


The Fisher Sub-Sieve Sizer provides the means of mak-
ing particle size determinations of materials such as
cement, pigments, pulverized coal, carbon black. cosmetics,
powdered metals, insecticides, etc. Such determinations of
weighed samples can be made in a minute.

The Fisher Sub-Sieve Sizer (Trade Name) has stand-
ardized parts and a unique design based upon original
work by Ernest L. Gooden and Charles M. Smith. It em-
ploys the air permeability method of particle size meas-
urement. When a sample is placed in the instrument and
the air pressure is applied, the average particle size in
micron units is read directly from the chart.

Heatlggatters for -Lv&or:at.o.r;. Supplies
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ISHER SCIENTIFIC CO.:

717 Forbes St., Pittsburgh (19), I5;:.: §':: :.
2109 Locust St., St. Louis (3), Mv. * e

Fisher Sub-Sieve Sizer, with
copyrighted calculator chart
and directions, $225.00.
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**2:*Greenwich and Morton Streets
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: New York (14), New York

In Canada: Fisher Scientific Co., Ltd., 9o4 St. James Street, Montreal, Quebec
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Baker's Analyzed Reagents—three
words well-known to any chemist.
When you specify Baker's Ana-
lyzed Reagents, you can be sure
that your laboratory chemicals
have the actual analysis on the
label. And you will have the right
working tools for speed and safety
with accuracy.

.

Chemistsappreciate the extremely
high degree of purity that is
achieved in the production of
Baker’s Analyzed Reagents. They
likewise make effective use of
Baker’s exclusive feature—the
actual lot analysis on every label.
It gives the chemist what he needs
—a basis to check his own calcu-
lations or findings quickly, easily
and economically.

When you order laboratory chem-
icals, be sure to get Baker's Ana-
lyzed Reagents, which have the
exclusive feature of actual lot
analysés. Available at your favorite
laboratory supply house.

=V
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For testing the effect of food temperature on the flow of blood,
Dr. Austin Henschel (right), Assoc. Prof. of Physiological Hygiene

SA

at Univ. of Minnesota, uses a Speedomax Recorder to check skin
temperature of a student eating ice cream.

Speedomax Provides Busy Experimenter
With Six Detailed Temperature Records

Speedomax or Micromax Recorders can often
relieve a scientist of nearly all routine tempera-
ture-recording duties. The instrument leaves
him free to “time” or otherwise supervise his
experiment, because the Recorder collects what-
ever temperature data he requires. In the ex-
periment pictured above, a Speedomax records
temperature of ambient air and of the student’s
skin at toe, finger, upper arm, chest, and fore-
head. The instrument’s micro-responsiveness
and sensitivity give the record greater detail
and accuracy than the best team of eye and
hand could continuously provide.

For the experiment described here, the
physiologist chose a Speedomax which makes
the rounds of the six test points every half
minute. Other Speedomax models provide even
faster response, and various Micromax Record-
ers ate recommended when slower speeds are
sufficient. Whatever your requirement, a suit-
able instrument is available. If a description of
our Recorders will help you, catalogs are avail-
able on request. If you have a particular
application in mind, an L&N engineer will be
glad to provide more specific information.
Address Leeds & Northrup Co., 4920 Stenton
Ave., Philadelphia 44, Pa.

MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS '+ HEAT-TREATING FURNACES

LEEDS & NORTHRUP CO.

Jrl. Ad N-33A-243 (1a)
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It Makes an Eggshell Hard

50 and a BUilding Endure ALCIUM, the same element

that causes eggshell hardness,
is one of the main components of
the limestone that enables a great
edifice to stand through the ages.
The characteristic firmness of va-
rious calcium salts is the one prop-
erty that makes these diverse.sub-
stances essential to the framework
of both living and inanimate things.
Calcium derivatives which are an
essential part of the animal skele-
ton and the earth’s crust, play a
vital réle in today’s industries, in-
cluding: ceramics, enameling, tan-
ning, dyeing, and the manufacture
of bleaches, paper, fertilizers, and
medicines.

In the laboratory, as well as in
industry, the application of calcium
compounds demands chemicals of
maximum purity and dependability.
Merck & Co., Inc. for almost four
generations has set the pace in the
production of fine laboratory chem-
icals. The Merck label, which con-
forms to A.C.S. methods of stating
maximum impurities, always has
been the chemist’s assurance of
uniformly high quality.

Among Important Merck
Reagent Calcium Compounds:

Calcium Acetate Reagent
Calcium Carbonate Reagent

Calcium Chloride
Anhydrous Reagent

Calcium Chloride Crystals Reagent
Calcium Phosphate Reagent
Calcium Sulfate Reagent

MERCK
LABORATORY CHEMIGALS

MERCK & CO., Inc.  eMlancfacluiing Cliemedsls  RAHWAY, N. ]J.

New York, N.Y. - Philadelphia, Pa. - St. Louis, Mo. . Chicago, lll. « Elkton, Va.
Los Angeles, Calif. « In Canada: MERCK & CO., Ltd. Montreal - Toronto « Valleyfield
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THE BECKMAN MODEL R

THE BECKMAN MODELH & . - e i THE BECKMAN MODEL M

BRING YOUR pH PROBLEM TO US

Send for this helpful free booklet! “What Every Executive
Should Know About pH” —a non-technical discussion of
pH, what it is, how it’s used. A copy will gladly be sent
you on request.

BECKMAN INSTRUMENTS
National Technical Laboratories, South Pasadena 15, Calif.

'STRUMENTS CONTROL MODERN INDUSTRIES
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HIGH VACUUM ROTARY
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High fractionating capac-
ity under High Vacuum
creates new possibilities for
the separation of liquids of
high boiling point.

-CONDENSER COOLANT

CONDENSER

CENTRIFUGAL ‘
|
DRIVE MOTOR—— |

COLD TRAP
]

Ee———xr—29
I |||l
&

k TO PUMPS
pi= 2 PUMPS,,
— CONDENSER

WATER

COLUMN HEATER

WETTED wALL
COLUMN

PRODUCT RECEIVER—

WATER COOLED
ROTATING
CONDENSER

The unique principles of the centrifugal condenser type still are illus-
trated above. Rising vapor from the pot condenses on the cooled rotating
cylinder. Condensate is then hurled off the condenser surface by centrifugal
force and re-vaporized from the heated column. This cycle is repeated many
times as the vapor moves up the annular space between the column and
condenser, setting up a concentration gradient, with the more volatile com-
ponents at the top where they are removed.

For the first time, equipment of great fractionating ability has been
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FRACTIONATING STILL

For the first time, close
fractionation under High
Vacuum, comparable to the
performance of packed col-

umns, is possible.

evolved without introduction of the usual packed column with high imped-
ance to gas or vapor flow.

The tremendous industrial potentialities of this new processing tool can
only be realized when research chemists have had an opportunity to apply
it to their problems. A laboratory unit is now available for research purposes.
Inquiries for license arrangements for. commercial operation are invited.

For further details, please write National Research Corporation,
Cambridge 42, Massachusetts.

HIGH VACUUM FOR INDUSTRY

NATIONA SEARCH CORPORATION
ACUWUIMN * prvision
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Precision Instruments

for Industry, Education
and Medical Research

ELECTRONIC PHOTOFLUOROMETER

The Model 12A Photofluorometer is intended primarily for
the fluorescence analysis of Vitamins B1 and B2, but is
equally adaptable to quantitative measurements of other
fluorophors, such as porphyrin and metal complexes. It was
especially designed to overcome the recognized limitations of
older type fluorescence meters.

In Model 12A the usual barrier layer photocell and galvan-
ometer is replaced by a true high vacuum phototube, elec-
tronic amplifier and rugged, wide scaled meter. Two care-
fully aligned lens systems so direct the light that full pre-
cision is enjoyed with only 8 ml. of sample in an ordinary 3/,"
test tube. The result is a fluorescence meter of unparalleled
performance; sensitive, fast, precise, rugged.

A82-682 Electronic Photofluorometer Model 12A complete but
without filters. ........ ... ... ... ... ... . ... ... ... $235.00

UNIVERSAL SPECTROPHOTOMETER

The New Coleman Model 14 Universal Spectrophotometer is
specifically designed for the modern chemist aware of the
multiple possibilities of analysis with light. It is instantly
adaptable to spectrophotometry, nephelometry and photo-
fluorometry. Furthermore, it is admirably adapted to
spectrochemical titrations and it may be used for conductivity
measurements and electrochemical titrations.

A76-977A Coleman Universal Spectrophotometer, Model 14
complete but without power supply or connecting cables $455.00

pH ELECTROMETER

The Coleman pH Electrometer is a precision instrument de-
signed for simplicity and practicability in operation. Each

COLEMAN

meter is a self-contained unit consisting of glass and reference
electrodes, batteries, sample cup and reference solution, all
housed in a walnut cabinet. The Model 3D Electrometer
consists of an electronic amplifier, precision potentiometer,
Weston type standard cell, and utilizes the well known Cole-
man impulse amplifier circuit which prevents changes in tube
characteristics influencing the precision of the instrument
readings. The Model 3D is equipped with both pH and milli-
volt scales, Redox electrode and temperature compensator.

A43-340 Coleman pH Electrometer Model 3D complete $235.00

JUNIOR SPECTROPHOTOMETER

Coleman 6A Junior Spectrophotometer is a simplified version
of the popular Universal Spectrophotometer but designed
specifically for the busy analytical laboratory where pre-
cision and reliability are imperative and rugged convenience
a must. It is intended for a single purpose only — transmis-
sion spectrochemistry—and the controls and direct reading
scales retain the full accuracy of the Universal, yet insure an
enhanced speed and simplicity of operation that particularly
recommend this new instrument for routine industrial and
clinical analysis.

Because of this finger-tip control, alert industrial laboratories
are finding this model ideally suited to rapid routine testing of
all manner of metals, foodstuffs, vitamins and a host of other
industrial materials that lend themselves so conveniently to
spectrochemical analysis.

A76-855 Coleman Junior Spectrophometer Model 6A complete
but without power supply or connecting cables......... $310.00

Literature upon Request

We have the equipment and the factory trained personnel to service any Coleman Instrument.

E. MACHLETT & SON

Established 1897

Laboratory Apparatus
220 EAST 23RD STREET

Supplies ¢ Chemicals
NEW YORK 10, N. Y.
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behind it lies more than thirty years of experience and countlesss
ousands of engineering man hours . . . a steady addition of bits o
knowledge . . . of manufacturing experience . . . of watching per-
formance on the job . . . of encouraging 'young minds with new ideas
Painstaking craftsmanship, plus unending attention to detail has de
veloped laboratory and production control equipment unequalled fo
accuracy and dependability. In laboratories throughout the ~w6fld
the name "Precision" means quality—in performance, in appearance; .
in operation and absolute accuracy—in fact, in every detail that will :
help the laboratory do the job better,- faster and ‘easier. Truly,
"Precision Engineered" is NOT an idle phrase.

See your Laboratory Supply Dealer
He knows the value of "Precision Equipment" and he is trained to help.
solve your equipment problems. Rely on him for advice and counsel, backed

by "Precision Engineering."”

e

Drecision Scientific Compan

10N ‘
CORTLAND STREET % CHICAGO 47 ILLINOIS, U.S.A.

. x  Scienlific Research-and Produclion Control Eguipment * « *

3737 WEST
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SPECIFICATIONS

Spectral Range — 2 to 16
microns (linear)

Precision —
Transmission *+1%
Wavelength + 0.02 microns

Chart Size — Linear scales:
Transmission 515 in.
Wavelength 1714 in.

Recording Speed — 12 min-
utes for camplete spectro-
gram

Power Supply — 110 volts,
60 cycles

For detailed description and
specifications of the Baird
Associates Infrared Spectro-
photometer, request Bulletin
XXX. Baird Associates will
gladly confer with you regard-
ing the application of this
instrument to your needs.

]
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?az'rd Assoctates
INFRARED RECORDING
SPECTROPHOTOMETER

IN APPROXIMATELY 12 MINUTES

. . . infrared spectrograms are automatically
recorded in direct percent transmission with
linear wavelength scale, giving accurate analy-
sis, for quality control or for solution of general
chemical problems.

GASES, LIQUIDS and SOLIDS

. . . can be analyzed with equal rapidity and accu-
racy. Quantitative as well as qualitative
analysis is obtained from the infrared trans-
mission curve of a mixture. For example: the
curve for illuminating gas, shown above, indi-
cates the characteristic absorption bands of
methane, carbon dioxide, carbon monoxide,
and ethylene.

DIFFERENTIAL ANALYSIS

. . . by means of the exclusive double-beam prin-
ciple employed in the Baird Associates Infrared
Spectrophotometer . . . greatly simplifies
analysis of mixtures for slight impurities and
for variation from a standard. In fact, com-
plex analyses are reduced, by this automatic
instrument, to routine tasks for a laboratory
technician.
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MALLINCKRODT CHEMICAL WORKS

80 YEARS OF SERVICE TO CHEMICAL USERS

MALLINCKRODT ST., ST.LOUIS 7, MO., 72 GOLD ST., NEW YORK 8, N.Y.

Chicago » Cincinnati » Cleveland « Los Angeles « Montreal « Philadelphia « San Francisco

UNIFORM DEPENDABLE PSR IS TE
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METAL SAMPLES
CAN BE POLISHED
AND ETCHED IN LESS
THANA MINUTE

Note these Advantages of the new Cenco
Hangosky Electropolisher:

1 Quickly and uniformly polishes and etches
a flat area of 33” diameter on samples up to
3 x 3” in size.

2 Self-Contained and compact with built-in

AC and DC power supply unit for use on
115/230 volt, 50/60 cycle power lines.

3 Universal Electrolytes for ferrous and non-
ferrous materials, developed from years of
experience in metallography, have long life
and ample volume for the preparation of
hundreds of samples.

4 Electronic timers automatically control pol-
ishing and etching time.

5 Controls offer a wide selection of time and
current for polishing and etching a variety of

metals. Write for Bulletin 76 A describing the

6 Simple and safe to operate. No special Cenco- Hangosky  Electropolisher and
training of operator is required. other laboratory equipment for metallurgy.

Electrolytes are easily replaced. They are

nonexplosive.

8 Efficient in performance and sturdy in
construction.

CENTRAL SCIENTIFIC COMPANY
.S’c[antijic CEN(O ﬂ/ﬂpa‘tatu.ﬁ

1700 IRVING PARK ROAD, CHICAGO 13
NEW YORK BOSTON SAN FRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL
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consoupatep MS-ANALYZED

Over 250 Compounds Including the Following:

Paraffins, Aromatics, Naphthenes, through C,
Olefins through C; some through Cs
Diolefins and acetylenes through C.

Argon ® Neon ¢ Nitrogen * Helium ¢ Hydrogen
Deuterium * Oxygen ¢ Carbon Dioxide ¢ Carbon Monoxide
Hydrogen Sulfide.

Nitrogen Dioxide ® Nitrous Oxide ® Nitric Oxide.
Hydrogen chloride ¢ Sulfur Dioxide.

C,-C; Nitroparaffins ¢ C,-C, Mercaptans.

C,-C, Aldehydes * ein ® Dimethyl acetal ¢ Methylal.

Methyl ac inyl acetate ® n-Propyl acetate.
Iso-propyl inyl acetate ® Propionic acid.
Acetic acid * D her ® Diethyl ether ¢ Allyl ether.
Methyl ethyl eth i€ Re
Di-n-propyl ketone § Ethy

Methyl-gAQuty
defy.
Acetong”® Meth
Digxelane a
Various {C,-C: €hlerirfaee

Chl@roprene in)l f 'de
,%Auo dthy (u 1difluorothank
~—"_ Tetraffiogo-ethylene.
Methyl flud

Ll
Boron m

Dichlg
1-Mofo-2-diefflo o-l di
, 2-Dichloto, -1} 2 Dlﬂ»ﬁor éthane
1-Chloro:1, 1- %'-aIT" ane.

1- Dxchlommﬁrﬁ’d'\ane Ghl6rad-trifluoro

0 eon)i e ladidés

Di 1ﬂvuoromet ; Cy Alk 'u(-l

arious (-Cs ono ."./F sul -

Carbon 1 sulhide —ih ophe

2-Me ophe 3-Methyl thiokf:p'htn'e__—:
Methyl a 1 Acetonitrile.

Acetylacetone ¢ d-Picoline ¢ Pyridine.

tone
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CONSOLIDATED MASS SPECTROMETERS

Typical Purchasers of
CEC MASS SPECTROMETERS

United Stgtes

THE rapid and accurate analyses turned out by Consolidated Mass
Spectrometers day in and day out in laboratories throughout North
America, Europe and Australia have earned an enviable reputation for this
instrument in the field of mass spectrometry.

The Consolidated Model 21-102 Mass Spectrometer is now universally
accepted as the world Jeader in this field. Hundreds of man-hours and
thousands of dollars are being saved yearly by companies using this instru-
ment to control their routine plant processes, to speed completion of in-
dustrial development programs or to solve problems of research in a multi-
tude of fields.

The high standards of performance—accuracy, dependability, economy,
and versatility—embodied in this instrument are the result of a program
carefully planned to meet all of the requirements of a practical mass spec-
trometer. This instrument was designed to satisfy the most critical research
investigator, yet engineered and.constructed in a manner to permit opera-
tion on a routine basis under typical conditions encountered in routine
control laboratories.

A complete and informative brochure on the Model 21-102 Mass Spec-
trometer has been prepared and may be had on request. Ask for bulletin
CEC-1800-X1.

Analytical Tnotruments for Seience and Tndustny

CONSOLIDATED ENGINEERING
CORPORATION

620 NORTH LAKE AVENUE . PASADENA 4, CALIFORNIA

Tidewater-Associated Oil
Company

Atlantic Refining Co.

Bureau of Mines

Barrett Division

Bell Telephone Laboratories

Carbide and Chemical
Corp.

California Research Corp.

Cities Service Refining
Corp. ‘

Commercial Solvents Corp.

E. 1. DuPont de Nemours
Company

General Petroleum Corp.

Gulf Oil Corp.

Houdry Process Corp.

Humble Oil & Refining Co.

Hydrocarbon Research Inc.

Jefferson Chemical Corp.

M. W. Kellogg Co.

Magnolia Petroleum Co.
Nar’'l Bureau of Standards
Pan American Refinifig

orp.

Richfield. Oil Corp.

Shell Dev-lopment Co.

Shell Oil Co., Inc.

Sinclair Refining Co.

Socony-Vacuum Oil Co.

Standard Oil Co. of Calif.

Standard Oil Co. of
Indiana

Standard Oil Co. of N. J.

Sun Oil Co.

The Texas Co.

Union Oil Co. of Calif.

U. S. Rubber Co.

U. S. Public Health Service

Universal Oil Products

Gulf Research & Devel,
Corp.

Canada
Polymer Carp., Lid.

Auvustralia
Australian Consulate General

Europe
Asiatic Petroleum Corp., Holland
Compagnie Francaise de Raffinage, France
Kungl. Tekniska, Hogskolan, Sweden
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A COMPLETE

ONE LITER

HIGH PRESSURE

AUTOCLAVE

3

- w High Pressure Research now within the reach of every laboratory

A brand new research tool . . . this complete 1 liter autoclave assembly is ready to go into action on
every type of high pressure research and pilot plant operation. It incorporates all the major features
of Autoclave Engineers custom-built equipment. Yet the cost of the complete operating assembly is

Complete, self-contained 1
liter 9ufoclcve, including...

Heating Jacket now within the reach of every laboratory...thanks to new methads of straight-line, quantity production.
Floor Stand
Qil System Important features assure controlled, trouble-free operation

Stirred reactor is built of stainless steel, type 316 . . . suitable for pressures up to 5,000 p.s.i.

Pressure Gauge
. . temperatures up to 650° F.

Blow-out Assembly L. y ) .
Agitation may be regulated at a known rate of from 300 to 1000 r.p.m. This allows reactions in-

Motor volving suspended catalysts in quantities as low as 150 cc.

The cover on this unit incorporates our latest developments in high pressure closure.
All set up and ready for orpo! P gh p!

operation. Agitator shaft is sealed and protected by a specially developed packing assembly, allowing operation
at high pressures and -temperatures without leaking and without gauling the shaft. This feature
Write for Detailed Specifications permits operation with heavy gases like ammonia or light hydrogen, a factor of real importance.
and Bulletin 5C. Specially designed fittings enable the chemist to make gas-tight joints in 2 minimum of time, without
L J the use of large tools and without damage to closures.

DESIGNERS, MANUFACTURERS & DISTRIBUTORS OF LABORATORY & PiLOT PLANT HIGH PRESSURE EQUIPMENT
3737 WEST CORTLAND STREET oo s . CHICAGO 47, ILLINOIS, U.S.A.
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the analysc's column

THE first four papers published this month were given at the
statistical symposium jointly sponsored by the Divisions
of Analytical and Micro Chemistry and Industrial and Engineer-
ing Chemistry, held at Atlantic City last spring. They cover
several subjects and points of view, and the papers with dis-
cussion are published, so that the continuity and viewpoint can
be maintained for the analyst as well as for those who have in-
terest in the special topies.

ABsTrACTS of papers of interest to analysts from the Eighth
Pittsburgh Conference on Applied Spectroscopy are given, begin-
ning on page 1042. Of special general interest to all’emission
spectroscopists are paper 15 by W. F. Meggers covering the funda-
mentals and history of spectroscopy and paper 16 which deals
with the A.S.T.M. Committee E-2 and its new program of com-
piling current spectroscopic methods successfully used in indus-
trial and academic laboratories. It is hoped that from this work
standardization of methods may come. All progressive men in
this field can benefit by cooperating with this important work and
sending in their preferred methods.

TrE Armour Research Foundation, Chicago, Ill., is sponsor-
ing a project for the compilation of crystallographic data of in-
organic and organic compounds. Whenever possible it intends to
maintain standard reference samples of the material. The punch
card system will be used, and it is hoped that others working in
&his field will also attempt this method of filing their data for
ready use. All microscopists, academic or industrial, are asked
to contribute data and samples. It is planned to distribute data
at definite periodic intervals to each of the contributing labora-
tories. The data distributed in this way will be almost in the
original form. The important compounds for which data are
submitted will be checked and completed for formal publication.
Credit will be given with each description to the persons and
laboratories contributing in any way to the data presented.
While one of the most important questions (the conventions to
be used in writing the descriptions) has not yet been established
definitely, the foundation has adhered in the past to those pub-
lished by a committee headed by C. W. Mason [IND. Enc.
CuEM., ANAL. Ep., 17, 603 (1945)]. Further details can be ob-
tained by writing to W. C. McCrone, a well-known microscopist,
who is handling the work for the Armour Foundation. The proj-
ect has reached the stage where the foundation is ready to receive
data as outlined in its proposal.

PriLie W. WEesT writes that the symposium at Louisiana State
University on modern methods of analytical chemistry will defi-
nitely be held February 2, 3, 4, and 5. So far the following have
accepted invitations to speak: J. R. Churchill, L. T. Hallett,
M. G. Mellon, R. H. Miiller, W. J. Murphy, C. E. Starr, and
B. W: Washburn.

Wz HEAR remarks from time to time on how modern instru-
mental analysis makes the analyst less and less important. How-
ever, as for those of us who must be responsible for developing
new methods and wrestling with the problems of separating diffi-

cult mixtures and preparing pure standard samples for instru-,

ments, our only comment is that modern instruments allow us
more time for research. There is a scarcity of top-flight research
analysts with broad training and clear heads to cope with the
analytical problems of modern science. Instruments in the hands
of inferior analytical chemists are definitely a hindrance in the
solution of problems where the interpretation of data and a sound
appraisal of the proper method of attack are of prime importance.

Associate Editor
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SOME NEW ATTACHMENTS FOR

STORMER VISCOSIMETER

9812-V, Fig. 2.
Showing Stroboscopic lines as seen
through window openings when timer
is in motion and adjusted to 200 r.p.m.
S —— ’

;l.

¢ S

STROBOSCOPIC ATTACHMENT (National Lead Company Timer). For
use on Stormer Viscosimeters for accelerating and improving the accuracy of the
paint consistency test at rotational speed of 200 r.p.m., in accordance with A.S.-
T.M. standard method D-562, in which the rate of shear is adopted as a constant,
9812-V, Fig. 1. and the force required to produce this prescribed rate is accepted as a measure of

consistency. No timing, dial reading, calculations or interpolations are necessary.
When the illuminated, parallel, vertical lines appearing in the viewing window
seem to be stationary, the exact speed of 200 r.p.m. has been reached. In practice, necessary weight adjustment can be
made in a single fall. Developed by the National Lead Company Research Laboratories, Brooklyn, N.Y., in cooperation
with their Baroid Sales Division. See “Stroboscopic Timer for Stormer Viscosimeter,” by E. P. Peterson and Joseph W.
Prane, 4.8.T.M. Symposium on Paint (Feb., 25, 1947), published by American Society for Testing Materials (Oct., 1947.)

The stroboscopic method of timing is suitable for plant and con- cates speeds less than 200 r.p.m. Several changes of weights can be
trol testing as well as laboratory research. made in 12 inches of fall. When the weight has been adjusted
In use, the timer is mounted on the spindle and head of a Stormer properly, the lines will seem to be motionless and the positions re-
Viscosimeter, the sample prepared as outlined in A.S.T.M. standard main unchanged for the rest of the fall. The end points are sharp,
method D-562, and weights, as seem to be indicated from observance distinet and easily observed in a well-lichted room. Subsequent runs
of the sample, added to the weight carrier in the usual manner. The at 200 r.p.m. permit observation of thixotropic conditions if they
brake is then released, permitting the first few inches of fall. If the exist.
parallel, vertical lines in the window of the timer seem to rotate in the Laboratory tests made independently by two workers with no pre-
direction of the paddle, i.e., to the right, the speed is in excess of 200 vious experience with stroboscopic timing, using eleven test oil
r.p.m., and removal of part of the load will slow down the apparent samples of different consistencies, resulted in a 62 % saving in time
motion of the lines. A directional shift of the lines to the left indi- and greater accuracy when using the stroboscope.

9812-V. Stroboscopic Attachment (National Lead Company Timer), for paint consistency at 200 r.p.m., as above described, complete with Bristo
wrench, approximately 5 ft. connecting cord and plug, and directions for use, For use on 115 volts, 60 cycles, a.c. Net wexghtosls/(;

1
10 % discount in lots of 6 or more.

ELECTRIC HEATER, A.H.T. Co. Specification,
with adjustable thermoregulator. For use with the
Stormer Viscosimeter in determining the viscosities of
glues, starches, ete., where accurate temperature con-
trol is essential. With extended polished steel top,
315/15 inches diameter, designed to fit into the holder
directly under the water or oil bath. Temperature
range to 80° C. when using water in the bath, and to 9814-J.
100° C. when using paraffin or similar oil. Maximum

temp%r%ture can be reached in 35 to 40 minutes; sensitivity of thermostatic control
=0.5° C.

Consisting of a circular steel top with heating unit attached to lower surface, and metal housing with hard
asbestos bottom which contains a bimetallic thermoregulator, a 6-watt pilot lamp, and red bull’s-eye indi-
cator. Thermostat has graduated dial and plastic knob with indicating arrow. Power consumption 110 watts .

9814-G. Electric Heater, A.H.T. Co. Specification, with adjustable thermoregulator, as above described. With 5 ft. connecting cord, snap
switch and plug; for use on 115 volts, a.c. or d.c. Net weight 2 lbs., 3 oz 26.

9814-]. STAGE, LIQUID CIRCULATING, to fit into the bath holder of the Stormer Viscosimeter for controlling the tem-
perature of the substance under test, either above or below ambient air. Consisting of a cylindrical chamber
of nickel-plated brass with flat top and serrated inlet and outlet hose connectors for attachment to a constant
temperature circulating bath, or equivalent device. Diameter of top 37/s inches, height 1!/; inches; net wleight

0.00

Copy of new Sup. 111, ““Stormer Viscosimeter and Accessories,”” sent upon request.

ARTHUR H. THOMAS COMPANY

RETAIL — WHOLESALE — EXPORT

LABORATORY APPARATUS AND REAGENTS

WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U. S. A.
Cable Address “Balance,” Philadelphia




What Is Analysis?

In the November issue we published the first in a series
of expressions of opinion on the questions: What is
analysis? and What is the role of the analyst? It is with
pleasure that we present below additional comments from
men well known in the chemical field.

R. B. Seymour, University of Chattanooga

NavLysis is difficult to define. This is primarily due to the
A_ confusion that exists in academic and industrial laboratories
and in the minds of the men who are responsible for the operation
of these organizations.

In the definition of medicine, the profession of medicine is
taken for granted and one does not include first aid or nursing,
regardless of their importance. A premedical student who can-
not make the grade does not become a routine physician ncr
does an orderly become a doctor of medicine after he has had six
months’ experience. Definite spheres of activity have not been
established in the field of analysis, which includes the duties of
the sample boy as well as the contributions of the world’s most
outstanding analytical chemist. There is as much difference be-
tween analysis as practiced by the routine technician and the
analytical chemist as there is between the operations of the physi-
cian and the nurse. It is of utmost importance to the entire pro-
fession of chemistry that this difference be recognized.

The problem cannot be solved by the substitution of the letter
“t” for “is.”” In order not to increase the confusion it is prefer-
able to discuss the roles of the routine analyst and of the analyti-
cal chemist separately. The former is trained to do a specific
job, the latter should be educated to be of service to the profes-
sion of chemistry. ’

The modern undergraduate chemistry curriculum should
serve to educate rather than train students and should not pro-
duce specialists. Such a course should minimize routine and
should emphasize instruction in the principles of the science of
chemistry. Experiments which illustrate fundamental prin-
ciples and those which develop laboratory skill can be combined
if the instructor is an analytical chemist and not a routine ana-
lyst. One must decide whether to use classical methods to train
routine analysts who are completely unfamiliar with statistics,
spectroscopy, microanalysis, polarography, microscopy, and other
tools of modern analysis or to educate creative chemists.

Fortunately, the graduate who has not spent countless hours
in titrating, washing, and weighing will not be properly qualified
to become a routine analyst. He must choose some other phase
of work where he will not be confused with technicians, or further
his education by specializing in a major branch of chemistry.

There are many opportunities open to one who has majored
in analytical chemistry in an accredited graduate school. He
may undertake special analyses, develop new methods, or super-
vise a group of routine analysts. In no case should he accept a
project unless the background of the problem is explained.
Otherwise he will be unable to judge the suitability of the sample
or the suggested procedure and to decide whether or not the
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What Is the Role of the Analyst?

development of procedure modifications is justified. Such work
cannot be done by the routine analyst and will merit the enthu-
siasm of an analytical chemist who knows the problem and can
present an intelligent evaluation of the data.

The role of the routine analyst is to follow instructions. The
role of the analytical chemist is to ascertain that the instruc-
tions are correct and are properly carried out and to make good
use of his technical education. If he will assume his proper role
he will find it less difficult to prove to himself, his employer, and
the routine analysts that analytical chemistry is a profession.

Harold P. Klug, Mellon Institute

NALYTICAL chemistry in its most fundamental aspects is far
broader than the mere qualitative and quantitative deter-
mination of the elements present in a substance. An' increas-
ing array of analytical problems in the larger research institutes
and industrial laboratories involves phase identification, poly-
morph differentiation, stereochemistry (location of groups in
the molecule), crystal structure, and other concepts not ordi-
narily the concern of the routine analyst. In addition, there are
all the complex problems attendant on continuous analysis and
control in the industrial plant. All these problems legitimately
fall within the domain of analysis, but they usually call for a dif-
ferent approach and technique and are likely to require exten-
sive instrumentation. Thus modern analytical chemistry em-
braces not only routine determination of the composition of sub-
stances, but also structural and physicochemical identifications.

Hydrocarben mixtures, in the past, have been an outstanding
analytical problem. Although chemical methods can accu-
rately analyze even those mixtures of components (up to C,or Cs)
which cannot be separated by fractional distillation, the time re-
quired for such an analysis is excessive. Infrared absorption
spectroscopy, however, will quantitatively determine seven such
components in a mixture with an accuracy of about 0.5% in
only one half to one hour. The mass spectrograph, likewise,
will do the same analysis in approximately the same time.

In the inorganic field there are many cases which do not lend
themselves to the routine methods of analysis. An important
example is the determination of quartz in siliceous dusts. In
studying the silicosis hazard in industry, analytical methods are
needed which will differentiate and quantitatively measure quartz
in the presence of other siliceous minerals. A standard method
for quartz analysis utilizes the powder method of x-ray diffrac-
tion. The powder diffraction pattern of a crystalline compound
is a characteristic physical property of the substance, and serves
ideally as a “fingerprint”’ for its identification, even when ad-
mixed with other materials. Quantitative methods are based
on the relative intensity of the pattern of a component.

A particularly valuable feature of x-ray diffraction methods of
analysis is their ability to distinguish between the different allo-
tropic or polymorphic forms of a substance. For instance, rutile
and anatase, polymorphic forms of titanium dioxide, are both
important in the white pigment industry, but rutile is the more
desirable in paints since it has greater covering power, and there-
fore: commands a higher price. These two forms are indistin-
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guishable in routine chemical analysis, but are readily differenti-
ated and analyzed for by difiraction methods.

One of the monumental achievements of x-ray diffraction was
the establishing of the structure of penicillin. This was funda-
mentally an analytical problem, as indeed are all problems of
structure determination in newly isolated compounds. Quali-
tative and quantitative analysis determine the composition of
the substance, but this is only half of the problem. The struc-
‘ture, the positions of its atoms, distinguishes a compound from
the others isomeric with it.

The complete list of modern physical and physical chemical
techniques available to the analyst is large, and has led to a new
terminology, ‘‘analytical physies.”” These new tools require
specialists for many phases of their application, but their utility
and power are making them standard facilities of large research,
analytical, and control laboratories. Every research chemist
today needs at least a speaking acquaintance with these new tools;
otherwise he will not know what important aids they can be in the
solution cf his problems. The trained analytical chemist, of
course, should have a real working knowledge of the entire field
of modern instrumental analysis,

The proper training of future research chemists and analytical
specialists must emphasize the larger significance of analytical
chemistry. Few colleges and universities are prepared to do this

. job effectively at the moment, but many are cognizant of the
problem and are planning instrumentation laboratories. Such
laboratories should have associated with them specialists in opti-
cal spectroscopy, mass spectroscopy, x-ray diffraction, polarog-
raphy, and other instrumental techniques if they are to provide
anything more than additional elementary laboratory exercises
in physical chemistry. The analytical specialist could profit by
additional courses in physics, particularly optics and electronics.
Finally, a survey type of course in which the various instru-
mental analysis fields are each discussed in a few lectures by
a recognized authority could be very valuable.

Paul D. V. Manning,
International Minerals & Chemiecal Corp.

NALYTICAL work and treatment of results obtained form the

means of judging and interpreting practically all research

and development in all fields of science. Accuracy of results and

statistical treatment of such results are therefore of paramount

importance. There is also one other factor of equal rank but one

which is generally given little consideration in the training of the
professional worker. This is the speed of obtaining results.

More often than is generally realized, the position of a cor-
poration in a field of enterprise depends on the speed at which its
research and development organization can complete an in-
vestigation. The bottleneck all too frequently is found in the
great volume of analytical work required.

Because of the greatly increased costs of all types of research,
it is also worth while to try to shorten the time required for all
operations, but accuracy of results must never be sacrificed.

Quractivities in research and development are in many fields—
from prospecting thousands of acres of phosphate and potash
ores with analysis of thousands of samples for several constitu-
ents, through complex organic syntheses where analytical
methods must be invented, to the chemical analysis of crops
grown in large field agronomy tests where statistical treatment of
results is of highest import, and to continuous, round-the-clock
pilot-plant operation where the planning of the next day’s work
depends on analytical results obtained today.

For all these, we have turned to use of new instruments which
have usually been developed by physicists and physical chemists.
Instruments such as the spectrophotometer, the flame photom-
eter, the polarograph, and others have been of great assistance
and have made it possible to discover new phenomena in old
fields. The principal difficulty has been in finding men trained
in the use of instruments and having a sufficient knowledge of
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physics to enable them to make applications in new fields. For
this, we look for men who are primarily physicists trained in chem-
istry and mathematics, physical chemists, or those very rare
finds—chemists who have had more courses in physics than are
given in the usual curriculum. A constantly revised excellent
course in instrumental analysis is an essential; additional
courses in physics are advisable for all chemists, and a course
in statistics is an invaluable aid to any scientific worker.

Edward Wichers, National Bureau of Standards

WHEN the analytical chemist occasionally pauses from
the exertion of keeping up with his daily tasks he is apt
to wonder what has happened to the dignity of his profession.
If he thinks back over the history of chemistry he may ponder
sadly that although his scientific progenitors occupied the center
of the chemical stage throughout a great part of the nineteenth
century, they at last lost the spotlight—first to Kekulé and his
tribe, then to Willard Gibbs and his spiritual descendants.
While the physical chemist never entirely stole the show from
the organic chernist, and more recently has had to share it with
still others, the analytical chemist feels in his gloomier moments
that for him there is little left but a stage hand’s job.

If there is justification for this pessimism, why has the once
glorious profession been so debased? In this writer’s opinion a
major reason is that the analytical chemist too often forgets that
he is a chemist and behaves as if he were only a technician. To-
day we have experts in microanalysis, optical and mass spectrom-
etry, and every other specialized technique one can think of.
The analyst is acquiring an easy familiarity with electronic gadg-
ets and is beginning to feel somewhat at home in optiecs. But
too many of us give too little thought to underlying phenomena
and to the relation of our activities to the world of chemistry.
In the morning we receive a sample about whose significance we
do not inquire. In the evening we turn in a report and go home
to our supper, little knowing or caring what it all means.

For a large part of the nineteenth century, the major task of the
chemist was to resolve the things he saw into their constituent
parts—in other words, the analysis of natural materials. Each
day brought something new to do that required some new think-
ing. Today chemistry is mainly concerned with reshaping the
materials of nature to suit man’s needs, and the analyst must
meet the resulting demands for the chemical control of processes
and product quality. A large part of his effort must now be
spent on providing methods suitable for rapid and repetitive use,
the more mechanical in operation the better. The progress
made in the development of instrumental methods in the past
twenty or thirty years is truly astonishing, and the end is not in
sight. These techniques are indispensable, and the analytical
chemist must produce them. - But they are the product of analyti-
cal chemistry and not analytical chemistry itself. This should
never be lost sight of, and the distinction should be clearly and
insistently brought out in the teaching of analytical chemistry.

If we define the objective of analytical chemistry as the dis-
covery of a sufficient number of chemical and physical phenomena
to determine uniquely the presence and concentration of any
component (elementary or molecular) of any conceivable chemi-
cal system, we see at once that there can be a dignified career for
the analytical chemist for a long time to come. Today there is
as great a need as there ever was for knowledge of reactions that
will serve to identify, to separate, and to determine elements,
radicals, and compounds ever more sensitively, more accurately,
and more rapidly. To discover them the analytical chemist
needs the broadest possible knowledge of chemistry—inorganiec,
organic, and physical. Of all the family of chemists, he should
be a chemist complete, as were his nineteenth century forebears.

If the practitioner, and more especially the teacher, of analyti-
cal chemistry will firmly cling to this faith, this branch of our
science may hope to regain some of its lost glory.



SYMPOSIUM ON STATISTICAL METHODS IN EXPERIMENTAL
AND INDUSTRIAL CHEMISTRY

Introductory. Remarks

B. L. CLARKE, Merck & Co., Inc., Rahway, N. J.

WO convictions have crystallized in the minds of many of us

during the last five years or so: (1) Statistical methods of
dealing with data have been neglected by the chemist, compared
to the manufacturing engineer and the biologist, for example;
and (2) modern statistical technique has a great deal to offer in
both experimental and applied chemistry. )

About the only place in the curriculum where the average
chemisfry student comes into contact with statistics is in quan-
titative analysis where the theory or error is considered. Some
years ago a prominent statistician and I critically examined a
number of standard treatises on analysis with respect to their
treatment of error theory. I was shocked to be told by my spe-
cialist colleague that none of the authors of these texts seemed
aware that anything had happened in statistical theory since
1890!

A very great deal has happened in statistics since ‘that time.
However, it is not indeed too great an exaggeration to compare
most of our quantitative analysis texts with a treatise on the
applications of statistical methods in which the chemistry chapter
took no cognizance of the discovery of radioactivity and its
sequelae.

In support of the contention that statistics has much to offer

us, it can be said that the modern statistical methodologist claims,
to the experimental chemist, -including the analytical chemist,
that he can point out (1) how to design his experiments so as to
obtain the most useful body of data; and (2) how to marshal
and organize the data so obtained in order that they shall speak
with all their potential eloquence. Also, the expert in control
charts and related methods tells the manufacturer, the processor,
and the packager of chemical products that he can detect the
existence of. trends that may result in substandard produects,
earlier than by any other means, so that their causes may be
corrected before great harm is done.

So with the conviction that chemistry, although it needed to
use statistical methods, was in fact not doing so, Walter Shewhart
of the Bell Telephone Laboratories, Grant Wernimont of East-
man Kodak, and I organized this symposium, at the request of
the officers of the Divisions of Analytical and Micro Chemistry
and of Industrial and Engineering Chemistry.

The general plan is based on two assumptions: that the aver-
age chemist in our audience knows very little about statistics;
and that a “selling job” has generally got to be done to persuade
the management of experimental and production units to try out
these new ideas.

The Management Viewpoint

GEORGE F. SMITH, Johnson & Johnson, New Brunswick, N. J.

Various general applications of statistical methods are discussed with particular
reference to a number of problems of interest to industridl management. Adap-
tation of the methods of opinion research to problems in market research is ex-
plained. The use of statistics in modern methods of sales forecasting is out-
lined. Examples are given of the use of statistical methods as a tool in helping
the modern business executive adopt a factual approach to problems of market-

ing, selling, and production planning.

HE layman usually thinks of statistics as involving more
or less abstract mathematical considerations. For ex-

ample, we have heard how astronomers, by application of the .

theory of error, arrive at a final result of exceedingly small prob-
able error by proper averaging of a very large number of ob-
servations, each of which is characterized by a large uncertainty.
Or, one may bring to mind the masses of statistics from which
some economists dre so wont to draw the wrong conclusions. Or,
one may recall a cardplayer’s estimate of the probability of his

drawing a certain card, forgetting that the laws of probability,

apply accurately only to very large numbers of events. Statistical
theory is, of course, very old; but, as with other very old prin-
ciples, new applications are often only lately discovered. Even
‘in science, many practical applications of statistical theory have
only relatively recently been made. Many  applications of
statistical theory in industry have come even more recently.
One of the early applications of statistical theory to practical
technical problems was in sampling heterogeneous raw materials.
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For example, a mathematician can calculate what kind of sample
of coal must be taken from a carload in order to achieve a given
accuracy .in analysis of it as representative of the whole carload,
if he knows the maximum variation in composition and the dis-
tribution of size of the lumps; and in the application of medical
science to the inheritance of blood types, statistical theory is used.

Statistics were applied during the war in the so-called “Opera-
tions Research.” Statistical methods were used to predeter—
mine the effectiveness of various methods of attack. The methods
used in combating the German submarines in the North Atlantic
were based on the statistical evaluation of the probability of
success—the results proved the validity of the statistical ap-
proach. The decision to use mass air attacks over the con-
tinent of Europe was made on a similar basis. The strategy
employed in attacking Japanese shipping was founded upon the
same principle. This whole subject and some of its possible
applications to peacetime operations are described by Kittel
(Science, February 7, 1947).
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These and other uses of statistical methods are fascinating
in their possibilities and in their results—but let’s spend a few
minutes on some of the businessman’s uses of thls technique which
is to him a useful management tool.

Market research is today an important phase of business
management. No longer does the able businessman launch a
new product without predetermining its probability of sucecess.
The day has gone by when the executive relies. upon intuition or
a guess in appraising the acceptance of a new product or the prog-
ress of an established product.
tistical techniques which have undergone consfant refinement
and today are surprisingly reliable.

FACTORS IN MARKET RESEARCH

The methods are largely the same as those used in sampling
public opinion; as, for example, in the Gallup poll with which
many Americans have become acquainted over the last several
years. The same basic considerations which determine the suc-
cess or failure of a public opinion poll also determine the accuracy
of the results of market research. The basic considerations are
(1) the size of the sample, (2) the character of the cross section,
(3) the questions asked and the wording of these questions, and
(4) the time factor.

Size of Sample. The first factor, size of sample, seems to be
the least understood element in the opinion research field. The
average mind tends to associate the accuracy of a prediction di-
rectly with the number of persons polled. This association is of
such long standing that the real facts have been somewhat ob-
scured. There is, of course, a connection between accuracy and
size of sample, but size alone is not the answer to the success or
failure of the prediction.

Actually, it is safe to say that no nation-wide poll in the history
of this country ever went wrong because too few persons were
reached—for example, a survey which predicts an election within
5%, is generally regarded as very accurate. Yet the laws of
probability show that this degree of accuracy can be attained
with from 600 to 900 ballots, if properly selected.

One of the most accurate election predictions made by Dr.
Gallup’s group included only 2000 cases: the New York State
Lehman-Dewey fight of 1942. The final prediction, based on
roughly one person out of every 7000 in the population of the
state, showed an error of only 0.1%,.

Character of Cross Section.- The most important factor con-
trolling the accuracy of any opinion survey is the character of the
cross section—the way in which the different population groups
are balanced in the proper proportions. If the cross section is
faulty, no piling up of thousands of interviews in a national survey
can eliminate the built-in error. Almost every survey that makes
a substantial error goes wrong because the individuals reached
do not add up to a representative cross section of the entire
population,

In determining the size and character of a market resea.rch
sample, initial consideration is usually given to the geographic
scope of the survey. Depending on the distribution of the com-
pany’s product and the particular problem at hand, the survey
may be national or sectional. Even with national distribution
of a product, certain problems—such as questions on package
design—may be answered by a reasonably limited consumer in-
vestigation.

A second factor influencing composition and size of the sample
is the question of whether men or women buy the product. Who
actually uses it? Does someone other than the actual buyer
control the final decision as to the particular product purchased?
The survey should reach those who make the final decision on
purchasing. Most market research on consumer goods is di-
rected at the housewives, since in this country they are—as a

group—more important than men in giving the final word as to -

-‘which product is bought.

‘data must eventually be broken down.

Instead, he makes use of sta®
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Another factor of prime importance is the extent to which the
Breakdowns may be
necessary by geographic area, economic status of the respondents,
city-size groups, urban versus ruralareas, age, sex, education, or
other divisions. The sample must be larger if results are to be
broken down than if no subgroupings are necessary. Final
determination of the sample size will depend-on the error. allow-
able in the smallest subdivision.

Still another consideration in deciding on the size of sample
to ‘be used is the proportion in which opinions, habits, or pref-
erences are believed to be divided. If it is expected that results
will show a definite tendency in one particular direction, the
sample can be smaller than if no such tendency is likely. If
this expectation is not borne out by the preliminary findings,
additional interviews may be necessary to decrease the probable
error and determine more accurately the relative standing of any
closely balanced opinions or preferences. The safest course
would naturally be to assume at the beginning that results will
be almost evenly divided and plan accordingly to use as large a
sample as practicable, so that the probable error will be small.

In setting up the sample requirements for a market survey,
these factors and other product considerations must be closely
analyzed. An understanding of the application of basic sta-
tistical rules must be combined with knowledge of the particular
product field involved to assure satisfactory composition and size
of the market cross section.

The Questions. When the size of sample necessary for a
survey has been determined and the cross section selected, the
next problem is the framing of the questions themselves, Every
question must be worded clearly, simply, and without bias.

It has been proved over and over again that, in any sort of
research dealing with people’s opinions, experience in preparing
the questions to be asked cannot take the place of actually testing
the questions on a number of people before the full-scale survey
is made. In addition to the pretesting of questions, organiza-
tions engaged in opinion research frequently utilize a simple de-
vice for measuring the effect of phrasing in the survey itself.
Two wordings of a question are prepared and printed on different
questionnaire forms—A and B. The A form is put to half the .
people in the cross section, and the B form to the other half.
Both halves contain the same types of people. The tabulation
soon reveals the difference, if any, which is caused by the word-
ing. If the difference is greater than the expected variations due
to size of sample; then new and more neutral phrasings are
found and substituted. Thus, even the wording of questions in
opinion research is subjected to statistical scrutiny.

Timing. The timing of a market survey may be vitally im-
portant if the product under study has a seasonal market. Here
again the specific purpose of the survey will be a controlling fac-
tor. The survey may be of a continuous nature, designed to
measure the seasonal influence or to determine its cause, or it
may be one of a series of annual market studies to measure the
yearly trend in product use or brand standing. If this is the

‘purpose, each successive survey has to be conducted at approxi-

mately the same time of the-year in order to eliminate the sea-
sonal influence. Unless seasonal conditions duringthe field
investigations each year are comparable, statistical data on the
annual trends are likely to be of little value.

CASE HISTORIES

Here are three quick case histories to show how market re-
search has been used in specific instances.

Soap. Our first concerns a soap manufacturer who developed
anew toilet soap and was anxious to put it on the market. Labora-
tory tests and home-use tests by his employees had convinced
him that his new-product was good. But the money needed to
put across a new soap product is substantial and our soap manu-
facturer was aware of this. He wanted to know that his new
soap would appeal to housewives. So he turned to consumer
research. ’
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Here are the points on which this manufacturer sought the
housewives’ opinions: What should the soap be named? What
should the wrapper look like? How big should the cake of soap
be? Was the perfume right? How sudsy should the soap be?
What premiums would be most likely to influence women to
buy the soap for the first time? There were other questions in-
volved, but this will give you an idea of the range of informa-
tion this soap manufacturer was after.

As a result of 14 separate consumer surveys, it was found
that the soap still needed to be changed in certain respects to
give it the greatest market appeal. When these changes were
made and the product was finally launched on the market, its
success showed that the time and expense involved in this manu-
facturer’s very thorough consumer research program had been an
excellent investment.

Household Product. Here is another case where consumer
research was successfully employed. The X Chemical Company
became interested in purchasing a brand-new type of household
chemical product from the small concern which had developed it
but was not equipped to handle its distribution. Although X
felt optimistic about the product, it was so entirely different
from anything on the market that there was no factual assur-
ance it would sell in any volume. Therefore, before committing
itself to buy the product, the X company decided to study the
market and find out from a cross section of housewives whether or
not spch a product,would be really acceptable to them.

With the help of an outside market research organization, X
went to housewives in different parfs of the country, supphed
them with samples of the new proddet, and then sent interview-
ers to get their reactions after they had had time ta use the prod-
uct.

This, in brief, is what they found out: In very low-income
homes the houséwives considered the product more of a luxury
than a necessity. Except for this group, however, the majority
of women were honestly enthusiastic about it. The X company
decided to purchase the product, and subsequent, sales have shown
that the decision, based on consumer research, was well advised.

Baby Lotions. Here is a case where Johnson & Johnson used
consumer research with a type of product which was new not
only to us but to the entire baby produects field. - Three or four
years ago we perfected a new baby lotion which we personally
felt had certain advantages over the baby oils generally used.
Our laboratories had done a thoroughly excellent development
job. The product formula was well suited to volume produe-
tion. The mothers among our employees and in their families
tried it and liked it. But, we still needed to know how mothers
in general would receive this new item. :

In 1944, with the cooperation of our advertising agency, we
distributed samples of the new lotion to well over 1000 mothers
of babies less than a year old. We asked each mother to give
the lotion a three-week trial. At the end.of this period, we inter-
viewed the mothers to get their honest opinions of the lotion. We
didn’t expect to get a 1009, favorable reaction to the product.
You cannot please everybody, and if the results had been 1009,
favorable we wouldn’t have believed them. But we did find that
an overwhelming majority of the mothers were enthusiastic
about the new lotion. Through lengthy questioning of each
mother, we found that this enthusiasm was perfectly genuine and
not the result of being given something for nothing,

Several months after this survey Johnson & Johnson’s baby
lotion was introduced to the national -market. Sales experience
with it since that time has verified again our confidence in prop-
erly planned consumer research.

EVALUATION OF SALES POSITION

After a product is launched, it is manifestly important to
know what sales progréss is being made—nationally, sectionally,
and otherwise. With the return of competitive conditions in
the selling field, renewed attention is being given to the use of
statistical methods in evaluating one’s sales position. In years
past, sales executives relied in the main upon the collection and
interpretation of a company’s own internal statistics. Any
business, regardless of size, has available through its basic
records of production, sales, and expenses, a wealth of informa-
tion concerning its own past and present sales pattérn. Sales
have been tabulated by product, by geographical area, by size
of gceount, by type of outlet, and so forth. The results of the
analyses of such internal material have been restricted mainly
to ratios, to averages, and to the comparison of sales in one area
with another or between types of outlets. Statistics of this
nature will throw light o many problems, such as distribution
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costs, improper emphasis on unprofitable products, and lack of
adequate coveragein the field.

Fortunately, during ‘the period when business has been im-
proving its own sales records, a vast supply of information on
general economic activity has been made available. © Current
reports from government, trade associations, and private or-
ganizations supply facts about total industry sales, total retail
sales, the consumer, competition, sectional and local market
data, and national buying power.

In so far as general statistical data are concerned, an impor-
tant problem facing management is'the selection of the proper
measure of potential sales and the methods to be used in corre-
lating such information with the company’s sales. It is essen-
tial that we have some yardstick to measure the level of sales
performance—in total and by-products, markets, and sales
territories. For most consumer products the over-all measure
of national purchasing power, perhaps combined with population
statistics, represents the best single measure of demand. Such
an index takes into consideration the number of people and
families with money to spend. Through the comparison of a
company’s past sales with total buying power and other factors,
it is possible to determine, with a fair degree of accuracy, the
volume of sales possible for any given level of national buying
power. The results obtained by such statistical methods, while
by no means as accurate as those possible to the research tech-
nician or chemist, are invaluable aids to management, which is
faced with the problem of determining sales potentials of existing
products and possible markets for the new products developed
by the research department.

Too often the measure of the potential market is based upon
statistical data which are not available until several months
after the close of a year. While such an index can be .used to
measure past performance, it is of no assistance in scheduling
future production, forecasting future sales volume, or setting up
quotas for the sales.personnel. An index of potential sales is of
far greater value if the basic data, such as buying power, can be
determined in advance. Despite the obvious difficulties that
such forecasting entails, the problem is by no means hopeless.
Certain economic activity precedes other activity and the care-
ful use of such information can be made to yield reasonable fore-
casts of buying power.

There is a series of events which has at one time or another
anticipated business activity. In the past, the stock .market
generally anticipated changes in production by three to six
months. Changes in industrial production in turn generally
preceded changes in retail sales by several months. In recent
years, a better measure of economic activity has been gathered
which to date has consistently preceded changes in business gen-
erally. This is the compilation of orders received by -manu-
facturers, better known as new order series. Swings in the busi-
ness cycle have generally been characterized by wide fluctua-
tions in the production of eapital goods and little fluctuation in
the production of consumer goods. New orders for capital goods
generally take anywhere from three months to two years to fill
as, for example, orders for locomotives, generating equipment,
and related items. When orders for all goods are combined into
one index to weigh properly the importance of each type of goods,
as is done in the new order series published by the Government
and others, such indexes tend to anticipate general business
activity and national buying power by from three months to =
year. Naturally, such indexes must be used with reservation,
for other factors influence our national well-being besides the
volume of orders being received by manufacturers. Changes in
the Federal Reserve policy can greatly influence the supply of
funds available to business to finance production. Government
expenditures and receipts can also have their influence on busi-
ness activity. Once such different business indicators have
been skillfully blended into one economic entity they can be used
to project national income for a number of months ahead. We
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leave to the economist the problem of going behind such indi-
cators to find the basic causes generating the ups and downs
of the business cycle.

Once a forecast of national income is available, it is no easy
solution to stick to it. In the past two years, the country has
been deluged with dire predictions and optimistic eulogies at one
and the same time and it is difficult to stick to the known facts
and ignore the unfounded rumors which circulate daily. But
gradually the science of forecasting economic trends is developing
and each year we are better able to chart our future course.

Through one of the companies which specialize in such economie
forecasting, it is possible to secure forecasts of national income
broken down by states and counties. Such information permits
one to anticipate sales level by as much as a year in advance, and
thus to set up production, promotion, and merchandising plans
in full preparation for the expected demand. The forecasts are,
of course, not infallible—but the statistical approach is more
reliable by far than unsupported guesses of what the future holds.
The estimated national income for the United States for the
year 1947 is $1'79,000,000,000 dollars as compared with $165,000,-
000,000 for 1946, and $70,000,000,000 for 1939. A change in na-
tional income generates different degrees of change in the de-
mand for different products. The process whereby a 10% in-
crease in income produces a 6 to 109, increase in the demand for
drug products becomes clearer if we examine more closely the
distribution of income and the demand for products by different
income groups.

A family having an income of say $3000 a year tends to spend
twice as much on drug products as a family with an income of
$1500. This same family will, as a group, however, spend three
or four times as much on an automobile and other luxury products
as will the family of lower income as a group. Little of the extra
income Wwill be spent for the basic necessities of life and more will
be available for other goods.
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At the present time about half of the families in the United
States have incomes of $2000 or better. As national income
increases by 10%, a number of the families in the lower brackets
will move into the upper brackets and as a result will be able to
increase their purchase of goods accordingly. Their purchases
will change in character from that of lower income to that of a
higher income family. Thus the changing level of national in-
come is reflected in the changing demand for various products. )

When the national income or buying power level in detail by
counties is available, it is possible to compare the sales perform-
ance in each sales territory with the average for all territories
or with the company goal. Such g comparison immedistely
points out strong and weak major markets, where additional
sales effort-will pay dividends, and definitely indicates the value
of the sales representative. Knowing the buying power in the
immediate future by areas tells where the company should ex-
pect the greatest increases and may help explain why certain
areas increase faster than others. For example, one of the largest
factors contributing to the expected national income for 1947 is
agricultural products. The forecast 1947 national income shows
the largest gain to be in agriculture and lumbering sections ¢f the
United States.

The pace is swift under the competitive system that we enjoy
in America. With little or no-regimented control, deserved
success comes to the businessman who is able to outthink, out-
produce, and outsell his competitors.

There is a premium upon brains and the intelligent use of
facts. Naturally the American businessman is vitally inter-
ested in statistical techniques. In the evaluation of new prod-
ucts, in the analysis of sales performance, in the selection of per-
sonnel and its proper placement, in production, in quality con-
trol, and in a host of other ways we have employed statistical
methods with increasing success. :
RECEIVED September 6, 1947.

Technique for Testing the Accuracy of Analytical Data

W. J. YOUDEN
Boyce Thompson Institute for Plant Research, Inc., Yonkers, N. Y.

A new or modified quantitative analysis procedure s usually tested over a range

of sample size or amount of substance sought.
plotted, should give a straight line through the origin.

Frequently -such data, when
Several examples of

published analytical data have been utilized to illustrate a statistical technique
for determining whether the line may be considered to pass through the origin
and to point out the advantage of using the slope of the line as a check on the

analytical method.

N increasing number of chemists are. finding statistical
methods useful in their work. It is now customary to re-

port, along with the arithmetic average, either the standard
deviation of the individual measurements or the standard error
of their average. Besides the arithmetic average or mean there
are other important statistics. Among these are the slope and
intercept, two constants in the straight line fitted by least squares
to a series of paired values. Appropriate formulas exist for the
standard deviations of these two statistics, although little use
has been made of them by chemists. The present paper is con-
cerned with showing that the slope, as a statistic, has a wide

field of application in analytical chemistry. After a statement’

of the principles involved several examples are discussed, using
data faken from the literature.

In the process of working up a new quantitative analytical
procedure it is customary to take a number of sampies and de-
termine for each sample the amount of substance sought in the
analysis. For example, in determining the atomic weight of
iodine a number of samples of silver are taken and the correspond-
ing weights of silver iodide found. As a result a series of paired

values is available. In the atomic weight determination the ratio
of iodine to silver may be computed for each pair and the aver-
age ratio computed. These pairs may also be used to plot a
series of points and, if the weights of silver cover a sufficient
range, the points determine a straight line which should pass
through the origin. When the slope and intercept of the straight
line have been found, a physical interpretation is at hand for
each. Should the line not pass through the origin, it will inter-
cept the y axis at a value corresponding to the blank determjna-
tion for the chemical analysis.

The other constant, the slope, is the change in iodine corre-
sponding to one unit of silver.” This is precisely the value sought
in the customary computation of the iodine to silver ratio. The
estimate of this ratio obtained from the slope is independent of
any constant errors in the chemical analysis because a constant
error will raise or lower all the points the same amount without
altering the slope. Disagreement between the ratio as custom-
arily computed and as computed from the slope is a warning
signal for the analyst. Naturally, to make an intelligent judg-
ment concerning any discrepancy found between the two esti-



DECEMBER 1947

mates, it is necessary to compute standard errors for them. For-
tunately, this involves little computation in addition to that re-
quired to fit the line by least squares. The estimation of the
standard deviation is based upon the deviations of the plotted
points from the fitted straight line. This requires that the re-
lationship be linear and that the 2 values be either without error
or with errors small in comparison with the y values. Thé
necessary computations are set forth below.

COMPUTATIONS FOR INTERCEPT AND SLOPE AND THEIR
STANDARD DEVIATIONS FOR STRAIGHT LINE Y = a + bx

Sample z y z? zy y? Y y—Y @—1m
S |

2

n _— RS -
Total >z Zy  Zax? Zxy =y? 2y 0 (n — 2)s?
Av. z E

nZzy — 2z

Slope = b = Y Y

" nZz? — (2)?
Intercept = a =y — b2
Sum (y = Y)? = Zy? — §Zy — b(Zzy — ZZy) = (n — 2)s?

. . . =y — Y)?2
Standard deviation of single analysis = s = \/ -(—gj—)—
s s . g
Standard deviation of m(;ercept =3 ¢ WS = Eat = Sa
s
Standard deviation of slope = ~———— = s
P VZz? — z2z ’

bintercept = 5 with (n ~ 2) degrees of freedom.
Consult probability tables of ¢ (3, 7).

The computations thus far determine the intercept and slope
in the equation for the straight line and the standard deviations
of the two statistics. The last three columns serve as checks.
The sum of the computed Y values should equal the sum of the
observed y values. The sum of the squares of the differences
between observed and computed values, (y — Y)2, may be com-
puted directly as in the last column of the table or from the
formula in the third line below the table. This sum is equal
to {n — 2)s2, where s is the estimated standard deviation of a
single analysis. )

The foregoing computations are more tedious than the cus-
tomary practice of computing the ratio of y to x for each pair and

taking the average of these ratios as the best estimate. The.

slope, b, will generally give a different estimate of this ratio and
it is worth considering how this comes about. The practice of
taking the average of the individual ratios assigns equal weight
to each ratio regardless of the size of the sample. This is to be
recommended when the analytical errors increase proportionately
with the size of the sample. On the other hand, the estimate
based upon the slope, b, assumes that the analytical errors (actual
magnitude, not percentagewise) are not influenced by sample
size, z, over the range of sample sizes involved. Also, the effect
of a blank or other contamination which is independent of the
sample size will be eliminatéd in the computation of the slope,
but not in the average of the individual ratios.

The question, is not entirely one of choosing between these
alternative methods of estimating the ratio of y to z. It is true
for a line passing through the origin that the ratio of y to x is the
slope of the line. Thus, for datd which do put the line through
the origin, the computed b will be in agreement with the average
of the individual ratios of y to z. We may conclude, therefore,
that it is the occurrence of a disagreement between b and the
average of the individual ratios which reveals a state of affairs
that might pass unsuspected if only the average of the individual
ratios is computed. It will rarely be the case that b and the
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average of the ratios agree exactly. They should not be com-
bined.  If there is a considerable difference between them it
will be revealed by computing ¢ for the intercept, in which case
additional data should be sought to explain the discrepancy.

The computation of b makes use of information that is not
utilized when only the individual ratios are computed. Com-
puting the ratio of y to = in effect reduces all samples to the same
size .and does not. use the information made available by having
samples of different sizes. Plotting the points determined by the
paired values and fitting the straight line permits a test to de-
termine whether the line may justifiably be considered to pass
through the origin. Taking the average of the individual ratios
merely assumes that the line goes through the origin.

An alternative and more elegant statistical test to determine
whether the data determine a line which may be considered to
pass through the origin is based upon computing the sums of
squares of residuals, 8’ and 8, after fitting both Y’/ = b’z and
Y = a + bx. Then (8’ — 8) (n — 2)/S is £ with (n — 2) de-
grees of freedom. It seems desirable to introduce the notion of
using the slope without undertaking an exposition of the analysis
of variance.

ILLUSTRATIVE EXAMPLES

1. As a representative case of high~precision chemical analysis
some data from an atomic weight determination of iodine (1)
will serve to illustrate an instance of agreement between the
average ratio and b.

In commenting upon these data it should be pointed out that
the 2 values are supposed to be without error. In practice this
means that the £ values must have definitely smaller errors than
the y values. This is certainly the case here where the silver
is merely weighed, but the weight of iodine involves the chemical
reaction, washing, filtering, drying, and weighing. The straight
line intercepts the y axis at about 0.5 mg. This is less than the
standard deviation of the intercept and as far as these date are
concerned the intercept would differ by as much as 0.5 mg. from
zero four times out of ten. The relatively large standard devia®
tion for the intercept is due to the rather small range in silver
weights. If the spread had been over a range of 6 or 7 grams
instead of 2 and the value of s remained the same, it is possible
that an intercept of 0.5.mg. would have been found to be beyond
the reasonable limits of acceptance. It is not difficult to see that
the more extensive the range over the x axis the more certainly
will the slope and intercept be determined for any given number
of samples.

It is of interest that five different silver preparations and two,
iodine preparations were used in the 16 analyses. The silver
and iodine preparations were used in the combinations shown
in Table I1.

Table I. Atomic Weight Determination of Iodine
Silver, Iodine,
Grams Grams Ratio-
z Yy
9.11927 : 10.72811 1.176422
10.48742 12.33766 1.176425
10.14331 11.93258 1.176399
9.00775 10.59708 1.176440
9.53995 11.22338 1.176461
9.78621 11,51298 1.176449
9.04011 10.63499 1.176423
9.99801 11.76207 1.176441
. 9.14163 10.75438 1.176418
10.00740 11.77284 1.176413
10.47710 12.32578 1.176450
9.52800 11.20913 1.176441
9.89577 11.64167 1.176429
10.47841 12.32701 1.176420
10.44012 12.28214 1.176437
8.47813 9.97414 1.176455
Total 155.56859 183.01594 18.822923
Av, 9.7230369 11.43849625 1.17643269
a = 0,00053590 b = 1.17637735
(n —2)s% = 39,0 X 10~* ta = 0.804
s = 0,000167
sa = 0.000668 fort = 0.868 P = 0.40
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Table II.  Silver Preparation

Iodine A B C D E
I 22 41 29 49 55

25 41 20 50

37
I -1 23 .. 61
40 13

18

The entries are the individual ratios diminished by 1.176400
and multiplied by 105. Two combinations were not tried. Pos-
sibly the available amounts of the different preparations dic-
tated the above selections. Every statistician will regret that
it was not possible to arrange for two analyses for each of four
silver preparations with two iodine preparations. It would be
easy then to search for differences among the silver preparations,
to contrast the two iodine preparations, and if there appeared to
be a difference between the jodine preparations, to see if it were
consistent over the four silver preparations. The statistician
would make an analysis of variance (2, 7):

Degrees of Mean Square

Freedom (Variance)
Between silvers 3
Betwéen iodines 1
Interaction 3
Between duplicates .
(within combinations) 8
15

Four estimates of the variance (square of the standard devia-
tion) are available and the first three may be appraised in terms
of that based on the duplicates.

As the data stand it would be a great deal of trouble to go be-
yond the following division:

Degrees of Mean Square
Freedom (Variance)
Between combinations 7 458
Within combinations 8 131

The ratio of these is known as F, here equal to 3.5 and just at
the 59% level of significance. The evidence is suggestive of
differences between the preparations and if the analyses had
been distributed evenly the chances are that the source of dis-
turbance could have been narrowed down considerably.

2. At the other extreme from atomic weight. determinations
a rapid control method for fat in meat (6) resulted in some data
which show a disagreement between the average ratio and b.
Twenty samples were analyzed by both the proposed method and
the A.O.A.C. method (Table III). A column of ratios has been
added and the samplés have been rearranged in ascending order
of fat content. The following values will be helpful in repeating
the computations:

=x2, 19710.67
Zy?, 19656.03

Sy, 19679.30

In making computations which involve taking the difference
between two large numbers, care must be taken to carry suffi-
cient places. A computing machine is almost indispensable
for the atomic weight data in the preceding example.

The rearrangement of the data in order of increasing fat con-
tent and the column of ratios already suggest certain short-
comings in the proposed method. It is apparent that samples
of low fat content give high results and samples of high fat con-
tent run low. It is of interest to compsre the various estimates
of the ratio of fat found by the rapid method to fat found by the
official method. As computed by the usual method of taking the
average of the 20 individual ratios, the new method appears to
run high. "The slope shows a marked disagreement with the
ratio of unity. The equation, ¥y = 1.05 + 0.9663z, confirms
what is apparent on close inspection of the data. The value
obtained for ¢ shows that, in the present state of development of
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the method, the line cannot be considered to pass through the
origin.

In the absence of anything to the contrary, the discussion has
assumed that the official .method is accurate. There would
have been some advantages in choosing 10 instead of 20 samples
and running duplicate determinations by each method of analysis.

- This would have fixed the z values more precisely and would also

permit an examination of the data to see if the standard devia-
tion as estimated by the deviations from the straight line was
consistent with an estimate based on the duplicates. There
would have been no need to run a separate series for reproduci-
bility. .

3. A more typical example of analytical chemistry is fur-
nished by & proposed method for calcium in the presence of large
amounts of magnesium (4). Ten different samples containing
known amounts of calcium oxide were analyzed by both the old
and new methods.

Table III. Comparison of Modified Babcock Mei:hod with
Standard A.O:A.C. Method

A.0.A.C. Babcock Ratio
z Y
Wieners 22.0 22.3 1.0136
. 22.1 21.8 0,9864
22.1 22.4 1.0135
22.2 22.5 1.0135
Chopped ham 24.6 24.9 1.0121
Chopped pork, 25.83 25.6 1.0118
Chopped ham 25.3 25.8 1.0197
25.6 - 26.2 -1.0234
25.6 26.1 1.0195
25.9 26.7 1.0308
Wieners 26.0 26.3 1.0115
26.2 24.9 0.9503
27.0 26.9 0.9962
Chopped ham 27.3 28.4 1.0402
27.7 27.1 0.9783
Pork sausage links 41.5 41.4 0.9975
41.6 41.4 0.9951
Bulk pork sausage 45.5 45.5 1.0000
48.5 48.2 0.9938
49.1 47.5 0.9674
Total 601.1 601.9 20.0746
Av. 30.055 30.095. 1.00373
a = 1.0527 b = 0.96631
(n — 2)82= 6.2009; sq = 0.455; sb = 0.0145
t= 2.10for P =0.05

t = 32 = 2,32, 18 degrees of freedom;
a .

Taking the known calcium oxide content of the samples as the
z variable, a straight line has been fitted for both the old and new
methods. A comparison of the statisties for the two methods
reveals that the average ratio and b are in much closer agreement
for the new method and that the new method has the smaller
standard deviation. The values for ¢ indicate that both lines may
be considered to pass through the origin, although ¢ is rather
large in the case of the old method.

Table IV. Gravimetric Determination of Calcium in
Presence of Magnesium

CaQ Found
CaO Old Method New Method
‘Present Ratio Ratio
Mg. Mg. Mg
4.0 3.7 0.925 3.9 0.975
8.0 7.8 0.975 8.1 1.013
12.5 12.1 0.968 12.4 0.992
16.0" 15.6 0.975 16.0 1.000
20.0 19.8 0.990 19.8 0.990
25.0 24.5 0.980 25.0 1.000
31.0 31.1 1.003 31.1 1.003
36.0 35.5 0.986 35.8 0.994
40.0 39.4 0.985 40.1 1.003
40.0 39.5 0.988 40,1 1.003
Total 232.5 229.0 9.775 232.3 9.973
Av. 23.25 22,90 0.9775 23.23 0.9973
b = 0.994757 1.002359
(n — 2)s2 = 0.3419 0,1273
8 = 0.207 0.128
a = —0.2281 ~0.0748
8a = 0.138. 0.084
t = 1.65 0.89
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The authors give some additional -data showing ten analyses
by each method on the same sample of magnesite. This is pre-
sumably to show the precision of the methods. It would have
been more advantageous to run two analyses by each method on
the ten samples listed above. The ten pairs would then furnish
an independent estimate of the standard deviation as will be
pointed out in the next example.

The ten analyses performed on a sample containing 26.8 mg.
of calcium oxide gave the following results:

0Old Method New Method
26.2 27.4
26.6 27
26.1 27.4
26.1 26.9
26.2 27.3
26.4 26.4
26.5 26.2
26.0 26.9
26.0 27.0
26.1 27.1
Av. 26.22 26.98
s 0.210 0.405
Compare with 3 computed 3 0.207 0.126
from deviations from
straight line

In the case of the old method the standard deviation as cal-
culated from the ten analyses agrees very closely with the value
0.207 based upon the deviations of the points from the straight
line. It i$ disconcerting, however, to find that for the new
method the series of ten analyses gives a much larger estimate of

- ¢ than that found above. The difference is great enough to war-
rant explanation.

4. In a study of the antimony electrode Hovorka and Chap-
man (5) published some data which have several interebting char-
acteristics. For seven different solutions, covering a range in
pH from 2.20 to 8.00, they recorded the voltage across antimony
and hydrogen electrodes. Their results are shown in Table V.
They conclude that apart from a large deviation for pH 8.00 the
voltages may be considered constant and they arrive at 255.2
mv. as an average value.

Table V. Observed Voltage across Antimony and Hydrogen
Electrodes
pH Set a Set & Av,
Millivolts

2.20 255.38 255.34 255.36
3.00 255.12 255.12 255.12
4.20 255.09 255.10 255.10
5.00 255.01 255.00 255.01
6.00 255.61 255.41 255.51
6.80 255.91 255.74 255.83
8.00 256.71 256.72 256.72

These data-differ from preceding examples, since the best line
through the points should have zero slope and the intercept
is the constant sought. It will reduce the arithmetic as well as
reveal the character of the measurements if the above voltages
are all reduced by 255 mv.

Table VI. Coded Data from Table V
Calculated Values
All
Observed Values Omitting pH 8.0 points,
pH Set a Set b  Diff. Av. Line Curve curve
Hundredths of Millivolts
2.20 38 34 4 36.0 8.2 36.4 36.5
3.00 12 12 0 12.0 16.4 12.5 12.5
4.20 9 10 1 9.5 28.5 2.1 2.0
5.00 1 0 1 0.5 36.7 12.2 12.1
6.00 61 41 20 51.0 46.8 43.8 43.9
6.80 91 74 17 82.5 54.9 84.5 84.6
8.00 171 172 1 171.5 . ... (170.9) 171.4

More inferesting than the out-of-line value for pH 8.00 is the
very evident trend in the whole set. The averages fall off
smoothly to & minimum and then increase in such a way as to
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suggest that the value for pH 8.00 does not represent a sharp
break in the data. A straight line fitted to the first six points
has the equation

E = —14.104 + 10.1514 pH

The slope, 10.1514, has a standard deviation of 7.25 (4 degrees
of freedom) and so cannot be considered as different from zero.
From this point of view there is no evidence of a linear trend in
the data and the constant may be assumed not to vary over the
range. Yet there is a very evident pronounced trend in the.
values which cannot be overlooked. This is confirmed by
comparing the standard deviation of the individual entries of
sets a and b as computed, first, from the deviations of the aver-
ages from the straight line, and then from the differences between
the duplicates. These estimates are 40.2 and 7.7 and are so
different that it is obvious that the average values depart from
the fitted line to a far greater exfent than wouid be expected
from the concordance between the duplicate measurements.

257.0 T T T LI T T
. Figure shows parabole fitied to observations.

256.5 L Horizontal line shows reported average of 255.2 =
2256.0 | .
g [
= N E£=256.73 - 0.8547pH + 0,1066 sz °
= AN °
m—255.5 - \\\8\ -

\ )
255.0 - [+ -
254.5 \ : : . ! L L
1 2 3 4 5 6 7 8
pH
Figare |

The standard deviation is estimated from the duplicates by
squaring the differences between the duplicates and taking the
square root of half of the average value of these squares.

sd2=43+02+12+12+202+172=

5 X6 58.9

sq = 7.7

. The previously given formula for s? is modified by a factor 2 in
the numerator, since the observed y is the average of two values.

_ 2 X sum (qbserved — calculated)?

e = 1619

8?2

s = 40.2

Probabiﬁty tables of a function F = s?/8% are available
(3, 7) to judge the compatibility of the two estimates of the
variance (square of the standard deviation).

_ 1619 _
~ 58.9
The table of F is entered with 4 and 6 degrees of freedom and
g; 6?) found that the probability attached to this ratid is less than
.001. .
The next step is to try fitting the data with a second-degree

equation (2). This was done, first omitting the values for pH
8.00 and then including this value.

pH 8.0 omitted ¥ = 172.35 — 85.138 pH + 10.6195 pH?
pH 8.0 included ¥ = 172.96 — 85.472 pH + 10.6595 pH?

F 27 .4
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The last two columns of Table VI show the values calculated
from these two equations. The observed values now agree so
closely with the compufed values that s estimated from their
differences is entirely consistent with s; computed from the
duplicates. This is also evident from an inspection of Figure 1.

The fitting of empirical curves for which no physieal inter-
“pretation can be made is in general avoided. The empirical
curve does serve a purpose in this instance. The literature on
the antimony electrode is to the effect that a constant voltage
will be found between an antimony and hydrogen electrode in
solutions up to pH 8.0." The constant is reported to change
at pH 8.0. - Yet using data up to only pH 6.80 it has been pos-
-gible to fit an empirical curve which predicts in an astonishing
manner the value found at pH 8.00. The observed value is.171.5
and the predicted 170.9. It is an almost inevitable conclusion
that the precision of this piece of work has revealed a real depar-
ture from linearity over theswhole range of pH. For all prac-
tical purposes such as measuring the pH of a solution to 0.01
pH, the deviations are unimportant. From the viewpoint of
investigating the behavior of this electrode, the statistical ex-
amination prompts a number of remarks.

The equation predicts a value of 74.2 for pH 1.40. If this
value were found there would be no question about the general
form of the curve. The constant is at a minimum for pH 4.01.
It would be extremely interesting to ascertain whether this min-
imum is associated with the electrode or the buffer solution, by
trying some other buffer. The measurements were made at

25° C. and it would not be difficult to determine whether the

location of the minimum is independent of the temperature.
There is a question here for the mathematical statisticians:
‘Based upon these data, what are the confidence limits for the lo-
cation of this minimum on the pH scale?

All the above examples make use of the same basic technique
of fitting a straight line by least squares and computing stand-
ard deviations for the constants in the linear equation. The es-
sential advantage in this technique is the use that is made of the
sample weights, the known compositions, or pH values as cor-
related information. Far too often attention is directed only to
the actual observations.

In the last example the several values obtained for the voltage
could be replaced by an average and a standard deviation com-
puted from the individual values. By making use of the as-
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sociated pH variable additional information was obtained. The
examples have been chosen to exemplify various possible situa-
tions which may be'‘encountered. The actual number of meas-
urements ranged from ten to twenty for all the lines fitted and
yet these limited numbers were sufficient to carry the inter-
pretation of the data beyond that found in the published reports
from which the data were taken.

Apart from the normal errors of manipulation, observations are
subject to various errors that may be inherent in the chemical
procedure. These errors may be of the so-called constant type,
such as the error arising through impure reagents or a displaced .
end point in a titration. These are often combated by running a
blank on the reagents. ~If the range of samples taken permits
fitting a straight line, a constant error, if present, will be revealed
by making use of the slope of the line. If the error is directly
proportional to the magnitude of the sample, it will not be re-
vealed by this technique. If the error varies in some manner not
proportional to the size of the sample, it may be possible to
demonstrate its presence. The work with the antimony elec-
trode is a good example of this. In this case the errors do not
arise from deficiencies in the electromotive measurements but
result when the electrode potential itself departs from a simple
linear relationship. There are cases where such departures are
of immense significance. Statistical techniques provide & nice
measure as to whether apparent departures need. be taken seri-
ously.

LITERATURE CITED

(1) Baxter, G. P., Guichard, M., H&nigschmid, O., and Whytlaw-
Grap, R., J. Am. Chem. Soc., 63, 845-50 (1941).

(2) Fisher, R. A., “Statistical Methods for Research Workers,” 7th
ed., London, Oliver & Boyd, 1938.

(3) Fisher, R. A., and Yates, Frank, ‘‘Statistical Tables for Biologi-
cal, Agricultural and Medical Research,” 2nd ed.. London,
Oliver & Boyd, 1943.

(4) Hazel, W, M., and Eglof, W. K., Inp. Exg. CrEM., ANaL."EpD.,
18, 759-60 (1946)

(5) Hovorka, Frank, and Chapman, G. H., J. Am. Chem. Soc., 63,
955-7 (1941).

(6) Oesting, R. B., and Kaufman, I. P., Inp. ENe. CHEM., ANAL..
Ebp., 17, 125 (1945).

(4] Snedecor, G. W., “Statistical Methods Applied to Experiments
in Agriculture and Biology,” 4th ed., Ames, Jowa, Jowa State
College Press, 1946.

RECEIVED September 6, 1947,

Design of Experiments in Industrial Research

HUGH M. SMALLWOOD, U. S. Rubber Company, Passaic, N. ]J.

HIS discussion concerns the place of a relatively unfamiliar
technique, design of experiments, in a field which is familiar
to most chemists—industrial research.

Academic research is characterized by the ability to refine the
experiment in order to emphasize known causes of variability.
Unknown, or uninteresting, causes of variability can be removed
by improvement of apparatus, isolation of the experiment from
disturbing influences, and other methods. This exhaustive
elimination of unwanted disturbances enables concentration on
the selected topic of interest to the exclusion of all other considera-
tiofis.  Modern industries: -support a sizable amount of research
of an academic nature, but, in addition, they require work in
fields: in which undesirable sources of variability cannot be
eliminated.

These fields of industrial research fall into two classes. On
the one hand, industry frequently requires laboratory work with
poorly deﬁned tests. Determinations of fatigue life, adhesive-

ness, resistance to accelerated aging, processability in the fac-
tory, etc., are important in numerous fields of industrial re-
search. Tests of this type canunot always be refined to such an
extent that the desired differences are clearly distinguishable
from experimental error. This inability is, no doubt, a conse-
quence of our imperfect knowledge of the factors underlying silc;_h
tests but, regardless of its cause, it makes theconclusions of the
industrial chemist insecure and troubles him about the best way
of setting up his experiments.

Another field of industrial research is occupled by factory-
scale or pilot-plant experiments. An attempt to refine these
experiments might result in eliminating the most interesting and
important features of the problems. Vagaries of-operating per-
sonnel must sometimes be included, in order to make the final
conclusions realistic. Even though the measurements to be made
on the final product may be entirely precise, complications of
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interpretation are tremendously multiplied in going from the
test tube to the factory.

These features of industrial research are just those which re-
quire careful design of experiments. For many years chemists
have been inclined to look down their collective nose at the
biologist and the agriculturist. Since research in these lines is
particularly. aggravated by the type of difficulty described
above, biologists and agriculturists have become accustomed to
the use of new methods in planning their experiments. These
methods, for the most part, were originated by the British
mathematician, R. A. Fisher, and his co-workers. The chemist
is now in a position where he must venture beyond the safe fields
of refined experiment and enter upon preblems that demand the
utmost skill in designing and interpreting the appropriate experi-
ments. Under these circumstances, it is best for him to swallow
his pride and to look for guidance in his present difficulties to
fields in which these methods have been proved.

Table I. Block Experiment
Litter
1 2 3
Pup I A A A
Pup I1 B B B
Pup IIX C C C
Pup IV D D D

‘What is meant by the “design of experiments’”? Simply the
planning of a group of experiments so that their combined result
will yield a maximum amount of information for the work which
has been expended. It is important that this planning take
place before the experiments are carried out. In addition, it is
necessary to consider the analysis which will be applied to the
data after they have been obtained, so that there is reasonable
certainty of drawing valid conclusions.

A number of standard designs have been invented, one or more
of which are capable of handling almost any problem.

BLOCK EXPERIMENT

The simplest type of experimental design is called the “block
experiment.” Its object is to eliminate, as far as possible,
variability of the experimental medium.. For example, in rubber

technology it is well recognized that the physical properties of a

test piece-depend on the detailed procedure by which the test
piece was mixed and cured.
formity as possible, it has been customary to specify that com-
parisons be made only among test pieces mixed by the same man
on the same day. This is a very rough and inefficient way of
eliminating variability of the experimental medium. The prob-
lem is more efficiently handled if it is recognized that items of
the experiment can be arranged in groups, either in space or in
time, so that the variation of the medium will be small within:the
groups in comparison with the variation expected between
groups. (In agriculture, these groups are called blocks. This
is the origin of the name of this type of experiment.)

Suppose a nutrition chemist is attempting to compound a
ratio for a particular breed of dog, and wants to determine
which of four experimental formulas will best nourish growing
pups. ' Differences in rate of growth due to heredity may be as
large as or larger than differences due to diet. It is, however,
generally admitted that pups from a single litter will be more
uniform than pups in general. The block experiment takes ad-
vantage of this proposition, at the same time recognizing that
the number of puppies in a litter is not great enough to allow for
all the desired replications within a single litter. The experi-
ment would therefore be set up as follows: three litters of four
pups each are taken for the experiment; diet A is fed to one pup
of each litter; diet B to one pup of each litter, ete. This is ex-
pressed symbolically in Table I.

Fhe experimenter records weight at, a definite age, rate of in-
crease in weight, or some other suitable measurement of the ef-

shown in Table I.

In order to obtain as great uni--
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fectiveness of each diet for each experimental animal. The
important feature of the experiment is that each diet is repre-
sented in each litter. Because of this, the variation between
litters can be allowed for in analyzing the experimental results,
with a very material increase in accuracy of the experiment.
A further advantage of this type of experiment is that the re-
sults are more general, since they have been obtained from a.
more representative sample of the experimental medium than if,
in this illustration, it had been possible to obtain the whole ex-
periment from g single litter. ‘

In general, the block experiment is advisable wherever some
feature of the experiment is unique in the sense that it cannot be
repeated identically in subsequent experiments. It is not always
desirable to set up experiments with the amount of repetition-
This objection can be avoided by more sophis-
ticated types of design.

FACTORIAL EXPERIMENT

Of even greater general utility than the block experiment is
the design known .as the “factorial experiment.”” This design
i3 generally applicable to any experiment where we wish to ob-
serve the effects of more than one independent variable. Briefly,
it involves selecting a number of independent variables to be
studied and the number of values to be assigned to each of these
variables, and carrying out a complete experiment for each com-
bination of the different values of all the variables.

For example, the yield of a certain chemical is to be studied in
the pilot plant. Preliminary experiments on a laboratory scale
have shown that best results will be obtained when the reaction
mixture is diluted with approximately 509, of an inert solvent,
when the temperature is maintained at 50° or 60° C., and, fur-
ther, that either catalyst A or B will give substantial amounts of
the desired chemical. If the reaction time is rather long, the in-
vestigator will wish to begin his search for optimum conditions
with a relatively small number of combinations. Suppose he
plans to investigate three concentrations of the inert solvent,
say, 40, 50, and 609, and only two temperatures, 50° and 60° C.
In addition, he wishes to compare catalyst A with catalyst B.

Elementary science courses teach uniformly that the scien-
tific method involves holding all variables'but one constant,
and allowing that variable to take a number of values. The
observed results will then teach us the effect of that variable.
If the investigator has been trained in this school of thought, he
may decide to vary the concentration of the inert solvent at a
single temperature and with a single catalyst. On completing
these three experiments he will pick the optimum concentration -
of inert solvent and study first the effect of high temperature,
and then (at a single temperature) the effect of ¢atalyst B. "He
might obtain the results shown in Table IT.

Table II. Yield of Chemical

Concentration of Inert
olvent

40% 50% 60%
Temperature Yields
°C. Lb. Lb. Lb.
Catalyst A 50 45.1 45.7 44.9
60 Lo 45.8 -
Catalyst B g(o) L. 45.7

It is fair to assume that the investigator is experienced in this
type of experiment. He knows that there is an error of 0.1 or
0.2 pound in weighing the product, and so places little confidence
in the third digit recorded in the figures in the table. As a con-
sequence of his five experiments, he will probably conclude that
the yields are all substantially the same, so that it makes little
difference what are the actual operating conditions of the proc-
ess within the range here covered.

