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An Electro-Chemograph, which records the analyses of a dropping-mercury electrode, being
used by Merck & Co. Inc. research lab.

24-HOUR ANALYSIS NOW TAKES 10 MIN.
In A Merck Laboratory

A particular type of analytical procedure for a certain vitamin constituent for-
merly required 24 hours in the research laboratories of Merck & Co., Inc., makers
of fine chemicals, drugs and vitamins. Analysis wasn’t, of course, an every-second-
on-the-job task; but Merck’s men naturally wanted to speed up the operation,
provided an accurate, not-too-complex method could be found.

There was, therefore, much interest in the electrochemical researches of Professor
Heyrovsky, especially when the L&N Electro-Chemograph was developed to pro-
vide automatic records of the dropping-mercury electrode’s current and potential.
After investigation, Merck secured one of these instruments and put it to work.

Results are most satisfactory. The 24-hour analysis now takes 10 minutes, and
results check with “wet” methods. There’s no highly sensitive galvanometer to
consider; and no development of photographic records . . . the record appears, in
ink, on the Micromax chart, as the analysis proceeds. If the supporting electrolyte
isn’t correct at first, as may well happen in non-repetitive work, that fact shows
immediately and can be corrected.

The Electro-Chemograph can be used for inorganic as well as organic work, and
for qualitative or quantitative analyses. It is described in Technical Publication
E94(1). Our Reprint E-94(1) from T'rans. Electrochem. Soc. Vol. LXXVI,
1939, contains further discussion. A bibliography listing 825 papers on dropping-
mercury-electrode work is also available; it is our Bibliography E-94(1). Any one
or all three publications will be sent on request.

Jrl Ad EN-0600B(15)

MEASURING INSTRUMENTS : TELEMETERS -

LEEDS & NORTHRUP COMPANY, 4920 STENTON AVE., PHILA, PA";

LEEDS & NORTHRUP

AUTOMATIC CONTROLS -

Want To “Bend”” A Temperature
For Better Heating?

Program Control is one of the newer ideas
now drafted by chemical, food, glass and
other process industries to help secure the fast,
accurate, automatic heating required for to-
day’s accelerated production.

In starting a batch, one of these controllers first
uses on-off valve motion, in response to temperature
of furnace; there it shifts to throttling (pro])ortior]ﬂ
position and floating) control, based on malcl_’lal
temperature. The rate of heating, rate of cooling
and time of soaking are automatically held as st
unless user switches off these features.

Program Control is an improyvement over -

: . e

the usual control, which considers only the |
maximum or soak temperature; because Pro- |

gram Control regulates the rates of heating
and cooling, as well as the maximum. The
record on the pyrometer chart rises at an
desired rate, “bends” at the desired soak (f
perature, holds the soak as long as is spec
fied, and then “bends” down again into a coi*

trolled cooling cycle, to complete the progra =

which will best fit the product for war’s needs

. "

In this strenuous “temperature-bcndmgr
various Micromax characteristics are impot
tant, but possibly the most useful one is It

micro-responsiveness. Micromax acts with
superior speed-plus-precision on the small
fluctuations of temperature. Even before these
fluctuations are big enough to show on the
chart—therefore, even before the best furnic®
operator could act—the Micromax acts. This
micro-responsive handling of tiny chang®
heads off the big swings—throttles them &
that they never develop. Micromax holds
temperature with the steadiness needed fr
uniformity of product.

Micromax Program Control uses standard
instruments, grouped at our plant to meet th¢
individual need. If you have a problem alons
such lines, we'll be glad to try to help ¥
with it, on request.

HEAT-TREATING FURNACE
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e

e
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Exchequer standard
Winchester bushel,
of Henry VII.

STANDARD ALL OVER U. S.

Wherever A. R. chemicals are used, Mallinckrodt Analytical Reagents are
known for unquestionable dependability—made to predetermined standards
of purity which assure more accurate results in gravimetric, gasometric,

colorimetric, or titrimetric analysis.

Catalogue of Mallinckrodt Analytical Reagents and other laboratory chemi-

cals yours on request.

ALWAYS SPECIFY REAGENTS IN MANUFACTURER’S ORIGINAL PACKAGES

MALLINCKRODT CHEMICAL WORKS

Nallirchrodt, ST. LOUIS e PHILADELPHIA e  MONTREAL

5 SINCE 1867

CHICAGO o NEW YORK ° LOS ANGELES
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Pyrex brand West Type Condensers are de-

signed for speed, economy and convenience.
All one piece, fabricated from balanced Pyrex
brand Chemical Glass No. 774, these con-
densers save you time, money and annoyance.
Their improved design permits use of a light

wall inner tube (plain or indented) and a heavy

PYREX BRAND
LABORATORY WARE

Pyrex West Type

BRAND

Improved
Condensers

AVAILABLE IN COMPLETE SIZE

RANGE—100mm. to 750 mm.

Conrning ]
Research in Glass

wall outer jacket with minimum space between,
assuring thermal resistance and mechanical
strength plus faster cooling. Laboratories report
minimum breakage in use. They comment most
favorably on the convenient features—no
assembly or disassembly, tubulations on same
side of the jacket and tooled adapter ends.
“Pyrex'’ West Type Condensers are also avail-

“able with interchangeable ¥ joints. The com-

plete line, as described in Catalog LP21, is

available through your laboratory supply
dealer.

OF Mg g S
AV &0 ““PYREX" and ""YYCOR' are registered

frode-marks ond indicate manufacture by

CORNING GLASS WORKS

CORNING, N. Y.

&
I N
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~ QUARTZ CRYSTALS -

T'S no secret that frequency control of many oscillating

electrical circuits employed in vital defense apparatus—
radio transmitters and receivers, aircraft beam indicators,
aircraft and submarine detectors—depends upon quartz
crystals,

No secret either, is the fact that hair-line accurate measuring
methods to check the electrical axes of the crystals are of
extreme importance in the manufacture of these control
units. Using the G-E XRD Unit, manufacturers have found
in x-ray diffraction a satisfactory method of analyzing
uncut crystals and determining the proper direction of
cutting. X-Ray diffraction does the job faster, far more
accurately than ever before, and contributes a valuable
saving of both time and material.

ANALYTICAL EDITION

G-E HRD UNIT DETERMINES ELECTRICAL MHES OF
SOLUES CUTTING PROBLEM

The XRD Goniometer Assembly illustrated below is one of
several types of highly efficient instruments used by quartz
crystal manufacturers. The G-E XRD Unit is designed for
precision research and control analyses. It embodies the
safety, convenience, flexibility, ease of operation, and
adaptability that are required for effective utilization of
the x-ray method. |

Modern, progressive analytical laboratories have been quick
to recognize the G-E XRD Unit as a dependable “problem
solver.” If, in your laboratory, you have a problem that has
you stumped, why not do this: Use the convenient coupon
to request full information about the G-E XRD Unit and its
application to your problem. The services of our X-Ray
Diffraction Laboratory staff are yours for the asking;
address your request to Department R4 4,

----------- SIGN and MAIL, TOD AY=——=—=————,

Please send me complete information about the G-E XRD X-Ray
Diffraction Unit and its application to analytical problems.

Name

Position

Company.

(Please attach to, or write on, your company letferhead)

GENERAL @3 ELECTRIC
X-RAY CORPORATION

2012 JACKSON BLVD.

CHICAGO, ILL., U. 5. A,
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B &A

REAGENTS ON THE WAR

® o o it might cost our Army hundreds of
lives. But thanks to advanced fabricating
methods, the Army’s special “Assault” wire
is built to “take itZ’

B &A Reagents play an important part in
the production of such products. They are
regularly helping to control

quality in the copper indus-

try. In fact, important pro-

PRODUCTION

EREOIN.Taea i aes e T HIESRE C2 O P RAESR

ducers have standardized on B &A Reagents!

From accurate determinations in ore sam-
ples or concentrates . . . all the way through
to copper and copper alloy fabrication ...
metallurgical chemists recognize the de-
pendability, purity and uniformity of B &A
Reagents.

When quality counts, Baker & Adamson

Reagents are selected to do the job!

SETTING HE PACE IN CHEMICAL

PURITY SINCE 1882 P M

' BAKER & ADAMSON i

Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York g S

’

Sales Offices: Atlanta * Baltimore * Boston * Bridgeport (Conn.) * Buffalo * Charlotte (N. C.) * Chicago * Cleveland

Denver * Detrmt * Houston * Kansas City * Milwaukee *

Minneapolis * New York * Philadelphia * Pittsburgh

Providence (R.I.) * St. Louis * Utica (N. Y.)

Pacific Coast Sales Offices:

San Francisco * Los Angeles

Pacific Northwest Salés Offices: Wenatchee (Wash.) * Yakima (Wash.)

In Canade: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver

Vol. 14, No. 4

INDUSTRY
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Users of ALUNDUM Crucibles Develop Easy Ways to Clean and Restore Porosity

Cleaning Alundum Crucibles

By Philip B. Herman
Osborne-McMillan Elevator Co.
Minneapolis, Minnesota

Users of ALUNDUM crucibles for fil-
tering and subsequentashing of residuesin
the crucible have probably noticed that,
after a number of such filtrations and
ashings, filtering becomes much slower
and at times the quantity of liquid being
sucked through the crucible is almost
negligible. Ashing of the crucible does
not seem to improve the situation any.

If the crucible is placed in a bath of
concentrated hydrochloric acid for sev-
eral hours, thoroughly rinsed, and then
dried, filtration is improved very much.
Possibly minerals from the materials
ashed in the crucible, such as animal
feeds, have filled the pores of the cruci-
ble and hence cut down the rate of filtra-
tion. The acid treatment thus dissolves
the mineral matter and opens the pores
of the crucible again.

It had been the practice in this lab-
oratory to discard ALUNDUM crucibles
when they did not filter rapidly. By the
above treatment the life of a crucible
has been quite a bit prolonged. From
“Chemist Analyst,” Vol. 30, No. 2.

Restoring the Porosity of
Alundum Crucibles

By L. M. Nixon
N. C. Department of Agriculture
Raleigh, N. C.

In routine analytical work where
ALUNDUM crucibles are used for filter-
ing or extracting it will be found that the
pores of the crucibles gradually become
clogged and they filter so slowly that it
may be necessary to discard them.

However, by giving them the follow-
ing treatment when necessary, their
porosity can be restored and they can be
used indefinitely. First, destroy any
organic material that may be present by
igniting the crucibles at a dull red heat.
Let them cool and place for a few min-
utes in a boiling 25% solution of NaOH.
Wash thoroughly with hot water to
remove the NaOH and let them stand
immersed for 20-30 minutes in a 1-3
solution of hydrofluoric acid. Wash out
thoroughly with hot water and they are
again ready for use. If they are not
badly clogged, it may not be necessary
to boil them in the NaOH solution.
From ‘‘Chemist Analyst,” Vol. 25, No. 1.

Excellent Results in Igniting,
Incinerating and Melting

ALUNDUM Ignition Crucibles are
used in general laboratory practice to-
day where an ignition of’ carbonaceous
material, such as the ashing of coal, is
involved. The special capsule shapes
speed up these operations considerably.

P.S. These particular crucibles and
capsules cannot be used for alkali fusions.

New Norton Laboratory Ware
Catalog Contains Complete Data

All the facts and figures on ALUN-
DUM Laboratory Ware, complete speci-
fying data and list prices are found in
the new catalog, “Norton Refractory
Laboratory Ware.” For instance, if you
are looking for ALUNDUM Incinerat-
ing Dishes, they are described in the
following manner:

ALUNDUM INCINERATING DISHES
STOCK SIZES

No. Dimensions Depth List Price
6936 454" square 1€ - $1.20
6400 234’ diam. 5% .60
SPECIAL SIZES
22345 4" x 814" " 5.30
6954 4/ x 934" 34 4.40
9671 635" x 123" 234V 8.80
14066 117 x 16" 214" 16.15

P. S. Such an informative catalog is
a great help in purchasing laboratory
ware. Send for your copy today, ad-
dressing Norton Company, Worcester,
Massachusetts.

'NORTON RESEARCH

INGREDIENT NUMBER ONE IN FUS_EDT
ALUMINA LABORATORY WARE

NORTON LABORATORY WARE
. Distributed by the following:
Central Scientific Co., Chicago and Other Cities
Eimer and Amend, New York City
Arthur H. Thomas Co., Philadelphia
i Braun Corp., Los Angeles
- Braun, Knecht, Heiman, San Francisco
Or simply order through your fayorite Laboratory Supply House

Fisher Scientific Co., Pittsburgh
E. H. Sargent & Co., Chicago



10

INDUSTRIAL AND ENGINEERING CHEMISTRY

A.H.T. CO. SPECIFICATION

FLUORESCENT DAYLIGHT LAMPS

Based on new fluorescent daylight bulb which gives a cold,
diffused, glareless light similar to natural daylight

1

'a)"’ﬁ“?:-f:ﬁ'

GT

2072-F.

LABORATORY LAMPS, Fluorescent Daylight. Based on new 15-watt fluorescent bulb, 18 inches
long, giving a cold, diffused, glareless light with characteristics similar to natural daylight. Estimated
life of the bulb is approximately 2500 hours. Bulb is of the electric discharge type and employs mercury
vapor to sustain the arc. A large amount of fairly short wave ultraviolet invisible radiation is produced,
which is transformed into longer wave visible radiation by means of a fluorescent powder applied to the

inner surface of the glass.

Each lamp is furnished with ballast, i.e. a special choke-coil with arc starting device, as required for
operation on 110 volts. Starting is accomplished by means of a push-button switch which insures positive
operation. Pressure on the red button closes the circuit and heats the cathode at each end of the bulb.
When pressure is released, the circuit is broken and the discharge goes directly through the bulb without
any time lag. Pressure on the black button breaks the circuit and extinguishes the light.

BALANCE ILLUMINATOR, Fluorescent Daylight, A.H.T.
Co. Specification. For use directly on top of an analytical
balance case. Reflector insures maximum light on the front
of the balance beam and pointer index. Temperature rise
inside the balance case at beam level, due to heat radiation
from the bulb, is negligible.

The lamp consists of a 15-watt fluorescent bulb, 18 inches
long, mounted in ventilated metal housing finished on inside
with high reflecting white and on outside in dull black.
Overall dimensions, 1814 inches long X 6 inches wide X 33%
inches high; mounted on felt feet. Fits a wide variety of
analytical balances, i.e. those with cases 1414 inches or more
in width.

2072-F. Balance Illuminator, Fluorescent Daylight, A.H.T. Co. Speci-
fication, as above described, complete with 15-watt fluores-
cent daylight bulb, ballast, push-button starting switch,
cord and plug. For balance cases 1434 inches or more in
width. For 110 volt, 60 cycles, a.c. only

Code Word
10% discount in lots of 6.

TITRATION LAMP, Fluorescent Daylight, A.H.T. Co.
Specification. With curved white reflector so designed that
intensity of illumination over the entire surface does not vary
more than 25% and no direct light reaches the eye. Housing
is of heavy gauge steel finished on the outside in dull black
and mounted on rubber feet.

The illuminated window, 1814 inches long X 9 inches high,
forms an excellent background, free from reflections from
surrounding objects, for titrations, color matching, colori-
metric pH determinations, turbidity rings, flocculation and
precipitation tests, etc. In the latter work, a sheet of black
paper is laid over the central part to obtain dark field effect.

6323. Titration Lamp, Fluorescent Daylight, A.H.T. Co. Specification,
as above described, complete with 15-watt fluorescent daylight
bulb, ballast, push-button starting switch, two sheets of black
paper with holders, cord and plug. For 110 volts, 60 cycles,

a.c
Code Word

ARTHUR H. THOMAS COMPANY

RETAIL — WHOLESALE — EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA, U. S. A.
Cable Address, ‘“‘Balance’ Philadelphia

Vol. 14, No. 4
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Colorimetric Determination of Phosphorus
in Iron Ore

E. JOHN CENTER! AND HOBART H. WILLARD
University of Michigan, Ann Arbor, Mich.

RON interferes indirectly with the colorimetric determina-
tion of phosphorus. A sample run by the regular pro-
cedure but without addition of the final reagent is colorless to
the eye, and regardless of the percentage of iron in the sample
the transmittance at 450 millimicrons in a Coleman spectro-
photometer is the same (distilled water is used as a blank).
Curve 2, Figure 1, shows the spectral distribution of such a
sample. Curve 1, Figure 1, shows the spectral distribution of
a regular sample containing the yellow phosphorus complex
[(NH,);P0O,.NH,VO0;.16MoQ; according to Mission (1)].
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FiGURE 1. TRANSMITTANCE CURVES

Color developed

13
Color undevelop

2.

The proper width of the monochromatic light 'band (30
millimicrons) is also indicated on this curve, which shows
that a narrower slit, 5 or 10 millimicrons, would not be ap-
plicable in eliminating fixed iron interference, and is im-
practical because of the decreased energy output from the

1 Present address, Battelle Memorial Institute, Columbus, Ohio.
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spectrophotometer (less light falls on the photoelectric cell)
and the critical wave-length setting. Figure 1 also indi-
cates that a larger slit is out of the question. Thus a wave
length of 450 millimicrons is employed with a width of 30
millimicrons.

Although the iron interference is constant for varying per-
centages of iron when the color complex is undeveloped, a
marked deviation from the correct phosphorus content is
noted when the color is developed and the iron value falls
below the 50 per cent mark. In a lean ore or rock (iron below
50 per cent) this phenomenon indicates a low value for the
phosphorus content. Figure 2 shows the deviation in the
phosphorus value as a function of iron per cent.

For an ordinary iron ore the interference is negligible. If the
amount of iron in a sample of lean ore or rock is known, the
per cent of phosphorus can be obtained from Figure 2 by
adding the correction from the plot to the apparent colori-
metric value.

The ammonium phosphovanadomolybdate solution is ap-
preciably sensitive to temperature changes, and, for the most
precise analysis, samples must be run at constant tempera-
ture. In this work 27° C. is arbitrarily selected as a con-
venient temperature for seasonal work.

Distilled water does not change appreciably in transmission
with temperature changes. Therefore, it can be substituted
for the theoretically correct iron blank thus eliminating the
necessity of keeping the blank at any definite temperature;
moreover, distilled water does not vary in transmission over
a period of time whereas a colored, highly acid iron blank must
be constantly checked against a standard. The use of a dis-

70
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FiGURE 2. IRON INTERFERENCE WITH COLORIMETRIC
PHOSPHORUS
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CONCENTRATION, PERCENT

FiGure 3. Per CeNT TRANSMITTANCE vs. PErR CENT PHOS-
PHORUS

Distilled water used as a blank. Color compared at 27° C.

tilled water blank changes the concentration vs. transmittance
curve (Figure 3).

For increased accuracy and economy of time the original
colorimetric method for phosphorus (2) has been slightly modi-
fied. A l-gram sample is used instead of the original 0.5
gram to allow the determination of silica and manganese on
the same sample.

Procedure

Weigh out a 1-gram sample of iron ore into a 150-ml. beaker,
add approximately 10 ml. of concentrated hydrochloric acid, and
heat on a hot plate until the sample is in solution, adding more
hydrochloric acid if necessary.

When the ore is in solution add 0.5 ml. of concentrated nitric
acid, evaporate the solution to dryness, and carefully bake.
Allow the beaker to cool somewhat, add 15.0 ml. of 70 to 72 per
cent perchloric acid, and fume on a hot plate until the dark
brown ferric solution has changed to a light straw color. The
color change requires from 3 to 6 minutes, depending on the
temperature of the hot plate. Ixtreme care should be taken to
sethhat no organic matter contacts the hot fuming perchloric
acid.

Allow the sample to cool slightly, add 10.0 ml. of ammonium
vanadate solution, place the sample back on the hot plate, and
bring it to a boil.

TaBLE I. DETERMINATION OF PHOSPHORUS
Phosphorus <
Sample No. Volumetric Colorimetric
% %

888 GG 0.058 0.058
889 GG 0.066 0.064
7106 GB 0.082 0.081
7107 GB 0.089 0.088
7108 GB 0.093 0.092
866 MB 0.104 0.104
867 MB 0.105 0.105
868 MB 0.129 0.128
869 MB 0.128 0.127
870 MB 0.082 0.082
871 MB 0.099 0.099

Remove the sample from the hot plate and wash the cover
ﬁlass with a little distilled water; filter into a 100-ml. volumetric
ask. Scrub the beaker and wash the contents onto a filter paper.
Wash the filter paper five times with distilled water. The in-
soluble residue on the paper may be used for asilica determination.
Fill the volumetric flask to the mark with distilled water, and
mix by repeatedly inverting the stoppered flask. Measure out
50.0 ml. to use for a manganese determination if required.

To the remaining aliquot in the flask add 7.5 ml. of ammonium
‘molybdate solution. Invert and shake the flask to mix the re-
agents and dissolve the precipitate that first forms. Place the
sample in a water bath maintained at 27.0° C. When the sample
is at bath temperature measure the transmittance at 450 milli-
microns in a Coleman spectrophotometer. Read the per cent of
phosphorus from the concentration vs. transmittance curve
(Figure 3).

Table I shows & comparison of the colorimetric and volu-
metric methods for determining phosphorus.

INDUSTRIAL AND ENGINEERING CHEMISTRY

Vol. 14, No. 4

Summary

The colorimetric determination of phosphorus in iron ores
by the phosphovanadomolybdate method gives results in
good agreement with the usual volumetric method. Iron
gives a definite measurable interference which is negligible
if the ore is above' 50 per cent iron. Temperature must be
controlled for the most accurate work.
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A Filtering Device for Viscosity Tubes
STANFORD J. HETZEL

Sun Oil Company, Norwood, Penna.

ONSIDERABLE difficulty is often encountered in pre-
paring an uncontaminated sample of oil or other liquid
for a viscosity determination. A. S. T. M. Designation
D-445-39T requires that the sample be filtered through sin-
tered glass or a fine wire screen into a small beaker or bottle.
It is somewhat difficult to keep all the apparatus clean and
free from solid particles or lint and, unless great care is exer-
cised, the sample may pick up lint from the air before being
transferred to the viscometer pipet.

ROUTINE

VISCOMETER

3 7/15 MALE
3715 GRINDING
FEMALE
GRINDING

SINTERED

GLASS DISC

FILTERING CAP 20 X 2 MM,

The filtering device illustrated is a much more convenient and
rapid means for ensuring an uncontaminated sample for viscosity
measurement. It consists of a small interchangeaﬁle filtering cap
made by sealing a sintered-glass disk 20 mm. in diameter an
2 mm. thick in a glass tube fitted with a standard § 7/;s female
joint. A male joint is ground on the end of the capillary arm
of the viscometer. With the cap in place the pipet is inverted
and immersed in the beaker or wide-mouthed bottle containing
the sample, and filled by suction in the usual manner.

Two porosities of sintered-glass disks, medium or coarse, de-
pending on the viscosity of the sample, may be used. The filter-
ing cap holds about 6 to 7 cc. of sample.

- Cleaning is accomplished by drawing petroleum ether or ben-
zene through the cap in order to retain any foreign particles on
the outside and drying in a stream of air or in an oven.



Colorimetric Determination of Nickel
with Ammonia

A Spectrophotometric Study

J. P. MEHLIG, Oregon State College, Corvallis, Ore. =

LTHOUGH it has long been known that nickelous salts in
the presence of excess ammonia give a blue to violet
colored complex, until recently little has been done toward the
development of a colorimetric method for the determination
of nickel based upon this reaction. Two methods have been
proposed for its determination in steel.

Fieber (4) determined it in the filtrate after filtration of the iron
grecipitate produced by ammonium hydroxide, while Ayres and

mith (7) separated the nickel as the dimethylglyoxime salt,
decomposed the precipitate with nitric acid, and determined the
nickel in the resulting solution. They have stated that as little
as 5 p. p. m. of nickel can be detected with certainty when the
Yoe g 6‘§)photoclectric colorimeter is used. The region of highest
sensitivity, however, lies between 500 and 1500 p. p. m. The
error may amount to as much as about 5 per cent.

The purpose of the work described in this paper was to
make a critical study of this method by means of the photo-
electric recording spectrophotometer (20), with particular
attention to the effect of diverse ions upon the color system.
Similar studies of other colorimetric methods have recently
been made with this instrument (2, 3, 6, 6, 8, 9, 11, 12, 13).

Apparatus and Solutions
All spectrophotometric measurements in the present work were

made at Purdue University with the self-recording instrument
used by the writer in previous investigations (8, 9).
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FIGURE 1. TRANSMITTANCY CURVES FOR NICKEL-AMMONIA

100, 200, 300, 500, 1000, and 1500 p. p. m. of nickel in 1.5 M ammonium
hydroxide. 4.976-cm. cell

A standard stock solution of nickelous nitrate, each milliliter
of which contained 10 mg. of nickel, was made by dissolving
20.0133 grams of metallic nickel, of 99.93 per cent purity, in
dilute nitric acid and accurately diluting with redistif?ed water
to 2 liters.

Ammonium hydroxide solutions of various concentrations, such
as 0.5, 1.5, 3, 4.5, and 6 M, were made by suitable dilution of the
concentratetf solution of specific gravity 0.90.

Standard solutions of the diverse ions were prepared from the
chloride, nitrate, or sulfate salts of the cations and from the
sodium, potassium, or ammonium salts of the anions. Redis-
tilled water was used in all cases. Fach milliliter contained 10
mg. of the ion in question.

To produce the color system 5 ml. of the standard stock solu-
tion of nickel in a 100-ml. volumetric flask were just neutralized
with 15 M ammonium hydroxide, diluted to the mark with 1.5 M
ammonium hydroxide (1), and thoroughly shaken.

The spectral transmission curves were determined for a solution
thickness of 4.976 cm. and a spectral band width of 10 mpu.
Compensation for the absorption of light by the glass cell and
solvent was obtained by placing in the rear beam of light a similar
cell filled with 1.5 M ammonium hydroxide.

That the color reaction may be reproduced to a high degree
of precision is shown by the fact that thirty-one solutions of
the nickel-ammonia complex, each containing 500 p. p. m. of
nickel and prepared by the above procedure, gave trans-
mittancies at 582 mu (the peak of the absorption band), the
average deviation of which from the mean was 0.15 per cent.

The transmittancy curves for varying amounts of nickel are
shown in Figure 1.

Conformity to Beer’s Law

Proof that Beer’s law is followed by the color system is
shown by the straight line which resulted when the logarithms
of the observed transmittancies at 582 myu for six solutions,
containing from 100 to 1500 p. p. m. of nickel, were plotted
against the respective concentrations. Ayres and Smith (1)
using the Yoe colorimeter (16) reported that the system fol-
lows Beer’s law up to 600 p. p. m. of nickel.

Effect of Ammonium Hydroxide

Yoe and Crumpler (16) have pointed out that ammonia
solutions show an appreciable absorption of light in the
visual region. It has been shown (9, 15) that the concentra—
tion of ammonium hydroxide has a pronounced effect upom
the color of the copper-ammonia system. A similar result:
should be expected for the nickel-ammonia system, which to.
the eye shows a change in hue from blue to violet as the con-
centration of ammonia increases.

The spectral transmission curves produced by a series of
five solutions, each containing 500 p. p. m. of nickel, but made
by use of 0.5, 1.5, 3, 4.5, and 6 M ammonium hydroxide, were
compared. In each case the corresponding concentration of
ammonium hydroxide was used in the rear cell. The curves
(Figure 2) show that the hue gradually changes as the concen-
tration of the ammonium hydroxide varies. Both the maxi-
mum absorption and the wave length of maximum absorption
decrease as the concentration increases. Therefore, it is
necessary that the concentration chosen for the determination
be used throughout in making all the unknown as well as.
standard solutions which are to be used for comparison. In.
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Ficure 2. Errecr oF CONCENTRATION OF AMMONIUM
HybproxIpe

500 p. p. m. of nickel in 0.5, 1.5, 3, and 6 M ammonium hydroxide.
4,976-cm. cell

the present work the 1.5 M solution used by Ayres and Smith
(1) was selected.. Because of the high concentration of am-
monia, no attempt was made to determine pH values.

Stability of the Color

Six solutions, containing 100, 200, 300, 500, 1000, and 1500
p. p. m. of nickel, respectively, in 1.5 M ammonium hydroxide,
were stored in glass-stoppered Pyrex bottles and allowed to
stand in diffuse light. Curves made at intervals for these
solutions gave no evidence of fading or other change in color
over a period of 4 weeks. Time was not available for a
longer testing period. Apparently the color is stable indefi-
nitely. Such marked stability makes possible the use of a
series of permanent standards, which must, however, be kept
tightly stoppered to prevent loss of ammonia. Any action of
the ammonia on the glass to produce turbidity is reduced to a
minimum by using Pyrex containers.

Ayres and Smith () found no change in the color after 150
hours, but did not make tests over a longer time.

Effect of Anions

In the ion interference studies the curve produced by the
standard solution containing 500 p. p. m. of nickel in 1.5 M
ammonium hydroxide was compared with the curve produced
by a similar nickel solution containing in addition a known
weight of the diverse ion. From the transmittancies at 582
mpu of the standard solution and of each of the other solutions
and from the known nickel concentration of the standard
solution, the apparent concentration of nickel in each of the
solutions containing diverse ions was calculated by the aid of a
special color slide rule. The difference between this value
and the actual concentration multiplied by 100 and divided by
the actual concentration gave the percentage error. The
calculation is based upon the formula

(2]

To= T5

where 7 represents the transmittancy, expressed as a deci-
mal, for the solution of concentration ¢; and 7, the trans-
mittancy for the solution of concentration ¢;. In accordance
with the practice followed in three former studies by the
writer (8, 9) and by other workers at Purdue University (2, 3,
5, 6, 11, 12, 13) a 2 per cent error was set as the maximum
allowable for negligible interference. Although visual methods
of color comparison often have a precision of not less than
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5 per cent, it was thought advisable to set a lower figure to
provide for other possible factors. :

When there is a change in hue the curve does not have the
same general shape as the standard curve and the point of
maximum absorption occurs at a different wave length.

The interfering anions may be divided into four general
classes: those, such as cyanide, which form complexes with
the nickel ion without a change in hue; those, such as citrate,
pyrophosphate, and salicylate, which form complexes with a
change in hue; those, such as dichromate, which cause a
change in hue because of their own color; and those, such as
chlorostannate, chlorostannite, silicate, tungstate, and vana-
date, which cause turbidity because of their own hydrolysis
or the precipitation of nickel salts.

In Figure 3, curves 2 and 3 show the effects of 500 and 100
p. p. m. of chromium as dichromate ion, curve 4 the effect of
300 p. p. m. of cyanide ion, and curve 5 the effect of 500 p. p. m.
of oxalate ion.

The effects of the common anions and their approximate
limiting concentrations are listed in Table I.

Effect of Cations

Cobaltous and cupric ions are the only common cations
which really interfere. They form soluble, colored ammonia
complexes, causing a decided change in hue. In Figure 4,
curves 2 and 3 show the effects of 50 and 25 p. p. m. of cobal-
tous ion and curves 4 and 5 the effects of 50 and 25 p. p. m. of
cupric ion. Silver, cadmium, and zinc ions form colorless
ammonia complexes which do not interfere. Aluminum,
antimonous, barium, beryllium, bismuth, chromic, ferric,
ferrous, lead, magnesium (in the absence of ammonium
chloride), manganous, mercuric, mercurous, strontium,
thorium, uranyl, and zirconium ions precipitate as hydroxides
or basic salts in the alkaline solution. These precipitates can

TaBLE I. KErrecr or DIVERSE ANIONS
(50 mg. of nickel in 100 ml. of solution)

Apparent Change Approximate
in Nickel Limiting,
Ion Concentration Concentration Concentration
DM % Pap.ims

Acetate 500 Negligible
Arsenate 500 (As) Negligible
Arsenite 500 (As) Negligible
Benzoate 500 Negligible
Borate 500 (B203) Negligible
Bromide 500 Negligible
Carbonate 500 Change in hue

100 Negligible 150
Chlorate 500 Negligible 5
Chloride 500 Negligible
Chlorostannate 500 (Sn) Precipitates

300 (Sn) +1.9 300
Chlorostannite 100 (Sn) Precipitates 0
Citrate 100 Change in hue 0
Cyanide 300 —17.

100 — 6.4 0
Dichromate 100 (Cr) Change in hue 0
Fluoride 500 Negligible e
Formate 500 Negligible o
Todide 500 Negligible
Molybdate 500 (Mo) Negligible
Nitrate 500 Negligible
Nitrite 500 Negligible
Orthophosphate 500 (P20s) Negligible
Oxalate 500 Change in hue

100 +7.7 0
Perchlorate 500 Negligible e
Pyrophosphate 100 —3.0 50
Salicylate 500 Change in hue

100 +1.6 100
Silicate 100 (SiOy) Precipitates 0
Sulfate 500 Negligible 5
Sulfite 500 Negligible e
Tartrate 500 +2.0 500
Thiocyanate 500 Negligible AR
Thiosulfate 500 Turbidity

200 +2.2 150
Tungstate 500 Turbidity

300 3.0

100 Negligible 150
Vanadate 20 (V) Precipitates 0
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TasrLe II. Errect or Diverse CATIONS
(50 mg. of nickel in 100 ml. of solution)

Apparent Change Approximate
in Nickel Limiting
Ion Concentration Concentration Concentration
P.p.m. ¥ P.p.m.
Ammonium 500 Negligible
Cadmium 500 Negligible
Calcium 500 Negligible 55
Cobaltous 25 Change in hue 0
Cupric 26 Change in hue 0
Lithium 500 Negligible
Magnesium 200 Negligiblea
Potassium 500 Negligible
Silver 500 Negligible
Sodium 500 Negligible
Zinc 500 Negligible

¢ If ammonium chloride is present.
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Fi1Gure 3. EFFECT OF ANIONS

500 p. p. m. of nickel with diverse anion in 1.5 M ammonium hydroxide.
4.976-cm. cell

be removed by filtration, as was done by Fieber (4), but Ayres
and Smith () chose instead to separate the nickel by precipi-
tating it from slightly ammoniacal solution in the presence of
tartrate with dimethylglyoxime. This separation is satis-
factory for steel, but if the method were to be app}ied to
general testing where any of the ions listed above might be
present, some of them would undoubtedly be precipitate-zd in
the alkaline solution. The writer recommends for miscel-
laneous materials relatively low in iron, in the absence .of co-
balt and copper, a procedure similar to the one used in the
ammonia method for copper (7, 14); wherein the precipitate
produced by ammonium hydroxide is filtered and the deter-
mination is made on the filtrate. ;

Although ammonium chloride has been shown (9, 15) to in-
tensify the color of the copper-ammonia system, 1000 p. p. m.
of ammonium ion as chloride have no effect upon the color of
the nickel-ammonia system. S

In Table II are listed the effects and approximate limiting
concentrations of the common cations which do not cause
precipitation.

Summary

A spectrophotometric study shows thab t_he ammonia
method for the colorimetric determination of n_lckel is satis-
factory although not highly sensitive. The region of hlghgst
sensitivity lies between 500 and 1500 p. p. m. of nickel. \Yhﬂe
the precision is not high, the average of several determinations
agrees well with the results obtained by the gravimetric
dimethylglyoxime method. ;

The Ayres and Smith method need not be restrgcted to the
determination of nickel in steel. However, for miscellaneous
materials relatively low in iron it is recommended that any

precipitate produced by ammonium hydroxide in the absence
of tartrate be filtered and the nickel determined in the filtrate
without resorting to the dimethylglyoxime separation.

The concentration of the ammonium hydroxide used for
dilution must be carefully controlled because of the ability of
the ammonia solution to absorb light. Since the hue varies
with the concentration, the same concentration must be used
for the standards as for the unknown solutions. A 1.5 M
solution is recommended.

The color system follows Beer’s law.

The color is stable in diffuse light for at least 4 weeks and
undoubtedly for a much longer time. The use of a series of
permanent standards is therefore possible.

The color reaction may be reproduced to a high degree of
precision.

A study of the effect of sixty common ions shows that only a
few, especially cobaltous, cuprie, cyanide, and dichromate,
seriously interfere with the color and that many of the cations
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500 p. p. m. of nickel with diverse cation in 1.5]M ammonium hydroxide.
4.976-cm. cell
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cause precipitation or turbidity, but in the course of the
determination this latter group would be removed.
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Analysis of Cellulose Derivatives

Analysis of Cellulose Mixed Esters by the Partition Method

CARL J. MALM, GALE F. NADEAU, AND LEO B. GENUNG
Eastman Kodak Company, Rochester, N. Y.

Several methods have been proposed for the
determination of the combined acids in mixed
esters of cellulose, most of them based on some
physical property of the acids. The differential
partition (or distribution) of the acids between
immiscible solvents has proved to be a satisfactory
and practical means for determining the composi-
tion of mixtures of acids. This principle was
utilized by Behrens and the manipulation was
improved and simplified by Werkman. It has
now been applied to cellulose mixed ester analysis,
and butyl acetate has been found to be a particu-
larly suitable extractant for mixtures of acetic,
propionic, and butyric acids.

The analysis of a cellulose mixed ester by the

ARIOUS mixed esters of cellulose and particularly the

cellulose acetate propionates and acetate butyrates have
proved successful commercially because of the ability to
vary their properties to meet different requirements by vary-
ing their compositions. The analysis of these esters presents
the usual difficulties encountered in analyzing neighboring
members of a homologous series of organic compounds.
Since there is little difference in chemical properties between
such members, it is necessary to make use of some physical
property as the basis for an analytical method.

The older method for analyzing mixtures of such acids was
that of Duclaux (6), with various modifications and improve-
ments (7, 14, 28, 32), which is based on differences in the rates
of distillation of the various acids. Behrens (2) proposed the
use of the differential distribution (or partition) of the acids

between immiscible solvents such as diethyl ether and water. -

This method has many advantages over that of Duclaux, the
most important of which is that a greater numerical spread in
values may be obtained. Behrens titrated the acid present in
each phase and calculated his results algebraically using simul-
taneous equations. He showed that mixtures of as many as
five acids could be analyzed with reasonable accuracy by measur-
ing partitions under several different sets of conditions. The
acids studied were acetic, propionic, butyric, valeric, caproic,
suceinie, lactie, glycolic, malie, citric, and tartaric.

Werkman successfully applied this principle to two-component

partition method involves the following steps:
determination of total combined acids by some
suitable method, saponification and isolation of
these combined acids, determination of the parti-
tion coefficients between butyl acetate and water
of the acid mixture and also separate measurement
of the partition coeflicients of each acid present,
calculation of the molar ratios of the acids using
simultaneous equations, and calculation of the
weight per cent of the acids, or combined acyl,
from the molar ratios and the total acid content
of the ester. Precision, accuracy, and limits of
applicability are given. Modifications of the pro-
cedure are described for certain higher acyl esters
and for nonvolatile acid esters.

mixtures using isopropyl ether (29), diethyl ether (30), and iso-
amyl ether (37). Calculations were made by graphical methods.
Osburn and Werkman (18) extended the procedure to mixtures
of acetic, propionic, and butyric acids and developed nomo-
grams to simplify the calculation. Later (79) they modified
the procedure to include formic acid and to indicate the presence
of other acids such as lactic and pyruvic. Fuchs (8) has sys-
tematically studied the indirect methods of analysis, including
application of the partition method to mixtures of the lower
aliphatic acids.

Yackel, Staud, and Gray (34) applied the procedure of Werk-
man to cellulose esters by saponifying the esters by the modified
Eberstadt method (16), removing the alcohol by evaporation,
acidifying with phosphoric acid, and steam-distilling. The acid
distillates were extracted with diethyl ether. Steam-distillation
of propionic and butyric acids is not very satisfactory from an
analytical standpoint, so Yackel, Kenyon, and Gray (33) modi-
fied this procedure by saponifying, removing the alcohol by
evaporation, diluting, and exactly neutralizing the alkali with
standard hydrochloric acid. The regenerated cellulose was
then filtered off, and the filtrate was extracted with diethyl ether
by the method of Werkman (30). The sodium chloride present
was shown to have a negligible effect on the distribution coeffi-
cients of the acids. > ]

Malm and Nadeau (15) improved these procedures by saponi-
fying the cellulose ester without the use of alcohol and used
vacuum-distillation for separating the organic acids from the
regenerated cellulose. Normal propyl and butyl acetates were
found to have many advantages over the ethers as extracting
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agents, particularly when three-component acid mixtures are
to be analyzed.

Several other methods have been proposed for application to
cellulose mixed esters, but in general they do not appear to be
so practical and accurate as the partition method. Yackel,
Staud, and Gray (34) saponified the mixed esters, steam-distilled,
neutralized, evaporated to dryness, dissolved the sodium salts
and measured the refractive index of the resulting solution an:
compared it with a curve prepared using knowns. They found
the accuracy was not very great and were troubled by interfering
impurities. Tanghe (25) applied the method of thermal analysis
to mixtures of sodium salts of two acids isolated from cellulose
mixed esters. The freezing or congealing points as determined
from the cooling curves of melts gave some indication of compo-
sition for values less than 25 mole per cent propionyl. For
higher propionyl contents, known amounts of pure sodium
acetate were added to shift the composition into the more sensi-
tive range. The sensitivity of the method, however, was not so
high as was desired. el

Kolossowsky (11), in a series of papers, has reported distribu-
tion ratios ofy the common organic acids between water and
many organic solvents. :

Methods proposed for the analysis of mixtures of acids of the
fatty acid series and related acids include the following: Crowell
(4) described a method for analyzing mixtures of acetic, pro-
pionic, and butyric acids based on the extraction with kerosene
of an aqueous solution saturated with calcium chloride to remove
butyric acid, and titration and weighing of barium salts to
measure the amount of acetic and propionic acids. McNair
(13) determined propionic acid in the presence of formic and acetic
acids by oxidizing the former to oxalic acid with permanganate
and determining this acid as the calcium salt. Sukhanovskil
and Roginskaya (24) analyzed mixtures of formic, acetic, pro-
pionic, and oleic acids by a method involving separate determi-
nation of formic acid. Acetic and propionic acids were measured
as lead salts and by special extraction and fusion steps; oleic
acid was then obtained by difference. Lecoq (12) steam-dis-
tilled acetic and butyric acids from lactic acid and measured
the amounts of these volatile acids either from the differential
solubilities of their barium salts in ethyl alcohol or by convertmg
the mixed barium salts to barium sulfate. Vinogradoy an
Ostroumova (27) determined propionic and butyric acids in
acetic acid by stepwise neutralization with hydrochloric acid of
a solution of the sodium salts of the acids. After each neutrali-
zation, the mixtures were extracted with ether
and the acids in the ether layers were converted
to their sodium salts. Addition of ferric chlo-
ride resulted in precipitates or colors from
which the amounts of propionic and butyric
acids could be estimatcdl:) :

Tasman (26) estimated formic, acetic, and
propionic acids in bacteriological nutritive
media by steam-distilling the acids, measuring
formic acid separately by the reduction of
mercuric chloride to mercurous chloride, and
destroying formic acid in another portion of the
distillate by oxidizing with acid dichromate.
The resulting mixture of acetic and propionic
acids was then distilled in fractions, the dis-
tillates were neutralized, concentrated, and
combined, and after acidification a “half distil-
lation” value was measured, from which the
relative proportions of the acids were found by
comparison with a standard curve. Klinc (10)
determined butyric acid in the presence of
formie, acetic, propionic, and lactic acids by
controlled oxidation to acetone using hydrogen
peroxide. The acetone formed was measured
by precipitating with an alkaline mercuric cya-
nide-silver nitrate mixture. Bekhtereva and
Terusalimskif (3) analyzed mixed acids obtained
in a butyl alcohol-acetone fermentation. Mix-
tures of acetic and butyric acids were ana-
lyzed by measuring formic acid by the reduction
of mercuric chloride, butyric acid by the colori-
metric method of Peterson and Fred (20), and
acetic acid by difference. oo

Qualitative methods for the identification of
organic acids of the homologous fatty acid
series include the following: Agulhon (1) identi-
fied these acids by observing colors formed in
solvent layers when ferric or cupric salt solu-
tions of the acids were extrac with certain
organic solvents. Dyer (?) modified and im-
proved the method of Agulhon. Deniges (5)
formed characteristic crystals by treating the
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acids with cholesterol and examining them microscopically.
Musicant and Kaszuba (17) identified propionic acid in the
presence of acetic and butyric acids by microscopic examination
of their mercurous salts. Schicktanz, Steele, and Blaisdell (21)
analyzed mixtures of formic, acetic, propionic, n- and isobutyric
acids qualitatively and semiquantitatively by a method based on
azeotropic distillations with benzene and toluene.

Procedure

The procedure given has been found satisfactory from a
practical standpoint, and involves the following steps:

1. An analysis to determine the total combined acids present.

2. Saponification and isolation of the combined acids.

3. Determination of the partition coefficients between butyl
acetate and water of the acid mixture and separate measurement
of the partition coefficients of each acid present.

4. Calculation of the molar ratios of the acids using simul-
taneous equations.

5. Calculation of the weight per cent of the acids (or combined
acyl) from the molar ratios and the total acid content of the
ester.

SPECIAL APPARATUS AND REAGENTS.
bath or oven at 40° C. -

Vacuum-distillation apparatus, each consisting of a 500-ml.
round-bottomed flask fitted with a rubber stopper carrying a
capillary inlet tube and Kjeldahl distillation head, which is in
turn connected to a vertical condenser, the lower end of which
reaches within 7.5 em. (3 inches) of the bottom of a 500-ml, side-
arm distillation flask used as the receiver. Efficient condensers,
preferably of the spiral type, are recommended. The distillation
flasks are heated 1n a water bath, and the receivers are cooled
in a brine bath or with ice and salt at about 0° C,

Phosphoric acid solution, 1 molar.

Butyl acetate must be free from water to ensure good keeping
quality and must be free from acidity to give accurate results.
As much as 5 per cent of butyl alcohol can be tolerated. When
commercial butyl acetate is used, it must be neutralized with
sodium carbonate, dried over calcium chloride, and then care-
fully distilled. The distillate should be tested for freedom from
acidity by mixing 50 ml. of butyl acetate with 50 ml. of carbon
dioxide—free distilled water and titrating with 0.1 N sodium
hydroxide solution. If a pure grade of butyl acetate is avail-

Constant-temperature

VacuuM DISTILLATION APPARATUS
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able, it should be shaken with solid sodium carbonate and sodium

sulfate. After settling and decanting, it is ready for use. This

material may be analyzed for its water (23) and butyl alcohol

(22) contents by the methods described by Smith and Bryant.
Pure samples of the acids in the ester to be analyzed.

DerERMINATION OF ToraL Acyn Conrtent. The total
acyl content may be determined by one of the methods de-
seribed by Genung and Mallatt (9). The modified Eberstadt
method should be used if applicable; otherwise, the alcoholic
alkali method should be employed. The alkali consumed
is calculated as per cent acetyl (equivalent weight 43). The
result is actually an ‘‘apparent acetyl”’ value, and is a measure
of the total acyl content of the ester.

IsoLaTiON OF A MixTUrRe oF Acms. Duplicate 3.0-gram
samples (not especially dried) are heated with 100 ml. of 0.5 N
sodium hydroxide solution in stoppered 500-ml. round-bottomed
Pyrex flasks in a water bath or oven at 40° C. for 48 to 72 hours.
Enough molar phosphoric acid solution (about 50 ml.) is added
to each flask to form monosodium phosphate, which liberates
the organic acids from their sodium salts. The flasks are con-
nected to the Kjeldahl heads, the distillation apparatus is as-
sembled, and the solutions are vacuum-distilled to dryness,
allowing a small stream of air bubbles to enter if necessary to
avoid bumping. Twenty-five milliliters of distilled water are
added to the residue in each flask and the vacuum-distillation
is again taken to dryness. This operation is repeated with second
25-ml. portions of distilled water. The conditions of the distilla-
:,iiondllnust be such that no phosphate ion is carried over into the

istillate.

In this operation, it is not necessary to work with quan-
titative accuracy, but it is necessary to obtain water solu-
tions of the acids in the same ratio as they occur in the ester.
The distillate is diluted to about 250 ml. with carbon di-
oxide—free distilled water which, in the majority of cases,
automatically adjusts the acidity of the distillate to 0.08 to
0.12 N, the range desired for subsequent extractions.

Many modifications of the distillation apparatus might be
used. The apparatus described, however, is simple, it may
be assembled from ordinary laboratory equipment, and it
has been proved by long use to be satisfactory and practical.

DETERMINATION OF MorAr RATIO OF Acips. The follow-
ing procedure is based on the distribution of the various
acids and the unknown acid mixture between water and
n-butyl acetate. The ratios are first determined for the indi-
vidual acids using samples of known high purity. From
these values and the partition ratio of the mixture, the molar
ratio can be calculated.

The distribution ratios of the known acids are determined
as follows. The case of acetic, propionic, and butyric acids is
used in the following discussion:

The calculated amounts of the pure acids (1.43 ml. of acetic,
1.87 ml. of propionic, and 2.30 ml. of butyric acid) are each
diluted to 250 ml. to give approximately 0.1 N solutions. A
25-ml. portion of each acid solution is titrated with 0.1 N sodium
hydroxide, using phenolphthalein as indicator. The volume of
alkali in each case is designated as M. Thirty milliliters of acid
solution and 15 ml. of butyl acetate are transferred to a small
separatory funnel, using accurate pipets or burets, the mixture
is shaken thoroughly, and the two layers are allowed to separate.
The conditions of shaking are not critical, but they must be
standardized by each operator. It is recommended that the
shaking be continued for 2 minutes at about 100 strokes per
minute and that the funnel be held in such a way as to minimize
heatin% by the hand. Several minutes’ standing should be al-
lowed for the layers to separate.

The lower layer is drawn off, and the upper layer is discarded
or saved for recovery of the butyl acetate. A 25-ml. pipet is
rinsed with 2 or 3 ml. of this aqueous solution and then 25 ml.
are pipetted into a clean flask containing 25 or 50 ml. of carbon
dioxide—free distilled water. This solution is titrated with 0.1
N sodium hydroxide solution as before, and the volume of alkali
in each case is designated as M;. Other 30-ml. portions of the
acid solutions are extracted in the same manner, using in this
case 60 ml. of butyl acetate, 25-ml. portions of the aqueous layers
are titrated as before, and the volume of alkali used 1s designated
as 1‘1 2
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The following ratios are then calculated for each acid:

: M
7=k AT’:]g,

The distribution ratios, or partition coefficients, thus de-
termined represent the fraction of the acid remaining in the
water layer under the conditions specified. Numerical
values are thus obtained for the following partition coeffi-
cients:

k1, acetic acid with 15 ml. of n-butyl acetate

ka, propionic acid with 15 ml. of n-butyl acetate
k3, butyric acid with 15 ml. of n-butyl acetate
k4, acetic acid with 60 ml. of n-butyl acetate

ks, propionic acid with 60 ml. of n-butyl acetate
ke, butyric acid with 60 ml. of n-butyl acetate

These values must be determined by each operator for
every new supply of butyl acetate. The numerical values
will vary with the butyl alcohol content of the butyl acetate
and with the individual technique of the operator.

Before continuing the analysis, the extraction technique
and the partition coefficients should be checked by pre-
paring and analyzing an acid mixture of known composition.

Convenient weights of the three acids are thoroughly mixed in
a flask and 1.75 to 2 ml. of the mixture are diluted to 250 ml. to
give an approximately 0.1 N solution, the exact molar composi-
tion of which is calculated from the weights of the acids. A
25-ml. portion is titrated, the titer is designated as M, and 30-
ml. portions are extracted with 15 and 60 ml., respectively, of
butyl acetate and are titrated using exactly the same technique
previously employed.

The following percentage coefficients are then calculated:

My X 100 _ o M, X 100
M Wt M

In this case the K values are expressed as percentage par-
tition coefficients rather than as ratios. The composition of
the known acid mixture is then calculated from these data,
using Equations 6, 7, and 1 as described below. If the result
agrees satisfactorily with the known composition of the mix-
ture, the coefficients and the equation are ready for use. If
the agrecment is poor, the individual partition coefficients
should be rechecked and the mixture reanalyzed until satis-
factory results are obtained. This may involve a considerable

= K,

_ amount of work for a new operator, but when the extraction

technique has been standardized, acceptable results can
usually be obtained in the first attempt.

