COn Ol oy

(H*) (OH-) = Ky = 1074 ©)
Nat = ¢ +2¢ (4)
g = B9 0D _ 55 10 ®)
g = ED 0D _ g x 10 0)
K,=(_H_<%I%‘p—-')"=1x10-w @ -
Ko = B2 0= - 5 x 10 (8)

Where . ¢ = moles per liter of NaOH added
o c,l = moles per liter of N2,CO; added
¢s and ¢, = moles per liter of phenolphthalein and methyl
orange added, resgectl.vely :
HCO;~ = moles per liter of HCO; ion in the solution, ete.
In = indicator

Equation 1 states that the sum of all the carbonate in the
solution is equal to the total carbonate; 2 is the equation for
the electroneutrality of the solution; 4 defines the total
sodium present; 3, 5, and 6 are the equations for the dissocia-
tion of water, the first dissociation constant of carbonic acid,
and the second dissociation constant of carbonic acid, re-
spectively; and 7 and 8 are the dissociafion constants of
phenolphthalein and methyl orange, respectively.

g N N
TN s i ot Y i [
=~
98 102 106 100 TP 122 126 130
MOLS HCI PER LITER= 10

CC. O N HCI PER 100-CC. SAMPLE

Ficure 2. Trirration Curves ror Sorurions ContamNing 170
P.p. M. HYproXIDE AND VARIOUS CONCENTRATIONS OF CARBONATE

negligible because of the high initial pH of the samples dealt
with. The concentration of phenolphthalein was assumed
to be about that obtained when 4 drops of a 1 per cent solu-
tion are added to a 100-cc. sample (¢c; = 6 X 10-%); and of
methyl orange that obtained when 4 drops of a 0.02 per cent
solution are added to the same sample (cs = 1 X 10-%). The
activity coefficients are used as unity and the effect of dilution
due to the addition of the titrating acid is neglected. The
effect of dilution, as will be shown later, is very small in such
samples as are usually dealt with.

By selecting values for H* corresponding to every 0.5 pH
and substituting them in Equation 9, the corresponding amount
of acid (Cl~) required to reach this pH is obtained. Using
¢ = 1072 (170 p. p. m. of OH) and ¢; = 1 X 10-%; 2.5 X
1074 5.0 X 10~%; and 1 X 10-%; (6, 15, 30, and 60 p. p. m.
of COs, respectively) a series of curves was calculated in the
manner described.

Trrrarion Curves. The curves secured are shown in
Figure 2. In the case of the phenolphthalein end point it is
evident that the reversal of the direction of the curve (inflec-
tion point) for the four curves shown always comes between a
pH of 8 and 8.5. This inflection point comes sufficiently
close to the colorless point of phenolphthalein (pH of ahout 8)
so that the end point should be satisfactory. At higher con-
centrations of carbonate the slope of the curve in the region
of the inflection point is less, and this causes a slow color
change which will make an accurate determination of the
end point somewhat difficult. For the concentrations shown
on this figure the phenolphthalein end point should be fairly
satisfactory.

In the case of the methyl orange end point a number of
difficulties appear. The methyl orange end point may be
taken as a pH of 3.9 corresponding to 20 per cent converted to
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the acid form. Thisis about the pH that would ordinarily be
attained in routine practice when a color comparison solution
is not used. It is seen from Figure 2 that the lower inflec-

~ tion points occur at a much higher pH than this value of 3.9
for the methyl orange end point. At a pH of 3.9 the curves
are very flat. This will make the color change extremely slow
and the end point difficult to detect. It is apparent in this
region that a considerable amount of acid may be added
with only a small change in the pH.

A more startling fact appears, however, if the amount of
acid which should be required to titrate the carbonate in the
6 parts per million sample, on the basis of the regular phenol-
phthalein-methyl orange calculations, is compared to the
amount actually used for this titration as shown by the

] ;
| | CALCULATED
x SSUHaRE asie | ey | Rt EXPERIMENTAL
1
9 3
\
8 3\
N
7 = ==
T Tk
o g =
2
& \‘
<)
YT 10 1 12

4 5 S8 8 0’9
MOLS HCl PER LITER*1

Ficure 3. CompArisoN oF CALCULATED WITH
ExpERIMENTAL CURVE

curve. Six parts per million of carbonate are 0.1 millimole
per liter. By the usual phenolphthalein-methyl orange cal-
culations this would require 0.10 millimole of hydrochloric
acid per liter for titration or on this plot would require from
10.10 to 10.20 millimoles of hydrochloric acid. Actually, to
go from pH 8.3 to 3.9 requires from 10.1 to 10.32 millimoles
of acid; 0.22 millimole has been used instead of the required
0.10 millimole. This is an error of 120 per cent. The rest
of the curves show similar errors, the percentage error de-
creasing, however, as the carbonate increases. To a large
extent this error is due to the presence of the water in the
sample which is not taken account of in the assumptions on
which the phenolphthalein-methyl orange method is based.

Table III shows the millimoles per liter of acid which would
be required to titrate the carbonate present in these four
samples between the phenolphthalein and methyl orange end
points according to the usual calculations, the millimoles per
liter of acid used according to the curves, and the per cent
error in the carbonate. The conclusion that the phenol-
phthalein-methyl orange method is too inaccurate to be used
for even routine work on samples containing less than 60
parts per million of carbonate is inescapable.

Tasre III. ErrOR IN DETERMINATION OF CARBONATE
Usmng PEENOLPHTHALEIN-METHYL ORANGE TITRATION

HCI HCl COs
COs REQUIRED® Usepb ErroR
P, p.m. Millimoles/l. Millimoles/1. %
0.10 0.22 120
15 0.25 0.37 48
30 0.50 0.63 26
60 1.00 1.14 14

@ Based on ususl phenolghthnlein—methyl orange calculations.
b Determined from acid required to titrate tween pH 83 and 3.9
according to curves in Figure 2.

Moreover, the errors shown represent the absolute mini-
mum error that may be expected. The effect of dilution and
loss of carbon dioxide during the titration, the possibility of
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the samples picking up carbon dioxide when it is alkaline,
and the effect of organic matter or buffer salts in the solution
will all tend to increase the size of this error.

In order to demonstrate the accuracy of the method of
calculation used, a calculated curve was compared with an
experimental curve as shown in Figure 3. These curves are
for 300 parts per million of carbonate. The experimental
curve was taken from the curves published by Greenfield and
Buswell (6), and is for 0.01M solution, using a rocking hydro-
gen electrode. The values secured using the bubbling hydro-
gen electrode (1) cannot be compared with the calculated
curve, because the flow of hydrogen removes too much carbon
dioxide from the sample.

Figure 3 shows extremely good agreement, the maximum
deviation being only 0.3 millimole. The inflection points on
both curves occur at the same pH. As predicted, the experi-
mental curve actually shows a larger error than the cal-
culated curve. The effect of dilution by the titrating acid
was determined for this calculated curve and is less than 0.02
millimole except at a pH of 3.0 where it becomes 0.10 milli-
mole. The effect tends to bring the experimental and cal-
culated curves into slightly better agreement.

The curve in Figure 2 shows that the lower inflection point
drops from a pH of about 5.3 to about 4.60 as the carbonate
increases from 6 to 60 parts per million. The upper inflec-
tion point remains almost constant at about 8.3. Substitut-
ing H* = =23 in BEquation 9, differentiating twice, and
setting the second derivative equal to zero an equation in
H* alone may be secured from which the actual inflection
points may be accurately calculated.

The equation finally secured is the following:
o=1—(§—:7,—o,x (10)
[(H"‘)‘—S X 1077 (H*)3 + 5.4 X 107 (H*) — 3.24 X 10=3

[(HF)2 -3¢ 1077/ (H*) 1.8 X 107273 ]

Using different values of ¢, (the carbonate concentration) this
equation may be solved for H*. The upper inflection point—
that is, the phenolphthalein end point—will be found to
be independent of concentration of carbonate and always
occurs between a pH of 8.36 and 8.37.

54
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Ficure 4. CoANGE oF METHYL ORANGE INFLECTION
Point witn CONCENTRATION OF CARBONATE

The position of the lower inflection point, which is supposed
to be measured by the methyl orange end point, as was in-
dicated by Figure 2, is dependent on the concentration of
carbonate present. Figure 4 shows how the position of the
inflection point varies with carbonate concentration. The
position of the methyl orange end point (pH of 3.9) is marked
on this chart and deviates most widely from the inflection
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point at low carbonate concentrations. This shows, agsin,
why the phenolphthalein-methyl orange titration is so in-
accurate at low concentrations. The curve shown crosses the
pH of 3.9 around 6000 parts per million of carbonate (0.10 M)
and at this point the titration should be quite accurate. This
is found to be true experimentally.

Calculations were made to see if the position of the inflec-
tion points agreed with the stoichiometric values for the
titration of bicarbonate to carbonic acid as assumed in the
phenolphthalein-methyl orange method. At the upper pH
the position of the inflection point was always within 0.02
per cent of the correct position. At the lower pH the maxi-
mum deviation was 0.4 per cent. These errors are not
serious and it is not the deviation of the inflection point from
the stoichiometric equivalent point that causes the errors,
but the fact that the pH of the lower inflection point changes
with concentration and that in low concentrations of car-
bonate the indicator is not properly selected to give the
correct end point. :

The accuracy of the method might be improved by using
an indicator which changes color at a higher pH than methyl
orange. If such an attempt is made, it is absolutely neces-
sary that accurate color comparison blanks should be pre-
pared which will indicate the correct end points: One
difficulty with such a method is the necessity of knowing the
approximate carbonate concentration in order to select the
correct end point. Another possible source of error that
will have to be guarded against is salt errors in the indicators.
If an attempt is made to use different indicators on boiler
waters, it seems absolutely necessary that the method should
be checked at least occasionally (13).
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Composition of Fatty Acid Mixtures

I. Relation of Composition to Dalican’s Curve

ROBERT N.'WENZEL, Mellon Institute of Industrial Research, Pittsburgh, Pa.

customary to estimate cold press yields from the titers

of pressroom products by making use of a tabk? of empiri-
cal data showing the percentages of commercial oleic acid and
commercial stearic acid in mixtures of different titer. $uch
data are extremely useful in the control of plant operations,
but their purely empirical nature and .com'aspondmgly
limited applicability must always'be kept in mind. Thus,
while it is perhaps generally recognized as hazardous to apply
the same set of data to stocks differing widely in source, it is

IN THE manufacture of commercial fatty acids, it is

not as generally realized that, even in the case of a single stock,,

such caleulations give no reliable information whatever
regarding the actual percentages of saturated and unsaturated
fatty acids present. : ;

There are two important considerations involved here,
neither of which must be lost sight of. In the first place,
when a solid fraction is separated from a fatty acid mixture by
cooling, both fractions are solutions and each contains all
components present in the original mixture. The solid which
separates, considered apart from any entramed' or adsorbed
liquid, is a solid solution—that is, a wholly solid phase con-
taining, however, components that are themselves (when
alone, but not now) liquids, just as a solution of salts in water
is wholly liquid although it contains components that are,
when alone, solids. Similarly, the 'hqmd fraction (_:ontams
solid fatty acids in solution and, as lel'be seen, a considerable
percentage of these dissolved solid acids can never be sepa-
rated, even theoretically, by chilling.

A second and more important consideration is the fact that
the customary analytical methods applied to the original
mixture and to the end products are themselves impossible of
interpretation, in any exact way, in terms of fatty acid
composition. The free fatty acid value assumes an average
molecular weight which is purely arbitrary or involves as-
sumptions as to composition. The iodine value assumes the
presence of only mono-unsaturated acids unless combined
with the thiocyanogen iodine value which has brought a
notable advance in analytical procedures by providing an
index to more highly unsaturated acids. In either event, the
analytical results are controlled by the purely empirical time
factor involved in the iodine value. This reaction time was
established originally by working with some known product
and assuming that the proper time for the method is the time
in which, in this case, the amount of substitution that one does
get just makes up for enough of the addition at double bonds
that one does not get, to give, as a result, exactly the iodine
value that one started out to get. And, in the reaction
mixture in which this time was thus determined, the highly
sensitive and all-important reaction velocities were necessarily
different than in the case of the mixtures later analyzed,
beeause of considerable differences in chemical environment.

It is the writer’s conviction that only by perfecting methods
that determine individual fatty acid components directly can
fatty acid and soap chemists hope to build up reliable con-
ceptions of the composition and changes of composition of
their stocks in process. Because of the closely similar chemi-
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cal properties of the fatty acids, such methods are certain to
be physical-chemical methods. One of these is the mixed-
melting point method developed by Twitchell (?) and later
used by McGregor and Beal (6) in their study of the com-
position of menhaden oil. Further improvements in this
method have more recently been made and will be described
in a later communication.
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It should, of course, be apparent from the fact that stocks of
widely different chemical composition might have the same
titer, that the data of Dalican and of de Schepper and Geitel
cannot hold in any absolute way. For stocks that are fairly
uniform as to source and are blended according to a fixed
formula, however, an empirical relationship of that sort
should hold with but little variation. De Schepper and

Geitel stress this point particularly. They

show the wide difference in the curves for
' palm oil, for tallow, and for mixtures of
the two and they recommend that works

chemists establish their own data with their
own stocks,

The following experiments constitute
such a check with commercial fatty acid
stocks:
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A sample of 1842 grams of run-off fatty
acids, titer 38.95° C., was pressed at 24° C. for
10 minutes at 5000 pounds per square inch in a
laboratory press; 569.5 grams (38 per cent) of
pressed cake were obtained, having a titer of

[

7% DALICAN'S “COMMERCIAL STEARIC ACID"

50.15° C. The titer of the oil was 20.70° C.
Samples of the oil and cake were then recom-
bined in accurately weighed proportions and the
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Ficure 1.

The present paper discusses the use of a table of data pub-
lished originally in 1868 by Dalican, who devised the titer
test itself, and still used to determine yields in the pressing
operation. Dalican’s data, modified to apply to the fatty
acids rather than to their glycerides, and extended to lower
titers by means of similar data published by de Schepper and

Geitel (2), are presented graphically and compared with -

titers obtained from present-day commercial stocks. The
important relation between the composition of fatty acid
mixtures and their melting points, or titers, is also shown
graphically for the simple palmitic-stearic-oleic system in a
way which makes clear the effect of the presence of linolic acid
in such a system and just how Dalican’s curve fits into this
picture.

Darican’s TABLE

In the separation of solid from liquid fatty acid by pressing,
it is obvious that if the percentages of stearic acid in the stock
charged, in the oil and in the press cake, can be estimated
from their respective titers, then the yield follows at once
from the fact that the amount of stearic acid in the two
fractions must equal that in the original mixture before
pressing.

Data for this purpose are furnished by Dalican’s table as
printed in Lewkowitsch (4). This table shows yields of
commercial stearic acid and commercial oleic acid obtainable
from fats of different titer. The figuresare based on the glyc-
erides and thus add in each case to 95 per cent. By divid-
ing by 0.95, yields on the free fatty acid basis are obtained.

For lower titers, extension can be made on the basis of a
similar table by de Schepper and Geitel (2), also reproduced
in Lewkowitsch (5§). This table is not directly comparable
with Dalican’s, since it gives percentages of ‘‘stearin” of
solidifying point 48° C., whereas Dalican’s stearic acid was
evidently of about 54° C. titer. According to Dalican’s data,
a stock of 48° C. titer contains 65 per cent commercial stearic
acid. The data of de Schepper and Geitel can, therefore,
be expressed in terms of Dalican’s stearic acid by multiplying
by 0.65.

Dalican’s data and those of de Schepper and Geitel, thus
converted to the same basis, are given in Tables I and IIL.

Davican CurveE SsowinG Tirers or FArry Acip MIXTURES
A8 A Funcrion oF THeER CoNTENT OF COMMERCIAL STEARIC AcCID

titers of the mixtures recorded.

By pressing at 32.2° C., 357.2 grams of: cake

from the above experiment were further
separated, giving a cake of 52.80° C. titer and
an oil of 36.00° C. titer. The yield of cake here
was 77.2 iper cent.
Four hundred grams of the cold pressed oil were cooled in a
refrigerator overnight and then placed in an ice bath while 30.5
grams of oil were drawn off from the semisolid mass through a
cloth filter. The titer of this oil was 1.1° C., while that of the
remaining 92.4 per cent was 21.45° C.

100

TasLe I. DAvricAN’s TABLE
COMMERCIAL STEARIC CoMMERCIAL STEARIC
Acip CID
Fat Fatty acid Fat Fatty acid
TiTER basis basis TITER basis basis
°C 3 % °C. %o %
35 25.20 26.53 44.5 49.40 52.00
35.5 26.40 27.79 45 51.30 54.00
36 27.30 28.74 45.5 52.25 55.00
36.5 28.75 30.26 46 53.20 56.00
37 29.80 31.37 468.5 55.10 58.00
37.5 30.60 32.21 47 57.95 61.00
38 31.25 32.90 47.5 58,90 62.00
38.5 32.15 33.84 48 61.75 65.00
39 33.44 35.20 48.5 66,50 70.00
39.5 34.30 36,10 49 71.25 75.00
40 35.15 37.00 49.5 72.20 76.00
40.5 36.10 38.00 50 75.05 79.00
41 38,00 40.00 50.5 77.10 81.18
41.5 38.95 41.03 51 79.50 83.69
42 39.90 42.00 51.5 81.90 86.21
42.5 42.75 45.00 52 84.00 88.42
43 43.70 46.00 52.5 88.30 92.95
43.5 44.85 47.00 53 92.10 96,95
44 47.50 50.00
TasLe II. DatA oF DE ScHEPPER AND GErren CONVERTED TO
Basis oF DAvLicAN’s TABLE
.
StEARIN  Davricax’s SteEaAriN  DALICAN'S
Soripr- oF SoLipI- Cox’n Sovipr- or Sovipr- Com'n
FYING FYING Pr.  StEARIC FYING FYING PT.  STEARIC
Porxt 48° C. Acip PoiNt 48° C, Acip
o0 % % 204 % %
6 0.3 0.2 28 23.3 15.1
7 0.8 0.5 29 25.2 16.4
8 1.2 0.8 30 27.2 17.7
9 1.7 1.1 31 29.2 19.0
10 2.5 1.8 32 31.5 20.5
11 3.2 2.1 33 33.8 22.0
12 3.8 2.5 34 36.6 23.8
13 4.7 3.1 35 39.5 25.7
14 5.8 3.6 36 43.0 28.0
15 6.6 4.3 37 46.9 30.5
16 7T 5.0 38 50.5 32.8
17 8.8 5.7 39 54.5 35.4
18 9.8 6.3 40 58.9 38,3
19 11.1 T2 41 63.68 41.4
20 121 7.9 42 68.5 44.5
21 13.2 8.6 43 73.5 47.8
22 14.5 9.4 44 78.9 51.3
23 15.7 10.2 45 83.5 54.3
24 17.0 11.0 46 89.0 57.9
25 18.5 12.0 47 94.1 61.1
28 20.0 13.0 48 100.0 85.0
27 21.7 14,1
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According to the data of Tables I and II, the cold pressed
cake, having a titer of 50.15° C., contained 79.6 per cent
commercial stearic acid, and the cold pressed oil, titer 20.7° C.,
contained 8.4 per cent. If we accept these two values, the
composition of the other samples, in terms of Dalican’s
“commercial stearic acid,” is determined by the percentages
of the intermediate mixtures and the yields obtained in the
hot pressing and chilling experiments. The results are given
in Table III.

TasLe III. TrirErs oF TECHNICAL FATTY Acip MIXTURES OF
VARYING COMMERCIAL STEARIC AciD CONTENT

DALICAN'S
CoLp Corp COMMERCIAL
PRESSED PRESSED STEARIC
SAMPLE O CAxE TITER Acrp
V3 V3 ° C. %
1 100.0 = 20.70 8.
2 90.0 10.0 27.05 15.5
3 80.0 20.0 32.20 22.6
4 70.0 30.0 36.20 29.8
5 60.0 40.0 39.10 36.9
6 50.0 50.0 41.60 44.0
7 40.0 60.0 43.70 51.1
8 30.0 70.0 45.60 58.2
9 20.0 80.0 47.10 95.4
10 10.0 90.0 48.65 72.5
11 i 100.0 ggég 322
12 Hot pressed cake ¥ 3
13 Chilled oil 1.10 -0.1

A second series of values was obtained by determining the
titers of mixtures made up from commercial grades of doublfz-
pressed distilled stearic acid and double-distilled red 01_1.
These results are given in Table IV. Conversion to the basis
of Dalican’s commercial stearic acid was made by accepting
the published data for mixtures having the titers of samples
1 and 10. Sample 11 is thus found to contain 107.5 per cent
of Dalican’s stearic acid, a figure which results from the fact
that it has a higher titer than the sample Dalican used.

Tapre IV. Tirers of MixTUres OF COMMERCIAL STEARIC
Acm axp Rep O

Darican’s
CoMMERCIAL  COMMERCIAL COMMERCIAL
STBARIC ED STEARIC
SAMPLE Acip OrL TITER Acip
% o °C. %

1 100.00 12.25 2.5
2 10.00 90.00 24.25 13.0
3 20.00 80.00 32.53 23.5
4 30.00 70.00 37.72 34.0
5 39,97 60.03 41.19 44.5
6 50.00 50.00 44.29 55.0
7 60.00 40.00 46.92 65.5
8 70.00 30.00 49.26 76.0
9 79.96 20.04 51.29 89.5
10 89.96 10,04 53.31 97.0
11 100.00 s 54.70 107.5

In taking the titers the standard procedure was carefully
followed. The thermometer used was standardized by
comparison with a thermometer certified by the U. S. Bureau
of Standards and corrections were made for the temperature
of the emergent stem. :

The results of these experiments, together with the dg.ta of
Dalican and de Schepper and Geitel, are shown graphically
in Figure 1.

TrreErs OF FATTY Actp MIXTURES

The relation of titer to composition in technical fatty acid
mixtures is most readily visualized by considering the three-
dimensional diagram, Figure 2. i

Here the actual situation is simplified by considering all
mixtures as composed of only palmitic, stearic, and oleic afn_ds.
The base, P’ S’ 0', is the familiar triangular composition
diagram within which any point represents a deﬁglte mixtul_-e
of three components, in this case palmitic, stearic, and oleic
acids. Titers are laid out on the vertical, temperature scale.
The titers of all possible mixtures thus determine a surface,
OASJPBO, with peaks at the three points P, S, and O,
representing the individual acids and a minimum at some
point, C. Contours of this surface, such as shown at TUV,
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if projected onto the base, give lines of constant titer on the
composition diagram. Data giving the position of such lines
have been published by Carlinfanti and Levi-Malvano (1).
The intersections of the titer surface with the sides of the
triangular prism are titer curves for the three binary mixtures
and have the shapes indicated.

The lowest region of this titer surface is of particular in-
terest. The position of the point B has been carefully in-
vestigated by Lapworth and Pearson (3), using highly purified
palmitic and oleic acids, and found to be at 7.2 per cent
palmitic acid. This means that crystallization and pressing
of mixtures of oleic and palmitic acids containing more than
7.2 per cent pal-
mitic acid to
begin with, can
never produce an
oil carrying less
than 7.2 per cent
palmitic acid.
The correspond-
ing point, 4, on
the stearic-oleic
curve has ap-
parently never
been investi-
gated. Itis ap-
parent, however,
that whatever
the composition
at A, the oil
which is satu-
rated with pal-
mitic acid at B
would take up
still more solid ,
acid at that tem- - 0 P’
perature if the J
added acid were
stearic. Addi-
tion of stearic
acid to the mix-
ture at B would
change the com-
position along
the line BX. The mixture would then be unsaturated and
remain liquid until it again met the titer surface at W.

Addition of stearic acid to the mixture at B, or palmitic acid
to that at A, would cause a further depression of the crys-
tallizing point until finally a ternary eutectic would be
encountered at C. The position of this point has never been
established. It might require less than 7 per cent of solid
acids or it might require considerably more.

It is interesting to note that Carlinfanti and Levi-Malvano
did not encounter the eutectics A and B at all when they
mixed their oleic acid with palmitic and with stearic. As
pointed out by Lapworth and Pearson (3), this can only mean
that their supposedly pure oleic acid contained more than
7 per cent of palmitic acid and an unknown amount of stearic
acid dissolved in it. Their diagram of solidifying points for
ternary mixtures is therefore also in error to that extent.

9.69%
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P 62°

</ STEARIC

TEMP.