This is a very unsafe conclusion to draw from the meager
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data shown. This type of experiment calls for the factorial de-
sign. In this case, use of the factorial design means that experi-
ments would have been carried out so as to fill in all of the
blanks shown in the table. It is entirely possible that the re-
sults might be as shown in Table III.

Table I1I. Factorial Experiment
Concentration of Inert
Solvent
409, 50% 60%
Temperature Yields
°cC. Lb. Lb. Lb.

Catalyst A 50 45.1 45.7 44.9
60 44.8 45.8 44.7

Catalyst B 50 33.0 45.7 53.8
60 32.6 45.5 54.2

It is at once apparent that, although the amount of inert solvent

is unimportant when catalyst A is used, this factor becomes ex- )

tremely important when catalyst B is used. Results of this experi-
ment clearly indicate the nceessity for further investigation before
specifying optimum operating conditions.

Admittedly, the data of Table III are fictitious and have been
chosen to illustrate the importance of a complete investigation.
It is not infrequent, however, in actual experimental work to
obtain unexpected results of just this type. A major advantage
of the factorial experiment is that it is our best safeguard against
missing important information.

A further feature of the data given above must be emphasized.
It will be noticed that the effect of temperature is insignificant.
The uniformity of results obtained at the two temperatures gives
us confidence in the reliability of the data. More than this,
however, this design allows an estimate of the reliability of the
conclusions without carrying out any duplicate experiments, re-
gardless of the presence of an effect due to temperature. Wher-
ever experimentation is costly, this feature is of extremely great
value.

A further point should be noticed. In comparing the effect
of high temperature with that of low, the average of the six
figures obtained at 60° C. should be compared with the average of
the six figures obtained at 50° C. This gives great accuracy to
our final conclusions. This method of analysis is justified by the
symmetry of the factorial design. To a first approxifnation, the
effects of concentration of inert solvent and the nature of the
catalyst cancel out in this comparison. Similar statements can
be made for each of the variables involved in the factorial ex-
periment. In consequence, the total information yielded by the
factorial experiment per unit of the experiment is very much
greater than in any other design.

ANALYSIS OF VARIANCE

In describing these experiménts the fact that detailed analysis
of the results is contemplated has been mentioned. This analysis
is rather more elaborate than that ordinarily used. Techniques
are available for separating the total variability exhibited by a
set of data into items associated with each of the sources of the
variability. In addition, an analysis of this type furnishes an
estimate of the error in the experiment and consequently allows
a statistical test of the significance of the conclusions. This
type of analysis is called an analysis of variance.

A complication arises in many applications of this analysis,
whose avoidance requires considerable experience with the ex-
perimental medium. In order that the error estimate be valid,
it must include all pertinent sources of error; otherwise, the
replication is incomplete and serious mistakes can be made.

This situation is most readily explained by a simple illustra-
tion. "In the outline of the block experiment, it was pointed
out that appreciable errors are involved in mixing the recipes
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from which rubber test pieces are cured. This fact is not al-
ways recognized with sufficient clarity in drawing conclusions
from experimental data. Suppose an investigator is studying
tensile strength of a rubber vulcanizate as affected by three dif-

ferent accelerators Preliminary experiments have shown him

the proper quantity of each accelerator to use. He then makes

one mix of each accelerator and, according to customary prac-
tice, obtains a range of cures from each mix. The tensile data -
might look somewhat as shown in Table IV. "

By inspection, it can be seen that the differences are not large,
but it appears that accelerator B gives a higher tensile than does
C and perhaps also has some advantage over A.

This conclusion may well be fallacious. All the cures con-
taining accelerator B were made from a single mix. If any mis-
takes were made in the preparation of the mix, they may affect.
all the data obtained from that mix. The apparent replication
of this experiment is incomplete, in that any errors due top répa-
ration of the original mix are not replicated. There is no doubt.
but that the tensile strength of the compound containing accelera-
tor B is greater than that containing accelerator A, but'it has
not been proved that this difference is due to the difference in
accelerator.

Table IV. Tensile Data

Accelerators
. A B T
Cure at 140° C. Tensile Strength, Lb./Sq. Inch
Min.
40 3900 4300 3700
60 4100 4200 3900
80 4000 4300 3600

Under these circumstdances definite conclusions can only be -
drawn when the mixes are replicated. The appropriate design
is shown in Table V. This extended experiment shows that in
fact there is no difference between the acecelerators.

These data are fictitious and correspond to a very poor level
of control on the mixing procedure. There are, however, many
cases of practical importance wherc incomplete replication can
have very serious consequences.

Table V. Variance Analysis
Accelerators
A A B B C C
Tensile Strength, Lb./Sq. Inch

Cure at 140° C.

Min.
40 3900 3600 4300 3700 3700, 4100
60 4100 3500 4200 3900 3900. 4000
80 4000 3800 4300 3600 3600 3800

It will be noted in Table V that the amount of replication given
to answering the question, “Is there any difference between these
accelerators?” differs from the amount given to the question,
“How does tensile strength depend upon cure?”- Under these
circumstances, a special type of variance analysis is required in
which different error estimates are used, appropriate to the
amount of replication given to each question.

CONCLUSIONS

An attempt has been made to describe what can be done by vhe
design of experiments, and also some of the circumstances under
which experimental design becomes important. Only a few
of the features of this subject have been covered A number of
other tools are available and have been found to be of extreme
utility. The subject is a large one, but its study is rewarding.

Whenever all the information contained in a set of data must
be extracted, or whenever results must be obtained as efficiently
as possible, the design of experiments can be counted on to bring
real benefits to industrial research.

RECEIVED September 4, 1947.



Statistical Training for Industry

S. S. WILKS, Princeton University, Princeton, N. J.

URING the past twenty years there has developed a field

of activity in industry which has come to be known as sta-
tistical quality control. This movement constitutes the intro-
duction of modern statistical methodology into industry, and
any discussion of the use of statistical methods in industry or
of training in the use of these methods would be incomplete
without some reference to statistical quality control and its
growth.

Industry has recognized two main aspects of quality control:
(1) process control and (2) sampling inspection.

Process control is concerned with the control of the qua.hty of
product as it passes through the various stages of the manu-
facturing process. The control procedures are based on careful
statistical analysis of sequences of measurements of quality
characteristics made on samples of the product at certain stages
in the manufacturing process. When appropriate statistical
analysis is used, these sequences of measurements are capable
of yielding information promptly as to whether the manufaec-
turing process at a given stage is proceeding at an established
state or level of control. The analysis is based on the statistical
‘theory of when the variability, or secular trends, or other types
of fluctuations in sequences of measurements become large
enough to indicate the presence of causes of important disturb-
ances in the manufacturing process at that stage. This analysis
has been highly standardized for routine application in forms
known as Shewhart (1, 7, 8) control charts.

Sampling inspection is concerned primarily with the control of
_quality of the completed product by inspection of samples from
lots of the finished product, or of samples from lots of finished
components of the product. If sampling inspection is non-
destructive, so that defective pieces in a lot can be recognized
and replaced by nondefective ones, then sampling inspection can
be used as a device for controlling the percentage of defectives
accepted in the long run. Three general types of sampling in-
spection schemes have been developed: single, double, and se-
quential sgmpling. Any given sampling plan has an operating
characteristic curve, which indicates the probability of accepting
a lot with any given percentage of defectives. Single-and
double sampling inspection tables for routine application under
a wide variety of conditions have been made available by Dodge
and Romig (§). The Material Inspection Service of the Navy
(6) and the Columbia University Statistical Research Group
(%) have issued sampling inspection tables for all three methods.

Of these two aspects of quality control, process control is the
more fundamental in the sense that process control properly
established at various stages of the manufacturing process essen-
tially guarantees that the end product will be satisfactory and

“will, in general, pass any appropriate sampling inspection plan.
Sampling inspection as customarily practiced is used by a pur-
chaser to control the quality of the products he buys, or, more
specifically, control the number of defectives he will tolerate.

GROWTH OF QUALITY CONTROL DURING THE WAR

Until the beginning of the war only a few scattered companies,
mainly in the electrical industry, had become interested in the
use of statistical quality control procedures. But a great out-
burst of enthusiasm for the procedures developed during the war.
The reason is to be found in the fact that with the huge require-
ments of war material, thousands of manufacturers were faced
with the necessity of making new and different products in great
quantities as rapidly as possible. Army and Navy procurement
agencies set up acceptance sampling procedures for deciding
whether to accept or reject lots of material. Some manufacturers
found that large percentages of their output would not meet

these acceptance sampling requirements; they simply needed to

improve the quality of their products. Many of them turned
to statistical quality control procedures and found them immedi-
ately effective in establishing and maintaining control of manu-
facturing processes.

British manufacturers, operating under heavy war productlon
schedules before the United States had seriously started its war
production, came to a fairly -general recognition of the value of
statistical quality control methods about two years before Ameri-
can manufacturers did. The foremost problem which had arisen
in England’s wartime quality control experience was that of de-
veloping personnel who could introduce and operate statistical
quality control methods in industry. The number of individuals
who knew anything about the subject in England before the war
was totally inadequate to meet wartime demands. The solution

. decided upon in England was to set up a group of experts in the

Ministry of Supply who would be on call by war plants to visit
such plants for varying lengths of time and install the pro-
cedures—giving enough instruction to personnel on the spot to
keep the work going.

By making a study of the wartime development of the quality
control situation in England up until the latter part of 1942,
the Committee on Applied Mathematical Statistics of the Na-
tional Research Council anticipated that there would be a
similar development with & more serious personnel problem in
the United States, with about a two-year lag. It was concluded
that the only feasible way to deal with the personnel problem in
the United States was by means of a program of short intensive
courses in quality control procedures in war production centers
throughout the country, which would provide enough training in
the rudiments of statistical methods to enable those taking the
courses to install quality control procedures in the simpler and
most troublesome spots in the manufacturing process in a given
plant. Accordingly, a proposal was submitted to the Office of
Production Research and Development (OPRD) of the War
Production Board, early'in 1943, that it sponsor a nation-wide
program of short intensive courses of this type. The proposal
was accepted and a plan was worked out whereby the courses
were administered by the Engineering, Management, and War

- Training Program of the United States Office of Education

through various universities over the country under the general
supervision of OPRD: Under this program, 34 short intensive
quality control courses were given in approximately 25 cities
throughout the country to a total of nearly 2000 individuals repre-
senting some 800 industrial organizations.

It is obviously impossible to produce a quality control expert
in an 8-day course. All that could be hoped for was to stimu-
late the individuals taking the course to begin thinking sta-
tistically about some of their problems and to show them how
to use some of the control chart. techniques and acceptance
sampling plans on a few simple production problems. The fact
that the individuals who took these courses organized themselves
into more than twenty local groups throughout the country
for the purpose of meeting regularly to discuss new problems
and applications of quality control procedures is evidence of a
strong continuing interest which these persons have found in the
statistical approach to their problems. Early in 1946 these
groups, with a total membership of about 1600, organized them-
selves into the American Society for Quality Control, with head-
quarters at 305 East 43rd St., New York 17, N. Y.

At the present time, there is wide acceptance of statistical
quality control methods in ‘industry. It is not necessary to
describe here the ways in which these methods contribute to the

. efficiency of modern mass production technology. Many articles
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have been written to show how the methods have been applied
to control problems in the chemical industry and dozens of
other industries.

OTHER FIELDS OF INDUSTRIAL STATISTICS

The introduction of what are now commonly called statistical
quality control methods marks only the beginning of the use of
modern statistical methods in industry. The methods which
have been introduced and widely used thus far deal primarily
with problems of inspection and process control. Highly stand-
ardized statistical procedures—control charts and inspection
sampling plans—exist for a majority of these problems. A
large number of persons in industry know something about
these procedures. Further dissemination of information about
the methods is being carried forward by such groups as the
American Society for Quality Control.

There are many categories in the over-all industrial process in
which statistical problems exist and have hardly been touched.
By the over-all industrial process we mean the process which be-
gins with raw materials, research, and development and extends

all the way through to sales and the analysis of consumer reac--

tion. It is only by showing some concern now about these
other large fields of potential application of statistical methods
that we can hope to see an orderly development in these fields—
as contrasted to the rather hectic development of statistical qual-
ity control work during the war.

Industrial Research and Development. One of the most
promising phases of the industrial process for the early intro-
duction of modern statistical methods is research and develop-
ment. In fact, considerable use of statistical methods is already
being made on the analysis of properties of materials, of com-
parisons of experimental methods or processes, of repeated tests
of apparatus, and so-on. One of the most important considera-
tions in research and development is what has come to be called
in statistical parlance the design of experiments. For example,
an experiment may consist merely of the comparison of some
physical characteristic of a substance treated by processes A
and B. If so, how many times should the experiment be per-
formed for each of the two processes in order to conclude with a
specified degree of confidence that one process is definitely better
than the other? A physical orchemical characteristic of a sub-
stance usually depends on several important factors—for ex-
ample, tensie strength of polymer fibers of a standard size de-
pends on temperature of processing, pressure of processing, source
of raw material, and other factors. How should one design
an experiment most efficiently in order to determine what com-
bination of ‘values or levels of the factors yields polymer fibers
with the greatest tensile strength? How many combinations of
different values of the factors should be considered? How many
trials should be made for each combination? How should the
final set of data be analyzed? What conclusions is one en-
titled to draw from the results of the analysis? These all depend
on statistical considerations in conjunction with technical sub-
ject matter, content, and background. Statistical analysis ap-
propriate to such experimental designs is known as the analysis
of variance. Statistical problems of this type have been thor-
oughly studied and the methods tested in several branches of
biological science. Some applications are being made in indus-
trial research, but the possibilities here have only been touched.

Other statistical methods can be expected to be useful in
industrial research and development. The statistical theory of
runs, sequential analysis, order statistics, and multivariate
statistical methods should be mentioned particularly.

Design and Specifications. Another important phase of the
over-all industrial process where statistical methods are becom-
ing more useful is that of design and specification. If specifi-
cations are to be set up in terms of a satisfactory level of per-
formance of a product or a piece of apparatus, they should be
set on the basis of the statistical data of satisfactory performance.

. market or potential market for a given product.
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It is only in this way tbat tolerance limits for'speciﬁcaﬁions can
be set in an efficient aad scientific manner. If specifications are
prescribed without due regard to the statistical nature of the
performance of the produect, they may be badly out of tune as
far as satisfactory performance of the product is concerned.

Consumer Research. ¢In research and development work on
ultimate consumer products such as automobiles, electrical ap-
pliances, food, and clothing, there are abundant opportunities to
utilize important information which can be supplied only by a
sample of consumers, or potential consumers, themselves.
Sample surveys of potential consumers are already being used
(2) to provide information on the size and characteristics of the
After a prod-
uct has been designed, developed, tested, manufactured, in-
spected, and sold to consumers, samples of these same consumers
are capable of furnishing valuable information to the manu-
facturer on the performance of his product and how to improve
its performance. Consumer research of this type is unquestion-
ably a very fertile field where the manufacturer should concen-
trate more of his attention in the future. For it is only by con-
sumer research that he is able to keep in close touch with the
users of his product and to know at all times how his product is
being received and what to do to improve its position. To get
reliable information about the product from the consumer re-
quires the application of careful sampling, interviewing, measur-
ing and recording techniques, and appropriate statistical analysis
of the results. Work of this type is already being done, but the
grea:t bulk of the applications are yet to come.

OPERATIONS RESEARCH IN INDUSTRY

During the war there was an activity known as operations re-
search which seems to have peacetime possibilities that ought
to be mentioned in any discussion of statistical training for in--
dustry. During the war, British and American groups of scien-
tific personnel were organized and assigned to Army and Navy
commands in various theaters of operation for the purpose of
making analyses of the performance of ‘men, equipment, and
tactics under combat conditions. These groups consisted mainly
of actuaries, biologists, ‘chemists, engineers, mathematicians,
physicists, psychologists, and statisticians. The groups carried
out hundreds of analyses on the basis of data collected in the
course of military operations. They presented the results of the
analyses and made recommendations to the commanding officers
and members of their staffs. As a result of actions based on this
activity many improvements were made in the training of men,
in the design of equipment, and in the tactical employmert of
men and equipment. The fundamental tools in all these studies
were mathematical and statistical analysis.

‘There were other types of wartime activity analogous to opera-
tions research but not carried out in theaters of operation. The
work done by the Quality Control Sections of the Bureau of
Ships and the Bureau of Ordnance in the Navy and similar
groups for the Ordnance Department and Signal Corps of the
Army deserve particular mention. The work performed by these
groups is essentially operations research applied to inspection,
testing, preparation of specifications, and other problems of pro-
curement of material. Peacetime successors of many of these
operations research groups are being continued.

Within a few years, we can expect to see industrial operations
research groups attached to the managements of large industrial
corporations carrying out analyses of operations analogous to
those done by military operations research groups for their com-
mands. The domain of operation for such a group would con-
sist of the various segments of the over-all industrial process men-
tioned above. They would analyze the performance of men,
machines, and processes under operational conditions. Too
often these problems appear to have been handled by guesses
and hunches. In a period in which there has been plenty of
margin to spare, it has been safe to handle such problems on this
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basis. But these margins are being steadily trimmed and sooner
or later these problems will have to be subjected to closer and
more systematic analysis.

A statement made by General H. H. Arnold in June 1946,
before a meeting of the Institute of Aeronautical Sciences, giving
his views on the importance of operational research, applies as
well to industrial operations research as to military operations
research:

Rare was the scientist whose interests led him to consideration
of what T may call diffuse problems, connected with operational
research. The number of scientists and technologists who ap-
plied themselves to the solution of the difficult problems asso-
ciated with operations was pitifully small. I suspect this failure
is a reflection upon our method of training. It seems to me we
must do something to encourage greater interest in the applica-
tion of the method of reasoning to the evaluation of problems
which deal not alone with machines, but with the integrated
combination of men and machines.

NEED FOR BASIC STATISTICAL TRAINING IN INDUSTRY

The greatest obstacle standing in the way of a wider introduc-
tion of modern statistical methods into industry at the present
time is the lack of trained personnel and training facilities. Of
the research personnel now in industry who are concerned with
the applications of statistical methods, virtually none received
any statistical training in college. They have picked up what
thty know of the subject through short courses, reading, and
discussion. This lack of training is due largely to the very rapid
growth in the use of statistical methods in recent years. It is
clear from the 20-year history of statistical quality control that
it took a war to bring the movement to a stage resembling ma-
turity. It is unfortunate that the methods were not introduced
into industry gradually over a longer period of time, so that
there would have been an opportunity for the proper develop-
ment of highly qualified personnel to put them into effect and to
operate them accordingly. The colleges and universities of the
country have been caught unprepared to provide the type of
training required for this work. It will take a number of years
for them to evolve a curriculum which will effectively provide
the required training. The statistical problems which the future
scientist or engineer will encounter will cut across traditional
lines. Therefore, in order that he may be properly equipped to
deal with these problems, he should have a fairly broad sta-
tistical training. The training should cover not only statistical
quality control methods as the term is now understood, but the
design of experiments, analysis of variance, and many other
topics. It should be built into the training of scientists and en-
gineers, as cgleulus is now made a part of their basic education.
This means that a basic course in probability and statistics has
to be inserted into an already crowded curriculum. The problem
is further complicated by the fact that very few professors are at
present qualified to teach such a course.

IMMEDIATE NEEDS FOR TRAINING IN INDUSTRIAL STATISTICS

Until the colleges and universities have had time to adjust
their curricula to provide some statistical training for future
scientists and engineers, some arrangement must be made for
the statistical training of personnel already in industry. Prob-
ably the most effective way to begin providing this training is
for the few colleges and universities which now have qualified
teachers to take the initiative and arrange courses or conferences
on various topics in industrial statistics for men of industry in
their own localities. This was done in statistical quality control

955

during the war. There is now an opportunity to do a somewhat
more thorough and leisurely job of teaching statistics. Recently,
a series of eleven 5-hour conferences on acceptance sampling
was sponsored by the Newark College of Engineering. This is
an excellent example of the type of series of conferences which
might be conducted in industrial centers all over the country.

" The material developed from this series of conferences will be

extremely useful not only for similar conferences in other parts
of the country, but also for regular college courses in industrial

_ statistics which schools may wish to establish. Other topics

in statistical methodology which have wide applicability in
industry may soon be ripe for conferences of this type. Analysis

. of variance and design of experiments are fields which should

be particularly useful for chemists.

One of the best methods for introdiicing new statistical methods
into a given field in'industry is through sessions like the present
symposium, but there must be follow-up meetings for further
discussion of the methods in order to be most effective. The local
chapters of the American Society for Quality Control, whose
members include many research chemists and chemical engineers,
are doing excellent work of this kind in' the field of inspection
and process control. Other chemists in the areas served by these
groups, who are particularly interested in process control prob-
lems, should find the work of these chapters of interest.

But there ought to be facilities for training in the analysis of
variance and design of experiments and eventually in other sta-
tistical methods which will be useful in chemical research, de-
velopment, and production. One effective way to provide such
training might be for certain universities to set up full-time sum-

mer conferences or short courses of two or three weeks’ dura-

tion which could be attended by relatively small numbers
of chemists. Two kinds of instruction should be given: basic
statistical instruction on the methods, together with simple ex-
ercises, and lectures on applications by chemists who have been
applying the methods in their own laboratories and plants.
Such sessions should be informal and inierspersed with plenty
of discussion. Although there is a great deal of literature on all
these methods (much of it in rather mathematical form), this
method of learning something about statistical methods would be
considerably more effective for men in industry than trying to
read the literature individually. Out of the material presented
at such conferences it ought to be possible to prepare pamphlets
especlally for industrial research workers and engineers, similar to
those which have been prepared by the American Standards
Association () and the British Ministry of Supply (3).
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Discussion of Symposium Papers

John W. Tukey

Princeton University, Princeton, N. J.

N opening the discussion, I should like to make a strong point
of the unity of these problems, with each other and with the
other problems to which statistics may be applied. In order to
do this I shall have to give,a definition of statistics, which will
make it clear'that I do not have in mind what that word meant
fifty years ago, merely the organized collection and classification
of data. “Statistics is the science, the philosophy, the art, and
the technique of making inferences from the particular to the
general.” The essential element is the element of inference.

If we consider Mr. Smith’s economic examples first, we find
that the essentjal part of economic forecasting is the inference
that certain changes in economic indexes are likely to be followed,
after a suitable time interval, by certain economic results. This
inference from particular years past to a general year ahead, is the
central point. The use of the inference to predict what will
happen “next year” is an application!

In his discussion of the application of statistics to the break-
down of sales data, Mr. Smith approached a place in which
economic analysis has not become fully developed statistically.
If .a thorough job of inference were to be done on this problem
we would attempt to assign suitable fractions of the -observed
differences ‘between areas and salesmen to such effects as the
intensity of competition, the levels of business activity and
income in the areas conéerned, the effectiveness of different sorts
of advertising campaigns, and the ability and activity of the
individual salesmen. I do not say that I know how to make
such an analysis, but I am sure that such an analysis can be
made, that the necessary methods can be found.

I should like to disagree gently with some of Mr. Smallwood’s
statements. I do not think that I ¢an completely agree with
this statement: “Academic research is characterized by the
ability to refine the experiments in order to emphasize known
sources of variability.” I think that from the chemist’s point of
view, astronomy represents as academic a field of research as
any among the natural sciences, yet it is very difficult for the
astronomer to refine his experiments in order to estimate known
causes of variability. There are certain stars there, and it is
difficult to get much nearer to them.

To come to a more chemical example, let us consider the
discovery of helium, and by that I mean the crucial stage of its
discovery. This was not its isolation in modern concentration,
or even in the pure state, but rather the early experiments of
Rayleigh, who had the idea of preparing samples of ‘‘nitrogen”
from various sourees and determining their atomic weight very
precisely. In this experiment he found differences between
samples of a magnitude fairly detectable in comparison with his
experimental error. At the time, there was considerable doubt
in the minds of other chemists and physicists that this difference
was really there, since they believed all nitrogen had the same
atomic weight. However, this academic experiment, in which
the variability of chemical analysis was almost large enough to
mask the effects investigated, was the critical thing in adding
a new element to those isolated on earth. It was not the later
isolation of helium in large quantities; but rather this first in-
ference from data subject to error, and subject to error in sub-
stantial amount, that was crucial!

The critical stage in.any experimental subject is the stage at
which inferences are made, whether they be in industrial chem-~
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istry, research chemistry, or astronomy. The difference is in the
ways in which these inferences are compared. If the inferences
are made during pilot-plant tests the confirmation will come by
running the whole process at full plant scale,.and finding out
whetheér or not it is economically sound. .If the work is in so-
called “‘pure’” science, the inference will be confirmed by de-
signing an experiment where the desired effect appears as free
from other factors as possible. An example of this last would be
the eventual isolation of helium. There is no essential difference
in the problems; the apparent differences are inessential—the
critical stage is always the inference!

There have always been some people who argue that it is best .
to avoid statistics if it can possibly be done—many of these are
among my friends in academic science. In pure science, this
policy may often have paid dividends, but it seems worth wl.lile
to go ahead and inquire “Why?”’. " It leads to spending much time,
effort, and often money on the development of new and more pre-
cise experimental techniques and instruments, so that measure-

‘ments may be made with such precision that the fluctuations can,

essentially, be neglected. In many cases a smaller investment in
running a large group of experiments with the older and cruder
equipment might have led to essentially the same conclusions.

It might seem natural to jump to the conclusion that it was
unwise to build the new precise equipment and use it to settle
the particular question. "There are, I have no doubt, many
cases where this is true, but there is something of great importance
which is overlooked if the argument is left at this point. That is
the use of this new, more accurate equipment to tackle problems
which require such high precision in order to make even infer-
ences encumbered by variability. . The profits that have been
obtained by this process have been in the increased possibility
of attacking new problems at the new boundary of available
precision, rather than in the definitive settling of old problems.

In industry, with limited budgets not only of money but also
of trained manpower and time, there are many places where
adopting this policy of avoiding statistically based decisions
would mean replacing inference, not certain but with known
liabilities, by guessing, with all its dangers. Here the “no statis-
ties” policy is surely bad. Further, in some branches of in-
dustrial work, as Mr. Smallwood remarks, in order to make. a
pilot-plant experiment which really reflects what full operation
will yield, it is often necessary to allow for the personal re-
actions and limited skill of the operating personnel.

This, however, does not mean that the values of “unnecessarily
precise equipment”’ are fully absent in industrial work, since
research and development in industry have many of the same
values and dangers as research in a purely academic science.
However, the complex nature of the confirmation which is to be
hoped for in many industrial situations makes it almost certain
that an.efficient and economical way of carrying out the initial
work demands that it be done under conditions where statistical
analysis is necessary.

DEVELOPMENT OF WORKING ANALYTICAL METHODS

I should like to carry these topics of the unity of statigtical
problems and the presence of variability in academic research a
little further by considering a problem in the development of
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working analytical methods. It seems to me that one of the
most academic topics which directly interests this group is the
study and development of new .analytical methods. For the
information about the example I am going to discuss, I am in-
debted to John C. Whitwell of Princeton University, who, with
his collaborators, was and is carrying out this work for the Textile
Research Institute.

The basic problem was the development of adequate, rapid, and
convenient analytical methods for moisture in wool, which could
be ultimately used during the processing of wool under various
textile operations. After some initial experiments Professor
Whitwell set up a moderately complicated experiment which
was designed to test the accuracy of five or six methods for
moisture determination by comparison with standard deter-
minations made by measuring the loss of .weight in two types of
ovens. After carrying out an experiment of this sort, using wool
from a single hank which had been conditioned in a constant
humidity room, it seemed advisable to repeat the whole experi-

ment and to do this it was necessary to use wool from a second’

hank in the same skein. The resulis obtained for the moisture
as measured by the standard methods did not seem to be in good
agreement and seemed to show statistically significant fluctu-
ations. When this fact had been learned, there was a problem in
interpretation—should the variation in results here be ascribed
to the fact that the wool used came from a second hank on the
same skein, or should it be ascribed to the fact that the experiment
had been conducted on a different day or days. Consideration of
this question from a chemical point of view did not seem to lead
to a conclusive answer, and so it seemed wise to make a critjcal
experiment to determine whether or not one of these causes was
the important one. '

In the critical experiment actually performed, a new skein of
wool was conditioned, and then divided into eight consecutive
sections; these sections were further subdivided, and balanced
samples were made up from each. One sample from each section
was run on each of eight days, and the results were subjected to
statistical analysis. The results of this analysis indicate: (1)
that day-to-day variation seems to be by far the most important,
(2) that variation from section to section along the skein is of
secondary but still substantial importance, and (3) that the
difference between the two types of ovens used was second only
to the effect of dates. Later experiments, with the ovens in a
room at constant humidity, have shown a marked reduction in
the day-to-day variability, and have continued to show significant
differences between sections and ovens which occurred in the first
experiment. The detailed analysis of the first experiment
showed that certain minor effects were present, and that, after
the major effects were reduced in the later experiments, they were
still found to be present. They were then considerably more
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noticeable and could have been found by less refined analysis
which would have been unsuccessful in the first experiment.

One moral is that, in organizing a complex experiment of al-
most any sort, it is worth while to arrange to do the duplicate
measurements on different days. In almost any case where this
has been done, it has been found that the effect of days is statis-
tically significant, and it usually has been possible to trace down
this effect to its actual cause, and, in the process, to learn more
about the mechanism of the process being studied, and about how
to make more precise measurements or obtain more precise results.
In this case it was the relative humidity. ‘In some other cases
that I met during the war, there was a distinct effect due to the
behavior of operators on Monday mornings as compared with
other times during the week. Often these variations, these day-
to-day effects, depend on things which were wholly unsuspected
before the carefully designed experiment was set up.

IMPORTANCE OF REPLICATION

As a source of clues about unsuspected effects and as a source
of an honest estimate of the variability inherent in the measure-
ments, I can recommend nothing more highly than the replica-
tion of analyses, tests, or experiments at different times, As Mr.
Smallwood has said, we learned at an early stage in our chemical
career to make analyses in duplicate if not triplicate (I think
I am entitled to use the word ‘“‘we” here since I used to be a
chemist). The thing that we did not learn was that to get
reliable values for the paralle] analysis of three unknowns with an
honest estimation of the errors of analysis, we would do very well
to carry one duplicate of each of the three unknowns through on a
single day, arid repeat this process on two more days, rather than
using the more customary practice of running three duplicates for
each unknown on the first day, and then three of each succeeding
unknowns on each succeeding day. Many of my academic
friends in chemistry and physics and other sciences are among
those furthest from realizing the importance of this day-to-day
part of experimental design. I see no reason why the chemists
in industry and analytical chemists engaged in research should
not lead the whole chemical profession into a better understanding
of the need for such replication at different times and of the
importance and advantages of statistical methods.

C. West Churchman
University of Pennsylvania, Philadelphia, Pa.

THE application of precise techniques of analyzing data is
one of the most difficult problems we face today in modern
science. Among those undcquainted with, or unconvinced by,
statistical methods, there are apt to be two quite opposing at-
titudes. Some claim that the data they obtain are far too ir-
regular to be subsumed under the conditions of mathematical
formulas. Others claim that their data are so precise that no
~ analysis is necessary, the answer being apparent on inspection.
Both points of view miss the ecritical phase of the problem of
application. It is perfectly conceivable to handle very erratic
data, provided certain assumptions can be made about their
origin. And it is sometimes very wasteful of information to
ignore a statistical analysis of very exact data, since with the
exactness comes additional information, as Dr. Youden points
out.

The critical point about the application of statistical tech-
niques is “What assumptions can be made about the data and
the importance of the problem?”. This is not a question that the
statistician can answer. He can only tell the experimenter what

should be done, what inference can be drawn, what design to use
what control limits to employ, when he knows that certain
assumptions are valid. But the experimenter himself is often
at a loss to stdte his assumptions in a form that is comprehensible
to the mathematician.

As an example, let us suppose the chemist is convinced by Dr.
Smallwood’s very excellent account of the analysis of variance,
and decides to try it on his own data. Now it would be a very
serious mistake to assume that the statistical method can be
applied to any set of data that can be arranged in categories of
the kind Dr. Smallwood illustrated. There are certain as-
sumptions, some critical, some not, that must.be made in order
to assure that the results of the analysis are legitimate. Butthe
decision as to whether the assumptions hold is a matter for the
chemist, as well as the mathematician, to decide.

MEETING OF MINDS

This implies that the proper application of statistical tech-
niques demands a ‘“meeting of minds.” The mathematician
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knows what his techniques will do, provided he assumes certain
things about the origin of the data. The chemist knows what he
is after, and what conditions he has imposed on the data by his
laboratory techniques. The job is to get the two.speaking the
same language, so that the proper cooperation will result. The
simplest way of accomplishing this job, of course, is to try to
make the chemist into something of a statistician, and it is cer-
tainly important that chemists come to know more about statis-
tical methods and their language than they do at present. But
many technical difficulties arise in the application of themethods,
and to be competent to handle all these matters demands a very
thorough knowledge of the field of mathematical statistics.
Because of the finite time each of us has to pursue his work, we
cannot expect the chemist to become an expert in some other
field, no matter how valuable its contributions may be. The
alternative answer is to form some kind of basis for cooperative
research, some kind of ‘“‘operations analysis,” '‘where a group of
scientists act as a team, each contributing something of his own
specialty, each learning from the other what must be known in
order to arrive at an adequate solution.

This does not mean, of course, that chemists should not try to
apply statistical techniques themselves. This would be like
saying that no one should take an aspirin without consulting a
doctor. But, on the other side, the blind application of statis-
tical methods to all problems, no matter how complex and diffi-
cult, is like taking an aspirin to solve every ill. In some cases
it is important that patient and doctor cooperate in discovering
the solution to a problem.

One other aspect of this problem of a meeting of minds in
problems of application is often neglected. When we start to
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learn about statistical methods, we are always faced with two
problems:

1. Where should the level of significance be set?

2. What sample sizes should be used?

Textbooks usually answer the first by some such remark as:-
““The level of significance is usually set at 0.05, or 0.01, depending
on the importance of not rejecting the hypothesis when it is
true.” And the instructions on sample sizes are equally vague.
The reason for all this-is that we have no precise techniques for
setting significance levels and sample sizes. In general, neither
the chemist nor the mathematician can give the required in-
formation. These are matters that must be settled by the

© “consumers” of research. After all, research, industrial control,

etc., are as much consumer products as are automobiles, soap,
and suits, and it is the consumer who is supposed ultimately
to resolve the problem of cost and quality. We can supply
research at low cost, with small sample sizes, but the risks will be
large. Or we can supply high quality research at high cost.
The mathematical statistician, like a product engineer, can design
the equipment for either end. The chdice is up to the consumer,
whoever he may be, the manufacturer, the buyer of goods, the
theoretical chemist. What the research is to be used for is what
sets the significant levels and sample sizes. And today we are
hopelessly behind schedule on this important aspect of science.
At the risk of appearing facetious, I would like to extend Mr.
Smith’s discussion on market research and suggest some con-
siderable attention to the problem of market research on research
itself. We need to find out what the consumer of research wants,
what risks he is willing to take, what quality of knowledge he is
willing to have presented to him.

Grant Wernimont
Eastman Kodak Co., Rochester, N. Y.

ROFESSOR Wilks mentioned the fact that most of the

people now using statistical methods to help solve industrial
problems have picked up what they know of the subject through
short courses, reading, and discussion.

All of us who obtained our training in this way are in complete
agreement with Professor Wilks when he suggests that future
scientists and engineers should have fairly broad statistical
training in the universities, not only in quality control, but
also in the design of experiments, analysis of variance, correlation,
etc. Until such time as the universities can supply this training,
I think his suggestion of short intensive training courses is very
workable and I hope it will be followed.

I believe Dr. Youden’s method of treating experimental data
is new to most chemists. It should find use in those cases where
it is difficult to prepare known mixtures for use in studying the
reliability of test methods.

‘For example, it is often very difficult to prepare samples which
are like the fermentation mashes encountered in the production
of such substances as acetoné or some of the alcohols. By the
proper use of Dr. Youden’s technique much information could
be obtained about the precision and accuracy of a test method
for, say, acetone in a fermentation mash using samples of
production lots of the material. The precision and accuracy
of test methods for alloys could also be studied using the alloys
themselves. It will always be necessary to make up some known
samples when studying a new and untried test procedure but
here, too, Dr. Youden’s technique should help get the maximum
amount of information from the test results.

We should always keep in mind the two important assumptions
which are made in using this technique: (1) that the z values
have relatively smaller variability than the y values; (2) that
the variability of the y values remains about the same up and

down the line. Fortunately, from a practical point of view, most
experimental data conform to the first assumption and it is only
rarely that both the z and the y values are equally reliable.
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Even when this is the case something might be done to make the z
values more reliable. For instance, in the study of the modified
Babcock method »s. the standard A.O.A.C. method for the
determination of fat in meat, the standard A.0.A.C. method
might have been replicated several times for each sample of
~meat and the average values plotted as the z values against
individual y values for the proposed method. Experimental
data do not always conform to the second assumption ard we
should always be on the watch for changes in variability caused by
a change in sample size or amount of constituent present.
Statistical methods, such as this one, often seem more involved
than they really are. Chemists need to know the general prin-
ciples back of the statistical methods they use, but they surely
‘do not need to be trained mathematical statisticians. We all
understand the principle of logarithm tables and yet few of us
can demonstrate the mathematics by which the tables are com-
puted. Chemists should learn to put what has been called
“operational mesning”’ behind their statistical calculations. In
the final analysis it is this operational meaning that makes
statistics valuable to the chemist; the calculations have relatively
little to do with it. ‘

959
CONTROL CHARTS

Chemists might well start to apply statistical methods by the-
way of control charts. A control chart may be described as a
graphic presentation ‘of test data in such a manner that the
variability of all the results is compared with the variability
within (arbitrary) small groups of the test results. The chart
is said to show evidence of “control’” when there is no more varia-
tion throughout the entire set of results than corresponds statis-
tically to the average variation within the (arbitrary) small
groups.

We can get~a good idea of how a control chart works in the
case of a predictable ‘“controlled” experimental procedure by
drawing marked chips from a bowl and plotting control charts of
the results. Walter A. Shewhart has published the results of
such an experiment (‘“Economic Control of Quality of Mani-
factured Product,” New York, D. Van Nostrand Co., 1931).
Control charts for these drawings along with control charts for
several types of Analytical Laboratory test data have also been
published [Inp. Enc. CueM., ANaL. Eb., 18, 859 (1946)].

To illustrate the use of simple control charts, I have plotted
(Figure 1) the data for the ratios of iodine to silver which Dr.
Youden examined by the method of variance analysis.

The lower graph is for the range of replicate determinations
made on the same iodine-silver combination. One of the six
ranges shows evidence of being more variable than it should be
by chance variation alone. The upper graph shows one of the
individual values to be out of control, and three of the six averages
are near their control limits. It is safe to infer that these results
show more variation amorg the different iodine-silver combina-
tions than exists on the average within the combinations. This
is the same inference that one is led to make from the analysis of
variance.

A control chart for the antimony electrode e.m.f. data is
shown in Figure 2.

The lower graph shows the variation of two readings made at
the same pH. One of the values is again near its control limit,
which leads us to suspect that the variations of duplicate readings
may not be entirely random. The upper graph for averages shows
unquestionably that the variation from one pH to another is
much greater than- coiresponds, statistically, to the average
variation of e.m.f. values at any given pH. It can also be seen
that no straight.line could be drawn through the data, so that
confrol limits above and below the line would include all of the
averages. These conclusions are similar to the conclusions that
Dr. Youden got from the use of variance analysis.

I do not want to suggest that chemists can solve all their
statistical problems by the use of control charts. Chemists
should be encouraged to learn how to use all the statistical tech-
niques they can. However, chemists may well introduce them-
selves to the use of statistical techniques by way of theé simple
control chart.

John Mandel
National Bureau of Standards, Washington, D. C.

D R. Youden’s exposition indicates the inadequacy of the opinion
unfortunately still widespread among physical scientists,
that the statistical method is nothing more than a substitute for
more cogent methods in places where the latter cannot be applied.
This view overlooks, for example, the theory of errors of measure-
ment and the efficient design of scientific experimentation, both
of which can be approached effectively by statistical theory only.
Dr. Youden has presented very appropriate examples of both
these aspects, examples which I should like to re-examine briefly.
In the study of the antimony electrode, a statistical examina-
tion of the errors of measurement led to the discovery of a new

causal relationship—namely, the parabolic nature of the depend
ence of voltage across the electrodes on pH. Now the ‘errors of
measurement which, in this example, can certainly not be con-
sidered excessive, are nevertheless sufficiently large to obscure
this relationship, as shown by the fact that the experimenter
himself had failed to discover it. It can be concluded that even
for errors of measurement, which'are of the order of magnitude of
the effect under consideration, it is possible to isolate this effect
by statistical means, provided the design of the experiment is
adequate. In this example the adequacy of the design consists
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simply in the fact that duplicate measurements were available
for every pH value.

In the example cited by Dr. Youden concerning the atomic
weight of iodine, it was stated that every.statistician will regret
the absence of a well-balanced design for the five silver prepara-
tions and the two iodine preparations.” I can whole-heartedly
concur in this assertion, and should like to add this remark:
Even if the errors of measurement are appreciably smaller than
the differences due to different silver or iodine preparations,
the true relationship does not become clear until a balanced
design, supplemented by an analysis of variance, brings these
differences out in full. As the complexity of the experiment
increases. as, for example, in the case of more than two reacting
substances, this becomes of increasing importance.

METHOD OF LEAST SQUARES

The theoretical background of the fitting procedure used by
Dr. Youden is the method “of least squares. Consider the
linear relation

y=a-+8x 08

where, for example, z is the weight of the sample and y the
weight of the precipitate. The basic assumptions for the fitting
procedure as used by Dr. Youden are:

1. =z is, for all practical purposes, determined with complete
aceuracy.

2.y, on the other hand, is subject to error. Thus, for a con-
stant value of x, we may find random fluctustions in replicate
determinations made on the corresponding y.-If we represent
the fluctuating part of y by 8, we can write Equation 1 more
accurately as follows:

=(a+Bz)+3 @

The variable §, although it represents merely an error of meas-
urement, is none the less of fundamental importance in deciding
how one shall estimate the unknown parameters « and 8. In
physical terms, & is characterized by the intrinsic precision with
which y is measured, and the best way of evaluating this pre-
cision is to calculate the standard deviation of 5.

Most textbooks, in .explaining the method of least squares,
fail to emphasize this point. They also make the tacit assump-
tion that the standard deviation of § is the same for all z. The
analytlcal chemist knows, however, that in some cases a larger
sample will result in larger absolute variations in the weight of
the precipitate, while in other cases the size of the sample will
have little effect on these errors. - In other words, there will
be cases where the standard deviation of 3, o3, is actually inde-
pendent of z, while in others we may have such a relation as

= kx

where k is 2 numerical constant.
The usual procedure of least squares for finding values of «

and 8 is based on the assumption that r¢ is constant. What can
be done if this assumption does not hold true?
Consider again the case
95 = kz
Then we have:
T5/x = k (3)

Thus the standard deviation of 6 becomes constant, provided
every & is divided by the corresponding x. Now we have:
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= (a + ) + 8

Hence:

y_(,1 8
5—(a3:+6) + o

We have thus reduced our case to the classical equation of
least squares, since g3/, is a constant according to Equation 3.
But our independent variable is not z, but rather 1/z, and our de-
pendent variable is y/x. Moreover, the intercept « is now the
slope, while 8, the slope, has now become intercept.

In order to simplify the notations, let us denote 1/x by « and
y/x by 2. Then:

= (8 + ow) + 8’

. . ] . . ..
where 8’ is written for p and satisfies the usual conditions (zero

average and constant standard deviation).

The method of least squares can now be applied according to
the usual technique, with % as the independent variable and z
as the dependent variable. The formulas cited by Dr. Youden
for the computation of 2, s3, s, ¢, etc., remain applicable, pro-

vided one keeps in mind that s? refers to §'—i.e., p —and that «

and b have their meanings interchanged.
For any .given z, the variance is found by

Sg = sg'x

= 22 53 = x2s?

As an illustration consider the following data given by Williams
and Haines [Inp. Eng. CHEM., ANaL. Ep., 16, 157 (1944)]
in support of a determination of sodium in potassium hydroxide.
The authors obtained the following results:

NaOH Added (z) NaOH Found (y) Error .
% X 1073 % X 1073 % X 1073
0 3 + 3
0 3 + 3
2 6 + 4
10 14 + 4
50 50 1}
100 96 — 4
498 481 — 17
995 922 -~ 73
1990 1853 —137

From the third column it is apparent that the error is definitely
increasing with 2, and therefore the least squares method, applied
without previous adjustment of the data, is misleading. How-
ever, if one omits the first two deternunatlons (the blanks) and
takes the error as proportional to z, as in Equation 3,

a = intercept =.4.14 X 1073
b = slope = 0.937

In chemical terms this means that the proposed method of
analysis has a blank of 4.14 X 10739, and a recovery factor of
98.7%. This blank value was obtained without actual blank
determination. The latter gave 3 X 1073 and it is seen that the
agreement is not too bad. Moreover, the value s2 = 0.000749 is
obtained for the error of 8’; whence s = 0.0274. For xz = 0.083,
this would give 0.083 X s = 0.0023. The authors, who made 10
additional determinations for + = 0.083, obtained s = 0.0029.
Again the agreement is rather close.

" The adequate choice of the nature of 3, in this case the fact that
the standard deviation of § is proportional to z, leads to a correct
evaluation of the blank, without performing blank determinations.
1t also leads to the estimation of the recovery factor and to an
evaluation of the precision of the method, without replicate
determinations, and valid over the whole range of z examined.

[End of Symposium on Statistical Methods]



Control of the Accuracy and Precision of Industrial Tests
and Analyses

JAMES A. MITCHELL
Cellulose Esters Division, Tennessee Eastman Corporation, Kingsport, Tenn.

The analytical test is most important in the success-
ful control of the production process. If the process
is to be kept in an optimum state of control, the
accuracy and precision of control tests must be en-
sured. Statistical methods have proved to be a
powerful tool in accomplishing this objective. The
control chart method can be applied to data obtained
from repeated analyses of a check sample and to
production control data, and can measure and deter-
mine the accuracy, precision, and reliability of a
control test. A statistical study of the control tests
can determine whether the tést is accurate and pre-
cise enough for the purpose intended, and whether

N THE chemical industry the chemical test or analysis is the

guide or compass for the operation of the chemical process.
From raw material selection to final product inspection, chemi-
cal tests are the controls and checks by which the production
process i8 kept within standard limits and is balanced to ob-
tain optimum results. No manufacturing process will operate
at highest performance without continuous control and oc-
casional adjustment. Corrective action in the right place, at
the right time, is the key in the situation. In the chemical in-
dustry the need for corrective action is generally revealed by
the result of a chemical test or analysis (Figure 1).

The chemical test or analysis used in the production process
is often one of the weakest steps in the system of process control.
Methods for measuring the efficiency of production ehemical
control tests are not generally understood and methods for con-
trolling their accuracy and precision during production have not
been clearly set forth. A number of investigators have pre-
sented practical procedures, notably Moran (§), and more re-
cently, more refined statistical procedures have been discussed
(3, 4). The powerful principles of Shewhart (6), which have
proved so valuable in quality control, have not been generally
used by chemists in controlling the accuracy and precision of chemi-
cal tests, undoubtedly because of the special problems of setting
up the method for control of a chemical test and interpreting the
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Position of Chemical Control Test in the Chemical

the method is unreliable—that is, subject to ab-
normal variations at different times or under dif-
ferent conditions. When used in parallel with actual
production tests, the control chart can detect errors
in the preparation of solutions and inaccuracy due
to changes in temperatures, humidities, or other
conditions. The method can also be used to deter-
mine agreement between analysts and laboratories.
Test methods can be compared and the best for the
purpose selected. The control chart procedure and
its application arereviewed and several examples of its
use in controlling the accuracy and precision of pro-
duction chemical tests and analyses are [;resented.

statistical results in terms of a chemical nature. The procedure,
as applied to quality control, has been well described by the
American Society for Testing Materials and the American Stand-
ards ‘Association (7, 2). The applications of these methods in
the analytical laboratory hayve been covered by Wernimont (8).
These quality control methods have been found most valuable
in controlling the accuracy and precision of chemical tests and
analyses in the author’s laboratories. They provide an accurate
statistical tool for production and laboratory use with a mini-
mum of mathematics. The purpose of this paper is to encour-
age the use of this method in the control of chemical tests and
analyses and to present some details of experience with it. The
use of these techniques can improve the control of the produc-
tion process and, therefore, the quality and efficiency.

The control of the process is also dependent upon accurate.
sampling and correct interpretation of the test result. Sampling
may be a simple or complex problem, depending on the nature
of the product and the process. Interpretation of results is
usually the responsibility of the production supervisor and is
the attempt to learn the truth about the chemical process from
the data available. Not only the present test result but the
history of past test results and the correlation of other process
information will enter into the step of interpretation. These are
separate problems and are not treated here, except from the
point of view that errors involved in chemical tests are
an important factor in interpretation.

The fact that an industrial plant has a well-equipped
laboratory and is using well-designed chemical tests does
not of itself ensure correct or reliable test results. Ex-
perience has shown that tests in constant use are sub-
ject to many unsuspected sources of error. Chemical
reagents deteriorate and those from different sources
are not uniform, equipment wears and breaks down,
and technicians and techniques vary. Unless specific
means are used for maintaining the accuracy and reli-
ability of a test method, there is no basis for assuming
that results are accurate or reliable. These means in-
clude the choice of sound scientific methods, reagents,
and equipment and the correct training of analysts and
technicians. It is the practice in many laboratories to
utilize known standards as check samples at regular in-
tervals. This type of procedure, when followed at regular
intervals in a scientific fashion and analyzed by modern
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statistical methods, is believed to be the most efficient method for
controlling the accuracy and precision of a chemical test method.

EVALUATION OF THE CHEMICAL TEST OR ANALYSIS

The chemical test or analysis may be considered a system of
causes which will produce a test result from a sample. -Nor-
mally, a series of unknown samples from production is submitted
to the test and the results are used to control the process or
product. In order to evaluate the test it is necessary to submit
known samples for analysis and to examine the results. This
may be most simply done by selecting a known sample of ma-
terial and submitting to the test identical portions of the sample
over a period of time. If the composition of the sample is known,
the test results may be used to estimate the accuracy, precision,
and reliability of the test. These estimates must, however be
used only under the conditions tested. The accuracy, precision,
and reliability may vary considerably with the percentage of the
chemical being determined, and variations in other impurities
may have a similar effect. The effect of these factors cannot
be estimated by the study of a single known sample. Many
known samples must be studied under the full range of variation
obtained in practice, and the use of correlation technique will be
found useful in these cases. However, in industrial control work,
the range of variations of the chemical samples submitted to
test is generally small, because production methods utilize the
principle of standardlzatlon and chemical products and inter-
mediate reagents are controlled to remain uniform. Most
chemical tests are designed to determine whether chemical ma-
terials are within standard or specification.

It is therefore possible to plan a system of check analyses of a
given known sample over a period of time, which is applicable to
many tests and analyses, especially industrial control test and
analyses, and which will measure the success of the test or analy-
sis. The design of a check procedure which will submit constant
samples to the analysis, and will check the test under actual pro-
‘duction conditions, is vital to success and is a matter of the skill
of the analytical chemist in cooperative work with the production
engineer. Special precautions and procedures must be used in
the case of unstable materials. These identical samples should
be submitted in such a manner that they will be analyzed by all
analysts working on the actual control tests, using all the equip-
ment, at all times of the day. In any circumstances in which the
knewledge of the check sample will influence the analyst’s result,
it is desirable to submit samples which cannot be distinguished
from actual production samples. The check procedure should
be established and samples submitted at regular intervals while
the test is being used in production. The data should be ex-

. amined closely and analyzed to measure the success of the test
method.’

It is a universal observation that when a series of identical
known samples is repeatedly tested, the test method will produce
results which vary. This variation may be relatively large or
may appear only in the last of many decimal places, but will al-
ways be present if the results are reported to sufficient figures.
The causes of this variation are many and are ultimately traced
to the limitations of men, materials, machines, and methods.
The variation in the test results is an important characteristic
of the test which must be measured. It is because of this vari-
ation that statistical methods are necessary in this work. When
the results of the repeated analyses of the check material are ex-
amined in chronological order as in Figure 2, the characteristics
of the test which determine its value may be illustrated.

The amount of variation in the check analysis data is & measure
of the precision of the test. This variation is most accurately
expressed by the universe standard deviation, o', which is the
standard deviation of an infinite number of check analysis re-
sults obtained under the conditions of the test. It cannot be
measured directly but can be estimated from the standard devia-
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tion of the data obtained. The standard deviation obtained from
the data may differ considerably from the universe standard
deviation, especially if the number of values obtained is not
great. If the standard deviation is determined a number of times
from different groups of data, then the universe standard devia-
tion may be estimated from the average standard deviation, &,
by division by ¢, where ¢; is a constant depending upon the num-
ber of values in the groups of data. This constant, ¢, corrects
the tendency of the observed standard deviation to be too small
when the number of determinations is not great.

Precision. Measured by universe standard deviation = ¢’ (1)

Universe standard deviation may be estimated from cg (2)
2

- An expression of the precision in terms of a standard deviation
is not directly interpretable to most analysts and production
supervisors. A more useful expression of precision is a range of
variation above and below the average which will include prac-
tically all check results. No finite range can be expected to in-
clude all the values which could be obtained by repeated analyses
of the check sample. However, any given range may be expected
to include a certain fraction of the values. Practical experience
and statistical theory enable us to select a range about the aver-
age expressed in terms of the universe standard deviation which
will include practically all the data. Such a range is the average
=3 times the universe standard deviation. This range will in-
clude 99.7% of a normal distribution of data, but without proving
that a normal distribution frequency has been obtained it is
better to regard this. range as including ‘‘practically all” the
variation (95% +4-). This range has significant meaning because
of its history of useful value as well as its theoretical derivation.
It has proved to be a_constructive measure of precision in these

‘laboratories.
Precision. Measured by limits of variation = =3 ¢’ 3)
Limits of variation may be estimated from ‘=3 c‘—’ (4)

(5)

14
.. S . . . . . o
Precision measured by relative limits of variation = =3 S
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(6)

Relative limits of variation may be estimated from =3

HIESEY

where X’ is the true average result of the universe—that is,
the average value if an infinite number of results were obtained.
X is the best estimate of X’ and is the average of all X values ob-
tained.

The accuracy of a test or analysis is measured by comparison
of the observed values with the “true’” value. The methods for
measurement of accuracy have been discussed in many papers,
but the simplest and most useful concept is one in which the varia-
tions of the data are omitted from the measurement of accuracy
by comparing the average of the observed values with known
true value. In industrial work, the known true value of the
check sample is often determined from known chemical composi-
tion, more accurate and precise method of analysis, or arbitrary
definition. In many cases, no true value can be accurately de-
termined, and a strict interpretation of accuracy is not possible.
Arbitrary definition of the true value of the check batch will aid
in standardization of the industrial test in this case. Thus an
analytical method may have (1) a high degree of accuracy and
precision, (2) a high degree of accuracy and a low precision, (3)
a low degree of accuracy and a high degree of precision, or (4) a
low degree of accuracy and a low degree of precision. If X is the
true value of the sample tested, and X’ the true average value
obtained by the test method, the constant error or the inaccuracy
of the method is:

Accuracy. Measured by constanterror = X’ — X )

or

’ -
Accuracy measured by relative constant error = XX—,X 8)

The average from a limited number of values is only an esti-
mate of the true average of the test and we may be able only to
estimate the accuracy of the test.

The limits of uncertainty of the observed average of a given
number of values may be estimated from the standard deviation
and the number of values obtained. If we still use a probability
limit corresponding td 3 ¢/, then the limits within which X’ may
be expected to lie in practically all cases is the following:

’
g

Estimated limits of X’ = X = 3 VN =3 ®

where N = total number of values included in i

‘If the known or standard value of the check batch falls within
these estimated limits of uncertainty the analysis as performed
must be judged as accurate, as far as can be determined from the
data on hand. If the known value of the check batch is outside
these limits, the constant error may be estimated by the following
formula:

Estimate of constant error = X - X (10)

X —-X

Estimate of relative constant error = —— (11)
5 ,

The reliability of a test or analysis is a characteristic of a test
which is of major importance in industrial control. The factory
man wants assurance that the test method will give him the in-
formation which he needs, not just today, but 24 hours a day,
tomorrow, and every day of the coming year. It may be under-
stood that the method has certain inherent errors and that the
precision is of such a degree that a certain variation will be con-
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tinually encountered; if the method is reliable—that is, can be
depended upon to maintain its present accuracy and precision—
the production supervisor can interpret results within the limits
of the test and will be prepared to take correct action. If, on the
other hand, experience has thrown doubt on the reliability of the
test, the production supervisor cannot depend on the results
within any reasonable limits; his interpretation is undermined by
uncertainty, and his action may be faulty.

This concept of dependability we term the reliability of the test
method. The reliability of a test or analysis is the ability to
maintain the accuracy and precision of the tegt into the future
with no more variation than may reasonably be attributed to
chance. A method is stated to be reliable when we can predict
the future accuracy and precision of the method within limits,
The reliability of the chemical test, or more specifically, of the
test, analysts, equipment, and other components of the test sys-
tem, can be determined only by checks over a period of time.
From a practical point of view, a test will be considered reliable,
if in accumulated experience it has always been found reliable.
This general concept corresponds with the statistical concept
of “state of control,”” which may be determined by the control
chart. If the data show lack of control, the test will be con-
sidered unreliable.

The facts which the analytical chemist should understand
concerning the state of control are summarized below.

Reliability determined by state of control.

A. When a set of data is obtained from a system such as an
analytical method, the data may or may not be in a state of con-

-trol.

B. The data are tested for state of control by subgreuping
them according to time sequence or other logical groupings and
determining whether or not there is more variation in the average
and standard deviation of each group shan can be assigned to
chance. This is most easily done by the control chart method,
in which control limits are found for the average and the stand-
ard deviation of the subgroups. If sufficient numbers of points
are all within the control limits, this is'an indication of a state of
control. If some of the points are outside the limits, this is strong
evidence of lack of control.

C. When the data are within control there are cogent reasons
for believing that they are from a constant chance system. The
chemical test may be judged reliable and its future variation may
be reasonably predicted within limits.

When the data show lack of control, they are from a
system of changing causes. Assignable causes of variation are
present and should be sought and eliminated. The chemical test
should not be expected to give reliable results.-

E. When the data show lack of control, no predictions con-
cerning the average or the.standard deviation of the universe can
be made. Statements of acetracy or precision will not be de-
pendable and probably will be in disagreement with later tests.

The chemist and production engineer may make quantitative
use of these principles by means of tables or factors which have
been determined from modern statistical theory. These factors
are used in simple formulas to calculate limits within which the
estimated average and standard deviation can be related to the
true universe average and standard deviation with a given prob-
ability. These factors have been calculated for a probability
of 0.997 (corresponding to a range of =3 times the standard
deviation) for quality control work and may be applied to control
of chemical tests and analyses with the assurance that these
limits will include practically all cases when the data are in a state
of statistical control. Tables of these factors are available in an
A.8.T.M. manual on presentation of data (Z) and in American
Standards Association war standards (2) Z1.1 and Z1.3. Nomo-
grdphs based on some of these factors are also available in Simon’s
manual (7) (Table I).

In industrial econtrol work, the most useful evaluation of a
chemical control test has been found to be its reliability, accu-
racy, and precision, which ean be determined in most cases by a
study of check sample analyses and a measurement of {1) state
of control, (2) average, and (3) universe standard deviation.
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Table I.

Factors for Computing 3 ~ Sigma Control Limits

If the test is in continual use and a
check sample is tested once an hour,
groups of four or eight will allow a

(I)\Tgéezi Chﬁ:‘;g:g: Standard Deviation acggart for Ranges ggée(;f check twice. or once each shift. In
vations Chali;t‘; fotr A‘;etages, for X Factors £ for . e . vations some cases it is desired to group the
in actors for centra actors for central actors for in ‘data according to analyst or equip-
Saz;ple AC«.m(;r(‘()illLmrutj12 hcl:e ct;;:trol hr;:ts l:lrzne c;)ntrol llgut San\lrple gnent—fpr e)gample, if there are ten test-
2 2.121 3.759 1.880  0.5642 0 3.658 1,128 0; 3 2468 12 ing stations in the plant and three check
3 1.732 2.304 1.023  0.7236 0 2,602 1,693 0 2574 3 results 2 thre at each station per day,
4 1,500 1.880 0.729  0.7979 0 -2.330 2.059 0 2282 1 groups of three per station would be a
Poidk il b emn b, le ¢l b leespumotgowhe T gnonl
. . . . . . 6 i

7 1.134 1,277 0.419 0.8882  0.007 1.903  2.704 076 1.924 7 the smaller the e ‘ﬁf the group the
8 17061 1.175 0.373 - 0.9027 0.169 1.831  2.847  0.136 1.864 8 more_sensitive the chart becomes to
9 1.000 1.094 0.337 0.9139  0.227 1.774 2.970 0.184 1.816 9 individual variations. The larger the
10 0.949 1.028 0.308  0.9227 0.273 1.727 3.078  0.223 1.777 10 size of the group the more sensitive the
Formulas test becomes on slight changes of the

Chart for Central line 3 — Sigma control limits average. ..
‘ - - ot : Calculate Limits for Groups. Calcu-
Averages X X =& Ao, or X' & Ao! late the averages of all groups, X’s, and
X + A:R the total average, X. Calculate the
B B _ eray u
Standard deviations - Bz and Bz standard deviations of all groups, o’s,
- gl . and the average standard deviation, o.
Ranges -B D:E and DR In many cases the range is a good sub-

This table is prepared from Table I, page 50, Supplement B, of (/) and is reproduced through the

courtesy of the American Society for Testing Materials.

stitute for the standard deviation and in-
volves less mathematics. However,
when the groups are larger than four or

CONTROL CHART METHOD

The following procedure is recommended for measuring the
reliability, precision, and accuracy of chemical tests and analyses
and for controlling the accuracy and precision of these tests dur-
ing production.

Collect Data. Plan the check sample test procedure, designed
to reveal all the variations to which production samples are sub-
jected. Include all analysts and equipment in the test. Study
all varying conditions, such as time, lighting, and temperatures,
and submit samples as planned under as many conditions as pos-
sible. Record the results, time, analyst, equipment, and other
identifying and pertinent data. When 50 to 100 check results
have been obtained, analyze the data as shown below. In many
cases it will be desirable to analyze the data after 20 values have
been obtained, depending upon the rate of analyzing the check
samples and the necessity for rapid installation of a control sys-
tem. If only three or four results are obtained per day, the con-.
trol chart may be started at the end of a week; but it should be
revised after about 100 values are obtained. If the data are ob-
tained much more rapidly, as is often the case in production
laboratories, 100 values are obtained in a short time.

Group the Data. The first step in determining the state of
control of the data is to group the data into related sections. In
most cases this grouping is most useful when made on a chrono-
logical basis—that is, the data are divided into groups in the order
in which the samples were submitted for analyses. The size of
each group is usually varied between two and ten values per
group, although larger groups may be used for special purposes.

The exact size of the group will be varied according to pro-
duction conditions and statistical considerations. 'If it is de-
sired to check the precision and accuracy each day and only two
values are obtained each day, a group size of two will be useful.

BATCHES IN THIS AREA MAY BE REJECTED

five and the greatest efficiency is desired
from a-small amount of data, the stand-
ard deviation should be used.

Calculate the limits for the averages of the subgroups using
the formula

Limitsfor X = X = A, (12)

If the range is used in place of the standard deviation, use the
formula

Limits of X = ):( = A, R (13)
Calculate limits of standard deviation from the formula
Limits for ¢ = gs Z (14)
40
If the range is used, calculate limits for the formula
- |D; R .
Limits for R = l gi & (15)

Test for State of Control. Compare all averages and stand-
ard deviations or ranges with the control limits. This is most
casily done in the form of a control chart in which all group aver-
ages and standard deviations are plotted and the limits are shown
by dotted lines. If any points are out of limits, this should be
regarded as a sign of lack of control and the data in points out of
control should be investigated, often an error or abnormal condi-
tion will be found. If causes for the points out of control are
found, attempts should be made to prevent their affecting the
test method in future. If this can be done, these out of control
points may be eliminated from the data and the study continued.

Any points out of control limits must
be regarded as a sign of lack of con-
trol and the method must be regarded
as unreliable until causes of this ab-
normal variation are found.

BATCHES WITHIN THESE LIMITS wiLL! 3 3 3
g PRACTICALLY ALL BE ACCEPTED . I.f all pOIn.tS are Wlthln CODtI‘Ol
z limits, there is no evidence of lack
RO oaon | of control. If 25 or more groups are
& I ' 3 all within control, we have reason to
5 ! L = believe that the method is reliable.
BATCHES IN THIS AREA = BATCHES iN THIS AREA 1 Tt
MAY BE ACCEPTED \3 ; 'l | MAY BE ACCEPTED Estimate = the PreCIS‘xon‘ of the
| 8 ! 8 Method. If the method is within con-
@ ' | : o . trol, we may proceed to estimate the
'y " recision of the method in terms of the
] | . H L. P
) s bsgd ! | VARIATION OF | P . universe standard deviation. This is
BATCHES BELOW THIS i PROPUCTION iy BATCHES ABOVE THIS S -
LIMIT WILL PRACTICALLY : H ! : LIMIT  WILL PRACTICALLY done by means Of fOrm\lla.
ALL BE REJECTED ‘ | ‘ l ALL BE REJECTED. v
! o = - (2)
2
YEST RESULT — or
Figure 3. Comparison of Test Precision with Specifications and Production o = dE (16)
2

Variation
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The limits of variation are then easily estimated from Formula
4. This may be expressed in relative terms by Formula 6.

Estimate the Accuracy of the Method. If the method has
been found within control and the true value of the check sample
is known, the accuracy of the method may be estimated in the
following manner. i

X, the known value, should be compared with the estimated

true average of the test, X. We do not known the true average
of the test, X’, but we can determine within certain limits its

probable value from the known average X by Formula 9. For-
mula 9 should not be used if the data show lack of control.

If X is within the limits of uncertainty of X’, the method
should be regarded as accurate as far as the present data can de-
termine. If X is outside these limits, it is highly probable that
there is a constant error in the method and this constant error
may be estimated by Formula 10.

Compare Accuracy and Precision of Test with Requirements
of Process. The factors which determine the requirements of a
routine test in ‘chemical manufacture are:

1. The allowable variation in property being tested

2. The variation normally encountered in the property

3. The cost of a given magnitude of error in determining this
property

4. Cost of more precise test methods

5. Availability of more precise methods

1f the property being tested is a raw material, process control,
or final product, a given amount of variation is allowed before
action is taken. This band of allowed variation is.usually called.
the specification limits or operating limits. The normal variation
of the property being determined and the variation of the test
are related to this limit width in the following way. If all the
batches produced are normally made within specifications, the
variation of the test should not be so great that some of these
batches are reported out of limits. :

The average of the characteristic of production lots

«=3+/ (¢’characteristic)? = (¢’ test)? must fall within the limits if
we are rarely to reject a normal (and within specification) datum.

We must also consider the possibility of abnormal variation in
the property being tested. (In this case the property being tested
has gone out of control and a control chart will soon catch this
condition.) When this occurs we may make two possible errors—
reject a good lot or accept a bad one. With a controlled analysis
we know that the magnitude of these errors will practically never
excled =3 o’ test. That means that with abnormal variation
in the property being tested we shall sometimes accept a lot as
far out of limits as =3 ¢’ test and sometimes reject a lot as far
as =3 ¢’ test within the limits. The cost of making such errors
as often as may be estimated from the frequency distribution must
be considered (Figure 3).

When favorable indications are obtained from the above con-
siderations, the method may be considered applicable to the re-
quirements of the process. When costly errors are indicated,
the cost of changing to more precise methods must be compared.
In some cases more precise methods may not be known and the
cost of making a test to fit the requirements is considered. When
a better test cannot be found, we are faced with the possibility of
(@) redesigning process—i.e., changing specifications, limits,
methods of operation, material, etc.—(b) increasing number of
tests, and (c) controlling property by other correlating factors.

In any case a comparison of this type will indicate the ability
of the test to perform its function in the chemical process.

Continue to Control Accuracy and Precision of Test. The
standard samples should be submittcd to the test at intervals.
It is usually desirable to submit them so that they cannot be
distinguished from production samples because of the psychologi-
cal bias which becomes established on known check samples
This is especially important on tests demanding judgment or
estimated readings, but less important on machine-made tests
and tests in which the knowluedge of the check sample cannot
influence the results. The results should be plotted on a con-
trol chart as soon as they have been obtained. This can be done
by the head analyst of each laboratory section, or by the analyst
himself after the check sample has been identified by the head
.analyst. Results can be plotted as single determinations using
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Table II. Viscosity of Cellulose Acetate Check Batch

Viscosities, — Viscosities, _

Day Seconds X R Day Secon X R
1 71.0 71.0 71.0 0 26 77.0 74.5 75.75 2.5
2 74.0 74.0 74.0 0 27 72.0 71.0 71.5 2
3 75.5 76.5 176.0 1 28 73.0 73.0 73.0 0
4 75.0 74.0, 74.5 1 29 77.0 74.0 75.5 3
5 70.0 68.5 69.0 1.5 30 77.0 720 74.5 5
6 72.5 67.0 69.25 4.5 31 755 73.5 74.5 2
7 .77.0 77.0 77.0 0 32 77.0 77.5 77.25 0.5
8 71.5 69.0 70.25 2.5 33 78.0 78.0 1780 0
9 74.0 72.0 73.0 2 34 76.0 73.5 7475 25

10 72.5 73.5 73.0 1 35 76.0 76.0 76.0 0

11 77.5 75.0 76.25 2.5 36 77.0 72,6 74.75 4.5
12 74.5 720 73.25 2.5 37 755 73.9 74.25 25
13 74.5 176.5 75.5 2.0 38 75.5 73.5 74.5 2.0
14 73.5 75.0 74.25 1.5 39 740 760 75.0. 2
15 75.0 77.0 76.0 2 .40 745 75.0 7475 0.5
16 75.0 73.5 -74.25° 1.5 41 795 76.5 78.0 3.0
17 75.5 74.0 7473 1.5 42 76.0 750 755 -1
18 75.0 75.0 75.0 0 43 75.0 780 76.5 3
19 77.5 74.0 75.75 3.5 44 73.0 73.0 73.0 0

20 74.0 76.5 75.25 2. 45 75,0 74.0 74.5 1

21 70.0 - 69.0 69.5 1 46 75.0 71.0 73.0 4

22 74.0 75.0 74.5 1 47 76.5 75.0 75.75 1.5

23 72.0 74.0 73.0 2 48 75.0 75.0 75.0 0

24 75.0 74.5 7475 0.5 49 755 76.0 75.75 0.5

25 75.0 750 75.0 0 Av. 74.45 1.6
X=7445 R=16 n=2
Limitsof ¥ = X = A = 74.45 = 1.88 (1.6) = [77-2
. DR 3.27 (1.6) 5.5
Limits of R D.E 0 (1.6) = lo
Universe standard deviation ¢’ = E_ 16 1.42

dz 1.128 ’

control limits of =3 o', or if the results are obtained in groups
of two or three, the group averages and ranges may be plotted.
In any case, action should be taken any time a point is found to
be outside of limits. The analyst and head analyst should seek
to find the cause for lack of control. It is not sufficient to make:
a rerun within control; in fact, this will often occur even if the
cause of lack of control is still present. Sometimes this presents:
a problem and it is up to the analyst to find the cause of the
trouble, so that it can be eliminated as a cause of error in the
production analyses. The control chart will not show the cause
of the error, it can and does indicate as a practical certainty that
some factor not in previous analyses has been introduced.

All results should be treated with suspicion when the control
chart of any analysis shows lack of control until the cause is
found and eliminated. Even then a period of probation in which
the number and frequency of standard samples are increased is
a wise precaution.

It is also helpful to run special check samples whenever stand-
ard solytions or equipment is changed, or when test equipment is
started up after a period of shutdown. .

The data of the control chart should be closely re-examined
once a week or once a month, especially when the chart is set. up
on single values or groups of small size. The data may be re-
grouped in weekly or monthly groups and limits for these groups
determined. This will detect small deviations from the average.
which may not be apparent on the original chart.

ExampLE. A viscosity test is used in the manufacture of
cellulose esters. A large number of tests are run each day and'
for purposes of control it has been customary to run two tests-
per.day on a known check batch. It is desired to study this test-
and to safeguard quality by controlling the aceuracy and pre-
cision of this test.

t}{' }Ilt ili %) sti;nclllple rnla,tter_ ctlQ obtain data for the past 49 days"
on the check batch results and to prepare a control cha fs
date (Table II). ) prep chart on thi

. II. The data may be logically grouped into groups of twa,
since two results were obtained on each day. It would seem a-
reasonable goal to obtain no-more variation from day to day thamn
was obtained in any one day..

II1. The range may be used as the measure of precision and
limit$ calculated for X and R, asin Table II.
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V. The precision of the
Table III. Application of Control Chart Method to Industrial Tests and Analyses test may be measured by the
estimated standard deviation:
After Use of Control Chart
Accuracy Precision _
. (relative (relative R 1.3
. State of constant limits of ol =5 =-—— =115
Test Method Material  Control When error), variation), ) d» 1.128
or Analysis Tested First Charted Rel\iability Yo % Comments
Visoosity Cellulose Lack of control “In control .. *=4.6 Satisfactory for pur- The limits of variation may
X A acetate pose b timated by:
Acetic acid Acetic acid Lackof control In control O within =0, 25 Satisfactory for pur- € estimate y:
on some lab- known lim- pose
oratories its Y =
Butyryl content Cellulose  In control In control 0 within =4 Limits of variation X =3¢ =755=
acetate known lim- too wide for spe- 79.0
butyrate its cificat on. Must be 3(1~15) = 72 .0
controlled by other ’
Butyric anh Butyri In control I 1 0 with 2 Satistantory 1
utyric anhy- utyric an- n contro n contro within = . Satisfactory for pur- ;
dride hydride known lim- pose VI NO conce_pt of abSOh‘ltie
its accuracy is applicable to this
Sulfuric acid Mixed acid Lackof control In control 44 =8 Accuracy and pre- test, since the test is a rela-
solution gc‘f‘r‘gn for““g’l‘fr‘;f)‘;gj tive measure of viscosity and

the check sample has not been
assigned a standard value.
The viscosity of the check

New type of test
required

NO.!I

CONTROL CHART FOR LABORATORY TEST
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AnaLYsIs For VASCOS/TY.
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SECONDS

LMITS BY.

POINTS 8Y
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SO DAYVS
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Figure 4. Control Chart for Laboratory Test

IV. The control chart, Figure 4 shows decided lack of con-
trol. Some factors are causing considerably more variation from
day to day than is present in any one day. Such causes can be
removed or minimized by scientific investigation, and this must
be done before the test can be considered reliable.

The test was investigated and all analysts were asked to check
weighings more carefully and to maintain accurate adjustments
of temperature. No specific cause of errors was found, but a
number of weak details were revised in a better procedure.

Further data were obtained and it soon became evident that
the average viscosity now obtained was 75.5 seconds and an aver-
age range for the groups of two was 1.3 seconds for about 50

- points, all within control. A portion of these data is shown in
Figure 5. These data now show control and may be considered
reliable.

batch as determined by this
method is now known within
relatively close limits. These limits of error may be esti-
mated by:

Limits of X’ = X =8 —% -
VN =3
1.15 75.8
ES —_— = -
75.5 = 3 oo =5 " 1752

If a standard value for this test sample were known it could be
compared with this range, and if included, the method should be
considered accurate within the limits. If not included, a con-
stant error is indicated. This range of viscosity may not be used
to define the viscosity value of the check sample for standardiza-
tion. ’

VII. In order to compare the accuracy and precision of this
test with the requirements of the process, we must compare these

NoO. 2
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o0
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Figure 5. Control Chart for Laboratory Test
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Figure 6. Control Chart for Laboratory Test

L ]
77 |- .
76 |-
.

75 |- .

7%= L 1 1 [ 1
WEEK
BEGINNING 293 30t 308 315 321
Figure 7. Weekly Average Viscosity of Check

Samples

values with the variation of the product normally encountered
and the specification limits. In this case the specifications re-
quired the batches to be within a range of 60 to 90 seconds. "The
variation of the production had been determined from a previous
study and is expressed as:

X =16
¢ = 3.0

(These figures express the actual variation of production and do
not include variation from test.)
The total expected variation of the test results of production is

therefore:

76 = 3 /(1.15)F = (3.0)F = 76 = 3 /10 = 85.5

76 = 9.5 = 66.5

A normal batch will, therefore, not be rejected as a result of
variation in this test. There is always the possibility that the
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production process will go out of control or that an abnormal
batch will appear. Since this méy produce a batch at any value,
we may expect the test to make an incorrect classification of a
batch in borderline cases. With the accuracy of this test, we
can sometimes expect to pass a batch outside of spemﬁcatlons as
far as 60 — 3 (1.15) and 90 + 3 (1.15) or to reject a batch which
is actually inside the specifications as far as 60 + 3 (1.15) and 90 —
3 (1.15). 1If this is a serious error, the test should be judged
inadequate. In this case it is not a serious error and the test
may be judged satisfactory. This situation is illustrated in Fig-

ure 3.

VIII. The check sample continued to be submitted to the
test and a number of times later showed lack of control. These
cases enabled the analysts to locate and eliminate a number of

*sources of error. .

One of these cases is shown in Figure 6. A point out of control
was first noticed on day 314, but no cause was found. Again on
day 322, a second point out of control was revealed. The general
high trend appeared significant and this was confirmed when the
averages for the week were plotted on a weekly control chart
(Figure 7). Persevering investigation revealed the fact that a
change in the source of the solvent used in the test had occurred
on day 308. This brought about a return to the original source
material on day 324. Notice the returned state of control. This
evidence revealed a cause of variation the analysts were able to.
investigate further and eliminate as a cause of variation.

This example illustrates the use of the control clart method in
considerable detail. The method is applicable to other types of
tests and production conditions. The exact details can and
should be varied to meet specific requirements.

Table IIT shows a summary of several analytical procedures
which have been subjected to this type of statistical investigation
and control and may serve as a guide in other problems. The
first test listed is the one given in the detailed example.

CONCLUSION

The use of statistical methods in the study of production con-
trol.tests and analyses is an important aid in assuring the reli-
ability of the results obtained and therefore in the maintenance
and improvement of the quality and efficiency of the production
process. It is a fundamental step in any quality control pro-
gram. The proper selection and use of test methods are as im-
portant in the design of the production process as any other
critical step in the procedures. It is hoped that this description
of one application of this method will aid the chemist, analyst,
chemical engineer, and production supervisor to measure and con-
trol the reliability, accuracy, and precision of control tests. The
details presented in this paper should be utilized as a guide and
not necessarily followed exactly. Experience and ingenuity will
soon reveal methods of application-of greatest value in any par-
ticular field.
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Trends in Quantitative Analysis
A Survey of Papers for the Year 1946

FREDERICK C. STRONG, Villanova College, Villunova, Pa.

In order to help decide what methods of quantitative
analysis will be important in the future and to com-
pare future use of classical and newer instrumental

methods, all research papers published in 1946 ande

covered in Chemical Abstracts prior to September
1947 were studied. Though the largest number of
papers is on titrimetry (volumetric analysis), the
number on colorimetry is almost as great; 569% of
all papers are on instrumental methods of analysis,

OLUMNS and editorials in ANaLyricAL CHEMISTRY and

the correspondence they quote show that many chemists

are asking, “Where is analytical chemistry heading, technically

and professionally?”’ This paper is concerned with the tech-
nical side of the question applied to quantitative analysis.

Though many teachers of quantitative analysis are adding
-as much material on the newer instrumental methods of analysis
as time and equipment permit (1, 4, 6, 9), there are many shades
of opipion on what is significant enough to include and whether
the new methods are important enough to be given at the ex-
pense of material on the classical methods. Some teachers of
analysis, either willingly or unwillingly, leave instruction in
physicochemical methods of analysis to courses in physical chem-
istry. The uncertainty about what to teach is reflected in the
number of queries addressed to Miillax's column on “Instrumen-
tation” in ANALYTICAL CHEMISTRY (11).

Because facts are of greater value than opinions, a ¢onvenient
and objective indication of the future practical importance of the
varfous analytical methods can be obtained by a statistical study
of the research papers now appearing in the )ournals To some
extent the present importance of a method can also be measured;

since many papers describe improvements of procedures now in
wide use. Of course, conclusions must be drawn with care; not
all discoveries and improvements will be adopted, and those that
are ‘adopted will not be equally wvaluable. Keeping these
limitations in mind, partial answers to the above questioms can
be obtained. Better answers could be given if similar studies
could be made periodically and then correlated with one another
and with industrial practice. However, no recent paper of this
sort that would permit correlation could be foung.

With very little additional labor, other useful or at least inter-
esting information is obtainable from a literature survey, and is
presented in this paper.

Consider first the languages in which the papers are written.
There is much discussion in educational circles today of the rela-
tive importance.to scientists of the various languages, especially
Russian (2, 7). Though this study is limited to only very recent
‘publications in the field of quantitative analysis, it can yield data
©f value in dlscussmg this question. Also of interest but strongly
.affected by the war is s list of countries in which the research was
«done, with a total of papers from each. Furthermore, a rough
estimation of the proportion of 1946 papers which are on quan-
titative analysis can' be made by combining the data of this
survey with those of Crane (8) on the number of abstracts that
have appeared each year in Chemical Abstracts. Lastly, in order
to see whether modern quantitative analysis is more concerned
with determining organic or inorganic substances, a count can be

kept of this aspect. The present trend is toward ma,kmg or-
ganic analysis part of analytical chemistry rather than organic

chemistry (10).

. comparison.
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principally colorimetry, spectrophotometry, emis-
sion spectrography, instrumental titrimetry, and
polarography; among preliminary steps described
by research papers, chromatography is numerically
outstanding; next to English, more 1946 papers are
written in Russian than in any other language;
58% of the papers devoted to quantitative analysis
during 1946 are concerned with the determination of
organic compounds.

PROCEDURE

General. The most convenient period for a survey of papers is
a comlete year, and in order to cover as recent a period as pos-
sible, 1946 was chosen. The main source of material was, nat-
urally, Chemical Abstracts. Since its index is not designed for
such a search, it was necessary to skim briefly through each page,
omitting a few sections very unlikely to contain analytical papers.
It is possible that a few were missed. At times more were found -
outside Section 7 than in it. Summer issues of Chemical Ab-
stracts for 1947 show a decrease to a small fairly constant num-
ber of 1946 papers. An arbitrary stop was made with No. 16,
1947, because it was felt that it would be some time before 1946
papers ceased appearing entirely and the relative results would
probably be unaffected by a delay in the summation of results.
When the abstract of a paper did not give sufficient information
to classify it, the paper itself was consulted if available.

To be included in the study, a paper had to be concerned, in
whole or in part, with quantitative analysis. It could be a
complete determination or a step such as sampling, filtration, or
distillation, provided that it was specifically applied to analysis.
Also included were patents on analytical apparatus and reviews
of methods. Reports of analyses by known methods were not
included if they did not contain significant research on the meth-
ods used.

As for the nomenclature used in the tables, the author feels
that a paper of this sort is not the place to standardize terminol-
ogy. Rather, all terms found to be in géneral use in the papers
surveyed should be given. In no case did the number of inter-
changeable terms exceed two. Equivalent terms are given in
parentheses in the tables and throughout the discussions. -When.
2 group name was desired and could not be found in the papers,
the terminology of Chemical Abstracts was followed. Some
method names—e.g., chronometric, microscopical—were taken
from Kolthoff and Sandell (8).

Classification of Papers According to Method Used. Some
papers contained research on more than one method, ususlly a
If the methods were in different classifications—
e.g., colorimetry and gravimetric analysis—the paper was counted
in both classifications. Classifications given at the bottom of
‘Table I were not included in the calculations. Therefore the
‘total of figures in coluymn 2 is not the same as the total number
of papers covered by the survey. The percentage of papers in
each classification (column 3) was caleulated from the column 2
total. When large numbers of methods of different types were
covered in one paper (extensive reviews, collected official meth-
ods, etc.), the paper was called “many methods” and no addition
was made to the figures for those methods; it was felt that they
did not deserve the weight of papers entirely on one or two meth-
ods. A classification of “‘preliminary steps and methods of sepa-
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. Table 1.
Methods No. of Papers % of Total
Titrimetry (volumetrie analysis) 323 25.6
Colorimetry 291 23.0
Gravimetic analysis 108 8.5
Spectrophotometry 72 7
Emission spectrography and automatic spec-
trometry (the latter a-new method) 67 5.3
Polarography 51 4.0
Biological assay 46 3.6
Miscellaneous methods 32 2.5
General quantitative analysis . 29 2.3
Manometric methods 22 1.7
Combustion analysis 21 1.7
Mass spectrometry and spectrography 21 1.7
Fluorometry 20 1.6
Gas analysis 18 1.4
Absorption spectrometry and spectrography 17 1.3
Turbidimetry 3 14 1.1
Tracer analysis (radioactive and nonradio-
active isotopes) 14 1.1
Densitometry 11 0.9
Emission flame photometry, spectrophotom-
etry, and spectrography 7 0.6
X-ray diffraction spectrography 7 0.6

Classification of Analytical Papers According to Meéthod

Methods No. of Papers %, of Total
Thermal conduetivity
Refractometry
Electroanalysis

Microscopical analysis

Chronometric methods

Electrical conductivity

Volume of liquid distilled (including entrain-
ment methods)

Critical solution temperature (¢cloud point)

Nephelometry

Raman spectrography

Viscometry (viscosimetry)

Melting point and freezing poin

Thermometric analysis -

Volume of precipitate

Dispersion

Magnetic susceptibility

Optico-acoustical analysis

Polarimetry

Capillary analysis

Electrographic analysis (new method)

Neutron eapture (new method)

Evolution
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Totat 126
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Not included: papers on preliminary steps and separation methods (107), many methods (43), unclassified (36).

Table II. Instrumental vs. Noninstrumental Methods
Noninstrumental Methods No. of Papers
Titrimetry (volumetric analysis), visual 251
Gravimetric analysis 108
Biological assay 46
Colorimetry, matching il_
Total 439
‘Instrumental Methods

Colorimetry ¢

Photoélectric 133} 202

Visual, instrumental 69
Spectrophotometry 72
Emission spectrography 67
Titrimetry (volumetric analysis)

Potentiometric 41

Amperometric 11 60

Conductometric 6

Thermometric 2
Polarography 51
Combustion 21
Mass spectrometry and spectrography 21
Fluorometry 20
Gas analysis 18
Absorption spectrometry and spectrog-

raphy 17
Turbidimetry _ﬁ

Total 563
Summary

Noninstrumental 439
Instrumental 563

Total number of papers 1002

a 48 papers on colorimetry were not classified as either instrumental or
noninstrumental. Probably they would almost all be found instrumental.

ration” was created to contain papers on -such subjects. as
sampling, filtration, extraction, etc.

Papers classified as miscellaneous were principally on com-
plex methods for which no name has been proposed and which
could not be described by a short phrase. Papers announcing
new methods of analysis were so designated in Table I.

Papers on the Dumas determination of nitrogen were classi-
fied as ‘“combustion” papers rather than “manometric (gaso-
metric)”’ as is sometimes done. Since carbon-hydrogen com-
bustion determinations may be concluded by either weighing or
titration, but are not classified as “‘gravimetric” or “titrimetric,”
this seemed to be more logical. Papers on the determination of
carbon in steel by combustion were counted under combustion.

Kjeldahl determination papers were counted under both
“titrimetric-visual” and “‘separation methods-distillation.”

The titrimetric method of Jensen and Parrock has been given
no specific name and hence was counted as conductometric.
It is a new method. )

Instrumental vs. Noninstrumental Methods. As pointed out
by Miiller (12), a truly instrumental method is entirely automatic,
from putting in the sample to getting the result “printed on a
ticket.” However, though colorimeters are seldom made direct-
reading, we think of a determination with a colorimeter as in-
trinsically instrumental. Hence, for want of a better term,
“instrumental”’ was taken to refer to such methods as spectro-
photometry, 'colorimetry, and polarography. Table II was
compiled to compare the number of papers on classical non-
instrumental methods with those on the newer instrumental
methods. Because of difficulty in classifying some of the less
numerous methods, they were omitted; their number is so small
‘that their effect on the result would be negligible.