The distillates may then be analyzed by the procedure de-
scribed above. 25-ml. portions are titrated, the volumes of
alkali are designated as M, 30-ml. portions are extracted and
titrated as before, and the titration from the 15-ml. extraction
is designated as M, and from the 60-ml. extraction as M., The
percentage partition coefficients, K; and K., are calculated as in
the case of the known acid.

CarcuraTions.  Case of a Mixture of Three Acids. In
order to evaluate three unknowns, three simultaneous

TaBLE I. PArTITION COEFFICIENTS OF VARIOUS ACIDS
ki, ks,
E 15 MI. of Butyl Acetate, 60 MI. of Butyl Acetate,
Acid 30 ML of Water 30 ML of Water
Formic 0.885 0.660
Acetic 0.851 0.589
Propionic 0.592 0.263
n-Butyric 0.288 0.093
Isobutyric 0.280 0.090
n-Valeric 0.124 0.040
n-Caproic 0.036 (0.04 N solu- 0.013
2 tion used)

Crotonic 0.350 0.121
Methoxyacetic 0.920 0.752
Chloroacetic 0.532 0.233
Levulinic 0.869 0.624
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Tasre II. AnALYSES OF Acip MixTUres oF KNowN CoMPOSITION o Ofl a_cellulose 'actlatate l})}utyrate,
Acid Found Taken Found Taken Found Taken Found Taken Found Taken using the ﬂ:bove terminology, the neces-
: by pocrd sary equations are
Aceti 90.1 90.6 88.2 88.4 61.5 61.5 46.5 46.6 9.5 0.9
gfgp'i%nic 5.1 4.8 ;; ;.g 23.3 23.3 %.g 23.2 23.; 22_0 4 + B = 100 (11)
utyric 4.8 4.6 3 - F : 4 5 ¥ 1
Acid Found Taken Aoid Found Taken Aky + Bks = K; (12)
Mole per cent : Mols per cent These equations, when solved, become
gormic 41.0 gg g écetw‘ Z;{l’ Z)gg
utyric 59.0 ; aproic . . K; — 100 k
Acetic 65.2 65.1 Acetic 21.7 21.0 B = ‘Tk—‘ (13)
Propionic 34.8 34.9 Chloroacetic 78.3 78.4 3 — Ki
Aceti 37.1 37.2 Butyric 26.1 26.4
Butyrio 62.9 62.8 Caproio 73.9 73.6 4 =100 — B (14)
Acetic 77.0 76.8 3
Crotonic 23.0 23.2 When the numerical values for k are

algebraic equations involving the three unknown quantities
are necessary. In the case of a ternary acid mixture, the sum
of the mole percentages of the acids present represents the
total acidity or 100 per cent. If A, P, and B represent mole
percentages of acetic, propionic, and butyric acids, respec-
tively, the first equation becomes:

A + P+ B = 100 (1)

The second and third equations are:
Ak[ + Pkg + B’C; = K[ (2)
Aky + Pks + Bks = K (3)

Note that ki, ks, ks, ks, ks, and ks are known and refer to the
pure individual acids, whereas K; and K: refer to the ternary
mixture. By solving these equations for P, the following
expressions may be derived:

Ky — 100k, _ Ka — 100k
i ks — k1 ke — ks @
s — ki ks — ke
ks — ki ke — ks
- Ko — 100k — P(k — k) ®
ke — ki
Typical values for the partition coefficients of the acids are:
ki = 0.852 i = 0.586
ks = 0.587 ks = 0.261
ks = 0.282 ke = 0.091

When these values are substituted in Equations 4 and 5,
they simplify to the following forms:

P = 10.5 (58.6 — K») — 9.14 (85.2 — K)) (6)
B = 2.02 (58.6 — K») — 0.656P (7)

The above constants and numerical values in the equations
are typical, but the exact values should be determined Py
each analyst, using his own reagents and the best pure acids
available. These constants must be checked from time to
time, particularly when new reagent solutions are put in use.

The mole percentages of acid are converted to weight per
cent acyl as follows:

A X per cent apparent acetyl = weight per cent acetyl (8)

1 X 57/43 = weight ;
B X per cent apparent acetyl X.57/ per cent propionyl (9)

: 1 X 71/43 = weight
B X per cent apparent acetyl X 71/ et buiyryl (10)

Case of Two Acids. When it is known thz.xt only two aqlds
are present, the manipulation and calculation may be sim-
plified considerably. Only two simultaneous equations and
only one set of partition coefficients are then required. In the

substituted in Equation 13, it simplifies
to the form:

B = 1.75 (85.2 — Kj) (15)

A similar equation can also be derived using the other set
of constants:
K, — 100 k;

R =

(16)

Limits of Applicability

The procedure as described above is satisfactory for the
analysis of cellulose acetate propionates and cellulose acetate
butyrates having propionyl and/or butyryl contents less
than about 35 to 40 per cent. The limit cannot be drawn
more closely than this because the physical condition of the
sample to be saponified is an important variable.

This principle can also be applied to the analysis of other
volatile water-soluble acid esters of cellulose. The accuracy
obtained depends upon the difference in the numerical
values of the partition coefficients. Typical partition coeffi-
cients for a series of such acids are given in Table I. These
values are comparable, for they were determined using one
particular sample of butyl acetate which contained 0.04 per
cent water and 1.81 per cent butyl alecohol, but such coeffi-
cients would vary with different operators and different rea-
gents.

Analysis of Known Mixtures

When acid mixtures of known composition are analyzed,
results such as those given in Table II are readily attainable.

Acid mixtures of known composition were distilled in the
usual way to check the completeness of distillation, and
analysis of the distillates gave the following results:

Acid Found Taken
Mole per cent

Acetic 56.9 57.0
Propionic 29.4 29.7
Butyric 13.7 13.3
Acetic 62.3 62.0
Propionic 28.3 28.6
Butyric 9.4 0.4

A known acid was also distilled and analyzed in the same
way, except that 1.5 grams of cotton linters were present in
the distillation flask during the distillation, which approxi-
mately duplicates the condition normally encountered.

Acid Found Taken
Mole per cent

Acetic 15.6 16.0

Propionic 30.6 30.6

Butyric 53.8 53.4

The effect of the saponification was measured by heating 1.5
ams of cotton linters and about 2 ml. of an acid mixture of
nown composition with 100 ml. of 0.5 N alkali at 40° C. for 3
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days, then acidifying with phosphoric acid, distilling, and
analyzing by the usual procedure. The results were as fo Tows:

Acid : Found Taken
Mole per cent
Acetic 15.6 16.0
Propionic 30.6 30.6
Butyric 53.8 53.4

These experiments show that no appreciable errors are in-
troduced at any stage in the manipulation. This conclusion
is supported by the fact that when cellulose acetate is an-
alyzed, practically 100 mole per cent acetic acid is found.
Qualitative tests on the distillates show negligible amounts
or no phosphoric or formic acid to be present.

Precision and Accuracy

Examination of the data on known solutions indicates
that accuracy within =0.4 mole per cent is usually attained.
In cellulose esters containing approximately 50 per cent
acyl, the accuracy is thus about =0.2 per cent acyl. The
precision is better, and is usually within =0.2 mole per cent
or =0.1 weight per cent acyl.

Procedure for Mixed Esters of High Propionyl or
Butyryl Content

In the case of cellulose acetate propionates and acetate
butyrates having more than 35 to 40 per cent propionyl and/or
butyryl, the apparent acetyl content must be determined by
the alcoholic alkali procedure (9) or an equivalent method,
and the saponification and isolation of the mixed acids are
carried out as follows:

Duplicate sa.mgles of approximately 3.0 grams (not especially
dried) are weighed into 500-ml. round-bottomed flasks. Approxi-
mately 100 ml. of methyl or ethyl alecohol and 100 ml. of 0.5 N
sodium hydroxide solution are added to each flask. The saponi-
fication is then conducted at room temperature for 48 to 72
hours, except in cases where this treatment is not vigorous
enough. In some cases, it will be necessary to conduct the
saponification at 40° C. for 48 to 72 hours. The flasks are then
connected to distillation apparatus and the alcohol is removed
by vacuum-distillation. After distilling to dryness, the vacuum
is released, the condenser and receiver are rinsed down, and the
distillate 1s discarded. The required amount of phosphoric
acid and 100 ml. of distilled water are added to each flask, and
the apparatus is reassembled. The distillation, extractions, and
calculations are then carried on as described above. It is neces-
sary to remove all the alcohol by the first distillation, or the
partition constants and the results will be in error.

Small amounts of formic acid are formed when cellulose is
heated in the presence of alkali. This effect can be reduced
and the accuracy of the above procedure can be slightly improved
when desired by filtering off the regenerated cellulose before
removing the alcohol by vacuum-distillation.

This method is applicable to the analysis of volatile water-
soluble acids which include acetic, propionic, butyric, and
valeric acids. Caproic and higher acids cannot be analyzed
by this exact procedure, because of their lower solubility in
water and their poorer volatility. However, the procedure
can be modified to include caproic by using more dilute
solutions such as 0.04 N.

The precision and accuracy are slightly poorer when al-
cohol must be used, for the conditions of saponification are
more vigorous, and the distillation to remove alcohol is made
on the alkaline solution. As a result, measurable amounts
of formic acid are formed, which cause the apparent acetic
acid results to be high, and propionic or butyric results to be
low. On the other hand, any alcohol which is not removed
by the first distillation and is carried with the acids in the
second distillation produces an error in the opposite direc-
tion. The accuracy is also affected by errors in the total
acyl analysis. A precision of =0.4 mole per cent or about
=+(.2 weight per cent acyl is usually attained. The average
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accuracy is of the order of =1 mole per cent or =0.5 weight
per cent acyl.

Procedure for Nonvolatile, Water-Soluble Acid
Esters

The saponification is conducted as described above. If alcohol
is used, it must first be removed by evaporating or distilling to
dryness. Distilled water is added if necessary to restore the
original volume, and then standard hydrochloric acid is added
to neutralize exactly all the alkali present. The regenerated
cellulose is removed by filtration, is washed well, and the volume
of the filtrate is adjusted to 200 to 250 ml. This filtrate differs
from the distillates obtained in the other procedures in that it
contains sodium chloride equivalent to the amount of alkali
originally taken. Partition ratios may be determined on this
filtrate by the above-described procedure with the difference that
the coeflicients for the known acids must be determined using
0.1 N solutions of the acids containing the same sodium chloride
concentration as the filtrates.

Partition coefficients of the known acids between butyl acetate
and water are appreciably lowered by sodium chloride, whereas
Yackel, Kenyon, and Gray (33) found that it has little effect
on the coefficients for diethyl ether and water.

This method is particularly adapted to the analysis of esters
of water-soluble volatile or nonvolatile acids. The accuracy
obtainable depends upon the exactness of the neutralization
of sodium hydroxide with hydrochloric acid and also upon
the numerical difference between the distribution coefficients
of the acids involved.

TaBLE III. Errect oF BuryL ALcOHOL CONTENT ON PARTITION
COEFFICIENTS

Butyl Acetate Sample
3 4 5

1 6 7
Butyl alcohol
22), % 0.87 1.30 1.90 2.09 2.42 5.10 8.80
Water (23), % 0.17 0.03 0.00 0.03 0.02 0.06 0.10
ky 0.857 0.855 0.852 0.849 0.847 0.825 0.793
ks 0.601 0.598 0.587 0.5890 0.584 0.551 0.513
ks 0.204 0.293 0.282 0.288 0.282 0.260 0.234
ks 0.602 0.597 0.586 0.584 0.576 0.531 0.472
ks 0.275 0.271 0.261 0.261 0.255 0.227 0.194
ke 0.098 0.096 0.091 0.092 0.089 0.079 0.067

Effect of Variables

ErrecT oF BuryL ALcoHOL CONTENT OF BUTYL ACETATE.
The butyl alcohol content of the butyl acetate has an ap-
preciable effect on the numerical values of the partition co-
efficients (k) for acetic, propionic, and butyric acids, as shown
in Table III.

Other variables, such as the technique of the operator,
may affect these numerical values, so it is not practical to use
k values based on the butyl alcohol content as found by
analysis.

Butyl acetate samples 1 and 7 have too high water contents
to keep well, and sample 7 also has too much butyl alcohol to
be satisfactory.

ErrFEcT OoF TEMPERATURE OF EXTRAcTION. The tem-
perature at which the extractions are carried out in connec-
tion with the determination of the partition coefficients has a
small effect on the numerical values obtained. It is small
enough, however, not to cause trouble if the partition coeffi-
cients for the known acids (k values) are measured at ap-
proximately the same room temperature at which the analysis
is run. Accurate results on known acid mixtures have been
obtained at all times and at all room temperatures ordinarily
encountered.

Errecr oF Acip CONCENTRATION. Partition coefficients
for the individual acids are measured using 0.1 N solutions,
but the acidities of the distillates containing the unknown
acid mixtures vary at least over the range 0.08 to 0.12 .
The effect of such variations was measured by analyzing &
known acid mixture at concentrations about 0.060, 0.10, and

|
|
é
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TaBLE IV. ErrFEcT OF Acip CONCENTRATION

Ternary Acid Concentration
Mixture 0.06 N 0.10 N 0.12 N
K 46.10 46.20 45.85
K, 21.85 21.70 21.50
Acid Taken — Found
Mole Per Cent
Acetyl 16.0 17.2 16.5 16.6
Propionyl 30.6 29.8 30.5 29.4
Butyryl 53.4 53.0 53.0 54.0
TaBLe V. Errecr oF Acip CONCENTRATION ON PARTITION
COEFFICIENTS
Acid Coefficient 0.06 N 0.10 N 0.12 N
Acetio ki 0.846 0.844 0.844
ks 0.574 0.573 0.573
Propionic ka 0.583 0.579 0.579
ks 0.256 0.254 0.252
Butyric ks 0.285 0.278 0.273
ke 0.092 0.090 0.090

0.12 N, and the results are shown in Table IV. The best
agreement, between the ebserved analyses and the amounts
taken was obviously obtained with the 0.1 N solution, and
poorer results were found using the other solutions.
* The six k values for acetic, propionic, and butyric acids were
also measured at these same three concentrations (Table V).
It is apparent that the accuracy must suffer as the normality
of the test solution deviates from the normality of the known
acid solutions used in measuring the partition coefficients.
For this reason, it is suggested that the normalities of the
distillates be adjusted to within the range of 0.08 to 0.12.

Extractants Tested

Partition coefficients for acetic, propionic, and in some cases
butyrie acid were measured between water and each of the
following organic solvents:
n-Propy!l acetate

n-Butyl acetate
Ethyl n-butyrate

Ethylene dichloride
Propylene dichloride
Carbon tetrachloride

Ethyl ether Heptane
Isopropyl ether Pentane
Butyl ether Ligroin
Amyl ether

Benzene

Cyclohexane

Decahydro naphthalene

n-Propyl and n-butyl acetates were found to g_ive the great-
est spread in numerical values for the three acids, and have
been selected as the most satisfactory for this purpose.

Summary

The partition (or distribution) method has been found to
be practical and satisfactory for the analysis of mlxegl esters
of cellulose, and particularly for cellulose acetate propionates,
acetate butyrates, and acetate propionate butyrates.

Details of manipulation are given together with limits of
applicability, precision, and accuracy of the method. Neces-
sary variations in the procedure are described for esters of
higher acyl content and of nonvolatile acids.

Commercial cellulose acetate propionates and acetate bu-
tyrates can be analyzed with a precision of about =0.1
weight per cent acyl and an accuracy of about 0.2 weight

per cent acyl.
The effects of some of the variables haye been measured.
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of the AMERICAN CHEMICAL Sociery, Atlantic City, N. J. For the first
paper of the series see INp. ENG. Cuexm., ANAL. Ep,, 13, 369-74 (1941).

Correction

In the article on “Determination of Particle Size Distribu-
tion” [Inp. Enc. CHEM., ANaL. Ep., 14, 10 (1942)] several
errors oceur on page 12.

Column 1, paragraph 4, the last word in the line should be
“liquid”’ instead of “solid”.

Column 1, paragraph 8, P, in the numerator of the fraction
should be pa.

Column 2, Sample Calculation, in the expression for p; the
numerical factor should be 1.0001.

Column 2, the explanation in small type “For 40 at 20 cm.®
to = 9.75/9 = 1.2 minutes” should be “For 40u at 20 cm.®
to = 9.75/8 = 1.2 minutes”.

W. O. HINkKLEY



Determination of Strontium in the Presence
of Calcium

PAUL B. STEWART AnND KENNETH A. KOBE!, University of Washington, Seattle, Wash.

N CONNECTION with a phase rule study of the ternary
system calcium nitrate-strontium nitrate-water in process
in this laboratory an accurate method for the determination of
strontium in the presence of calcium was needed. As the sys-
tem is being studied with the idea that the data gathered may
be used as the basis for a fractional crystallization process for
preparing pure strontium nitrate from impure or low-grade
strontium ores, it was further desired that the analytical
procedure be capable of use as a technical method.

TasLe I. SovurioNn oF CArcruM NITRATE AND STRONTIUM
NI1TRATE IN ACETONE AT RoOoM TEMPERATURE
! Ca(NOs)2 Sr(NOs)2
Time elapsed, Salt, gram per Time elapsed, Salt, gram per
minutes ml. of soln. minutes ml. of soln.

12 0.3118 13 0.0004

25 0.3377 25 0.0007

37 0.3713 57 0.0010

56 0.4189 103 0.0016

78 0.4532
106 0.4642

The classical method for the determination of strontium in
the presence of calcium is by the extraction of the calcium
nitrate from the mixed alkaline earth nitrates with a mixture
of absolute alcohol and absolute ether (7). These solvents
are both expensive and hygroscopic, this latter feature being
especially important in many localities. The acetone extrac-
tion method of Shreve and co-workers (2) seemed to obviate
some of these undesirable features. The results claimed for
it were substantiated by trial, but only in mixtures containing
a calcium to strontium ratio of 3 to 1 or richer in strontium.
With increasing proportion of calcium to strontium in the mix-
ture of the salts the method becomes less and less reliable.
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Figure 1

As acetone is both cheap and ordinarily readily available,
it was decided to attempt to modify the acetone extraction
method so that sufficiently accurate results could be obtained.
Accordingly, the work of Williams and Briscoe (3) was re-
peated in part, and their finding that calcium nitrate is ex-
tremely soluble and strontium nitrate essentially insoluble
in acetone at room temperature was confirmed. It was also
found that the rate of solution of calcium nitrate in an acetone
solution of calcium nitrate was too slow at the end of an hour

1 Present address, University of Texas, Austin, Texas.
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to make this solution a good solvent. Results of this work
are shown in Table I and Figure 1.

Among the variations in procedure tried were varying the
length of time with a single extraction, repeated extractions
of differing times, ratio of acetone to total salts, and finally a
continuous extraction process using Jena sintered-glass filter
crucibles in a modified Soxhlet apparatus. None of these gave
satisfactory results.
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FIGURE 2

It was then decided to standardize a procedure, and to ob-
tain a calibration curve for this method. The variables which
it was deemed necessary to control were ratio of solvent to
total salts, time of extraction, and manner of extraction.
Accordingly, the following procedure was adopted and rigidly
followed:

For the analysis of a sample containing other substances than
calcium and strontium nitrates it is necessary to isolate these
alkaline earth nitrates as in the gravimetric analysis for calcium
in limestone. Briefly, this consists of putting the sample in solu-

TasLe II. CALIBRATION OF ANALYTICAL PROCEDURE

Strontium Nitrate Present

T

% % % %
442 9786 13’24 2089 33730 48.84 65.55 85.10
Trial — Strontium Nitrate Found
% % o % % V) % %
1 5.00 10.90 14.92 22.52 34.95 49.95 66.55 85.10
2 5.45 9.106 14.67 24.40¢ 36.856 50.45 66.73 85.20
3 5.34 10.70 15.22 21.85 34.90 50.70 66.45 85.10
4 4.46 11.20 14.47 23.75 35.50 50.15 66.25 83.10¢
5 3,892 11.10 15.41 23.05 34.75 50.40 66.65 85.30
6 4.92 11.50 ek
7 5.32 11.60 RS
8 5.45 10.90 NS
9 4.98 10.50 25
-\AV':.l 5.12 11.05 14.94 22.79 35.02 50.35 66.53 85.20
AV, de-
viation 0.70 1.69 1.70 2.20 2.72 1.51 0.98 0.10

@ Not used in average.




April 15, 1942

L)
(o}
N A
SEpe =
3
& P
QO 20 40 &0 80

Per Cent SriVO), Found

F1GURE 3

tion with hydrochloric acid, after fusing it with sodium carbonate
if necessary. The silica is then removed by repeated dehydra-~
tions and filtered off, followed by the removal of iron and alumi-
num as hydroxides by precipitation with ammonium hydroxide.
The alkaline earth metals are then precipitated as carbonates
with ammonium carbonate and filtered off from the solution.
Treatment of the carbonates with nitric acid will then yield the
desired solution of the alkaline earth nitrates. This procedure
makes no provision for separating barium from strontium and
calcium.

The solution, of sufficient size to yield about 1 gram of an-
hydrous salts, containing the mixed calcium and strontium ni-
trates, is evaporated on a steam plate for from 12 to 24 hours,
and finally dried in an oven at 140° C. for 24 hours. Drying at
a lower temperature was found to be too slow, and tests showed
no detectable decomposition of the strontium nitrate at this
temperature and for this time. Both the evaporation and drying
were generally carried out in 40 X 25 mm. weighing bottles with
the covers held slightly open for the escape of vapor by a U-
shaped wire clip on the top of the bottle. The mixed anhydrous
nitrates are then cooled in a desiccator over phosphorus pentoxide
(calcium nitrate is an excellent desiccant itself), and weighed.
They are then extracted with c. . acetone, using 4 ml. of ace-
tone per 100 mg. of salts. The salts are transferred to an evapo-
rating dish for the extraction with the extractant acetone, and
thoroughly pulverized with a stirring rod, the end of which
has been enlarged. During the extraction the contents of the
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dish are stirred every 8 to 10 minutes, the dish being covered
with a watch glass at all other times. At the end of exactly one
hour the residue in the dish is filtered off in a No. 3 Jena sintered-
glass filter crucible, dried at 140°, and weighed.

Solutions containing known amounts of both alkaline earth
nitrates were then prepared, and the foregoing procedure was
applied to them. The data in Table IT were obtained. These
are shown graphically in Figure 2, which shows the values ob-
tained by this analytical procedure compared with the true
values. The maximum deviation is in the range of 10 to 60
per cent strontium nitrate. In Figure 3 is plotted the devia-
tion in per cent against the per cent strontium nitrate found
in the sample by this analytical method. The deviation is
subtracted from the per cent strontium nitrate determined
to give the true value.

Although a sample yielding about 1 gram of mixed alkaline
earth nitrates was preferred, samples as small as 0.40 gram
and up to 3 grams were run by this method. The strontium
content of these samples ran from a minimum of 4 to 5 mg.
up to practically the entire weight of the sample. In running
triplicate samples, almost invariably a pair of values would
check to within 5 parts in 1000, based on the original weight
of the nitrates. This method has been used on all the ana-
lytical work on the phase rule study referred to earlier, and the
results have been most satisfactory in that they are thoroughly
consistent among themselyves.

Literature Cited

(1) Scott, W. W., “Standard Methods of Chemical Analysis”, 5th
ed., Vol. 1, p. 901, New York, D. Van Nostrand Co., 1939.

(2) Shreve, R. N., Watkins, C. H., and Browning, J. C., Inp. Ena.
CueM., ANAL. Ep,, 11, 215 (1939).

‘(3) Williams, P. E., and Briscoe, H. T., Chem. News, 145, 177
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Analysis of the Ternary System Ethanol-
‘ Methanol-Water

JOHN GRISWOLD AND J. A. DINWIDDIE!, University of Texas, Austin, Texas

A rapid and accurate physical method of
analysis is presented for 1he ternary system
ethanol-methanol-water, which requires
the boiling point, refractive index, and
specific gravily of the sample. The compo-
sition is then read directly from a chart.
No assumptions are involved and no ad-
justment to a definite water concentration
is needed.

THIS ternary system is encountered in some antifreeze
solutions and certain denatured alcohol fou}lulas and
pharmaceutical preparations, although the analysis was (_ie«
veloped for use in a study of liquid-vapor equilibrium which
will be published later.

Early methods of analysis applied to this system had as
their chief purpose the determination of small amounts of
methanol in ethyl alcohol and water. Chemical methods of

1 Present address, Humble Oil & Refining Co.; Baytown, Texas.

analysis were to oxidize the methanol or subject it to some
other chemical reaction, then determine the compound formed.

Leach and Lythgoe (8) developed a purely physical analysis
for the ternary system, using the specific gravity and refractive
index. The method embodied two approximations: that the
concentration of total aleohol is a function of gravity only, and
that the refractive index is linear with the ratio of the two
alcohols. The method is necessarily inexact, and has the dis-
advantage that the rather inaccessible and not highly accurate
Hehner alcohol tables must be used to avoid serious errors.

Lange and Reif (2) obtained better accuracy with a similar
method, by adjusting the alcohol concentration to 50 per cent by
volume, then determining gravity and refractive index.

Williams (6) reviewe ach and Lythgoe’s method, and
improved upon it by adjusting the sample concentration to
20 per cent by weight of total aleohol before making final gravity
ami) refractometer determinations.

Mortimer (§) developed a ternary chart for aleohol concen-
trations up to 40 per cent by weight in terms of Zeiss refrac-
tometer readings, with which the proportion of the two alcohols
may be resolved.

Macoun (4) improved Lange and Reif’s method somewhat
by adjusting the sample to a concentration of 40 per cent alcohol
by weight. The weight per cent is independent of temperature
whereas the volume per cent (used by Lange and Reif?cis not.
Macoun also prepared a table of alcohol concentration in terms
of refractometer readings for wvalues between 39.5 and 40.5
weight per cents of alcohol, and temperatures from 15.6° to
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FIGURE 1. ANALYSIS OF ETHANOL-METHANOL-WATER MIXTURES
22° C. The relative amounts of the alcohols were computed by be enriched by the addition of standardized aqueous alcohol;

the linearity approximation used by Leach and Lythgoe. A
footnote to the article is significant:

At this point the specific gravities of aqueous ethyl alcohol
and aqueous methyl aleohol are close together, while their re-
fractive indices lie far apart. Certain errors inherent in this
type of determination are therefore greatly reduced.

All the foregoing methods embody the first approximation in
that they depend upon gravity alone for the water content,
although no brief is held that the gravity is completely inde-
pendent of the ratio of the two alcohols.

By inclusion of a third physical constant, the boiling point,
a method free from approximations was obtained. A series
of 56 determinations was made upon prepared samples, sys-
tematically varied in composition. The data were then plot-
ted in various ways. The Lorenz-Lorentz relation (which is
theoretically inapplicable to mixtures) was tried, but showed
no particular promise. The final plot (Figure 1) of boiling
point (° C. at 760 mm.) against the refractive index-density
ratio at 25° C. (na/p3®) was selected as giving the most uni-
form spread of and least curvature to the lines of constant
composition. Use of the chart is straightforward—the metha-
nol content is obtained by difference. A sample can be an-
alyzed in about 15 minutes’ time.

Two unknowns made up by one person and tested by an-
other who had had no previous experience with the method
gave the results in Table I. While additional confirmatory
determinations would be in order, the method contains no in-
herent errors and the consistency with which the data on
known mixtures fell upon the smooth curves indicate the
chart to be accurate to within 0.2 per cent for water and for
ethanol. The same degree of accuracy for a determination
requires observations of the gravity and refractive index
accurate only to the third decimal place with the boiling point
accurate to 0.1° C.

To test solutions of composition outside the zone of ex-
perimental points on the chart: those containing less than
20 per cent of alcohol may be concentrated by distillation or

those containing less than 10 per cent of water may be diluted.

Apparatus and Reagents

Specific gravities were taken at 25° C. as p3® using a Geissler-
type gravity bottle. Refractive indices were determined at
25° C. with an Abbe instrument against the sodium D line.
Boiling points were obtained with the conventional Cottrell
apparatus and a calibrated Anschutz thermometer. This
Cottrell boiler has been used on these same mixtures before (1)
and it can be made in any laboratory equipped with the usu
glass-blowing facilities. The observed boiling  points were
corrected to 760 mm. by the formula

Correction ° C. = 2—”%——’:)%

The alcohols were c. ». grade anhydrous methanol and 95
per cent ethanol. They were fractionated through a 3-foot
(91.44-cm.) packed column and the heads and tails rejected.
Gravity, refractive index, and boiling point determinations on
the middle fractions showed no indications of interfering sub-
stances. The distilled water for making ug the stock solutions
was acidified with sulfuric acid, treated with permanganate, an
redistilled. Care was taken to keep all solutions in glass-
stoppered bottles, and to expose them to the atmosphere as
little as possible.

(2.8808 = 1og pmm.)

TABLE I. ANALYSES OF UNKNOWNS
Sample I Sample II
. Taken Found Taken Found
Wt. % Wt. %
H:0 40.7 1 41.0 10.8 18
McOH 9.6 10.0 49.6 48.5
EtOH 49.7 49.0 39.6 39.7
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Rapid Method for Determining Potassium
in Plant Material

Perchloric Acid Digestion and Chloroplatinic Acid Precipitation

J. L. ST. JOHN Anp M. C. MIDGLEY

Division of Chemistry, Agricultural Experiment Station, Pullman, Wash.

(}

HE need for a more rapid method for determining potas-

sium in plant material was emphasized by the referee
work on ash and the recovery of mineral elements in ash, re-
ported by St. John and Midgley (11) and St. John (10), which
showed that higher ashing temperatures caused an apparent
loss of potassium. Methods reported in the literature, in-
volving a number of steps and separations, are somewhat
time-consuming and provide more opportunity for loss of
potassium.

This laboratory has contributed papers on methods for more
rapid oxidation of organic matter, or increased recovery of el(;—
ments by oxidation with combined nitric, sulfuric, and perchloric
acid digestion (2, 4, 5, 6). Perchloric acid is increasingly used
for this general purpose. Smith (18, 14) has studied perchloric
acid and its use in the determination of a number of elements
and has presented a method for potassium. Gieseking, Snider,
and Getz (7) determined potassium and other elements by per-
chloric acid digestion, fo?lowed by the cobaltinitrite method
described by Schueler and Thomas (12).

Method

A modified method for the determination of potassium }u.).s
been developed which involves the nitric-perchloric acid
digestion of the plant material and chloroplatinic acid pre-
cipitation of the potassium, and which eliminates a numb.er of
time-consuming steps. Plant products of somewhat widely
varying character have been analyzed by this method, pre-
sented below, and also by the A. O. A. C. () method where t_he
plant material is ashed after moistening with sulfuric acid.
Temperature was controlled at 600° C. in this work.

Weigh 1 or 2 grams of the sample into a 150-ml. beaker. Add
30 ml. of concentrated nitric acid, cover, and digest over a low
flame or on a hot plate until all easily oxidizable organic matter is
oxidized. It is occasionally necessary to add a second or third
portion of nitric acid. Cool slightly, add 10 ml. of 60 per cent
perchloric acid, and continue digestion until the solution is color-
less and fumes of perchloric acid begin to appear. Continue
heating until all perchloric acid is driven off, taking care to avoid
spattering. After fumes cease to appear, fpla.ceathe beaker in a
muffle furnace regulated to a temperature of 350° C. and bake for
15 to 30 minutes to remove last traces of acids and any ammonium
salts. Remove from the muffle, cool, and transfer the precipitate
to a 7-cm. No. 4 Whatman or equivalent filter paper, with a
minimum quantity of near-boiling water. The use of & policeman
is essential in this transfer. Wash thoroughly with boiling water
and collect the filtrate in a 100-ml. beaker, keeping the filtrate to a
minimum volume. Evaporate on a steam bath or hot plate to 5
or 10 ml., but not to dryness. Acidify with cochntrated hydro-
chloric acid. Add chloroplatinic acid to precipitate all potas-
sium and sodium according to the A. O. A. C. method for potas-
sium in fertilizers, and wash with 80 per cent alcohol, then with
ammonium chloride saturated with potassium chloroplatinate,
and finally with 80 per cent alcohol. he resulps may be chcclged
to determine the presence of any insoluble residue by dissolving
the weighed potassium chloroplatinate with _nea;‘-boxlmg water,
followed by alcohol, drying, cooling, and reweighing.

Discussion

Comparative analyses (Table I) were made of two practical
feeding mixtures and of samples of alfalfa, corn, potatoes, soy-
beans, wheat, and apple juice by the method presented in t'hlS
paper and the A. O. A. C. sulfuric acid ashing method, using
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the rapid method for potassium only. Results are calculated
in terms of the percentage of the element potassium in the
original sample of feed rather than in the ash, and are corrected
for insoluble residue.

The data in Table I indicate that satisfactorily consistent
results are obtained by the potassium method described in
this paper. In general, the agreement among replicates is
better than when the results are obtained by the present
official method. It is easier to obtain satisfactory agreement
by use of the perchloric acid digestion.

The method here described gives a somewhat higher value
for potassium in some plant materials than the A. O. A. C.
method. With corn, potato, and fruit juice, the percentage of
potassium is essentially the same by the two methods.
Gieseking, Snider, and Getz (7) obtained somewhat lower
results (with the A.O. A. C. method) than when using a per-
chloric acid digestion and cobaltinitrite precipitation.

An interesting and unexpected result is evident from a
study of the original data on which the results in Table I are
based. In determining potassium in fertilizers, difficulty has
been experienced with an insoluble residue which accompanies
the chloroplatinate precipitate as reported by Ford (3). The
authors found an insoluble residue in the potassium precipi-
tate from these samples, when using the A. O. A. C. method.
In most cases when utilizing the perchloric digestion method
there was no insoluble residue. The amount of insoluble
residue was determined in each case by dissolving the soluble

TaBLE I. PorAsSIUM IN PLANT MATERIALS
Perchloric A.0.A.C. Perchloric A.0.A.C.
Acid Digestion on Ash Acid Digestion on Ash
% % % %o
Poultry 0.767 0.562 Potato 0.383 0.396
feed 0.750 0.504 0.443 0.457
0.780 0.642 0.409 0.416
0.766 0.597
0.790 0.544 Av. 0.412 0.423
0.807
0.821
Soybean 2.180 1.866
Av. 0.783 0.572 2.160 1.798
2.047 1.843
2.078 1.678
Dairy 0.647 0.496 2.063 1.862
feed 0.655 0.442 2.205
0.655 0.564 2.269
0.655
0.656 Av. 2.143 1.809
Av. 0.654 0.501
Wheat 0.305 0.169
0.310 0.169
Alfalfa 1.015 0.912 0.300 0.231
.031 0.859 0.310 0.210
0.986 0.930 0.246
0.896
0.820 Av. 0.306 0.205
Ay. 1.011 0.883
Apple 0.126
Corn 0.257 0.258 juice 0.130
0.260 0.253 0.130
0.242 0.264 0.146
0.260 0.136 S
Av. 0.253 0.259 Av. 0.134 0.1332

@ The authors extend thanks to A. M. Neubert of this division for this
analysis which he is publishing elsewhere.
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TasLE II. RECOVERY OF PoTAssSIum
(1) (2) (3) (4)
16.5933  16.7007 16.9511  17.0389
16.5340 16.6395 16.8886  16.9777
0.0593  0.0612  0.0625  0.0612
Potassium recovered, gram 0.00954 0.00984 0.01005 0.00984

potassium chloroplatinate with hot water and reweighing the
crucibles in which the original precipitate had been weighed.

The A.O.A. C. method for plant material does not specify
the temperature for ashing and for driving off ammonium
salts. However, in using this method, the samples were
ashed at 600° C. and the ammonia was driven off at 550° C.,
since ammonium oxalate is not volatile at 350° C. In the
proposed method, ammonium salts were driven off at 350° C.,
at which temperature both ammonium chloride and nitrate
are volatile. Utilization of these controlled temperatures
tended to avoid the loss of potassium due to volatilization by
localized overheating during ashing or while driving off the
ammonia.

The proposed method apparently gives satisfactory results
without removal of calcium and other metals. Wiley (16)
states that a separation of alkali earths, if potassium alone is
to be determined, is superfluous since calcium and magnesium
chloroplatinate are even more soluble in 90 per cent alcohol
than is sodium chloroplatinate. Mellor (9) quotes earlier
workers to show that calcium chloroplatinate is soluble in
alcoholic solution, and a saturated solution contains 53 per
cent of the salt. The salt is soluble in ethyl alcohol of specific
gravity 0.8035 at 15°, and is decomposed into its component
chlorides. Potassium has apparently been satisfactorily
determined on soils by the calcium carbonate-ammonium
chloride fusion method for many years, without removing
calcium.

The method here described is more rapid because of elimina-
tion of a number of steps. Nitric-perchloric acid digestion is
more rapid than ashing. Digestion is made directly in a
beaker, saving a transfer. The time required for evaporations
is reduced to a minimum, since there is only one transfer and
filtration before precipitation. This filtration requires much
less washing than filtering out precipitated iron and alumi-
num, and evaporation is carried to 10 ml. rather than to dry-
ness. There is no evaporation of a concentrated solution of
ammonium salts, since none have been added and thus the
difficulty with creeping salts is minimized and considerable
time is saved. Any small amount of ammonia present in the
original material after digestion is volatilized, and any re-
maining silica is dehydrated during the baking at 350°.
Filtration and washing after baking are much more rapid, and
the possibility of potassium loss is reduced in comparison to
the method where calcium is separated. With the proposed
method, it is easily possible to start and complete the deter-
mination of potassium on a set of samples within an 8-hour
day.

The somewhat higher results obtained in some cases by the
procedure here described than by the A. O. A. C. method are
believed to demonstrate the recovery of added potassium from
the original sample, since solubility and microscopic examina-
tion of the precipitates indicated pure potassium chloroplati-
nate. Anyimpurityin the precipitate or any added potassium
due to the reagents or procedure should have given higher
results in the case of all samples. Further, utilization of the
described method with pure salts gives essentially 100 per cent
recovery. Data in Table II (1) and (2) are obtained by
precipitating the potassium from a solution of potassium
chloride containing 0.00996 gram of potassium. To similar
aliquots of the same potassium chloride solution there was
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added a solution of calcium chloride containing about 52 mg.
of calcium chloride, equivalent to about the amount present in
an average sample of alfalfa. The recovery of potassium is
very satisfactory, as shown by (3) and (4), and it is evident that
the presence of a comparatively large amount of calcium has
notinterfered with the complete recovery of potassium; in fact,
the amount of potassium recovered is within =0.1 mg. of the
amount in the solution, which is a variation of less than 1 part
in 600. A determinationof potassium on the calcium chloride
solution gave practically negligible results.

The added number of stepsinthe A. O. A. C.procedure offers
greater opportunity for losses. Potassium may be lost during
the ashing procedure (10, 11), or by spattering and through
the volatilization of potassium salts during ashing (16).

It may be advantageous to use a chloroplatinic acid solution
made up with hydrochloric acid, as mentioned by Tenery and
Anderson (15). A large excess of chloroplatinic acid in pre-
cipitation is believed essential. The authors have found the
chloroplatinic precipitation in hydrochloric acid preferable to
precipitation in alcohol as recommended by Smith (13).

Cavurion. Kahane (8) and Cook (2) have summarized the
care that should be taken in digesting with perchloric acid.
Thorough digestion with nitric should be completed before the
addition of perchloric. No difficulty has been experienced in
this laboratory in making hundreds of digestions with per-
chloric acid.

Summary

A rapid procedure for the determination of potassium in
plant material involves a combination of the perchloric acid
method of digesting the sample and the familiar chloroplatinic
acid precipitation. A number of steps employed in the more
commonly used method have been eliminated. In addition to
rapidity, ease of manipulation, and ease of obtaining satis-
factory agreement of results, the method seems to give better
recovery in some instances than the present official method
for plant material.
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CorrecTION. In the paper “Rapid Turbidimetric Method for
Determination of Sulfates” [Ixp. ENG. CHEM., ANAL. Ep., 14
119 (1942)] Whatman No. 42 paper should have been men-
tioned in the procedure, not Whatman No. 12 paper.
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Determining the Fusain Content of Illinois Coals
A Comparison of Chemical and Petrographic Methods

B. C. PARKS, G. W. LAND!, AND O. W. REES, Illinois State Geological Survey, Urbana, Ill.

HE method commonly referred to as microscopic count
or petrographic analysis used for quantitatively deter-
mining the different ingredients of banded coal has been
standard practice for several years in the coal laboratory of
the Illinois State Geological Survey. However, this type of
analysis is long and tedious, is subject to personal errors, and
- does not permit concurrent duplicate determinations. Be-
cause of these disadvantages a less time-consuming and less
laborious method for determining fusain is desirable. This
investigation, therefore, was for the purpose of determining
whether the chemical method described by Fuchs, Gauger,
Hsiao, and Wright (2) would provide values for fusain in
sufficiently close agreement with those obtained by the petro-
graphic method to justify its exclusive use.

TABLE I. PETROGRAPHIC ESTIMATION OF FUSAIN CONTENT IN A
Five CoAL -
3/s-inch screenings (raw carbon)@
Screen Particle

Mesh Sizes Retained ; :
No. on Screens Screening Analysis

Mm. Grams %o
8 +2.36 7.40 3.87
10 —2.36 +1.651 22.10 11.56
14 —~1.,6514-1.17 26.50 13.86
20 —1,17 +8.33 24.40 12.76
28 —8.33 +40.590 21.40 11.19
35 —0.590+40.417 18.30 9.57
48 —0.417+4-0.300 14.20 7.43
65 —0.300+40.208 10.50 5.49
100 —0.2084-0.150 10.10 5.28
150 —0.150+40.104 6.10 3.19
§Og —0.104i0 OZS ggg iil;g

0 —0.075+0.046 : z
Pan —0.046 20.40 10.67

191.20 100

¢ Sample from preparation plant of Madison County, Il., mine.

Petrographic Method

The procedure involves two distinct series of steps after
preparation of the sample and riffling a desired amount (approxi-
mately 500 grams). In the first step the sample selected by niffling
is weighed and separated into size classes by screenin through a
series of Tyler standard sieves. Twelve sieves generally are used
and these are grouped into two nests of six sieves each for con-
venience in using the Ro-Tap shaker. The sieves range from No.
8 mesh to No.-300 mesh. The size of the openings in the in-
dividual sieves decreases in the ratio of the square root of two.
The openings of the No. 8 mesh screen are 2.36 mm. squa;eI
and 0}) the No. 300 mesh are 0.046 mm. square. The materia
retained on eleven of the screens, after shaking through the
first nest (8- to 35-mesh) for 10 minutes and the second nest (48-
to 300-mesh) for 15 minutes, consists of sorted particles, each
group having a relatively small size range. In addition to the
sized material there are two unsorted batches, the 2.36-mm.
material retained on the No. 8 mesh screen and the contents of
the pan which passed through the No. 300 mesh screen (Table I).

TEe essential purpose of the screening is to facilitate the second
step of manually separating and counting the component par-
ticles. For this work an ore-dressing type of binocular micro-
scope is used.

In the separation and counting of fusain part-ic!es use is
made of the distinctly different appearance of fusain and of
the other constituents. In contrast to particles of the other
constituents, fusain particles are flaky and needle-shaped

! Present address, Battelle Memorial Institute, Columbus, Ohio.
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with surface striations and pits often characteristic. These
characteristic differences are maintained throughout the
entire range of sizes used in the petrographic method of
estimation.

In making fusain estimations the number of particles sepa-~
rated and counted in order to arrive at the correct fusain per-
centage in each size class is dependent upon the frequency of
distribution of fusain in the particular class. For the size
classes containing less than 10 per cent fusain a count of 2500
particles gave results which could be duplicated within 0.2
per cent by different operators. For size classes which had in
excess of 10 per cent fusain good results were obtained by
counting as few as 1000 particles in some classes (Table IT).

It is obvious that the fusain percentages obtained by sepa-
rating and counting particles of coal in this manner are not
true weight percentages. If all particles in the two separated
groups of fusain and nonfusain were spheres of the same
size and specific gravity, true weight percentages could be
calculated from the count data. It is known, however, that
the ingredients of banded coal do not break down into spheri-
cal particles and that specific gravity is variable. Notwith-
standing this, it was assumed, for practical purposes in obtain-
ing satisfactory results, that every particle of coal separated
and counted could be regarded as having the same size and
specific gravity. The validity of this assumption was tested
by weighing the fusain and nonfusain of ten size classes, cal-

TasLe II. PeETROGRAPHIC ESTIMATION OF FUSAIN CONTENT IN A
Fine CoAL

1/s-inch screenings, microscopic count

Distribution of Fusain

Soreen Separation and Count Fuu,ﬁm
Mesh  Particle Sizes . Non- non-
o. Retained Fusain fusain Total fusain Fusain LA
Mm. Grams Grams
8 +2.36 104 1700 1804 7.40 0.43 5.76
10 —2.36 +1.651 142 @ 2021 2163 22.10 1.45 6.56
14 —1.651+41.17 151 1950 2101 26.50 1.91 7.19
20 —1.17 +0.833 181 2106 2377 24.40 1.87 7.67
28 —0.83340.590 210 2348 2558 21.40 1.76 8.21
35 —0.590+40.417 251 2489 2740 18.30 1.68 9.16
48 —0.41740.300 234 2125 2359 14.20 1.41 9.92
65 —0.3004-0.208 333 2584 2917 10.50 122050 11:42
100 —0.208+0.150 322 2058 2380 10.10 1.30 12.90
150 ~—0.150+-0.104 298 1400 1698 6.10 1.07 17.55
200 —0.10440.075 264 800 1064 6.50 1.61 24.81
300 —0.075+0.046 408 500 908 3.30 1.48 44.93
Pan —0.04 560 180 740  20.24 15.44 75.67
Total weight of sample, grams 191.20
Weight of nonfusain, grams 158.59
Weight of fusain, grams 32.61
Content of fusain in sample, % 17.06

TasLE ITI. CoMPARISON OF FusaiN VALUES BY COUNT AND BY
WEeiGHT
Microscopic method

Grade Size

(Screen Mesh) Per Cent by Weight

2.3

Per Cent by Count
2.
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Ficure 1. DISTRIBUTION OF FuUsAiN

A. Histogram showing distribution of coal by weight percentages on
screens after Ro-Tap operation of ten minutes for -35-mesh and 15
minutes for —35-mesh screens. Sample same as Table I

B. Direct plot curve showing distribution of fusain by weight percent-
ages in coal retained on screens in

culating true weight percentages, and comparing these with
results obtained from count data. The results so obtained
are in reasonably close agreement (Table IIT).

The estimation of fusain by the petrographic method here
described is probably subject to unavoidable human errors
and is time-consuming. The identification and separation
of fusain from nonfusain in the fine sizes are particularly
difficult. Eye and muscular fatigue are probably the chief
causes of error in identifying, separating, and counting the
extremely fine particles. An experienced petrographic ob-
server working carefully can complete an analysis of a coal
sample in about one week, and there is no short cut in making
a duplicate count. An advantage afforded by petrographic
analysis lies in the data obtained with which curves can be
drawn showing size frequency distribution of fusain in the
sample (Figure 1).

Chemical Method

The chemical method as described by Hsiao and co-authors (2)
depends upon the relative susceptibility to oxidation of fusain
and nonfusain coal material. Briefly, this procedure consists of
oxidizing 1-gram portions of —200-mesh coal by boiling in 8 N
nitric acid for 2-, 3-, and 4-hour periods. After proper washing
with sodium hyciroxide, hydrochloric acid, and water the resi-
dues are dried at 105° C.; weighed, and ashed, and the weights of
ash are deducted from the weights of oxidation residues. These
ash-free residues are then calculated to per cent of moisture-
and ash-free coal and plotted against oxidation time. A straight
line is drawn through these points (through the last two points
if impossible to draw through all points) and extrapolated to cut
the zero time axis, and the corresponding residue value is taken
as the fusain value. Moisture and ash determinations were made
by A. S. T. M. procedures (1).

Figure 2 presents curves for three of the samples studied,
showing their extrapolation to the zero time axis, as well as a
typical oxidation curve (curve A) for times from 10 minutes
to 4 hours. This curve appears to be made up of two parts,
the first or curvilinear porfion representing the oxidation of
nonfusain coal material and the second flat portion repre-
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senting the oxidation of the fusain. The curved portion ap-
pears to represent a first-order reaction while the flat portion
appears to represent a zero-order reaction where extrapolation
is easily possible.

Results

Thirteen coal samples were analyzed for fusain content in-
dependently by both methods. A comparison was made of
the results and certain incidental factors were also observed,
such as length of time required for the analyses and the
probability of errors. The fusain content of the thirteen
samples as determined chemically and microscopically is
given in Table IV. The values check reasonably well. In
only four of the samples was the difference in the percentage

figures more than 2 per cent. In the other nine samples the

difference between chemical and microscopic results varied
from 0.0 to 1.8 per cent.

TasLe IV. Resurrs oF TESTS
—_— Fusain
Petro-
Moisture Ashin Chemical graphic
Lab. No in Coal Coal method? method Difference
% Tojis, % Y3 %
C-2336 (1) 5.1 32.2 6.4 6.4 0.0
C-2337 (2) 6.5 24.2 5.4 7.2 +1.8
C-2338 (3) 5.5 41.5 14.2 9.4 —4.8
C-2339 (4) 7L 25.6 18.0 15.2 —2.8
C-2340 (5) 2.7 18.8 19.0 19.5 +0.5
C-2341 (6) 5.1 24.2 8.5 7.5 —1.0
C-2342 (7 6.1 19.3 10.1 7.4 =2.7
C-2343 (8 5.2 11.0 11.5 12.6 +1.2
C-2344 (9 5.9 23.2 12.8 10.4 —2.4
C-2345 (10) 6.2 19.2 15.9 14.4 —1.5
C-2346 (11) 5.1 10.9 4.2 4.0 —0.2
C-2347 (12) 7.6 13.4 10.9 10.8 —0.1
C-2348 (13) 5.5 9.8 13.8 12.1 —-1.7
@ Moisture- and ash-free basis.
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The time necessary for conducting the chemical determina-
tions, including duplicate tests of each sample, was 2 days,
as compared to 5 to 10 days required for the petrographic
estimations.

Certain of the residues from the chemical analyses were
saved and examined carefully under the microscope. No or-
ganic material other than fusain could be found. The fusain
in these residues was unusually easy to identify.

Conclusions

These tests indicate that in the majority of cases practically
the same results are obtained by each method. Where differ-
ent values are obtained, the greater complexity of the petro-
graphic method and its greater dependence on personal
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judgment seem to favor the results obtained by the oxidation
method.

The advantages of using the chemical method as indicated
by these tests are summarized as follows: A considerable
saving of time is effected. Duplicate analyses can be made
simultaneously. There is less liability of human error. The
values obtained represent fusain on an ash- and moisture-free
weight basis.
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Expected Service Effectiveness of Preservative
Treatments Applied to Millwork
A Laboratory Method of Comparison

JOHN B. MELLECKER, 1129 South 18th St., Arlington, Va., AND MERLE W. BAKER, Curtis Companies Incorporated,
Clinton, Iowa

A practical laboratory method for evalu-
ating and comparing the effectiveness of
various millwork preservatives is described.
This method provides moisture for the
specimen in the same manner in which
most of the moisture is supplied to mill-
work in service—namely, by condensation.

The specimens are compared either by
visual examination of the split specimen or
by microscopic examination of sections of
the specimens. /

ONCENTRATION of effort, during the past five years,

on the development of methods for comparing the rela-

tive toxicities of various millwork preservative treatments has

suggested the need for a technique to evaluate the e;pected

field effectiveness of preservative treatments, particularly
with regard to the control of blue stain fungi.