OLEIC ACID
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Figure 2. Trirer DiAGRAM FOR SYSTEM
ParanTic Acin-Stearic Acio-OLeic Acip

DavicaN CurvE oN TITER SURFACE

Consider now the curve DEFGH which corresponds to the
Dalican curve. The upper point H represents the composi-
tion and titer of the commercial stearic acid used, the point D
that of thered oil. Neither is a fixed point. H will be closer
to SJP the more completely the liquid acids are removed. Tt
will shift back and forth with the ratio of palmitic to stearic
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in the solid acids and this ratio may vary considerably in the
different stocks. If it takes up a new position, as at K, this
will involve a change in both position and shape of the entire
curve.

So also with the lower point D. At this end of the curve,
wide variation in position is possible because of variation in
the amount of linoleic acid present with the oleic. For oleic
acid the position of O would be at +14° C., for linoleic it
would be at —18° C., and for intermediate proportions it
might be anywhere between, or even considerably lower
because a curve for these two acids would drop to a minimum
of its own.

It is particularly to be noticed that with a drop in the
position of O the titer surface will cut the horizontal plane
representing any one temperature at positions farther from
the liquid acid edge of the diagram. In other words, with
increase in linoleic acid content, an oil of 10° C. titer will also
carry higher percentages of the saturated acids. This higher
saturated acid content, of course, exerts a partially com-
pensating effect on the iodine value.

QOils of 0° C. titer, or lower, can readily be obtained from
commercial mixtures. This is probably due more to the
lowered position of point O, caused by linoleic acid, than to the
steepness of the curve OC shown in the diagram.

One other point should be noted. Since Dalican’s mix-
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tures are all made up from the two stocks D and H, they all
have compositions which can be represented on the triangular
diagram by a straight line, D’H’. This is not necessarily
true of the stocks actually handled in the plant to arrive at
the products D and H, since these two cannot exist as liquid
and solid phase in equilibrium with each other in any mixture
and so can only be arrived at by a series of operations.

Enough has perhaps been said to show that the Dalican
curve is at best only an approximation which must be handled
with considerable caution even in its proper application, which
is the estimation of probable yields of commercial products.
It can contribute no evidence of an exact quantitative nature
regarding the actual content of saturated fatty acids in any
technical mixture.
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Titration of Ammonia in Presence of

Boric Acid

Macro- and Micro-Kjeldahl Procedures

Epwarp W. Meexer AnND E. C. WAGNER

Harrison Laboratory of Chemistry, University of Pennsylvania, Philadelphia, Pa.

HE device of receiving in boric acid solution the

ammonia distilled during the Kjeldahl analysis, sug-

gested in 1913 by Winkler (11), has been reported
upon favorably by several workers (7, 2, 7, 8), and especially
by Markley and Hann (5). That this procedure does not
more rapidly displace the less convenient excess-acid method
is perhaps due in part to difficulty with the end point, for
the indicators recommended—e. g., bromophenol blue,
methyl red, methyl orange, and congo red—are not very
satisfactory when used in the ordinary manner in presence
of boric acid, the color changes being too gradual or too slight
to be perceived sharply except after practice or by use of
special light. Bromophenol blue has been considerably used,
as in the extensive trials of the boric acid absorption method
by Scales and Harrison (?), Spears (8), and Markley and
Hann (5), with empirical correction (included in the over-all
blank) for the effects of boriec acid and dilution upon the
indicator, but apparently none for any effect due to am-
monium salt, reported by Kolthoff (4) and by Stover and
Sandin (9) to be marked.

Preliminary trials suggested the probable advantage in
the use of an indicator which in presence of boric acid develops
its acid color in an intermediate intensity which within a
limited range is proportional to the acidity, and which is
suitable for accurate color-matching. With such an indicator
the end point of the titration can be detected by matching
the color of a control liquid which contains the same quantity
of boric acid and the same amount of indicator in the same
volume. The titration will thus be completed in the acid
region, but always at the pH of the diluted boric acid solu-

tion. The effect of the boric acid upon the indicator is the
same in the color standard and the analysis, and therefore
cancels out.

Methyl red fully meets the requirements mentioned, and
in addition its salt error is negligible, as was shown by Thom-
son (10) and in the course of the present study. Its suita-
bility for the color-matching titration was demonstrated some
years ago, and the resulting procedure has been used success-
fully in numerous Kjeldahl analyses, many by inexperienced
students. Recently Stover and Sandin (9) reported the use
of a color-matching titration in the micro-Kjeldahl method
with boric acid absorption, the preferred indicators being a
mixture of tetrabromophenol blue and methyl red, and of
methylene blue and methyl red. There is described below a
titration procedure like that of Stover and Sandin, but
extended to both macro- and microtitrations. Methyl red
is used as indicator, and gives an end point which is definite
and unmistakable without use of speeial light.

MACROTITRATION IN PRESENCE oF Boric Acib

Erlenmeyer flasks of 500 cc. capacity are used. The color
control is prepared by dilution (with carbon dioxide-free
water) of 50 cc. of 4 per cent boric acid solution to a volume
equal to or slightly greater than the final volume of the dis-
tillate liquid at the end of the titration of ammonia (about
250 cec.), and addition of 2 to 4 drops of 0.1 per cent solution
of methyl red in 95 per cent alcohol. The control liquid
should be clear pink or red; a moderately pronounced red
color seems best, very pale or very deep colors being less
easily matched. If the flask is tightly stoppered the color
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standard can be used for a day or more. For absorption of
ammonia 50 cc. of the same 4 per cent boric acid solution and
as many drops of indicator as were added to the color control
are taken. After distillation of the ammonia the cold liquid
is titrated with 0.1 N acid, with the color control beside the
distillate liquid, both flasks resting upon a white surface.
The first faint orange or pink color which persists signals the
approach of the end point. The titration is continued slowly
until the colors of the two liquids are identical in intensity,
the volumes being equalized (=10 cc.) if necessary by addi-
tion of water (best carbon dioxide-free if considerable is
required). If the matching is properly done, 0.5 drop more
of acid will markedly increase the intensity of the color as
compared with that of the control. The color-matching can
be accomplished with ease and precision, a variation of 0.01
to 0.02 cc. of 0.1 N acid being readily detectable. The
addition (to the color control) of pure ammonium salt approxi-
mately equal to that formed in the titration is optional, but
its effect is so small as to be negligible.

MICROTITRATION IN PRESENCE OF Boric Acip

The procedure is that given for the macrotitration, with
suitable reduction in scale. There are used 100-ce. Erlen-
meyer flasks with like dimensions and prepared as described
by Pregl (6), 5 cc. of 4 per cent boric acid solution (measured
with a pipet), and about 2 drops of 0.05 per cent meth-yl'red
indicator (enough to yield in the control liquid a distinct
pink color), in a final volume of 35 to 40 ce. Water used in
the color control and for volume adjustment should be fr«_ae
from carbon dioxide. The end point can be located within

0.01 ce. of 0.01 N acid.

STANDARDIZATION OF ACID FOR TITRATION

The 0.1 N and 0.01 N acids were standardized against
sodium carbonate (De Haen’s guaranteed, prev@ous.ly gently
ignited), using methyl red indicator. Stapdardlzatmn&x were

- made both by the color-matching titration in presence of boric
acid, and by the usual procedure in its absence. In every
case the liquid was boiled just before the true end point, then
cooled rapidly and the titration completed. The color con-
trols were likewise boiled. Normalities by the two methods
were identical, showing that the titration of alkali in presence
of boric acid by the color-matching procedure deseribed is
accurate, and that acid to be used in this procedqre may be
standardized in either way. Some results appear in Table I,
which includes also values obtained by use of methyl red—
methylene blue indicator, recommcudegl by Johnson and
Green (3) and tested by Stover and Sandin (9).

TasLe L, SranpARDIZATION OF 0.1 N AND 0.01 N annocr'n.omc
Actp wit SopIUM CARBONATE IN PRESENCE AND ABSENCE OF
Boric AciD

Nonruarity oF Acip

In presence of borie In absence of borie acid,
ncid,%y eolor-matching by usual standardization

INpiocaToR titration procedure®
Macro: e
v : 15 0,12615
Mehviae 8. 13320 : 0.12820
Av. 0.126818 Av. 0.12618
Miecro: ¢
] .01189 0.01188 (first pink)
o T 8.01188 0.01188
0.01188 Av. 0.01188
Ay, 0,01188 .
Methyl red- 0.01188 gg}{gg (first violet)
% 011 5
methylene blue 8811@3 o 20
Av. 0.01188

8 Color blanks deducted.

DETERIORATION OF BORIC ACID SOLUTION

Freshly prepared boric acid solution, diluted as specified

above, gives with methyl red a pronounced acid color.
Upon storage for some time the solution affects methyl red
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less strongly, and eventually fails to yield a red color. The
explanation for this change is being sought; it may be the
passage of alkaline constituents from the glass container into
the boric acid solution, which may thus be partially buffered.
While it is perhaps best to use an undeteriorated solution,
it has been found that one which has deteriorated can be
made usable by treating the whole stock solution with 0.1 N'
or 0.5 N acid until a portion properly diluted yields with
methyl red an approximately normal red color. The color
need not be exactly that imparted by a fresh boric acid solu-
tion; it need only be some tone of red which is suitable for
color-matching. Since the restored solution will be used in
equal amounts in both color standards and analyses, the total
effect of the boric acid, ete., is automatically compensated.

RECOVERY OF AMMONIA

Aliquots of a standard solution of pure ammonium chloride
were transferred to a micro-Kjeldahl apparatus and made
alkaline; the ammonia was distilled into 5 cc. of 4 per
cent boric acid solution and titrated with 0.01 N hydrochloric
acid by the color-matching procedure. Methyl red and a
mixture of methyl red and methylene blue were used as indi-

cators, in two series of trials. Results are given in Table II,

TaABLE II. RECOVERY OF AMMONIA DISTILLED FROM AMMONIUM
CuLorIDE BY Micro-KiELDAHL Procepurg, Usina Coror-
MarcriNG TITRATION
NITROGEN
TAREN®
My.
1.209

NitroGEN
Founp
Mg.

INDICATOR

Methyl red

Methyl red-methylene blue 1.209

T et e et e ek e o ek
G T
(=3
=

Av. 1.208

¢ 10-ce, aliquots of solution of 0.4619 gram of ammonium chloride (De
Haen's guaranteed) in 1000 ce.

The results in Table II represent a recovery of 99.9 per
cent of the ammonia, using either indicator. Results with
the two indicators are in better agreement than was found
by Stover and Sandin. While both indicators are satis-
factory, and even though the mixed indicator signals the
approach of the end point earlier, it is thought that the
color-matching at the end point is sharper and more certain
with methyl red. The final colors of the mixed indicator are
composites of the increasingly strong red of the methyl red
and the color of the methylene blue, and these intermediate
tones are less easy to match.

In Table I1II are collected results of some nifrogen analyses
by both macro- and micromethods using the borie acid modi-
fication deseribed. A number of results by the excess-acid
procedure are included for comparison. Methyl red was used
as indicator. In all cases over-all blanks were run, using
sucrose, and suitable corrections applied.

As shown by the results in Tables II and III, ammonia
distilled by the macro- or micro-Kjeldahl method and ab-
sorbed in boric acid solution can be titrated accurately with
methyl red indicator, the end point being recognized by
matching the color of a control liquid of the same volume
and containing the same quantities of boric acid and of
indicator. The titration can be made with normal rapidity.

The advantages of the proposed color-matching titration
are the following: (1) the end point in presence of boric
acid is sharp and unmistakable, and can readily be tested
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Tapre III. NITROGEN ANALYSES BY Boric Acip MopIFICATION OF Kiyerpanrn MEetHOD, UsING COLOR-MATCHING
TITRATION WITH METHYL RED INDICATOR
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NITROGEN
CoxrPoUND ALC.
o
Urea 46.66
p-Aminophenol-hydrochloride 9.62
(Cl = 24.0%; calc. 24.4%)
Glycine 18.67
By Dumas
Urie acid (commercial) 33.0
Acetanilide 10.37
Metol, recryst. 8.19
Amél-p-toluidiue—hydrochloride 6.56
(Cl = 16.59%; cale. 16.60%)
p-Nitrophenol (zine reduction) 10.08

NiTrogeN Fouxp

MACROMETHOD? MICROMETHODD
Excess-acid Borie acid
procedure absorption Boric acid absorption
o %o 3 %
46,60 e 46.5
46.51 46.2
46.65 46.8
46.80 46.3
Av, 46.64 Av. 46.5 3
Excess-acid
9.45 9.48 9.37 9.47
9.45 9.44 9.47 9.46
Av, 9.45 9.49 9.48 9.45
9.50 Av. 9.44 Av. 9.46
9.46
Av. 9.47
18.73 18.51 18.6
18.79 18.78 18.6
18.78 18.69 Av. 18.6
Av. 18.77 18.73
Av. 18.68
32.86 32.87 33.2
32.94 32.83 33.2
33.05 Av. 32.85 Av. 33.2
32,87
Av. 32.93
10,17 10.31
10.34 10.21
Av. 10.26 Av. 10.28
8.14
8.18
Av. 8.18
6.55
6.56
Av. 6.56
10.08
10.09
10.14
Av. 10.10

@ Used 25 ce. sulfuric acid, CuSO-HgS80, catalyst, 10 grams sodium sulfate; digestion about 1 hour after clearing,

b Used Pregl procedure for digestion, with selenium catalyst.

by a half-drop overtitration; (2) the end point is visible by
daylight or by ordinary electric light, making available the
advantages of boric acid absorption without need for special
light equipment; (3) the color-matching titration can be
used equally well in the macro- and the micro-Kjeldahl
methods.
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Flask Oxidation in the Determination of
Sulfurous Acid by Distillation

P. F. Nicaors anp H. M. Reep, Fruit Products Laboratory, University of California, Berkeley, Calif.

N THE determination of sulfurous acid by distillation from
dried fruits and other products two difficulties have long
been recognized. First, some of the sulfurous acid may

be oxidized before it reaches the receiver. Second, especially
in volumetric methods, reducing substances other than sul-
furous acid may react in the receiver and give too high results.
Among the means that have been recommended or adopted to
overcome the first difficulty are steam distillation, distillation
in a stream of carbon dioxide, rapid boiling, and the addition
of sodium bicarbonate together with extra acid to the sample
before distillation. Among the means used for overcoming
the second difficulty are the substitution of iodine for bromine
in the receiver, the use of gravimetric methods, the benzidine
gravimetric method, and the use of cold hydrogen peroxide as
a selective oxidant.

In a previous paper (2) the authors have reported a study
of some phases of the problem, in which dried fruits and other

products were used, and a few observations with sulfurous
acid solutions made by passing sulfur dioxide gas from a
cylinder through distilled water were included. When the
available methods are used the true sulfurous acid content of
dried fruit samples is to some extent uncertain. No entirely
satisfactory reference substance has been found. In the
authors’ experience sulfurous acid solutions were less suscep-
tible to oxidation and hence more satisfactory than solutions
of sulfites or bisulfites. ;

In the study previously reported (2) the authors employed
a type of distillation apparatus that lends itself well to the
investigation of several of the means suggested for prevent-
ing oxidation in the distillation flask under closely compa-
rable conditions. Such an investigation has been made upon
sulfurous acid solutions, and the results are shown in Table I.
Except in the two cases noted, the solutions were made by
passing sulfur dioxide gas from a cylinder into ordinary dis-
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TasLe I. DETERMINATION OF SULFUROUS AcID

TorAL
ExpERI- 80: ACID A8
MENT MEzTHOD ADDED 80
Gram Gram
1 HCl + NaHCOs¢ 0.0346 0.0424
2 HCI + NaHCO; 0.0369 0.0368
3 HCI + NaHCOsd 0.0362 0.0444
4 HCI + NaHCOs. Vent closed 0.0369 0.0368
5 HCI 4+ NaHCOs;. No vent 0.0369 0.0368
6 HCI 4 NaHCO;. Air stream 0.0367 0.0404
7 HCl + NaHCQ;:. CO; stream 0.0367 0.0404
8 HCI but no NaHCO; 0.0369 0.0368
9 H3PO4 4+ NaHCO;. Distilled into H:0: 0.0391 0.0411
10 HCl + NaHCO;. Distilled into Hz02 0.0400 0.0414
11 Monier-Williams 0.0367 0.0404
12 Monier-Williams, No preliminary heating 0.0367 0.0404
13 Monier-Williams. No preliminary heating; 0.0400 0.0414

no guard trap

% Referred to third column.
b Referred to fourth column.
¢ Sulfurous acid solution in tap water.

tilled water., Thiosulfate guard traps were used in experi-
ments 6 and 7. / : ;

Included in the table are also observations on certain modi-
fications of the method suggested by Monier-Williams (1).
The modifications include omission of the preliminary heat-
ing of the acidified water (experiment 12), the elimination of
the guard trap (experiment 13), and the direct rather than re-
flux distillation of the sulfurous acid into cold hydrogen per-
oxide without use of the carbon dioxide stream (experiments
9 and 10). A

In all cases where the filtered residue after distillation gave
a perceptible precipitate with barium chloride, the amount
was determined gravimetrically. ' :

The concentration of sulfurous acid in the initial solutl.ons
used was determined by titration into iodine checked .agamst
0.1 N sodium thiosulfate. The total acid was determined by
0.1 N alkali titration after oxidation of the sulfurous acid b_y
neutral hydrogen peroxide, and was calculated as sulfur di-
oxide. The difference between this value and that obtan;qd
by titration into iodine was considgred as the amount origi-
nally present as sulfate. In calculating the per centrecovery of
sulfurous acid in the distillate, the basis for calculatlon. was-the
value obtained for the original solution by iodine titration.
In calculating the per cent recovery of tota! splfur——t_hat is,
the sum of the recoveries in distillate and distilled resxqu'ch-
the basis was the alkalimetric titration of the oxidized original

solution.
DISCUSSION

When the Monier-Williams method (experiment 1'1)' and
modifications of it were used, the recovery in the distillate
by the gravimetric method was higher than that by the volu-
metric (alkali titration). That this does not necegsarﬂy oceur
when hydrogen peroxide is used as the opdant is shown by
experiment 10 in which both volumetric and gravimetric
determinations were made with the regular apparatus, not
using a reflux condenser. This alsq seems to mdl'ca"ce that no
appreciable amount of hydrochloric acid was distilled over
when no reflux condenser was used.

From the averages of the probable errors of the means,
given in Table I, it appears that the accuracy of .the volu-
metric determinations of sulfurous acid in the distillates by
volumetric methods was slightly les_s than 1 per ce{lt; the
accuracy of gravimetric determinations was approximately
1.3 per cent; and the accuracy for the total recovery was
1.5 per cent by volumetric and 1.6 per cent by gravimetric
methods. The results therefore appear (_iepe:ndable to the
nearest milligram of sulfur dioxide. Considering the highest
values obtained for the distillate, whether volumetric or gravi-
metric, low recoveries of sulfurous acid in the distillate were
generally accompanied by increased yields of sulfate in the

distilled residue.
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RECOVERED IN DISTILLATE® S04 18 DIsTILLING ToraL S
Volumetric Gravimetrie Frask as SO, ACCOUNTED

method method Original Found FOR A8 SOsb

% Gram Gram %%

76.9 2.0 0.0078 0.0158 100.0 1.2
95.7 0.0 0.0001 0.0000. 96.0 £ 0.0
88.4 0.5 0.0082 0.0086 91.2 7.8
94.9 4 0.0 0.0001 0.00035 96,1 0.0
80.7 3.9 0.0001 0.0064 98.3 4 0.9
93.2 0.8 0.0037 0.0039 94,5 1.1
94.8 +£1.7 0.0037 0.0029 93.1 £1.4
96.8 £ 0.7 0.0001 W 97.0 0.7
...... 70.8 £3.9 0.0020 0.0120 98.6 4.7
73.0 0.8 71.0 +0.8 0.0014 0.0122 98.1 0.8
100.0 41,2/

85.9 4 0.1 99.2 £0.3 0.0037 0.0002 78.3 £ 0.3/
90.5 £ 0.5¢

88.7 4:0.3 98.6 0.2 0.0037 0.0001 80.8 4 0.1/
89.8 4:-0.1°¢

88.0 0.2 93.5 1.4 0.0014 0.0000 85.0 4 0,27
90.3 4 1,3°

d Sulfurous acid solution in recently boiled distilled water.
¢ Based on gravimetric determination of SO: in distillate.
/ Based on volumetric determination of SO: in distillate,

So far the results indicate that when low values were ob-
tained in the distillate, oxidation in the distilling flask was
appreciable (experiments 1, 5, 9, and 10). However, it is
not clear why such oxidation and low sulfurous acid recovery
in the distillate did not take place in other experiments.
For example, oxidation apparently oceurred in experiment 10,
but not in experiment 2. These experiments differ only in
that the oxidants used were different, and there is no reason
to suppose that this would influence oxidation in the distilling
flask.

No advantage appears to result from the use of recently
boiled distilled water either for making up the sulfurous acid
solutions or in the distillation flask (experiments 2, 3, 11, and
12). The use of tap water in making up the sulfurous acid
solution resulted in a lower yield (experiments 1 and 2).

No advantage resulted from using a carbon dioxide stream
during distillation (experiments 2 and 7), and the use of an
air stream in the distillation flask did not accelerate oxidation
(experiments 2 and 6). This is further indicated by a com-
parison of experiments 2, 4, and 5. Removal of the vent tube
(experiment 5) should hasten the elimination of air from the
flask as compared with using a vent tube closed off at the top
(experiment 4) or using a vent tube open at top and bottom
(experiment 2), but this did not increase the yield of sulfurous
acid. No explanation is offered for the greater apparent
oxidation that occurred when the vent tube was removed
altogether (experiment 5).

The use of sodium bicarbonate did not increase the yield
from sulfurous acid solutions.

SUMMARY

None of the various means that have been suggested for
preventing flask oxidation and increasing the yield in the
determination of sulfurous acid proved to solve the problem
in the authors’ experiments.

Gravimetric determinations by the Monier-Williams
method gave the highest yields, and it appeared that the
preliminary heating could be omitted without serious loss of
aceuracy.

Among volumetric methods, that of Nichols and Reed,
but with the omission of sodium bicarbonate, gave the
highest results.

LireraTure CrrED
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Recervep August 3, 1933,

“That which is brief, if it be good, is good twice over.”



Mold Growth Test for Minute Amounts
of Arsenic

H. R. Ssita Anp E. J. Cameron, National Canners Association, Washington, D. C.

4 I Y HE unusual property of certain mold growthsin liberat-
ing arsenic in the form of gas having a characteristic
garlic-like odor was clearly demonstrated in a series of

experiments reported by Gosio in 1892 (3), and has been

studied by many other investigators. A recent contribution
by Thom and Raper (?) shows the particular molds that
have this property and also gives references to the literature
on the subject. Tanner (5) gives the method developed by

Schneider (4) for using these molds in testing for the presence

of arsenic. Challenger et al. (1) examined the gas evolved

and found it to be trimethyl arsine. They give data as to
the gas itself and certain of its compounds.

The present work gives some convenient ways for growing
the mold, suggests methods for carrying out the test for
arsenic in food products, records the results obtained with
known amounts of arsenic in different kinds of foods, shows
that many classes of arsenic compounds respond to the test,
and points out certain limitations.

The authors believe that this mold test for arsenic has a
value that is not generally appreciated by those interested in
food technology. It provides a presumptive test materially
more sensitive than existing chemical tests. It should have
marked qualitative value in supplementing chemical quanti-
tative tests where large numbers of samples of unknown arsenic
content are to be tested. The production of mold growth and
method of treatment are procedures that could be reduced
to practical simplicity in routine examination.

In this work only one kind of mold was used—namely,
Scopulariopsts brevicaults (Sacc.) Bainter. This appears in
the older literature as Penicillum brevicaule Sacc. It is
described in detail by Thom (6) and the particular strain
used is listed in his collection as No. 480.2. The authors
are indebted to Doctor Thom for the original spores of this
mold and for many helpful suggestions about the work here
reported.

The mold grows freely on many kinds of food materials,
as well as in the usual culture solutions. Tomato broth, pea
broth, shrimp meat, potted meat, and apple pomace were
observed to support vigorous growths. In order to simplify
and standardize the tests a synthetic medium, Czapek’s
solution with agar, was used. This medium is easily prepared
from usual laboratory reagents that are free from arsenic.
Because many bacteria do not grow well in this medium the
harmful effects of this type of contamination are minimized.

