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War changed America's gasoline industry from a motor
fuel producer to a producer of aviation fuel. Only a few
years ago petroleum chemists were producing laboratory
samples of a super-fuel that would match the aircraft en-
gine builder's design for more and more power, but military
urgency and vast resources of technical knowledge have
turned these laboratory samples into a flood of 100 plus
octane fuel that today guarantees a margin of power to
every Allied pilot flying against the Axis.

Functioning as a superior means of control to keep this vital
liquid flowing to the W ar Fronts, Consolidated Mass Spectro-
meter is making possible more efficient refinery operation
through the rapid accurate analysis of charge stocks and

FEATURES:

Special Sample Introduction System

Only 0.1 c.c.liquid or 10c.c. gas required for analysis
General Automatic Operation

Automatic Recording Unit

Automatic Protective Devices B -
Complete Manuals of Procedure

feed streams. Analyses, which by other -methods have re-
quired hours or full days of careful work, are being per-
formed on the Consolidated instrument in a half hour to two
hours, with dependable accuracy. Designed for ease of
operation around the clock, the Consolidated Mass Spec-
trometer includes many important features which make it
an ideal tool for the routine control of plant processes.

Users of this instrument, representing the fields of Research,
Process Development and Plant Control, have consistently
bettered Consolidated's claims for the Mass Spectrometer
in time and accuracy. The Consolidated Mass Spectrometer is
offered to War Industries under an agreement which insures
customer participation in future development and provides
for complete installation and training of operators. Write
for Information.

CONSOLIDATED ENGINEERING CORP

Herbert Hoover, Jr., President

595 EAST COLORADO STREET +« PASADENA, CALI'"FORNIA
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Laboratory Items

for

INDUSTRY

GRINDER CENCO °
GAS
PURIFIER

A combination drying tower, safety trap, and wash,
bottle with automatic flow valve to stop back pres-
sures— all fabricated from "Pyrex" brand glass—
excellent for combustions— mounted in individual
flexible bases on a substantial metal base....

Each $27.50
ne electronic relay
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NEW YORK  TORONTO CHICAGO BOSTON SAN FRANCISCO



eace on Gal

Bells will ring again this Christmas Eve in the little
churches in all lands throughout the world freed from
the iron hand of the invader. .. And in the clear night
air, the sound of their pealing, echoing over hedgerow,
hill and valley will stir men’s hearts with the glorious
message of freedom . . . For in almost two thousand
years, Christmas Eve has never possessed a greater sig-
nificance to millions of men and women and children who

hope and pray for days of Peace anctGoodWill among men.

To our many loyal friends,

Mallinckrodt

extends Christmas Greetings
and sincerest good wishes

for the New Year
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This ¢411-Purpose

Infrared

SPECTROMETER

Is Now Available
with Recorder and Amplifier*

The new Perkin-Elmer recording Infrared Spectrometer provides a method
for the direct identification of characteristic functional groups in complex
molecules, replacing a multiplicity of specific chemical tests. Unique
“fingerprints” of molecules obtained by this method — their complete
infrared spectra — give positive compound identification. The instru-
ment’s photometric accuracy makes possible quantitative analyses of
many complex mixtures and direct comparisons with known calibration
standards.

*The recorder and amplifier can be obtained separately or mounted with
the spectrometer in a single cabinet that can be set up in any laboratory
where water and power are available. Pen and ink records of spectra are
obtained directly on the eleven inch width strip chart. They are illustrated
in the sample spectrum of the 6 micron water vapor absorption band at the
right, made with these accessories and a rock salt prism. The charts are
accurate enough for precise intensity and wave length measurements and
also serve as permanent records that may be remeasured at any time to
determine additional information. The amplifier used in place of the
galvanometer is available only to those working directly or indirectly on
Government contracts.

At your request, we will gladly send you further information about the
advantages of infrared spectroscopy and the Perkin-Elmer recording
Infrared Spectrometer.

SPECIAL FEATURES

Equipped for gas, liquid, or solid samples;
vapor path up to 50 cm. available for low
concentration work.

Simple prism mounting for easy inter-
change of prisms.

Grouped controls.

Compact (ia"x3i" x9"), sturdy design;
airtight covers to permit reduction of
atmospheric interferences.

Optical speed L4.5; 60° prism, face 60 x 75
m.; off-axis parabolic collimation.

Precise optical parts for high resolution.
Multispeed wave length drive.

Accurate, adjustable correction of wave
length scale for temperature changes.



8 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 12

SUPEROXOL
MERCK

(HYDROGEN PEROXIDE 30%)

1. May be used in either acid or alkali The Reagent grade is packed in wax-
media without significant effect on pH. lined amber bottles, the “C.P.” grade in
2. Introducesno foreign elementsand leaves gy 1ar amber bottles, both with special
3. If desired, excess oxygen may easily be vented plastic caps. Each bottle is in-
removed. dividually packed in a slip-cover
4 . Reagent grade contains no inhibitor. wooden box with asbestos.

MERCK & CO., IRC. MNanu"actuKine CAnlAH RAHWAY, N. J.

Ind. Eng.—12-15-44

Please send me the following charts: N BN € it
| | Sensitivity of Qualitative Reactions COMPANY oottt Position.
] Periodic Chart of the Elements SEF R B it

| | Sensitivity Chart C LY e State. ..
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Consult Leading laboratory Supply
Houses Throughout the United States
and Canada for Kimble Laboratory
Glassware to Meet YOUR Needs.

The Visible Guarantee Of Invisible Qnlality
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Laboratory & Pharmaceutical Sales Dept., 10
CORNING GLASS WORKS, CORNING, N.Y.

Please send me a copy of the new
Laboratory Glassware Catalog LP24.

Name
Position
Company or ition

Address

LABORATORY WARE

"PYREX” and " VYCOR” art registered trade-marks and indicate manufacture by

CORNING GLASS WORKS « CORNING, NEW YORK

JB H B B S I

isM ey

168 pages—
Over 2500 items in

PYREX brand
Laboratory Ware

PYREX brand
Fritted Ware

PYREX brand
Low Actinic Ware

PYREX brand
Pharmaceutical
W are

PYREX brand
Tubing and Rod

VYCOR brand
Laboratory Ware

CORNING brand
Alkali Resistant
(Boron-Free) Ware

An essential working tool for every lab-
oratory, this new Catalog LP24 brings you
up-to-the-minute on PYREX, VYCOR and
CORNING Brand laboratory glassware.
If you have not already received your
copy, please use coupon below. All the
items listed in Catalog LP24 are distribu-
ted through your Laboratory Supply Deal-

er. Consult him for complete information.

means
Research in Glass
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ALUNDUM GRAIN

NORTON COMPANY

«Si#

» « *
it i».

iSI: 4 Norton

ALUNDUM (fused A1D 3 Grain
excels as a catalytic support for
certain complicated steps in the
intricate process of producing

synthetic rubber.

ALUNDUM Grain can be ac-
curately sized for efficient pack-
ing in reaction chambers. Its
chemical stability, high refrac-
toriness and high specific heat
gualities make it the best mate-
rial for supporting catalysts in

high temperature reactions.

Norton catalytic supports (and
carriers) are available in grain,

pellet and tubular form.

WORCESTER 6 y MASSACHUSETTS
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Micromax pH Control, feedwater plant, Wyandotte Chemicals, Inc., Wyandotte,
typical pH chart of finished water in a*holding tank.

Wyandotte Plant Holds pH to £0.2
With Micromax Recording Controller

Faced with the problem of reducing the pH of feedwater from 10.1 to
7.9, Wyandotte Chemicals, Inc. use an L&N Micromax automatic Record-
ing Controller to do the job. The pH is reduced— and held within a band
only +0.2 wide.

e The pH of the raw water, from the Detroit River, is 7.5. The water
treating cycle begins with a lime soda softening, then a phosphate softening,
after which the water is deaerated and filtered. Following filtration, the
pH measures 10.1. To reduce it to 7.9, sulfuric acid is added by means of
the Micromax Electric Control valve, shown at the right. Finished water,
when measured at the end of the treating process, is within £0.2 of the
ideal. Valuable man hours are saved that would be expended in a manual
method of control, and waste of acid is eliminated. The Micromax Con-
troller also supplies a continuous graphical record, on a chart almost ten
inches wide. It is large and bold enough to be read quickly and accurately
by any workman.

Corrosion worries don’t exist. The closeness of control at the desired
pH value prevents corrosion of piping and simplifies the handling of other
factors which are influenced by the pH of the feedwater.

Furtherdetailsof L&N Micromax automatic pH Recording Controllers are
available in Catalog N-96(l), which will be sent on request. If you have a
specific pH problem in mind, and will outline it, an L&N engineer will be
glad to send further information.

Jri Ad N-96-70K4)

Micromax Electric Control valve drive on reagent
sulfuric acid.

LEEDS £ NORTHRUP COMPANY, 4920 STENTON AVE., PHILA., PA.

LEEDS

. MEASURING INSTRUMENTS +« TELEMETERS
For Every American

& NORTHRUP

AUTOMATIC CONTROLS =+ HEAT-TREATING FURNACES
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HAVE YOU THIS NEW BOOK?

Among the 1,000 B&A Laboratory Re-
agents and Fine Chemicals at your com-
mand are many idea-provoking chemi-
cals such as Red Fuming Nitric Acid.
They are all listed in Baker & Adamson’s
new catalog. Laboratories,
manufacturers, colleges and
others will find this 188-
page book an invaluable
guide. Write jor your copy
today on organization let-
terhead. No obligation.

ANALYTICAL EDITION

The right key to your research, process develop-
ment, or production problem may be Baker & Adamson’s
Red Fuming Nitric Acid.

Here is a strong nitric acid in which large quantities of
nitrogen dioxide are dissolved. The product is a powerful
oxidizing agent; its properties suggest many uses ... as a
nitrating agent for special nitrations where other acids are
not suitable ... as a stripping agent for electroplating .. .
and other applications..

Investigate the potentialities of this special B&A mineral acid
for your needs now. Perhaps it will prove the “key” chemical
for you as it has for many other users!