The first step in this direction was made by Hu_bert (1 2, who
in 1938 reported a study on optimum time of immersion ‘of
millwork in preservative solutions required to effect a satis-
factory treatment. In order to correlate depth of penetra-
tion of preservative with the effectiveness for contr.ol of .f ungi,
he took 0.125-inch thick sections at various points in the
bottom rail of a treated window sash and exposed them to
fungi in Kolle flasks. Following this test procedure, t}}e
authors’ results indicate that most millwork treatments in
commercial use have shown adequate control of the ilpportant
blue strain organisms, particularly when the 0.125-inch sec-
tions were taken within 2 inches of the “‘end”’ of the rail .(where
it meets the stile), but sections taken at a greater distance
from the end showed less fungus control. ;

The authors have also noted from observations on window
sash in service that where stain occurs, it often appears under
the paint coat, suggesting that the stain fungi grew from
within the wood rather than from germinating spores on the

paint coat. Since present preservative treatments of sash
and other millwork are applied as dips rather than by pres-
sure, the wood is not completely impregnated. This fact,
coupled with observations on stain development, suggests the
desirability of making tests to determine the relative value of
commercial preservatives for preventing fungi from growing
from the inner untreated portion of the wood through the
treated area and on through the paint coats.

Various methods were tested, and as a result of this re-
search the following method is suggested as reliable and prac-
tical for testing the relative effectiveness of millwork pre-
servatives.

The Method

In setting up a method in the Curtis Companies Incorporated
research laboratory, it seemed desirable to use sections of bottom
rails of window sasfx, treated in accordance with industrial prac-
tice, in order to eliminate the artificial character present when
used in blocks either completely impregnated or of such shape
and so treated that results comparable with those observed in
actual field service could not be expected.

In order to carry out further the correlation between laborato
tests and field conditions, all culture media were eliminated.
The test specimens themselves provided the medium in the un-
treated interior portion. Inoculation of the untreated sapwood
was accomplished by spraying onto it a spore suspension of the
test organism with a small spray atomizer.

A method for providing enclosure, suﬂport, and moisture was
developed for this work, Adhering to the desirability of a close
correlation between the laboratory method and actual service
conditions, condensation was employed to provide the specimens
with moisture. This was accomplished by chilling the specimen
to approximately 45° F., then rapidly raising the relative hu-
midity of the air surrounding the specimen until a heavy conden-
sation was produced on the specimen. (This principle was origi-
nally suggested by C. Audrey Richards. Assistance in planning
this procedure was also given by Theo. C. Scheffer.)

By performing this operation under identical conditions on all
specimens, good control of moisture deposit was obtained. The
frequency at which this operation was performed governed the
average moisture condition of the specimens.

It is believed that this method has none of the disadvan-
tages, such as overwetting, which is sometimes experienced
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Ficure 1. METHOD OF SUPPORTING SPECIMEN
IN JAR

in the Kolle flask method (2) where the specimen receives its
moisture by lying near, or in actual contact with, the moisture-
bearing substrate. There is also no possibility of conduction
of malt or other substances from the culture medium by the
fungus mycelia. ;

Apparatus

No complex or expensive equipment was required. Ordin:
wide-mouthed 2-quart glass fruit jars were used, and were modi-
fied with a minimum of %abor (Figure 1).

The porcelain liners were removed from the lids and to each lid
was soldered a support wire shaped at the lower end to fit into a
weather-strip groove already in the section of the bottom rail.
The wire was of sufficient length to support the specimen at least
1.5 inches above the bottom of the jar. About 0.75 inch of
water was placed in each jar.

Three wire trays were constructed to hold 10 jars each. The
jars were set in these trays permanently and removed only when
the specimen was to be examined. :

A water pan sufficiently large to hold one tray and about 6
inches deep was constructed. %‘he tray was supported on brack-
ets about 8 inches from the laboratory bench top and was filled
with water to a depth of about 2 inches. Bunsen burners were
used to heat this pan and its contents.

The usual incubation facilities were used. Wet incubation was
not required. A standard household type of electric refrigerator
was used to chill the trays of jars.

Preparation of Test Blocks

The test pieces were obtained from a piece of straight-grained
Ponderosa pine sapwood, 1.375 inches X 4 inches X 16 feet, se-
lected from stock according to specifications outlined in the N. D.
M. A. standard wood blocﬁ method (2). Liberal use of the ben-
zidine-nitrite indicator assured that no heartwood was present.

After the piece had been machined to the detail of the bottom
rail of the sash, thirty-six samples 5 inches long were cut from
this piece and a 2.25-inch piece of bottom rail weather strip was
stamped into each specimen. For each solution to be evaluated
six pieces were prepared: three pieces to be inoculated on un-
painted end iram and three pieces to be inoculated on painted
end grain. Likewise, two sets of three were run (untreated)
for controls.

Treatment of Test Blocks

All solutions were prepared according to manufacturer’s direc-
tions or the usual industrial procedure.

The eighteen sections 5 inches long to be inoculated on un-
painted surfaces were painted with two coats of interior under-
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coater, on the ends only, before dipping. The eighteen sections
to be paint-infected were cut to 2.25-inch lengths and were like-
wise painted on the ends with two coats of interior undercoater
before dipping. After the paint had dried thoroughly, the pieces
were given the standard 3-minute immersion in five different
preservative solutions. In each case three of the 5-inch pieces
and three of the 2.5-inch pieces were treated.

Shortly after treating, 2.25 X 3 inch pieces of glass were glazed
in all sections. In the case of the 5-inch pieces the glass was
glazed in the center of each piece and the ends were cut off at the
edges of the glass, leaving a 2.25-inch piece with unpainted ends
to %)e used for wood infection.

After one week’s standing all specimens were painted on the in-
terior side with an interior undercoater diluted 8 ’garts of paint to
1 part of linseed oil and 1 part of turpentine. The second coat
on the interior side was composed of half undercoater and half
gloss enamel diluted 8 to 1 with turpentine. The third coat on
the interior was straight gloss enamel. The surfaces which would
normally be on the outside of the house were painted two coats
of an exterior undercoater followed by one coat of gloss white
exterior paint. The composition of the paints used in this test
is given in Tables I and II.

After standing 2 months more the specimens were sterilized
in a sterilizing chamber, using a General Electric germicidal lamp
which emits an ultraviolet radiation of 253 A. (Figure 2). The
lamp used was a Type T-8, 15-watt, 110-volt, 60-cycle, which
emits 15 to 20 microwatts per square centimeter of 2537 A. units
at 1 meter. The specimens were supported from the fruit jar lids
as shown in Figure 1.

FIGURE 2. ULTRAVIOLET RADIATION STERILIZATION
CHAMBER

While the specimens were suspended on the wire, the jar lids
and specimens were suspended on the hooks at the lower ends 0
the rods, seen projecting through the top of the sterilization
chamber. During the progess of radiation the specimens were
raised out of the jars and the rods were turned so each face of each
block was exposed to the rays for 20 minutes.

The fruit jars, previously sterilized in an autoclave for 15
minutes at 15 pounds’ pressure, with lids loose, were also in the
sterilizing chamber during sterilization of the specimens, and at
the end of the sterilizing period the specimens were lowered into
the jars by means of the rods, which eliminated contamination o
the specimens which might have occurred had the chamber been
opened and the specimens lowered into the jars by hand.
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Inoculation of Test Specimens

Throughout the entire series, Hormiscium gelatinosum (F. P. L.
595) was used as the test organism.

Spore suspensions of Hormiscium gelatinosum were prepared
by shaking small volumes of inoculum in sterile water in a small
sterile DeVilbiss throat atomizer. This suspension was then
sprayed directly on the surfaces to be inoculated. All specimens
were inoculated, on both ends only, in a transfer chamber which
was equipped with the germicidal lamp described above. This
lamp was not left on during inoculation but was lighted for several
minutes before inoculation in order thoroughly to sterilize the
air in the chamber.

Incubation and Condensation Cycles

The completely assembled jars were placed in their trays,
run immediately through the first condensation cycle, then
placed in the incubator overnight. These cycles were per-
formed daily throughout the entire period of the test, except
Sundays and holidays.

It was found convenient to place the trays in the refrigerator
the first thing each morning, for a period of 2 hours. This was
found to be sufficient to give the degree of chilling necessary for a
heavy deposit of condensation. Upon removal from the refrig-
erator, the trays were set in the water pan, where heat was im-
mediately applied. The temperature of the water was raised
uniformly, and as rapidly as possible. until actual water drops
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could be seen standing on the specimens. The tray was then
placed in the incubator until the following morning. All speci-
mens were incubated at 79° F.

The condensation cycles were repeated daily until the blue
stain had started to grow vigorously and then the cycle was re-
peated often enough to maintain a standing film of water on the
specimens. It was found that a repetition of the cycle every
other day provided enough moisture for rapid growth of the fungi
after it had started to grow. After 12 weeks of incubation a
heavy growth of blue stain was very evident on the untreated
controls, so the test was terminated and the specimens were
examined.

In this test there was no evidence of any common mold
growth, which is common with other means of sterilization,
thus testifying to the efficiency of the sterilizing lamp.

Expression of Results

As with all other methods of evaluating resistance to blue
staining organisms, the results are expressed qualitatively
rather than quantitatively. In this work, however, it was
possible to express three classifications of resistance: low,
medium, and high. This was possible because the examina-
tion was made microscopically, and the criterion was the con-
centration of mycelia in the cell structure near the paint film
relative to the untreated controls. There was so marked a
difference between those showing the highest degree of control

Ficure 3. EFrrICIENCY OF TREATING SOLUTION

aint film and treated wood section
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Results
TapLe I.  CoMPOSITION OF EXTERIOR PAINTS The treatments tested-and the results of the microscopic
Composition of Pigment Composition of Vehicle examination are shown in Table ITI. These results are based
: oiby etk : % by weight 1 examination of “wood-inoculated”’ specimens only. None
i 91: ‘:Z:t“d Socond C°“‘§E'P“‘m“£ig:;7:& Zi‘;h"’“ 38% oL of the “paint-inoculated” specimens showed enough fungus
White lead sulfate 10 Japan drier 15 growth to be evaluated on this basis.
o aaexlde e 20 5h %{;?g;:{f,fg ) 1 The test proves that combinations of toxics seem to be more
(tantusiagnestum bie; i 55 effective in preventing the growth of blue stain than either
— pentachlorophenol or 2-chloro-o-phenylphenol used alone.
e Coat_Pilgor:m s ST Probably the most interesting result is that the addition of
G 45 Linseed oil 59 a water—repe!lent raises the resistance of. a _2-c.hloro-o-phenyl-
Basic sulfate white lead 16 Japan drier 11 phenol solution from low to high. This indicates that the
Woing oxide (U 20 e 100 addition of a water-repellent actually increases the value of a
Litenlintospnesii by o toxic solution in preventing the growth of blue stain.
Titanium dioxide 5 While the method described in this paper may be simpli-
100 fied and made more quantitative, it is believed that it offers a

TasrLE II. CoMPOSITION OF INTERIOR PAINTS
Composition of Pigment Composition of Vehicle
% by weight % by weight
First Coat—Pigment 65%, Vehicle 35%

Lithopone 82.0 Linseed oil 10

Zino oxide 9.0 Varnish 50
Calcium carbonate 4.5 Vegetable oils 22
Magnesium silicate 4.5 Resins 41
—_— Mineral spirits 37

100.0 Mineral spirits 40

100

Second Coat—50% by Volume of First Coat Material, 50% by Volume of
Third Coat Material

Third Coat—Pigment 40%, Vehicle 60%

Titanium dioxide 33 Varnish 100
Lithopone 67 Resins 5 20

e Vegetable oils 31

100 ’ Mineral spirits 49

and the untreated specimens that there was no question about
the certainty of the intermediate or medium state.

Each specimen was split radially into pieces about 0.25 to 0.375
inch thick by means of a chisel. Each piece was examined for
uniformity of staining. Several small cubes were cut from each
specimen selected, so that the paint film would be included. The
cubes were placed in boiling water to displace air, and sections
were cut with a microtome and examined with a 16-mm. objec-
tive X 12 eyepiece.

The degree of staining of each specimen was designated as
follows:

+. Very difficult to find any mycelium in the treated layer of
zwl'ofot)i immediately beneath the paint film, as shown in Figure 3

eft).

+-+. Moderate growth of mycelium in the treated wood but
not ne)arly so badly infested as the untreated controls (Figure 3,
center).

+++4. Very heavy growth of mycelium in the treated wood,
evidencing no appreciable amount of control as compared to un-
treated wood (Figure 3, right).

Each individual specimen was rated as above, and all six
blocks (for each solution) were evaluated by averaging all plus
marks, assigning a value of 1 for each plus mark. %.‘he average
value for all plus marks for each solution was then calculated—
for instance, all six control blocks were rated + -+, which gave
an average rating of 3.0 and all six blocks treated with 2-chloro-o
phenylphenol plus water-repellent were rated -+, which gave an
average rating of 1.0.

It was decided to classify all solutions having an average ratin;
between 2.0 and 3.0 as being low in resistance, all between 1.0 anﬁ
2.0 as being medium in resistance, and all from 0 to (and includ-
ing) 1.0 as being high in resistance.

Since no treatment absolutely prevented the growth of an oc-
casional hypha, no solution had a g.igher rating than 1.0. On this
basis of rating, it was easy to classify each individual method of
treatment in one of the three groups.

It is also possible to evaluate the different solutions for the ex-
tent of control of the growth of blue stain by splitting the entire
specimen in several pieces and observing the penetration of the
mycelia into the treated wood. By comparing specimens in this
manner, they can be classified into the same general groups as
mentioned above.

distinct step towards the attainment always worked for in the
laboratory: close correlation with actual service experience.
The following features suggest the usefulness of the method:

1l The test specimens are taken from actual window bottom
rails.

2. The treatments are applied in the normal way, just as they
are used in commercial operations.

3. Treatments, not just treating solutions, are evaluated.

4, The organism most difficult to control by preservative
treatment was used for the evaluation.

5. All culture media were eliminated. Infection was pro-
duced directly on untreated wood, which appears to be the most
likely to occur in actual service, since access to the untreated
sapwood core is most frequently gained through checking of the
treated exterior portion of the wood and occasionally by damage
of the treated exterior portion.

6. Moisture was provided by condensation, which is the
manner in which most moisture reaches products in actual serv-
ice inside a building.

7. This methoci; not only compares one treatment against an-
other, but it furnishes information which aids in determining
which treatment will be more completely effective in actual serv-
ice.

TasLe III.
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Colorimetric Determination of Diethylstilbestrol

MANUEL TUBIS, 4860 North 8th St., Philadelphia, Penna.

AND

ALBERT BLOOM, Samet Laboratories, Philadelphia, Penna.

HE universal interest in diethylstilbestrol as a substitute

for the naturally occurring estrogens has resulted in the
proposal of several methods for its quantitative estimation.
Most of the methods (3, 4, 6, 8) are not applicable in the pres-
ence of the usual tablet compositions. Dechene (2) recently
applied the ‘“xanthoproteic’” reaction to the compound and
used this as a basis for a colorimetric method. According to
this author, this reaction is not applicable in the presence of
any other “phenyl compounds”.

In undertaking this investigation, the writers sought a re-
action which was specific for one of the functional groups
present. As seen from the structural formula, diethylstil-
bestrol contains two phenolic hydroxyl groups:

C:H i—(]: C—C:H;

on on

Since colorimetric methods for the determination of phenols
are well established, the writers applied several of these reac-
tions to the compound and found that the reaction of Folin and
Ciocalteu (6, 7) gave the best results. In this reaction the
labile complex phosphomolybdic phosphotungstic acids are
reduced by the phenolic hydroxyls to give a blue solution of
tungstic oxides. It was found that the color produced was
stable and readily adaptable to colorimetric or photometric
determination and gave a linear relationship over the range
of concentrations required. The presence of alcohol, sugars,
tale, and fatty acids and their salts did not interfere. Wa:ter-
soluble colors were eliminated by the technique dgscrlbed
below. Figure 1 shows the straight-line graph obtame(.i by
plotting the concentrations against the photometer readings.
Table I gives data on the extraction of diethylstilbestrol from
an artificial mixture. The method was applied to the analysis
of commercial tablets and the results are given in Table II.

Experimental

EquipMenT. A neutral wedge photometer with a B. & L.
Smoke C. glass wedge and filter No. 65 (1) was used with a 2.5-cm.
(1-inch) cell. A Hellige Duboscq colorimeter was also used.

CoLor ReactioN. Diethylstilbestrol (0.2 to 0.8 mg.) in 10
ml. of 30 per cent alcohol contained in a 100-ml. volumetric flask
is diluted with 50 ml. of distilled water and 5 ml. of reagent (7)

are added. After mixing, 15 ml. of 20 per cent sodium carbonate-

(anhydrous) solution are added and the solution is diluted to the
. mark with distilled water, mixed, and allowed to stand at room
temperature for 1 hour, at which time the color is fully developed.
The concentrations are plotted against photometer readings to
E:e a graph, Figure 1, Eom which the concentration of an un-

own solution may be read.

ANAvLYsIS or ComPRESSED COLORLESS TABLETS. A number of
tablets equivalent to 10 mg. of diethylstilbestrol are weighed and
ground. An accurately weighed sample equivalent to approxi-

TapLe I, EXTRACTION OF DIETHYLSTILBESTROL FROM A TABLET
MIXTURE

Diethylstilbestrol
Samples Ether Used Present Recovered
Ml Mg. gl;r
1 20 5 :
3 50: 10, 10 5 i8
4 20, 10, 10, 10 5 46

a1 gram of mixture of starch, lactose, and stearic acid containing diethyl-
stilbestrol.

TaBLE II. ANALYSIS OF COMMERCIAL TABLETS OF
DIETHYLSTILBESTROL

Quantity Recovered
Ph

Color- o= Labeled  Difference
Tablet imeter® tometerd Av. Quantity Found
Mg. Mg. Mg. My. My.
A 0.48 0.49 0.49 0.5 ~0.01
B 0.53 0.56 0.55 0.5 0.05
1.08 1.16 1512 1.0 0.12
C 0.98 0.99 0.99 1.0 =001
D 0.51 0.57 0.54 0.5 0.04

@ Standard set at 20, average of 5 readings.
b Average of 5 readings.

mately 5 mg. of diethylstilbestrol is transferred to a 100-ml.
volumetric flask, 30 ml. of aleohol are added, and refluxed on a
water bath for 15 minutes. The solution is then cooled and made
to volume with distilled water, mixed, and filtered. A 10-ml.
aliquot is treated as described above and, at the same time, a
standard containing 0.5 mg. of diethylstilbestrol per 10 ml. in
30 per cent alcohol 1s treated similarly. After 1 hour the colors
are compared in a colorimeter. This unknown solution may also
be examined photometrically and the concentration derived from
the graph. .

Covrorep TaBrers. The weighed powdered sample, prepared
as above, is transferred to a 100-ml. separatory funnel containin,
50 ml. of water and extracted with one 20-ml. and three IO-mE
portions of ether. The ether extracts are combined and evapo-
rated. The residue is dissolved in 30 ml. of alcohol, transferred
to a 100-ml. volumetric flask, made to the mark with distilled
water, and filtered. A 10-ml. aliquot is used for the analysis.

RN plig S

MC. DIETHYLSTILBESTROL

o

1.8 2.0 3.0 A0 0O 60 70 &80
PHOTO METER ’Euomcs 20
TyricalL GrapH RELATING WEIGHT OF DIETHYL-
STILBESTROL TO PHOTOMETER READINGS

Ficure 1.
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Spectrophotometric Estimation of
Pentachlorophenol in Tissues and Water

WILHELM DEICHMANN AND LAWRENCE J. SCHAFER
Kettering Laboratory of Applied Physiology, University of Cincinnati, Cincinnati, Ohio

ENTACHLOROPHENOL is used in industry as an

agent for the preservation of wood and wood products.
Attention was first called to its toxicity in studies on mice by
~ Bechhold and Ehrlich, in 1906 (Z). Extensive toxicity studies
were carried out by Kehoe, Deichmann, and Kitzmiller in
1939 (8), and by Boyd, McGavack, Terranova, and Piccione
in 1940 (2) and 1941 (4).

Extension of the investigation necessitated the develop-
ment of an analytical method. The procedure reported here
utilizes the formation and the spectrophotometric deter-
mination of a reddish-yellow pigment formed by the action
of fuming nitric acid on pentachlorophenol. The method was
found dependable, and of sufficient accuracy to enable the
authors to follow this compound through the body and to de-
tect amounts below the harmful levels. Further toxicological
studies of this compound will be reported elsewhere.

Method

The following method is suggested for the determination of
from 0 to 9 mg. of pentachlorophenol in 10 grams of biological
material (except pure fat) and of from 0 to 50 mg. of penta-
chlorophenol in about 5 ml. of water.

ReaceNTs REQUIRED. Concentrated hydrochloric acid, specific
gravity 1.19, 4 per cent sodium hydroxide, fuming nitric acid,
and chloroform.

OrGaNs AND Tissues. The sample is macerated in a meat

inder or mortar and, if necessary, mixed in a ‘“Powermaster

itchen mixer”. Ten grams are then weighed into the Pyrex
distilling flask (Figure 1) and 20 ml. of water and 2 ml. of concen-
trated hydrochloric acid are added. The mixture is distilled
until 1000 ml. of distillate have been collected in a flask contain-

i

Fi1GUrRe 1. DISTILLING APPARATUS
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ing 10 ml. of 4 per cent sodium hydroxide. The distillate is
heated over a flame to about 75° C., and then half of this volume
is measured into a 1-liter beaker, slowly concentrated on a hot
plate to 50 ml., then transferred to a 250-ml. Erlenmeyer and
evaporated to about 2 ml. [The other 500 ml. are set aside as
a reserve to supply a suitable aliquot, in case the results of the
first determination fall beyond the curve (Figure 2).]

]
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DENSITY
o
o
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MILLIGRAMS OF PENTACHLOROPHENOL

FIGURE 2. RELATIONSHIP BETWEEN DENsSITY AND CON-
CENTRATION, EMprovING 10-MMm. CELLS

Four milliliters of fuming nitric acid are then slowly added and
the precipitate clinging to the bottom of the Erlenmeyer is freed
completely with a stirring rod, which is then rinsed with 1 ml. of
fuming nitric acid. The solution is placed in ice for 20 minutes
and is then washed with about 100 ml. of water into a 250-ml.
separatory funnel. The reddish-yellow pigment is extracted
with three 8-ml. portions of chloroform, permitting 5 minutes for
each separation.  The combined chloroform extracts are washed
with a single 100-ml. sample of water (to remove water-soluble
nitrates) permitting 10 minutes for the separation, then filtered
through 2 layers of Whatman No. 1, 9-cm. filter paé)er wetted
with chloroform into a 25-ml. glass-stoppered cylinder. After
diluting with chloroform to 25 ml., the concentration is deter-
mined by means of standard curves (Figures 2 and 3) using 10-
mm. or 4-inch matched Aminco cells and the spectrophotometer
at 460 mp.

b

S
A

FI1GURE 3. RELATIONSHIP BETWEEN DENsITY AND CON-
CENTRATION EMPLOYING 4-IncH CELLS

400 €00 800 1000

MICROGRAMS OF PENTACHLORPHENOL
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TasLE I. ANaLysES oF CoNTROL Broop, URINE, ORGANS, AND
Tissues AssuMED TO BE FREE oF PENTACHLOROPHENOL
Penta- Penta-
chloro- chloro-
henol henol
Sample 'ound Sample 'ound
Mg, My.
Rabbit blood, 10 ml. g Ground rat, 10 grams g
0 0.03
0.02 Beef brain, 10 grams 0
0 0
0 Rabbit muscle, 10
grams 0
75 ml. 0 Rabbit liver, 10 grams 0
: 0 Rabbit heart, 10 grams 0
100 ml. 0.01 Rabbit kidneys, 10
grams 0.03
0.01 Human urine, 100 ml. 0.01
Rabbit urine, 10 ml. 0 0.01
: 0 0.02
0 0
0.01 0
0

Figure 4 gives the transmission curve of the pigment 'forme?d
under these conditions; Figures 2 and 3 give the relationship
between density and concentration of pentachlorophenol.

Broop AND UrINE. Whole blood or urine (10-ml. samples) is
distilled directly, after treatment with 20 ml. of water and 2 ml.
of hydrochloric acid, but only 800 ml. of distillate are collected
in an Erlenmeyer containing 3 ml. of 4 per cent sodium hydroxide.
This is evaporated on a hot plate to 20 ml., transferred to a 250-
ml. Erlenmeyer, and evaporated to 2 ml. The analysis is then
continued as under “Organs and Tissues”. In the case of blood,
paraffin is added to reduce foaming.

TaBLE II. RECOVERY OF PENTACHLOROPHENOL
(Added to 10-ml. samples of blood and urine and to 10-gram samples of organs

and tissues)
Added Recovered Added Recovered
My. Mg. My. My.

Rabbit Blood ——mm——
0.03 0.03 0.14 0.12
0.03 0.04 0.14 0.12
0.03 0.025 0.145 0.125
0.06 0.055 2.45 2.50
0.06 0.075 4.54 4.40
0.06 0.055 4.54 4.31
0.11 0.095 6.8 7.0
0.11 0.093 6.8 7.4
0.11 0,10 6.8 6.7

Rabbit Urine Human Urine

(25-ml. samples) 4.54 4:04
e 500 4,54 490
0.09 0.09 5.5 51
0.09 0.10 5.5 6.0
0.10 0.08 6.0 5.4
0i18 019 o8 6.9
0.18 0. 9.95 9.6

Ground Rat - Rabbit Muscle
0.24 0.2
0.24 0.21 2.5 205
0.24 0.22 550 S
0:24 0 Rabbit Liver
0.43 0.43 i
1.5 1.4 8.0 8.0
1.5 1.4 7.6
2:5 2.5
ig ig Rabbit Heart
: : s 2.55
Rabbit Lung 4.5 19
ig gg Rabbit Kidneys
: ':l : 2.4
48 5 25 16
Rabbit Fat ;
A G Beef Brain
4.0 1.9 1.5 o
10 A Bz 2.42
80 3.6 2.5 e
5.0 4.5
20 44
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Table I gives the values obtained by analyzing samples of
normal blood and tissues for pentachlorophenol. Table II
indicates the recoveries of pentachlorophenol added to blood,
urine, and tissues, respectively.

Warer., The steam-distillation is omitted in the absence of
other material reacting with nitric acid. A 2-5 ml. sample is
Fipetted into a 50-ml. Pyrex test tube, and from 3 to 15 ml. of
uming nitric acid are added (depending on the amount of penta-
chlorophenol in the sample); the whole is then allowed to stand
in an ice bath for 20 minutes. From this point the analysis is
continued as described above, 10-mm. cells being employed for
the spectrophotometric analysis.
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FIGURE 5. RELATIONSHIP BETWEEN
DENsITY AND CONCENTRATION

10-mm. cells employed. Concentration of
sodium pentachlorophenate in sample of water
is read directly from this graph.

Figure 5 gives the relationship between density and the
quantity of pentachlorophenol (in milligrams) present in the
original sample. The final estimation can be carried out with
a colorimeter by using standard solutions. When 28 mg. of
pentachlorophenol as the sodium salt were added to 2-ml.
samples of water, the following quantities were recovered:
27.2, 27.4, 28.0, 27.7, 28.0, 28.6, 26.9, 27.7, 28.6, 28.6, and
29.1 mg.

PrecavrioNs. It is advisable to read the solutions in the
spectrophotometer within 10 minutes; the color is stable, but
droplets of water may settle out if the solutions are allowed to
stand for longer periods. '
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Figures 2, 3, and 5 were obtained with the author’s photo-
electric spectrophotometer and with their equipment; there-
fore, if accuracy is desired, it is not advisable to use them with
other spectrophotometers and cells. It is suggested that
other investigators prepare their own figures. The cells, even
though they are matched, should not be interchanged and
should always be placed in the same position.

It is imperative that any precipitate which may form be
loosened completely from the bottom of the Erlenmeyer after
the 4 ml. of nitric acid have been added.

Errors will not be introduced if samples go to dryness on the
hot plate; the precipitate is brought in solution with about 2
ml. of water.

Discussion and Summary

A method for the determination of pentachlorophenol in

biological material and in water is based on the formation and

Vol. 14, No. 4

spectrophotometric determination of a reddish-yellow pig-
ment formed by the action of fuming nitric acid on penta-
chlorophenol.

Substances other than pentachlorophenol may react with
nitric acid to form colors which may occasionally give false
positive results. In no instance, however, did these errors
exceed 0.03 mg. per sample (Table I).
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Determination of Nitrites

Discussion of the Shinn Method As Applied to Examination of Water

N. F. KERSHAW, Indianapolis Water Company, Indianapolis Ind.

N. S. CHAMBERLIN, Wallace & Tiernan Co., Inc., Montclair, N. J.

HE diazotization of sulfanilic acid by the available nitrite

in water, using e-naphthylamine as a coupling agent, has
continued throughout the years as a colorimetric method for
determining nitrites in water (). The diazo reaction has
been used for the determination of minute quantities of cer-
tain organic substances, many of which in turn could have
been used for determining nitrites. One of the compounds
diazotized and determined colorimetrically by available ni-
trite has been sulfanilamide.

The diazotization of sulfanilamide by available nitrite,
using a-naphthylamine as a coupling agent, was eliminated
some time ago. Dimethyl-a-naphthylamine was next used,
but found unsatisfactory because of the necessity of using a
catalyst for rapid development of color in dilute solutions.

Bratton and Marshall (3) investigated many new coupling
agents for the diazotization of sulfanilamide and found N-(1-
naphthyl)-ethylenediamine dihydrochloride the most satis-
factory. They state that this new coupling agent is far better
than dimethyl-a-naphthylamine, because of its producibility
and purity, greater rapidity of coupling, increased sensitivity,
and increased acid solubility of the azo dye formed.

Shinn (5) was the first to make use of sulfanilamide and
the coupling agent, N-(1-naphthyl)-ethylenediamine dihydro-
chloride, as a means of determining nitrites; in fact, her article
was brought to the authors’ attention because she had.found
these reagents far superior to sulfanilic acid and a-naphthyl-
amine. Shinn points out that sulfanilamide is more stable
than sulfanilic acid, both in the dry state and in solution;
furthermore, it reacts more rapidly in the coupling process.
It has been recognized that the coupling of diazotized sulf-
anilic acid with a-naphthylamine is relatively slow (2) and
that the color developed must be read within 30 minutes (1)
because it is so unstable. The authors’ experience has shown
that, with the standard procedure (1), full color development
is not reached until 30 minutes’ standing with subsequent
fading after 30 minutes.

Because of the qualification of the new coupling agent, the
use of sulfanilamide, and the resulting improved diazo reac-
tion, it appeared that the use of these two compounds for

determining nitrites in water would be worthy of considera-
tion. The Shinn method (6) for nitrites was investigated in
order to determine its applicability to water because of the
need for a more satisfactory method than the standard pro-
cedure (7).

The Shinn method, as published, prescribes an unknown
of no greater volume than 35 ml. which, after the addition of
reagents, is diluted to 50 ml. This procedure would be awk-
ward and contrary to best waterworks analytical procedure.
Good analytical technique would necessitate the use of 50-ml.
or 100-ml. water samples of unknown nitrite content since
comparatively few waterworks laboratories have photoelec-
tric colorimeters, but will continue to use for some time to
come the Nessler tubes to which they are accustomed. The
method emphasizes the increase in sensitivity with decreasing
final volumes of the unknown nitrite solution.

As published, the article points out that samples of unknown
nitrite content, containing less than 0.0025 mg. of nitrite
(NO.) or 0.000761 mg. of nitrite nitrogen (N) per 50 ml., or
0.050 p. p. m. of nitrite or 0.015 p. p. m. of nitrite nitrogen,
gave colors too faint to be read with any reasonable degree of
accuracy with a photoelectric colorimeter. If this were the
case it would be impossible to apply the method to water-
works practice, since a large portion of the water supplies
contain less than 0.015 p. p. m. of nitrite nitrogen. Any
method to be given serious consideration must be sensitive to0
0.001 p. p. m. of nitrite nitrogen.

Although Shinn recommended that the unknown be limited
to 35-ml. volume, it was found by preliminary investigation
that like amounts of nitrite nitrogen, treated before dilution,
developed less color than when they were diluted to a ﬁnifl
volume of 50 ml. before addition of the reagents. The sens:-
tivity of the reagents increased with increasing dilution, and
maximum color was not developed until the volume before
the addition of the reagents became 40 ml. or more. This
fact overcame the first objection to the method. :

This led to an intensive study to determine how equivalent
amounts of nitrite nitrogen, developed in dilute or concer
trated volumes, would give equivalent readings for all amounts
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of nitrite nitrogen, including those between 0.015 and 0.001
p. p. m. Such'a finding would eliminate once and for all the
effect of water dilution even in those cases where small
amounts of nitrite nitrogen were to be found.

One of the very early developments of the investigation dis-
closed the necessity of thorough mixing after the addition of
each chemical to obtain reliable and consistent results. The
ammonium sulfamate was next eliminated, since it had no
practical value other than destruction of the excess nitrite in
the diazotization reaction, an excess which does not exist in
the detection of nitrites in water.

The problem of obtaining equivalent color intensity for
equivalent amounts of nitrite nitrogen, by adding reagents
to the nitrite in the more concentrated condition as prescribed
by Shinn, or in the more dilute condition for use with water,
appeared to have a bearing on the pH of the unknown nitrite
volume. The acid concentrations, pH, and time for color
development were investigated. It was found that equiva-
lent color intensities for equivalent amounts of nitrite
nitrogen could be developed by using 2 ml. of 1 to 1 hydro-
chloric acid in the reaction instead of the prescribed 1 ml.

Because of the fairly large total volume of reagents required
some consolidation of the reagents and their volumes was
deemed advisable. This was accomplished by using 2 ml.
of a 0.5 per cent sulfanilamide solution in 1 to 1 hydrochloric
acid, instead of 5 ml. of a 0.2 per cent water solution of sul-
fanilamide and 1 ml. of 1 to 1 hydrochloric acid. The acid
solution had the additional advantage of aiding in the disper-
sion of the sulfanilamide. When stored in a refrigerator,
there is little danger that the sulfanilamide will erystallize out.

By using this modified reagent, the time required for full
development of color was found to be 15 minutes, and the
color intensity was not only equivalent as developed in both
dilute and concentrated volumes for like quantities of nitrite
nitrogen, but was of sufficient magnitude in the range of even
0.015 to 0.001 p. p. m. of nitrite nitrogen to give differentia-
tions which were as easily detected as those in the standard
method (Z). An advantage of the Shinn method over the
standard method is that the maximum color developed in 15
minutes is more rapid and more stable.

In the Shinn method the nitrite value of the sulfanilamide
standard is determined from a nitrite standard in which as-
sayed sodium nitrite is used instead of silver nitrite.

Throughout all the investigational work on the use of the
two new reagents, sulfanilamide and N -(1-naphthyl)_-ethy1ene—
diamine dihydrochloride, comparisons were made with Nessler
tubes containing nitrite standards prepared from assayed
sodium nitrite rather than a sulfanilamide stnndm:d which s
used in a photoelectric colorimeter and whose nitrite value is
determined from a nitrite standard prepared from assayed
sodium nitrite. Waterworks people are familiar with the old
nitrite standard and from a waterworks practice s.tanglpoxnt it
would be out of place to discontinue its use at this time.

The simplicity of the preparation of the nitrite standard
from the desiccated reagent grade of sodium nitrite s}lould
not be overlooked. This has been thoroughly investigated
in the laboratory of the Indianapolis Water Company, and
found to be reliable and accurate, eliminating the long and
laborious procedure using silver nitrite (4).

Table I shows the comparison with the present standz_a.rd
method and gives the quantities required by the Shinn
method to obtain good color differentiation. Beadmgs as
high as 0.0002 mg. of nitrite nitrogen in 50-ml. Nessler tubes
can easily be differentiated in increments gf 0.00004 oz of
nitrite nitrogen in 50 ml. and readings as high as 0.0005 mg.
of nitrite nitrogen in 50 ml. can easily be d_lfferentmted in
increments of 0.00005 mg. of nitrite-nitrogen in 50 ml. Itis
suggested that sodium nitrite solutions of two concentrations
be used in making up the standards.
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PREPARATION OF STANDARD NITRITE SOLUTIONS
(Quantities for 50-ml. Nessler tubes)

A.P. H. A. Standard Method Ni- _ Nitrite Solution of Shinn Method,
tritea Solution of 1 MI, = 0,0005 Mg. 1 0 1000, 0.01 per cent 1 MI. =

TasLe I.

of NO=-N Approximntel{lo(::?q(}OOZ Mg. of
Standard ni- Standard ni-

trite soln. NO:-N trite soln, NO:-N
M1, Mg. Ml. My.

0.1 0.00005 2.0 0,00004

4.0 0.00008

0.2 0.00010 6.0 0.00012

8.0 0.00016

0.4 0.00020 10.0 0.00020

4 1 to 1000, 0.1 per cent 1 Ml =
Approximately 0.0002 Mg. of
NOs-N :

0.7 0.00035 1.25 0.00025

T 1.5 0.00030

1.756 0.00035

2.0 0.0004

1.0 0.0005 2.5 0.0005
1.4 0.0007 3.0 0.0006
1.7 0.00085 3.5 0.0007
2.0 0.001 4.0 0.0008
2.5 0.00125 4.5 0.0009
5.0 0.0010

¢ Listed as prescribed in (1), although closer increments are probably
possible,

Modifications

The 50- or 100-ml. unknowns are compared with a series of
standards in matched Nessler tubes instead of against a single
standard in a photoelectric or Duboscq colorimeter.

Nitrite standards are prepared from assayed sodium nitrite
mstead of a sulfanilamide standard whose value has been
determined from assayed sodium nitrite.

Ammonium sulfamate is eliminated as reagent.

The solution is thoroughly mixed after the addition of each
chemical, whether unknown or standard.

Two milliliters of 0.5 per cent sulfanilamide in 1 to 1
hydrochloric acid are used, instead of 5 ml. of 0.2 per cent
sulfanilamide and 1 ml of 1 to 1 hydrochloric acid to increase
the sensitivity from 0.015 to 0.001 p. p. m. of nitrite nitrogen,
thereby making the sensitivity range comparable to the pres-
ent standard method range.

Conclusions

- The method as published is not applicable to waterworks
practice, because of lack of sensitivity in the range from 0.015
t0 0.001 p. p. m. of nitrite nitrogen. The present limitation of
the water sample to 35 ml. or less is awkward and contrary to
waterworks practice. The method can be made applicable
by certain modifications.
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Determination of Small Amounts of Iodide

in Photographic Developers

R. M. EVANS, W. T. HANSON, JR., AND P. K. GLASOE
Kodak Research Laboratories, Rochester, N. Y.

The method for the determination of
iodide in photographic developers which is
described involves the precipitation of
halides with silver nitrate, followed by the
oxidation of the iodide to iodate while it is
in the form of silver iodide. The concen-
tration of iodate is then determined polaro-
graphically.

This method can be used for the deter-
mination of concentralion of iodide as
small as 1 mg. per liter of potassium iodide.
Amounts around 5 mg. per liter can be
determined with an accuracy of about 4
per cent.

STUDY of analytical methods for photographic develop-
ers, which has been under way in these laboratories for
some time, has given rise to a new method of analysis for
iodide in concentrations as small as 6 X 107°M in the pres-
ence of a thousand times the amount of bromide and large
amounts of reducing agents. This method involves the chlo-
rine oxidation of the iodide in the form of silver iodide, fol-
lowed by the polarographic determination of the iodate
formed. ‘

Rylich (2) first reported the use of the polarograph for the
determination of very small amounts of iodate and bromate.
He found that concentrations of iodate as smallas1 X 10~ M
could be readily determined polarographically. The poten-
tial at which iodate is reduced at the dropping mercury elec-
trode depends on the supporting electrolyte and on the pH
of the solution. Below pH 7, the potential varies with pH,
but above pH 7, the potential changes only slightly with in-
creasing pH, remaining at a value around 1.1 volts against
the saturated calomel electrode. The polarographic analysis
of iodate is particularly sensitive because of the six-electron
change which occurs in its reduction. This results in six times
the current and, therefore, six times the sensitivity of a reduc-
tion involving a one-electron change.

Method of Analysis

The complete analytical procedure finally developed was
as follows:

Take a 100-cc. sample of the developer and add to it 10 cc. of
0.5 N potassium bromide and 60 cc. of concentrated sulfuric acid.
Pass steam through the solution until the small bubbles which
indicate gas evolution disappear. To the hot solution add 100
cc. of water and 25 cc. of 0.5 N silver nitrate and pass steam
through the solution or boil it for a few seconds to aid in coagula-
tion of the precipitate. Allow the precipitate to settle and
pour off the supernatant liquid, leaving the precipitate in the
flask. To the precipitate add 50 cc. of 1 to 1 nitric acid and 250
cc. of water, shake, and allow to settle. Pour off the super-
natant hquiti and repeat this process with two 250-cc. portions
of water. To the precipitate, add 50 cc. of fresh chlorine water,
heat until the bromine color disappears, filter, and wash the
precipitate with two 5-cc. portions of water. Cool the filtrate
under the tap. To the filtrate add 1.0 cc. of 5 per cent phenol
and 5.0 cc. of 2.0 N potassium hydroxide, and dilute to 100 cc.
with water. Bubble nitrogen through the solution and elec-
trolyze on the polarograph.
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The wave obtained can be measured by any of the standard
methods (). The method used to obtain the values given here
is illustrated in Figure 1. The AI method could also be used.
By this method the current readings at —1.0 and —1.4 volts
are recorded and the current difference is plotted against potas-
sium iodide concentration.

Experimental

Before the chlorine water is added to oxidize the iodide to
iodate, other reducing agents must be removed. In the
analysis of photographic developers, this meant that sulfite and
developing agents had to be removed. Sulfite was easily
removed by acidification, followed by passing steam through
the solution, but in order to separate the iodide from the de-
veloping agents, it was necessary to precipitate the halide as
the silver salt and wash the precipitate thoroughly.

Since some developers contain little or no bromide, it was
found necessary to add some bromide in order to get a
sufficiently large amount of precipitate to ensure coagulation
of the small amount of iodide present. The silver bromide
precipitate acts as a collector for the silver iodide.

The precipitate was washed by decantation in order to
save time. In this process, it is inevitable that a few particles
of precipitate are lost, but since the total amount of precipi-
tate is relatively large, the loss is not detectable in the final
result.. When the precipitation is carried out as described,
the supernatant solution after the first coagulation is turbid,
but this solution was always discarded without any attempt
to collect the material in suspension. The error was found to
be negligible.
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The precipitate was first washed with nitric acid to aid in
the removal of any reducing agent which might be adsorbed
to the silver halide. When the nitric acid was omitted, a con-
siderable amount of oxidized material showed up on the polaro-
graphic curves as a current at potentials below that of iodate.

In the early experiments on an iodide analysis, it was con-
sidered necessary to dissolve the silver halide precipitate be-
fore oxidation of the iodide. This caused a great deal of diffi-
culty because the silver thus put into solution had to be ré:
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TABLE I. OxipATION OF IODIDE
Potassium Potassium Potassium Conversion of
Iodide Iodate Todate Iodide to
Added Calculated Formed Iodate
Mg./l. Mg./L. Mg/l %
With Bromine Water
b 4.3a 3.8 88.4.
10 8.6 7.6 88.4
15 12.9 11.4 88.4
With Chlorine Water
b 4.3 4.3 100
10 8.6 8.5 99
15 12.9 12.9 100

¢ Final volume of solution 150 ce.

moved before a polarographic wave for iodate could be ob-
tained. A very involved method was worked out but the

analysis was not practical until it was found that the iodide
* could be oxidized just as well while it was still in the form of
silver iodide.
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Tigure 2. Iopate WAves IN 0.1 N

KOH AT 25° C. For VaRI0US CONCEN-
TRATIONS OF lopibE IN A PHOTO-
GRAPHIC DEVELOPER

Concentrations of potassium iodide in mg. per

liter: (1) 1.0, (2) 2.0, (3) 4.0, (4) 6.0, (5) 8.0,

(6) 10.0. Capillary constants in 0.1 N KOH

at E = —1.40 volts vs. saturated calomel

electrode: h = 63.0 cm., ¢ = 3.18, m3/3{1/8 =
1.45 mg.?/3 sec.”1/2

In the first experiments on oxidation of iodide in' silver io-
dide to iodate, bromine water was used as the oxidizing agent.
Fairly reproducible results were obtained, but on comparing
the polarographic wave heights in the analysis with the
wave heights obtained with solutions of iodate in the same
salt environment it was found that the amount of iodate ob-
tained from a given amount of iodide was less than the
stoichiometric value (Table I). It was presumed t,ha!: th'ls
discrepancy was due to the occlusion of some of the iodide in
the mass of silver bromide with which the bromine could not
react. Chlorine water should eliminate this difficulty by
oxidizing both bromide and iodide and thus penetrate the
whole particle. The results obtained with chlorine water
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confirmed this assumption and Table I shows that the results
are quantitative.

In order to ensure complete reaction, the mixture of pre-
cipitate and chlorine water is heated until the bromine color
disappears. Thisserves the double purpose of completing the
reaction and removing the excess bromine. The fine disper-
sion of silver chloride which remains is removed by filtration.
The use of a kieselguhr filter (made by pouring a suspension
of kieselguhr in water over the filter) aids in the clean separa-
tion of precipitate and filtrate.

Any excess of bromine or chlorine which may be left is then
destroyed by the addition of phenol. The amount of phenol
is unimportant as long as it is present in excess. The solution
is made approximately 0.1 N with potassium hydroxide in
order to have the iodate wave come at a potential of about
1.1 volts.

As in all polarographic work involving reduction, the oxy-
gen in the solution must be removed by bubbling nitrogen
through the solution for 5 to 10 minutes: The removal of
oxygen is sufficiently complete when the current is small at a
potential around —0.7 volt. Before the solution is electro-
lyzed the temperature should be checked. A 1° C. change in
temperature will make about a 2 per cent change in the wave
height. For practical purposes, the temperature should
be regulated within 0.5° to 1.0° C.

The polarograph used in this work was a Fisher Elecdro-
pode in which a saturated calomel electrode, connected to the
electrolysis cell by means of an agar bridge saturated with po-
tassium nitrate, was used rather than the mercury pool. The
stream of nitrogen used to drive out the oxygen was passed
through a bottle of water to minimize loss of the sample
through evaporation.

A calibration curve was made by analyzing samples of
developers containing known amounts of iodide. The wave
heights were measured, and these values plotted against the
concentration of potassium iodide in the developer. Figure
2 shows a set of curves obtained in a calibration and Figure 3
is the calibration curve. Table II gives the results obtained
in some typical analyses. Concentrations of around 5 mg. per
liter can be determined with an error of approximately 4 per

1.50

140

T

130}
120}
Lo
1.00}-

0 090

X 080l

5
o7

Cl3

&

& oGof-
050}~
040}
030}
020}~

010

! 1 1 L
o 2 - 3 8 10
KT CONCENTRATION mg|LITER

FIGURE 3. CALIBRATION CURVE FROM WAVES IN
FIGURE 2



316 INDUSTRIAL AND ENGINEERING CHEMISTRY

TasLE II. OxipATION OF IODIDE
Potassium Potassium
Iodide Added Iodide Found
Mg./l. Mg./l.
2.5 x 2.6
5.0 5.0
7.5 7.5
10.0 9.9
5.0 4.9
5.0 4.9
5.0 4.8

cent. However, the percentage error increases with decreas-
ing amount of potassium iodide and 1 mg. per liter can be
determined with an accuracy of 10 to 12 per cent. Polaro-
graphic curves can be obtained with quantities as small as
0.2 mg. per liter. Determinations have been made on various
types of developers and in each case the same calibration
curve could be used, indicating that variations in the quan-
tities of sulfite, carbonate, bromide, and developing agent
were without effect on the test. However, an additional
precaution was necessary if thiocyanate was present. Using

Vol. 14, No. 4

the above procedure some silver thiocyanate precipitated
with the halides, and when the chlorine was added the
thiocyanate was oxidized instead of the iodide. The thio-
cyanate could be removed, however, by steaming the strongly
acid solution, letting the hot solution stand for a few min-
utes, and then steaming the solution again.

Conclusion

Although the method of analysis outlined above has been
used only on photographic developers, it should prove useful
in any case where it is desired to analyze for iodide in the
presence of a thousandfold quantity of bromide and/or such
substances as interfere with ordinary iodometric determina-

- tions. The final determination of the iodate may be made

by one of the usual titration methods if a polarograph is not
available. ;
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Detecting Basicity in Slightly Soluble Materials

FRITZ FEIGL AND CORIOLAN P. J. DA SILVA

Ministerio da Agricultura, Laboratorio Central da Produ¢io Mineral, Rio de Janeiro, Brazil!

T IS often necessary or advantageous to have available a
rapid and sure qualitative test for acid-consuming or
basic compounds, such as hydroxides, oxides, carbonates,
basic salts, or organic bases. When water-soluble compounds
are being examined acid-base indicators can be used, and the
presence of hydroxyl ions is quickly manifested by character-
istic color changes and by the establishing of certain pH
values.

The direct use of such indicators is out of the question with
basic substances that are so slightly soluble in water that the
equilibrium concentration of hydroxyl ions in the solution is
extremely low. Many minerals, rocks, organic bases, indus-
trial products, etec., are in this category. In some cases it is
feasible to employ a dilute acid solution to which an indi-
cator has been added: on the addition of basic materials
acid is consumed and the consequent rise in the pH value is
revealed by a characteristic color change. This procedure is
seldom satisfactory for the present instances, since even finely
pulverized mineral oxides are often attacked by acids only
with extreme slowness. In addition, if the quantity of basic
materials is not known, it is tedious to decide the minute
quantities of acid to be exposed to this test. Furthermore,
this procedure is not applicable with most weak organic bases
because of the extensive hydrolysis of the salts formed.

Tichborne () has recommended a test based on the reac-
tion of metal oxides and hydroxides with sodium bicarbonate:

MeO + 2NaHCO; —> Na,CO; + MeCO; + H.O

Any alkali carbonate formed will turn phenolphthalein deep
purple. The method is not suited to all cases, since only a
limited number of hydroxides and oxides react promptly,
and in particular, only when freshly precipitated. Aged or
ignited products do not give a clear-cut test. Furthermore,
the procedure entails a filtration and the consumption of
considerable quantities of test material.

1 Translated by Ralph E. Oesper, University of Cincinnati.

The method described here for the detection of acid-soluble
or acid-binding basic compounds may be carried out well as &
spot test, It has been tried on about one hundred materials
and has proved excellent for both macro- and microchemical
purposes.

The fundamental step of this new method is to bring a test
portion of the solid into contact with a reagent solution
which contains all the ingredients necessary to the formation
of a colored, slightly soluble inner-complex salt, whose pre-
cipitation, however, has just been prevented by an adequate
hydrogen-ion concentration. In such ‘“equilibrium solu-
tions” the introduction of hydroxyl ions or solid basic mate-
rials, which react even partially with dilute acids, is followed
immediately by the formation of a colored precipitate. Hy-
droxides, oxides, carbonates, basic salts, and organic bases
respond to this test.

All the organic reagents now in use for the detection or de-
termination of metal ions, by virtue of the formation of
slightly soluble inner-complex salts, are acid in character.
In many cases the reaction with neutral solutions of the par-
ticular metal salts is incomplete, because free acid is pro-
duced and this limits the precipitation of the salt. Quanti-
tative precipitation requires buffering, complete neutraliza-
tion, or often even alkalization, by the addition of ammonia.
Alkalization is especially necessary if a reagent must be trans-
formed to an active aci-form. Examples are rubeanic acid,
a-nitroso-B-naphthol, etc. Reagents of this type are of 10
value for the present purpose. Theoretically, detection of
acid-soluble basic compounds by the new procedure can be
accomplished by means of equilibrium solutions prepared
from any of the organic precipitants which give incomplete
precipitations because of reversible reactions.