CzAPEK’S SOLUTION AGAR

Water 1000 ce,
Grams
Sodium nitrate 3

Potassium monohydrogen phosphate
Magnesium sulfate
Potassium chloride
Suerose 3
Agar agar 1
If arsenic is present in the media on which this mold is
grown, the gaseous arsenic compound which may be de-
tected by its characteristic garlic-like odor is given off. Buta
more satisfactory way to conduct the test, originally estab-
lished by Gosio (3), involves the cultivation of a vigorous
growth of the mold on the surface of a solid or semisolid
arsenic-free medium in separate containers and subsequent
addition of the sample to the surface of the mat of mold

mycelium. Less than 0.001 mg. of arsenic will give a definite
odor in 2 hours under the conditions described.

EXPERIMENTAL

Short wide tubes and also Petri dishes were used to give a
large surface of agar media on which to grow the mold.
A thin layer of melted media was poured into the sterile
Petri dishes and allowed to solidify. The melted medium
in the sterile tubes was cooled with the tubes inclined to give
slants with the maximum surface. A few drops of a sus-
pension of the mold spores in sterile water were spread over
the surface of the solid media in the dishes and in the tubes.
Tests showed that the mold grows best at about 30° C.
Incubation of the inoculated media at 30° C. produced a
vigorous growth of mycelium in 48 to 72 hours.

Experiments showed that the first noticeable growth of
mold is able to generate the test gas, but more complete
growth gives the test more quickly and with a smaller amount
of arsenic. A thick mat of white mycelium gives best results.
After spore formation has become general, as shown by the
brownish color over most of the surface of the mold, the re-
action is less definite. The generation of the fest gas by the
action of the mold on the sample takes place at least as well
at room temperature as in the incubator at 37° C.

The sample may be in the form of a dry powder or a liquid.
The test gas seems to be evolved as a product of respiration
of the growing mycelium in contact with the sample. The
arsenic in the sample is apparently dissolved by moisture on
the surface of the mycelium and the test gas seems to be
given off from the surface of the mold. In order to make
possible the greatest amount of contact of the sample with the
mold, the dry sample should be ground coarsely and sprinkled
evenly over the surface of the mold. If the sample is in liquid
form not more than 1 ce. should be used. It was at first
thought that a liquid sample would be better because of
more complete contact with the mold, buf the first experi-
ments showed that a small amount of arsenic finely divided
with inert material such as sand gave as good a test as the
same amount of arsenic in liquid form.

Since the test depends on the development of arsenic
vapor sufficiently concentrated to detect by the odor, the
amount of gas space confined above the mold during the test
is important. The relation of the area of actively growing
mold to the volume of gas in the test apparatus will influence
the concentration of the test gas developed from the arsenic
present. Thus Petri dishes gave a better test than stoppered
tubes because the relation of mold area to air space was greater.
Moreover, by gently tilting the cover of the Petri dish at one
side the gas may be readily detected.

It was possible to obtain a definitely positive test in 2
hours with only 0.5 microgram of arsenic trioxide present,
either dried on 1 gram of sand or dissolved in 1 ce. of water.
This is equivalent to 1 part in 2 million or 0.00005 per cent.
The actual weight of arsenic in the gas mixture that gives a
distinet odor must be exceedingly small, because only a small
portion of the dry sample can come into actual contact with
the mold and the gas continues to be given off for several
hours. Using 100 micrograms of arsenic trioxide on sand a
definite odor was obtained in 20 minutes.

400
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Different, kinds of food products were tested with and
without added arsenic. Products which could be dried were
coarsely ground and used directly on the mold. Large
amounts of fat in meat products delayed for several hours
the formation of sufficient gas to give the test. This delay
was avoided by preliminary extraction with ether and alcohol
followed by drying and grinding of the sample. Fine powders
such as flour formed a cake which interfered with the contact
with the mold. This was overcome by adding a little calcium
carbonate, ashing, neutralizing with hydrochloric acid and
using either the solution or the residue after evaporation to
dryness. This ashing procedure is also advantageous with
samples that have a strong odor that might confuse the test.
In all these tests 1 microgram of arsenic trioxide in 1 gram of
sample was easily detected.

As has been reported elsewhere (7), the nature of the
arsenic compound that may be present does not seem to
affect the test. Five kinds of arsenic compounds were
tested to indicate its general applicability. With each
compound, an amount of sample equivalent to 1 microgram of
arsenic trioxide gave a definite test in 2 hours.

1. . Arsenous oxide, an insoluble white arsenic powder.
2. Sodium arsenite, a simple soluble compound.

3. Paris green, a complex metallic compound.

4. Sodium cacodylate, a very stable arsenic radical.

5. Neosalyarsan, a highly complex organic compound.

The presence of fruit acid in reasonable a.n.lounts does.not
prevent the test. One per cent citric acid either dry—xplxed
with the sample or in solution with the sample d_ld not inter-
fere. One per cent sodium carbonate in solution with the
sample prevented the test with small amounts of arsenic.
Larger amounts of arsenic gave a delayed test. One per cent
sodium carbonate dry, mixed with the powdered sample,
made the test less satisfactory. Small amounts of am-
monium hydroxide, enough to give a perceptible odor,
did not obscure the test.

The presence of inorganic mercury compounds completely
prevents the test. The gas that is formed combines easily
with mercury to form stable compounds (I,.4). Mercury
through its toxicity may also paralyze the respiratory n_lecha-
nism and thus prevent production of the test gas. Antimony
compounds to not interfere. One hun_dred micrograms
of antimony chloride gave no test. Selenium and tellurium
compounds give gases similar to those of arsenic, but these
elements are very rare (7). G :

Attempts were made to gain an insight into the mechanism
by which the test gas is formed. Enzymes were produced
by the method described by Dox (2) and were tested with
arsenic-containing substrates. Results were ur_nformly nega-
tive, and even though no claim for exhaustive treatment
is made this fact is regarded as significant in indicating that
the gas production is intimately ‘assgclate.d with the active
mold growth. Also supporting this viewpoint are the follow-
ing observations:

ring vigorous growth were thoroughly cooled
byﬁﬁﬁag’tli?xtges t(s)hi%: xggx t%mpcm%u_re for 30 minutes, 20 micro-
grams of arsenic trioxide failed to give & positive test in 2 hours

i ure to that temperature. :
contm;ne igfzﬁ'ﬁ growth was inhibited by covering the mold mat

fith distilled water 100 micrograms of arsenic trioxide applied
:';tg gfifxtcli failc‘:d to present a positive test in 30 minutes, 1 hour,
5 hours, and 30 hours, whereas the control dish without water

trong test in 20 minutes.
gaa?.lﬁzlscgr rgactions were observed when the test substance was

applied to actively growing mold rather than one in which
sggrulation had progressed to an advanced degree.

RECOMMENDED PROCEDURE

The following is suggested as a workable procedure that
will apply to a wide classification of food products:
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1. Prepare and sterilize Czapek’s solution agar. This
may be prepared in large quantities and held in stock.

2. Sterilize Petri dishes and, using precaution against
contamination, introduce thin layers of Czapek’s medium
after previously liquefying by heat.

3. Allow the medium to harden in the Petri dishes. In-
oculate with a spore suspension in water by dropping 3 or 4
drops on the surface of the medium and, by tilting the plates,
cover the surface as completely as possible. The spore sus-
pension 18 prepared by flooding the surface of an old slant
culture with 5 cc. of sterile water and scraping the spores
into the water by means of a sterile platinum needle or pipet.
Slants are prepared by the usual bacteriological method,
using Czapek’s agar. They may be made in large quantities
and the inoculated slants held in stock.

4. Incubate the plates 48 to 72 hours at 30° C. or at lower
temperatures, until an obviously active growth covers the
inoculated portion of the plate.

5. Prepare the test substance by one of the following
methods:

SoLip MATeRrIALs. Wherever practicable dry, if necessary,
and grind to a coarse powder.
If the product is distinctly oily, extract with two or three
%ortions of ether or chloroform by stirring and decantation.
if necessary, and grind to a coarse powder.

f the product is a very fine powder such as flour, add an excess
of sodium or calcium carbonate, char completely, acidify with
gﬂlut-e hydrochloric acid, filter, and test the filtrate as directed

elow.
be the product has a strong odor, char and extract as described
above.
Liquip MaTErIALs. Adjust the acidity with dilute acid or
alkali until the solution is barely acid to litmus. Concentrate by
evaporation if desirable.

6. Apply the sample to the mold growth:

Using the prepared solid sample material, sprinkle about 1
gram fairly evenly over the mold surface.

Using the prepared liquid sample, transfer about 1 ce. to the
surface of the mold growth. The liquid stays in large drops
which may be better distributed by first sprinkling on a few
grains of clean sand. Shake the dish to spread the liquid some-
what,}?ut it is not desirable to cover the entire surface of the mold
growth.

7. Allow to remain at room temperature in a room free
from pronounced odors. Test for the characteristic odor in
0.5, 1, 2, and 5 hours. If small amounts (0.000001 gram)
of arsenic are present, the odor should be apparent in 2 to 5
hours. A quicker reaction will indicate the presence of larger
amounts. Consider the test negative after 16 to 20 hours
without the characteristic reaction.

SUMMARY

Analysts are sometimes called on to test a small sample
for possible traces of arsenic. Even the Gutzeit test is not
satisfactory with only 1 or 2 micrograms of arsenic present.
This mold test may be used with 1 gram or less of sample
and detects easily one part per million of arsenic.
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An ‘Accurate Semimicro-Kjeldahl Method

Davip I. Hircacock Anp Rure C. BELDEN

Laboratory of Physiology, Yale University School of Medicine, New Haven, Conn.

the Kjeldahl method and its modifications usually

include no estimate of the accuracy of theresults. In
the exceptionally careful work of Andersen and Jensen (1), re-
sults accurate to 0.1 or 0.2 per cent were obtained after long
periods of digestion, 4 to 8 hours. Although much faster
micromethods have been described, Peters and Van Slyke
(12) advise the use of macromethods if the error is to be kept
under 1 per cent. Northrop (8) has used a semi-micromethod
with an accuracy of 0.2 per cent. The authors have modi-
fied his method by the use of mercury and selenium together
as catalysts, having confirmed the finding of Osborn and
Krasnitz (9) and of Taylor (14) that the combined catalysts
work faster than either alone.

DESCRIPTIONS of the determination of nitrogen by

MeTHOD

Five-cc. samples of solution, containing 5 to 6 mg. of nitrogen,
were pipetted into 100-cc. Pyrex Kjeldahl flasks having a con-
striction about halfway up the neck (8). After the addition of 2
ce. of concentrated sulfuric acid, 1 gram of potassium sulfate, 70
mg. of mercuric oxide, and 2 drops of selenium oxychloride, to-
gether with a few pieces of broken alundum to minimize bump-
ing, the digestion was carried out over microburners, the flas
being protected from superheating by asbestos board having a
2-cm. hole under each flask. The time required to drive off the
water was about 20 minutes, the mixtures became clear in 6 to
8 minutes more, and digestion was continued for 20 minutes after
clearing. After adding 35 ce. of water and 5 cc. of a solution com-
posed of 500 grams of sodium hydroxide, 500 ce. of water, and 80
grams of anhydrous sodium thiosulfate, the ammonia was dis-
tilled through 2 traps fused together in series (8) and a Pyrex con-
denser into 25 cc. of 0.02 N hydrochloric acid. Distillation was
continued until violent bumping occurred, the time required
being about 20 minutes and the volume of the distillate being
about 25 cc. The excess acid was titrated with 0.02 N sodium
hydroxide, using methyl red as indicator. Blank determinations
were carried out with 5 cc. of water, digested and distilled in
exactly the same way.

REesuLTs

Analyses were run in quadruplicate, the titrations usually
agreeing within 0.1 ce. of a 0.02 N solution, the average devia-
tion from the mean of individual titrations in a set of 4 being
0.02 to 0.03 cc. Blank titrations varied from 0.05 to 0.15 ce.
with different lots of distilled water, the average deviation
of any set of 4 being 0.01 to 0.02 cc. Since the ammonia
amounted to about 20 cc. of a 0.02 N solution, a liberal esti-
mate of the mean error, considering only the agreement of
duplicates, would be 0.2 per cent.

The weight of pure nitrogenous substance in each 5-cc.
sample analyzed was known to within 0.1 per cent, as samples
of 0.6 to 1.4 grams were weighed, dissolved, and diluted to 100
ce. The concentrations given are based on dry weight deter-
minations of l-gram samples which were dried in vacuo to
constant weight in 1 to 2 days at 75° C. in an Abderhalden
drier containing anhydrous magnesium perchlorate (Anhy-
drone) in the bulb.

The materials analyzed were tyrosine, glycine, edestin,
casein, and egg albumin. The tyrosine was prepared from
casein and purified by three recrystallizations from water,
as previously described (4). The glycine solution was pre-
pared by Owen (3, 11), and its concentration is based on his
dry weight determinations. Edestin was prepared from
hemp seed according to Osborne, recrystallized, and washed

free from salt, as described elsewhere (5). The casein was
Casein II, described in a previous paper (6). The egg albu-
min was prepared by a method developed by Cannan (2)
involving erystallization from sodium sulfate solutions. It
was twice recrystallized, and freed from salt by dialysis until
a 7 per cent solution had a specific conductivity of 1.1 X
10-% Its concentration was determined by evaporating 10-
gram samples of solution at 50° C. and drying at 75° C.
as described. Another 10-gram sample of this solution was
diluted to 100 cc., and 5-cc. samples of the dilute solution
were analyzed.

TasLe I. DETERMINATION OF NITROGEN IN AMINO ACIDS AND
ProTEINS
Sus-
STANCE
IN AccePTED SOURCE OF Ac-
SUBSTANCE SampLE NITROGEN FoUND VALUE CEPTED VALUE
Mg. Mg. % %
Tyrosine 70.57 5.45 7.72 7.735 Formula
Glycine 36.65 6.84 18.66 18.67 Formula
Edestin 28.02 5.22 18.63 18.69 Osborne (10)
Casein 34.45 5.34 15.50 15.49 Authors’ macro
Egg albumin 35.09 5.47 15.59 15.64 Sorensen (13)

In the case of the two amino acids, the results check the
theoretical within 2 parts in 1000. In the case of edestin
and egg albumin, the results are 3 parts in 1000 lower than
figures selected as the most reliable in the literature. For
casein the values in the literature vary from 15.4 to 15.8 per
cent. Since Linderstrom-Lang (7) has shown casein to be
a mixture, such variations in different preparations are to
be expected. Accordingly, the authors have compared their
result with one obtained with the same casein solution, using
a macromethod and a digestion period of more than 4 hours.
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Direct Titrétion of Sulfate

Tetrahydroxyquinone as an Internal Indicator

W. C. ScaroEDER,! Department of Chemical Engineering, University of Michigan, Ann Arbor, Mich.

determination of the sulfate content of a solution
make possible direct titration without recourse to the
use of outside indicators, a back-titration, or a filtration.
The tetrahydroxyquinone method described in the present
paper makes it possible to titrate the sulfate present in a
sample directly with a standard barium chloride solution.
The end point is indicated by the appearance of the red
barium salt of tetrahydroxyquinone. \
The present study was made possible through thg financial
support of the Joint Research Committee on Boiler F_eegi-
water Studies, and, naturally, a large share of emphasis in
the development of the method has been placed on making it
applicable to the analysis of boiler waters. T'he cochntrat{on
ranges considered and the effect of various 1mpunt1§s wh‘xch
were studied are those which might be expected in boiler
water analysis. The actual application should, howev-er,
by no means be limited to any one particular field, and .wmh
proper preliminary investigation the method may be widely

useful.

g. LMOST none of the methods suggested for the rapid

REVIEW OF THE LITERATURE

The gravimetric method for the detenpination of sulf?.te
is very accurate and, except where occlusion and adsorption
errors are high, is free from serious .interference. It_; %m.s the
disadvantage of being time-consuming and' of requiring ?he
use of a balance, which is not always ayallable for routine
analysis. For these reasons methods which were essentially
gravimetric were not considered in the present 111\'est1gatxo{n.

Several methods which might be classified as colorimetric
have been suggested for the determination of sulfate (41, 59,
69, 99, 116-118). Most of them, ?Vhl]e perhaps. satisfac-
tory in laboratory work, are too complicated for routine analy-
sis. g
The methods suggested in the literature as sultsfb}e for the
rapid determination of sulfate may be roughly divided into
three classes: first, filtration methods; sgconfi, those deter-
minations in which a titration is used, with internal or ex-
ternal indicators; and third, turbidimetric methods.

; ¢ MeTHODS. The benzidine method is probably the
begzml;rnns‘f%otxﬁdrﬁple of a filtration method. It has been the
subject of extensive investigation (16, 20, 49, 84, 109) and the
concentrations of impurities (16, 17, 20, 37, 66, 91, 105111 109)1_
concentrations of reagents (17), temperature and metl. od o
titration (31, 37, 46, 67, 90, 95, 105), and the method of filtration
and washing (31, 95, 119) have all been carefully studied.

Carbonate salts are also often used (9, 11, 23, 84, 53, 8%
108). For example, to a solution confaining sulfate a standar
barium chloride solution may be added, followed by sodium ear-
bonate; after filtering off the barium carbonate and sulfate pre-
cipitated, the carbonate in either the filirate or precipitate may
be determined by a titration and from this the sulfate can be
calculated. Chromate (I, 12, 13, Igf;\ 29, 39, 50, 51, 61, 63, 68,
72,75, 81, 92, 94, 97, 100, 102, 111), pl osphate (74), lead (36, 85),
and oxalate salts (93) are often usecf in a somewhat similar man-
ner. ] :

which does not involve a filtration but
wgiﬁhaggéggasn;?gogarﬁal separation of the solution and solid,
the solution is centrifuged and the volume of the precipitate
measured (3, 4, 44, 71). Where a centrifuge is available this
method is sometimes satisfactory for the routine determination

of sulfate. :
1 Present address, Nonmetallic Minerals Experiment Station, U, 8.
Bureau of Mines, New Brunswick, N. J.

All these procedures demand a filtration, which necessarily
makes the method rather long. Direct titration methods
would have considerable advantage in regard to the speed
with which a determination could be made.

TrrrATION METHODS. Several methods which have been
worked out for the titration of sulfate depend on the use of lead
salts (40, 58, 78, 82, 85). In general, however, the lead sulfate
which is recipitnbed, is t0o soluble to make these methods readily
applicable in dilute solutions.

Three methods are available for the determination of sulfate
in which outside indicators are used to determine the end point.
The indicators used are starch-potassium iodide paper (18),
congo red and ammonium dichromate (110), anci) Egnzidine
paper (30). Other methods use chromate salts for the titrating
solution and various indicators (38, 96, 113, 114). For routine
analysis the use of outside indicators is too slow and subjects
the method to inaccuracies.

Several titration methods use internal indicators. One series
depends on the hydrolysis of a salt of a strong base and a weak
acid to indicate the end point—for example, a method which adds
excess barium chloride and titrates the excess barium with so-
dium carbonate in the presence of phenolphthalein. When all
the barium has been precipitated as barium carbonate, the addi-
tion of a slight excess of sodium carbonate will cause the phenol-
phthalein to turn pink (19, 22, 101). A number of salts; such
as sodium carbonate, potassium chromate (7, 14, 45, 67, 104),
{;géassium stearate (5), or potassium palmitate (6, 60, 120), have

n used in this titration.

In many cases titration methods which depend on hydrolysis
reactions are satisfactory. They are, however, subject to inter-
ference from the presence of phosphate and carbonate, and to
some extent from other buffer salts, such as silicates and alumi-
nates.

Some titration methods have been evolved which depend on
the use of adsorption indicators (8, 112).

Another internal indicator method titrates with potassium
chromate to the end point of silver chromate (70), but is, of
course, subject to interference by chloride. Other titration
methods depend on conductivity measurements (32, 35, 55, 64,
66, 77, 80), thermometric measurements (25, 33), refractometer
measurements (10), and various other means of (fetermining the
end point, but are not in the main readily applicable to routine
analysis.

An internal indicator method which seems to be convenient
and rapid has been worked out recently in Germany (65, 89,
103). This adds excess standard barium chloride and titrates
back with standard sodium sulfate in the presence of a rhodizon-
ate salt. It will be considered further in the discussion of the
tetrahydroxyquinone method.

TuremmMETRIC METHODS. Several rather different methods
have been suggested as being applicable to the turbidimetric
determination of sulfate. One compares the turbidity of the un-
known solution with a known solution (2, 21, 24, 26-28, 62, 67,
78). A second measures the time required for a solution to be-
come turbid after the precipitating agent has been added (115).
The third, which is most used at the present time, measures the
depth of turbid liquid required to obscure a light filament (43,
47, 87, 88).

Much study has been devoted to the method based on the
measurement of the depth of liquid required to obscure the light
filament. Various ways of adding the barium chloride used in the
precipitation have been tried (47, 54, 76, 79, 106), and the effect
of various salts, the effect of temperature, method, and time of
addition of acid and various other reagents, and the acid concen-
tration of the sample during precipitation (48, 54, 78, 79, 86,
87, 106) have all been extensively investigated.

The accuracy of the turbidimetric methods has been the sub-
ject of much discussion (48, 54, 86). In general investigators are
not in good agreement as to accuracy.

The turbidimetric method for the determination of sulfate
has found wide application and in many instances is entirely
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satisfactory. Its chief disadvantages are: As ordinarily
carried out the method requires the construction of a calibra-
tion curve; some special equipment aside from the regular
analytical equipment is necessary; the range of concentra-
tions over which the method may be used is quite short; the
method is considerably influenced by other salts in the solu-
tion; and its accuracy in some instances is subject to consider-
able doubt.

It is evident that the benzidine method, the hydrolysis
methods, and the turbidimetric methods should prove of
considerable value in the determination of sulfate. In the
present investigation the benzidine method and the turbidi-
metric methods were extensively studied, but the results will
not be discussed here. Because of the particular solutions
in which the authors were interested the hydrolysis methods
did not seem satisfactory and were not considered in detail.

The rhodizonic acid method (89, 103) seemed to promise
a very satisfactory method for the rapid determination of sul-
fate and offered considerable improvement in many respects
over the three methods mentioned. For this reason it was
investigated further and this investigation will be considered
briefly below.

INVESTIGATION OF TETRAHYDROXYQUINONE METHOD

In 1929 Strebinger and Zombory (103) suggested the use of
rhodizonic acid in the titration of sulfate. The determina-
tion was carried out by the addition of an excess of standard
barium chloride to the sample, followed by the addition of a
small amount of the sodium salt of rhodizonic acid. The ex-
cess barium was titrated back with a standard sodium sulfate
solution. The addition of the barium chloride caused the
precipitation of the sulfate and also of the barium salt of
rhodizonic acid. This salt has a bright red color which is
readily distinguished in the solution. On back-titration
with sodium sulfate the barium salt of rhodizonic acid is de-
stroyed because of the precipitation of barium sulfate, and
the end point is denoted by the disappearance of the red
color. If the titration is being carried out in a neutral solu-
tion, the rhodizonate salt goes back into solution to form the
sodium salt and the end point is a change from red to yellow.
If the titration is being carried out in an acid solution, the
rhodizonate salt is destroyed and the end point is a change
from red to colorless. The barium salt of rhodizonic acid is
quite stable in a dilute acid solution.

In the present study the use of rhodizonic acid was investi-
gated. In solutions about 0.1 or 0.2 N with respect to sulfate
the method was found satisfactory, although the results
obtained were not as accurate as those obtained by Strebinger
and Zombory. The method was not found satisfactory on
more dilute solutions. It was also impossible to use rhodi-
zonic acid as indicator in the direct titration of sulfate with
barium chloride. Some of the rhodizonic acid used in this
investigation was secured from Germany and some was pre-
pared in the laboratory.

Tetrahydroxyquinone is used in a similar manner to rhodi-
zonic acid and gives the same end-point reactions. Itis, how-
ever, more satisfactory in dilute solutions and can be used in
the direct titration.

Resvrrs oF Back-TrrratioN. In making rhodizonic
acid it was necessary as one of the preliminary steps to pre-
pare some tetrahydroxyquinone. Its use as a qualitative
indicator for barium has been noted (42), and a few prelimi-
nary experiments indicated that it might be used in a quanti-
tative determination.