Subdivisions of papers on preliminary steps were made in
Table IIT. To be consistent with the practice of counting a
paper on two methods under both methods, it seemed necessary
to take note of papers describing research on a determination
where the novel feature lay 'in a preliminary step. Such papers
were counted under both the specific preliminary step and the
final analytical method used. This accounts for the large num-
ber of papers covered in Table III, while the number listed at
the bottom of Table I under “preliminary steps and separation
methods” is small, since those included there were general in
nature and applied to no specific method of determination.

Compilation of Tables IV, V, and VI was simple and straight-
forward. Some papers had to be classified in both groups in
Table VI.

Table III. Classification of Papers on Preliminary Steps
and Separation Methods

Preliminary Step or

Separation Method No, of Papers % of Total
Adsorption .
Chromatography 451
Ion exchange 9 62 28.6
- Other
Extraction 40 18.4
Precipitation 39 18.0
Distillation 22 10.3
Miscellaneous 15 6.9
Sampling 10 4.6
Filtration 7 3.2
Digestion (wet oxidation) 2.8
Complex ion formation 4 1.8
Reduction 4 1.8
Centrifuging 3 1.4
Dissolving 3 1.4
Dialysis 2 0.9
Total 217 100.1




compare this with the 1336 analytical papers found by this sur-
vey and conclude that 1 paper in 26 is on quantitative analysis
research. This is rather interesting, though not of great signifi-
cance.

Methods of Quantitative Analysis. The most striking part
of Table I is the high standing of colorimetry, a close second to
titrimetry (volumetric analysis). Combining it with its close
relative, spectrophotometry, puts the combination in first place.
It is raised still more if the closely related classification of ab-
sorption spectrometry and absorption spectrography is included.
The high standings of emission spectrography, polarography, and
biological assay are worthy of note. This table should prove
useful in revamping the content of advanced courses in quantita-
tive analysis.

Instrumental vs., Noninstrumental Methods (Table II). The
fact that 569, of 1946 analytical papers are on instrumental
methods of analysis indicates their future practical importance,
Colorimetry, spectrophotometry, emission spectrography, in-
strumental titrimetry (volumetric methods), and polarography
show up as the “big five.” . On the other hand, it must be ad-
mitted that noninstrumental methods will probably be widely
used for some time to come.

Preliminary Steps and Separatlon Methods (Table III). The
usual separation methods (extraction, precipitation, distillation,
and filtration—in order of frequency) are topped by adsorption,
with chromatography the principal subdivision. So many 1946
papers are on chromatography that it is reasonable to recommend
that advanced analytical courses contain class and laboratory
instruction in this important method of separation. The pre-
liminary step receiving the greatest attention is sampling.

* Languages in Which Analytical Papers Are Written. The
contention that knowledge of the Russian language is and will
be important to analytical chemists is borne out by Table IV;
Russian papers are next to English in frequency, though one
sixth of their number. French is a close third. The theory that

because of Russia’s economic problems, its research would be’

thoroughly practical in nature, was found untrue in analytical
chemistry, numerous theoretical papers of high caliber being

'published in 1946 uncovered the following facts:

970 VOLUME 19, NO. 12
Table IV. Languages of Analytical Papers Table V. Countries in Which Research for Papers Was
Language No. of Papers % of Papers Done
English 872 66.2 Country No. of Papers % of Papers
- Russian 15 11.6 United States 549 41.6
French 1%; 12 . g Great Britain 192 14.6
Spanish . Union of Soviet Socialist Republics 162 12.3
Italian 31 2.4 France 105 8.0
German 23 1.7 Sweden 43 3.3
Swedish 19 1.4 Italy 33 2.5
Dutch (Flemish) 16 1.2 Switzerland 31 2.4
Danish 3 0.2 pain 29 2.2
Japanese 2 0.2 Netherlands 24 1.8
Norwegian 1 0.1 India 23 1.7
Czech 1 0.1 Australia 19 1.4
Jugoslavian 1 0.1 Canada 14 1.1
Total 1314 99.9 Belgium 13 1.0
Unclassified 22 %;EZH““& }g 83
Denmark 10 0.8
Northern Rhodesia 7 0.5
New Zealan 4 0.3
Finland . : 4 0.3
CALCULATION AND DISCUSSION OF RESULTS g:rlg‘agfysw'ﬁh Africa 3 0.2
3 . 3 Norway 3 0.2
The total number of quantitative analysis research papers I(_}Ireecg 2 0.2
found to be published in the year 1946 was 1336. Of these, 34 idiien 2 8:3
are patents. A small number of 1946 papers are bound to appear goplggnia % 8.%
in coming issues of Chemical Abstracts, but in order to apply the re- Jugoslavia . 2 0.2
sults to the future, it is necessary that 1946 be not too far in the f{:;i}(‘:gsm"a 18 % 8:%
past. The relative results should not be affected by this omis- g:li;ime % 8.%
sion, except to increase slightly the percentage of foreign articles. Peru R 1 0.1
Turning first to Crane’s (3) graph of papers abstracted each E‘;;r;é’ ico % 8:%
; y N i Hungary 1 0.1
year in Chemucal Abstracts, if we red.uce. ’rfh_e figure for papers Hungary ¢ Indies 1 91
abstracted last year to allow for the acquisition of back number Irish Free State 1 0.1
journals unobtainable during the war, we arrive at the approxi- Total 1318 100.5
mate figure of 35,000 papers deemed suitable for inclusion in Unclassified 18
Chemical Abstracts. Making the assumption that this number
is roughly the same as the number published in 1946, we can Table VI. Division of Papers According to Nature of

Substance to Be Determined

Nature of Substance No. of Papers % of Papers

Organic 654 58
Inorganic 473 42
Total 1127 100°

Metal organic (8), general (168), unclassified (16).

noted. Of course, in evaluating the importance of a language to

chemists, the extent of past literature as well as of the present and

future must be considered. This consideration applies especially

to Russian and German. The huge quantity of captured Ger-

man research reports together with previously available German

literature will serve to maintain for some time its position as

the foreign language of greatest use to English-speaking chemists '
6.

Countries in Which Research for Papers Was Done. Table
V requires little comment. Present dominance of the United
States is evident. Following Great Britain but well ahead of
France is the Soviet Union. Sweden is in fifth place.

Organic vs. Inorganic Substances. The previous conviction
of this author concerning the importance of the quantitative
determination of organic compounds is verified by Table VI,
which shows that the majority of 1946 papers were on the de-
termination of organic compounds. Though it is probably cor-
rect to attribute this partly to the existence of many satisfac-
tory methods for the determination of inorganic substances,
it seems justifiable to conclude that teachers of analytical chem-
istry should place more emphasis on quantitative organic analysis
than at present and not leave instruetion in this growing branch
of analysis to the teacher of organic chemistry.

SUMMARY

A statistical survey of quantitative analysis research papers
] Though the
largest number of papers are in the classical field of volumetric
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analysis or titrimetry, colorimetry is a close second, and if com- .

bined with those on the very similar method of spectrophotom-
etry, exceeds every other method. Instrumental methods of
analysis comprise 569, of all papers, the first five being (in de-
creasing order) colorimetry, spectrophotometry, emission spec-
trography, instrumental titrimetry (volumetric analysis), and
polarography. Statistically outstanding steps preliminary to
the final determination are (in decreasing order) -adsorption
(especially chromatography), extraction, precipitation, distilla-
tion, sampling, and filtration. Next to English, the language in
- which most 1946 analytical papers are written is Russian; French,
Spanish, and Italian follow in that order. Tabulation of the
countries in which the research for papers was done gives, in
decreasing order, United States, Great Britain, U.8.8.R., France,
Sweden, etc. More than half of the papers (589,) are on the
determination of organic compounds.
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Determination of Olefinic Unsaturation

Cooperative Evaluation of Nitrogen Tetroxide Methods

E. T. SCAFE AND JOHN HERMAN, Research and Development Laboratories, Socony-Vacuum Oil Co., Paulsboro, N. J
G. R. BOND, JR., Houdry Process Corporation of Pennsylvania, Wilmington, Del., AND COOPERATORS! ’

Two standardized procedures for the determination
of olefins by reaction with nitrogen tetroxide were
cooperatively evaluated by an A.S.T.M. group. The
results of this work indicate that the methods give a
satisfactory value for total olefin content of hydro-
carbon mixtures in the gasoline boiling range which
contain other than highly branched olefins. Further
work is planned on highly branched olefins of the

‘ URING the war, Subcommittee XXV was organized under

Committee D-2 of the American Society for Testing
Materials for the purpose of developing methods of analysis of
petroleum products for hydrocarbon types. Of particular in-
terest to this group was the reaction of nitrogen tetroxide with
olefin hydrocarbons as a possible basis for a procedure  for
quantitative determination of the olefin content of hydrocarbon
mixtures. Previous work by Bond (3) indicated that, under cer-
tain prescribed conditions, nitrogen tetroxide was void of the con-
flicting reactions associated with halogen titration procedures,
and two general procedures utilizing nitrogen tetroxide were out-
lined which were proposed as possible replacements for, or supple-
ments to, the commonly used bromine number methods for deter-
mination of olefins.

The evaluation and standardization of these procedures were
placed under the jurisdiction of Section B of Subcommittee XXV.
The work undertaken by this section involved (1) improvement
of the design of apparatus and operating technique, and (2)
cooperative evaluation of standardized procedures as test
methods for determination of olefins. Nine laboratories cooper-
ated in this phase of the work.

The present paper presents in some detail the present status of
the development work, and the limitations and. precisions of the
methods as interpreted from the data and contributions of the
cooperators.

t E. L. Baldeschwieler, Standard Oil Development Co.

L. M. Henderson, Pure Qil Co.

8. 8. Kurtz, Jr., Sun Oil Co.

H. Levin, The Texas Co.

C. E. Starr, Standard Oil Co. of New Jersey, Louisiana Division

E. B. Tucker, Standard Oil Co. of Indiana
F. D. Tuemmler, Shell Development Co,

di- and triisobutylene type. The need for estimating
olefin molecular weights, required with bromine
number methods, is eliminated. Method A provides
an olefin-free portion of the test sample which is
suitable for additional analysis: for other hydrocar-
bon types. Future work will further improve the
precision and accuracy of the methods and extend
their applicability to highly branched olefins.

OUTLINE OF METHODS

Method A. Steam-Distillation Procedure. Gaseous nitrogen
tetroxide is passed into the chilled sample to react with the
olefins. At the end of the reaction, an aqueous solution of urea is
added to decompose the excess nitrogen tetroxide. The mixture
is steam-distilled, the unreacted hydrocarbons being removed as
the distillate. The content of total olefins is obtained from the

difference in volume of the
unreacted hydrocarbons and

E— the volume of the original
sample. .

( This procedure, in addition
to determining the olefin con-
tent, produces an essentially
olefin-free portion of the sam-

, ple, which may be used for
8 mm.0.0. - determination of other hydro-
carbon types.

Method B. Direct Volu-
metric Procedure. Gaseous
nitrogen tetroxide is passed
into the chilled sample to re-
act with the olefins. The
nitrosates formed react with
alcoholic potassium sulfide
solution, permitting the meas-
urement of the unreacted
portion of the test sample.
The content of total olefins
is obtained from the difference
in volume of the unreacted
portion of the test sample and
the original volume of test
sample.

This method is applicable
where only the total olefin
content of the sample is re-
quired.

35/25 SPHERICAL )\
VOINT (FEMALE)

/150 mm,

325mm,

70 mm.0.D.

Figure 1. Treating-Dis-
tilling Flask
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Table I. Composition of Synthetic Blends of Olefins for Cooperative Testing
in A.S.T.M. D-2 XXV-B
B-5 B-6 B-7 B-8
Components Vol. % Wt. % Vol.% Wt.% Vol % Wt. % Vol 9% Wt %
Hexene-3 1.0 0.9 1.0 0.9 0.5 0.5
Octene-1 6.9 6.7 8.0 7.6 14.0 13.4
Decene-1 3.0 2.9 4.0 4.0 5.0 5.0
Diisobutylene - . . - N . 12.0 11.6
Nonenes (mixed) . . L. - 6.0 6.0
Cyclohexene 2.0 2.2 6.5 7.0 . .
2-Methylpentadiene 2.0 1.9 1.5 1.4
a-Methylstyrene 2.0 2.4 1.5 1.
Oklahoma City
naphtha, straight-
run 89.1 89.5 81.0 81.0 71.0 70.9 82.0 82.4
Totals 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Total olefins 10.9 10.5 19.0 19.0 29.0 29.1 18.0 17.6
Total olefias, av.
mol. wt. 115 107 104 116
Table II. Properties of Olefins Used in A.S.T.M. Cooperative Samples
B-5 to B-8 .
Refrac- Bromine Theo- Literature Val.ues
tive No. by  Specific retical qurgctlve
Density, I"d;l’)x' Method Disper- Bromine Density mn zez’)t’ Refer-
Sample d2 "D ES-45a sion No. dzo n'p . ence
Hexene-3 0.6890 1.3986 174 133.2 189.8 ¢t3-0.6796 1.3934 1)
trans-0.6779 1.3938 (1):
2-Methyl-
pentadiene 0.7183 1.4469 234 226.8 388.8 0.719 1.446 1)
a-Methylstyrene  0.9092 1.5381 135 Lo 135.2 0.9106 1.5386 1)
Diisobutylene 0.7177 1.4100 149 122.2 142.4 e e N
Decene-1 0.7413 1.4214 110 113.6 113.9 0.7396 1.4220 (4)
Qctene-1 0.7158 1.4083 139 117.1 142 .4 0.7160 1.4088 (1)
Cyclohexene 0.8106 1.4463 182 119.0 194.4 0.8108 1.4467 4)
Mixed nonenes 0.7502 1.4251 123 116.5 126.5 . N ..

S50 mm.QD.
AVELDAKL TYPF
Buis

2525 SPHER/ICAL
VOINTS (MALE)

- —Smm/lD.

300mm,
3

I

Figure 2. Adapter

METHODS USED IN COOPERATIVE WORK

The analytical procedures used in the cooperative work were
essentially those described in a preyious publication (8), with the
following exceptions:

Method A.:  Apparatus. The apparatus was designed to
minimize handling and distillation losses, since Method A re-
quires careful volume measureménts to determine olefins by dif-
ference. This apparatus, constructed of glass, included a treat-
ing-distilling flask (Figure 1), an adapter for connecting the flask
to the steam-distillation setup (Figure 2), an efficient condenser,
and a product receiver assembly.

Two types of product receivers were tested cooperatively.
Type 1 (Figure 3) consisted of a water trap.for nitrosates, a

VOLUME 19, NO. 12

separatory funnel for collecting the
steam-distilled product, and a dry ice af-
tercondenser to minimize loss of product,
by vaporization. Type 2 receiver (Figure
4) was essentially the same design as that
described in a previous publication (3).

ReageNTs. Urea or sulfamic acid
solution was recommended for., destroy-
ing the excess nitrogen tetroxide after
treatment of the sample. Urea solution
was used by most of the cooperators.

Avrconoric SoLuTiONs OF REAGENTS.
Most of the cooperative work was ob-
tained with ethanol solutions of reagents,
but moré recent work has indicated that
methanol is more suitable, since the
ethanol solutions of sodium hydroxide or
potassium hydroxide darken on standing.

ProcEpure. With the use of Type 1
product receiver, the steam-distillation
procedure was as follows:

The flask containing the treated sam-
ple was connected to the assembled con-
denser and product receiver Type 1
(Figure 3). The separatory funnel con-
taining a few millliters of water was
surrounded with an ice water bath, the
nitrosate trap filled with water, and the
aftercondenser filled with dry ice. The
steam-distillation was carried out by im-
mersing the distilling-treating flask in
boiling water and introducing steam
through the three-way stopcock of the
adapter (Figure 2), until the distillate
became heavier than water and settled
to the bottom of the nitrosate trap.

The unreacted hydrocarbon, after the water had been drawn off,
was shaken with 10 ml. of alcoholic sodium hydroxide solution.
Water was then added, the mixture agitated and allowed to settle,
and the aqueots layer drawn off. Measurement of the volume of
the hydrocarbon layer was carried out as described (3).

GLASS HOOKS

28mm. 1. D. —’1
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Figure 4. Product Receiver Assembly,

Type 2

In the use of Type 2 product
receiver, a slow stream of air
was passed into the side tube
of the adapter, just sufficient
to overcome the hydrostatic
pressure in the separatory
funnel receiver. The pro-
cedure given in a previous
publication (8) is considered
equally satisfactory.

In the cooperative work only
the alcoholic sodium hydroxide
and water washes were ap-
plied to the hydrocarbon dis-
tillate. The procedure given
in the previous publication in-
cludes a wash with alcoholic
potassium sulfide solution:

Method B. APPARATUS.
No specialized apparatus was
required for Method B, the
determination being carried
out in a modified Babcock
bottle (2).

ReageENTS. The coopera-
tive work was carried out with
ethanol solutions of reagents,
but more recent work .indi-
cates methanol to .be more
suitable.

Procepure. In the cooper-
ative work, the following pro-
cedure was used in treating
the sample after the reaction
with nitrogen tetroxide:

Dilute alcoholic sodium hy-
droxide solution was added
with agitation of the bottle,
until a light red color of the
lower layer was obtained.
Next, 11 to 12 ml. of alcoholic
potassium sulfide solution were -
added gradually, and the
bottle was stoppered and
vigorously shaken for 0.5
minute. After cooling, 11 to
12 ml. of water were added,
followed by the addition of
sufficient alcohol-water solu-~
tion (1 to 1) to bring the
unreacted portion of test
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sample into the graduated séction of the neck of the bottle.
After the bottle was shaken and centrifuged, the volume of un-
reacted sample was measured (3).

COOPERATIVE EVYALUATION OF METHODS

Cooperative testing of the nitrogen tetroxide procedures was
carried out by nine laboratories, and the results obtained on-a set

Table III. Inspections on Base Stock® Used in Preparing
A.S.T.M. Cooperative Samples B-5 to B-8

Gravity, ° A.P.L. 56.2
A.8.T.M. Distillation, ° F
L.B.P, 192
5% 222
10% 231
209, 241
309, 250
409, 259
50% 266
60%, 274
70%, 284
80% 295
90% 310
.P. 358
Recovery, % 99.0
Residue, % 0.9
Loss, % 0.1
Refractive index, n% 1.4194
Density, d2® 0.7489
Reid vapor pressure, 1b./sq. inch 1.2
Bromine No. (ES-45a) 0.1
Specific dispersion, . 108.0
Total acid absorption, vol. % (ES-45a) 11.5
Sulfur, wt. % 0.009

4 OQklahoma City straight-run naphtha.

Table IV. Summary of Determination of Olefin Content of A.S.T.M. Cooperative
Samples by Nitrogen Tetroxide Methods

Deviation from Volume 9%,

Volume % Olefinss Deviation from Average Olefins Blended
Method A Method A Method A
Product  Produet  Method Product Product Method Product Product Method
Laboratory receiver 1 receiver 2 B receiver 1 receiver 2 B receiver 1 receiver 2 B
Sample B-5
A 12.4 11.4 12.0 0.8 0.8 0.5 1.5 0.5 1.1
B 11.1 .. 11.8 0.5 .. 0.7 0.2 .. 0.9
C 11.3 12.2 11.5 0.3 0.0 1.0 0.4 1.3 0.6
D 13.2 13.8 12.0 1.6 1.6 0.5 2.3 2.9 1.1
E 11.0 12.5 13.0 0.6 0.3 0.5 0.1 1.6 2.1
¥ 11.2 11.2 12.0 0.4 1.0 0.5 0.3, 0.3 1.1
G 11.9 12.4 14.0 0.3 0.2 1.5 1.0 1.5 3.1
H 10.8 10.2 11.3 0.8 2.0 1.2 0.1 0.7 0.4
I 15.3% 13.7 15.0 3.7b 1.5 2.5 4.4% 2.8 4.1
Av. (11.6) (12.2) (12.5) ©0.7) 0.9) (1.0) ©0.7) (1.5) (1.6)
Sample B-6 )
A 21.3 20.0 20.0 1.5 0.4 0.3 2.3 1.0 1.0
B 19.6 .. 20.0 0.2 . 0.3 0.6 .. 1.0
C 20.4 19.7 21.5 0.6 0.1 - 1.2 1.4 0.7 2.5
D 19.4 18.6 19.5 0.4 0.0 0.8 0.4 0.6 0.5
E 19.9 19.7 19.5 0.1 0.1 0.8 0.9 0.7 0.5
F 19.3 19.1 19.5 0.5 0.5 0.8 0.3 0.1 0.5
G 19.0 31.2% 22.0 0.8 11.6b 1.7 0.0 12.2% 3.0
H 18.9 19.1 19.3 0.9 0.5 1.0 0.1 0.1 0.3
I 20.5 19.7 21.5 0.7 0.1 1.2 1.5 0.7 2.5
Av. (19.8) (19.6) (20.3) (0.8) 0.2) 0.9) (0.8) (0.6) (1.3)
Sample B-7
A 30.0 31.2 30.7 0.8 1.4 0:8 1.0 2.2 1.
B 29.9 e 30.4 0.7 L. 0.5 0.9 .. 1.4
C 30.0 29.6 31.0 0.8 0.2 1.1 1.0 0.6 2.0
D 29.0 29.2 28.8 0.2 0.6 1.1 0.0 0.2 0.2
E 27.0 28.7 30.1 2.2 1.1 0.2 2.0 0.3 1.1
iy 29.1 29.3 29.5 0.1 0.5 0.4 0.1 0.3 0.5
G 27.0 31.0 28.0 2.2 1.2 1.9 2.0 2.0 1.0
H 28.6 30.2 29.0 0.6 0.4 0.9 0.4 1.2 0.0
I 32.2 29.5 32.0 2.0 0.3 2.1 3.2 0.5 3.0
Av. (29.2) (29.8) (29.9) \(1.1) 0.7 1.0 (1.2) 0.9) (1.2)
Sample B-8
A 16.9 18.3 16.0 0.9 2.1 0.0 1.1 0.3 2.0
B 16.3 .. 14.5 0.3 .. 1.5 1.7 .. 3:5
C 17.6 17.5 17.0 1.6 1.3 1.0 0.4 0°5 1.0
D 14.8 15.5 15.0 1.2 0.7 1.0 3.2 2.5 3.0
E 14.8 15.3 16.5 1.2 0.9 0.5 3.2 2.7 1.5
F 15.4 15.5 15.0 0.6 0.7 1.0 2.6 2.5 3.0
G 9.7% 15.4 16.0 6.3b 0.8 0.0 8.3% 2.6 2.0
H 14.5 15.0 15.0 1.5 1.2 1.0 3.5 3.0 3.0
I 18.0 17.3 19.0 . 2.0 1.1 3.0 0.0 0.7 1.0
Av. (16.0) (16.2) (16.0) (1.2) 1.1) (1.0) (2.0) (1.9) 2.2)

a Volume % olefins listed are averages reported from each laboratory.

b Not included in averages.
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Table V. Summary of Standard Deviations Found in Determinations of Olefin Content of Cooperative Samples B-5 to B-8
by Nitrogen Tetroxide Methods

OAeﬁnS' Volume % Standard Deviation No. of

© Average Found$® From Blended F Av. Four inati

Method A Method A Mothog o oo Moitod 4 ems
Product  Product Product Product Product Product Product Product
receiver  receiver receiver receiver i i i i

Sample Blended ) Method B 2 Method B 1 24 Method B 4 % Method B

B-5 10.9 11.6 12.2 12.3 1.2 1.8 1.8 1.0

B-6 19.0 19.8 19.6 20.3 1.3 0.7 1.6 1.1 o2 I'b 19 13 31

B-7 29.0 28.9 30.0 30.0 1.3 1.5 1.7 1.4 1.1 1.2 17 17 27

B-8 18.0 16.0 16.2 15.9 2.4 2.2 2.5 1.4 1.3 1.4 15 16 21

Allsamples 1.6 1.7 1.9 1.2 1.0 1.2 85 62 90

B-5 to B-7, inclusive 1.3 1.4 1.7 1.1 1.0 i.1 50 46 69

@ Averages based on individual determinations.

of synthetic mixtures of olefins are reviewed herein, as offering the
best indication of the precision and accuracy of the method as
developed and standardized.at the present time.

Data on the composition of the test samples, designated B-5 to
B-8, are given in Table I, and the properties of the olefins and the
base stock used in preparation of the samples are given in Tables
II and ITT, respectively. In general, the samples were made up
to contain the following types of olefins:

Sample No. Types of Olefins
B-5 Normal olefins
B-6 Normal, cyclic, and aromatic olefins and a diolefin
B-7 Normal, ¢yclic, and aromatic olefins and a diolefin
B-8 Highly branched olefins

While the purity of the olefins used has not
been definitely established, the data in Table II
show that the properties of the olefins (with the
exception of hexene-3) are in fairly good agree-
ment with the literature values (Z, 4).

A summary of the results obtained for total
olefin content by the nitrogen tetroxide methods
is given in Table IV.

DISCUSSION

‘A statistical analysis of the data obtained in
this evaluation of the nitrogen tetroxide methods
for olefins gavelthe following standard deviations:

Standard Deviation
(Based on Total Sampie)
From %, From av. %
olefin blended olefin found
Method A (product
receiver Type 1)

All samples
B-5 to B-7, inclusive
B-8

Method B
All samples

B-3 to B-7, inclusive
B-8

DOt

o,
o
FYeEe

B e
[0 Vel
-
Wi DO

Comparable data on these samples by a bro-
mine titration procedure (A.S.T.M. ES-45a, 2)
show a standard deviation of 1.1 based on the
average of all determinations of bromine number.
This value is of the same order of magnitude as
that indicated by the nitrogen tetroxide proce-
dure. Inasmuch as the bromine number proce-
dure requires an estimation of the molecular
weight and specific gravity of olefins present in
the fnixture to convert to volume per cent olefins,
the direct volumetric determination of olefins by
the mnitrogen tetroxide procedure is considered’
fundamentally more reliable.

The above data show that Method B com-
pares favorably with Method A, and because of
its relative simplicity and rapidity, use of
Method B is indicated in cases where only the
volume per cent olefins is required.
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As indicated by the deviations shown for sample B-8, both
procedures give poorer results on highly branched olefins than on
mixtures of other types of olefins. In general, the. highly
branched olefins are more difficult to react completely with nitro-
gen tetroxide, and the nitrosate reaction products formed are less
readily separated from the unreacted hydrocarbons than is the
case with other types of olefins.

A summary of the deviations found on each of the samples
cooperatively tested is given in Table V. With regard to Method
A, the data in this table show no marked difference in precision
of results obtained with the two types of product receivers tested.
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Table VI. Comparison of Properties of Unreacted Portion of Test Sample Obtained by
Nitrogen Tetroxide Method A with Properties of Base Stock Used in Test Samples

Product Receiver Type 2

Product Receiver Type 1

depentanized gasolines. It is
probable that suitable modi-
fications of apparatus and
procedure can be developed

Acid Acid o
Bromine absorpt}ilorc){ Ref BI:Toméne gbsorpn}iloxa to handle samples _containing
Refractive No. by by metho . efractive o. by y metho : _
Density, index, “method ES-45a, Density, index, method ES-45a, apprecmble a'rn.ounts of pen:
Lab. dzo n2 ES-45a vol. % dze n% ES-45a vol. % tanes and lighter hydro-
Straight-Run Base Stock carbons. .
0.7489  1.4194 0.1 11.5 0.7489  1.4194 0.1 1.5 A recent design of apparatus
: : ) : ) ' ) : for Method A, submitted by
Sample B-5 tke Shell Development Com-
A 0.7510  1.4198 9.9 10.5 0.7504  1.4194 0.0 9.0 pany laboratory, is shown in
0.7485  1.4184 2 11. o . : : ;
C 0.7503  1.4197 0.05 il.4 0.7512  1.4201 0.05 12.5 Figure 5. While this appa-
ED 0';584 1 4193 8.1 Hg 0.7512  1.4201 0.1 11.4 ratus has not been coopera-
0.7509  1.419 5 . - . . :
F 0.7485  1.4196 0.0 12.0 g8 1idide 9:0. 12,0 tively tested, it has been used
G 0.7526  1.4202 0.23 11.3 7522 . 1.420 1 125 . .
H 0.7507  1.4199 . . 0.7507  1.4199 o .. by several Jaboratories  and
I 0.7503 1.4202 0.3 11.0 0.7506 1.4204 0.3 10.5 appears to have certain ad-
Av. (0.7504) (1.4197) 0.17) 11.2) (0.7506)  (1.4200) (0.10) (11.3) vantages, such as saving in
Sample B-6 labmratory space and in t'um_a
required to make a determina-
A 0.7502  1.4198 0.0 10.0 0.7508  1.4193 0.0 11.0 .
Y T B O A o
505  1.4197 : : : . .08 12°3 y ‘ble "
5} 07507  1.4196 001 1.7 0.7506  1.4196 0.1 11.2 _Two possible hazards exist
E ... il .. 0.7525  1.4206 0.5 11.0 in the handling of nitrogen
F 0.7481  1.4198 0.0 12.0 0.7489  1.4197 0.0 11.0 i . .
g 0.7545  1.4204 0.18 12,2 07508 14195 0.14 10.8 tetroxide in combination with
0.7513  1.4199 - . 0. 1.4199 o o s '
I 0.7501. 1.4202 0.3 11.0 0.7505  1.4203 0.3 115 Olefgﬁ? n‘}mily , the d egree of
Av. (0.7505) (1.4198)  (0.10) (11.5)  (0.7507) (1.4199)  (0.16) (11.3) stability of the reaction prod-
ucts and the toxicity of nitro-
Sample B-7 gen tetroxide.. While several
A 0.7506 1.4199 0.0 10.5 0.7514 1.4201 0.0 11.5 references have been made
B 0.7485  1.4177 0.1 10.0 L . .
C 0.7505  1.4195 910 120 gl7slr 102 008 128 to the fact that reaction prod-
D 0.7499  1.4191 0. 11. . 0.7509  1.4194 0.2 11.2 i ;
E 0.7529  1.4203 0.5 12,0 S : e ucts of light olefins and di-
F 0.7491 1.4197 0.0 12.5 ,0.7493  1.4198 0.0 12.0 olefins with nitrogen tetroxide
G 0.7619% 1.4214 0.09 16.3¢ 0.7518  1.4195 0.06 1.3 X p . .
H 07510  1.4198 - . 0.7500  1.4202 " o are unstable, an investiga-
I 0.7500  1.4198 0.3 16.0 0.7512  1.4203 0.3 1.0 tion of the products from
Av. (0.7503) (1.4197) (0.22) (11.2)  (0.7510) (1.4199) (0.11) (11.6) representative samples, such
Sample B-8 as thermal and catalytic gaso-
A 07528 1410 0.2 12.0 0.7523  1.4199 0.1 9.5 imeband pentelnes’.ShOW th‘i)m.
7486 1.41 . . .. .. o be nonexplosive
C 0.7514  1.4197 0.18 12.8 0.7538  1.4198 0.10 1305 P ) oven by
D 017513 1.4192 ! 137 0.7535  1.4194 1.3 13°2 the use of detonators (6). How-
9.755 1.4195 5 : ST : o i
F 07505  1.4193 1.0 14.0 07505 1.4i96 - 1.7 140 ever, olefin-nitrogen tetrox-
G 0.7680¢  1.4220 0.46 20.1¢ 0.7583  1.4203 0.15 143 ide compounds are thermally
H 0.7559  1.4200 . . 0.7564  1.4200 . o . :
1 0.7552  1.4204 03 1305 0.7513  1.4202 0.3 12,0 unstable and subject to rapid
Av. (0.7527) (1.4198)  (0.58) (12.6)  (0.7537) (1.4200)  (0.61) (12.8) decomposition if heated di-

2 Not included in averages.

rectly much above 250° to
300°F. Violent reactions have

The average values for handling loss, as obtained by “blank”

determinations on the samples, were 0.45 ml. with product re-

ceiver Type 1 and 0.55 ml. with product receiver Type 2. The
Type 1 receiver is preferred for the more volatile samples.

Since the same straight-run base stock was used in the four
synthetic mixtures used in the investigation, the properties of the
“unreacted. portion’’ of test sample obtained by Method A can
be compared with those of the base stock to indicate completeness
of olefin removal and absence of undesirable side reactions. This
comparison is shown in Table VI, which. gives the average of
determined properties such as density, refractive index, bromine
number, and acid absorption on the unreacted portions of samples
B-5 to B-8. Except in the case of sample B-8, these properties
are fairly close to those of the original base stock, indicating
practically complete remaval of olefins without substantial change
in the other hydrocarbon types. Density and nitrogen deter-
minations, however, indicate nitrogen tetroxide reaction products,
in amounts of the order of 0.05 to 0.25%, by weight, remaining in
the unreacted portion.

Since the reaction of olefins. with nitrogen tetroxide is carried
out in a temperature range of 80° to 100° F., the procedures given
are limited fo mixtures containing hexanes or higher boiling
hydrocarbons, and therefore should find application in analysis of

occurred where nitrogen tetrox-
ide has been left in contact with hydrocarbons for long peri-
ods of time. The presence of oil in pipes, valves, etc., used for
nitrogen tetroxide should be avoided.
The nitrogen tetroxide reaction should be carried out under a
hood, and observance of safe laboratory practice in handling toxic
gases is recommended (5).
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DETERMINATION OF ORGANIC PEROXIDES

Evaluation of a Modified lodometric Method

CHARLES D. WAGNER, RICHARD H. SMITH, AND EDWARD D. PETERS
Shell Development Company, Emeryville, Calif.

An iodometric method for peroxide determination
has been modified and extensively tested. The modi-
fied method accurately determines peroxides pres-
ent in autoxidized olefins but, in common with all
other methods, it gives only empirical results when
applied to peroxides formed in conjugated diolefins.

ODOMETRIC methods as well as ferrous ion methods have
been widely used for the determination of peroxidesin oxidized
organic materials. Most of the proposed iodometric methods in-
volve.reduction of peroxides by iodide ion in acetic acid solution
with or without addition of a strong mineral acid. The well-
known procedures of Wheeler (16), Lea (?), Marks and Morrell
(11), Franke and Jerchel (3), Liebhafsky and Sharkey (8),
Taffel and Revis (15), Stansby (14), and French, Olcott, and Mat-
till (4) are examples of such methods, some of which use chloro-
form or carbon tetrachloride to aid in dissolving the sample.
Kokatnur and Jelling (6) proposed a procedure employing iso-
propyl alcohol as solvent, in conjunction with a small amount of
acetic acid and potassium iodide. Nozaki (12) has recently re-
ported a procedure in which acetic anhydride is used as the
solvent.

Many differences of opinion exist concerning the reliability of
iodometric methods. It has been well established that many
peroxycarboxylic acids, diacyl peroxides, hydroperoxides, and
other peroxide compounds can be determined quantitatively by
iodometric methods, although a few reports exist doubting the
aceuracy of certain iodometric methods on such simple peroxides
as cyclohexene and Tetralin peroxides. The most common criti-
cism has been that iodine liberated in the reaction disappears by
addition to olefinic double bonds; this assertion has been based
upon dependence of results on sample size with certain materials
and upon test experiments involving reaction of free iodine rather
than trilodide-ion. Wheeler (16) found that when iodide ion was
present iodine did not add to certain unsaturated peroxide-free
oils, but proof was lacking that triiodide did not react with olefins
in the presence of peroxides. Panyutin and Gindin (13) formu-
latéd a procedure by which they measured iodide added, iodine
found, and -iodide unoxidized, thus hoping to compensate for
1od1ne.add1t,10n but the procedure itself was so different from the

: usua.l procedures that information presented in that report did
not, prove or disprove iodine addition under normal conditions
of iodometric methods.

Another criticism which might be directed at iodometric
methods, particularly those employing strong acid, is the possi-
bility -of reduction of organic compounds other than peroxides,
including possible reduction of any alkylene dnodldes formed by
addxtlon of iodine to oleﬁn ‘Atmospheric oxygen is known to
cause “high results with most iodometric methods, particularly in
the| {presence. of strong acids, and methods employing sodium bi-
carbonate or solid carbon dioxide (1, 8) were designed to overcome
this defect. The Kokatnur-.]elhng method (6) was reported not
to ' beé: influenced’ by atmospheric oxygen.

For general use the method proposed by Kokatnur and Jelling
(6) bas been found the most suitable of the iodometric methods
tested [Slnce this work was completed, Nozaki (12) hag reported
that use of acetic anhydride in place of acetic acid overcomes the
dlsadva.ntages inherent in the use of the latier as solvent.]

Experiments proved that under the conditions of the
method iodine does not add to mono-olefins, and
that in the absence of peroxides it does not add to
conjugated diolefins. The method has been found
more accurate and more widely applicable than
iodometric methods employing acetic acid as solvent.

Modifications found advantageous are: (1) replacement of

"potassium iodide by sodium iodide which is much more soluble in
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the reaction mixture and makes possible a higher concentration
of iodide, tending to increase the reaction rate and to decrease
possible addition of iodine to unsaturated materials;” -and (2)
elimination of water from the reaction mixture to avoid the low
results obtained on autoxidized diolefins in the presence of water.
[Lips, Chapman, and McFarlane (9) noted that presence of water
markedly decreased results obtained on fats by an iodometric
method, and Liebhafsky and Sharkey (8) observed that water re-
tards peroxide reduction by iodide.] In order to avoid possible
interference by oxygen in the experimental work, the reaction
mixture was kept under a blanket of carbon dioxide, and sample
and reaction mixture were deaerated prior to analysis; however,
such precautions have been found unnecessary for general use.

Experiments using the modified iodide method show that re-
sults on known hydroperoxides are accurate, since wide variation
in reaction conditions produces little change in results which are
already close to theoretical. The fact that peroxide was not vola-
tilized by passage of earbon dioxide gas was proved by tests using
tert-butyl hydroperoxide. It was found that appreciable amounts
of water must be present in the mixture at the titration end point
in order to avoid high results due to the slowness of reaction be-
tween iodine and thiosulfate and consequent overtitration, espe-
cially when the titer is small. This effect had been noted by Lieb-
hafsky and Sharkey (8) while studying a method utilizing acetic
acid as solvent.

Variation in reaction conditions produced little change in results
on materials containing no autoxidized conjugated diolefins, indi-
cating that the method is accurate when applied to such materials;
this is consistent with recent observations that mono-olefin per-
oxides and initially formed ether peroxides are, in fact, hydro-
peroxides. However, results on diolefins and ascaridole showed
wide variation with changes in reaction conditions, indicating that
such bridge-type peroxides are not determined accurately by this
method.

Experiments have demonstrated that under the conditions of
the method iodine does not add to mono-olefins and that, in the
absence of peroxides, it does not add to diolefins. One experiment
indicated that iodine might be absorbed by diolefins in the pres-
ence of.diolefin peroxides.- The sodium iodide-isopropyl-alcohol
method was found to be as useful in all cases as sodium iodide—
acetic acid methods and to have the advantages of somewhat
more general applicability and comparative freedom from inter-
ference by atmospheric oxygen.

EXPERIMENTAL ANALYTICAL PROCEDURE

Into a 250-ml. Erlenmeyer flask equipped with a gaq inlet tube
introduce 40 ml. of dry isopropyl alcohol, 2 ml: of glacial acetic
acid, and up to 10 ml. (usually 5 ml.) of ’the sample, containing
up to 2 milliequivalents of peroxides. "Connect the flask to a
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lowing it to autoxidize. It consisted of about 709, 2-methyl-1,3-
pentadiene and 309, 4-methyl-1,3-pentadiene. Isoprene, redis-

Table 1. Effect of Absence of Water on Accuracy of A . 1 ( ]
Iodometric Titration tﬂllled, was 9’%1% pure (determined by freezing point). Diethyi
ether was anhydrous Merck reagent.
Volume of Calculated Titer, Titer Found,-0.1 N Na28:0; ¥ ok cag
Standard Todine 0.1 N N2:$:0: 5 ml. of H:0
Soxftlo“ Anhydrous added Effect of Water on the Titration. It was found that the re-
L. ML M. ML action between sodium thiosulfate and triiodide ion is rather slow
gg 1é:§§ 1%:.512 1;:?2 unless 5 to 10% of water is present in the reaction mixture.
10 2.31 2.81 2.37 When the titratios
2 0.46 1.02 0.51 . n voh-xme
is reasonably large, sufficient
water is furnished by the thio-
Table II. Effect of Manipulative Variables in the Soditim Iodide~Isopropyl Alcohol sulfate solution but with low
s 3o . A
Method on Results for Know;{ndPerondes titers water must be added
. ydrogen s s e
Tetralin tert-Butyl Peroxide, Benzoyl before titration. This effect
Peroxide, % Hydroperoxide, %b %0 Peroxide, %b dAlscafyi"b is shown in Table I, which.
5 ml. of 5 ml. of 5 ml. of 5 ml. of _4ole, 7% 5 . s
An- H20 before An- H:0 before H;O before An- H:0 before An-. summarizes —experiments in
Variable hydrous titration hydrous titration titration ‘“hydrous titration hydrous which known amounts of a
Reaction time . stan i .
2 min. 103.7 97.3 96.7 96.5 29.7 100.2 98.8 7.3 C!alrd le)pI‘f)pyl alc.OhOI
5 min. 105.1 97.1 96.5 96.5 29.6 100.2 98.0 11.2 solution of iodine contained
15 min. 102.4 97.3 95.8 96.0 29.4 100.7 98.5 25.7 in the reaction mixture were
Sample size i :
2'ml 105.7 962 103.7 95.1 29.9 10.0 98.3 55.6 titrated hot, using a con-
ml. 102.4 97. 5.8 6. 29. 100. 98.1 25.7 ’
10 ml. 96.7 97.2 96,2 96.2 .‘ . i’ stant total amount of reac-
Amount of fodides \ tl(gl mllxture [z ml. of stand-
grams 102. 96.9 96.3 29 .4 99. 98.8 25.1 ard solution iodi in iso-
7 grams 99.4 98.1 97.5 29.7 102.3 100.2 28.6 ropvl aleohol (';:)ne n llSO
Effect of 5 ml. of H20 p Py o~ — ) ml. of
Added at start 972 9.0 100.7 3.7 isopropyl alcohol, 2 ml. of
ed after reflux 97. . . 18.4 s : i3
No H:0 102.4 95.8 98.5 257 glacial acetic acid, and 2
Fffect of heat grams of sodium iodide].
0-min. reflux
before [ added  97.4 93.5 94.2 29.0 84.3 86.2 23.5 EﬁAccturafcyMof . l\ul{ethod and
-min, reflux ect o ani i i-
before I~ added 102.4 97.3 95.8 96.0 29.4 100.7 98.5 25.7 pulative Vari
! ; ables on Results. The known

“ Dissolved in benzene (c.p. thiophene-free), about 0.1 N except hydrogen peroxide, which was diluted with water.
b Per cent recovery based on 100% purity. ‘‘Anhydrous’’ refers to anhydrous conditions of experimental method.
Other columns of data obtained by adding 5 ml. of water to reaction mixture just before titration.
sodium iodide dissolved by.refluxing in isopropyl alecohol-acetic acid, followed by heating
Carbon dioxide used in usual way before and after refluxing.

¢ Method modified:
to reflux, and addition of sample through condenser.

peroxides were tested to study
the effect of variations in
heating time, reaction time,
sample size, amount of iodine,

reflux condenser and pass carbon dioxide gas through the mixture
for 3 minutes. Stop the carbon dioxide flow, heat the solution to
reflux, add through the condenser 10 ml. of isopropyl alcohol
saturated with sodium iodide, and heat the mixture at gentle
reflux for 15 = 0.5 minutes. Resume the carbon dioxide flow, dis-
connect the flask from the condenser, and titrate the contents
immediately with 0.1 ¥ sodium thiosulfate to the disappearance
of the yellow color (use 0.01 N thiosulfate for very low peroxide
concentrations).

EXPERIMENTAL

Materials Used. Tetrahydronaphthyl hydroperoxide (Tetralin
peroxide) was prepared by air oxidation of Tetralin at 75°
crystallization, and recrystallization. «,«-Dimethylbenzylhydro-
peroxide (cumene peroxide) was prepared from cumene by a
method similar to that of Hock and Lang (5). Hydrogen peroxide
was a sample of Baker’s c.p. 309, (in water), assaying 29.9%,.
tert-Butyl hydroperoxide was prepared by careful distillation of
Union Bay State material, and analyzed close to 96.5% by the
procedure given above. Benzoyl peroxide was obtained from
Lucidol Corporation. Asecaridole, obtained from Eastman Kodak
Company, was said to be better than 999, pure, and analyzed
72.3% carbon, 9.8% hydrogen (theory 71.4%, carbon, 9.6%
hydrogen). - .

The following materials were autoxidized by allowing them to
stand under oxygen-in diffused daylight until analysis indicated a
reasonably high peroxide content (air was used in the case of 2-
pentene):: Diisobutylene, consisting of about 75% of 2,2,4-
trimethyl-1-pentene and 25%, of other isomeric octenes, was not
redistilled before autoxidation. 2-Pentene, prepared by dehydra-
tion of sec-amyl alcohol, was carefully distiled. The product

probably contained a small amount of 1-pentene. Cyclohexene, .

Eastman Kodak Company material, was dried over potassium
carbonate and potassium hydroxide and redistilled, the fraction
distilling between 83.0° and 83.3° being retained. Tétralin, also
obtained from Eastman Kodak Company (practical grade), was
redistilled, the fraction boiling between 204.3° and 207.3° being
retained, Methylpentadiene, prepared by dehydration of 2-
methyl-2 4-dihydroxypentane, was carefully distilled before al-

and- amount of water (Table

II). These tests indicate that
(1) the amount of iodide is not critical, provided a large excess is
present, (2) reaction time and sample size are not critical for the
peroxides tested (except for ascaridole, which reduces slowly), (3)
only the ascaridole analysis was markedly affected by the presence
of water during the reaction, and (4) except for benzoyl peroxide
the peroxides are stable toward heat. Consistent results close
to theoretical with the hydroperoxides indicate that the method
is accurate for their determination. Additional support for this
conclusion is given by consistent results of 949, obtained on a
sample of a,a-dimethylbenzyl hydroperoxide prepared.by autoxi-
dation.

The experimental procedure was applied with variations to the
autoxidized materials, with results shown in Table III. With
materials containing no conjugated diolefins, results were affécted
little by changes in the experimental conditions, whereas re-
sults with autoxidized isoprene and methylpentadiene were criti-
cally dependent on the conditions employed. The diolefin perox-
ides react slowly and incompletely, like ascaridole, and results
showing dependence on sample size and amount of iodide ion
demonstrate that the rate of reduction depends on the concen-
tration of iodide ion in the mixture rather than on the concentra-
tion of the peroxides.. Water present during the reflux period
causes lower values to be obtained in some cases, and to prevent
this effect the exclusion of water during the reflux period is
recommended.

The results demonstrate conclusively that peroxides in autoxi-
dized conjugated diolefins differ radically from those in other
materials; the latter are now generally accepted to be hydro-
peroxides, whereas Bodendorff (2) has demonstrated that conj\i-
gated diolefins form peroxides largely by 1,4 addition to produce
intramolecular peroxides of the ascaridole type, or polymeric
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Table III. Effect of Manipulative Variables in the Sodium lodide-Isopropyl Alcohol
Method on Peroxide Numbers of Autoxidized Materials

Peroxide Number, Milliequiva]ent§ per Liter

. Diiso- 2- Cyclo-
Variable butylene Pentane hexene  Tetralin
Reaction time
2 min. 11.0 40.0 83.6 114
5 min. 11.8 40.2 86.7 115
15 min. 11.6 40.4 85.0 113
Sample size?
2 ml. . .. .. 112
4 ml. 11.6 42.6 85.0 ..
5 ml. . . . 109
10 ml. 9.8 38.3 83.3 ..
Amount of iodideb
2 grams 11.2 44.8 84.9 117
7 grams 11.8 42 .4 84.9 118
Effect of 5 ml. of H,O
. Added at start 8.6 38.8 82.3 113
Added after reflux 9.2 39.6 82.6 113
No H,O 11.6 40.4 85.0 113
Effect of heat
30-min. reflux before I~ added 12.6 39.8 81.6 109
No reflux before I~ added 11.6 40.4 85.0 113

e Except in case of conjugated dienes, indicated variation of results with sample size can be ascribed chiefly to

fact that no water was added before titration.
b Method modified, see ¢, Table 1I.

in the absence of iodide ion a
considerable fraction of - the,
iodine is lost, particularly in
the presence of water. This is

Diethyl Methyll Iso- h i i
ether pentadiene prene in agreement with observations
2.0 22 31 by Margosches, Hinner, and
12,1 33 52 Friedmann (10) on the effect
12.0 61 92 of water on rate of iodine ad-
11.7 99 88 dition to unsaturated materials.
120 55 48 When iodine is combined with
2.0 - - iodide in the form of triiodide
12.1 67 94 ion, no evidence of loss is ob-
12.6 227 128 . . .

served (with peroxide-free ma-
11.9 19 15 ;
12.1 57 78 terial).
11.7 61 92 Inasmuch as the
1.8 59 82 amount of iodine lost is ap-
12.1 61 92

proximately proportional to
the amount originally present,
the fact that no loss occurred
in the presence of iodide is

peroxides by intermolecular peroxy-bridging to the 1- or 4-posi-
tions of other molecules:

H- R H, H,
\C/ —OmO’C| ('3—
AN C—R C--R

0O c¢cHo | i
| 0 —R C—R

0O CH é |
N4 —0—0—C

¢ H, H,
VAN
K H

Intermolecular polymeric
peroxide from conjugated
diolefin

Intramolecular peroxide
from conjugated diolefin

Such peroxides would be expected to react differently from the
simple alkenyl hydroperoxides which are formed with mono-
olefins by oxidative attack at the carbon atom alpha to a double
bond. The fact that ascaridole reacts in a way very similar to
the autoxidized diolefins is to be expected in view of Bodendorff’s
observations that the monomeric product formed from the autoxi-
dation of the conjugated diolefin, 1,3-menthadiene, is chemically
and structurally similar to ascaridole.” In addition to these ob-
servations and the fact that the hydroperoxides react very rapidly
with iodide ion, another point to be noted is the stability of all
of the-peroxides in autoxidized materials. In no case did a signifi-
cantly decreased final value result from refluxing the sample in
the reaction mixture for 30 minutes before addition of iodide ion.
Any slight decreases obtained may possibly be due to reduction
of the peroxide by the alcohol.

INTERFERENCES

Iodine Absorption by Unsaturated Materials. To test the
magnitude of this potential source of error, samples of isoprene
and cyclohexene were fractionally distilled into a receiver through
which oxygen-free nitrogen was slowly passed. Ten-milliliter
portions of each of these peroxide-free materials were subjected
to two modifications of the prescribed procedure. In one, 10 ml. of
isopropyl alcohol containing about 0.2 milliequivalent of iodine
were added following the addition of the iodide, and in the other
the iodine solution was substituted for the iodide solution.. In
another set of experiments, 5 ml. of water were added to the mix-
ture at the start. Results, shown in Table IV, demonstrate that

undoubtedly due to the for-
mation of unreactive triiodide
ion and resultant small concentration of free iodine.

In order to determine whether a peroxide such as benzoyl
peroxide eould catalyze addition of iodine as triiodide to olefins,
a weighed quantity of sodium iodide was dissolved by refluxing in
40 ml. of isopropyl aleohol and 2 ml. of acetic acid in the presence
of carbon dioxide. Five milliliters of water were added in some
cases. Five milliliters of purified isoprene and 10 ml. of a standard
benzoyl peroxide solution in benzene were then added, and the
mixture was refluxed 15 minutes and titrated, maintaining a
blanket of carbon dioxide at all times. Results are tabulated in
Table V. No peroxide-catalyzed addition of iodine is observed.

Nevertheless, definite evidence was still lacking as to whether
iodine as triiodide is absorbed by diolefins in the presence of diole-
fin peroxides. To test this point, a 1-ml. sample of autoxidized
methylpentadiene was subjected to analysis in the usual fashion
in the presence of (1) 4 ml. of freshly distilled peroxide-free
methylpentadiene and (2) 4 ml. of benzene. Results of 0.309 and
0.341 milliequivalent, respectively, were obtained, which may
indicate some absorption of iodine in the presence of the diolefin
peroxide (lower results with greater concentration of diolefin).

Possibility of Reduction of Olefins or Alkylene Diiodides dur-
ing Analysis. If hydrogen iodide should add to olefins to produce
alkyl iodides, or if iodine should add to produce alkylene di-
iodides, reduction of such organic iodides by hydrogen iodide
would produce iodine and lead to high results. In order to test
whether this is at all likely, the method was applied to 1 ml. of
autoxidized methylpentadiene both with and without the addition

~of 2ml. of pure ethyliodide. Titers were 16.3 = 0.2 ml. of 0.01 ¥

thiosulfate, indicating that in the presence of diolefin peroxides
simple alkyl iodides are not reduced by the iodide reagent.

Table IV. Addition of Iodine to Unsaturated Materials
under Conditions of Analysis
I2 or I;~ Found after Reflux,

Equivalent X 103

I: or I3~ Added, In anhydrous In presence of*

Material | Equivalent X 103 medium 5 ml..of H:O
Isoprene 0.1890 1,2 0.1600 0.1400
0.0756 T2 0.0601 0.0432
,0.0378 Ie 0.0249 0.0161
Cyclohexene 0.1760 I.¢ 0.1519 0.0971
Isoprene 0.2278 Is~ 0.2274 0.2260
0.0911 I~ 0.0906 0.0907
0:0456 I3~ 0.0459 0.0457
Cyclohexene 0.2050 I;~ 0.2049 0.2050

¢ Determined by refluxing concentrated solutions 15 minutes and titrat-
ing. The two dilute solution concentrations were calculated from dilution
factors. About 0.02 milliequivalent of iodine was lost from concentrated
iodine solutions themselves on refluxing




DECEMBER 1947

Interference by Air. A sample of methylpentadiene, analyzed
in the prescribed way,
liter. When an air stream was substituted for carbon dioxide, a
value of 3.3 milliequivalents per liter was obtained, and instability
of the end point was troublesome. Approximately the same abso-
lute difference in results was noted on diolefin samples of higher
peroxide content, whereas with cyclohexene and other simple
olefins no signifleant difference was noted. It is concluded that
-exclusion of air is essential only if the method is used for analyzing
diolefin samples of low peroxide content.

PROCEDURE RECOMMENDED FOR GENERAL USE

The following method, which is closely similar to the Kokatnur-
Jelling method, is recommended for general use on materials con-
taining no conjugated diolefins:

Into a 250-ml. Erlenmeyer flask introduce 40 ml. of dry iso-
ypropyl alecohol, 2 ml. of glacial acetic acid, and the sample (up to
10 ml. ordmarlly 5ml). Heat to reflux, add 10 ml. of isopropyl
:alcohol saturated at room temperature with sodium iodide (pre-
Jpared by refluxing 25 grams of sodium iodide with 100 ml. of iso-
.propyl alcohol), reflux 5 minutes, add 5 ml. of water, and titrate
With 0.1 N or 0.01 N sodium thiosulfate. Blank determmatlons
«on the reagents will be nil unless oxidizing impurities are present
in the isopropyl aleohol; therefore a blank determination on each
new batch of alcohol is sufficient.

Although the method is not recommended for use on conjugated
diolefins, it is sometimes useful for obtaining precise empirical
results, provided an atmosphere of carbon dioxide is maintained
in the flask during the analysis.

Table V. Addition of Triiodide Ions to Isoprene in Presence
of Benzoyl Peroxide

Benzoyl I3~ Found after Reflux,
Nal Peroxide Equivalent X 103
Present, Added, In anhydrous In presence
Grams Eq. X 10% medium of water
2 0.871 0.863 0.862
7 0.871 0.877 0.867

COMPARISON WITH METHODS EMPLOYING ACETIC ACID
AS SOLVENT

The following two methods, employing acetic acid as solvent,
were compared with the recommended method deseribed above.

Acetic Acid Reflux Methods. Into a 250-ml. 'Erlenmeyer
flask equipped with a gas inlet tube introduce 50 ml. of glacial
acetic acid and 5 ml. of sample. Connect to a reflux ¢ondenser,
pass carbon dioxide through the solution slowly for 2 mmutes
stop the flow, and heat .the mixture to reflux. Add 2 ml. of a
saturated aqueous solution of sodium iodide through the con-
denser, reflux for 15 minutes, start the carbon dioxide flow, add
100 ml. of distilled water, cool the contents to room temperature
and titrate with thiosulfate to the disappearance of the yellow
color, maintaining gentle carbon dioxide flow during the titration.
Make a blank determination on the reagents in a similar manner.

Acetic Acid Room-Temperature Method. Same as the
above, except that after carbon dioxide is passed through the
solution for 2 minutes, add the iodide, stop the carbon dioxide
flow, stopper the ﬂask and allow it to stand in the dark for 15
minutes at room temperature before resuming the carbon dioxide
flow, diluting with water, and titrating.

Comparative results are shown in Table VI. It is evident that,
.except for ascaridole, results are generally lower when acetic acid
is used, and results by the acetit¢ acid reflux method are ordinarily
lower than are those by the acetic acid room temperature method.
In the case of the diolefins, the dark-colored polymer which forms,
particularly on heating, obscures the end point. The lower results
by the method employing heat are due to destruction of peroxides
during the period of heating to reflux, as shown by the following
experiment: A sample of cyclohexene gave a value of 95.9 milli-

gave 2.3 milliequivalents of peroxide per’
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Table VI. Comparison of Results by Sodium Iodide-
Isopropyl Alcohol and Sodium Jodide-Acetic Acid Methods

Solvent and Condition

i Isopropyl Acetic acid,
Material - aleohol, room Acetic acid,
Analyzeds reflux temperature reflux
Apparent Peroxide Content, %
Tetralin peroxide 97.3 96.3 91.1
tert-Butyl hydroperoxide 96.0 96.8 35.7
Hydrogen peroxide (29.9%) 29.4 29.6 29.4
Benzoyl peroxide 99 .4 99.4 85.2
Ascaridole 25.7 34.1 71.4
Peroxide No., Milliequivalents per Liter
Diisobutylene 36.9% 27.5 34.7
2-Pentene 45.9 41.6 40.4
Cyclohexene 95.1¢ 91.8 80.6
Tetralin 126.1 123.8 109.3
Diethyl ether 12,2 21.4 11.3
Methylpentadiene 53.4 (20)d (100)d
Isoprene 68.3¢ (20)d (100)¢

@ With known peroxides samples were about 0.1 ¥ solutions in benzene,
except that hydrogen peroxide was diluted with water. Autoxidized mate-
rials were used directly.

% Method modified by adding 5 ml. of water before titration. :

¢ Application of isopropyl alcohol method at room temperature gave:
cyclohexene, 83.4 me./l., isoprene, 5.3 me./I.

4 Reaction mixture was very dark in color, with much polymer; results
are very much in doubt.

equivalents per liter by the room-temperature acetic acid method
and 85.7 milliequivalents per liter by the acetic acid-reflux
method. When the reaction mixture was refluxed without iodide
for 15 minutes, cooled rapidly, and then treated according to the
room temperature acetic acid method, a value of only 72.2 milli-
equivalents per liter was obtained: It seems likely that the per-
oxides are less stable in acetic acid than in isopropyl alecohol.

It is concluded that acetic acid as solvent offers no advantages
over isopropyl alcohol, other than elimination of the reflux
operation. Disadvantages are greater interference by air, occa-
sional slight destruction of peroxides, need for great dilution with
water before titration, and increased tendency for diolefinic ma-
terials to polymerize to dark-colored products. Use of a strong
acid in addition to acetic acid would probably accentuate these
difficulties.
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Evaluation of the Ferrous Thiocyanate Colorimetric Method

CHARLES D. WAGNER, H. LAWRENCE CLEVER, anp EDWARD D. PETERS
Shell Development Company, Emeryville, Calif.

The colorimetric ferrous thiocyanate method, fizst
proposed by Young, Vogt, and Nieuwland, has been
tested on a variety of autoxidized materials. It was
found fundamentally accurate on hydrocarbon ma-
terials containing no conjugated diolefins; on diole-
fins the results varied considerably with time and
were therefore of only empirical value. The pre-
cision was relatively poor (approximately = 5 to 10%
of the absolute value) but the method was sensitive

to very small peroxide concentrations. Presence of

ERROUS ion has been used extensively as a reducing agent

for the determination of organic peroxides. One of the
common methods involving ferrous ion, originally proposed by
Young, Vogt, and Nieuwland (7), comprises reduction of the
sample in an acidified solution of ferrous thiocyanate in methanol
followed by measurement of the depth of color of the ferric thio-
cyanate produced. Bolland, Sundralingam, Sutton, and Tris-
tram (2) used this method with slight variations in rubber re-
search, and Farmer et al. (3) based theoretical conclusions on
results using this method. Lips, Chapman, and McFarlane (5)
used a similar method with acetone as solvent in place of meth-
anol.

Young, Vogt, and Nieuwland (7) based their claim for accuracy
of the method on determinations of pure succinyl peroxide. Bol-
land et al. (2) obtained analyses close to theoretical on succinyl
peroxide, dihydroxyheptyl peroxide, and cyclohexene peroxide.
However, Lea (4), using a method similar to that of Lips, Chap-
man, and McFarlane (5), discovered that when air was carefully
removed from both sample and reagent the results were only
10 to 307, of those obtained without such treatment; he con-
cluded that atmospheric oxygen and dissolved oxygen were oxi-
dizing ferrous ion in the presence of peroxide (although little
atmospheric oxidation takes place in the absence of peroxide) and,
therefore, that the results included very large positive errors.

In view of the conflicting reports of accurate values on known
peroxides on the one hand and oxidation by air to produce high
results on the other hand, experiments were undertaken in order
to resolve these differences. By using the method of Bolland,
Sundralingam, Sutton, and Tristram, essentially accurate results
were obtained on pure tert-butyl hydroperoxide, «,a-dimethyl-
benzyl hydroperoxide (cumene peroxide), and tetrahydronaph-
thyl hydroperoxide (tetralin peroxide). With autoxidized
mono-olefins good agreement was obtained between-results by the
sodium iodide-isopropyl alcohol and colorimetric methods.
However, in all colorimetric analyses wherein oxXygen was care-
fully excluded, the observations of Lea (4) were substantiated.
Furthermore, it was found that no additional color developed
when air was passed through the mixture of oxygen-free sample
and reagent, a fact which indicates complete destruction of per-
oxides largely by deeomposition rather than reduction. It
therefore appears that dissolved oxygen is necessary in this
method, either to speed up the reduction reaction.or to inhibit
the ferrous ion—catalyzed decomposition.

As a result of these studies, the colorimetric method is recom-
meénded as the best for frequent analyses of materials containing
only small amounts of peroxides. For materials (except di-
olefins) contammg large amounts of peroxides, the iodometric
method is more precise and accurate. The colorimetric method

high polymer sometimes caused interference because
of insolubility and turbidity. The effect of molecu-

lar oxygen on the results, first reported by Lea, has

been verified. Contrary to Lea’s conclusion that
the molecular oxygen oxidizes ferrous ion in the pres-
ence of peroxide, the presence of dissolved oxygen is
necessary to obtain quantitative peroxide results
and the absence of oxygen gives very low results.
No definite evidence of abnormally high results was
found in these investigations.

is not well suited for materials containing polymer, particularly
diolefins, because of turhidity caused by insoluble high polymers.

ANALYTICAL METHOD

Apparatus. A Spekker photoelectric absorptlometer was used,
equipped with blue Ne. 6 and green No. 5 filters and absorptlon
c}eullskallowmtr the light to pass through a layer of solution 1 em.
thic

Reagent. - Ferrous thiocyanate solution was prepared as fol-
lows: Dissclve 1 gram of ¢.p. ammonium thiocyanate and 1 ml.
of 25% by weight of sulfuric acid in 200 ml. of c.p. deaerated
methanol, and shake the resulting solution with 0.2 gram of
finely pulverized ferrous ammonium sulfate. Place the decanted
reagent (prepared fresh daily) in a brown glass-stoppered bottle.

Procedure. Introduce 1 ml. of sample preferably containing
between 0.0001 and 0.0007 milliequivalent of reactive peroxide
into a 25-ml. volumetric flask. (If necessary, use 1 ml. of a suit-
able methanol dilution of the sample.) Fill to the mark with
ferrous thiocyanate reagent, mix well, and fill the colorlmetex
cell with the mixture. At 10 minutes from the time of mixing,
read the optical density and convert the value, corrected by 2
blank determination, to terms of concentration by comparing it
with. the optical den51ty calibration curve obtained by use of
corresponding known amounts of standard ferric chloride solu-
tions.

EXPERIMENTAL

Materials Used. Samples of tetralin peroxide, cumene per-
oxide, fert-butyl hydroperoxide, and 309% hydrogen peroxide
and autoxidized samples of diisobutylene, 2-pentene, cyclohex-
ene, methylpentadiene, and diethyl ether were identical with
those used in experiments reported in a previous paper (6).

Applicability and Accuracy. The listed materials were analyzed
by the colorimetric: method and also by the sodium ‘iodide-iso- -
propyl alcohol method (6). Results, given in Table I, show that

Table I. Accuracy of Colorimetric Peroxide Method
Compared to Sodium lodide~Isopropyl Alcohol Method,

Sodium Iodlde—-

Isopropyl
Alcohol Colorimetric-
Madterial Method Method
Apparent Peroxide Content, %
tert-Butyl hydtoperoxxde 99.8 105
Cumene peroxide 94.2 T 112
Tetralin peroxide 95.4 95
Hydrogen peroxnde, 30% 29.2 24
Petoxxde No., Milliequivalents per Liter. .
Cyclohexene 121 120~
2-Pentene 51 48:
Diisobutylene 19.7 19
Diethyl ether . 12.2 7.
Methylpentadiene 61 266

980



DECEMBER 1947

Table II. Effect of Sample Size and Reaction Time on
Results for Autoxidized Methylpentadiene by Colorimetric
Peroxide Method

Sample Peroxide No., Milliequivalents per Liter®
Dilution in 2.5 .6 10 20 40
Methanol min. min. min. min. min.

1:500 170 230 300 365 430

1:1000 160 230 300 360 410

o Referred to original sample before dilution.

Table III. Effect of Sample Size on Results by

-Colorimetric Peroxide Method
Peroxide No.,

Milliequivalents
Sample Dilution per Liter
tert-Butyl hydroperoxide in 40.2 mg./1. 0.96¢
methanol 20.1 meg./l. 0.482
Cyclohexene 1:200 98 to 104
1:400 108 to 112
Diisobutylene 1:25 16 to 17
. 1:50 16 to 17
2-Pentene 1:200 62 to 70
7:4000 46 to 57
Diethyl ether 1:5 2.35
1:10 2.20

@ Results quoted on dilute solution of pure peroxide:
original sample before dilution.

all others refer to

the two methods agree reasonably well in most cases. Poor
agreement was obtained on ether and methylpentadiene (a con-
jugated diolefin). In the latter case, the reduction reaction was
slow and incomplete with both methods, indicating that both dis-
agreeing results were of only empirical value. Benzoyl peroxide
also reacted only slowly with the ferrous thiocyanate reagent.
Since results close to theoretical (considering the low precision of
the colorimetric method) were obtained on the pure hydroper-
ondes there is reason to believe that the colorimetric method is
fundamentally accurate when applied to autoxidized materials
containing only isolated double bonds.

Effects of Sample Size and Reaction Time. The hydro-
peroxides react quickly;
the optical density’ in-
creases rapidly during the
first 2 minutes and there-
after remains constant.
However, the peroxides in
methylpentadiene, which
are presumably of the bridge
type described by Boden-
dorff (1), react very slowly,
asshownin Table II. Sam-
ple size does not seem to
influence results appreciably
on any of the materials
tested, as shown in Tables
IT and III. The absence
of an effect of sample size
an with methyl pentadiene

T seems odd in view of the
pronounced effect of this
variable on results for con-
jugated diolefins by the
sodium iodide method.

Effect of Oxygen Con-

centration. In order to re-

v move dissolved oxygen from
the sample and reagent be-
fore mixing, an apparatus
similar to that described by
Lea (4) was used (Figure'l).

Cork slit 1o allow gas
passage.

Reogent

——— Influent gas

Figure 1. Apparatus for

Changing Dissolved Gas in

Reagent and Sample before
Mixing

9€1

Nitrogen, from which oxygen had been removed by passage
over copper at 700° C., was passed for 10 minutes through the 1
ml. of sample in the cylinder and then through the reagent in the
funnel. At the end of this period the reagent was allowed to mix
with the sample, and a portion of the mixture was removed (with
nitrogén being bubbled through the solution) via & nitrogen-filled
pipet to fill a colorimeter cell, through which nitrogen was passed
by means of a special cover (Figure 2). After a glass stopper was
placed in the ground joint and the stopcock closed, the tubing
conveying the nitrogen was removed and the optical density of
the solution determined.

The third column of Table IV substantiates the observation
of Lea (4) that much lower results are obtained in the absence of
oxygen. As a check on the effect of the passage of gas through
the materials, air was passed through the sample and reagent
before mixing in exactly the same way as
for nitrogen. The second column shows
that good agreement is obtained with
the results by the prescribed method ex-
cept in the case of pure tetralin peroxide,
which is somewhat anomalous. When
air was added after mixing the deaerated
sample and reagent, no deepening of color
occurred, as shown in the fourth column.
This demonstrates that the peroxide
‘(nondiolefin) is completely and rapidly
destroyed in the presence of ferrous ion,
by both reduction and decomposition.
In the presence of molecular oxygen,
the reduction reaction takes place much
more rapidly than the decomposition
reaction; in the absence of molecular
oxygen the reverse is true and only ‘a
small quantity of ferric thiocyanate is
formed. Use of oxygen in place of ni-
trogen gave approximately normal
values, verifying the conclusion that
a certain amount of oxygen is necessary
to obtain quantitative results and that the effect is not one
of oxidation of ferrous ion by molecular oxygen.

Color-

imeter Cell with

Cover for Air
Exclusion

Figure 2,

Table IV. Effect of Oxygen Concentration on Results by
Colorimetric Peroxide Method

10
Min.
10 10 Na, b)
Pre- Min. Min. Mixed, Min.
scribed  Air, Ne, Then O3,
Pro- Then Then 5 Min. Then
Sample cedure Mixed Mixed Air Mixed
Apparent Peroxide Content, %
tert-Butyl hydroperoxide in
methanol 94 96 63 56
Tetralin peroxide in meth- -
ané»' hyd d 98 68 4 6 a1
29.4 ydrogen peroxide in
methanol 23.5 ... 15.4  15.4
Peroxide No., Milliequivalents per Liter
Cyclohexene 120 120 20 44 108
2-Pentene 48 53 11 11 .
Diisobutylene 19 21 4 4
Methylpentadiene 266 246 193 180

Diethyl ether 2.3 . 0.8 0.8

In the absence of oxygen lower values are also obtained on
methylpentadiene, although the degree of lowering is less marked.
The presence or absence of oxygen seems to have no influence on
the rate of reduction of those peroxides remaining after mixing,
since the optical density after mixing increases slowly and at
about the same rate whether oxygen is present or not. This sug-
gests that the hydroperoxides are destroyed rapidly upon mixing
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the reagent and sample, leaving only the bridge-type peroxides
intact.
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Evaluation of the Ferrous-Titanous Method

CHARLES D. WAGNER, RICHARD H. SMITH, AND EDWARD D. PETERS
Shell Development Company, Emeryville, Calif.

The ferrous-titanous (Yule and Wilson) method has been tested on a variety of
autoxidized hydrocarbons and peroxides, including some pure peroxides of a

type known to be present in autoxidized materials.
results that represent only fractions of the true values.

The method generally gives
Precise results were ob-

tained with peroxides in mono-olefins under ordinary conditions of application of
the method, but it was necessary to control the experimental conditions care-

fully for precise results with diolefin peroxides.

Being precise, the method has

empirical usefulness if the results can be correlated with properties of the

material in question.

The method is convenient for multiple analysis, with

the single disadvantage that initial preparation and storage of the reagents
are more difficult than with other methods.

N 1931, Yule and Wilson (9) reported that peroxides in gaso-
lines could be quickly and conveniently determined by reduc-
ing them with ferrous thiocyanate in aqueous acetone and titrating
the resulting ferric thiocyanate with standard titanous solution.
They used results obtained in this way chiefly as a measure
of the gum-forming tendencies of the gasoline, and stated
that other methods were less suitable, although they recognized
that the results by the ferrous-titanous method did not represent
actual peroxide content. The latter fact was evident in view of
dependence of results on sample size and of the observation that
certain materials treated with ferrous sulfate contained peroxides
capable of oxidizing iodide ion. Their choice of the ferrous-
titanous method over the iodometric methods was based on the
greater sensitivity of the ferrous-titanous method compared with
that of the Marks and Morrell method (5), with which high and
variable blanks are obtained |[the blanks by the modified Kokat-
nur and Jelling method (3, 7) are negligible].

Evidence has been obtained (6, ?) that the sodium iodide—
isopropy! alcohol method adapted from that of Kokatnur and
Jelling (3) and the ferrous thiocyanate colorimetric method of
Young, Vogt, and Nieuwland (8) are both basically accurate for
the determination of peroxides in autoxidized materials which
contain no conjugated diolefins. It was found that both methods
give only empirical results on conjugated diolefin samples because
of the slow rate at which such peroxides are reduced and possibly
because of side reaction. In continuation of this study and in
view of the wide use of the Yule and Wilson method, particularly
in the petroleum industry, studies were made to determine its
fundamental accuracy in the determination of peroxides in autox-
idized materials and to compare it with other methods. Since
the correction factors and dilutions prescribed by Yule and Wil-
son (9) were admittedly arbitrary, they have not been applied in
the work described in this paper.
~ Bpecific peroxides of known purity, such as tetrahydronaphthyl
hydroperoxide (tetralin peroxide), «,a-dimethylbenzyl hydro-
peroxide (cumene peroxide), tert-butyl hydroperoxide, benzoyl

peroxide, and hydrogen peroxide gave results ranging from 12 to
809, of theoretical, with rather precise values for any given ma-
terial. Results on autoxidized materials (nondienes) were gener-
ally from 20 to 60% of those by the sodium iodide method.
Therefore, the evidence was strong that results by the ferrous-
titanous method are generally very low. Yule and Wilson as-
cribed this tendency to decomposition of peroxides in the presence
of ferrous ion to form nonoxidizing products (such reactions with
tetralin peroxide and other peroxides are well known), and sta-
bility of some peroxides toward reduction by ferrous ion.

Yule and Wilson did not report the effect of molecular oxygen
concentration on results by their method, but Lea (4), employing
a similar method, proved that values with air excluded were only
a fraction of those obtained by the-usual procedure performed in
the presence of ‘air. He concluded that atmospheric and dis-
solved oxygen was oxidizing ferrous ion in the presencé of per-
oxide and that in the absence of peroxides such an oxidation was
insignificant. The effect of lack of oxygen had previously been
recognized by the present authors, who had drawn similar con-.
clusions. However, in no cases were the values obtained known
to be higher than the theoretical ones.

In the light of later studies with the colorimetric method (2)
which indicated that values obtained on autoxidized rubber
samples were in no case higher than warranted by the amount of
oxygen absorbed by the rubber, it seemed more likely that oxygen
either catalyzes the reduction reaction or inhibits the ferrous ion—
catalyzed decomposition reaction. Failure to obtain quantita-
tive reduction of peroxides of known purity by the Yule-Wilson
method even’in the presence of oxygen.is ascribed to too low'a
ratio of dissolved oxygen to peroxide, this ratio being of the order
of only one hundredth of that obtaining with the ferrous thio-
cyanate colorimetric method. The dependence of results upon
sample size (peroxide concentration) is thought to be closely
related to the oxygen effect. '

With the assumption that the relative results obtained by this
method can be correlated with other properties of the material,
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and hence can be useful, the extent of dependence of precision on
the manipulative variables was studied. On conjugated diole-
fins, results were found to be critically dependent on sample size,
time of reaction, and temperature; on the rapidly reacting non-
dienes, only sample size had any effect.

ANALYTICAL METHOD

Reagents. Ferric chloride solution, standard 0.1 N.

Ferrous thiocyanate solution, prepa.red by dissolving 5 grams
of ferrous sulfate and 5 grams of ammonium thiocyanate in 500
ml. of distilled-water and 500 ml. of acetone. -Add about 1 gram
of pure iron wire and 5 ml. of concentrated sulfuric acid and expel
air by passing hydrogen or carbon dioxide through the solution.
Store the solution in an all-glass system under hydrogen, use
when the red color has disappeared.

Titanous sulfate solution, standard 0.01 N, prepared as fol-
lows: Heat a mixture of 20 ‘ml. of c.p. concentrated sulfuric acid
and 80 ml. of water to 70° C. and add in small portions 0.6 gram
of titanium hydride powder (obtainable from- Metal Hydrides,
Inc., Beverly, Mass., under the trade name Altertan). When
the reaction subsides, boil the solution on a hot plate for 2 min-
utes, then pour it into about 900 ml. of distilled water freshly de-
aerated with carbon dioxide. After the undissolved material has
settled, siphon the supernatant liquid into a dark storage bottle
prevmusly filled with carbon dioxide. Store the solution under
hydrogen, dispense from an all-glass system, and standardize
daily against the standard ferric chloride solutlon in the presence
of thiocyanate ions.

Procedure. Measure 50 ml. of ferrous thwcyanate solution
into a 250-ml. glass-stoppered Erlenmeyer flask and discharge
any red color with the minimum amount of titanous solution.
Bring the solution to 25° = 2° C., add the sample containing
up to 5 milliequivalents of peroxide, stopper the flask, shake vigor-
ously for 5 minutes =5 seconds, and titrate with standard titan-
ous solution to the dlsappearance of the red color.

Comparison of Results on Known Peroxides by

Table 1.
Ferrous-Titanous and Sodium Iedide-Isopropyl Alcohol
Methods
Peroxide Peroxide Purity Found
Concen- Sodium iodide Ferrous-titanous
Peroxide tration metho metho
@./le Per cent by weight
Tetralin peroxide 7.92 98.3 98 4 25.5 27.0
Cumene peroxide 13.86 4.2 73.
tert-Butyl hydroperoxide 6.59 98.3 98.5 78.7 79.1
Hydrogen peroxide (29.9%) 11.59 29.4 12.2
Benzoyl peroxide 10.10 98.7 99.0 13.6 13.9
Ascaridole 8.40 25.7 31.7

@ Benzene (c.p. thiophene-free) used as solvent except in case of hydrogen
peroxide, which was dissolved in water. 5 ml. of solu_tlon used in all cases.

EXPERIMENTAL

Materials Used. Samples of tetralin peroxide, cumene per-
oxide, tert-butyl hydroperoxide, 30% hydrogen peroxide, ben-
zoyl perox1de and ascaridole, and autoxidized samples of diiso-
butylene, 2-pentene, cyclohexene tetralin, methylpentadiene,
isoprene, and dlethyl ether; these were idéntical with those
used in experlments reported in previous paper (7).

Accuracy. The method was applied: to several of the known
peroxides in order to check its accuracy. As shown in Table I,
the recoveries with hydroperoxides are invariably far below
theoretical or below that for the sodium iodide—isopropyl alcohol
method.

Of the peroxides tested, only tetralin peroxide and cumene
peroxide were formed by natural autoxidation, but the results ob-
tained on those demonstrated that the ferrous-titanous method is
inaccurate on even the simplest peroxides, whereas the iodometrie
method gives satisfactory accuracy (7). The fact that the fer-
rous-titanous results are dependent on sample size indicates, how-
ever, that it may be possible to obtain theoretical results on sam~
ples containing only very small amounts of peroxides. Compara-
tive data obtained on typical samples of autoxidized materials
are shown in Table II. .

Comparison of the analyses of the nondiolefinic samples shows
considerable similarity with.results on pure hydroperoxides., This
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Table II. Comparison of Results on Autoxidized Materials-
by Ferrous-Titanous and Sodium lodide~Isopropyl Alcohol
Methods
Peroxide No.,
Milliequivalents per Liter
Sodium iodide Ferrous-titanous

Material® method metho
Diisobutylene 35.7,36.9 25.2
2-Pentene 40.8,41.6 16.0,15.9
Cyclohexene 85.0,84.5 20.6,20.6
Tetralin 91.4,90:8 18.6,18.0
Diethyl ether 112.2,12.4 7.2, 7.4
Methyipentadiene 65.9,68.5 88.0,82.2
Isoprene 58.8,57.1 67.7,66.1

% 5 ml. of sample used in all cases.

result is expected, since it has been shown that the initial products
of autoxidation of olefins are, in fact, hydroperoxides. On the
other hand, Bodendorff (f) has shown that conjugated diolefins
form bridge-type peroxides by 1,4- addition of molecular oxygen
intramolecularly or intermolecularly. These substances react
slowly with ferrous ion as well as with iodide ion, the results with
both methods being purely empirical. Asecaridole, & pure mono-
meric 1,4 bridge-type peroxide, behaves in the same manner,
reacting slowly and incompletely with both iodide ion and ferrous
ion.

Oxygen Effect. In order to test the oxygen effect, noted by
Lea (4), experiments were performed in which carbon dioxide or
oxygen was passed through the reagent for 2 minutes before add-
ing the sample and shaking the mixture, and also during the titra-
tion. Results, compared with those obtained with an air at-
mosphere, are shown in Table III. Blank corrections, which were
always very small, were applied in each case.

The dependence on oxygen concentration is very evident.
Moreover, as was the case with the colorimetric method (6), no
further coloration appears upon passage of air or oxygen into the
mixture after a sample of an autoxidized nondiclefin has been re-
duced under carbon dioxide and titrated. This indicates that
the peroxides have been entirely destroyed, though they have
been only partially reduced by ferrous ion. This is evidence for
the conclusion that oxygen either catalyzes the reduction reaction
or inhibits the decomposition reaction.

In contrast to the colorimetric method, results even in the
presence of pure oxygen are considerably below theoretical.
These results are understandable if one assumes that the con-
centration of oxygen necessary for quantitative reduction of the
peroxides is dependent upon the peroxide concentration; the
ratio of dissolved oxygen to peroxide is roughly one hundredth
as great with the ferrous-titanous method as with the colorimetric
method (6):

Table III. Effect of Oxygen Concentration on Results by
Ferrous-Titanous Method
Purging Gas Used
CO: Air 02
Apparent Peroxide Content, %%

Tetralin peroxide 6.4 24.0 56.9
Cumene peroxide 58.3 73.2 o
tert-Butyl hydroperoxide 57.1 61.8 64.2
Hydrogen peroxide 11.7 12.2 13.8
Benzoyl peroxide 15.4 18.8 18.0
Ascaridole 9.2 31.7 39.2

Peroxide No., Milliequivalents per Liter
Diisobutylene 1.3 2.2 2.4
2-Pentene 5.2 17.6 30.7
Cyclohexene 6.7 20.6 46.8
Tetralin 2.2 16.9 41.1
Methylpentadiene 2.4 23.8 23.8
Isoprene 9.0 60.0 65.3
Diethyl ether 3.6 7.4 ..

@ Hydrogen peroxide diluted with water; all other known peroxides dis-
solved in c.p. benzene. 5-ml. samples used.
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Table IV. Effect of Time of Shaking and Sample Size in
Determination of Known Peroxides by Ferrous-Titanous
Method

Apparent Peroxide Content, %W of
Original Sample
Time of Shaking

Sample Size

1 5 15 10 5 2
min. min. min. ml. mi. ml.
Tetralin peroxide 23.1 221 24.5 20.6 22.1 39.1
tert-Butyl hydroperoxide 80.8 80.6 80.6 68.8 80.6 90.0
Hydrogen peroxide? 14.8 14.1 14.0 13.5 14.1 14.5
Benzoyl peroxide 6.5 15.0 31.9 . 15.0 27.1
Ascaridole 31.7 31.7 30.4 29.2 31.7 38.7

@ Solutions in water; all others made up in c.p. benzene, about 10 grams
per liter. Hydrogen peroxide original solution actually about 30%. 5
m]. samples used unless otherwise specified.

Table V. Effect of Manipulative Variables on Results for
Autoxidized Materials by Ferrous-Titanous Method

Peroxide No., Milliequivalents per Liter

Time of Shaking Sample Size r?:;‘;f;g:_
i 1 5 15 10 5 2 ature?, ° C.
Material min. min.. min. ml. ml ml. 15 30
Dijsobutylene 2.0 2.2 2.2 2.0 22 .. 2.2 2.2
2-Pentene 17.7 17.6 16.5 .. 15.7 21.5 17.4 15.6
Cyclohexene 29.0 29.4 270 .. 20.4 45.8 23.5 21.6
Tetralin 21.8 20.8 220 .. 20.9 40.0 18.2 16.8
Diethyl ether 8 3 8.2 7.3 7.5 8.2 86 .. .
Isoprene 60 103 36 64 99 37.8 70.1
Methylpentadiene 43 90 140 .. 90 144 13.7 29.3

@ Obtained in special water-jacketed flask, with reagent and flask brought
to temperature before addition of sample.

Dependence on Manipulative Variables. In the light of the
data, the ferrous-titanous method appears to be empirical, and
useful only if values obtained by it are reproducible and correlate
well with some property of the test material significant to appli-
cation, such as explosion hazard or gum-forming tendency. Such
correlations can only be tested by experiments on the particular
material in question. In order to test the dependence of pre:
cision on the experimental conditions of the method, various ma-
terials were analyzed using variations in time of shaking, sample
size, and reaction temperature, Results (Tables IV and V) show
that the behavior of peroxides in conjugated diolefins is in sharp
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contrast with those obtained from compounds with isoluted
double bonds or ether linkages. Peroxides in con]ugated dieres
are slow reacting and results are affected by sample size, tempera-
ture, and oxygen concentration. Peroxides in the other materials
react almost instantaneously, and results depend only on oxygen
concentration and, to a lesser extent, on sample size. These re-
sults are consistent with the fact that peroxides in mono-olefins,
and probably those in ethers, are the rapidly reacting alkyl hydro
peroxides, whereas those in conjugated diolefins are the slow-
reacting bridge-type peroxides. It is'evident that with the lat-
ter, precise results are obtainable only if variables in the analysis
are controlled rather closely. Benzoyl peroxide is a special case,
reacting fairly rapidly with iodide ion but only slowly with ferrous
ion.. Ascaridole, though it is a typical diolefin peroxide monomer,
seems to react rapidly in contrast to autoxidized diolefins. - The
slow-reacting diolefin peroxides may be the polymeric peroxide
types mentioned by Bodendorff (1) rather than the monomeric
bridge-type forms.
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Gravitometry of Heavy Water
New Reference Liquids for the Falling-Drop Method and

Precision Attainable

VINCENT J. FRILETTE AND JOHN HANLE
Institute of Polymer Research, The Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

Solutions of phenanthrene in a-methylnaphthalene are used as referehce liquids
in measuring the specific gravity of water samples having D;0 contents ranging
from 10 to 40%. Properties of these solutions and the precision of the falling-

drop method are discussed.

HE falling-drop method has been used extensively to deter-

mine the specific gravity of small quantities of heavy water.
Barbour and Hamilton (Z, 2) first applied the essential principles
of the method to a study of biological fluids, but soon thereafter
Vogt and Hamilton (?) and Fenger-Eriksen (3) adapted the tech-
niques for heavy water analysis. In this method, a drop of water
of fixed volume is allowed to fall through a bromobenzene and
xylene mixture which has a slightly lower specific gravity than
the water sample. The time required to fall a fixed distance is
measured and from this the specific gravity of the water or its

deuterium oxide concentration is found by referring to a calibra-
tion curve. In order to eliminate a troublesome correction for
temperature variations, it is customary to keep the tube which
contains the reference liquid in a thermostated bath held within a
few thousandths of a degree of a predetermined setting. Finally,
several mechanical pipets have been proposed to obtain reproduci-
bly water drops of constant volume (4, 6).

“There is a distinet disadvantage in the use of bromobenzene and
xylene mixtures as reference liquids. Since these liquids are vola-
tile and have different boiling points, 2 slight amount of evapora-
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tion causes a change in density of the mixture which remains and
makes it necessary to.recalibrate the system frequently. Keston,
Rittenberg, and Schoenheimer (§) overcame this disadvantage
for water having low deuterium oxide content by substituting
o-fluorotoluene, a single liquid, for the two-component mixture.
While this compound is very satisfactory for low-density samples,
it is not suitable for water which has a deuterium oxide content
much above 7%, for the precision of the falling-drop method falls
off rapidly as the difference in density of the water and reference
liquid increases. Water samples-of high specific gravity may of
course be diluted until they are within the indicated range, but
this is a tedious procedure and errors are likely to occur.