A purely inorganic equilibrium solution is exemplified by the
filtrate obtained after the partial precipitation of nickel s_ulﬁde
by hydrogen sulfide from solutions containing strong min

acids. Black nickel sulfide appears immediately if these solu-
tions are brought into contact with acid-consuming materials.
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However, nickel sulfide equilibrium solutions are not recom-
mended because they are unstable and because hydrogen sulfide
reacts with many metal compounds.

For practical purposes, however, the only suitable organic
precipitants are those whose solutions are colorless and which
produce colored precipitates. These requirements are well
met by dimethylglyoxime, benzoinoxime (cupron), and
thioglycolic acid-B-aminonaphthalide (thionalide).

The precipitation of red nickel dimethylglyoxime (6), green
copper-benzoinoxime (3), and brown-black nickel thionalide
(I) can be represented by the following equations. These
reactions are reversible and come to equilibrium, and the
precipitation stops as soon as the respective pH is reached.

Nickel Dimethylglyoxime
00
H,C—C—NOH H,C—C—=NZ >N=C—CH,
L S
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the presence, and occasionally even the localization, of the
basic components of numerous rocks and industrial products,
such as cements, pigments, ete.

Organic bases that are only slightly soluble or even insolu-
ble in water, and which consequently do not affect indicators,
react nicely toward these equilibrium solutions. It is not
even necessary to prepare & solution in alcohol or some other
indifferent organic solvent before testing organic preparations
as to their basic character or possible content of free bases.
The sample is merely placed in one of the equilibrium solu-
tions that contains alcohol, and a color appears if salt-forming
basic groups are present. Amphoteric substances whose pH
is greater than that of the equilibrium solutions give a positive

response to this test. Examples are
the aminobenzoic acids, glycine,
protein compounds, ete.

Nit* + 2 = SNid +2H*.. ..pH =19 Experimental
H,C—C=NOH H,C—C N ‘N=C—CH, : ReacenTs (equilibrium solutions).
&I ﬁO To 50 ml. of a 4 per cent solution of
nickel nitrate or copper nitrate add
100 ml. of 1 per cent alcohol solution
Copper Benzoinoxime of dimethylglyoxime, benzoinoxime,
or thionalide, warm briefly on the
H,Ce—C—NOH H;C;:—C=NO. water bath, and filter. If the filtrates
Cut+ + é = >Cu 2 H R pH,= 1.6 are stored in stoppered bottles (neu-
H;C—CH—OH  H;Ce—CH—O tral glass) they can be preserved for
1 to 2 weeks. The eﬁgcacy of the
Nickel Ehionalide reagent is not impaired if solid re-
agent separates on standing. Solu-
CH,—SH CH, S—CH, tions of nickel dimethylglyoxime that
&‘ Ni< J: remain clear can be prepared by
Nit+ + C=0 = (C=0 - \0=C +2H*........ pH = 2.9 -treating a solution of 2.3 grams of
J\I | VJ hydrateqtr}xllcgesl sulfate n} 35)_0 mlh (if
NH—C,H; NH—C o H NH—C:oH; water wi .8 grams of dimethyl-
Cubl e llyoxime in 300 ml. of alcohol, and

tering.

In the first two instances these pH values were determined Procepure. To a few particles (circa 0.5 to 1 mg.) of the

electrometrically. The pH of the thionalide equilibrium solu-
tion was measured colorimetrically.

Accordingly, if aqueous solutions of nickel salts are treated
with alcoholic solutions of dimethylglyoxime or thionalide,
or if aqueous cupric solutions react with alcoholic solutions of
thionalide (an excess of precipitant in all cases), the clear
bright green or bright blue filtrates contain metal ion, rea-
gent, and hydrogen ion in equilibrium corresponding to the
foregoing equations. These equilibrium solutions are satu-
rated with respect to the precipitate, a condition that is an
advantage from the analytical standpoint. The addition of
solids that consume hydrogen ions disturbs the equilibrium,
and inner-complex salt, equivalent to the hydrogen ions re-
moved, immediately precipitates. Since this precipitate is
highly colored, even traces are easily perceived.

The behavior of slightly soluble basic compounds only is con-
sidered here. Patent%y, solutions of bases (ammonia, etc.) and
also salt solutions whose pH is higher than that of the equilibrium
solutions will also react. The same will be true of materials that
inactivate hydrogen ions by adsorption. Furthermore, metals
and alloys that dissolve in dilute acids will also react with
equilibrium solutions and cause precipitation of inner-complex
salt. The behavior of potassium dichromate and chromate
toward nickel dimethylglyoxime equilibrium solution is note-
worthy. The former shows no reaction, the latter causes an
immediate precipitate. This simple method of detecting the
presence of potassium chromate in samples of potassium dichro-
mate will be discussed in a later paper.

The precipitate (red, green, dark brown) is formed on the
surface of the basic material and most of it sticks there and
80 is easy to see. If the sample is colorless, it is possnblg to de-
tect even traces of basic substances. Since the prempltatgs
are stable, permanent preparations can be made, a.1‘1d basic
components, even in mixtures with indifferent materials, can
be colored by this process. This method can be used to reveal

finely powdered sample on a white porcelain spot plate, add 1 or
2 drops of equilibrium solution. Mix by means of a fine glass
rod or by blowing through a narrow tube. The vulnerability of
the sample to the acid in the equilibrium solution determines
whether no change is seen, or whether a red (nickel dimethyl-
glyoxime), green (copper benzoinoxime), or dark brown (nickel
thionalide) coloration appears at once or after a few minutes.
Minute quantities can be tested on a slide, and the development
of the color observed under the microscope. Rock and mineral
samples can be scraped with a penknife and theé resulting powder
spot-tested on the main body of the specimen.

The formation of the colored reaction product can be seen well
only on colorless substrates. If brown or bright-colored samples
are under examination, it is better to make comparative blank
tests by substituting a few drops of water for the reagent solu-
tion. The formation of the characteristic microcrystals of nickel
dimethylglyoxime is easily established if observed under the
microscope.

Applications

A positive reaction with each of the three equilibrium
solutions was observed with: aluminum hydroxide, aluminum
oxide, aluminum phosphate, barium oxide, barium carbonate,
beryllium oxide, beryllium carbonate, calcium oxide, calcium
carbonate, calcium phosphate, calcium acid phosphate, cad-
mium oxide, eadmium carbonate, ceric hydroxide, ceric oxide,
ferric hydroxide, ferric phosphate, magnesium oxide, mag-
nesium carbonate, magnesium ammonium phosphate, mag-
nesium phosphate, magnesium arsenate, magnesium am-
monium arsenate, lead hydroxide, lead oxide, lead carbonate,
uranium oxide, ammonium diuranate, zinc carbonate, zinc
ammonium phosphate, and zinc phosphate.

A weak reaction was shown by: lead oxide, Pb;O,; and
mercuric oxide (yellow) stronger than mercuric oxide (red).

No reaction was shown by: bismuth trioxide, ferric oxide
(ignited), ferric oxide (Brandt), cobalt oxide, cupric oxide,
chromium frioxide, fitanium dioxide, magnesium pyro-



318 INDUSTRIAL AND ENGINEERING CHEMISTRY

phosphate, uranyl hydrogen phosphate, uranyl pyrophosphate,
nor by the acidic oxides: stannic oxide, arsenic trioxide,
arsenic pentoxide, molybdenum trioxide tungsten trioxide,
vanadium pentoxide, and silica (quartz sand).

The following minerals (mostly from Brazilian sources)
gave a positive reaction: malachite, serpentine (magnesite),
cerussite, smithsonite, bentonite, fuller’s earth (iron-free),
pumice, montmorillonite, diabase, and bauxite. (The pos-
sibility that alkaline earth oxides might be responsible for the
positive reaction of bauxite was eliminated. The reaction
was just as strong after the finely powdered specimen was
treated with both cold and boiling dilute hydrochloric acid,
and then thoroughly washed.) Xieselguhr (84 per cent silica,
13 per cent aluminum oxide, 0.25 per cent ferric oxide) gave a
positive reaction, but this failed after the sample was ignited
(loss 1.27 per cent). Negative reactions were observed with
kaolin and bismuthinite.

Finely pulverized window glass and ordinary bottle glass
reacted positively; a good grade of chemical glass gave a very
weak test. An excellent ampoule glass reacted negatively.

AmpouLE Grass. Nickel thionalide equilibrium solution is
a more sensitive test for alkalinity than is phenolphthalein.
Although nickel dimethylglyoxime equilibrium solution is
somewhat less sensitive than the indicator, this may be a real
advantage for practical purposes, because the phenolphthalein
test is often too delicate when evaluating the quality of a glass
with reference to its alkali delivery to water. Ampoule glass
of inferior grade can be detected quickly because a little of the
powder moistened on a spot plate with 1 to 2 drops of nickel
dimethylglyoxime solution shows red at once.

Neutral glass can be tested as to its suitability for ampoule
manufacture by comparing the action of a finely powdered
sample with that of a pulverized standard glass. Glasses of
equal quality develop color of the same intensity, if the grain
size of the powders is about the same.

The writers have found that deceptive results are often ob-
tained if the resistance to attack of ampoule glass is tested by the
common method of soaking the glass powder for 2 hours in water
at 98° C., and then measuring the pH. Even good grades of
glass subjected to this treatment sometimes give pH values that
may be as high as 8.6. In contrast, large fragments of tubes
or ampoules treated with hot water in this manner give pH values
that are in accord with the quality of the sample and hence of
real value in comparative tests (2).

AvumiNum Oxipe. It is noteworthy that a positive reac-
tion is obtained when any of these equilibrium solutions is
brought into contact with aluminum oxide, no matter whether
it has been freshly precipitated, aged, or even strongly ig-
nited. The nickel thionalide solution is the most sensitive;
a brown color appears almost at once and deepens quickly.
The sensitivity of the nickel dimethylglyoxime solution is
less, and the copper benzoinoxime solution comes third.

This order is observed toward all weakly basic compounds, *

either inorganic or organic; it is in agreement with the in-
creasing pH values of the three equilibrium solutions.
Analytical application can be made of this behavior of
aluminum oxide. The systematic scheme of qualitative analy-
sis always leads to a solution that may contain aluminate.
Treatment of this solution with ammonium chloride, or acidifi-
cation followed by an excess of ammonium hydroxide, will
often produce a gelatinous precipitate, a result that seems to
establish the presence of aluminum in the original sample.
However, this test is far from infallible, because even in the
absence of aluminum a gelatinous precipitate may appear.
This misleading material is silica, extracted from the glass
by strong alkali. Consequently, if only a slight precipitate
appears, a confirmatory test for aluminum is imperative.
This is no simple matter, as evidenced by the well-known
fact that erroneous reporting of the presence of aluminum is
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one of the most cbmmon errors in qualitative analysis. Equi-
librium solutions furnish a rapid means of identifying the
precipitate as hydrous alumina. The precipitate is washed
until the filtrate no longer gives a test for free alkali with
equilibrium solution; then it is spot-tested either on the
filter or on a porcelain plate with nickel thionalide solution.
If aluminum oxide is present, a brown color appears almost im-
mediately and this color deepens on standing.

The weakly acid nickel thionalide solution reacts not only
with freshly precipitated alumina, but also with aged or
ignited specimens. At first sight, this fact seems incom-
patible with the known resistance towards acids of aged and
particularly of ignited aluminum oxide. In the cold the
latter is stable against even concentrated acids. If, in addi-
tion, it is recalled that mercuric oxide hardly reacts with the
equilibrium solutions, even though it is far more easily dis-
solved by acids than alumina, it seems clear that the abnor-
mal behavior of the latter toward equilibrium solutions must
be ascribed to some cause other than the normal salt forma-
tion. Inalllikelihood, hydrogen ions are adsorbed by alumina
and thus rendered inactive. Consequently, alumina should
affect equilibrium solutions exactly as does neutralization or
buffering. In fact, if alkali-free, ignited alumina is shaken
with 0.1 N hydrochloric acid and immediately filtered, the fil-
trate is slightly less acid.

If the assumption is valid, other compounds capable of
adsorbing hydrogen ions should behave like alumina. This
conclusion has been substantiated in the cases of zirconium
oxide and thorium oxide, prepared by igniting the nitrates or
hydroxides. These products, whose solubility in acid is ex-
tremely low, react positively with nickel-thionalide solution,
but much less decidedly than alumina.

FusiBLE AnND INFusiBLE WHITE PRECIPITATE. The be-
havior of the compounds known as fusible and infusible white
precipitate is worth special notice. These materials have
been given the formulas HgCl,.2NH; and HgNH,CI, respec-
tively, They are white, soluble in acids, show the same re-
actions, and up to now could be distinguished only by their
behavior when heated (fusion and decomposition) and the
mercury-chlorine ratio as established by ultimate analysis.
However, they behave differently toward nickel dimethyl-
glyoxime solution. HgCl,.2NH; reacts in a few seconds,
and after several minutes is deep red. In sharp contrast,
infusible white precipitate remains completely unchanged
even after several hours’ contact. This totally different be-
havior is in agreement with the formulation of these com-
pounds as amino compound and ammoniate, respectively.
The latter, as anticipated, shows a strong basic character, in
contrast to the amino compound in which the NH, group
functions as an acid residue. These compounds dissolve in an
excess of warm acid, and the fact that both consume equi-
molar quantities of acid is not in contradiction with their be-
havior toward the equilibrium solution, since the latter merely
reveals the rate of solution, which is conditioned by the char-
acter of the compound. This new means of distinguishing
fusible and infusible white precipitate made it possible to
prove that the latter in contact with ammonium chloride solu-
tion even at room temperature is quickly and extensively con-
verted into the fusible salt:

HgNH,Cl + NH,Cl —= HgCl..2NH;

This conversion was first observed by Kane (4) when he
treated HgNH,CI with boiling ammonium chloride solution.

Oreanic Compounps. Care must be exercised in choosing
the reagent solution when organic compounds are tested be-
cause, for instance, the copper solution should not be used
when there is a possibility of the formation of copper doub!e
salts with organic bases, or of an oxidation by the cupri¢
content of the reagent.
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The following compounds, some of them basic materials
not soluble in water, show an immediate positive reaction with
the three equilibrium solutions: p-aminoacetanilide, p-amino-
phenol, atropine, benzidine, brucine, cinchonine, creatine,
creatinine, dicyandiamidine, dimethylaniline, hexamethylene-
tetramine, naphthylamine (o and ), nicotine, nitron, 8-
oxyquinoline, toluidine (o, m, p), phenylhydrazine, tetra-
methyldiaminodiphenylmethane, and 1,3,4-xylidine.

Comparative tests showed that m-aminobenzoic acid reacts
very quickly, the para isomer slowly, and the ortho acid
practically not at all. Sulfanilic acid does not react, because
the acid character predominates in this amphoteric com-
pound. On the other hand, its sodium and barium salts give
a positive test immediately. The amide of sulfanilic acid
reacts slowly. m- and p-nitraniline, nitroguanidine, and di-
phenylamine do not react; they are still acid despite their
amino or imino groups.

Glycine and alanine, which are amphoteric and soluble
in water, slowly give a rather weak positive test. p-Amino-
acetophenone behaves similarly.

Egg albumin, keratin (from toothbrush bristles), and hide
powder (pH = 5.5) react strongly.

No reaction was shown by caffein, phenylsemicarbazide,
p-nitrophenylhydrazine, dinitrophenylhydrazine, isatin, and
tetramethyldiaminodiphenyl ketone.

Fiurer PapEr  The constituents of equilibrium solutions
are partially separated by capillary action if spots are placed
on filter paper. A colored zone surrounds the spot. Nickel
dimethylglyoxime solution works best in this kind of experi-
ment. Different types of filter paper behave quite differently.
The ring is particularly marked on qualitative papers, while
on acid-washed quantitative papers (Schleicher und Schiill
5892, 589%) it is exceedingly thin, and on Schleicher und
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Schiill 590 and 507 the intensity is intermediate. The whole
spot is colored on thick absorbent paper, and the red appears
first on the back side. The colored zones appear at the places
of lowest acidity; the capillaries of the paper obviously hold
back hydrogen ions. If neutral litmus paper is spotted with
nickel dimethylglyoxime equilibrium solution a red circle
is formed that extends beyond the zone of the precipitate.
This demonstrates that the precipitation of this salt does not
require complete neutralization, but only a decrease in the
hydrogen-ion concentration, a conclusion quite in accord with
the fact that the salt can be precipitated quantitatively from
solutions containing acetic acid.

BicarBoNATE Sornurions. The addition of the nickel-
equilibrium solution to bicarbonate solutions—e. g., calcium
bicarbonate—produces a red precipitate. Hydrogen ion is
taken from the equilibrium solution

Ca(IICOx)z + 2H* —> Cat*+t + 2H,0 + CO,

and an equivalent quantity of nickel dimethylglyoxime
separates. The presence of bicarbonate in water containing
carbon dioxide can be quickly established by this test. The
development of a procedure for the quantitative determina-
tion of the temporary (bicarbonate) hardness of waters, based
on reactions with equilibrium solutions, is now in progress.
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Potentiometric Determination of Vitamin C
Combined Use of 2,6-Dichlorophenolindophenol and Iodate

J. B. RAMSEY AND E. L. COLICHMAN, University of California at Los Angeles, Los Angeles, Calif.

THAT sodium 2,6-dichlorophenolindophenol is & specific
oxidant for ascorbic acid in fruit extracts is generally
accepted. Harris and Ray (5) have shown this to be true if
titration is carried out in acid solution, but not so in the neu-
tral, or nearly neutral, solutions used by Tillmans (10).
Since the dye is red in the oxidized form in acid solution, it is
often difficult or impossible to obtain the end point visually
with precision in certain highly pigmented extracts. That
the difficulties involved in the colorimetric method may be
avoided by electrometric titration has been demonstrated by
Kirk and Tressler (7).

A serious disadvantage, however, in the use of standard
aqueous solutions of the dye is their instability. Frequent
standardizations are necessary (). A method which would
eliminate this disadvantage and at the same time depend on
the specificity of the dye for ascorbic acid seems desirable.
Such a method involving the combined use of iodate and the
dye has been developed.

Preliminary Experiments

In order to determine the effect of pH on the spe(':iﬁcity. of
iodine as an oxidant for vitamin C, results were obtained with

triiodide and with iodate (iodide previously added) on samples
of various citrus juices over the pH range 0.3 to 3. The
quantity of reducing substances found in these extracts with
either of these oxidants was consistently higher, approximately
10 per cent, than that found with the indophenol dye. This
is in agreement with the conclusions of previous investigators
(4, 8, 9) so far as the nonspecificity of triiodide is concerned.
That iodate, with iodide previously added, should be no more
specific than triiodide is to be expected from the fact that in
acid solutions iodate and iodide react practically instantane-
ously to form iodine. In fact, without previous addition of
iodide, more iodate was reduced than triiodide by equal
volumes of the same fruit juice. All titrations in this investi-
gation were followed electrometrically (to be described later).

Other experiments were carried out to determine whether
the dye might act as a selective alternate oxidation-reduction
catalyst for the oxidation of ascorbic acid by iodine in citrus
juices. Over the pH range 0.3 to 3 no catalytic effect was
observed. However, it was noted that iodine did not oxidize
the dye (reduced) at an appreciable rate even at those pH’s
where the oxidation of the dye is thermodynamically possible
(3). It seemed probable, therefore, that the dye solution
could be added to the extracts until the end points corre-
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TasrLe I. TypicAL PoTENTIOMETRIC DATA WITH GRAPEFRUIT JUICE

With Iodate Alone,
Iodide Previously Added

Followed by Iodate,
Iodide Previously Added

Potentiometer

With Indophenol Dye

Potentiometer Potentiometer

Read- Incre- Buret, ead- Incre- Buret, Read- Incre-
ing ment MIl. ing ment MI. ing ment
e 0.2317
0.00 0.00 0.2356

0.2212 8.83 0.2413 0.25 0.2373 0.0017

0.2298 0.0086  8.87 0.2413 0.28 0.2556 0.0183

0.2417 0.0119 8.92 0.2512  0.0099 0.33 0.2757  0.0201

0.2573 0.0156  8.97 0.2752 0.0240 0.37e.p. 0.2832 0.0075

0.2763 0.0190 9.02e.p. 0.2851 0.0099 0.42 0.2912  0.0080

0.2903 0.0140 9.07 0.2907 0.0056 0.47 0.2953  0.0041

As is usually the case in potentiometric
titrations, it is necessary to go slightly past
the end point to be sure that the largest
change has been registered. If the approxi-

Buret, mate volume of the oxidant required is deter-
MI. : Sy :

S mined by a raplq titration untl! a colqr change

4.01 is noted, then, in the potentiometric deter-

A mination, oxidant may be added to within

4105 several tenths of a milliliter of the approxi-

Ao 5 mate end point before recording potentiomet-

ric readings (color change not readily observ-
able with dye solution over a week old).

sponding to the oxidation of the vitamin C were reached, after
which the titration could be completed with iodate in the
presence of iodide.” The total reducing capacity of another
equal volume of the citrus juice could then be determined
with the standard iodate solution alone. The difference be-
tween the equivalents of iodate reduced in the two titrations
would thus yield the equivalents of vitamin C present. The
determination would therefore be based solely on the standard
iodate while making use of the specificity of the dye whose
concentration need be known only very approximately.

Procedure and Apparatus

An ordinary student potentiometer, equipped with a reflecting
walltype galvanometer with lamp and scale attachment (sensitiv-
ity, 0.014 microampere), was used. An agar bridge, saturated
with potassium chloride, connected the 200-ml. lipless titration
beaker with a saturated calomel half-cell. A platinum wire
electrode completed the circuit with the potentiometer setup.
Slow uniform stirring was maintained during each titration by
means of a mercury-sealed stirrer. By placing the citrus juice
in series with the titration beaker, one source of oxygen-free
nitrogen served to blanket the juice during the analyses as well
as to provide an inert atmosphere during titration, and to force
portions of the juice into the pipet.

ProcepURE ApopTED. Ten milliliters of the citrus juice are
transferred to the titration beaker and sufficient 2 N hydrochloric
acid and water are added to make the initial acid concentration
of the resulting solution (approximately 100 ml.) between 0.1
and 0.5 N. The indophenol r{}re (Eastman No. P3463) solution
containing 0.5 to 1 mg. per ml,, is then added until one drop of
the dye solution remains in the oxidized form. Approximately
10 ml. of 0.1 N potassium iodide are then added, and the titra-
tion is completed with standard 0.01 N potassium iodate. The
iodate solution must be added dropwise, allowing at least 5
seconds between each drop. Another 10-ml. portion of the citrus
juice is titrated with the standard iodate alone at approximately
the same acidity and iodide concentration. The main portion
of the iodate may be added, in this case, at any convenient rate.
Ten-milliliter burets, graduated to 0.05 ml., are used in all iodate
titrations.

A simulated fruit juice, containing known quantities of
ascorbic acid and glutathione, was used in the development of
the above procedure. Equally satisfactory results were ob-
tained at any pH over the range 0.3 to 3. It is somewhat
simpler, however, to work at the higher acid concentrations
(0.1 to 0.5 N) since readily measured volumes (via graduated
cylinder) of common acid reagents may be used.

‘When the main portion of the residual iodate was added too
rapidly after the dye end point was attained, more iodate
was reduced than that equivalent to the glutathione present.
This is due to the fact that the dye (reduced) is oxidized by
iodate to a measurable extent, even with iodide present, un-
less the iodate is added slowly.

The equivalence point is recognized, without plotting titra-
tion data, when the largest change in e. m. f. occurs per drop
(0.05 ml.) of oxidant solution added. In the titration of pure
ascorbic acid solution or citrus juice with the dye, location of
the end point with certainty by this procedure necessitates
the inert atmosphere.

When within a few tenths of a milliliter
of the end point, an e. m. f. balance is
established after each subsequent drop of oxidant added.
From 25 to 40 seconds were required for attainment of the
maximum e. m. f. reading after addition of each drop. During
this time interval, the potentiometer was continually adjusted
to maintain zero deflection of the galvanometer, in order to
obtain the reading before the drift downward in potential
occurred. By this procedure the maximum change in po-
tential per drop added was readily observed. The titration
should not be interrupted during the addition of the last few
tenths of a milliliter of oxidant; otherwise the drift in po-
tential will make the results unreliable.

The sharpness of the potentiometric end point is assured if
the platinum wire electrode is dipped into chromic acid clean-
ing solution and rinsed with water before each titration.

To illustrate the precision with which the end point can be
determined, results of a typical titration on a sample of citrus
juice are given in Table I.

Analytical Results

All citrus juices were filtered through a double thickness of
cheese cloth. A drop of capryl alcohol was added to each
total sample to prevent foaming caused by nitrogen bubbling
through. The nitrogen prevented oxidation of the juices
during analysis and also kept them uniform.

The results obtained by the combined use of indophenol
dye and standard iodate and by the ordinary method, based
on standard dye solution, are given in Table II. The dye
solution was standardized by the usual procedure, involving
the use of a known solution of pure ascorbic acid (Eastman
No. 4640), as determined with standard iodate (or triiodide).
Standardization was carried out potentiometrically. In
every case 10.00 ml. of the citrus juice were used.

Discussion

Certain investigators (5, 6) have reported that the rate of
addition of the dye to either pure ascorbic acid solution or to
citrus juice is a determining factor. Presumably the titra-
tions were performed in the presence of air. In the inert
atmosphere of nitrogen used in this investigation, the volume
of dye solution required was found to be independent of the
rate of its addition to either of these solutions. This suggests
the possibility that in the presence of air the oxidation of
ascorbic acid by oxygen may be induced during its oxidation
by the dye. This possibility is also indicated by the observa-
tions of Harris and Ray (5) and of Fujita and Ebihara (4)
that greater precision is obtained in the ordinary determina-
tion with the standard dye solution if the ascorbic acid solu-
tion is added to a measured volume of the dye solution. ’I"he
conditions under which variations in the method of mixing
the reductant and oxidant may change the extent of an in-
duced oxidation by oxygen have been described by Bray and
Ramsey (2, p. 2284).
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chlorophenolindophenol. Standardization of
Tasre II.  Viramin C CoNTENT OF CITRUS JUICES the unstable dye solution is thereby eliminated.

(Comparison of direct dye titration with dye-iodate method)

The results obtained by this method (Table

Citrus Juice® : Orang T G SEabelrie II) are in close agreement with those dependent
HCI normality 0.25 0.25 0.60 0.25 0.25 0.25 0.50 0.25 on direct titration with an accurately stand-
Dye normality X 101 4.670 5.697 5.607 5.687 5.708 3.146 3.146 4.339 ardized dye solution.

M°ﬂ;fme"m1 o e o oot 008 L oo E0:000 4 8: 00 _The method should be applicable to other
iequivalen 1 1 i 1 1
10%, av. 52.60 56.37 56.46 51.58 63.47 63.17 63.20 39.40 blomg{gﬂ ﬂ}.‘é‘ds ;nf Wh’.cth the tledophenol dreis
Residual iodate, 0.01040 ' e DL OO b Ly L O,
Volume, ml, 0.51 0.55 0.55 0.56 0.40 0.42 0.43  0.39 i :
Sy 01522207563 FhanEs i 0 SR FeR M e 0.37 Literature Cited
A. Milliequivalents X
103, av. 5.38 5.62 5.72 5.93 4,16 4.37 4.47 3.95 (1) Bessey, O. A., and King, C. G., J. Biol. Chem.,
By oL 5.65 6.00 6.0l 5.54 6.56 6.50 6.50 4.18 103, 637 (1933).

olum . . . . . . . .

B i ! g X 5164w 515655 0in 6.51 4.20 (2) Bray, Vg.sC., and Ramsey, J. B., J. Am. Chem.
5 iequivalents Soc., 55, 2279 (1933).
102, av. 58.70 62.40 62.50 57.67 08.22 67.60 67.65 43.58 ) st

B minus A 53.34 56,78 56.78 51.74 64.06 63.23 63.18  39.63 @) Clark, W. M., “Determination of Hydrogen

Difference from dye Ions'’, 3rd ed., p. 683, Baltimore, Williams &
titer, % +1.40 +0.72 +0.57 +0.31 +0.93 +0.09 —0.03 +0.58 Wilkins Co,, 1928.

8 Orange I, fresh navel; II, fresh Valencia; III, Valencia after refluxing in air for 0.5 hour.
Lemon I, fresh; II, after standing one week out of contact with air (blanketed with nitrogen).

Grapefruit, fresh. One milliequivalent of ascorbic acid = 88 mg.

(4) Fujita, A., and Ebihara, T., Biochem. Z., 290,
172 (1937).

(5) Harris, L. J., and Ray, S. N., Biochem. J., 27,
303 (1933).

Summary and Conclusions

This potentiometric method for the determination of vita-
min Cin citrus juices depends upon a stable potassium iodate
solution as the only standard oxidant and, at the same time,
makes use of the specific oxidation of ascorbic acid by 2,6-di-

(6) Joslyn, M. A., Marsh, G. L., and Morgan, A. F.,
J. Biol. Chem., 105, 17 (1934).
(7) Kirk, M. M., and Tressler, D. K., Inp. Exa. CaEM., ANAL. ED.,
11, 322 (1939).
(8) Mottern, H. H., Nelson, E. M., and Walker, R., J. Assoc.
Official Agr. Chem., 15, 614 (1932).
(9) Szent-Gyorgyi, A., Biochem. J., 22, 1387 (1928).
(10) Tillmans, J., Hirsch, P., and Hirsch, W., Z. Untersuch. Lebensm.,
63, 1 (1932).

Elimination of the Water Wave in

Polarographic Work

At Relatively High Indifferent Electrolyte Concentrations

I. M. KOLTHOFF AND E. F. ORLEMANN

University of Minnesota, Minneapolis, Minn.

IT HAS been found (1) that the residual current obtained
in relatively concentrated solutions of indifferent elec-
trolytes, like alkali and earth alkali salts, is of the same order
of magnitude as that obtained in more dilute solutions, when
no electroreducible material is present. However, when a
current flows through the cell owing to the reduction of some
constituent in the solution, and the concentration of indif-
ferent salt is greater than about 0.5 M, an abnormal wave oc-
curs which is due to a reduction of water molecules:

H:0 + e—> H + OH~

This “water wave” starts at about —0.9 volt (vs. saturated
calomel electrode), reaches & maximum at about —1.35 volts,
and then decreases markedly as the potential is made more
negative. This decrease is much larger than corresponds to
the effect of the change of the drop time with the potential.

In analytical work the concentration of indifferent e]e_c—
trolyte in the solution is often greater than 0.5 M—e. g., in
polarographic steel analysis. The occurrence of the water
wave in such cases may be the source of large errors or misin-
terpretations, and should be eliminated, particularly when
dealing with mixtures of reducible substances. When the
solution contains only one reducible constituent which yields

a diffusion current at potentials more positive than —0.9
volt, the water wave appears as a separate wave. On the
other hand, when the solution contains a constituent which
yields a wave at potentials more negative than —0.9 volt,
the water wave overlaps with that of the reducible constitu-
ent. Consequently, an apparent diffusion current of the
reducible constituent is found which is much larger than the
true diffusion current.

In order to illustrate the effect, Figure 1 presents current-
voltage curves of 0.0004 M zinc chloride in different concentra-
tions of potassium chloride. These curves were obtained some
five years ago by C. S. Miller in this laboratory with the manual
apparatus at 25.0° using drop times of 1 an(i' 2 seconds. The
horizontal portion of curve 1 (in 0.05 M potassium chloride)
corres&)onds to the diffusion current of zinc at a drop time of 1
second. Curves 2 and 3 have an abnormal appearance and show
maxima. These are not of the same nature as the ordinary
maxima which are often observed on current-voltage curves and
are due to stirring effects. The maxima on curves 2 and 3 were
found at potentials where the water current has a maximum
value. The large decrease of the current on curves 2 and 3
after the maximum had been reached is mainly due to a decrease
of the water current when the potential is made more negative.
However, it is seen that the true diffusion current of zinec has not
yet been attained at the potential where the potassium discharge
starts. If we measured the “apparent” diffusion current at the
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i TaBLE I. Errect oF WATER CURRENT IN ANALYSIS OF MIx-
3 i TURES OF THALLIUM AND ZINC AT 25° C.
22 ': (¢t = 3.60 seconds at —0.6 volt)
i Curve in %?:t?gg- im+ -+ Error
" 20 / Figure 2 of KCl  Gelatin i+ Tz t+ ignt+° in Zn
] J: M % Microamp. Microamp. Microamp. %
T g ! 0 no oE ol e
, : ! : =
5 i Lo o, fn BB e s
1 . . . . .
é 16 : _ @ In all solutions concentration of zino ions was 0.00168 M and concentra-
o : tion of thallium ions was of the order of 0.002 M in curves 4 and 5.
Q4 !
1
2 :
12 o) stances affected the water wave, but only gelatin eliminated
: it completely.
Z 0 : Therefore, when current-voltage curves are determined
; ! with the dropping electrode in solutions whose concentration
B | of indifferent electrolyte is greater than 0.5 M, 0.01 per cent of
Z 8 : gelatin should be added to eliminate the water current. This
14| 4 addition is especially essential when dealing with mixtures of
o reducible substances.
g— 6 In order to illustrate the order of magnitude of the error
o which can be made when the water current is not eliminated,
4 current-voltage curves of mixtures of thallium and zinc
were determined under different conditions. Some of the
curves are shown in Figure 2, and analyzed in Table I.
2 Comparison of curves 1 and 2 (Table I) reveals that the
- 0 true diffusion current of zinc in 2 M potassium chloride is
[PAREE| e [T [SRE : : :
practically the same as in 0.1 M chloride. If the water wave
0 -04 =08 -l2 "5‘." % E_E' ¢ was not eliminated in the 2 M chloride solution, an apparent
VOLISE Ve, S diffusion current of zinc was found which was 30 per cent
Figure 1. CuUrrenNT-VOLTAGE CuUrvVES orF 0.0004 M larger than the true diffusion current. Curves 4 and 5 refer

Zinc CHLORIDE IN PoTassiom CHLORIDE

Concentration of KCl in curve 1, 0.05 M; curve 2, 0.5 M; curve 3,
1 M; ocurve4, 0.5 M; curve5,1 M. Drop timein curvesl1, 2, and 3
was 1 second, in curves 4 and 5, 2 seconds

maximum, we would find a value of 16.2 microamperes in
0.5 N potassium chloride and of 21.8 in 1 N chloride, whereas
the true diffusion current is only 9.3 microamperes. The maxi-
mum becomes much less pronounced when the drop time is
increased, as is evident from curves 4 and 5 in Figure 1. These
curves were obtained with a drop time of 2 seconds.

Orlemann and Kolthoff (1) found that the water wave is
proportional to the total current flowing, that it increases with
increasing concentration of indifferent electrolyte in the solu-
tion, that it is of the same order of magnitude in solutions of
potassium, sodium, and lithium salts, and that the water wave
does not occur in solutions of tetraethylammonium chloride.
Working with the same capillary the ratio of the water wave
(tmo at maximum value) to the total current 7, decreases
when the pressure of the mercury on the capillary is decreased
according to the expression:

im0/1, = kP + constant

For example, in a solution of thallous chloride in 2 M po-

tassium chloride they found a ratio of #m0/% of 0.47 at a pres-

sure of 100 cm. of mercury, of 0.24 at a pressure of 80 em., and
of 0.03 at a pressure of 50 cm. Thus, by working with a very
slow-dropping capillary (drop time equal or greater than 5
seconds) the water current can be eliminated. In ordinary
polarographic practice such slow-dropping capillaries are
seldom used. Fortunately, it has been found possible to
eliminate the water current completely by adding 0.01 per
cent of gelatin to the solution. The effect of a number of
capillary-active substances, including tylose, upon the water
wave has been investigated. All the capillary-active sub-

IN MICROAMPERES
NSl o 0D

S

CURRENT
& 0 o

n

1 | 1 1 1 e
-08 -1.0 -l2 -1.4 -16 -1.8
VOISES iivs: SEC: B

Ficure 2. ErrFect oF GELATIN ON WATER CURRENT IN
MiIxXTURES OF THALLIUM AND ZINC IN POTASSIOM
CHLORIDE SOLUTIONS

Composition of solutions is given in Table I
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to mixtures of thallium and zine in only 1 M potassium chlo-
ride. If the water wave was not eliminated an error of 27 per
cent in the zinc wave was found, the error being only 1 per cent
in the presence of 0.01 per cent of gelatin. The error in the ab-
sence of gelatin would increase with, increasing ratio of thal-
lium to zinc, since the water current is proportional to the total
current. It would hardly be possible to correct for the water
wave by making calibration curves with known mixtures of
thallium and zinc in the particular medium. The results in
Table I show that such calibration curves are entirely super-
fluous, if 0.01 per cent of gelatin is added to the solution to be
analyzed. The magnitude of the error due to the water wave
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depends upon the characteristics of the capillary, as men-
tioned above.
Summary

Large errors may be caused by the occurrence of a water
wave in the polarographic analysis of solutions which have a
concentration of indifferent electrolyte larger than about
0.5 M. The water wave and the abnormalities caused by it
are completely eliminated by the addition of 0.01 per cent
of gelatin to the solution.
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Specific Gravity of Petroleum Oils by
the Falling Drop Method

A. J. HOIBERG, Lion Oil Refining Co., El Dorado, Ark.

A method of densimetry which has shown
many advantages in determinations with
body fluids has been modified to adapt its
use to measurement of the specific gravity
of petroleum oils. Operation is rapid and
easy, since the procedure depends only on
the measurement of the time of fall of a
drop of oil in an alcohol-water solution.
The specific gravity is then determined by
direct conversion of the time of fall from a
calibration curve for the solution. This
method has been found accurate to within
=(0.0010 unit of specific gravity. Since
only a few drops of the petroleum fraction
are required, the determination may be
made on the very small volumes of oils
often obtained in analytical distillations or
extractions.

FTEN small volumes of petroleum oils are obtained by ex-
traction or by fractional distillation, especially during
the analysis of asphalt and road oil (2, 6, 6). To understz_a.nd
the nature of these fractions, characterization by physical
constants is desired, values for density and refractiw{e index
being especially informative (2,7). Usually but littlg dlﬂ.iculty
is had in obtaining accurate readings of refractive index;
however, when only small volumes of oil are available, pyc-
nometer determinations for density are difficult and time-con-
suming.

A method of densimetry which requires a small volume of
fluid and less than a minute’s time would be especially valu-
able. Such a method was described by Barbo.ur and Hamil-
ton (1) and later with variations by Guthrie (3) and by
Kagan (4). Although the procedure described was devoted
entirely to measurement of body fluids, the principle of the
method, “timing the fall of a drop of body fluid of known size,
through a definite distance in a mixture nopmxsclble with the
fluid” (1) would generally apply to any liquid.

Modifications of the procedure and equipment to permit
the principle to be applied to petroleum oils are described in
this paper.

Theory

When a small spherical body moves through a fluid so
slowly that the latter flows past it in smooth streamlines, the
relative velocity, V, between the body and fluid may be ob-
tained from Stokes’ law:

_ gD*(di—ds)
184

where p is the coefficient of viscosity of the fluid, D the
diameter of the sphere, d; the density of the sphere, d; the
density of the fluid, and g the acceleration due to gravity.

V is a constant for a given particle having free movement
and, if the distance of fall were fixed, would be inversely pro-
portional to the time of fall of the sphere. Under the con-
ditions of operation of the falling drop method, wherein the
distance of fall, 30 cm., the diameter of the drop, D, and the
properties of the falling drop solution are constant, V should
be directly proportional to the density of the drop, d;, Actu-
ally, over the range covered and with the apparatus described
a direct ratio is not obtained, probably because of wall and
turbulence effects. However, the results are reproducible as
shown by calibration curves, and the accuracy of the
measurement is not related to the lack of proportionality.

Equipment

Three glass tubes with a 1.3-cm. bore and 50 cm. long, obtained
from a stock of Pyrex boiler %age glass, were marked with lines
30 cm. apart, extending all the way around the tubes, one line
being 5 cm. from the end of the tube. Rubber stoppers were
inserted to close the ends of the tubes nearest to the lines. As
shown by Figure 1, the tubes were mounted in a 2000-ml. cylinder
(8 cm. in inside diameter X 48 cm.) by means of a brass plate
standing on three 1-cm. legs and with a cap on the top. The
three holes fitting the glass tubes in the brass plate and cap were
drilled with their centers on the apexes of an equilateral tri-
angle and 3.5 cm. apart. In addition, holes were drilled in the
cap for a thermometer, a 250-watt knife-blade heater, and an
expansion-type thermoswitch. Copper tubing of 0.3-cm. (0.125-
inch) diameter was run down the side of the cylinder to supply
air for spxmn%, the water bath. A leveling stand was provitfed
by fastéhing the base of'the cylinder into the case from a Bourdon
gage, leveling screws being fastened to the rim of the case, The
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THERMO. SWITCH

THERMOMETER

Ficure 1. Faiuing Drop EQUIPMENT

thermometer was suspended so that it could be used as a plumb
bob to adjust the falling drop tubes in a vertical position.

A falling drop pipet calibrated to deliver two drops of exactly
0.01-ml. volume each was used to form the drop of petroleum
fraction, a Guthrie pipet controller being used to regulate the
delivery of the pipet. The time of fall of the drop was measured
with an electric timer which could be read to 0.1 second.

Falling Drop Solutions

Solutions of ethyl alcohol and distilled water were mixed to
cover the range in specific gravity of the petroleum fractions
likely to be run. Before ﬁﬁing the tubes the solutions were
heated to boiling under a reflux condenser to dispel any air
present; otherwise bubbles collected on the falling drops.

The composition of the solutions used for the determina-
tion of the data in Table III and the range of specific gravity
for which they could be used are listed in TableI. Therange
in specific gravity was obtained by referring to a graph similar
to Figure 2 constructed for all five solutions and selecting the
specific gravities corresponding to the time of fall from 7 to
25 seconds.

Method

After the oil had been drawn into the pipet to the upper mark,
a standard drop was formed with the tip ﬁf the pipet under the
surface of the solution in the tube. A slight jerk upward re-
leased the drop. The release was made 5 cm. or higher above
the upper mark in the tube to allow a substantially constant
velocity to be reached by the drop before the mark was passed.
The time required for the drop to fall the 30 cm. between the
marks was measured to the nearest 0.1 second by a timer. If
the time of fall was not in the range of 7 to 25 seconds, a trial
drop was formed in one of the other solutions, trials being re-
peated until the time of fall came within this range. An addi-
tional drop or drops were then released in the selected solution
to have determinations agreeing to within 0,2 second.

When viscous oils and waxes were run, the temperature of the
water bath was maintained constant at about 71° C. (160° F.)
to permit the liquid to be easily expelled from the pipet. The
gipet, filled to the upper mark with the sample which had been

eated to a fluid condition on a lamp bank, was immersed in the
alcohol-water solution to above the upper mark. After holding
it thus for 3 to 5 minutes to allow equalization with the tem-
perature of the water bath, the drop was formed and released
underneath the surface of the liquid as before.

With such viscous oils, especially if they were resinous, it was
difficult to shake the drop from the pipet, the drop sometimes
breaking and part remaining on the tip. By rubbing a very
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small quantity of soap on the tip of the pipet, the interfacial
tension was found to be changed so that the drop could be easily
formed and released. :

The pipet was cleaned of oil with carbon tetrachloride, gas
then being blown through the pipet to evaporate the carbon
tetrachloride.

Calibration

The falling drop solutions were calibrated by running three
oils selected to have times of fall defining the range from 7 to
25 seconds. The specific gravity at 25° C./25° C. of the three
oils was determined to within ==0.0005 unit with a 5- or
10-ml. pycnometer. The calibration curve was plotted on
semilogarithmic paper as shown by Figure 2, the time of fall
being plotted on the logarithmic scale.

After the curve was once established for a particular solu-
tion at a given temperature, but one run with a standard oil
was necessary to check the calibration. If the concentration
of the solution had changed but slightly, the time of fall of
this standard oil was used to establish a new calibration curve
parallel to the previous curve.

When the determinations were carried out at 71° C.
(160° F.) the calibration was checked after each 2 hours of
operation to determine if the loss of ethyl alcohol by evapora-
tion had been sufficient to increase noticeably the density of
the falling drop solution. The solution was renewed if the
run with the standard oil differed markedly from the previous
calibration—i. e., by as much as one second in falling time.

Since the coefficient of expansion of petroleum oils may be
considered to vary only with specific gravity and not with
source, the oils used in calibration need not be from the same
crude as the unknown oils. An appreciable error arises in de-
terminations with waxy oils, or with wax, due to the change
in volume of wax upon crystallization, but this error may be
eliminated by selecting similar waxy oils or waxes as the cali-
bration standards. If the specific gravity data may be re-
ported at temperatures above the crystallization point, cali-
bration curves determined with wax-free oils can be used to
determine the density of a hypothetical liquid at 25° C./-
25° C.; then the National Standard Petroleum Tables can
be used to determine the correction needed to obtain the spe-
cific gravity at a temperature above the crystallization point.

TasLE I. Sovrurions Usep

: Per Cent Specific Gravity Ran%e in Specific Grayit;
Solution Ethyl Alcohol of Solution =~ at 25° C./25° C. for Whio!
No. by Volume at 25° C./25° C. Solution Is Suitable
1 98 0.793 0.836-0.877
2 75 0.852 0.873-0.911
3 70 0.865 0.885-0.925
4 0.889 0.920-0.950
5 45 0.923 0.953-0.993
Experimental

TEMPERATURE CoNTROL. The variations in falling times
with a change in temperature of 2.8° C. (5° F.) were deter-
mined for oils of known specific gravity. Three alcohol-water
solutions representative of the usual concentrations employed
were calibrated at normal operating temperatures as shown in
Table II. These data, when used to construct a graph
similar to Figure 2, show that a 2.8° C. (5° F.) change in
temperature shifts the calibration curve by not more than
0.0010 unit in specific gravity. To have data accurate to
within 0.0010 unit, the tolerance allowed in the thermostatic
control could therefore be =1.4° C. However, such a wide
variation is not permissible if rapid temperature fluctuations
occur because convection currents are set up in the alcohol-
water solutions. Control within =0.2° C. is not difficult
to obtain and is recommended as desirable to eliminate such
currents which interfere with the normal fall of the drop.
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TaBLE II. VAriATION OF FALLING DrROp TIME WITH CHANGE
IN TEMPERATURE OF SOLUTIONS

Specific
Gravity at
25° C./256° C.
Ethyl Time of Fall by Pyec-
Alcohol Temperature Trial 1 Trial 2 Av. nometer
% by vol. ° C. °F. Sec, Sec. Sec.
98 28.9 84 10.2 10.3 10.2 0.8520
98 28.9 13.4 13.6 13.5 0.8414
98 28.9 19.1 19.3 19.2 0.8364
98 31.7 89 10.1 10.3 10.2 0.8520
98 31.7 12.9 13.1 13.0 0.8414
98 31.7 18.8 18.9 18.8 0.8364
75 68.3 155 10.4 10.3 10.3 0.8949
75 68.3 11.8 11.9 11.8 0.8873
75 68.3 17.3 17.5 17.4 0.8780
75 71.1 160 10.3 10.4 10.3 0.8949
75 71.1 11.6 11.8 11.7 0.8873
75 71.1 16.7 16.9 16.8 0.8780
40 68.3 155 8.8 8.9 8.8 0.9853
40 68.3 10.3 10.4 10.3 0.9795
40 68.3 16.2 16.4 16.3 0.9666
40 71.1 160 8. 8.6 8.6 0.9853
40 71.1 10.0 10.1 10.0 0.9795
40 71.1 15.9 16.1 16.0 0.9666
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Froure 2. CavrmBraTION CURVES FOR FALLING
Drop SOLUTIONS

COMPARISON WITH PYCNOMETER DETERMINATIONS. The
specific gravities at 25° C./25° C. of 37 oils ranging from
0.8364 to 0.9853 were obtained with a 5-ml. pycnometer,
duplicate determinations being made which agreed for each
oil within 0.0005 unit. The falling times of these oils were
determined with solutions which allowed the drop to -fall
within 7 to 25 seconds, with one exception of 6.3-second time
of fall. During the determinations the temperature of the
water bath surrounding the falling drop tubes was controlled
by the thermostat to within =0.2° C. ;

The minimum, an intermediate, and the maximum time of
fall for three of the oils run in each solution were plotted as
calibration curves on semilogarithmic paper, as ﬂlustr?.ted by
Figure 2. In all, five different solutions were calibrated,
fifteen of the oils being used as standards. The times of fall
of the twenty-two remaining oils were converted to_spec}ﬁc
gravities at 25° C./25° C. by referring to the calibration
curves. The pycnometer values were subtracteq from f:he
chart values to determine the differences in specific gravity
by the two methods, as shown in Table IIL.

Accuracy

In the group of twenty-two oils, a difference greater tl}an
0.0010 unit was found for four oils, only one de_terrmnatlon
showing a difference greater than 0.0020 unit. With fourteen
oils a difference of 0.0005 unit or less was found. The average
difference was 0.0006 unit. :

From consideration of this series of runs.completed in a
routine manner, the accuracy of the method is k_)eheved to be
within =0.0010 unit of specific gravity. This is well 'mtbm
the deviation allowable in calculation of characterization
factors of complex mixtures, such as petroleum fractions,
from density and refractive index.
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Range of Application

The lightest oil which could be run would have to be
slightly heavier than ethyl alcohol, or with a specific gravity
of about 0.79 at 25° C./25° C. If the viscosity is very low,
liquids such as kerosene and light gas oil form drops which
break off the pipet before the standard drop volume of 0.01 ml.
is reached.

The upper range in specific gravity is limited by the oil
being too dark for the meniscus in the pipet to be discernable.
Viscosity is also a factor, some of the resins recovered from
asphalts being light enough in color but too viscous to be
handled at the temperature of 71° C., which is about the
highest temperature found practicable for operation without
excessive evaporation of the ethyl alcohol solutions. The
higher alcohols, such as propyl and butyl, cannot be used be-
cause of their appreciable solvent power for petroleum frac-
tions at such temperatures.

With the time of fall between 7 and 25 seconds, each solu-
tion of alcohol and water has been found suitable for a range of
approximately 0.040 unit of specific gravity.

TaBLE ITI. CoOMPARISON OF DETERMINATIONS BY PYCNOMETER
AND FaruiNg Drop METHOD
Specific vaifg at
25° C./25° C.

Solu-
tion Tem- . Time of Fall By pye- y time of
No. perature Trial 1 Trial 2 Av. nometer all Difference

203 Sec. Sec. Sec.

1 (822‘;9!“) 10.3 10.1 10.2 0.8520 Calibration
1 28.9 11.6 11.411.5 0.8464 Calibration
it 28.9 21.5° 21.6 21.5 0.8364 Calibration
1 28.9 10.9 11.1 11.0 0.8491 0.8484

1 28.9 11.3 11.6 11.5 0.8477 0.8464

1 28.9 14.5 14.3°14.4 0.8415 0.8410

2 7181 2 9.3 9.2 0.8949 Calibration

(160° F.)