Setting the Pace in Chemical Purity Since 1882

13
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A.H.T. CO. SPECIFICATION

STORMER VISCOSI METER

WITH ACCESSORIES FOR A WIDE VARIETY OF SPECIFIC PURPOSES

Suitable for:

Condensed Milk
Com, Canned
Drilling Fluids
Enamels

Glues

Gums, water soluble
Lacquers

Mayonnaise

Oils

Paints

Paper Sizing

Printing Pastes (textile)
Sewage Sludge
Silicates

Starches

Sugar Solutions

Tars and Soft Pitches

Tomato Pulp,
Paste and Sauce

Varnishes
Etc., Etc.

7649. 7649-H.

VISCOSIMETER, STORMER. For determining viscosities by measurement of the time re-
quired for a definite number of revolutions of a rotating cylinder — or other type rotor — immersed
in the sample placed in the test cup, maintained at a desired temperature by means of a water or oil
bath, and driven by a definite weight. A revolution counter is attached to the spindle of the rotating
cylinder or other rotor.

Relative viscosity is obtained by dividing the time required for the cylinder to make a specified number of revolutions
in the material under examination by the time required for the cylinder to make the same number of revolutions in distilled
water, or other reference, using the identical procedure, at the same temperature, and with the same operating weight.

Viscosities can be determined and recorded in the absolute unit, i.e. the centipoise, by means of a calibration table
easily prepared by the user. The Stormer Viscosimeter is well adapted for such use as its readings are independent of the
specific gravity of the fluid. See “Chemical Engineers’ Handbook,” John H. Perry, Editor, 2nd ed. (New York, 1941), p. 1535.

General Purpose Outfit. With cylindrical rotor and test cup provided with two side vanes, central baffle and ther-
mometer holder. Weight box is filled with lead shot and weighs approximately 153 grams; weight empty is approx. 28 grams
so that the operating weight can be adjusted within these limits by adding to or removing shot from the box.

Paint Testing Outfit. With submerged paddle type rotor and set of slotted weights. A standard one-pint can is used
as container, supported on a movable shelf, and replaces the test cup. As suggested and used by Krebs Pigment and Color
Corporation for testing paint consistency and as proposed by A.S.T.M. for method D-562-42T for determining the consistency
of exterior house paints and enamel type paints.

7649. Viscosimeter, Stormer, General Purpose Outfit, as above described, with cylindrical rotor and test cup providedwith two side vanes,
central baffle and thermometer holder; in case with thermometer and difeCtIONS FOT USE .wumwmmovsooosseoessssoseressesseoesses oo 110.00

7649-H. Viscosimeter, Stormer, Paint Testing Outfit, as above described, with submerged paddle type rotor, thermometer, plate to hold the
can of paint, and set of slotted weights 25 grams to 1 kilo, complete in case, with Krebs consistency chart. .. ... 3.50

7649-K. Ditto, but calibrated by Krebs standard M ethod ..o 121.00

Copy of pamphlet EE-96 giving more detailed description of the Stormer Viscosimeter,
together with extended bibliography, sent upon request.

ARTHUR H. THOMAS COMPANY

RETAIL— WHOLESALE- EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA 5, U.S.A.
Cable Address “Balance” Philadelphia
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Applicability of Newer Physical Methods for Hydrocarbon

Analyses

W. J. SWEENEY, Esso Laboratories, Elizabeth, N. J.

Some of the newer physical methods are finding wide application in
hydrocarbon analyses. Many highly complex problems are greatly
simplified by a judicious use of these methods. The author sum-
marizes briefly the advantages resulting therefrom in the analysis of
petroleum products.

YER the past several years great progress has been made in
O applying the principles of physics to methods of analysis
for hydrocarbons. For security reasons, very little of this work
has yet been published. The purpose of the present article is
merely to indicate the applicability of this published information
to the needs of research in the petroleum industry. A short
bibliography is appended for more detailed references on the sub-
ject.

Experience lias shown that it is profitable to take analytical
work out of the routine class and to consider it as a vital part of
petroleum research, development, and manufacturing. The
physicists and the manufacturers of optical and electrical instru-
ments have opened up a new field in this class of analytical work.
This development is still in its infancy; but it has made such
strides as to warrant confidence of its future indispensability in
serving the petroleum industry in laboratory research as much
as other physical methods have helped in oil field production.

This new analytical technique will not replace older methods

entirely. It has already been amply demonstrated by experience
. BOILING POINT
N-PARAFFINS I1SO-fNWAFFINS ~ NiPHTHENES OLEFINS »OLEFINS AROMATICS
Figure 1. Distribution of Hydrocarbon Groups by

Boiling Point

723

VIRGIN NAPHTHAS
HYDROPOLYMER

AMEns.

AVIATION GASOUNE

EXPLOSIVES

CATALYTIC CRACKING
THERMAL CRACKING

FISCHER GASOLINE

RUBBER RAW MATERIALS

N-RARAFFINS ' tfIWAFFINSNAPHTHENESOLEFINS DIOLEFINS «ROMAICS

Figure 2. Classes of Hydrocarbons

that all analytical methods, new and old, are less competitive
and more complementary when they are most efficiently applied.
Moreover, in the present state of the art, it is not always possible
to decide beyond question which instrument is best for any pur-
pose. As an example of the variety of equipment for which a
modern petroleum research laboratory can have full-time use, a
partial list of the physical instruments currently used by the
Esso Laboratories-Research Division of the Standard Oil De-
velopment Company is as follows:

20 Fractional distillation columns (Fenske packing)
6 Podbielniak Ilyd-Robot columns
2 Podbielniak manually operated columns
1 Gaertner infrared spectrograph
1 Beckman infrared spectrophotometer
1 Perkin-Elmer infrared spectrograph
2 Beckman ultraviolet spectrophotometers
1 ARL-Dietert emission spectrograph
1 Westinghouse mass spectrograph
1 Raman spectrograph (accessible but not owned)

This list does not, of course, include all the conventional chemi-
cal equipment that was used prior to the introduction of the
newer techniques and is still being used concurrently with them.

PROBLEMS OF PETROLEUM ANALYSIS

A satisfactory way to become oriented as to the interdepend-
ence of these methods is to consider the complexity of petroleum
and of the problems of its analysis. To illustrate this point, in
Figure 1the isomers of normal paraffins, isoparaffins, naphthencs,
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Table I. Hydrocarbons Found in Typical Crudes
(A.P.l. Project 6)
Paraffins, Aromatics,
40-102° C. Naphthenes, 40-102° C. 80-160° C.
-Dimethylbutane Cyclopentane Benzene
-Dimethylbutane Methvicyclopentane Toluene
ethylpentane Cyclohexane Ethylbenzene
ethylpentane 1.1-Dimethylcyclopentane p-Xylene
exane 1,3-Diinethylcyclopentane (T tn-Xylene
imethylpentnne 1.2-D|methylgyclopentane T 0-Xylene

-D
-Dimethylpentane
-D

Methylcyclohexane
imethylpentane

Isopropylbenzene
?i-propylbenzene

ethylhexane
ethylhexane
eptane
Total Possible Compounds
15 52

olefins, diolefins, and aromatics are grouped according to boiling
point, up to and including hydrocarbons of 9 carbon atoms. The
complexity of the problem is readily seen, when considering the
possible mixtures that may exist with boiling points above 100° F.
In Figure 2 an attempt has been made to show diagram-
matically the classes of hydrocarbons in various types of mate-
rials and products, with particular reference to petroleum, for
which complete analyses are highly useful in manufacturing and
refining control. The full complexity of this problem can also
be visualized by superimposing this diagram on that of Figure 1.

Fortunately, however, in most cases all the possible compo-
nents are not present, and in practice the problem is not so com-
plex as at first appears. Nature has been helpful. A good ex-
ample of this is shown in Table I. Here arc listed the paraffins
and naphthenes boiling between 40° and 102° C. (104° and
216° F.), and the aromatics boiling below 160° C. (320° F.)
which were found hy Itossini and his co-workers (4) in virgin
naphthas occurring naturally in petroleum crude oil. Of the
paraffins, Il out of the possible 15 have been identified. Only
7 naphthenes are indicated to be present in appreciable quanti-
ties out of the possible 52.  On the other hand, all the possible
aromatics were found to be present.

In general, the newer methods of analysis cannot be applied
directly to mixtures containing a large number of components.
For this reason, it is necessary to “divide to conquer”. To ob-
tain accurate and reliable results, the number of components
should be decreased to about S, and preferably fewer, by employ-
ing all available means of separation, such as fractional distilla-
ion.

As an illustration of what can be done along these lines, Figure
3 shows a combination method for the analysis of a complete
Ci-hydrocarbon cut. The butadiene content can be determined
directly by ultraviolet absorption, but the remaining compounds
arc analyzed by infrared absorption, only after making appro-
priate separations to reduce the complexity, and that entails the
removal of the butadiene. The amount of n-butanc and isobu-
tane is determined on a part of the sample from which the olefins
have been removed with bromine. Infrared measurements are
then made on another part of the total sample; these measure-
ments are corrected for the amount of n-butane and isobutano
previously found; and the amount of each of the CVolefins is
then calculated.

By using this method, the required calculations are greatly re-
duced as compared to those required when the analysis is made by
infrared alone on the total sample. A preliminary fractional dis-
tillation as in the Podbielniak Hyd-Robot (5) also contributes
to the accuracy of this type of analysis by removing C, and Cs
hydrocarbons, which definitely interfere with the infrared analy-
sis. It is not necessarily true that the method here outlined is the
best for analyzing the C, mixture; but it is true that the best
method will involve an analogous system of simplifying short
cuts based on good judgment. Just as the expert golfer uses a
variety of golf clubs, an expert in hydrocarbon analysis will use
the combination of instruments best suited to the particular job.