In the course of investigating 'th_e exchange reaction between
cellulose and heavy water, it became necessary to measure the
specific gravity of water samples which had deuterium oxide con-
tents ranging from 20 to 259%,. For this purpose it was found that
solutions of phenanthrene in a-methylnaphthalene could be used
as reference liquids. These solutions are superior to bromoben-
zene-xylene mixtures, since neither component is particularly
volatile, and in addition the composition can be varied so as to
accommodate water samples which contain from 11 to about 409,
deuterium oxide. In this paper the properties of these solutions
are described, with a study of the precision of the falling-drop
method.

APPARATUS

The apparatus constructed for this work was essentially a
duplicate of the one described. by Rittenberg-(5). Perhaps the
only significant change was that the falling time of the water drop
was measured for a 10-cm. distance instead of 15 cm. The vis-
cosity of a-methylnaphthalene is considerably higher than for the
reference liquids in prior use and the shorter distance was used
therefore to compensate for the slower rate of fall. The falling
time was measured with a synchronous motor electric stopwatch
which could be read to the nearest 0.1 second.

The apparatus proper consists of two units: a high-precision
thermostat and a mechanical micropipet. In the authors’ work
the thermostat was set at 26° C., was very efficiently agitated,
and maintained the temperature so constant, that no movement
could be observed on a Beckman thermometer. The micropipet
was constructed after the design suggested by Rosebury (6), and
was calculated to have a delivery of 9 cu. mm.

REFERENCE LIQUIDS

The two ingredients used in the reference liquids can be ob-
tained commercially. Very little laboratory purification is re-
quired, since there are products available which are reported to
be free of phenols and other ingredients that might diffuse into
the water drops and cause some difficulty.

The a-methylnaphthalene (primary - Diesel fuel grade) was
obtained from the Reilly Tar and Chemical Corporation and prior
to use was vacuum-distilled at 70° to 80° C. and 1 mm. The
middle fraction, consisting of about one third of the total charge,
was retained. This portion was a light straw-colored liquid of
thin, oily consistency which did not discolor or darken even after
it was stored for one year. Commercial refined phenanthrene,
an off-white crystalline product, was used as supplied by the
same concern.

The specific gravity of the reference solutions depends on the
concentration of phenanthrene and the temperature setting of the
thermostat. In order to find the relationships of these variables,
the specific gravity was determined over a range of temperatures
for the retained fraction of a-methylnaphthalene as well as for

two solutions, one made by adding 15 grams of phenanthrene to -

100 grams of a-methylnaphthalene, the other by adding 30
grams. It was found convenient to use a 25-ml. specific gravity
bottle fitted with a ground-glass thermometer for the measure-
ments. The weight of distilled water contained by the bottle
was measured at three temperatures in the range of 20° t0 30° C.,
thus permitting interpolation for intermediate temperatures.
The indicated temperatures were chosen because they ‘are the
practical limits within which one is likely to operate the bath for
the falling-drop apparatus.
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The results of the specific gravity measurements are shown in
Figure 1. It can be seen that the lightest reference liquid is given
by a-methylnaphthalene at 30° C. Since the specific gravity at

‘this point is 1.010, the lowest concentration of heavy water that

can be determined is 109, deuterium oxide. By the same token,
if one uses a néarly. saturated solution that has a specific gravity
of 1.040, the specific gravity of water that contains from about
37 to 429, deuterium oxide can be measured accurately. Thus, by
choosing the appropriate concentration of phenanthrene, heavy
water of from 10 to 42%, deuterium oxide content may be ana-
lyzed. Because the lines for the three reference liquids in Figure
1 are essentially parallel, it is possible to represent the specific
gravity of the phenanthrene-a-methylnaphthalene system as a
family of lines with concentration and temperature as parameters.
Thus in the temperature range of 20° to 30° C.,

So = 1.011 + 0.001C + 0.0004 (30 - ¢°)

i

where So = specific gravity reference solution at ¢°/w

C = grams of phenanthrene added per 100 grams
of a-methylnaphthalene

and ¢° = temperature of thermostat in ° C.
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Figure 1. Temperature-Specific Gravity Relationships

a. Pure a-methylnaphthalene
b. a-Methylnaphthalene plus 15% added phenanthrene
¢. a-Methylnaphthalene plus 30% added phenanthrene-

The expansion and contraction of the reference liquid with
small temperature fluctuations of the thermostated bath will
have some influence on the precision of the analyses. To estimate
the magnitude of this influence, the slope of the lines in Figure 1
may be examined. If one ignores the change in the radius of the
water drop with temperature, a change of 0.01° C. in the bath
results in an error of only 5 parts in the sixth decimal place of the
specific gravity. Thus, the expansivity of the proposed reference
liquids is sufficiently small, especially if one remembers that the
thermostat maintains the temperature constant to a few thou-
sandths of a degree, so that at most the error from residual tem-
perature fluctuations should be not more than one or two parts
in the sixth decimal of the specific gravity.

LINEARITY OF CALIBRATION CURVE

It is customary to calibrate the falling-drop apparatus by using
samples of known specific gravity. ‘
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Table I. Calibration of Falling-Drop Apparatus
o Falling Specific Specific
Point Time, Gravity by  Gravity from

No. t (See.) Pycnometer Equation 2 Difference
1 134.7 1.02293 1.022925 0.000005
2 94 .2 1.02343 1.023433 - 0.000003
3 66.4 -1.02413 1.024142 0.000012
4 55.8 1.02461 1.024601 0.000009
5 36.0 1.02619 1.026166 0.000024
6 23.7 1.02871 1.028462 0.000248

The falling time is related to the specific gravity by a linear ex-
pression derivable from Stokes’ law (5):

S = So + ltz (1)
where S = specific gravity of heavy water
Se = specific gravity of reference liquid
b = a constant

t = time required for drop to fall a fixed distance

For precise analyses, measurements are usually restricted to
drops that fall slowly—i.e., drops for which the specific gravity
is close to So. Two reasons exist for this limitation; Equation 1
does not hold for drops which fall rapidly, because they deviate
considerably from a spherical shape; and, as is shown below, the
precision deteriorates rapidly as ¢ becomes small.

In the work for which this method was to be used, it was impor-
tant to investigate the range of deuterium oxide concentrations
for which Equation 1 was valid, in order to decide whether to
prepare one or more reference liquids. A solution of phenanthrene
in e-methylnaphthalene was made up which had a specific gravity
of about 1.022, since samples of from 23 to 25%, deuterium oxide

content had to be analyzed.  For calibration, a series of heavy

water samples, freed from dissolved air by distillation immediately
prior to use, was studied. The specific gravities. of the samples
were determined by use of a pycnometer, sufficient care being
taken to ensure an accuracy of one part in the fifth
decimal place. The falling times of these samples
were determined in quadruplicate and the data which
resulted are shown in the first columns of Table I.

A preliminary examination of the data indicated that
the first four samples which were studied would probably

fit a straight line with goodaccuracy. Accordingly, the 600

necessary computations were carried out to find the
least squares values of Sy and b for Equation 1, using
only the data for the first four points. The final equa-
tion was found to be

0.15942

S = 1.021741 + .

(2
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To evaluate the closeness of fit for the calibration
points as well as for the last two samples, the observed
values for ¢t were inserted in Equation 2. The specific

gravities found by computation are compared with the 000

values obtained by pycnometry in the last two columns
of Table I.
The deviations indicate that the first four points
are linearly related with an accuracy of about one part
in the 'sixth significant figure of the specific gravity,
which is also the accuracy of the pycnometer values.
The first and fourth points correspond to 21.2 and
22.8%, deuterium oxide, respectively, and since linearity
probably holds for concentrations somewhat beyond
these limits, the data show that the proposed reference liquids can
be used for a 29, range of heavy water concentration. The
analyses within that range should be accurate to 0.01%, deuterium
oxide. If one does not need such accuracy, a least squares fit ex-
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tending over the region of the first five points might be used, in
which case a 3 to 3.5%, range of concentrations could be.utilized
with an accuracy of 0.02%, deuterium oxide. Beyond this range
the curvature of the calibration begins to increase very rapidly
and the use of more than one reference liquid or some other
expedient (4) is indicated. . )

The linear range observed in this study is larger than that re-
ported for reference liquids in prior use; it is twice as large—e.g.,
as for o-fluorotoluene (5)—if the comparison is based on the same
goodness of fit. The explanation for the difference is perhaps re-
lated to the higher viscosity of a-methylnaphthalene as compared
to o-fluorotoluene; while the exact viscosity coefficient for the
latter is not available, by inference from similar compounds one
may estimate the value for the former to be about three times as
large as that for o-fluorotoluene. As a result, for the same specific
gravity difference between the reference liquid and the heavy
water, a drop in a-methylnaphthalene will fall more slowly and
remain more nearly spherical over a wider range of deuterium
oxide concentrations. Finally, bromobenzene-xylene mixtures
would also have comparatively low viscosity coefficients, so that
for these liquids too a linear region of about 1%, would be ex-
pected.

PRECISION

The precision that is attainable with a falling-drop apparatus
depends on a number of factors. The first of these is the magni-
tude of the change in density of the drop as it falls through a
column saturated with water-of a different density. While it is
difficult to estimate this magnitude, the data in Table IT indicate
that it is very small. Failure of the water to be at the tempera-
ture of the suspension medium is another factor that must be
considered; such a condition results in an error in the size of the
drop. It can be shown by direct caleulation that this error is
eliminated by maintaining the falling-drop apparatus in a con-
stant-temperature room as was done in the work described in this

paper.
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[ B Observed probable error, ps (cf. Table }I)

Three important sources of experimental error which bear an
interesting relationship to one another are (1) temperature fluc-
tuations of the thermostat, (2) variations in the size (radius) of
the drop, and (3) errors in timing the fall of the drop.
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Table I1.
Observed Falling Time, Seconds

84.5, 85.0, 85.2, 84.9, 85.2, 84.9, 85.1, 84.7, Mean specific gravity =
84.8,84.7,84.9,85.0,84.9, 84.5, 85.2, 84.6, 1.023619, ps = 3.2 X
84.7,84.8,85.1,85.0 108

66.4, 66.5, 66.6, 66.1, 66.5, 66.2, 66.2, 66.6, Mean specific gravity =
66.1, 66.3, 66.3, 66.4, 66.6, 66.6, 66.4, 66.5, 1.024142,ps = 4.0 X
66.5, 66.2, 66.5, 66.5 10—t

22.5, 22.5, 22.6, 22.4, 22.6, 22,5, 22.5, 22.5, Mean specific gravity =
22.5, 22.6, 22.5, 22.7, 22.6, 22.5, 22.5, 22.5,  1.028817, ps = 13 X
22.5, 22.5, 22.5, 22.6 10-¢

Observed Precision

If the probable error of the specific gravity due to each of these
causes alone is p;, p,, and pr, respectively, then p., the resulting
error in the specific gravity when all sources are operative, may
be written

ps = Vol + p! + p} (3)

The influence of temperature fluctuations has already been
indicated; p. is a constant over the entire calibration range. If
one were to graph the magnitude of the errors on the abscissa and
§ — 8o on the ordinate, p, would be represented by a horizontal
straight line. By considering Stokes’ law and its partial deriva-
tives, it can be deduced that pr is a straight line inclined to the
abscissa and passing through the origin. By similar reasoning it
can be shown that pr is one arm of a parabola and like p. it passes
through the origin. The composite curve, p,, is consequently a
distorted parabolalike function which does not vanish as § —
S approaches zero, but instead it approaches the limiting value,

p.. That this should be so becomes obvious when one considers a-

drop of the same specific gravity as the reference liquid; such a
drop will rise and fall about a mean position as the temperature
fluctuates, but neither the radius of the drop nor timing will have
any bearing on its behavior.

For a practical evaluation of the precision attainable with the
apparatus used in the present study, twenty analyses were made
on each of three heavy water samples. Two of the samples were
in the high-precision region of the calibration curve and one was
in the low-precision range. The data are reported in Table 1.

The composite graph shown in Figure 2 demonstrates the rela-
tionship among the calibration curve, the experimental p; values,
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and the calculated p, curve. The latter is most easily constructed
by multiplying the product of the. ordinate and abscissa for vari-
ous points along the calibration curve by the probable error of the
falling time. This error was assumed to be 0.05 second in the
authors’ particular case, since the stopwatch could be rgad to
0.1 second, and the equation is consequently

pr = (8 — 8o) X 1/¢ X 0.05 4

The observed errors are about twice as large as those calculated
for timing alone; the difference in the main is probably due to
temperature fluctuations with a small contribution from drop-size
variations. In the low-precision region the observed error seems
smaller than it should be, but this is probably due to assuming
too large a value for the probable error of timing.
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Practical Test for Estimating Storage Stability of
| Gasolines |

E. L. WALTERS, D. L. YABROFF, H. B. MINOR, AnD H. E. SIPPLE
Shell Development Company, Emeryville, Calif.

A practical adaptation of the extrapolated gum time
test for predicting the storage stability of gasoline
is described. The original method required de-
termination of gum times under several accelerated
conditions to permit evaluation of test accelerants,
temperature, and oxygen pressure. The modified
procedure described comprises a single aging or gum

RECENT publication by some of the present authors (3)

describes an extrapolated gum time method for predict-
ing the storage (gum) stability of gasoline from accelerated test
measurements. This procedure involved determination of the
rate of formation of gum under several accelerating conditions,
followed by extrapolation of the results to given conditions of
storage, thereby furnishing a prediction of the actual storage life.
Predictions by this method were shown to correlate with actual
storage measurement within the accuracy limits of experimental
and extrapolated results, thus proving the validity of tempera-

time test under accelerating conditions, moderated
to the extent that average effects may be assumed
for test accelerants without introducing undue cer-
tainty in stability predictions. The test may be
used for evaluation of the stability of both motor
and aviation fuels, although examples are presented
only for motor fuels at this time.

ture and oxygen pressure effects involved in extrapolation. In
the form presented, the extrapolated gum time method was un-
suited for general application, being too lengthy and requiring
exacting precision, since small errors in accelerated test meas-
urements became greatly magnified on exponential extrapolation.

A modification of the extrapolated gum time procedure has
been developed and is presented herewith. In this modified gum
time test, the acéelerating effect of oxygen pressure is eliminated,
and the effect of temperature is moderated to the extent that a
single gum time or aging gum determination will give a reliable
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prediction of storage stability which is as accurate as the longer
method and yet insensitive to the effect of experimental error.
In essence, the modified gum time test may be considered a
storage test conducted at moderately high temperatures. In
principle, therefore, it goes one step further than the Voorhees
and Eisinger method (2) in the reduction and rationalization of
accelerants commonly employed in gasoline stability measure-
ments (7).

10.000 STORAGE TEMPSF
1o oo 9o/
' 6
G
25
1 ATMOSPHERE AIR // i
EXTRAPOLATIONS FROM 100° G Y i
1,000
4) B= 5000 Y
S) B= 5500 / 1
6) B*6000 WA,
//
s
” 74
(5 / /
s 100 .
2 7,
g 4/,
.:5
z / | ATMOSPHERE AIR
3 . EXTRAPOLATIONS FROM70%]
. 740 s
. / ) B=5000
2) 8+ 5500
/ 3) B= 6000
/: AGING AT 100 PSI OXYGEN,
. ___o// CONVENTIONAL TEMP. RANGE
011 | ] ]
“llo- 100 90 [ 80 70
OXIDATION TEMP, °C

2.6 2.8 3.0 3.2
10,000/(° K.)

Magnitude of Extrapolati.ons for Modified
and Detailed Gum-Time Methods

Figure 1.

Throughout this paper, all gum measurements are in accord-
ance with A.S.T.M. Method D38-142, while gum times refer to
the time required to reach given A.S. T.M. gum contents (5-mg.,
10-mg., ete.) under the specified conditions of aging. Gum times
as such may be determined from linear or semilogarithmic plots
of A B.T.M. gum »s. time of aging.

BASIS OF TEST

The following considerations show the basis for simplification
of the extrapolated gum time test. The effect of temperature
and oxygen pressure on gasoline stability can be expressed by the
following equations:

Temperature Effect.
log ti/t: = B (Tl - Ti) (at a constant oxygen pressure) (1)
1 2 °

where t; and ¢, = gum times at respective temperatures
T = absolute temperature, °
B = temperature coefficient

Oxygen Pressure Effect.

log 6, /t,

where #; and £, = gum times at respective oxygen pressures
P = oxygen pressure, pounds per square inch absolute
"D = oxygen pressure coefficient

= D log P,/P; (at a constant temperature) = (2)

-ous other observations.
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Table I. B and D Values and Equivalent Time Ratios for
Gasolines
Combined Effect
Effect of Effect of of Temperature
Temperature Oxygen Pressure and Oxygen
Sampie B Time D Time Pressure
No. value ratio® value ratio® Time Ratio¢

1 6180 6.4 —0.116 1.5 9.6
2 5250 1.8 —0.045 .2 2.2
3 5160 1.6 —0.515 6.6 10.6
4 6010 5.1 —0.312 3.1 15.8
5 6050 5.4 —0.116 1.5 8.1
6 5280 1.9 —0.086 1.4 2.7
7 5110 1.5 —0.369 3.8 5.7
5070 1.4 —0.140 1.7 2.4
15 5880 4.3 —0.134 1.6 6.9
17 5150 1.6 —0.060 1.2 1.9
i8 5320 2.1 —0.061 1.2 2.5
19 5830 4.1 —0.069 1.3 5.3
20 -6030 5.4 -0.500 6.2 33.5
21 5060 1.4 —0.064 1.2(5) 1.8
22 5190 1.7 —0.048 1.2 2.1

¢ No. of months at 90° F. equal to 1 hour at 100° C.

b No. of hours at 1 atm. air equal to 1 hour at 100 p.s.i. oxygen

¢ No. of months at 90° F. and 1 atm. air equal to 1 hourat 100° C. and 100
p.s.i. oxygen.

These equations differ from the usual forms (3) in that the
intercept constants A and C, which have no general significance,
have been eliminated.

Table I, extracted from (3), shows that the range of B values for
a number of different gasolines lies in the range of about 5000 to
6000, averaging about 5500; these limits are confirmed by numer-
Temperature extrapolations are nor-
mally made from 100° C. (test temperature) to, say, 90° F.
(32.22° C., storage temperature). Assuming a B value of 5500,
extrapolations for this temperature range could be in error by a

- factor of about 2 if B were actually 500 units smaller or larger

than the assumed value. This possible uncertainty is greater
than desired, but, as shown in Figure 1, could be cut down appre-
ciably by reduction of test temperature, although at the expense
of increased test time. ]

In addition to the uncertainty due to temperature, there is

" superimposed the effect of oxygen pressure, which, while small

for some gasolines, is rather large for others. Oxygen pressure
can be eliminated as a test accelerant, especially at lower tem-
peratures (4), by -conducting the aging test under 1 atmosphere
air, provided a sufficiently high air-to-gasoline volume ratio is -
maintained so that oxygen depletion effects do not govern sta-
bility rates (3).

Accordingly, the simplified procedure comprises oxidation of
gasoline under 1 atmosphere air at some temperature below

6 y 7
Y

Storage Temperature Variation, ° I,

0
1.0 1.2 1.4 1.6 1.8
Uncertainty Factor
Figure 2. Relation between Uncertainty

Factor and Variation in Storage Temperature
for Constant Predicted Storage Life’
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Figure 3. Magnification Factor Resulting
When Extrapolating from Accelerated to
Storage Temperatures

100° C., the results then being extrapolated to the desired storage
temperature by assuming a B value of 5500. The uncertainty
in the extrapolation from the simplified test arises primarily from
the assumption of an average B value, and not from exponential
accentuation of experimental errors, as is the case for the complete
extrapolated gum time procedure. For the simplified procedure,
small experimental errors are not magnified on extrapolation;
this renders this test more suitable for general use.

THEORETICAL CONSIDERATIONS

The simplified test variables, temperature and time, were left
flexible in order to permit evaluation of the storage stability of all
gasolines, which may vary from a few days to a few years. - While
the uncertainty in extrapolated gum time is decreased at lower
accelerated test temperatures, the test time is correspondingly in-
creased; hence a compromise must be effected.

An uncertainty factor, UF, arises on extrapolation because of
use of an average B value; this increases with increase in AB
(difference between assumed and actual B value) and the extent
(f)fuextrapolation. The UF may be defined mathematically as
ollows:

T&c

where UF = uncertainty factor in extrapolation

log UF = AB (Tl -1 ®)

Texand T,, = temperatures, ° K., of extrapolation and of
accelerated test ' :
AB = difference between assumed and actual B

value, always taken as positive

At a given temperature, the true storage life is equal to the
extrapolated storage life multiplied or divided by the uncertainty
factor, UF, depending on whether the assumed B value was larger
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or smaller than the true B value. The uncertainty factor can
also be expressed in terms of a possible deviation in storage tem-
perature for a constant predicted storage life, as shown in Figure

The extent of extrapolation, or magnification factor, MF, may
be expressed as the ratio of times at the extrapolated tempera-
ture versus the accelerated temperature. It has been found con-
venient to express the times at extrapolated temperatures in
months and those at accelerated temperatures in days. Using
these units, the magnification factor may be defined as follows:

1

; 1
F =B (— — 7= ) — 1.4829 4
log M Tex .TIO
where
MF = months of storage at extrapolated temperature
= Tdays of storage at accelerated temperature
To and T,, = temperatures, .° K., of extrapolation and of
accelerated test
B = temperature coefficient
For a given B value, MF is a function only of the extent of
extrapolation.

Figure 3 is a working nomograph derived from Equation 4 for
the average B value of 5500, which relates magnification factors
with accelerated and extrapolated (storage) temperatures.

By combining Equations 3 and 4, the uncertainty factor, UF,
can be related with the magnification factor, MF, as follows:

o TR = A—lf (log MF + 1.4829) )

where all terms have the same meanings as for Equations 3 and
4. Thus, for a given B value, the UF increases both with an
increase in AB or MF; this is shown graphically in Figure 4 for
AB values of 250 and 500. These values of AB represent the
probable and maximum uncertainty in B values for different
gasolines that result from use of an average value. Figure 4 may
be used therefore to ascertain the probable and maximum un-
certainty associated with a given MF.

APPLICATION

Predicted storage times or temperatures can be détermined
from accelerated test measurements by use of the nomegraph
presented to Figure 3. The accelerating aging tests may repre-
sent a single aging time, which is indicative of the amount of gum
formed after a given period of storage, or a complete gum time,
which provides a prediction of the rate of gum formation in

storage.
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Figure 4. Relation between Magnification and
Uncertainty Factor Resulting from Deviation
between Assumed and Actual B Values

For'single accelerated aging times, proper choice of test time
and temperature will permit a prediction of the amount of gum
to be expected in storage after a fixed time at a selected tem-
perature. A complete accelerated gum time curve will permit
a prediction of the rate of gum formation at any given storage
temperature.
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Table II. Summary of Calculated and Observed Gum
Times Obtained under.Varying Conditions for
Two Gasolines ’

Aging Gasolinz Gasoline
Conditions Stability Measurements A B
Induction period, hours 5.25 1.08
Initial A.S.T.M. gum, mg./100 ml.
100° C., gbserve? a .6,0.8 0.2,0.2
100 p.s.i. Xirapoiate : 0.25 0.1
oxygen 5 mg. A.S.T.M. gum time
aidire Hours 3.47 0.90
p % of induction period ; 66.1 83.2
Value of constant B (from Equation 1) 5790 5640
Value of constant D (from Equation2) —0.110 —0.040
Measured 6.8days  ......
$5.5° C., 1 Caled. from 100° C.
atm. air measurements® 6.7 days  ......
Measured . 3.0 days
80° C., 1 5 mg. Caled. from 100° C.
atm. air A.S.T.M. measurements® .| 2.5 days
gum time |Caled. from 100° C.
90° F., 1 measurements? 13.1 mos. 2.7 mos
atm. air Caled. from lower tem-
perature measure-
mentsb 13.0 mos. 3.1 mos

4 Assuming B value of 5500 and indicated D value.
b Assuming B value of 5500; no pressure effect.

Table III. Pertinent Features of Different Type Bombs
Used for Modified Stability Test Method

(Working pressure of all bombs, 50 pounds per square inch gage)

. i Pint Quart 0.5-Gallon
Container Size Bottle Bottle Jug

Inside diameter, inches 3 37/s 51/18
Inside length, inches 9‘711 9 11
Wall thickness, inches 3/18 5/64 3/2
Total bomb volume, ml. 1170 1750 3610
Volume occupied by container, ml. 155 255 360
Volume available for gasoline and

air, ml. 1015 1495 3250
Clearance between bomb and con-

tainer, inches 1/32 1/1e /3

Citing specific examples, a single aging time of 24 hours at
69.6° C. would be equivalent to 3 months’ storage at 90° F. (see
Figure 3). Likewise a 5-mg. gum time of 3 days at 73 ° C. would be
equivalent to 6.3 months at 100° F. The probable uncertainty
in the time or temperature predictions by either measurement
could be determined by use of the nomograph (Figure 3) in con-
junction with the temperature and time uncertainties presented
in Figures 2 and 4.

TEST DEVELOPMENT

Equipment and Procedure. The bombs were made of low-
carbon steel, cadmium-plated to prevent rusting, and built to
withstand a working pressure of 50 pounds per square inch gage
at test temperatures. No pressure gages or shutoff valves were
required, since the bombs were opened and closed under atmos-
pheric conditions. Several bombs, shown in Figure 5, were
tested and found satisfactory. . The pertinent features of these
are given in Table III. The larger bombs were used for routine
studies. The bombs were housed in an oil thermostat, Figure 6;
temperature control was maintained on the order of =0.1°C.

Studies were made of the temperature lag of the gasoline in the
bomb on the basis of heating and cooling curves obtained under
the exact operating conditions by means of a thermocouple pass-
ing through the bomb top. By use of a boiling water bath for
preheating and an ice water bath for final cooling, the heating and
cooling corrections could be eliminated without introducing
error, provided the bombs were preheated for the specified times
(for given test temperatures) shown in Table IV.

TesT PRoCEDURE: The clean bottles are filled with the desired
amount of gasoline, usually 750 ml., which has been precooled
to about 5° C. A loose-fitting glass cap is placed over the
neck and the bottle is immediately placed and sealed in the
clean bomb. Care must be taken to prevent undue agitation
prior to closure.

The sealed bomb is preheated in a boiling water bath for the
prescribed time (Table IV). After preheating, the bomb is re-
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Figure 5. Simplified Aging Test Bombs

Figure 6.

Simplified Test Apparatus

TableIV. Required Time of Preheating in a Boiling Water
Bath for Various Final Oxidation Temperatures

Required Preheating

Temperature of
Period, Minutes®

Oxidation, ° C.

50 9
55 11
60 13
65 15
70 18
75 20
80 23

¢ Determined from time-temperature measurements of bomb contents.

moved and placed in the thermostated bath which has been
brought up previously to operating temperature. Oxidation is
allowed to proceed for the desired length of time, following which
the bomb is removed and plunged into a bucket of ice water for
at least 15 minutes. The time of placement in the preheating
bath is considered the start of the test, and the time of placement
in the ice water bath is considered the completion of the oxida-
tion time. .

After cooling, the bomb is removed from the ice water and
opened, and the sample is removed. If only a portion of the
oxidized sample is to be used, the portion required is removed
and the remainder is chilled, gently purged with air, and replaced
in the recleaned bomb. In the latter event, the heating, operat-
ing, and cooling cycles are repeated a sufficient number of times
to permit the determination of the rate of formation of gum as
a function of time.

Reliability and Reproducibility. Comparable complete ac-
celerated stability tests were made on two full-range cracked
gasolines by the modified gum time and the extrapolated gum
time methods. The procedure for the latter was given in another



DECEMBER 1947

paper (3). The agreement between the measured and predicted
stability measurements by the two methods is good.

The reproducibility of the simplified testing procedure was
checked by determining the complete gum curve for a given
gasoline in each of four large bombs. Initially, each bomb con-
tained 750 ml. of gasoline (air-to-gasoline volume ratio = 3.3),
with 125-ml. portions being removed at varied intervals. The
rate of gum formation vs. the time of aging is shown in Figure 7.
The reproducibility is considered good, inasmuch as the data for
all four samples fall along a smooth curve.

Influence of Operating Variables. In tests such as the above,
the air-to-gasoline volume ratio varies as the test proceeds owing
to removal of sample. The influence of this factor was evaluated
by conducting tests with variable air-to-gasoline volume ratios
in one bomb, and fixed but different ratios in three other bombs.
‘The fixed conditions were attained by starting with fresh gasoline
samples for each oxidation time. The results, summarized in
Table V, show that gum times determined under these different
air-to-gasoline volume ratios agree very well. It is accordingly

Table V. Effects of Air-to-Gasoline Volume Ratio on
Measured Rate of Gum Formation at 64.2° C. and 1
Atmosphere Air Pressure

(Total air plus gasoline volume of each bomb, 3250 ml)

Air-to-Gaso-
line Volume
Vol f M. Hvi d
olume o aintaine cer
Gasoline in throyghout  Initial A.8. T.M. Gum
Bomb during Oxidation Extrapo- 5 Mg. A8.T.M
Oxidation Period Observed lated Gum Time.
M. Mg./100 ml. Hours
250 . 12.0 64.5
500 5.5 68.5
750 3.33 . 0.2, 0.4 0.27 68.0
Variable volume® Variable over
range 3.33
{750-125) to 25.0¢ 67.5

¢ Starting with 750 ml. of sample, 125-ml. portions were removed at
various stages of oxidation and remainder further oxidized.
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Figure 7. Reproducibility of Rates of Gum
Formation under Simplified Test Conditions
in Four Oxidation Bombs
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indicated that the air-to-gasoline volume ratio need not be con-
trolled closely as long as it falls within the range of about 3 to
25. Lower ratios than these should be avoided to prevent oxygen
depletion effect (3).

Three sizes of bombs and glass liners are shown in Figure 5.
Gum times were determined for a given gasoline in each bomb at
a constant air-to-gasoline volume ratio—i.e., by introducing a
fresh gasoline sample for each oxidation time. Table VI sum-
marizes these data and shows that the gum times agree very well,
indicating that bomb size is not an important factor.
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Figure 8. Effect of Small Air Pressures on Rate
of Gum Formation

Table VI. Rates of Gum Formation at 64.2° C. and 1
Atmosphere Air for a Cracked Gaseline, Using Oxidation
Bombs of Different Sizes

Size of Air-Gaso-

Glass Gaso- _line Initial A.S.T.M. Gum 5 Mg.
Container Bomb line  Volume Extrapo- A.S.T.M.
in Bomb Volume Volume Ratio Observed late Gum Time

Ml Ml Mg./100 ml. Hours
Pint 975 200 3.88 89.5
Quart 1530 300 4.10 0,0.2 0.12 92.5
0.5 gallon 3250 500 5.50 90.5

@ Volume occupied by air plus gasoline.

GENERAL OBSERVATIONS

In general, this test has been found to be reproducible and to
provide a reliable prediction of stability. Experience with dif-
ferent operators has shown that specific points requiring closest
attention are the use of clean, dry apparatus and bomb equip-
ment free of leaks. If leaks occur, the apparent stability of the
gasoline will increase because of oxygen depletion effects. While
this effect will not eccur under normal operation, an added safety
factor can be introduced by the use of small positive air pres-
sures instead of atmospheric air pressure during the aging test.
As shown in Figure 8, the accelerating effect of small air pres-
sures is small, even for gasolines reasonably sensitive to oxygen
pressure effects, and, when applied, can be neglected in stability
predictions.
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Shale-0il Naphthas

Analysis of Small Samples by the Silica Gel Adsorption Method

G. U. DINNEEN, C. W. BAILEY, J. R. SMITH, anD JOHN S. BALL

Petroleum dnd Oil-Shale Experiment Station, Bureau of Mines, Laramie, Wyoming

A method for theanalysis of small samples of shale-oil naphthas is based upon the

selective adsorption of the various classes of compounds by silica ge’.

Data are

presented on adsorbability of various classes of hydrocarbons, sulfur compounds,

and nitrogen compounds.

HE synthetic liquid fuels program of the Bureau of Mines,
as established by Public Law 290, 78th Congress, has as one
of its objectives (7) the development of analytical methods suit-
able for the analysis of shale oil and its products. Naphtha from
shale oil contains, in addition to paraffins, naphthenes and aro-
‘matics which are found in straight-run petroleum naphthas, large
quantities of unsaturated hydrocarbons. Appreciable quanti-
ties of sulfur, nitrogen, and oxygen compounds are also present.
It was necessary in certain analytical studies to be able to de-
termine the hydrocarbon groups in
naphthas and fractions therefrom. The
nature of -shale oil limits the use of
certain tests that are common in the
petroleum industry. Bromine-number de-
terminations for use in estimating the
olefin content of shale oil are unreliable
because of interfering substances. Spe-
cific dispersion or refractive-index deter-
minations are made difficult by the color
of the material, and methods for deter-
mining aromatics using these properties

are subject to interference by -olefin 20¢m.
content. As limited quantities of the -
samples were available, a- method was

developed that utilized only 10 ml. of \_#
sample. This method was based upon —r_r ko

the selective adsorption of the various,

(— GAS PRESSURE

JOINT AND CLAMP

F_ 30 mm, 0.0.

For best results, the tar acids and bases should be
removed before analysis by this method.

mately to the volume reduction caused by the removal of tar
acids and bases. For best results the tar acids and bases should
be removed before analysis by this method.

PRINCIPLE OF THE METHOD

The sample to be analyzed is passed into a column of silica gel
which selectively adsorbs the various groups of compounds,
arranging them in order of their decreasing adsorbabilities (4, 14).
The sample is forced through the column
by an appropriate desorbing liquid and
collected in small fractions as it emerges.
The refractive index (n,) of each frac-
tion is determined and plotted against
the volume sum of desorbed sample to
obtain an adsorptogram. [Recent de-
velopments in this field using continuous
self-recording apparatus are discussed by
Claesson (5)]. Although some of the
fractions may be colored, it is usually pos-
sible to obtain the refractive index with-
in the limits (=0.001) required by the
method.

An adsorptogram consists of a series of
plateaus (material of similar refractive in-
dex) separated by transition zones caused
by mixing of compounds from the adjacent

40/25 SPHERICAL

classes of compounds by silica gel and 1;] plateaus. It usually has three major pla-
was similar in principle to methods 40em. o 13 mm. 1.0. teaus corresponding to the following groups
developed by the Bureau of Standards i of compounds: (1) paraffins and naph-
(8-13). . thenes; (2) olefins; (3) aromatics, sulfur
Treatment of shale-oil naphtha with compounds, and such nitrogen compounds
sodium hydroxide solution (209 by as may be desorbed. From a curve of this
weight) removes the so-called tar acids, type, the percentage by volume of each
which are largely phenolic in character. of these groups may be calculated.
In different naphthas obtained from shale The adsorptogram sometimes may be
oils retorted by conventional methods used to calculate the volume percentage of
from Colorado shales the quantity of 85 cm. Er subgroups when the separation of classes of
this material ranges from 1.5 to 29%. ol € mm. LD, compounds within a group gives an addi-

The tar bases, which are removed by
sulfuric acid (209, by weight), contain
the major .portion of the nitrogen com-
pounds and generally comprise 5 to 79,

of the naphtha, although in certain in- Lm
stances this figure has been as high as

15%. Removal of both tar 4acids and r
tar bases has little effect upon the sul- icm' b
fur content, which generally is slightly Figure 1.

higher in the remaining oil than in the
original naphtha, corresponding approxi-

4!l }l—28mm. 0.0.

Apparatus Used for
Analyses by the Silica Gel
Adsorption Method
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tional plateau on the curve or when proper
corrections are made for the sulfur and ni-
trogen contents as determined by inde-
pendent analyses. If the silica gel analysis
is made on fractions of narrow-boiling
range, so that relatively few compounds are
present, the quantities of some of the indi

vidual compounds may be estimated when
the adsorption results are used in conjunec-
tion with other data, such as ultraviolet ab-
sorption curves, density, and boiling range.
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APPARATUS

The apparatus required for this analysis consists primarily of

a silica gel column, as shown in Figure 1, and a refractometer
capable of measuring the refractive index to =0.001.

The present method was developed for use on samples con-
taining a small volume of material, such as fractions obtained by
distillation of shale-oil naphtha in an efficient fractionating
column, so that no more than 10 ml. was available for the silica
gel adsorption analysis. To provide for the size of sample, the
column shown in Figure 1 was constructed. It is a modification
of the column described by Mair (8); changes were made in the
support provided for the silica gel, the manner of collecting sam-~
ples, and the dimensions of the column.

The tip is drawn to a capillary (approximately 0.4 mm. in
diameter), so that no fritted disk is required for support of the
silica gel and remixing of the desorbed material as it leaves the
column is eliminated as far as possible. This is an important
factor in obtaining a sharp break between plateaus of the adsorp-
togram when small fractions are collected. As no provision is
made for interrupting the flow, fractions must be collected con-
tinuously.

In order to reduce the size of the column, time required for an
analysis, and handling loss, it is desirable to use the smallest quan-
tity of silica gel that will give satisfactory separation of the groups
of compounds. Several series of analyses were made on synthetic
mixtures containing up to 909, olefins or 909, aromatics to de-
termine this quantity. Satisfactory resolution of such mixtures
was taken as an indication of the use of a sufficient quantity of
gel. The procedure was to analyze several samples of a given
synthetic mixture, using an increased quantity of gel for each
successive sample until the components of the mixture were
quantitatively recovered. Samples of a shale-oil naphtha were
also analyzed, using quantities of silica gel ranging from 25 to 70
grams, until an increase of gel made no significant differences in
the character of the curve obtained from the analysis. Figure
2 exemplifies the procedure; a shale-oil naphtha distilled from
shale o1l obtained from a Pumpherston retort was used in this
test. Curves obtained on this sample with more than 50 grams
of gel were essentially the same as that shown in Figure 2,B.
From the results of these series of analyses it was concluded that
a minimum of 50 grams of silica gel was necessary for a satis-
factory analysis. ’

The adsorbent used in the work was silica gel (No. 22-08-05-01)
manufactured by the Davison Chemical Corporation. A .screen
analysis of this material showed the following particle-size dis-
tribution: passing U. S. standard sieve No. 150, 85.7%; No.
200, 12.29%,; No. 325, 1.79%,. This material is coarser than that
recommended by Mair (8). However, in the specified eolumn
the transition from one plateau to the next is generally accom-
glishl(:d in one to three fractions, which is a satisfactorily sharp

reak.

PROCEDURE

To prepare the column for an analysis a few grains of coarse
silica gel, 28- to 200-mesh, are placed in the tip to support the
finer material and to prevent clogging and 50 grams of silica gel
of particle size comparable to that shown above are added. The
column is then tapped gently for several minutes with a rubber-
covered rod to pack the silica gel. Cooling water is run through
the jacket on the column to dissipate the heat of adsorption.

A 10-ml. sample is introduced into the reservoir by means of a
pipet. The reservoir is closed, and a pressure of 2 pounds per
squareinch (0.14 kg. per sq. cm.) gage isapplied, using an inert gas,
until all the sample has entered the silica gel. The pressure is
released, and a few grams of silica gel are added to the reservoir
to prevent the desorbing liquid from mixing with the sample.
The reservoir is then filled with an appropriate desorbing liquid
(2-propanol for samples boiling below 200° C.), and a pressure of
10 pounds per square inch (0.70 kg. per sq. em.) gage is applied
for the remainder of the analysis. When the sample begins
to gmerge from the column, fractions containing approximately
0.15 ml. each are collected in small test tubes. A volume of
0.15 ml. was selected because this is the smallest sample on which
the refractive index may be determined conveniently. As it is
difficult to measure such a small volume, the method used for de-
termining the volume is to count the drops emerging from the
column. The test tube used as a receiver is changed quickly
when the volume (usually 8 to 12 drops) reaches 0.15 ml. The
number of drops may be ‘determined easily for any particular
column by observing the number required to fill 3 ml,

The time required for a sample to pass through the column is
about 2.5 hours. During the first hour the liquid reaches the
bottom of the column, and in the remaining time the 65 to 70 frac-
tions obtained in an average analysis are collected. The silica
gel may be easily removed from the column in 15 to 30 minutes
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by inverting the column, attaching a rubber tube to the tip,
filling this tube with acetone, and applying air pressure.

The refractive index of each fraction is determined and plotted
against the volume sum of the desorbed sample, assuming that
the volume of each fraction is exactly 0.15 ml. From this curve
the per cent by volume of each group of compounds may be cal-
culated. In this calculation the break between the groups of
compounds is considered to occur between fractions showing the
greatest difference in refractive indices. If two differences are
approximately equal, the break is assumed to occur at the mid-
point of the fraction between these differences. The break at the
end of the curve, when determined as described, is assumed to
represent a recovery-of 100%. This is done to place all samples
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on a comparable basis, since the errors in determining the volume
of the individual fractions are too great to permit use of the sum of
the volumes as the true recovery. The volume per cent of a

. group of compounds is calculated by dividing the volume between

adjacent breaks by the total volume of filtrate and multiplying
by 100.

An error is introduced if the loss of any compound is not in
proportion to its original concentration, as, for example, if the
sample contains materials that are more strongly adsorbed than
the desorbing liquid and are consequently entirely lost in the
analysis. An uncertainty also is introduced by the fact that the
drop size varies for different types of compounds in the same
boiling range. The size of the drops increases slightly in the
order of paraffins and naphthenes, olefins, and aromatics. 'The
volumes of the fractions are measpred after separation of the
components of the sample, introducing the additional variable
of volume change due to mixing. These errors are not signifi-
cant in routine use of the method, but they should be recognized
and evaluated if more precise measurements are made to obtain
better accuracy.
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Another method for determining the volume of each group of
compounds is to assume additivity of the refractive indices and
apportion the fractions in the transition zone accordingly (1, 8).
Reference to the curves shown for synthetic mixtures indicates
that this method is very satisfactory in such instances. However,
in the analysis of complex samples from shale oil, where the transi-
tion zones ate not sharp and the plateaus generally not flat, appli-
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cation of this system is difficult, if not actually impossible. Any
increase in precision that might be obtained by this method dose
not seem significant when the reproducibility of- the method
on actual samples is considered.

DISCUSSION

Separation of Paraffins and Naphthenes. In previous work
the paraffins and naphthenes have generally been considered as
one group, since any difference in adsorbability that exists be-
tween them is not sufficient to give a sharp separation. However,
Mair and White (11) have reported that naphthenes are adsorbed
in preference to paraffins and that individual paraffins are ad-
sorbed in the order of decreasing molecular weight. These
observations did not satisfactorily explain the curves obtained in
the analysis of shale-oil fractions, as a decided decrease in refrac-
tive index and an extra plateau were often noted in the paraffin-
naphthene portion of the curve. This suggested that the naph-
thenes were emerging from the column before the paraffins.
Consequently, a series of analyses using synthetic mixtures was
made to determine some of the factors governing the adsorb-
ability of paraffins and naphthenes. The results indicate that
the separation obtained is often due not so much to the character
of the compounds as to their relative concentrations and molecu-
lar weights.

The effect of concentration is illustrated by the curves of
Figure 3. The n-heptane and methylcyclohexane, which con-
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to those obtained using the branched-chain 1420/~
isomer of octane. While the presence of
branched chains has some effect, that of
molecular weight is predominant.
sults of these analyses indicate that when
a naphthene and a paraffin are present in
-equal concentration the compound contain-
ing the greater number of carbon atoms tends to issue from the
columr: first, regardless of whether it is a paraffin or a naphthene.

Increasing the amount of methylcyclohexane until its concen-
tration relative to the 2,2,4-trimethylpentane is 5 to 1 balances
the effect of molecular weight, so that no separation of the two
compounds occurs. However, if the difference in molecular
weight is large, 1t cannot be overcome by altering the concentra-
tion within practical limits so that the high-molecular-weight
material will tend to emerge from the column first.

Separation of Aliphatic and Cyclic Olefins, The aliphatic
mono-olefing are more strongly adsorbed than the paraffin-
naphthene group; this group of compounds therefore forms the
next plateau on the curve. 'For this group the individual com-
pounds also emerge from the column in the order of decreasing
molecular weight, and the refractive index of the plateau fre-
quently decreases from left to right.

The aliphatic mono-olefins are followed by the cyclic mono-
olefins. The only cyclic olefin used in this work was. cyclohex-
ene, 50 that no results have been obtained concerning the effect
of molecular weight on the separation between aliphatic and
cyclic olefins, The break observed between cyclohexene and
various aliphatic mono-olefins is sharp, suggesting that variations
in adsorbability caused by molecular-weight differences could
not reverse the order of emergence from the column. This con-
clusion is substantiated by the shape of curves obtained in the
analysis of shale-oil fractions, although the difference in adsorb-
ability is not usually sufficient to cause g sharp break between
aliphatic and cyclic mono-olefins.

Separation of -Aromatic, Sulfur, and Nitrogen Compounds.
The last group of compounds to emerge from the column con-
tains the aromatic hydrocarbons, sulfur compounds, and any
nitrogen compounds whose adsorbability is less than that of the
desorbing liquid.

The naphtha from shale oil contains a relatively large quan-
tity of sulfur compounds. In order to interpret analytical results
and make the proper corrections for these compounds it is neces-
sary to know their effect.on the adsorption analysis (3, 15). A
correction for sulfur compounds proposed by Mair (8) is based

Figure 5.

3,4-DITHIAHEXANE —

4 1400 -
550l — n-HEPTANE ! TepEeTane
The re- 061620 30 20 50 &0 70 80 30 Bo'3¥05 g I 0 70 60 90 100 *

VOLUME OF FILTRATE IN ML.

-~ 1500

~{ 1420 -1
—DUSOBUTYLENE

—DISOBUTYLENE

0 30 4 T -
VOLUME OF FILTRATE IN ML

Analyses of Mixtures Containing Sulfur Compounds

on the average refractive index of the sulfur compounds likely to
be present in the gasoline range. This is satisfactory in the
analysis of petroleum naphthas or when the quantity of sulfur
compounds is so small that it is included without detection in
the aromatics. However, in the analysis of shale-oil naphtha
fractions, which may contain up to 15% of sulfur compounds, the
aromatic portion of the curve is often considerably modified by
these compounds. Several synthetic mixtures containing vari-
ous sulfur compounds have been analyzed. The.results of these
analyses indicate that sulfur compounds are more strongly ad-
sorbed than the aromatics occurring in shale-oil naphtha. The
differences in adsorbability between the classes of sulfur com-
pounds, while appreciable, are not as great as those between the
various groups of hydrocarbons. In the analysis of shale-oil
naphtha the actual separation obtainable between the sulfur
compounds and aromatics depends on such factors as concentra-
tion and molecular weight in addition to the differences in ad-
sorbability.

Thiophene and its derivatives are only slightly more strongly
adsorbed than the aromatics of corresponding boiling range, so
that the aromatic plateau slopes gradually upward but never
closely approaches the value foy the particular thiophene deriva-
tive present (Figure 5,4).

The difference in adsorption between thiols and aromatics and
disulfides and aromatics is sufficiently great to give a distinct
plateau at the refractive index of the sulfur compound present
(Figure 5, B and C), although the break is not particularly sharp.

Sulfides, both aliphatic, such as 3-thiapentane (ethyl sulfide),
and eyelic, such as 2-methylthiacyclopentang (2-methyltetraby-
drothiophene), are so strongly adsorbed that the separation be-
tween the sulfide and the aromatic is as sharp as the breaks be-
tween the various groups of hydroearbons. The quantity of sul-
fide may be estimated from the curve (Figure 5,D).

The correction to be applied for sulfur ecompounds is obtained
by the equation:

_ PMD,

V. = 33p,
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where V, is the volume per cent of sulfur compounds, P, is the
weight percent of sulfur, M is the average molecular weight of the
sulfur compounds in the boiling range of the fraction being
analyzed, Dy is the density of the fraction at 20° C., 32 is the
atomic weight of sulfur, and D, is the average density of the sul-
fur compounds at 20° C. The sulfur content is determined on a
geparate portion of the fraction. The percentage of sulfur com-
pounds calculated by this equation is subtracted from the total
percentage of aromatics obtained from the silica gel adsorption
curve. This equation assumes 1 atom of sulfur to the molecule.
An approximation for this correction, which is usually sufficiently
accurate, may be made by omitting the densities in the above
equation, Occasionally a check on the correction may be .ob-
tained when the curve shows a separate plateau attributable to
sulfur compounds at the end of the aromatic group.

Synthetic samples containing representative compounds from
several classes of nitrogen compounds, such as pyrroles, pyridines,
and piperidines, were analyzed to determine the relative adsorb-
ability of the nitrogen compounds. Pyrroles are more strongly
adsorbed than any of the sulfur compounds used, but their ad-
sorbability is enough less than that of the desorbing liquid to per-
mit them to be recovered (Figure 6,4). The pyrrole used in this
analysis was not purified, which may account for the large loss.
The pyridines and piperidines ‘are so strongly adsorbed that
they do not appear in the filtrate, even though a number of frac-
tions are taken after essentially pure desorbing liquid has been ob-
tained (Figure 6,B). They do, of course, move down the column
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" in aceordance with chromatographic theory and would eventually

issue from the tip.. However, they are shown as a loss by this
method of analysis.

The more basic compounds (tar bases), which are usually re-
moved by an acid wash, are the ones most strongly adsorbed.
Consequently, in a sample that has been so treated only the
less strongly adsorbed compounds, such as pyrroles, are likely to
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be present, and the correction.can be made in the same manner
as for sulfur compounds.

Effect of Boiling Range and Viscosity. The presence of con-
~tituents with low boiling points (below approximately 60°<C.)
caused marked fluctuations in the refractive indices of the
paraffin-naphthene plateau. Since these compounds are paraffing
of low molecular weight, they tend to appear at the end of this
portion of the éurve immediately before the olefin break and may
cause difficulty in interpretation. The elimination of these com-
pounds by distillation considerably simplifies the analysis.

Gooding and Hopkins () have shown that for silica gel ad-*
sorption work on’ higher-boiling petroleum distillates the vis-
cosity of the desorbent must be higher than that of the material
being desorbed. Experiments deseribed in this paper have shown,
that viscosity is a factor not only for the desorbent but also for
the groups that must be desorbed successively within a sample.
When the aromatic group has a lower viseosity than either the
paraffin-naphthene or olefin groups, difficulty is experienced in
the amalysis, as shown in Figure 7 where toluene does not desorb
l-dodecene quantitatively. However, tfert-butylbenzene im-
proves the analysis and fert-amylbenzene gives a satisfactory
analysis. :

The difficulty due to viscosity may be suspected when a very
gradual break is obtained between groups of compounds. It has
been found that when a sample contains a paraffin-naphthene
group having a higher viscosity than other groups dilution with
n-heptane permits a satisfactory analysis.

EXAMPLES OF ANALYSES APPLIED TO SHALE-OIL NAPHTHA

Hydrogenation. The method has been used to follow the
course of hydrogenation of shale-oil naphtha. In order to
obtain complete hydrogenation at relatively low temperatures
of the olefins in shale-oil naphtha, a series of runs was required.
As the hydrogenations were carried out in small-scale batch
equipment, it was desirable to withdraw a minimum amount of
sample for analysis after each run of a series. The adsorption
method was used, since the bromineg number has not been applied
successfully as a measure of the olefin content of shale-oil naphtha.
The method has the advantage of giving additional information
on the progress of hydrogenation, such as the’extent of attack on
the compounds forming the aromatic group. The original
naphtha (Figure 8,4) used as a charge for these experiments was
from shale oil obtained by retorting Colorado shale in a Parry
retort. The extent of reaction on this naphtha at different
stages of hydrogenation is shown in Figure 8, B and C. The
reduction in the aromatic group as hydrogenation proceeds is
apparently caused largely by the removal of sulfur.

The method has been incorporated in an analysis scheme used

to differentiate between crude shale oils obtained from different
conditions of retorting. It has been used to evaluate results of
cracking experiments, continuous hydrogenation experiments,
and treating experiments.

Fractionation. Analyses of two fractions from a distillation of
shale-oil naphtha are shown in Figure 9, which also includes for
reference a plot of boiling point versus refractive index for a
number of compounds occurring in the appropriate boiling range.
Interpretation of these analyses is based upon the results on syn-
thetic mixtures, trends indicated in the analyses of the series of
fractions from which these two were selected, and other analytical
data obtained on the fractions. The curves shown were selected
because they represent two types of adsorptogram frequently
encountered and illustrate the practical application of several
points mentioned in the discussion.

The, paraffin-naphthene group of fraction A shows the down-
ward trend in refractive index characteristic of a sample con-
taining a high concentration of naphthenes relative to paraffins
(approximately 7 to 1). ~ Before this phase of the curve was in-.
vestigated by using synthetic ‘mixtures, the olefin content was
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determined on a separate portion of the fraction by the nitrogen

tetroxide method (2) to make certain that the lowest plateau of

the curve did not represent aliphatic olefin. The result checked

well with the olefin content for fraction A given in Figure 9..
Fraction B contains only a small quantity of naphthenes. The

olefin portions of the curves for both fractions show a mixture of

aliphatic and cyclic olefins; fraction A has a higher relative pro-

portion of cyelies.

The aromatic portions of both curves indicate the presence of
sulfur compounds of high refractive index. Although the quan-
tity of sulfur compounds in each fraction is roughly the same,
the concentration relative to the aromatics is more than twice as
great in fraction A as in fraction B, so that the separation between
the two classes in the former instance is relatively poor and the
refractive index of the whole aromatic plateau is raised. In
fraction B the separation is fairly good, and the refractive index
of the major portion of the aromatic plateau corresponds to that
of the xylenes.

From these silica gel adsorption curves, boiling-point data,
ultraviolet absorption curves for distinguishing individual aro-
matics, and independent analyses for sulfur and nitrogen, an
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Figure 8. Analyses at Three Stages in the Hydro-
genation of a Shale-0il Naphtha
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Figure 9.

estimate of the compounds pussibly preseut. in the fractions may
be made, as given in the following table:

Fraction A N Fraction B

K o
Dimethylheptanes 5 Diethylheptanes 15
t,1,3-Trimethylcyclohexane 35 1,3,5-Trimethylcyclohexane 4
Co-Aliphatic olefins 4 Ce-Aliphatic olefins .16
Cs-Cyclohexenes 30 Co-Cyeclic olefins 16
Ethylbenzene 10 p-Xylene 5
p-Xylene 11 m-~Xylene 40
Thiophene derivatives 5 Thiophene derivatives +

ACCURACY AND PRECISION,

The method is more accurate when the concentrations of the
various groups of compounds are approximately equal. Based on
the determinations made on the known mixtures, the method is
probably reliable for estimating certain components of shale oil.
with & possible error of 1 to 3%.
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Determination of Carhon Monoxide in Air by Use of Red
Mercuric Oxide

JAMES D. MCCULLOUGH, ROBERT A. CRANE, AND ARNOLD O. BECKMAN

Department of Chemistry, University of California, Los Angeles 24, and Laboratories of Arnold 0. Beckman,
Pasadena 2, Calif. :

A new laboratory method for the determination of
carbon monoxide in air makes use of the reaction:
CO(gas) + HgO(solid, red) = Hg(gas) + CO,(gas).
The gaseous sample is passed through a reaction
‘tube containing granular red mercuric oxide held at
a temperature of 175° to 200° C. The loss in weight

HE determination of earbon monoxide has long been an im-

portant problem because of its frequency of occurrence and
high toxicity. During the war the problem assumed even greater
importance.in connection with the design of aircraft and tanks.

The most widely used laboratory procedure for the determina-
tion of carbon monoxide involves reaction with iodine pentoxide.
Much that is contradictory and controversial, has been written
about this method, which is accurate only when used by a care-
ful and skilled worker. :

[n the search for a more accurate and less tedious method for
determination of carbon monoxide and one which might lend it-
self to instrumentation, the reaction with mercuric oxide was
considered.

Fay and Seeker (2) stated that carbon monoxide is oxidized
by yellow mercuric oxide at 0° C. and by the red oxide at 96° C.
Moser and Schmidt (4) claimed that the red oxide showed little
activity at 100° C. but did react at 160° C. They found the
yellow oxide much more reactive and used it for analytical pur-
poses at 100° C. At this temperature the reaction was shown to
be complete with respect to the carbon dioxide formed at the
flow rates they employed. Grigarjew (3) also used the yellow
oxide at 100° C, and determined the ¢arbon dioxide formed.
None of these workers attempted to use red mercuric oxide for
analytical purposes, probably because of its lower reactivity.

Yellow mercuric oxide appears to be an active but unstable
material without definite physical properties—for example,
Schoch (6) found the dissociation pressure of the yellow oxide
to be higher than that of the red form and to decrease with time.
Because of this lack of definite properties on the part of the yellow
form, the red oxide which has a definite dissociation pressure—
temperature relationship was given further consideration.

Thermodynamically the reaction between red mercuric oxide
and carbon monoxide is favorable, as shown by the free-energy
equations below:

HgO (solid, red) + CO (gas, 1 atm.) = Hg (liquid) +

CO; (gas, 1 atm.), AFs = —47.5 keal. (1)

HgO (solid, red) 4 CO (gas, p atm.) = Hg (gas, p atm.) +
CO; (gas, p atm.) (2)

AFg; (p = 1atm.) = —50.0 keal.
AFg; (p = 107t atm.) = —58.6 keal.

The last conditions stated correspond closely to those used
analytically. :

The determination of carbon monoxide by means of mercuric
oxide may be carried out in any one of three ways: The carbon
dioxide resulting may be collected and titrated; the mercury
vapor may be determined by an instrument to be described in a
later communication; or the loss in weight of the reaction tube
during passage of the sample may be observed. The last two
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of the reaction tube during passage of the sample is
an exact measure of the quantity of carbon monoxide
present and involves a highly advantageous gravimet-
ricfactor. Theaccuracy of the method hasbeen dem-
onstrated through the analysis of three unknowns
submitted by the National Bureau of Standards.

procedures would be invalidated by any catalytic oxidation of
carbon monoxide by oxygen of the air on the surface of the mer-
curic oxide or by appreciable dissociation of the oxide. The
absence of catalytie oxidation is indicated by the fact that re-
liable results are obtained both by determination of mercury and
by the loss in weight. The effect due to dissociation of mercurie
oxide is discussed below in connection with the air blank.

The loss-in-weight procedure was found to give a convenient
and accurate laboratory method for the determination of carbon
monoxide in air. Since 28 mg. of carbon monoxide cause a loss
of 216.6 mg., there is a highly advantageous gravimetric factor
of 7.74. The loss in weight amounts to 0.968 mg. per liter (S.T.1>.)
of gas containing 100 p.p.m. of carbon monoxide.

APPARATUS AND PROCEDURE

Preparation of Granular Red Mercuric Oxide. Commercial
red merecuric oxide is a dense powder which offers considerable
resistance to the flow of gas and is so fine that it blows with the
air stream, even when placed between tight plugs of glass wool.
These difficulties were overcome by preparing a granular form of
the oxide as described below.

About 50 to 100 grams of reagent grade (General Chemical
Co.) mercuric nitrate are placed in an evaporating dish and
heated over a Meker burner in a well-ventilated hood. During
the early stages of the heating, the hydrate melts, loses water,
and solidifies. At this time there is apt to be considerable spat-
tering and the heating should be carried out cautiously. Fur-
ther heating causes decomposition of the nitrate with liberation
of oxides of nitrogen. After a few minutes of strong decomposi-
tion, the burner is removed and the dish allowed to cool. If the
decomposition has progressed far enough, the mass may be easily
removed from the dish. It is then broken up into small pieces
but not powdered and is subjected to further strong heating,
The bottom of the dish is kept near red heat and the mass is

‘stirred occasionally with a glassrod. The material is dark browm

at this stage while hot and there is usually considerable decom~
position into mercury and oxygen. The material is cooled again,
and the larger lumps are broken up. If any light-colored spots.
appear, the heating should be resumed until the lumps are orange--
red throughout on cooling. The only danger involved in over-
heating is a greater tendency for the material to powder,

After decomposition is complete, the material is screened, and:
that accepted which passes the 8-mesh screen but is retained by
the 14-mesh screen. ~The material larger than 8-mesh is gently-
broken up and subjected to further screening. The 8- to 14-mesh:
oxide is then baked out for 8 to 10 hours in a slow stream of pure,.
dust-free, and oil vapor-free air at 230° to 250° C. to remove-
free mercury. If compressed air is used for this purpose, a char-
coal trap is recommended for remgval of oil vapor.

Balance. A semimicrobalance manufactured by Ainsworth
and Sons was employed. Weighings could be made to 0.01 mg.
but in practice the reproducibility of the wiping and weighing
technique was 0.04 mg.

Reaction Tube. The reaction tube is shown in Figure 1. The
main body is made of 9-mm. Pyrex tubing, while the ends are
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of 5-mm. tubing. The constrictions aid in reducing diffusion
of moisture into the tube during weighings. Pyrex glass wool
is used for plugs. The weight of the unit is 17 ‘grams, about 8
grams of which are mercuric oxide.

Furnace, The furnace consists of a horizontal copper pipe
3.75 em. (1.5 inches) in diameter by 24 cm. (8 inches) long,
heated by means of a Nichrome coil. The desired temperature
is obtained by regulation of the applied voltage through a vari-
able transformer. The copper pipe with its heating coil is

g

b= 3cm.—s} 3cm. } 8cm. }

Figure 1. Reaction Tube

mounted in a4 can 10 X 10 X 20 em. (4 X 4 X 8 inches) and in-
sulated with glass wool. The ends of the pipe are fitted with
Transite plugs, the front one being removable, so that the reac-
tion tube may be inserted or taken out. The reaction tube is
held in place by this plug at the front end and by a Nichrome
support at the rear end. A thermometer is inserted in the
furnace with the bulb just above the center of the reaction tube.

Gasometer. The sample to be analyzed is collected in the
gasometer shown in Figure 2. The gasometer consists of a 7-
liter bottle, a water-level indicator, and a 19-liter (5-gallon)
bottle which serves as the upper reservoir. Since the gas sample
is always under a pressure greater than atmospherie, it is neces-
sary to have both ends of the level indicator communicate with
the bottle as shown. The gasometer was calibrated at 500-ml.
intervals by use of a volumetric flask. A ecalibration curve was
then made for the level indicator and it was possible to make
readings of the level to an accuracy of 0.3 mm., which corre-
sponds to 8 ml. in the bottle.
voir ordinarily communicates with the atmosphere. By apply-
ing suction to the upper reservoir it is possible to draw a sample
into the gasometer preliminary to its analysis. Usually, how-
ever, the sample was contained in a tank and could be delivered
into the gasometer under its own pressure. After the system
comes to rest, the pressure of the gas in the gasometer is com-
puted from the barometric pressure, the difference in the two water
levels, and the partial pressure of the water vapor in the sample,
assuming the sample to be saturated at the laboratory tempera-
ture.

Arrangement of Apparatus. The general arrangement of the
apparatus is shown in Figure 3. The drying tubes and charcoal
trap are of a large size, 2.5 X 20 em. (1 X 8 inches) for increased
effectiveness and longer life, The trap is filled with a good grade
of activated charcoal. Columbia 6G ground to 8- to 14-mesh was
found very effective in the removal of certain interfering sub-
stances mentioned below.

Conditioning Reaction Tube. Before making analyses, the
mercuric oxide should be conditioned in a stream of pure, dry
air, first at 250°.C. for several hours, then for an hour or two at
200° C., the usual reaction temperature. A flow rate of 200 to
300 ml. per minute is suitable for this flushing,

Wiping and Weighing Procedure. In order to obtain suec-

cessive weighings which are reproducible to a few hundreths of a

- milligram, the tube must be brought to some standardized state

of moistness with respect to adsorbed water. Wiping techniques

described by Niederl and Niederl (§) aid in obtaining reproduci-
bility.

The tube is first wiped over its outer surface with a wet (but
not dripping) cloth. It is next wiped with a damp chamois,
and finally a careful wiping is made using a chamois which is in
equilibrium with the moisture in the-balance case. During each
step in the wiping, two pieces of cloth or chamois are used, the
tube being held firmly near one end by one piece while wiping
with the other. Ends are interchanged once during each step
in the wiping. Care is taken not to introduce water into the open
ends of the tube.

The tube is then placed on a Nichrome rack in the balance case
and exposed for 5 or 6 minutes to the light from a quartz mercury
arc to remove the electrostatic charges induced in the final wiping.
“The actual weighing is performed 10 minutes = 15 seconds from
the time of completion of the final wiping. With the balance
employed, the wiping and weighing sequence could be carried
out repeatedly with a-reproducibility of 0.04 mg. This wiping

The air space in the upper reser-.
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and weighing procedure should be practiced a2 number of times
before attempting analytical work.

The timing of the wiping and weighing is important and
variations should be kept within 15 seconds. The exposure to
ultraviolet light is indispensable when the relative humidity is
below 509, and is recommended as a standard part of the pro-
cedure. Other means for removing electrostatic charges are
sometimes recommended but in the opinion of the authors the
ultraviolet lamp is best. A hot arc should not be used because
of its heat effect.

Analytical Procedure. Bring the furnace to the desired op-
erating temperature. A temperature of 200° C. is recommended
if no interfering substances are present. When hydrogen is
present, the reaction temperature should be dropped to 175° C.

Fill the gasometer with the sample to be analyged. .

Flush the line including the reaction tube with about 600 ml.
of the sample.

Remove the reaction tube from the furnace, placing it on a
Nichrome rack. Cool for 20 minutes in the open air.

Wipe the tube, expose to ultraviolet light, and weigh as de-
scribed above.

Replace the tube in the furnace and allow 15 to 20 minutes
for it to reach operating temperature.

Record the water level in the gasometer, the difference be-
tween the water levels in the upper and lower reservoirs, the
barometric pressure, and the temperature.

Start the gas flowing using a rate of about 100 to 200 ml. per
minute. Permit about 5 liters of sample to pass.

Stop flow of gas. Remove reaction tube. Record gasometer
reading, temperature, and difference in water levels.

Cool, wipe, and weigh tube as before.

DISCUSSION

Sources of Error. The principal sources of error are those
affecting the determination of the volume of the gas sample,
those affecting the determination of the loss in weight, and the
air blank.

VorLumeE MEASUREMENT ErRORS. The gasometer volume can
be read within 8 ml., so that the total error from this source could
be 16 ml. - Since a sample of about 5 liters is usually measured,
this error could amount to about 0.3%,. Calibration errors in the
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gasometer are probably no greater than 0.1%, while errors in
measurement of temperature and pressure may contribute 0.1%,.
The maximum possible error in the measured volume of the
sample would accordingly appear to be 0.5%,.

WergHiNG Errors. Experiments showed that the weighings
were reproducible to within 0.04 mg. This might lead to an
error as high as 0.08 mg. in the measurement of the loss in weight
in & given determination, Since the loss in weight varies with
the carbon monoxide concentration, the per cent error will also
vary, being about 1.2% at 100 p.p.m. where the weight loss is
about 0.0065 gram and about 0.3% at 400 p.p.m. where the loss
is about 0.0260 gram.

The reproducibility expected for carbon monoxide determina-
tions is thus within 1.79, of the mean value at concentrations
around 100 p.p.m. and 0.8, at concentrations around 400 p.p.m.
I[n p.p.m. these limits are 1.7 at 100 p.p.m. and 3.2 at 400 p.p.m.
Nearly all the results shown in Table I1I show deviations from
the mean which are within the above limits.

Tae Amr Brank. When pure, carbon monoxide—free air is
passed over red mercuric oxide at 175° to 200° C. there is a loss
‘in weight. This is to be expected, since the oxide has an appre-
ciable dissociation pressure at this temperature. The dissoci-
ation pressure of red mercuric oxide is 3.0 X 10~* atmosphere
or. 0.228 mm. at 200° C.; hence if the oxide were to come to
equilibrium with oxygen at its partial pressure in the air, the
resulting air would contain 4 p.p.m. (by volume) of mercury.
Experimental values for the air blank are in good agreement with .
this value, as shown by the data in Table I.

Determinations 1 to 4 were made using laboratory air. Since
there may have been some carbon monoxide in the laboratory
air, determinations 5 and 6 were made using air which was cer-
tain to be carbon monoxide—free. Absence of carbon monoxide
was assured by passing the laboratory air through a train con-
sisting of a tube containing red mercuric oxide at 200° C., a second
tube containing solid iodine to remove mercury vapor introduced
by the first tube, and a third tube containing activated charcoal
to remove iodine vapor.

The values given are for carbon monoxide—free air. When the
sample contains carbon monoxide, the air blank generally is less
than 4 p.p.m. The analysis of standard samples shows that the
air blank falls off with rising carbon monoxide concentration,
reaching a minimum value of 1 p.p.m. at a carbon monoxide con-
centration of about 100 p.p.m., after which it rises. A corred-
tion of —1.09% is indicated for the range from 100 to 400 p.p.m.

Effect of Temperature on Completeness of Reaction. Al-
though the reaction between carbon monoxide and red mercuric
oxide is thermodynamically favorable even-at 25° C., the reac-
tion rate is too slow at low temperatures to permit quantitative
work. Using flow rates and reaction tube dimensions approxi-
mately as previously given, the completeness of reaction as a
function of temperature was studied with the results shown in
Table IT.

Effect of Flow Rate on Completeness of Reaction. At 200° C.
the analytical results showed fluctuations of about the magni-
tude indicated in the discussion of the sources of error when
flow rates of 50, 100, and 200 ml. per minute were employed.
However, two determinations made at 500 ml. per minute on a
sample containing 293 p.p.m. gave results 5 and 4%, low, respec-

ﬁ—“—:—% Galcium Ghioride

From

i : ) Thermometer
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Table I. Loss in Weight of Red Mercuric Oxide in Pure
: Air at 200° C.
Determination ’
No. Carbon Monoxide
' P.p.m.

(=15 T ST
il bt g
B COoOVmL=

Av. (omitting 1)

Table II. Completeness of Reagtion between Carbon
Monoxide and Red Mercuric Oxide as a Function of Tem-
perature

(Carbon monoxide concentration, approximately 200 p.p.m.)

N (]
Temperature, ° C. Completion
125 4
146 62
167 90
175 9
200 100

tively, indicating too rapid a flow. Although no complete study
was made at lower temperatures, the reaction was found to be
substantially complete at a flow rate of 200 ml. per minute at
175° C.

Effects of Other Reducing Gases. The effects of hydrogen,
methane, butane, ethylene, pentene, benzene, and chlorobenzene
on mercuric oxide at 175° to 200° C. were studied. The details
of this study are to be found in the final report (Z) to the Office
of Scientific Research and Development and only a summary
is given here. Unless otherwise specified, the conditions are
those described in the analytical procedure.

Hydrogen reacts to the extent of 509 of its true concentra-
tion at 200° C. but only to the extent of 5% at 175° C. Hence
the temperature should be kept near 175° if hydrogen is present.

Methane does not react. .

Higher saturated hydrocarbons are reactive, the reactivity
increasing with molecular weight. A good activated charcoal
trap removes these materials.

Unsaturated hydrocarbons react but are also effectively re-
moved by the activated charcoal trap. o )

Aromatic compounds exhibit a-strong poisoning effect which
renders the mercuric oxide inactive toward carbon monoxide.
The poisoning effect can be avoided by use of the activated char-
coal trap. Once poisoned, the mercuric oxide may be reac-
tivated by passing pure air over the oxide at 250° C. and a flow
rate of 200 to 300 ml. per minute. The process is completed in a

few hours.

Effect of Moisture. Moisture does not interfere with the
reaction of carbon monoxide with red mercuric oxide. Because
of a strong tendency for water to be adsorbed by the oxide,
however, even at 200° C., more reliable results are obtained if the

‘gas sample is dried. Rigorous drying, such as is required by the

iodine pentoxide and Hopcalite methods, is not necessary, and
calcium chloride followed by magpesium perchiorate has been
found ample, even when the gas is saturated with water vapor.

" RESULTS

It is believed that the mercuric oxide method is capable of
giving higher reproducibility and
greater accuracy than any other
method for the determination of car-
bon monoxide described in the litera-
ture. In addition to the analysis of

Anhydrone {

Gasometer C:;

many mixtures prepared in the
authors’ laboratories, this method was
used in the analysis of three samples

Gharc oal T [[

Furnace

supplied by the National Bureau of

Figure 3. Arrangement of Apparatus

Standards. Two of these unknowns
were simultaneously submitted by the,
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Table III. Analyses of National Bureau of Standards

Samples Submitted as Unknowns

Unknown 1 Unknown 2 Unknown 3

Devia- Devia- Devia-
. tion tion tion
Detn. Experi- from Experi- from Experi- from
No. mental mean mental mean mental mean
Ppm. P.pm. P.p.m P.pm P.p.m. P.p.m.
1 101.3 —0.1 111.3 0.7 395.1 —-1.2
2 102.6 1.2 108.3 —-2.3 393.8 -2.5
3 99.7 -1.7 111.2 0.6 396.3 0.0
4 98.9 —2.5 109.3 -1.3 398 .4 2.1
5 103.1 1.7, 110.5 —-0.1 397.4 1.1
6 99.9 —-1.5 111.5 0.9 394.3 —-2.0
7 103.3 1.9 112.7 2.1 398.6 2.3
8 101.7 0.3 109.8 —0.8 396.8 0.5
9 100.4 -1.0 . 396.4 0.1
10 102.9 1.5 ..
Av 101.4 1.3 110.6 1.1 396.3 1.7
Reported
value 101.0 =1.0 110.6 = 0.9 396.3 = 1.4
-True
value® 99.99 108 393

¢ Supplied by National Bureau of Standards after reports on analyses had
been submitted.

Bureau of Standards to several key laboratories engaged in
the investigation of the carbon monoxide problem. The true
concentrations were not disclosed until after the analytical
results were reported. An evaluation of the various methods

VOLUME 19, NO. 12

and a comparison of the results from eight laboratories are
given in a report of the National Bureau of Standards (7).

A copy of the results reported by the present authors is re-
produced in Table ITI. This table is a complete report, “includ-
ing every determination made by use of the mercuric oxide
method. At the time these results were reported, investigation
of the air blank was still incomplete and correction was made
only in the case of unknown 1. The correction of —0.4 p.p.m.
which was applied was clearly too small and later work showed
that it should have been about —1 p.p.m.
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Determination of Small Concentrations of Calcium and
Magnesium

By Titration with Standard Soap Solution

JAMES W. McCOY, Laboratory Division, Richmond Refinery, Standard Oil Company of Cali}'ornia, Richmond, Calif.

A previously described method has been modified to render it applicable to low
concentrations of calcium and magnesium. The effect of alkalinity upon the
determination is described and the conditions for a significant standardization
are indicated. A practical application of the modified method is.included, to-
gether with gravimetric results for the same samples.

RAPID titration method for determining -the hardness

distribution in industrial waters, described by Polsky and
Feddern (3), involves a direct titration for calcium with Clark’s
soap solution (), after addition of ammonium chloride and a pH
adjustment. The total hardness is then determined by the usual
Clark method. The difference of the two gives magnesium
hardness.

In attempting to apply this method to waters of low hardness,
ranging from 5 to 50 parts per million of calcium carbonate, it
was observed that the results did not agree with those obtained
by econventional analytical procedures. An investigation was
therefore undertaken to- determine the reasons for the discrep-
ancies.

It has for some time been observed that the amount of soap re-
quired by a given concentration of calcium or magnesium depends
very markedly on the pH of the solution and for this reason it has
become standard practice, in this laboratory, to perform all soap
titrations at one pH—8.3, the first pink of phenolphthalein.
The soap solution is also standardized at this pH. TUnless this
is done, it is impossible to obtain reliable results with soap on
waters of low hardness.

In the light of this previous experience it was decided to make
two standardizations of the soap solution, one at pH 8.3 and
another at pH 11.7. The Polsky and Feddern method speci-
fies pH 11.7. The standard Clark procedure is used with the ex-
‘ception of the neutralization to phenolphthalein in the first case.

The Polsky and Feddern method is as follows:

To an 8-ounce shaking bottle are added 50 ml. of the sample,
1.0 ml. of 109%, ammonium chloride, and 2.7 ml. of 1 N sodiums
hydroxide. Soap solution is then added in small increments-
until a foam forms which lasts 1 minute. The l-minute foam.
was found unreliable and a §-minute foam has been adopted in.
this laboratory. The lather factor, or blank, is included in the-
curve and concentrations are read directly from the curve. In..
Figure 1 the two curves obtained at two pH’s are shown. The-
difference in soap required at the two pH’s is readily seen.

From the curves and the assumption that total hardness minus-
calcium equals magnesium, it is apparent that if only one stand--
ard curve is used the magnesium will be high. If the curve at.
pH 8.3 is used the total hardness will be correct but the calcium.
will be too low. If the curve at pH 11.7 is used the calcium will:
be correct but the total hardness will be too high. This difficulty
was encountered in attempting to apply the original method to-
waters of low hardness in this laboratory. A standard curve-
at each pH is clearly necessary.

In analyzing & water sample the total hardness is first obtained:
by proceeding as in the first standardization. The total hardness.
(expressed as p.p.m. of calcium carbonate) is read from the curve
at pH 8.3. A second portion is then used for the calcium deter-
mination, which is carried out as in the second standardization.
The ealcium hardness is then read from the curve at pH 11.7.
The difference of the two results is the magnesium hardness (ex--
pressed as p.p.m. of calcium carbonate).
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Table 1.

Total Hardness Calcium Hardness

Summary of Results on Standard Solutions

References to a ‘‘ghost
point” havé frequently been

Magnesium Hardness noted in textbooks and periodi-

Added Determined Difference Added Determined Difference
Parts per million of calcium carbonate
7.7 7.8 0.1 4.1 5.4 1.3
11.3. 11.4 0.1 4.1 5.3 1.2
16.0 15.4 ~0.6 12.4 12.4 0.0
19.6 21.0 1.4 12 . 4 12.5 0.1
20.1 21.5 1.4 16.5 16.1 0.4
26.8 27.1 0.3 12.4 12.6 0.2
27.3 27.1 -0.2 16.5 17.0 0.5
27.8 26.6 -1.2 20.6 20.4 -0.2
31.4 30.9 -0.5 20.6 20.0 —0.6
35.0 33.0 -2.0 20.6 20.8 0.2
35.5 33.1 —~2.4 24.7 23.2 —-1.5
39.1 39.3 0.2 24.7 23.8 -0.9

Added Determined Difference cals. At this point a semista-
36 94 12 ble lather is said .to be formed,
7.2 6.1 -1.1 when all the calcium has been
3. 39 -9.8 precipitated. Presumably the
3.6 5.4 1.8 semistable lather is the result
144 145 0.1 .

10.8 10.1 -0.7 of formation of a super-

S 152 R saturated solution of the

14.4 12.2 —2.2 magnesium soap, for further

}g Zg 1222 —?f? addition of soap is reported to

destroy the lather. Use of this

After the standardizations were completed, various mixtures
of calcium and magnesium standard solutions were titrated.
In each case two titrations were made: one for total hardness,
first adjusting the pH to 8.3, the other for calcium alone, with’
addition of ammonium chloride and sodium hydroxide; The
neutralization to pH 8.3 must be accomplished very carefully to
avoid precipitation of magnesium hydroxide which redissolves
rather slowly.

The results obtained from the various mixtures are summarized
in Table 1.

The greater accuracy is obtained in the calcium determination.
Since the magnesiiim soap is more soluble than the calcium soap,
the calcium ion is first precipitated completely. Fahrion (2) has
reported the solubility of magnesiilm oleate as 0.23 gram per
liter and that of calcium oleate as 0.1 gram per liter. The mag-
nesium ion, on the other hand, precipitates less rapidly, so that
an evanescent end point is encountered. Therefore a permanent
lather is here defined as 5 minutes. Very vigorous shaking will
prevent mistaking the end point.
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phenomenon has been ad-

vocated, from time to time, as a
method of obtaining the hardness split. However, this is of little
practical value, since it is not encountered in all types of water
and, in fact, was never observed in this laboratory during the
course of this work, although a great number of titrations were
performed. Anapparent end point may be observed at any point
during the precipitation of the magnesium, if the soap solution is
added in too large amounts, because of the slow rate of magne-
sium precipitation. The ‘“‘ghost point” is, for this reason, re-
garded in this laboratory more as an incorreetly performed titra-
tion than as a useful indication of calcium hardness.

Practical Application of Method. Most high-pressure water-
treating plants have a silica-removal unit that consists of a coni-
cal tank into which lime and magnesium oxide are fed. The two
oxides form a flocculent, suspension upon which silica is occluded.
In operation, untreated water is fed into the bottom, the water
passing up through the floc bed and then into an effluent pipe at
the top. It is desirable to know just how much floc is carried
up with the water, so that the level of the bed may be controlled
in such a way that the carry-over is at a minimum,

. To determine this, a sample is taken; part of it is filtered and
another part is acidified. Filtering removes the floc; acidifica-
tion dissolves it. The soap titrations are run upon these two
samples, care being taken to make the pH adjustments first. In
this way the dissolved calcium and magnesium are determined
from the filtered sample and the dissolved plus the suspended
calcium and magnesium are determined from the acidified sample.
Thus, the amount of floc and its composition are found in this
simple procedure. If it is also desired to find how much the
hardness in the untreated water is increased in passing through
"g silica unit, the test may also be run on the untreated water;
thus a compiete check of the performance of the unit is made in a
very short time.

The results of such a procedure are given in Table IT together
with results from gravimetric determinations,

From these data the information in Table III may be com-
puted, to show the accuracy to be expected.

Although this modified method was developed for water
samples with low concentrations of calcium and magnesium, it
gives equally good results-on hard water samples.
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Hydroxylamine Method of Determining Penicillins

JARED H. FORD, Research Laboratories, The Upjohn Company, Kalamazoo, Mich.

In a search for a rapid and precise method for assay-
ing penicillins in fermentation liquors as well as
finished salts, the hydroxylamine method of. Staab,
Ragan, and Binkley was modified to include the use
of penicillinase-inactivated blanks to eliminate the

RAPID and precise method for assaying penicillins in fer-
mentation liquors as well as in finished salts was desired for
determining yields in processing. The hydroxylamine method of
Staab, Ragan, and Binkley (13) appeared the most promising of
those described in the literature. It was found to give good re-
sults on finished salts that were 50 to 1009 pure, but the values
obtained on fermentation liquors were much higher than those
indicated by the bioassay data. This difficulty was overcome by
modifying the method to include the use of penicillinase-in-
activated blanks. Since only a brief abstract of the original
method has been published, the details are given in this paper.
The method is based upon the fact that penicillin (3) (I) reacts
rapidly with hydroxylamine to give a hydroxamic acid (II) which
forms a purple complex with ferric ion that can be determined
colorimetrically (13). It is very similar to the method of Lip-

S
N\
RCONHCH—CH C(CHj). + NH,OH —>
O—N——-~CHCOONa
I

RCONHCH——C}{ \C(CHa)z
C=0 NH-—-—-CH-—COONa
ll\IHOH

II
S

N
RCONHCH—CH  C(CHy).

COOH NH-—CHCOONa
III

mann and Tuttle (7) for the determination of acyl phosphates.
This reaction is not specific for penicillin, since many esters,
anhydrides, and amides also react with hydroxylamine to produce
hydroxamic acids. The hydroxylamine can also react with alde-
hydes or ketones to give oximes that form colored complexes with
ferric ion (12). However, the effect -of these interfering sub-
stances can be eliminated by the use of a blank which differs from
the test solution only in the fact that the penicillin has been
hydrolyzed to penicilloic acid (IIT) by means of the enzyme peni-
cillinase (4). The action of this enzyme is believed to be specific
for penicillin and the resulting penicilloic acid does not interfere.

REAGENTS

Penicillinase Solution. The contents of a 100,000-unit vial of
Schenley Penicillinase A were dissolved in 25 ml. of distilled
water and placed in a dropping bottle. - This solution was found
to be stable for periods as long as 3 months when stored in a re-
frigerator. ) ) )

Hydroxylamine Solution. A 4.0 M solution of hydroxylamine
hydrochloride {70 grams of reagent grade hydroxylamine hydro-
chloride in 250 ml.) was mixed with an equal volume of 3.0 M
sodium hydroxide. The resulting mixture (pH6.4) has a limited
stability and should not be used more than a few hours after it
has been prepared. The hydroxylamine hydrochloride solution
may be stored for several weeks at room temperature.

.0.25 to 2.0 millimolar.

effect of interfering substances. The method is based
upon the fact that penicillin reacts rapidly with

hydroxylamine to give a hydroxamic acid, which

forms a purple complex with ferric ion, and this can
be determined colorimetrically.

Phosphate Buffer. Sterile 2.5 millimolar pH 7 phosphate
buffer was prepared by placing the solution in a bottle equipped
with two-holed rubber stopper which held a siphon and an air-
inlet tube attached to a glass tube packed with cotton. The
entire apparatus was autoclaved for 15 minutes at 15 pounds
per square inch (1.1 kg. per sq. cm.) steam pressure.

Acetate Buffer. One volume of 0.1 M acetic acid was mixed
with 4 volumes of 0.1 M sodium acetate.

Ferric Chloride. A 109, solution of ferric chloride hexa-

- hydrate in 0.1 N hydrochloric acid was used.

PROCEDURE

Samples of solid penicillin salts were dissolved in sterile 2.5
millimolar phosphate buffer and diluted to a concentration about
For benzylpenicillin (penicillin G) a 1.0
millimolar solution is equivalent to 594 Oxford unmits per ‘ml.
Fermentation ‘liquors, if not previously clarified, were filtered
through paper. To a 5-ml. portion of the test sample was added
one drop of penicillinase solution and the mixture was allowed to
stand at room temperature for 4 hours. It was found by Fred
Hanson of these laboratories that incubation at 38° for one hour
was equally effective. .

Two milliliters eaech of the test solution and the acetate buffer
were pipetted into a macrotube for the Evelyn photoelectric
colorimeter. Two milliliters each of the penicillinase-inactivated
test solution and acetate buffer were placed in a second colorim-
eter tube. (The colorimeter tubes should give identical read-
ings with distilled water. The Evelyn ‘“selected” tubes were
found to be well matched but the Klett “calibrated’” tubes
varied as much as 10 scale divisions. From 90 of these “cali-

‘brated” tubes the author obtained a group of 12 that matched.)

The interval timer was started and 2 ml. of the hydroxylamine
solution were pipetted into each tube. When the timer read
exactly 5 minutes, 2 ml. of the hydrochloric dcid and then 2 ml, of
the ferric chloride solution were pipetted into each tube. In all
cases the reagents were added to the sample tubes first. When
the timer read about 9.5 minutes the blank tube was placed in the
instrument (540 filter) and the zero point adjustment was made.
At exactly 10 minutes the reading on the sample was taken.

With the Klett-Summerson instrument (Klett 54 filter) the
procedure was the same, except that 1-ml. volumes were used.

The above timing schedule makes it convenient to run test
samples in groups of five. When this is done it is advisable to
use volumetric pipets only for measurement of the sample and
serological or ‘“blow’’ pipets for measuring the reagents, as they
deliver more rapidly.

STABILITY OF COLOR

The use of a strict timing schedule, especially for the interval
between addition of the ferric chloride and reading the colorim-

" eter, was made necessary by the unstable nature of the color.

The change of color intensity with time, using a 1 millimolar peni-
cillin solution, is showp in Table 1.

Table I. Change of Color Intensity with Timé

Time after Addition
of Ferric Chloride,

Relative
Intensity of

Minutes Color
2 100
4 78
6 69
10 56

Several attempts were made to stabilize the color by decreasing
the acidity. Citric acid held the iron in solution but changed the
color completely. Oxalic acid, sulfurie acid, and the hydro-
chlorides of glycine, pyridine, and nicotinic acid gave satisfactory
colors but did not improve the stability.

1004
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Table II.

Phosphate Concentration,

Effect of Phosphate Ion
Relative Intensity

Mole per Liter of Color
0.0 100
0.0025 99
0.25 58

Table III. Effects of Interfering Substances on Color
Produced by 1.0 mM. Sodium Benzylpenicillin

Relative Intensity of .Color When
Blanks Contained:
Penicillinase-
inactivated
test solution

Hydroxylamine,
ferric chloride, and

Interfering Substance hydrochloric acid

None 100 100
109, acetone (vol.) 111 85
Amyl acetate?, saturated solution 108 101
Acetamide, 100 mg./ml. 438 28

@ Technica) grade (Pentasol, Sharples).

INTERFERING SUBSTANCES

Effect of Phosphates. Lipmann and Tuttle reported that in
their acyl phosphate determinations the color intensity of the
iron-hydroxamic acid complex was depressed by certain anions,
including fluoride and phosphate and to a lesser extent oxalate
and sulfate. In the present investigation the effect of phosphates
has been studied. The others have been neglected, as it seemed
unlikely that they would be present in amounts sufficient to cause
trouble.

The pronounced effect of phosphate ion can be seen from the
results given in Table II. A 1.0 millimolar solution of sodium
benzylpenicillin' was tested in the presence of pH 7 phosphate
buffer.