The tetrahydroxyquinone was made by treating glyoxal
sodium bisulfite, prepared by treatment of acetaldehyde with
nitric acid and sodium bisulfite (107), with a solution of so-
dium carbonate (52). Solutions of tetrahydroxyquinone in
water are not sufficiently stable to be added to the sample in
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this form. It is also inconvenient to make up fresh solutions
of the indicator every time it is desired to use it. It has been
found very satisfactory to grind up a small amount of the
indicator with a large amount of potassium chloride and add
a few tenths of a gram of this mixture to the sample to be
analyzed. In this form the indicator is stable for a year or
longer. This method of adding the tetrahydroxyquinone to
the sample was used throughout the present investigation.

A few preliminary results for the back-titration involving
the titration of solutions of barium chloride with potassium
sulfate are shown in Table I. The results, as seen, are satis-
factory. In this titration it was found desirable to have alco-
hol present in the sample, since this hastened the precipita-
tion of the barium sulfate.

Tasre I. TrrrATIiON OF BArRrum CHLORIDE WITH POTASSIUM

SULFATE
BaCl: CORRECTED
SampLe  BaCl: SoLuTioN 10 0.05 N K804 0.05 N
Ce. (¢/:5 Ce,
1 1.00 1.98 2.03
2 1.00 1.98 2.05
3 5.00 9.90 9.95
4 5.00 9.90 9.90
5 10.00 19.80 19.75
6 10.00 19.80 19.70

50-cc, samples with 15 ce. of alcohol added.
Solutions approximately 0.03 N with respect to hydrochloric acid.
BaCl: solution 0.1 N. Correction factor = 0.990.

The effect of acid concentration, temperature, and various
other ions on this back-titration was studied. The solution
to be titrated should be kept below 0.05 N with respect to hy-
drochloric acid. The temperature should also be below 30°
C. Hydroxide, chloride, carbonate, silicate, calcium, mag-
nesium, and aluminum do not interfere unless they are pres-
ent in high concentrations. If the sample is made sufficiently
acid during the addition of the barium chloride and then this
acidity is neutralized before the back-titration with sodium
sulfate, fairly high concentrations of phosphate may be pres-
ent without causing interference. Iron presentin the sample
causes interference and must be removed.

Resurrs or Direct TrtraTioN. In the direct titration
the sample to be analyzed is neutralized and then titrated
directly with a standard barium chloride solution to the ap-
pearance of the red color of the precipitate of the barium salt
of tetrahydroxyquinone. During the present investigation
an approximately 0.025 N barium chloride solution was used
in all the titrations. A fairly high concentration of alcohol in
the sample was also found very desirable during the titration.

TasLe II. ANALYSIS OF SODIUM SULFATE SOLUTIONS BY DIRECT
TrrrAaTION METHOD
SAMPLE BaCl; Usep  SO4 PRESENT S04 Founp

Ce. Mg, i Mg,

2 4.2 5.00 5.02

3 8.2 7.50 7.48

4 8.2 10.00 9.92

1 10.1 12.50 12.2

5 14.4 17.50 17.5

6 16.2 20.00 19.7

7 19.8 25.00 24.2

BaCls solution 0.025 N. Correction factor = 1.020.
25-cc. samples with 25 ce. of alcohol added.
Blank = 0.1 ce.

In Table I are shown the results of a few preliminary titra-
tions by the direct method on solutions containing only so-
dium sulfate. The results are satisfactory. It will be noticed
that for samples containing more than 20 mg. of sulfate in
the 25 ce. of solution titrated there is some tendency toward
low results. This was confirmed by further investigation,
and in order to avoid this error it seems best to keep the con-
centration of sulfate below 20 mg., using not more than 16 or
17 cc. of the 0.025 N barium chloride solution in a titration.
The 0.1-cc. blank indicated in this table is the amount of
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barium chloride required to give a visible precipitate with the
indicator when no sulfate is present.

The effect of various ions on the direct titration is shown
in Table ITT. Carbonate, aluminum, silicate, and magnesium
have little effect. Carbonate and aluminum in concentra-
tions higher than those shown in the table tend to make the
end point slightly less sharp.

Tasre III. Errecr or VARIOUus IoNs oN DireEcT TITRATION
SAMPLE Appep ToN BaCl: Usep SO Present S04 Founp

My. Ce. Mg, Mg.

12 CO: 4.0 2.10 2.50 2.45
13 CO; 4.0 8.3 7.50 7.60
14 CO: 4.0 12.3 15.00 14.9
8 CO; 8.0 4.2 5.00 5.02
CO: 8.0 10.4 12.50 12.6

10 CO: 8.0 16.6 20.00 20.2
11 CO; 8.0 20.2 25.00 24.8
20 Al 2.5 2.30 2.50 2.70
21 Al 2.5 6.2 7.50 7.47
22 Al 2.5 12.2 15.00 14.8
23 Al 5.0 2.30 2.5 2.70
24 Al 5.0 6.5 7.50 7.83
25 5.0 12.2 15. 14.8
28 8i0; 5.1 2.20 2.50 2.57
29 8Os 511 8.3 7.50 7.60
30 §i0; 15.8 2.20 2.50 2.57
31 8i0; 15.3 6.2 7.50 7.47
32 8i0:  25.5 2.15 2.50 2.51
33 8i0: 25.5 6.2 7.50 7.47
34 8i0: 25.5 12.3 15.00 14.9
39 M 2.30 2.50 2.7
10 Mg 4 81 7.50 7.35
41 Mg 10 12.2 15.00 14.8
35 C 5.0 2,10 2.50 2.45
37 Ca 0.25 6.1 7.50 7.35
38 Ca 0.50 6.4 7.50 7.70
15 PO: 0.9 2.30 2.50 2.45
16 PO: 0.9 8.5 7.50 7.60
17 PO: 1.7 2.80 2.50 2.70
18 POs 1.7 7.0 7.50 7.83
19 PO. 1.7 12.9 15.00 15.1

BaCl: solution 0.025 N. Correction factor = 1,020.
25-cc. samples with 25 ce. of alcohol.

Blank, 0-0.6 mg. POs« = 0.1 ce.
0.6-1.2 mg. POs = 0.3 cc.
1.2-1.8 mg. POs = 0.6 cc.

Table IV shows the results of the direct titration on solu-
tions containing several ions. These samples were all made
up with sodium salts of the various ions shown.

Tapre IV. Dmecr TrrratioN oF Sampres ContamNiNG Hy-
PROXIDE, CHLORIDE, CARBONATE, AND PHOSPHATE

I PRESENT BaCls 804 S04
SamurLe OH ONél CO; PO« Usep Presgnxt  Founp
Mg. Mg. Mg. Mjy. Ce. ;’l!go g!:s
3 1.0 2.10 : 3
3% gig %g 1.0 6.1 7.50 7.35
i 2.5 1.0 0.42 2.10 2.50 2.45
23 %g 2:5 1.0 0.42 6.1 2.50 7.35
46 2.6 2.5 1.0 0.42 18.2 22.50 22.2
3 10 °1.01:25 2.50 2.50 2.50
:; gg g.O 1.0 °1.25 6.4 7.50 7?(7)
49 5.2 50 1.0 1.25 12.6 15.00 15.

Correction factor = 1.020.
oc. of alcohol.

0.1
0.3 ce.

BaCl: solution 0.025 N
25-ce. samples with 25
Blank, 0-0.6 mg. PO4 =

0.6-1.2 mg. POy =

Table V shows the results for several samples analyzed by
both titration and gravimetric methods. These samples
were taken from a boiler and contained the concentrations
of hydroxide and carbonate shown. They also contained
small amounts of calcium, silicate, and various other impuri-
ties, as well as moderate concentrations of chloride.

CONCLUSIONS
Detailed directions are given belo“f for c'arrying out a de-
termination of sulfate by direct titration using tetrahydroxy-
quinone as the indicator.

ReAGgeNTs NeepEp. (1) A 0.025 N barium chloride solution,
standardized gravimetrically. (2) A mixture of potassium chlo-
ride and tetrahydroxyquinone, prepared by grinding the disodium
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salt of tetrahydroxyquinone with dried potassium chloride in a
1 to 400 ratio.

Procepure. A 25-cc. sample, containing between 2 and 20
mg. of sulfate, in a 150-cc. Erlenmeyer flask, is carefully neutral-
ized until it is just acid to phenolphthalein. The hydrochloric
acid used to acidify the sample should not be stronger than
0.030 &, and must be added carefully from a buret. The sample
should be below 30° C.

Add 25 ce. of ethyl alecohol or 25 ce. of alcohol denatured by
formula 30.

Add 0.20 to 0.22 gram of the tetrahydroxyquinone-potassium
chloride mixture. It is best to use a small cup to measure out
the mixture. Swirl the flask until this is dissolved. This will
give the solution a fairly deep yellow color.

Run in the 0.025 N barium chloride at a steady dropping rate
with constant swirling of the flask, until a brown color begins to
form. This is not the end point but indicates its approach. Add
the barium chloride from here on, 2 or 3 drops at a time, with
steady swirling until a red color appears; this is the end point.
The red color appears throughout the body of the solution and
not as spots of color. If the samFle contains between 2 and
20 mg. of sulfate this titration will require less than 17 ce. of
the barium chloride solution.

After deducting the 0.1-ce. blank, each cubic centimeter of the
O.(llf25 N barium chloride solution is equivalent to 1.2 mg. of
sulfate.

If more than 0.6 mg. of phosphate 1s present, the blank
should be increased. For concentrations from 0.6 to 1.2
mg. of phosphate the blank should be 0.3 cc.; for concentra-
tions from 1.2 to 1.8 mg. of phosphate the blank should be

0.6 ce.

TasLe V. CoMPARISON OF RESULTS OF ANALYSIS OF SAMPLES
GRAVIMETRICALLY AND BY TITRATION

REsuLTs oF ANALYSIS®

Otrrer Ions Presentd  Gravimetric Titration
SampLe? OH COs 804 S04
Mg. Mgy, My. Mg.
1 1.1 0.16 2.60 2.48
2 2.0 0.23 9,82 9.70
3 257 0.22 8.75 12
4 2.0 0.35 10.60 10.80
5 5.2 0.16 19,40 19.20
6 6.5 0.38 23.13 23.10
7 6.7 0.38 30.13 30.90
8 3.0 0.38 15.35 15.45
9 1.5 0.20 7.35 7.25
10 1.7 0.29 8.78 8.85
11 2.0 0.13 6.45 6.40
12 2.7 0.25 7.25 7.50
13 2.3 0.22 9.08 8.08
14 2.5 0.26 9.55 9.80

% Samples taken from drum of an orgrﬂt'mz boiler.

b Chloride and small amounts of calcium, silicate, etc., present but not
determined. . ‘ > v

¢ Analyses shown, both gravimetric and titration, were carried out by
S. J. Meisenberg, University of Michigan.

Analysis on aliquots diluted to 25 ce. which required less than 17 ce. of
0.025 N BaCls solution. 25 ce. of aleohol added to samples.

In this direct titration the amount of various other ions
which may be tolerated without causing error is 7.5 mg. of
carbonate, 5 mg. of aluminum, 25 mg. of silicate, and 15 or
more milligrams of magnesium. Calcium has no effect so
long as the addition of the alcohol does not cause the precipi-
tation of calecium sulfate. This precipitation must be pre-
vented. Hydroxide and chloride are without effect. Iron
above 0.1 mg. interferes and must be removed.

It is highly desirable to titrate a few samples of known
sulfate concentration before using the method on unknowns.
This is especially true in the present titration because the
end point is somewhat different from those usually encoun-
tered and the best way to learn to recognize it is to titrate a
few samples of known concentration.

The method is accurate within =0.2 mg. of sulfate.

The use of the tetrahydroxyquinone method on solutions
having a higher sulfate concentration than those indicated in
the present discussion has not been investigated. It is
possible that the method would be considerably more accurate
in more concentrated solutions, and there are indications that
the use of alcohol might be eliminated or the amount neces-
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sary in the sample during the titration considerably reduced.
This should offer a fertile field for further investigation.
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AGEL and
Carlson (9)
recently pub-

lished a method for
the accurate deter-
mination of hydro-
cyanic acid in the
presence of various
salts (including chlo-
rides) showing that
the quantitative dis-
tillation of hydro-
cyanic acid from
dilute sulfuric acid
solution takes place
within 15 minutes
under specified con-

Pagel and Carl-
son’s apparatus was
modified as shown in
Figure 1.

ApsorpTION OF Hy-
DROCYANIC AcID
BY STOPPERS

A quantitative
comparison was made
between determina-
tions in which the
stopper was covered
with tinfoil and in
which it was not, and
the results are shown

ditions. Richards
and Singer (10)
claimed that many
hours’ boiling (8 to
10) is necessary to re- : o
move all the hydrocyanic acid from solutions containing ap-
preciable amounts of chlorides, the retardation being ascribed
to the formation of a complex between the chloride ion and
hydrocyanic acid. Richards and Singer found that a much
shorter time (less than 2 hours) suffices to remove hydro-
cyanic acid from solution in the absence of more than a trace

of chloride ion.

Ficure 1.

B, long-stemmed funnel
C, special Pyrex condenser

METHOD AND APPARATUS

When an attempt was made to determine hydrocyanic
acid quantitatively by the method of Pagel and Carlson (9)
certain difficulties were encountered which were traced to
adsorption of hydrocyanic acid in the rubber stopper of the
distilling flask and to the presence of ferrocyanide in the
cyanides used. The optimum conditions _repo‘rted in their
paper were maintained. The excess sulfuric acid was calcu-
lated on the basis of the amount of cxamde used and was
0.35 N (8). Stock solutions of.apprommately 01N al'kah
cyanides were used. The cyanide content was de.ten‘mned
according to Liebig’s method (6), with potassium iodide as
the indicator. Titers of the stock solution were determgned
just before use. An enhanced Tyndall effect was obtained
by using a focusing arc light (1). ‘

To insure the same conditions in all experiments the flow
of gas to the burner was regulated by a manometer and a
flowmeter was used to regulate the flow of air through the
capillary. The same pipet and buret were used throughout.
Fifty milliliters of stock solution were used in all experiments.
The solution in the distilling flask was .heated to boiling as
quickly as possible. Time of distillation was 15 minutes
unless otherwise noted. Rate of distillation was 75 ml. per
15 minutes. Fifteen milliliters of 6 N sulfuric acid were
used unless otherwise stated.

DIAGRAM OF APPARATUS

500-ml. P distilling flask with sealed-in capillary D, absorption apparatus
% Tied funnel through which acid is added

in TableI. Thedata
are averages of two
or more determina-
tions. With tinfoil-
covered stoppers the
individual determinations agreed within 0.03 ml.

E, lowmeter
P, tinfoil-covered rubber stopper

Tasre I. ApsorprioN oF HYDROCYANIC ACID BY STOPPERS
ExXPERI- Cyaxipe® DisTILLA-
MENT Usep TION KiNp oF STOPPER Egrnor
Min. %
1 NaCN 15 Rubber —0.14
2 NaCN 30 Rubber —0.12
3 NaCN 15 Rubber cov-
ered with
tinfoil —0.02
4 NaCN 15 Cork -0.28

@ Sodium cyanide free from ferrocyanide, prepared by distilling hydro-
cyanic acid into sodium hydroxide.

In two runms, when the stoppers were not protected by
tinfoil, distillation was continued after the initial 15 minutes.
Cuts were taken at the end of 30 and 45 minutes, and were
redistilled once according to the procedure of Morris, Calla-
ghan, and Dunlap (7). The distillate was tested for hydro-
cyanic acid by the Prussian blue method of Viehoever and
Jones (13). All cuts gave the Prussian blue test, showing
that adsorbed hydrocyanic acid was given up by the rubber
stoppers.

INTERFERENCE OF FERROCYANIDE

According to Roe (11) simple cyanides cannot be deter-
mined by distillation in the presence of complex cyanides.
In carrying out these determinations many of the commercial
brands of c. p. potassium cyanide were tested for ferrocyanide
by the method of Krauch (4). Ferrocyanide was present in
all cases tested; in but two cases was the presence admitted
on the label. According to Sharwood (12) the presence of
ferrocyanide causes high results when Liebig’s method is
used. This was confirmed by adding potassium ferro-
cyanide to sodium cyanide and fitrating in the usual manner.
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Ferrocyanide gave high results in all the cases where it was
present.

Feld (2) reports that the simple cyanides may be deter-
mined in the presence of complex cyanides by distilling the
mixture with magnesium chloride. The magnesium chloride
yields sufficient hydrochloric acid to displace the hydro-
cyanic acid from the simple cyanides, but not from the com-
plex cyanides, Tartaric acid is frequently recommended
in cyanide distillations, especially in forensic examinations.
The results obtained with these various reagents upon
different cyanides are reported in Table II.

Tasre II. Distinuatioy wiTE VARIOUS REAGENTS
Experivent Craxior Usep Reacent Usep ERROR
o
1 KCN# H:S04 +0.69
2 KCNb H2S04 +0.72
3 NaCN¢ H:S04 —0.02
4 NaCN¢ MgClad —0.08
5 NaCN¢ MgCla® —0.04
6 KCNe MgCls® —0:22
7 NaCN¢ H:CyH,Osf —0.07
8 NaCN¢e H:SO0w -0.04

% Well-known brand of c. ». KCN.
b Second well-known brand of c. ». KCN.
¢ Ferrocyanide-free sodium cyanide.

d 60 ml. of 3 N MgCl..

€15 ml of 3 N MgCls.
/15 ml. of 8 N tartaric acid.
v 1 to 5 grams of NaCl were added during these runs.

The data are averages of two or more determinations.
Tinfoil-covered stoppers were used throughout.

Hyprovrysis or Hyprocyanic Acip

It will be noted that the error in all the determinations on
ferrocyanide-free sodium cyanide is a negative one. Part
of this loss is due to hydrolysis of hydrocyanic acid to am-
monium formate. In a few cases the amount of hydrolysis
during distillation was determined by a modification of the
method of Gales and Pensa (3). After distilling off the
hydrocyanic acid for a stated time (15 minutes) sodium
hydroxide solution was added to the distilling flask and the
ammonia was distilled off and determined in the distillate
by nesslerization. A blank determination was made on
the reagents and this value subtracted from the total amount
of ammonia found. It is impossible, of course, to determine
the amount of ammonia present in the cyanide solution
directly by nesslerization; so a freshly prepared solution
of sodium cyanide was used. In one case the amount of
hydrolysis under the usual conditions was determined. The
average error of four determinations was —0.06 per cent.
An average of 0.04 mg. of nitrogen was found in the distillate
after the addition of the sodium hydroxide. Making cor-
rection for this hydrolysis, the final error of the determina-
tion was +0.008 per cent. In another series (error —0.02
per cent) after correction for hydrolysis the final error was
-+0.04 per cent.

Since Krieble and Peiker (5) have shown that the rate of
hydrolysis is dependent upon the acid concentration, it is
advantageous to keep the concentration of the acid low.

RECOMMENDED PROCEDURE

In order to avoid loss of hydrocyanic acid by adsorption,
rubber stoppers should be covered with tinfoil, or ground-
glass joints should be used. By modifying the condenser
as shown in Figure 1 a good joint can be made with heavy
rubber tubing, which exposes very little rubber to the dis-
tillate. In order to avold excessive hydrolysis, the con-
centration of acid should be kept low; the excess acid should
be kept within 0.35 N. Either sulfuric or tartaric acid may
be used to liberate the hydrocyanic acid. Fifteen minutes’
distillation, when the total volume is 250 ml., is sufficient to
remove all the hydroeyanic acid from solution when the rate
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of distillation is 300 ml. per hour. A slight vacuum should
be maintained on the distilling flask at all times.

SUMMARY

No evidence was found that the distillation of hydrocyanie
acid from sulfuric acid solutions was retarded by the presence
of the chloride ion; this supports the findings of Pagel and
Carlson rather than those of Richards and Singer. It was
found that the removal of hydrocyanic acid was rapid and
complete when stoppers were protected with tinfoil. Un-
protected rubber stoppers and corks were found to adsorb
hydrocyanic acid and very slowly give it up again. Ferro-
cyanide has been found to be a common impurity in com-
mercial c. p. alkali cyanides; and when such cyanides are
determined by distillation they give high results, owing to
the decomposition of ferrocyanide. The method of Feld
permits the determination of simple cyanides in the presence
of complex cyanides, but the results are rather low. With
ferrocyanide-free cyanides and using protected rubber stop-
pers, the method of Pagel and Carlson is accurate within
0.05 per cent. The rate of hydrolysis of hydrocyanic acid
is a function of acid concentration.
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A Convenient Weighing Buret
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The accompany-
ing illustration repre-
sents the cross section
of a weighing buret
that has been found to
be of good design and
convenient to use.
Such a buret, hav-
ing a graduated barrel,
may be made from an
old buret.
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Technic m Chemicgal Analyses of Casein

R. S. Snvyper Anp H. C. HANSEN

Idaho Agricultural Experiment Station, Moscow, Idaho

N A FORMER paper (11) a comparison of approved
methods of analyzing casein showed considerable varia-
tion in results and indicated the necessity of further
study with the hope of evolving standard methods of analysis.
Browne (5), Shaw (9), and Sutermeister (10), who have re-
ported on the physical and chemical analysis of casein, state
that further study is necessary because of discrepancies
oceurring in results of various analysts. Zoller (12) in 192_0
reported on the borax solubility test for commercial casein
and suggested a modified test to differentiate between caseins
made at high and low temperatures.

In the present paper studies have been made on methods
of determining moisture, ash, nitrogen, fat, free acidity, total
acidity, pH values, solubility, and conductivity. The sam-
ples used in this work were selected at random from sixty-five
commercial lots of casein made by the natural-sour method.

MOISTURE

In Tables I and II are given summaries of the effect of
different, temperatures and amounts of vacuum used in dry-
ing samples from various commercial plants in Idaho.

An attempt was first made to obtain constant weights on
samples dried at 102° C. Samples were wexghed at periods
of 5, 8, 24, and 30 hours and steadily increasing percentages
of loss were obtained. A temperature of 90° C. was then
tried in an attempt to find a lower temperature at which
excessive losses did not occur. Losses continued to take
place, although in lesser amounts than at 102° C., and were
attributed largely to caramelization, because the sgmples
gradually turned darker as they were heated longer. W'het!ler
the excess loss is due entirely or partially to caramelization
or to changes in molecular structure was not determined.
The temperature was then lowered to 80° C. and in o.rdcr
to hasten loss of moisture the samples were placed in a
vacuum of 11 inches. No caramelization took place and
constant weights were obtained in 24 hours. This method
of 80° C. with 11 inches of vacuum was used as standard in
determining moistures. ;

Tt was felt that this method required too much time to be
practical for use in commercial laboratories, and that. a
shorter period of time with higher temperature, or with

higher temperature and increased vacuum, might be used.
Table IT gives results of moistures determined at 100° C.,
90° C. with 11 inches of vacuum, 100° C. with 22 inches of
vacuum, and 135° C. with 22 inches of vacuum. Deter-
minations were made at intervals of 0.5, 1, 2, 3, 4, and 5
hours.

Variations in length of time required to obtain moistures
of different samples made it practically impossible to set a
definite time limit which would be applicable in all cases.
Closely agreeing results can be obtained at higher tempera-
tures and in shorter periods of time, but the uncertainty as
to whether these results are higher or lower than the true
moistures leads to the conclusion that such methods should
not be used except in cases where only approximate deter-
minations are desired.

AsH

The determination of ash was very difficult because of
spattering. Various methods were used in an attempt to
control this problem.

1. Samples were charred slowly on a hot plate for 5 hours,
then placed in a cold muffle and gradually heated to 650° C.,
which usually required from 2.5 to 3 hours. The samples were
held at this temperature from 5 to 6 hours or until a white ash
was secured.

2. Samples were charred on a hot plate 5 hours, 5 cc. of
concentrated nitric acid were added, and heated in the muffle
as above.

3. Samples were charred on a hot plate 5 hours, varying
amounts of calcium acetate were added (5 and 3 ce. of a 10 per
cent solution), then heated in the muffle as above. Blank
determinations gave the amount of calcium oxide left on burning.

4. Same as (3) except that calcium acetate was added before
charring,

5. Five and 3 ce. of calcium acetate were added, and samples
were (I)luced directly in the cold muffle without charring and
heated as in (1).