While these newer methods have resulted both in shortening
the time required for certain analyses and in permitting other
analyses to bo done which were not previously possible, it is not
therefore to be inferred that earlier workers were wholly in the
dark. The “old-fashioned” chemical and physical methods have
been and are being used to good effect in obtaining analyses,
both as to type and as to specific hydrocarbons, of many materials
important to the war effort—for example, the components of
aviation gasoline and of synthetic rubber. There will always
be a need for the older methods. Such techniques as distillation,
fractional or azeotropic, crystallization, solvent extraction,
bromination, or other chemical methods of separation and iden-
tification, will be. useful and necessary parts of the analytical
stock in trade. In particular, they will be used for type analyses
on complex mixtures, as a guide to the choice of optical methods
and of the proper individual hydrocarbons to be prepared in ut-
most purity for background standards in spectral analysis. It
is obviously impossible to stock a "bank” with standard samples
of all conceivable hydrocarbons. A laboratory working in a

Figure 3. Combination of Methods for Analysis

of C4 Cut

Table II. Hydrocarbons Required for Spectrometer Calibratic

(A.P.l. Project 46)
Paraffins

C1-Ca4. all isomers

Cs, all isomers

Ce, all isomers

Ct, all isomers

Ca, liquid isomers

Ca, lower isomers

Co-C10, normal compounds

=
nNoOT~NOoTwa

. 46
Aromatics

Ce-Cs, all isomers
Cs, all isomers

o o

14
Alkyl cyclopentanes

Cs-C7, known isomers 7
Cs, known isomers 11
18
Alkyl cyelohexanes

C6-C8, all isomers 10
10
Aliphatic olefins

C2-Cs, all isomers 12
C6, below 50° C. 1
13
Aliphatic diolefins

C3-Cy4, allene, butadiene
Ce.isoprene; cts-1,3-, irans-1,3-; 1,4-; 2,3-

a1ny

Acetylenes
Cz~Ci, simple isomers 4

Cyclic olefins
Ce, cyclopentene 1

Cyclic diolefins
Ce, cyclopcntadiene 1

114
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given field can make type analyses of its more important raw
materials, intermediates, and products, thereby determining
what hydrocarbons are of greatest immediate importance in that
field. Then the standard samples can be prepared.

PHOTOELECTRIC
AMPLIFIERS

: SPECTROGRAPH
i ascurr

ABSORPTION CELL
SOURCE

STANDARD CELL

r0 ORcurr
LOGARITHMIC CHART REOOROEK-
SE1 F-BALANCING
POTENTIOMETER
Figure 4. Schematic Diagram of Divided Beam Spectrograph

Regarding the choice and availability of hydrocarbon stand-
ards, a number of organizations have contributed as part of the
war effort an important fund of information on the hydrocarbons
present in aviation gasoline and in materials for synthetic rub-
ber. This includes not only hydrocarbons isolated by analysis
as at the National Bureau of Standards and the Pennsylvania
State College, but also those prepared by synthesis under the
auspices of the American Petroleum Institute—e.g., Ohio State
University—and in the laboratories of the National Advisory
Committee for Aeronautics, the General Motors Corporation, and
several petroleum laboratories. Although some of these hydro-
carbons may not be present in commercial streams, it is desirable
to have them available as standards
to facilitate research on manufacturing
methods. Generally it is just as im-
portant to have standards representing
the undesirable hydrocarbons. For
example, in research on aviation gaso-
line, it is as important to have data
on the methylheptanes which have
poor antiknock quality as 011 the de-
sirable trimethylpentanes, in order to
obtain accurate analyses on the latter.

With advice from various expert
sources, the committee of a newly
constituted A.P.l. project (Project 46,
Hydrocarbons for Spectrometer Cali-
bration) has drawn up a preliminary
list, which it is hoped will include the
most useful standards. This is shown
in Table Il. Some of these hydro-
carbons are now available in a relatively
pure state, but some will have to be
made. All will eventually bo purified
to a high degree and will be available
to those who need them at or.near cost.
This is obviously a necessary coopera-
tive service to utilize effectively the
equipment and methods of spectrom-
etry. It is hoped that contributions
will come to that committee (refer to
R. P. Anderson, American Petroleum
Institute, 50 West 50th St., New York,

Above.
N. Y.), both in hydrocarbons which ove

2,2,4-Trimethylpentane. A.P.l. hydrocarbon 31 P.
Below. 2,2,3-trimethylpenbjne.
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might be available and in suggestions as to important hydro-
carbons which should be added to the list.

PERSONNEL

If it is admitted that the various analytical techniques, new
and old, must be used interdependently for greatest effectiveness,
it can be seen that an investigator working alone needs to have
mastered both fundamental chemistry and fundamental physics
and must have developed some degree of skill in instrumentation.
AVhen working in a group, the chemist and the physicist can
spend more effort in their respective fields; but they must work
as an integrated team, so that the procedures worked out will be
compatible with the ends in view and with the facilities available.
In other words, the analytical procedure should be only suffi-
ciently accurate for the job at hand, should be built around the
type of equipment and operators available, and should be changed
as circumstances and availability of new facilities dictate. In
order to satisfy these requirements it is therefore necessary that
close liaison be effected between the analytical staffs and the
people who use the analytical results—namely, the manufactur-
ing, development, and research departments.

INSTRUMENTATION

Among the most important factors contributing to the success
of the newer methods have been the skill and the ingenuity of the
instrument manufacturers. W ithout this contribution all the
skill displayed by the analyst in the development of techniques
would amount to little. As an example, there may be men-
tioned one recent development which was made by analysts at
the Esso Laboratories, but which was made possible by the con-
tributions of the instrument people. This development is the
modification of a Gacrtner infrared monochrometer to permit the
recording of infrared spectra directly in terms of optical density.
This modification has been of the greatest value in permitting
the obtaining of “working” spectra of pure hydrocarbons directly
from the instrument with a large saving in time. The modifies-

Figure 5. Infrared Spectra
Liquid 0.1 mm. thick.

A.P.l. hydrocarbon 36 BL
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tions are shown in Figure 4 where the light from the source is
split into two beams, one passing through the cell containing the
sample and the other through an empty, similar cell, after which
both beams enter the monochrometer. The amount of energy
from each of these beams is picked up by separate thermocouples,
amplified, ratioed with a self-balancing bridge, and the result
recorded directly in optical density. Stability and other char-
acteristics essential for good quantitative analysis have been
found entirely satisfactory. Figure 5 shows the spectra of
2,2,4-trimethylpentane and of 2,2,3-trimethylpentane as they
were taken directly from the recorder.

Figure 6. Perkin-Elmer Infrared Spectrometer

Figure 7. Optics of Perkin-Elmer Infrared Spectrometer

The continual introduction of improved instruments is proof
that instrument manufacturers recognize their important service
to research, development, and manufacturing.

The type of instruments under discussion—for example, in-
frared and mass spectrographs (f?)—requires highly skilled work-
manship. Utmost precision is needed in the optical, electrical,
and mechanical trains of the apparatus, some of which are cus-
tom-built. The price range at the present time usually falls
between the limits of $2000 and $20,000, depending upon the
complexity of construction and the number of units that can be
built to standardize design. The Beckman infrared spectro-
photometer is already well known as an example of an instrument
suitable for routine analyses of gases. An example of a new in-
strument of moderate price intended for fairly wide service is
shown in Figure 6. A partial view of the optics of this Perkin-
Elmer infrared spectrometer is shown in Figure 7.

Taking instrumentation with
infrared as typical, it is easy to
predict that the developments
of the future will include auto-

. o Table IV.
matically recording instruments, 94-
monochrometers with higher Boiling Range 99° C.
resolution, more sensitive detect- 2,3-Dimethylpentane 17
. e 2,2,4-Trimethylpentane 83
ing systems, better amplifiers, 2,5-Dimethylhexane

: : 2,4-Dimethylhexane
more intense light sources, and 2'2.3-Trimethylpentane
higher precision machine parts. 2,3,4-Trimethylpentane

. 2,3,3-Trimethylpentane
One would also predict that the 2.3:Dimethylhexane

improvements to come in the

16, No. 12

Table IlIl. Analyses of Synthetic Octane Blend
Syn-
thetic ~ Analy- Analy- Analy- Analy- Analy-
. Com- sis sis sis sis sis
Constituent position  No.1 No.2 No.3 No.4 No.5
2.2.4-Trimethylpcntane 27.8 27.0 28.0 28.2 27.4 27.9
2,5-Dimethylhexane 1.7 0.0 2.3 .8 1.4 2.3
2.4-Dimethylhexane 1.6 2.9 0.2 0.0 2.6 2.1
2.2.3-Trimethylpentane 30.7 32.2 32.1 32.4 31.4 31.0
2.3.4-Trimethylpentane 29.5 30.6 31.4 30.6 30.4 30.1
2.3.3-Trimethylpentane 6.8 6.4 6.0 7.0 5.9 6.6
2.3-Dimethylhexane 1.9 0.9 0.0 0.0 0.9 0.0

other of the newer instruments will be carried to a similar degree
where such improvements are needed.

TYPICAL APPLICATION

Applications of infrared to hydrocarbon analyses are ade-
quately covered by Brattain and co-workers (/). This subject
can be taken as a case in point for further amplification, being
applied along with distillation to the analysis of the Cs paraffins,
as an example of what the petroleum technologist in cooperation
with the instrument designer can do. One important applica-
tion of infrared spectrometry, when it is combined with suitable
distillation, is the analysis for the individual paraffins in a mix-
ture such as a commercial “isooctane” fraction. Distillation is an
integral part of this program, to obtain cuts having not more than
8 components and to make separations where spectral differences
of the hydrocarbons are not so pronounced as might be wished
In Table 111 there are presented the infrared analyses of one
synthetic mixture containing 7 of the isomeric octanes, to show
that both accuracy and reproducibility are well within the limits
required for most applications.

Previously, analyses of such mixtures as paraffinic alkylates
have been done in an empirical way on the basis of boiling points
in an “analytical distillation”. In general, this has required a

Figure 8. Relationship between Composition and Antiknock

Quality

Infrared Analysis of Contiguous Cuts Distilled from Experimental Fuel

Q- 100- 109-
99° C. 100°c. 109° C. 112°C. 113-114° C. 114° C.

98 '91 35 4 o] 0 ‘0 o]
1 6 35 30 14 8 4 0
1 2 15 16 14 7 0 1
0 1 9 12 8 6 5 4
0 0 5 30 45 51 54 51

0 8 IS! 26 33 40

1 0 0 2 4 4
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Table V.
Routine Infrared

Analyses

Ultraviolet Absorption Research Infrared
Benzene
Toluene
Cs aromatics
Ci aromatics

Individual Ce paraffins
Individual C7 paraffins
Individual Cs paraffins
Cuts of alkylate

Isobutane-n-butane
Isopentane-n-pentane
Ci-Ci-Cs paraffins
Isobutylene purity

Butadiene Isobutylene Cuts of hydrocodimer
. o Methyl chloride Cyciopentane
Ultraviolet Emission Isobutane Cisaturates
. Amylenes
Potassium Mass Spectrograph Isohexenes
Barium Benzene
Lead Exhaust gas Toluene
Ci cut Cs aromatics
Raman Paraffin gases C« aromatics
Flue gas

Cs aromatics
C» aromatics
Simple paraffins

large background of experience on similar products, for experience
has shown that distillation plateaus in petroleum distillates repre-
sent more than one component when complex mixtures are dis-
tilled.