In the present investigation 2.5 millimolar phosphate buffer
was used to dissolve all solid penicillin salts. An average of ten
determinations indicated that it caused a 19, depression in the
color intensity, but this is probably within the experimental error.

Other Interfering Substances. Since the reaction with
hydroxylamine to produce hydroxamic acids has been reported (6)
to take place with amides, anhydrides, and esters, the effects of
amyl acetate and acetamide as interfering sub-
stances were studied briefly. Furthermore, as ox-
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With the Klett-Summerson instrument this range was from about
2 to 4 millimolar. The results obtained with benzylpenicillin (G)
at 25° are given in-Table IV (averages of 6 determinations).

Using the Evelyn colorimeter, penicillins F, K, and X were
found to obey Beer’s law over about the same concentration range
but the colors produced were slightly less intense than with G.
The relative intensities of color, measured in the range where
Beer’s law is applicable, are listed in Table V.

Table IV. Results with Benzylpenicillin

Evelyn Klett

mM. La L/mM. Gb G/mM.
0.125 0.0268 0.214 . ..
0.375 0.0758 G.202 34 91
0.500 0.100 0.200 42 84
0.750 0.148 0.197 59 79
1.00 0.198 0.198 75 75
1.50 0.297 0.198 108 72
2.00 0:396 0.198 142 71
4.00 0.780 0.195 279 70
8.00 1.48 0.185 .

L = 2-log of galvanometer reading.
G = galvanometer reading (logarithmic scale).

o e

While the differences in color intensity on a molar basis are
rather large, they do not detract seriously from the usefulness of
the method. For example, a mixture of 609, G, 159, F, and 25%,
K would give a molar intensity of 97 as compared with 100 for
pure G. On & weight basis the differences, with the exception of
penicillin K, are less pronounced.

The ‘two aromatic penicillins G and X have higher molar in-
tensities than do the aliphatic penjcillins F and K. In only one
(6) of the other published chemical methods (1, 2,5, 8,9, 11) hasa
direct comparison of results on the various penicillins been re-
corded.

Impure Mixed Penicillins. An accurate comparison between
chemical and biological penicillin determinations is impossible
because of the wide variation in biological potency (see Table V).

- However, a series of comparisons indicated that the methods

agreed as well as could be expected (see Table VI). The bio-
assays were carried out in three control laboratories within The

imes have been reported to give a color test with fer-
ric chloride (12), acetone was also studied. A 1.0

Table V. Relative Color Intensities

. millimolar solution of sodium benzylpenicillin was " Pe;’cmm G X CH C;‘ CHOH. Ol
tested by two methods in the presence of the inter- R {see For Hx’él’;g{ CoHiCHr—  p-HOCeH:CHy—  CHiCH:CH= ¥ nebrthe
fering substances. First, the comparisons were Re(if; tsigilgg]losrailg 356 372 334 364
made using a blank containing only hydroxylamine, {;engity, molar 03 02
ferric chloride, and hydrochlorie acid in order to de- Relative color in- 100 99

. . . s . tensity, weight
termx’ne the increase in color 1nten§1ty caused l?y the Tenst g 100 05 99 90
reaction products of hydroxylamine and the inter- Biological activity,
fering substances. In thesecond series the samples g’g”d anits per 1667 900 1550 2300
were réad against penicillinase-inactivated test so-
lutions which contained the interfering substances.
- . Y ; . Impure Mixed Penicillins
The results are summarized in Table III. Table VI. Impure Bi
In all cases the increase in color intensity caused by the inter- Sample Colorimetric Assay Lab. 1 Ty Lab. 3
fering subs.tances was correcte.d by using a penicillinase-inacti- A. Crude Caloium Salts
vated portion of the test solution as the blank. The low result K4750 1080, 1080 1080 1240 1170
obtained in the presence of 109 acetone was probably.due to the K-4721 1080, 1098 {ggg }%gg {éig
fact that the amount of hydroxylamine that reacted with the g:ggg g?g’ 1229 1290 i%gg ﬁ,gg
i K-4724 970, 1010 9
acet:one was great.enou:gh to decre.a‘se' substantially the amount Karod O o8 1250 1380
available for reaction with the penicillin. 26-AJF-26 1640, 1620 1640 1780
31-AJF-20 1650, 1640 1715 1560
RESULTS OBTAINED B. Fermentation Liquors
e . . . . K-4719 430, 460 480 420
Pure Penicillins. The relationship between color intensity and K-4719S 320, 330 228 ggg
eoncentration was studied on four different penicillins, using solu- %:233‘1’ gggy 238 420 380
tions that weve prepared from analytically pure sodium salts. %—ggg 238, igg 2;8 gzg
Using the Evelyn instrument, the color was found to be directly K-4725 450, 420 420 440

proportional to the concentration over the range of 0.4 to 4.0
millimolar (240 to 2400 Oxford units per ml. for penicillin G).

¢ Crystalline sodium salts,
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Upjohn Company, using an adaptation of the hollow-cup agar-
plate method (10). .
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Determination of the Alcoholic Hydroxyl Group in

Organic Compounds
Phtha:lic' Anhydride Method

PHILIP J. ELVING! AND BENJ. WARSHOWSKY?, Publicker Industries, Inc., Philadelphia, Pa.

Phthalization with phthalic anhydride in hot pyridine solution can be readily
applied to the determination of alcohols or of the alcoholic hydroxyl content of
complex mixtures of the type obtained in vapor-phase catalytic reactions in-

volving alcohols.

Aqueous alcoholic solutions can be analyzed. Aldehydes

and other compounds found in such condensates do not interfere. Phenolic

hydroxyl groups do not react.

Amines react quantitatively or to excess. Poly-

hydroxy compounds with primary and secondary hydroxyl groups give satis-

factory results;

tertiary hydroxyl groups do not give satisfactory results.

Volatile alcohols can be analyzed without difficulty.

N THE course of a comprehensive investigation of methods
for the quantitative determination of the hydroxyl group in
organic compounds, the reaction of phthalic anhydride with
various hydroxyl-containing compounds was studied, since it
seemed to offer certain advantages over the acetic anhydride and
other methods usually used for the estimation of this functional
group. A simple method for the determination of the aleoholic
hydroxyl group content of organic compounds, based on esterifica-
tion with phthalic anhydride in pyridine solution, was developed
and tested. It was found that the method-can be used for the de-
termination of the alcohol content of dilute aqueous solutions, and
that such substances as ketones, saturated and unsaturated alde-
hydes, acids, esters, and phenols do not interfere. This method
has been successfully applied to monchydric aliphatic alcohols

from C, to Cs, various polyhydric compounds, and complex liquid‘

condensates obtained from organic reactions.

The principal advantages of the method deseribed in this paper
are its specificity for alcoholic hydroxyl groups and its applica-
bility to aqueous solutions. Its principal limitations are its in-
applicability to tertiary hydroxyl compounds due to the dehydra-
tion of the latter, and the apparent excessive reaction of certain
amines as discussed below.

The extensive literature up to 1937 on the determination of the .

hydroxyl group is reviewed by Meyer (10).
The method most frequently used for the determination of
hydroxyl groups, which was first proposed in 1901 by Verley and

Bolsing (23), is esterification by acetic anhydride in pyridine

solution. More recent modifications by this method are described
by Ogg, Porter, and Willits (12) and Christensen and his co-

t Present address, Purdue University, Lafayette, Ind.
Present address, Camp Detrick, Frederick, Md.

workers (13). While this method has been successfully applied to
the determination of most. primary alcohols and many secondary
alcohols, it is not readily applied to velatile compounds; alde-
hydes, especially those of relatively low molecular weight, inter-
fere by reacting with the acetic anhydride; phenols react partially
or completely, interfering with the direct determination of the
alcoholic hydroxyl content of the sample; and the presence of
more than a small amount of water in the sample renders the de-
termination inexact or impossible (26). The use of an acetyl
chloride~pyridine complex suspended in toluene as the esterifying
agent is described by Smith and Bryant (21), who extensively in-

" vestigated the applicability of the method . to various types

of hydroxyl-containing compounds. This method seems to
offer some advantage over the use of acetic anhydride—e.g.,
the interference of aldehyde is less, although the pres-
ence of aldehydes has an unfavorable effect on the end point.
Smith and Bryant give the average precision of the acetyl chloride
method as =0.29%; the absolute accuracy of the two methods is
said to be comparable and, based on the data given, about 1%,
relative. Christensen, Pennington, and Dimick (2) obtained
satisfactory results using acetyl chloride without a solvent.

Bryant, Mitchell, and Smith (Z) have described a procedure
based on the determination by the Karl Fischer method of the
water produced on esterification of the hydroxyl group with
acetic acid in the presence of boron trifluoride as catalyst. While
the method can be applied to dilute aqueous solutions, phenols
react incompletely, and carbonyl and some other types of com-
pounds interfere by reacting with the reagent or the catalyst.

Other recently suggested methods for the determiration of
hydroxyl groups involve reaction with hydrogen iodide (11), with
acid chlorides of the higher fatty acids (15), or with triphenyl-
methy! chloride (17).
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The nature of the reaction of phthalic anhydride with various
types of alcohols in benzene solution was investigated in 1899
by Stephan (22) and its use for determining primary alcoholic
hydroxyl groups was suggested. Based on this work, Schimmel
and Co. (20) developed and used a method for the approximate
determination of primary alcohols such as geraniol and citronellol
in essential oils. De Jong (7, 8) examined critically this procedure
for geraniol and found that the reaction was not quantitative but
that compensating'reactions may occur. The use of phthalic an-
hydride in benzene solutions has also been critically examined by
others (4, 8, 14, 18), who indicated that this procedure had no
particular advantages to warrant its use and in many cases
possessed definite disadvantages.

In 1926 Radcliffe and Chadderton (14) suggested the use of
phthalization overnight at room temperature in pyridine solution
for geraniol and other alcohols found in essential oils. These
authors found that under the experimental conditions carboxyl
compounds, esters, ethers, and phenols did not react at room
temperature; primary amines apparently reacted quantitatively,
secondary amines varied in the extent of their reaction, while
tertiary amines and amides did not react. Analytical data for
pure alcohols of the type found in essential oils were satisfactory;
the results obtained for a number of industrial grade oils were, in
many cases, different from those obtained by the acetylation
method. Glichitch and Naves (4, 6) found the method satisfac-
tory for the estimation of essential oils. While this technique
seemed more effective than phthalization in benzene, the required
reaction time of 18 hours or longer as well as other disadvantages
made improvement desirable. Sabetay and Naves (16, 19).de-
scribed phthalization in hot pyridine solution, which gave a more
rapid and manageable method. These authors examined a com-
prehensive group of compounds, although in most cases only
& single determination on each compound was reported. They
found the method to be applicable to primary alcohols (93% to
96% of the calculated hydroxyl content being found) and to
certain secondary alcohols; glycerol and 1,2-propylene glycol,
among others, gave poor results. Glycerol, calculated as possess-
ing three hydroxy! groups, gave 639 of the calculated hydroxyl
content, which is equivalent to 96% of the expected hydroxyl
content if only the two primary hydroxyl groups are assumed to
react.

Unfortunately, the phthalization procedure involving reaction
in hot pyridine solution, which seemed to the present authors the

most suitable method for their purposes, has been applied almost -

entirely to the determination of  the hydroxyl-containing com-
pounds which occur in essential oils. It has'not been sufficiently
investigated as regards its applicability to the determination with

an accuracy of one part in a hundred of ethanol and other lower al-.

cohols as well as glycols and other compounds containing second-
ary hydroxyl groups. No study has been made of the inter-
ference which may be expected from water and organic compounds
such as aldehydes which might be present in typical liquid prod-
ucts resulting from the reaction of ethanol or other alcohols—e.g,.,
no results are given by previous workers for the analysis of mix-
tures of compounds. The purpose of this paper was to develop a

technique which would answer the points mentioned and which’

‘would, it was hoped, call to general attention the applicability of

phthalization in pyridine solution for analyzing complex organic

‘mixtures.

REAGENTS AND APPARATUS

The reagents used in the studies described were Mallinckrodt’s
analytical reagent grade phthalic anhydride, Barrett’s refined
grade 2A pyridine, 0.35 N standard sodium hydroxide solution,
and a 1% alcoholic solution of phenolphthalein indicator. The
hydroxyl-containing compounds analyzed were distilled in most
cases and a narrow-boiling fraction was used; the probable pur-
ity is indicated in Table I. .

Barrett’s grade 2A pyridine as obtained commercially contains
a significant amount of water and other substances which inter-
fere with the accuracy of the determination. In order to elimi-
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nate these substances, the pyridine should be distilled from over
barium oxide and only the portion distilling at 115° C. used.
The phthalization mixture is prepared by dissolving 20 grams of
phthalic anhydride in 200 ml. of purified pyridine; this solution
1s prepared fresh daily. ’

The apparatus required depends partly on the procedure
selected. It was found satisfactory to carry out the reaction
either under reflux or by the use of pressure bottles. Inasmuch
as the pressure bottle technique is somewhat simpler and more
rapid, this is described in detail below. For this technique, cit-
rate of magnesia bottles of 1-pint capacity are used. An air
bath set at 100° = 2° C. is required; an ordinary laboratory
drying oven will suffice.

It is preferable that the pyridine used be anhydrous and the
reaction equipment, whether pressure bottles or flasks and con-
densers, be thoroughly dried. Unless these precautions are ob-
served low values may be obtained; water hydrolyzes the
phthalic anhydride and may thereby reduce the concentration
below the excess required.

Table I. Analysis of Hydroxyl Compounds by the
Phthalization Method
Purity as
Determined X Recovery
v Purity by by Phthal-
Physical Phthalization ization
Compound Constants Method Method
wt. % wt. % %
Methanol 99.3 100.0, 100.2 100.8
Ethanol 100.0 100.7, 100.7 100.5
100.3, 100.4
1-Propanol 98.4 98.1, 97.9 99.5
2-Propanol 99.6 97.6, 97.6 98.0
 1-Butanol R 100.0 100.6, 100.6 100.6
2-Methyl-1-propano! (isobutyl
aleohol) A 101.8, 101.2 I
Cyclohexanol 93-96 95.1,. 95.1 99-100
2-Ethylhexan-1-o0l 99 99.1, 99.1 100
2-Octanol 97-98 96.0, 96.3 98-99
Ethylene glycol 99 98.7, 98.7 99.5
Propylene glycol 100 99.4, 99.6 99.5
Glycerol 95.5 87.9, 87.9 92.0
94.94, 94.3¢ 99.1
100 99.4, 09.7 99.6

Benzyl aleohol
e Two hours at 100° C. allowed for reaction,

ANALYTICAL PROCEDURE

For samples containing 'a high percentage of ethanol, a sample
weighing 1.0 to 1.5 grams is carefully pipetted into a 50-ml. volu-
metric flask containing 30 to 40 ml. of the purified anhydrous
pyridine which has been weighed, care being taken to avoid wet-
ting the neck of the flask; for monohydric alcohols of higher
molecular weight and dilute solutions of ethanol, samples of
correspondingly larger weight should be taken. After reweigh-
ing, the solution is made up to volume with pyridine and mixed
thoroughly by shaking.

In certain cases where the sample is extremely volatile—i.e.,
contains considerable material boiling below 40° C.—the sample
is weighed directly in thin-walled glass ampoules. The ampoule

" ig then transferred to the volumetric flask containing pyridine

and is crushed under the surface of the pyridine by a glass rod.
The rod is rinsed with pyridine on withdrawal, the solution is
made up to volume with pyridine, and the contents of the flask
are mixed.

Into a clean, dry, pressure bottle are pipetted 25 ml. of the
phthalic anhydride solution by means of an automatie Machlett
pipet or buret or a Lowy pipet. To this are added 10 ml. of the
solution containing the sample. The sealed bottle containing
the mixture is placed in an air oven set at 100° C. and is heated
at that temperature for one hour. At the end of this time, the
pressure is carefully released and 50 ml. of distilled water are
added. After mixing, the solution is cooled under the cold water
tap and titrated immediately with standard 0.35 N sodium hy-
droxide, phenolphthalein being used as an indicator.

A blank determination is made in the same manner on the
reagents employed.

The difference in amount of alkali consumed between the sam-
ple and the blank represents the amount of esterifiable hydroxyl

present in the solution:
9% hydroxyl = Y_X_A_;VX_I_@

where W = weight in grams of the sample in the aliquot taken;
V = volume in milliliters of standard sodium hydroxide solution
used by sample, which equals the difference in volumes required
by the blank and sample titrations; and N = normality of the
standard sodium hydroxide solution.
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DISCUSSION OF PROCEDURE

Size of Sample. The weight of sample taken should be such
as to have present a minimum of 1009 molar excess of phthalic
anhydride over the amount required. The presence of a sufficient
excess of anhydride can be noted by the formation of a yellow
color in the solution after heating for the prescribed length of
time. Unless this ¢olor appears the results may not be reliable.
Failure of the color to appear indicates an insufficient excess of
the reagent due to too large a sample or the presence of too
much water.

Acidic Samples. Separate portions of samples containing
free acid or acidic groups on the hydroxyl-containing compounds
should be titrated with the standard alkaline
solution at room temperature, using phenolphtha-
lein as indicator, and a suitable correction made
in the volume of alkaline solution consumed in the
phthalization procedure.

Contact Time. While an hour is specified for
the phthalization reaction, in many cases this
time can be reduced to 30 minutes or less. In
dealing with mixtures containing substances which react with
phthalic anhydride on prolonged heating, it would be worth
while to determine the minimum reaction period necessary for
the hydroxyl-containing compounds involved. The reaction
mixture, after the addition of the water, should be cooled and
titrated in a minimum amount of time to avoid the possibility
of the phthalate esters formed hydrolyzing to any appreciable
extent; ordinarily, the danger of such reaction is almost nil.
There was no measurable consumption of phthalic anhydride
due to polymerization, decomposition, or other reactions in
blank samples heated up to 4 hours.

End Point. Although the pink phenolphthalein end point is
normally easily detected, it is masked to some extent in this
determination by the yellow color of the final sclution. There-
fore, instead of a color change from colorless to pink, there is a
gradual transition from yellow to brown to orange to pink. It is
felt that a representation of the true end point is the first notice-
able permanent color change of the solution—without having to
continue the titration until the color is definitely pink. After
several titrations this point can be detected without any difficulty.
The use of the mixed indicator, thymol blue-cresol red, offered
no appreciable advantage over the use of phenolphthalein. In
the case of dark-colored solutions the end point can be deter-
mined electrometrically. In a comparative series of runs on
ethanol, the three methods of determining the end point gave the
following per cent recoveries: phenolphthalein: 99.2, 99.3, 99.3,
99.3, 99.3; thymol blue—cresol red: 99.0, 98.8; electrometric
(Beckman Model G pH meter): 98.7, 99.3, 99.3, 98.6.

Nature of the Reaction. Although the authors have not
determined the nature of the intermediates formed during the
reaction, it seems probable that the reaction proceeds in an
analogous fashion to that postulated for acetylation in pyridine
solution by Smith and Bryant (27). The phthalic anhydride

reacts with the pyridine to form an addition compound which

reacts with the hydroxyl-containing compound as shown:
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On addition of water the excess of compound I is hydrolyzed,
forming a compound (III) analogous to compound II where the
organic residue, R, is replaced by a hydrogen ion. Titration with
alkaline solution converts compound III as well as compound
II to the sodium salts and pyridine:
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From these equations it can be seen that each equivalent of
hydroxyl group present decreases by one equivalent the amount
of alkaline solution required to neutralize the phthalization solu-
tion.

DATA AND DISCUSSION

Known Mixtures. A sample of Publicker absolute ethanol,
which was found to contain 99.5%, ethanol on the basis of its
specific gravity and refractive index, was used throughout all
the preliminary experiments. The water content of this sample
was 0.449%, by the Karl Fischer procedure.

Various modifications of the procedure recommended by
Sabetay and Naves (16, 19) were tried with varying degrees of
success. The method described, employing pressure bottles, was
found the simplest and gave satisfactory results. Good securacy
and precison were also obtained by refluxing the reaction mixture
for one hour in a boiling water bath.

In Table I are given the results obtained by the phthalization
method on various monohydric and polyhydric organic com-
pounds. Low results were obtained when glycerol was permitted
to react for 1 hour; a 2-hour period of heating gave a recovery
of 99.19,. Phenol, o-cresol, and 1-naphthol showed a zero
esterifiable hydroxyl content, indicating the specificity of the
phthalization procedure for alecoholic hydroxyl under the con-
ditions used; excellent results were obtained with benzyl alcohol.
Acetaldehyde dibutyl acetal showed a hydroxyl content of about
99, based on that available by complete decomposition of the
acetal, indicating some dissociation of the acetal during the
phthalization procedure. While diethylamine showed a satis-
factory reaction by the phthalization procedure, 100.19; recovery
being ‘obtained, 107 and 1129, recoveries were found for small
samples of aniline, and 134 and 1359, for large samples, 103 and
109% recoveries were found in the attempted determination of
ethylenediamine (1,2-diaminoethane). The abnormal results
obtained with some amines may be due to phthalimide formation:
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However, the phthalization procedure can apparently be applied
to the quantitative determination of at least certain amines (ef.
also 4, 14).

In Table II are given the results of analyzing one monohy-
droxyl and four polyhydroxyl compounds, which gave poor re-
sults. The purity of the samples of 2-methyl-2-butanol and of the
2-methyl-2,4-pentanediol exceeded 95%:; the other three com-
pounds were used without purification and were believed to be not
less than 85%, pure. Results for any given compound in Table IT
on the same horizontal line were obtained at the same time—i.e.,
on the same batch of samples. The results for 2,3-butanediol are
probably correct in view of the consistent values obtained for
samples heated for 1 hour and for 4 hours, while the 1,3-butane-
diol apparently required 2 hours of reaction for complete esterifi-
cation. The results for the 2-methyl-1,2-propanediol are prob-
ably meaningless, as in the presence of even dilute acids the com-
pound dehydrates and rearranges readily to give isobutyralde-
hyde (25). The unsatisfactory results for 2-methyl-2-butanol and

2-methyl-2,4-pentanediol are due to the ease with which tertiary

alcohols are dehydrated in the presence of acidic catalysts (24).
Investigation of the literature showed that 2-methyl-2,4-pen-
tanediol can be dehydrated in the liquid phase in the presence of
acidic catalysts to 2-methyl pentenols and 2-methyl pentadienes
(3, 9). The results obtained using stoichiometric molar ratios of
1-2, 1-1, and 2-1 of phthalic anhydride and 2-methyl-2,4-
pentanediol in pyridine solution plus the data in Table 1T indicate
that phthalic anhydride apparently causes the conversion of the
methyl pentanediol to the methyl pentenol. The results ob-
tained for 2-methyl-1,2-propanediol, which is -also a tertiary
alcohol, may be explicable in part on the basis of the same re-
action; only about half of the expected hydroxyl content is
available for esterification. Furthermore, 2-methyl-2-butanol,
which is very readily dehydrated (24), shows very little esterifica-
tion. It is hoped to investigate further the reaction of poly-
hydroxyl compounds with phthalic anhydride.

Table II. Analysis of Hydroxyl Compounds by
Phthalization Method

Apparent Purity, Weight Per Cent
for Different Reaction Times

at 100° C.
Compound 1 hour 2 hours 4 hours
L,3-Butanediol 84,84 96, 89
79,78 92,91 93,92
75,76
2,3-Butanediol 89, 89 91,90 89,90
89, 89
2-Methyl-1,2-propanediol (isobutylene
glycol) 54,-54 59, 59
53, 53 59, 60 64, 64
34, 53
2-Methyl-2-butanol (¢ert-amyl alcohol) 3,3 5,5 10, 11
2-Methyl-2,4-pentanediol (prepara-
tion I) 45, 46
2-Methyl-2,4-pentanediol (prepara-
tion II) ’ N . 43, 42 52, 51 56, 58
2-Methyl-2,4-pentanediol (prepara- |
tion III) 51, 50 50, 57 60, 60

In order to determine whether other substances possibly present
in the liquid condensates obtained in catalyt?c organic reactions
would affect the accuracy of the hydroxyl determination, syn-
thetic mixtures were prepared containing known amounts of
water and of representative members of various types.of organic
" functional groups, including carbonyl compounds, acids, esters,
and unsaturated compounds. Ethanol was determined in the
presence of these substances singly and in mixtures; results of
this study, shown in Table III, indicate that such substances,
present in amounts likely to be encountered in reaction mixtures,
do not interfere with the determination of the esterifiable hydroxyl
group. Of particular interest is the accuracy attainable in mix-
tures containing as much as 859, of water.

The data reported in Tables I and IIT indicate that the esterifi-
able hydroxyl content of the organic compounds analyzed with
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Table III. Analyses of Synthetic Mixtures Containing
Ethanol
Constituents . Ethanol
of Mixture Composition Found
wt. % A
1. Ethanol 79.4 79.6,79.7,79.7
Water 20.6
2.  Ethanol 14.6 14.5,14.7
Water 85.4
3. Ethanol 75.2 75.3,74.8,75.0,75.0
Water 19.6
Acetaldehyde '5.2
4, Ethanol 71.7 71.3,71.1,71.4
2,4-Hexadiene 4.7
Water 18.7
Acetaldehyde 4.9
5. Ethanol 11.3 11.4,11.3
Acetic acid 27.2
Acetone 13.5
Crotonaldehyde 24.0-
Ethyl acetate 17.6
Phenol 6.3

Table IV. Alcohol Content of Condénsate and Condensate

Fractions
Ethanol
Fraction Fraction of on Basis
Boiling Total Ethanol by of Total
Range Condensate Phthalization Condensate
°'C. wt. % Wt % wt. %,
<10 0.8 ... ..
10-25 1.1 0. 0.0
25-40 0.8 0.88, 0.91 0.01
40-75 2.9 32.27,32.02 0.93
75-80 59.5 92.30,92.37 54.94
80-90 2.2 64.35, 64.01 1.41
90-100 13.7 8.99, 8.60 1.20
Residue and
holdup 19.0
Total 100.0 58.5
Original con- :
densate 59.0

the exceptions noted could be determined with an average pre-
cision of 3 parts per théusand and an accuracy of approximately
19, relative.

Complex Samples. To determine the applicability of the
phthalization procedure to the analysis of a very complex mix-
ture, a sample of the liquid condensate obtained by cooling to
0°C. the effluent of the one-step vapor-phase catalytic process for
the conversion of ethanol to 1,3-butadiene was analyzed. This
sample contained butadiene, butenes, péntenes, hexenes and
hexadienes, ethanol, n-butanol, acetaldehyde, diethyl ether,
water, and other substances such as Cs alcohols, high-boiling
oils, etc. The results obtained on the original condensate were

. compared with those obtained when the condensate was frac-

tionally distilled at high reflux ratio through a Stedman column
containing 2 feet of packing and the individual fractions were
analyzed by the phthalization procedure. Table IV contains the
data. obtained in this study.  Similar results were obtained. on
analyzing another condensate sample, using the reflux technique.

Any material present in the sample capable of reacting with
phthalic anhydride will cause erroneous results. Specifically,
butanol, present in the higher boiling fraction of the condensate,
reacted with the phthalic anhydride and caused the results for
ethanol to be high. Since the molecular weight of butanol is 1.6
that of ethanol, the per cent error due to this substance, when re-
ported as ethanol, will be equal to 0.6 of the percentage of butanol
actually present. On this basis, the figure given for ethanol in the
90° to 100° C. fraction (Table IV) should be deducted from the
total figure; the former figure, 1.2%, corresponds to 1.9,
butanol. The ethanol’content reported for the 80° to 90° C. frac-

-tion may also be partially due to butanol. However, since the

sum of the ethano) and butanol was the same in both the original
condensate and the total of the fractions analyzed, the results re-
garding the amounts of esterifiable hydroxyl group present cal-
culated as ethanol are valid.

The ethanol content of the 75° to 80° C. alcohol fraction of
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another condensate was determined by phthalization to be 93.0%.
This aleohol fraction contained, in addition to ethanol and water,
hexadiene and minor amounts of other compounds. To this frac-
tion was added absolute ethanol, so that the final concentration
was 96.1%, on the basis of the 93.0%, figure. The ethanol content
of this mixture obtained by the phthalization method was 95.8%.

SUMMARY

The determination of the aleoholic hydroxyl group by esterifica-
tion with phthalic anhydride was investigated. By modifying the
procedure suggested by Sabetay and Naves (17, 18) and standard-
izing the conditions used, satisfactory results were obtained for a
variety of compounds containing alcoholic hydroxyl groups.
Phenolic hydroxyl groups do not react with the reagent. Amines
react completely or to excess.

Using absolute ethanol a precision of 1 to 2 parts per thousand
and an accuracy of 4 to 6 parts per thousand were achieved. In
general, a precision of 2 to 3 parts per thousand and an accuracy
of one relative per cent are obtainable.

Work with synthetic mixtures and a complex condensate from
a vapor-phase catalytic reaction showed that the presence of water
and-several types of organic compounds, including aldehydes,
does not interfere with the determination of the alcoholic hy-
droxyl content.
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Rapid Determination of Moisture in Liguid Sulfur Dioxide

B. R. DICAPRIO
Calco Chemical Division, American Cyanamid Company, Bound Brook, N. J.

The current phosphorus pentoxide method for
analysis of moisture in liquid sulfur dioxide is time-
consuming and involved. A new method, using
Karl Fischer reagent and employing a specially de-
veloped system to prevent contamination of the
sample by moisture, is superior to the phosphorus
pentoxide technique for control purposes. This
article describes the equipment and technique em-

IQUID gsulfur dioxide has assumed great importance in the

industrial world. It is used extensively as a refrigerant,

bleaching agent, preservative, and fumigant, in tanning processes,
and in the manufacture of other chemicals. _

The moisture content of liquid sulfur dioxide must be ac-
curately determined, since its presence, even in very minute
quantities, is highly detrimental to metallic equipment. A com-
mon analytical procedure called the phosphorus pentoxide method
involves the weighing of water absorbed on phosphorus pentoxide.

Two Midvale tubes, each containing a thin layer of asbestos
wool on the bottom, are placed in train form and charged with
fresh phosphorus pentoxide. The tubes are then seasoned, or
saturated with dry sulfur dioxide gas, for about 2 hours. A tare
weight of the tubes is obtained. A known amount of liquid sulfur
dioxide is e’mporated through the phosphorus pentoxide tubes,

ployed in determining the moisture content of liquid
sulfur dioxide by the Karl Fischer method and com-
pares the results obtained by both methods. Em-
phasis is laid on the necessary precautions, descrip-
tion and use of equipment, method of analytical
procedure, and comparative data between the con-
ventional and new methods: Datashow the accuracy
and - reproducibility of the Karl Fischer method.

which are connected in series where water is absorbed and
weighed. One of the tubes is used as a counterpoise in weighing
to correct for changes in atmospherie conditions during the test.
This method takes several hours to run and involves a special
technique for charging the Midvale tubes and connecting them
in a rather complicated system employing an air-aspirator, mer-
cury manometer, by-pass valves, special sample cyhnder and
sulfuric acid and bubbling tubes, all of which must be maintained
and checked periodically.

For control purposes, this method is difficult and time-consum-
ing, and in order to keep abreast of production and obtain more
accurate results, the Karl Fischer method (I) was successfully
employed. However, because of the high hygroscopicity of liquid
sulfur dioxide, very erratic results were obtained if the proper
precautions were not taken. Moisture absorption in the sample
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Figure 1. Sampling and Titrating Apparatus.

and titrating system was successfully prevented by the use of the
technique and apparatus described below.

APPARATUS AND REAGENTS

. A 50-ml. calibrated dropping funnel with a center section hav-
ing a 24/40 ground-glass joint is used to measure the volume of
sample. Three tubes containing indicating grade activated
alumina protect the titrating system from access of moisture from
the air. A 500-ml. suction flask serves as the sample container.
Three 300-ml. Erlenmeyer flasks containing Drierite and, lastly,
a Karl Fischer buret which is also provided with tubes of indi-
cating grade activated alumina are also employed. The reagents
used are Karl Fischer reagent (standardized, 2) and absolute
methyl alcohol (standardized, 3).

SAMPLING TECHNIQUE

Clean and thoroughly dry a 500-ml. suction flask, 4, by rinsing
with absolute methyl alcohol and drying in an oven at 110° C.
After cooling in a desiccator, connect the flask to a line running
from the sulfur dioxide cylinder, and draw off approximately 200
ml. of sample. Remove the line from the flask, attach a tube of
indicating grade activated alumina, B, to the side arm, and tem-
porarily stopper the flask. Fit a two-hole rubber stopper into
the mouth of a 50-ml. graduated dropping funnel, C. To one
hole, attach a drying tube containing activated alumina, D; to
the other hole, connect a U-tube to lead to a one-hole rubber
stopper fitted in the mouth of the sampling bottle. Allow one
arm of the tube to extend to 0.6 ecm. (0.25 inch) from the bottom
of the-sampling bottle. Place a 300-ml. Erlenmeyer flask con-
taining 25 grams of Drierite on the ground-glass dropping-funnel
joint, E. Attach a drying tube, F, containing Drierite on the
neck of the dropping funnel. Wrap a piece of cloth, G, around the
side arm of the dropping funnel to retain atmospheric moisture
that might condense there and thereby introduce water into the
titrating flask.

ANALYTICAL PROCEDURE

Place the thumb over the end of drying tube B on the side arm
of the sampling bottle. The pressure of the sulfur dioxide forces
liquid sulfur dioxide up into the measuring tube and into the
dropping funnel. When 50 ml. have collected, release pressure
and immediately drain the sample from the dropping funnel into
the 300-ml.” Erlenmeyer flask containing 25 grams of Drierite.
This will flush out the system. Replace the 300-ml. Erlenmeyer
with a dry Erlenmeyer flask containing 25 ml. of standardized
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methanol. Run up exactly 30 ml. of sample into the dropping
funnel and drain into the flask. Remove the flask and replace it
immediately with a flask containing Drierite, Titrate the solu-
tion of sulfur dioxide and methanol with Karl Fischer reagent in
a Karl Fischer buret in the usual manner. -

Sample Calculation,

E = ml. of Karl Fischer reagent for sample
= ml. of Karl Fischer reagent for alcohol blanks
water equivalent of reagent as grams of water per ml.
specific gravity of sulfur dioxide at its boiling point

(1.460

(E—F) XD
ml. of sample X G

F
D
G

ot

X 108 = p.p.m. of moisture

ACCURACY

In order to determine the accuracy of this technique, known
amounts of water were added to samples of sulfur dioxide whose
moisture content had been previdusly determined by the Karl
Fischer method. A known amount of water was weighed from a
Lunge pipet into 25 ml. of standardized absolute alcohol, and the
liquid sulfur dioxide sample was then added as described above
and titrated. Results are given in Table I.

A comparison was made on four samples, and a general agree-
ment of both methods was obtained (Table II).

Table I. Accuracy of Technique
H:0 Found by

H:O Added Karl Fischer?
P.p.m. P.p.m.
500 495
1000 : 1000
1500 1497

& Total Karl Fischer value minus blank for water already present.

Table II. Comparison of Karl Fischer and Phosphorus

Pentoxide Values
Water Found, P.P.M.

Karl Fischer values P20s values
78 (check 82) 82
40 (check 40) 45

26 (check 27)

24
20 (check 21) 31 (check 20)

Table III. Reproducibility of Method
Water Found, P.P.M.

Sample 2
203
203 (check)
203 (check)
207 (check)
203 (eheck)
203 (check)

'"Sample 1

949

949 (check)
952 (check)
952 (check)
952 (check)
952 (check)

-REPRODUCIBILITY OF METHOD

Six determinations for water content were made on two samples
taken from different cylinders of liquid sulfur dioxide. The re-

. producibility obtained is directly related to the analyst and

equipment used.
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Anthrone in Estimating Low Concentrations of Sucrose

E. E. MORSE, Spreckels Sugar Co., Woodland, Calif.

A procedure is presented for the estimation of sucrose concentrations in the
range of 10 to 250 parts per million, using a 0.05% solution of anthrone in con-
centrated sulfuric acid. This method offers the advantages of increased sensi-
tivity and accuracy over the commonly used Molisch a-naphthol test.

NE of the most common tests in sugar processing factories

is the estimation of the sucrose content of various con-
densed vapors and solutions in which the sucrose content lies in
the range of 10 to 250 p.p.m., where it cannot be accurately
measured by polarimetric means. In such cases, the sucrose con-
tent is universally estimated by the Molisch a-naphthol test.
Since this is a ring test, it cannot be adapted readily to trans-
mittancy measurements and the sucrose content of a solutiod is
usually reported after visual estimation to be a trace, light, or
heavy.

The use of anthrone dissolved in concentrated sulfuric acid
was suggested by Dreywood (1) as the reagent in a qualitative
test for carbohydrates. The extreme sensitivity of this test, plus
the fact that it is not a ring test, made it appear to be a promising
improvement. The anthrone reagent has been used by the
author to develop a procedure for the quantitative determination
of sucrose in low concentrations.

PROCEDURE

The solution to be tested (2.0 ml.) is measured into a clean, dry
15 X 125 mm. Pyrex test tube and 3.0 ml. of 0.059, anthrone dis-
solved in concentrated sulfuric acid (reagent grade) are added so
as to form a bottom layer. The tube is then shaken to effect
complete mixing. The transmittancy of the solution for white
light is next measured in a photoelectric colorimeter. Distilled
water is used as the standard, with its transmittancy taken to be
1.000. By reference to a previously prepared calibration cutve
or table, the concentration of sucrose in the original sample is
ascertained. Table I and Figure 1 present calibration data
obtained with a Lumetron photoelectric colorimeter, Model 402E,
manufactured by the Photovolt Corporation, New York, N. Y.

The sample and the reagent are shaken together as one shakes
down the mercury in a clinical thermometer, with care being taken
to prevent spilling. If for reasons of safety it is not desired that
the tube be shaken, a small glass stirrer may be used. Inasmuch

as the color-forming reaction is highly sensitive to temperature,

it is important that the test be perforfned in a standardized man-
ner. Variations in procedure will change the temperature rise
caused by the heat of dilution of the acid and hence change the

“amount of blue-green coloring matter produced by a given sucrose
concentration,

METHOD OF COLOR MEASUREMENT

The photoelectric colorimeter provides the most accurate and
convenient method of color measurement. Various types of in-
struments can be used, depending on the degree of precision re-
quired. For the average factory laboratory, a single photocell

Table I. Light Transmittancy of Sucrose Solution-
Anthrone Mixtures
Solutions Transmittancy
Distilled water 1.0009 1.000b
Anthrone reagent - distilled water 0.791 .783
Anthrene reagent + 10 p.p.m. sucrose solution 0.659 0.658
Anthrone reagent + 25 p.p.m. sucrose solution 0.493 0.498
Anthrone reagent + 50 p.p.m. sucrese solution 0.317 0.323
Anthrone reagent + 125 p.p.m. sucrose solution 0.115 0.109
Anthrone reagent 4 250 p.p.m. sucrose solution 0.024 0.024

¢ Anthrone reagent prepared 4 hours previously.
b Anthrone reagent prepared 27 hours previously.

colorimeter in which the transmittancy is-indicated by the de-
flection of a microammeter is probably suitable. This may be
calibrated using the particular test tubes (usually 15~ to 18-mm.)
which fit the holder. The data presented in Table I were taken
from two runs made on successive days with sucrose solutions
which were freshly prepared just before the tests were conducted.
It is difficult to evaluate the precision of the method with only
two runs, but the difference between these runs amounts to about
2%, based on the sucrose content.
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Figure 1. Light Transmittancy of Sucrose Solution=-

Anthrone Mixtures

If it is desired to use a visual comparison method, Lovibond
standard color plates may be used in a suitably constructed com-
parator. It is possible to make close matches between the plates
and the coloring matter produced in the anthrone test. This
method offers an advantage if the samples are turbid because one
can disregard the turbidity to a large extent in matching colors.

Primary standards made up from the anthrone reagent and
sucrose solutions of known concentration and sealéd in Pyrex
tubes were not found to be satisfactory because the blue eolor
gradually fades and the solutions become slightly cloudy. At
the higher sugar concentrations, a slight amount of dark-colored
material coats the inside of the tubes.

EFFECT OF IMPURITIES

The impurities commonly present in the condensed water sam-
ples of a beet sugar factory do not interfere seriously in this test.
Solutions of diffusion juice, thick juice, molasses, and Steffen
filtrate were prepared, each containing 200 p.p.m. of sucrose.
The blue-green colors formed in the first three solutions were
closely the same, but an olive-green color was obtained with the
Steffen filtrate sample. This is not surprising when the low
sugar-to-solids ratio of this material is considered. A special
calibration would be required for the accurate measurement of
the sucrose content of condensed waters containing Steffen fil-
trate. ‘

REAGENT STRENGTH AND KEEPING PROPERTY

Dreywood (1) recommended that the strength of the reagent be
0.29%. Preliminary experiments showed that the reagent
strength could be reduced to 0.059, and still give tests of sufficient
sensitivity to permit distinguishing between solutions containing
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10 and 25 p.p.m. of sucrose. The more dilute reagent offers an

advantage because its bright yellow color is reduced. By using

tubes of greater diameter, the strength of the reagent may be still
further reduced.. This offers no particular gain because an in-
creased volume of reagent is required and, furthermore, the large
test tubes are inconvenient to handle in making many routine
measurements.

The anthrone used in this work was prepared according to the
method in “Organic Syntheses” (2). Solutions of this material in
concentrated sulfuric acid turned a brown-green color overnight.
Since the presence of an impurity was suspected, the anthrone
was recrystallized from glacial acetic acid to yield material which
slowly changed to an orange-green color on long standing. A
second recrystallization from the same solvent was of benefit, but
not a third. Possibly one recrystallization would be sufficient if
an excess of solvent were used and the anthrone slowly crystal-
lized and well washed with fresh solvent.

In order to test the keeping property of the anthrone reagent,
various samples of anthrone in concentrated sulfuric acid were
sezled in.18-mm. (outside diameter) Pyrex tubes and stored at
room temperature. One sample was stored at 0° to 1° C. The
transmittancies of the tubes relative to distilled water were
measured at intervals. In Figure 2 they are plotted relative to
the initial transmittancy. These measurements were made in a
Phetovolt Lumetron colorimeter using unfiltered light.

.The apparent anomaly that material which was recrystallized
three times developed color faster than material which was re-
crystallized twice is believed to be due to the fact that the room
temperature was higher during the test period on the former
material.

Even solutions prepared from the purified anthrone and re-
wgent grade sulfuric acid slowly darkened to an orange color on
standing. Fresh solutions or older solutions which had been
refrigerated at 0° gave a negative ferric chloride test for an enol,
but solutions which had stood for about 7 to 9 days at room
temperature gave a positive enol test. It is believed that the
slow increase in color and the positive enol test are both indica-
tions that anthanol, the tautomer of anthrone, is gradually formed
in the solution. Other decomposition products are undoubtedly
formed also. For that reason, it is suggested that the 0.05%
reagent be freshly prepared every three or four days. '

RATE OF COLOR FORMATION

Determinations were made of the time required to reach the
maximum color density after the reagent and solutions containing
various concentrations of sucrose had been mixed. In these
determinations, the sucrose solution was contained in one test tube
and the reagent in another. At zero time the solutions were
mixed by pouring the reagent into the sucrose solution and then
pouring the mixture back into the first tube. Transmittancy
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Table II. Rate of Color Development in Anthrone Test
Time to Reach Time to Reach
Sucrose Max. Density 0.95 Max. Density 0.90 Max. Density
P.p.m. Min. Min.
250 2.07 1. 1
125 1.05 1.5 1.0
50 0.49 2.1 1.1
25 0.24 18 1.1
12.5 0.13 1.8 1.1

readings were taken at frequent intervals until the reactions were
substantially complete. In Tigure 3 the optical density (—log
transmittancy) is plotted against time after mixing. The trans-
mittancies are the values relative to the transmittancy of the
blank.

Table II shows the time required to reach 90 and 95%, of the
final density. A delay of 2 minutes before measuring the color
will ensure that 95% of the color has been developed, while about.
909, is developed in 1 minute.

COMPARISON WITH «-NAPHTHOL TEST

The main advantage of anthrone is that it gives a more accu-
rate and more sensitive test than a-naphthol. The coloring
Jatter is distributed throughout the whole body of the solution
and is not concentrated in a shallow ring. Furthermore, the ex-
tent of agitation of the tube has no effect on the test as it does
with a-naphthol. Solutions containing 10 and 25 p.p.m. can be
readily distinguished from each other. It is very difficult with
the a-naphthol test to make this distinction.
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Colorimetric Determination of Iron with Nitroso-R-Salt

MARGARET GRIFFING! witH M. G. MELLON
Purdue University, Lafayette, Ind.

The use of nitroso-R-salt for the spectrophotometric determination of iron has

been studied critically.

The effects of the following variables were determined:

reagent concentration, pH, order of addition of reagents, time of reaction, iron

concentration, and diverse ions.

Under some conditions, the sensitivity of this

reagent is much greater than that of 1,18-phenanthroline or 2,2’-bipyridine.

N A recent study (3) of the use of nitroso-R-salt (1-nitroso-2-
hydroxy-3,6-naphthalene disodium sulfonate) for the deter-
mination of iron in plant tissue, this reagent was compared to
1,10-phenanthroline and 2,2’-bipyridine. It compared favorably
in sensitivity, and the green-color was considered better suited to
colorimetric measurement. With a 2.5-mm. cell the range was
0.2 to 50 p.p.m. A pH range of 8 to 10 and a filter with trans-
mittancy limits of 445 to 505 mu were suggested. In a more
" recent paper (4) it is stated that increased sensitivity is obtained
using a filter with limits of 640 to 700 my.

Because of pH sensitivity, the color of the reagent, and the
lack of information concerning interferences by diverse ions, a
critical study of the use of this reagent was undertaken by means
of a photoelectric spectrophotometer.

APPARATUS AND SOLUTIONS

Transmittancy measurements were made on a General Electric
recording spectrophotometer set for a spectral band width of
10 mp and on & Beckman DU spectrophotometer. Absorption
cells 1.000 cm. thick were used, and pH was measured with a
glass electrode assembly.

A stock iron solution containing 500 p.p.m. was prepared from
reagent grade iron wire by dissolution in 10 ml. of sulfuric acid
(specific gravity 1.84) and subsequent dilution to 1 liter. Solu-
tions containing 100, 20, and 10 p.p.m. were prepared by dilution
with redistilled water. -

The reagent solution contained 0.5% nitroso-R-salt (Eastman
No. 1124) and 309, redistilled (iron-free) acetone. A 109
solution of hydroxylamine hydrochloride was used as a reducing
agent. For adjusting the pH, a 4 M solution of sodium acetate
and 1.5 M solution of ammonia were made from redgent quality
materials. The solutions containing the diverse ions were
prepared from the nitrates for the cations and from the alkali
metal salts for the anions. The solutions contained 10 ml. of
diverse ion per ml.

COLOR REACTION

The reagent solution itself is yellow. A spectral transmittancy
curve for 3 ml. of the 0.5% solution of nitroso-R-salt diluted to
50 ml. is shown in Figure 1. With ferrous iron, it forms a bright
green complex with a transmittancy maximum at 550 mp (see
Figure 2). There is no transmittancy minimum within the
visible range, but there is a broad band near 720 mp. Figure 2
was obtained with the Beckman spectrophotometer, trans-
mittancy values being determined each 10 my.

Since the Beckman instrument was not available during most
of this work, the nature of the color reaction and the effect of
various variables were studied with the General Electric instru-
ment. Because this instrument is less sensitive at wave lengths
above 640 my, transmittancy readings were taken at 620 mp,
which is in the wave-length range where the reagent itself does
not absorb.

The effect of the following variables was determined by
altering each one, independently, and maintaining all others
constant. A final concentration of 1 p.p.m. of iron in a 50-ml.
volume was used. - In some cases the different variables are
interdependent.

pH. Both the reagent and its complex with ferrous iron are
sensitive to pH changes. As shown in Figure 1, below pH 5.35

Present address, Ethyl Corporation, Detroit, Mich.

the reagent is yellow and above pH 8.65 it is green. The inten-
sity of the color due to the iron complex increases rapidly be-
tween pH 3.10 and 3.90. From pH 3.90 to 5.20, the variation in
terms of iron concentration is well within the 29, error a‘llowed
for such work. Above pH 5.3 the intensity of the ¢olor again

“increases and the spectral transmittancy curve changes shape.
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That the decreased color formation at lower pH’s can be at-
tributed to'a decreased rate of reaction is verified by comparison

Table I. Effect of pH on Rate of Color Development
(1 p.p.m. of Fe and 3.0 ml. of reagent in a volume of 50 ml.)
Per Cent Transmittancy

pH 20 minutes hours
3.10 - 85.7 68.7
3.47 72.1 62.0
3.66 64.9 62.1
3.91 63.6 62.2
4.15 63.5 62.2
4.43 63.2 61.7
4.65 63.4 62.0
4.75 63.2 62.0
5.08 63.1 62.1
5.37 62.0 61.5
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of the transmittancies taken from the freshly prepared solutions
with those for the same solutions taken 4 hours later (Table I)..
Allowing a reasonable time for color development permits the
use of the pH range 4.6 = 0.5.

Concentration of Reducing Agent. If the amount of hydroxyl-
amine hydrochloride is sufficient to reduce the iron completely,
the transmittancy-wave-length curve is nearly independent of
excess reductant. Such an excess of reducing agent seems to
react with the color-forming reagent, but the effect is not suffi-
cient to be significant.

Reagent Concentration. Eight-tenths milliliter of the reagent
solution was required for complete coler development of 1 p.p.m.
of iron in a final volume of 50 ml. Too little reagent resulted in a
curve of different shape. After standing for several hours, all
the curves had the same shape as those usually obtained with an
excess of reagent. During this time the transmittancy decreased
in the wave-length range where only the reagent absorbs. One
milliliter of reagent solution was sufficient for complete color
development of 2 p.p.m. of iron. Thus, both the concentration
and the quantity of reagent are significant in obtaining complete
color development.

To obtain the iron complex in one form and to eliminate serious
time effects, an excess of reagent must be used. Increasing the
amount from the necessary excess to a larger excess has no effect
between 520 and 700 mu. However, between 400 and 520 mpu
the reagent concentration is critical. This is one reason for the
increase in the apparent sensitivity of the reagent with the use
of the recently recommended filter (4) which transmits between
640 and 700 my.

Order of Addition of Reagents. During early experiments,
in which 30 minutes were allowed for color development, changing
the.order of addition had no noticeable effect. However, later
work revealed that the adjustment of pH before the addition of
the reagent decreased the reaction rate. Consequently, the
following sequence was adopted: iron; reducing agent, reagent,
pH adjustment with ammonia, and sodium acetate.
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Stability of Color. The relation of the stability of the colored
system to the reagent concentration, the pH, and the order of
addition of reagents has been discussed. The experimental work
shows that the change in transmittancy at 620 my is equivalent
to less than 2%, iron after 6 hours, and to less than 59, iron after
48 hours, under the following conditions:

Use of the reagent sequence recommended above.
Allowance of a reaction period of 20 minutes after adjustment

of pH. :
Use of excess reducing agent and excess nitroso-R-salt.

Adjustment of pH between 3.9 and 5.2.
Measurement of transmittancy at some wave length between
550 and 640 mg.

If a reaction period of 2 hours is allowed, a stable system is
obtained. Otherwise, between 640 and 760 mu the transmittancy
increases significantly during the first 2 hours. Thus, if the
transmittancy measurements are made within these limits, the
longer reaction period is necessary.

Iron Concentration. The intensity of the green color is pro-
portional to the concentration of ferrous iron. According to
transmittancy readings taken at 620 and 720 mpu, the colored
system conforms to Beer’s law. At 620 mu the range of concen-
tration practical for a 1-cm. cell is 0.2 to 4.0 p.p.m. At 720 mu
the range is 0.05 to 2 p.p.m. If the increased sensitivity justifies
the longer reaction period for a particular problem, and if the
photocell in the instrument available is sensitive in this wave-
length range, the latter wave length is preferable for study.

Diverse Ions. In order to determine the effect of diverse ions
the following procedure was followed:

Five milliliters of a 10 p.p.m. standard iron solution were
measured into a 50-ml. volumetric flask. To this were added
2.5 ml. of the diverse ion solution, containing 10 mg. of ion per
ml. After the addition of 3 ml, of 109, hydroxylamine hydro-
chloride and 3 ml. of 0.5%, nitroso-R-salt solutions, the pH was
adjusted within the range 4 to 5 (glass electrode) with 1.5 M
ammonia solution and 4 M sodium acetate. After 20 minutes,
the solution was diluted to 50 ml. and the spectral transmittancy
curve was taken: If interference equivalent to greater than
2% error in the iron concentration was observed, the quantity
of diverse ion was decreased to find the permissible quantity.
A 29, error corresponds to that allowed for similar methods.

Five hundred parts per million of the following ions may be
present with 1 p.p.m. of iron without causing significant error;
ammonium, cadmium, calcium, lead, lithium, magnesium, man-
ganese, potassium, sodium, acetate, arsenate, arsenite, benzoate,
borate, bromide, chlorate, chloride, iodate, iodide, lactate, nitrite,
perchlorate, periodate, permanganate, salicylate, sulfate, sulfite,
thiosulfate, tartrate, and thiocyanate.

Five hundred parts per million of aluminum, antimony, barium,
bismuth, chlorostannate, chlorostannite, mercury (II), gold,
silver, and chloroplatinate precipitate under the conditions
found necessary for the satisfactory development of the color.
The precipitation of the barium may be attributed to the forma-
tion of the sulfate (present in the standard iron solution) and
that of the silver to the chloride (in the reducing agent).

Interference by ions which are soluble under the desirable con-
ditions may be attributed to a variety of effects. Some ions.
absorb in the same portion of the spectrum as the iron complex
and thus interfere. These are cerium (IV), chromium (III),
chloroplatinate, dichromate, and uranyl ions. Metavanadate
and molybdate ions, present as the sodium salts, were reduced
to colored states.

Citrate, cyanide, fluoride, and oxalate greatly decrease the
color formation, and formate and tungstate decrease it slightly.
This effect is probably attributable to the formation of a colorless
complex with the iron.

For reasons not apparent, 500 p.p.m. of beryllium, strontium,
and orthophosphate increased the color development. Blanks
indicated that this could not be attributed to contamination of
the salts by iron,
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Table . Effect of Diverse Ions
Amount
Amount Permis- -
Ion Added as Present Error sible
P.p.m. Yo P.p.m.
Alt+-+ AL(NO3)s 300 0 300
Bet+ Be(NOs)2 300 3 100
Ce*tt+ Ce(NHq)2(S04): 10 2.5 5
Co++ Co(NOy)2 1 3 ]
Crt++t Cr2(S04)3 10 6 1.
Cut+ CuS04 1 8 0
Hg++ Hz(NOs): 100 2 100
Hgs*+ Hg:(NOs)2 500 10 200
Ni++ Ni(NQs)2 2 5 0
Srt+ Sr(NO0s): 200 2 200
Th+t+++ Th(NO3)4 500 10 100
U0 ++ TU02(C2Hz02)2 300 3 100
Znt+ Zn(NO3): 200 5 40
COz—~ Na:CO3 100 2.25 50
CeHsO7r~~~ (HO)C(CO:H) (CH2CO:2H): 500 62 100
N- KCN 500 100 100
PtCls—~ K:PtCle 100 16 10
Crz017 K:Cr:07 10 2 10
HCO:~ HCO:Na 500 3 200
- NaF 500 22 100
MoOs™~ (NH4)2:MoQ4 20 2.5 10
CaQs (N H4)2C204 100 5 20
H2PO4~ KH:PO4 500 3 300
P07~~~ NasP207 5 2 5
SeQs—~ Na2SeOq 500 4 300
WO~ Na:WO4 100 6.5 20
VOs~ KVOs 10 12 0

The presence of large quantities of mercury (I) or zinc changes
the shape of the spectral transmittancy curve. The change is
one that indicates the formation of a colored complex between
these ions and the reagent. A blank on the zinc failed to verify
this conclusion. Thus it is postulated that a small quantity of a
colored complex is formed containing iron, zinc, and the reagent.
Since a blank was not taken of the mercury, no conclusion can be
reached. However, since the change in shape of the curve cor-
responds to that with zine, the same explanation seems likely.

The quantitative results of such interferences and the per-
missible quantities are summarized in Table II. Spectral trans-
mittancy curves for solutions containing typical interfering ions
are shown in Figure 3.

DISCUSSION

Nitroso-R-salt is a satisfactory and sensitive reagent for the
determination of ferrous iron. It has three major disadvantages:
intense color of the reagent, sensitivity of both the reagent and
the complex to pH changes, and time required for complete color
development. The color of the reagent, along with the necessity
for an excess, practically eliminates its use for visual comparisons.
However, with the increasing use of photometric instruments, a
region of the spectrum may be chosen where the reagent does not
absorb. As the pH range for which the method is applicable is
sufficiently broad, its control is not difficult. This restriction
eliminates the determination of iron in the presence of several
metallic ions which precipitate under prevailing pH conditions
and necessitates the use of some method of checking the pH.

On the other hand, there are certain advantages, of which the
following are probably most important:

The reagent is considerably cheaper and more easily available
(til}an 1,10-phenanthroline, 2,2’-bipyridine, and 2,2’,2"-tripyri-

ine.

If a photometer usable between 700 and 760 my is available,
the sensitivity of this reagent is considerably greater than that
for any of these other compounds in the visible region (1, 2).

It compares favorably with other methods with respect to the
effect of diverse ions. In some cases, higher concentrations of
certain.ions may be present.

RECOMMENDED PROCEDURE

Sample. Procure a representative portion of the material
and subject it to the necessary preparative treatment to obtain
either a neutral or acidiec solution, free of -ions which interfere
with the color reaction. Measure a quantity to contain not more
than 0.3 mg. of iron in a volume of 25 ml. or less.

Desired Constituent. Transfer the solution to a 50-ml.
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volumetric flask and add 3 ml. of a 109, hydroxylamine hydro-
chloride solution and 3 ml. of a 0.5% solution of nitroso-R-salt,
containing 309, acetone. Adjust the pH within the range 4 to-
5 with 1.5 M ammonia and 4 M sodium acetate. . (This may be
done easily by making the sample slightly acidic to litmus,
using either 2 M hydrochloric acid or the ammonia; adding the
reducing agent and reagent; and then adding 2.5 ml.-of the
1.5 M ammonia and 0.5 ml. of the sodium acetate solution.for a
final volume of 50 ml.) After 20 minutes, dilute to volume and
determine the transmittancy at 620 mu, or use a filter with no
transmittance outside the wave-length range 550 to. 640 mp.
If greater sensitivity is required, allow the:solution to stand for
2 hours before dilution and determine the transmittancy at a
wave length between 640 and 720 mu.

SUMMARY

Nitroso-R-salt for the determination of ferrous iron has con-
siderable merit, although it does not equal such cyclic nitrogen
compounds as 1,10-phenanthroline, 2,2’-bipyridine, and 2,2’-2"-
tripyridine with respect to stability and freedom from pH effects.
The pH must be maintained within the range 4 to 5. Under some
conditions of color measurement it has considerably: greater
sensitivity than the other compounds mentioned. An excess
of reagent must be added, a reaction period allowed to elapse,
and transmittancy readings taken at a wave length at which the
reagent does not absorb.

The effect of 67 ions on the color development has been studied.
In this respect this reagent compares favorably with the eyclie
nitrogen reagents for iron. ' ‘
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Colorimetric Determination of lIron with Various Dioximes

MARGARET GRIFFING! WwiTH M. G. MELLON, Purdue University, Lafayette, Ind.

The application of several dioximes for the determination of iron has been
studied. These include the new reagent diethylaminobutanedionedioxime,

butanedionedioxime, and 1,2-cyclohexanedionedioxime.

The colors obtained .

fade rapidly unless stabilized by an excess of sodium dithionite which reduces
iron in ammoniacal solution. The new reagent may be stabilized with pyridine.

N HIS first paper on 1,2-dioximes, Tschugaeff (6) reported that
ferrous iron reacts with these compounds in the presence of
ammonia, pyridine, or aliphatic amines to form soluble complexes
whose colors vary from red to violet. Later Tschugaeff and
Orelkin (?) suggested that butanedionedioxime (dimethyl-
glyoxime) could be used for the colorimetric determination of iron.
They reduced the iron with hydrazine sulfate and developed the
color by heating before and after the addition of an excess of con-
centrated ammonia. A standard had to be prepared simul-
taneously and compared immediately.
Inasmuch as Diehl (2) pointed out the desirability of a eritical

study of this method with modern colorimetric technique, this’

work was undertaken. ~ It seemed of interest to compare dioxime
reagents with others used for determining iron.

APPARATUS AND SOLUTIONS.

Transmittancy measurements were made on a General Electric
recording spéctrophotometer set for a spectral band width of
10 mp. Absorption cells 1.000 em. thick were used, and measutre-
ments of pH were made with a glass electrode assembly.

A stock iron solution, containing 500 p.p.m., was prepared
from reagent grade iron wire by dissolution in 10 ml. of sulfuric
acid (specific gravity 1.84) and subsequent dilution to 1 liter.
Solutions containing 100, 20, and 10 p.pm. were prepared by
dilution with water.

Three reducing agents were used: a 109, aqueous solution of
hydroxylamine hydrochloride; a 109 aqueous solution of sodium
dithionite (sodium hydrosulfite or hyposulfite, Na,S,04); and
an ammoniacal dithionite solution consisting of 100 ml. of con-
centrated ammonia, 10 grams of sodium dithionite, and 50 ml.
of water. Although the dithionite solutions were cloudy when
first prepared, they cleared on standing a short time. However,
their use while still cloudy gave clear solutions after reaction.
The ammoniacal solution was serviceable for several days; but
tt;lhe other, because of rapid oxidation, had to be prepared every 2

ours.

Reagent quality 15 N ammonia, pyridine (Eastman Kodak
Co.), and various primary amines, supplied by the Commercial
Solvents Corporation, were used as bases.

One per cent ethanolic solutions were prepared of butane-
dionedioxime and diethylamincbutanedionedioxime. A 0.29,
ethanolic solution of 1,2-cyclohexanedionedioxime (G. F. Smith
Chemical Co.) was used. Diethylaminobutanedionedioxime is
a new compound recently prepared by Bachman and Welton
(1). All these reagent solutions were colored. Only the 1,2-
cyclohexanedionedioxime shows any measurable absorption in
the concentration found after dilution and this is not significant.
This compound is said to have been perfectly white when bottled.
However, at the time of use it was brown.

The solutions containing the diverse ions were prepared from
the nitrates for the cations and from the alkali metal salts for the
ﬂ.nlions. These solutions contained 10 mg. of the diverse ion per
ml,

STUDY OF TSCHUGAEFF’S METHOD

Two solutions were prepared containing a final iron concentra-
tion of 2 p.p.m. One was made exactly according to Tschugaeff’s
originaf procedure, with heating; the other was not heated. Only
a very faint color developed in the first; a slightly deeper color
appeared in the other one, but it soon faded to match the first.
Previous work in this laboratory (4) showed that, for a given
color-forming reagent, the reduction of iron with hydrazine

1 Present address, Ethyl Corporation, Detroit, Mich.

sulfate gave a less intense color than with hydroxylamine hydro-
chloride. Since similar results were obtained with butanedi-
onedioxime in the present work, it seemed preferable to attempt
to stabilize the more sensitive but fleeting colored system rather
than to study the weaker but apparently more stable system.

COMPARISON OF DIOXIMES

Before attempts to stabilize the iron-butanedionedioxime
system were made, the reactions of the following compounds with
ferrous iron were studied: diethylaminobutanedionedioxime,
diphenylethanedionedioxime, di(2-furyl)ethanedionedioxime, and
1,2-cyclohexanedionedioxime. A strongly colored complex was
obtained with all four dioximes in the presence of excess ammonia
and hydroxylamine hydrochloride. The latter compound was
used to reduce ‘the iron in an acidic solution before adding the
ammonia. The complexes with diphenylethanedionedioxime and
di(2-furyl)ethanedionedioxime faded so rapidly that readings were
not taken. Under these conditions, none of these systems is
sufficiently stable to be used for colorimetric measurement of
iron. A method of stabilization was sought in the hope that it
might make one or more of them suitable for the quantitative de-
termination of iron.

STABILIZATION OF COLORED SYSTEM

According to Diehl (2), the formulas of the ferrous-dioxime
complexes correspond to the general formula Fe(DHs).A., in
which DHo represents a molecule of the dioxime and A a molecule
of ammonia, pyridine, or primary amine. The instability of the
colored system is attributed to the ease with which iron is oxidized
to the ferric state by the oxygen of the air in the presence of
ammonia. These two facts indicate two methods of stabilization:
the substitution of pyridine or a primary amine for ammonia; or
the use of an excess of an agent which reduces iron in an am-
moniacal solution(5).

Table 1. Effect of Various Bases on Absorption Maxima

n-Butyl-
- Pyridine, Ammonia, * amine,
Oxime mpy mu mp
Butanedionedioxime 512 529 535
Diethylaminobutanedionedioxime 527 541 543
1,2-Cyclohexanedionedioxime 531 543 550
Diphenylethanedionedioxime Cloudy 567 574

The following amines were studied: isobutylamine, sec-
butylamine, n-butylamine, isoamylamine, and n-amylamine.
Pyridine was included. The entire series was used with butane-
dionedioxime and' diethylaminobutanedionedioxime. Visual
comparison showed that only pyridine, n-butylamine, and n-
amylamine had a stabilizing effect. Spectrophotometric study
revealed that the effect of the two amines was insufficient, but
pyridine appeared promising,.

The shift of the absorption maxima toward other wave lengths,
which accompanied variations in the type and amount of base,
may be evidence of the inclusion of the base in the formula of the
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complex. These maxima are given for several dioximes with
pyridine, ammonia, and n-butylamine in Table I.

In order to determine the validity of the suggestion that the
oxidation of the ferrous iron is responsible for the instability of
these colored systems, a faded solution was acidified, reduced,
and made ammoniacal again.
the characteristic color returned.

The following reducing reagents were tested by introducing
small portions of the solids into the iron solution before the
addition of diethylaminobutanedionedioxime and base: sodium
sulfite, sodium thiosulfate, sodium nitrite, sodium dithionite,
bydrazine sulfate, hydrazine chloride, hydroxylamine hydro-
chloride, and ascorbic acid. The use of sodium sulfite, sodium
aitrite, and sodium thiosulfate resulted in little color develop-
ment. After a reaction period of 10 minutes, the sodium dithio-
nite gave a stable and sensitive colored system. The colors
developed with hydrazine sulfate, hydrazine chloride, and hydrox-
ylamine hydrochloride were satisfactory if the reduction was
carried out in an acidic solution. Ascorbic acid reduced the iron,
even if added to the ammoniacal solution. Since very few com-
pounds reduce iron in ammoniacal solution, it is possible that
this reaction might be developed into a colorimetric method for
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Figure 1. Effect of Iron Concentration with Diethyl-

aminobutanedionedioxime

Sodium dithionite also stabilized the butanedionedioxime and
the 1,2-cyclohexanedionedioxime systems but did not improve
the stability of the iron complexes of the other dioximes.

A stable colored system is formed between ferrous iron and
diethylaminobutanedionedioxime or butanedionedioxime in the
presence of pyridine. However, a 40-minute reaction period is
required. With sodium dithionite as reducing agent, a stable
system is formed in the presence of ammonia with diethylamino-
butanedionedioxime, butanedionedioxime, or 1,2-cyclohexane-
dionedioxime. Since only a 10-minute reaction period is nec-

_essary in this case, the ammonia method is recommended.
Sodium dithionite gives slightly greater sensitivity also.
In order to determine the effect of the variables noted below

Visual comparison revealed that-
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(except No. 6), a final volume of 50 ml. was chosen, with a
concentration of 2 p.p.m. of ifon. Each variable was changed
systematically while holding the others constant.

1. Reducing Agents. Sodium dithionite was added as the
solid, as a 109, aqueous solution, or as the ammonia-stabilized
system. Use of the solid eliminated frequent preparation of a
solution and increased both the rate of reaction and the stability.
This is recommended if an iron-free product can be obtained.
Attempts to eliminate the iron by Hill’s method (3) were un-
successful. A 109, aqueous solution was so instable that it had
to be prepared hourly. In routine work the ammoniacal solution
was used. A blank solution in the back beam of the spectropho-
tometer eliminated the effect of the contaminating iron.

2. Ammonia Concentration. For the diethylaminobutane-
dionedioxime complex the effects of the ammonia and of the
sodium dithionite were studied separately. Variation from 0.5
to 2.0 ml. of ammonia shifts the wave length of the minimum
and increases the color formed. Spectral transmittancy curves
for solutions containing 2 to 4 ml. of ammonia coincide.

3. Reductant Concentration. With diethylaminobutane-
dionedioxime 1.5 ml. of the ammoniacal reducing agent are
necessary for complete color development; 2 ml. are necessary
with butanedionedioxime. Addition of 6 ml. results in no
greater color., With 1,2-cyclohexanedionédioxime, 6 ml. of
ammoniacal reducing agent are required. - Up to 8 ml. may be
added.

4. Color-Former Concentration. For complete color de-
velopment with 2 p.p.m. of iron, 0.5 ml. of 1% butanedione-
dioxime or diethylaminobutanedionedioxime is sufficient. One
milliliter of the 0.2%, 1,2-cyclohexanedionedioxime. is required.
A reasonable excess of any of these reagents does not interfere.

5. Order of Addition of Reagents. The first study of this
variable was made with the diethylaminobutanedionedioxime,
using the 109, sodium dithionite solution and 15 N ammonia.
The color developed is decreased slightly if the addition of the
ammonia precedes the reductant. This result was attributed to
a decreased rate of reaction. With the- ammoniacal reducing
reagent, the sequence of adding the reactants is not critical for
éither butanedionedioxime or its derivative; but with 1,2-cyclo-
hexanedionedioxime complete color development was achieved
only by following the order iron, reducing agent, and the color-
forming reagent.

6. Iron Concentration. The colored system obtained with
each of the dioximes studied obeys Beer’s law through the range
of concentration investigated. Spectral transmittancy curves
for diethylaminobutanedionedioxime are shown in Figure 1.
Those for butanedionedioxime and 1,2-cyclohexanedionedioxime
are-similar, with minima at 529 and 543 mg, respectively. With
1-em. cells all three are applicable in concentrations ranging
from 0.4 to 6.0 p.p.m. The sensitivity of butanedionedioxime is
slightly less than that of the other two.

7. Stability of Colored System. Because of the time effects
observed in preliminary work with these dioximes in studying
other variables, a 10-minute period was allowed for the color-
forming reaction before final dilution. With the procedure de-
scribed below, this reaction period was then varied from 5 to 20
minutes. Readings of the transmittancy maxima, taken im-
mediately after dilution, are the basis of the following recom-
mendations: (a) a reaction period of 15 minutes is necessary for
complete color development with any of the three reagents;
if an accuracy within 29% is acceptable, this period may be
decreased to 5 minutes; (b) transmittancy readings must be
taken within 30 minutes after dilution for butanedionedioxime
or diethylaminobutanedionedioxime, and within 15 minutes for
1,2-cyclohexanedionedioxime.

8. Diverse Ions.” In order to determine the effect of various
diverse ions, the following procedure was followed:

Five milliliters of an iron solution, containing 20 p.p.m., were
measured into a 50-ml. volumetric flask. To this were added 2.5
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wl. of the diverse ion solution, containing 10 mg. of the ion per
ml. After the addition of 3 ml. (6 ml. with 1,2-cyclohexanedione-
dioxime) of the ammoniacal sodium dithionite solution, the
requisite quantity of one of the dioxiine reagents was added.
After 15 minutes had elapsed, the solution was diluted to final
volume and the transmittancy readings were taken at the re-
spective absorptance maxima. Complete curves were recorded
only if a change of hue was noticed, or if a large and unexpected
interference occurred. If interference equivalent to more than
2% error in the amount of iron present was observed, the quantity
-of interfering ion was decreased to find the amount which could

be tolerated without exceeding 2%, error. Typical spectral trans-

mittancy curves for selected ions are shown in Figure 2 for diethyl-
aminobutanedionedioxime.
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Figure 2. Effect of Diverse Ions with Diethylamino-
i butanedionedioxime

The effect of 68 ions on the formation of a colored system
formed between iron and diethylaminobutanedionedioxime was
studied. The errors noted and the quantities permissible to
bold the error within 29, for those ions which exhibited signifi-
cant interference, were determined.

Five hundred parts per million of the following ions may be
present with 2 p.p.m. of iron without causing significant error:
ammonium, lithium, potassium, sodium, arsenate, borate, bro-
mide, chlorate, chloride, iodide, lactate, molybdate, nitrate,
oxalate, perchlorate, pyrophosphate, salicylate, sulfate, sulfite,
tartrate, thiocyanate, or thiosulfate.

Because of the necessity for excess ammonia for the develop-
ment of the color, most of the common metals precipitate. Alu-
minum, beryllium, chromium (III), cerium, gold, magnesium,
manganese, thorium, uranyl, chlorostannate, chlorostannite,
permanganate, and selenate ions precipitate in the presence of the
required concentration of ammonia. The insoluble sulfates of
barium, calcium, lead, and strontium are formed. Sodium
dithionite reduces the following ions to the metallic state under
the conditions of eolor development: antimony, bismuth, mer-
cury (I and II), and silver. As would be expected, copper and
nickel form insoluble compounds with the reagent.
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The separation of nickel from most metals with butanedione-
dioxime, under similar pH conditions, is a standard laboratory
and industrial analytical procedure. This is accomplished by
the addition of an excess of ammonium chloride and tartaric
acid. The addition of 2 ml. of 109, aqueous solutions of each
of these, in a final volume of 50 ml. eontaining 2 p.p.m. of iron
did not interfere with color development. Five hundred parts
per million of aluminum, manganese, or thorium remained in
solution under these conditions. Although the aluminum did not
interfere, the solutions. containing thorium or manganese failed
to give complete color development. Beryllium, cerium, and
chromium (III) precipitated. .

Uranyl, dichromate, and chloroplatinate ions interfered be-
cause of their own colors.

A low concentration of cobalt forms a weak brown color by
reaction with the reagent. The metal likewise reacts with.the
ammoniacal dithionite solution to give a much deeper color.

Decreased color development was caused by acetate, arsenate,
benzoate, carbonate, cyanide, formate, and iodate. This effect
is attributed to the formation of an iron complex by these ions.

The only interpretation of the interference of cadmium, man-
ganese, thorium, and zinc is the formation of a colorless complex
with the reagent.

Addition of sodium metavanadate to the iron solution pro-
duced a yellow solution. Subsequent addition of the reductant
and color-forming reagent changed only the shape of the trans-
mittancy curve. A hue change was preduced on adding sodium
tungstate to an iron solution. In this case, experiment showed
that a blue hue resulted from reduction of some complex of iron
and tungsten, in the absence of any dioxime.

Complete diverse ion studies were not made for butanedione-
dioxime and 1,2-cyclohexanedionedioxime, but interferences
caused by 20 selected ions are compared in Table II for all three
reagents.

There is-little basis for the recommendation of one of these
dioximes over the other. The sensitivity of 1,2-cyclohexane-
dionedioxime and of diethylaminobutanedionedioxime is slightly
greater than that of butanedionedioxime. The first is slightly
less stable. Diethylaminobutanedionedioxime is the only one
which is applicable when stabilized with pyridine.

These reagents compare favorably in sensitivity with such
well-known reagents as 1,10-phenanthroline and 2,2’-bipyridine.
Their iron complexes, however, are inferior in stability, and such
drastic conditions are required for color development that all
the common cations except the alkali metals and ammonium
interfere, either because of precipitation or reaction.

However, the reagents can be obtained easily and should have

Table II. Comparison of Effect of Diverse Ions on Various
Dioximes

Per Cent Error

Diethylamino-

Conen., Butanedione- butanedione- 1,2-Cyclohex-

Diverse lons P.P.M. dioxime dioxime anedionedioxime
Co*++ 5 —15 + 5 + 5
Cut+ 5 —12.5 a +13
Cd++ 200 — 4 — 2 — 4
U0, ++ 10 — 1 -2 0o
AsQy—~ 200 —34 — 2 —44
C2H30: - 500 - 5 — 5.5 — 1
CrHs0: 200 — 0.5 0 0

4O7~ -~ 500 — 2 — 5 1]
COz- - 100 — 5.5 — 2 —1
CsHsO7~ - 500 + 0.5 — 4.5 0
Crt++ 20 —12 —62 —20
Cre0:- - 10 + 0.5 — 8 — 0.5

= 500 — 6.5 — 4 — 3.4
105~ 50 —11 — 4 0
104" 50 — 4.5 — 4 - 0.5
NO:z~ 100 — 0.5 —10.5 — 0.5
H;PO4~ 100 —1 0 — 5.5
VO;- 100 -7 -1 —15

¢ Precipitation occurs with 20 p.p.m. Cu*+,
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some specific applications for the determination of iron in solu-
tions of high pH. '

RECOMMENDED PROCEDURE

Sample. Procure a representative portion of the material and
subject it to the necessary preparative treatment. By weight or
volume, measure the quantity of sample which contains not more
than 6 mg. of iron. Dissolve the sample, if necessary, by appro-
priate means. Remove those substances which precipitate at
pH’s greater than 9.5 and check the interference -of other ions

‘present. Dilute to 100 ml. -

Desired Constituent. To a 50-ml. volumetric flask containing

& 5-ml. aliquot of the sample, add 3 ml. of the reducing agent
" (the reducing agent is prepared by dissolving 10 grams of sodium
dithionite in 100 ml. of concentrated ammonia and 50 ml. of
water. Use of 0.1 to 0.4 grams of the solid sodium dithionite
and the subsequent addition of 2 ml. ammonia is more desirable,
if an iron-free salt is available) and 0.5 ml. of 1% butane-
dionedioxime or diethylaminobutanedionedioxime. (Two mil-
liliters of a 0.29% ethanolic solution of 1,2-cyclohexanédione-
dioxime may be substituted if 6 ml. of the ammoniacal dithio-
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nite are used, and if transmittancy readings are taken at 543 my.)
Allow this to stand for.15 minutes, dilute to volume, and take the
transmittancy reading at 529 mu for the former and 541 mgy for
the latter reagent. A 30 my spectral band, with these wave
lengths at the center, may be used. A method of visual com-
parison may be used, since these systems obey Beer’s law.
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Spectrophotometric Evaluation of the Color of Ink Marks
on Paper

C. F. BAILEY aND ROBERT S. CASEY
W. A. Sheaffer Pen Co., Fort Madison, Iowa

A spectrophotometric procedure has been developed for evaluating the color of
marks made on white paper by several types of ink. Data are presented on the
colors resulting when inks of a wide range of color are applied to a definite kind

of paper in specified concentrations.

Specifications may be given in terms of

tristimulus values, trichromatic coefficients for the graphical plotting of chro-
maticity, and dominant wave length, luminance, and purity.

LTHOUGH man has used writing ink for centuries, he has
made few attempts to evaluate, in other than vague and
qualitative terms, the appearance which the ink leaves on paper.
Descriptive terms such as “blue black,” “jet black,” “red,” and
the like have long been in common usage; while capable of con-
veying a general impression, they furnish no exact information.

One of the few proposals for putting the description of ink
colors on a rational basis was made more than forty years ago
by Lovibond (8), who expressed the need of “workers in colour
(for) ... .... a system of measuring and recording the colour
changes as they occur.” Lovibond exposed samples of various
materials, including writing ink marks on paper, to several condi-
tions, including north daylight, south daylight, and north day-
light in a damp atmosphere. His system of measurement em-
ployed transparent colored glass standards.

In more recent years, colorimetry based on spectrophotometry
has provided a quantitative means of color evaluation in which
the color description, definition, or specification is stated in terms
of fundamental units. An especially lucid and valuable exposi-
tion has been given by Hardy (6).

The spectrophotometric method has been utilized to supply a
wealth of information on a wide variety of colored materials,
including dyes. (2, 3, 7, 10, 11, 12) and printing inks (5, 6), but
does not appear to have found previous application in the field of
writing inks.

In the present work, a number of inks chosen to represent
different ink types were applied to white paper in concentrations
typical of handwriting. The spectrophotometer requires a sam-

ple about 3.75 to 5 cm. (1.5 to 2 inches) in diameter. In order
to prepare such samples, it was necessary first to determine
the volume of ink to be put on a given area of paper. Spectral
reflectance curves were prepared and the resulting data were used
to calculate the tristimulus values (X, Y, Z), the trichromatic
coefficients (z, y), and the factors, domirant wave length,
luminance, and purity. These factors correspond closely to the

“psychological attributes of hue, value, and chroma, respectively,

as used, for example, in the Munsell (9) system of color notation.
This procedure gave precise definition to the colors resulting
from the application to paper of a considerable variety of inks.
The results of this survey are presented in Table I.

EXPERIMENTAL

Paper. Hammermill Ledger paper weighing 30.5° pounds
(14 kg.) per 500-sheet ream, 17 X 28 inches (42.5 X 70 cm.),
substance 24, was used throughout.

Ink Samples. Commercial inks were purchased on the open
market and taken randomly from the shipping stocks of the
authors’ employer. Experimental inks were prepared in the
laboratory.

Ink Concentration of Handwriting. The amount of ink laid
down on‘the paper during ordinary writing will vary between
pens and also between individuals. In a sense, then, there is no
such thing as ‘“normal” writing. Nevertheless, experiment
showed that 0.001 ml. of ink per sq. em. of paper surface repre-
sents a value well within the normal range; the ink concentra-
tion. sometimes falls below this value and occasionally may be
more than 0.002 ml. of ink per sq. cm. To determine these values,
straight lines were drawn. Their lengths were measured macro-
scopically and their average widths microscopically. ‘These



DECEMBER 1947

data, together with infor-
mation- on the amount of
ink consumed as determined
by weighing the pens be-
fore and after use, per-
mitted_ the caleulation of
ink laid down per unit area.
Several individuals partiei-
pated in drawing the lines,
and penr nibs from extra fine
to stub were used. A num-
ber of precautions were used,
including the use of rubber
gloves for handling the pens.

Approximations were ade-
quate, as it was sufficient
to make certain that ink
concentrations on the sam-
ples prepared for spectro-
photometric work were not
outside the range of hand-
writing. The concentra-
ticns determined are in good
agreement with those re-
ported by Brecht and Lie-
bert (1).

Preparation of Ink Marks
on Paper. Ink concentra-
tion is indicated in Table I;
in most cases it was 0.001
ml. per sq. cm., although
0.002 ml. per sq. cm. was
used in a few experiments.

The desired volume of
ink was transferred from a
pipet to a glass rod. The
rod was used to spread the
irk evenly on a 5-cm. square
which previously had been
delineated accurately on
paper with wax crayon.

Spectral Reflectance
Curves. Each ink mark
was allowed to air-dry for
one hour before being placed
in the spectrophotometer
for the drawing of the curve.
Where it was desired to
study the effect of aging on
color, further curves were
prepared from the same
part of the mark after ap-
propriate intervals. Mag-
nesium oxide was used as &
comparison standard, and
the samples were backed
with black velvet.

Marks were made and
spectral reflectance curves
were prepared by the Elec-
trical Testing Laboratories,
2 East End Ave. at 79th
St., New York, N. Y. A
General Electric automatic
recording spectrophotom-
eter was used.

A few curves are shownin
Figures 1 and 2.

Calculation. The calcu-
lations giving the numeri-
cal values were carried out
as outlined by Hardy (6),
using the data for I.C.I
Illuminant C. This light
source and these data were
adopted by the Interna-
tional Commission on Illu-
mination in 1931 as best rep-
resenting average daylight.
Ten selected wave lengths
for Illuminant C were used
for the relatively flat curves
obtained from black ink
marks and white paper;
thirty selected wave lengths
were used in all other cases.
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Table I. Spectrophotometric Data on Marks Made with 21 Writing Inks

Time from
Sample Dominant
Preparation  Trichromatic Wave Lumi-
to Drawing Coefficients Length, nance Purity,
Sample Brand of Curve z y mu % - %

‘Washable Inks

|

1 Sheaffer’s Skrip washable blue 1 bour 0.228 0.214 473 . 24.4 42.2

13 24 hours  0.227 -0.213 473 24.7 42.7

1 1 week 0.229 0.211 472 24.8 42.3

1 2 weeks 0.229 0.213 473 24.4 42.0

29 . 1 hour 0.308 0.183 472 17.2 53.7

3 Sheaffer's Skrip washable black 1 hour 0.298 0.324 499 18.6 4.0

3 24 hours 0.302 0.315 490 18.8 3.1

3 1 week 0.301 0.313 487 19.2 3.7

3 2 weeks 0.302 0.314 487 19.1 3.2

4 1 hour 0.290 0.301 481 8.6 9.0

5 Sheaffer’s Skrip washable purple 1 bour 0.257 0.210 447 26.7 35.2

5 24 hours  0.254  0.206 450 26.2 36.8

5 1 week 0.256 0.204 441 26.0 36.8

5 2 weeks 0.258  0.209 442 26.6 35.2

6e 1 hour 0.246 0.179 435 18.1 44.7

7 Sheaffer's Skrip emerald green 1 hour 0.270 0.376 510 46.5 13.7

8 Sheaffer’'s Skrip washable brown 1 hour 0.380 0.361 584 34.3 30.7

9 Sheaffer’s Skrip peacock blue 1 hour 0.222 0.280 486 1.7 36.0
10 Sheafier’s Skrip Persian rose 1 hour 0.352 0.252 511¢cd 28.7 33.7
11 Sheaffer's Skrip melon red 1 hour 0.410 0.302 493cb  34.3 24.3

Blue-Black Inks, Permanent
12 Sheaffer’'s Skrip permanent blue-blacke 1 hour 0.254 0.260 477 27.7 26.9
12 24 hours  0.253  0.259 477 27.4 27.2
12 1 week 0.252  0.257 477 27.7 28.0
12 ) 2 weeks 0.234 0.258 477 27.3 27.1
13 Sheaffer’s Skrip permanent blue-blacke 1 hour 0.246 0.268 481 26.4 28.5
13 . 24 hours * 0.252  0.259 478 27.1 27.6
13 1 week 0.252 0.258 478 27.1  27.8
13 2 weeks 0.253  0.257 477 26.5 27.7
14 Shesaffer's Skrip permanent blue-black® 1 hour 0.253 0.265 479 25.9 26.4
14 24 hours 0.249 0.255 478 25.8 29.2
14 1 week 0.250 0.251 476 25.6 29.4
14 2 weeks 0.256 0.253 475 25.6 - 27.4
15 Sheaffer’s Skrip permanent blue-black¢ 1 hour 0.256 0.268 479 27.7 25.1
15 24 hours  0.252 0.260 478 27.4 27.5
15 1 week 0.253 0.257 477 27.4 27.6
15 2 weeks 0.254 0.258 477 27.2 27.1
16¢ 1 hour 0.227 0.216 474 13.6 42.2
17 Parker’s Quink permanent blue-black 1 hour 0.251 0.268 480 26.0 26.8
17 24 hours 0.251 0.264 479 22.0 27.2
17 1 week 0.253 0.262 478 21.6 26.8
17 2 weeks 0.255 0.267 479 21.7 25.7
18a 1 hour 0.215 . 0.229 479 17.2 44.5
19 Carter’'s Midnight blue-black permanent 1 hour 0.245 0.259 479 24.2 30.0
19 24 hours 0.255 0.258 477 22.1 26.9
19 1 week 0.252 0.254 476 22.1 28.2
19 2 weeks 0.255 0.258 477 22.1 26.9
20a ‘ 1 hour 0.220 0.213 475 14.6 45.0
21 Sanford’s Penit permanent blue-black 1 hour 0.239 0.271 483 28.3 30.5
21 24 hours 0.242 0.266 482 23.1 30.2
21 1 week 0.244 0.262 480 21.6 30.0
21 2 weeks 0.247  0.266 481 20.5 28.4
21 4 weeks 0.248  0.267 481 19.9 28.0
22a 1 hour 0.209 0.236 481 20.5 45.6
23 Waterman’s Ideal blue-black 1 hour 0.258 0.282 483 34.2 22.8
23 24 bours 0.262 0.272 479 27.2 22.5
23 1 week 0.263 0.270 478 25.1 22.4
23 2 weeks 0.266 0.274 478 24.3 20.8
23 4 weeks 0.266 0.275 479 24.5 20.8
2409 . 1 bour 0.228 0.240 479 24 .4 38.4
25 Federal Specification TT-I-563ad 1 hour 0.255 0.267 479 25.7 25.6
25 24 hours 0.254 0.255 476 19.9 27.6
25 1 week 0.258 0.254 474 18.8 26.4
25 2 weeks 0.259 0.263 477 18.8 24.8
25 (Sample soaked in water 24 hours) 4 weeks 0.305 0.311 478 31.8 2.6
26¢  Federal Specification TT-I-563a 1 hour 0.216 0.205 474 18.9 47.5
Other Permanent Inks
27 Sheaffer's Skrip permanent royal blue 1 hour 0.240 0.236 475 25.3 35.0
27 24 hours 0.240 0.238 476 25.6 34.7
27 1 week 0.239 0.233 475 25.2 35.8
27 2 weéeks 0.242 0.238 475 25.8 34.0
28 Sheaffer’s Skrip permanent jet black 1 hour 0.309 0.310 560cb 17 .4 2.3
28 24 hours 0.309 0.311 560cb 16.9 2.0
28 1 week 0.306 0.306 566cd 17.2 3.3
28 2 weeks 0.307 0.307 565¢b 17.1 3.2
29 Parker’s Quink permanent black 1 hour 0.273 0.286 480 15.6 16.8
30 Carter's Midnight black permanent 1 hour 0.296 0.300 475 20.6 7.1
31 Sheaffer’s Skrip permanent red 1 hour 0.375 0.332 596 46.2 21.6
31 24 bours 0.379 0.334 596 45.9 23.3
31 1 week 0.375 0.331 597 47.0 21.4
31 2 weeks 0.377 0.332 597 46.4 22.1
32 Experimental permanent jet black 1 hour 0.208 0.312 487 14.9 4.7
33 Experimental permanent red 1 bour 0.435 0.302 687 29.9 29.6
Paper

34 Hammermill Ledger paper .. 0.311 0.319 564 71.6 1.0

& Concentration of ink on paper was 0.002 ml. per sq. cm.; 0.001 ml. per sq. cm. in all other cases.
b Represents purple; dominant wave length indicated is that wave length which is complementary to purple.