Two-gram samples of casein were used in all ash deter-
minations. The results are given in Table ITI. The best
checks and highest ash content were obtained when 5 ce. of
calcium acetate were added to the sample and placed in the
cold muffle without previous charring. It is necessary to
bring all the casein in contact with the calcium acetate solu-

Taste I. ComparisoN oF MerHoDS OoF DETERMINING MoIisture CONTENT OF CASEIN

102° C. 90° C. ——80° C. + 11-Incr VacUUM——
5 8 24 30 5 8 24 30 5 8 24 30
SAMPLE hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs, hrs, hrs,
% % % %o o %o o %o %o /3 %o %o
1 5.25 5.18 5.26 5.57 4.78 4.79 5.25 5.65 4.13 4.28 4.30 4.38
2 5.42 5.54 5.49 5.89 4.61 4.68 5.27 5.46 4.17 4.27 4.84 4.59
3 5.35 5.48 5.50 5.58 4.59 4.68 5.25 5.17 3.95 3.99 4.48 4.34
i 7.60 7.72 7.78 7.82 7.08 7.02 7.55 7.73 8.46 6.68 7.00 7.03
5 5.46 5.47 5.48 5.64 4.97 4.98 5.30 5.34 4.04 4.63 4270 4.87
8 5.52 5.50 5.68 5.87 5.43 5.44 5.54 5.54 4.75 4.95 4.99 5.05
7 4.50 5.29 5.34 5.55 4.57 4.78 4.83 4.87 3.89 4.34 4.28 4.99
8 4.74 5.01 5.20 5.18 4.62 4.98 5.10 5.09 3.31 3.78 3.86 4.11
Tasre I, CompArisoN oF MerHODS OF DETERMINING MoISTURE CONTENT OF CASEIN
100° C. 90° C. wrrm 11-Incr Vacvum  100° C, wita 22-Incx Vacuum  135° C. wirm 22-Ixca Vacoux
0810 2v a8 4 s 005 2 203 Brs 08 i1 aotany 5
SAMPLE hr. hr. hrs. hrs. hrs. hrs. hr. hr. hrs, hrs. hrs. hrs. bhr. hrs. hrs. hrs. hrs, hr, hr. hrs. brs. hrs. hrs.
% % % % T P A A A A o o i Y0 5 Yo Toe-To o Tai % % 5%
1 3.48 4.30 4.33 4,82 5.03 5.03 2.83 3.55 4.64 4.85 4.95 5.10 5.03 5.41 5.47 5.50 5.51 5.40 5.79 6.05 6.25 6.26 6.61
2 38y 5.12 5.45 6.01 8,28 6.34 2.92 3.69 4.72 5.00 5.18 5.34 5.21 5.58 5.88 5.06 5.96 5.54 8,11 6.50 6.74 6,88 7.03
3 3798 4,36 4.93 5.12 5.33 5.48 3.05 3.93 4.80 5.01 5.16 5.31 5.38 5.60 5.76 5.80 5.82  5.80 6.21 6.50 6.73 6.90 7.02
4 3.95 5.27 5.38 B.03 6.18 6.20 3.52 4,71 5.49 5.83 5.82 5.03 6.05 6.34 6.40 6.46 6.47 6. 6.64 6.98 7.13 7.16 7.13
5 5718 4,34 5.91 5.83 5.54 5.60 3.52 4.00 5.05 5.33 541 5.62 5.54 5.93 5.99 6.03 6.03 5.60 6.08 6.41 B.51 6.55 6.66
6 258 4.34 5.20 5.57 5.72 5.81 3.35 3.38 5.17 5.37 5.47 5.50 5.48 5.92 6.01 6.05 6.05 5.41 6.07 6.30 6.60 6.64 6.7
v¢ 285 3.84 4.80 5.05 5.35 5.47 2.92 3.67 4.65 4.98 5.07 5.25 4.96 5.52 5.61 5.65 5.60 5. 5.95 6.22 6.37 6.41 6.58
8 2056 3.49 4.37 4.87 5.15 5.22 2.56 3.25 4.32 4.57 4.76 4.93 4.42 5,05 5.26 5.33 5.33 4. 5.76 5.98 6.12 6.18 6.33
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tion and allow it to stand for about 20 minutes before placing
in the muffle. This permits the casein to become thoroughly
moistened and apparently aids in the prevention of spatter-
ing. Three cubic centimeters of calcium acetate solution did
not seem to be a sufficient amount to moisten the entire
sample and prevent spattering.

‘When the sample was charred on the hot plate without the
addition of calcium acetate, some spattering occurred.
When calcium acetate was added before charring, the sample
apparently dried out on the hot plate and there was some
spattering in the muffle. When nitric acid was added,
spattering always took place, regardless of whether it was
added before or after charring or placed directly in the
muffle. Spattering can never be prevented when the tem-
perature in the muffle is raised too fast. Best results were
obtained when 2.5 to 3 hours were allowed to raise the tem-
perature to 650° C.

Tasre III. CompArisoN oF MeTHODS OF DETERMINING ASH

CoNTENT OF CASEIN

(5.5 hours in muffle at 650° C,)
CHARRED Carciuym Acerate UsSED

5.¢o. Added after  Added before No

San- HNO: charring charring charring
PLE CHARRED ADDED 3ce. Sce. 3ce.  5ee. 3cc. 5 ce.
% To o o %o % % %
1 2.78 3.25 3.31 3.29 3.40 3.31 3.29 3.79
2 3.20 3.21 3.09 3.20 3.37 3.11 3.00 3.37
3 2.71 4.71 3.16  3.39 3.50 3.73 2.71 4,17
4 3.00 3.79 3.40 3.51 3.26  3.32 2.94 3.94
5 2.73 2.66 3.11 2.98 3.10° 3.37 3.36  3.45
6 3.52 3.61 3.32 3.44 3.31 3,42 2.88 3.47
7 1.92 3.38 3.05  2.97 3.36 3.44 2.97 - 3.50
8 2,99 2.67 3.19 3.19 3.38 3.18 1.93 3.55

NITROGEN

In Table IV are presented the results on total nitrogen
determined by the Gunning method and Kjeldahl mercury
method (2), with the exception that the samples were digested
longer than the 2 hours suggested. The samples were di-
gested over ordinary gas burners using gasoline gas, on which
a pyrometer registered a heat of approximately 850° C. It
i3 possible that higher heats might have brought about
complete digestion in a shorter period of time. Sutermeister
(10) states there is present in casein from 1.2 to 3.43 per cent
of humin nitrogen largely derived from tryptophane, which
is rather difficultly hydrolyzed even in strong acids. It is
therefore questionable whether a 2-hour digestion will render
all the nitrogen available. In the authors’ experiments at
least 4 hours with the Gunning method and 6 hours with the
Kjeldahl mercury method were required to bring about com-
plete digestion. The Kjeldahl mercury method seemed
somewhat slower than the Gunning method in bringing
about complete digestion and the final results even after 8
hours were slightly lower, although the difference was so
small as to be negligible.

TasLe IV. Toran NiTROGEN CALCULATED ON MoOISTURE-FREE
Basis
Sam- —~——GuNNING METHOD — — me.uu. MERCURY ‘\b:'rncm
e 1lhr. 4hrs. 6hrs. 8hrs 1hr., 4hrs. 6 hrs 8 hrs,
o % %o o To %o % o
1 13.38 14.16  14.33 14,25 13.34 14,04 14.24 14.21
2 13.03 14:13 14.21 14.21 13.48 13,98 14.15 14.15
3 13.14 14,10 14.14 14,14 13.18 13.91 14.07 14,09
4 13.26 14.27 14 .34 14.31 13.47 14.04 14.26 14.29
5 13.16 14.37 14.41 14.40 13.22 14.08 14.21 14.31
8 13.72 14.34 14.34 14.34 13.60 14.02 14.23 14.25
7 13.36  14.13 14.15 ~14.16 13.20 13.80 13.96 13.96
8 13.32 14.19 14.19 14.20 12,95 13.80 . 13.92 13.94

Table V presents data showing the calculation of nitrogen
on the moisture-free basis and the moisture-, fat-, and ash-
free basis as recommended in the usual method of procedure.

According to the United States Government specifications
for water-resistant glues for use in airplanes as given by
Bogue (3), casein must contain not less than 14.25 per cent
nitrogen, calculated on the moisture-, fat-, and ash-free
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basis. The American Medical Association () states that
“calcium casein should contain not less than 1 per cent
calcium, 0.6 per cent phosphorus, and 14 per cent nitrogen
on the moisture-free basis.””

TaBrLE V. ToraL NITROGEN BY GUNNING METHOD
(4 hours’ digestion)

PuRre
CASEIN
(HAMMAR-
Sample 1 2 3 4 5 6 7 8 STEN)
o To %o % %o % o % o
Moisture-
free :
basis 14,16 14.13 14,10 14.27 14.37 14.34 14.13 14,19 15.08
Moisture-,
fat-,
a n d
ash-free
basis 14.80 14.69 14.75 14,87 15.02 14.95 14.78 14.74 15.53

A number of impurities are present in casein, such as
mineral salts, fat, albumen, lactose, and acids. Other re-
search workers have felt that it is possible to estimate to a
certain extent the undetermined impurities in casein by
calculating nitrogen on the moisture-, ash-, and fat-free
basis. However, since the determination of nltrogen in
casein is meant to show not merely the undetermined i 1mpur1-
ties but rather the total amount of impurities present in the
sample, the authors feel that the determination should be
made on the moisture-free basis only.

Comparative determinations were made as to length of
time required for digestion on gas and electric burners.
Further work was also done, using selenium oxychloride as
a catalyst, recently recommended by Lauro (6), Osborn
and Krasnitz (8), Messman (?), and others. Various com-
binations of catalysts were also used, as shown in Table VI.

TorAL NrtrROGEN CALCULATED ON MOISTURE-FREE
Basis

(Sample F16)

TaBLe VI.

GAs BURNERS.

Na:S04
3

Na:S04 CuSO0s Ha 4 Hid
4 Lo

CuS0s 8e0Cl: 8eOCls Se‘(:)Cl:

ErcTric BURNE
Na:S04
+
Na:S0s CuSO4
+ +  Hg + Hg
CuS04 8e0Cl: SeOCl: SeOCls

NafOA
Na:804 CuSO¢
+ I

Nafo«
Na:S0s CuSO4
o +

Hrs. % % % % Hrs. % % %% %
0.5 B 14.16 14.20 14.23 1 14,16 14.37 14.37
1 14.13 14.37 14.25 14.44 2 14 130 14.33 14.41 14.35
1.5 14.22 14.40 14.45 14.37 3 14.35 14.43 14.35
2 14.37 14.37 14.41 14:25 4 14 38 14, .37 14 48 14 37
4 14.38 14,40 i % 6 14.39 14.39

With the higher heat of the electric burners a considerable
saving in length of time was experienced, digestion being
complete in 2 hours. With selenium oxychloride in addition
to copper sulfate, mercury, or copper sulfate and mercury in
combination, the time of digestion was shortened to 1 hour
on the electric burners and 2 hours on the gas burners. With
the three catalysts in combination, 1 hour apparently was
sufficient to obtain all the niftrogen on the gas burners.
When the samples were digested longer than 2 hours on the
electric burners a loss occurred in the nitrogen due to evapora-
tion of the sulfuric acid and increase of concentration of salts
in the solution. These losses were prevented by additions
of sulfuric acid as required. No losses of nitrogen occurred
with the gas burners, regardless of the length of time of
digestion.

Fars

Table VII gives the results of fat determinations by
various methods. The ether extraction was made in the
regular way (2), using a 2-gram sample of casein and ex-
tracting for 48 hours. The sample was ground to pass a
20-mesh sieve, giving various degrees of fineness from 100
mesh to 20 mesh. A l-gram sample was used in the Roese-
Gottlieb method: 10 cc. of water, 2 cc. of concentrated
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ammonia, and 10 cc. of 95 per cent alcohol were added,
shaken until completely dissolved, and the fat extracted in
the usual way with ether and petroleum ether. Results by
this method were much higher than by other methods be-
cause of the fact that a white colloid-like substance passed
through the filter paper along with the dissolved fat. This
material precipitated out in the flask on partial evaporation
of the ether. Attempts were made to filter it out at this
stage, but the final results, while lower, were so inaccurate,
owing to the small amount of fat and the uncertainty as to
whether all the colloidal material had been filtered out, that
the method was finally abandoned.

TasrLe VII. INFLUENCE OF METHOD OF ANALYSIS ON
Per Cent FAT
Etaer
SAMPLE ExtracTioN  Rorse-GorTuiEs BABcock
1 0.37 1.18 0.36
2 0.27 0.97 0.36
3 0.22 0.68 0.27
4 0.13 1.03 0.14
b5 0.34 1.84 0.28
6 0.29 1.79 0.32
7 0.32 1.89 0.32
8 0.18 1.52 0.16

TasLe VIII. Errecr or Sizeé oF CASEIN PARTICLES ON FAT

ExXTRACTION
(Adams ether extraction 48 hours)
SAMPLE 100 Mesa 65 Mzsa 40 Mzesu 20 Mxsu

% % T 3
11 0.31 0.28 0.14 0.15
12 0.26 0.26 0.23 0.16
13 0.28 0.22 0.12 0.12
14 0.50 0.29 0.21 0.20
15 0.37 0.14 0.05 0.05

The Babcock method used, given by Sutermeister (10),
approximates very closely the official ether extraction method,
and is probably the best practical method to use in com-
mercial plants. Attempts were made to dissolve the casein
in various other solvents than those given by Sutermeister,
such as sodium borate, sodium phosphate, and ammonium
and sodium hydroxides. These solvents dissolved the casein
very rapidly, but when sulfuric acid was added the reaction
was so violent that it was almost impossible to prevent some
loss of the sample from the bottle. The best results were
obtained by the use of 1 gram of casein, 10 cc. of water, 4 cc.
of butyl alcohol, and 2 cc. of concentrated ammonium hy-
droxide. The casein dissolved readily and did not cause
very violent reaction when 15 ce. of concentrated sulfuric
acid were added. .

The Mojonnier method was also tried, but the same
difficulties were found as in the Roese-Gottlieb method.

In Table VIII is shown the effect of the size of casein
particles upon fat solubility by the ether extraction method.
The results are self-evident. Apparently some fat is held
within the larger particles of casein so that it cannot be
extracted. No attempt was made to grind the casein finer
than 100 mesh, and it is possible that a small amount of fat
remained in the casein, but it was felt that this degree of
fineness is sufficient to obtain practically all the fat. In fat
determination on casein, therefore, the authors believe that
the ether extraction method is the most accurate of any
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tried, providing the sample is ground to 100 mesh and ex-
tracted for at least 48 hours.

ComPARISON OF FREE Acipity, ToTAL AcmiTy,
PH Varue, CoNDUCTIVITY, SOLUBILITY, AND
AsH CONTENT

Table IX gives the results on free acidity, total acidity,
pH value, conductivity, and ash on eight commercial samples
of casein and a pure casein (Merck, purified according to
Hammarsten).

Free acidity was determined by adding 100 cc. of water to
10 grams of casein, allowing it to stand for five hours, filtering
and titrating 50 cc. of the filtrate with 0.1 N sodium hydroxide.
Total acidity was obtained by dissolving 1 gram of casein in
25 ce. of 0.1 N sodium }Hvdroxide, adding 50 cc. of water, and
titrating back with 0.1 N sulfuric acid, using phenolphthalein
as an indicator. pH values were determined by both the hy-
drogen electrode and quinhydrone methods, using a 5 per cent
suspension of casein. In determining conductivity, a 5 per cent
suspension of casein was used in specially prepared conductivity
water and allowed to stand for 17 hours, or overnight, before
running.

Ash was determined by the calcium acetate method dis-
cussed previously. Solubility was determined in minutes re-
quired completely to dissolve a given amount of casein in 300 cc.
of a 2.5 per cent solution of sodium borate at 65° C.

In the determination of pH values the stirring hydrogen-
electrode method developed )‘3}: Bollen (4) was used. gompari—
sons were made with the quinhydrone method in order to deter-
mine whether this simpler method could be used. No practical
differences were obtained and it is felt that for all practical
purposes the quinhydrone method may be used for determina-
tion of pH values on casein.

In Table X is given a comparison of the effects of time,
strength of solution, and size of particles on pH values.
The casein was allowed to stand for at least 1 hour in solu-
tion in order that it might become thoroughly saturated.
Since no differences were obtained regardless of fineness of
particles, length of time in solution after 1 hour, or amounts
of casein in solution, it was decided to use the 5 per cent
suspension because of the greater ease of handling.

TasLE X. EFFECT OF STRENGTH OF SOLUTION AND SIZE OF
CasEIN ParticLes oN pPH VavLue

Errecr or S1zE or
PArTIcLES OF CASEIN
- ox pPH VALUE
20 40 65 100
20 % 50 % mesh mesh mesh mesh

ErrrcT oF AMOUNT oF CABEIN ON
ALUE
5% 10 %
Hours
3.83 3 5 3.90 3.92 3.92

1 18.80 382 3 e s e i

18 3.80 3.80 3.85 3.85 3.85 3.03 383 3.88 3.88 3.92

In Table XT is shown the effect of these same factors upon
conductivity. Apparently at least 17 hours or overnight
standing in solution is necessary to reach a constant. Fine-
ness of particles also has considerable effect, the salts seeming
to go into solution much more rapidly when the casein is
ground to smaller mesh. However, there 1s no difference in
conductivity if the sample is allowed to stand overnight.
Slightly higher results were obtained when a 5 per cent
suspension was used, probably because of a more complete
solution of the salts present. The 5 per cent suspension was
decided upon as the more convenient to use.

TapLe IX. ComparisoN oF Free Acmiry, Toral Acmrry, PH VaLue, CoNpucriviTy, AND AsH oF NINE SAMPLES oF CASEIN

HYDROGEN
FrEE ToraL ELxcTRODE
SAMPLE AciprTy Acipiry rH
Ce Ce.
1 12571 14,72 3.90
2 12.85 14,7 3.90
3 12,10 14,62 3.97
4 11.85 14,50 3.91
5 7.15 14.10 4.21
6 7.85 13.90 4.27
i 9.55 13.60 4.11
8 10.95 14.01 3.81
Pure casein (Hammarsten) 1.60 9.75 5.64

QuiN- SoruBILITY
HYDRONE 10 Graus Asn
rH ConpucTIviTY REsIsTANCE Casery CoNTENT
Ohms Min. %
3.99 1.41 X 10-3 709.0 8.5 3.79
3.91 1.40 X 10-3 714.0 5.0 3.37
4.04 1.82 ' X 1073 617.0 7.5 4.06
4.12 1.40 X 1072 714.0 6.0 3.89
4.21 1.01 X 103 990.0 5.5 3,83
4,28 1.21 X'1073 825.0 5.5 3.56
4.10 1.19 X103 840.0 8.5 3.85
3.85 0.975 X 10~ 1025.0 6.0 3.47
5.84 0,148 X 10-% 6754.0 1.0 2.44
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TasLE XI. EFFECT OF STRENGTH OF SOLUTION AND SizE OF CASEIN PARTICLES oN CONDUCTIVITY
—CONDUCTIVITY
CASEIN IN SOLUTION Immediately 4 hours 6 hours 17 hours 45 hours
%
5 0.72 X 1073 1.20 X 1073 1.54 X 1072 1.43 X 1072 1.40 X 103
10 1.88 X 103 2.55 X 10~ 2.77:X 1078 2.68 X 1072 2.67 X 102
20 2.31 X 103 4.10 X 1072 4.51 X 1073 4.97 X 1073 4.95 X 1073
PARrTICLE Si1ZE 10 Per Cent SoruTioN

20 mesh 128831 0 3 e S e s S W R e e ARG R R 2378 X 10 T3S e e AR

40 mesh 2388510 T i A e S I R R et s 2.73 X 1073

65 mesh 21830410 T8 Sty e G St L er e S S S 2278351028t F e e e

100 mesh 2582510 58 S R R P B e e R e 227810 583 e s g A

Considerable difficulty was experienced in an attempt to arrive
at a solubility factor for the various caseins. The regular pro-
cedure of using 50 grams of casein in 300 cc. of 2.5 per cent
sodium borate solution heated to 65° C. was followed. It was
found impossible to determine the end point accurately, because
of the milky whiteness of the solution, which obscured the last
particles of casein to such an extent that one could not see
whether they were in solution or not. The method was modified
after various trials with different indicators by the addition of
1 cc. of a 1 per cent solution of corallin in alcohol. This gave a
red color to the casein solution which permitted easy visibility
of the particles not in solution. It was found by this method
that casein ground to pass a 20-mesh sieve dissolved rather
readily in fairly definite lengths of time, but that a few larger
lumps were always left which would not dissolve even in an
hour’s time. The method was then modified, using the same
strength of sodium borate solution and the same temperature,
but dissolving only 10 grams of casein. Complete solution was
obtained by this method.

The results are given in Table IX. Since the value of
the borax test lies in its ability to give direct evidence as to
the value of a casein for glue-making, paper-sizing, etc.,
further work must be done upon this phase of the problem
before any definite conclusions may be drawn.

From the results given in Table IX, it seems evident that
some relation exists between acidity, pH values, conductivity,
and solubility. Where acidity is low and conductivity shows
a high resistance there is always a tendency toward a low
ash content and a rapid solubility. When the commercial
samples are compared with the analyses of pure casein
(purified according to Hammarsten), this fact becomes self-
evident. Pure casein gives a much lower free acidity and
a considerably higher resistance in ohms, while the ash con-
tent is lower and the solubility much more rapid, The pH
value also indicates that there is much less acidity in the
sample of pure casein than in the commercial caseins.

The method of treatment of the commerecial sample in its
preparation will obviously have a considerable influence on
all methods of analysis proposed, but in the authors’ estima-
tion the sensitivity of conductivity to variable factors gives
it an importance above all other methods in determining
the impurities present in the sample. pH values also aid in
determining the acidity of the sample and should be studied
along with the free acidity and total acidity determinations.

Methods of analysis for moisture, ash, nitrogen, fat, pH
value, and conductivity as recommended in this paper have
been used by five research workers in analyzing approxi-
mately three hundred samples of casein. Extremely satis-
factory results have been obtained. -

SUMMARY

In order to determine moisture accurately it is necessary
to use temperatures which will not cause caramelization of
the sample. The best results were obtained when the
samples were dried in vacuum at 80° C. for 24 hours, a
sufficient time to produce constant weight.

Regardless of care in manipulation, it was found im-
possible to burn the samples for ash by ordinary methods
and obtain accurate results. Spattering always occurred
when nitric acid was added or when calcium acetate was
used in too small amounts. Charring the sample previous to

burning in the muffle aided only partially. The only method
that gave accurate checks was the use of 5 cc. of calcium
acetate solution, allowing it to stand in contact with the
casein for 20 minutes, then placing it in the cold muffle and
gradually bringing to a temperature of 650° C. The burning
was continued at this temperature until a white ash was
obtained.

In total nitrogen determinations it was found necessary
to digest the sample at least 4 hours by the Gunning method
and 6 hours by the Kjeldahl mercury method on gas burners
before all the nitrogen was obtained. Electric burners
shortened the length of time of digestion to 2 hours. When
selenium oxychloride was added to the copper sultate, mer-
cury, or copper sulfate and mercury in combination, the
length of time of digestion was shortened to 1 hour on the
electric burners and 2 hours on the gas burners.

The modified Babcock test for fat gave results agreeing
very closely with the official ether extraction method. The
official method gave the best results, if the sample was
ground to at least 100 mesh and extracted for 48 hours.

The quinhydrone method of determining pH values of
casein can be used satisfactorily.

The determination of conductivity is proposed as an
additional aid in evaluating caseins. Its extreme sensitivity
to variable factors in the preparation of caseins makes its
determination of value.

Further studies are being carried out on the solubility fac-
tor. Present methods are rather unsatisfactory when accu-
rate analysis is desired.
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Scientists of the Bureau of Standards have developed a
modified type of ink which, it is believed, will have no deteriorat-
ing effect on paper. Experts found, by inking papers and sub-
jecting them to accelerated aging f)y the application of heat,
that the ordinary type of writing ink caused rapid embrittle-
ment of the papers. In some cases folding endurance was de-
creased by as much as 50 per cent. After many experiments,
the ink found satisfactory in this connection is alkaline, ammonia
replacing the acid of the usual type of ink. There was practically
no embrittlement of papers inked with the newly developed
preparation when they were subjected to the heat test.