As an example, Table IV gives the infrared analyses of blended
cuts prepared by Fenske (2) from the distillation of an experi-
mental fuel in a still of ,1-barrel capacity, with a fractionating
column having 100 equivalent plates. Considering 2,2,3-tri-
methylpentane (b.p. 109.8° C.) it will be noted that this com-
pound begins to show in the cut taken off at 99-100° C., increases
to a maximum in the cut taken off at 109-112° C., and is still
present to an appreciable extent in the cut taken off at 114° C.
At the time the distillation was made the infrared technique was
not available; with the aid of refractive indices and other physi-

cal constants, it was possible to translate the distillation data to .

accurate analyses in terms of the major components. However,
this interpretation required much more experience and time than
were, subsequently needed when the infrared technique was
applied.

A large number of aviation fuel-blending agents have been
analyzed by infrared and the data have been found useful in a
practical way for guiding research and process control. Figure
8 shows empirically the effect of change in composition of a
blending agent on antiknock quality, the change in composition
being due to changes in operating conditions.

Table VI. Savings by Optical Methods
i Time by
Method Time Other Methods
Hours Hours
Benzene and toluene Ultraviolet 0.75
Cs aromatics Ultraviolet 1
Butadiene Ultraviolet 0.25
Potassium Ultraviolet 1
Barium Ultraviolet 0.75
Sodium Ultraviolet 1
Lead Ultraviolet 1
Total Ci cut Infrared 1
Iso- and n-butane Infrared 0.25
Iso- and n-pentane Infrared 0.167
Ci, Ci, and C* paraffins Infrared 0.75
Cs paraffins Infrared 6
Ci paraffins Infrared 6
C* paraffins Infrared 2
Ci olefins Infrared 3

Regarding more general applications of spectrometry, Table
V lists a number of analyses found possible to perform by spec-
trographic means. This list by no means exhausts all the possi-
bilities. In particular, much wider application of the emission
spectrograph should prove a valuable asset in analytical work.

As to the savings which are possible by optical methods, an
attempt has been made to present a rough estimate in Table VI.
In almost all the cases shown there is an appreciable saving in
time over conventional methods. In some cases, the advantage
for the spectfographic method is more than 200 hours. In prac-
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tice, these older time-consuming methods would rarely, if ever,
be used. The estimates given in parentheses are not so firm as
the others, but they are reasonable for methods based upon frac-
tional distillation at very high reflux ratios.

SUMMARY

Much progress has been made in applying the newer techniques
of physics to hydrocarbon analysis, and greater advances are to
be expected. However, no one method is self-sufficient, and its
usefulness is dependent largely on judicious combination with
other methods. It might be expected that the marked decrease in
timerequired to complete an analysis should result in a decrease in
operating costs of an analytical laboratory. It may happen,
however, that when the utility of such analyses becomes appar-
ent, much more analytical work is undertaken. In such a case
the total cost may go up; but this may be fully justified by a
marked gain in speed of research, control of operations, and im-
provement of product quality.
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Fifteen-Year Collective Index

Prepublication orders for the Fifteen-Year Collective Index to the
Analytical Edition Of Industrial and Engineering Chemistry,
Volumes 1 through 15, are now being accepted by the American
Chemical Society. Orders accompanied by check made payable
to the American Chemical Society Should be sent to 1155 Six-
teenth St., N. AV, AVashington 6, D.C. Prepublication price, $1.75
per copy; foreign postage 10 cents additional.

Standards for Analytical Filter Papers

Methods have been developed at the National Bureau of Stand-
ards, AVashington, D. C., for testing filter papers and applying the
methods to the establishment of standards of quality. These in-
clude rate of flow of water, retention of fine precipitates, and bursting
strength of wet paper, and an improved method for determination
of ash content. Other tests considered by the bureau as desirable
for a thorough evaluation of filter papers are thickness, weight per
unit area, alpha-cellulose, copper number, and pH.

The bureau has completed testing the various types and grades
of analytical filter papers made in England, Sweden, and the United
States, and found them all to bo of good and in most respects of equal
quality.

Correction. In the article on “Sulfuric Acid Extraction in Hy-
drocarbon Type Analysis” [Ind. Eng. Chem., Anal. Ed., 16, 558
(1944)], two errors appeared. The estimated accuracy of the vol-
ume per cent of saturates should be +*2% instead of £0.2% as
printed. In Table Ill, column 2, the last blend number should be
7 instead of 6 as printed.

Cilyve C. Allen



Spectrochemical Analysis with the Air-Acetylene Flame

JACOB CHOLAK and DONALD M. HUBBARD

Kettering Laboratory of Applied Physiology, College of Medicine, University of Cincinnati, Cincinnati, Ohio

N THE spectrochemical analysis of biological and related
materials certain elements may be encountered occasionally
at levels of concentration that do not require methods of maxi-
mum sensitivity. In such cases the prime requisites are repro-
ducibility and accuracy of results and convenience of procedure,
qualities which are more easily met by the air-acetylene flame
method than by any other form of excitation. In spite of this
and other advantages, speetrographers in this country have
made little use of the flame method, and therefore the authors’
experience in the adaptation and application of.technical proce-
dures is given in this article. Much of the material is not original,
but the information is widely scattered in the literature and since
many scientific journals are not readily available at the present
time, its presentation should be useful.

PRINCIPLE

W ith the air-acetylene flame it is possible to detect 34 ele-
ments (5), among which are those of greatest interest from a bio-
logical standpoint. The elements that can be detected are indi-
cated within the blocked-off portions of Table I. The approxi-
mate molar sensitivities of detection are indicated in footnotes.
The flame is used in the analysis of solutions which are carried
as fine mists in the air supplied to the acetylene. The resulting
light is then analyzed (photographed) by means of an appro-
priate quartz spectrograph. The photographed lines are meas-
ured with a suitable densitometer, the densities of the lines ob-
tained wunder rigidly> controlled conditions of exposure and
photography being proportional to the amount of element which
produced them.

EQUIPMENT

Figure 1 illustrates the atomizer and burner, while Figure 2
shows the equipment in place for use. In details of construction
this equipment follows Lundeg&rdh’s (6, 7) latest design as de-
scribed by McClelland and Whalley (5). Although the general
construction is evident from the illustration, a number of meas-
urements and details have been omitted to make the drawing
simpler, and these are given below. Ready-built atomizers and
burners may be imported at an approximate cost of S900, but
the equipment illustrated was built for about 8200, the most
costly item being the fabrication of the platinum-iridium compo-
nents. The cost may be further reduced by using less expensive
and less resistant alloys for the metal parts, but these may have
to be replaced frequently.

Air at 2.8 kg. per sq. cm. (40 pounds per square inch) is taken
from a compressor and passes through the brass tube, A. The
air in passing through the small hole in C (platinum-iridium jet
0.4 cm. in outside diameter, 0.2 cm. in inside diameter except
0.04-em. opening at top) and the platinum-iridium disk, F (0.1-
cm. hole widening to a 45° angle) sucks up the fluid which has
entered the ebonite lower portion of nozzle D (1.2 cm. in diame-

the adjustable ebonite upper portion of nozzle E. (The brass
tube, A, to which C and D are fixed, is held in place in the glass
19/38 T male joint by means of the lock nut, B, and a rubber
washer.) The larger droplets of the spray issuing from E are
returned to the main portion of the solution when they strike
the walls of the glass vessel, while the air carrying the fine mist is
led to the burner through O. Opening G must be large enough,
so that liquid flowing down the walls is not forced through it; if
this should occur, the liquid would fill the narrower opening in
which this outlet ends, thus producing a pulsating air stream
through the burner. The opening in D should be made low
enough so that the atomizer can handle 2 cc. of sample if re-
quired to do so. The atomizer illustrated, when set in a vertical
position, can handle 5 to 20 ml. of solution, but when set at an
angle it works well with only 2 ml.

The air compressor is operated at pressures between 6.7 and
8.1 kg. (95 and 115 pounds) by means of a Cutler-Hammer, Style
D, regulator switch and is provided with an outlet carrying a
3.5-kg. (50-pound) maximum adjustable pressure regulator.

Figure 1. Details of Construction of Lundegardh Atomizer and

ter) and carries it as a spray through the opening (0.3 cm.) in Burner
Table I. Elements Susceptible of Flame Analysis
Shell | 1 11 v .V Vi VI VIl (6]
1 1H 2 He
2 3Lic 1 4Be 5B 6C 7N 1685(? 13 EI I1g Ee
11 Na 12 M 13 .41 14 Si 5P X
i 19 K»« 20 Ca!;» 21 Sc<r 22 Ti 23 V 24 Cr» 25 Mn*“ 26 Fe* 27 Co» 28 Ni» 36 Kr
29 Cu« 20 Zn« 31 Ga<j 32 Ce 33 As 34 Se 35 Br )
5 37 Rb« 3S Sr* 39 Y4 40 Zr 41 Cb 42 Mo 43. .. 44 Ru« 45 Rha 46 Pd»
47 Ag« 48 Cd« 49 Ind 50 Sn 51 Sb 52 Te 53 1 54 Xe
6 55 Cs» 56 Ba» 57-71 72 Hf 73 Ta ] 75 Re 76 Os 77 Ir 78 Pt
Rare earths*
79 Au« SOHg' 81 TI° 82 Ph» ! 83 Bi 84 Po 85... 86 Rn
7 87... 88 Ra 89 Ac 90 Th 91 Pa 92 U 93... 94 ...
« 0.0001 molar. &0.001-0.0001 molar. «0.001 molar. 4 Undetermined. « Rare earths, Dy, Gd, La, Nd, and I'r, all undetermined.
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Figure 2. Burner Equipment Set Up for Use

In the moderate range of pressures at which the compressor
operates, the regulator delivers air at 2.8 ==0.035 kg. per sq. cm.
(40 =0.5 pounds per square inch) pressure.