2 71.1 10.7 10.7 10.7 0.8873 Calibration  ......
2 71.1 14.8 15.1 14.9 0.8780 Calibration  ...,..
2 71.1 9.3 9.3 9.3 0.8936 0.8940
2 7181 9.8 9.9 9.8 0.8895 0.8908
2 7151 11,5 11.4 11.4 0.8847 0.8849
2 71.1 14.8 15.0 14.9 0.8780 0.8780
3 71.1 6.3 6.3 6.3 0.9313 Calibration
3 71.1 9.3 9.5 9.4 0.9075 Calibration
3 71.1 15.9 16.1 16.0 0.8895 Calibration
3 71.1 728357815278 0.9182 0.9180
3 13T 8.2 8.3 8.2 0.9150 0.9130

3 7121 10.2 10.5 10.4 0.9033 0.9032
3 71.1 13.8 13.6 13.7 0.8915 0.8040
3 71.1 18.9 13.8 '13.8 0.8949 0.8939
4 7181 6.9 7.0 7.0 0.9497 Calibration
4 7151 8.0 /8.2 8.1 0.9421 Calibration
4 el 10.0 10.0 10.0 0.9313 Calibration
4 7151 8.3 8.5 8.4 0.9398 0.9395

4 7121 9.0 9.2 0 9.1 0.9356 0.9358

4 7151 912 9.32-072 0.9349 0.9350

4 71.1 9.2 9.2 9.2 0.9341 0.9350

4 7151 9L8 N0 I8 =007 0.9316 0.9330
5 71.1 8.4 8.4 8.4 0.9853 Calibration
5 71.1 12;1°912:3 1232 0.9666 Calibration
5 71.1 15.3 15.5 15.4 0.9585 Calibration
5 718 8.7 8.9 8.8 0.9819 0.9820
5 71.1 9.0 9.2 0.1 0.9795 0.9800

5 71.1 9:1-959.35°9.2 0.9784 0.9794

5 71.1 10.3 10.4 10.4 0.9725 0.9730

5 71.1 13.4 13.6 13.5 0.9622 0.9626

Thanks are due W. E. Garris, Jr., for assistance in the
laboratory determinations and in assembly of equipment;
and to S. F. Crynes, pathologist at the City Hospital, Spring-
field, Ohio, for drawing the author’s attention to the method
and its possibilities in other than clinical determinations.
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Determination of the Drying Rates of Thin Films

GEORGE RIEGER! AND C. S. GROVE, JRr.?

University of Minnesota, Minneapolis, Minn.

An apparatus, which can easily be con-
structed from equipment available in any
laboratory, has been devised for measuring
the drying rates of thin films. This appa-
ratus and technique have been applied to a
study of thin nitrocellulose films, the maxi-
mum dry weight of which was about 0.02
gram; the area was about 13 sq. cm. (2
square inches); the total solvent content
was about 300 mg.; and the drying time
was about 20 minutes. The drying rates of
these selected films have been calculated
and the results presented in graphs. The
suggested apparatus and technique have
been shown to give satisfactory and repro-
ducible results.

N THE past few years there has been a revival of interest

in the evaporation rates of solvents and in the determina-
tion of these evaporation rates. Most of this work has been
done on pure solvents, and there have been very nearly as
many different types of apparatus employed as there have
been investigators. Each new development has been in a
sense a refinement of older methods in an attempt to obtain
an easier operation and a greater reproducibility of results
(1, 5, 6, 8 10, 11, 12).

From an over-all viewpoint it has been the endeavor of this
investigation to devise an apparatus that will minimize the
effects of any local operating conditions and give consistent
results. Although these results may not quantitatively be
comparable to results obtained on other apparatus, at least
they will be relative.

In the case of a pure solvent, the more accurate evaporation
measurements show that a plot of the per cent solvent evapo-

1 Present address, Ethyl Gasoline Corporation, Baton Rouge, La.
2 Present address, E. I. du Pont de Nemours & Company, Buffalo, N. Y.

0

=

rated vs. time is a straight line; this means that a pure sol-
vent has a constant evaporation rate. If one or more sol-
vents are introduced into the original solvent and evaporation
measurements are made, then the plot of the per cent volatiles
evaporated is no longer a straight line. This means that the
solution containing two or more solvents does not have a con-
stant evaporation rate.

If instead of another solvent or other solvents, a non-
volatile component be added to the original solvent, it has
been shown that the resulting solution again exhibits no con-
stancy of evaporation or drying rate. Bogin and Wampner
(8), Stewart and Dorsch (9), and Durrans and Davidson (4)
have done much work on the drying rates of solutions of non-
volatiles in volatile solvents. Their published reports indi-
cate that the presence of nonvolatile materials affects the
drying rate of a solution and that this rate falls off as the
solvent evaporates, finally approaching zero as the resulting
mass nears dryness.

The determination of the drying rates of such solutions
means the employment of some apparatus that will enable
weight readings to be taken at various intervals of time
during the drying process. Durrans and Davidson placed a
quantity of their solution (nitrocellulose in a suitable solvent)
in a shallow dish and passed air of a constant temperature
over it. The sample was large enough and the amount evapo-
rated in each time interval of sufficient magnitude, so that
any evaporation occurring during the time of weighing prob-
ably introduced very little error.

However, the use of a large sample of any appreciable depth
means that an actual thin film as ordinarily dealt with in the
application of a protective coating is not simulated. Infor-
mation on the drying rates of any sort of film-forming solu-
tions, it seems, should be obtained when the solution is in the
form of a thin film.

The determination of the drying rate of a thin film, how-
ever, brings forth difficulties not ordinarily encountered when
larger and deeper volumes of solutions are considered. For
example, the supporting base or tare on which the film is cast
generally constitutes the major portion of the total weight of
the whole system. Therefore, a very sensitive weighing de-
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vice must be used to detect small changes in the weight of the
film.

Apparatus

The requirement of sensitivity suggested the use of some
standard analytical balance. However, using a chainomatic type
of analytical balance, it was found that with very thin films which
weighed but a few milligrams and contained fast-evaporating
solvents, the balance operator could not keep up with the weight
changes with any degree of accuracy. In an attempt to over-
come this operational difficulty, the following apparatus was de-
vised for determining the drying rates of thin films. i

A Christian Becker (Type 508-A) air-damped analytical bal-
ance was used. The distinguishing feature about this balance,
which makes it or one similar to it particularly adaptable to a
study of the drying rates of thin films, is the scale attached to the
pointer. This scale, similar to a microscopic stage micrometer
is ordinarily read by means of a low-power microscope attache
to the body of the balance case. It is graduated in milligrams up
to 100 mg. on each side of the zero mark. Each milligram is
divided into two parts, so that it is possible to estimate to 0.1 mg.
weighing with the same accuracy that a rider or chain can be read
on the usual type of analytical balance. : ;

The beam is air-damped, which under normal operating condi-
tions prevents overshooting and provxdgs a smooth response to
weight changes in the pans. It is possible to read this balance
over the range of a 200-mg. change in welghﬁ without changing
the weights on the pan. The hairline use m_con]unctlon }Vlth
the pointer scale is an integral part of the eyepiece of the micro-
scope attachment.

ince, in general, it is fatiguing to peer _constantly through such
a microscope, the objective lens was adjusted so that the scale
could be projected onto a
screen. In order to project
the pointer scale it was
necessary to illuminate it
with a small concentrated
beam of light. The light
source employed was a
double-filament automobile
headlamp bulb having a 32-
and a 50-candlepower fila-
ment. The 50-candlepower
filament was used during
operation, while the 32-
candlepower filament was
kept wired for use in case
of failure of the stronger
filament. The lens system
and wiring diagram are
shown in Figures 1 and 2.

The screen was mounted
on one edge of the table
that supported the balance
and was so constructed that
it could be swung to one side
of the balance while weights
were being changed inside
the case. The back glass
pane of the balance case was
removable. This pane was
raised slightly and under-
neath it was fitted a board

A
B
g. Single-pole double-throw switch
E. 32-cp. filament

which held in place a length of rubber tubing connected to an
aspirator. Thus the air in the balance was gently exhausted at
all times, but not rapidly enough to set up any stray air currents
that would disturb the pans. %‘his exhaust system was probably
not necessary, since the loss of weight of any sample, which repre-
sented the weight of volatiles evaporated into the balance case,
was never over 300 mg. This weight, if not removed during the
run, would have exerted a negligible vapor pressure compared to
that exerted by the solvent in the drying film. Figure 3 is a
photograph of the complete assembly.

Besides facilitating reading of the pointer scale, the screen is
also useful if the balance is kept in a constant-temperature room.
In such a case, a small window may be put in tgg door of the
room, and by placing the push-button switch shown in Figure 2
outside the door, readings may be taken without entering the
room. The use of the push-button switch makes it unnecessary
for the light to be on except when readings are being taken.
Within limits, the scale as progccted on the screen may be en-
larged to any degree. It is, of course, projected upside down;
however, in very little time the operator can become used to
reading the inverted scale.

Experimental Procedure

A discussion of the experimental procedure followed dur-
ing the investigation of some selected nitrocellulose solutions
is probably the simplest manner in which to present the tech-
nique developed for use with the apparatus just described.

Solvent or solvent-diluent mixtures were made up at 25° C. by

use of a 100-ml. buret. The desired portion of one component
was thoroughly mixed with the other component and stored in a

F1GURE 3. COMPLETE ASSEMBLY
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stoppered glass bottle prior to weighing into the final solution.
The nitrocellulose as received was wet with ethyl alcohol. The
alcohol was removed by drying for 24 hours in a warm-air dryer.
When dry, the nitrocellulose was placed in air-tight cans to await
final formulation.

All nitrocellulose solutions were made up by weight into 0.5-
pint standard friction-top cans. The desired amount of nitro-
cellulose was weighed into a can, and then by means of an ana-
lytical pipet the solvent or solvent-diluent mixture was quickly
added to give the desired weight proportion. As soon as these
operations were completed, a few grains of the spirit-soluble dye,
Sudan I, were added to make the cast films more visible for area
measurements.

The cans of nitrocellulose solutions prepared in this manner
were tumbled for not less than 6 hours on a set of mixing rolls to
allow complete dispersion of the nitrocellulose into the solvents.
When complete dispersion was assured, the cans were set upright
until all air bubbles disappeared. At this point the solutions
were ready to be cast into thin films.

CASTER
2 "

F“)L
R oven oo v e e RO Rt L
\TARE (MICROSCOPE SLIDE

FiGureE 4. Finm CASTER

Standard 50- by 70-mm. glass microscope slides were used as
supporting bases or tares on which the films were cast. The film
caster was made from a 5-cm. (2-inch) length of 3.1-cm. (1.25-
inch) thick-walled brass tubing. One end was carefully ma-
chined, and a 2.5-cm. (1-inch) casting channel was milled out to a
depth of 0.5 mm. (0.02inch). A schematic drawing of this caster
in opetation is shown in Figure 4.

The series of operations performed during a drying run
may be outlined as follows:

A glass slide or tare was numbered and cleaned and the tare
weight obtained. The tare was placed on a clean piece of paper
adjacent to the balance, and the film caster was placed on the
tare. By use of a short piece of glass tubing, a few milliliters of
the solution were placed on the tare area inside the walls of the
caster. The caster was immediately drawn over the surface of
the tare, excess solution was thrown on the paper, and the tare
was immediately removed from the paper ané" placed on the bal-
ance pan. The break in the film at the edge of the tare was
clean and no solution ran back on the underside of the tare.

At the instant the film was prepared and placed on the balance
pan, an electric stop clock was started. The weights on the pan
of the balance were then rapidly adjusted so that they were ap-
proximately 100 mg. short of balance. The constant-tempera-
ture room was immediately darkened, the balance case closed, the
projection screen swung into place, the aspirator turned on, and
the balance room door closed. All the above operations between
the film casting and the closing of the door of the balance room
were made in less than 30 seconds. The first weight reading was
taken at a certain noted time; subsequent readings were taken at
equally spaced time intervals.

At the end of the drying run, which was marked by a small
weight loss over a comparatively long period of time, the tare with
the film on it was removed and placed in an oven at 40° C. for 1
hour. Then the sample was allowed to sit in the balance room
overnight; after this interval, the final or “dry” weight was
determined. This temperature of 40° C. was arbitrarily chosen;
the only restriction was that it had to be low enough to prevent
decomposition of the film. This had been determined previously
by a series of drying tests on a given sample.

It was found that films subjected to this post-drying treatment
always lost weight in the oven, and that a portion was regained
upon exposure to the atmosphere. It was concluded from this
that not only residual solvent but also some moisture was re-
moved in the oven. Upon exposure to the air, this moisture was
apparently regained until a constant or equilibrium weight was
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obtained. If this period of regain had been eliminated, any
ensuing calculations of solvent content would have had a positive
error equivalent to this regained moisture. It was decided that
the least error would be incurred if the film were allowed to regain
its moisture content. This weight after regain will be referred to
as “dry weight”. The area of the dried film was measured by
means of a planimeter.

Except for intervals during which weights were being changed,
the balance room was unoccupied. This aided materially in
keeginf conditions constant during the run and simplified control

e

of the drying runs.

Table of Nomenclature

drying time, minutes
total corrected weight of tare and film, grams
weight of volatiles, grams
free volatile content of film, grams per gram of dry film
er cent, on wet basis, of volatiles in
grying rate, milligrams of volatiles per square inch of dry
film per minute

RUNSES
o

Treatment of Data

After a run was completed, the following original data were
at hand: the tare weight of the glass slide; a series of time,
T, and weight, W, readings; the final or “dry’’ weight of the
dried film; and the dry film area. The values of weight listed
in the tables are the corrected weights, W, at any time, 7.
These weights are the total weights of the film and tare.
By subtracting the tare weight from the final or dry weight,
the weight of the dry film is obtained. The weight of the dry
film subtracted from any value of W, at time 7', gives the
weight of the volatiles, V, present in the film at time 7'.

The weights of the volatiles, V, at any value of 7, divided
by the weight of the dry film give the grams of solvent per
gram of dry film, F, at time 7. F is in reality the per cent
volatiles in the film on the dry basis divided by 100. It was
also desired to obtain the per cent solvent, P, in the film on the
wet basis. Such values of P were calculated in two ways:

F
P——lOOXi'-'_F—F

or,
Pi=21002% v

V + weight of dry film

Which of the above equations to use was determined by
the accuracy of the values of F. If F were expressed to three
or four figures, the first equation was used. However, at
higher values of 7', the values of F were rounded off to two
figures and hence it was more accurate to use the second
equation.

The slope of a W vs. T' curve at any point 7' is the drying
rate at point 7. Therefore, one method of calculating the
values of R, the drying rate, would have been to draw a W us.
T curve and construct tangents at various points. Results
by this method could not have been checked very readily by
anyone attempting to work with the data later on, because
of the “personal element’”. Then, too, any values of R ob-
tained by this method would have been affected by the thin-
ness of the line tracing the W vs. T curve, the accuracy of the
graph paper, and other factors not inherent in the original data.

Another method of calculating R values, and the one which
was used, was to take 7' and W readings at regular intervals.
If these intervals were short enough so that the portion of the
W vs. T curve included between them approximated a straight
line, the following calculations would be justifiable:

T W P Film Area
Min. Grams % Sq. in.
Tx 1.5 10.8179 97.5 2.17
T2 2.0 10.8003 96.4 A2
T 2.5 10.7853 95.7
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_ 10.8179 — 10.7853 X 1000 _
= 1 X 2.17
15.0 mg. per sq. in. per min. at P = 96.49%,

R

Such an illustrated method of calculation is often employed
in dealing with drying data. It is, of course, an approxima-
tion which assumes that the tangent to the W vs. 7' curve at
T, is parallel to the chord drawn between 7 and 7%5. Since
this method is an approximation, it was necessary to deter-
mine the following two points before it could be used: (1)
Does the apparatus give 7' and W readings that in nearly all
cases lie on a smooth curve? (2) Are the intervals at which
T and W readings may be taken short enough so that the
portion of the W vs. T' curve they represent approximates a
straight line?
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An inspection of a number of W vs. T' curves obtained using
the apparatus showed these two conditions to be fulfilled.
Figure 5 is an example of one of these curves, and represents
the data from a run in which the weight and area of the dry
film were 15.8 mg. and 13.55 sq. em. (2.10 square inches),
respectively. A consideration of this plot shows that all
points lie on a smooth curve, and that approximately straight
lines connect these points. Table I presents typical data
and calculated results obtained for a drying run on a 5 per
cent solution of 20-second nitrocellulose dissolved in ethyl
acetate of ¢. p. grade.

Reproducibility of Results

In his recent book on industrial solvents, Mellan (?) lists
the following factors as those which influence the rate of
evaporation of a solvent from a solution: (1) Temperature
of the substance, (2) temperature of the surrounding area,
(3) rate of external heat applied, (4) conductivity of heat, (5)
specific heat of the substance, (6) latent heat of evaporation,
(7) number and type of molecular aggregates, (8) surfage
tension, (9) presence of dissolved substances, (10) atmospheric
pressure, (11) presence of water vapor (humidity), (12)
vapor pressure or pressures of the substance or substances
under consideration, (13) amount and rate of temperature
depression, (14) molecular weight of the substance, (15)
method and speed of removal of vapors, (16) depression of
vapor pressure, and (17) viscosity. :

The factors are, of course, neither equal nor separate in ef-
fect, and since the quantitative determination of all is a com-
plex and almost impossible task, it was decided to proceed as
follows:

(a) Assume some were either constant or negligible; (b) main-
tain others constant; and (c) determine the rest quantitatively.
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TaBLE I. TypicaL DATA AND CALCULATED RBSULTS

(Run 11, 5% solution of 20-second nitrocellulose. Solvent composition,
ethyl acetate 100%)

Weight of tare: 10.5473 grams  Area of dry film: 3.02 8q. in.
Weight of dry film: 0.0264 gram Room temperature: 23.0° C.
7 W \%4 F 13 Ra
1.0 10.8847 503 .
2.0 10.8057 0.2320 8.79 89.7 23.80
3.0 10.7412 0.1675 6.35 86.5 19.60
4.0 10.6874 0.1137 4.30 81.0 16.90
5.0 10.6452 0.0715 2.71 3.0 12.42
6.0 10.6124 0.0387 1.47 59.5 8.90
7.0 10.5914 0.0177 0.67 40.2 5.23
8.0 10.5808 0.0071 0.27 21.2 2122
9.0 10.5780 0.0043 0.16 14.0 0.60
10.0 10.5772 0.0035 0.13 11.7 0.22
11.0 10.5767 0.0030 0.11 10.2 0.08
12.0 10.5767 o
13.0 10.5764
14.0 10,5762
15.0 10.5762
20.0 10.5757
30.0 10.5757
Dry 10.5737

@ All values of R calculated by 2-minute intervals.

Under (a) the following factors can be grouped: (3), (4), (5),
(6), (8), (10), (11), (13), (14), and (16). By use of the constant-
temperature room and By maintaining the material in the closed
cabinet of the balance case, the following may be grouped under
®): (1), (), (12), and (15). By careful formulation of the
nitrocellulose solution the following remaining factors fall into
groufp (c): (7), (9), and (17). 3 :

Of course some of the factors listed in any one group are
closely related to factors in the other groups or in the same group;
for example, the viscosity (17) of a nitrocellulose solution is a
function of the type of nitrocellulose (7) and the amount in solu-
tion (9). The vapor pressure of the solution (12) is a function of
the temperature of the solution (1), the nature of the solute (7),
the amount of solute in solution (9), and the molecular weight of
the solute (14).

‘When one considers all these factors, it is not difficult to
understand why such a great deal of effort has been put
forth in developing apparatus for the determination of evapo-
ration and drying rates and why results obtained on one ap-
paratus do not agree quantitatively with results obtained on
another apparatus. However, it is reasonable to assume that
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results obtained on any one apparatus would have the same
interrelation that they would have had had they been deter-
mined on another apparatus. This assumption seems to
have been borne out to some extent in the data in the litera-
ture; hence, the results presented here cannot be compared
quantitatively to those obtained by other workers. This
means that a drying rate of 15.0 mg. per square inch per
minute for a certain solution at a certain per cent solvent con-
centration could not be reproduced on another apparatus
unless all the prevailing conditions and the technique em-
ployed were exactly reproduced. However, if two different
drying rates determined on the apparatus herein employed
were found to have a ratio of five to one, then on another
apparatus where similar conditions were only partially main-
tained, these two rates should still be in

the same, or very nearly the same, ratio.

In other words, the quantitative results
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In some cases of drying, where diffusion of the
volatile component through the drying film controls
the rate of evaporation, the thickness of the material
affects the rate of drying. The maximum thickness
that could be laid down by the caster was 0.5 mm. -
(0.02 inch), which was the depth of the channel.
However, it is generally accepted by users of these
film casters that the thickness cast is one-half the
channel depth or less. To check the effect of thickness
a film was made by literally ‘“piling-on” the same
solution as was used for runs 14, 15, and 16. This
film was dried and the drying data were plotted as
run 17, Figure 7.

From the area and dry film weight, this film was cal-
culated to be 6.04 times as thick as the film in run 15.
This is a variation greater than the caster generally
would give. When the values of F and R for run 17
are compared in Figure 7 with runs 14, 15, and 16,
it is seen that the points check. These results show
that variations in film thicknesses do not appreciably
affect the drying rates under the conditions employed.

An inspection of the data (Table II) for these runs
shows, however, that variationsin film thicknesses havea
considerable effect upon the total drying time. Run 16
lasted 12 minutes, while run 17 lasted 82 minutes. A
comparison of these two figures illustrates one of the ad-
vantages of using thin films for studying drying rates.
Nearly seven times as many runs like run 16 could
have been made in the time necessary for run 17.

Experimental Results

Table II gives a summary of a number of drying rate deter-
minations made using the apparatus and technique just dis-
cussed. These runs are graphically presented in Figures 8
to 12.

A comparison of runs 11, 12, and 13 with runs 14, 15, and
16 indicates that the more concentrated nitrocellulose solu-
tions had the higher drying rates for any given value of F.
This behavior indicates that the drying rate of a nitrocellu-
lose solution is a function not only of the solvent content of
the film after casting, but also of the original solution com-
position. Such a conclusion is logical, for otherwise, if the
drying rate of a solution were a function only of the film’s

runs are shown in Figure 7. In all cases 0
the results of the check runs were in good
agreement.

obtained should not be considered absolute.

To determine the reproducibility of the : ORUN I8 4RUN 2| o
data obtained on the apparatus employed, g 0 RUNI9 oRUN22 : _///" //
it was necessary to see if checks could 124 e RUN20 xRUN 23 =% [0 =
be obtained on any one particular nitro- z i }’Z / // lp
cellulose solution. Therefore, a 5 per cent o e s /]
solution of 20-second nitrocellulose in o ,/"’;/“ = s
ethyl acetate was made and triplicate runs g ,_cf)‘/ / /
were performed using this solution (runs -16 A 9‘;54,, o] _0,/ =
11, 12, and 13). The F vs. R curves for Q gL 208 gw/ ﬁf"/)/‘
each of these runs are presented in Fig- ,9,://6 /" 3 e
ure 6, which includes run 35 as a further wl2 T P *
check. This latter run represents another ’:; o /
separately formulated batch of the com- o« 2 FIG. 8
position used for runs 11, 12, and 13. o 8 ; 5% SOLUTION OF 20 SEC. NITRO-
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nitrocellulose in the same solvent (runs = F :
14, 15, and 16). F vs. R curves for these ‘z 3
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same time tend to decrease owing to
the drop in the solvent content (a de-
crease in F). The combination of these

effects would tend to flatten .out the
drying rate curves at the points of

blushing. Examination of the curves
(Figure 8) shows no flattening; so this
explanation is apparently not valid.

The irregularity in the drying curves
of the blushed samples might, however,
be explained from another viewpoint

which is more acceptable. It may be
reasoned that as soon as the film blushed,
the blushed area became momentarily

useless as an area from which drying
could occur. If this were true, the area

immediately available for drying would
decrease as blushing continued. How-
ever, in the calculations of the rate
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values, the area was taken as the entire
area of the dried film, blushed or clear.
This use of an area larger than was
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solvent content after casting, then regardless of the original
composition all solutions would behave alike. In other words,
a 5 per cent solution film would dry until the composition
became 10 per cent in nitrocellulose, then the film would
assume the characteristics of a 10 per cent solution and dry
accordingly. Such a behavior is shown not to exist. :

Runs 18 through 23 were made on a 5 per cent solution
of 20-second nitrocellulose in solvent mixtures of ethyl ace-
tate and toluene. These runs were made to study the effect
upon the drying rate of increasingly greater amounts of non-
solvent or diluent (toluene) in the presence of a solvent
(ethyl acetate), and to show the effect of varying two vola-
tiles that had different evaporation rates as determined on
the pure solvents. According to Bogin (2), ethyl acetate has
a rate of 525 compared to n-butyl alcohol as a standard of 100,
while toluene on the same basis has a rate of 195.

The F vs. R curves for each of these runs were plotted and
are shown in Figure 8. It is seen that as
the composition of the slower evaporating
liquid was increased, the rates of drying de-

FILM

14 16 really available for drying would tend
to give rates too low. This means
that the K vs. I curves would drop
momentarily at the points of blushing.
By inspection of the curves of Figure
8 this is seen to be the case.

Runs 24 through 31 were made on a 5 per cent solution
of 20-second nitrocellulose in solvent mixtures of ethyl ace-
tate and n-butyl alcohol. The R vs. F curves for this series
are shown in Figure 9. The drying rate curve for run 35
is included for comparison.

These runs were made to show the effect of increasingly
greater amounts of a very slow-evaporating cosolvent in the
presence of a very fast-evaporating solvent. The evaporation
rate for n-butyl alcohol (2), on the basis of n-butyl acetate =
100, is 45, as compared to 525 for ethyl acetate. The solvent
mixtures for this series consist of two solvents as contrasted to
mixtures of a solvent and a nonsolvent (diluent) used in the
ethyl acetate-toluene series just discussed.

By inspection of Figure 9 it is seen that as the butyl al-
cohol content increased, the drying rates decreased. It is
interesting to note that all the curves seem to approach a

creased. The curve for 100 per cent ethyl

: s Tasre II. SumMARY oF DryYING RUNS
acetate (run 35) is also shown in Figure 8 ; i
. Nitro- Solution Solvent Composition Wt. of
for comparison. : : Run  cellulose Concen- ! uty Dry  Area of Length
The most important feature of this family No. Viscosity tration Acetate Toluene Alecohol  Film Dry Film of Run
of curves is the irregularity shown by the See. Wt. % ————% by Volume Gram 8gq. in. Min.
lower members. This irregularity is attrib- 1 20 5 100 - .. 0064 3.02 1
uted to the fact that these samples blushed 13 20 2 100 & G 0:0232 2.7 1
to a marked degree. Both the amount of 1 20 10 100 47 = 0.0446 268 s
blushing and the irregularity of the curves }g ‘5’8 }8 }88 A - 8:%31 %:(7)(5) é%
increased with increasing toluene content. 18 gg g 38 58 o 8'8%3& %'% }g
The irregularity of the curves for tbe blushed oy 20 2 70 30 25 0.0212  5.58 13
samples indicates that when blushing occurs, 21 o 2 o 5 o 008 3k 19
drying equilibrium is upset in some manner. 23 20 5 0 60 5 0.0187 2.7 Y
One explanation would be that the r.es.lft- 22 20 5 80 4 20 8:8%% §; 15 0
- - - 20 o . (]
ance to ermg is decreased by _the precipita 26 e 5 i %0 00140 7395 80
tion which causes the blushing. If such 28 20 : By e 00000 L4 Fod
were the case, the drying rate would 111(; o %0 5 0 70 8:8132 5:23 114
G y 20 H t 130
crease momentarily, »vand_the rate wou g1 Rzl > o o Sioiese 222 o
begin falling again until another area 33 0.5 g igg 88%3 g'{é ig
s . 4 P 73
blushed and again the rate would increase i 50 s 100 0.0138 174 1
momentarily., However, as the rate in- 36 70 5 100 0.0171  1.99 11

creased owing to blushing, it would at the
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limiting value of R at about 0.8 mg. per square inch per min-
ute. This leveling off of the drying curves in each case seems
to indicate that there was a retention of solvent and that
probably the solvent retained was the more slowly evapo-

rating one—i. e., butyl alcohol.

The upper portion of the

curves, which are all similar, probably is the portion where
the composition of the volatiles leaving the films is high in

ethyl acetate.

Inspection of the R vs. F plots in Figure 9 might
be misleading—for instance, in the case of run 24,
it might be assumed that at a value of R = 1, the
film was for all practical purposes dry. However,
the same run plotted as P vs R shows that at a value
of R = 1 the film contained very nearly 50 per cent
solvent. Figure 10 is a plot of runs 24 through 31
on the basis of P. This gives a more comprehensive
picture of the change in solvent content as the films
dry.

An inspection of Figure 10 brought forth the
interesting possibility that, since the curves were all
similar excluding the lower portions, they might all
be plotted as straight lines by the selection of proper
coordinates. Figure 11 shows the result of such a
construction and indicates well that the curves of
Figure 10 were similar above the flattened regions.

Mathematically, the curves of Figure 11 state that:

f(R) = a + bP

where a and b are constants different for each line.
This means that some function of the drying rate, R,
is a straight-line function of P, the per cent concen-
tration of solvent in the film. This series of curves
also shows that:

f(R) = -+ bIP, f(R) = + baP, ete.

This indicates that the mechanism of drying for
each run is probably the same. Another important
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feature of this method of plotting is the fact that it
affords an easy system for interpolation of inter-
mediate data when two points have been determined.

Runs 32 through 36 were made on 5 per cent solu-
tions of various viscosity nitrocelluloses in 100 per
cent ethyl acetate, in order to show the effect of the
viscosity of the nitrocellulose used on the rate of
drying. The F vs. R plots are shown in Figure 12.
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The curves for 0.25-, 0.5-, and 4-second nitrocelluloses lie
close together, with the rates decreasing as the viscosity in-
creases. However, the curves for 20- and 70-second nitro-
cellulose do not follow this order but appear above the afore-
mentioned three curves. It is likely that the difference be-
tween the curves in Figure 12 is due not only to the differences
in viscosities of the solutions, but also to the difference in
nature of the nitrocelluloses used to get the different vis-
cosities. To obtain a lower viscosity nitrocellulose, it is neces-
sary to degrade the material to a lower molecular weight.
In the case of solutions of the lower viscosity nitrocelluloses,
the degradation has been carried out to a greater extent, and
it is possible that the individual micelles of nitrocellulose be-
gin to approach true molecular dimensions—I. e., they lose
their colloidal nature to some extent. Therefore, in a given
weight of a lower viscosity nitrocellulose, there would be
" more particles than in a given weight of a higher viscosity
nitrocellulose. This would mean that the lower viscosity
nitrocelluloses would tend to lower the vapor pressure of a
solution more than the higher viscosity nitrocelluloses; hence,
the rates of drying of the lower viscosity nitrocelluloses would
be lower.

Conclusions

1. The apparatus that has been described can very easily
be assembled from standard laboratory equipment.

2. The apparatus is particularly adaptable to the investi-
gation of very rapidly drying solutions, and affords a means
of studying their behavior when cast into thin films. The
operation is simple, direct, and rapid, and the quantities in-
volved are easily handled.

3. Ininstances where more slowly drying films are studied,
the apparatus and technique described afford a means of
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making numerous drying runs in the time it has formerly
taken to make one.

4, The apparatus has, by its proved operation in numer-
ous drying rate determinations, demonstrated the ability to
give satisfactorily reproducible results.

5. The apparatus and technique are applicable not only
to the study of the drying rates of nitrocellulose solutions, but
also to the study of the drying rates of any type of thin film,
whether the drying process be purely evaporative, or a com-
bination of evaporation and chemical reaction.

6. The drying rate of a nitrocellulose solution is a function
of the type (viscosity) of nitrocellulose in solution.
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Construction and Operation of a Polarograph

N. HOWELL FURMAN, CLARK E. BRICKER, AND E. BRUCE WHITESELL?

Princeton University, Princeton, N. J.

This paper presents the experience of the
authors with a polarograph of conventional
design constructed locally from materials
normally availablein this country. The de-
tails of the construction of the instrument
and of a modified electrode assembly are
given briefly with illustrative material.
Some notes on operation are included, to-
gether with typical records taken with the
instrument.

HE Nejedly model of the Heyrovsky—Shitak_a polaro-

graph (1) has certain advantages in spite of the inconven-
ience of taking records that have to be developegl photo-
graphically. Among these are the ability to duplicate the
type of record most prevalent in polarographic liter'ature,
ability to check and test the various sources of error in the
measurements, flexibility of operation, ability to take recor_ds
with increase or decrease of applied voltage, etc. The in-
strument also lends itself, in the form here described, to the
plotting of curves manually, either roughly during the con-

1 Present address, 232 Prospect St., East Orange, N. J.

tinual variation of applied voltage, or more accurately by
intermittent operation.

At the time when the authors’ project was initiated it was
not possible to secure an instrument of the standard type
with twenty turns of the bridge wire. Owing to the increas-
ing interest in this field of research it was thought that others
might profit from the experience here described.

A number of preliminary sketches were prepared and a gen-
eral statement descriptive of the features desired was drawn
up. The determining factors in the design are the amount of
resistance desired in the potentiometer wire and the size of the
photographic paper. The specifications were for a resistance
higher than average—namely, about 30 ohms—and for a paper
of rather large size, the final choice being 6 X 9 inches. On
the basis of sketches with no exact dimensions, and after a
brief inspection of an instrument of the Nejedly type through
the courtesy of O. H. Miiller at the Cornell University Medi-
cal School, New York, W. K. Grove (machinist, Frick Chemi-
cal Laboratory) was able to construct, from materials then
readily obtainable, an instrument that has given excellent per-
formance over a period of a year. Valuable ideas regarding
materials and design were given by H. Boyd (assistant cura-
tor, Frick Chemical Laboratory), and numerous original im-
provements in details of design were made by Mr. Grove as
the work progressed.
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Bakelite
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Steel
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SCALE - Inches.
O O A Brass or Copper

F1Gure 1. GENERAL
APPEARANCE OF
INSTRUMENT

El

F1cure 2. PrLAN OF POLAROGRAPH

ectrical connections:
—, B4-. To 4- or 6-volt cell
SC+, SC~. Standard cell
HgQ, HgD. To quiet and dropping mercury electrodes
Ry, Ri. To shunt and galvanometer
K, K3. Tapping keys
R. A 100-ohm rheostat
I. Plug connection to close battery circuit
II. Connects quiet mercury electrode to battery
III. For anode potential measurement
IV. For setting potential against standard cell
V, VI. To short 16-ohm resistances ahead of or after
otentiometer wire
VII. Reversing device to make dropping electrode
either anode or cathode
Br. Binding posts to brushes
Ly, Ls. Ordinate lamps
Lg. Posts to galvanometer lamp
V'. M. Binding posts to voltmeter
M. Switch for motor
Lamp switches are near motor switch, lower right.

Mechanical features: %
1, 2, 3, 4, 5. Bearings for camera drum, potentiometer wheel,
and driving gears
6. Holder of Catalin for brushes b, b
7. Contact device for ordinate lamps, Ly, L2
8. Reversing gears
9. Worm drive
10. Support for potentiometer contact wheel
11. Speed regulator for motor
C. Camera :
D. Drum for photographic paper
P. Potentiometer drum
b, b. Brushes, multigllg bearing surfaces 2
P, p. Pins to hold thin metal strip that fastens bromide paper
s, 8. Slit of camera Y
s’, &', Adjustable jaws of slit
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FIGURE 3. ELEVATION OF INSTRUMENT

A. Base formed of Bakelite strips at end and of iron pieces at sides

B. Bakelite floor s
C. Hard-rubber strip with binding posts, etc.
D. Bakelite camera support
E. Camera i
L. Ordinate lamp and housing
M. Motor housing
g. (l:’otcntionl:eter drum
. Camera slit ¥ X
a, a, a. Screws to hold Catalin drum fast to Bakelite disk
b. Brush with multiple contact
¢. Copper commutator ring

Plan and Materials

The general appearance of the instrument is indicated in
Figure 1. The finish of the instrument is, in the main, black.
The drum, brush holder, and other Catalin parts are red.
The brass gears are unpainted, but the remaining exposed
metal is painted. The camera is at left; paper on drum as for
manual recording. .

The plan of the instrument, drawn to scale, is shown in
Figure 2. The more or less standardized relative arrange-
ment of parts has been followed, but the choice of a high re-
sistance and a large record has made the instrument rather
larger than others of similar type (26.75 X 16 inches maximum
height 10.25 inches).

The parts, other than small items of hardware and o.dds
and ends of rod of brass and steel that are apt to be found in a
well-equipped machine shop, were as follows:

Bearings, thrust t; to be used at points 2 and 3, Figure 2.

Gears, gxﬁiter [3 fo);lﬁ’versing gear (8, Figure 2) Boston, Mass,,
Gear Works]. ; ; 2o :

Gear, brass spur wheel, 48 pitch Q.125-1nc_h face, 5 inches, with
240 teeth to turn camera drum (Philadelphia Gear Works).

Lamps for ordinates, 7-watt, with B elite housings (F. W.
Woolworth & Co.). 3

Pinion rod, 12 teeth, for potentiometer axle (near 3, Figure 2,
Philadelphia Gear Works).

Motor, Majestic, phono aph type, 20 watts (0.2 ampere at
100 to 110 volts) with speed regulator.

. Slit in housing of ordintae lamp
Contact wheel to potentiometer wire
Spur gear to drive camera drum
Camera bearing

Potentiometer bearing

Brush holder

Contact for ordinate lamps

Screw that operates 4

, 6. Speed regulator

. Bearing of motor

,. 8. Base of support for contact wheel

TSt

The following materials were especially purchased and
needed to be cut, machined, or mounted:

Bakelite for base and substage motor mount (16 X 36 inches,
0.5 inch thick).

Pukelite rod, 2 inches round, 3 inches long, for potentiometer
axle.

Brass rod, 4 inches round, 0.75 inch long, to form end of camera
drum with scale.

Brass tube, 3.5 inches round, 0.125-inch wall, 7.25 inches long,
for camera.

Brass tube, 2.75 inches round, 3 inch wall, 7 inches long, for
camera drum.

Catalin cylinder 4 inches long, 1.25-inch wall, 8.25-inch diame-
ter, for potentiometer. 5

Catalin rod, 2 inches round, 0.375 inch long, for commutator
Spacer.
hp%ztalin rod, 0.563-inch diameter, 1.375 inches long, for brush

older.
_ Copper tubing, 2 inch diamter, 1.88-inch wall, for commutator

rings.

Manganin wire, No. 24 B. & S. gage, 45 feet, for potentiometer
(33 ohms).

Hard rubber for binding posts, plug sockets, and tapping key
mounting, 2 X 24 X 0.5 inch. :

Steel drill rod, 0.5 inch, 20 inches long for axles.

The elevation of the instrument from the camera end is
shown in Figure 3.

TaE CaMERA. The camera and drum and a light trap at-
tached to the axle at the left of the camera (Figure 2) are de-
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F1cure 4. CAMERA AND CONSTRUCTIONAL FEATURES

1, 1. Metal support for sides of instrument. At opposite end of base a S. Slit

substage mounting for motor is made by fitting a piece of 0.5-inch a. Axle

Bakelite inside upon lower parts of metal b. Button to hold camera in place
2, 2. Bakelite base, 0.5 inch 7, 7. Adjustable slit jaws
3. One of two Bakelite supports for camera p. Pin to locate camera properly
4. Hard-rubber support for electrical connections s, 3. Two of eight screws to Eold slit to camera

?
s

’. Two of four screws for adjusting jaws of slit

C. Camera o,
D. Camera drum

FIGURE 5. PoOTENTIOMETER WHEEL ASSEMBLY

A. Pinion gear to turn camera

B. Main bearing post and thrust bearing

C. Catalin drum

D, D. Commutator rings 3

E. Nut to loosen potentiometer wheel to turn independent of camera
F. Reversing gear

G. Detachable bearing lock

a, a, a.  Axle

b, b. Brushes with multiple contacts :

w, w, w., Wires from commutators to potentiometer

s, 8,"s. Screws
o) Z A ;
F G l l

NNC opper
Con‘olin
[Zi5Bakelite

O el

Scale— Inches
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tachable as a unit by unscrewing the end bearing (1, Figure
2) and loosening button b, Figure 4. The details of the cam-
era slit and several other constructional features are shown
in Figure 2. The metal parts are painted black to avoid re-
flections, and since the metal strip that closes the slit occa-
sionally dislodges paint or dust, a thin piece of paper is drawn
along the slit to clear it as soon as it is opened.

The width of the thin metal strip that holds the bromide
paper in place by fastening it against pins p,p (Figure 2)
represents loss of available space for record. This is the
chief defect in design thus far noted and is to be remedied by
cutting a slot in the drum for one end of the paper. The
other end may then be held by a much thinner strip or a wire.

The authors prefer a contrast paper, although normal paper
gives good records. [P. M. C. No. 2 contrast paper, East-
man Kodak Co. The normal paper has the same letter and
number designation (P. M. C. No. 2 normal).]

MaNUAL REcorpiNGg. With the camera housing removed
and a strip of 6-inch paper on the drum it is very easy to take
a rough preliminary record with the drum moving by putting
dots on the image of the galvanometer filament at equal volt-
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age intervals. When several curves are plotted in the same
region pencils with different colored leads are used. More
accurate records may be taken by stopping the drum to re-
cord points.

PorenrtioMeTER DrUM. Details of the construction and
assembly will be evident from Figures 2 and 5.

The wire is mounted in a slight groove machined on at 0.125-
inch pitch per turn. A scale of 100 equal divisions is marked on
the drum, and a pointer attached to the contact wheel support
makes it possible to read the applied voltage accurately. The
divisions are approximately 0.25 inch apart, so that interpolation
is very reliable, The uniformity of the wire was tested relative
to the whole wire taken as unity by reading the voltage at turn
20, then at turn 1, then at turn 20, etec.

The errors for the various fractions of the wire were, in per
cent of the total length:

Fraction 0.05 0.10 0.15 0.20 0.25
Error +0.05 —0.03 -+0.04 —0.06 —0.08
Fraction 0.55 0.60 0.65 0.70 0.75
Error —0.10 -0.07 -—0.12 -0.06 —0.08
Fraction 0.30 0.35 0.40 0.45 0.50
Error —-0.07 —0.07 =0.11 =0.10 —0.07
Fraction 0.80 0.85 0.90 0.95 1.00
Error —=0.07 —0.01 —0.03 =—0.07 Std.

The first interval includes extra resistance, because the
contact with the copper lead is made below the face of the -
drum. In fact, this resistance is of the order of about 0.08
per cent of the total resistance. Aside from this slight error,
which can easily be corrected for, the wire is uniform; this is
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F1ourE 6. WIRING DIAGRAM
Binding post connections and plug connections I to VII are as listed for Figure 2.

g. Ealvanozﬁete{ 10,000 ohms total resistance

. Ayrton shunt, A ohms tota i

: RZ S!)x?mt resistance (4-dial 10,000-ohm box used for convenience)
B. Batter

D. Dropping electrode

VIi, a—c.
R4. 100-ohm rheostat

Quiet electrode

Ra. 10,000-ohm protective resistance

Connection for dropping cathode; a—b for droppiﬁg anode
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of the records are apt to be located (Figures 9
: and 10). There is a slight play in the gear
ot mechanism, so that ordinates are flashed on in

the direction in which records are taken, and
in general only once for any part of the paper.
In putting on a series of exposures, the critical
ordinates are flashed on when the particular
curve to which they appl{ is being taken. If
ordinates are put on in both directions on a
sin%e sheet of paper, part of one series is masked
off by covering a part of the slit (Figure 7, or-
dinate a”).

ErecTrICAL CIrcUITs, GALVANOMETER,
SHUNT, AND GALVANOMETER Lamp. The
general wiring diagram is shown in Figure 6.

d Ml "‘f‘.‘.]" 1 i m' 120 33y
/ % iy E'-u i i "Ww‘ w'q.;‘brl;y, [
If: Y sol
/ /.. 60
i
I [ 40
il | Rs |20 /5

f

F1GURE 7. RECORD TAKEN WITH PORTABLE 2420-D GALVANOMETER
0.001 M cadmium chloride in 0.1 M KCI solution, at various sensitivities

/. Fogging due to imperfect lens action of lamp bulb
a,a’.

bottom Gl
b. Undesirably wide galvanometer record at increased sensitivity
d, d, d. Strea{s due to dirt on slit

This was the first polarogram one observer took with the instrument, and it was taken
before some of the essential points of manipulation had been found for this instrument

the reason that the errors are prevailingly negative for the
other intervals.

Constant care is necessary to maintain good con-
tacts, and the authors adopted, after some experience,
the routine of a daily cleaning of potentiometer wire
and contact wheel and commutator surfaces by al-
lowing them to turn against a clean cloth moistened
with carbon tetrachloride, followed by light greasing
with vaseline.

Contact troubles are minimized by turning the
potentiometer drum by motor rather than by loosening:
the clutch nut (E, Figure 5) in order to prepare for
a succession of records. It is much simpler to move
the contact wheel that bears against the potentiometer
wire by loosening the support (10, Figure 2; 8,
Figure 3).

ORDINATE Lamps. Two 7-watt lamps, operating
on the 110-volt alternating current line, were installed.

Each has a Bakelite housing and a switch at the base.
A fine slit was cut in each Bakelite housing at the
proper height (s, Figure 3). A small piece of aluminum
was added as a reflector for each lamp. It was found
that one lamp was adequate and that if the one near
the drum (L,, Figure 2) was used the ordinates were
relatively fainter at the opposite end where critical parts

F1gure 8. DRoPPING ELECTRODE ASSEMBLY

C, C’. Interchangeable Pyrex glass cells of different capacity,
but requiring same amount of mercury for quiet elec-
trode. Outer diameter 4.5 X 10 cm.

b, b, b. Bakelite supports held in ilace by steel rods

s, s, 8. Steel supports leading to heavy ring stand with two up
right rods

1. Dropping electrode arrangement, with tube 7', pressure]inlet

rdinates put on with decreasing e, m.f. a” ordinate next to a is masked off at

The alternating current circuits are shown in
dotted lines.

Galvanometer. Preliminary Experiments. At
low sensitivities a portable box type of galva-
nometer (Leeds & Northrup 2420-d of rated
current sensitivity 5 X 10—% ampere per mm.
on glass scale 18 cm. from mirror, 310 ohms
coil resistance, external critical damping resist-
ance 2000 ohms, and a 3-second periog) gave
satisfactory records. The lamp was remounted
with provision for adjusting the focus and the
ground-glass piece with scale was removed. The
sensitivity was doubled by placing the mirror
36 cm. from the paper on the drum of the
golarograph. No lens was used, since the

ulb of the lamp serves the purpose, although
rather imperfectly, so that there is fogging at the side of the gal-
vanometer trace (Figure 7).

s0Cm

and electrode connection. Connected to capillary by r
2. Connection to quiet electrode 5 Ty

N:. Washed nitrogen led either through or above solution

¢. For introduction of microburet or pipet

e. Outlet for nitrogen and for introduction of side arm of half-ce
for potential measurements
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T1GurE 9. MaxmvMa Dus 1o Air or OTHER CAUSES

Effect of oxygen, maximum a, a’
Same as I after removal of oxygen 2
With air present and 4 are for same solution.

1%
2.
3.
5. Small maximum not due to air

The instrument follows all these changes very well, although the descending branch,
a’, of the oxygen maximum on 1 can barely be seen on the original photograph.

The period of this glavanometer is so short that when attempts
were made to get waves high enough for accurate measurement
at lower concentrations the galvanometer trace was so wide that
exact measurement was difficult.

An available Type R (Leeds & Northrup) galvanometer of
rated sensitivity 9 X 10~!! ampere per mm. at one meter, 582
ohms’ coil resistance, 19,000 ohms’ external critical damping,
and 14-second period, was tested. The instrument tended to
lag badly behind the drum and was tedious to use; with ade-
quate care good records were obtained.

Finally, upon advice of members of the research staff of
Leeds & Northrup a Type P galvanometer was acquired to
use with the instrument. This has a rated sensitivity of 9 X
10~ ampere per mm. at 1 meter, coil resistance 1060 ohms,
period 14 seconds, and external critical damping resistance
10,000. The use of this instrument was advised because it
gives a linear record on flat paper, through a fortunate bal-
ancing of electrical and geometric characteristics. This point
was tested by finding the variation of deflection with apghed
potential through known resistances at various shunt gettmgs
and there was no systematic trend in units of deflection per
millivolt applied at any point along the recording drum. As
far as the authors are aware, this is the most economlcs_xl
choice of a galvanometer for a recording instrument of this
type that has been made.

The Ayrton shunt had sensitivity settings of 0.0001,
0.0005, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, and 1. A few se-
lected settings of the other shunt, Rs (Figure 6), were found
in order to give intermediate sensitivities. The Ayrton shunt
was one made by the Shallcross Manufacturing Co., Phila-
delphia, Penna.

Galvanometer Lamp. An economical assembly sold as a light
source for photocells was used as a source of material (Herbach
and Rademann Co., Philadelphia, Pennsylvania). This was
made into a transformer unit, and the lens and a galvanometer
lamp (0.5 ampere at 3.5 to 4.0 volts) were mounted in a locally
made housing with concentric brass tubes for focusing.

DRoPPING ELECTRODE AND ACCESSORIES. Thp authors
have modified somewhat the conventional assemblies to pro-
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Air was removed before taking 4
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duce an arrangement with interchangeable
cells that should be easy to thermostat, al-
though they have not done so. The cells
have widely different capacities, so that
volumes of 1 to 2 or 90 to 100 ml. may be
handled, the latter being convenient when
it is desired to run a series of experiments
with substances added between polaro-
R grams. The assembly is shown diagram-
matically in Figure 8. The pressure head
is believed to be the design of the research
[ staff of Leeds & Northrup, although simi-
; lar general assemblies hayve been described
by others (2, p. 242).

The various tubes led through the Bake-
lite mounting pass through short pieces of
wider glass tube that are cemented with methyl
methacrylate polymer applied in solution.
These tubes fit in holes bored about three-
fourths of the way through the Bakelite.
The cells are held in place by stout wires
mounted in the Bakelite support shown at the
bottom of the diagram, and soldered to a metal
collar that holdsthe cell rather rigidly in up-
right position. In this way damage to cap-
illary and other tubes is avoided. The tubes
that pass down through the Bakelite are
fastened to the supporting tubes by short pieces
of rubber tubing. The assembly 18 rather easy
to take down for repairs and was designed to be
suitable for measurements or titrations.

18 19

CapiLLARIES. The authors have drawn their capillaries
following closely the directions given by Heyrovsky (1).
With the mercury pressure head as shown in Figure 8 there
is little chance of contamination of the mercury, since it
passes through only one joint that is sealed with,rubber pres-
sure tubing and here the contact is almost glass to glass.
Apparently the useful life of a capillary might well be as long
as it can be protected from mechanical shock or chemical
etching. The reservoir holding the bulk of the mercury is
made broad enough so that there is almost no change in level

e J
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Ficure 10. TypicAL PERFORMANCE, SUCCESSION OF WAVES

Inflections at a,a, a correspond to maleic acid; at b,5,b are due to
phthalic acid. < B
In 1 and 3 no phthalic acid is present.



340 INDUSTRIAL AND ENGINEERING CHEMISTRY

in tube 7' (Figure 8) while a single curve is being traced. Re-
adjustment of level is made when needed.

CariLLArY Constant. The simple method of character-
izing a capillary by weighing the amount of mercury delivered
in air at measured mercury pressure in a given time (number
of drops and drop time noted) as described by Miiller (3) was
used. The constant k¥ = P/m is found by noting the mass of
mercury delivered per second, in milligrams at various mer-
cury pressures in centimeters. Then for solutions it is only
necessary to note P and the drop time in order to be able to
calculate m'/3t'/¢ for the capillary under the particular condi-
tions.

CurreNT. The number of millimeters on the photographic
record that corresponds to 1 microampere can best be deter-
mined by noting with a resistance in series, in place of the
mercury electrode cells, the deflection produced by a known
applied e. m. f. Then with a second known resistance the
e. m. f. that will produce the same deflection is found. This
method, described by Kolthoff and Lingane (2, pp. 227-9) is
exceedingly simple and checks well with the current esti-
mated from the rated characteristics of the instruments
(within 1 per cent for this galvanometer).

Typical Performance

Figures 9 and 10 are typical polarograms taken with the
instrument. Ones rather heavily exposed were selected in
order to reproduce well.