Determination of Sulfuric Ahhydride n
Sulfonated Oils and Other Products

New Direct Gravimetric Method

Raven Hamt, Hart Products Corporation, 1440 Broadway, New York, N. Y.

cally combined sulfuric anhydride by the present direct

method (Z) or the sulfuric acid titration method, the
sample is boiled with sulfuric acid and the increase in acidity,
which corresponds to the organically combined sulfur, is
determined volumetrically in the presence of methyl orange
indicator. The method is rapid and reliable, and has re-
placed to a considerable extent, in this country as well as
abroad, the old gravimetri¢ method consisting of two barium
sulfate determinations. The method, however, fails in the
presence of titratable salts, such as sodium acetate, that do
not give a sharp end point with indicators. Moreover, the
titration method as well as the old gravimetric method is not
applicable to oils of the true sulfonic type which are not hy-
drolyzed by acids.

In connection with an investigation of sulfonated oils by
a committee, of which the writer is chairman, appointed by
the American Association of Textile Chemists and Colorists,
a new direct gravimetric method has been developed by the
writer—the ash-gravimetric method—which seems appli-
cable to all types of sulfonated oils, including those containing
troublesome titratable salts. The ash-gravimetric method
consists essentially in isolating the sulfonated compound free
from inorganic salts and determining the ash of the purified
product. The method is direct in the sense that it requires
only one determination and the inorganic sulfate present in
the oil need not be determined separately.

Preliminary tests have indicated that the new method will
determine the combined sulfur not only in sulfonated oils of
the usual kind—i. e. ester type—but in special sulfonated
products, such as sulfonated mineral oils, sulfonated saponi-
fiable oils of the true sulfonic type, sulfonated aromatic hy-
drocarbons, and sulfonated fatty alcohols, esters, and other
compounds which have recently appeared on the market
(Nekal, Gardinol, Igepon etc.) as substitutes for soap and
wetting-out agents. The only requirement in the successful
application of the method is that the product may be com-
pletely extracted by solvents over a saturated solution of
sodium chloride or sulfate.

It was found that the ash of the pure sulfonated product
consists of sodium sulfate and represents just half of the
organically combined sulfuric anhydride. The reaction
during ignition is as follows, where R stands for the organic
radical:

IN THE analysis of sulfonated (sulfated) oils for organi-

2R—SO¢N8 e N&aSO( + SO] + ete.
or 2R-S0;Na —>= Na,S0, + SO; + ete.

In the calculation it is assumed that the ash consists of so-
dium sulfate rather than potassium or other metal sulfate.
This assumption applies to nearly all commercial oils, since
the sulfonic (or sulfate) group is almost completely neutralized
during the washing, which is usually done with a solution of
either sodium chloride or sulfate.

PROCEDURE

The procedure is varied somewhat, c}epending upon whether
or not the product contains ammonia, and whether or not

when dissolved in ether it forms emulsions with saturated
salt solutions.

A. REecuLar ProcEpUrE. Weigh 10 grams of the sample
into a 250-cc. pear-shaped separatory funnel containing 50 ce.
of 25 per cent sodium chloride solution. Add 5 drops of a 0.1
per cent solution of methyl orange and 75 to 100 cc. of ether, and
acidify with a.pf)roximately normal sulfuric acid until the lower
layer is distinetly pink (about 0.2 cc. excess), Add solid sodium
chloride equal to one-third of the acid added, shake vigorously
until the salt is practically dissolved, and allow the layers to
separate,

raw off the lower layer into another separatory funnel and
wash the ether layer with 25 cc. of the salt solution. Com-
bine the salt layers and extract twice with 20-cc. portions of
ether. Combine the ether layers and, after carefully removing
any water that may settle, shake well for 3 to 5 minutes with 10
cc. of 25 per cent sodium sulfate solution, at 50° C. Separate
the lower layer as completely as possible, warming it in warm
water or with steam to keep the salt from crystallizing, After
the water layer is removed, however, crystallization of any salt
that may be dissolved in the ether layer should be induced by
cooling to about 15° C. and, if necessary, by scratching the wall of
the funnel with a glass rod.

Filter into a dry 250-cc. beaker, washing the funnel and crys-
tals, if any, with three 10-cc. portions of ether or until all the
fatty matter has been transferred. Cool the filtered ether solu-
tion in ice water for 15 minutes, warm to 25° to 30° C,, filter
again into a dry 300-cc. flask, and wash the beaker and filter paper
with three 10-ce. portions of chilled ether. The filtered solution
when again chilled to 0° C. and warmed to 25° to 30° C. should
remain perfectly clear. A flocculent precipitate during chilling
that does not clear upon warming indicates insufficient solvent to
keep the fat in solution at that temperature, in which case more
solvent should be added.

Distill off the ether until the volume has been reduced to
about 20 cc. and transfer to a tared 50-cc. crucible (high form),
which is allowed to float in a 100-co. beaker filled with warm
water. Rinse the flask with two 10-cc. and two 5-ce. portions
of ether, respectively, or until all the oil has been transferred
to the crucible, each addition being made only after the ether
of the previous portion has practically evaporated. Care should
be taken during the evaporation to prevent loss of oil by creep-
ing; this may be avoided and the evaporation hastened by
constant stirring with a glass rod, which is ultimately wiged
clean with ashless filter paper that is added to the crucible.
After the ether is evaporated, burn the oil gently and ignite to
constant weight. To complete the oxidation of any remainin
carbon or traces of sulfide that may be formed, moisten the as
with a few drops of 30 per cent hydrogen peroxide and again
carefully ignite to constant weight.

B. ProcEpure 1IN PrESENCE oF AmmoONIA. Dissolve 10
grams of the sample in 80 cc. of water in a 300-cc. beaker, add 10
ce. of 0.5 N sodium hydroxide, and boil the solution %ently until
wet litmus paper no longer indicates ammonia. Cool and trans-
fer into a 300-cc. pear-shaped separatory funnel and add about 33
grams of solid sodium chloride, or enough to make finally a 25
per cent salt solution. Add 5 drops of a 0.1 per cent solution of
methyl orange and proceed with the neutralization and extraction
as directed in A.

C. Procepure 1N Case EmursioNs Form. Dissolve the
sample in 50 ce. of water and transfer carefully to a separatory
funnel. Add 100 ce. of ether and enough solid sodium chloride
to saturate the water layer and leave some solid salt in excess.
Shake well, add methyl orange indicator, and acidify as directed
under reguiar procedure. If emulsions form, add 2 ce. of aleohol
at a time until the emulsion breaks, mixing gently but not shaking
after each addition of the alcobol. Proceed then following pro-
cedure A, except that whenever emulsions are formed, %reak
them with alcohol as outlined.
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DiscussioN

According to Nishizawa and Winokuti (2), sulfonated oil
is least soluble as its monosodium compound—i. e., free from
soap—and in that form it is entirely insoluble in, or may be
completely extracted from, saturated solutions of either so-
dium chloride or sodium sulfate. Hence in the procedure
enough acid is added to the sample before extracting just to
decompose the soap. A very slight excess of acid is permis-
sible. Sodium chloride rather than sulfate is used for the
first few washes because it gives a much sharper color change
with methyl orange and because the salt does not tend to
crystallize. The purpose of the final wash with sodium sul-
fate is to dehydrate the ether extract as much as possible.

The addition of caustic soda to samples of sulfonated oil
containing ammonia is required only where the combined
SO:;H group is partly or wholly neutralized by the ammonia.
In that case unless converted into the sodium salt there would
be a loss of combined sulfate due to the volatilization of the
ammonium salt upon being ignited. Ammonium soaps,
however, do not interfere with the regular procedure.

In the presence of sodium acetate, the acidification as out-
lined probably decomposes the acetate incompletely into
acetic acid, which is partly extracted by the ether. This
does not interfere with the method, since during ignition the
acetic acid is entirely volatilized. The ether layer probably
becomes contaminated also with some of the undecomposed
sodium acetate which, however, is removed together with
other foreign inorganic salts by the Glauber’s salt wash and
during the chilling process.

ANALYSIS OF SAMPLES

To test the possibilities of the new method in the case of
the ordinary commercial sulfonated oils and similar products
confaining sodium acetate, the committee was requested to
analyze two samples of sulfonated oils, samples B and B-1,
by both the sulfuric acid titration method and the new ash-
gravimetric method. The results are given in Table I.
Sample B was a highly concentrated sulfonated (sulfated)
castor oil and sample B-1 was a mixture of equal parts of
sample B and a 5 per cent solution of anhydrous sodium ace-
tate. In the case of sample B-1 the committee reported
unanimously that accurate end points were impossible;
hence, no data are listed under the sulfuric acid titration
method.

TaBLE I. DETERMINATION OF COMBINED SULFURIC ANHYDRIDE
IN SuLFoNATED Q18 8BY NEwW AND OLp METHODS

SamrLE B
SULFURIC
ACID SamrrLE B-1
ASH-GRAVIMETRIC TITRATION ASH-GRAVIMETRIC
METHOD METHOD METHOD
Axavyst I 1T Av, Av. Axavyst I I Av,
o B % % % % %
1 5.37 5.37 5.37 5.24 1 2.51 2.58 2.55
2 5 o5 . 5.39 3 2.48. 2.52 2.50
3 5.05 4.98 5.02 5.18 4 2.52° 2.50. 2:51
5 3 == 5.26 5 2.51 2.57 2.54
6 5.04 5.10 5.07 5.10 8 2,65 2.54 2.60
7 5.28 15.18 5.22 5.16 7 2.63 2.64 2.64
8 5.22  5.17 5.20 5.17 8 2.87 2.681 2:64
9 5.:20 5.24 '5:22 5.25 9 2.50 2.54 2:52
10 5.27° 5.29 5.28 5.19 10 2.46 2,57 2.51
Mean 5.20 5.22 2,569
Greatest difference 0.35 0.29 0.14
Average deviation 0.09 0.06 0.05

¢ By calculation, 2.60.

It will be noticed that the mean for sample B by the new
and old methods was 5.20 and 5.22 per cent, respectively;
also that for sample B-1 the mean by the new method was
2.56 per cent compared with 2.60 per cent by calculation.
It will also be observed that the different analysts obtained
good agreement in the results by the new method; thus the
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greatest differences were 0.35 and 0.14 per cent, and the
average deviations were 0.09 and 0.05 per cent, respectively,
for samples B and B-1.

COMBINED SULFURIC ANHYDRIDE IN COMMERCIAL
SULFONATED COMPOUNDS

Sulfonated products of different types were analyzed in
the writer’s laboratory by the new method and the results are
listed in Table II. Where the method could be used, results
by the sulfuric acid titration method are also given. Where
it was not possible to compare the two methods, the combined
salt water washes by the new method were further extracted
with ether or ether-alcohol, but in all cases the residues in the
extracts were found to be negligible. Furthermore, the ash
invariably gave a negative test for chloride, indicating the
probability that the ether extracts were free from Glauber’s
salt. Because of troublesome emulsions with samples 4, 5,
6, and 7, the combined sulfuric anhydride in these products
was determined by procedure C.

TaBre II. DETERMINATION OF ORGANICALLY CoOMBINED SUL-
FURIC ANHYDRIDE IN SULFONATED COMPOUNDS

Asn- SULFURIC
GRAVI- Acip
METRIC  TITRATION
SAMPLE DESCRIPTION MeTrHOD METHOD
% %
1 Sulfated castor oil 5.23 5.19
2 Sulfated castor oil® 2.58b 35
3 Sulfated olive oil® 3.90 3.82
4 Sulfonated oild 3.00 0.00
5 Sulfated fatty aleohol 16.18 15.80
6 Sulfonated fatty ester® 6.25 0.00
7 Sulfonated aromatic hydrocarbon/ 10.70 0.00
8 Sulfonated mineral oil 4.21 0.00
9 Sulfonated mineral oile 4.884 0.00

% Equal parts of sample 1 and 5 per cent solution of sodium acetate.
b By calculation 2.60.

¢ Neutralized with ammonia.

d Saponifiable, true sulfonic acid tyE

¢ Fatty acid combined with sulfo-alkylamine,

/ Isobutyl naphthalene sodium sulfonate.

¢ One part of sample 8 and two parts of 259% solution of Na:SOx.

& By calculation 4.74.

SUMMARY

A new gravimetric method, called the “ash-gravimetric'
method, is outlined for the determination of organically
combined sulfuric anhydride in sulfonated oils. The method
is direct and seems to be applicable to all types of sulfonated
oils, including: the sulfate or ester type, with or without
titrable salts; sulfonated saponifiable oils (true sulfonic
type); sulfonated mineral oils; sulfonated aromatic hydro-
carbons; and sulfonated or sulfated fatty alcohols and esters
—the last two being soap substitutes recently brought on the
market. In many of these cases the present sulfuric acid
titration method is not applicable. In the new method only
one sample is required for analysis, compared with two by
the other methods. The manipulations are comparatively
simple, check results are easily obtained, and the concordance
among different analysts is very satisfactory. .
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Inhibiting Effect of Certain Substances upon
Oxidation of Sulfurous Acid

J. S. MrrcaeLn, G. A. Prrvan, anp P. F. Nicrors
Fruit Products Laboratory, University of California, Berkeley, Calif.

acid contains many indications that incomplete re-

r I YHE literature regarding the determination of sulfurous
covery may be due to oxidation of sulfite or bisulfite to

sulfate. Many of these have been summarized by Monier-
Williams (3). Among the substances mentioned early as

hastening the oxidation are included oxalic acid, carbon diox-
ide, ozone, and copper. Among substances reported asretard-
ing the oxidation are mannitol, benzaldehyde, ethyl alecohol,
glycerol, benzylic alcohol, sucrose, invert sugar, asparagine,
aspartic and glutamic acids, potassium lactate, and stannous
and stannic chlorides. Recently Kolthoff (2) has published
observations on a number of the above substances and also on
manganous and ferrous ions, glucose, lactose, and boric acid
in the oxidation of 0.05 M sodium sulfite and sodium bisul-
fite solutions standing at room temperature.

Waterman (5) observed that excess alkali increased the
oxidation of sodium sulfite. Observation that sodium sul-
fite oxidized more rapidly than sulfurous acid solutions led
Nichols and Reed (4) to choose the latter as a reference sub-
stance in distillation experiments.

EXPERIMENTS WITH SULFUROUS ACID SOLUTIONS

It was thought desirable to extend to sulfurous acid solu-
tions a study of some of the substances used with sulfite and
bisulfite solutions by Kolthoff. This study® was carried out
as follows:

The sulfurous solutions were prepared by passing sulfur dioxide
gas from a cylinder into distilled water and diluting to the de-
sired strength. For each substance studied, 50 cc. of the diluted
solution were made up in a 500-cc. volumetric flask. After
thorough mixing, this was divided equally by means of a 250-cc.
volumetric flask and each portion poured gently into a 500-ce.
Erlenmeyer flask containing one of the substances in the amount
indicated in Table I. Where necessary the flasks were rotated

ently to cause the inhibitor to go into solution as far as J)ossib[e.
%‘he ga.sks were closed with paraffined cork stoppers and kept in
a dark cupboard at room temperature between observations.

TasLe 1. DecomposiTioN oF 0.0573 M SULFUROUS ACID AT
RooM TEMPERATURE

Divinvrion of Titer or Sur-

SussTANCE AppED TO 250 CC. oF FUROUS Acip S8OLUTION

SoruTiON 8 days 16 days 23 days
o o To
5.0 g. sucrose 3 12 18
5.0 g. mannitol 2 122 182
5.0 g. lactose 8 14 18
5.0 co. glycerol 5 3 13 18
0.05 g. stannous chloride 12 20 23s
0.5 g. stannic chloride ° 10 20 278
10.0 ce. ethyl alcohol 93 225 325
20.0 mg. Cu ion (cupric tartrate) 15 28 37
0.5 g. SnCly and 0.5 g. HaPOy 15 278 39
3.0 g. borie acid ' 16 31 41
0.5 g. molybdie acid 17 33 44
0.5 g. boric aci 22 405 476
No addition 17 42 526
10.0 mg. ferrous ion (sulfate) 40 79 e
and 1.0 g. HsPO4
50.0 mg. ferrous ion (sulfate) 75 e e

3 Duplicate determinations differed from mean by more than 2 per cent.
b Duplicate determinations differed from mean by more than 5 per cent.
¢ Remaining solution insufficient for titration.

The initial concentration of sulfurous acid was 0.0573 N.
The per cent loss in concentration of sulfurous acid as shown

! Begun by C. M. Wiedmann in this laboratory.

by titration into 0.1 N iodine after 8, 16, and 23 days is
shown in Table I, the substances added being listed in order
of their effectiveness in preventing oxidation at the time of
the last observations.

Several of the inhibitors that appeared to be effective at
room temperature were next used in the distillation of sulfur-
ous acid into iodine, using the method and apparatus de-
scribed by Nichols and Reed (4).

The sulfurous acid solutions were prepared as before by bub-
bling sulfur dioxide from a eylinder through distilled water and
diluting to the desired strength. Of the diluted solutions 10
ce. were introduced into an 800-ce. Kjeldahl flask which was
immediately connected, through a condenser and adapter, to
a 500-ce. Erlenmeyer flask standing in an ice-water bath and
containing 50 cc. of approximately 0.1 N iodine solution.
Through a vent tube witﬁ a narrow tip dipping below the solu-
tion in the Kjeldahl flask were then added in succession 10 ce. of
10 per cent sodium bicarbonate and 10 cec. of concentrated hydro-
chloric acid. Following these additions, 150 ce. were distilled
over into the receiving flask, and the residual iodine was titrated
with 0.1 N sodium thiosulfate. Blank determinations were
made in a similar manner in all cases, omitting only the sulfurous
acid solution, and the corrections were applied before calculating
the per cent recovery.

The results are given in Table II, showing in each case the
calculated probable error of the mean percentage recovery.

TasLe II. Errecr oF INHIBITORS ON PERCENTAGE OF SuL-
FUROUS Acip DISTILLED FrROM SULFUROUS Acip SOLUTIONS

INE1BITOR ADDED Braxx Cor-
Kind Amount RecTiON A8 8O; S0: RECOVERED
Grams Gram %
None —0.0006 92.7 + 0.8
Dextrose 8 +0.0003 103.8 + 1.0
Sucrose 6 —0.00086 97.9 = 0.2
Tartaric acid 6 —0.0004 98.3 =+ 1.1
Ce.
Glycerol 10 +0.0002 89.5 £ 1.8
Benzyl aleohol 2 —0.0004 94.9 + 3.9
Ethyl alcohol 10 —0.0099 82.2 4 3.2
Mannite 6 grams —0.0001 104.0 + 2.2

ExpErIMENTS WiTH DRIED FRUIT

The inhibitors used with sulfurous acid solutions were em-
ployed in the determination of sulfurous acid in several
samples of dried fruit, using the method described abave.
The results corrected for blanks and with the probable errors
of the means are shown in Table III, with the exception that
ménnite was tried with only one sample of fruit (apricots).
In this case the corrected value was 490 p. p. m. = 3 without
the inhibitor, and 493 p. p. m. = 2 with the addition of 6
grams of mannitol.

Jeu and Alyea (1) have reported that hydroquinone and
other phenols exert a powerful retarding effect upon the oxi-
dation of sulfite under the conditions of their experiments;
hence several of these were tried in the distillation of sulfurous
acid from dried fruits. Metallic zine (dust) and tin (mossy)
were also tried, as was the addition of a layer of refined min-
eral oil (Nujol). The equivalent ratio of sulfur dioxide fo
phenol in the experiments with apricot sample 2 was 25; with
pears if was 18; with apricot sample 1 it was 0.9 and 4.5
(pyrogallol). The results are given in Table IV, in which as
in preceding tables the probable errors of the means are also
shown.
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TasLE III. EFrFECT OF INHIBITORS ON AMOUNT OF SULFUROUS AcID DISTILLED FROM FRUIT
SuLrur Dioxip
INHIBITOR ADDED APPLES APRICOTS PEACHES
in Amount Found Increase Found Increase Found Increase
Grams P.p.m. P.p.m. P. p.m. P.p.m. P.p.m. P, p.m.
None B 809 &= 2 1877 4-23 1891 4= 12
Dextrose 6 839 12 30 1914 4= O 37 1812 419 - 79
Sucrose 6 830 £ 6 PP R R S 55 1867 = 17 - 24
Tartaric acid 6 801 20 - 8 1902 & 12 25 1728 + 32 —163
Ce,
Glycerol 10 852 416 43 1899 & 3 22 1884 4= 6 - 7
Benzyl alcohol” 10 683 = 8 —~171 1607 =68 —=2705E Caa e L] atale
Ethyl alcohol 10 539 £ 0 —-270 1699 £ 2 -~178 1549 £ 76 —~342
TasLe IV. ErrEcT oF INHIBITORS ON AMOUNT OF SULFUROUS AcIp DISTILLED FROM FRUIT
; SuLFUR D1oXIDE
INnisiToR ADDED APRICOTS 1 APRICOTS 2 PEARS
Kind Amount Found Increase Found Increase Found Increase
Gram P. p. m. P.p.m. P.p.m P.p. m. P.p.m, P.p.m.
INODS R S AR e SRS NSy 436 =+ 20 % 2646 £ 2 1o 1786 + 52 Fid
Catechol 0.0055 Sy 2559 £ 3 Cop 2 Y ety A e LS P
Resorcinol 0.0055 R 2537 &= 8 —100 St et
Hydroquinone 0.0055 s o 2602 & 3 — A POl T S
Hydroquinone 0.0275 455 = 0 19 2 ie s P A e e S e
Pyrogallol 0.0042 419 = 3 -17 2654 + 48 8 1725 4 0 61
Pyrogallol 0.0210 465 = 4 20 e s R S S SR T e
Pﬁloroglucinol‘ 0.0054 g o 2664 £ 15 18 ISy e L T
Zinc, metallic 0.2 425 + 11 —11 1845 = 6 =801 e e SRS ey
Tin, metallic 0.36 440 = 5 R e R P R RoE 1822 + 25 36
Ce.
Mineral oil B0, e R e e R S s SRR R SR 1720 =+ 31 — 66
Ethyl alcohol {415 A RS e e e B R T e e SRR SR fopt 1584 -+ 27 —202

@ Including water of crystallization.

DiscussioN

In the experiments with the sulfurous acid standing at room
temperature the inhibiting or accelerating effects of the differ-
ent added substances were in a general way similar to those
reported by Kolthoff for sodium sulfite and bisulfite. Only
ferrous ion had a definite accelerating effect. All the other
added substances appeared to have more or less inhibiting
effect, although in several cases the differences are probably
too small to be of significance. Sucrose, mannitol, lactose,
and glycerol had effects of undoubted significance, reducing
the oxidation by two-thirds or more. While stannous and
stannic chlorides and ethyl alcohol were less effective, even
these substances reduced the oxidation by half or more.

In the distillation experiments with sulfurous acid solu-
tions mannitol, dextrose, tartaric acid, and sucrose increased
the recovery by an apparently significant amount. Benzyl
alcohol was of doubtful effect and the determinations made
with this inhibifor were noticeably erratic. Glycerol was also
- of doubtful value, while ethyl alcohol decreased the yield by
a significant amount, although here again the determinations
were somewhat erratic. The blank correction for most of
the inhibitors used was small, usually amounting to about that
for the reagents without inhibitors which is assumed to be
due to loss of iodine by volatilization. The small positive
corrections for dextrose and glycerol are probably errors.
The blank correction for ethyl aleohol, however, is 15 or more
times as large as for the other inhibitors, and has the effect
of reducing the yield from over 100 to slightly over 80 per
cent.

In the distillation of sulfurous acid from dried fruits, the
data of Nichols and Reed (4) seem to support the conclusion
that too high results are unlikely. Hence it is assumed that
the highest values obtained by distillation into iodine ap-
proach most closely the true values.

Examination of the figures in Tables IIT and IV indicates
that in the distillation of sulfurous acid from dried fruit none
of the inhibitors used consistently increased the yield by a
significant amount. Benzyl and ethyl aleohols again gave
erratic results, and the yields were consistently and signifi-
cantly lower.

The use of a layer of mineral oil was intended to keep the
boiling liquid out of contact with the atmosphere in the dis-
tillation flask. This failed of its purpose, for severe bumping

occurred and the layer was not entire during boiling; the
oil separated in several large globules or agglomerations.

Quite commonly during distillation the side walls of the
adapter in the receiving flask became coated with a somewhat
waxy, yellowish, granular deposit at the surface of the liquid.
When apricot sample 2 was being studied with zine dust this
deposit was unusually prominent. In this case the yield of
sulfurous acid was remarkably low. The deposit was soluble
in carbon bisulfide and was suspected of being sulfur, but was
not identified. The occurrence of a deposit of similar appear-
ance in subsequent blank determinations made it appear
doubtful if it were free sulfur. When metallic tin was used
the deposit was not unusually large. In this connection it
13 interesting to note that Zerban and Naquin (6) reported
deposits of free sulfur in tin condensers during the distilla-
tion of sulfurous acid.