The mist issuing from G is led to the burner through L and is
mixed with acetylene in the narrow portion of the Pyrex tube.
Acetylene at 25-cm. water gage enters the burner through H
(platinum-iridium jet 0.4 cm. in outside diameter, 0.2 cm. in
inside diameter, with screw cap of same material holding in place
a platinum-iridium disk 0.3 cm. in diameter with a centered
hole 0.05 cm. in diameter). The air-acetylene mixture issues
through a platinum wire screen (45-gage, 0.002-cm., 0.008-inch,
wire) carried in the rotatable disk, K, and finally passes through
the platinum-iridium cone, J.

Acetylene is obtained from a Prest-O-lite Type B (40 cubic
feet) cylinder and is maintained at 25 ==0.2 cm. water gage
by means of a Type 00 (10-pound) Prest-O-lite regulator and a
second needle valve between the regulator and the water ma-
nometer. Before entering the burner the acetylene is passed
through a water bubbler which keeps the gas moist and prevents
clogging of the orifice in 11 by material which otherwise would
deposit, because of drying of the mist (8). The bubbler also
serves to remove minute particles of cylinder-packing material
which would clog the small orifice. It is good practice, before
inserting a full Prest-O-lite cylinder, to blow off (in the open air)
a sufficient amount of acetylene to make certain that acetone
spray is not carried along with the acetylene.

The burner is so placed that the cone of the flame is in the
optical axis and in the case of a Bausch & Lomb medium quartz
spectrograph, it is set 5.5 to 6.0 cm. from the slit. Its height is
so adjusted that the tip of the blue inner cone of the flame is
about 10 mm. below the opening of the slit qf the spectrograph.
In this position maximum intensity is obtained (5) and the
amount of light entering the slit is further increased by reflection
from a plane chrome-plated mirror set immediately behind the
flame (not shown in Figure 1). A smaller spectrograph than the
one indicated can be employed, but its dispersion must be suffi-
cient to separate cleanly the manganese triplet at 4031 A. from

the potassium doublet at 4044/7 A. In the particular work de-
scribed the standard period of exposure was 2 minutes. East-
man No. 33 plates were used for the determination of all lines

from Mg 2852 A. to Sr 4607.3’A., and Panchromatic plates for
lines at longer wave lengths, particularly for Na 5890/5.9 A. and
Ei 6707.9 A.

SENSITIVITIES
In practice the sensitivity and the reproducibility obtainable

depend on a strict standardization of the details of operation.
Each atomizer and burner operates most efficiently and yields
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maximum sensitivity at air and acetylene
pressures which are unique, dependent
upon the size of the orifices of the spray
and acetylene jet. Lundegardh worked
at air pressures varying from 30 to 180
pounds per square inch and 35-cm. water
gage acetylene (5); McClelland and
Whalley employed air at 100 pounds per
square inch, 40-cm. acetylene (8); Ells
{2) air at 30 pounds per square inch and
acetylene at 22 cm.; while Griggs and
co-workers (4) used air at 37.5 pounds
per square inch and acetylene at 26 cm.
The authors used air at 40 pounds per
square inch and acetylene at 25 cm.
These conditions were chosen as the
most suitable for the simultaneous analy-
sis of certain concentrations of mag-
nesium, copper, sodium, iron, man-
ganese, potassium, calcium, and stron-
tium when all of these cations or various
combinations of them were presentin the
samples. Whenever ultimate sensitivity
is required, however, each element pre-
sents a problem in itself and the best con-
ditions for its detection must be deter-
mined beforehand.
The variations in the line intensi-
ties of certain elements, due to vary-
ing air pressures at a fixed acetylene pressure of 25 cm., are
graphically illustrated in Figure 3. These relative intensities
were obtained by means of an intensity calibration standard
placed on the plate with a step sector. The density-intensity
plot of the plate calibration was made as described by Pierce and
Nachtrieb (12) for use in correcting for background. Figure 3
demonstrates that with an acetylene pressure of 25 cm. the air
pressures which are satisfactory for the maximum sensitivity of
detection of sodium and manganese, among others, are not suit-

No 3302/3
4227 e

4030
3873 -

3720
404417
32475 ¢
4607
3405

My 2852

25 30 35 40 45 50 55 IBS/SQ.IN.
AIR PRESSURES (ACETYLENE AT 25 CM)

Figure 3. Variations in Line Intensities Obtained with Variations
in Air Pressure
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Table 1l. Comparison of Sensitivities of Detection by Flame and
Arc Excitation
Element
Passing through
Sensi- Burner in 2- Elementon Arc
Element Line tivity Min. Exposure A.C. and D.C.
A Mg./l. MO. Mo.
Ag 3280.7 5 1.5 X 10“> 1X 10-*
Au 2676 20 6.0 X 10-"
Ba 5533.5 100 3 X 10-»
Ca 4226.7 0.4 1.2 X 10 1X 10-* - 2 X 10-»
Cd 3261.1 200 6 X 10-> 2X10-"- 17 X 10-*
Co 3526.9 1 3 X 10-* 1.1 X I0-<
Cr 3578.7 0.5 1.5 X 10-* 1 X 10-»
Ca 4553.3 50 1.5 X 101
Cu 3247.5 0.5 1.5 X 10-* 1.7 X 10-* - 5 X 10-»
Fe 3849.9¢ 5.0 1.5 X 10-> 6 X 10-* - 5 X 10-*
Hg 2536.5 200 6 X 10-* 10-*
K 4044.2/7.2 8 2.4 X 10'»
Li 6707.9 0.1 3 X 10-* 1.4 X 10-»
Mg 2852.1 5.0 1.5 X 10-» 6 X 10-» - 1 X 10-*
Mn 4030.8t 0.3 9 X 10-* 1.3 X 10"» - 1 X 10-*
Na 5890/5.9 0.2 6 X 10-*
3302.3/2.9 11.5 3.5 X 10-» 2 X 10-»

i 3414.8 10 3 X 10-» 2 X 10-* - 1.5 X 10-*
I’b 4057.8 100 3 X 10-» 1X 10-'- 8 X 10-»
Pd 3634.7 20 6 X 10-»

Rb 4201.8 10 3 X 10-»

Ru 3725.9/8.0 10 3 X 10-»

Sr 4607.3 0.2 6 X 10-* 6 X 10"* - 5 X 10"»
T1 3775.7 0.4 1.2 X 10-* 2 X 10-*

Zn 3072.1 3000 9 2 X 10"» - 3 X 10-'

“ 3719.9 is somewhat more sensitive.
&This is really a triplet.

able for the most sensitive detection of calcium and strontium.
In the first case maximum sensitivity is obtained at 42.5+
pounds’ air pressure, and in the second case, between 25 and 30
pounds’ air pressure. Therefore when calcium and strontium
must be determined simultaneously with other elements, the
conditions chosen must be the most favorable for the detection
of the cation present in the smallest amount. When the above
test is repeated at a lower acetylene pressure (22 cm.) the shapes
of the intensity variation curves are essentially the same, but
occur at lower levels. Some increase in the intensity levels is
obtained at higher acetylene pressures, but the gain for all prac-
tical purposes is not sufficiently great to warrant the increased
use of acetylene.

Lundeg&rdh (5) has determined the ultimate sensitivities of
detection of most of the elements detectable by the air-acetylene
flame. These are given on a concentration (milligrams per liter)
basis in Table Il, where the most suitable analytical lines are
also indicated. Since the ultimate sensitivity depends on the
quantity of sample passed through the flame, a calculation based
on this quantity is included in the table. The sensitivities are on
the conservative side, since they were based on the use of equip-
ment by means of which approximately 0.300 gram of solution
passed through the burner as a mist in 2 minutes. This weight
was obtained by blowing air at 40 pounds per square inch through
a weighed sample of water and determining the difference in
weight at the end of 20 minutes. Duplicate runs for water and
for a sample simulating ashed blood plasma showed good agree-
ment, but since the burner itself was not in the air stream, the
amount calculated as consumed may be somewhat high, particu-
larly since the removal of the larger particles of mistin the burner
itself was not considered in obtaining the difference in weights.
Lundeg&rdh (5) has described an atomizer in which only about
0.075 gram is consumed in 2 minutes; with his equipment (in-
cluding a smaller spectrograph) the amounts detected were one
fourth those given in the table. When the ranges of sensitivities
calculated from the actual amounts of samples passing through
the flame are compared with the ranges of sensitivities reported
for the high-voltage alternating currentarc by Owens in the analy-
sis of various materials (11), and by Cholak and Story (7) for
the analysis of biological material by the direct current arc, it
becomes obvious that the sensitivities are higher than is apparent
from consideration of the milligram per liter value. If suitable
concentration of the sample can be accomplished, the'analytical
range for many elements is only slightly inferior to that obtained
with the stronger excitation methods.
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PHOTOMETRY AND REPRODUCIBILITY

Investigators who have used the air-acetylene flame usually
make use of the photometric procedure advocated by Lunde-
g&rdh (5), which is based on the concept that the air-acetylene
flame is so stable and reproducible that internal standard lines
need not be used. As a consequence the background, which is
produced mainly by the flame, serves as the internal standard,
and accordingly the ratios obtained by dividing the galvanometer
reading for the line by that for the neighboring background (L/H)
varies with the concentration, in the flame, of the element pro-
ducing the line. An alternative method, called the L-H method,
is also used occasionally. In this method the differences in the
galvanometer readings between the lines and the backgrounds
are used in place of the ratios. The standardization curves re-
sulting from these data are illustrated for iron in Figure 4.
Both curves show appreciable curvature at the higher levels of
concentration, and consequently a decrease in the accuracy of
analysis in this region is implied.

ure 4. Typical Analysis Curves
tained with L/H or L-H Method
of Photometry

In order to correct for variations in the sensitivity of indi-
vidual plates, as well as for slight variations in the excitation
conditions, Lundeg&rdh derives a master curve by averaging the
results for the standard solutions taken on numerous plates.
Samples to be analyzed are next placed on the same plate with a
series of standard solutions. The L/H ratios of the samples are
then corrected by applying a factor representing the mean ratios
between the L/H values of the standard solutions on the par-
ticular plate and the corresponding L/H values of the master
curve.