¢ Quadruplicate samples. L
d Not a commercial ink; this formula serves as federal standard for writing ink (4).
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Figure 1. Marks Made with Washable Inks of Several
Colors
Mi./sq. cm.
1. Emerald green 0.001
2. Brown 0.001
3. Black 0.001
4. Black 0.002

DISCUSSION OF DATA

The data presented give fundamental specifications of the colors
resulting when inks of a wide range of color are applied to a speci-
fied kind of paper in specified concentrations. The specifications
may be given in terms of: (a) X, ¥, and Z; (b) z and y for the
graphical plotting of chromaticity, and the luminance, Y; (c)
dominant wave length, luminance, and purity.

The purpose of conducting parallel experiments on quadrupli-
cate marks made with one of the inks was to study reproducibility
of results. Since only minor variations were observed from
sample to sample, it was concluded that the method of applica-
tion was satisfactory.

The authors were particularly interested in studying the
changes resulting from aging. Marks made with washable inks
remained substantially coostant during the period investigated.
This result is not surprising, since this class of inks consists es-
sentially of dyes dissolved in water. Permanent inks, in addi-
tion to dyes, usually contain iron tannate or other metallic com-
plex to provide permanence, though in a few inks direct dyes are
used to confer this property. The data show that marks made
with representatives of the permanent class vary greatly in their
behavior toward aging. Some acquire their maximum lightness
contrast in at most one hour after preparation, nor does aging
appreciably change the dominant wave length and purity.
Other inks give marks which change slightly, while still others
give marks which undergo profound changes. In such cases,
although there is little change in dominant wave length and pos-
sibly a slight decrease in purity, the aging process leads to the
phenomenon commonly called “darkening’ as is evidenced by a
lJarge decrease in luminance. In some instances, more than two
weeks elapse before minimum luminance is attained.

Black ink presents a special case, for good neutrality of color
depends on low (or ideally zero) purity. .Maximum contrast is

VOLUME 19, NO. 12

1

0.6

§0.47A\

=

0 N\ /
\_/

400 500 600 700

-

Effect of Aging on Mark Made with Iron

Figure 2.
Tannate Ink

0.001 ml. of ink per sq. cm.

1. White paper

2. Federal speci- 1 hour
3. fication ink, 24 hours
4. TT-I-563a 1 week
5. 2 weeks

given by minimum luminance. Dominant wave length merely
gives the direction of departure from neutrality.

This method of color specification should be useful for many
other ink studies—for example, as a means of measuring the re-
sistance of ink marks to deteriorating influences such as light
energy or water soaking. As an illustration, data pertaining to
a mark made with Federal Specification Ink TT-I-563a (4) and
later soaked in water are included in Table I.
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Improved Procedure for Determination of Aldehydes

SIDNEY SIGGIA AND WILLIAM MAXCY
General Aniline & Film Corp., Central Research Laboratory, Easton, Pa.

This procedure provides a means for determining
aldehydes, without difficulties of equilibrium or end
point, by forming the corresponding bisulfite addi-
tion product in a sodium sulfite-sulfuric acid mix-
ture. The excess acid is titrated potentiometrically.
Plotting a graph of pH vs. milliliters of standard

HE fact that aldéhydes add bisulfite has been known for

many years and has been used as the basis for analytical
methods for determination of aldehydes. Ripper’s method,
in which (5) aldehydes react with bisulfite and excess bisulfite is
determined by iodine oxidation, has undergone much modifi-
cation. Parkinson and Wagner (4) sum up the iodometric meth-
ods for determining excess bisulfite and also give methods for
overcoming some difficulties in earlier procedures.

The iodometric methods require standardization of the bisul-
fite solution each day because of the instability of the solution,
and difficulties with the equilibrium between aldehyde and bi-
sulfite vs. aldehyde bisulfite addition product sometimes affect
results. As the iodine consumes excess bisulfite, the addition
product dissociates back to free aldehyde and bisulfite. ' The
extent of the error depends on the equilibrium constant for the
particular aldehyde, the amount of bisulfite addition product
present, the amount of iodine present, and the time it is in the
solution.

The determination of increase in alkalinity in the system where
aldehydes react with sulfite has been used to determine alde-
hydes. However, the existing methods exhibit difficulties of
equilibria and end point. Seyewetz and Bardin (7) used this
type of approach in the determination of acetaldehyde; acet-
‘aldehyde reacted with sodium sulfite and the sodium hydroxide
formed was titrated with standard acid.

H OH
(I;/
CH:CHO + N=2,30; + H,0. —> CHj
SO;N&

+ NaOH

However, there is an equilibrium involved, and the reverse
reaction is pronounced. In the case of acetaldehyde, because
of its low boiling point, much aldehyde is lost from the solution.
Seyewetz and Bardin tried to overcome this difficulty by keeping
the acetaldehyde content in their samples down to 7 to.8%.
They also chilled the solutionsto 4°to 5° C.

In attempts to use the Seyewetz and Bardin procedure, the
above drawback was very evident. The equilibrium caused
trouble with the low-boiling aldehyde because of consistent loss
of aldehyde and with the higher boiling aldehydes because of the
insolubility of the free aldehyde. The procedure can be used for
determining formaldehyde (Seyewetz and Gibello, 8) because of
its relatively high solubility. A formaldehyde procedure of this
type is described by D’ Alelio (2).

Feinberg (3) found the sulfite method usable only in the case
of formaldehyde and benzaldehyde, with not too reliable results
in the case of benzaldehyde. He examined several neutral sul-
fite procedures and pointed out the difficulties in each, all due to
equilibrium and end point. Feinberg suggested adding acid to
the sulfite to make the reaction go to completion but made no
quantitative study along these lines. He noticed how, when
acid was added to aldehyde in sodium sulfite solutions, the pink’

alkali yields results, on the average, reproducible to
=0,29%. Titrating to the predetermined pH for the
end point yields results good to +=0.4%. Ketones gen-
erally do not interfere if present in amounts less
than 10 molé %. Acetals are not attacked by the
reagents and do not interfere in the analysis.

.phenolphthalein color disappeared and then gradually reap-

peared as more aldehyde reacted with sulfite. This showed the
existence of a definite equilibrium.

Romeo and D’Amico (6), realizing the equilibrium difficulties
in the previous procedures, used sodium sulfite-potassium bi-
sulfite mixtures to determine cinnamaldehyde and benzaldehyde;
they mentioned good results for cinnamaldehyde but poor re-
sults for benzaldehyde. They tried the method on some ketones,
with generally poor results.

The function of the bisulfite would be to minimize the equilib-
rium which occurs when sulfite ‘alone is used. However, be-
cause of the instability of bisulfite solutions, it was found ad-
visable in the authors’ work to use sulfuric acid instead. An ali-
quot of standard sulfuric acid is added to a large excess of sodium
sulfite solution, so that sodium bisulfite is essentially the active
ingredient. The acid is very stable and can stand for long
periods of time without significant change in titer. It is added
to the sulfite just before the aldehyde sample is introduced. The
aldehyde reacts with the bisulfite, and the excess bisulfite is
titrated with standard alkali. (The reaction might also be
viewed ‘as the aldehyde reacting with sulfite to liberate sodium
hydroxide, and the acid present consuming the sodium hydroxide,
pulling the reaction to completion.) The large excess of sulfite
is to keep the reaction essentially at completion as the.excess
bisulfite is titrated with alkali. In this system, the reaction is
50 near completion that no aldehyde can be detected above the
solution, even in the case of low-boiling aldehydes such as acetal-
dehyde. This reagent dissolves many insoluble, high-boiling
aldehydes.

All the procedures mentioned above, using either neutral
sulfite or sulfite-bisulfite, employed indicators for end point
determination. This was unsatisfactory because the buffer
systems involved dulled the end point. Adams and Adkins ()
tried color comparisons to minimize errors due to end point.

To detect the end point more accurately, it was found advis-
able to use a pH meter in the titration. A curve is plotted of pH
vs. milliliters of standard alkali added, and the end point is de-
termined from the curve. The end point in the case of each
aldehyde comes at a rather definite pH (there is only slight de-
viation with the size of sample); once this pH is known, each
sample can be titrated to it, thus eliminating the necessity of
plotting & curve for each sample.’

This procedure is rather generally applicable to determining
aldehydes, and it has overcome the difficulties of equilibrium such
as incomplete reaction, loss of sample, and poor titration, as well
as the end-point difficulties encountered in the previous pro-
cedures, and has eliminated the necessity of using unstable
standard solutions. This makes the procedure accurate, pre-
cise and very simple to operate, yet not lengthy.

APPARATUS

A 500-ml. glass-stoppered Erlenmeyer flask, a 600-ml. beaker,
a pH meter, and standard electrodes.
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Table I. Determination of Aldehydes
pSHoli{ta')gge t;f Osserved l\élole <l)f
ion a

Aldehyde End Point {ole Takén
Acetaldehyde 9.05-9.15 0.02455 0.02456
003858 (pH 00386
. . 9.1)¢  0.02862
Propionaldehyde 9.30-9.50 0.02085 ® ) 0.02090
8. 8%(;8; H 0.02053
) . 9.4 )e  0.01811

Butyraldehyde 9.40-9.50 0.0249 ® ) 0.0243

0:057% (pH 0:0380

) .0275 9.45¢ 0.

Cinnamaldehyde 9.50-9.60 0.0105 ® ) 0.0106
(takes. on 2 moles 0.0108 0.0110
of bisulfite per 0.0120 (pH 9.55)e 0.0122
mole of sample)

Crotonaldehyde 9.20-9.40 0.0250 0.0253
(takes on 2 moles . 0.0189 . 0.0190
of bisulfite per mole 0.0235 (pH 9.30)¢ 0.0238
of sample) *

Benzaldehyde 8.85-9.05 0.0163 0.0164

0.0168 0.0173
0.0147 (pH 8.95)e 0.0154

¢ Rapid method used.

All samples were distilled in a Podbielniak fractionating column (manu-
facturer claims 100 plates) and analyzed less than 2 hours after distillation
to minimize air and autoxidation of sample.

SOLUTIONS

Sodium sulfite (1 M), standard 1 N sodium hydroxide, and
standard 1 N sulfuric acid.

PROCEDURE

Fifty millimeters of 1 N sulfuric acid are added to 250 ml. of
1 M sodium sulfite in a 500-ml. glass-stoppered Erlenmeyer
flask. To this solution is added a sample sealed in a glass am-
poule containing 0.02 to 0.04 mole of aldehyde. The flask is
stoppered, the stopper being greased in the case of low-boiling
aldehydes to prevent any loss, then vigorously shaken to break
the ampoule. Some glass beads included in the flask will cause
the ampoule to break more easily. The flask is shaken for 2 to
3 minutes (5 minutes in the case of the more insoluble aldehydes)
to ensure complete reaction. The contents are then quantita-
tively transferred to a beaker. Electrodes from a pH meter
are inserted in the solution, and the solution is stirred. The pH
of the solution is noted as standard 1 N alkali is added to titrate
the excess acid.

For accurate results, the pH reading vs. milliliters of alkali
added is noted and plotted. The end point is determined from
the plot. A more rapid method of determining the end point,
though slightly less precise, is to add alkali until a pH is obtained
which corresponds to the pH at the end point for the particular
aldehyde. This end-point pH can be taken from Table I or pre-
determined in cases of aldehydes not mentioned..

Sodium sulfite contains a small amount of free alkali as an im-
purity, so that 250 ml. of the solution consume some acid. The
blank is very small but not negligible; it amounts to about 0.4
to 0.5 ml. of 1 N acid per 250 ml. of sulfite solution. On each
carboy of sodium sulfite solution prepared, the free alkali should
be accounted for or the aldehyde results will be slightly high.
Rather than use a blank on the sulfite solution, it was found more
satisfactory to add enough 1 M sodium bisulfite to the sodium
sulfite to neutralize the free alkali and bring the pH .of the sul-
fite to 9.1. This eliminates the blank and need be done only once
t0 each carboy of solution. -

DISCUSSION

In the case of most of the aldehydes used, the end point was
sharp enough so that using the rapid method of simply titrating
to the pH of the end point could cause an error in end-point
determination of only =0.2 to 0.3 ml. This error is not too
significant and can be nullified by using a rather large sample of
about 0.04 mole of aldehyde which consumes 40 ml. of 1 N acid.
A plot of pH vs. milliliters of sodium hydroxide is not necessary
once the pH at the end point of the particular aldehyde is deter-
mined. The reproducibility of the procedure is =0.2% if the
entire curve is plotted and =0.49% if the rapid method is used.

The end point in the case of benzaldehyde is relatively poor
(see Figure 1), and the rapid method could cause an error of =0.4
to 0.5 ml. In this case a plot is necessary to determine the end
point "accurately.
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Ketones cannot, on the whole, be determined by this method,
even though they do form bisulfite addition products. Acetone,
methyl ethyl ketone, quinone, naphthoquinone, and cyclohexa-
none were tried; cyclohexanone is the only ketone tried which
might be determined by this method. The titration curves for
ketones indicate that the ketone does react with bisulfite, but
there is no discernible end point (see Figure 1). The pH
climbs steadily on addition of the sodium hydroxide. In the case
of eyclohexanone, a poor end point is obtained comparable to that
of benzaldehyde. The titration curves in the case of ketones
indicate that the equilibrium between ketone and ketone-
bisulfite addition produect leans toward free ketone and sodium
bisulfite to a great extent. As sodium hydroxide is added, the
pH rises gradually, but no break occurs in the curves. This
can be explained by the consumption of excess sodium bisulfite
by the sodium hydroxide, causing some ketone-bisulfite addition
product to decompose, thus liberating some sodium bisulfite,
so that the addition product is consumed along with the excess
sodium bisulfite.

The explanation can be applied in the case of furfural, which
behaves as do the ketones.

The poor end point in the casec of benzaldehyde can be at-
tributed to the same cause, but the equilibrium is enough in
favor of the addition product to make this aldehyde determin-
able by this method.

Ketones, in general, will interfere in the determination of alde-
hydes only if they are present in excess of about 10 mole %. The
aldehyde produces a break in the curve of pH vs. milliliters of
sodium hydroxide, while the ketone does not. If ketones are
present, the entire curve of pH vs. milliliters of sodium hydroxide
has to be plotted and the break in the pH curve determined to
obtain the end point, since, as indicated by Figure 1, the presence
of ketones can affect the pH at the end point and, therefore, will
cause erroneous results if the rapid method is used.

Acidic or basic impurities in the sample should be determined
separately before the aldehyde procedure is applied, and the
titration for the aldehyde should be corrected for their presence.

Acetals will not interfere in the procedure. These compounds
hydrolyze in strong acid solution to yield acetaldehyde. How-
ever, the-pH of the sodium sulfite-sulfuric acid solution, in pro-
portions as described in the procedure, is about 6.8, and there is
no noticeable hydrolysis of the acetals at this pH. The aldehyde
in the sample consumes the bisulfite so rapidly that the pH of
the solution is raised to about 7.5 as soon as the sample comes
in contact with the sodium sulfite—sulfuric acid, further lessening
any possibility of hydrolysis.
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Determination of Vinyl Ethers and Acetals
And of Any Alcohol, Acetaldehyde, and Water

Contained Therein

SIDNEY SIGGIA, General Aniline & Film Corporation, Central Research Laboratory, Easton, Pa.

This procedure provides a means for quantitatively
determining vinyl ethers and acetals and makes
possible determination of acetaldehyde, alcohols,
and water contained in the ether and acetal samples
from the synthesis, or hydrolysis, of some of the
vinyl ether or acetal. The acetals and vinyl ethers
are determined by acid hydrolysis to acetaldehyde
and determination of the acetaldehyde formed by
the sodium sulfite-sulfuric acid method. No dis-
tillation of acetaldehyde is necessary. Where vinyl
ether and acetal are present in the same sample,
the sample is hydrolyzed and total acetaldehyde
determined. Then the sample is hydrogenated to
remove the vinyl ether as an interference, and this
hydrogenated sample is hydrolyzed. This yields

OMMERCIAL vinyl ethers may contain alcohol, acetal-
dehyde, water, and acetal. Alcohol may come from the
original reactants in the synthesis of the ether or may be formed
by hydrolysis of ether. Acetaldehyde originates by hydrolysis
of the vinyl ether. Acetals are a product of a side reaction in the
vinyl ether synthesis, and water enters the system in the
washing process and sometimes with the alcohol.

The procedure developed for assaying vinyl ethersis also adapt-
able for assaying acetals. Since acetal syntheses involve al-
cohols, acetaldehydes, and water, as do the vinyl ethers, the
procedures used to determine these impurities in vinylethers were
applied and found to work as well in the case of acetals.

The scheme of analysis presented bélow makes possible the
determination of acetaldehyde, alcohol, and water in the presence
of either, or both, vinyl ether and acetal. It also makes possible
the determination of vinyl ethers and acetals in the presence of
both the above-mentioned impurities and of each other.

There has been very little done in the way of analytical pro-
cedures for vinyl ethers. Ruigh (7) attempted to determine
divinyl ether in blood via hydrolysis to acetaldehyde. However,
he encountered difficulty and had to resort to a more complicated
method involving iodine pentoxide.

Attempts were made to determine vinyl ethers by quantitative
hydrogenation, bromination, and titration with Karl Fischer’s
reagent. The hydrogenation method requires a long time to
run an analysis and the reproducibility is poor. The reproduci-
bility is poor also in the case of the Karl Fischer reagent. Bromi-
nation yielded no comprehensive results.

More work has been done in acetal determination than in the

acetaldehyde from the acetal only. Subtracting
this value from the total acetaldehyde yields acet-
aldehyde from the vinyl ether. Free acetaldehyde
is determined by extracting the sample with sodium
sulfite—sulfuric acid and titrating the excess acid.
The vinyl ether and acetal values are corrected for
free aldehyde in the sample. Acetylation of the
samples and determination of acetic anhydride
consumed yield the amount of alcohol present.
Water is determined by the Karl Fischer reagent.
For pure vinyl ethers and pure acetals the method
vields results good to =0.3%. When samples contain
one or more of the components mentioned above,
the errors have to be determined by accumulative
error methods.

case of vinyl ethers. Many of the analytical methods are con-
nected with measurement of hydrolysis rates of acetals and are
unsuitable for absolute acetal determination, since the measure-
ments are of a relative nature. They are perfectly adaptable
for determining rate of hydrolysis but cannot readily be used to
determine absolute amounts of acetal. Among such methods
aré those of Palomaa and Salonen (4) and of Tong and Olson
(1), who followed the rate of hydrolysis of acetals via dilatometer
measurements.

There have been methods for acetals where the acetal was
hydrolyzed and the- acetaldehyde determined. The drawbacks
in these procedures are due, in most cases, to the shortcomings of
the acetaldehyde procedure used (9). Many of the procedures
distill the acetaldehyde over into the medium in which it is to be
determined. This step not only greatly increases the time re-
quired for an analysis but also can be a source of error. Peynaud
(5) determined acetal by distilling acetaldehyde over into a
potassium dihydrogen phosphate—disodium phosphate buffer
containing sodium bisulfite and determined aldehyde by the
iodometric measurement of excess bisulfite. This method has the
disadvantage of the distillation, and the iodometric bisulfite
method for aldehyde determination also has shortecomings (9).

Orton and McKie {3) hydrolyzed and distilled acetaldehyde
into sodium bisulfite using the Ripper (6) method for determining
excess bisulfite iodometrically. They also used the Seyewetz and
Bardin procedure (8) which determines increase in alkalinity of
a sodium sulfite solution as acetaldehyde. Here again the .dis-
tillation and weaknesses of the acetaldehyde procedures (9) limit
the desirability of using this procedure.
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Hihnel and Lennerstrand (/) avoided
the distillation and used a hydroxylamine
method to determine acetaldehyde. The
end points are admittedly bad, and dilu-
tions to volume and eolor comparisons are
pecessary to obtain the end point. They A
also used iodometric-bisulfite procedures
but realized the instability of the solution
and the need for daily standardization,

The procedure for determining vinyl
ethets and acetals as described below re-
quires only 30 minutes to run. Since all
the reactions are run in- the same closed
vessel, there is less danger of loss by vola-
tilization of acetaldehyde. Thereagents used
are stable, and there are no end-point or
equilibrium difficulties to harass the oper-
ator. There is no need for distilling the
acetaldehyde to determine it; the acetal-
dehyde is determined in the hydrolysis re-
action mixture, The procedure is accurate

and precise to =0.3%,. Figure 1. Ap-

The alcohol procedure used js that de- paratusforDe-
scribed by Ogg, Porter, and Willits (2). A termination

treatment (hydrogenation) of the sample of Vinyl Ethers
pre ydrog - p and Acetal

is necessary in the case of the vinyl ethers,
where water is also present, before the

aleohol procedure can be applied. No pretreatment is necéssary

for determining alcohols in acetals. .

Hydrogenation of the sample is also necessary in the case of
water determination. The procedure used is that described by
Smith, Bryant, and Mitchell (10), employing Karl Fischer’s
reagent.

APPARATUS

For vinyl ether and acetal determination, the apparatus is as
shown in Figure 1. The top portion, A, consists of a 500-ml.
Erlenmeyer flask with a 29/26 standard-taper ground-glass
.female joint blown onto the bottom with glass stoppers to fit.
To the mouth of the flask is attached a 6-mm. stopcock, and onto
the stopcock is put a 29/26 standard-taper ground-glass male
joint. .

The bottom portion of the apparatus, B, is a 500-ml. Erlen-
meyer flask with a 29/26 standard-taper female joint sealed onto
the mouth. In determining the acetaldehyde, only the bottom
portion of the apparatus is necessary.

Alcohol determination requires 150- to 200-ml. Pyrex short-
necked Florence flasks equipped with ground joints to fit con-
densers. This enables the sample to be refluxed with the
reagents and permits titration in the reaction flask without
transfer.

The hydrogenation apparatus is of simple construction (Figure
2). The hydrogenation vessel consists of a 250-ml. wash bottle
equipped with ground joints for use with organic liquids. To its
exit arm is attached a 2-way stopcock. The blowing arm is cut
short, and a ground-glass female joint is attached to accommodate
the 25.4-cm. (10-inch) condenser. The bubble tower is used
to control pressure during the hydrogenation. The height of
mercury in the tower keeps the pressure in the apparatus con-
stant as excess hydrogen bubbles through the mercury. Increased
pressure increases speed of hydrogenation. However, too much
pressure is undesirable, since it opens the ground-glass joints.

The apparatus can be modified to enable hydrogenation of four
samples at one time, by lengthening the tube from the pressure
control tower to the reaction section. Four separate reaction
sections can then be led off this tube, all controlled by the same

pressure. ,A stopcock between the condenser of each reaction .

section and the manifold should be ineluded, so that the system
can be used for less than four hydrogenations if necessary.

From 25 to 30 cm. of mercury were found suitable for rapid
hyvdrogenation without causing the glass joints to open.

A magnetic stirrer is used for agitation. A magnet attached to
the shaft of a stirring motor acting on an iron paddle in the
hydrogenation vessel provided agitation during the hydrogena-
tion.
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In the water determination, an automatic refilling buret is
desirable, so that the Karl Fischer reagent has minimum contact
with air.

' REAGENTS

Vinyl Ether, Acetals, and Acetaldehyde require standard 1
N sulfuric acid, standard 1 N sodium hydroxide, and 1 M so-
dium sulfite.

Alcohol requires a solution of 1 part of c.p. acetic anhydride
to 3 parts of c.p. pyridine as the acetylating mixture. This
solution should be prepared fresh each day. The indicator used
in this analysis is a mixture of 1 part of 0.1% cresol red and 3
parts of 0.1% thymol blue (a few drops of sodium hydroxide
solution are necessary to get dyes into solution). c.p. n-butyl
alcohol is used as 2 wash liquid. -

Water. The Karl Fischer reagent used is as prepared by
Smith, Bryant, and Mitchell (10)—84.7 grams of iodine in a
mixture of 269 ml. of ¢.p. pyridine and 667 ml. of c.p. methanol.
The sg(llu’&ion is cooled in ice water, and 64 grams of sulfur dioxide
are added.

PROCEDURE

A, Acetaldehyde. A measured sample (which should be
hydrogenated if vinyl ether is present) containing not more than
0.01 mole of acetaldehyde, is introduced into a 500-ml. glass-
stoppered Erlenmeyer flask containing 250 ml. of 1 M sodium
sulfite solution and 10 ml. of standard 1 N sulfuric acid. The
pH of the sodium sulfite—sulfuric acid solution is about 8.0, and
no significant amount of acetal is hydrolyzed at this pH. The
mixture is vigorously shaken for 15 minutes to ensure extraction
of all the acetaldehyde from the sample. The contents of the
flask are then quantitatively transferred to a 600-ml. beaker.
Electrodes from a pH meter are inserted in the solution, and the
solution, while being mechanically stirred, is titrated with
standard 1 N sodium hydroxide.

For accurate results, a curve is plotted of pH vs. milliliters of
sodium hydroxide added, and the end point is determined exactly
(9). For more rapid though slightly less accurate work the solu-
tion can be titrated to a definite pH (pH at the end point as de-
termined by experiment). The end point can be taken at pH
9.1 for acetaldehyde. .

The sodium sulfite contains some free alkali which will cause
high results unless neutralized with sodium bisulfite (9).

A qualitative test, the standard Tollebs test for aldehydes, can
be made on the sample. If negative, a quantitative aldehyde
analysis is unnecessary. Samples.containing vinyl ether do not
have to be hydrogenated for this test. If a silver mirror forms,
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Figure 2. Hydrogenation Apparatus
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enough aldehyde is present to be determined quantitatively.
However, if no mirror is formed after the shaking, or if only a very
slight mirror is formed on the flask at the liquid surface, the
amount of aldehyde present is too small to be determined quanti-
tatively.

B. Vinyl Ethers and Acetals. A sample of 0.02 to 0.04 mole
of ether or acetal is weighed in a sealed thin-walled ampoule and
is introduced into section A of the apparatus shown in Figure 1
along with 50 ml. of standard 1 N sulfuric acid. Glass beads
are included to aid in breaking the ampoule. The apparatus is
stoppered, the stopper being well greased to prevent any leakage
of acetaldehyde, and is totally immersed in an ice-water mixture
for 5 minutes. The chilling is to create a decreased pressure in
the flask by contracting the air above the liquid. The temperature
of the solutions in the flask will drop to 10° to 15° C., about 8°
below the boiling point of acetaldehyde. When the ampoule is.
broken, there will not be too great a pressure in the flask; if
the flask is not chilled, the stoppers sometimes are forced open.
In the case of methyl vinyl ether (boiling point 5-6° C.), the
flagk should be chilled thoroughly (20 minutes). The low
boiling point of this ether causes the stoppers to blow as soon
as the ampoule is broken. The stopper should be held firmly
until the ether is hydrolyzed to prevent blowing out.

After the flask is chilled, it is vigorously shaken to break the
ampoule containing the sample, then for 15 minutes more to
ensure complete hydrolysis of the sample.

For most acetals and vinyl ethers, 15 minutes’ Shaking is-
sufficient, but for some—for example, di-n-butyl acetal—30
minutes are necessary to ensure complete hydrolysis. A Kahn
shaker was used, in which the stopper is clamped on the flask
while shaking is in progress.

After hydrolysis is complete, A, containing the hydrolyzed
sample, is attached to B, which contains 250 ml. of 1 M sodium
sulfite. The joint connecting the two sections should be greased
to prevent loss of acetaldehyde. Then the stopcock in A is
opened, and the acid solution containing the aldehyde is shaken
down into the sulfite solution. The acid and sulfite form bi-
sulfite which consumes the acetaldehyde. After all the, acid
solution is down in B, some of the solution from B is shaken
back into A to react with the acetaldehyde contained on the.
walls and on the glass beads. The whole apparatus is vigorously
shaken for a few minutes to assure removal of all acetaldehyde
from the atmosphere in both sections of the apparatus.

The sections of the apparatus are then separated and rinsed
quantitatively into an 800- or 1000-ml. beaker, and the solution
is titrated with standard 1 N sodium hydroxide, using a pH
meter as in the acetaldehyde determination. Plotting pH vs.
milliliters of sodium hydroxide is the most accurate method of
determining the end point. However, this titration is large,
and titrating to pH 9.1 incurs no very significant error.

Any free aldehyde in the sample is determined and the value
subtracted from the figures for vinyl ether or acetal.

If the sample contains aldehyde, vinyl ether, and acetal, the
above procedure will yield a combined value for all three. The
free aldehyde is determined separately, as described, and sub-
tracted from the total aldehyde. The difference is the combined
acetaldehyde from both the vinyl ether and the acetal. The
procedure is repeated on a hydrogenated sample where the vinyl
ether in the sample is saturated and no longer yields any acetal-
dehyde. The procedure on the hydrogenated sample will yield
the acetaldehyde from the acetal (the free aldehyde is also picked
up, and the acetal figure has to be corrected for the free aldehyde).
The cases where acetaldehyde, vinyl ether, and acetal occur to-
gether can be summarized as follows:

1. Procedure A on the hydrogenated sample yields free
acetaldehyde on the sample.

. Procedure B on the sample yields free acetaldehyde plus
aceta%dehyde from the vinyl ether plus acetaldehyde from the
acetal. ' .

3. Procedure B on the hydrogenated sample yields free
acetaldehyde plus acetaldehyde from the acetal.

Therefore, (1) yields free acetaldehyde; (3) minus (1) yields
acetal; and (3) minus (2) yields vinyl ether.

C. Hydrogenation. About 20 ml. of sample are put in the
hydrogenation vessel, A (Figure 2) along with about 1 gram of
Adam’s catalyst (the same catalyst can be used for five to ten
hydrogenations), and the iron paddle used for stirring. All joints
are greased and clamped closed to hold the pressure of about 25
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cm. of mercury in the pressure control tower, D. The reaction

Mflask is chilled in a dry ice-methanol mixture to avoid loss while

the system is being flushed with hydrogen. The apparatus is
then flushed with a slow stream of hydrogen for 2 to 3 minutes.
The exit stopcock, E, on the flask is closed, the dry ice-methanol
is removed, and the magnetic stirrer under the flask is turned
on, to rotate the iron paddle in the flask: The more vigorous
the stirring, the faster the hydrogenation will go.

The hydrogen rate should not be too fast, since it will cause
vapors to be blown out of the system and thus cause varying.
composition of the sample. Yet enough hydrogen should be
used so that excess can be noted bubbling through the mercury
in the pressure control tower. One bubble of hydrogen per
second is perfectly safe for all samples if the acetaldehyde content
is not greater than 3%. If the sample contains over 5%, acet-
aldehyde, the condenser should be cooled by circulating ice water
through the jacket. . .

The flask becomes warm as hydrogenstion begins (the purpose
of condenser B is to eatch any vapors) and gradually cools down
as hydrogenation comes to completion. Hydrogenation is
usually complete when the flask is cool to the touch; however,
the reaction mixture can, and should, be tested. Stopcock F
is turned to the position shown in @ of Figure 2. If the sample is
not completely hydrogenated, it will continue to consume the
hydrogen contained in the apparatus, and the mercury will be
seen rising in capillary tube C. If this is the case, F 1s turned
to its former position and hydrogenation is continued (agitation
is continued throughout the testing). If the mercury does not
rise, the sample is completely hydrogenated. The sample is
chilled with ice water, and the condenser is rinsed with some
liquid from the flask to keep composition of the sample constant.
The ether is transferred while cold to a centrifuge tube equipped
with, a soft cork stopper. The catalyst is then centrifuged off
and samples of the supernatant liquid are drawn up and sealed
in ampoules.

The time required for the hydrogenation process varies with the
condition of the catalyst. For 20 ml. of vinyl ether and 1 gram
of catalyst, the hydrogenation will take 1 to 2 hours if the catalyst
is fresh and as yet unused. The rate of hydrogenation increases
with the use of catalyst; after about three hydrogenations, the
catalyst will cause the next hydrogenation to be complete in
about 30 minutes. If the catalyst is used for more than ten
hydrogenations the reaction goes with such vigor that much heat
is generated in the hydrogenation flask, and some vapor may get
past the condenser, causing loss of sample and disrupting the
composition of the mixture.

In samples of methyl vinyl ether it is not necessary to hydro-
genate all the methyl vinyl ether. The purpose of the hydro-
genation is to inactivate the ether, but most of the methyl vinyl
ether can be eliminated by allowing it to volatilize. " However,
when this is done it is necessary to weigh the sample before
hydrogenation. If the sample contains more than 5%, acetalde-
hyde, it is best to hydrogenate the entire sample of methyl vinyl
ether to prevent loss of aldehyde.

A sample of methyl vinyl ether is weighed in a sealed glass
ampoule and put in the hydrogenation vessel with about 30 ml.
of di-n-butyl ether. The flask is chilled in dry ice-methanol
and the ampoule is broken with a glass rod, which is rinsed with
dibutyl ether. The flask is allowed to come to room temperature
and the methyl vinyl ether is allowed to escape. Some Adam’s

catalyst is then added to the flask and any methyl vinyl ether
remaining in solution is hydrogenated as described above.

Cavurion. There are precautions to be observed in use of the
catalyst as well as in the handling of hydrogen. Adam’s catalyst
(platinum oxide) when dry will become hot and will glow in a
stream of hydrogen when oxygen is present. Therefore, on
beginning the hydrogenation it is well to shake the flask and
make sure all particles of catalyst are wet with sample and the
apparatus should be flushed sufficiently to remove all oxygen.
When wet, the catalyst does not heat up and gets warm only after
the hydrogenation is under way. A glowing particle gf catalyst
can ignite the hydrogen-air-vapor mixture at the commencement
of the hydrogenation and cause it to flash, if not explode.

D. Alcohol. A measured sample, containing about 4 to 7 milli-

equivalents of alcoliol, is put in a 150 to 200-ml. short-necked
Florence flask with ground joint to fit the condenser. The
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sample should be hydrogenated if it contains vinyl ether in the
presence of water.
can be applied to vinyl ethers without hydrogenation. Water in
the samples causes some hydrolysis of the ether when the sample
hits the acetic anhydride before the anhydride can consume all
the water; this causes high results. To the sample are added
5 ml. of acetic anhydride in pyridine (1 part of anhydride to 3
parts of pyridine). The mixture is heated under reflux on a
steam bath for 45 to 60 minutes, the ground joint being kept
wet, with pyridine. Then 5 to 6 ml. of water are added through
the condenser and the mixture is heated further for 2 to 3 minutes.
The condenser is rinsed into the flask with c.p. n-butanol, and
the contents of the flask are titrated with standard 0.5 N alcoholic
sodium hydroxide, using a few drops of mixed indicator (1 part
of 0.19, cresol red and 3 parts of 0.19%, thymol blue with a few
drops of dilute sodium hydroxide added to dissolve the dyes).
A blank is run on 5 ml. of the anhydride reagent.

If the sample contains acetaldehyde, phthalic anhydride
should be used instead of acetic anhydride. Acetaldehyde con-
sumes some acetic anhydride, to cause slightly high results.
Fifty milliliters of 1 M phthahc anhydride are added, and the
procedure is carried out identically as with the acetic anhydrlde
exeept that 1 M sodium hydroxide is used in the final titration
with phenolphthalein indicator.

E. Water (10). A measured sample (which has been hydro-
genated if it contains vinyl ether) is titrated with Karl Fischer’s
reagent to a permanent iodine coloration. If the sample is
small, it is dissolved in methanol or pyridine on which a blank
titration has been run.

Directions for preparation, standardization, and storage of
Ixarl Fischer reagent are given in (10).

uick test to determine the presence of water is to chill the
sa,mp e in dry ice-methanol. If the sample remains clear, or
if only a turbidity develops, the water content is 0.2%, or less.
lI)f particles of ice are detected, a quantitative water test should
e run.

Samples from the actual synthesis of vinyl ethers were analyzed
by the above methods and were distilled in a Podbielniak dis-
tilling apparatus (manufacturer claims 100 plates). The dis-
tillation results, obtained by taking the weight of each fraction
and dividing by the total sample distilled, compared very
favorably with the chemical analysis.

DISCUSSION

Acetal samples, where there is no vinyl ether present, are
simpler to handle than the samples containing vinyl ether, since
no hydrogenation is required to determine aldehyde, alcohol,
water, and acetal. All analyses are run on the sample itself.

In hydrogenating vinyl ether-containing samples, it is im-
portant not'to bubble hydrogen through the apparatus so fast
that loss of sample will take place. The temperature of the
water in the condenser should be below 15° C. to make sure of
catching any acetaldehyde. Samples of ether have been analyzed
containing up to 5%, acetaldehyde, and no loss of aldehyde is
noticed on hydrogenation.

Aldehyde is best run on a hydrogenated sample if vinyl ethers
are present. Apparently the ether ties up some bisulfite in an
equilibrium reaction. This equilibrium slows the end point and
can give very erroneous results if the sample is titrated too fast.
In unhydrogenated samples, it is necessary, on approaching the
end point, to wait a few minutes after each addition of sodium
hydroxide until the equilibrium readjusts itself. In this way,
the bisulfite tied up by the ether can be accounted for. This
procedure is lengthy and can cause serious error. On samples
containing hydrogenated vinyl ether, or-on acetal samples, the
procedure is fast, the end point sharp, and there is much less
chance for error. .

Similar results were obtained in the alcohol determination.
Acetic anhydride does not react with vinyl ethers if the ether is
absolutely dry. A small percentage of the vinyl ether present
is hydrolyzéd by the water contained in the sample in the presence
of the acidic reagents used to form some aleohol. The anhydride
does not consume the water fast enough to prevent the hydrolysis
of the ether. This small amount is usually very significant,
sinice the alcohol content of most of -these samples is small.

If the sample is absolutely dry, the procedure

-mixed with the acid.
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However, hydrogenated vinyl ether samples and acetal samples
give no trouble.

In determining water in vinyl ether samples, hydrogenation
is very necessary, since Karl Fischer’s reagent reacts readily with
vinyl ether. The nature of the reaction between the reagent and
the ether is not known, but is rather rapid.

In the determination of vinyl ethers and acetals, the time of
hydrolysis depends on vigor of shaking and ease of hydrolysis of
the particular ether or acetal. The shaking is important since
the samples are immiscible with water, and the more vigorous
the shaking, the more sample surface is in' contact with acid.
The procedure as described calls for 15 minutes’ rather leisurely
shaking for complete hydrolysis. The hydrolysis can be com-
pleted in 5 minutes of vigorous shaking if the sample is well
If the shaking is too leisurely or the flask
is not shaken at all, the hydrolysis may not be complete even
after 15 minuteés.

The nature of the sample has a great deal to do with the
hydrolysis. Methyl vinyl ether hydrolyzes very readily and will
be complete in 5 minutes with easy shaking of acid and sample.
n-Butyl vinyl ether hydrolyzes much less readily, and the full
15 minutes of shaking with the acid are required, unless the
shaking is very vigorous. In the case of the acetals, the same is
true. Dimethyl acetal hydrolyzes very easily. However, di-
n-butyl acetal requires more vigorous treatment than even the
n-butyl vinyl ether. To ensure complete hydrolysis, this acetal
should be shaken vigorously with the acid for 15 minutes, or
for 30 minutes, if agitation is moderate.

The dropping of the hydrolysis reaction mixture into the
sulfite solution and titration of the resultant solution eliminates
the time-consuming distillation of acetaldehyde used in former
acetal procedures. The sodium sulfite-sulfuric acid procedure
for acetaldehyde is preferable to previous aldehyde procedures
(9). The fact that the hydrolysis and reaction of the acet-
aldehyde with the sulfite-sulfuric acid are all carried out in one
closed system eliminates the danger of error due to loss of acet-

Table I. Results on Pure® Vinyl Ethers and Acetals
Mole of
Observed, Mole Sample Taken
Methyl vinyl ether 0.04212 . 0.04235
0‘04227 (at pH 9.1)%
0.032 0.03237
0.03216 (at pH 9.1)
- Ethyl vinyl ether 0.04241° 0.4244
0.04241 (at pH 9.1)
0.03743 0.03742
0.03757 (at pH 9. 1)
0.02683 0.02683
Isopropyl vinyl ether 0.03515 0.03516
0.03515 (at pH 9.1)
0.04070 0.04079
0.04056 (at pH 9.1)
n-Butyl vinyl ether 0.05378 0.05381
0.04988 0.05007
0.05183 0.05189
0.04447 0.04457
Isobutyl vinyl ether 0.02461 0.02468
. 0.01407 0.01405
0.02273 0.02267
Dimethyl acetal 0.02565 0.02575
0.03672 0.03679
Diisopropy! acetal 0.03625 0.03674
0.03633 0.03674
Di-n-butyl acetal 0.00660 0.00662
0.00932- 0.00939

2 All samples were thoroughly washed, dried,”and twice distilled ,in a
30-plate column over KOH or sodium to ensure purlty
5 Result if end point were taken at pH 9.1

Table II. Acetaldehyde in Presence of Vlnyl Ether and
Acetal
Acetaldehyde Acetaldehyde
Sample, Mole Added Found, Mole
0.00195 10 ml. n-butyl vinyl ether 0.00195
0.00195 10 ml. di-n-butyl acetal 0.00194
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Table II1.- Diisopropyl Acetal and Isopropyl Vinyl Ether-
in Presence of Each Other

(50-50% by weight mixture)
% Acetal Found % Ether Found

50.2 49.9
495 492

Table IV. Alcohol in Presence of Hydrogenated n-Butyl
Vinyl Ether

(0.00168 mole of butanol 4 10 ml. of hydrogenated n-butyl vinyl ether)
Alcohol Found

1. Butanol, 0.00164 mole
2. Butanol, 0.00159 mole
3. Butanol, 0.00160 mole

Table V. Prepared Mixture of Known Amounts of Acet-

aldehyde, n-Butyl Vinyl Ether, Di-n-butyl Acetal,
Butanol, and Water
Theoretical Found
% %o
Acetaldehyde 1.48 1.32
n-Butyl vinyl ether 44 .43 44.8
Dibutyl acetal 49.01 49.9
Butanol 4.78 4.7
H;0 0.30 0.24
aldehyde. These factors lend a high accuracy and precision to

the procedure, and the time required for an analysis is ‘only about
30 minutes (45 to 60 minutes if the end point is determined by
plotting the curve of pH »s. milliliters of sodium hydroxide).
Using two sets of apparatus simultaneously and titrating to a
predetermined pH value, a technician ean run four determina-
tions per hour, including sealing samples in ampoules and
weighing.
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The ability to determine alcohol, acetaldehyde, and water in
the vinyl ether and acetal samples is important in following
the synthesis or hydrolytic decomposition of acetals and vinyl
ethers, since these compounds are involved in these chemical
processes. - The ability to determine acetal and vinyl ether in
the presence of each other is important, since acetals are some-~
times formed in vinyl ether synthesis.
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Method for Isolation of Hemicelluloses
Directly from Maple Wood

S. C. ROGERS, R. L. MITCHELL, AND GEO. J. RITTER

Forest Products Laboratory, Madison, Wis.

A method for the extraction of hemicelluloses from
maple wood is more rapid and produces higher yields
of hemicelluloses than previous methods. Woeod
sawdust, 20- to 40-mesh, is treated with 209, po-
tassium hydroxide at 65° to 70° C. for 2 hours.
Water is added to reduce the potassium hydroxide
to 3% concentration, in which the sawdust is treated
for 2 more hours at 65° to 70° C. The hemicelluloses
in the alkaline solution are then filtered-and pressed
from the residual sawdust, precipitated from the
alkaline solution by addition of methyl alcohol, and |
bleached with sodium chlorite to remove traces of

LTHOUGH several methods have been used for the isola-

tion of hemicelluloses from wood, it is still highly desirable

to develop procedures for increasing the yield of these materials
and reducing the time of operation.

Hemicelluloses as discussed. in this article are the materials
in wood holocellulose (hemicelluloses plus a-cellulose) that are
soluble in 17.59%, sodium hydroxide solution under the condi-
tions specified for the determination of a-cellulose (5).

Hemicelluloses have been isolated from wood and holocellulose
by a number of methods with varying results.

lignin. They contained 75 to 809 of pentosans, con-
siderable uronic acids, and some methoxyl groups.
The wood residue after removal of the hemicelluloses
still contained appreciable percentages of these ma-
terials. It was partially delignified with sodium
chlorite, then treated at 65° to 70° C. for 2 hours with
20% potassium hydroxide solution, which was di-
luted with water to 3.09% concentration, and the
treatment was continued for 2 hours more, as was
done to the original sawdust. The alkaline treat-
ment removed 12.5% of material, but only 3.59% was
recovered as hemicelluloses.

Wheeler and Tollens (12), by one extraction with cold 5.0 to
10.09, sodium hydroxide solution, obtained from birch wood 4.0
to 5.09, of a material that they called wood gum. O’Dwyer
(8), with 4.09% sodium hydroxide solution, isolated approxi-
mately 5.09% of hemicelluloses from beech wood. Sands and
Nutter (10) extracted mesquite sawdust with 5.09, sodium hy-
droxide solution, then chlorinated the woeod residue, and extracted
the chlorinated residue with cold 10.09, sodium hydroxide solu-
tion for 24 hours. They reported yields of approximately 7.0%,
hemicelluloses. The yields of materials extracted directly from
wood by these methods are all low.

Anderson and co-workers (I, 2, 8) reported several yields of
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hemicelluloses from woods. They extracted the wood at room
temperature ‘with 5.09, aqueous sodium hydroxidé twice, each
time for 48 hours, chlorinated it, and again extracted it twice with
5.09% aqueous sodium hydroxide for 48 hours at room tempera-~
ture. This series of treatments of 192 hours produced an ac-
cumulative yield of approximately 14.09, of hemicelluloses, with
no correction for lignin or ash, from white birch, lemon, and
black locust. Preece (9), in some careful work, extracted teak
wood with 4.09, sodium hydroxide for different periods and at
different temperatures in order to determine the effect of these
factors on the furfural yield from the treated wood as compared
with that from the untreated wood. Boiling temperatures of
the alkali caused losses in the yield of furfural from the hemicellu-
lose. Alternately dissolving and reprecipitating the hemicellu-
loses during purification degraded the materials.

Kurth and Ritter (6), by means of 1.09, sulfuric acid, removed
14.59%, of the hemicelluloses from spruce holocellulose that had
been prepared by chlorinating and then extracting the chlori-
nated wood with an alcohol-pyridine mixture for dissolving the
chlorinated lignin. Wise, Murphy, and D’Addieco (14) used
sodium chlorite to prepare holocellulose from which 20.09, of
hemicelluloses were removed by two extractions with potassium
hydroxide. Thomas (11) prepared hemicelluloses from aspen
holocelluoses by s series of extractions with cold water, hot water,
and two different concentrations of potassium hydroxide. He
obtained good yields of the materials and determined the com-
position of the various' fractions. As in the two preceding re-
searches, his approach first required the preparation of holo-
-cellulose, which increased the time of operation.

In order to facilitate the isolation of increased quantities of
hemicelluloses for intensive fundamental research, work was
begun at the Forest Products Laboratory on developing a
method for extracting the hemicelluloses directly from wood
sawdust. Previous workers (8, 10, 12) had shown that, if the
yields of hemicelluloses from such extractions were to be sub-
stantially increased, it would be necessary to treat the wood
80 as to loosen the hemicelluloses more thoroughly from the other
wood components.

FEATURES OF METHOD

Preliminary experiments with 2-gram samples of air-dry sugar
maple sawdust, 20- to 40-mesh, showed that by using a two-step
alkaline extraction at elevated temperatures, the yield of hemi-
celluloses could be sub,s‘tantially increased.

The first step was to treat the sugar maple sawdust with strong
hydroxide solution for 1 to 2 hours at 65° to 70° C. The next

was to add sufficient water to the alkali to reduce it to a con--

centration of 3% in the solution, in which the sawdust was
allowed to remain for 2 more hours at 65° to 70° C. During
both treatments, the sawdust was stirred frequently, so that the
concentration of the alkali and the temperature would remain
uniform throughout the mix-
ture. After 2 hours in
the dilute alkali, the dis-
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. %o
Extractives
Hot water 3.90
Ether 0.30
Ash 0.24
Holocellulose 74.50
Lignin 21.60
100. 54
a-Cellulose 50.00
Acetyl . 3.60
Methoxyl 6.90
Uronic acid anhydride 4.36

The composition of the maple hemicelluloses is given in Tables
I and 1I.

PROCEDURE

Place 525 grams of air-dry (500 grams, oven-dry) sugar maple
sawdust, 20- to 40-mesh, in a 10-quart stainless-steel bucket,
add 884 ml. of 209, aqueous potassium hydroxide solution, and
mix thoroughly to ensure intimate contact between the alkali
and the wood. Place the bucket and contents in a water bath
at 67(; C. for 2 hours; stir the mixture frequently during this
period.

After 2 hours’ treatment in the strong alkali, add 5900 ml. of
distilled water to the mixture so as to reduce the alkali concen-
tration to 3%. Carry out the treatment at 67° C. in the 39,
ilka.li with constant stirring of the alkali-wood mixture for 2

ours.

Place the alkali-wood mixture in canvas bags and subject it
to a hand press to remove the alkaline filtrate containing hemi-
celluloses. Transfer the wood residue to a Biichner funnel, wash
three times with hot water, and press the residual sawdust cake
with a spatula in order to remove adhering hemicelluloses. Add
the washihgs to the initial filtrate of hemicelluloses.

Then wash the extracted wood residue with water acidified
with acetic acid to remove ash-forming chemicals. Dry and
weigh the residue for subsequent use.

Precipitate. the hemicelluloses, from the alkaline filtrate by
adding two volumes of absolute methyl alcohol. Allow the mix-
ture to stand so that the hemicelluloses will settle. Siphon off
the supernatant liquid and transfer the residual mixture to a
Biichner funnel for filtering and pressing with a spatula.

Transfer the hemicelluloses to a beaker for bleaching with
sodium chlorite, so as to remove traces of lignin. Bleaching is
carried .out by adding a mixture consisting of 1.5 liters of methyl
alcohol and 100 ml. of water made faintly acid to litmus with
acetic acid. Raise the temperature to 65° to 70° C. and slowly
add a concentrated solution of aqueous sodium chlorite dropwise
until the odor of chlorine dioxide is detected. Continue the
bleaching until the hemicelluloses appear greenish white in the
bleach solution. Transfer the bleached material to a Bfichner
funnel; filter and press it with a spatula to remove as much fil-
trate as possible.

Purify the bleached hemicelluloses by redissolving them in a
small volume of dilute aqueous potassium hydroxide soluticn in a
beaker. Then reprecipitate them with three volumes of methyl
alcohol containing sufficient acetic acid for neutralizing the
potassium hydroxide in the solution (they settle quickly and thus
enable siphoning off of the supernatant alcohol, which removes
residual potassium acetate from the bleached material). Con-

solved hemicelluloses were
filtered or pressed out of
the sawdust. Two _volumes

Table I. Yield and Percentage Composition of Materials

. Yield on
of absolute (commercial gradec)1 g:;;i; o{ Uzoxiichpdid
methyl aleohol- were poure rigina - nhydride
into. the alkaline filtrate to o . Wood Ash. Lignin Methoxyl Pentosan
precipitate the hemicelluloses. Material Operation % % o % % %
Sugar maple wood® 100.0 0.24 21.62 6.36 23.90 4.36
Hemicelluloses-15 Sul‘%ar-maﬁ)lf wood to 14.6 7.10 © 2.15 76.60 16.67
. . emicelluloses-1
On  the basis of data Wood residued Sugar-maple wood to  71.2  8.60 26.55  7.13 11.45 - 2.42
gathered in the preliminary . . wood residue from
N alkaline extraction
experiments on 2-, 100-, and Partially delignified Wood residue to par- 52.5 0.37 4.70 2.18 11.50 2.55
I h £ wood residued tially delignified
200-gram samples, the fol- . wood residue
Hemtcelluloses-2b Partially delignified 3.5 7.16 5.20 3.03 77.78 9.80

lowing procedure was de-
veloped for preparing hemi-
celluloses from 500-gram san-
ples of sugar maple saw-
dust. The composition of
the original maple wood was
as follows:

Cellulose residueb Partially

wood residue to hemi-

celluloses-2 -

delignified 40.0 0.17 0.72 0.48 5.25 1.51
wood residue minus

second alkaline ex-

traction

@ Values for wood calculated on weight of oven-dry material.
b Values for wood fractions calculated on weight of oven-dry ash-free material.
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Yield and Composition of Maple Wood and Its Fractions

tion, thorough washing was

Table II. r unnecessary at this stage, so

: Yield Data Composition Data long as a correction was made

paccain Uronic for the ash. Salts in the

tion Removed Recovered Lost Lignin Methoxyl Pentosan  anhydride partially delignified wood resi-

Material % % % % % % K) %0 due and the cellulose resi-

Maple wood® .. 21.62 6.36 23.90 4.36 d P 1 £

Hemicelluloses-1% 100.0 28.8 %.g 14.2 1g 00 o‘ﬁ 151; . %g ?%2 ue after the removal o

Wood residueb ... e . .. . 5. . . H _ "

Partislly _delignified 71.2 18.7 52.5 2.47 1714 6.04 1.36 hemicelluloses-2 are not ex
Homioelioiomon.2b 52.5 12.5 3.5 9.0 0.18  0.10 2.64 0.33 cessive. .

Cellulose residue® Ll 40.0 . 0.29 0.19 2.10 0.60 Lignin. Hemicelluloses-1

8 Values for wood calculated on weight of oven-dry material.

b Values for yields and oven-dry ash-free wood fractions calculated on weight of oven-dry wood.

were bleached with sodium
chlorite to remove some lignin
that was dissolved along with

tinue the purification of the hemicelluloses by adding methyl
aleohol, allowing it to stand 15 minutes, and siphoning off the
supernatant liquid. Repeat this last operation three times,
and finally transfer the mixture to a Biichner funnel for removing
excess alcohol by filtering and pressing with a spatula to improve
the texture of the material, which at this stage is a white, porous,
crumbly mass. Then suspend this residue in 1 liter of anhydrous
acetone for 2 hours; filter and press it, and then transfer it to a
crystallizing dish for removing the excess liquid. .

Remove the residual acetone slowly, so as to avoid rapid
cooling and condensation of moisture on the hemicelluloses. To
do this, place the crystallizing dish and contents in a desiccator
evacuated at room temperature by a water suction pump for
24 hours. During drying, turn the material with a spatula
several times. Finally heat the dish with contents at 70° C.
in a steam oven until dry.

The yield of Hemicelluloses on an ash-free, lignin-free basis
from sugar maple by this procedure, in the work performed at
the Forest Products Laboratory, was approximately 14.6%, of
the weight of the oven-dry wood. The material so obtained was
designated as hemicelluloses-1.

HEMICELLULOSES IN WOOD RESIDUE

Some hemicelluloses were retained in the wood residue remain-

ing after hemicelluloses-1 had been extracted from the wood.

They appeared to be too closely associated with other wood com-
ponents in the residue to be removed during the isolation of
hemicelluloses-1. In attempting to render them more soluble,
the wood residue was partially delignified by treatment with
sodium chlorite as reported by Wise, Murphy, and D’Addieco
(14) for the preparation of holocellulose. The partially delig-
nified residue was then subjected to the procedure for preparing
hemicelluloses-1. The materials so recovered were designated
as hemicelluloses-2.

COMPOSITION OF YARIOUS WOOD FRACTIONS

Isolation of hemicelluloses-1 and -2 involved separation of the
following wood fractions: (1) unprocessed wood, (2) hemicellu-
loses-1, (3) wood residue, (4) partially delignified wood residue,
(5) hemicelluloses-2, and (6) cellulose residue.

These wood fractions were analyzed in order to trace the prog-
ress in removing their components. The analytical data are
recorded in Table 1.

Moisture, ash, lignin, pentosans, and holocellulose were deter-
mined by Forest Products Laboratory methods (5), methoxyl
according to Clark (4), and uronic acids according to Whistler,
Martin, and Harris (13).

Ash. Percentages of ash in hemicelluloses-1 and -2, 7.10 and
7.16, respectively, were high, because of the accumulation of po-
tassium salts during the preparation of these two wood fractions.
On account of their low solubility in acidified methyl alcohol,

these salts are removed from the hemicelluloses with diﬁiculty.'

The percentage of ash in the wood residue after removal of hemi-
celluloses-1, 8.6, was high for the same reason. These salts can
be removed by washing with water; but, since the residue was
to be treated subsequently with sodium chlorite for delignifica-

hemicelluloses-1 by potassium

hydroxide. The wood residue
after the removal of hemicelluloses-1 contained 26.559%, of
lignin, which was the major portion of the lignin in the original
wood. After the lignin in the wood residue had undergone the
sodium chlorite treatment for preparing holocellulose by the
sodium chlorite method (14), it became fairly soluble, even though
treated insufficiently for complete removal. Its incomplete
removal explains the reason that some lignin remained in the
partially delignified wood residue (Table I) in the hemiceltu-
loses-2, and in the cellulose residue resulting from the isolation
of hemicelluloses-2.

Methoxyls. The percentage of methoxyl is 2.15 in hemi-
celluloges-1 and 3.03 in hemicelluloses-2. In bemicelluloses-1,
the methoxyl is associated with the uronic acids; whereas in
hemicelluloses-2, part of it is associated with the uronic acids and
the remainder with the lignin present in the hemicelluloses.
Methoxyl values also appear in the other wood fractions because
of the presence of lignin and uronic acids, both of which contain
methoxyls.

Pentosans and Uronic Acids. Other significant data in Table
I are the percentages of pentosans and uronic acids ip hemicellu-
loses-1 and -2. It may be noted in columns 7 and 8 that the sum
of these two components is equivalent to approximately 93.0%,
(76.6 4+ 16.7 = 93.3) of hemicelluloses-1. The sum of the values
for the same two components plus lignin in hemicelluloses-2 is
92.79%, (777 + 9.8 4+ 5.2 = 92.7). The materials unaccounted
for in the two hemicelluloses are mainly hexosans, which on hy-
drolysis are converted to hexose sugars (6).

Materials other than hemicelluloses were removed from the
wood during extraction of the hemicelluloses. For convenience
in tracing thése losses, the data in Table I have been recalculated,
based on the weight of the oven-dry wood, and recorded in Table I1.

It may be noted in Table II that 28.8%, of the wood was re-
moved in the preparation of hemicelluloses-1. Of this amount,
14.69, on ash-free, lignin-free basis was recovered and weighed
as hemicelluloses, leaving a discrepancy of 14.2%. A slight dif-
ference existed between the actual percentage of hemicelluloses-1
recovered and the quantitative analysis of the material. Analysis
shows 11.19 pentosans + 2.43 uronic acids = 13.629, as com-
pared with 14.6%,, A good'share of the 14.2%, discrepancy can
be accounted for by enlisting some data on the composition of
the sugar maple wood given in the section on features of the
method. During the extraction of the wood for hemicelluloses-1
the following percentages of materials were also removed: 4.20
extractives + 3.60 acetyl 4+ 2.72 lignin = 10.52, leaving 3.68%,
(14.2 — 10.52 = 3.68) that did not show up in the ana}ysis.

The composition of the material removed from the wood resi-
due in preparing the partially delignified wood residue is of in-
terest. This removed material is 18.7%, of the wood (Table 11,
column 3) and is the difference between the weights of the two
wood residues. Further, the differences between the analysis of
the wood residues are: 16.43 lignin + 2.16 pentosans -+ 0.37
uronic acid = 18.969,, which checks well with the difference
between the actual weights of the two wood fractions.

The materials in the partially delignified wood residue in Table
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Table I11.

Effect of Noncarbohydrate Substances on Color Reaction

The method here proposed is
valid as a means of identifying

Interfer- glucose only if no other color-
ance 1n . . .
Amount_ of Formation oIf cﬁﬂf% R(aa,lction of forming substance is present in
e n HsPOs ucose g i
Description of Added Substance, In HsPOs and with Pyro- t.h e ‘test material. (?ommo_n
Added Substance Substance Mg. alone glucose catechol pentoses (d- and l-arabinose, ri-
Gelatin Eastman, purified 50 n n n bose, xylose, lyxose, andrhami-
Albumin Armour, bovine plasma, . . hen heated in th
4 3terystallme sallizod gg Pink Pink i nose) when heated in the pyro-
Edestin imes recrystallize n n n
g-Lactoglobulin Electrophoretically pure 50 n Brown - i catfachol re‘agent pr(?ducts colors
Amino acid Mixture used by (3) with sup- which are intermediate in tone
plement of methionine, no between the red-brown given
Trvotooh tryptophane 58 5 n v ﬁ p( & b ) L the L gl
ryptophane Cbearee e . 4 ellow i(re
Glucosamine Reerystallized hydrochioride 3 n n n by galactose and the lilac given
Purine Urncil,h'adenini, uric lz;,pid, by glucose (see Table II).
Z?zgfxi;x?' ;ypoxant .me' 2 n n n Moreover, twoketoses (fructose
Polyhydric alcohol So.rbitpé.lmanmtol, adonitol, 1 and sorbose) and one pentose
inosito n n n . .
gatty acid I;Ialtcnlitic, stearic dlfat 1(2; n n n (xylose) yield colors which are
1t aCl, ammonium sulfate n n . < es . .
Nitrite NaNO, 1 Brown Brown ks not certainly distinguishable in

n = fo formation of color, or does nof interferein color test.
i = interferes.
g = green fluorescence.

terms of ‘egy3/egsp from the color
given by glucose (cf. Figure 2
and Table IT). Itisparticularly

common aldohexoses (glucose, galactose, and mannose) to afford
a clear-cut differentiation between them. The ratio, while sensi-
tive to differences of configuration within the sugar unit, is inde-
pendent of the nature of the interglucosidic linkage, the poly-
‘merization degree of the sugar unit, and the carbohydrate con-
centration. While it was difficult to obtain good reproduction of
the absolute amount of color formed by a given sugar, the ratio
g3/ egso remained constant within =79, (see Tables I and II) with
any given procedure.
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Figure 2. Colors Formed by Reaction of Hexoses with
Pyrocatechol

Extinction values measured with Beckman spectrophotometer
Heating time, 15 minutes
@. Glucose

X: Galactose Aldoh tration, 0.4 mg. per ml.
. Mannose
%: gf,fﬁ.t,."z’ Ketoh ration 0.04 mg. per ml.

fortunate that the presence of

nonglucose sugars (hexoses and
pentoses) isrevealed by their color in the first step of the standard
procedure—i.e., on heating in phosphoric acid alone. Specific*
testing for presence of these sugar interferants is therefore un-
necessary. Glucuronic acid on heating with pyrocatechol forms
a red-brown color different from that given by glucose. Like the
latter, however, it does not form color on heating with phosphoric
acid alone. It is desirable therefore to demonstrate absence of
glucuronic acid from the test material by an appropriate independ-
ent method.

An identification of glucose on the basis of behavior in the
pyrocatechol-phosphoric acid test is necessarily of a presumptive
nature. It is always possible that units which are different from
glucose but behave in the test in a manner similar to glucose can
be present in a biological material.

Influence of Noncarbohydrate Substances on the Color Reac-
tion. Observations concerning the effect of certain groups of non-
carbohydrates on the color reaction have been assembled in
Table III. It is noteworthy that both tryptophane and nitrite
interfere with the test. The absence of interfering color forma-
tion in the presence of any amino acid, with the exception of

€sa3
Esso

Ojl O:Z 0‘3 0:4 C)'.S dG ol 02 0'3 04 0506
MG. SUGAR PER ML,

Reactions of Aldohexoses with
Pyrocatechol

Heating time, 15 minutes
Mannose

Galactose

Glucose

Figure 3.

X
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tryptophane, is an important merit of the present method. It
can be expected, therefore, that a tryptophane-free protein such
as gelatin will not be an interferant, and this prediction is in fact
confirmed. It is evident, furthermore, that the reaction can also
be applied safely in the presence of certain proteins which contain
tryptophane—e.g., edestin. Yet clearly caution is indicated
where the test is being applied on an unknown protein material
in which tryptophane can be .demonstrated. As may be seen
from Table III, both plasma albumin and g-lactoglobulin,
interfere with the glucose test.
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Systematic Qualitative Tests for Certain Acidic Elements
in Organic Compounds

EDWARD L. BENNETT, CLARK W. GOULD, JRr.}, ERNEST H. SWIFT, AND CARL NIEMANN
Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena, Calif.,

A system for the detection of nitrogen, chlorine, bromine, iodine, arsenic, sulfur,
and phosphorus in a single 1-mg. sample of an organic compound and for carbon
and fluorine in separate 1-mg. samples is described. The procedures are ap-
plicable to compounds whose boiling points are greater than approximately
60° C. and any of the above elements can be detected when present to the extent

of 1 to 5% of the sample weight.

NE of the most sensitive and reliable qualitative tests for

the presence of nitrogen in organic compounds is the modi-
fied Emich test (1, 4, 5) described by Johns (3). In this test the
sample is pyrolyzed in the presence of calcium oxide and zine
and the liberated ammonia is detected with the aid of litmus.
Because of the general applicability of this test it appeared de-
sirable to exploit the pyrolytic technique, so that a single ignition
could be used not only for the detection of nitrogen but also for
the systematic qualitative identification of certain other acidic
elements. Early in 1944 a system was developed in these
laboratories whjch provided for the .qualitative ‘detection of
nitrogen, chlorine, bromine, iodine, sulfur, phosphorus,- and
arsenic; an outline of this system is shown in Table I.

SYSTEMATIC TESTS

A. Combustion of Sample and Test for Nitrogen. A com-
bustion tube is prepared from a freshly cleaned 12-cm. length of
Pyrex tubing 3 mm. in outside diameter by constricting a 2- to
3-mm. portion of the tube to an inside diameter of 0.5 to 0.7 mm.
at a distance of 3 cm. from one end of the tube. Acid-washed
and freshly ignited asbestos is introduced into the long arm of the
combustion tube and is pressed firmly into the near side of the
constriction with the aid of a clean glass rod until a .plug 2 to 3
mm. in length is obtained.

1 Present address, General Aniline & Film Corp., Easton, Pa.

A mixture of equal parts of calcium oxide, ordinarily prepared
by the ignition of calcium oxalate, and 80-mesh zine powder
(sulfur- and arsenic-free) is introduced in small portions, and
with tapping, into the long arm of the combustion tube until a
20-mm. column of the mixture is in position immediately adja-
cent to the asbestos plug. The liquid or solid sample contained
in a 2- to 3-mm. segment of a 0.5-mm. inside diametet thin-walled
capillary tube 10 to 15 mm. in length is placed on top of the cal-
cium oxide—zinc column and the end of the long arm of the com-
bustion tube is sealed with the aid of a forceps. The open end of
the combustion tube is inserted into a 4-cm. length of 5-mm. out-
side diameter Pyrex tubing for a distance of approximately 1
c¢m. and in the other end of the sleeve is placed a strip of red litmus
paper approximately 3 mm. in width. Since ordinary red litmus
paper may not be sufficiently sensitive, strips of ordinary blue or
neutral litmus paper are suspended in distilled water and just
enough 1 F perchloric acid is added to change the color of the
paper to pink. The papers are then washed with distilled water
until a treated paper when pressed against a piece of neutral lit-
mus paper will not turn the latter red. The prepared papers are
pressed between soft filter papers and then stored in a moist
condition in a sealed container.

The combustion tube assembly prepared as described above is
placed on a wire gauze bearing a 10 X 30 mm. hole, in such a
way that the portion of the tube bearing the calcium oxide-zinc
mixture is over the hole. The asbestos plug in the combustion
tube is first heated to a dull red glow with a small sharp flame
from a Bunsen burner, and the burner is moved toward the sealed
end of the tube so as next to heat the calcium oxide—zinc zone to
glowing and, finally, the space bearing the sample. This heating
operation need not consume more than 2 minutes. The presence

Table 1.

A. Fuse 1-mg. sample with Zn and CaO. Test ga.é with litmus
Gas: NHz (blue litmus color: nitrogen present)
B. Leach residue with water *

Systematic Detection of Nitrogen, Halogen, Arsenic, Sulfur, and Phosphorus in Organic Compounds

Residue: Cals, CaBri, CaCly, Ca:i(POd):, Ca0, Znly, ZnBr, ZnCly, Zu8, ZniAsz, Zni(POq)s, Zn

Solution: Ca** I-, Br—, Cl-. Treat separate portions as indicated in B-1, B-2. and B-3 Rezsidue: Cai(POg)z, CaO, ZnO, Zn8, ZnsAsz, Zn:(PO4)s,
: n
C. Add HCIlOs .

B-1. Add AgNO :and B-2. Add chloramine- B-3. _Add starch, Gases:  HaS, AsHa Solution: _  H;POy,
HNOs T, fluorescein, and HC.H;0,, and C-1 Collect gases Zn**, Ca*+, HCIO,
acetic acid NaNO: separately in HgCls D. Add portion to
and Pb (C:H302): (NH):MoO4 and
HNO; on test paper.
Add benzidine and

NaC:H;0: ’
Ppt.:- Agl, AgBr, AgCl Pink color: eosin, Starch-iodine  color Ppt. PbS (black, Blue color: phosphorus

(halogen present) tetraiodofluorescein (iodine present) sulfur present), present.

(bromine and/or io-
dine present)

HgAsH:Cl  (yellow,
arsenic present)
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of nitrogen in the sample is indicated by a change in color from
‘pink to blue at the end of the litmus strip nearer the open end
of the combustion tube. Any color obtained should be com-
pared with that obtained from a blank test. Although exposed
strips of litmus very quickly lose their blue color when allowed to
stand-in contact with air, comparisons may be made as long as
15 minutes after a combustion if the paper strips are placed be-
tween two microscope slides immediately after exposure. .
«B-1. Tests for Halogen. The short arm of the combustion
tube is sealed and the long arm opened near the tip. The newly
sealed end of the tube is warmed and as the tube cools several
drops of water are added, so that the water is.slowly drawn into
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is centrifuged to collect the aqueous solution in the closed end of
the tube. The combustion tube is cut about 5 mm. above the
water meniscus and the aqueous solution reserved for subsequent
tests. The solid residue contained in the other portion of the
tube is carefully warmed to remove any water and set aside for
subsequent operations.

In a 1- to 1.5-mm. thin-walled capillary a 4- to 5-mm. column
of the aqueous extract is allowed to react with a 3- to 4-mm.
column of a solution 0.5 F in silver nitrate and 3 F in nitric acid.
The formation of a white or light yellow precipitate within 30
seconds indicates the presence of chloride, bromide, or iodide.
With properly prepared reagents, blank tests will give only a

the calcium oxide—zine mixture.

After 10 to 15 seconds the tube

very slight turbidity.

Table II.

Nitrogen Test

Test Equivalent to That Given by Nitrogen, Taken as Ammonium Chloride

Amines

Amides

Nitriles

Oximes

Nitro compounds

Nitroso compounds

Nitrates, nitrites

Miscellaneous heterocy-
clic compounds

Miscellaneous

A, 5tol0y N

Arsanilic acid
2-Aminopyridine
Quinoline ethiodide

N,N-diphenylnitroso-
amine

Phenarsazine chloride

Formy! diphenylamine
Azobenzene

B. 10to30 v N

n-Heptylamine X
N,N-diethyleyclohexylamine
Tris(B-chlorcethyl)amine

N-etﬁy]pyrrole

Pyridine
2-Chloropyridine

2-Bromopyridine
3-Bromopyridine
Tetra-n-butylammonium io-
dide

n-Heptamide X
N-acetyl-a-naphthylamine
m-Acetamidobenzoic acid
N,N-diethylchloroacetamide

Thioacetanilide

Ethyl N-phenylcarbamate

Ethyl N,N-di-n-butylear-
bamate

Benzenesulfonamide

o-Toluenesulfonamide

n-Butyronitrile
Chloroacetonitrile
a-Bromobenzylcyanide
Benzoylacetonitrile

n-Butyraldoxime
a-Benzil monoxime

Chloropicrin

Nitrosobenzene

N-methyl-N-phenylnitroso-
amine

Ethyl nitrate

Benzothiazole
Benzoxazole

Benzalaniline
Benzalmethylamine
Benzalazine
N,N-diphenylformamidine
Diazoaminobenzene

C. More than 30 v N

2-Amino-n-octane

o-Bromoaniline

2-Amino-4-chlorothiophenol
hydrochloride

N-methyl-ethylamine hydro-

chloride
Dibenzylamine

N-ethyl-diethanolamine hy-

drochloride

N-methyl-bis(8-chloroethyl)-
amine
N- et_hyl - bis(8 - chloroethyl)-

v+ amin

€
N,N-dimethyi-p-bromoaniline

Propionamide
n-Butyramide
Chloroacetamide
Trichloroacetamide

N - acetyl - 8- methoxyethyl-

amine
N, N-diethylacetamide
,N-amylsuccinimide
n-Butyloxamate

N-methylurea
N-acetylurea
N-acetyl-N’-methylurea
N,N’-di-n-butylthiourea
Ethyl carbamate
n-Propyl carbamate
n-Butyl carbamate
n-Amyl carbamate
8-Ethoxyethyl carbamate
Ethy! N-methylcarbamate
Ethyl N-ethylcarbamate
Ethyl

bamate

Sodium N,N-diethyldithiocar-

bamate
p-Aminobenzenesulforiamide
Dichloramine-T
Acetonitrile
Furonitrile
Suceinonitrile
Methyleyanoacetate
p-Nitrophenylacetonitrile
B-Hydroxy-~v-chloro-n-buty-
ronitrile .

Ethyl g-phenyl-a-cyanoacry-
late

N,N-di-n-butylcyanamide
N,N-diallylcyanamide ~
Dicyandiamide

Cyanogen bromide
n-Heptaldoxime

Acetone oxime
Cyclohexanone oxime
Biacetyl monoxime
Bromopicrin
2-Meéthyl-2-nitro-1-propanol
o-Dinitrobenzene
4,4’-dinitrobiphenyl
m-Nitrophenylarsonic acid
2-Nitroso-3-hydroxy-toluene

o-Nitrosonitrobenzene

N-nitrosopiperidine

Ethyl,
bamate

Butyl nitrate

Sodium nitrate

Sodium nitrite

2-Aminobenzothiazole

o-Benzoicsulfimide

1-Acetyl-2-thiohydantoin

Ethylene thiocyanate

Potassium thiocyanate

1-Aminoguanidine sulfate

N,N - diphenylcarba-
mate .
Ethyl N-phenyl-N-benzylcar-

N-nitroso-N-ethylcar-

B-2. Test for Bromide or
Iodide. If a positive test for
halogen is obtained (B-1) a 5- to
6-mm. column of the aqueous ex-
tract is placed in a 1- to 1.5-mm.
capillary tube and a 3- to 4-mm.
column of f{reshly prepared
0.0035 F aqueous chloramine-T
is added, followed by a 3- to
4-mm. column of a 509, aqueous
ethanol solution 0.00075 F in
fluorescein and 0.12 F in acetic
acid and. then another 3- to
4-mm. column of 0.0035 F chlor-
amine-T. When viewed against
a white background, the forma-
tion of a pink color is indicative
of the presence of bromide or
iodide. No color should be ob-
tained in blank tests on properly
prepared reagents.

B-3. Test for Iodide. If a
positive test for bromide or
1odide is obtained (B-2), a 3~ to
4-mm. column of the aqueous
extract is placed in a capillary
tube and to it is added a 3- to
4-mm. column of a reagent
freshly prepared by mixing equal
columns of 0.5%, starch solution,

1 F sodium nitrite, and 6 F acetic’

acid. Theformation of a blue or
black colorindicates the presence
of iodide. No color should be
obtained in blank tests.

C-1. Test for Sulfur and
Arsenic. Cut open the combus-
tion tube near the middle of the
fusion mixture and by gentle
tapping transfer all the mixture
into the 3 X 15 mm. depression of
a culture-type microscope slide.
A glass ring 18 mm. in inside
diameter and 15 mm. high is then
placed around the depression.
With a wax pencil a line is drawn
across the center of a cover slip
and on one side of the line is
placed a drop of 1 F lead acetate
and on the other a drop of 0.1 F
mereuricchloride. The coverslip
is inverted and placed in position
on the glass ring immediately
after the addition of 4 drops of
9 F perchloric acid to the fusion
mixture. The formation of a
brown or black precipitate in the
lead acetate drop after 2 to 3
minutes is indicative of the pres-
ence of sulfur; however, in the
absence of arsenic the presence of
sulfur may also be indicated by.
the formation of a white precipi-
tate (HgCly-2HgS) in the mer-
curic chloride drop.

The probable presence of
arsenic is indicated by the forma-
tion of a yellow or brown precipi-
tate in the drop of mercuric chlo-
ride. If the original sample con-
tains tripositive or elementary
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phosphorus, some phosphorus may be present as calcium or zine
phosphide after fusion and when the perchloric acid is added to
the fusion mixture phosphine may be liberated and may cause
an orange-brown precipitate to form in the mercuric chloride.
For this reason an orange or brown precipitate in the mercuric
chloride drop is not necessarily proof of arsenic, though most of
the tripositive phosphorus compounds examined do not give a
detectable precipitate. With suitably selected zinc metal no
significant amounts of sulfur or arsenic should be found in blank
tests.
D. Testfor Phosphorus. A test paper is prepared by placing
a few drops of a solution 0.03 F in ammonium molybdate, (NH;)s-
Mo0;0,4, and 3.9 F in nitric acid on a Whatman No. 1 or similar
filter paper and drying the paper at 80° to 90°. A 5- to 8&mm.
column of the perchloric acid solution remaining after the opera-
?ons described in C-1 and contained in a 1- to 1.5-mm. capillary
ube is transferred to an impregnated section of the test paper.
Then in succession are added a 5-mm. column of a solution,
0.0027 F in benzidine and 1.8 F in acetic acid, and an equal vol-
ume of saturated aqueous sodium acetate. The presence of
phosphorus is indicated by the formation of a blue spot; this
should always be compared with that obtained in a blank test.

RESULTS OBTAINED WITH SYSTEMATIC SCHEME

A. Nitrogen Test. Experiments have shown that this test
will detect as little as 2 to 3 micrograms of nitrogen taken as an
ammonium salt or about 5 micrograms taken as.a nitrate. With
suitably prepared reagents a blank test will give at the most only
a short zone of pale lavender color on the litmus paper.

A large number of compounds were tested for the presence of
nitrogen in order to determine whether or not the test could be
relied upon with nitrogen-containing compounds of widely vary-
ing structure.

In general a 1-mg. sample of the substance was taken and the
test recorded as: (A) equivalent to test given by 5 to 10 micro-
grams of nitrogen taken as ammonium chloride; (B) equivalent
to test given by 10 to 30 micrograms of nitrogen taken as ammo-
nium chloride; and (C) equivalent to test given by more than 30
micrograms of nitrogen taken as ammonium chloride. The re-
sults of these tests are given in Table I1.

In no case was a negative test obtained despite the relatively
great variation in the types of the compounds tested. It there-
fore appears that the test described is generally applicable.

Halogen Tests (B-1, B-2, B-3). The tests for the halogens
are based upon the assumption that only one halogen is present;
if more than one halogen is present, only that one which has the
higher atomic weight will be specifically detected. The sensitiv-

Table III. Halogen Tests

Chlorine-Containing Compounds
8 - Chloroethyl - p - tolu- Chloroform
enesulfonate
Dichloramine-T

n-Butyl chloride

1,2-Dichloro-n-butane
Bis(g-Chloroisopropyl) Diphenylselenium  di-
ether chloride
Phenyl mercuric chloride Tetrachloroethylene
Trichloroacetamide N-methyl-bis(8-chloro-
ethyl)amine
Tris(B-chloroethyl)amine a-Chloroacetophenone

2-Chloropyridine
2,3-Dichlorodioxane

1,1,1-Trichloroetbane
p-Toluenésuifonyl .
chloride
N-ethyl-bis(8-chloro-
ethyl)amine .
Big(g-chloroethyl) sul- Bis(B-chloroetbyl)sulfone Chloropicrin

fide
Ethyl dichloroarsine g-Chloroethyl dichloro- 1,1,2,2-Tetrachlorodini-
arsine troethane

Bromine-Containing Compounds

Benzalacetophenone o-Bromoanisole N,N-dimethyl-p-bromo-~
dibromide o aniline
Bromopicrin 2-Bromopyridine 3-Bromopyridine

2-(8-butoxyethoxy)-  Isobutylene bromide 4,4/-Dibromodiphenyl
ethyl bromide R ' sulfone

1,2-Dibromoethylene Eﬁibromohydnn 3 Ethyl dibromoacetate

a-Bromoacetophenone Phenylmercuric bromide Soxﬁﬁm 2;bromoethane-

8 onate

4-Bromoacetyl- a-Bromobenzyleyanide Cyanogen bromide
biphenyl

Ethyl bromoacetate

Iodine-Containing Compounds

Todosobenzene o-lIodotoluene
2,4,6-Trijodobenzene

Iodoform
Quinoline ethiodide
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Table IV. Sulfur Tests

Test Equivalent to That Given by Sulfur, Taken as Sodium Sulfate-
A. 20 to 40+ S B. More than 40y 8
Mercaptans, sul- 2-Mercaptobenzoxazole Thioglycolic acid

fides, disulfides
Phenyl sulfide ‘Thio-8-naphthol
p-Tolyl ethyl sulfide 2-Amino-4-chlorothio-
pbhenol hydrochloride
p-Tolyl methyl sulfide Thiodiglycol
Thiodiglycolic acid
Bis-(B-chloroethyl)sulfide
Bensyl sulfide
Isobutyl disulfide
Benzyl disulfidé
Phenyl disulfide
Phosphorus sulfide (P«S7)
Phosphorus  sesquisulfide
(P4Ss)

Suflfoxides, sul- n-Propyl sulfone Phenyl sulfoxide
ones
Phenyl-p-tolyl sulfone n-Butyl sulfone
Bis- (8-chloroethyl) sulfone
4,%'-dibromodiphenyl sul-
one

Sulfonic acids and Sodium allylsulfonate o-Toluenesulfonamide
derivatives
Sodium  2-bromoethane- p-Aminobenzenesuifona-
sulfonate mide
Dichloramine-T
B-Chloroethyl toluenesul- o-Benzoicsulfimide
fonate
p-Toluene sulfonyl chloride
Benzenesulfonamide

Sulfates, sulfites 1-Aminoguanidine sulfate  n-Propyl sulfate
Sodium sulfate
Ammonium sulfamate

n-Butyl sulfite

Thiocyanates Benzyl thiocyanate Ethyl thiocyanate
Potassium thiocyanate n-Butyl thiceyanate
Ethylene thiocyanate
Perthiocyanic acid
Miscellaneous Tri-o-cresyl thiophosphate Thioacetanilide

N . N,N’-di-n-butylthiourea
Triphenyl thiophosphate Sodium diethyl dithiocar-

bamate
Ethyl thioacetate
Trithiomethylene Benzoyl disulfide

ity of the halide tests is limited by the purity of the reagents em-
ployed. However, no difficulty was experienced in preparing
reagents which gave only a very slight turbidity with the silver
nitrate—nitric acid reagent and no test for bromine and iodine.
Satisfactory positive tests were obtained with 5-microgram
quantities of chloride, bromide, and iodide in procedure B-1,
with 5 micrograms of bromide and iodide in procedure B-2, and
with 5 micrograms of iodide in procedure B-3. With a 1-mg.
sample satisfactory halide tests were obtained with procedure
B-1 for all halogen-containing compounds examined. In all
cases where bromine or iodine was present a satisfactory test
was obtained using procedure B-2, and when iodine was present
a satisfactory test was obtained using procedure B-3. When
bromine or iodine were absent, the tests in procedures B-2 and
B-3 were uniformly negative. The compounds listed in Table III
were among those examined.

- Sulfur Test (C-1). The sensitivity of this test appears to be
limited by the purity of the zine metal used in the preparation of
the combustion mixture. It was found that a sample of Baker’s
“zinc metal, granular.80-mesh’” was sufficiently free of sulfur to
permit the unambiguous detection of 10 micrograms of sulfur
originally present as sodium sulfate. A number of sulfur-
containing compounds were examined using 1-mg. samples and
the intensity of the test was recorded as: (A) equivalent to test
obtained with 20 to 40 micrograms of sulfur taken as sodium
sulfate, and (B) equivalent to test obtained with more than 40
micrograms of sulfur taken as sodium sulfate. The results of these
tests are given in Table IV.

In no case was a negative test obtained with a sulfur-containing
compound and in view of the variety of compounds examined
it-appears that the sulfur test described is generally applicable.

Arsenic Test (C-1). If phosphorus is absent, the test for ar-
senic will provide for the unambiguous detection of as little as 5
micrograms of arsenic originally present as sodium arsenate.
The presence of phosphorus may lead to spurious results. There-
fore, if phosphorus 1s found to be present, caution should be
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Table V. Fluorine Test

A. Equivalent to 6 to 10 vy of
of Fluoride Ion

Difluoroacetonitrile
B-Fluoroethyl chlorosulfonate
B-Fluoroethylnitrite

B. Equivalent to More than
10 v of Fluoride Ion

n-Butylsulfonyl fluoride

8-Chloroethyl fluoroacetate

Bis (8-chloroethyl) fluorophosphate

Diethylamino phosphonyl fluoride

p,p’-Diflucrobiphenyl

N,N-diethylfluoroacetamide

Diisopropylfluorophosphate

N,N'-teframethylamino-phosphoryl
fluoride

B-Fluoroethanol

Bis (8-fluoroethyl)carbonate

p-Fluorcaniline

p-Fluoroanisole

8-Fluoroethylehloroformate

B-Fluoroethylchloromethyl ether

Bis (8-fluoroethyl)-g-fluoroethylphos-

phate
Methy! luoroacetate

exercised in accepting a positive arsenic test as conclusive evi-
dence of the presence of this latter élement. Using ca. 1-mg.
samples satisfactory tests were obtained with all arsenic-con-
taining compounds examined, which included arsanilic acid,
m-nitrophenylarsonic acid, phenarsazine chloride, phenarsazine
cyanide, phenyldichloroarsine, ethyldichloroarsine, and g-
chloroethyldichloroarsine, - .

Phosphorus Test (D). As little as 5 micrograms of phos-
phorus, originally present as sodium phosphate or phosphorus
trichloride, can be detected with this test, provided care is taken
to select reagents which are essentially free of phosphorus. Using
a l-mg. sample satisfactory tests were obtained with all phos-
phorus-containing compounds examined. These included red
phosphorus, phosphorus sesquisulfide, phosphorus sulfide, phos-
phorus trichloride, sodium g-glycerophosphate, and tri-o-cresyl
thiophosphate.

QUALITATIVE TEST FOR CARBON

A method suitable for the detection of about 10 micrograms
of carbon was developed which was based upon the wet combus-
tion of a 1-mg. sample with a mixture of iodie, chromic, sulfurie,
and phosphoric acids and subsequent detection of the carbon
dioxide formed by precipitation as barium ¢arbonate.