SUMMARY

Inhibiting effects of various substances noted by Kolthoff
in the oxidation of sodium sulfite and bisulfite solutions at
room temperature have been found to occur in sulfurous acid
solutions. The authors’ experiments indicate that none of the
substances suggested as sulfite oxidation inhibitors and tried
by them are effective in increasing the yield of sulfurous acid
distilled from dried fruits.
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Tre Discovery that vitamin D is produced by the action of
ultra-violet rays on organic substances started experiments to
produce or multiply the vitamin in foods. Two German re-
search workers claim to have discovered that prolonged treat-
ment with ultra-violet rays produces poisonous substances.



Determination of Silicon in Sea Water

TroMmAS G. THOMPSON AND HAROLD G. HourtoN, University of Washington, Seattle, Wash.

in natural waters was apparently first noted by Berg-

man (3) in 1770 and the first quantitative data were
reported by Bunsen (4) in 1847. Three years later, Forch-
hammer (7) noted the presence of silicates in sea water col-
lected near Copenhagen. In 1891 Murray and Irvine (11)
summarized the quantitative data of other investigators on
the silicon content of sea water, elaborated considerably on
previous work, and attempted to show the role of the com-
pounds containing silicon in the sea. This pioneer work may
now be criticized because of the admitted lack of suitable
analytical refinement and the failure to prevent contamina-
tion of the water samples. In 1905 Raben (12) made a de-
tailed study of the determination of silicon in sea water using
a gravimetric method which has since been improved by
Wells (18). This procedure is undoubtedly the most reliable
of the gravimetric methods, but the main objections to it
are the large supply of water necessary for a determination,
the length of time required, and the ease with which a sample
may be contaminated.

The first application of a colorimetric method for silicates
was that by Jolles and Neurath (8). These investigators
used as their reagents concentrated nitric acid and a 16 per
cent solution of potassium molybdate. The yellow color,
developed by the formation of the silicomolybdate complex,
was shown to reach maximum intensity when heated for a
short interval. Solutions of water glass of known silicon
content, accorded the same treatment as the samples, were
used as standards. Later workers (10, 13, 14) eliminated heat-
ing and substituted the use of other mineral acids. In 1914
Winkler (19) introduced the use of potassium chromate solu-
tions as artificial color standards and thus avoided any con-
tamination of water-glass standards by glass vessels. Dienert
and Wandenbulke (6) modified Winkler’s procedure by thein-
troduction of standards prepared from picric acid solutions.
Atkins (2) showed that the colorimetric method was appli-
cable to sea water, while the preparation of the pieric acid
standards for such determinations has been made the subject
of investigation by King and Lucas (9). i

r I VHE presence of compounds containing silicon dissolved

COLORIMETRIC DETERMINATION OF SILICON

The chemistry of the method, as shown by Asch (1), de-
pends upon the formation of a yellow heteropoly acid, having
the probable formula of HsSi(Mo,0:)s when an acidified solu-
tion of a soluble silicate is treated with ammonium molybdate.
The method is accurate and is particularly advantageous
because of the small amount of sample required and the ease
and rapidity of manipulation. The procedure and prepara-
tion of the reagents required are as follows:

Asvontom MoLyBpATE REAGENT. Ten grams of ammonium
molybdate are dissolved in 90 grams of distilled water. The
heptamolybdate, (NHi)sMo;0:-4H:0, is the usual compound
employed for this reagent and should be examined from time to
time to insure freedom from silicates. v

PrepAraTION OF PURE Picric Acm. Forty grams of picric
acid are dissolved in 100 m!. of benzene on a water bath. The
resulting solution is filtered with suction through a Biichner
funnel, leaving behind by decantation as much water as possible.
The benzene is then partially evaporated, under reduced pressure,
until water again appears in dark globules. These globules are
decanted off and the excess benzene evaporated completely at
reduced pressure, until the picric acid is and free from ben-
zene. The drying under reduced pressure is performed on a
water bath. glmjl quantities of picric acid are placed in clean, dry
test tubes, and the tubes are sealed and stored until ready for use.

PREPARATION OF PICRIC AcID STANDARDS. A solution is pre-
pared by dissolving 314.2 mg. of the vacuum-dried, recrystallized
picric acid in distilled water and making up to a volume of
exactly 1 liter. This solution has a color equivalent of 10
mg.-atoms of silicon per kilogram for sea water of chlorinities
from 14.5 to 19.5 per mille. Fifty milliliters of the solution are
diluted to a volume of 1 liter and portions of it are taken and
diluted in volumetric flasks to 250 ml. Four milliliters of the
picric acid solution, when diluted to 250 ml., are equivalent to
0.008 mg.-atoms of silicon per kg. when a 50-ml. Nessler tube is
filled to the graduation. Solutions with different portions of
Excric acid are thus prepared and transferred to glass-stoppered

ottles. When standards are desired, a series of 50-ml. Nessler
tubes are filled to the mark with these solutions. Each increase
of 2 ml. of the picric acid on dilution to 250 ml. gives an increase
of 0.004 mg.-atoms of silicon per kg. A series of such standards
is most convenient for field work and is stable over a consider-
able period of time.

If it is desired to report as milligram-atoms of silicon per liter,
the original picric acid solution should contain 307.5 mg. of
picric acid per liter instead of 314.2 mg.

MeTrrOD. To 50 ml. of freshly sampled sea water, secured
directly from the sampling apparatus as it arrives aboard ship,
2 ml. of the ammonium molybdate reagent are added and 4
drops of 18 N sulfuric acid. Xfter 5 minutes, the resulting color
is compared either with a picric acid standard in a colorimeter or
with a series of standard solutions in Nessler tubes.

FURTHER EXPERIMENTAL INVESTIGATIONS

A study of four possible factors that might influence the
colorimetric determination of silicon in sea water was made
and the observations noted are summarized beloyw.

PossiBLE DIFFERENCES IN BEHAVIOR OF META- AND
OrrtHOSILICATES, To ascertain whether an inherent error in
the determination may be encountered when different ions
containing silicon are present, two standard solutions, one
of sodium metasilicate and the other of sodium orthosilicate,
were prepared. Weighed amounts of pure silica were fused
with sodium carbonate and sodium hydroxide, respectively.
The fused masses were dissolved in water, neutralized, and
each diluted to a volume of 1 liter. Immediate analysis of
these solutions colorimetrically gave the following:

Stuica
True value  Value obtained

Mg.-at./l. Mg.-at./L.
Orthosilicate 0.083 0.082
Metasilicate 0.083 0.082

These data were explained by the fact that one atom of sili-
con oceurs in the ortho ion as well as in the meta ion and thus

‘ the same coordination of the silicon atoms with the molyb-

date radicals takes place and develops the same color inten-
sity.

ErrEcT OF TEMPERATURE ON SILICOMOLYBDATE COLOR.
A series of samples containing the same amount of silicon was
run at various temperatures from 7° to 25° C., but change in
color intensity could not be detected with either the samples
or the standard pieric acid solutions.

Errect oF Funcus GrROWTHS IN PICRIC ACID STANDARDS.
A fungus growth was noticed in several picric acid standard
solutions and the colonies started were permitted to continue.
Three months later, on dilution of the standard and com-
parison with freshly prepared solutions, no diminution in
color intensity was discernible.

Errecr oF LoNg STANDING ON PICRIC ACID STANDARDS.
Picric acid solutions to be used for the preparation of stand-
ards were made in March, 1930. They were allowed to stand
17 months, part of the time subjected to the action of sun-
light. In August, 1931, these samples were diluted in the
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usual manner and compared with freshly prepared solutions.
No change whatsoever was observable. One year later
(August, 1932), standards were again made from these solu-
tions and compared with those freshly prepared and no change
was noted. This fact appears to contradict the observations
reported by Atkins (2), who noted a change in 3 months, but
the authors have likewise observed that continual exposure
of the diluted solution to the dust of the air, ete., may cause
a fading in color within the period mentioned by Atkins.
However, these diluted solutions may be kept for a consider-
able period in stoppered tubes, the stoppers being removed
only when comparisons are to be made.

Use or CoLORMMETRIC METHOD

As the result of a detailed study of the method used in the
laboratory and aboard ship, the following notes summarize
certain observations and precautions necessary in the applica-
tion of the method:

1. A greenish tinge is sometimes obtained with water having
more than 0.07 mg.-atoms of silicon per kg., especially if Nessler
tubes are employed. This interference may usually be elimi-
nated by the use of the colorimeter or by the reduction of the size
of the sample to 25 ml.

2. With waters of low silicon values, 100-ml. samples should
be utilized. A sensitivity is obtained with Nessler tube series of
2 parts of silicon to 100,000,000 parts of water.

3. An excess of sulfuric acid causes a diminution in the color
intensity, but no effect is noted with slight excesses of the molyb-
date solution. The yellow color of the heteropoly acid reaches
its maximum intensity within 5 minutes after the addition of the
reagents and remains constant for nearly 3 hours. However, the
samples should be compared with the standards as soon as pos-
sible to avoid any increase in silicates caused by the dissolving
action of the sea water on the glass container.

4. A maximum probable error of 5 per cent occurs when
Nessler tubes are employed and this may be reduced by the em-
ployment of the colorimeter.

Dissolved compounds containing iron or phosphorus in
sufficient quantities to affect the determination are not encoun-
tered in sea water (1, 15).

6. Organisms and finely divided inorganic material, if present
in sufficient quantities, may be removed by filtration or centri-

fuging.

%l. Contamination from glass bottles containing the sea water
samples is very marked, as shown by Atkins (2) and Thompson
and Johnson (17). Thus water that has been exposed to glass
for some lenith of time should not be analyzed for silicon. If
containers other than glass are employed, they soon corrode and
the sediment settling to the bottom may absorb silicates. Thus
for reliable results analyses should be performed only on freshly
sampled sea water. >

8. The c. p. picric acid contains varying quantities of water,
and such material should never be useg1 for the preparation of
standards without recrystallization and drying.
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9. Picric acid standards should never be prepared with sea
water, as the dissolved salts have a very pronounced “salt effect.”

10. Should it be deemed advisable to dilute samples with dis-
tilled water, an examination of the latter for silicon should first
be made.

11. To insure concordant results on long trips, it is advan-
tageous to prepare two standard stock solutions from two different
batches of pure picric acid. The comparison standards are made
from one of these solutions and these are checked occasionally
against the second standard.

12, Various means of reportimf the quantity of dissolved
silicates in sea water occur in the literature. The authors feel
that the most logical form of reporting the results is that recom-
mended by a committee of chemists representing the different
marine and oceanographic institutions on the Pacific Coast of
Canada and the United States. The committee recommended
that the constituents of sea water be reported as milligram-atoms
of the element determined per kilogram of water. A milligram-
atom is defined as the result obtained when the number of milli-
grams of the determined element per kilogram of sea water is
divided by the atomic weight of the element (5).

13. The silicon content varies considerably in sea water rang-
ing from less than 0.01 mg.-atom of silicon per kg. in surface
waters where there is marked plankton growtllm) to as high as 0.3
mg.-atom in the bottom ocean waters. Generally speaking, the
silicon content increases with depth, and coastal waters as well
as those of estuaries will show a seasonal fluctuation.
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Note on Shaffer and Hartmann Combined Carbonate-Citrate Method
for Determination of Glucose

J. O. Harverson AnD F. W. Suerwoob, Nutrition Laboratory, Agricultural Experiment Station, Raleigh, N. C.

IN MANY respects one of the most rapid and convenient
methods for the determination of dextrose after the hy-
drolysis of starch by a malt solution is that of Shaffer and
Hartmann! in which the “combined carbonate-citrate solu-
tion” is used. This is a single stable alkaline copper solu-
tion to which is added sufficient potassium iodide and potas-
sium jodate to yield a 0.1 N iodine solution when acidified.
With this combined reagent it is necessary only to add the
dextrose solution, boil, cool, acidify, and titrate the excess
1odine liberated.

In checking this method with a washed starch and also

1 Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 45, 365 (1921).

against dextrose (No. 41, Bureau of Standards), the amount
recovered for the latter, calculated from the copper : glucose
ratios of Shaffer and Hartmann, averaged 2.3 mg. more than
that started with. In other words, in the authors’ hands and
under their conditions, with the standardization of uniform
heating by an electric hot plate? in bringing the solution to a
boil, there was somewhat more reduction from a given amount
of glucose than that reported by Shaffer and Hartmann.

A preliminary examination of the data showed that there

t I. D. Jones has found that the rate of heating by the slightly fluctuating

electric current may be readily controlled by the use of an ammeter and
rheostat.
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was a linear relation between the amounts of dextrose present
and the amount of copper reduced. In order to derive an
expression of this relation which would be more applicable
under the authors’ conditions than the published ratios,
a straight line was fitted by the method of least squares to the
results of 46 determinations (omitted).

This linear estimating equation was found to be:

Mg. of glucose = 0.458 (mg. of copper reduced) — 1.546, with
a standard error of 0.74 mg. of glucose, over the range between
35 and 125 mg. of glucose.
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These data indicate that the combined carbonate-citrate
method gives results closely paralleling those published by
the authors, but because of the number of factors which affect
the reduction each analyst should carefully standardize his
technic and for the more accurate work should derive an ex-
pression of the relation between the amount of dextrose pres-
ent and the amount of copper reduced (or set of copper:
glucose ratios) which is applicable under the conditions pre-
vailing in his laboratory.

Recervep June 7, 1933. Published with the approval of the Director of

the North Carolina Agricultural Experiment Station as Paper 72 of the
Journal Series.

Continuous Liquid Extractor

ABRAHAM MAzUR, ROBERT ROSENTHAL, AND
BENJAMIN HARROW

College of the City of New York, Convent Ave. and
140th St., New York, N. Y.

CONTINUOUS liquid extractor for solvents having a
lower specific gravity than the liquid to be extracted
is shown in the figure.

The receiving flask 4, containing the solvent, can be made
from a 250-cc. Erlenmeyer flask, The container D consists
of a large test tube constricted at both ends, the size of the
tube varying with the quantity of liquid to be extracted.
The side tubes G and F for filling the receiver and container,

: as well as H, are

made by constricting

the mouth of a 15 X

1.8 c¢m. test tube.

The glass stopcocks I

c and J are used to

drain the apparatus.

B If a glass-blower is

available, H may be

made with a mercury

H seal connecting the

condenser and the

container, thus doing

away with a stopper.

The tube E is joined

to D at the upper end

by an inner seal and

extends down almost

T to the bottom of the

tube; or, to do away

1 “g= K with this inner seal, E

e l J can be joined to D

by a stopper at the

upper end. The circuit is completed by the tube L which
joins the receiver A and the container D. ;

The solvent (ether) is placed in A by means of the s_lde
tube @. The ether is boiled on the steam bath K, vaporizes
up B, condensesin C, and flows down E, bubbling up to extract
the liquid (some aqueous solution). The ether extract
forms a layer on top of the liquid and when it reaches tube
L flows back into the receiver. Pure ether boils again to ex-
tract continuously. After complete extraction,. the ether
extract may be drained by means of I and the liquid removed
from D by means of J.

The apparatus is absolutely stationary and never has to be
moved or adjusted. It may be taken apart but can be filled
and drained without disassembling very easily. A series of
three or four of these extractors may be set up on a steam

bath in a small hood. Both receiver and container may be
varied in size, depending upon the quantities to be used.
The container D, however, should be kept narrow, so as to
have as much surface of the liquid as possible exposed to the
ether bubbles. Complete extraction of a compound dif-
ficultly soluble in ether is accomplished in 8 to 10 hours.

Recervep July 31, 1933.

Apparatus for Filling Large Closed-
End Manometers

Ancus E. CAMERON )

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

HE ordinary method of filling a closed-end manometer
and boiling out gases from the mercury during evacuation
is attended with considerable danger of breakage when the
manometer is of large bore and sufficient length to enable one
to read pressures over a range of one atmosphere. Distilla-
tion of mercury into the manometer through a side tube
seemed to permit trapping of gas or vapor
below the wall of mercury vapor in the tube
and result in unsatisfactory manometers.
The apparatus shown in the figure over-
comes both difficulties. The purified mer-
cury was placed in the bulb and the upper end
of the short water-jacketed condenser sealed
to a high-vacuum line. The system was
evacuated and the manometer flamed. The
mercury in the bulb was boiled with an elec-
tric heater or with a Bunsen burner. The
mercury vapor condensing above the jet was
delivered into'the manometer tube and water
vapor and gas passed
up through the con-
denser. Once set in
operation the system
required no attention
until sufficient mer-
cury had accumulated
in the manometer and
then the closed end
was sealed off at the
strictured portion.
Evacuation with a
good oil pump should
be sufficient to give a
well evacuated manometer, since the device used to intro-
duce the mercury is essentially a diffusion pump.

RecErvep August 25, 1933,
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Recovery of lodine from Metallic lodides by Oxidation
with Technical Nitric Acid

Rusa Fox McCrLeary anp Ep. F. DeceEriNG, Chemical Laboratory, Purdue University, Lafayette, Ind.

N THE preparation of zinc ethyl in this laboratory, it
seemed advisable to devise a simple procedure for the
recovery of iodine from the zine iodide residues. The various
methods for iodine recovery suggested by Torossian (6),

=1

Stephenson (5), Arndt (1), Kleinstiick and Koch (2), and
Puig (4) are applicable to solutions or finely divided solids,
and are not readily adapted to the recovery of iodine from

a zinc lodide cake. The procedure proposed by Lachman (3)
involves the hazard of breaking the flask while crushing the
hard cake of zinc iodide and unreacted zine, and the procedure
is a little involved. The apparatus shown in the figure
eliminates this hazard, and also has the advantage of a simple
procedure which gives a good initial yield of crude iodine.

_ Flask A contains the hard residue from the zinc ethyl distilla-
tion. B is an ordinary bell jar fitted with a ground-glass lid,
and is surrounded by an ice bath. The system may be kept
slightly evacuated through the water trap E by partially closing
stopcock d. Crude concentrated nitric acid in slight excess of
the calculated amount is introduced into flask A4, in small por-
tions, through funnel D. Stopcock d is left partly open and air
is slowly and continuously drawn through the water trap E.
This entrains the iodine vapors efficiently into the bell jar.
Todine which collects on the walls of flask A is easily removed by
heating gently with a direct flame. Flask C is kept cool by means
of circulating tap water.

In a recovery of zinc iodide residues which were calculated
to contain 315.8 grams of iodine, 308.7 grams of crude iodine
were recovered in the initial sublimation. This initial sub-
limate showed a purity of 90.83 per cent when titrated with
standardized thiosulfate solution. By resublimation in the
same apparatus, additional purification may be effected.
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Modified Design for Mercury Bulb of Thermostat

G. B. Heisic Anp A. E. CaMeron, School of Chemistry, University of Minnesota, Minneapolis, Minn.

HE conventional thermostat regulator bulb is filled with
toluene, and expansion of the toluene causes a change in
height of a mercury column which makes or breaks the relay
circuit. In spite of the smaller thermal expansion of mer-
cury it is preferable as liquid for a control bulb because creep-
ing of the setting due to seepage of toluene past the mercury
column is avoided. Since only the layer of mercury which
is in contact with the glass of the bulb can be effective for
small and comparatively rapid fluctuations in bath tem-
perature, it is desirable that the surface of the bulb be large.
Filling a large bulb with mercury entails a considerable ex-
pense and supporting the heavy and rather fragile bulb be-
comes inconvenient. The authors have designed and used a
bulb which is mercury-filled, has a large surface, and yet
uses a small amount of mercury.

Two pieces of Pyrex tubing, as thin-walled as was consistent
with mechanical strength, of diameters 3.5 and 2.5 em., respec-
tively, were placed one inside the other and sealed together at
the ends to form a double-walled cylinder, a longitudinal section
of which is shown at 4 in the accompanying sketch. A capillary

tube, B, of 0.8-mm. bore was sealed to one end of the cylinder.
A small bulb, C, was provided to catch any overflow of mercury
from the capillary. For the adjustable contact an iron or plati-
num wire was inserted into this capillary. Diametrically op-
posite the capillary was sealed a stopeock, D. A tungsten
wire was sealed through the
stopcock arm from a side ®)
tube, E. The side tube was
filled with mercury and a wire
dipped into it to make con-
tact to the mercury in the
control bulb. The bulb was
filled by evacuating it and
running clean, dry mercury in
through the capillary or
through the stopeock, as was
most convenient. The
quantity of mercury in the
bulb could be varied by open-
ing the stopcock and allowing
mercury to run into the bulb
from the tube above the stop-
cock or by sucking mercury
out of the bulb into this
TEServoir.

WISEAY, N A

420



November 15, 1933

The control was immersed in the thermostat up to the
stopcock key in such a location that water from the stirrer
was circulated through the inside and around the outside of
the cylinder. Using this control bulb and a radio tube relay
device, the temperature of a 25-liter thermostat was main-
tained at 25° = 0.002° C. A modification of the original
design was suggested to one of the authors by Doctor Kings-
lake of the Institute of Applied Optics at the University of
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Rochester (New York). The inner tube of the cylinder was
extended and drawn down as indicated at F to permit a hose
to be attached to it. Water could then be drawn through
the center of the bulb for use in maintaining a constant tem-
perature in an apparatus which could not be immersed in a
thermostat.

Receivep August 25, 1933.

Improved Lamp for Determination of Sulfur in Light
Petroleum Products

E. R. Gmus, Casper Laboratory, Standard Oil Co., Casper, Wyo.

T IS GENERALLY realized that the flame of the standard
A.S.T.M.lampisnot readily controlled. This causescon-
siderable loss of time, annoyance, and some inaccuracy in
determining sulfurs by method D90-30T. Substitute lamps
such as the Vapor Cresolene lamp (made by the Vapo-Creso-
lene Co., 62 Cortlandt St., New York, N. Y.) allow of ready
flame control but have serious faults; the metal burner be-
comes very hot and causes undue evaporation of volatile oils
such as light gasoline. This causes falsely low sulfur deter-
minations and also makes it almost impossible to check re-
sults on such light petroleum products.

ImprovED Lanme

Ficure 1.

A, lamp completely assembled :

B, adjusted sleeve with wire control. Approximate
tubing size 0.125 X 2 inches (0.3 X 6 cm.)

C, outer tubing, approximately 1.5 inches (3.75 cm.)
long and sufficiently large to slip over adjusting
sleeve

The Edgar and Calingaert (1) lamp is very satisfactory but
is not readily available in all laboratories and is not, properly
speaking, an A.S.T.M. lamp. A slight modification of the
regular A.S.T.M. lamp has been devised in this laboratory
which is easily made by anyone and allows ready regulation
of flame size without the necessity of taking the lamp from
under the chimney.

The single piece of glass tubing of the regular A.S.T. M. lamp
has been replaced by two pieces of different size, one within the

other. The smaller piece is the same inside diameter as the old
single piece and is recessed slightly near the bottom to allow a

piece of fine wire about 7.5 cm. (3 inches) long and 0.5 mm. (0.020
inch) in diameter to be twisted around it. The larger piece is of
sufficient size just to allow the smaller to slip freely within the
larger. The larger, or outside piece of glass tubing, is held tightly
in the cork. The smaller piece extends through and Projccts
out of the larger at the bottom about 1.25 em. (0.5 inch). To
regulate the flame, the smaller piece which holds the wick is
raised or lowered inside the larger by the wire which extends up
through a groove in the cork. This groove is small enough to
hold the wire by friction, which in turn holds the glass sleeve at
any set position. Any vapors from light gasoline that pass up
between the inner and outer tubing are burned in the flame along
with gasoline fed through the wick. In other words, the vent for
this lamp is the small annular space between the two pieces of
glass tubing. The flame of course remains at the top of the larger
piece at all times.

The author has run several samples of winter-grade gaso-
line and others even more volatile, using this new lamp, and
finds that it gives very good results and requires much less
attention than does the regular A.S.T. M. lamp. Some com-
parative results on the improved type of lamp and on the
standard A.S.T. M. lamp are given below. Four runs were
made with each type of lamp, using a cracked winter-grade
gasoline of high sulfur content.