This procedure has been used successfully, but it appears to
have a number of disadvantages. A more convenient calibration
curve, particularly one with a linear response over the entire
analytical range, would increase the analytical accuracy at higher
concentrations and would reduce considerably the frequency
with which an analysis must be repeated after dilution of a
sample to bring it into the most favorable portion of the L/H
curve (5). This apparently can be accomplished merely by
altering the manner in which the data are plotted. If the L/H
ratios are plotted on a logarithmic scale, a more linear calibra-
tion results, as can be seen from Figure 5. In the particular case
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Table Ill. Analytical Lines, Internal Standards, and Analytical
Ranges
Internal Analytical Range,

Element Wave Length Standard Mg./10 MI.
Magnesium 2852 Co 3405 0.05-5.0
Copper 3247.5 Co 3405 0.04-2.5
Sodium 3302/3 Co 3405 0.30-25.0
Iron 3719.9 Co 3873 0.05-5.0
Manganese 4030 Co 3873 0.005-0.30
Potassium 404477 Co 3873 0.06-4.0
Calcium 4227 Co 3873 0.005-0.20
Strontium 4607 Co 3873 0.004-0.30

illustrated, the 5-mg. value is slightly high, causing a slight de-
viation from linearity for values above 3 mg., for the reason
given below.

The method of correcting for variations in individual plate
sensitivity in the L/H method is inconvenient, time-consuming,
and uneconomical. Moreover, it does not correct truly for
variations in excitation conditions arising from differences in the
quantity of mist produced in atomizing samples of varying com-
position and viscosity. Variation in the quantity of mist in the
flame will affect the intensity of the test line to a much greater
extent than it affects the background, since the latter is due
mainly to the flame. Neither method (L/H or L-H) corrects
properly for the effect of deep background which arises from the
sample itself. This is most clearly demonstrated in the L-H
curve of Figure 4, where the background subtractions are too
high, since the L-H value for 5 mg. of iron is lower than that ob-
tained with 2.5 mg. of iron. When using the L/H method under
the same conditions, the L/li values will be high and they will
tend to flatten the curves at the higher concentrations, as in
Figure 4, or cause them to deviate from the linear relationship, as
indicated in Figure 5.

Reproducible results therefore can be obtained with the L/H
or L-H method only by the strict standardization of all the pos-
sible variants.. In spite of the fact that in the flame as compared
to the arc there is little interionic action to affect line intensities,
the presence of moderate quantities of certain cations (magne-
sium, sodium, potassium, iron, and aluminum, among others)
will produce marked changes in the background. As a result it
is not possible with the L/H or L-H method to derive a single ana-
lytical curve which can be used with equal accuracy forthe analy-
sis of materials showing large differences in matrix composition.

All the above-mentioned disadvantages, however, disappear
if internal standard lines are used in place of background and if
the plate calibration and background correction of modern pho-
tometry are employed.

The method used by the authors is the conventional one, in
which the intensity ratio (I line/7 standard) is obtained from the
plate intensity calibration
pattern made for each batch of
plates, the intensity of each line ——
being corrected for the back-
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for each region. The slopes of the group of H and D curves for
the 3600 to 4600 A. region, however, are somewhat greater than
those for the shorter wave-length region and therefore a separate
calibration must be obtained for each region.

Concentration calibrations were obtained for eight elements
by diluting serially a stock solution containing all the elements
of interest in addition to 10% hydrochloric acid and 5 mg. of
cobalt per 10 ml. of solution. The diluent consisted of a 10%
hydrochloric acid solution of cobalt chloride, 5 mg. of cobalt per
10 ml. The cobalt line at 3405 A. was used as the standard for
all lines between 2850 and 3600 A., while the cobalt line at 3873 A,
was employed for analysis in the region between 3600 and
4607 Two-minute exposures, air pressures of 40 * 0.5
pounds per square inch, and acetylene pressures of 25 cm. were
employed. These conditions were chosen for the reasons given
under "Sensitivities” and also because at the adopted conditions
the intensity ratios showed practically no variation due to small
changes in the excitation conditions.

The elements for which analytical curves have been derived,
the internal standard lines used, and the analytical ranges cov-
ered (expressed as milligrams per 10 ml. of solution) are given in
Table 111. The lower concentration values in many cases can
be reached only by doubling or tripling the exposure period.
Tests on standard solutions have shown that the intensity ratios
given by the increased exposures fit the values obtained by ex-
trapolating calibration curves derived at higher concentrations
and with 2-minute exposures. The characteristic analytical
curve obtained when log intensity ratio is plotted against log
concentration is illustrated in Figure 6, the data being taken
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Figure 5.  Analytical Curve Obtained When L/H Ratios

Are Plotted Logarithmically

ground in which it lies by the Table IV. Reproducibility of Results Obtained in Repeated Analyses of Same Sample
method of Pierce and Nachtrieb Expe?ted Standard Valueslfrom
12, 13). Plate intensity cali- Ratio from  Mean Deviation Cali- Spread Calculated
lgration )marks are obtaine%i with Amounts Standard Ratio % or Coefficient bration as Due to Standard
a rotating step sector (6 steps Element Added Curve Obtained Std. Dev. of Variability Curve Deviation %

| ) Mg. Mg. Mg.
factor of 2) and a low amperage Individual S

pectra

arc (2.5 amperes) across 7-mm. Magnesium 1.50 0.62 0.61 £0.053 +8.7 1.49 1.35 -1.62
diameter brass rods. Eastman Copper 0.60 1.40 1.46 +0.067 +4.6 0.65 0.62 -0.68
No. 33 plates are used for the ISOdiUm 7.50 21%§ 2.30 +8-8gg i§g5 71-28 7.4 -7.8

: : ron 1.50 . 1.07 £0. £3. . 1.46 -1.55
analysis of all lines from 2852 to Manganese 0.09 1.23 121 $0.041 +32 0.089 0.086-0.092
4607 A, and because of the varia-  potassium 0f2 230 708 soni  iad 0312 0106-0118
H i alcium . . . +0. 5. . . -0.
;Ieopna?;tgarp?lamtg m::gnbv::t\i/gnlgngf'g Strontium 0.09 1.35 1.35 +0.042 £3.1 0.09 0.088-0.092
obtained for the 2850 to 3600 A. " _ 50 062 061 Dup“ca‘g f)ge;"a L a0 L35 160

agnesium . . . +0. 7. . . -1.
and for the 3600 to 4607 A. re- Copper 0,60 1.40 1.45 £0.057 309 0.64 061 -0.66
gions. The slopes of the H and Sodium 7.50 2.25 2.30 +0.041 £1.8 7.60 7.45 -7.75
D cunves taken ai a number of TN (O O O A N 115
H H anganese . . . +0. +2. . . -0.

wave lengths in each region show Potassium 1.2 0.98 1.03 +0.016 +1.55 1.25 1.23 -1.27
such slight differences that no ap- Calcium 0.12 2.20 2.08 +0.075 £3.6 0.112 0.108-0.116
preciab|e error is-introduced by Strontium 0.09 1.35 1.34 +0.024 +1.8 *0.09 0.088-0.091

the use of a single standard line
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Table V. Effect of Size of Sample on Analytical Reproducibility
MI. of Original Mg. of Element per Liter of Tap W ater
Sample in Atomizer Ca Mg Na K
X 31.0
5 29.0
100 5.0 1.6 0.13
200 5.25 9.5 1.5 0.135
500 4.9 10.0 1.6 0.11 0.126
Table VI, Effect of Method of Sample Preparation on Cation
Recovery
Grams per Liter of Urine
Technique Mg Na K
Dry ashing 0.10 3.55 2.0 0.029
Sulfuric acid-nitric acid digcstit a 0.115 4.00 2.20 0.037
Nitric acid-hydrogen peroxide
digestion 0.110 3.90 2.20 0.037
Untreated 0.10 3.90 2.10 0.035

from the same plate used for Figures 4 and 5. The slopes of all
the concentration calibration lines except that for magnesium
show only slight variation from that of the iron analytical line,
the differences being due to the reversibility shown by some of the
lines {12). The greater steepness of the magnesium-analytical
line cannot be attributed solely to the factor of reversibility, but
regardless of the real reason for this phenomenon it is evident
that the magnesium plotin Figure 6 is superior for analytical pur-
poses to the very shallow L/H curve of Figure 4.

Also shown in Figure 6 is an analytical curve for iron based on
intensity values alone, corrected for the background intensity
as employed in the intensity ratio method. The straight line
obtained indicates that this method more nearly corrects for
background than does "the analogous L-H method. Obviously,
such a calibration can be used for analytical purposes, but its use
has the disadvantage of requiring the same method of correcting
for variations in individual plate sensitivity that is used in the
L/H or L-H method.

In Table IV are listed data which illustrate the reproducibility
possible with the use of the log intensity ratio-log concentration
method of plotting the photometric values. These data were
calculated from twenty spectra of the same solution taken on a
single plate. The stock solution used in preparing the known
concentrations was similar to that used in deriving the standard
analytical curves, but was freshly made up to replace the de-
pleted original stock solution. In some instances this accounts
for the small differences between the mean values of the twenty
spectra and the expected ratio obtained from the standard curve.
The statistical analysis was made on the ratio values obtained, but
corresponding concentration values are also given for these data.
By way of comparison, it is interesting to note Mitchell’s study
of 15spectra of a 0.000125 M manganese chloride solution (5), in
which he obtained a standard deviation of =*=6.41% in the L/H
ratios of the single spectra and +4.5% when duplicates were
used. Lundegardh (5) reports that in general the error of deter-
mination never exceeds 5to 7%, and in dealing with the elements
calcium and manganese, the errors are not more than 1to 2%.

The errors of analysis indicated in Table IV may have been in-
creased by the use of a single calibration pattern for plates from
the same production batch. In all probability the portion of the
error due to the photometric procedure can be reduced by placing
an intensity calibration pattern on each plate.

Table Vs included in order to demonstrate further the repro-
ducibility of certain analyses as obtained by the use of different
aliquots of the same prepared sample of tap water. Excellent
agreementin the results for the elements listed is shown. Indeed,
the reproducibilities of results for the ranges of concentration
listed in Tables IV and V compare favorably with those ob-
tained by the mostsensitive chemical methods, and in some cases
they are far superior.