‘Carbon Test.
mm. long is formed on one end of a 15-cm. length of 1.5- to 2.5
mm. inside diameter soft glass thin-walled capillary tubing
previously prepared from 30-mm. glass tubing. thoroughly
cleaned with a hot chromic acid-sulfuric acid mixture. The
tube is then gently heated, in the flame of a microburner, at a
point ca. 5 cm. from the tip, so as to cause the tube to bend by
its own weight into a canelike form. A pipet is also prepared by
forming a tip 0.5 mm. in outside diameter and ca. 8 cm. long on
a piece of 1.0- to 1.5-mm. thin-walled capillary tubing. The
combustion mixture used was prepared by carefully mixing
33 ml. of 859, phosphoric acid and 67 ml. of 30% fuming sulfurie
acid in a 250-ml. g.s. flask and then adding 6.0 grams of chromium
trioxide and 1.0 gram of potassium iodate. The contents of the

unstoppered flask were heated, with gentle agitation, until the’

temperature reached 140° to 150°. The flask was then covered
with an inverted beaker and allowed to cool to 25°, whereupon
it was stoppered and contamination of the rim of the flask by
dust prevented by inverting a beaker over the neck of the flask.

With the aid of the pipet described above a 25-mm. column
of the combustion mixture is placed in the longer arm of the cane
tube. The tip of the short arm of the cane tube is allowed to
come in contact with a drop of a centrifuged solution 2 F in so-
dium hydroxide and saturated with *barium chloride until a
column 5 to 7 mm. in length is present in the larger part of the
arm. The short arm of the cane tube is then sealed by rapidly
passing the tip through the edge of a burner flame. The sample
eontained in & 0.5 mm. inside diameter capillary tube (3- to 4-mm.
column = approximately 1 mg.) is inserted into the long arm of
the cane tube and placed in position within a few millimeters of
the column of combustion mixture, The long arm of the cane
tube is then sealed at a point 10 to 20 mm.-from the open end.
The sealed cane tube is hung on the edge of a 15-ml. centrifuge
tube and centrifuged gently to drive the sample and combustion
mixture to the bottom of the tube. The portion of the cane
tube containing the sample and combustion mixture is heated in
a boiling water bath for 3 to 5 minutes. If a white .crust is
formed on the surface of the barium hydroxide solution the tube
is taken from the bath and gently centrifuged until the precipitate
is driven to the bottom of the short arm. The tube is replaced in

A iip 0.2 to 0.3 mm. in inside diameter and 10-
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the boiling water bath and after a minute a precipitate will re-
appear on the surface of the barium hydroxide solution if carbon
is present.

Blank tests often may produce a small amount of precipitate
on the surface of the barium hydroxide solution, but this precipi-
tate does not reappear after one centrifuging. Positive tests
for carbon in a 1-mg. sample of an organic compound will even-
tually lead to the formation of a heavy precipitate throughout
the solution contained in the short arm of the cane tube, provided
the cane tube is periodically centrifuged.

RESULTS OBTAINED WITH CARBON TEST

A 1-mg. sample of bromopicrin, containing approximately 10
micrograms of carbon, gave an unambiguous positive test. How-
ever, acetic acid and compounds which yield acetic acid as the
only carbon-containing compound upon hydrolysis may give only
a poor test with 3 to 5 minutes’ heating. In no case except that
of acetic acid did a carbon-containing compound fail to give a
satisfactory test, even though such difficultly oxidizable ma-
terials as benzene, pyridine, and graphite were examined. The
other compounds tested were: acetylurea, arsanilic acid, benzyl
chloride, o-bromoaniling, carbon tetrachloride, g-chloroethyl p-
toluenesulfonate, 2-chloropyridine, diazoaminobenzene, -di-
chloramine-T, 1,2-dichloro-n-butane, bis(g-chloroethyl) car-
bonate, dioxane, N,N-diphenylnitrosoamine, ethanol, fluoroben-
zene, methanol, m-nitrophenylarsonic acid, quinoline ethiodide,
tetra~n-butylammonium iodide, tetrachloroethylene, tetralin,
and triphenyl thiophosphate.

The technique used in the carbon test is generally applicable to
all cases involving the liberation of a gas and its subsequent cap-~
ture in a suitable reagent. For example, its application to the
detection of a-amino acids by oxidation with ninhydrin to give
carbon dioxide (6) is obvious.

QUALITATIVE.TEST FOR FLUORINE

The presence of fluorine in organic compounds can be detected
by decomposing a 1-mg. sample with a mixture of iodie, chromie,
sulfuric, and phosphorie acids, collecting the hydrogen fluoride
in a hanging drop of water, and then examining the aqueous solu-
tion for the presence of fluoride by taking advantage of the in-
solubility of thorium fluoride and the intense red color of the
lake of alizarin sulfonate adsorbed on thorium hydroxide. If
fluorine is absent the lake forms and a red color is observed. If
fluorine is present, thorium fluoride is formed and no color is
observed.

Fluorine Test, Approximately 1 mg. of the liquid or finely
powdered solid sample is placed in the 3 X 15 mm. depression of
a culture-type microscope slide and a glass ring is placed around
the depression as in the previously deseribed arsenic-sulfur test.
Ten drops of the iodic-chromic-sulfuric-phosphoric acid mixture
are added to the sample and the ring is immediately covered
with a 2.5-cm. watch glass, on the under side of which is a hanging
drop of water. The assembly is allowed to stand for 5 minutes
and then placed on a 7.5-cm. (3-inch) iron ring; Two drops of
water are placed on the top side of the watch glass, to prevent
subsequent evaporation of the hanging drop, and the bottom of
the slide is carefully heated, with a small flame, until the mixture
in the cell begins to fume and then for 30 seconds longer. The
hanging drop is removed with a capillary pipet and transferred to
a 10 X 75 mm. test tube. One drop of 6 F formic acid and one
drop of 2%, hydrazine hydrate are added and the mixture is
heated to 50° to 60°. After 20 seconds 1 ml. of water, one drop
of 3 F sodium hydroxide, and two drops of 0.12%, ethanolic so-
dium alizarinsulfonate are added and the solution is thoroughly
mixed. A similar solution is prepared for comparison purposes
containing all the reagents used. To each tube one drop of
0.0005 F thorium nitrate is added, the solution is mixed by shal-
ing the tubes gently, and the colors are compared. If fluorine
is present the tube containing the hanging drop will be yellow and
the comparison tube pink. One drop (0.05 ml.) of 0.0005 F
thorium nitrate is equivalent to ca. 2 micrograms of fluoride and
if fluorine is present the amount in the hanging drop can be esti-
mated by the dropwise addition of the thorium nitrate solution.
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Experiments have shown that, depending on the nature of the
compound, 15 to 50% of the fluorine present in the sample is
collected as fluoride in the hanging drop. If the sample does not
contain bromine or chlorine, the procedure can be simplified by
omitting the hydrazine reduction.

RESULTS OBTAINED WITH FLUORINE TEST

One-milligram samples of a number of fluorine-containing
compounds were examined and the result of the test was recorded
as: (A} equivalent to test obtained with 6 to 10 micrograms of
fluoride ion, and (B) equivalent to test given by more than 10
micrograms of fluoride ion. The results are given in Table .V.

Negative tests were obtained with 1-mg. samples of g-chloro-
ethyl chlorosulfonate, B-chloroethylisocyanide dichloride, and
dimethylchloroarsine.

The system of qualitative analysis described above was used
frequently during the war period for the rapid identification of
elements in organic compounds and no difficulty was experienced
in obtaining unambiguous results. During the past year the
system has been used with equal.success in a laboratory course
given for senior and first-year graduate students.
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Determination of Small Amounts of Sodium Bicarhonate in Sodium Carbonate

ROBERT B. REGIER!, Wyandotte Chemicals Corp., Wyandotte, Mich.

THE procedure commonly employed for determining sodium
bicarbonate in sodium carbonate is that of Winkler, in which
the bicarbonate is neutralized with an excess of standard base,
barium chloride is added to precipitate the carbonate ions
quantitatively, and the excess of base is determined by titration
with standard acid in the presence of the barium carbonate (3).
For materials in which both carbonate and bicarbonate are
%present in appreciable quantities, this method is satisfactory.
But in soda ash, in which the sodium bicarbonate content seldom
exceeds 19, and is usually much less, application of Winkler’s
method without suitable modification may result in errors as
large as 1009, of the true sodium bicarbonate content. The
precipitation of barium carbonate appears to remove effectively
some of the excess base from solution by occlusion in the barium
carbonate. [The use of silver nitrate as an external indicator
for the titration of sodium bicarbonate with sodium hydroxide
in the presence of much sodium carbonate, a method also com-
monly in use (1), is inaccurate. By this method the end point is
reached when as much as 0.5% sodium bicarbonate is still not
neutralized.]

To correct for this effect when small quantities of sodium bi-,

carbonate are being determined, it has been found necessary in
this laboratory to make a blank determination on sodium car-
bonate that is free from bicarbonate. Such material may be
prepared by igniting reagent grade sodium carbonate at 140° C.
for 3 hours or at 160° C. for 1.5 hours (2).

The procedure employed in this laboratory for determining
small quantities of sodium bicarbonate in soda ash is as follows:

Approximately 10 grams of sample, accurately weighed, are

transferred to a 250-ml. volumetric flask, dissolved in freshly
boiled, cool distilled water, and diluted to the mark. A 50-ml.

aliquot of the sample is treated with 5ml. of 0.1 N sodium hydrox- -

ide, then with 50 ml. of 1.0 N barium chloride that is neutral to
pbenolphthalein. After thorough mixing the suspension is

1 Present address, Phillips Petroleum Co., Bartlesville, Okla.

titrated potentiometrically with 0.1 N hydrochloric acid without
undue delay, to prevent pickup of carbon dioxide from the
atmosphere. The blank determination is performed in an-identi-
cal manner. It is imperative that identical quantities of sodium

.hydroxide be used for both sample and blank, since the. blank

correction is related directly but not linearly to the quantity of
excess sodium hydroxide present when the barium carbonate is
precipitated. The magnitude of the blank correction has been
found to be approximately 0.2, sodium bicarbonate. For rea-
sons not known, the correction varies sufficiently with different
reagents, so that it should be measured for each determination
unless its constancy has been established. The values cited in
Table I were obtained over an interval of nearly two years, using
different batches of sodium carbonate and different reagents.

Table I shows results obtained from the analysis of two series
of independently prepared synthetic samples. Without the
blank correction systematic errors ranging from 15 to over 1009,
of the actual bicarbonate content are obtained, whereas deviations
of the corrected results may be attributed-to experimental error.

Table I. Accuracy of Analysis of Sodium Bicarbonate
Trial I Trial I1
Present Found Corrected Foun Corrected

% % _ % % o

0.20 0.48 0.24 0.38 0,22

0.40 0.65 0.41 0.57 0.41

0.60 0.81 0.57 0.76 0.60

0.80 1.03 0.79 0.95 0.79

1.00 1,24 1.00 1.16 1.00
Blank 0.24 0.16 ..
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Determination of Nitrogen Oxides in Air

Permanent Color Standards for Use with Method of Patty and Petty

P. R. AVERELL, W. F. HART, N. T, WOODBERRY, AND W. R. BRADLEY
Stamford Research Laboratories, American Cyanamid Company, Stamford, Conn.

ACOLORIMETRIC field method for estimating the content

- of nitrogen oxides in industrial atmospheres has been de-
scribed by Patty and Petty (). The method is based on the hy-
drolysis of nitrogen dioxide or tetroxide to nearly equimolecular
amounts of nitric and nitrous acids in a reagent containiag -
naphthylamine, sulfanilic acid, and acetic acid, with which the
nitrite ion reacts to give a red color; nitrous oxide and nitrogen
pentoxide are not acted upon by this reagent, but are not com-
monly encountered in appreciable quantities in industrial at-
mospheres. A 50-ml. ground-glass syringe (B-D, Yale) serves as
container for the reagent, sampling device, reaction vessel, and
color comparator tube. A field kit was designed to contain six
loaded syringes, six standards (made from a standard sodium ni-
trite solution), and bottles of solutions of the two reagents.

Since the color produced by the reaction fades considerably
upon standing several hours, it is necessary to carry a standard
nitrite solution in the kit to make fresh standards daily. This, in
turn, necessitates carrying a larger stock of the reagent solutions
for making up the color standards and also adds to the time of
preparation for each test. It was suggested by Patty and Petty
that the use of permanent glass color standards of suitable form
would cut down the size of the field kit as well as the time for
preparation. :

PREPARATION OF PERMANENT STANDARDS

With the aid of a General Electric recording spectrophotom-~
eter, the authors found a suitable blend of dyes with which to dye a
series of cellophane strips to different depths of color, so as to
match a series cf color standards corresponding to 5, 10, 20, 30, 40,
and 50 p.p.m. of nitrogen dioxide in 50 ml. of air at 25° C.

Small squares (7.5 X 7.5 cm., 3 X 3 inches) of non-moisture-
proof cellophane (du Pont 600) were treated for various lengths of
time in the followmg dye bath:

Calcomine Fast Red 8Bo
Calcomine Sky Blue FF, Ex. Cone.%
Sodium chloride

Total volume of bath

Temperature

25 mg. per liter

0.2 mg. per liter
5,25 grams per liter
2 liters

80° C.

@ Made by Calco Chemical Division, American Cyanamid Co., 30 Rocke-
feller Plaza, New York, N. Y.

In order to ensure uniform dyeing, the strips of cellophane were
held on special glass frames and the dye bath was kept in motion,
so that the strips would not stick to one another. As the strips
were removed, they were rinsed in distilled water and stretched
over the mouth of a wide-mouthed bottle to dry as a smooth
sheet, free from wrinkles. The following results were obtained
after the diffusion rates of the two dyestuffs were ascertained by
preliminary experiments.

Dyeing Equivalent P.P.M. of NO:
Time, Min. per 50 Ml. of Air
2" 5
3 10
7 20
11.5 30
17.5 38
25 45

The dyed cellophane strips were laminated with 3 X 5 cm.
pieces of cellulose nitrate sheet in such a way that one lengthwise
half (1.5 X 3 em.) of the piece contained the dyed cellophane,
while the other half was the clear plastic. The lamination was
done by wetting the inner edges of the two sheets of plastie with
alcohol, putting the cellophane strip in place, and pressing the
edges with a warm iron until bonded.

_'ide content of industrial atmospheres.

CALIBRATION OF CELLOPHANE STANDARDS

The cellophane standards were calibrated by comparing with
nitrite standards prepared as described by Patty and Petty.

Approx1mately 10 ml. of the colored solution were placed in the
syringe, the solution was agitated so as to wet the ground-glass
surface above the solution, and the mounted strip was held in
front of the syringe, so that the clear half was over the colored
solution, the dyed cellophane over the empty space above the solu-
tion, and the boundary just at the surface of the solution. In this
way, the blank due to the plastic and the syringe walls was auto-
matically canceled out. Different solution standards, progres-
sively differing by 5 p.p.m., were compared until a match was
made, and the strip was then properly labeled. The comparison
was made against a background of diffused daylight—i.e., looking
through a window at the sky, with a thin sheet of white paper di-
rectly behind the syringe and touching it. An artificial source of
diffused white light would probably serve equally well.

TEST PROCEDURE

The procedure for testing air for nitrogen oxides is exactly the
same as described by Patty and Petty up to the actual evalua-
tion,

After 10 ml. of the mixed reagent have been placed in the syr-
inge, 50 ml. of air drawn in, and the mixture shaken and allowed to
stand about 10 minutes, the dyed cellophane standards are com-
pared until the closest match is found.

STABILITY WITH TIME

Two identical sets of cellophane standards were made, one of
which was kept in a sealed envelope, while the other was used in
the field as occasion demanded for evaluating the nitrogen diox-
The latter set was thus
given a limited exposure to indoor diffused daylight or artificial
light over a period of 2 years. At the end of this time, both sets
of cellophane standards were compared with freshly prepared ni-+
trite standards. Any differences in depth of color between the
cellophane standards and the fresh sloution standards were im-
perceptible, and the two sets were likewise practically indistin-
guishable. It seems safe to conclude, therefore, that these color
standards are sufficiently stable for practical purposes. Frequent
or prolonged exposure to direct sunlight will cause some degree of,
fading in practically any dye, and is not recommended. The
slight darkening of the cellulose nitrate in the mount, which oc-
curs over a period of time, has no effect on the results obtained,
because of the self-contained blank.

EFFECT OF TEMPERATURE

As stated by Patty and Petty, the speed of the color reaction
varies inversely with the temperature, the time for maximum de-
velopment of color being 30 minutes at 4° C., 10 minutes at
25° C., and 5 minutes at 50° C,

While the value of the nitrite solution standards in p.p.m. of

-nitrogen dioxide by volume is calculated on-the basis of tests
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taken at 25° C., actually a variation of 20° on either side of
25° C. would cause a difference of less than 4 p.p.m. in the 50
p.p.m. standard.

DISCUSSION

The cellophane standards described here have proved satis-
factory in field use, and the authors have not looked into the use
of other materials. It is possible, however, that the dye medium
or mounting, or both, for permanent standards could be made
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from other plastics, such as methyl methacrylate, which would
have less tendency to darken or warp on aging.
ACKNOWLEDGMENTS
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trophotometric analyses of the standard color solutions, of dyes
for matching, and of the dyed cellophane strips.
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Electrometric Titration of Nitric Acid in Oleum

C. DANA McKINNEY, Jr., WILLIAM H, ROGERS, AND WALLACE M. McCNABB
Department of Chemistry and Chemical Engineering, University of Pennsylvania, Philadelphia, Pa.

N ELECTROMETRIC method is described for the deter-
ination of the amount of nitric acid added to oleum as an
antifreeze. Bowman and Scott (I) recommend the titration of
nitric acid with a standard solution of ferrous sulfate in which
the first appearance of the red-brown color of the ferrous nitrosyl
sulfate is taken as the end point of the titration. The color of the
end point is easily obscured if the oleum is dark in color. This is
frequently the case when reclaimed sulfuric acid is used as “drip
acid,” the sulfurie acid in which sulfur trioxide is absorbed in the
manufacture of oleum.

A previous publication (3) on the electrometric titration of ni-
tric acid requires the use of a potentiometer and a specially pre-
pared electrode and titration cell. In the present work the au-
thors used the Serfass electron ray titration assembly (2) fitted
with a platinum-tungsten electrode combination. The advan-
tages of this setup are the convenience, elimination of the inter-
ference of the end point by the dark color of the oleum, and
elimination of the empirical blank correction of about 0.20 ml.
Although the authors used the Serfass assembly in this work, any
similar assembly should perform equally well.

ANALYTICAL PROCEDURE

The ferrous sulfate solution is prepared by dissolving 176.5
grams of ferrous sulfate heptahydrate in about 400 ml. of water
and adding 500 ml. of 609, sulfuric acid while stirring vigorously.
The solution is diluted to 1 liter and is approximately 0.6 N.
This solution is standardized against 0.5 N potassium dichromate
in the presence of 10 ml. of 18 N sulfuric acid in the manner de-
scribed below for the determination of nitric acid.

A sample of oleum containing about 0.4 gram of nitric acid is
weighed from a Lunge pipet into a 250-ml. beaker containing 100
ml. of concentrated (95%,) nitric-free sulfuric acid. The sensi-
tivity control of the fitration unit is turned to position eight and
the polarization control is set in the off position. The electrodes
and mechanical stirrer are placed in the beaker and the solution
is mixed thoroughly. The cathode ray tube is adjusted to the
closed position by means of the ‘“‘eye control.” The sample is
titra.tec{) with the ferrous sulfate solution;: the first few milliliters
cause the eye to open momentarily. Further slow addition brings
the eye back to the closed position, and the titration is continued
until the eye remains open for 30 seconds.

The nitrosyl sulfuric acid is determined by titration with stand-

ard potassium permanganate. A 10-gram sample of the oleum
is weighed into a 100-ml. volumetric flask containing about 20
ml. of 95%, sulfuric acid. The sample is diluted with sulfuric acid
to the mark, and a 25-ml. aliquot is transferred to a 250-ml.
beaker containing distilled water and a large piece of ice. The
solution is titrated with standard potassium permanganate to
an end point which persists for one minute.

DISCUSSION OF RESULTS

This procedure was applied to two samples of oleum which had
been analyzed by the familiar nitrometer method. It was noted
that the electrometric end point preceded the visual end point by
0.12 ml., which was assumed to be due to the excess ferrous sul-
fate that is added to obtain a detectable color change. No cor-
rection is necessary in calculating the results by the electrometric
method.

The ferrous sulfate titration of nitric acid in oleum measures
only the actual nitrie acid content of the sample, while the ni-
trometer method measures the nitrosyl sulfuric acid in-addition
to the nitric acid. The nitrosyl sulfuric acid present is due to the
oxides of nitrogen in the nitric acid reacting with the oleum.
Therefore, to place the two methods on the same basis, it was
necessary to determine the nitrosyl sulfuric acid content of the
oleum samples and to correct the results of the ferrous sulfate
titration.

Table I. Determination of Nitric Acid in Oleum
Sample Sample Volume of  Actual Total HNO:
No. Weight FeSO4 HNO, HNO: Nitrometer
Grams M1, %% % %
102-70 2.765 4.57 3.52 3.83
6.048 9.99 3.52 3.53
6.950 11.53 3.54 3.55
8.517 14 .14 3.54 3.55
7.272 12.06 3.54 3.585
7.158 11.89 3.54 3.55
Av. 3.54 3.57
102-71 4.837 15.36 6.73 6.74
3.476 11.10 6.78 6.79
6.071 19.41 6.77 6.78
3.777 18.49 6.77 6.78
8.145 26.03 6.77 6.78
5.027 16.13 6.80 6.81
Av. 6.78 6.78

The data in Table I show that concordant results are obtained
by this method over a fairly wide range of sample sizes, and the
values agree well with the values by the nitrometer method.
The actual nitric acid values are those calculated directly from
the titration; the total nitric acid is the sum of the actual nitric
acid and the nitric acid equivalent to the nitrosyl sulfuric acid.
The nitric acid equivalent to the nitrosyl sulfuric acid in both
samples is 0.019%,. Although the nitrosyl sulfuric-acid content
of these samples is not significant, samples are encountered fre-
quently in which it is as high as 0.1 t0 0.2%,.

Although this method has been applied only to oleum in this
investigation, it may be applied equally well to inorganic and
organic nitrates (1, 3).

ACKNOWLEDGMENT

The authors wish to express their appreciation to Hercules
Powder Company of Wilmington, Del., which supplied the oleum
samples and the nitrometer analyses used in this investigation.

LITERATURE CITED

(1) Bowman, F. C., and Scott, W. W., J. Ind. Eng. Chem., 7, 766-9
(1915).

(2) Serfass, E. J., Inp. Eng. CHEM., ANAL. Ep., 12, 5369 (1940).

(3) Treadwell, W. D., and Vontobel, H., Hely. Chim. Acta, 20, 573-89
(1937).

RECEIVED Ja)nuary 18, 1947,



Eighth Conference on Applied Spectroscopy

L. T. HALLETT, Associate Editor

THE Eighth Conference on Applied Spectroscopy, sponsored

by the Spectroscopy Society of Pittsburgh, was held Novem-
ber 13, 14, and 15 at the Mellon Institute. These local confer-
ences were started in 1940 when Géorge Harrison presented one
paper on industrial applications of spectroscopy and were ex-
panded over the intervening years to one-day sessions of several
papers dealing with emission spectroscopy, mostly applied to
metallurgy. Last year a two-day, session with twelve papers on
emission and absorption was held, with an attendance of 200.
This year it consisted of a three-day session on emission and ab-
sorption with 24 papers and an attendance of close to 300. Far
from being local, this conference attracted many from outside the
Pittsburgh area. The continued growth of this group is due not
only to its progressive membership but also to the untiring ef-
forts and spirit of Mary E. Warga on the staff of the Physics De-
partment of the University of Pittsburgh.

Most of the papers presented are of interest to readers of this
journal. The majority of the authors do not, at this time, plan
publication, but they will be glad to give details of their papers
to those who wish to write to them. In those cases where authors
plan publication, the journal is mentioned in the abstract.

Emission Spectroscopy

1. A Spectrochemical Method for the Determination of Al,O,
in Steel. Raymonp H. Corin anp D. A. Garoner, Carnegie-
Illinois Steel Corp., Gary, Ind.

A chemical separation of the acid-soluble and acid-insoluble

components of the steel is made. The insoluble portion which -

contains that part of the aluminum present in the sample as Al,0
is fused and taken up in a weak acid solution. Ironis added as an
internal standard. Spectrographic examination of the solution
is made by means of the well-known dropping electrode, whereby
fresh solution is continuously supplied to the spark gap during
exposure. The chemical preparation of the samples requires 2.5
to 3 hours with 10 minutes allowed for the spectroscopic examina-
tion. The dropping electrode is slightly modified and uses a
graduated reservoir to which a hollow carbon electrode is at-
tached by means of a rubber tubing. The solution is allowed to
drop at a rate of 10 to 20 drops per minute onto a pointed solid
carbon electrode. The range covered is 0.500 to 0.005%. Cali-
bration is based on synthetic standards.

'~ 2. Spectrochemical Analysis of Pig Tin. WiLeYy E. SteAK-

LEY, Weirton Steel Co., Weirton, W. Va.

This method employs the conventional internal standard princi-
ple, using a single tin line with the alloying element lines to ob-
tain relative intensity ratios. Pin samples approximately
7/3 inch in diameter are used as self-electrodes.” An-electronic
spark is used for excitation and spectra are photographed with the

Baird Associates 3-meter grating spectrograph on Eastman S.A.

No. 1 plates. The elements and ranges determined are as follows:

%
Lead 0.010 to 0.50
Antimony 0.015 t0 0.25
Arsenic 0.005 to 0.06
Bismuth 0.002 to 0.06
Copper 0.002 to 0.05
Aluminum 0.002 to 0.008

Standard samples were prepared by dilution of a master alloy -

with pure tin. The master alloy was made by adding calculated
amounts of the desired impurity elements to pure tin. Several
methods of sampling molten tin were tried. Homogeneous and
representative samples were obtained most conveniently by the
use of U-shaped Pyrex tubes. A notable increase in analytical
precision was found when the samples were képt cool during
sparking by using massive brass block electrode holders. ’

3. Spectrographic Analysis of Copper-Base Alloys. Arno

TuTEUR, Duquesne Smelting Corp., Pittsburgh, Pa.
A method is presented for the analysis of copper-base alloys

using a multisource unit. The range of elements determined
with an accuracy of 5 to 7%, was:

%

Tin 0.08 to2
Lead ‘0.05 to0.2
Nickel 0.01 to2
Iron 0.1 t00.8
Aluminum 0.1 to2
Silicon 0.005 to 0.02
Manganese 0.6 tol
Antimony 0.07 t00.75

4. A Calculating Board for Determining Relative Densities
without the Use of a Calibration Curve. CuarLEs Hare, Copper-
weld Steel Co., Warren, Ohio.

The straight-line portion of an emulsion calibration curve can
be constructed for any wave-length region from the densitometer
readings of two selected lines in that region, one of low and one of
high density, provided that both readings lie within the prede-
termined straight-line portion of the curve. A calculating board
based on this prineple is described for use in steel analysis. This
board requires the densitometer readings of twe iron lines and one
element line for each analysis, and yields results corrected for
variations in emulsion contrast from one spectrum to another and
from one wave-length region to another.

5. Practical Aspects of Establishing Analytical Working
Curves in Spectrographic Analysis. RoserT W. Smira, General
Motors Corp., Flint, Mich.

The following topics were discussed: The practical considera-
tions which govern choice of instrumentation and technique for
specific problems. Factors influencing choice of equipment
plates, lines, photometric procedures, etc., in the light of speed
vs. accuracy requirements. The problem of securing and check-
ing adequate primary and secondary standard samples. The
random and systematic errors entering into the actual analysis,
together-with means for their evaluation. The economic factors
which govern the choice of analytical method.

The author points out that in determining cost, all factors
must be considered, both direct and indirect. A great deal de-
pends on whether the sample requires a routine determination or
whether special methods must be used for its analysis. Where
there is a wide variety of samples and determinations, chemical
analyses may prove cheaper. The General Motors Corp. has
found on the average that spectrographic analysis is one sixth to
one eighth the cost of chemical methods. The spectrographic
method can give more information concerning trace elements
than can chemical analysis. "The author made a special point
that analysis is a broad subject. Because this is so, spectroscopy
will sometimes give only part of the answer required, and other
methods must be used. In no sense, therefore, should the spec-
trographer feel that he is complete in his approach, and he should
seek the advice of help of others working in the analytical field
with different approaches.

6. The Basis of Quantitative Computation in Spectrographic
Analysis. J. H. CourLrierre, University of Chattanooga, Chat-
tanooga, Tenn.

Innumerable experiments have shown that the intensity of the
radiant energy emitted by a volume of incandescent vapor is a
function of the concentration of source atoms in the vapor.

I = j(N)

The form of the function is determined by the physical condi-
tions existing in the vapor. Then for a mixture of two kinds of
atoms within the same volume of incandescent vapor the rela-
tions may be written

Il = f(Nl) and Ig = f(Ng)

where I, is the intensity of a given wave length emitted by the
atoms Ny, and I, is the intensity of a second wave length emitted
by the atoms N,. By maintaining the conditions of excitation
constant and varying the concentrations of the atoms, N, and
N,, within the vapor, it can be shown empirically that I;/I, =
FN1/N2).

If the values of the intensity ratio obtained from measurements
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on a series of samples of known concentrations are plotted against
the concentration ratios, a calibration curve is obtained from
which the concentration ratios of these two kinds of atoms for
unknown samples may be determined. This constitutesthe basis
for the so-called “‘internal standard method” (4) of quantitative
determinations, where a known concentration (N:) of a *‘stand-
ard”’ material is added to the sample. When the sample consists
of one major constituent and one or more minor constituents, it
has become customary to assume that the small deviation of this
major constituent from 100% is negligible, and the basic equa-
tion is taken as

5L/ = f(N1%/100%)

For materials consisting of three major constituents, one con-
stituent (V,) may be taken as the reference element, and the rela-
tions written as

5L/I; = f(N1/N,) and Ia/lz = f(N:/Ns)

From the curves representing these functions for a series of
known samples, the values of the concentration ratios can be
determined. It is then necessary to calculate the concentrations
of the individual elements from these concentration-ratios. This
is done by means of the solution of the equations:

Ny + N: + N; = 100%
Nl/Nz = a
lV;g/Nz =b

The simultaneous algebraic solutions of these equations gives
N, = 100/(1 + a + b)

This method requires the simultaneous evaluation of all the
elements in the sample. If all the elements are thus determined,
the precision of the method depends only upon the observational
errors, since no approximations are involved.

This method of computation from the concentration ratios has
been applied to the analysis of aluminum ore (1), furnace slags of
various types (5), stainless steel (2), ferrosilicon (3), and bariom
titanate ceramic materials.
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7. Stable Working Curves as an Approach to Standard Meth-
ods of Spectrographic Analysis. WirLiam H. MagruM, Simonds
Saw and Steel Co., Lockport, N. Y.

This paper is the result of an investigation undertaken at the
Simonds Saw and Steel Co. te eliminate thé so-called working
curve shifts so familiar to spectrographers. This was accom-
plished by studying the response of various analytical line-pairs to
changing source conditions. From these data the “‘ideal” source
for these line-pairs is determined. This ideal source does not give
rise to shifting working curves. There are certain definite limits
of circuit parameter settings within which the analytical results
are not affected even if the exposure is made under one set of
parameters and the working curves under another. This per-
missible parameter change immediately suggests a possibility, of
duplicating curves from one laboratory to another, which would
" eventually give rise to standard methods of spectrographic
analysis.

The author made a point that focus is an important factor, but
more important is the accurate calibration of each emulsion. He
pointed out that, if the source is properly maintained, there will
be no change in working curves.

8. Some Applications of Analysis of Variance to Spectro-
chemical Analysis. Josgpn GEerrnNeERr, Weirton Steel Co.,
Weirton, W. Va.

The well-known statistical technique of analysis.of variance
(2) is applied to the following problems in spectrochemical
analysis: testing for homogeneity, evaluating the relative con-
tributions of fundamental causes of deviations in analyses (3),
and estimating the increase in precision obtained by running
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replicate analyses (I). Emphasis is placed on computational
procedure and on the significance of results rather than on the
statistical theory.

It is fashionable nowadays to apply statistical methods to al-
most all forms of analysis, and the author made a plea that its
application to spectrochemical analysis could yield valuable in-
formation which present-day spectrographers are not in the habit
of seeking. The average spectrographer usually does not concern
himself as to whether his errors are due to chance or are real.
The paper cites examples from results obtained from normal
analysis to illustrate the above points. The bibliography will
piermis the reader to gain an idea of the statistical methods em-
ployed.
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Absorption.Spectroscopy

9. Prisms Versus Gratings, 1 to 6 Microns. K. B. Apams
AND Louisk J. PBETTERSEN, Westinghouse Research Laboratories,
East Pittsburgh, Pa.

The authors point out that the grating infrared instrument is
usually considered expensive research equipment. The grating
instrument for routine work has proved very practical, and the
use of expensive calcium fluoride or lithium fluoride cells is not
necessary. The price of a 7500-line grating is not great, and it
was also pointed out that a combination prism and grating in-
strument gives flexibility not commonly found in present-day
equipment.

10. Comparison of Glower and Globar Sources for Infrared
Spectrometry. R. A. FriepEL aND A. G. SHARKEY, JR., Bureau
of Mines, Pittsburgh, Pa.

A comparison of spectral energy distributions has been made
between a Globar and a Nernst-type (Insulcon) glower from 1 to
15 microns with a rock salt prism spectrometer. The curves
obtained illustrate the greater advantage in energy of the glower
at the black body maximum and the lesser advantage at longer
wave lengths. The emission maximum for the Globar lies at 2.05
microns; the maximum for the glower shifts from 1.64 to 1.61
microns for currents of 0.5 and 1.3 amperes, respectively.

11. Use of the C—H Infrared Fine Structure for the Analysis
of Liquid Mixtures. ErLEaNoR L. Saier, Gulf Research & De-.
velopment Co., Pittsburgh, Pa.

In aninfrared spectrometer equipped with a sodium chloride
prism the several closely spaced absorption bands, due to the
fundamental valence bond vibrations of the C—H groups, are very
poorly resolved. The use of a lithium fluoride prism allows these
bands to be separated and to be used for the quantitative analysis
of liquid mixtures in a semiroutine manner. The differences in
the fine structure are due primarily to differences in the types of
atomic groupings. Consequently, the method of analysis is par-
ticularly good for mixtures containing different classes of com-
pounds. Forexample, ternary mixtures containing an oxygenated
compound, an aromatic, and a paraffin are analyzed quickly and
with high accuracy. All data are obtained with the samples in
solution in carbon tetrachloride. Systems subject to molecular
complex formation such as hydrogen bonding can, therefore, be
accurately analyzed and this constitutes an important advantage
of the method. The scattered radiation in this region is negligible,
contributing to the ease of analysis. A series of various mixtures
which are conveniently and quickly analyzed was presented with
data giving comparison between synthetic and observed concen-
trations.

12. Microwave Absorption Spectroscopy. Donarp K. CoLEs,
Westinghouse Electric Corp., East Pittsburgh, Pa.

Recent types of apparatus used in microwave spectroscopy are
described, including methods of sweeping the oscillator frequency
while amplifying the detected signals by means of a high band
pass amplifier, and methods of modulating the absorption lines
by means of an électric field applied to the absorbing gas. Meas-
urement of absorption line frequencies is now possible to 1 p.p.m.

Absorption spectra of different types of molecules were dis-
cussed, together with their interpretation. It appears likely that
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microwave absorption will have some applications as a method of
gas analysis.

13. Engineering a Continuous Flow Infrared Analyzer for
Plant Use. Joun Hovorka, Gulf Research & Development Co.,
Pittsburgh, Pa.

It was desired to obtain the continuous analysis of a multicom-
ponent gas stream for its sulfur dioxide content, which ranges
from 0 to 29, sulfur dioxide. A commercially manufactured
analyzer of the Pfund type (1), using an. infrared absorption
analysis method, is used. The analyzer, optical, and recording
components are manufactured by Baird Associates, Inc., Cam-~
bridge, Mass.” The optical tank body is filled with carbon dioxide
which is present in the stream in large concentrations. The sys-
tem was engineered for plant use by centralizing electrical and
gas flow controls and providing these controls with optimum-
condition indicators. Automatic base (zero sulfur dioxide con-
tent) registration is provided on the recorder chart by the manu-
facturer, but base drift, at the high thermal sensitivity, required
thermostatic control of the optics. This control is provided by
placing the optical components in a constant-temperature com-
partment. All the electrical components are in compartments
through which a small air flow is maintained. This, together
with glass-enclosed mercury switching, provides explosion-
proofing in an-atmosphere contaminated with hydrogen, where
the instrument will be used. An additional convenience in opera-
tion is an electrically controlled calibration check.

» All components are mounted in a standard enclosed relay rack,
which may be mounted on casters for ease in servicing.

LITERATURE CITED
(1) Wright, N., and Herscher, L. W., J. Optical Soc., 195, 36 (1946).

14. High Pressure Quartz Cells for Use in Absorption Analy-
sis. GiLeeErT Kivenson, Mellon Institute, Pittsburgh, Pa.

The fabrication of quartz cells to withstand pressures of 100
pounds per square inch or more has always been a problem. The
chief difficulty has been the sealing of the windows of the quartz
cells to the rest of the assembly. The authors conditioned the
joints for the receipt of metal solders by first depositing a layer
of platinum by evaporating a solution of platinum chloride in
organic solvent on the surface in question. The cell described
has been suceessfully used at 100 pounds per square inch for hy-
drocarbons normally gaseous at ordinary pressures.

15. Principals and Principles of Spectrochemical Analysis.
\]SV. CF Mecoers, National Bureau of Standards, Washington,

The author gave a general history of the development of spec-
trographic analysis in which he said that the principles have long
been known, but it was left to Bunsen and Kirchoff to give it the
initial application. The importance of trace elements (which
wet chemical analysis could not detect) was also a springboard
from which spectrochemical methods developed. The astro-
physicist has used spectroscopy a iar longer time because he had
no other method available to him. -

Meggers made a plea for spectroscopists to put more emphasis
on the fundamentals of spectroscopy such as the mechanism of
atomic radiation. It is only through such fundamental studies
that real progress can be made in applied spectroscopy. It has
been the writer’s privilege to hear Meggers several times, and
the present paper is outstanding in presenting principles and
viewpoints which every spectrographer should know. For-
tunately this paper is now in press and is tentatively scheduled
for appearance in December in Spectrochimica Acta.

16. A Compilation of Suggested Methods of Spectrochemicai

Analysis. CuarLes L. GuerreL, Driver-Harris Co., Harrison,
N. J.

The A.S.T.M. Committee E-2 on Spectrochemical Analysis
has set as its immediate goal the formulation of suggested meth-
ods of analysis rather than standard methods. An outline form
prepared by Subcommittee ITI (Editorial) for a suggested method
was presented. Instructions for using the outline and an illus-
trative method following the prescribed form have been prepared.

Most of us know something about the work of Committee E-2
of the A.8.T.M. on spectrographic analysis. It has been strug-
gling with the problem of standardization of methods which have
not, at present, led to a very satisfactory conclusion. Because of
the diversity of methods now employed and the inability of spec-
trographers to accept any standard method, a new approach has

~ standard methods.
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been suggested which would consist of a compilation of actual
working methods which, it is hoped, will be useful to established
laboratories as well as to beginners in the field. It is hoped also
that the set of methods will eventually lead to some standardiza-
tion of procedures and equipment and possibly to the adoption of
The objective of this effort seems entirely
worthy, and all spectrographers are asked to consider sending to
the committee on a prescribed form the methods which they now
successfully employ in their own laboratories. This prescribed
form may be obtained from Charles L. Guettel. However,
as this is a very large subject, subcommittee chairmen have been
appointed to whom the suggested methods should be sent:

Subcommittee V. Copper, Nickel and Their Alloys

P. Leichtle, Chairman, Chase Brass & Copper Co., Waterbury 91,
Conn. :

Subcommittee VI. Lead, Tin, Antimony, and Their Alloys

E. K. Jaycox, Chairman, Bell Telephone Laboratories, Inc., Murray
Hill, N. J.

Subcommittee VII. Aluminum, Magnesium, and Their Alloys

J. R. Churchill, Chairman, Aluminum Research Laboratories,
Aluminum Company of America, New Kensington, Pa.

Subcommittee VIII, Zine, Cadmium, and Their Alloys .

H. R. Youngkrantz, Chairman, Apex Smelting Co., 2537 West
Taylor St., Chieago 12, Il . .

Subcommittee IX. Ferrous Metals

P. R. Irish, Chairman, Bethlehem Steel Co., Bethiehem, Pa.

Subcommittee X. Non-Metals

R. H. Bell, Chairman, Lucius Pitkin Co., Inc., 47 Fulton St., New
York, N. Y. °~

17. Spectrophotometric and Selubility Methods for the De-
termination of monomer in Polystyrene. J.J. McGoverN, J. M.
GIEIM, anxp W, C. Trach, Mellon Institute, Pittsburgh, Pa.

An ultraviolet spectrophotometric procedure has been de-
veloped for the rapid and accurate determination of monomer in
polystyrene. For the same analysis, a method dependent upon
the solubility of the sample in methanol has also been devised.
Results of the two methods are compared. It is shown that a
large reproducible difference in the answers obtained by the two
procedures can be taken as an indication of the presence of an
additive in the polystyrene.

18. Performance Characteristics of the Cary Recording
Spectrophotometer. - R. B. Hannan, J. H. LigsLicH, AND A. L.
MarsToN, Mellon Institute, Pittsburgh, Pa.

The Cary recording spectrophotometer (Applied Physics
Corp.) will record automatically_absorption spectra in the ultra-
violet region from 2100 to 4000 A. and in the visible region from
3500 to 7250 A. Essential performance features of the instru-
ment were described and compared with the Beckman quartz
spectrophotometer, with respect to resolution, reproducibility.
spectral response, wave-length calibration, and stray spectra.i
energy. It is concluded that the instrument is invaluable for the
rapid and accurate recording of absorption spectra over wide
regions of the spectrum. '

In summary, the author indicated that the Cary recording
spectrophotometer operates well within the specifications laid
down by the makers. Inherently, it has more resolution than the
standard Beckman instrument, but both instruments have their
place. For quick survey work, the recording model, of course,
can given information quickly and present data which may form
the basis of an analytical method. When the method is com-
pletely worked out, the standard model Beckman may be more
suitable.

19. Steric Hindrance and Short Wave Length Bands in the
Ultraviolet Spectra of Some Naphthalene and Diphenyl Deriva-
tives. R. A. Frieper, MirroN ORcHIN, aAND LEsIiE REGGEL,
Bureau of Mines, Pittsburgh, Pa.

Steric hindrance effects are discussed in connection with the
spectra of 1,1’ 12~ and 2,2’-dinaphthyl, 1- and 2-phenyl-
naphthalene, diphenyl, and various derivatives of some of these
compounds. Short wave-length peaks are detected in the region
205 to 212 millimicrons for compounds containing two aromatic
ring systems conjugated without steric hindrance. These bands
and the longer wave-length bands appear to converge toward each
other when the coplanarity of the system is hindered by introduc~
tion of interfering groups.

Using a standard Beckman instrument and making corrections
for scattered energy, the author extended the range so that results
were obtained in the 202 to 212 millimicron region by adding a

" 10,000-, or better, 20,000-megohm Victoreen resistor.
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20. Influence of Gases on the Spark Spectral Excitation of.

Aluminum Alloys. B. F. Scrisner, C. H. Corriss, anp M. B.
CAvaNaGH, National Bureau of Standards, Washington, D. C.

The spectrochemical analysis of aluminum alloys is complicated
by shifts in analytical curves as a result of major differences in
composition of the alloys. These shifts have necessitated the
application of a wide variety of standard samples for accurate re-
sults. The literature (1—4) concerning this effect was reviewed,
and the results of an investigation of the effect, observed with the
point-to-plane spark excitation, were presented. Observations
of the spectra excited by this spark in atmospheres of air, nitro-
gen, helium, and carbon dioxide have shown that the effect is a
function of the amount of oxygen present and may be eliminated

by the application of an inert atmosphere. Studies of the spark.

excitation under various discharge conditions with counter elec-
trodes of zine, cadmium, and graphite and with the four atmos-
pheres have shown the spark in a nitrogen atmosphere to be ca-
pable of highest accuracy. A simple apparatus for sparking disk
samples in a controlled atmosphere was described. -

The apparatus consisted of an ordinary Petri spark stand sur-
rounded by a bell jar through which nitrogen flowed to maintain
an atmosphere free of oxygen. It is planned to publish this paper
in the Journal of Research of the National Bureau of Standards.
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Direct Reading Instruments (Quantometers)

21. A Direct-Reading Spectrometer for the Analysis of Steel.
E. R. Vancg, Timken Roller Bearing Co., Canton, Ohio.

The first direct-reading spectrometer to be used for the analysis
of steel has been installed and is in use 24 hours daily to control
the product of seven electric and three open hearth furnaces.

There are approximately 150 tests on which 1300 determina-

tions are made for each 24-hour period. Elements reported are
manganese, silicon, chromium, nickel, molybdenum, copper,
vanadium, and tin. One operator is used on each 8-hour turn.
" Cast steel pins, 7/;; inch, are used for analysis which are taken
with the aid of a glass tube which has been sealed under vacuum.
Samples are quenched in water, cut in two, and sent in a pneu-
matic tube to the laboratory. The pins are ground to a point on
both ends in order to permit duplicate exposure; then placed in
the electrode holders, and power is applied, after which the opera-
tion of the spectrometer is fully automatic. Within 40 seconds
after the power is turned on, a report for eight elements is read
from the calibrated clock dials and reported to the melting de-
partment, R

The Dow-Baird instrument is used. The author pointed out
that this instrument is being used for quick control work. How-
ever, it has not been used a sufficient length of time to rely upon it
entirely for final specification work. For this they still use the
chemical methods, but found that the spectrographic method in
practically all cases checked the chemical procedure very closely,
and it is hoped that when more data are obtained the spectro-
graphic method may be used for final specification work.

22. Applied Quantometry in the Aluminum Industry. F. R.
FOTTER, Aluminum Research Laboratories, New Kensington,
a.

Quantometry has become an integral part of production, econ-
trolling as it does the entire.output of one of the largest aluminum
sheet mills in the world. In seven months a single instrument
{Applied Research Laboratories model) has turned out over 350,-
000 determinations, faster, more accurately, and more economi-
cally than the chemical or spectrographic methods previously
used. Both metallurgists and production men now believe the
Quantometer or its equivalent to be a necessity for efficient opera-
tion. The Quantometer has provided valuable research informa-
tion and has made possible exact determinations of magnesium
and silicon in the range of 0.0001%,: Direct-reading spectro-
scopic instruments will have an increasingly important influence
on the organization and production methods of metallurgical
plants in the future. All large fabricating and castings plants
in the aluminum industry will eventually be equipped with con-
trol equipment of this type. The major aim will be product im-
provement and production economy with analytical costs and in-
strument costs as secondary considerations.
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23. Details'in the Analysis of Steels with the Quantometer.
M. F. Hasrer, Applied Research Laboratories, Glendale, Calif,

The problem of providing the optimum in accurate, direct-read-
ing spectrochemical analyses for the steel industry has been given
further study with the Quantometer. A variety of spectrum lines
for each element have been examined under several source condi-
tions and choices made for each concentrational range. Repro--
ducibility figures for some of the most important ranges of various
elements were discussed.

The author pointed out that methods do exist, and are practical
for, the analysis of steels. Proper working curves, of course, must
be worked out which correct for the influence of one element on
another. A typical example was cited for the analysis of chro-
mium, nickel, and molybdenum alloys.

Naturally, spectrographers are watching with interest the ap-
plication of the Quantometer to analytical problems mainly in
the metallurgical field. The papers presented gave considerable
data and background as to their usefulness as well as to their
limitations. The elimination of photographic film with its vari-
ability is, of course, a great step forward. The correction for back-
ground is easily accomplished with these instruments. The fun-
damental weakness of these instruments is their lack of versatility
when changing from alloy to alloy. However, considerable prog-
ress has been made in this direction, and it would seem that the
establishment of working curves with standard samples solves this
problem in the main. The prepared calibration strips as used
with the Applied Research Laboratory model give extreme ver-
satility with constantly changing alloys. There is no doubt that
for product control the Quantometer will speed up plant opera-
tions and give a closer control of quality with less loss of spoiled
melt. However, it is our feeling that these instruments will not
displace chemical methods nor photographic emission instru-
ments. These will be used more and more for special research on
methods and in the establishing of working conditions for the
rather expensive Quantometer. It would seem at present that a
very careful analysis of analytical practice in relation to plant
control must be undertaken before a Quantometer can be justi-
fied. After studying all the factors (cost, the number of alloys to
be run, etc.), if the time of analysis can be considerably shortened
and plant practice can be speeded up, then the installation of a
Quantometer can be justified. The precision and accuracy ob-
tained with the apparatus appear equal to, and in some cases
better than, those formerly obtained by using photographic film.

BOOK REVIEW

Colorimetric Methods for Rapid Analysis of Silicate Materials.
Rune Hedin. 110 pages. Proceedings, No. 8, Swedish Cement
and Concrete Institute, Royal Institute of Technology, Stockholm,
Sweden, 1947. Price, 10 kr.

This treatise describes a procedure for the determination of SiOs, .
Feq0;, Al2Os, TiO2, CaQ, MgO, Nas0, and K:O in a total analysis of
silicate materials, with all except CaO determined colorimetrically.
The colorimeter is of unigque design. A mercury discharge lamp is
used with filters selected to screen out individual spectral lines. Two
photoelectric cells of the selenium barrier type are connected in a
compensating circuit and balanced optically, by means of iris dia-
phragms, to secure zero deflection of a galvanometer. Comparison
solutions of known concentration are not used in the determinations.

"The author describes methods of preparing three sample solutions
from an original sample: (1) for determination of Na:0O and K.Q;
(2) for 8i0,, Fe:0s, AlOs, and TiO:; (3) for CaO and MgO. The
reagents for colorimetric determinations in these solutions are
selected for each constituent with reference to possible interference
from other constituents present. Extensive experiments are re-
ported, in which the effects of such interferences are considered,
and also the effects of volume of sample solution, quantity of re-
agent, variations in pH, and other factors bearing upon the accuracy
of the determinations. A time study, reported in detail, indicates
that the total analysis can be completed in 8 hours. L. A. DaHL



Improved Holder for Syringe Pipets. Robert B. Dean, Univer-
sity of :Hawaii, Honolulu, T. H. (Present address, Depart-
ment of Chemistry, University \o.f Oregon, Fugene, Ore.)

\

SEVEBAL .authors have described the use of an all-glass
“hypodermic” syringe to deliver accurately known quantities
of liquid. Trevor (4) deseribed a micrometer buret consisting of
a glass syringe driven by a machinist’s micrometer. A simpli-
fied form of this apparatus has been described by the author (7).
Krogh and Keys (2, 3) described a precision pipet consisting of a
glass syringe fitted with an adjustable stop.

One objection to the use of syringe volumetric apparatus has
been that it is not easy to remove the syringe from its holder
for washing without changing the calibration. The holder
shown below was designed to overcome this difficulty. The
syringe can be removed by loosening two nuts and reassembled
without changing the calibration of the pipet by more than 4
parts in 10,000.

The metal holder, which is shown in an expanded form in
the figure, grips the oval head of the barrel of a glass syringe, so
that the top end of the barrel fits tightly against a slotted metal
plate. It is this glass-to-metal contact which makes it possible
to remove the syringe and replace it in the same position relative
to the end stop. Greater precision might be obtained if the top
of the barrel were ground flat with emery on a glass plate. The
lower part of the metal clamp works through a plastic gasket to
take up any uneven strain. The best gasket material is sheet
polythene, such as is manufactured for lining bottle caps.

For precise work the head of the plunger must be fitted with a
guide which ensures that the plunger always has the same angular
orientation. A metal guide can be cemented to the plunger with
Varno-Cement. A syringe fitted with a guide and a side stop
can be calibrated to contain or deliver two different volumes—
for example, it can be adjusted to take up 9 ml. of one solution
and mix it with 1 ml. of a reagent to develop a color without ex-
posure to the air. A microburet can be made by replacing the
end stop with a machinist’s micrometer.

Brass parts should be protected with a good baked lacquer
such as Glyptal. A sample of polythene 0.040 inch thick was
kindly supplied by E. I. du Pont de Nemours & Co. Varno-
Cement is sold by the Varno Corp., 416 North Varney St., Bur-
bank, Calif. Clear Glyptal varnish for electrical insulation is

sold by the General Electric Co. and its agents. The illustra-

tion was prepared by J. Y. Nitta.
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Skni)le Steam Microbath. -~ Charles L. Rulfs, Purdue Univer-
sity, Lafayette, Ind.

FFHE electrolyte-solution steam microbath recently described
by Marion (4) is similar to an assembly which the author
has employed for several years, except that the author’s device
is a simple combination of commercially available parts. The -
water is heated by the electrical resistance of tap water itself.
This principle has the advantages of rapidity of control and
automatic cutoff.

The assembly consists of ‘a baby bottle warmeér (also marketed
as an egg cooker or vaporizer) available from drugstores at less
than $2 (Hankscraft Co., Madison, Wis.). A small volume of
tap water will boil vigorously in this device in less than one
minute. For more convenient control the user may. wish to
install a line cord switch. When the water is depleted, the
device shuts off. Subsequent refilling is best done with distilled
water to prevent the accumulation of more salts than is neces-
sary or desirable. One may mount any desired form of head
" atop the boiler, but the
author prefers the
standard  microware
shown in the sketch.
This consists of a3-inch
water bath ring of the
type sold by micro
supply houses. It is
designed to hold either
the glass support for
microbeakers as shown,
or a support for heating
centrifuge cones. The
filtered air blast as sug-
gested by Benedetti-
Pichler () is an in-
valuable ‘accessory
whenever the intended
purpose is evaporation
rather than  mere
warming.

Such a bath has
proved the most convenient and simplest of many types tried,
particularly in quantitative inorganic microwork where the ready
availability of heating and evaporating equipment is mandatory
to rapid operations. This bath can replace many of the types
described by Hecht and Donau (3), Emich (2), and others.
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J. Rosenbaum and Leonard Stanton. ............c...... ..
from Ethanol
Catalyst Evaluation System for.
dad, and E. E. Sta
Catalyst Testing Method for. J.
Sheppard, Jr.. ..o
tert-Butyl -\lu:vhol Detection in Isopropyl Alcohol with Dnmg\\ Re-
agent. R. Robey and N. C. Robertson. ... ... ... ... ..

M. H. Whitlock, G. 1.

C

Cadmium Oxide Semimicrodetermination in Air. .
A. J. Crutkshank, and F. E. Beamish.................... ... ..

Cavcruom | i .
Determination by Potentiometric Titration. Norbert Uri..

Determingtilon by Rapid Digestion Method. O. E. Stambew ‘and
13 0
Determination in Water by Titration w ith Standard Soap Solution.
JoW. McCoy.ooooov o
Microdetermination as Normal ‘\Iolybdate "Robin Moser “and
Robinson. . ... ... ... . . ..

Separation from Thorium by Titrimetric Method.
and Harvey Diehl
Culorimeter for Purity Determinations by Means of Melting Point.
J. G. Aston, H. L. Fink, J, W. Tooke, and M. R. Cines........ ..
Capillary Mu'roabsorptlon Cells in Spectrophotomet.ry P. L. Kirk,
Rosenfels, and J.Hanahan.......... ... ............
Carbldes of Heavy Metals Quantitative X-Ray Analysis of Mixtur s
of. J.C.Redmond.................... ... .. . ............
Carbon’
Determination in Steel of Low Carbon Content by Low Pressure
Gasometric Method. C. . Nesbitt and James Henderson. . .. . '
-Hydrogen Determination in Petroleumn Distillates by Lamp Tech-

nique. M. C. SImmons. ... i,
-Hydrogen Microdetermination Automatically. R. O. Clark and
G. H. Stillson. . ... e
-Hydrogen Semimicrodetermination. E. C. Horning and M. G
Horning. . .. . . e

Microdetermination in Organic Compounds by Systematic Test for
E. L. Bennett,

. W. Gould, Jr., E. H. Swift,

Acidic Elements.
and Carl Niemann

427

1045
802

28
141

665

492
630

794

767
771
310

695

11002

429
222
218

773

401
387

Radioactive C14
‘Correcting for Absorption of ‘Weak Beta-Particles in Thick

Samples. P. E. Yankwich, T. H. Norris, and John Huston.
Meagsurenment as Tracer. W, F. Libby............... ., .....
Properties and Measurement. A. E. Reld, A, 8. Weil, and J. R.

Dunning. ... .. .. .. . e TR
Techniques in Use of. W. G. Dauben, J. C. Reid, and P. E.

Yankwich. .. .. .. ..

Semimicrodetermination in Halocarbons Sunulmneoualy with Fluo-
rine and Chlorine. R. O. Teston and F. E. McKenna.........

CarBoN D1oxio® DETERMINATION
in Air as Traces, Colorimetrically. N. A. Specmr and B. F. Dodge
in Combined Absorption and Titration Tube. E.J. Roberts.....
in Water by Evolution Method. TI. E. Clarke..................

CarBON MONOXIDE DETERMINATION

in Ajr with Red Mercuric Oxide. J. D. McCullough, R. A. Crane,
and A, O. Beckman......................... e
by Gravimetric Micromethod. J. M. Salsbury, J. W. Cole, and
JoH, Y08, o e s
with NB3 Colorimetric Indicating Gel. Martin Shepherd.......

Carbowax Compounds. See Ethylene Glycols.
Carboxymethylcellulose, Determination of Degree ‘of Substitution of.
R. W. Eyler, E. D. Klug, and Floyd Dlephms ..................
Carotene Determination in Alfalfa Meals and Fresh Leaves. F. P.
Zscheile and R, A. Whitmore.. ... ... ..o iviirnaier vrons
Carotene Determination in Tomatoes.
L3 S
Calotenmds of Stored Dehydrated Carrots.
Fratzke.. ... ... .. . .. . . i

Carrots. See precedmg item.
CATALYSIS ~
Catalyst Eva.luatlon System in Producing Butadi 1ene from Ethanol.
M. H. Whitlock, G. J. Haddad, and E. E. Stably. ............

Catalysg Testing Method. J. A. Hinckley, Jr., andH R. Sheppard,

B2
Silica-Alumina Cracking_Catalysts, Spectrographlc Determination
of Contaminants in. Burdett and L. C. Jones, Jr.
Cathode Ray Scanning, General Techniques,
Caustic Soda, Water Determination in, by Distillation-Titrimetric
Method, H. R. SUBET. ..., .vns e ssann s e ne e easnsess
Cells, Gapillary Microabsorption, in Spectrephotometry. P. L. Kirk,

. 8. Rosenfels, and D. J. Hanahan. .. .......................
CF‘LLULOSE o

Carboxymethyl-, Determination_of Degree of Substitution of.
Eyler, E. D. Klug, and Floyd Diephuis. ...............
Determinationin Agricultural Residues. K. B. Lewis...........
Hemi-, Isolation from Maple Wood. 8. C. Rogers, R L. Mitchell,
and G. J. Ritber. . ... ... ..ot s
Hemi-, Isolation Quantltatlvely Summative Analysis of Wood.
L. B. Wise and E. K. ROl . . ..o vvonnnosnrneeennns
Holo-, Preparation from Nonwoody Plant \Ia,terlal Emmett Ben-
nett. (Correction, 287) .. ... ... .. ... . . ..

Cellulose Nitrate. See Nitrocellulose.
Ceramic Glazes, Technique for Obtaining Uncontammat(‘d Samplesof.
E. R. Caley
Ceramies, Determmatlon of Lithium, Sodium, and Iron in.
OPHDZET. ..o e
Chemicals, Analytical Reagent, Recommended Specifications for.
BEdward Wichersetal...................
Chloral, Water Determination in. T. P. G. Shaw and Thomas Bruce.
CHLORIDE
Bromide Estimation in Presence of. Ladislaus Farkas and Mena-
chem Lewin........................... .
Determination by Electrometric Titration.
Hawley
-Nitrate Mixtures, Determination of Nitrogen in.
CHLORINE
Determination in Free State with Methyl Orange.
Determination in Organic Compounds Containing Fluorine. R.
Kimball and L. E. Tufts................0co0ounnn. e
Microdetermination in Organic Compounds by Systematic Test for
Acidic, Elements. E. L. Bennett, C. W. Gould, Jr., E. H. Swift,

P. M. Shuey..

and Carl Niemann. . . ... .. .. . ... ... ... itiieinenaarns.
Orvamc Detenmnatlon as Method of Estimating DDT in Milk.
H. Carter. . . i i s
Qemumcrodetermmunon in Halocarbons Simultaneously with Car-
bon and Fluorine. R. O. Teston and F. E. McKenna.........
Water-Chlorination Control by Microamperometric Methods.
H. C. Marks and G. L. Bannister. .. ............. ..........

Chlorophyll a Estimation by Fluorometric Method. R. H. Goodwin
Chromatographic Adsorbent Standardization. Flow Rate of Devel-
oping Solvent. A, L. LeRosen.................oiivuiii, ..
Chromium Determination with Stable Colorimetric Reagent.
Ege, Jr., and Leslie Silverman. . ..................... .........
Chromium- Molybdenum and Chromium-Tungsten . Alloys, X-Ray
Analysis of. 'W. Trzebiatowski, H. Ploszek, and J. Lobzowski.
Citric Acid, Aconitic Acid Determination in Presence of. J. A.
. Ambler and . J, ROberts. .. .. .....oooooererernnnn il
Citrus Pruit. See Fruit.
Cloth, Clothing, See Textiles.

CoBALT
Determination with Nitroso-R-Salt. H. H. Willard and Samuel
Kaufman., (Correction, 692). ... ... ... ... ... vrurun cunrn.-
Determination as Potassium Cobaltinitrite, Explosion in. D. B.
Broughton, M. E. Laing, and R. L. Wentworth. (Corregpond-
encf)a R. J. Gownes, 696; J. E. de Paiva Netto and R. A Catani,
B8 e e
Determination in Steel and Other Alloys by Colorimetric Method.
H. M. Putsché and W. F. Malooly. ........................
Nmkel Determination in Cobalt Steels and Alloys. Hyman Kirt-

Color Flltcrs in Filter Photometry. S. S. Cooper...........
Column, Fractionating, Simplified Head for. F. L. Howard
Committee on Naming Analytical Methods, Progress Report of.
M. G. Mellon et a@l.. ..., ie e iaenanenns
Conductance, Specific, for Selective Water Analyses
(Correction, 909)
Conductometnc Titration Apparatus.
L. J. Anderson and R. R. Revelle. .. .......c.oovevenrennnnnn..
CorPER :
Alloys, Antimony Microdetermination in. A. C. Holler.........
-Copper Dithizonate System, Nomograph for, C. A. Greenleaf. . .

Michael Taras"
H.

1053

439
2

824

889

999
66
77
24

170
47

614

767
771

238
74

326
355
24
910
1029
459
215

360
444
210
884
665

841
882

342

1035
54
193

200
789

189
693

93
879

505

72
236

95
254
144
931
657
264

353
618
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Determination in Aluminum Alloys. George Norwitz, Samuel
Greenberg, and Freda Bachtiger. . ..........................
Determmanon with Tetraethylenepentamine Colorimetrically.
T B. Crumpler. . .ottt
Copper Dlthxzonate—Copper System, Nomograph for. C. A. Green-

Lemo

Beamish
Crystalline Constituents of - Exploswes Identified by X-Ray Diffrac-
tion. A. M. Soldate and R. Noyes. ...,
Current. See Electric Current
CYANIDE MICRODETERMINATION
by Colorimetric Methods
A. O. Gettler and L. Goldbaum. . ......... ... .. ...t
Joseph BEpstein. o ... uu it e
in Insects and Plant Tissue. R. A. Fulton and M. J. Van Dyke. .
Cyclohexane, Hexachloro-, Determination in Impregnated Cloth.
Jerome Goldenson and Samuel Sass. . . .. ........oonomsorenen..
Cyclohexane, 1,2,3,4,5,6-Hexachloro-,
Isomers of, L. W. DBASCR. .« .. .o nossnss e oetsenenenns

Cysteine and Cystine Determination in Altered Human Hair Fibers. -

Dorothy Sanford and F. L. Humoller..........................
Cystine. See preceding item.

D

Baﬁgly Products. See following items.
Determination in Milk and Fatty Materials by Colorimetric
Method. M. S. Schechter, M. A, Pogorelskin, and H. L. Haller
Deéermination in Milk by Organic Chlorine Estimation. R. H.
28 o)
Viscosity and Density of Liquefied-Gas Aerosol Solutions.
Goodhueand A. C. Hazen. . ......0. . ... i
Decalin (Decahydronaphthalene) Mixtures with Naphthalene and
Tetralin, Analysis of.  W.J. Cerveny, J. A. Hinckley, Jr., and B. B
COTSOM . . . e e
Denigés Reagent. See Mercuric Sulfate.
Detergents, Soil-Dispersion-Power Measurement for, M. Z.' Polia-
Dmsodxmtrophenol (4,6-Dinitrobenzen
W. E. Shaefer and W. W. Becker. Cie
B8-Dicarbonyl Compounds, Determination of
Woods, and E. A. Massad

2,4-D (2,4-Dichlorophenoxyacetic Acid) Determination in Commér- ~

oial Herbicides. H. A. Roomey............. ... ... ... .. .u.n
2;4-Dichlorophenoxyacetic Acid. See preceding tlem.
Dielectric Constant Measurement over Wide Range, in Simplified In-

strument. R, B.Fischer. ........... . ... ... . .. ...
Dielectric Identity Test for Plasticizers. - Polyvinyl Chloride Plastics
Type. Elliott, A. R. Jones, and L. B. Lockhart..........

Dimethylglyoxime “for Nxckel Determination. Spectrographic Ex-
amination of Precipitates. Margaret Griffing, Thos. De Vries, and
M., G. Mellon. ... i e

4,6-Dinitrobenzene-2-diazo-1-oxide. See Diazonitrophenol.

Dloxunes for Iron Determination Colorimetrically. Margaret Griffing
with M, G. Mellon. ... ... ittt ineae s

Diphenylamine Derivatives as Oxidation-Reduction Indicators in

lkaline Solution. H. H. Willard and G analo

Disazostilbeneaminedisulfonate pH Indicators for Total Alkalinity in
Water. Michael Taras........ ... ... .. ... ... . .. ......

Disodium-1,2-dihydroxybenzene-3,5-disulfonate in Titanium Deter-

mination. J, H. Yoe and A. R. Armstrong. .. .................

Dispersion Power, Apparatus and Method for Measurement of.

Poliakoff . ... ... .. i

Dispersions, Particle-Size Distribution Micromeasurement in (Corre-
spondence)

R. H. Lambert; W. M. Dotts.. ................. ... .. ......

C. G. Sumner; R. H. Lambert............................. L.

DIsTILLATION -
-Adapter for Reflux Distillation. Frank Kipnis and John Ornfelt.
Apparatus for Aniline. E. L. Ruh and J. L. Rossettie...........
Apparatus for Fluorine as Hydrofluosilicic Acid. H. H. Willard,

T Toribara, and L. N. Holland . . . .......................
Apparatus for Fluorine Isolation. W. B. Huckabay, E. T. Welch,
and A. V. Metler..... e e e e
Automatic Vacuum Take-off Arrangement for Fractional Disgilla-
tion. T.F.Brownand K.F.Coles..................... ...
Fractional, at Low Temperature. Optimum Charging Rates.
E. Starr, Jr., J. 8. Anderson, and V. M. Davidson..........
of Hydrocatbons in Low Boiling Range, Nomographs for.
Nelsen, F. R. Brooks, and Vietor Zahn......................
Isothermal, for Semlmxcroana!ysxs of Light Hydrocarbon Mxxtures
. S. Echols, Jr., and Edward Gelus. ... ... ..........co . ..~
Safety Control for 'Glass Cloth Heating Mantles. H. I. Schiff.. ..
Still Heads
with Automatic Control of Reflux Ratio. Richard Kieselbach. .
of Constant Ratio Type. L. E. Lloyd and H. G. Hornbacher. .
for Fractionating Column. F. L. Howard...................
for Total-Condensation Variable Take-oﬁ Fractionation.
Russell and C. A. VanderWerf............................
Trap for Liquid Droplets. F. L.
of Varnish, Improvements in. J. H.

DitrIZONE .
Coppfer—Copper Dithizonate System, Nomograph for. C. A. Green-
Lead Determination as, Aqueous Color Standards for.

Bilverman. .. ... ... e,

in Lead Microdetermination, by Mixed-Color Method at ngh pH

Onyder. e ey
for Mercury Microdetermination in Biolo
Kozelka. . . ... i e i
Druas
Acetophenetidin  (Phenagetin) Determination in Mixtures of.
E. F. Degner and L. T. Johnson. .............
Aloe-emodin and Aloin Estimation in Curagao Aloe: K. G. Stone

and N. H. Furman
Mlcrodetechon in Horse Saliva. C. E. Morgan and Alfred Gell-

173
325
618
846
434
442

270
922
320
779
404

51
54
248

82

140
307
250
475

835
10

654

1017
167
339
100
140

283
939

934

938
343
154
935
409
814
668

503 °

8.15
144
698
506

618
698
684
494

330
105
806
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Dumas Method. See Nitrogen.
Dvyses,
. Azonaphthol AS, Unsulfonated, Identification of. Louis Koch and
R. F. MILHEAD .. .o . voevmsrreeosns oe e e s eesneee e
stazostllbeneanrunedxsulionate pH Indicators for Total Alkalinity
in Water. Michael Taras. .t......o.uviiiinnneriennnnnne
Rhodaminé B in Antimony Microdetermination

T 2 B % - U
L.D. Freedman. . . ... ottt ity
E
Editorials............ 1, 73, 145, 217, 289, 361, 435, 507, 619, 699, 821,
Elastic Fluids, Instrument for Measurmg Rheologlcal Propertles ‘of.
Herbert Goldberg and Otto Sandvik..... ... ...¢.0or i ornnn.

Electric Current-Voltage Curves, Device for Estxmatmg Helght of.

7572 L T T
Electrodes, Multiple Dropping Mercury. Thomas De Vries and
Barnhart. .. .. ... e
Electrolytic Removal of Metals, Unitized Mercury Cathode Appara-
tus for. H, O. Johnson, J. R. Weaver, and Louis Lykken.:.... ..
Enantiomorphs. ' See Sugars.
Engine Piston-Skirt Deposxts Evaluated. A. C. Scholp, B. J. Conta,
and C. D. Russell. .. ... . ... i
Equilibrium Vapor-Liquid Dlagrams of Alcohol-Ketone Azeotropes
as Function of Pressure. . C. Britton, H. S. Nutting, and L.
Horsley. ... .o i
Esters, Fi;tty, Colorimetric Determination of. U. T. Hill.
Esters, Polyallyl, Determination of Allyl Groups in. H.
and J. R. Roach. .. ... ... . i
ETHANOL
Butadiene Production from .
Catalyst Evaluation System for. M. H. Whitlock, G. J. Haddad,
and E. B. Stahly..................... SN e
Catalyst Testing Method for. J. A. Hinckley, Jr., and H. R.
Sheppard, Jr ... e
Removal of Higher Alcohols from. H. W. Coles and W. E. Tour-

Ethers, Polyallyl, Determination of Allyl Groups in.
and J. R. Roach
Ethers, Vinyl, Determination and Analysis for Aleohol, Acetaldehyde,
and Water. Sidney Siggia... .. ... ... ... . i i
Ethoxyl Microdetermination in Acetals and Volatile Alcohols. .
Hoffman and M. Wolfrom. .. ..ot e
Ethyl Centralite Determination in Rocket Propellant Powder.
Hirschhorn. .. ... i i e e
Ethylene Glycols, Poly- (Carbowax), Determined in Biological Ma-
terials. C. Shaffer and F. H. Critchfield .-
Expansion, Volumetnc, of Solid Materials Measured. W. W. Pendle-
ton and H M. Philofsky.... ... ... i
Explosion in Determination of Cobalt as Potassxum Cobaltlmtrlte
D. Broughton, M. E. Laing, and R. Wentworth., (Corre-
spondence: J. Gownes, 696; J. E. de Palva Netto and R. A.
Catani, 818) ... . ...t i e,
EXPLOSIVES
Crystalline Constltuents Identified by X- Ray Diffraction. A. M.
Soldate and R. M. NOYes. . ..ottt et ieean s
Propellant Powder, Determination of Burning Rate for. B. L.
Crawford, Jr., Clayton Huggett, Farrington Daniels, and R. E.
20T 0 Y S P S
Propellant Powder for Rockets, Determination of. Nltroolycerm
and Ethyl Centralite in. I. 8. Hirschhorn...............:...
Smokeless Powder, Determination of Total Volatiles in., .
Shaefer, R. T. Hall J. C. French, and W. W, Becker..........
Extractor, Soxhlet, Annular Thxmble for. 1.C.P. Smithand M. M.
NeUStAdb. o .t ittt it e e

Fat,. Acetyl Number Determination of. Kenneth Helrich and Wil-
liam Rieman IIT
Fat Extraction from Meat Tissue for Determmatlon of Perox1des and
Free Fatty Acids. B. N. Rockwood, J. M. Ramsbottom, and V
Mehlenbacher. . .. .. .. i .
Fatty Acid Determination Colorimetrically. U. T. Hill...........
Fatty Acid Determination in Fats after Extraction from Meat Tissue.
B. N. Rockwood, J. M. Ramsbottom, and V. C. Mehlenbacher. ..
Fermentor, Aerobic, with Foam-Control Properties. J. F. Saeman. .
Ferron (7-Iodo-8-hydroxyquinoline-5-sulfonic Acid) in Thorium De-
termination and Separation from Uranium. D. E. Ryan, W. J.
McDonnell, and F. E. Beamish. ........ ... ... .. ... .. ... ...
Fertilizer, \/leed stplacement Method for Sampling Solution Phase
of. L.F. Rader, 113 N
Fibers. See Hair.
Films, Gas Permeability Measurements of. L. C. Cartwright. .....
¥ilms of Saran, Gas Permeability Deterrnination for., T. W. Sarge.
Filter Photometry. See Photometry.
Filters, Sand Layers as, in Analytical Chemistry.
Fireworks. See Pyrotechnic Mixtures,
Fish Liver Oils, Vitamin A Determination in, with Activated Glycerol
Dichlorohydrin. A. E. Sobel and Harold Werbin. .. ............
Fish Quahty, Comparison of Chemical Tests for. G. J. Bigurdsson. .
Fisher, C. G., Award in Analytical Chemistry....................
Ylame Photometer, Atomizer for. Vincent Toscani...............
Flavanone Determination in Citrus Fruit. W. B. Davis...........
Flour, Iron-Enriched, Determination of Thiamine and Riboflavin in.
Elmer De Ritter and S. H, Rubin............ .. ..............
FLUORINE
Determination
in Glass Spectrophotometrically. M. C. Parrish, J. H. Widmyer,
J. Brunner, and F. R. Matson. .. ......................
in Halocarbons by Semimicromethod, Simultaneously with Car-
bon and Chiorine. R. O. Teston and F. E. McKenna
in Organi¢ Compounds. R. H. Kimball and L. E. Tufts. .
in Organic Compounds by . Systematic Mlcrotest for ‘Acidie
Elements. E. L. Bennett, C. W. Gould, Jr., E. H. Swift, and
Carl NIeMANN. ...ttt et e et i e e e
in Organic Compounds as Traces.
Busey, and A, V. Metler. .. ...... ... ... ... ..o i,
sttlllatlon as Hydroﬂuosdlclc Acid, Electromc Appara.tus for.
H. H. Willard, T. Y. Toribara, and ‘L. . Holland

Sverre Stene. ... ..
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312
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941
123
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466
601

932
158
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158
1025
225
880
32
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72

442

630
880
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618
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932
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913

416
229
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Hydrogen Determination in Fluorine-Containing Halohydrocar-
bons. J. F. Miller, Herschel Hunt, H. B, Hass, and E. T. McBee
Isolation in Constant-Temperature Steam-Distillation Apparatus.
W. B. Huckabay, E. T. Welch, and A. V. Metler.............
Organic Compounds, Decomposition and Analysis of. J. F. Miller,
Herschel Hunt, and E eBee. .. ... i
Food, Fatty, Determination .of DDT in, by Colorimetric Method.
M. S. Schechter, M. A, Pogorelskin, and H. L. Haller...........
(See also tndividual food)

Fo(r}mic Acid Microdetermination with Mercuric Chloride. W, M.
BN, . i i et
Fractionation. See Dlstlllatxon

Amperometric Determination of Dissolved Oxygen in
Orange Juice, V, M. Lewis and H. A. IMcKenzie ...............
Fruit, Citrus, Determination of Flavanones in. W. B. Davis......
Fumaric Acid—- Maleic Acid Mixtures, Polarographic Analysis of.
Benj. Warshowsky, P. J. Elving, and Joyce Mandel.............

Fruit, Citrus.

G
Galactose Enantiomorphs Differentiated Chemically and Micro-
biologically. J. W. Appling, E. K. Ratliff, and L. E. Wise.......
Gallium Determination in Silicate Rocks and Mmerals E. B. Sandell

Gases
Analysis Based on X-Ray Absorption Measurement with Multi-
plier Phototube. E, H. Winslow, H. M. Smith, H. E. Tanis, and
H. A. Liebhafsky . .. .. ... .0 i ittt eaaans
Fraotional Distillation at Low Temperatures. Optimum Charging
Rates. C. E. Starr, Jr., J. 8. Anderson, and V. M. Davidson.
Natural, Analysis by Volumetric Chemical and Mass Spectrometrxc
Methods. Martin Shepherd. . .......... ... .. ... . i,
Oxygen Trace Determination in. Instrument for Continuous
Measurement and Recording. Gunther Cohn,.........
Permeability Determination for Saran Films. T. W. Sarge..
Permeability Measurements for Sheet Materials. L. C Cartw ght
Pump for Circulation of. E. Nickels:......... .. ... ...
Ternary System Analysis by Thermal Conductivity, Use of Con-
vection Effects in. C. C, Minter............co.iiiueee. . us
Water Determination in, in Sma.ll Amounts by Infrared Spec-
trometry. A. F. Bennmg, . Ebert, and C. F, Irwin.......
GASOLINE
Axitioa:idant Determination in. L. R. Williams and B. R. Strick-
L 1 R e
Bromine Number Determmatxon for Olefinic Compounds in, .
Johnson and R. Clark
Olefin, Aromadtic, Parafﬁn, and Naphthene Determinations in.
S. Kurtz, Jr., W. Mills, C. C. Martin, W. T. Harvey, and

M. R. Llpkm (Correspondence, 696)....... e
Paraffin and Naéht ene Determination in, by Quantitative Lamp
Method. 8 Hindin and A V. CrOSSe. . . .rvinrssnnn .
Storage-Stability Estimation. L. Walters, D. L. Yabroff, H. B.
Minor, and H. SIpple. o e e
Tetraethyllead Determination in Aviation Fuel by Iodometric
Method. Lester Newman, J. F. Philip, and A. R. Jensen......
Te]taraegbyl,lead Microdetermination in. E. Gordon and R. A,
urdett . ... e i

Gel, NBS Colorimetric Indicating, for Determination of Carbon
Monoxide in Air. Martin Shepherd

Gel Rheologieal Propertxes, Instrument for Measurement of. Herbert
Goldberg and Otto Sandvik. . ....... .. ...,
Germanium Determination by Heteropoly Blue Method. D. F
Boltz with M. G. Mellon.............oovoiiiiiii ., PR
Gurass
Cracks in Apparatus Prevented from Extending. E. R. Kline.

Drying with Aleohol and Ether. . BE.
Fluorine Determination in. M. C. Parrish, J. H. Widmyer, A, J.
Brunner, and F. R. Matson. ... ..c.cuiininrenininvinennnnnn
Lithium, Sodium, and Iron Determination in. George Oplin
Gll‘\l/fose Identification by Color Test. Shlomo Hestrin and acob
Glycerol Dichlorohydrin, Activated, Determination of Vitamin A in
Fish Liver Oils with.
GR-8 (Buna 8) Molecular Weight Determination of Fractions in
Glass Osmometer. D. M. French and R. H. Ewart........
GR-S (Buna S) Molecular Weight Determination in Osmotic Pressure
Apparatus. Sands and B. L. Johnson...................
Guayule. Rubber Determination in Young Plant: Holmes
and H. W. Robbins...................
Guayule, Water-Leaching Apparatus for. .
RODDINS. o vttt ittt it e i i e

Hair, Human, Determination of Cystine and Cysteine in Altered
Fibers of. Dorothy Sanford and I. L. Humoller....,..........

Halate Determination in Sodium Hypochlorite. Sydney Atkin. . ...

Halocarbons, Semimicrodetermination of Fluorine, Chlorine, Bro-
mine and Carbon in. R. O. Teston and F. E. McKenna....,...

Halogen Organic Compounds, Decomposition and Analysis of. J. F.
Miller, Herschel Hunt, and

Heat Conductivity for Gas Analysis, Use of Convection Effects in,
C.o G MINter. oottt it e e i e e

Heat Conductor of Aluminum. A.B. Hubbard and K. E. Stanfield .

Heavy Water. See Water.

Hemicellulose. See Cellulose.

Hemoglobin. See Bloo

Heﬁblcldes, Determination of 2,4-D and Its Compounds in. H. A
OOTIEY -« . e vt e v e e e e et et e et et e e
Herrmg Quahty, Compar\son of Chemical Tests for. G. J. Sigurds-

Hexabromlde Number Study. J. P. Kass, W. R. Roy, and G. O. Burr
Hexachlorocyclohexane. See Cyclohexane.
Holocellulose. _See Cellulose.
Horse Saliva, Drug Microdetection in. C. E. Morgan and Alfred
GellhOTn. .o . e e
HYDROCARBONS
Aromatic, Calculation of Weight Per Cent Ring and Number of
Rings per Molecule for. Lipkin and C. C. Martin . ... ..
Determination of Aromaties and Naphthenes in Complex Mixtures
Containing Olefins. R. M. Love, R. Padgett, W. D. Seyfried,
and H. M. Singleton. .. ...... 0 ir ittt enninssencanes

Sobel and Harold Werbin.......... -

' 146

154
148
51

206
643

476
161

496
63

866

175

42
987
451
137

77
123
873

820
72

156
444

1032
107
165
261
313
808

404
816

193

464
434

475
892
21

806

183

"Hypobromite.

Determination of Olefins, Aromatics, Paraffing, and Naphthenes in
Gasoline. 8. urtz, Jr., I. W. Mills, Martin, W. T.
Harvey, and M. R. Lipkin. (Correspondence, 696) ...........

Determination of Paraffins and Naphthenes in Gasolines by Quan-
titative’Lamp Method. 8. G. Hindin and A. V, Grosse........

Fluoro-, Determination of Hydrogen in. J. F. Miller, Herschel
Hunt, H. B. Hass, and E. T. McBee. . ................. . ...

Gas Mlxtures Low Temperature Fractional Distillation of. Opti-

mum Chargmg Rates. C. E. Starr, Jr., J. 8. Anderson, and

V. M. Davidson., oo viit ittt i i e i e
Infrared Analysis of

Liquid Mixtures. J. J. Heigl, M. F. Bell, and J. U. White,....

Liquid Multicomponent Mixtures. J. W. Kent and J. Y. Beach
Short-Cut Methods for Mixtures. W. D. Seyfried and 8. H.
D5 ] 51 T
Light-Mixture Semxmlcroanalysm by Multi-isothermal Distillation.
L. 8. Echols, Jr., and Edward Gelus.........................
Low-Boiling, Nomographs for Distillation of. Nelsen,
Brooks, and Victor Zahn. .. .................
Mass Spectrometrlc Analysig of Mixtures. 8. E. J.
QOlefin Determinsation in tures of, with Nitrogen Tetroxide.
E. T. Scafe, J. Herman, G. R. Bond, Jr.,etal.................
Olefin Microdetermination in Presence of Paraffins,
Allan Kahn, and D. J. LeRo
. Olefins, Bxl'or?(ine Number Determination of.
E5 33 PP
Pure, Raman Spectra of. M. R. Fenske, W. G. Braun, R. V. Wie-
gand, Dorothy Quiggle, R. H. McCormick, and D. H. Rank. ...
Raman Spectra, Correlation of Intensity Measurements Obtained
with Different Instruments. D. H. Rank............ . .......
Hydroﬂuosﬂxclc Acid, Fluorine Distillation as, in Electronic Appa-
ratus. H. Willard, T. Y. Toribara, and L. N. Holland. . ......
HYDROGEN
-Carbon Determination in Petroleum Distillates by Lamp Tech-

nique. M. C. Simmons. ... ... vttt i e
--Carbon Microdetermination Automaticailly. R. O. Clark and
G H. Stllson. .o e,
-Carbon Semimicrodetermination. I. C. Horning and M. G.
5 03 21 81 YN

Determination in Fluorine-Containing Halohydrocarbons.
Miller, Herschel Hunt, H. B. Hass, and
Determination in Gases in Low Concentration. Instrument for
Continuous Measurement and Recording. .Gunther Cohn... ..

Discharge Tube, of Pyrex, for Use with Refractometers. G. B,
Arnold and Leon Donn. ....vot ot iiiiniieenn e
Radioactive H3 (Tritium) Measured as Tracer. W. F. Libby....

Cyanide.

Hydrogen Cyanide. See
pH Indicators for Total Alkalinity in

Hydrogen Ton Conecentration.

Water. Michael Taras. . ... ovueriiiiiriinieineirnena
Hydrogen Ion Concentration. Potassium Hydrogen Tartrate Satu-
rated Solution as pH Standard. J. J. Lingane..........

Hydroxyl Ion for Acid Microtitration, Generated by Electrolyms of

Soldlum Bromide Solution. Joseph Epstein, H. A. Sober, and S. D.

=
See following items.

Hypochlorite-Hypobromite Method for Estimation of Bromide in
Presence of Chloride. Ladislaus Farkas and Menachem Lewin.
Hypochlorite-Hypobromite Solution Analysis. Ladislaus Farkas and

Menachem Lewin...........coouviiiinnnnn. e

Incendiary Mixtures of Thermite Type, Analysis of. C. E. Danner
and Jerome Goldenson..............cooviiiiin.. e

Infrared Spectrometr ﬁ' See Spectrometry.

Ink Color on Paper Evaluated by Spectrophotometry. C. F. Bailey
and R. 8. Casey. ......ciitiriiiiiinnnnann e rm e

InsecT REPELLENTS

Hexachlorocyclohexane Determination in Impregnated Cloth.

-Jerome Goldenson and Samuel Sass. . .o . o,
1,2,3,4,5,6-Hexachlorocyclohexane Isomers, Infrared Analysis of.
L Daasch. ... ..o i e
Hydrogen Cyamde Mmrodetermination in Insects. R. A. Fulton
and M. J. Van Dyke. .. ...ttt iiieieinecnnannennns

1, 2 3,4-Tetrahydro-2-naphthol Determination in Impregnated
othing. Jerome Goldenson and Samuel Sass...............

(See also DDT)
Instrument Society of Amenca Conference. Abstract of analytical
o8 X T P
Todine Microdetermination m Organic Compounds by Systematlc
Test for Acidic Elements. . L. Bennett, C. W. Gould, Jr., H.
Swift, and Carl Niemann. . . ... ......iuiiternnrennnannnenns
Ion-Exchaane Resins in Determination of Phosphorus in Phosphate

I Rock. enneth Helrich and William Rieman III..............
RON .
Alloys, Vanadium Determination in, Polarographically. J. J. Lin-
gane and Louis Meites, Jr............ ... .ot e
Determination
with 2,2’-Bipyridine Ferrous Complex Ion as Indicator. F. W:
Cagle, Jro,and G.F, Smith.......... .. ... ..o,

in Brase and Bronze. William Goodman......... ... ... .. ..
Wich llil)ioximes Colorimetrically. Margaret Griffing with M. G.
L
in Lithium Ores Spectrochemically. George Oplinger.........
with Nitxl'\tln[scil-R—Salt Colorimetrically, Margaret Griffing with
L) T PP P
in Silicate Samples Crusheéd in Steel Mortars. . B. Sandell. .
Reduced (Ferrum Reductum), Determination of Thiamine and
Riboflavin in Presence of. - Elmer De Ritter and 8. Rubin.
Isopro&)yl Alcohol Analysis with Denigés Reagent. R. F. Robey and
N Robertson. ... .. i e e e .

Isot(')pe.s. See Radioactive Isotopes.