Vol. 14, No. 4

Costs

The cost of materials for the mechanical instrument shown
in Figure 2 was between $54 and §55. The galvanometer,
lamp, shunt resistance, and cell assembly are not included in
this figure. The chief cost in the instrument is the machining
and design, and the machining cost without experience or de-
tailed drawings, for a single instrument, may be estimated at
between five and six times the cost of the material. The de-
sign, preliminary and other testing experiments, construction
of dropping electrode assembly, etc., required approximately
one month of the research time of each of the authors, this
time being intermittent on account of teaching and other
duties. There can be no saving as compared with a fairly
priced manufactured instrument that is produced in quantity.
The only questions are the availability of a particular type of
ingtrument, and whether local conditions at the moment
justify payment in wages for it rather than cash outlay for a
finished product.
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Rotary Viscometer for Determination
of High Consistencies

R. N. TRAXLER, J. W. ROMBERG, AND H. E. SCHWEYER
The Texas Company, Port Neches, Texas:

The design, construction, and operation
of a new rotating cylinder viscometer are
discussed. Its application to rheological
studies is illustrated by results for asphalts
over a range of 0.001 to 1000 megapoises.
Novel features of the instrument comprise
corrections for both top and bottom end

OMPLETE evaluation of the rheological properties of a

material possessing a high consistency and manifesting
complex flow characteristics can be accomplished satisfac-
torily only with an apparatus in which the rate of shear—
shearing stress relation can be determined at several differ-
ent rates of shear. To evaluate a thixotropic material the
instrument must be capable of shearing the sample at a con-
stant rate in the same direction for an unlimited length of
time.

The rotating cylinder viscometer, in the various forms in
which it has found extensive application, fulfills the require-
ment of shear in a given direction for an unlimited time.
However, most rotating viscometers are designed so that the
sample is tested under a constant shearing stress. This is
not satisfactory for evaluating the consistencies of materials
manifesting thixotropy because, as the structure within the
sample is destroyed by the mechanical working, a progressive

effects and a special design whereby the vis-
cosity is measured at a constant mean rate
of shear. The apparatus is particularly
adaptable for measurement of equilibrium
consistency, and studies of complex flow
and the elastic properties of materials hayv-
ing relatively high viscosities.

decrease in consistency occurs with a concomitant increase in
rate of shear under the constant applied shearing force. Thus,
with the usual type of rotating viscometer, it is difficult to
compare the consistencies of different complex (non-New-
tonian) liquids at the same rate of shear.

* Csagoly (8) proposed a rotating cylinder viscometer operat-
ing at a constant rate of shear for use in the study of the flo“‘
properties of asphalts having viscosities of 0.5 to 50 poises:
However, his apparatus was not rugged enough to permit
testing the asphalts at service temperatures where the con-
sistencies are greater than one million poises (one megapoise):
In the instrument deseribed below, Csagoly’s design has been
improved and amplified to give a viscometer of rugged con-
struction and simple operation capable of measuring an ¥
tremely wide range of consistencies—e. g., 0.001 to 1000 mega-
poises. In addition, a smaller sample (about 20 ml.) 15 It
quired for test.
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Design of Viscometer

[
I The viscometer proper i8
| shown in Figure 1. Thespace,
s D, between the rotor, A
Yie (outer chamber), and stator,
B (inner cylinder), is filled
with the material to be tested.
As the outer chamber rotates
at a constant angulay veloc-
ity, the torque required to
prevent B from rotating is
J measured. The top and bot-
tom of the stator are cones of
such an angle that the mean

I

|
rate of shear is essentially the
,?*_%‘ same at the ends as in the

cylindrical part of the annu-
Jus. A method of correctmﬁ

277 for end effects was develope

V | % \\ by Mooney and Ewart (5) for
§'—T NN N the bottom; in the p.reseint.
N\ D N2 design a similar correction for
N 832 the top has also been included.
§ i ) > The lid, C, has the advantage
§ S \% N of prevexlllting elasticfasphtlgs
N J from pulling away from the
%&\\\\\\k inner pcylinder under the

shearing action. The vis-
' cometer proper is fabricated
B73 from rolled brass except for
the shaft which is of stainless

Ficure 1. DIMENSIONAL steel. The brass surface of
SKETCH OF ROTOR AND B and the inner surface of
SrATOR A are knurled in order to

minimize _slippage at the
metal-liquid interface when

materials of high consistency are being tested. ;

Figures 2 and 3 show the complete assembly. The outer cylin-
der of the viscometer proper (rotor A) is centered in the water
bath, E, by means of a chuck in which the rotor makes a slidin
fit. The double-walled water bath, E, is mounted on turntable
which contains a gear reducer. This is driven by a constant-
speed motor, H, connected through a gear reducer, /, and a series
of gears, @, capable of being shifted readily in order to obtain
different angular velocities for the rotor. <

B is connected by the friction coupling, J, to the vertical rod, K.
A pair of bevel gears, L, transmit the torque to the horizontal
shaft, M, and the indicator lever, N. The torque required to
keep the stator from rotating varies, depending on the consistenc
of the material being tested and the rate of shear employed.
range of torque is covered by using weights of various sizes at
different distances from the center of M. A wide range of con-
sistency may be measured conveniently by us-
ing different pairs of bevel gears, L, of difierent
gear ratios, by using a single pair of bevel gears
and a variable series of driving gears, G, or g a
combination of both arrangements. Scale O 1s
calibrated to measure the deflection of the indi-
cator which is directly proportional to the consist-
ency. The indicator arm is a brass rod and
is counterbalanced as shown. Shafts K and M
are supported by ball bearings. The apparatus
is mounted on a reinforced iron plate, and the
upper assembly is supported by 2.5-cm. (1-inch)
angleirons. Temperature of the water in £ may
be controlled by a suitable thermostatic ar-
rangement.

Operation

In making a consistency determination on a
material such as asphalt, rotor A and stator B
are heated well above the softening point of the
sample before the latter is poured into the vis-
cometer. In practice a special holder (Figure 4)
is used to fix the rotor and stator in proper align-
ment during the heating and filling operations.
The annular space, D, is filled with the sample
which has been heated until fluid. If the rotor
lid, C, is put on immediately, the asphalt may
pull away from some part of the stator as it
cools and contracts. To prevent this the vis-
cometer is filled almost to the top and allowed
to cool to approximately the test tempera-
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ture. A small additional amount of hot material is then poured
into the viscometer and the hot lid put in place. Any excess of
the sample comes out at the clearance between the stator shaft
and rotor lid and is removed with a small spatula.

Since most asphalts harden rapidly with time (6, §), it is
essential that evaluations of such materials be made at the same
age if values are to be compared. Normally, a determination on
an asphalt is started at one hour after pouring. The viscometer
should be in the constant-temperature bath ?or at least 20 min-
utes of this hour. The gears are selected to give the rate of shear
desired, the necessary weight is located at the proper position on
the indicator arm, N, and the motor is started. As the outer
cylinder rotates the indicator arm moves upward until a torque

Ficure 3. RoTarY VISCOMETER ASSEMBLY SHOWING DRIVING MECHANISM
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FIGURE 4. ALIGNMENT DEVICE FOR HOLDING VISCOMETER DURING FILLING

sufficient to prevent the stator from moving is attained. The
time required to make a determination, after the sample has been
poured and brought to a constant temperature, will vary, de-
pending on the nature and consistency of the material and the
rate of shear employed. For asphalts having viscosities of 0.001
to 10 megapoises from 5 to 40 minutes will be required.

Calculations

The viscosity or consistency is calculated by the equation:

7 = K(T/w) 1)
where n = viscosity or consistency, poises
= torque required to prevent the stator from turning,
dyne-centimeters :
» = angular velocity of rotor, radians per second
K = a constant determined by the dimensions of the

viscometer, cm. ™2

Mooney and Ewart have developed the equations for evalu-
ating the constant, K, for a rotating viscometer having an
inner cylinder with one conical end. For an instrument with
both ends of the inner cylinder conical, the equations for
evaluating K are the same except that the correction for end
effect is doubled. With this modification Mooney and
Ewart’s equation becomes

K = (b — a?)/[4xhea?b*(1 + 2ro/3ho sin o) ] (2)

where a = radius of inner cylinder, cm.
b = radius of outer cylinder, cm.

ro = [2a%/(a* + b9} @

b0 = (a + B)/2 (4)
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The equation for K is obtained from
the equations for the mean shearing stress,
F, and the mean rate of shear, S.

F = T/[2x1%ho(1 + 2ro/3he sin 6o)]
dynes per sq. cm.  (6)
S = (a* + b?)w/(b* — a?) reciprocal

seconds (7)

The equation for the mean rate of
shear, S, was developed, assuming that
the material being tested exhibits simple
(Newtonian) flow—i. e., n = F/S.

Since the indicator arm is counter-
balanced, the displacement of the added
weight is the only torque resisting rota-
tion of the stator (neglecting friction
which can be made negligible). Thus,
T is easily calculated from the weight
and its position on the indicator arm,
the bevel gear ratio, and the indicator
reading. A convenient chart may be developed for a par-
ticular instrument which shows the range of consistency
covered by each combination of angular velocity, bevel gear
ratio, weight, and its position on the indicator arm. For each
combination a constant, ¢, may be determined which, when
multiplied by the indicator reading, gives the consistency in
poises.

The rotary viscometer was checked against the falling
coaxial cylinder (7) and the inclined tube falling ball (Hoep-
pler) (4) viscometers, using a number of asphalts possessing
essentially simple flow and ranging in consistency from
0.0011 to 2 megapoises at 25° C. (77° F.) with the results
shown in Table I.

In order to evaluate the low viscosities of certain of the
asphaltic residua in the rotary viscometer it was necessary to
revolve the outer cylinder at about 100 revolutions per hour.
This was much faster than the speeds used with the harder
asphalts, which were usually evaluated with the outer cylinder
turning 0.35 to 7.0 revolutions per hour.

The data in Table IT on asphalts of various consistencies
and origins indicate the degree of reproducibility obtained
with the rotary viscometer at a given temperature and rate of
shear. Based on a large number of determinations the stand-
ard deviation is about 3 per cent.

The above checking values were obtained at the same sam-
ple age (one hour). An asphalt, if held at a fixed temperature,
will show increasing consistency with elapsed time, as is indi-
cated by the data in Table III. Such variations in measured
consistency, caused by the colloidal nature of the material
tested, should not be attributed to lack of precision of the
apparatus.

where o = angle of cone of inner cyl-
inder (69°)

B = angle of cone of outer cyl-
inder (90°)

ho = he + (b — a) X

(1 — cos 6o)/sin 6y (5) Source of Asphalt

where ko = mean length of sample
he = length of cylindrical section

of inner Y. linder Mexican residuum

Gulf Coast residuum
Gulf Coast residuum
Mixed residuum

Gulf Coast residuum
Gulf Coast residuum

The value of K for an instrument
having the dimensions given in Figure
1is 8.79 X 1073

Vac reduced California
Vac reduced Venezuela

TABLE I. CoMPARISON OF RESULTS OBTAINED WITH DIFFERENT VISCOMETERS

Viscosity at 25° C. (77° F.)

Fallin Inc
coaxia) tube
; Efflux Viscosity at cylinder  falling ball
Ring and Ball, 98.9° C. (210° F.)  Rotary  viscometer viscometer
1) 6)) viscometer ) 4
S C. (S F.) Seconds Megapotses——
49.4 (121 Se'e 2.00 1.915Salondshae
47.2 (117 S 1537 153070 S
38.9 (102 0.220 05225 fsiniitisee
A 100 0.0108 0.0108  0.0108
142 0.0070 0.0078 0.0075
148 0.0057 0.0057  0.0060
115 0.00260 e 0.00266
75 0.00110 0.00110
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Tasre II. ReProDUCIBILITY OBTAINED BY ROTARY VISCOMETER
Viscom- Mean Equilibrium
eter Ring and Rate Consistency
Source Process No. Ball of Shear at25°C. (77° F.)
Q0 (S F.) i Sec. =1 Megapoises
Mexican Vacuum :L; 38.9 (102) 0.032 gggg
Venezuela  Vacuum 1 47.2 (117) 0.032 H;
Northeast  Air- 1 58.9 (138) 0.032 4.7
Texas blown % zg
Northeast Air- 2 100 (212) 0.0032 210"
Texas blown 2 200

If the rate of shear is changed for duplicate runs on a ma-
terial having flow properties essentially the same as thoseof a
simple liquid, the consistency values check closely. This is
illustrated by the data in Table IV, obtained on asphalt sam-
ples one hour after being poured.

However, when similar data are obtained for asphalts ex-
hibiting complex flow characteristics the apparent con-
sistency in poises, at a particular temperature and sample age,
increases as the rate of shear decreases. This condition, which
is illustrated by the data in Table V for certain asphalts aged
one hour, makes necessary the use of an arbitrarily selected
rate of shear.

Data obtained under the above conditions are a means of
evaluating deviations from simple flow. It is evident that the
steam-reduced Mexican asphalt possesses complex flow
characteristics to a less extent than the air-blown Gulf Coast
asphalt.

TaBLE III. INCREASE OF VISCOSITY WITH AGE OF SAMPLE
Mean léquililzrium
Ring and Age of Rate Jonsistency
Source Process lB’fall Sample of Shear at25°C. (77°F.)
S C.(>F. Hours Sec.7! Megapoises
ir-| .4 (139 0.5 0.0032 15.9
Gulf Coast  Air-blown 59.4 (139) 2D o 1oen
17.0  0.0032 19.6
115 0.0032 22.0

TasLe IV. EFrFECT OF RATE OF SHEAR FOR SIMPLE L1QUIDS

Mean }é‘quil_ibrium
Ring and Rate onsistency
Source Process Ball of Shear at25°C. (77° F.)

OIC. (% F): Sec.:t Megapoises
iforni .4 (121) 0.032 2.00
California Vacuum 49.4 ( ) sy A
; 0:093 570

i i . 0. .

Pressure still residuum Steam 46.1 (115) 8.0032 4
0.0016 2.72

In evaluating the consistency of a complex liquid, there is
usually a rate of shear above which “slippage” takes place.
The phenomenon of slippage is probably cau_sed. by a greater
breakdown in structure in the few layers of liquid aroux_ld the
stator than in the other parts of the sample. Theog'etlca!ly,
as the outer cylinder rotates, the annulus of material being
tested rotates in layers concentric with the rotor and stator.
With the size of viscometer illustrated in Figure 1_, the shear-
ing stress at the stator surface is b/a—i. e., 1.5—times that at
the rotor wall. Thus, for a material showing considerable
complex flow characteristics, the initial rate of shear at the
stator is more than 1.5 times that at the rotor. Therefore, a
sample with a large amount of structure will be proken dowp
fastest at the stator where the rate of shear is hxgbest. This
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effect is cumulative, and, in time, almost all of the shearing
may be occurring in a few boundary layers near the stator
with very little shearing in the outer layers of the annulus.
If this type of slippage is taking place it is evident that no
constant reading or equilibrium consistency will be observed.
The effect on the measured consistency of this localized break-
down of structure can be minimized by making the ratio of
stator radius to rotor radius as large as practical considering
ease of filling the viscometer and by using low rates of shear.
With the size of viscometer shown in Figure 1 no appreciable
slippage was encountered in any of the asphalts tested at the
two lowest rates of shear used (0.0016 and 0.0032 second %),
However, at a rate of shear of 0.032 second ! slippage started
to occur in certain asphalts at consistencies between 10 and 50
megapoises.

TasLe V. ErrecT oF RATE OF SHEAR FOR CoMPLEX LIQUIDS

Mean Equilibrium
Rate Consistency
Asphalt Process Ring and Ball of Shear at25°C. (77° F.)
S2C= (%K) Sec.”1 Megapoises
Mexican Steam-reduced 54.4 (130) 0.032 3.8
0.0032 5.6
: 0.0016 6.3
Gulf Coast  Air-blown 59.4 (139) 0.032 7.4
0.0032 22
0.0016 29

Figure 5 illustrates some of the deviations from simple
flow exhibited by complex liquids when evaluated in the
rotary viscometer at a constant mean rate of shear (0.032
reciprocal second). This figure is a plot of the indicator read-
ings against time for an air-blown Northeast Texas asphalt of
58.9° C. (138° F.) ring- and- ball softening point.

The initial period, AB, of increasing consistency represents
the extension of the elastic elements within the asphalt and is
called the elastic fore effect. The period, BC, of decreasing
consistency is caused by a breakdown of structure with shear-
ing. The curvature in this period will be accentuated by an
increase in rate of shear. At the essentially constant value
CD the consistency is called the equilibrium consistency and
represents a balance between the thixotropic breaking down
and building up of structure within the asphalt. This equi-
librium value is reproducible (if slippage does not occur),
and, according to available data on asphalt, it is independent
of any previous shear. At point D in Figure 5 the weight was
removed, the indicator set at zero reading, and the motor
stopped. The movement, EF, of the indicator measures the
elastic recovery or elastic aftereffect of the asphalt in attaining

14- 1 FIGURE 5
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equilibrium after all imposed shearing stress has been re-
moved.

The type of data shown in Figure 5 illustrates the applica-
tion of the rotary viscometer to rheological problems: The
equilibrium consistency in absolute units at a given constant
rate of shear may be determined; the degree of complex flow
exhibited by a material may be evaluated from the equilibrium
consistencies at two or more rates of shear (9); and the elastic
properties may be studied. Many of the above flow proper-
ties may be measured in other types of viscometers. How-
ever, in applied rheology no other single apparatus combines
the simplicity, general adaptability, and theoretical advan-
tages of a constant mean rate of shear rotary viscometer.

Vol. 14, No. 4
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Automatic Method for Cleaning Tar Distillation Flasks

WILLIAM PECHENICK, 417 West Broad St., Bethlehem, Penna.

HE apparatus described can save appreciable time in

cleaning flasks containing residue from tar distillations.
It consists essentially of a container in which the solvent is
converted from the liquid to the vapor phase. The vapor,
conducted by a tube to the inverted tar flask, condenses on
the walls and dissolves the residue, and the liquid is returned
to the original container by a second tube. The residue in the
flask is thus acted upon at all times by pure solvent.

A solvent that is effective with coal tar is m-xylene. Some
free carbon is left on the walls of the flask being cleaned, but
this can be removed by rinsing with nitric acid.

The cleaning operation should be carried on in a hood with
a good draft, in order to prevent any vapors from coming in
contact with the flame.

The arrangement shown in Figure 1 can be used when
cleaning only one flask at a time.

FIGURE 1. APPARATUS
FOR CLEANING ONE FLASK

A. Solvent container,
wide-mouthed round-
bottomed flask

Flask being cleaned

Vapor tube

Solvent-return tube

Bunsen  burner  with
chimney

Cork stoppers

= =habk

If it is necessary to clean many flasks simultaneously, &
more convenient apparatus can be constructed (Figure 2).
For cleaning long-necked and short-necked flasks, space can
be saved by alternating long and short vapor tubes, as shown.

By standing sheets of asbestos from leg to leg of the sup-
porting frame, contact between vapor and flame can be mini-
mized.

FiGUuRe 2. CROSS SECTION OF APPARATUS FOR CLBANING
FLASKS SIMULTANEOUSLY

A. Rectangular box of sheet iron, welded construction, contain-
ing solvent

B. Flasks being cleaned ;

C, D. Vapor- and solvent-return tubes of brass, brazed into corre=
sponding holes of box 3 o

Body of 4-ounce can with 1.5-inch hole in bottom, secur
to A with hard solder, so as to enclose C and D and keep re-
turn solvent from straying e

0.25-inch iron pipe, closed by cap, for admitting fresh solvent

0.25-inch iron pipe, closed by cap, for removing spent solvent

Vertical members, and J, horizontal members of 1 X 1 X 0.125
inch angle iron, welded for support of apparatus

mQN



Apparatus for Distillation of Corrosive Liquids
As Used for Purification of Chlorosulfonic Acid

ARTHUR W. HIXSON AND ALVAN H. TENNEY, Columbia University, New York, N. Y.

N CONNECTION with some of the authors’ work (1)

small known quantities of chlorosulfonic acid of high
purity were desired. Since a detailed procedure for the prepa-
ration of pure chlorosulfonic acid is not readily available in
the literature, this method may be of interest.

Sanger and Riegel (4) state that chlorosulfonic acid is best
prepared by bubbling dry hydrogen chloride gas through
strong oleum until the gas is no longer absorbed. To purify
the chlorosulfonic acid, they say it should be distilled in a
current of hydrogen chloride gas and the fraction between
145° and 160° C. redistilled. They mention that chloro-
sulfonic acid dissociates, when boiled, into hydrogen chloride
gas and sulfuric acid, and into sulfuryl chloride and sulfuric
acid.

As commercial chlorosulfonic acid is readily available, the
preparation step may be omitted. In the apparatus shown in
Figure 1, twenty-six ampoules containing known weights of
chlorosulfonic acid were prepared. The purity obtained is
indicated by the analyses shown for total acidity, gravimetric
sulfur, and chloride by the method of Roberts (2, 8).

Acidity Cl Content S Content
Milliequivalents/g. % %
Calculated 25.75 30.43 27.50
Found 25.92 29.61 27.87

The apparatus used consisted of two all-glass, helix-packed
rectifying columns sealed together in tandem. The first of these,
Ry, was made from a 25-cm. length of 12.5-mm. glass tubin
packed with glass helices (2.5-mm. single turn) and was mounte
on a 500-cc. flask, K;. The column carried a simple stillhead,
Hj, comprising a reflux finger and a thermometer well, 7. The
second still, R,, was similar but had a 46-cm. packed length sur-
rounded with a silvered vacuum jacket, J. Stillhead H, on the
second column provided reflux control without contamination

DIAGRAM OF APPARATUS

Figure 1.

of or by the ground-joint lubricant. The parts of this stillhead
shown in Figure 1 (right) were thermometer well 7', reflux and
total condenser C,, reflux drop counter @, and control valve B,
keyed to “wrench” G. Condenser C; was designed so that only
a small annular space remained between the inner cooled finger
and the outer jacket. This effectively prevented any vapors from
reaching the only %reased joint, G.

The condenser length was about 18 cm. Other parts of the
detailed sketch are drawn to the same scale. Control valve B
was essentially a Fresenius stopcock with a long stem, keyed at
the end to fit a socket in G. The cock was so designed that a 180°
turn from normal position would drain the tube above it. This
valve was lubricated by the distillate only, while the joint at G
was greased in the usual fashion.

350 cc. taken in
1

| |
75 ce. to 250 ce. to

1 ; K

|
50 cc. of heads
fraction 10:1
reflux ratio in
2

|
70 cc. of final
purified product
in P

Three hundred and fifty cubic centimeters of commercial
chlorosulfonic acid (du Pont) were placed in K, after drying the
apparatus. With the system sealed, an absolute pressure of about
30 mm. was maintained, as measured on manometer M, by ex-
haustion through a large-capacity li((}uid nitrogen trap, N.
Approximately 75 cc. of the acid were distilled into receiver F.

ithout discontinuing the distillation, F'; was sealed off at con-
strictions A and A’ and 250 cc. of the acid were collected in the
bottom of K,;. (The connections from A’ to K, and E’ to P had
slight upward slopes and were made of tubing of sufficiently large
diameter to Prevent formation of a siphon.) After sealing the
tube from A’ to X, and sealing the vacuum lead at D, a heads
fraction of about 50 ce. was distilled from K; into ¥, at about a
10 to 1 reflux ratio. The final purified product,
about 70 cc., was then collected in P after seal-
ing off F» at E and E’.

%n the bottom of P were inverted small
weighed ampoules, S, with capillary tips. On
readmission of dry air into the system, these
ampoules filled automatically, leaving a layer
of product in the bottom of the receiver in
which the capillary tips of the ampoules re-
mained immersed. Ereaking open the re-
ceiver and removing the ampoules one by one
to a flame for sealing completed the opera-
tion. The layer of chlorosulfonic acid in the
receiver protected the contents of the ampoules
until ready for sealing, so that the exposure
of the final product to the atmosphere was a
matter of a few seconds through at least 30 mm.
of very fine capillary.

Twenty-six ampoules containing chloro-
sulfonic acid in accurately weighed quanti-
ties ranging from 0.5 to 2.2 grams were thus
obtained in a single preparation.
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A New All-Glass Mill

DAYID B. PALL
Research Laboratories, Interchemical Corporation, New York, N. Y.

HREE methods are currently in use for preparing test
inks in studies of pigment, ink, and paint properties.
The oldest and perhaps most widely used method is hand
mulling, but it has the deficiencies of, first, the poor dispersion
obtained, particularly with hard pigments; and secondly,
contamination which invariably occurs, especially due to
steel rubbed off in the spatula pickup. The first factor is
important when working with hard pigments, the second
when working with whites or light colors. Finally, it is
difficult to disperse by this method inks which, though finally
workable to a flowing ink, are extremely dry on first mixing.
For tests involving larger quantities of ink, three-roller
mills of laboratory size are available. Use of one of these
mills usually gives excellent dispersion, but contamination
invariably ensues with hard white and light-colored pigments,
unless the roll setting is so loose that efficient dispersion is not
attained. Furthermore, the amount of pigment required for
such a test is often not available in the pigment research
laboratory.

Automatic mullers now on the market involve the same
source of contamination as hand mulling—steel rubbed off
during spatula pickup. The writer is not familiar with the
efficiency of this type of mill in other respects.

Principle of Mill

All these deficiencies were kept in mind when the new mill
was designed. The grinding surfaces are entirely glass, and
are so disposed that pickup off these surfaces is not necessary.
Good dispersion is achieved by using grinding pressures of
the order of 50 to 300 pounds per square inch, as compared
with 1 to 5 pounds per square inch in hand mulling.

The new apparatus which achieves these conditions con-
sists essentially of two truncated cones, one of which is fitted
inside the other, together with a plunger feed mechanism
which forces crudely mixed ink into the annular space be-
tween the two sections, one of which is rotated with respect to
the other. The ink flows out through the annular space and
is collected at the end opposite the feed mechanism. By
using conical grinding sections, high grinding pressure is at-
tained while the outside force impressed is of moderate pro-
portions.

Construction

An ordinary ground joint supplies the essential part of the mill
For the model constructed in this laboratory, a special set was
designed. The females differed from the regular stock models,
in that they were constructed of heavier glass and in the elimina-
tion of the usual bead at the base of the ground section. The
males were standard solid stoppers, with the small end beveled

off to a depth of about 0.125 inch. The dimensions are those of .

the standard 15/35 ground-glass joint. The cost was only 40
centi more for each pair than for a pair of the same size out of
stock.

The female part was used as supplied. The male part was
grooved at the laboratory, in order to provide a smooth feed of
unground ink through the mill (Figure 1). Various types of
grooves were tried; the type finally adopted involves cutting a
sgiral which begins at the center of the small end of the stopper,
the sense of the spiral bein,
rotation, that crudely mixeg ink is forced from the center towards
the wall of the joint. This spiral groove is continued smoothly
along the wall of the stopper, again in the sense which on rotation
forces material through tie joint. This “feed-in” section is run
along for about 0.5 inch, at an angle of about 45°, then its direc-
tion 1s changed to make a 15° angle in the opposite sense. The
leading edge of this “feed-back” groove is sharp, but the trailing
edge is tapered and smoothly rounded. The ink is thus forced

such with respect to the direction of .
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forward along the groove by the feed-in section, and backward
by the feed-back section, with the result that it passes into the
grinding section between the two ground-glass parts. This
passage is assisted by the tapered edge of the feed-back groove.
The grooves were cut with a small brass wheel, using a Carbo-
rundum-water mixture.

SLorTED GROUND STOPPER

Ficure 1.

In operation, the crudely mixed ink is placed in the tubular
section of the female joint, and the plunger is inserted (inset,
Figure 2). The plunger consists of a mushroom-shaped rubber
head, the stem of which fits into a steel cylinder and is held there
by a flush setscrew. The female section is held in a rubber-
lined clamp, while the male section is rotated by means of 0.05-
horsepower motor, the drive shaft of which is geared down to a
speed of 600 r. p. m. Speed of rotation is held at about 150
I. f m. by operating off a variable transformer at about 60 to 75
volts. In the model constructed, the force on the plunger and on
the ground stopper was supplied by oil-filled pneumatic cylin-
ders, operated through reducing valves from the laboratory air
line. The drive motor is fastened directly to one of the pistons,
and made to move on castors. Thus the grinding force is trans-
mitted through the motor. The pressure in each pneumatic
cylinder is measured by means of a pressure gage covering the
range 0 to 60 pounds per square inch; the pistons are 1 inch in
diameter. The air lines are so arranged that the pressure in the
feed cylinder can never be greater than the pressure in the cylinder
supplying the grinding force. Thus the plunger can never ac-
cidentally be made to push out the stopper completely. A
photograph of the mill appears in Figure 2.

Operation

With the stopper in place, the crudely mixed ink is placed in
the tubular section of tge female part. The plunger is inserted,
and a small quantity of ink is forced into the ground-glass section
for lubrication. The assembly is then clamped into the machine
as shown in Figure 2. The grinding pressure is set at about 30
pounds per square inch, the feed pressure is simultaneously set
to 20 pounds per square inch, and the motor is turned on. The
flow of ink is observed and the pressures are adjusted to promote
a slow steady delivery of ground ink. The machine was tes
and has been used at a delivery of about 0.4 gram (6 grains) per
minute for the first pass, and about 0.6 to 0.8 gram (8 to 12 grains)

er minute for the succeeding pass. When the inks are very

eavy, forming a dry cake when first mixed, it is conyenient t0
have a small handle on the piston of the feed cylinder, by means
of which the feed rate can be manually speeded up on the first
pass. Since the grinding apparatus is transparent, the point at
which the ink is completely Ezd out is easily observed. Quanti-
ties of 1 to 8 grams (15 to 120 grains) of ink can be conveniently
handled. 3

When the crude mix contains large, hard aggregates there 18

some tendency for the ink coming through first to be richer 10
vehicle. For this reason, the ink is always repassed once after
the original grind. Tests have shown that even in an extremeé
case, the composition of the ink after the second pass is not moré
than 1 per cent different from the original composition.

The mill will operate efficiently on inks over a very wide
range of viscosity, and will conveniently handle mixtures
which are t0o heavy or too dry to mull by hand without ex-
cessive work.

The temperature to which the ink is heated by the grind-
ing has not been measured. The author’s tests have not
shown the heating to have an appreciable effect on the
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finished ink. Where this might arise, a water-jacketed female
section can be employed.

Characteristics of the Mill

Freedom from contamination was tested by grinding por-
tions of a base crudely mixed ink, using various methods, and
comparing the brightness of the resulting ink. For an aver-
age laboratory-produced pigment in linseed oil, results are
listed in Table I. Results for a very hard white laboratory-
produced pigment are shown in Table II. In connection with
the “hardness” of these pigments, it has been observed that a
commercial ‘“soft” titanium dioxide pigment, when mulled
in a linseed oil 3 X 65 on a smooth glass slab, was generally
contaminated to the extent that its reflectance was 0.5 to 4
per cent too low. Contamination encountered with ‘“hard”
laboratory pigments may be expected to be greater under the
same conditions.

TABLE I. REFLECTANCE TESTS

(Typical laboratory-produced titanium dioxide pig}n}ent. 70% pigment-
vehicle ratio in refined linseed oil vehicle)

% Reflectance

Conditions of Dispersion of White Ink
3 X 65 mulls, ground porcelain slab 83.3
3 X 65 mulls, smooth glass slab 90.15
All-glass mill 04.45
TasLe II. Tests oN VERY HaArRD WHITE PIGMENT
(70% pigment-vehicle ratio in refined linseed oil vehicle)
Apparent
intin
Method of Dispersion Brightness Texture Strengt
4 passes on 4 X 8 inch Very gray Smooth 100
roller mill
3 X 65 mulls unweighted Intermediate be-  Very coarse 95
nlmgler, smooth glass tween other two
slal :
2 passes on all-glass mill Very bright Smooth, 100
slight evi-
dence of
some ag-
gregates

Efficiency of grinding was estimated by means of texture
tests and by determining the strength developed in a hard
grinding colored pigment. Results indicative of the texture
obtainable are listed in Table II, as are strength determina-
tions on the same white.

The most exacting test, in so far as strength development is

concerned, was carried out with a hard grinding iron blue, a
commercial product dating back to 1936. A preliminary mix at

FiGUrE 2. ALL-Grass MILL
Grinding sections and plunger disassembled

Inset.
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Tasre ITII. TiNTING STRENGTH TESTS
(Very hard grinding iron blue at 45% ;ggment-vehiele ratio in refined linseed
o1

Apparent

Method of Dispersion Tinting Strength

8-inch three-roller mill, 1 pass 80
2 passes 96

5 passes 100
15-pound weight muller, 2 X 100 strokes 80
4 X 100 strokes 90
New glass mill, 2 passes 90
es 04

6 passes 95

a pigment-vehicle ratio of 45 per cent was prepared, and mixed
further by two very loose passes over a laboratory 4 X 8 inch
three-roller mill. Samples of this ink were then developed by
each of three methods—namely, by the 4 X 8 inch three-roller
mill, by mulling with a 15-pound weighted muller, and finally on
the new mill. The results are listed in Table III. A sampﬂa of
the same brand of pigment, produced five years later, was ap-
parently of improved quality with resgect to hardness, for it was
developed to equal strength by both the three-roller mill and the
new all-glass mill. “Strength” refers to tinting strength, and
was a measure of the amount of a standard white ink required to
tone the color down to match an arbitrary standard. Strengths
are referred in Table III to that of the ink made by passing five
times over the three-roller mill as 100.

Speed of delivery is, of course, variable to suit the demands
of the operator. Operating with 1.5 grams (23 grains) of
ink, it has been found convenient to make the first pass in
about 3 or 4 minutes, and the second in about 2 minutes.
Including time consumed in loading and cleaning, an ink can
be prepared in 10 minutes or less. This compares favorably
with hand mulling under any conditions, and to advantage
when a very heavy ink is encountered, which is difficult to
work in. On the other hand, a roller-mill grind of a small
quantity of ink takes about 10 minutes, when the time re-
quired to clean the mill is considered. When a very thin ink
is encountered on the three-roller mill, the new all-glass mill
shows up to advantage as far as the time factor is concerned.

Discussion

Tables II and IIT show that the mill lies between the
muller and the roller mill, with respect to grinding efficiency,
and is clearly much closer to the roller mill than to hand
mulling. Nearly all the commercial pigments will be de-
veloped to essentially the same strength by the new glass mill
as by the three-roller mill.

Examination of Tables I and II
shows that the new all-glass mill is
superior to other methods of dis-
persion, when freedom from con-
tamination is considered. This
makes it very udeful for white and
light pigments.

With respect to time consumed, the
mill is as fast as or faster than either
of the other methods considered.

The mill is superior to hand
mulling in every respect. It is
superior to the three-roller mill with
respect to freedom from contami-
nation, but yields slightly poorer
dispersions when very hard grind-
ing colors are encountered. The
ability to produce excellent disper-
sions on samples which are too
small to be handled by the labora-
tory roller mill further expands its
field of usefulness.
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Summary

A new mill has been developed, by means of which inks and
paints over a wide consistency range can be thoroughly ground
without contamination. This new apparatus consists es-
sentially of two truncated glass cones, one of which is fitted
inside the other, together with a plunger feed mechanism
which forces crudely mixed ink into the annular space be-
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tween the conical sections, one of which is rotated with re-
spect to the other. For example, the outer section of a ground-
glass joint is fitted with a plunger at the small end, and ink
forced by a rotating appropriately slotted stopper. The
efficiency of this mill has been tested relative to that of a
laboratory 4 X 8 inch three-roller mill as well as hand milling.
Advantages are excellent dispersion and freedom from metallic
contamination, with whites and light colors.

A Dialyzing

CARL C. SMITH AND CHARLES D. STEVENS

Cardiac Laboratory, College of Medicine,
University of Cincinnati, Cincinnati, Ohio

A simple apparatus for simultaneous
dialysis and concentration has been de-
vised. The rates of evaporation of water
from 5 per cent sucrose solutions and from
distilled water through Visking casings
were observed under various conditions.
By use of two fans and a steam unit heater
to blow air past eight Visking casings, a
maximum rate of evaporation of 1.5 liters
of water per hour was obtained.

NUMBER of methods for dialyzing have been reported

1, 2, 7, 8, 10, 12), and procedures have been devised

for concentration by removal of solvent through membranes

(8, 18, 15). Only a few techniques have been employed

which permit simultaneous concentration and dialysis’and in

general these have been expensive or complicated. The need

for a simple procedure which would permit dialysis and con-

centration of 20 to 30 liters of kidney extract a day led the

authors to investigate the adaptability of some methods pre-
viously reported.

Simms’ method (11) was rapid but required strong collodion
bags and could be adapted only with difficulty to the authors’
larger volumes of material. Wet Visking casings of 1.4 or 1.875
cm. (/3 or 24/y-inch) diameter filled with water burst when
from 200 to 300 mm. of mercury pressure were applied and so
could not be substituted directly in a modified Simms’ apparatus.
The authors have employed a maximum pressure equal to that of
140 mm. of mercury in their s:ipparatus Thalhimer’s method
(14), employing corn sirup in dialysis, introduced considerable
amounts of carbohydrate into the extracts, which was undesirable.
Similar methods emplpying ammonium sulfate or other salts were
objectionable for like reasons. Ultrafiltration through mem-
branes on Seitz filters has been useful in industry (9), but was not
feasible in the authors’ laboratory.

They found that Kober’s pervaporation technique (4, 6, 6)
could be readily adapted to their laboratory equipment, and
the apparatus pictured in Figures 1 and 2 has proved capable
of handling materials without requiring much attention.
Since few observations on rates of concentration and dialysis
by any of these methods have been reported, the authors have
measured rates and temperatures with their equipment under
varying conditions which may afford indications of the value
of this type of apparatus.

Apparatus

The apparatus consists of a reservoir, from a bottom outlet of
which the material to be concentrated and dialyzed flows by
gravity through glass and rubber tubing into eight Visking cas-

Concentrator

ings arranged in parallel, each 165 cm. (5.5 feet) long. These
hang before a steam unit heater (with its fan) and one or more
fans. The lower ends of the casings, which are expanded by pres-
sure of the contained fluid, dip into a jar of water. Tap water is
led through coils in the reservoir to keep the material cool, and
thence through a rotameter (Fischer & Porter Co., Philadelphia,
Penna.) to measure its rate of flow.” From there it runs into the
dialyzing jar, overflows onto a tray, and runs into the trough of
the laboratory bench. To gather the data in Table I, wet- and
dry-bulb thermometers were placed beside the casings directly in
front of the unit heater, and a thermometer was placed inside one

APPARATUS IN OPERATION

Ficure 1.
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TaBrLE I. DaAtA oN DiavLysis
Tem- Tem-
3 pera- pera- Wet~ Tem-
Diam- ture Tem- turein Bulb pera- Tem- Tap Final Sucrose  Sucrose
i eter in pera-  Front em- ture pera-  Water Evapo- Concentration Di-
Starting of Reser- turein of Unit pera- above turein Flow Duration of ration Reser- alyze
Material Casings voir  Casing Heater ture Jar Jar Rate Fans Heater Experiment Rate Casings voir 511&
Inch Aef, S0 et 20 °C. °C. L /min. Hours Min. L./hr. @./100 ml. G./hr.
Distilled H:O  18/32 24.5 18.5 29.5 17.8 28 21 0.99 2y 45 1 20 0.23 B s G
18/32 24.5 17.5 29.5 16 28.5 21 0.99 2 on t 2 50 0.74 5 i &
18/32 27.5 28 64 28 35 22 0.99 2 on On 1 10 1.29 s 55 e
18/32 29 30 64 30.6 40 25 0.57 2 on On 4 i3 1.14 /403 o Va
18/32 256.5 19.5 29.5 18 29 22 0.54 2 on A5 1 5 0.57 5'h oo gy
18/32 24.5 20 29.5 18 29 22 0.54 3 on 1 40 0.57 i A e
18/32 29 22 29 20.6 29 22.5 0 &% 16 % 0.12 ) s 10
/32 32 26 32 24 31 26 0 N 12 40 0.17 e 0% e
5% sucrose 18/32 24.5 18.5 30 . 17 28 21.6 0.99 S5 2 10 0.17 4.68 4.85 11.5
8/32 24.5 17.5 26.5 17 28 21.5 0.99 2 on o 2 40 0.54 6.49 4.97 13.5
/32 27.5 27.5 64 28.5 32 22 0.99 2 on On 3 34 0.95 9.21 4.97 13.3
5% sucrose 24/32 23.5 22 27 20.6 25 22 0.99 4 2 10 0.12 4.38 5.08 18.9
4/32 24.5 17.5 27.5 16 25 22.5 0.99 2 on L 1 20 0.85 5.28 5.08 23.3
/32 28 28 64 29 34 24.5 0.99 2 on On 2 40 1.34 7.53 5.0@ 25.9
Distilled H:O  24/32 23 20 29 19 28.5 22 0.99 i s 2 40 0.29 A
/32 23.5 18 28 16 27.5 21 0.99 2 on va 3 30 0.76
24/32 27 28 64 28 34 22 0.99 2 on On 2 50 1.47

@ Estimated figure.

of the casings at the same level. Thermometers were also placed
in the dial{zing jar, 30 em. (1 foot) above it, in the reservoir, and
180 cm. (6 feet) to one side of the apparatus.

on the wal

LM AT VY

TS LT AN WRNLI AN CLILILIM

M VAL ML AT TUATRATLIL

L

[ Figure 2.¥X ResERrVOIR, CoorLinGg CoILS, TUBE' COI\EIY-:C-
TIONs (witE DETAIL), AND TuBES witH LOwER ENDS
DIALYZING

Table I shows that evaporation from the casings proceeded
slowly without the use of fans. The rate of evaporation was
tri&)led if two fans were allowed to blow air past the casings, pro-
vided humidity and room temperature remained about the same.
The use of steam in the unit heater practically doubled the rate of
evaporation over that when only two fans were used, but pro-
duced increased temperature within the casings. The presence of
sucrose in the casings always decreased the rate of evaporation.
The rate of dialysis depended to a considerable extent on the
surface of casings immersed in the dialysis jar, and could be in-
creased by using longer casings.

Among the advantages of this type of apparatus in the
authors’ laboratory are its low cost, its automatic operation,
its high rate of concentration, the readiness with which it may
be adapted to handle more or less material, the removal of di-
alyzable materials simultaneously with concentration, the
gradual passage of nondialyzable material from the upper
heated zone of concentration to the lower cooler zones of the
casings (provided the nondialyzable material has a higher
specific gravity than water), the continual supply of the most
dilute material to the zone where the evaporation rate is high-
est, the ease of removing the material from the casings when
operations are completed, and the small amount of equipment
which needs cleaning. No trouble with foam, spray entrain-
ment, or overheating such as may occur in vacuum distilla-
tions has been encountered with this apparatus. Disadvan-
tages encountered may be: decreased evaporation rates when
high humidity prevails, breakage of casings, collection of dust
on the outside of the casings facing the fans, collection of some
solids on the inside of the casings if the material is overconcen-
trated, and the slight heating of the material within the cas-
ings when steam is run into the unit heater.
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Photoelectrometric Particle-Concentration
Analysis

Estimation of Anthraquinone-Beta-Sodium Sulfonate in Presence of Alpha-Isomer
and of Anthraquinone-1,8-Disulfonic Acid in Presence of 1,5-Isomer

WILLIAM SEAMAN, A. R. NORTON, AND CHARLES MARESH

Calco Chemical Division, American Cyanamid Company, Bound Brook, N. J.

HE microscopical quantitative analysis of heterogeneous

mixtures (1) by methods such as simple estimation, com-
parison with known standards, or counting, while generally
not affording the precision of most chemical analyses, is some-
times preferable to chemical methods because it is economical
of time and materials. Sometimes the lack of pronounced
chemical differences between the constituents of a mixture
makes chemical methods of analysis impossible. Resort
must then be had to physical methods, including microscopical
methods. Microscopical observations are often fruitful in
working with isomers which can be differentiated only by
staining behavior, crystal form, refractive index, or other
optical properties.

Of the various microscopical methods, counting methods
are the most precise. A counting method has been reported
from this laboratory for the analysis of anthraquinone-1,8-
disulfonic acid in the presence of the 1,5-isomer (2). This
was an extension of the classical methods of particle counting
to the counting of crystals which have been precipitated as
salts of the original substances. The precise salt which was
to be precipitated was chosen in order to take advantage of
differences in the optical properties, so as to be able to count
one substance without interference by the others. In this
paper a method is reported whereby the tedious and sometimes
impossible task of counting is eliminated and instead the
light due to the birefringence of the constituent to be esti-
mated is measured, after suitable means have been taken to
minimize light from the other constituents.

Photoelectrometric Principle

In specimens consisting of a mixture of anisotropic particles
and amorphous or isotropic particles, the light which is trans-
mitted by the specimen when placed between crossed Nicol
prisms, and which is measured by a photosensitive element
connected with a galvanometer, is proportional to the quan-
tity of anisotropic material present, within definite limits of
concentration. As in counting methods, a standard curve is
first prepared for the analysis in question by analyzing a
number of mixtures of known composition. Slides of samples
being analyzed are prepared under standardized conditions,
and the concentration of the constituent being estimated is
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read from the calibration curve by applying the galvanometer
reading. The method is most useful for low concentrations
of anisotropic material in the sample, which give the greatest
precision and accuracy.

This principle was first tested on several mixtures of differ-
ent concentrations of potato starch suspended in glycerol in
order to see whether a regular relationship could be obtained
between the light transmitted and the concentration of potato
starch particles. This worked out as expected.

An attempt was then made to determine anthraquinone-1,8-
disulfonic acid in the presence of the 1,5-isomer by means of
precipitation with barium under conditions similar to those
reported for the counting method (2) but using a photoelectric
measurement instead of counting. A linear relationship was
found to hold between the galvanometer reading and the
concentration of 1,8-isomer, but the slope of the curve relat
ing the galvanometer reading to the percentage of 1,8- Was
not favorable for a good precision. The point was provf;d,
however, that one could carry over the counting method in-
volving precipitated crystals to the photoelectrometric tech-
nique just as well as with preformed particles such as potato
starch.

A method was nevertheless worked out for 1,8- in the
presence of 1,5- by utilizing the manganese salt instead of the
barium salt. This could not be done by precipitating th_e
manganese salt of the 1,8- from aqueous solution becauseé it
was too soluble. It was necessary to dry the mixture 0
manganous acetate and disulfonic acids. The mangano®s
acetate precipitates anthraquinone-1,8-disulfonic acid 8
anisotropic needles and the 1,5-isomer as an amorphous 1
terial in a manner similar to the action of barium chloride
The manganous acetate has, moreover, the advantage ¢
drying to a transparent isotropic film when exposed to t
air. (The authors are indebted for a knowledge of this U
ful property of manganous acetate to a private communi®”
tion to this company from E. M. Chamot.) Thus, the ex¢&
manganous acetate present, which is added to a drop °f,the
anthraquinonedisulfonic acid, will not interfere. The lfgbt
transmitted by the 1,8- crystals gives galvanometer reading®
which are related by a linear function to the percentage of the
1,8- within certain limits of concentration.
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A method of photoelectrometric particle-concen-
tration analysis is described for the estimation of
one constituent of a mixture which involves meas-
uring, by means of a photosensitive cell and a
sensitive galvanometer, the intensity of the light
transmitted by that constituent. The value of the
concentration is read from a standard curve. In
general, the method should be capable of adapta-
tion to any mixture of which one constituent can
be made luminous and the other constituents in-
visible or of low luminosity by any means, such as
by crossed Nicol prisms, selective staining with the
use of color filters, or fluorescence. The technique
may be used to replace counting particles and is
less tedious, less subject to personal errors, and
adaptable to mixtures where counting would be
difficult and to routine analysis.

Specifically, the method has been applied to three
problems: (1) to counting starch particles, as an
illustration of its use with a classical example of a
counting method for already formed particles; (2)
to the estimation of anthraquinone-beta-sodium
sulfonate in the presence of the alpha-isomer, in
which case the beta-sodium salt does not itself
serve as the source of transmitted light, but rather
the precipitated crystals of the barium salt, which
are luminous between crossed Nicol prisms,
whereas the barium salt of the alpha-isomer forms
an amorphous background; and (3) to the estima-
tion of anthraquinone-l,8-disulfonic acid in the
1,5-isomer by means of a precipitation with bar-
ium, previously reported for use with a counting
method, as well as by means of a precipitation with
manganese. The effect of impurities upon the re-
sults has been studied.

The principle was next applied to the estimation of anthra-
quinone-beta-sodium sulfonate in the presence of the alpha-
isomer. (Since both sodium salts occur as anisotropic plates,
they could not be used directly for this method of analysis.)
The barium salts were found to possess characteristics suit-
able for differentiation of the isomers. The barium salt of
the beta-isomer appears as bright anisotropic plates, occurring
singly and in clusters, whereas the alpha-barium salt is so
much more insoluble that it appears as an amorphous pre-
cipitate under controlled conditions discussed below. It be-
comes a simple matter to measure the light transmitted by
the beta-salt by means of a photosensitive element and a sen-
sitive galvanometer.

Nomenclature, Theory, and Possible Develop-
ments of Method

The authors propose to apply the term “particle-concen-
tration analysis” to that class of methods of analysis which is
based upon an actual estimation of the density of distribution
of the particles of one substance in the presence of others.
These methods are to be differentiated from other methods
(whether physical or chemical) which, on the one hand, in-
volve an actual separation of one constituent from another,
followed by weighing or some other means of estimation; or,
on the other hand, do not require such a separation but de-
pend upon measuring the concentration of one constituent by
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means of properties which are independent of any considera-
tion of the presence of discrete particles of this constituent.
In other words, the criterion for application of the term
“particle-concentration analysis’ lies in the fact that it is the
concentration of discrete particles which is being determined.

Counting methods, either of preformed particles or of
precipitated crystals, illustrate one type of method of particle-
concentration analysis. By another method, deseribed in this
paper, the particle-concentration is determined by photo-
electrometric means. In developing this method, no attempt
was made to find conditions which would give the highest
possible precision and accuracy, but rather to get a precision
and accuracy which would be satisfactory for the purposes for
which the methods were devised. It may, however, be de-
sirable to consider in a general way what sources of error are
inherent in the photoelectrometric method and to what ex-
tent the method could be improved.

Certain errors of technique or apparatus may arise, the
correction or elimination of which should increase the ac-
curacy.

For example, any lack of planeness in the slide or cover glass
would cause local variations in the thickness of the layer examined
which would lead to variations in the light transmitted. To;
attain the highest accuracy the glass surfaces would have to be
tested or more fields examined. With needle crystals there is a

ossibility that the shear in the suspending medium as it spreads
geneath the cover glass might cause a tendency toward parallel
orientation, at least in some regions, which would give nonuni-
form readings. An examination of some of the authors’ photo-
micrographs does not indicate that this has occurred in this work,
but with long needle crystals this tendency might manifest itself,
Possibly the easiest way to compensate for such a tendency would
be to take the average of two readings in 45° positions of the stage.
Another error would arise if there were a marked difference in
refractive index between the particles and the medium. Even
isotropic material might then appear bright between crossed
Nicol prisms because of the scattering and depolarization of light
at its surfaces. This would be a more important factor the
finer the material. This effect could be completely eliminated if
the refractive indices could be matched precisely. (The authors
are indebted to C. W. Mason for the discussion of the points in
this paragraph.)

Elimination of errors of apparatus or technique would lead
to only a limited improvement in the attainable accuracy.
The limit of improvement would be set by the uncertainty
attached to the mean values upon which the standard curve
is based as well as by the uncertainty of the unknown. This
uncertainty is caused by the randomness of such factors as
orientation of crystals, particle size, and particle distribution.
Theoretically, this uncertainty can be reduced to any de-
sired extent by averaging more and more values. Actually,
one soon reaches a practical limit which is set by the fact that
the uncertainty of the mean varies inversely as the square
root of the number of values used in calculating it, so that the
number of determinations necessary for a desired precision
soon becomes prohibitive for an analyst to perform. There
would seem to be a possible opportunity for the use of in-
strumentation in this respect, for if an automatic system
could be devised (mechanical, electronic, or otherwise) it
might be possible within a brief period of time to get a mean
value from an enormous number of individual values and so
attain a markedly enhanced precision.