APPLICATIONS

Since the flame gives rise to the low-temperature lines typical
of atoms or molecules in the lowest states of excitation, the
spectra produced are very simple, being characterized by a mini-
mum of masking of important analytical lines. This is particu-
larly favorable in connection with the choice of a spectrograph,
since it permits the use of a smaller, less expensive instrument
possessing a dispersion sufficient merely to separate the man-
ganese 4031 A. lines from the potassium doublet at 4044/7 A
In addition to the saving effected in the purchase of suitable
equipment, further economies occur in the operation of the
method itself due to the low cost of acetylene and the elimination
of electrodes which are very expensive when spectroscopically
pure.

The air-acetylene flame is characterized by the ease and ac-
curacy with which it is possible to reproduce the conditions of
excitation and by the comparative freedom from reactions be-
tween the various ions carried by the spray into the flame (5).
The latter point is of distinct advantage in accurate spectro-
chemical analysis, since in most applications it eliminates the
need for the use of buffer salts to ensure conformity in composi-
tion of samples and the standards used to derive the analytical
curves. Therefore a single curve derived from water solutions of
salts of the elements of interest can be applied to the analysis of
many materials which vary widely in inorganic salt composition.
This is true, however, only if the method of photometry accu-
rately corrects for the background intensity. Such accurate cor-
rections of background are obtained by the method of photom-
etry employing internal standard lines and intensity calibration
standards, when used in the manner described above.

The absence of reactions between the cations and anions of a
sample in the flame simplifies the chemical procedures needed to
prepare samples for analysis. Inorganic material and biological
ash may be placed in solution by the use of dilute solutions of
hydrochloric, nitric, or sulfuric acid, or by water alone (5).
However, in order to protect the platinum components of the
equipment, mixtures of hydrochloric and nitric acids must be
avoided. In the case of fluid biological material, it is frequently
possible to analyze the material without any preparatory chemi-
cal treatment. This is particularly true of samples of urine in
which only 1 ml. of fresh urine, provided with the internal stand-

Figure 6. Typical Analytical Curves Obtained by Use of Internal

Standards and Plate Calibration Procedures
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organic matter to be destroyed
Table VII. Applicability, Methods of Preparation, and Dilutions Required for Flame Analysis (Table V1), and therefore analy-
VFiInaI ses can be made on biological
Amount of and0 Brunlﬁ EX- material in which the ashing
Material Sample Preparation ti't\)/lnls ])'asil:]re Cation Determined process has been continued only
Tap water 500 ml. Evaporate to dryness, dissolve 10 2 Mg, Na, K, Sr, Fe, Cu, Mn untll_the SamP'e can be.placed n
in HC1 and H20 ] X 100 2 Ca ) solution or dispersed finely and
Inorganic salts 0.1-1.0 g. H20 or H20 + acid solution, 10 2 34 elements in.proper concen- . . .
Whole biood | » %\gpﬁrﬁ% I%é?gjmdq i o A Mtra}\ion . uniformly in the desired volume.
ole bloo 2 ml. 2504- 3- 4 digestion g, Na, Fe H H
9 %1 2 Nz Fe. 'K, Ca Since the means of preparing
B|0(|)d serum or 2 ml. H2S04-HNO3-HCIO04 digestion 10 g glg, IK, Na samplesmay vary widely, specific
plasma X 1 a, lv . .
Tissue samples 5 g. ILSCh-IINOa-HCKL digestion 10 2 Mg, Fe, Cu, Ca Na details are not given and the
X 1 ifioa_
Fruit and vege- 50 g. or ml.  112804-HNO3-HCIO4 or HNOj- 10 2 Mg, Cu, Fe, Mn, Sr, Na analyst must choose modifica
table juices 11202 digestion ) X 50 2 Na, K, Ca tions which best suit his purpose,
Individual food 20-50 g. H2S04-HNO3-HCIO4 or HNOI- 10 2 Mg, Cu, Mn, Fe, Na, K, Ca . . .
Soils (exch . Hzfzqi ef—}ioc? N NILA 25)( 20 g '(\:Aa, [\'jv?, Ks’ 19 ke et on the basis of his own experience.
olls (exchange- 50. each wit 20 or c, cC. a, n, sr, ' a, re, etc.
able base) ¢ evaporate to dryness, H202 X 50 2 Ca However, _the general methOds
to destroy organic matter . found satisfactory for various
Alloys 0.1-1.0 g. H20 | + acid, evaporate to 10 2 An)t/ otf 34 in proper concen- materials are indicated in Table
volume ration
X? 2 More abundant element V1, which alsoillustrates the size
Table VIII, Typical Analyses with the Air-Acetylene Flame of sample employed, the d'llut'lon
) required for the determination
M aterial Mg Cu Na Fe Mn K Ca A
) of the elements, and the wide
Grains per 1000 grams or ml, ) .
Tapwater 0.0049 9010 000011 0.0016  0.030 0. applicability —of the flame
rine (human 0.1000 — . - P 2.200 . , method. In general, when acids
Orange juice &:anned) 0.052 0.017 0.0024 0.00028  2.450 0.090 0! Y .
Grape—fruitjm(ce (cag;md) 8'833 " 00004 %.3%2 8'88%2 8'888‘91?1 %.ggg 0.053 0. are used, an attempt is made to
Tomato juice (canne . . . . . . 0.00056 H :
String beans (canned) 0.155 1600  0.0120 000155 1400 0210  <O0. keep their concentration atabout
Grams per 100 grams 10% of the .total volume of
Whdle s b1 B o see 1 Lo e My some
ole 0o0d, ra it 006 - . . . 0. H A
e A R it ggeet fesuls, The.authors. have ap.
00 asma, ra it . I . . . . . -
Liver {rabbit) 0.0134 - 0.140 0.0185 0.00018  0.260 0.016 re_sults The author§ have ap
llglve_zr (r;‘uman)) 8'8128 _ 0.120 8'8882 0.0002 8%%8 8.88;3 plied the method mainly to the
rain (human . 0.120 . . . H H H H
Kidney (rabbit) 00134 0.150  0.0088  0l666ii 0.340  0.0050 analysis of biological material.

ard and diluted to 10 ml., suffices for the analysis of the alkalies.
The accuracy of analysis in this case is illustrated in Table VI,
where the results obtained by the use of the untreated sample are
compared with the results obtained by the analysis following
ashing of the organic materials by three distinctly different pro-
cedures. Direct analysis has also been applied to milk samples
(5), and it is probable that it can be adapted to laked blood,
blood serum, and blood plasma'.

When the organic matrix of biological material must be de-
stroyed, dry-ashing is satisfactory except in the case of sodium,
potassium, and calcium where, as can be seen from Table VI,
the results are lower than those obtained following ashing by
other procedures. Although the wet-ashing technique is decid-
edly superior, a number of difficulties occur which force the ana-
lyst to vary the technique to fit the different conditions encoun-
tered. In the case of biological material other than bone, or-
ganic matter can be destroyed by sulfuric and nitric acids, sup-
plemented by the use of perchloric acid. In these cases all the
salts will remain in solution when the digest is diluted to the de-
sired volume or can be made to go into solution by addition of
a little hydrochloric acid and application of heat. When mate-
rial contains much calcium, organic matter is destroyed by the
use of nitric acid and Superoxyl. This is a more tedious proce-
dure than the technique employing sulfuric acid, but it has the
advantage of producing residues which in most cases are readily
soluble in water or in dilute acids. For the detection of minor
elements, it may also be necessary further to concentrate the
prepared samples by evaporation, but this is limited to the point
at which crystallization of salts occurs. The removal of these
salts or other insoluble matter (silica) by filtration is not a safe
procedure, since many elements may be lost through occlusion or
adsorption. Precipitates are not particularly inimical to accu-
rate analysis except when they are so heavy thatthey tend to clog
the orifices of the equipment (6), or when they cannot be dispersed
uniformly in the mist. Apparently it is not necessary for all the

Data on its applicability to
other materials may be obtained
from papers by Mitchell and Robertson (10) and Ells and Mar-
shall (3), who applied the technique to the determination of ex-
changeable base in soil samples. The purpose of the ammonium
acetate leach indicated in Table VII is to prevent the removal of
large amounts of aluminum (3), high concentrations of which arc
said to interfere.in the determination of calcium and strontium
(10). The interference is said to be due to the depression of the
intensities of the strontium and calcium lines and this inter-
ionic action appears to be the only one noted in the literature.
Ells (2) states that the interference occurs when aluminum is
present in a concentration exceeding 1 mg. per liter. Examples
of the application of the method to the analysis of inorganic salts
and alloys may be obtained from the paper by McClelland and
Whalley (S). These investigators routinely determined calcium
and sodium in magnesium and aluminum powders and alloys, as
well as copper, manganese, and magnesium in aluminum. They
also used the method to determine calcium, potassium, and so-
dium in blast-furnace and lime-kiln dusts, as well as in various
inorganic salts.

For the purpose of easy computation of results, analyses arc
always made on a 5- or 10-ml. aliquot of each sample. This
volume should include the proper amount of cobalt (5 mg. per
10 ml.) which furnishes the internal standard lines. Exposure
periods may vary from 2 to 10 minutes. In the internal standard
line method of photometry, as used in this work, the intensity
ratios do not show significant variations with the duration of the
exposure, and therefore the concentration values may be read
directly from the calibration curve. By increasing the period of
exposure it is also possible to detect minor elements present in
amounts below the lower limit of the calibration curve merely by
extrapolating the line to lower limits.

Concentrated samples are flamed first in order to detect the
minor elements, and then diluted with a water solution of cobalt
chloride (5 mg. of cobalt per 10 ml.) as indicated in Table VII
for the determination of the more abundant elements. Between
samples, the atomizer and burner are cleaned by spraying dis-
tilled water through the system for 1 to 2 minutes. Two and
4-minute exposures are employed, without the- preliminary sta-
bilizing period which is customary with the L/H method of
photometry. Air pressures of 40 pounds per square inch and
acetylene pressures of 25 cm. are not the most suitable conditions
for the detection of minute traces of calcium and strontium, but
high sensitivity is not required for the former, which is normally
present in abundance, while the latter can be detected in very
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small amounts by proper concentration of the sample (Table
VII). The sodium doubletat 3302/3 A. is not so sensitive as the
5890/5.9 A. doublet, but it is satisfactory for the analysis of most
biological materials and is not affected appreciably by small con-
taminations. The yellow sodium doublet at 5890/5.9 A. is so
sensitive that its use requires special precautions in order to pre-
vent contamination by sodium from glassware.