K

Ketone Azeotropes with Alcohols, Graphical Method of Predicting
Effect of Pressure on. . S. Nutting and L. H. Horsley.........
Ketone Azeotropes with Aleohols. Vapor-Liquid Equilibrium Dia-
grams as Function of Pressure. E. C. Britton, H. S. Nutting, and
L. H. Horsley....... PN

1055

175
42
146

409

293
290

- 208
668

814
305

971

65
869
700
766
343

423
688
146
832
666

2
339
810
675

665
662

627
1020

320
779
922
322

817

1035

159
384
141

1017
444

1014
652

310

602
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Kjeldahl Method. See Nitrogen.

Komarowski Reaction Mechanism. F. R. Duke... ..

L

Lead Determination in Aluminum Alloys. George Norwitz, Sumuel
Greenberg, and Freda Bachtiger. . ......... ... ... ... ..... .. .
Lead Dithizone Aqueous Color Standards. Louis Silverman. .. ... ..
Lead Microdetermination with Dithizone. Mixed-Color Method at
High pH. Snyder. . . ... .
Lead Oxide, Red (Pbs0Os), Determination Colorimetrically. M. H.
SWADD . et e e
Leaf Meals. See Plant Materials.
Linolenic Acid Det.ermmatlon by Hexabromide Plunplmnon J. P,
Kass, W. R. Roy, and G. O. Burr R
Lmums
Analysis Based on X-Ray Absorption Measurement with Multiplier
Phototube. H. A. Liebhafsky, H. M. Smith, H. E. Tanis, and
E.H. Winslow.. ... . .
Apparatus for Continuous Delivery of, at Constant Rate.  A.
Richards....... . ... .
Dielectzic Constant Measurement over Wide Range, in Simplified
Instrument. R. B. Fischer. ... ... ... .. ... ... .. ... .. ...
Pump for Circulation of. J. E.
Separator for Layers of. E. F. P
Separator for Use under Vacuum.
Vapor Pressure Determination for, on Milligram Scale.

H.J. Wing. ..........._....
Clark

Gould, Jr., George Holzman, and Carl Niemann...... ...... ..
Water Determination in, in Small Amounts by Infrared Spectrom-

etry. F. Benning, A. A. Ebert, and C. F. I
Lithium Ores Spectrochemical Determination of Lithium,
and Iron in. George Oplmgel ................
Louisiana State University’s New Physical %pproach(*\ in -\nalytlml
%he;rustry Courses. A. R. Choppin, A. L. LeRosen, and P. W
S o
Lycopersicon. See Tomatoes.

Sodiam,

I\Ia.ﬂ'nesmm Determination in Water by Titration with Standard Soap
Solution. J. W. Me O e e e e e e
Maleic Acid-Fumaric Acid Mixtures, Polarographic Analysis of.
Benj. Warshowsky, P. J. Elving, and Joyce Mandel. ... ... ... ..
Malic A(:1d Microdetermination, Oxidative Bromination in.

Suomalainen and Evi Arhimo. . ... ... .0 ... . ... ... .. ... '

Mandelic Acid for Zirconium Deter mmahon in Presence of Interfer-
ing Elements. C. A, Kumins. . ... ... ... .. ..............

Manometry. See Pressure.

Maple. See Wood.

Mass Spectrometry. See Spectrometry.

Meat Fat Extraction for Determination of Peroxides and Free Fatty
éci(lis. N. Rockwood, J. M. Ramsbottom, and V. C. Mehlen-

acher. . ... ...

Reiser
Melting Point Bath Liquids Useful up to 440° C. L.
Melting Point Calorimeter for Purity Determmamom

Fink, J. W, Tooke, and M. R. Cines. . . ........._........
Mercuric Chloride in Formic Acid Microdeterminati W. M. Grant
Mercuric Todide, Red (Hglq), Recommended Specifications for. Ed-

ward Wichers el al.. . ... ... . ... i
Mercuric Oxide, Red (¥gO), in Carbon Monoxide Determination in

Air. J. D. Mc¢Cullough, R. A. Crane, and A. O. Beckman.......
Mercuric Oxide, Red (EgO), Recommended Specifications for.

ward Wichersetal..... ... o i
Mercuric Sulfate Acid Solution (Denigés Reagent) as Test for tert-

Butyl and Isopropyl Alcohols. R. F. Robey and N. C. Robertson
MERCURY

Cathode Unitized Apparatus for Electrolytic Removal of Metals.

H. O. Johnson, J. R. Weaver, and Louis Lykken..... ... ... ...
Determination of Mercurous and Mercuric Mercury and Sulfurie
Acid in Mixtures. Benj. Warshowsky and P. J. Elving. . .. _ ..
Determination by Stannous Chloride Reduction Method. J. N.
Bartlett and W. M, MeNabb. . ...... . ..o L.
Electrode of Multiple Droppmg Type
Barnhart. . ... ... ® e

Microdetermination in Blolog,lcal Material. F. L.
Metal Removal Electrolytically in Unitized Mercury Cathode Appa-

ratus. H. O. Johnson, J. R. Weaver, and Louis Lykken........ .
Methoxy! Microdetermination in Acetals and Volatile Alcohols. D. O.

Hoffmanand M. L. Wolfrom. .. .......... ... . ... .. ... ...
Methyl Orange for Free Chlorine Determination. Michael Taras. ..
‘\Iethyl Orange, Recommended Specifications for. Edward Wichers
Methyl Red Recommended Spemﬁcatlons for. Edward Wichers et al.
Milk, DDT Determination in, Colorimetrically. M. 8. Schechter,

M. A. Pogorelskin, and H. L. Haller......... ... viieiin..

Milk, DDT Determination in, by Organic Chlorine Estimation. R. H
2 7 =3
Moisture. See Water,

MoLECULAR WEIGHT DETERMINATION
for GR-8 Fractions in Glass Osmometer.
Ewart
Modification of Hallett Microadaptation of Menzies and Wright
Method. Donald Ketchum. .. " ... o o oot
of Nylen. J. E. Waltz and G. B. Taylor... . ....
in Osmotic Pressure Apparatus. G. D. Sands and B. L. Jolhnson.

D. M. French and R. H.

by Vapor Pressure Comparison Micromethod. . L. K. Nash
W. 8. Young

for Volatile Liquids with Vacuum Mlcromanometer

and R. C. Taylor. . . ...t
Molybdenum-Chromium Alloys, X-Ray Analysis of. .
towski, H. Ploszek, and J. Lobzowski..........................
Molybdenum Determma,tlon as Thorium Molybdate. C. V. Banks
and Harvey Diehl. ... .. .. . e
N
Naming Analytical Methods, Progress Report of C,omnut,tu, on.

M. G. Mellonetal.....................

173
698

684
191

204
867
444

640

1002
161
207
376

853

114
432

218
206

210
999
210
310

481
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Naphthalene Determination in Petroleuin Fractions Polarographi-
cally. R. A. Burdett and B. E. Gordon. ...............
Naphthalene-Tetralin-Decalin Mixtures, Analysis of.

A. Hinekley, Jr., and B. B. Corson............... IO
Na.pht,has from Shale Oil, “Analysis by Silica Gel Adsorption. G. U
Dinneen, C. W. Bailey, J. R. Smith, and J. 8. Ball..............

NapPETHENE DETERMINATION
in Complex Hydrocarbon Mixtures Containing Olefins. R. M.
Love, A. R. Pa.dgett W. D. Seyiried, and H. M. Singleton.. ...
in Gasoline. 8. 8. Kurtz, Jr., I. W. Mills, C.. C. Martin, W. T.
Harvey, and M. R, Lipkin. (Correspondence, 696)......... ..
in Gasohne by Quantitative Lamp Method. S'G. Hindinand A. V.,

Naphthol 1,2,3,4-Tetrahydro-, Determination in Impregnated
Clothing. Jerome Goldenson and Samuel Sass. . ...............
Natural Gas. See Gases. - .
Nl§01n Assay, Amino Acid Sources for. A. R. Kemmerer and Fay
hapiro. . ... oot
Nickel Determination in Cobalt Steels and Alloys.
Nickel Determination with Dimethylglyoxime.
amination of Precipitates.

Hyman Kirtchik
Spectrographic Ex-
Margaret Griffing, Thos. De Vries, and

M. G Mellon. . .ot et e e e e e e
Nilt)rates, Determination of Nitrogen in Mixtures of Chlorides and.
LY o v e eve v ee e e e e e e e e
\htratlon Spent Acids, Determination of Nitric and Nitrososulfurie
Acids'in. F. L. English........ .. ... ..
NI1rrIC ACID
Determination in Oleum by Electrometric Titration. C. D. Me¢-
Kinney, Jr., W. H. Rogers, and W, M. M¢Nabb..............

Determination in Spent Nitration Acids Colorimetrically.
English. ... e
Fuming, Recommended Specifications for. Edward Wichers et-al.
Nitrocellulose, Viscometer of Capillary Type for. . Shoemalker,
Earl Hoerger, R. M. Noyes, and R. H. Blaker..................
NITROGEN DETERMINATION
us Ammonia after Oxidation of Amino Acids by Ninbydrin. F.S.
Schlenker. .. .. . e e
as Diazo, Particularly in Diazodinitrophenol. W.
W. W.Becker. ......... . i

Dumas Micro- and Semirmicroprocedures, Apparatus for. Wolfgang

D2 =3 Y :
by Kjeldahl Micromethod, Oxidation of Glycerinated Solutions in.
E. Portner. ... ... ... e

by K]eldahl Micromethod. Potassium Biiodate in Iodometric
Titration of Ammonia. Robert Ballentine and J. R. Gregg. ...
in Nitrate-Chloride Mixtures. P.
in Organic Compounds by Systematlc Microtest for Acidic Ele-
ments. E. L. Bennett, . Gould, Jr. E. H. Swift, and Carl
NIEMAID. L i ottt ettt e e e e

in Soil and Plant Extracts by Turbidimetric Method. Benjamin -

Ultramlcromebhod for Urea, Kjeldahl, and Amino Acid Nitrogen.
A. E. Sobel, Albert erschman and Lottie Besman...........

Nitrogen Oxides Determined in Air Colorimetrically. P. R. Averell,

W. F. Hart, N. T. Woodberry,.and W. R. Bradley.

Nitrogen Tetroxide in Determination of Olefinic Unsaturation. E. T
Scafe, J. Herman, G. R. Bond, Jr., et al........................ -
N 1trogen];1‘r1(éx1df, for Styrene Determination by Gravunetnc Method
3 ond, Jr.. ... e e i A
Nitroglycerin Determination in Rocket Propellant Powder 1.8

Hirschhorn. .. .. .. . . e
H. H. Willard and Samuel

Margaret. - Griffing

Nitroso-R-Salt in Cobalt Determination.
Kaufman. (Correction, 692)

Nitroso-R-Salt in Iron Determination.
M. G. Mellon

Nitrososulfuric Acid Determination b\
Colorimetric Method. F. L. English.....

with

‘NOMOGRAPHS

C. A. Greenleaf. .
F. M.

for Copper— Copper Dithizonate System.
for Distillation of Low-Boiling Hydrocarbons. Nelse,n F.R.
Brooks, and Victor Zahn
for Flash Vaporization. Nelvin Nord.................
for Paint Film Calculations.
Nylon Molecular Weight Determmatlon
Taylor. .. O A B

OrLs
Acetyl Number
Rieman IIT
Determmatlon in Tung Kernels.

Kenneth Helrich and \\'1llmm

Joseph Harmlton and 8. G

Determination.,

Fish Liver, Vitamin A Determmatlon in; with Actlvabed Glye:
Dichlorohydrin. Sobel and Harold Werbin. ........... ..

Vegetable, Tocopherol Determmatmnb in
J. G. Baxterand M. H. Stern. .. ... .. ... i,
Leonard Weisler, C. D. Roueson, and J. G. Baxter. ... ....... .

(See also Petroleum)

OLEFINS -

Bromine Number Determination.

Determination in Gasoline. 8. 8. Kurtz, Jr., I. W. Mills; C.. C.
é\)ggrtin, W. T. Harvey, and M. R. Lipkin.~ (Cyorrespondence,

H. L. Johnson and R. A. Clark

Determination in Hydrocarbon Mixtures with '\htro;,en Tetroxide.

E. T. Scafe, J. Herman, G. R. Bond, Jr., et al.....5.....0. ...

Microdetermination in Presence of Paraffins. Rowena Pyke, Allan

Kahn, and D. J. LeRoy....... ... ... .. ... . .o oo s,
Oleum. See Sulfuric Acid, Fuming.

Orange Juice, Amperometnc Determination of DhSOlVed Oxygen in.
V. M. Lewis and H. A. McKenzie................ .. 00000 .ol
Ores of thhmm, Spectrochemical Determination of thluum Sodlum,
and Iron in. George Oplinger.,............... .. 00 00000
Orcanic CoMPOUNDS s
Acidic Elements in, Systematic Quahtatlve Microtests fox E. L
Bennett, C. W. CGould, Jr., Swift, and Carl Niemann.. ...
Alcoholic Hvdroxyl (.roup Determma.mon in.
Benj. Warshowsky........ ... .. .. ... ...
Benzoyl Peroxide Letermination in.. Sidney Sigg
E‘l}i‘orfine and Chlorine Determination in. R. H. Inmball and L. E.
ufts
of Fluorine and Other Halogens, Decomposition and Analysis of.
J. F. Miller, Herschel Hunt and E. T. McBee.......... ... ...

12

843
82
992

175
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131
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925
502
281
882
1035
334
927
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971
390§
880
505
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107
902
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869

971
65

643
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1006
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rluorme Trace Determination in. W. B. Huckabay, R. H. Busey,
and A, V. Metler. ... ... . e
Liquid Vapor Pressure Determination on Milligram Scale. Clark
Gould, Jr., George Holzman, and Carl Niemann.
Merulry Semimicrodetermination in, by Stannous Chiloride Reduc-
tion. J. N, Bartlett and W. M. McNabb
Molecular Weight Microdetermination by Vapor Pressure Com-
parison Method. L. K. Nash........................... ...
Oxygen Microdetermination in, by Direct Unterza.ucher Method.
Aluise, R. T. Hall, F. C. Staats, and W. W. Becker......
Peroxide Determinations N
Ferrous Thiocyanate Method. 'C.'D. Wagner, H. L, Clever, and
B D Peters. ..o e
Ferrous-Titanous Method. C. D. Wagner, R. H. Smith, and
E.D.Peters.. ... o
Iodometric Method. C. D. Wagner, R, H. Smith, and E. D.
Peters. ... ... e e

as Precipitating Agents, Spectrographic Examination of. Nickel
%\)/Iimethylglllyoxime. Margaret Griffing, Thos. De Vries, and

. ellon. . . . e
Punty Determination in Melting Point Calorimeter. J. G. Aston.
L. Fink, J. W. Tooke, and M. R. Cines. ..................
Sulfur Determination i in, by Combustxon in Vertical Tube. D. B
Hagerman. . ou e e r e e it e e
Sulfur Semimicrodetermination in, .with Oxygen Bomb E. C.

Wagnerand S. H. Miles. .. ....... . . .. ... ..l ...
(See also Hydrocarbons and individual compounds)
Oscillograph with Cathode Ray. R. H. Miiller
Osmometer for Molecular Weight Determinations in Hydrocarbon
Solvents. D. M. Frenchand R. H. Ewart.....................
Osmotic Molecular Weight Determination, Complete Apparatus for.
G. D. Sandsand B. L. Johnson. . .. ... .. i
Oxidation-Reduction Formal Potentials, H. H. Willard and G. D..
MAanalo. . ..o e e
Oxidation-Reduction Indicators, Diphenylamine Derivatives as, in
Alkaline Solution. H. H. ‘Willard and G. D. Manalo............
Oxirane Oxygen Determination. Daniel Swern, T. W. Findley, G. N.
Billen, and J. T. Seanlan.............cooi it
OxYGEN DETERMINATION
Dissolved in Orange Juice, by Amperometric Method. V. M.
Lewis and H. A. McKenzie.............. [P,
in Gases in Low Concentration. Instrument for Continuous Meas-
urement and Recording. Gunther Cohn.....................
in Orgamc Compounds by Direct Unterzaucher chromethod
V. A Aluise, R. T. Hall, F. C. Staats, and W. W

as Oxirane. Daniel Swern, T. W. Findley, G. N. Billen, and J. T.
SCANIAD. ., oottt e
in Steel by Vacuum Fusion. Leroy Alexander, W. M. Murray, and
S.E. Q. Ashley. ... .
P
PainT
Films, Nomographs for Calculations on. H. A. Berman........ .
Films, Pore Size Determination by Electrographic Printing,. W. E
Shaw and E. T. Moore. . ... ... . i
{See also Pigments and Varnish)
Paper, Ink Color on, Evaluated Spectrophotometrically. C. F.
Bailey and R. 8. Casey........... .o,
Paper, Plastic-Coated, Gas Permeability Measurement of. L. C.

Cartwright. .. ..o e e
Paraffin Determination in Gasoline. 8. 8. Kurtz, Jr., I. W. Mills,
C. C. Martin, W. T. Harvey, and M. R. Lipkin. (Correspondence,
B0 . . . e e e
Paraffin Determination in Gasoline by Quantitative Lamp Method.
S. G. Hindin and A, V. Grosse. ... ..ot i
ParricLe S1zE
in Dispersed Systems, Micromeasurement of Distribution of (Cor-
respondence)
R. H.-Lambert; W. M, Dotts.
C. G. Sumner; R. H. Lambert
Distribution Determination for Subsieve Range.
and W. F. Sullivan. ... ..o o e
Peanut Butter Characterization by Physical and Chemical Methods.
F. Vincent and L. Z. Szabo. . ........... ... ... ...
PENICILLINS
Crystalline, Infrared Analysis of. R. B. Barnes, R. C. Gore, E. F.
Willigms, S. G. Linsley, and E. M. Petersen..................
Determination by Hydroxylamine Method. J. H. Ford.........
Types Estimated in Broths and Finished Products by Microbiologi-
cal Method. Xiyoshi Higuchi and W. H. Peterson............
Permanganate Test for Alcohol Quallty Studied with Spectro-
photometer. Rask and F . Hildebrandt................
Permeability of Gas to Saran Films Determmed T. W. Sarge.....
Permeability of Gas to Sheet Materials Measured. L. C. Cartwright
PeroxIpe DETERMINATION
in Fats after Extraction from Meat Tissues. B. N. Rockwood, J. M.
Ramsbottom, and V. C. Mehlenbacher. .. ...................
in Organic Materials
Ferrous Thiocyanate Method. C. D. Wagner, H. L. Clever, and
T‘erroinjs Tmmous Method. C. D. Wagner, R. H. Smith, and
IOdometnc Method C. D. Wagner, R. H. Smxth and E. D.
Peters. ..t e
PETROLEUM
Distillates, Determination of Carbon and Hydrogen in, by Lamp
Techmque M. C. SImmons. . ...ooovurn e,
Fractions, Naphthalene Determination in, Polarographically.
R. A. Burdett and B. E. Gordon..............coineriin...
Hydrocarbons, Raman Spectra of. M. R. Fenske, W, G. Braun,
R. V}; ‘Wiegand, Dorothy Quiggle, R.. H. Mc¢Cormick, and. D. H.
ALK e e e
Oil Deposxts on Piston Skirts of Engines Evaluated.
J. Conta, and C. D. Russell
(See also Dlstlllatxon, Gasoline, and Hydrocarbons)
Petroleum Ether, ¢ Benzine.
Pharmaceuticals. See Drugs and Penicillins.
Phenacetin (Acetophenetldm) Determination in Drug Wlmtllres

E. F. Degner and L. T. Johnson. ...............ooiiinea... .

L. R. Pollack.........

Phenol, Water Determination in. .
K. M. Herstein.........

Phenolphtha]ein Solution, Preparation of.

- 59
204
484
799

980
982
976

654
218
381
274

74
>165
261
462
167
414

643
832
347
414
417

915
777

1020
393

175
42

620
1004

68
364
393

853

980
982
976

385
843

700
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PHOSPHATES
Estimation of Tri- and Pyrophosphsites in Presence of Ortho- and
Metaphosphates... R-N:Bell....... ... . ... ... ... ......

Phosphorus Determination in Phosphate Rock. Separatxon from
Cations by Ion-Exchange Resin. Kenneth Helrich and William
Rieman III

Superphosphate Solution Phase, Displacement Method for Sam-
plingof. L.F.Rader, Jr.......... ... .. ... . 0 ...

Phosphoric Acids. Estimation of Tri- and Pyrophosphonc Auds in

Presence of Ortho- and Metaphosphoric Acids. R. N. Bel

PuospHORUS DETERMINATION

by Heteropoly Blue Method. D.F, Boltz with M, G..Mellon .

in Organic Compounds by Systematlc Microtest for .Acidic. Ele-
ments. E. L. Bennett, C. W. Gould, Jr., E. H. Swift, and Carl
BTS2 P8 < S T L

in Phosohate Rock, Separation from Cations by Ion-Exchange
Resin. Kenneth Helrich and William Rieman ITI

in Steels Colorimetrically. U. T, Hill
in Steels by Direct Colorimetric Method.
PrOCtOT . L vttt e e
Photometer, Flame, Atomizer for. Vincent Toscani. .
Photometry, Color Filtersin. 8. 8. Cooper.......................
Phthalic Anhydride in Determination of Alcoholic Hydroxyl Group in
Organic Compounds, P. J. Elving and Benj. Warshowsky.......
Phthahc Anhydride Reagent for Chromium Determination.
Ege, Jr., and Leslie Silverman. . .. ..o vt annan.n
Physical Methods of Analysis as Taught in Analytical Chemistry
Courses at Louisiana State Umversxty A. R. Choppin, A, L.

LeRosen, and P. W. West. ... ...t it in i
Pigments, Aluminum Determination in. A, K. Light and L. E. Rus-
£1gmér;ﬁs.,.1;éa;,a.(.)£citié (Pb:01) Determination in. M. H. Swahn. ...

IPET

Filler of Versatile Type. D. C. T

Holder for Syringe Pipet. R. B. Dean
Piscton Skirt Deposits Evaluated. A. C. Scholp, B. J. Conta, and

. D. Russell
PranT MATERIALS . i . .
Extracts, Nitrogen Determination in, by Turbidimetric Method.
Benjamin Wolf e
Hydrogen Cyanide Microdetermination in Tissues of.
.tonand M. J. Van Dyke. .. .. ..o i
Leaf Meals, Sterol Determination in. M. E. Wall and E. G. Kelley
‘Nonwoody, Holocellulose Preparation from. Emmett Benuett.
(Correction, 287 ) . .t it e e
Selenium Determination in. J. S. MeNulty. ooooo oL
Plastic Films, Gas Permeability Measurement of. L. C. Cartwnght.
Plastic Films of Saran, Determination of Gas Permeability of. T.

Sarge
Plasticizers, Dielectric ITdentity Test for, Used in Polyvinyl Chloride
Plastics. M. A. Elliott, A. R. Jones, and L. B. Lockhart. ., , ....
POLAROGRAPHIC ANALYSIS
Absolute and Comparative Methods of. J. K. Tavlor...........
Device for Estimating Height of Polarographic Waves.
B0 T 3
Instrumentation Improvements: i .
Grubb. .. . e
Pore Size in Protectlve Films by Electrographic Printing.-
Shaw and E.
Potassium Determmatmn by Polarographic Method.
and Louis Lykken....... ... ... ... .. . . ... .0 i,
Potassium Bromate in Styrene Microdetermination, Using R
Platinum Electrode. I. M. Kolthoff and F. A. Bove
Potassium Hydrogen Tartrate Saturated Solution as pH Standard.
LADZANE . . ottt ettt e e e
Potassium Triiodide in Determination of Ammonium Quaternary
Compounds of High Molecular Weight. O. B. Hager, E. M. Young,
T. L. Flanagan, and I B. Walker. . . ..ooveornrerransns
Potential, Electric, of Formal Oxidation-Reduction Systems.
Willard and G. D. Manalo. . oo oovtiiin i iine e e eianann.
PRESSURE
Effect on Azeotropic Constants Predicted by Graphical Method.
L. H. Horsley. . . .o e et e e e
Effect. on Azeotropic Systems Predlcted by Graphical Method.
H. 8. Nuttingand L. H. Horsley.... . ................c.u...
Effect on Vapor-Liquid Equilibrium Dxagrams of Alcohol-Ketone
Azeotropes. E. C. Britton, H. 8. Nutting, and L. H. Horsley. .
Manostat for Variable Pressure (Correspondence). Ernest Challen,
Donohoe, R, R, Russell, and C. A. VanderWerf; S.
NEWINAN. . . ¢ .o vt eeens s oo T

Regulator for Vacuum Systems. F. W. Melpolder...............
Vacuum Micromanometer. W. S. Young and R. C. Taylor
Déscription of Instrument............0. . .0 .0cuiviiurinnrn..
Molecular Weight Determination with. .
Printing, Electrographic, for Determination of Pore Size in Protective
Films. Shaw and E. T. MOOTE, . .. ... ..ovnneennennnn..
Propellant Powder, Determination of Burning Rate for. B, L.
‘C)‘;al.;vford Jr., ‘Clayton Huggett, Farrington Daniels, and R. E.
ilfon,
Propellant Powder for Rockets, Determination of Nltroglycerm and
Ethyl Centralite in. S. Hirschhorn................ ........
Pulp, Evaporator Feed quuor of Sulfate Pulp Mill, Determination
of Total Solids in. B. B. Edmonds, Jr
Pump for Circulating Gases and Liquids.

J. E. Nickels. ..........

Purity Determination in Melting Point Calorimeter. J. G. Aston,
. Fink, J. W, Tooke, and M. R. Cines, ....................
Pyrotechnic Mlxtures of Thermite Type, Analysis of.” C. E. Danner

and Jerome Goldenson............. ... .. . i ..

Pyruvate Compounds Determined with Copper Acetate, William
Seaman, J. T. Woods, and E. A. Massad.......................
Q

QUANTITATIVE ANALYSIS
Application of Reflectance Spectrophotometry to Microanalysis.

Julius Sendroy, Jr.,, and W. C. Granville. ....................
Survey of Papers for '1948. F C. Strong ..
with X-Ray Spectrometer. J. C. Redmond

Quartz Microgram Balance.
berg, and R. Q. Boyer.............. F A S

1057
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851
229

97
873

640

337
191

144
1046

466

885
462

603
602 -
601

696
617

133
135

777

630
880

820
-216

218
627
250
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arbon roperties and Measurement of. A. T, i . 8.
Weil, and J. R. Dunning......... m .n.‘ . .0 .......... Reld' A . S
Carbon 14, Techmques in Use of,
P. E. Yankwxch ...........................................

Thick Samples, for Tracer Work. P. E. Yankwich, T, H Norris,
and John Hlustom. . . ..., e
Tracer Measurement, Particularly Cl4, §3%, T, and Other Longer-
Lived Low-Energy Activities. W. F leby ..................

IRtamantS]Xactliat bleeggectromett
eagen nalytical emicals, Recommended Specificati {
Edward Wichersefal......................... pecl 'c.a. f?l?s. . or
.Reflectance Spectrophotometry. See Spectrometry.
Reflux Bulb with Universal Application. R. J. Melchione. ........
Refractometers, Hydrogen Discharge Tube for Use with. G. B
R Af\rno Id and %‘;aon D]o)nn ......................................
efrigerants, ater Determination in, by Infrared Spect t
R A. FI Bex}xﬂmnﬁ, A, Af EkIJ)ert and C. F. Irywm. 'r‘a.r ..... pec rome ry
esin, Yon-Exchange, for Determination of Phosphorus in Phosphate
Rock. XKenneth Helrich and William RxemaanII " it
Resin Solutions, Determination of Solids in. J: H. Vail
Rheological Measurements of Elastic Fluids, Instrument for.
bert Goldberg and Otto Sandvik...............,.......... ...
Rhodamine B in Antimony Microdetermination
T.H. Maren................. e i e s

Riboflavin Determination in Presence of Reduced Iron.
Ritter and §. H. Rubin....... Weinht Por Gent Ry sad Nitraba:
eight Per Cent Ring and Number

M. R. Lipkin and C. C. Martin........ g .l.l ..... m . ,e.

of Rings.
See Propellant Powder.

Rocket Propellant.

Rocks. See Phosphates and Silicate Rock.

RUBBER .
ArgmlteI Antloxxdants, Color Reactions of. H. P. Burchfield and
Defermination i’ Young Guayule by Spence-Caldwell Method.

R. L. Holmes and H. W. Robbins........... .. . ............

Tear Resistance Tests, Precision of. R.¥. Morris and R. U. Bonnar

(See also GR-S)

S

Safety Device for Glass Cloth Heating Mantles. H. I. Schiff......
Saliva of Horses, Drug Microdetection in. C. E. Morgan and Alfred

GellhoTm . L. e e e
Sand Filters in Analytical Chemistry. Sverre Stene...............
Saponification Value Determination of Natural Waxes. B. H. Knight
Saran Films, Gas Permeability Determination of. T. W. Sarge.....
Sedimentation Method -for Particle Size Distribution in Subsieve

Range. A. E. Jacobsen and W. F. Sullivan....................
Selenium Determination in Horticultural Materials. J. MeceNulty
Selemum Microtest Based on Catalytic Effect. Fritz Felgl and P. W,

L T T S
Shale-Oll Naphtha Analysis by Silica Gel Adsorptlon
C. W. Bailey, J. R. Smith, and J. 8. Bal
Silica-Alumina Cracking Catalysts Spectrographxc Determination of
Contaminants in. Burdett and Jones, Jr
Slllcate Contamination When Crushed in Steel Mortar.

Slllcate Rocks and Minerals, Gallium Determination in.

Sandell.
Siliceous Materials, Hard, Technique for Obtaining Uncontaminated
Small Samples of. E. R. Cale
Silicon Determination in Aluminum Alloys vaxmetncally Philip
Lisan and H. L. Kabz. ... ..ottt iisetenaas
Silicon Determination by Heteropoly Blue Method. D. F. Boltz with
M. G, Mellon. ... e i s
Slllcone Fluids for Meltmﬂr Point Baths, Useful up to 440° C. L. M.

B2 -
Silver and Silver Hahde Microdetermination by Colorimetric Method.
Sidney Sigeia. .. oot e e e
Silver Halide. See preceding stem.
Smokeless Powder. ~See Explosives.
Sogxum Determination in L1thmm Ores Spectrochemically. George
1T 0T S
Sodxum Determination Polarographically.
S I T TR
Sodmm Bicarbonate Determination in Sodium Carbonate R.B.
22T ) P
Sodmm Carbonate. See preceding item. : A
Sodium Carboxymethylceliulose, Determination of Degree of Substi-
tution of. R. W. Eyler, E. D. Klug, and Floyd Dleph\lls ........
Sodxum Cobaltinitrite, Recommended Specifications for. Edward

Sodium Hydroxide. See Caustic Soda.

Sodium Hypochlorite, Halate Determination in. Sydney Atkm. L.

Sodium Phosphate, Dibasic, Recommended Specifications for. Ed-
ward Wichers ef alo. ... ovn oot s

Soil, Nitrogen Determination in, by Turbldxmetnc Method.
min

Sorips
Analysis Based on X-Ray Absorption Measurement with Multi-

plier Phototube, H. A. Liebhafsky, H. M. Smith, H. E. Tanis,
and B. H, Winslow,........coco o0 i,
Determination in Resin Solutions. J. H. Vai
Determ.matlon in Sulfate Pulp Mill Evapora.tor Feed Liquor.
B. Edmonds, Jr.. . . oo e
Volumetrw-Expanslpn Measurement of.

OF SRy . v vt e e e ey
Solvent Evapotatxon from Extraction Flasks, Steam Bath for. R. L.

D& T P )

Soxhlet. See Extractor. 5 3
Specifications for Reagent Analytical Chemicals. Edward Wichers
e

SPECTROMETRY
Beckman Quartz Spectrophotometer jor Vltamm A Measurement
by Carr-Price Reaction, G. I. Jones, F. B. Sanford, L. G. Me-

Kee, and D. T. Miyauchi......cocoiiiiiiieiniieinnannn.

824
828
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210
360
666
867

651
412

123

487
502

243
183

786

313
436

252
873

432

444

372 -

1039

24
210
816
210

' 334

861
412

820
406
940

210

142

‘Sulfur Dioxide, Liquid, Moisture Determination in.

VOLUME 19, NO.

Caplllary Microabsorption Cells in Spectrophotometry P. L.

Kirk, R. 8. Rosenfels,and D. J. Hanahan...... .......... ...,
Cathode Ray Scanning. General Techniques. R. H. Miiller
Infrared

in Crystalline Penicillin Analysis. R. B. Barnes, R. C. Gore,

F. Williams, 8. G. Linsley, and E. M. Petersen...........
of Isomers of 1,2,3,4,5,6-Hexachlorocyclohexane. L. W. Daasch
in Jquul%v Hydrocarbon Analysis. J. J. Heigl M. F. Bell, and

Bea
Short—Cut Methods, W. D. Seyfried and S. H. Hastings.......
Magnetic Rotation of Direct Current Arc in. A. T. Myers and
B.C. Brunstetter. ... ........... ... . i,
Mass, Analysis by. 8. E.J. Johnsen........... NP
Permanganate Test for Alcohol Quality Studied
photometer. Rask and F. M. Hildebrandt
Raman Spectra of Different Instruments, Correlation of Intensity
Measurements in. D. H. Rank

Raman Spectra of 172 Pure Hydrocarbons ) .1\.'1.. R. fe'r;sk.e., W.G.
Braun, R. V. Wiegand, Dorothy Quiggle, R. H. McCormick, and
Reflectance. Spestrophotometry in  Quantitative ~ Microanalysis,
Julius Sendroy, Jr., and W, Granville.,...................

Spectroscopy, Apphed 8th Conference of Spectroscopy Society of "

Pittsburgh on. - Abstractsofpapgers..... ... ..... . ....... ...
Ultraviolet Continuous-Recording Spectrophotometer, Application -
to Butadiene Analysis. E. J. Rosenbaum and Leonard Stanton
X-Ray, Quantitative Analysis with. J. C. Redmond............
Spodumene. See Ores of Lithium.
Stannous Chloride. See Tin Chloride.
Starch, Soluble (for Iodometry), Recommended Specifications for.
EAWard WICRers €f l.. . ... ... .ooreosrsessnnnasensarnrn
Starch Viscometer of Continuous Recording Type.
W. G . Bechtel. . ... i
StaTisTicAL METHODS
Control of Accuracy and Precision of Industrial Tests and Analyses.
J. A. Mitchell
in Expenmental and Industrial Chemistry, Symposium on
Accuracy of Analytical Data, Technique for Testing.
B T 1S
Design of Experiments m'Industrlal Research. H. M. Smallwood
Discussions: J. W, Tukey, 956; W. Churchman, 957; Grant
Wernimont, 958; John Mandel
Introduction. B. L. Clarke. ..................
Management Vlewpomt
Statistical Training for Industry

STEEL
Boron Microdetermination in, by Fluorometric Method. C. E.
White, Alfred Weissler, and David Busker...................

Carbon. Determination in Low Carbon Steel by Low Pressure Gaso-
metric Method. C. E, Nesbitt and James Henderson........,
Cobalt Determination in, Colorimetrically. H. M. Putsché and
W . Malooly .« oot et et e e
Nickel Determination in, in Presence of Cobalt. . Hyman Kirtchik
Oxygen Determination in, by Vacuum Fusion. Leroy Alexander,
W. M. Murray, and 8. E. Q. Ashley.._......................
Phosphorus Determination in, Colorimetrically. U. T.-Hill
Phosphorus Determination in, by Direct Colorimetric Method.
H. L. Katz and K. L. Proctor. . ........ ... ... .. . ........
Vanadium Determination in, Polarographically.
Louis Meites, Jr.. .. oot s
Sterols in Leaf Meals, Determination and Nature of.
E. G Kelley. . .ooi i i

Stills.  See Distillation.
Stopeock, Conversion into Pressure Stopcock. R. H. Hamilton.
Strontium Microdetermination as Normal. Molybdate. Robin Moser
and R. J. RODIDSOMm. o v ottt et e et e e
Strontium Separation from Barium by Quantitative Method. G. L
Beyer and William Rieman III
St}}r?'rencel ?etermmatlon as Styrene Nitrosite Gravimetrically.
on
Styrene Microdetermination with Potassium Bromate, Using Rotat-
ing Platinum Electrode. I. M. Kolthoff and F. A. Bovey
Sucrose Determination in Low Concentrations, with Anthrone.

SuGars 5 R '
Aconitic Acid Determination in Sugarhouse Products. J. A.

Amblerand E. J. Roberts. ... .. ... ... . it
Enantiomorphs of Galactose and Xylose, .Chemlcal and Micro-
biological Dxﬁerentlatlon of. J. W. Appling, E. K. Ratliff, and

E. Wis:
Glucose Identxﬁcatlon by Color Test.

E S N
Sucrose Determination in Low Concent:

D- X.ylose Identlﬁcatlon and Determination.
Ratliff

Sulfamate Determlnatlon, Comparison of Methods for. W. W,
Bowler and E. A. Arnold............... e
Sulfate Determination in Conductometric Titration Apparatus.

. J. Andersonand R. R. Revelle............................ -
Sulfate Determination in Sulfite Waste Liquor by Conductometric
L. McCarthy. .

Titration. Q. P. Peniston, V. F. Felicetta, and J.
Sulfite Waste Liquor. See preceding item.
SuLrFUR

Determination in Orgamc Compounds
by Combustion in Vertical Tube. D. B. Hagerman...........
Systematlc Microtest for Acidic Elements. E. L. Bennett, C. W.

Gould, Jr., E. H. Swift, and Carl Niemann.................
Volumetnc Semimicromethod with Oxygen Bomb. E. C. Wag-
ner and 8. H., Miles. . ..ttt iiiaanciinaess

Radioactive S35 Measured as Tracer. W. F. leby .............
B. R. DiCaprio

Sulfur Dioxide Microdetermination in Blologlcal Materials by Colori-
metric Method, W, M. Grant. . ........¢c.0iiiiiiianans

SuLruric Acip

Determination in Presence of Mercury Salts. Benj. Warshowsky
and P. J. Elving. .. ... oo e e e e
Fuming (Oleum), Nitrie. Acid Determination in. C. D. McKinney,
H. Regers, and W. M. MeNabb.....................
Superphosphate See Phosphates.
Symposium, Analytical, 2nd Annual, of Pittsburgh Section, A.C.8.
Abstracts of papers...........oieinn.n e e
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Symposium on Statistical Methods in Experrmental and Industrial
Chemistry
Syringaldehyde and Vanillin Determrnatron in Same Solution Spec-

trophotometrically. H. W, Lemon,...........................

Syringe Microburet. P. A. Shaﬂer Jr, P. 8. Farrington, and Carl

NIeMAND. ... e e

Syringe Pipets, Holder for. R.B. Dean.........................
T

Tear Resistance Tests, Preclsron of. R. E. Morris and R. U. Bonnar
Ternary Gas-Mixture Ana sis by Thermal Conductivity, Use of Con-

vection Effects in. Minter. ...... ... ... ... .
Ternary Systems of Azeotropes and Nonazoetropes, Table of.

Horsley. ..o .

Tetraethylenepentamme for Copper Determination Colorimetrically.
LB Crumpler. .o e
Tetraethyllead Determination in Aviation Gasoline by Iodometric
Method. Lester Newman, J. F. Philip, and A. R. Jensen
Tetraethyllead Microdetermination in Gasoline. B. E. Gordon and
R. A Burdebb. . ..o e
1,2,3,4-Tetrahydro-2-naphthol. See 2-Naphthol.
Tetralin (Tetrahydronaphthalene) Mixtures with Naphthalene and

Decalin, Analysis of. Cerveny, J. A, Hinckley, Jr., and
B. B. Corsonr...............‘..........' ....................
Textiles, Hexachlorocyclohexane Determination in. Jerome Golden-
son and Samuel Sass. . ... . i

Textiles. Tmpyregnated Clothing, Determination of 1,2,3, 4 Terahydro-
2-Naphthol in. Jerome Goldenson and Samuel 'Sa8S. e
‘Thallous Chloride Determination in Thallous Decanesulfonate Solu-
tions, J. Henniker and E. C. Lingafelter...................
Thermite-Type Incendiary and Pyrotechnic Mixtures, Analysis of.
C. E. Danner and Jerome Goldenson..............c..........0
Thiamine Determmatron in Presence of Reduced Iron. Elmer De
Ritter and S. H.
Thiocyanate in Uramum Determination by Colorimetric. Method.
J. E. Currah.and F, E, Beamish

Thlodlglycol Miecrotitration with Electrically Generated Bromine.-

W. Sease, Carl Niemann, and E. H. Swift
THOBIU‘M
Determination and Separation from Uranium-by Ferron. D. E.
Ryan, W. J. M¢Donnell, and F, E. Beamigh..................
Detqrmination by Titrimetric Methods. C. V. Banks and Harvey
123 1Y
Uranium Determination with Thiocyanate in Presence of.
Currah and F. E, Beamish....... ... .. ... ... .. ... ...
Tm Chloride (8SnClz) Reduction Method for Mercury Determination.
N. Bartlett and W. M. Mc¢Nabb
Trtamum Determmamon with Disodium-1,2-dihydroxybenzene-3,5 5-
disulfonate. J. H. Yoe and A. R. Armstron" ...................
Titrimetric Determinations, Optimum Conditions for. Determina-
tion of Acetone. W. B. Huckabay, C. J. Newton, and A. V. Metler
Tocopherol Mixtures Containing 3-Tocopherol
Determination of Individual Tocopherols. Leonard Weisler, C. D.
Robeson, and J. G, Baxter. .. ............coieieuniininano..
Determination of Total Tocopherols. J. G. Baxter and M, H. Stern
Tomatoes, Carotene Determination in. F. P. Zscheile and J. W.
POt T, . vt e e e i e
Tracers. See Radloactwe Isotopes
Tritium. See Hydrogen, Radioactive.
Tung Kernels, Oil Determination of. Joseph Hamilton and S. G.
L8531 -5 o e
Tungsten-Chromium Alloys, X-Ray Analysis of. W. <
Ploszek, and J. Lobzowski....... ... .. ... .. ... ... .. ... . ....
Turbrdlty of Colored Solutlons Determined in Tyndallometer.
Kortschak. .. ... .. .. e
Tyndallometer. See preceding item.

)

Ultraviolet Fluorescence Test for Uranium in Aqueous Solution.
C. W.Sillland H. E, Peterson. . ... ...t iineneniunennanen,
Ultraviolet Spectrometer, Continuous-Recording, in Butadiene Anal-
-ysis. E. J. Rosenbaum and Leonard Stanton..................
URANIUM
Determination with Thiocyanate in Presence of Large Amounts of
Thorium. J. E. Currah and F. E. Beamish
Fluorescence Test in Aqueous Solution. C. W. Sill and H. E. Peter-
oL U S O PPN
Separation from Thorium by Ferron.
nell, and F. E, Beamish.... ... ... ...,
Separatron from Thorium by Titrimetric Method.
Harvey Diehl. . ... . i ittt e i e
Urea Nitrogen Estimation in Ultramxcroquantltres, A. E. Sobel, Al-
bert Hirschman, and Lottie Besman............... ... ... ...

\"}
VacuuyM
Liquid Separator for Use under. H. J. Wing...................
Micromanometer. W. S. Young and R. C. Taylor

Description.of Instrument. . ..., ... .. ...,
Molecular Weight Determination with.................... ...
Vanadium Determmatlon in Steels and Ferroalloys by Polarographrc
Method. J. J. Lingane and Louis Meites, Jr
Vanillin Determination .after Alkali Treatment, by Spectrophoto-
metric Method.
Vaporization, Nomograph for Flash Type of. Melvin Nord.-
Vapor Pressure Comparison Method for Microdetermination “of Mo-
lecular Weight. L. K, Nash....... .. oo,
Vapor Pressure Determination for Liquids on Milligram Scale. Clark
Gould, Jr., George Holzman, and Ca,rl Niemann................
Varnish sttxllatxon Improvementsin. J. H. Vail................
(See also Paint)
Vegetable Oils. Tocopherol Determination in- Mixtures Containing
8-Tocopherol
Individual Tocopherols. Leonard Weisler, C. D. Robeson,
and J. G. Baxter................ N
Total Tocopherols.

943
846

492
1046

436
464
586

- 325

451
137

82
320
322
933
627
243
609
197

416
222
609
484
100
838
906
902

47

453
93

646
794

609

416.

222
927

906
902

" Volatiles, Total, Determined in Smokeless Powder.

Vinyl Chloride, Poly-, Dielectric Identity Test for Plasticizers for.
A. Elliott, A. R. Jones, and L. B, Lockhart.............. ...
mel Ethers and Acetals, Determination of, and Analysis for Alcohol
Acetaldehyde, and Water. - Sidney Slggxa ......................
Viscometer, Capillary, for Solutions Containing Volatile Solvents
Application to Nitrocelluloses. D. P. Shoemaker, Earl Hoerger,
R. M. Noyes, and R. H. Blaker...............................
Viscometer for Starches, Recording Type of. .
Bechtel ... . ... i e e e
Viscosity of Elastic Fluids, Instrument for Measurement of. Herbert
Goldberg and Otto Sandvik. ... ... i e
VITAMINS

A, Determination in Beckman Quartz Spectrophotometer by Carr-
"Price Reaction. G, L. Jones, F. B. Sanford, L. G. McKee, and

D T. Miyauehi. ... ... . e
A, in Fish Liver Oils Determined with Activated Glycerol Dichloro-
hydrm A. E. Sobel and Harold Werbin.....................
Apparatus for Determination of Turbidity, pH, and Tltratable Acid

in Microbiological Assay of. L. B. Rockland and M. 8. Dunn.
Bs Group, Extraction Procedures for Microbiologieal Determrnatron
of. J. C. Rabinowitz and E. E. Snel

Carotene Determination in Alfalfa Meals and Fresh Leaves. F. P.
Zscheile and R. A, Whitmore. ......oo v v
Calgotene Determination in Tomatoes. ¥. P. Zscheile and J. W,
(00 o - S T TGRS

Carotenoids of Stored Dehydrated Carrots.
and W. E. Fratzke. . .........0oovuni .y e
Niacin Assay, Amino Acid Sources for.

BRI -8 .«
Thiamine and Riboflavin Determination in Presence of Reduced
Iron. Elmer De Ritter and 8. H. Rubin. .. .................

T. Hall, J. C. French, and W. W. Becker....................

w

W ASTES
Agricultural, Cellulose Determination in. E. B. Lewis. ... ......
Carbohydmte, Aerobic Fermentor with Foam Control for Yeast

Production from. J. F.Saeman.............c.cioiveenvn.,
Sulfite Liquor, Sulfate Determination in.

Felicetta, and J. L. McCarthy........... ... ... ..o o,
WATER

Alkalinity Determination, Disazostilbeneaminedisulfonate pH Indi-

cators for, Michael Taras.......... ... ... .. ... ...
Analysis by Selective Specific Conductance. J. W. Polsky. (Cor-

rection, 909). ... ... L i
Calcium and Magnesium Determination in, by Titration with

Standard Soap Solution. J. W, McCoy...........ov v v
Ca,(r:bori( Dioxide Determination in, by Evolutlon Method. F. E.

Jar e, . e e e ey e

Chlorination Control, Microamperometric Methods inn. H C

Marks and G. L. Bannister............ ... ... ... oL,
Determination

in Caustic Soda and Other Alkaline Materials. H. R. Suter.

in Chioral. T. P. G. Shaw and Thomas Bruce..............

in Gases and Liquids by Infrared Spectrometry. A.F. Benumg,
A A Ebert,and C. F.Irwin. .. .. ..o,
in Liquid Sulfur Dioxide. B. R. DiCaprio
in Phenol. L. R. Pollack..
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SARGENT

POLAROGRAPH

MODEL XXI
IMPROVED
REDESIGNED

The Sargent Polarograph,
Model XXI, Represents the
Latest Development in
Polarographic Instrumentation

This potentiometric, visible-recording instru-
ment is the successor to the well-known Model
XX and embodies several new features of con-
struction and design.

A twenty-step integrally variable sensitivity
control assures more positive sensitivity repro-
duction.

An R. C. filter type damping control, for plac-
ing a capacitance in parallel with the measuring
resistor at high sensitivity settings and an addi-
tional series resistor and parallel capacitance
at low settings, has been substituted for the
straight capacitance type.

A new switch arrangement permits initial
potential to be applied either in the same direc-
tion as the span potential or counter to it.

The bridge has been completely enclosed,
heavier wire used throughout and the unitized

panel construction of the Polarograph circuit
permits it to be removed from the instrument
case, in one piece, for servicing.

The instrument is slightly smaller than the
former Model XX and has the following charac-
teristics:

Current Sensitivity Range .003—1.500 micro-
amperes per mm.

Inherent limit of Instrumental accuracy 0.5%
of the current measured.

Time of full scale traverse, 10 seconds.

Time of rotation of bridge, 1314 minutes.

Power consumption, 100 watts.

$-29303 POLAROGRAPH—MODEL XXI,
Visible Chart Recording, Sargent. Complete
with accessories. For operation from 115 volt
50/60 cycle circuits.....c...cocerereevereeerrerenne $1500.00

SARGENT

SCIENTIFIC LABORATORY EQUIPMENT AND CHEMICALS
E. H. SARGENT & COMPANY, 155-165 EAST SUPERIOR ST. -CHICAGO 11, ILL.
MICHIGAN DIVISION 1959 EAST JEFFERSON DETROIT MICHIGAN
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SHAKE IT —

dacster,.. better,.. &

ACTION

Versatility is the keynote of the Burrell “Wrist-
Action” Shaker. Designed for general laboratory use,
the Burrell Shaker simulates the snap of the wrist,
creating a swirling splash.

The degree of shaking is controlled mechanically,
with an adjustable knob varying the motion from
gentle shaking to violent agitation.

Corrosion-resistant, aluminum Finger-Grip Clamps The spring-latch mechanism of the
are mounted upon a central, chrome-plated shaft. The Finger-Grip Clamp makes insertion and
clamps are easily manipulated making it possible to removal of flasks a simple procedure. Pic-
hold various types of vessels. tured is the Finger-Grip Clamp in all of

The Burrell “Wrist-Action” Shaker is furnished in its varied positions:
three sizes—size B for eight flasks, size C for twelve A Gripping flask.
flasks, and size D for sixteen flasks. B Maximum gripping position, 55 mm.

It is supplied with cord and plug for operation on C Minimum gripping position, 5 mm.
115 volt, 60 cycle current unless otherwise specified. D Jaws open for insertion of flask.

For Complete Information Request Bulletin No. 207
&\\‘HFIE APPARATUS

BURRELL TECHNICAL SUPPLY COMPANY :3:,

1942 FIFTH AVE., PITTSBURGH, PA. - RBORATORY CHEN Y
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EASTMAN
CHEMICAL

. . . part of a service
for the world’s chemists

VER 225 Eastman Chemical Abstracts
have been prepared to date, each in suf-
ficient detail to permit carrying out a labora-
tory procedure without consulting the orig-
inal literature. In whatever field of chem-
istry you work, some of the abstracts on the
list we can send you will probably prove
interesting and helpful.

THERE ARE SOME 3”0

There is no charge for the list nor for
the abstracts themselves. It’s part of the
service that accompanies the most complete
stock of organic compounds in the world.

EASTMAN KODAK COMPANY

Organic Chemical Sales Division
Rochester 4, N. Y.

“21A
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Complete control of...
exothermic
reactions

WATER SPRA

“TRIP-SUPPORT”* OFFERS
® Controlled Heat

® Quick Heat Stoppage
®Immediate Cooling

Every chemist knows what happens when re-
actions get out of control. Exothermic reactions—
which require initial heat to start them off—are
common offenders. When the reaction is too rapid,
cooling must be QUICK—there’s no time to loosen
clamps or move apparatus..

The new Glas-Col “Trip-support” allows the
heat to be removed znstantly. Trip a lever and the

READY

mantle swings out and is held away from the flask.
A perforated tube around the flask sprays cooling
water if heat removal is not fast enough.

Write for details and prices on this new mantle
support. Bulletin 3, describing Glas-Col Heating
Mantles, is also available. Glas-Col Apparatus
Company, Dept. IC, 1700 South Seventh Street,
Terre Haute, Indiana.

* Patent pending.

N G

GLAS'COL

M ANTWLES




INSTRUMENTATION

Two recently devetoped converter elements are described which should find
.extensive application in the design of instruments for the use of the analyst

THE search for new and improved converter elements contin-
ues unabated. Suitable means for utilizing the small d.c.
potentials developed by thermocouples, thermopiles, bolometer
systems, and other low impedance generators are indispensable
for many of the instruments required by the analyst. We have
discussed these devices from time to time and it is an encouraging
mark of continued progress that once more it becomes necessary
to describe a new approach.

The vibrating reed converter is now familiar. It provides for
the synchronous switching of the input potential in alternate-di-
rections through the primary of a matching transformer, the out-
put of which can be amplified to operate a servo-mechanism for
indication and recording as well as the cancellation of the input
signal. Among many other uses, this device is the basis of two
well-known high-speed recording potentiometers—the Brown
Electronik and the Leeds & Northrup Speedomax. The General
Electric Autopot which we described last September uses a twin
phototube to detect the deflections of a primary mirror-galvanom-
eter and passes a definite fraction of the amplified photocurrent in
opposition through the galvanometer. The feed-back current is
thus an accurate and greatly magnified measure of the input sig-
nal.

Electromechanical Amplifier

The new approach is generically related to the Autopot, but it
is an electromechanical equivalent. As described in the current
issue of Electronics [20, 117 (1947)], the electromechanical d.c.
amplifier is the instrument developed by C. G. Roper and J. F.
Engelberger of Manning, Maxwell and Moore, Inc., Bridgeport,
Conn. In this instrument a moving coil system actuates a metal
vane that moves in the plane of two coils which form part of the
tank circuit of an oscillator. A gain of 10° can be achieved in this
way, but by appropriate feedback this is reduced to a net gain of
103 with a consequent improvement in stability and linearity.
So far, the arrangement would seem to be a conventional use of
well-known principles, but the authors have shown that with the
extraordinary sensitivity which is inherent in this system it is at
once possible to eliminate the disadvantage of a delicate galva-
nometer. They have redesigned the latter to the extent that the
instrument can be used in aircraft.

A cylindrical galvanometer coil is placed in a radial field pro-
duced by an Alnico magnet. The geometrical disposition is simi-
lar to the voice coil in a loud speaker, and all turns are at right
angles to the field. The coil suspension is replaced by a leaf spring
bearing and the entire moving system, consisting of the coil at one
end and the aluminum tuning flag at the other, has a very low
moment of inertia. Displacements of the order of a few thou-
sandths of an inch are sufficient to cause large changes in the oscil-
lator output; therefore this modified, more rugged galvanometer

by Ralph H. Miiller

can be expected to be very nearly as sensitive as its delicate labo-
ratory counterpart.

Two circuits have been developed to measure the output. In
one of those, the varying amplitude of the radio frequency output
of the oscillator is rectified to supply the d.c. feed-back current.
In conventional practice, this would be applied in opposition to
the primary signal in the galvanometer coil. The authors have
preferred to wind an additional coil, adjacent to the primary coil,
through which the compensating feed-back current flows. By
this means, the compensation is neatly isolated from the input.
Complete temperature compensation can be achieved by shunting
the feed-back coil with an appropriate resistor of zero tempera-
ture coefficient, whereby the feed-back ratio is changed to com-
pensate for the temperature changes in the copper coils.

In a typical case where sufficient feedback has been introduced
to limit the gain to 103, it turns out that this electromechanical
amplifier maintains uniform gain for input frequencies between
0.1 and 20 cycles per second. In a specific application a 5-volt
output was required from a thermocouple input of 5 millivolts:
It is evident that steady state values as well as transients can be
accommodated by this system. If higher frequency response is
required, additional amplification can be used in order to retain
sufficient feedback with corresponding stability. Gain is not
limited to a factor of 1000. It is possible to extend the gain to
50,000 with stability.

For use in aircraft, a shock-mounted and weather-sealed model
has been developed which occupies less than 40 cubic inches,
weighs approximately 2 pounds, requires less than 5 watts’
power, and is sufficiently rugged to withstand heavy vibrational
and accelerative loading.

Among the many uses suggested for this device are: its sub-
stitution for delicate galvanometers in routine measuring as-
semblies; studies on thermocouple behavior and response; as
an impedance changer; for the amplification of output in barrier
layer cells and Pirani or ionization vacuum gages; as an amplifier

“for control equipment and servo-mechanisms; and as a preampli-
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fier in radiometric measurements.

The Convectron

A sensitive vertical position indicator has been developed
which should find many uses in the laboratory and industry.
The Convectron is a Y-shaped, argon-filled tube in which a V-
shaped nickel filament is mounted in the upper limbs. Electrical
connections are made between the apex and free ends of the V.
The nickel filament is heated by a.c. or d.c. to about 400° above
ambient temperature. If the Y-tube is tilted from the vertical
position, an unbalance voltage proportional to the sine of the
angle is developed. On d.c. operation, the direction of inclination
is indicated by the polarity of the unbalance signal; on a.c., direc-
tion is indicated by phase reversal.
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Kletr . ...

Photometers

Iae#—_gmnmn

Pholselectric
Glads Cell
Colorimelen

n
No. 900-3

No. 2070

the

rapid and accurate

Designed for

determination of
thiamin, riboflavin, and other substances which
fluoresce in splution. The sensitivity and sta-
bility are such that it has been found particu-
larly useful in determining very.small amounts
of these substances.

KLETT SCIENTIFIC PRODUCTS————

ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM-
~ ETERS ¢ GLASS STANDARDS e KLETT REAGENTS

K/€ff Manufacturing Co.

179 EAST 87TH STREET, NEW YORK, N. Y.

INSTRUMENTATION

As the name implies, the behavior of this device depends upon
convection currents set up in the gas and the distribution of the
warmer and therefore less dense masses of gas will-depend upon
the relative position of the two limbs. An output signal of about
50 millivolts per degree of inclination is typical. Under favorable
circumstances, a tilt of 1 second of arc can be detected, but at this
level the system is highly dependent on supply voltage and am-
bient temperature. A brief description is to be found in Elec-
tronics [20, 190 (1947)] and although we have heard about it be-
fore, we have no definite information at this date about its manu-
facture or availability. This device has a response lag of about
0.1 second and from its sensitivity and simplicity would seem to .
find many uses in servo-mechanisms. The chemist can undoubt-
edly envision many uses in connection with recording balances,
gas density or manometric measurements, and the like. It is in-
teresting to note that it is also sensitive to linear or rotational ac-
celeration but not to free fall.

Industrial Design of Instruments

We believe that the man in the research laboratory can learn
a few things from the industrial designer of instruments, best of
all from the aviation industry. The average specification for
aireraft instruments seems hopeless at first glance. It may re-
quire faultless performance from —50° to +120° F. to endure
enormous shock and acceleration, and ridiculously narrow toler-
ancés with respect to size, weight, and power requirements, in ad-
dition to which it should be readable by inexperienced personnel—
perhaps in darkness! Nearly all physical phenomena and quite a
few of chemical importance are so measured and they are not re-
stricted to gross effects. Many delicate or minute effects such as
cosmic rays or faint radar echoes are measured or recorded under
such adverse circumstances. .

It is therefore somewhat startling to find excessively long de-
seriptions in our chemical journals of simple photometric or other
electronic measurements in which one or two electron tubes are
mounted on stone piers, surrounded by countless shields, and
cooled by thermostats regulated to =0.001° C.; perhaps the en-
tire enclosure is pumped down to a few microns and the inevitable
dishes of calcium chloride or phosphorus pentoxide stand guard
over any mischievous water vapor. If there is a galvanometer
at the end of this, it has a pier to itself or hangs from a Julius sus-
pension. ’

We cannot avoid the impression that when an electron tube
needs such solicitous care, there is something wrong with the
choice of circuit. The versatility of electronic circuits is almost
unlimited and great advances have been made in nonhygroscopic
circuit elements as well as those with definite positive and nega-
tive temperature coefficients. The subtle distinetion seems to lie
in the fact that we chemists are too prone to focus attention on the
electron tube and its shortcomings rather than on a good circuit
in which it is only one of a number of components. From this re-
stricted point of view our first instinet is to take over where the
tube manufacturer left off, remove the base and substitute poly-
styrene, keep it at constant temperature and humidity, and in
all respects try to make it as dependable as a Type K2 potentiom-
eter.

The industrial designer is subjected to so many restrictions—
for example, he may be limited to less than a cubic foot of space
instead of a subbasement, and thermostats are out of the ques-
tion. Consequently, he may be forced to use ingenuity and, as a
result, discover something new. He will strive constantly for null
methods, feed-back compensation, circuit arrangements which-
call for short-term stability and, although he may finish the race
with a dozen or more tubes, the circuit itself will compensate for
most of the disturbing factors.
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® Highest reproducibility
® Thermal stability

® Wide range
@® Convenience

@® Tested Methods

The Kromatrol Photometer

Developed by the chief chemist of a large alloy steel laboratory,
the KROMATROL has been proven “under fire” by over two
years of constant testing.

The detailed Instruction Manual furnished with the instrument
provides fested methods and typical calibration graphs for ferrous
and non-ferrous alloys.

In addition to analysis of metals, the KROMATROL is being
used for foods, soil, biochemical and other analyses where highest
accuracy is required.

Ten sets of Corning filters with a half-band width of 30 milli-
microns are mounted around a water-cooled lamp housing, ready
for immediate use at all times. These filters provide very satis-
factory monochromation for high sensitivity and linearity.

You never have to recalibrate. a KROMATROL and it can be
used for high concentration work as well as for residuals.

For full details of the KROMATROL PHOTOMETER
write to any of the Will Corporation branches listed below
and request Bulletin “K.” No obligation.

WILL CORPORATION

ROCHESTER 3, N. Y. NEW YORK 12, N. Y.

BUFFALO APPARATUS CORP., BUFFALOS5,N. Y. o
SOUTHERN SCIENTIFIC COMPANY, INC., ATLANTA 3, GA.

LABORATORY APPARATUS AND CHEMICALS
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No Single Standards 1o Handle

|4

when you make
determinations
with <

TAYLOR
COMPARATORS

Taylor Comparators provide new simplicity, speed and ac-
curacy in pH, chlorine, phosphate and many other determi-
nations. Base and slide are made of sturdy plastic. . .lightin
weight, durable, portable.

two minutes.
slide
Many slides may be used with same base.

Complete operation takes about
Color standards are permanently enclosed in
. carry an unlimited guarantee against fading.

FREE Booklet

This valuable booklet contains informa-
tion of value to all men who are concerned
with making tests on process liquids, boiler
water, etc. Explains theory and recom-
mended ptactice . . . gives details of Taylor
methods and equipment. Ask your dealer
for a free copy or write direct.

W. A. TAYLO

AND

co.
7302 YORK RD. « BALTIMORE-4, MD.
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ELECTRIC FURNACE

The new MODEL CE A has been designed to

give superior performance, with ease and

economy of operation, at a low initial cost. It

will stand hard use and is an ideal furnace
for general laboratory pur-
poses, heat-treating and small
unit production.

SPECIFICATIONS
Temperature Control — Any
temperature from 500° F. to
2000° F. can be selected and
automatically maintained with
TEMCO variable temperature
control.

Pyrometer — Indicating type
calibrated in both Fahrenheit
and Centigrade scales.
Dimensions—Inside 434 ” wide,
414" high, 6” deep. Outside
12” wide, 1514” high, 1414"
deep.

Prices Model CEA Complete
For115V.—A.C. only....$80.00
For 115V.—A.C.&D.C. 85.00
For230Y.—A.C.only.... 85.00

® Heating element, special
high temperature alloy,
completely surrounds heat-
ing chamber assuring the
most uniform distribution
of heat.
Insulated with highly effi-
cient, light-weight materials
cast permanently into fur-
nace body.

Other sizes available

Write for fall information and name of nearest distributor.

® Heats up to 1500° F. in 30
minutes.

o Can be'opera(ed continu-
ously up to 2000° F.

® Embedded heating element
protected against damage
and chemical deterioration.
Muffle core easily replace-
able.

THERMO ELECTRIC MFG. CO. 478 W. Locust St., Dubuque, la.
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General Purpose Shaking Apparatus.

Electric, box-type, general purpose;
speeds up to 280 strokes per minute;
accommodates variety of containers.

Especially designed for the rapid shaking of a variety of
glassware, this efficient shaker finds wide application in
many laboratory procedures requiring intimate mixing and
agitation of solutions, emulsions and dispersions. The util-
ity box accommodates both Erlenmeyer and boiling flasks
up to 1500 ml, sample bottles of 8, 16, and 32-ounce capac-
ity and storage bottles ranging from 14 to 3 gallons. The
shaker is geared to attain maximum speeds of from 275 to
280 strokes per minute with an excursion of 15 inches. The
machine is powered by a constant speed, split-phase, 14 h.p.
motor, which is connected to the driving mechanism by
means of a V-belt. The container box is constructed of hard
wood with an attractive light oak finish—measures 2114
inches long, 11 inches wide, and 5 inches deep. In order to
accommodate all sizes and shapes of containers, utility box
is slotted and is provided with two rubber-covered tie rods
—adjustable along the entire length of the box by means of
large, forged-steel wing nuts. The motor and the shaking
mechanism are mounted securely on a strong, cast-iron
frame with grey finish. To prevent creeping and sctatchin.g

® © ® & o o o s o o e o s 6 o ° 0 e s 0 e o 0 v 0

of table surface, the base is set in rubber-cushioned feet.
The base measures 25 inches long by 1214 inches wide.
Over-all height is 12 inches. The shaker is furnished
complete with cord and plug, but without glassware.
Operates on 115 volts, 60,cycles, A.C. only.

JL73000 — General Purpose Shaking Apparatus as de-
scribed < s o s s measee e siesie o'sieees $119:50

A. S. ALOE COMPANY

LABORATORY APPARATUS AND REAGENTS
General Offices: 1831 Olive St. e ST. LOUIS 3, MISSOURI
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"PRECISION"

- FREAS-

In thousands of labora-

tories the world over . . . .
“Precision”-Freas Ovens are on the
job---performing faithfully in every type
of controlled temperature heating problem:
The name “Precision”-Freas represents more than
forty years of design experience for the most exact-
ing needs of modern industrial research . . . baking,
evaporating, sterilizing, moisture tests, annealing,
conditioning, accelerated aging, disintegration pro-
cesses, instrument calibrating, etc. Every year bringé
new and important improvements. The latest unique
“Precision”-Freas feature---now standard on all our
Mechanical Convection Ovens---is the new Dual
Hydraulic. Thermostat. This device assures positive
temperature control . . . eliminates thermostat fail-
ure . . . in long-run controlled temperature work.

Write for detailed “‘Precision’-Freas Catalog No. 330-C.

See Your Loboratory Supply Dealer

373 7 CORTLAND STREET

S
* - x  Scienlific Research and Production Control Eguipment +



28A VOLUME 19, NO. 12

\

GLASS ABSORPTION CELLS....
OF FINE QUALITY

made bwa
||

Fused in an electric furnace with cement

that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are
Sole manufacturer in the

% United States of fused % available. Special sizes made to order.
Electrophoresis Cells.

Makers of complete

KLETT SCIENTIFIC PRODUCTS

e KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS ©

COLORIMETERS ® NEPHELOMETERS ® FLUORIMETERS ® BIO-

COLORIMETERS ®* COMPARATORS *® ELECTROPHORESIS

APPARATUS ® GLASS STANDARDS *® GLASS CELLS ®
KLETT REAGENTS

Kk# MANUFACTURING CO., 177 East 87th Street New.York, N. VY.

WELCH STAINLESS STEEL
! TRIPLE BEAM TRIP-SCALE

o STAINLESS STEEL BEAMS o DURABLE CONSTRUCTION
e READINGS ARE ALWAYS SHARP, BRIGHT AND CLEAR
e IMPERVIOUS TO CORROSIVE FUMES

Electrophoresis Apparatus

CAPACITY:
1,610 grams

SENSITIVITY:
o 0.1g.

Cobalite Knife Edges
Agate Bearings

Complete with two exira weights, Each $18.00 I : Stable and Well Damped

The extcléxséve alld;mntages indthe Welch %alance wiflltge

. . . appreciated by all laboratory directors. ecause Of e

W. M. WelCh Sc1ent1f1c Company useoflS;:lilnlessStelel,itdisp]gssibleto,haveﬁnesharp
. . . _— lines, which are easily read. Vi tiny screw, rivet or

1515 Sedgwick St., Dept. A Established 1880 Chicago 10, Illinois, U. S. A. nut, in this balance i}sr of stainla:rszeel.

No. 4050
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CHROMEL-ALUMEL' THERMOCOUPLES

« +« «TO PRODUCE
, TEMPERATURE-E.M.F.

5" FROM 32°F. 190 660°F. R
“%% FROM 660°F. 10 MAXIMUM |
WORKING TEMPERATURE f)

"
i . s ocouples:
....... ting TherM e, o rmo-
Tes s MeFt?,l T

-32]
ted 10-25
dopsul’eﬂ“

R.P. 767 for

HOSKINS MANUFACTURING CO.

4445 LAWTON, DETROIT 8, MICHIGAN

ELECTRIC HEAT TREATING FURNACES . HEATING ELEMENT ALLOYS . THERMOCOUPLE AND LEAD WIRE
. PYROMETERS . WELDING WIRE - HEAT RESISTANT CASTINGS . ENAMELING FIXTURES »
SPARK PLUG ELECTRODE WIRE . SPECIAL ALLOYS OF NICKEL . PROTECTION TUBES

*
S YRADE MARK REG. U.S, PAT, OFF.
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FOR BETTER

NON-FADING

GLASS COLOR
STANDARDS

Permanent reliability of Hellige Glass Color Stand-
ards, accuracy of color comparison, simplicity of the
technique, and compactness of the apparatus are

HOEPPLER VISCOSIMETER

for

gases, liquids, oils,
plastics, syrups,

viscous tars, etc.

Greater Accuracy in Absolute Units
The Hoeppler Viscosimeter is so sensitive that the differ-
ence in viscosity between distilled and tap water can be
measured. Direct readings in centipoises (or centistokes).
From 0.01 to 1,000,000 centipoises. Accuracy 0.1%
to 0.5%.
The falling time of the ball multiplied by other given

in any similar ouffits.

exclusive features of Hellige Comparators not found
WRITE FOR BULLETIN No. 602

HELLIGE|

INCORPORATED
3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y.

factors shows absolute viscosity. Small sample (30cc)
required. Results consistent and reproducible.

Werite today for Bulletin HV-303.
Order direct or from leading lab

Manufactured by
FISH-SCHURMAN CORPORATION
230 East 45th Street, New York 17, N.'Y.

FALLING BALL
PRINCIPLE

tory supply d

PRICES

A-1494 E & G MICROSCOPE LAMP,
complete with built-in transformer,
bulb, and frosted daylight filter for
AC only (shipping weight approxi-
mately 614 Ibs.) Each $42.50
6 or more lamps—less 10%
Lamps to operate on 220 volt AC at no
extra charge.

A-1494B BULBS for E & G MICRO-
SCOPE LAMP, GE Mazda 1493, 6.5 v.,
2.75 A. double contact. Each $ .70

E & G MICROSCOPE LAMP

. . Microscopy Photomicrography
Macrophotography Microprojection

The E & G MICROSCOPE LAMP is a highly efficient, low cost unit for precise
transmitted, dark field, or oblique illumination. It utilizes a 6.5 volt 2.75
ampere automobile headlight type of bulb to give a high intensity, point
source of illumination, and operates on 110 volt AC (only) current, with voltage
reduced to 6 volts by a transformer built into the base of the instrument.
Therefore, it is undervolted to give unusually long bulb life and the proper
color temperature (approximately 3200°Kelvin) when used for color photog-
raphy or photomicrography.

FEATURES

The bulb can be focused in a range of from 6 inches to infinity.
Has a built-in iris diaphragm which controls the size of the spot of light,

Y

eV,
and an aspheric condenser.

v/ Photomicrography or microscopy with either Koehler or critical illumina-
tion can be readily accomplished.

v/ Weighs 5 Ibs., most of which is in the 6” diameter base. Once the lamp
is placed, it remains stationary.

v/ The housing is adjustable to any horizontal or vertical angle, and can

be clamped up to 10” high to permit excellent illumination of opaque
objects for microscopy or photography.

v/ The Lamp is attractive black crackle finish, with an on-and-off switch

T Lo CLA_Y ADAMS CO-‘"C

ADAMS
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REPLAGES PURE

For gas, air and liquids
Acid and corrosion resisting

Unaffected by oil, gasoline,
alcohol, or water

Does not deteriorate with age
High dielectric strength

Withstands repeated flexing
(flexing life 10-12 times that
of rubber)

[ ] Transp;uren’, almost colorless

No. 8793—TYGON FLEXIBLE TUBING
tnside Diam.  Wall Thick. _Price | Inside Diam.  Wall Thick. _Price
Inches Inches Per Foot Inches Inches Per Foot
1/8 1/16 $ .13 3/8 1/16 $ .32
3/16 1/16 .18 1/2 3/32 .53
1/4 1/16 .22 5/8 3/32 .65
1/4 3/16 T4 3/4 1/8 .90
5/16 1/16 27 1 1/8 120

Discounts: 25 ft. of one size, 10%, 100 ft. of one size, 25%; 500 k., 314 %

SCHAAR & COMPANY

Compiete Laboratory Zauipment
48 W. LEXINGTON STREET CHICAGO 7

CHEMICAL AND SCIENTIFIC PORCELAIN WARE
“N— )

COORS PORCELAIN COMPANY
GOLDEN, COLORADO

% Easily Inserted in Flask
% Balanced . . . never whips

* Stainless Steel

Our new WACO Balanced
Paddle Stirrers are easily in-
serted in the neck of flask . .
never whip so your glass
set-ups are safe! All made with 300
mm. x 6 mm. shaft. .. the only differ-
ence is length of the paddle. Suitable for all popular sizes of Aasks
used in the organic laboratory.

No, 7298-IE. WACO Balanced Paddle Stirrers. Shaft 6 mm. x 300 mm. to fit usual
1/4” chuck. Also available for 3/18” chuck if specially mentioned.

Size Small Medium Large
Paddle 20x50 mm. 20x75 mm. 20x100 mm.
Each $2.00 $2.95 $2.35

10% discount in box of 6. -

No. 7298D. Also conveniently packaged in sets of 3, one of each size. Pcrsset of
BNPE@ avainnn « wats » wiinss wiatetie Fiatone WeDs W(oieTs STerors Siafste O RIPII ¥ gioih SRLET BRI PR & SN .00,

In stock for immediate shipment— ORDER NOW.

Graded Heat
HOT PLATE!

% Thermostatically
Controlled

% Quick Heat . . .
' 1000 W atts

% Embedded Element

Sold only in boxes of 3 paddles.

Another promise is coming true . .
we received a few of the new
Graded Heat Hot Plates and ex-
pect more soon. The Thermostat
is rugged and tests in a 250 ml.

beaker, on the plate, show th: No. -4754. Graded Heat Hot Plate. Plate

followi'ng =*=5e"C‘)’ and the wmgt:l diameter, 6‘/2[”f A E[]eénentl, 1000 watts. Ther-
used for ** ing" mostat control for volts

heats, ‘such s sther  distillation 60cycle. Each.............. $1 O~95

heats, such as ether distillations.

Dial Water Oil
: No. 4756. Same as above, except DOUBLE
Setting Temperature Temperature plates, each with separate thermostat. ne
200 64°C  ...... plate 1000 watts, the other $1 9 95
300 84°C  ...... 650 watts. Each............. .
400 95° C 134° C
500 e 158° C
600 188° C
IE 12-47

111 NORTH CANAL STREET ¢ CHICAGOG6 ILLINOIS
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ELECTROLYTIC APPARATUS

RAPID AND ACCURATE
DETERMINATION OF METALS

Electrolytic analysis of metallurgical
samples demands highly accurate,
yet easy to operate apparatus. The
Braun Model PC Electrolytic Appara-
tus, designed to meet every require-
ment for the most exacting technical
analysis, meets every need for either
routine or critical research work.

Uniform determinations of copper,
lead, antimony, cadmium, nickel, tin,
zinc and other metals can be made
quickly, permitting continuous rou-
tine analysis with minimum expendi-
ture of time and labor. All units
operate independently of each other
so that as many as six individual
analyses may be made simultane-
ously on one 6-unit outfit. These
outfits, available in 2, 4 and 6-unit
assemblies, constitute the ideal
equipment for busy laboratories. For

complete information address Dept.
A-12.

BRAUN

CORPORATION

:nth Street 5 Les Angeles, Californic

o <é ' >
‘ S
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4 Wore Efficient
SURFACE — _
EVAPORATOR UN

With Amersil’s* indirect
fused silica heater, lighter
distillates are evaporated
with greater accuracy than
with a Bunsen burner or
other source of heat below
the evaporator dish.

® Makes possible the surface evaporation of corrosive chemi-

cals without deterioration of the heater element.

@ Heat or rate of evaporation and temperature can be elec-
trically controlled — less expensively by increasing the gap
between the surface heater and the evaporating dish.

® Available in a variety of wattages and shapes.

® Functions efficiently as an electrical hot plate for bottom
heating of flasks and other vessels.

Write Amersil,Department*I”for more complete
information or ask for latest printed matter.

LADIERS] L COMPANY Ine.

ENGELHARD,

CHESTNUT AVENUE HILLSIDE 5, N. J.

LUMETRON
Photoelectric COLORIMETER and 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. B1 and B

Also

Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

Write for Literature Prompt Delivery

PHOTOVOLT CORP.

95 Madison Ave. New York 16, N. Y.
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[
Professional

Service
Guide

b

For the consultant, researcher, and de-
velopment man, there’s no better place
to sell services than in INDUSTRIAL AND
ENGINEERING CHEMISTRY’S Profes-
sional Service Guidée. Through this
special section you reach 35,000 sub-
scribers who are responsible for much
of the chemical process industry’s
buying and specifying. They frequently
need your help and adyvice....and since
they represént the most important part
of a $20,000,000,000 industry, they’re
L the ones to reach with your story.

You can tell it to them at lowest cost
through Professional Service Guide...

l and get quick results.

“*PRECISION’. ° y 0

1 TO 4 GAL.
PER HOUR

“PRECISION" STEAM HEAT WATER STILLS.
1 to 4 gallon capacity. Efficient, compact, heavy
duty medel, widely used in industry and research
to supply distilled water, chemically and physically
pure, to fic the most exacting needs . . . at extremely
low cost per gallon. A most practical model where-
ever steam pressures of 12 pounds or overare available.
Completely ic. Other models availabl up to

400 gallons per hour. All ““Precision” Stills are hard

water models. Write us your requirements.

“PRECISION" GAS HEAT WATER STILLS. 1t 3
gallon capacity. Designed to supply distilled water
efficiently where steam or clectric heating are unsuitable.
Operates economically, dissolved gases and impurities
are vented before distillation; cleaning is easy. Also avail-
able in electric and liquid fuel models. All “Precision™
Stills are hard water models. Write us your requirements

'’ o
for complete details.

See Your Laboratory Supply Decler

Precision Scie%]iiic Compan

Scieniiic Research and

s oA

8 REASONS

Capacity, 200 grams ® Sensitivity, 1/20 mg. Under Full Load ®
Catalog No. AC-2012

Improved Rider Lifter
Stirrup Arrestment
Adjustable Magnetic Damper
Arc Movement Beam Arrestment
Ball Bearing Arrestment
Equilibrium Adjustor
All Metal Case

Early Shipping Schedules

Dealer Franchises -Open

AMERICAN BALANCE

CORPORATION
48 Potter Avenue - New Rochelle, N. Y.

Biscayne Chzmical
" Laboratories, Inc.
2207 N. E. Second
Ave.
Miami 37, Fla.

B. Preiser Co. I:tc.
416 W.Washington St.
Charleston 2, W. Va.

Shaw Surgical Co.
902 S.W. Yamhill St.
Portland 5, Ore.

General Scientific
Equipment Co.
1630 Whitney Ave.
Hamden 14, Conn.

H. C. BECKER, PRES.
FOURTH GENERATION OF
INTEGRITY AND SERVICE




34A

PALO-TRAVIS
PARTICLE SIZE APPARATUS

OFFERS accuracy, ease of
manipularion, rapldity, versatility!
Operates on sedimentation
principle, maKing if

possible to determine sub-sieve
range from 325 mesh down

to 2 microns. Elaborate
calculations eliminated by use

Write for
I, Bulletin
1404-N.

of graphical solution or slide
rule calculator— both furnished
with the instrument. Deter-
mination may be made on any
substance, providing there

is a liquid medium available in
which the substance is insoluble,
and a dispersing agent

that will disperse the particles.

Our New COMPLETE CATALOG IS
NOW READY. Writetoday for your copy- 3

81 READE STREET - NEW YORK 7. N.Y.

VOLUME 19, NO.

Keep the dust away
from sensitive parts—pro-
tect them from corrosive
fumes.

These strong, durable laboratory covers are made of
transparent cellulose acetate, bound in metal, with
" all corners heavily reinforced. Equipped with con-
venient handles.

Cat. No. Suggested Use Llength Width Height Price

785/1 Trip Scales 16" 1 10” $ 9.60
785/4 Analytical Balances 20" 12”7 20" $14.40
1023 Microscopes (Diam. 10”) 16” $ 6.00

Can be made in any size. Write for prices.

SCHAAR & COMPANY

Complete Laboratory Equipment
748 W. LEXINGTON STREET CHICAGO 7

12

Speci Sheldon . . . Buy Sheldon

H.

Experience that
Means Longer Life

Sheldon’s long and successful experience in meeting
the functional requirements for laboratories of
schools, hospitals, and industry is reflected by the
long life of Sheldon-built equipment.

Sheldon sinks are made of- material —Soapstone or
Ceramic—that assures long life under the rigorous
demands of laboratory waste disposal. They are of
the proper size, depth, and general construction to
perform their work satisfactorily. Furthermore,
Sheldon sinks are selected to make them adaptable
for placement in a room as an integral part of wall
or center tables so that all waste disposal may be
met easily. '

SHELDON & COMPANY

MUSKEGON, MICHIGAN
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Thermo Electric Mfg. Co................. 26 A 14-056 — CONSTANT VOLTAGE TRANSFORMER 115
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Now...

quick, precise
ANALYSIS WITH LIGHT

the /Vew: COLEMAN

Universal Spectrophotometer

This new streamlined UNIVERSAL Spectrophotometer in-
sures rapid, exact analysis wherever light is used as a
laboratory tool. Instantly adaplable for Spectrochemistry . . .
Photofluorometry . . . Nephelomelry . . . Titrimetry — the new
UNIVERSAL fulfills today’s need for versatility — gives
exact, dependable performance in both routine and research.
Successor to the time-tested Model 11A, the 14 provides
even greater accuracy . . . doubled sensitivity.

Simple . . . precise . . . this true Spectrophotometer produces
any color instantly at the turn of one knob, with selection
of a monochromatic band of light 35 mu. wide anywhere
within the spectral region of 325-825 mu. Interchangeable
direct reading scales assure simplicity of operation for routine
use. A slide-wire potentiometer is provided for highest
accuracy in research, the scale reading directly both Trans-
mittance and Optical Density. As an added convenience
the instrument accepts a wide variety of cuvettes with sample
depths ranging from 0.5 to 50 mm. .

14-010 — COLEMAN MODEL 14 UNIVERSAL SPEC-
TROPHOTOMETER complete with 14-100 Top Carrier,

14-214 Filter, 14-900 Operating Manual. Sold only with
one of the following three power supplies.......... $455.00

14-050 — STORAGE BATTERY, 8 volts, complete with
extension cable and plug adapter accepted by 14-010. . $35.00

14-052 — BATTERY AND CHARGER, 115 volts, 60 cycles,
complete with extension cable and plug adapter. Charger
operates automatically when instrument is turned off. $48.00




36A VOLUME 19, NO. 12

Specify B&A REAGENTS

For chemical purity plus...

The AVAILABILITY ... extensive stocks of B&A Reagents

are maintained in General Chemical’s own regional

In selecting reagents for vour laboratory. specify B&A
for chemical purity PLUS product diversity and

availability : distributing stations from coast to coast. The one serv-
: ing your territory can supply your month-to-month
The PURITY . . . zuaranteed by the skill, science and needs swiftly, surely, steadily.

technological developments Baker & Adamson has

gained in 635 vears of “Setting the Pace in Chemical
Purity?”

The DIVERSITY . . . more than 1.000 purity products
bear the B&A “Shield of Quality?” From them you
can order your every requirement.

Remember this when you buy laboratory reagents.
Specify B&A for chemical purity PLUS product di-
versity and availability—advantages that really count in
operating any laboratory efficiently. Your B&A Sales-
man can start special, personalized service for you
today. Phone or write the nearest office below.

REAGENTS

BAKER & ADAMSON Reayenis:

GENERAL CHEMICAL DIVISION

ALLIED CHEMICAL & DYE CORPORATION
- e e e e me wm =40 RECTOR STREET, NEW YORK 6,

STANDARD Offices: Albany* e Adanta * Baltimore ¢ Birmingham® e Boston* ¢ Bridgeport ¢ Buffalo* ¢ Charlote®
oF Chicago* ¢ Cleveland* ¢ Denver® e Detroic* - ® Houston ® Kansas City * Los Angeles® ¢ Minneapolis
PURITY New York® e Philadelphia* ® Pitusburgh® ¢ Portland (Ore.) e Providence* e St. Louis® ¢ San Francisco®
Seattle » Wenartchee (Wash.) ® Yakima (Wash.)
In Wisconsin: Genesal Chemical Wisconsin Corporation, Milwaukee, Wis.
In Canada: The Nichols Chemical Company, Limited * Montreal®* ¢ Toronto® * Vancouver®

N. V.0 om o oo oo o o

PURITY SINCE 1882
* Complete stocks are carried here

SETTING THE PACE I'N CHEMICAL

FINE CHEMICALS




JUST TRY THIS FAST-FILTERING 5§/

' NOTE THESE OUTSTAND-
| ING ADVANTAGES...

Faster filtering results from air space
between bowl (58° angle) and filter
paper (60° angle)

28900—LONG STEM

Thick uniform walls and reinforced

Approximate Will Fit
Inside Diameter Paper of 2 bead provide sturdiness
of Top of Funnel Diameter i
m;'_' ml)"S :0'?"'8 : 3 Full annealing reduces likelihood of
ph de wVU.o L ¥
15 70 28 1 breakage
55 C .28 . 5
(E 1{8 .30 1 4 Short or long stem types are available
2 3=
(‘)8 :'_;8 :ﬁ 5 Seven sizes match all standard diameter
100 185 .46 filter papers
28950 —SHORT STEM
Approximate Will Fit
Inside Diameter Paper of
of Top of Funnel Diameter
mm. mm. Each
35 55 $0.28
15 70 .28
55 90 .28
65 110 .30
75 125 .34
90 150 44
100 185 46

The Visible Guarantee of Invisible Quality

Consult Leading Laboratory Supply Houses
Throughout the United States and Canada for ~

l\"iml)le Laboratory Glassware to Meet YOUR T°|edo ]I ohlo

Needs. DIVISION OF OWENS-ILLINOIS GLASS COMPANY



Bausch & Lomb Gives You the
New, Exclusive Variable Focus Condense:

(Patented)

OU can adjust the focus of microscope illum-

ination for «// objectives from 07l immersion

to 48 mm with only one condenser on new Bausch &

Lomb Laboratory Microscopes . . . as easily and
quickly as you set your watch!

In the Bausch & Lomb Variable Foc.. Con-

denser, the upper element, of a two lens condenser

of 1.25 N.A., is mounted stationary within the
aperture of the microscope stage. The lower lens,
with iris diaphragm, is centered in the rack and
pinion substage. To change from a higher to a

lower power objective you merely select the
e desired objective by revolving the nosepiece, and
UPPER ELEMENI& %

¥IXED POSITIO rack down the lower condenser element by turn-

ing the adjusting knob. Racking down increases
the area of illuminated field, and decreases the
numerical aperture of the illuminating beam. The
three actual photographs below, showing the

LOWER ELEMENT

light rays focused in uranium glass, and the
diagrams of the light path through the condenser
lenses tell the story.

Write for complete details, available in Folder
D-1003. Bausch & Lomb Optical Company, 609-L
St. Paul Street, Rochester 2, N. Y.

BAUSCH & LOMB

OPTICAL COMPANY & ROCHESTER 2, N.Y

Upper and lower lenses of the BET. Variahle Focus Upper and lower lenses of the BEL Variuble Focus Upper and lower lenses of the BEL Variable Focas
Condenser racked close together to focus illumination Condenser separated to focus illumination for the 16 Condenser focused for the 28 mm objective. Light
soi the 4 mm objective Note concentrated light cone. mni objective, Note the broadened cone of light. rays are nearly parallel and field greatly enlar.ied.
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