Some other possible applications of the photoelectrometric
methods suggest themselves. If one type of particle can be
selectively stained, it should be possible by means of suitable
color filters to measure that type to the exclusion of others.
There may be differences in the fluorescent properties of the
various particles which could be utilized. There may also
be a possibility of measuring these by means other than photo-
electrometric—possibly photographically or photochemically.
Considerably farther in the realms of speculation would be
the possibility of utilizing properties other than optical ones
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FiGgure 1.

for this purpose, as, for example, differences in magnetic
permeability.

Apparatus

A Leitz petrographic microscope (Figure 1) (6 X P2 objec-
tive, 10 X p @ ocular, no condenser, concave mirror) is set up
on a Zeiss optical bench with a Leica rotating copying attach-
ment to hold the self-generating, dry-disk photosensitive element.
The cell is connected to a Leeds & Northrup Type R galva-
nometer (0.00013 microampere per mm.). The light source is a
30-watt, 6-volt lamp with a spiral filament, the amperage of
which is regulated by means of a 6-ampere, 6-volt Leitz rheostat
to about 4.3 amperes. A Raytheon voltage regulator (input
95/130 volts, output 115 volts, 60 watts) was used to cut down
voltage fluctuations to a minimum. The light source center is
set 79 cm. from the mirror center. A condenser lens is placed
directly in front of the light source at such a point as to focus the
filament on the microscope mirror.

- In order to make it possible to reproduce standard lightin
conditions, a standard starch slide, made up in Hyrax (Pau
Ruedrich, manufacturing chemists), was prepared and a particu-
lar field was marked off by means of a scratch on the underside of
the slide which is set on the cross hairs of the ocular. This
apparatus was used merely because it was available; it could
undoubtedly be simplified by using less expensive equipment
and making it more adaptable to routine analysis. A fixed light
source below the microscope stage as well as a microscope with
fixed tube length, fixed magnification, and polaroid plates in-
stead of Nicol prisms would be more practical where extensive
use would be made of such a method as described here for the
examination of one type of material.

Estimation of Potato Starch

The applicability of the photoelectrometric principle was
first tested by means of potato starch suspensions in glycerol.
Three concentrations were prepared and measured in a How-
ard mold-counting cell. Readings were made on different
preparations of the same samples on three different days.
Each time, the apparatus was dismantled and then reassem-
bled. The measurements (Figure 2) thus indicate the varia-

PHOTOELECTROMETRIC APPARATUS
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tions which can be ex-
pected from all sources in
using the apparatus.

Estimation of An-
thraquinone-Beta-
Sulfonate

CuemicaLs. The ordi-
nary reagent grade of
barium chloride dihydrate
was used.

Anthraquinone-alpha-
sodium sulfonate had been
purified through the mono-
methylaniline salt which
had been recrystallized to
a constant melting point of
211.5° — 212.3° 8 (cor-
rected) and could be hy-
drolyzed to the acid melting
at 213.8° — 214.9° C. (cor-
rected).

Anthraquinone-1,5-di-
sodium disulfonate was
purified through the mono-
methylaniline salt which
had a constant melting
point of 248.5° — 250.0° C.
(corrected).

Anthraquinone-2,7-di-
sodium disulfonate was pre-
pared from the crude com-

ound by recrystallization
rom water.

Anthraquinone-beta-
sodium sulfonate, anthra-
quinone-1,8-disulfonic acid,
and anthraquinone-2,6-disodium disulfonate were prepared as
described in (2). (Anthraquinone-alpha-sodium sulfonate, an-
thraquinone-1,5-disodium disulfonate, anthraquinone-beta-
sodium sulfonate, anthraquinone-1,8-disulfonic acid, and anthra-
ﬁxigom;—lfi—disodium disulfonate were prepared by W. J.

ader.

PREPARATION OF SAMPLE SOLUTION. A 0.5-gram sample is
weighed out into a 15 X 2.5 cm. (6 X 1 inch) test tube and the
beta constituent is extracted with 10 ml. of boilindg water, solution
of the beta being aided by means of a stirring rod. After cooling
the mixture to room temperature, the excess alpha is filtered off;
the filtrate containing the more soluble beta is used in subsequent
tests. It may be necessary to refilter one or more times in order
to obtain a clear filtrate.

MgeTHOD OF PrECIPrTATION. Concentrations of Bela 0.5 Per
Cent and Higher. Although two types of cells were tried, a brass
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FIGURE 3. ANTHRAQUINONE-BETA-SULFONATE

Left.
Right.

ring and a Howard mold-counting cell, it was found unnecessary
to use any of these for this work. The estimation may be car-
ried out on an ordinary microscope slide. A drop of the filtrate
is added to the slide by means of a 0.1-ml. pipet. One drop of
10 per cent barium chloride solution is then added directly to
the first drop from a 10-ml. buret without stirringrv. After stand-
ing for 5 minutes, the drop is stirred with a small rod, scratching
the slide and taking care not to spread the drop to a size greater
than that of the 1.88-cm. (0.75-inch) cover glass. After an addi-
tional 5 minutes, the stirring is repeated and the drop is covered
with a 1.88-cm. (0.75-inch) cover glass. Anthraquinone-alpha-
barium sulfonate precipitates immediately, whereas the beta-
1somer comes out only on standing. Readings are taken 30
minutes after addition of the barium chloride solution.

Under the conditions prevailing in this precipitation, a sample
containing more than 2 per cent beta gave erratic and very often
low results. A high beta content often tends to give many fine
crystals and clusters of the barium salt instead of the usual fewer
la.r%f crystals. Figure 3 (left) shows the type of field obtained
with a high concentration of beta (2.5 per cent); Figure 3 (right)
shows a field within the proper concentration range of beta (1.0
per cent). The greater variation in crystal size is also the ex-
E}anation for the lower precision in the case of samples with a

igher beta content. Thus, any sample containing more than
2 per cent beta must be run i)y using only a fractional part of the
full sample. A sample showing a field filled with beta-barium
salt and still giving a low light value, as well as any sample which
is doubtful, should be repeated using a fractional sample. After
observing a few slides representing decreasing sample weights
with the difference in weight being made up with pure alpha, it
becomes simple to pick out samples which are giving low results

ecause of the physical condition of the barium beta salt. This
reduction in the size of the sample is continued until a maximum
percentage of beta is obtaine(i); further dilution gives a con-
stant percentage of beta within the lessened precision caused by
multiplication of the error. ;

Concentration of Beta below 0.75 Per Cent. In order to obtain
crystals for concentrations below 0.75 per cent beta, the slide
must be allowed to come almost to dryness without a cover glass.
The slide is stirred every 5 minutes as long as the rod leayes an
even field. The drop is spread to a diameter of about 1.88 cm.
(0.75inch) and the readings must be made just before the prepara-
tion dries, which usually requires about 20 minutes. If the read-
ing is made too late, this is obvious because the barium chloride
crystallizes and the galvanometer needle goes off the scale.

ApJusTING AppaRATUS PrIOR To MAKING REaDINGS. The

mp amperage is set at about 4.3 amperes and the filament is
focused on the center of the mirror by means of the condenser
lens and the lamp adjustment. The standard potato starch
field is then set at the cross hairs. With the tube length set at
170 mm. and the Nicol prisms crossed, the maximum value is
obtained for the field by manipulation of the mirror.” The final
adjustment is made by altering the lamp amperage to give a de-
flection of 28.5 ¢m. on the galvanometer scale from the zero posi-
tion, which in all of this work was set at 5.5 cm. The 5.5-cm.
position must be checked from time to time, for there is a gradual

t upward due to the heating action of the beam of light. Be-
cause of the difficulty, at times, in making the 28.5-cm. adjust-

2.5 per cent
1 per cent

ment precisely, no attempt was made to adjust it any closer than
between 28.5 and 29.0 cm.

MeTrOD OF TAKING READINGS. Three slides for each sample
and standard were prepared and nine readings were taken on
each, three fields across the top, three fields across the center,
and three fields across the bottom. The optical system should be
checked against the standard starch field before taking readings
on each slide and the lamp should be on at least for 30 minutes
before the readings are made in order to allow the filament to
come to equilibrium. It is not necessary to return the galva-
nometer to zero after each slide is read. Occasionally the galva-
nometer suddenly jumps to give an unusually high reading, or it
jumps off the scale because some fibrous material is included in
the field. Such fields must be examined and discarded if the
high reading is caused by the presence of foreign matter. Before
readings were made for each slide, the particular field was re-
focused in order to take care of possible thickness differences,
although it was found that the effect of neglecting this precau-
tion was negligible,

StanDArDIZATION CurvEs. Table I gives the mean gal-
vanometer readings for a number of determinations with
various percentages of pure beta mixed with pure alpha.
Bach mean reading is accompanied by the number of values
from which it was obtained. Each individual value is itself
the mean of nine readings on one microscope slide prepara-
tion.

In the case of values obtained with the high concentration
method, a straight line was constructed by the method of least
squares. Figure 4 gives the straight line, including the in-
dividual values from which the mean values were calculated.

TaBLE I. STANDARD MIXTURES OF ALPHA AND BETA SAnTS
SR Standard Devia-

Mean Galvanom- No. of tion of Single Read-
% Beta eter Reading Readings ing (= %, Beta)o

Method Used for 0.5% and Higher

0.50 23.1 17 0.12

0.63 23.4 6 0.22

0.75 25.8 8 0.17

0.88 26.7 12 0.15

1.00 29.4 16 0.24

1.25 30.6 10 0.26

1.50 35.0 8 0.27

1.75 37.1 10 0.33

2.00 38.1 17 0.37

2.25 37.3 9 0.50

2.50 45.3 8 .38
Method Used for Less Than 0.75%

0.25 20.0 12 0.05

0.50 25.8 9 0.08

0.75 s 3054 10 0.05

& Standard deviation for mean would be that for a single reading divided
by square root of number of readings.
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1 1

T tions was found essential in order to obtain
uniform slides, while seeding by scratching
gave larger crystals of the beta and elimi-
nated erratic slides.

After standing for 30 minutes, the high
concentration slides were always found to
have reached equilibrium. Shorter times
were likely to cause lower values. In the
case of the low concentration method where
the preparation was left uncovered, time
1 is an important factor, as shown by the

2:3 3:2 3(15 40
GALVANOMETER SCALE READING

Ficure 4. CALiBRATION CURVE

Per cent beta between 0.5 and 2.0
©® Mean values
@ Individual values

Between beta concentrations of 0.5 to 2.0 per cent, the beta
content can be calculated by the following equation which is
derived from the curve:

_ galvanometer scale divisions — 18.2

% beta = 10

' In the case of the low concentration method, a straight line
was drawn through the mean values as shown in Figure 5.
The beta content for this range of concentration can be cal-
culated by the following equation which is derived from the
curve:
galvanometer scale divisions ‘— 15.2

20.6

% beta =

74

48 following ‘readings for a 0.75 per cent beta
sample: At 10, 15, 20, and 25 minutes after
the precipitation the readings obtained were
22.4, 23.4, 24.3, and 25.0 cm., respectively.
The slide started to go to dryness at the
beginning of the 25-minute reading and all
subsequent readings were much too high,
giving deflections of the galvanometer which

were off the scale. For this reason, the readings must be
made just before going to dryness.

Impurities have a marked effect on readings, especially some
of the disulfonic acid derivatives of anthraquinone. Sodium
chloride has no serious effect. Table IIT shows the effects of
sodium chloride and of some of the anthraquinonedisulfonic
acids which were added to known mixtures of pure alpha and
beta in the dry state. ;

Estimation of Anthraquinone-1,8-Disulfonic Acid
as Barium Salt

The primary purpose of this work was to see whether the
counting method (2) previously described (involving the

Accuracy. From the deviations of the
individual values from the curves, the stand-
ard deviation of a single value has been cal-
culated. This refers to the accuracy, since
the deviations are from known values. The
precision would frequently be better than the
aceuracy, but it is not reported because it is
of minor importance in this connection. The
standard deviation was calculated separately
for each concentration and is given in Table
I. There is an upward trend of the stand-

0.75}

050

BETA, PER CENT

T T T T T T 1

A e ! |

ard deviation with higher beta concentra-
tions, as would be expected.

In Table II are given results for some com-
mercial samples analyzed. The percentage
of beta found for commercial samples is often
lower than the percentage of beta added, un-
doubtedly because of traces of impurities.

The precision for commercial samples is of the same order
of magnitude as that of pure mixtures.

CORRECTION FOR BACKGROUND. The 100 per cent pure
alpha samples gave galvanometer readings of 20.1 = 0.8
divisions (standard deviation). Some commercial batches,
when precipitated and the readings taken immediately, gave
blank values which were less than 19.3 (20.1 — 0.8). For
this reason, a correction must be applied whenever the blank
value differs from 20.1 by more than the standard deviation
of 0.8 division. This correction takes care of differences in
background due to impurities. The blank values are ob-
tained by taking readings before the beta-barium salt starts -
to come out. It is, in reality, the light value of the field con- ~
taining everything but the beta. Samples 1 and 3 of Table
II were corrected for background. Samples 2 and 4 did not
require corrections.

Facrors AFFeCTING READINGS. Stirring of the prepara-

0 Z2 24 26 Zl:? J'O 32
GALVANOMETER SCALE READING
Fi1GUure 5. CALIBRATION CURVE

Per cent beta below 0.75
® Mean values
@ Individual values

2

. TaBLe II. ANALYSES OF COMMERCIAL SAMPLES OF ANTHRA-
QUINONE-ALPHA-SODIUM SULFONATE

Beta Added
Sample No. to Sample Beta Found *
%0 %
1 0 0.0 (corrected for background
0.5 0.5 (corrected for background
0.7 0.5 (corrected for background
1.0 0.8 (corrected for background
1.5 0.9 (corrected for background
2 0 0.0
0.5 0.3
0.7 0.7
1.0 0.8
s 1.5 1.2
3 0 0.8 §oorrected for background)
1.0 1.6 (corrected for background)
4 0 0.0
1.0 0.7
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Errecrs oF IMPURITIES ON VALUES FOR BETA
CONTENT

Impurities Added

TasLe III.

e =
Beta Present NaCl 1,5- 1,8- 2,6- 2,7- Beta Found
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preliminary precipitation of the barium salt of the 1,8- acid
in the form of small needles against an amorphous background
of barium sulfate) could be replaced by a photoelectrometric
estimation of the precipitated needles. The method of pre-
cipitation of the crystals in preparation for the photoelectro-
metric estimation, the method of sampling of the precipitated
- crystals, and the microscopic cell which was used were the
same as outlined in the previous paper. Instead of a cali-
bration curve based on counting crystals, one was prepared
which was based on photoelectrometric measurements in
accordance with the technique described in the section on
estimation of anthraquinone-beta-sodium sulfonate in the
presence of the alpha-isomer. Figure 6 gives the curve ob-
tained for known mixtures containing 0, 2, 5, and 10 per cent,
respectively, of 1,8- acid.

The 1,8-anthraquinone-disulfonic acid content can be
calculated by the following equation which is derived from the
curve:

18 = galvanometer scz(l)lgﬁdivisions — 17.6

Attempts were made to increase the sensitivity of the
method by increasing the number of needles per field for a
given concentration by a decrease in the dilution of the sample,
but without success because of the formation of clusters of
crystals (most likely 1,5-barium salt). Higher concentrations
of barium chloride caused the same effect. The barium chlo-
ride was then replaced as a precipitant by manganous acetate.
The accuracy and precision of this method, together with the
accuracy of the manganese method, are discussed in the next
section.

Errecr or InpurrTies. It was assumed that the study of
the effect of impurities which was made previously (2) for the
counting method would apply here. The possibility that the
calibration curve which was made up on the basis of the free
acids might not apply for the sodium salts was investigated
and it was found that substitution of sodium salts for the
free acids did not influence the erystal count.

Estimation of Anthraquinone-1,8-Disulfonic Acid
as Manganese Salt

CHEMICALS. The manganous acetate, sodium chloride, and
sodium sulfate were . p. grade. The remaining chemicals have

onnt described under the estimation of anthraquinone-beta-sul-
ate.
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ReacenT Sovutions. The anthraquinone-1,8-disulfonic acid,
anthraquinone-1,5-disulfonic acid, anthraquinone-2,6-disodium
sulfonate, anthraquinone-2,7-disodium sulfonate, sodium chlo-
ride, and sodium sulfate were dissolved to make solutions con-
taining 1 gram in 100 ml. of solution. Anthraquinone-alpha-
sodium sulfate and anthraquinone-beta-sodium sulfonate were
made up to contain 0.5 gram per 100 ml. of solution. The sul-
furic acid was 0.1 N; 0.4 ml. equals 2 mg. of sulfuric acid.

STANDARD SoLuTIONs. Mixtures of the reagent solutions were
made up so that each solution contained 10 mg., distributed be-
tween t}l:e sulfuric acid and the various sulfonic acids. All solu-
tions had 0.4 ml. of 0.1 NV sulfuric acid plus 8 mg. of total sulfonic
acids, The various solutions of known sulfonic acid content
were é)repared by mixing appropriate volumes of the solutions
named.
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FIGURE 6. ESTIMATION OF ANTHRAQUINONE-
1,8-DisurroNic Acip BY BARIUM CHLORIDE

©® Mean values
@ Individual values

PREPARATION OF SAMPLE SorutioN. Solutions of actual
samples were made up by dissolving sufficient sample in water to
make a solution containing the equivalent of 10 mg. of sulfonic
acids and sulfuric acid in from 1.36 to 1.37 ml.

MgetHOD OF PRECIPITATION. The estimation was carried out
on a microscope slide. Three precipitations were made on each
slide. A drop of the sample solution was placed on the slide b
means of a 0.1-ml. pipet in a 19-mm. ring of vaseline formed wit
a piece of 19-mm. tubing. One drop of manganous acetate solu-
tion (10 grams per 100 ml. of solution) was then added by means
of al0-ml. buret without stirring. Each preparation was stirred
after standing for 5 minutes under the warmth of an electric
bulb, and every 5 minutes thereafter as long as the rod left an
even field. Readings can be made immediately after drying and
up to 24 hours later.

Samples containing less than 4 per cent of 1,8- do not form
crystals and it is necessary to add 1,8- to the sample to bring the
1,8- content above 4 per cent. The values obtained with samples
containing more than 10 per cent of 1,8- are erratic, so that it is
necessary with such samples to mix them with known amounts of
1,5-.

Figure 7 shows samples containing 5 and 10 per cent 1,8-,
respectively.

ApJUSTING APPARATUS PRIOR TO MAKING READINGS. The
adjustment of the apparatus was the same as for the deter-
mination of anthraquinone-beta-sodium sulfonate, except
that the zero point was adjusted to the actual zero on the
scale for convenience and the standard starch field was made
to give a deflection of 23.0 cm.

MerEOD OF TARING READINGS. In this analysis, much
higher readings were obtained than for the anthraquinone-
beta-sodium sulfonate method, and in samples containing 9
per cent and more of 1,8-anthraquinonedisulfonic acid, it was
necessary to alter the shunt resistance of the galvanometer.
The resistance was increased approximately 10 times, thereby
decreasing the deflection approximately 10 times. The read-
ing was then recalculated to the basis of the original resistance.
The reading obtained with the high resistance was corrected
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FiGURE 7. ANTHRAQUINONE-1,8-DISULFONIC ACID

Left.
Right.

to give readings corresponding to those obtained with the
low resistance by applying the proper factor.
STANDARDIZATION Curves. Figure 8 gives the mean
galvanometer readings for a number of determinations with
various percentages of pure 1,8- mixed with pure 1,5- and
sulfuric acid. Each individual value from which the mean
values were determined is the average of three separate deter-
minations of nine fields each from a single solution. The
percentage of 1,8- may be calculated by the formula:

galvanometer scale reading + 9.0

0 LSS 6.8

Errecr or ImpuriTies. With samples having concentra-
tions of 1,8- of about 5 per cent in addition to 1,5- and sulfuric
acid, the effect of 1 per cent of impurities such as the sodium
salts of 2,6-, 2,7-, alpha-, and beta-anthraquinonesulfonic
acids, sodium chloride, and sodium sulfate is very serious.
In one series of experiments, the 2,6- and beta produced
black fields containing no 1,8- crystals; the 2,7- and the
sodium sulfate showed a few 1,8- crystals in addition to other
anisotropic crystals; and alpha and sodium chloride showed
many fine particles which were definitely not 1,8- crystals.
Samples containing 0 per cent 1,8- with 1,5- and sulfuric
acid and 1 per cent of impurities showed dendrites and crys-
tallized clusters which would not be confused with 1,8-, but
nevertheless interfered with the analysis. In mixtures con-
taining 10 per cent of 1,8- acid, no interference was noted
except in the case of sodium sulfate. Table IV shows the
effects on the values of the impurities studied.

The effect of impurities upon this method in some cases is
due to the crystallization of chemicals other than the 1,8-
manganous salt when these impurities are present in too high
aratio to the 1,8-. In other cases, impurities have a tendency
to prevent the crystallization in the anisotropic form of the
1,8-manganous salt. In order to be certain that impurities
are not lowering the values obtained for 1,8- content, succes-

TasLe IV. ErreEcTs OF IMPURITIES

(Manganous acetate method for anthraquinone-1,8-disulfonic acid)

————————Impurities Added————
1,8- Present  2,6- 2,7- 8- a- NaCl Na:S0( 1,8-Found
% % 0% % % E% 9 %
10 1.0 e AL S S5 vaa 10.2
10 1.0 10.7
10 1.0 9.9
10 1.0 9.2
10 1.0 10.2
10 1.0 11.8

5 per cent
10 per cent

sive known quantities of 1,8- should be added, and the 1,8-
found by the analysis should check the amount added plus
the amount found originally. A doubtful sample may be
checked by increasing the ratio of 1,8- to impurity (by adding
pure 1,8-) for, as shown in Table IV, no serious interference
takes place when the ratio of impurity to 1,8- is no more than
1 to 10 except in the case of sodium sulfate. A sample show-
ing dendrites or other crystalline forms not characteristic of
1,8- must likewise be rerun with a known quantity of 1,8
added to overcome the influence of impurities present.

TaBLe V. AccUrRACY OF METHODS FOR ANTHRAQUINONE-1,8-
DisuLroNic Acip

Standard Deviation of Single Reading, 1,8-

1,8- Present Barium method Manganese method

%o = % = %
0 0.7 43

2 4.8 58

4 0.3

5 251 0.6

7 0.5

9 A% 1.9

10 2.8 1.5

Comparison of Barium and Manganese Methods

Table V gives a comparison of the accuracy of the values
read from the curves by the barium and the manganese
methods. The manganese method is more accurate than the
barium method. Because of the good agreement of the mean
values with the straight line drawn through them, the pre-
cision of this method is of about the same order as the ac-
curacy. The effect of the errors involved in the adjustment
of the apparatus on the values by the barium method is much
greater than for the manganese method.

The barium method has an advantage that concentrations
of 1,8- below 4 per cent can be analyzed. Although the
concentration range for analysis is limited, the manganese
method is much more rapid because it requires only a short
time for the preparation of the sample. Because of this
factor, it would be possible to run a number of determina-
tions rapidly and thus obtain an accuracy for the mean value
which would be equal to the standard deviation divided by
the square root of the number of values.

Effect upon Precision of Variations in Adjusting
the Apparatus

A standard potato starch field was marked off and readings
were taken by removing the slide after each reading in order
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T sions. In terms of anthraquinone-
beta-sodium sulfonate this corre-
sponds to 0.1 and 0.05 per cent, re-
] spectively, for the high and low con-
- centration methods of analysis. In
4 termsof anthraquinone-1,8-disulfonic
acid by the barium method this cor-
responds to 3.5 per cent and by the
manganese method to 0.1 per cent.
1 The standard deviation for precipi-
4 tated particles by the photoelec-
trometric method varies with the
particular method in question, and
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FIGURE 8. ESTIMATION OF ANTHRAQUINONE-1,8-DIisULFONIC AcipD BY MANGANOUS

ACETATE
©® Mean values. @ Individual values

to check the exactness with which the field could be found.
The mean of nine readings was 27.7, and the standard devia-
tion 0.80.

When the mirror was reset but the slide was not moved after
each observation, in order to test this operation, the average
of nine readings was 27.7 and the standard deviation 0.35.

Next, a series was run by shutting off the lamp but not dis-
turbing anything else. Out of nine readings, it was found
necessary to readjust the amperage to 4.6 four times. The
average of nine readings was 26.5, and the standard deviation
0.35.

These errors, which represent those encountered in the
analysis of preformed particles, give a net standard deviation

for a single reading of 1/0.80% + 0.352 + 0.352, or 0.94 divi-

for a definite method it also varies
with the concentration of the sub-
stance to be determined. Asthecon-
centration increases, there is likely
to be more variation in the size and
number of crystals with a consequent
variation in the precision.
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A Fuzz Detector for Viewing Glass Weighing Vessels in

Organic Quantitative Microanalysis

DOUGLASS F. HAYMAN AND WILHELM REISS
Merck & Co., Inc., Rahway, N. J.

HE fuzz detector is a viewing light devised for detecting
foreign material on the surface of glass vessels. It has
been found very useful in the inspection of micro absorption
tubes and other micro glassware for cleanliness prior to weigh-
ing. As shown in the accompanying figure, the detector con-
sists of a standard 18-inch, 15-watt fluorescent lamp (white
or daylight type) covered with several coats of black enamel,
except for two openings. The opening used for the viewing
of carbon and hydrogen absorption tubes is 5 inches long and
0.25 inch wide and the other opening, used for shorter ob-
jects, is 1 inch long and 0.625 inch wide. A rotating tube
made of heavy black paper placed around the lamp permits
either opening to be cov-
grgd while the other one
IS 1n use. S5in
For the detection of /4 in. wide
fuzz on absorption tubes,
filter tubes, etec., the tube
are held up in front of the
lamp about 0.5 inch from
the narrow opening, so |

18 in.

that the operator cannot see the light source but only the light
coming over the surface of the tube. When the tubes are ro-
tated slowly, any lint or foreign material on the glass surface
appears sharply outlined against the black background of the
painted portion of thelamp. Thesurface of the glassislightly
stroked with chamois while still under observation and the
successful removal of lint and foreign material can be readily
observed. Foreign material in the tip ends of absorption tubes
is easily removed by using a steel wire with a knurled end.
The smaller opening is very useful for viewing glass vessels
such as weighing bottles, Rast molecular weight tubes,
chemical samples, ete. In the Rast molecular weight deter-
mination the tube can be
carefully checked for any
i foreign material before the
R first weighing and again
PATALT after each addition ofsim-
ple and of camphor to en-
sure that none of the ma-
terial remains in the upper
: part of the tube.




Semimicrochemical Assay for Diethylstilbestrol

C. W. SONDERN AND CLARENCE BURSON, George A. Breon & Co., Kansas City, Mo.

SINCE the discovery of diethylstilbestrol (alpha, alpha’-
diethyl-4,4’-stilbenediol) by Dodds et al. (2) in England,
the use of this potent estrogen has spread throughout the
world.

The bioassay of diethylstilbestrol by the well-known Allen
and Doisy method is both time-consuming and uneconomical;
therefore a chemical procedure is needed which will serve as
an analytical tool. [Since this paper was prepared a colori-
metric method for the assay of diethylstilbestrol has been

BroMiNATION OF KNOWN AMOUNTS OF DIETHYL-
STILBESTROL
(Dried at 100° C.)
Diethylstilbestrol

TaBLE I.

Weight of Sample Foun Recovery
Mg. Mg. %
1 0.960 96.0
1 0.982 98.2
2 2.05 102.5
2 1.94 97.0
5 4.98 99.6
5 4.91 98.2
5 5.00 100.0
10 9.92 99,2
10 9.81 98.1
10 10.18 101.2
40 39.81 99.55
40 40.06 100.15
40 40.06 100.15
40 40.37 100.93

described by Dechne, (7).] Sprung (4) and Francis and Hill
(8) describe a bromometric titration method for phenols,
using standard bromide-bromate solution which may be
applied to this drug. Bromination of known quantities of
diethylstilbestrol (Table I) has established that the method
is suitable for determining diethylstilbestrol in the amounts
normally found in pharmaceutical preparations (1 to 40 mg.)

Method

Anavysis oF TABLETS. Weigh not less than 20 tablets; re-
duce them to a fine powder, and place an accurately weighed
aliquot equivalent to about 10 mg. of diethylstilbestrol in a
micro-Soxhlet extractor. Extract with ether for 1 hour, transfer
the extract to a 125-cc. glass-stoppered iodination flask, and
evaporate to dryness on a' water bath. Dissolve the residue
in 5 ce. of warm aqueous 2.5 per cent sodium hydroxide solution,
cool, and add 10 cc. of standard U. 8. P. XI bromide-bromate
solution (0.1 N bromine solution) by means of a pipet.

Quickly add 5 cc. of hydrochloric acid, insert the stopper, and
place 5 ce. of 10 per cent potassium iodide solution around the
stopper. Set aside in a dark ﬂEilace for 30 minutes at 25° to 30° C.
Remove the stopper just sufficiently to introduce the potassium
iodide solution and shake the flask thoroughly, taking care that
no bromine vapor escapes. Care-
fully rinse the stopper and the neck
of the flask with a little distilled
water and then titrate the liberated
iodine with 0.05 N sodium thiosul-
fate solution, using starch indicator
at the end of the titration.

Each cubic centimeter of bromide-
bromate solution is equivalent to
2.233 mg. of diethylstilbestrol.

The presence of material capable
of bromination will seriously affect
the accuracy of the assay—for ex-
ample, 60 mg. of stearic acid U. S. P.
may contain sufficient oleic acid as
impurity to introduce an error of 8

OH

___c-——-—.—cl P
é'.-Hs C.H;

OH

OH

O1L SoruTiONS OF DIETHYLSTILBESTROL. Accurately meas-
ure a sample containing 5 mg. of diethylstilbestrol into a separa-
tory funnel, add 30 cc. of light petroleum ether, and extract 4
times with 2.5 per cent sodium hydroxide solution, using two 10-
ce. and two 5-cc. portions. Pass the extractions through a small
funnel containing a plug of cotton into a 125-cc. glass-stoppered
iodination flask. Add 5 cc. of 0.1 N bromide-bromate solution
and proceed as directed for the tablets, beginning with ‘“Quickly
add 5 cc. of hydrochloric acid”. ‘

GLYCEROGELATIN SUPPOSITORIES OF DIETHYLSTILBESTROL.
Dissolve in hot water a sufficient quantity of the suppositories
to yield 5 mg. of diethylstilbestrol, cool, and acidulate with dilute
sulfuric acid. Extract 4 times with ether, using 20-cc., 15-cc.,
15-cc., and 10-cc. portions, and pass through a funnel containing
a plug of cotton into a suitable vessel. Evaporate the extract
nearly to dryness and pass steam over the residue for 1 hour to
volatilize and remove any phenolic preservative present in the

elatin, Evaporate most of the water and dissolve the residue
in 2.5 per cent sodium hydroxide. Transfer to an iodination
flask, add 5 ce. of 0.1 N bromide-bromate solution, and proceed
as directed for the tablets, beginning with “Quickly add 5 cc. of
hydrochloric acid”.

TaBLE II. TEMPERATURE-TIME FACTOR IN BROMINATION OF

DIETHYLSTILBESTROL
Temperature Time Bromine Used
2:C. Min. Atoms
5-10 60 9.9
5-10 180 10.0
5-10 380 10.2
5-10 960 11.6
15 15 9.5
15 30 11.0
20 15 10.0
20 30 11.2
25 15 11.0
25 30 12.0
30 15 12.0
30 30 12.0
30 360 12.0
60 60 12.0

From the brominations shown in TableIT it isevident thatdi-
ethylstilbestrol in a cold solution first removes ten atoms of
bromine from solution. The removal of two atoms more takes
place slowly in the cold, rapidly at higher temperatures. The
removal of ten atoms can be made consistent by controlling
the time and temperature, but since twelve atoms will even-
tually be removed if the reaction goes to completion it seems
more logical to brominate for 30 minutes at above 25° C.

Discussion

Under the conditions described in the analytical procedure,
twelve atoms of bromine enter into the reaction, accompanied
by the release of 5 moles of hydrogen bromide for each mole

OH

OH
Br, Br Br, Br
+ 5 Br, —> }I Br + 4 HBr

b, b, l

Bh {g OH
30° C. 3
e Br Br B Br Br + HBr
Dried at &
50° C. ~

OH
Bry Br

Br Br
Br Br
per cent in a determination of 10 mg. é b
of diethylstilbestrol. Consequently, é

a blank determination on the filler BrCH

and lubricant material in tablets

should be made. H;

b,
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of diethylstilbestrol. Presumably the bromination product
contains seven atoms of bromine. Studies made with 4,4/~
dihydroxystilbene indicate that four of these are located in
the 3,5- and 3’,5’-positions. It would be expected that simul-
taneously two atoms of bromine would add at the double
bond. The splitting out of one of these bromine atoms as
hydrogen bromide would provide a vinylene linkage into
which two more bromine atoms could enter. The diagram
appears to explain the data in the most satisfactory manner.
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Separation of Copp

er, Lead, and Zinc with

Salicylaldoxime

L. P. BIEFELD AnND W. B. LIGETT
Purdue University, Lafayette, Ind.

HE separation of copper from other metals which form

complexes with salicylaldoxime is possible because copper
salicylaldoximate may be precipitated in weakly acidic solu-
tions, whereas the salicylaldoximates of most other metals
are precipitated only from neutral or slightly basic solutions
(1-6, 10). Lead has been separated from silver, zine, and
cadmium by precipitation in strongly ammoniacal solution
(7). The effect of hydrogen-ion concentration upon the pre-
cipitation of zinc with salicylaldoxime has been reported
briefly (6).

The purpose of the present investigation was to make a
more detailed study of the effect of pH on the precipitation of
zing salicylaldoximate, and to determine the best conditions
for a separation of copper, lead, and zinc based upon pH
control and ammonia-complex formation.

Precipitation of Zinc Salicylaldoximate

The fact that zinc forms an insoluble complex with salicyl-
aldoxime was first reported by Ephraim (4). Pearson (9)
studied the properties of the precipitate and
concluded that it was not suitable for the

solution into 95 ml. of water warmed to 80° C. The reagent
solution was cooled and filtered before use.

The zinc solution was prepared from reagent grade zinc
nitrate. It was standardized by precipitation and weighing as
ZnNHPO,, and by precipitation as ZnNH,PO, and ignition to

ZnPy07.

A glass electrode pH meter as described by Mellon (8) was
used. It was calibrated with Clark and Lubs guffer solutions,

The reagents used in standardization of the zinc solution
those used in pretparation of the buffers, and the ammonia used
for adjustment of pH were all of reagent grade.

Calibrated weights and volumetric ware were used. Re-
distilled water was employed for the preparation of all solutions,
for dilutions, and for washing the precipitates.

PrecrpITATION AND pH MEASUREMENT. In each case, 25 ml.
of a 1 per cent salicylaldoxime solution were added dropwise to
25 ml. of zinc solution containing 0.0999 gram of zinc and am-
monia in an amount estimated to give the desired pH. Water
was added to make 100 ml. The mixture was mechanically
stirred during addition of the reagent. After all the reagent
had been added, solution and precipitate were heated to about
90° C. for 10 minutes, cooled to room temperature, filtered with
suction on No. 4 Jena glass crucibles, washed with water, and
dried at 110° C. for 1 hour. Ferric chloride solution was used
to test for complete washing of the precipitate, thorough washing

quantitative determination of zinc because 100

— °

the pH range for complete precipitation was /‘?

too narrow, the precipitate was appreciably 90 v <

soluble in various neutral salt solutions, and the E / { 3

compound slowly decomposed above 80° C. :§ 80

The compound precipitated by Pearson con- Q. j

tained 19.45 per cent zinc by analysis and S 70

evidently was Zn(C;H0,N), which contains < 2 ]3

19.36 per cent zine. IFlagg and Furman (5) Q 60

found that if zine salicylaldoximate, together 3 J

with the solution from which it has been 3 50 I. Copper L

freshly precipitated, is warmed to 90° C. for 2 2 Lead !

10 minutes, a compound corresponding to % 40 32 Zinc

Zn(C7H;0,N) results. This compound, con- : fﬁ

taining 32.61 per cent zine, can be dried ab > 30

110° C. without decomposition. Since the 2 l l

compound obtained by Flagg and Furman is § 20

obviously more suitable for quantitative pur- S 7 : \

poses, the work described below is based upon Q 10

precipitation of the compound Zn(C;HsO:N). / j A‘
REAGENTS AND ApparaTUs. The salicyl- 0 / Z 3 4 s 7 7 8 s 1o

aldoxime used was obtained from the Eastman
Kodak Company, A 1 per cent solution was
prepared by dissolving 1 gram of the reagent
05 ml. of aleohol and slowly pouring the alcohol

(=)
pH

Ficure 1. PrecipiTATION OF COPPER, LEAD, AND ZINC
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being indicated by the absence of coloration in a final portion of
filtrate. The pH measurement was made upon the filtrate
before the addition of any wash water.

pH RANGE For PrecipiraTiOoN. The theoretical factor
0.3261 for zinc in Zn(C;Hs0,N) was used in calculating the
results which are presented in Figure 1, curve 3. As shown
by the curve, the precipitation of zinc salicylaldoximate is
complete only in the pH range 7.1 to 8.1. It is completely
soluble below pH 5.8 and above pH 9.7 if the pH is regulated
with ammonia.

Separation of Copper and Lead

Curves 1 and 2, Figure 1, reproduced from papers by Biefeld
and Howe (2) and Ligett and Biefeld (?), respectively, show
that the separation of copper from lead by precipitation with
salicylaldoxime may be effected easily by control of the pH.
The adjustment of the pH is usually made with aeetic acid.
Hydrogen ion is formed by the reaction between the metal
ion and the reagent, and if a considerable amount of copper is
present the hydrogen-ion concentration may be so increased
that precipitation of copper will be incomplete (2). The
simplest procedure is to buffer the solution with acetate ion.
However, this is not satisfactory if it is desired to determine
lead in the filtrate by precipitation with salicylaldoxime be-
cause the lead complex is appreciably soluble in acetate solu-
tions (6).

It was found that the correct pH could be readily attained
by the use of modified methyl orange as indicator. After
the addition of reagent to the solution of copper and lead,
one or two drops of indicator were added. Then the solution
was neutralized with ammonia, finishing with 0.5 M/ ammonia
added dropwise with stirring. After standing for a few min-
utes, the supernatant liquid again shows the acid color of the
indicator. This is due to the fact that the precipitation reac-
tion does not immediately reach equilibrium after neutrali-
zation and a small additional amount of hydrogen ion is
formed as the reaction goes to completion. It was unneces-
sary to bring the solution back to the neutral point again.

Separation of Lead and Zinc

Curve 2, Figure 1, is reproduced from a previous paper of
the authors (7). Together with curve 3, it indicates why a
separation of lead from zinc is possible in highly ammoniacal
solution, although considerably more ammonia is required to
prevent the precipitation of zinc with lead than would seem
to be necessary.

Attempts were made to precipitate zinc from the filtrate
after the separation of lead from zinc in highly ammoniacal
solution. Neutralization of the large excess of ammonia
present and the addition of salicylaldoxime did not result in
the precipitation of zinc salicylaldoximate. Evidently the
high concentration of ammonium salts present after neutrali-
zation of the ammonia acts to prevent the precipitation.

Removal of the excess ammonia in the filtrate by boiling
the solutions was attempted. Prolonged boiling resulted in
precipitation, but the precipitate formed was light brown in
color and gave results only approximating the amount of zine
known to be present.

In view of these negative results, it was concluded that
salicylaldoxime was not suitable for the determination of zinc
in the filtrate after the separation of lead from strongly am-
moniacal solution. However, the fact that the high concen-
tration of ammonium salts was so effective in preventing the
precipitation of zinc salicylaldoximate suggested an improve-
ment upon the previously presented method (7) of separating
lead and zinc. It seemed that a high concentration of am-
monium salts might make it possible to use a lower concen-
tration of ammonia when attempting to separate lead and zine

Vol. 14, No. 4

with salicylaldoxime. This would be desirable, because if
too much ammonia is present in this determination, an ap-
preciable amount of the lead is not precipitated, and if too
little ammonia is present, zinc salicylaldoximate coprecipi-
tates with the lead complex.

The purpose of the experiments outlined below was to
determine whether the permissible range of ammonia concen-
tration in the separation of lead from zinc might be widened
by the use of a high concentration of salts.

REAGENTS AND APPARATUS. Lead and zinc solutions were
Fregared from the corresponding reagent grade nitrates. The
ead solution was standardized by precipitation as the sulfate.
The same care with reagents, volumetric ware, and weights was
taken as in the precipitation of zinc salicylaldoximate, with the
added precaution that the ammonium nitrate used was tested
for insoluble matter.

PROCEDURE FOR SEPARATION. A 12-ml. portion of 1 per cent
salicylaldoxime was added to a solution containing 0.0398 gram
of lead and 0.0400 gram of zine. This is an excess of reagent
over that required for the precipitation of both'metals. Then
5 grams of ammonium nitrate were added, followed by varying
amounts of concentrated ammonia solution and water to make
65 ml. The precipitate was allowed to stand in contact with
the solution, with occasional stirring, for 1 hour. It was filtered,
washed with 20 per cent alcohol, and dried at 110° C. for 1 hour.
The amount of lead was calculated from the weight of pre-
cipitate, using the factor 0.6053 for lead in Pb(C;H;O,N). The
results’are given in Table I.

TaBLE I. SEPARATION OF LEAD AND ZINC
& (0.0398 gram of lead present)
Concd. NHa Precipitate Lead
Added Found Found E rror
M. Gram Gram Mg.
3.0 0.0659 0.0399 +0.1
3.5 0.0661 0.0400 +0.2
4.0 0.0656 0.0397 —0.1
5.0 0.0656 0.0397 —-0.1
5.0 0.0655 0.0397 —0.1
7.0 0.0658 0.0398 0.0
9.0 0.0655 - 0.0397 —=0.1
10.0 0.0657 0.0398 0.0

Discussion oF Resurrs. The data of Table I demon-
strate that a wide range of ammonia concentrations will suffice
to keep the zinc from precipitating and still permit complete
precipitation of lead salicylaldoximate, provided a large
amount of ammonium nitrate is present. In the absence of
ammonium nitrate, however, concentrations of ammonia
as low as those given are not adequate, and the permissible
range of ammonia concentration is much less.

The precipitate obtained in the presence of high concen-
trations of ammonium nitrate is very satisfactory with
respect to ease of handling. Freshly precipitated, it is gelati-
nous, but during a period of about 30 minutes it gradually
changes to a form which is easily filtered. The progressive
change is readily apparent when three or four separate solu-
tions are precipitated at intervals of a few minutes.

Separation of Copper, Lead, and Zinc

The procedure described is based upon the facts outlined
above, and is intended to be applicable to solutions containing
varying proportions of the three metals.

Sorurions. The copper solution was prepared from reagent
grade copper nitrate, and was standardized by electrodeposition
and by precipitation with salicylaldoxime. The lead and zinc
scl;lutions and the reagent solution were prepared as described
above.

PROCEDURE FOR ANALYSIS. Portions of the copper, lead, and
zine solutions were taken to give solutions with varying quantities
of each metal. A 30-ml. portion of 1 per cent salicylaldoxime
was added. The solutions were then made neutral to modifie
methyl orange by the dropwise addition of 0.5 A ammona
solution. The resulting precipitate and solution were allowed
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complex is easily obtained by

TaBLE II. DETERMINATION OF COPPER, LEAD, AND ZINC the use of modified methyl
= Copper = Lead = Zinc orange. The separation of
re- re- re- 4 : s
Metal cipitate Metal Metal cipitate Metal Metal cipitate Metal lead from zinc in hlghly am-
present found found Error present found found Error present found found Irror moniﬂcalsolutionisimproved
Gram Gram Gram My. Gram  Gram  Gram Mg. Gram Gram  Gram Mg by the addition of a large
0.0089 0.0471 0.0089 0.0  0.0597 0.0987 0.0597 0.0  0.0694 0.1896 0.0895 0.1 mmoni i
0.0089 0.0469 0.0089 0.0  0.0597 0.0986 0.0507 0.0  0.0604 0.1893 0.0694 0.0 amount of ammonium ni
0.0312 0.1649 8’83%% 8'? 8'8%33 8'83%8 8'8%’)3 +(o).(1) 8'8838 g.gsgg 8'8333 g.g trate. In the presence of a
0.0312 0.1645 0. — 0} : : .02 3 : .25 : : ; .
Com o cmm e e el omoh o com g Ge L e s
0.0223 0.1178 0.0223 : : E1¢ 0795 —0. ; . 06: § i 3
0.0446 0.2354 0.0446 0.0  0.0398 0.0656 0.0397 —0.1  0.0463 0.1259 0.0461 —0.2 momummt;ate,amde EonEO
0.0446 0.2356 0.0446 0.0  0.0398 0.0656 0.0397 —0.1  0.0463 0.1258 0.0461 —0.2 of ammonia concentration

may be used to prevent copre-

to stand 0.5 hour, filtered on a Gooch crucible, washed with 20
}%er cent alcohol, dried at 110° C., and weighed as Cu(C;HO:N),.

he factor for copper is 0.1893.

The filtrate was transferred to a beaker and 0.7 gram of am-
monium nitrate and 1.0 ml. of concentrated ammonia were added
for each 10 ml. of solution. This resulted in precipitation of
lead salicylaldoximate. After standing 1 hour, the precipitate
was filtered on a Gooch crucible, washed with 20 per cent alcohol,
dried at 110° C., and weighed as Pb(C;Hz0.N). The factor for
lead is 0.6053. g

Zinc was determined in the filtrate by precjf)itation and weigh-
ing as ZnNH,PO;. The results are given in Table II.

Summary

Zine salicylaldoximate begins to precipitate at pH 5.8, is
completely precipitated in the range 7.1 to 8.1, and is again
soluble above pH 9.7 if the pH is regulated with ammonia.

Copper, lead, and zinc in the same solution may be sepa-
rated with salicylaldoxime by precipitating the copper in
weakly acidic solution, filtering it off, and then making the
filtrate strongly ammoniacal to cause precipitation of the
lead complex. The correct pH for precipitation of the copper

cipitation of zinc salicylal-

doximate while still permit-
ting complete precipitation of the lead. Zinc cannot be
quantitatively precipitated as the salicylaldoximate in the
strongly ammoniacal filtrate from the lead separation.
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Color Reactions of Organic Nitrogen Compounds
with Selenious Acid-Sulfuric Acid Solution

BARTLETT T. DEWEY! AND ALBERT H. GELMAN, North Pacific College of Oregon, Portland, Ore.

ELENIOUS and selenic acids were proposed as reagents
for the identification of the opium alkaloids by Brandt
(1), Lafon (3), and Ferreira da Silva (2). Mecke (6) observed
the colors produced on the addition of a 0.5 per cent solution
of selenious acid in concentrated sulfuric acid to the opium
alkaloids, and recommended this solution as a reagent for the
identification of minute quantities of these compounds. Le-
vine (4) observed the color reactions of phenols and phenolic
ethers with selenious acid-sulfuric acid reagent. He stated
that the color production is a specific test for phenolic hy-
droxyl groups. The production of colored compounds he
attributed to the oxidizing action of selenious acid, a'nd he
stated that a red or red-brown precipitate accompanying or
following the primary color reaction is due to the reduction of
selenious acid with the liberation of elemental selenium. Le-
vine concluded that a positive reaction cannot be accepted
as indicative of the presence of the opium alkaloids unless
other phenolic compounds are absent.
The present work reports the color reactions of some Or-
ganic nitrogen compounds with selenious acid—sulfuric acid
solution. :

! Present address, 1704 Cascade Ave., Boulder, Colo.

Experimental

One milligram of the compound was placed on a spot plate and
a drop of a 0.5 per cent solution of selenious acid in concentrated
sulfuric acid was added. Chemicals used were Eastman grade
supplied by Eastman Kodak Co., Rochester, N. Y., and c. ».
quality of the Pfanstiehl Chemical Co., Waukegan, Ill. To de-
termine if the reaction is characteristic of the selenious acid re-
agpéxt, a similar test was carried out simultaneously with sulfuric
acid.

The color changes which took place during a 3-hour period
are recorded in Table I.

Some compounds produced the same color in the sulfuric
acid as in the selenious acid-sulfuric acid solution: benzidine,
o-bromoaniline, m-bromoaniline, p,p’-diaminodiphenylmeth-
ane, dibenzylamine, diphenylnitrosoamine, diphenylthio-
carbazone, methyl-o-toluidine, methyl-m-toluidine, methyl-
p-toluidine, p-nitroaniline, p-nitrosodiphenylamine, m-phenyl-
enediamine hydrochloride, and p-phenylenediamine.

The following compounds gave either a faint pink or no
color at all: allylthiourea, o-aminobenzoic acid, m-amino-
benzoic acid, p-aminobenzoic acid, dl-a-amino-a-methyl-
butyric acid, d-arginine monohydrochloride, asparagine, bar-
bituric acid, o-chloroaniline, p-chloroaniline, creatinine, I-



INDUSTRIAL AND ENGINEERING CHEMISTRY

Vol. 14, No. 4

362
Tasre 1.
Compound H:S04 H:SeO:—HaS04
o-Aminodiphenyl Pink Pale green
p-Aminodiphenyl Colorless Pink to dirty gray
4-Aminodiphenylamine HCl Purple to pale green Brown It.o red-brown to
purple
Aniline Yellow Yellow to pale blue
Benzeneazodiphenylamine Green to pink-purple Green to blue-black to
to purple _purple
p-Bromoaniline Colorless Pink
Carbanilide Colorless Yellow
m-Chloroaniline Pink Pink to brown
Cholesterol Pink Pink to brown
Cysteine HCI Colorless Yellow to pink

2,4-Diaminodiphenylamine

Rose-red to dark red
to brown to gray-

Rose-purple

een

Dibenzylaniline Colorless Rose-pinkto nlegurple
s-Dimethylcarbanilide Colorless Pale pink to lightbrown
Di-2-naphthylamine Yellow Brown ;
Di-p-phenetylurea Colorless Green to olive-green to

yellow to tan §
Diphenylamine Colorless Intense blue to dirty

green to brown
Diphenylbenszidine Colorless Blue
Diphenylcarbamine Cl Colorless Green to blue-green to

intense blue
s-Diphenylcarbazide Colorless Purple to blue to brown

s-Diphenylcarbazone
s-Diphenylethylenediamine
4,5-Diphenylglyoxalone
Diphenylpiperazine
1,4-Diphenylsemicarbazide

Rose-pink to red-
orange

Colorless

Salmon-pinktocolor-
ess

Colorless

Pale pink

to greenish brown

Dark blue to purple to
brown

Faint pink to pale yel-
low to brown

Pink to orange-brown
to brown

Yellow to yellowish
green to brown

Intense bluish purple
to dirty gray-green

CoLor CHANGES

Compound H:SOq H2SeQs:—H:S04
4,4-Diphenylsemicarbazide  Greenish brown to Intense blue to blue-
brown green

Diphenylthiocarbazide

Pink to blue-green to
red-orange

Purple to brown

s-Di-o-tolylthiourea Colorless Greenish yellow to yel-
ow
s-Di-p-tolylthiourea Colorless Greenish  yellow to
5 reen to red-orange
s-Di-o-tolylurea Colorless Colorless to pale yellow
s-Di-m-tolylurea Colorless Pale blue to faint yel-
lowish green
s-Di-p-tolylurea Colorless Falint blue to pale yel-
ow
Formyl diphenylamine Colorless Blue to gray
l-Leucine Colorless Purple to pink
Methyldiphenylamine Colorless Pinkish blue to purple
to rose-brown
Methylthiocarbanilide Colorless Yellow-green to orange
to purple
1-Naphthylamine Colorless Greenish brown to red-
dish brown
2-Naphthylamine Colorless Greenish yellow to yel-

4-Nitrodiphenylamine

Purple to blue to
blue-gray

lowish brown

Purple

to brown

cystine, diethylaniline, s-diethylcarbanilide, diiodotyrosine,
p-dimethylaminobenzaldehyde, dimethylaniline, diphenyl-
guanidine, di-o-tolylguanidine, ethylamine hydrobromide,
ethylenediamine, glycine, guanidine hydrochloride, hexa-
methyleneamine, hydroxylamine hydrochloride, dl-isoleucine,
methylaniline, morpholine, o-nitroaniline, m-nitroaniline, [-
oxyproline, phenobarbital, B-phenylalanine, phenylhydra-
zine, phenylurea, a-picoline, [-proline, isopropanolamine, py-
ridine, quinoline, dl-serine, sulfanilic acid, thiourea, tribenzyl-
amine, triethanolamine, triisopropanolamine, urea, and dl-
valine.