ImprOVED LaAMP A.B.T. M. Lanp
Sulfur Sulfur
o %
0.249 0.240
0.2565 0.209
0.252 0.237
0.247 Too badly smoked
to titrate

None of the lamps of the improved type needed any ad-
justing or attention after the first 10 minutes of burning,
while the A.S.T. M. lamps required full attention from the
start until the finish of the burn. In the author’s opinion,
this new lamp is in many ways superior to the A.S.T. M.
lamp for running gasolines of high volatility, and works
equally well on heavy gasolines and illuminating oils.

LrreraTure CiTED
(1) Edgar and Calingaert, INp. Exa. Caem., Anal, Ed., 2, 104 (1930).

Recervep August 5, 1933,

Stirring Rod with Fritted Glass Disk
Joun E. S. Han, 155/3 Route Stanislas Chevalier, Shanghai, China

OR general use, the author has designed a stirring rod
with a disk of fritted glass fused ontoanend. Therod
was made by the Jena Glass Works of Schott und Gen. and

)

found to be highly serviceable in boiling off the excessive
bromine during Eschka’s sulfur determination and in similar
operations. The rod is, however, not recommended for
quantitative work where precipitation is involved, as precipi-
tate is liable to lodge in the fritted glass.

Recrrvep September 26, 1933,



Qualitative Analysis of the Hydrogen Sulfide Group
without Ammonium Polysulfide

Raver W. Hurrerp, DePauw University, Greencastle, Ind.

HE common practice in qualitative analysis is to oxidize
the elements of the tin division of the hydrogen sulfide
group to their higher valence with ammonium polysulfide.
Because of the instability and variation in concentration of
the polysulfide solution, it is not uncommon for stannous sul-
fide to resist the treatment and remain with the copper di-
vision precipitate. There is the added difficulty of having
large quantities of the copper division sulfides, especially
copper sulfide, carried over into the tin division. Polysul-
fide also introduces the nuisance of having a large bulk of
sulfur mixed with the reprecipitated sulfides of the tin division,
often leaving the analyst in doubt as to whether or not there
is any sulfide there.

These difficulties can be either avoided or reduced so con-
siderably as to cause no trouble to inexperienced students by
the simple expedient of oxidizing the elements with bromine
before precipitating them as the sulfides, and then making
the division separation with ammonium sulfide. The sulfide
is prepared as needed by passing hydrogen sulfide into 6 NV
ammonium hydroxide. As a precaution against oxidation of
hydrogen sulfide to sulfur during precipitation of the sulfides,
nitrate ion is destroyed by repeated boiling with 12 N hydro-
chloric acid.

Evaporate the filtrate from Group I to about 5 ce. but not to

dryness. Add 10 cc. of 12 N hydrochloric acid and again evapo-
rate to small volume. Repeat addition of hydrochloric acid and

evaporation once or twice. This procedure does not take much
time, but by destroying nitrate ion prevents excessive oxidation
of hydrogen sulfide during precipitation.

Add 5 ce. of water and, if necessary, heat to dissolve any solid.
It is sometimes necessary to add 2 cc. of 6 N hydrochloric acid.
Add an excess of saturated bromine water, and boil off excess
bromine. About 2 minutes’ boiling will usually suffice. Starch-
iodide paper can be used if there is any question. In the writer’s
laboratory the entire preparation is carried out in the 250-cc.
Erlenmeyer in which precipitation is to take place. Neutralize
the solution with ammonia and 6 N hydrochloric acid. Adjust
acidity and volume in the customary manner, and precipitate with
hydrogen sulfide.

Transfer the well-washed precipitate on the filter to a small
beaker and add 10 cec. of fresh ammonium sulfide solution, pre-
Earcd by saturating 10 cc. of 6 N ammonium hydroxide with

ydrogen sulfide. Heat the beaker in boiling water for 3 minutes,
stirring the contents occasionally. Unless the filter paper seems
clean, no attempt should be made to remove it, as it will not in-
terfere with the analysis of the copper division precipitate. This
treatment will remove 100 mg. each of the three members of the
tin division as sulfides.

After filtering and washing, the precipitate is ready for analysis
for copper division elements. Precipitate the tin division sulfides
from the filtrate in the customary way.

The writer has found that the average student of elementary
qualitative analysis can be expected to find 10 mg. of any
member of the group in the presence of 100 mg. each of several
or all other members of the group.

Recervep January 18, 1933.

Filtering Device

E. B. Kgster, Pittsburgh Experiment Station, U. S. Bureau of Mines, Pittsburgh, Pa.

ONSIDERABLE time is lost in the laboratory purifying
by recrystallization of small quantities of substances, par-
ticularly derivatives of organic compounds such as oximes,
hydrazones, semi-carbazones, anilides, and the like. Not only
must a Biichner or Hirsch funnel and suc-
tion flask be arranged and filter paperinstalled, = /7
but precipitates must be transferred back and b,
forth from funnel to flask. Losses are incurred o
inevitably. Moreover, it frequently happens 1]
that a chemist is isolating a product which
during the earlier stages of purification melts | i},
below room temperature, in which case he finds | ||
it difficult if not impossible (without recourse
to more elaborate preparations) to carry out a
filtration before his product fuses. ;
The filtering device illustrated eliminates the | ||
need of transfers of solids or solid-liquid mix- | 1
tures. Numerous successive recrystallizations | ['7
can be carried out in a surprisingly short time '
with little loss of product save that which brings
the mother liquors up to saturation. Filtra- | [l
tions of crystals obtained by chilling in refrig- |1}/

erating media can be conducted in the media. X
Increased pressure is obtainable over that
secured in suction filtrations.
A large Pyrex test tube, preferably of 75 to |
NS

80 ce. capacity, is selected, care being taken to

obtain one in which the bore is fairly uniform. A plunger
of Bakelite, hard rubber, or other inert substance is turned
out on a lathe to such dimensions that the plunger has only
sufficient clearance to enable it to slip easily up and down the
tube. A number of longitudinal pinholes (about 0.7 mm. in
diameter) are bored for escape of the liquid.

When a crystallization has been completed, the filtration
is accomplished by merely forcing the plunger to the bottom
of the tube. This operation should be started slowly to per-
mit a cake to build up that will prevent escape of crystals
up the sides and through the orifices, but may be accelerated
when such cake has formed. At the end, the plunger may be
pressed down with considerable force so that the product
is free of excess liquid when the mother liquors are poured off
and the plunger has been withdrawn. It can then be washed,
triturated, or recrystallized and filtered again in the same con-
tainer and in the same way as before. Drying is effected by
evacuation of the tube or passing a current of air over the
cake.

A soft rubber plunger similarly molded affixed to a glass
rod is even more satisfactory from the standpoint of clean-
ness of filtration, but it can only be used in connection with
mild solvents. Benzenoid hydrocarbons, for example, rot
soft rubber so rapidly there is serious danger of contamination
of product, to say nothing of ruination of the device itself.

RzcEivep August 2, 1933, Published by permission of the Director, U. 8.
Bureau of Mines.
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LABORATORY CHEMICALS ey
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IN NEW CONTAINERS | ==
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now offer these advantages
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Amber Color Glass

¢ Non-metallic screw cap
» Will not corrode

e Easy tfo 6pen

e Special liner ensures air-
tight sealing

) DGSt-proof

¢ Attractive appearance

Merck Laboratory Chemicals are now packed The cap extends over the lip of the bottle, thus

in amber color glass bottles with specially de- preventing an accumulation of dust which is a
signed, durable, non-metallic screw caps. serious problem that is characteristic of cork-
These new caps were specially designed to over- stoppered containers.

come corrosion resulting from unfavorable at- These new Merck amber color glass bottles,
mospheric conditions and also from vapors with their black caps and blue and white labels,
which are constantly present in the laboratory. not only afford maximum protection against
The large facets on the light and other deteriorat-
side of the cap make it ing agents, but will add
easy to open the bottle. MERCK & CO. INC. considerably to the attrac-
A special liner, impervious - : tive appearance of your
to the chemical, ensures Manufacturing Chemists laboratory or stock room.

3
air-tight sealing when the Your wholesaler is ready

handy cap is replaced. Rahway, N. J. to serve you. Ask him
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High Temperature
Electric Furnace

Temperatures between 700to 1400°C

15441 Furnace, Combustion, for car-
bon determinations of steels
i and ferrous alloys, such as
stainless steel; especially effec-
tive in giving quicker and more
accurate analysis and eliminat-
ing the difficulty encountered
from large samples. Furnace

410-422 Boulevard of the Allies

complete with Silicon Carbide Heating Elements, Rheostat

andgliube iy . vt e s nasRe e e e T Rach $1.20:00 r
15442 Heating Elements forabove. . 0 00 s i i e Set 8.00
I 13313 Combustion Tube for use with the above Furnace........ .. .. Each 9.50 IF
| R, Laboratory Apparatus—Chemicals

ot W. J. GILMORE DRUG COMPANY

— —

Quickly Adjusted

' These Stools Never Slip!

Height Always Right

Makes All Workers
More Efficient

Instantly you can raise or lower a Kewaunee
Automatically Adjustable Steel Stool or Chair
to any height without use of pliers, wrench or
thumb screws. Just place the seat at desired
level and it stays there—patented construction
makes slipping impossible. These light, strong
stools end uncomfortable, body-fatiguing posi-
tions. Send for Adjustable Steel Stool Catalog.

|
Ever-Hold Stool
No 51824

Write for Free Lock Catalog

Kewaunee makes a very complete line of
Master Keyed Combination Padlocks and Desk
Locks. Write today for Kewaunee Lock Cata-
log. End the nuisance of pass keys.

Ever-Hold Chalr
No. 117-21 CS
If you are considering the purchase of
new furniture, be sure to write also
for the Kewaunee Laboratory Furni-
ture Catalog and get Kewaunee's bid.

LABORATORY  FURNITURE E; ? E.XPERTS.

C. G. Campbell, Pres, and Gen. Mgr.
110 Lincoln St., Kewaunee, Wis.
Eastern Branch: 220 E. 42nd St., New York, N. Y.
Mid-West Office: 1614 Monroe St Evanston Ik
Offices in Principal Cities

WET TES T

IATE FIE RS

American Meter Company laboratory wet
test meters are built for extreme accuracy,
strength, durability, non-corrosion of all
parts subject to the action of gas, and facil-
ity of handling and adjustment. They are
furnished with or without the automatic shut-
off, as desired. Catalog AG-3...
TEST METERS...

WET & DRY

mailed on request.

AMERICAN METER COMPANY

Measurement and control Af Gax Oa‘ Slu- Air and Liquids

GENERAL OFFICES 1105 W, 40 i s‘nuu:r NEW YORK.N.Y.

@ .
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ALKALI IN WOOL

Estimated with

TEREPHTHALIC ACID No. 640

THE extreme difference in solubility
of terephthalicacid anditssodium salt
affords a simple and accurate method
for determining the amount of resid-
ual alkali in wool.

An excess of this acid converts the
alkali present to soluble sodium ter-
ephthalate which is easily filtered off.
Standard acid is used to precipitate
the terephthalic acid, and back-titra-
tion of the solution with sodium hy-

droxide shows the amount of alkali
originally present. This simple and
accurate method is described by
E. Hill in AmERrICAN DYESTUFF RE-
PORTER, 21, 492, (1932).

Eastman No. 640 TerephthalicAcid
is a purified product well suited to this
determination. Additional details will
be supplied upon request. Eastman
Kodak Company, Chemical Sales Divi-
sion. Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

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 asphatic 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.

weight of the sample determines the percentage content.

No. 11160. Dulin Rotarex, Motor Driven 110 volt, capacity 100 grams ea. $ 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, 60,5 o sy

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
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THE first book of its kind in the English language covering this particular industry in such manner since
Lunge’s Monumental work on “Sulfuric Acid and Alkali.”" It covers much of the operating detail, such
as is not found in ordinary text-books and reference works, and emphasizes both the practical operation
as well as the theoretical principles underlying each step of operation. It touches many sides of the
industry from chemistry to engineering and from the chemical process of manufacture to the trade require-
ments, etc.

Manufacture of

SODA

With Special Reference
to the Ammonia Process

by Te-Pang Hou, Ph.D.

The NEW A.C.S. MONOGRAPH - No. 65

CONTENTS

Preface.

Introduction—Historical Survey of the Alkali Industry and
the Relation of the LeBlanc Soda Industry to the De-
. . velopment of Other Chemical Industries.

Natural Soda.

History of Ammonia Soda Process.

Preparation of Brine—Rock Salt—Sea Salt.

The Burning of Limestone.

The Ammoniation of Saturated Brine.

Teeple—The Industrial Development of The Carbonation of Ammoniated Brine. :
o B $9.95 The Working of the Carbonating Towers or *‘Columns.’

Filtration of the Crude Sodium Bicarbonate—Composition
of the Bicarbonate.

Laury—Hydrochloric Acid and Sodium Composition of Mother Liquor from Carbonating Towers.
Cilfate e P cicimmie e ) $3.00 Tower Reactions from the Point of View of the Phase Rule.
The Decomposition of Sodium Bicarbonate by Calcination.
The Recovery of Ammonia—Efficiency of the Ammonia Still.
Solu- By-Products from the Distiller Waste.

Other Interesting Monographs

tions: Tty Sraasheia ety $3.50 The Manufacture of Refined Sodium Bicarbonate.
The Manufacture of Caustic Soda—Chemical Process.
Taylor—-lndustrial Hydrogen _______ $3.50 The Manufacture of Electrolytic Caustic, Chlorine, and

Waggaman—Phosphoric Acid, Phosphates
and Phosphatic Fertilizers..... ... $5.75

Vail—Soluble Silicates in Industry. .$7.25

Curtis—Fixed Nitrogen.. .. .. ..... $12.00

Chlorine Products.
Alkali Products of Ammonia Soda Industry.
The Generation of Power for Ammonia Soda Plants.
Special Requirements of the Ammonia Soda Industry.
Control in the Ammonia Soda Process.

Losses and Consumption of Raw Materials in the Ammonia
Soda Process.

Position of Ammonia Soda Industry.
Chemical Analyses and Tests in the Alkali Industry.
Behavior of Soda Ash in Storage.

Layout and Design of the Ammonia Soda Plant—Selection
of the Site.

Appendix.
Index.

370 P. — 129 Tables — 72 Illustrations — $£8.00

THE CHEMICAL CATALOG COMPANY, INC.

330 West 42nd Street

New York, U.S. A.
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NEW
Constant Temperature
Control Equipment

-A. semi-portable $45-

Temperature Control. Effluent
maintained at £.05°C at a range
from 15°C to 50°C. Constant
flow—constant temperature. In-
numerable uses for any laboratory.
Electrically operated—non-corrod-
ing—manually controlled. Built
as an instrument by instrument

makers.

DAL GLASS 1 USID ¥ B L MICROSCOMS, TLESCOM!

D) :
-] B SNOCULARS. SHCIACLE LUNSTS AND FRAMIS -«
/ OPIIHALMIC APPARAIUS, SCHNIHIC ISTRUMINTS
\ BAusCH

R

SAUSCH & LOME OPTICAL CO., go) 5T. PAUL ST, ROCHESTER, N. ¥, U. BN ot vt emar

IVES
TINT PHOTOMETER

FOR COLOR ANALYSIS

Widely used for matching and standardizing colors of
both liquids and solids. It produces a numerical value
which shows the relative amounts of the various colors
in the samples tested.

Write for descriptive bulletin

PAICO-MYERS INC.

Apparatus for Industrial and Laboratory Use

81 Reade Street New York, N. .

INDUSTRIAL AND ENGINEERING CHEMISTRY

PRECISION
WATER STILLS

Precision Water stills are meeting with in-
creased favor because of their advanced design,
economy of operation, and ease of cleaning.
Substantially built of non-rusting metal, with
entire condensation system block-tin lined,
Precision Stills deliver their rated capacity con-
tinuously and automatically and produce a
sterile, chemically pure water free from oc-
cluded gases. They are made in various types
and sizes to operate on gas, steam, or electricity.

Illustration shows No. 7156 steam operated Still
mounted on Precision Storage Tank. These tanks
are of heavy copper, tinned inside, and provided
with gauge glass and tinned faucet. Being neat,
compact, and convenient the Precision Storage
Tank is recommended as preferable to the usnal
glass container for distilled water.

7153—Precision Automatic Water Still, gas operated
Capacity per hour, gal. 1 2

Price 65.00 100.00
7154—Precision Automatic Water Still, electrically operated

Capacity per hour, gal. 1 134 2

Price 78.00 98.50 122.00

7156—Precislon Automatic Water Still, steam ?pcrated
to 2

Capacity per hour, gal. 2to4
Price 78,00 110.00
7178—Precision Storage Tank, as illustrated, complete with stan
Capacity, gal. 10 15 25
Price 25.00 30.00 42.50

WILL CORPORATION

Products for Every Laboratory
Guaranteed Without Reservation

Rocazster,; N-Y-
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lime Saving Devices
are Profitable!

A Chemist’s Time once used is
gone, while a Time Saving
Device lasts many years.

CENCO ELECTRIC
FLASK HEATER

Has all the advantages
of a good Bunsen
burner plus constancy
and safety that can
be obtained only with
electrical heat. The
conical heating unit
gives a high tempera-
ture hot spot, which
can be turned up or
down like a gas burner.

9647C. For $
110 vo]ts.o.r. 1 2-50

No. 9647C

CENCO UNIVERSAL
FRICTION-DRIVE g
MOTOR STIRRER =&

The relatively small size,
the compact construction,
the wide range of speed
adjustment in either direc-
tion, the ease of clamping
in any desired position, the
interchangeable chucks for
large and small diameter
stirring rods, and the flexi-
ble shaft attachment for
stirring in crowded posi-
tions, all contribute to pro-
duce a utility value in this
stirrer far in excess of its
actual cost.

12860. F
110 volts o 530'00

(Flexible shaft not included) No. 12860

Cenmrayr ScrenTirie ComMpany
IZABORATORY SUPPLIES
-Al;?m{us m Chemicals
NEW YORK - BoSTON - CHICAG O-TORONTO-LOSANGELES

MEMBER

WE DO QUR PART

For Every
Laboratory
Filtration

WHATMAN Filter Papers are
available in numerous qualities
for maximum filtration efficiency
and minimum cost.

There are inexpensive grades
for qualitative analyses in which
the ash weight of paper isignored,
single acid washed and double
acid washed grades for use where
ash content is important.

Close texture papers for fine
precipitates and rapid filtering,
open textured grades for precip-
itates ecasily retained, enable the
busy chemist to select qualities to
speed up his work.

Control Chemists, working un-
der maximum pressure, agree with
Research and University men that
the selection of the proper grade
of WHATMAN enables them to
turn out more and better work.

We have prepared a table show-
ing, at a glance, grades recom-
mended for the more common
precipitates.  Let us send it to
you.

H. REEVE ANGEL & CO., Inc.
7-11 Spruce St., New York, N. Y.

Vol. 5, No. 6
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A.H.T. CO. SPECIFICATION >

VOLUMETRIC
FLASKS

OF RESISTANCE GLASS
STRAIN-FINDER TESTED

5460 . 5461

FLASKS, VOLUMETRIC, A.H.T. Co. Specification.
' Flasks so designated are made of an alkali-free resistance
glass in accordance with specifications established by
us in 1921.

Graduation marks are thin, sharply defined white
lines. The position of the graduation mark is carefully
controlled and each flask is passed through a polariscopic
strain-finder in our own establishment to detect internal
strain.

The volume is adjusted for a temperature of 20° C and
‘is guaranteed to be within the following tolerances:

Capacity less than Limit of error=
and including:
10 ml

Percentage error:

5460. Flasks, Volumetric, A. H. T. Co. Specification, as above de-
scribed, of resistance glass; withoutl Btoppers.

To contain, ml. il i e 25 50 100 200
Bach: e I e a o 40 42 45 .50 .60
109% discount in carton cont'g. 24 24 24 24 24
209 discount in case cont’g.. 96 96 96 96 72
Code Word /7 i i saidiny Giglr Gigok Gigsc Giqwu Giram
Tocontain, ml. .. .vueivuiiuaiannns 2000
Bach, ... . it iossesanesnsvesnann 2.00
10% discount in carton cont'g. el
209% discount in case cont'g......... . 3 12
Code Word. i oL vivaeinasdibaa s Girgf
5461, Ditto, but with ground glass :
stoppers. To contain, ml.... 10 25 50 100 200
Bach s S e an e ey s .60 .65 .70 B0 .90
109, discount in carton cont’g. 24 24 24 24 2:&
209, discount in case cont'g.. _ 96 96 .96 . 96 72
Code:Word :4 i sl s viieah Gismn Gisge Gisty Gisyo  Githi
To contain, ml,...cvsravnsen 250 300 500 1000 2000
Bach i i ot s s s ke 95 110 1.20 150 2.50
10% discount in carton cont’g. 24 24 12 12505
209, discount in case cont’g. . 72 72 .48 .36 112
Code Word B i il orsass Gitfa Gitkg Gitoh Gitus Giuaj

For complete assortment of Volumetric Flasks, including
Certified, Student, Exax and Pyrex brands, etc., see
pages 393-400, incl., of our new catalog.

Prices subject to change without notice.

ARTHUR H.THONMAS CO.
RETAIL - WHOLESALE - EXPORT
LABORATORY APPARATUS AND
REAGENTS
WEST WASHINGTON SQUARE

PHILADELPHIA, PA, U.S. A,
Cable Address: Balance, Philadelphia

SPEED and STRENGTH
for LARGER CAPACITIES

Many centrifuge users are
demanding the 250 ml.
containers to be operated at
higher speed than is possible
with the regular equipment.
We are now able to offer
for our Size 1 Type SB
and Size 2 Centrifuges a
pin type head and slotted
metal cups properly rein-
forced for maximum motor
speed of 3000 r.p.m.

The new head is of man-
ganese bronze with stainless
steel pins pressed into the
arms. Cups are of manga-
nese bronze. Forged dur-
alumin cups may be had
for liquids of specific
gravity greater than 1.5.

REINFORCED
Size 1 Type SB Centrifuge with Stand

The reinforcement permits 50 per cent more speed with a resulting
increase in the relative centrifugal force from about 900 X gravity
to about 2100 X gravity. This affords a tremendous advantage
in the modern laboratory and makes possible the throwing down of
substances which are not satisfactorily separated at the lower
speed.

The regular guard is replaced with an all welded heavy steel guard
for added protection against careless operation at higher speeds.

Send for special bulletin CR
Rl A on

COMBINATION ANALYTICAL AND CHEMICAL
CENTRIFUGE

This useful laboratory combination is
identical in construction with the well
known International “Clinical Model"
Centrifuge. The two meodels shown at
right may be purchased as separate units
or as a combination centrifuge at a sub-
stantially lower price. Send for Bulle-
tins CC and CH.

Analytical

Chemlical

International Engineers are at your Service

INTERNATIONAL EQUIPMENT CO.

352 Western Avenue Boston, Mass.
Makers of Fine Centrifuges

il
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| HYDROGENATION OF OILS
Apparatus for Laboratory and Experimental Use
]
One Liter Capacity
The many uses for which it is |
adapted are:
Hydrogenation of Qils, Deodorization of .
“ Oils, Blowing of Oils, Polymerization A fetl;) of ﬂ.w Co'n_panles LT
of Oils, Sulphonation, Rendering, using the equipment:
Renovating, Distillation Tests
with Steam and Inert Armour & Company
Gases under Pressure Corn Products Refining Co.
| and Vacuum, Etc. Lever Brothers

=

E. R. Squibb and Sons
Swift & Company

Kings College, London
University of Wisconsin
University of Texas ]
University of Missouri

This device is designed to fill the de-
mand for an apparatus to make the
above tests under conditions which
render the ordinary laboratory glass
equipment impracticable.

Write for descriptive literature

Patented October 28th, 1919

A. DAIGGER & COMPANY |

LABORATORY SUPPLIES AND CHEMICALS
159 W. KINZIE STREET, CHICAGO

'!
|

INTERCHANGEABLE GROUND GLASS JOINTS and STOPCOCKS

are still the most important zew development in labora-
tory glassware.

They have been adapted to standard laboratory items,
some of which are illustrated herewith, with great
success.

It 1s a pleasure to order replacement parts,
stoppers and sto fpcock plugs by size numbers,
and be assured of a perfect fit.

We recommend the Acid burette as a time-
saving, effort-saving and efficient pieceof  TaF
apparatus, for general laboratory use.
This burette will fit any standard five | &
pint acid bottle, and is con-
structed along lines similar to
our All-Automatic burettes,
with a zero point which sets in
automatically.

Write for complete catalog.

Visit our booth, No. 219 at the
CHEMICAL EXPOSITION.

I ———