In general, compounds containing two or three aromatic
nuclei gave the most intense reactions. Colors could be
easily distinguished from those produced by the sulfuric acid
alone. Compounds containing one aromatic nucleus pro-
duced pale colors or none at all. Freshly distilled aniline
produced a pale blue color after 30 minutes’ contact with the
reagent. Aniline which remained for 3 hours in air after
distillation gave an intense blue color immediately upon the
addition of the reagent. Few aliphatic amines showed any
coloration except a pink or brown, which was probably due to
the precipitation of selenium.

The minimum amounts necessary to produce the charac-
teristic colors were determined for those compounds which
gave intense colors.

Solutions in ethanol, benzene, toluene, or chloroform were pre-
pared. Amounts of the solutions containing from 100 micro-
grams to 0.01 microgram of the compound were placed in porce-
lain evaporating dishes and the solvent was removed on a steam
bath. A few drops of selenious acid-sulfuric acid reagent were
added to each one and the dishes were rotated so that the reagent
flowed over the bottoms of the dishes.

The smallest quantities of the compounds which gave rec-
ognizable colors are recorded in Table II. Five compounds
were sensitive in amounts as small as 0.1 microgram. The
sensitivity of the test was only one one-hundredth as great when
the selenious acid-sulfuric acid solution was added to the eth-
anol or chloroform solutions of the compounds on a spot plate.
It was possible to detect as small amounts of the compounds
when the reagent was added to the benzene or toluene solu-
tions as when the solvent had been removed.

p-Nitrophenylhydrazine Yellow to yellow- Yellow to brown
reen
Phenylthiourea Co‘iorlcss Pale yellow
Thiocarbanilide Faint pink Greenish yellow to yel-
e g low-orange
Tolidine Faint pink Yellow
o-Toluidine HCI Colorless Yellow to brown to
blue-green to blue to
reddish brown
Toluidine HCI Colorless Greenish blue to brown
riphenylguanidine Colorless Pale blue to pale yellow
Tryptophan Faint yellow Yellowish brown
Tasre II. Minmum PropucrioN orF CoLor
Compound Limit in Micrograms
4-Aminodiphenylamine HCI 0.5
Benzeneazodiphenylamine 0.1
2,4-Diaminodiphenylamine 1.0
Di-2-Naphthylamine 0.1
Diphenylamine 10.0
Diphenylbenzidine 1.0
Diphenylcarbamine chloride 7.0
8- iBhenylcnrbnzide 1.0
4,5-Diphenylglyoxalone 0.5
Diphenylpiperazine 10.0
1,4-Diphenylsemicarbazide 0.1
4,4-Diphenylsemicarbazide 50.0
Diphenylthiocarbazide 0.1
Formyl diphenylamine 10.0
Methyldiphenylamine 10.0
Methylthiocarbanilide 30.0
4-Nitrodiphenylamine 0.1
Thiocarbanilide 1.0
Tolidine 2.0

Conclusions

Color production with selenious acid—sulfuric acid solution
is not a specific reaction of phenolic compounds. Many ni-
trogenous compounds—especially those containing two or
three aromatic nuclei—give intense color reactions with this
reagent.

The colors produced with selenious acid-sulfurie acid re-
agent provide a sensitive method for detecting and dis-
tinguishing between certain nitrogen compounds. The colors
produced by 1-naphthylamine, 2-naphthylamine, and di-2-
naphthylamine can be readily distinguished. Diphenylguani-
dine shows no color. Triphenylguanidine yields a pale but
definite blue which changes to yellow. Neither becomes col-
ored when treated with sulfuric acid alone.

The test with selenious acid-sulfuric acid reagent for the
presence of the opium alkaloids cannot be considered conclu-
sive unless interfering phenols and nitrogen compounds are
known to be absent.
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A Modified Micropipet

For Density Determinations in Heavy Water Analysis

FRED ROSEBURY AND W. E. VAN HEYNINGEN!
College of Physicians and Surgeons, Columbia University, New York, N. Y.

HE instrument here described is a modification of the

miropipet of Keston, Rittenberg, and Schoenheimer (3)
from which drops of water of highly uniform size are expelled
and measured for density by the falling-drop method of Bar-
bour and Hamilton (1), as adapted by Vogt and Hamilton
(4) and Fenber-Eriksen, Krogh, and Ussing (2).

Figure 1 shows the con-
struction of the instru-
ment. All parts are of
stainless steel or cold-
rolled steel unless other-
wise stated.

The screw, C, having
a pitch of 9.3 mm.
(0.037 inch), to which is
attached the Bakelite
knob, N, and the stop-
arm, I, is threaded into T
the upper cap, E, and i
presses upon the head of
the piston, H, the shank
of which is seated in the
hole in the platform, F.
The shank of H has a
diameter of 2.90 mm.
(0.114 inch) and the hole
i5 2.95 mm. (0.116 inch)
in  diameter (No. 32
drill). The pressure of
C is opposed by a thick
compression gasket, M, ;
of pure live gum rubber i
which fits snugly on H
and thereby also serves {
as a seal to the clearance
space between H and F.

he extension at the
bottom of F is turned as
shown to correspond to
the inside and outside
diameters of a short
length of glass tubing, R.
These diameters in the
authors’ instrument are,
respectively, 6.0 mm.
(0.237 inch) and 8.3 mm.
(0.327inch). Rissealed : :
to the capillary glass tubing, S, which has the same outside diam-
eter, and an inside diameter of not more than 2 mm. In order to pre-
clude air pockets, the glass and glass-metal joints must be smooth,
and the bottom of the hole in ¥ must be smoothly countersunk as
indicated. The end of H is turned conical for the same reason.
J is a piece of rubber pressure tubing or a rubber stopper with a
snug-fitting hole, and K and L are rubber gaskets having the di-
ameters, respectively, of the inside of the housing cylinder, 4,
and of the thread undercut at the bottom of the screw cap, B.
These gaskets are cemented together with rubber cement and are
provided with tight-fitting holes accurately centered forS. Bis
threaded to A and is knurled on the outside. The hole in B
through which S passes is 9.52 mm. (0.375 inch) in diameter.

The top plate, D, carries one or two movable stops, G, which in
use are held rigidly in place with the setscrews, 0. D and £ may
be integral or firmly attached together with the screws, P.
and E are held securely in their respective places within A by
means of the screws, Q. The upper cap is provided with a filler
hole, V7, which is protected from dust with the screw, W, from
which the threads gave been turned off. : K

The remainder of the pipet (Figure 2) consists of the stopcock,

, the reservoir, U, and the connecting rubber tubing. The en
of the capillary tubing, S, is drawn out to a smaller diameter.

Il'l]l'lllllll]ll
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MicropipET CONSTRUC-
TION

Fi1Gure 1.

! Present address, Cambridge University, England.
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U when not in use is hung on a hook which is carried on the
bracket, X. This bracket also carries an adjustable clamp, ¥,
to which S is attached and is in turn carried on any smoothly op-
erating rack-and-pinion device, Z, with a vertical travel of about
10 em. (4 inches), and which is rigid enough to carry the weight of
the pipet when it is filled with mercury. (The authors use the
modified head and spindle of a No. 620 Delta drill press, in which
the two ball-bearing assemblies are replaced by solid bearings
each carrying a setscrew which engages the keyway in the upper
end of the spindle, thus preventing rotation of the spindle but per-
mitting the normal vertical motion.)

In assembling and setting up the instrument for use, the
following procedure is suggested:

All parts should be carefully cleaned before assembly. F
(Figure 1) is first screwed in place in A. The glass system is
passed through B and rubber gaskets L and K, inserted in J,
and then cemented to the platform extension with de Khotinsky
or other suitable cement. J isslid over the joint and B is brought
up and screwed tight. Mercury is then poured into U (Figure
2), stopcock 7T is opened, and the mercury is allowed to flow into
both branches of the capillary. When the mercury has risen so
as slightly to overflow the hole in F, the stopcock is closed, H
carrying the gum rubber compression gasket is inserted, E carry-
ing plate D is fastened in place with screws @, and the main
serew with knob A is screwed in and brought down, so as to press
firmly but not too heavily upon the head of the piston. A little
experimenting will determine the proper pressure.

Petroleum jelly should be applied sparingly to the thread and
to the rounded end of C before assembling. Additional mercury
is introduced through V until it can just be seen at the bottom of
the hole, and W is then inserted. Since H and M are in place,
this mercury runs down through holes Fk to fill the lower com-

artment, but has no connection with that in the capillary; its
unction is to prevent leaks at the two joints. Stops G are put
in place on D, only one stop being used when maximum drog. size
is required.

FIGURE 2. DiAGrAM OF PrpET
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In operation, C is first backed off around to the stop, U is held
at a high level, and with the drawn-out end of S dipping into the
vessel containing the sample to be measured, 7' is opened, allow-
ing a drop or two of mercury to run out. The reservoir is then
brought to a lower level, thus drawing some of the sample into
the end of the pipet, the stopcock is closed, and the sample vessel
isremoved. The end of the pipet is cleaned with hard filter paper
and then lowered with the rack and pinion, so that the end of the
cagillary dips into the cylinder containing immiscible fluid having
a density slightly less than that of water (3) and maintained at
constant temperature in a water bath (Figure 2). N is then
turned down against the stop, thus expelling a drop of the sample,
the volume of which is determined by the formula:

A
Vi = xriP s
wP360

Vol. 14, No. 4

in which V is the volume, r the radius of piston shank H, P the
itch of screw C, and A the angle in degrees through which C has
een turned. The pipet is then raised and as the end of S passes
throuﬁh the surface of the fluid in the cylinder the drop is de-
tached and its rate of fall between two marks is determined with
a stop watch
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Photometric Determination of Copper and
Iron in Distilled Liquors

LOUIS GERBER, RALPH I. CLAASSEN, AND C. S. BORUFF, Hiram Walker and Sons, Inc., Peoria, Ill.

OPPER and iron are so frequently estimated in biologi-

cal experimentation that a number of methods and
reagents for their determination have been described. In
view of the low concentrations of copper and iron found in
alcoholic liquors, the colorimetric procedures only were con-
sidered.

The merits of sodium diethyldithiocarbamate as a color reagent
for copper have been established by Conn and co-workers (3),
Coulson (4), and Parker and Griffin (11). Drabkin (5) usiny%a
sgectrophotometer in his ecritical study of the color proéuced Y
the diethyldithiocarbamates of copger, nickel, cobalt, and bis-
muth, reported fair agreement with Beer’s law for copper concen-
trations in the range 0.02 to 0.1 mg. in 10 ml. of isocamyl acetate as
extraction solvent. Iron in biological materials has been deter-
mined colorimetrically with 2,2’-bipyridine as the color reagent
by Hill (9), Jackson (10), and others. Not recommended in the
report of Harrison (8) is the application of the reagent to the
estimation of iron in beer described by Gray and Stone (6).
However, the success of Parker and Griffin (11) with the above
reagents in the determination of iron and copper in the same sam-
ple of plant extract prompted the application of their method to
distilled liquors.

Both copper and iron form yellow carbamate complexes soluble
in isoamyl alcohol. Parker and Griffin (11) converted the iron
into non-ionized ferrous bipyridine, which is insoluble in isoamyl
alcohol, thus permitting the quantitative separation of the copper.
As recommended by Campbell and Dauphinee (2), the iron was
ﬁfst.reduced to the ferrous form by means of p-hydroxyphenyl-
glycine.

Preliminary tests indicated no advantage in the use of iso-
amyl acetate or bromobenzene in the extraction of the copper
carbamate under the experimental conditions involved.
Hence, all extractions were made with isoamyl alcohol. In
the scheme of separation of cations as applied to the ash of
distilled liquors, the copper and iron are precipitated with
lead and tin from ammoniacal solution by hydrogen sulfide.
In this manner possible interference of calcium is removed;
no other interfering metal is present in the copper-iron frac-
tion. The use of a small excess of the carbamate reagent
serves to overcome any effects of calcium when the method is
applied directly to freshly distilled whisky.

Reagents

Water redistilled in Pyrex glass apparatus was used for all
solutions and dilutions. Reagent grade chemicals must be used
wherever obtainable.

2,2’-BrpYRIDINE. Dissolve 0.2 gram of 2,2’-bipyridine (also
marketed as a,a’-dipyridyl) in 100 ml. of 10 per cent acetic acid.

In a few hours the solution turns pink, but this coloration does not
interfere with its use.

SopruM DIETHYLDITHIOCARBAMATE.,
salt in 100 ml. of water.

p-HYDROXYPHENYLGLYCINE. 0.1 gram dissolved in 100 ml. of
0.4 N sulfuric acid. This solution must be freshly prepared the
day it is used.

AMMONIUM ACETATE.
7¥{ggams of ammonium acetate per liter of solution.

Dissolve 1 gram of the

Prepare a normal solution by dissolving
Adjust to

Stanparp CoppeEr SorutioN. Weigh accurately 0.2000 gram
of c¢. p. copper wire and dissolve in 15 ml. of nitric acid (1 + 4),
warming to complete solution. Expel fumes by boiling and,
when cool, dilute to 200.ml. An intermediate standard contain-
ing 0.1 mg. ﬁer ml. is prepared by a tenfold dilution of the first
solution. The working standard containing 1 microgram per ml.
(1 p. p. m.), prepared just before use, is made by diluting 10 ml. of
the intermediate standard to 1 liter.

STanpARD IRON SorurioN. Weigh 0.2000 gram of pure iron
wire or electrolytic iron accurately, dissolve in about 10 ml. of 10
per cent sulfuric acid, and dilute to 200 ml. Further dilutions
are made as described for copper.

Leap NiTtraTe SovrurioN. Dissolve 1.6 grams of reagent
grade lead nitrate in water to make 1 liter of solution.

Effect of pH on In-
tensity and Stability
of Color

Color development, char-
acteristics, and stability
were investigated using 8
Coleman Universal spec-
trophotometer, single mono-
chromator type, with band
width of 35 mp.

To establish the influence
of pH on the color 1 ml. of
13 l L 1 the intermediate standard

400 500 600 (containing 0.1 mg.) of iron
WAVE LENGTH in MILLIMICRONS was diluted to about 50 ml.
with water, and 1 ml. of the
p-hydroxyphenylglycine solu-
tion and 2 ml. of 2,2’-bipy-
ridine reagent were added.
The solution was adjusted 0
the desired pH, as measur
with a glass electrode, by the
addition of ammonium hy-
droxide and transferre
a 100-ml. volumetric |
The solution was diluted

00 itk o iR 2 O
-

PERCENT TRANSMITTANCE
7

FIGURE 1. INFLUENCE OF

REAGENTS ON TRANSMIT-

TANCE CURVE OF IrRoN BiI-
PYRIDINE

1 p. p. m. of iron
Iron extracted with isoamyl
alcohol
Iron ?lus carbamate plus iso-
amyl alcohol extraction
Iron plus 1 p. p. m. of copper
plus all reagents
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to the mark and mixed thoroughly. A blank was prepared from
all reagents used with exclusion of the standard iron solution.
The pink colored solution was read in the spectrophotometer
against the blank. :

Table I shows that the color is not so stable in the solutions
at higher pH. Transmittances greater than 90 per cent do
not accurately represent color intensity; hence, these values
are approximations. The effect of reaction on the copper
carbamate color was followed by adjusting to the desired pH
1 ml. of the intermediate standard solution (100 p. p. m.) pre-
viously diluted and treated with 1 ml. of the carbamate re-
agent, diluting to 100 ml., and extracting a 25-ml. portion with
10 ml. of isoamyl alcohol. The data of Table II reveal no
significant differences in stability within the range pH 5 to 12.

TABLE I. TRANSMITTANCE OF AQUEOUS SOLUTIONS OF FERROUS
BrpyripiNE AT WAVE LENGTH 500 mp
Time after pH 5 pH 6 pH 7 pH 8 pH 9
Mixing Transmittance——————=~
Min., % % % % %
10 81 80 84 83 82
60 81 79 88 90 969
120 81 79 90 948 98¢

@ Faint pink coloration visible.

TaBLE II. TRANSMITTANCE OF ISOAMYL ALCOHOL SOLUTIONS OF
CorPPER DIETHYLDITHIOCARBAMATE AT WAVE LENGTH 450 mpu
Time after pH 5 pH 6 pH 7 pH 8 pH 9 pH 12
Mixing Transmittance
Min. % % % ' % % %
20 33 35 39 35 33 31
120 33 35 39 35 328 318
240 34 34 39 35 33 32

@ Slight turbidity, removed by centrifuging.

Effect of Reagents on Color Development

Inasmuch as the complexes for iron and copper were de-
veloped simultaneously in the same solution, it was necessary
to know what influence the reagents exerted on the color de-
velopment of these complexes. From the data previously
obtained it was decided to buffer the solution at pH 6. Two
reference spectral transmittance curves were prepared from
standard solutions of copper and iron containing 1 microgram
per ml. (curve 1, Figure 1, and curve 1, Figure 2). Extrac-
tion with isoamyl alcohol of the aqueous solution containing
the colored iron complex decreased the transmittance at 500
my 10 per cent (curve 2, Figure 1). Addition of the carbam-
ate reagent, with or without the presence of copper, had
very little influence on the transmittance of the extracted
aqueous solution at 500 mu (curves 3 and 4, Figure 1). Curve
2 in Figure 2 reveals that the 2,2’-bipyridine does not influ-
ence the transmittance of the isoamyl alcohol solution of the
copper complex; but from curve 4, same figure, it is evident
that the presence of iron in an amount equal to or more than
that of the copper interferes with full color development. The
addition of a fivefold excess of carbamate reagent relieves the
competition of the copper and iron, curve 5, without ip any
way influencing the transmittance of the reference solution as
shown in curve 3. It is apparent that it is essential to have all
reagents used in the actual determination present in the
preparation of the standard curves of reference.

Preparation of Standard Reference Curves

The standard reference curves for copper _and iron were
prepared, utilizing the information obtained in the prelimi-
nary tests.
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100, Copper standards varying
in content from 2 to 100 mi-
crograms in 20 ml. of solu-
tion (corresponding to 0.1 to
5 p. p. m.) were treated in
the order given with 1 ml. of
p-hydroxyphenylglycine solu-
60— tion, 2 ml. of 2,2’-bipyridine
solution, 4 drops of concen-
4 trated ammonium hydroxide,
% . 5 ml. of N ammonium ace-
40—
5
0 | | |
400 500 600

tate solution, and 1 ml. of
WAVE LENGTH in MILLIMICRONS

80—

carbamate reagent. Each
standard was then extracted
in| a separatory funnel with
15 ml. of isoamyl alcohol.
This volume of isoamyl alco-
hol was found sufficient to
remove in one extraction all
the carbamate complex
formed by 100 micrograms of
copper. The yellow alcohol
layer was cleared by a short
centrifugation at about 2000
r. p. m. and read in the spec-
trophotometer against a
blank solution incorporating
all reagents and steps except
for the copper solution. The
standards for iron varied
from 2 to 100 micrograms in
20 ml. of solution and were
treated in the same manner
as the copper standards.
Readings were made on the
aqueous layer following a short centrifuging. Above concentra-
tions of 60 micrograms in 20 ml. the bipyridine solution became
the limiting factor for color development and it was necessary
to increase the strength of the color reagent to accommodate
all of the iron present.

PERCENT TRANSMITTANCE

FIGURE 2. INFLUENCE OF

REAGENTS ON TRANSMIT-

TANCE CurveE orF COPPER

CARBAMATE IN  IsoAMYL
ALCOHOL

1. e 1 p. p. m. of copper plus
carbamate

2. O 1 p. p. m.of copper plus all
reagents

3. X 1 p.p.m. of copper plus ex-

cess carbamate

4, @1 p. p. m. of coner plus

1 p. p. m. of iron plus all reagents

5. O 1 p. p. m. of copper plus

1 p. p. m. of iron plus excess
carbamate

The transmittance-concentration curves are given in Figure
3 for wave length 500 mpu for iron and wave length 450 mu
for copper. From the relationship between optical density,
D, and transmittance, 7', expressed and defined by Ashley

(1) the equation Dy = log ;—, = K, clmay be derived. When

¢ is expressed in moles per liter and [ in centimeters, Ky be-
comes the molecular extinction coefficient and may be calcu-

lated from the expression Ky = —Dc{f Preference is given to

this form of the Bouguer-Beer equation, as the value for D
may be read directly from the spectrophotometer used. In
Figure 3 the optical density is plotted against the concentra-

: 2
4”0
80 ==~ Z>FERROUS BIPYRIDINE |,
) 500 mp i
|9
z
= 60| 3
3 T vs. CONC.—— =
Z Dvs CONC—— 3
lf40 § 10
_ | COPPER CARBAMATE in o
& ISOAMYL ALCOHOL #=7 450mp
Uoo e ke
oL ’,,f’
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_,0"
Ole® o
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. CONCENTRATION MICROGRAMS in 20ML. SOLUTION

F1GURE 3. TRANSMITTANCE CONCENTRATION CURVE FOR FER-
RrOUS BIPYRIDINE AND CoOPPER DIETHYLDITHIOCARBAMATE IN
IsoamyL ALcoHOL
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tion for each of the metals. For the copper solutions Beer’s
law is obeyed in the range 2 to 60 micrograms per 20 ml. of
solution (0.1 to 3 p. p. m.), whereas for the iron solutions the
law holds less exactly over the range 20 to 100 micrograms
per 20 ml. of solution (1 to 4 p. p. m.).

= [ IRON BPYRIDINE in AQUEOUS SOLUTION
Yoo4
2o,
T 500mu >
EOO’
& 1 2 3 4
»~
T | COPPER DIETHYLDITHOCARBAMATERISOAMYL AJCOHOL
02 | CALCULATED FROM DATA OF DRABKIN (3
=z
5 4SOmN
Eo. .
6-1 2 4 .6 8 10
v
Z 0.2 | COPPER DIETHYLDITHIOCARBAMATE in ISOAMYL ALCOHOL
= o—O=—"L"—y TANE
LZ) 450 mp
<011
0.5 1.0 1.5 20 2.5 30

CONCENTRATION MICROGRAMS  PER  ML.

Ficure 4. ExtiNcTioN COEFFICIENTS FOR COPPER AND IRON
COMPLEXES

Under the conditions imposed and the concentrations used
the procedure is much more satisfactory for copper than for
iron. This is apparent from the values for the extinction co-
efficients shown in Figure 4 as calculated for a concentration
of 1 microgram per ml. and cell depth of 1 cm. For compari-
son, the data of Drabkin (5) for wave length 480 mu ob-
tained by precise visual spectrophotometry have been con-
verted to the same basis. For copper diethyldithiocarbam-
ate in isoamyl alcohol there is apparently closer concordance
with Beer’s law at concentrations of 3 micrograms per ml. and
less. Best agreement with Beer’s law—that is, the optimum
range for iron—is at concentrations of 40 to 80 micrograms
per 20 ml.

Application to Distilled Liquors

Freshly distilled whisky, called “high wine”, is clear, color-
less, and ranges in alcohol content from 100 to 160 proof.
When the reagents were added directly to this material two
objections became manifest: (1) the isoamyl alcohol layer was
diluted about 50 per cent, and (2) the aqueous layer became
turbid. Both objections were overcome by diluting the origi-
nal whisky (high wine) sample to 50 proof (25 per cent) or
less. A disadvantage of this dilution is the reduction of the
concentration of the copper and iron, particularly of the lat-
ter, to a point where poor color intensities may result. The
added step of evaporating the original whisky sample to small
volume on the steam bath to remove most of the alcohol, with
subsequent dilution to any desired volume with redistilled
water, repays the effort involved. Aged whiskies possessing
a variety of shades of brown cannot be tested directly
but must be ashed.

The sample, which may be as small as 100 ml., is transferred to
a platinum dish and evaporated to dryness on the steam bath.
The residue is ignited in a muffle furnace held at a barely per-
ceptible redness. In about 30 minutes the residue assumes the
form of a gray gossamer, which is taken up with 1 ml. of concen-
trated hy%rochloric acici, warmed a few minutes on the steam
bath, and transferred with redistilled water to a 25-ml. volu-

Vol. 14, No. 4

metric flask. Of the solution 20 ml. are transferred to a separa-
tory funnel and treated with the reagents as described above for
the reference standards. The yellow isoamyl alcohol solution
obtained is read against the alcohol layer from a blank carried
through at the same time, and the pink aqueous layer is read
against the corresponding layer of the blank. Concentrations

may be calculated from the equation K, = % or read directly

from the standard curve of reference.

As there are no interfering ions present in the ash of the
freshly distilled or aged whisky, copper and iron may be de-
termined directly on the solution thus obtained. When other
metals such as calcium and magnesium are also to be deter-
mined, a preliminary separation is effected by precipitation
of the copper and iron from ammoniacal solution with hydro-
gen sulfide. When this separation is to be carried out 5 mg. of
lead are added as a gatherer before precipitation, as recom-
mended by Greenleaf (7).

Copper and iron may be determined simultaneously in de-
gassed but otherwise untreated beer by the direct method
described above. Gray and Stone (6) utilized 2,2’-bipyri-
dine in a direct procedure for beer, making visual comparison
with permanent iron standards in a block comparator. The
usual advantages are found in the use of the spectrophotom-
eter.

Twenty milliliters of the degassed beer in a 50-ml. Erlenmeyer
flask were treated with the reagents as above and placed in a
water bath at 70° C. for 30 minutes. The solution was allowed
to cool and transferred to a separatory funnel with 5 ml. of water.
Copper carbamate was extracted with 15 ml. of isoamyl alcohol and
clarified by centrifuging. .The colors were read in the spectro-
photometer against the alcohol and aqueous layers of beer not
sull)jected to the reagents but diluted with water to the proper
volume.

The analytical data for a few representative samples are
given in Table III.

TasLe III. CoprpPeR AND IRON CONTENT OF DISTILLED LIQUORS

AND BEER
Sample Iron Added Iron Found Copper Added Copper Found
Pipams P.p.m. P.p. m. P. p. m.
High wine D@ None 0:2 None 0.62
Da 1 1.08 1 1.67
Dea 2 2.10 2 2.70
Db None 0.2 None 0.60
Db 1 1.05 1 1.57
Whisky Re None 0.5 None 1.76
" Be None 0.2 None 0.82
Beer Ld None 0.38 None 4.2
La 1 1,42 1 5.1

@ Alcohol removed by evaporation.

b Alcohol concentration reduced by dilution,
¢ Ashed sample.

d Sample degassed only.
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SARGENT HIGH SPEED "Enclosed Head"
MICRO AND SEMI MICRO CENTRIFUGES

There are no externally movmg parts and
therefore no possibility for injury from acci-
dental contact with an exposed, revolving head.
The head is completely enclosed in a lxghtwe:ght
cast metal housing having walls 14" thick.

Centrifuges of this design are available in
models taking shields to accommodate glassware
ranging from 0.5 ml to 5 ml centrifuge tubes
or 4 x Y inch test tubes. Speeds range from
3300 to 4400 r.p.m. depending on current and
tube and shield combinations.

These centrifuges are stable and free of vi-
bration. They are equipped with *on” and
“off” switch, cover and three rubber feet to
prevent creeping. All models are for operation
from 115 volt A.C. or D.C. circuits.

$-46800 Micro Centrifuge—High Speed, An-
gle Head, Four Place, Sargent. Complete with
four place angle head, 4 shields with rubber
cushions to take 0.5, 1 and 2 ml standard cen-
trifuge tubes S- 17865, safety switch and cover
but without glassware............cccoieiiiiin $28.50

$-46801 Semi-Micro Centrifuge—High Speed,
Angle Head, Four Place, Sargent. Complete with
four place head, 4 shields with rubber cushions
to take standard 3 ml centrifuge tubes S-17865,
or 10x75 mm test tubes S-79515, safety switch
and cover, but without glassware......... $28.70

5-46797 Semi-Micro Centrifuge — Complete
with four place conical head, 4 shields with
rubber cushions to take 4 x 14 inch test tubes
or 5 ml conical centrifuge tubes, cord and plug,
but without glassware or adapters........ $34.00

S-46808 Adapter—Used with No. 46797 semi-
micro centrifuge to take No. 46802 shield
which accommodates 0.5, 1, and 2 ml centri-
fuge tubes and No. 46803 shield for 3 ml
centrifuge tubes and 10 x 75 mm test tubes.

Each st i e e e $0.25

$-46802 Micro Shield—For 0.5, 1 and 2 ml
centrifuge tubes ...... R I s $0.55

§$-46803 Shield—For 3 ml centrifuge tubes
and 10 x 75 mm test tubes. Each........ $0.60

E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, Ill.

A DL
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CENCO PRESSOVAC 4 PUMP

Large free air displacement . . . 34 liters per minute ® Tested to attain a
vacuum of 0.1 mm or less . . . test data show all pumps produced so far attain
much lower pressures ¢ When compressed air is required . . . this pump will
satisfy the need . . . 10 lbs per square inch. May be used to circulate or col-
lect gases . . . fumes from distillations may be conducted to vents e These
features are of value to the chemist . . . and at a price lower than ever before ®
Specify No. 90510A for 115 volts 60 cycle current.

TRARE MARK
SCIENTIFIC CENG) LABORATORY
INSTRUMENTS R\ APPARATUS
New York ® Boston ®* CHICAGO ¢ Toronto ® San Francisco

1700 IRVING PARK ROAD, CHICAGO, ILL.




A GUARANTY OF QUALITY

Chemical experience of many years has enabled
Merck & Co. Inc. to plan, design and equip the
new Merck Analytical Laboratories, wherein
rigid and constant control is exercised over
more than 1,500 products bearing the Merck
label. The extensive facilities for precision anal-
yses and testing include not only chemical
methods, but physical and optical procedures
as well. Because of these modern control facili-
ties, thousands of industrial chemists, students,
and research workers use Merck Laboratory
Chemicals with complete confidence in their
purity and uniformity.

ANALYTICAL EDITION

"A PLEDGE OF SERVICE

Although the Merck factories are now operat-
ing on a 24-hour day, 7-day week schedule in
order to supply the needs of our armed forces
and civilian population, it may not always be
possible to supply you immediately with your
complete requirements of Merck Chemicals.
But in spite of the difficulties which confront us,
we shall continue to do everything possible to
serve our customers to the limit of our ability.
In facing the vital task at hand, it is our hope
that we may continue to have the understand-
ing cooperation of our customers, which has
helped us immeasurably in our efforts to serve
them.

FOR VICTORY—Buy Defense Savings Bonds and Stamps

13

MERCK & CO. Inc. Manufbcturing Chemists RAHWAY, N. J.

New York . Philadelphia - St. Louis - In Canada: MERCK & CO. Ltd., Montreal and Toronto
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W THAT DEFENSE | [ =

NO LaMOTTE CHEMICAL

DEMANDS EFFIENCY TG Gl

N e3k

INDUSTRIAL

LABORATORY TABLE 6610 LAMOTTE POMEROY

: ; SULFIDE TESTING SET
Many of the nation’s industrials who
find defense work necessitates expan- This outfit was developed for the accurate deter-

sion have marvelled at the difference mination of Total Sulfides, Dissolved Sulfides,
between Peterson furniture and the and Free Hydrogen Sulfide in Air and Gases.

® The methods of testing employed are those of

?ﬁ’etrahge tk];le marke}: aﬁotrd§ t1 6 £ atrﬁd Write for Dr. Richard Pomeroy, with whose cooperation

attnastbeen ascuaracieristic oL ke o o e oN'S the apparatus has been developed. Outfit comes

Peterson line from its very beginning Fumiture Catalog. complete with necessary reagents, pipettes, glass-
. . over five decades ago. Our ex- ~ ware and full instructions.

perts who are well versed in today's
laboratory techniques and require-

ments are at your command for dis- LAMOTTE

cussion and counsel.
CHEMICAL PRODUCTS CO.

L E 0 "A R n P E T E R s 0 N & c o.’ Inc. Originators of Practical Application of pH Control

Dept. F Towson, Baltimore, Md.
1222-34 FULLERTON AVE. CHICAGO, U.s. A. [ i N 2 .

Write for further information

Now Available

ASBESTOS
GOOCH FILTRATION

For Immediate Delivery

AMERICAN QUALITY- Worldwide standard

In stock, for immediate shipment, a supply of
Unwashed Asbestos Filter Fibre, suitable for
Gooch Filtration. Wherever Gooch Asbestos
Filter Fibre is used, this asbestos can very
easily be washed or ignited, and will answer
every need.

Found by Industrial Chemists to meet all re-
quirements, this Asbestos is the best available
at the present time. It is now being used in
larger Petroleum Testing Laboratories, Flour
Testing Laboratories and Ordnance Plants in
place of Italian or Powminco fibre, which is not
obtainable today.

WHILE THE SUPPLY LASTS

s49'9 per Ib.

Order Your Requirements Today

5

A. DAIGGER & CO. ‘Coons POEI.AINCOMPANY

Laboratory Apparatus and Reagents .
159 West Kinzie Street Chicago, Ill.

GOLDEN, COLORADO
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GLOBE STEEL TUBES

In their new laboratories the Globe Steel Tubes Co. have
installed a Hevi Duty Six Station Electric Hot Plate for
chemical analysis ... These compact muliiple stations
allow for saving of space and convenience of operation.

Send for Bulletin HD-835

CTRIC
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HUPPERT
LABORATORY
FURNACES

Accurate— Sturdy
Outstanding Values

Model illustrated

54125

,4 COMPLETE
Three heat ranges. High, 900°-1500° F. Medium,
400°-900° F. Low, 0°-400° F. Large, accurate

Pyrometer aids in definite temperature control and in
securing exact duplication of results.

Interior dimensions, 414" x 3%" x 414". Overall
dimensions, 8” x 11” x 11”. Operates on 110 volts,
A.C, orD. C.

Huppert Furnaces are ruggedly built for heavy duty
service, with stainless steel housing and with no ex-
posed contacts. Prices range from $24.75 to $157.50
with standard heat ranges up to 2500° F. (Special
voltages, dimensions or temperature ranges to order.)

WRITE FOR FREE CATALOG

KHHUPPERT

156 W. Walton Place dhicago, 1L

Vol. 14, No. 4

Now! A
it

oY
HOMOGENIZER!

... Ideal for

Experimental Batches

No emulsion-failures with the
Hand Homogenizer—no time
wasted re-doing — provided the ingredient ratio
is sound. One easy stroke of the hand-lever
applies pressure up to 600 lbs.; instantly ejects
a jet of completely emulsified liquid. Provides
permanent suspension. Note in photos at left,
fine degree of dispersion secured (above) com-

pared with coarseness of same mixture emulsi-
Above—with Hand Homogenizer fied with mortar and pestle (below). Hun-
Below—with moriar and pestle dreds of laboratories find the Hand Homo-
genizer an invaluable convenience and time-
saver. Portable, easy to operate and clean,
strongly built of molded aluminum, with stain-
less steel piston. 10!/ in. high, 12 oz. bowl.
Only $6.50 complete — order direct or from your
laboratory supply house (satisfaction guaran-
teed)—or write for further details.

International Emulsifiers, Inc.
Dept. C-21, 2409 Surrey Court, Chicago, Il

HAND HOMOGENIZER,

PIPETTING MADE
EASY—AND SAFE!

The CAULFIELD PIPETTOR is supplanting the ages-old
method of mouth-pipetting. It provides a clean, sanitary and
safe technique. The PIPETTOR is used with any size pipette.
The entire length of pipette is clearly visible when
drawing up and measuring off. Light-weightand
convenient to hold, a three year laboratory test
has proved the PIPETTOR’S
efficiency.

ACCURATE!
SANITARY !
SAFE!

The CAULFIELD PIPETTOR is
in use in leading laboratories.
Chemists find “the modern way of
pipetting’”’ highly satisfactory.
Write today for information.
Coast  distributors — BRAUN-

KNECHT -HEIMANN-CO., San

PIPETTOR

Francisco, Calif,

THE
CAULFIELD

Manufactured by

THE CAMPBELL CCMPANY
3 Egg Harbor Road Hammonton, N. J.

LUMETRON

Photoelectric COLORIMETERand FLUORESCENCE METER

A high precision instrument of unusual
flexibility for all tests involving. ..

TRANSMISSION
FLUORESCENCE
TURBIDITY

U. V. ABSORPTION

Mod. 402EF for determination of Vit. Bt and Bz

Also

Portable Colorimeters  Electronic Photometer for Vit. A
Reflection Meters Electronic Small-Spot Photometer
Barrier-Layer Photocells Electronic Interval Timers

PHOTOVOLT CORP.

95 Madison Ave. New York City

—
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Colorimetric Determination of Nitrate

REAGENT— B-Methylumbelliferone

METHOD — Colorimetric

REFERENCE— Vasil’ev and Dukhinova, Zavodskaya Lab. 10, 35 (1941)

lemon-yellow color proportional to the nitrate that is present is

obtained when B-methylumbelliferone is reacted with an ammoniacal
solution of nitrate. The characteristic color is stable; the addition of
safranin changes it to a stable yellow-pink, which facilitates visual
evaluation. By use of a Dubosq colorimeter, analysis of up to 0.05
gamma nitrate may be made in 15 minutes, with an accuracy of =+ 19.
The reagent is available in a highly purified grade, as Eastman 2086
B-Methylumbelliferone, M P 185-186°—100 grams, $5.

Write for an abstract of the article in which the determination

of nitrate, with B-methylumbelliferone, is described. . . . Eastman
Kodak Company, Chemical Sales Division, Rochester, N. Y.

There are more than 3400

EASTMAN ORGANIC CHEMICALS

A DIRECT-PRESSURE PIRANI GAUGE

he Distillation Products Pirani Gauge, Type PG-I, is an
instrument specially designed for use in testing and
forepressure measurements of chemical or physical
vacuum systems. It has two direct-pressure scales,
ranging from 0 to 20 microns and from 0 to .75 milli-

Distillation Products Pirani Gauge, Type PG-I

meter; thus, no conversion is required. T'wo carefully
matched Pirani tubes compensate for temperature
differences. The gauge operates directly on a 115-volt
alternating current line; no accessories are needed.

An optional model, T'ype PG-12, is available, that
is provided with two pairs of matched tubes and a
switching arrangement.

Other Vacuum Equipment and Materials

IONIZATION GAUGES that will accurately measure
the lowest pressures attainable.

CYCLIC MOLECULAR STILLS of 50-, 500-, and 1000-cc.
capacities . . . available under license.

DIFFUSION PUMPS capable of speeds up to 1000 I/s.
... that will produce pressures as low as 10-8 mm.
PUMPING FLUIDS of extremely low vapor pressures . . .
of exceptionally rugged stability.

VACUUM GREASES of different textures . . . for rubber
gaskets and for stopcocks.

Further information will be furnished promptly upon request

DD

DISTILLATION PRODUCTS, INC.

Jointly owned by EASTMAN KODAK COMPANY and GENERAL MILLS, INC.

ROCHESTER, N. Y.
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<[> C(ONSTANT TEMPERATURE EQUIPMENT—

v BATHS . . . General or special purpose for water or oil. Adjustable to r""' e S e )
temperatures from —30 t0 200° C. Constant to as close as #0.005° C.  With ;
or without built-in refrigeration.

v CABINETS . . . For drying, incubation, etc. with very close temperature
2 { g, 1t ]
control. Humidity control to suit requirements.

+w THERMOREGULATORS . . . Sensitive, reliable and adjustable bi-
metal and mercury types for holding the temperature of air or liquid baths
to precise limits.

Y SUPERSENSITIVE RELAYS . . . A complete line of reliable types

for controlling heater loads.

% LoLAG IMMERSION HEATERS . . . Flexible and pipe-fitting
(bayonet) immersion heaters featured by the well-known Aminco LoLag
construction and flexibility of application. Copper, steel or monel metal
sheaths. Ideal for constant temperature work. Improved open-coil heaters
for lasting service in electrically heated ovens, etc.

L A M (s S |

Y MOTOR-DRIVEN STIRRERS . . . Inexpensive, powerful, quiet and
long-lived types for every stirring need. Illustralion shows one type of Aminco
constanl temperalure waler or oil bath,
% MOTOR-DRIVEN PUMPS . . . for heads up to 6 ft . . . husky, with or withoul buill-in refrigeration and
dependable, long-lived centrifugal type for continuous operation . . . ideal for with or without shaking mechanism for a

wide range of operaling lemperalures,
with temperalures conslant lo as close as
+0.005° C. :

circulating liquids in or through constant temperature and other apparatus.. . .
various types of mountings to suit conditions.

% Fully described in Catalog P41

Incubators, Fermentometers for Vitamin Assay and Control, and
Manometric Apparatus for Micro Respiration Studies.

% OVENS . . . new improved forced-draft type . . .
guaranteed for 5 years . . . unusually close tempera-
ture control (£0.5° C.) . .. high degree of tempera-

ST el AMERICAN INSTRUMENT CO.

B 8010 GEORGIA AVENUE - SILVER SPRING, MARYLAND

5000
RPM.
on D .C.

with underguard
No. (CT-1055
with six 15 ml.

tubes loaded.
(4200 R.P.M. on
A. C)

~ ADAMS ANGLE CENTRIFUGES

Tubes are suspended at a fixed 52° angle. Faster sedimenta-

tion is achieved by the shorter distance particles are required

* to travel. When at rest, the tubes remain in the angular

Aoz ottt [ lini ‘ position and no stirring up of sediment results.

eal and metallargical work, for | | CT-1000 ADAMS SENIOR SAFETY-HEAD CENTRI-

Al adicetoas lsbost FUGE for Six 15 ml. TUBES, complete with six round bottom
| brass shields with rubber cushions and three each graduated

Accurate and dependable for
routine colorimetric and turbi-
dimetric analysis.

.

atories: ; and ungraduated taper bottom 15 ml. glass tubes.
o I Without Undexrguard .......................... $52.50
Simple to Operate Same without shields or tubes................. $49.50
hoableCompact; 1Rugsed CT-1055 UNDERGUARD........................ $ 3.50
LUMETRON MODEL 400 .Q Ways 'Rex{y FfBSR?d\"";é CT-1050 PROTECTIVE CAP, snaps into top to enclose test
; LR USRI ALY £ O L vl tubes, at high speeds a necessary precaution against fly-
Completewith 8 celofblienl p g1 051 Vol (ARG loliDiCs LSl ] Snoislans e i e e Fach $§2.50
S " Above Centrifuges have 110 V Universal (AC and DC) motors. 220-volt

WRITE FOR INFORMATIVE BULLETIN Universal motors $2.00 extra.

SCHAAR & COMPANY

Werite for Catalog No. 111 1C

KIS

ol

ADAMS
M

Complete Laboratory Equipment
754 WEST LEXINGTON ST, CHICAGO Jii®
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® The heating unit of this FH-303-A
Combustion Furnace is heavy—it's 7
gauge Chromel-A. Hence, it will stand
a lot of hard going. This extreme dura-
bility constitutes one factorin economy
of maintenance. Another economy
feature lies in the fact that the heating

unit consists merely of the wire itself.
There is no refractory mounting. The
combustion tube passes directly
through the helical coil which is sur-
rounded by high-temperature insula-
tion. . . . The furnace shown here is a
relatively new model. Due to its
increased insulation, it heats up in one-
third less time, uses 18% less power,
and has a case temperature 120° F.
cooler (at 2000° F.) than before. The
furnace operates on A.C. through a
small transformer, with temperature
control through a rheostat. For more
information on this FH-303-A, of
minimum maintenance, write to your
dealer or to us. . . . Hoskins Manufac-

turing Company, Detroit, Michigan.

ELECTRIC HEAT TREATING ‘FURNACES oo HEATING ELEMENT ALLOYS o @ THERMQCOUPLE AND
LEAD WIRE o e PYROMETERS e o WELDING WIRE o @ HEAT RESISTANT .CASTINGS e e ENAMELING
FIXTURES o s SPARK PLUG ELECTRODE WIRE e e SPECIAL ALLOYS OF NICKEL o » PROTECTION TUBES




20 INDUSTRIAL AND ENGINEERING CHEMISTRY

with the
INFRA - RED

RADIANT HEATER

For many purposes this new heater offers faster,
cheaper, easier drying and dehydrating. It em-
ploys the new G-E 250 watt infra-red lamp with
integral reflector which has an average service life
of 5000 hours.

The heater assembly as illustrated is designed
for convenience, adjustability, and economy. It
fits any standard laboratory support rod up to
9/16 inch in diameter. By means of a wing nut,
the socket can be rotated through 360 degrees
vertically and to 180 degrees horizontally. By
means of the clamp adjustment on the rod the
heat intensity can be varied by raising or lowering
the lamp above the object.

19750—RADIANT HEATER —Infra-Red. Com-
prising clamp, socket with cord and
plug, and No. 19755 Lamp, but without
support base and rod. For operation on
105120 vol{al iant s s e $4.50

19755—INFRA-RED LAMP only. 250 watts for
replacement in No. 19750 Radiant
Heater assembly. For 105-120 volts. .
............................. $1.75

WI I LCORPORATION

ROCHESTER, N. Y.

Office and Warehouses

Will Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

EZABROY REATTEOREY R AL PUP AR SATTU S
AUNSD:CiH E ML CEA LS

Vol. 14, No. 4

Hydrofluoric

FOR etching and frosting electric light bulbs
and other glass products, for cleaning stainless steels,
as an aid in straw bleaching processes, and for many
other industrial purposes, hydrofluoric acid possesses
many advantages.

Particularly valuable to the industrial user is the
high grade, iron-free hydrofluoric acid produced by
Pennsylvania Salt Manufacturing Company, who pur-
chased the facilities of Sterling Products Company,
Easton, Pa., some time ago.

Meeting the most exacting requirements, this hydro-
fluoric acid is available in five strengths for domestic
users—30%, 48%, 52%, 60% and 80%. Also, for export,
there is supplied 71-75% acid. Shipment of hydrofluoric
acid is in rubber drums for strengths under 60%. Stronger

grades of the acid are packed in steel containers.

For complete information applicable to your specific

problems, write to Pennsylvania
Salt Manufacturing Co., Widener
Building, Philadelphia, Pa.

1000 WIDENER BUILDING, PHILADELPHIA
New York ¢ Chicago s« St. louis = Pitisburgh » Wyandotte ¢ Tacoma
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'y
NEw BrLoop Prasva CENTrIFUGE (@73,
INTERNATIONAL MODEL BP

Designed Especially For The
600 ml. and 650 ml. Bottles

SPEED 2500 R.P.M.

Windshielded Head To
Minimize Heating of Blood

The New Model BP Centrifuge was designed to provide an intermediate model which
would be stronger than the Size 2 and yet less expensive than the Size 3. T he centrl'fugt? is
shipped as a complete portable self-contained unit, wired and ready to plug into any lighting
circuit.

To insure adequate protection when swinging the large 600 and. 650 ml. bottles an extra
large shaft has been provided as well as a heavy all weldec% steel boiler plate‘ guarti with l?ar
lock cover. The centrifuge is powered with a specially designed motor and is equipped with
an indicating tachometer and 50 step speed control rheostat.

The four place head shown above will accommodate the Cutter 650 ml. Saftifuge bottles,
the Baxter 600 ml. Centrivac bottles and the T. C. Wheaton 550 ml. blood bottles, as well as
the Fenwal and Kimble 650 ml. refillable blood plasma bottles. The head and cups are
entirely windshielded by enclosure in a bowl and cover _Of spun alumim%m. w.'h'ich proYide a
dead air space in which the bottles swing, thus reducing air friction and minimizing heating of

the blood.
Send for Descriptive Literature

INTERNATIONAL EQUIPMENT CO.

352 WESTERN AVENUE BOSTON, MASS.
Makers of Fine Centrifuges for More than Forty Y ears

T e e N et
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A
Quality Lamp
at a
New
Low Price

Support Model
Lamp—No.
17482—8''met-
al base, 15"
supportrod, 5’
¥ extension rod.
i Complete with
& switch and 100
{ watt bulb

$14.95

1000

foot candles at one foot distance

Ideal for bright or dark field microscopy or wher-
ever else apparatus requires concentrated light, this
versatile, quality lamp has all the important construc-
tion features formerly found only in higher priced
“research'' type lab lamps.

COLD LIGHT—glass of the Fresnel lens absorbs heat
to give cold light 12" away from the lens.

COLOR CORRECTED—to give a ‘‘daylight’’ type
beam, excessive reds and yellows are filtered out
by the Fresnel lens.

SPOT OR FLOOD—knob at rear of housing moves the

lens in or out to vary intensity and size of beam.

CHECK THESE SIX FEATURES
A 1%

Fresnel lens (step-
down prisms) has
wide acceptance
angle. Refracts
light to lens center
at high intensity.

2. Bakelite lam p-
house is well ven-
tilated.

3. Takes standard
Type G-1614, 100
watt bulb with
rated life of 200
hours.

4. No transformers
or rheostats re-
quired. Plugs into
any 115 volt line.

5. On - off switch
wired into 8 ft.
cord.

6. Spring «clip on
lamp-house front
takes filters for

Desk Model Lamp—No. 17486
—overall height about 7.

Complete with 100 watt bulb %3 3
and 'switch® & il O $11.95 ca]‘i‘lfcfl;t;i%?‘ﬂo, ‘1:291}01:
correction.

Order today for immediate delivery. Both Support and

Desk Model Lamps carried in stock.

ARTHUR S. LaPINE & CO.

Laboratory Supplies and Reagents
Industrial Chemicals

121 W. Hubbard Street Chicago, Illinois
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BRAUN DULIN ROTAREX, MODEL EP

Paving for Defense

Calls for the New Braun Dulin

ROTAREX

Military and civil defense highways, airport tarmacs, all of
the multitude of paving jobs demanded by the emergency
call for speed and yet more speed. . .and with that speed, ad-
herence to rigid engineering specifications. The new Model
EP Braun Dulin Rotarex, because it is the speediest and most
efficient means of determining the bitumen content and
the character and gradation of aggregates in bitulithic pav-
ing materials, provides the best means of assuring that
specifications are being met. The Rotarex test is clean,
accurate, and can be performed in ten minutes.

NOTE THESE IMPORTANT FEATURES

® Explosion-Proof, Variable Speed Motor. Underwriters ap-
proved for Class 1, Group D (hazardous) service. Operates on
either A.C.or D.C. The Model EP Rotarex is SAFE.

® Quick Stopping Brake. Model EP Rotarex decelerates rapidly
without jarring contents. Makes a fast test faster.

® Solvent Can Be Added While Running. No need to stop the
Rotarex during the test. Another time-saving feature.

® Modern Design. The new Rotarex has been reengineert?d
throughout. Efficient, accurate, up to the minute in every detail.

® 1000 Gram Capacity. Suitable for making tests on any job.

Check every paving job with a Model EP Rotarex to
insure fidelity to specifications. Address Dept. I-4 for
descriptive bulletin C-136.

BRAUN

CORPORATION

Los Angeles, California
Seattle, Washington
SCIENTIFIC SUPPLIES CO.

Fiff tr Z
2260 East Fifteenth S ee

San Francisco, Calif. >
BRAUN-KNECHT-HEIMANN-CO. T