In Table VIII are listed typical results obtained with various
materials. In a number of instances minor elements known to be
present have not been detected. This can be remedied by the
use of larger samples or by employing longer periods of exposure
than were used in the examples cited. Owing to the scarcity of
suitable analytical lines in the region from 4607 to 6700 A., in-
ternal standard methods in this region have not yet been de-
veloped. Of the prominent lines in this region, the barium line
at 5535.5 A. was not considered because it is too diffuse, while
the strong gadolinium line at 5696 A. (5) could not be tested be-
cause of lack of a suitable salt of this rare element. Analysis in
this region (lithium particularly) at present is carried out by em-
ploying the L/H method in which the L/H values are read from
a curve plotted from the ratios obtained for standard solutions
taken on the same plate as the samples.
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Determination of Ethyl Acetate in the Presence of

Acetaldehyde

C. L. LINDEKEN,J. O. CLAYTON, AND D. A. SKOOG, California Research Corporation, Richmond, Calif.

In the determination of ethyl acetate in the presence of a larse
amount of acetaldehyde erratic results are due to the tendency of
acetaldehyde to consume alkali in a varying and irfegular manner.
The method described here involves the quantitative oxidation of
acetaldehyde to acetic acid carried out simultaneously with the
saponification of the ester. A separate bisulfite determination of
the acetaldehyde is made to correct the saponification value for the
acetic acid produced from the aldehyde.

N THE course of a research investigation, it was necessary to

determine the amounts of ethyl acetate and acetaldehyde
present in a mixture containing a high concentration of acetalde-
hyde. Since the material frequently contained polymerized
aldehyde in addition to acetaldehyde and ethyl acetate, it was
impossible to determine one component in the sample and esti-
mate the other by difference.

Methods for estimating esters and aldehydes in such materials
as distilled liquors are well known (1). The esters are determined
by saponification, while the aldehydes are determined colori-
metrically with sulfite fuchsin solution or volumetrically with
sodium bisulfite (2). The determination of acetaldehyde in the
samples under consideration presented no difficulty; the Kolthoff
and Furman modification (7) of the Ripper (5) bisulfite addition
method gave accurate results.

While the determination of ethyl acetate in the presence of
acetaldehyde by saponification is satisfactory in cases of low
concentrations of acetaldehyde (3), erratic results were fre-
quently noted in the present study where the concentrations of
the two components were much greater and where the ratio of
aldehyde to ester was high.

Since the source of the error was traced to the tendency of
acetaldehyde to consume alkali in a varying and irregular manner
the successful use of the saponification reaction depended upon
quantitative removal of the acetaldehyde from the solution, or
quantitative conversion of the aldehyde to a form consuming
alkali in a regular and reproducible manner. Because removal

of the acetaldehyde by precipitation or other means immediately
available was considered to be too time-consuming, this method
was not investigated. The quantitative oxidation of formalde-
hyde to formic acid with hydrogen peroxide in the presence of
alkali has been described (6). Various references indicated that
the analogous reaction for acetaldehyde also occurred (4, 5, 8).
This suggested the possibility of oxidising the acetaldehyde to
acetic acid during the saponification reaction, thus allowing a
simultaneous determination of the acetaldehyde and ethyl ace-
tate. In the following procedhre the sum of the two con-
stituents is determined, followed by a correction for the acetalde-
hyde present, determined from a sulfite precipitation value.

PROCEDURE

Determine the density of the sample by means of a pycnom-
eter, observing the usual precautions necessary when measuring
the density of volatile liquids. Pipet 5 ml. of the mixture into a
100-ml. volumetric flask, make up to the mark with distilled
water, and mLx thoroughly.

Acetaldehyde Determination. Pipet 5 ml. of the diluted
sample into 50 cc. of 0.1 N sodium bisulfite solution contained
in a 250-ml. glass-stoppered iodine flask. (This solution should
contain 5 to 10% of ethyl alcohol and should be standardized
daily.) Shake the sample intermittently for about 30 minutes,
then wash the neck of the flask with distilled water and add an
amount of standard iodine solution exactly equivalent to the
sodium bisulfite. Titrate the excess iodine with standard sodium
thiosulfate solution, using starch indicator, near the end point.

Table I. Oxidation of Acetaldehyde to Acetic Acid
Sample Acetaldehyde Acetio Acid

No. Present Produced0 Error

Milliequivalents Milliequivalents %

1 0.43 0.43 0.0

2 0.86 0.84 2.3

3 1.29 1.27 1.6

4 1.72 1.74 1.2

Av. 1.3

Corrected for free acetic acid in acetaldehyde.
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no deleterious effect is produced by a large excess
of hydrogen peroxide, and, since Figure 1 shows
that more than a stoichiometric relationship is
necessary, it is advisable to maintain an excess.
This excess is ensured by the amount recom-
mended in the procedure.

After determination of the quantity of hydrogen
peroxide required for complete oxidation of acetal-
dehyde, samples containing varying amounts of al-
dehyde were prepared and the amount of acetic
acid produced was determined. Table | shows
the quantitative nature of the oxidation.

Experiments were also carried out to determine
whether there would be any oxidation of the ethyl
alcohol produced in the saponification. No ap-
preciable amount of acid was produced when
alkaline solutions of ethyl alcohol were treated

Figure 1. Effect of Excess Hydrogen Peroxide in Oxidation of Acetaldehyde . . . .
to Acetic Acid with varying amounts'of hydrogen peroxide, and it
was concluded that this component would cause no
errors in the method.
Table Il. Determination of Ethyl Acetate and Acetaldehyde RESULTS
Acet- Ethyl . . .
A Ethv] aldehyde Ac_etgte Sum of Sumd Ethvl ElEhrr?rAin To test the application of the method to vari-
cet- thy in in Two Foun y y ce- H
Sample aldehyde  Acetate Mix- Mix- Com- by Acetate tate Deter- ous mlxtures of ethyl acetate_ and acetaldehyde,
No. Added Added ture ture  ponents Analysis Found mination solutions were prepared as discussed below and
Milliequivalents % % Milliequivalents % analyzed according to the procedure previously
1 0.52 3.83 12 88 4.35 4.31 3.79 -1.04 ;
5 103 383 51 79 488 130 387 Y104 Qescrlbed. The'accuracy of the method may be
3 1.03 3.08 25 75 4.11 4.13 3.10 + 0.65 judged by data in Table I1.
4 1.03 2.31 31 69 3.34 3.39 2.36 +2.16
5 1.03 1.64 40 60 2.57 2.55 1.52 -1.30
6 2.06 1.54 67 43 3.60 3.55 1.49 -3.24 Acetaldehyde Solution. A standard acet-
Av. 157 aldehyde solution was prepared by diluting 12

The number of milliequivalents of acetaldehyde is calculated as
follows:

Milliequivalents of acetaldehyde

ml. of NajSaO» X N NazXjoi

Ethyl Acetate Determination. Pipet5 ml. of the diluted
sample into an iodine flask containing approximately 100 ml.
of water, 25 ml. of 0.5 N sodium hydroxide, and 5 ml. of 30%
hydrogen peroxide. Secure the stopper of the flask, place the
flask on a steam hot plate, and heat 15 minutes. (Samples reach
a temperature of approximately 80° C. and a maximum pressure
of about 360 mm. of mercury.) Remove the flask and allow it
to stand for one hour. At the end of this time carefully open the
flask, and wash the neck with distilled water. Titrate the excess
alkali with 0.5 N hydrochloric acid, using phenolphthalein as
indicator. Run a blank determination concurrently with the
samples.

milliequivalents of alkali consumed —

milliequivalents of acetaldehyde
present X 0;088 X 100

% ethyl acetate
° y 0.25 X density of sample

DISCUSSION

Oxidation of Acetaldehyde to Acetic Acid. In order to
study the effect of varying amounts of hydrogen peroxide on the
oxidation of acetaldehyde, the following experiments were under-
taken:

One-milliliter samples of a standard solution of acetaldehyde
(0.81 milliequivalent per ml.) were added to flasks containing
approximately 100 ml. of water, 25 ml. of 0.5 N sodium hy-
droxide, and from 0 to 5 ml. of 30% hydrogen peroxide. After
heating as described in the procedure, the remaining alkali was
titrated with 0.5 N hydrochloric acid; thus the amount of acetic
acid produced was found.

Results are shown in Figure 1. Even when no hydrogen per-
oxide is present, a slight amount of acid is produced. This means
that the acetaldehyde is oxidized by air under the conditions of
testing, since a correction was made for the small amount of
acetic acid initially present in the acetaldehyde. Apparently

to 15 ml. of chilled redistilled acetaldehyde to

250 ml. with chilled carbonate-free distilled

water. This solution was standardized against
the bisulfite solution by the method described above.

Ethyl Acetate Solution. A standard ethyl acetate solu-
tion was prepared by diluting 18 to 20 ml. of redistilled ethyl
acetate to 250 ml. with carbonate-free distilled water. The
amount of ester in terms of milliequivalents per ml. was deter-
mined.

SUMMARY

The reaction of acetaldehyde with alkali during the saponifica-
tion of ethyl acetate has been noted in mixtures of these two com-
pounds. A method eliminating the erratic results so produced
involves oxidation of the aldehyde with hydrogen peroxide in
alkaline solution. Saponification data are corrected for the
effect of the acetic acid produced by the oxidation reaction, by
a separate bisulfite determination of the acetaldehyde. Average
accuracy within 2% is reported.
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Determination of Starch

in Sweet Potato Products

and Other Plant Materials

EDWARD T. STEINER AND JOHN D. GUTHRIE, Southern Regional Research Laboratory, New Orleans, La.

A polarimetric method has been developed for the determination of
starch in sweet potato products and other plant materials. By use of
the specific and quantitative precipitation of starch as starch iodide
and of uranyl acetate as a protein precipitant, the effect of substances
which interfere with most methods for the determination of starch
has been largely eliminated. When the method was tested on
samples containing large amounts of protein, pectin, inulin, and
other interfering substances, the starch values obtained were closer
to the true starch content than were found by either the malt-diastase
or Hopkins method. The addition of a number of different sub-
stances commonly found in biological materials did not significantly
alter the starch values obtained with the proposed method. The
procedure described should be applicable to materials containing
10% or more starch on the moisture-free basis. The specific rota-
tion for the conversion of polarimetric readings to starch was found to
be 200.9 for the proposed method.

NY of the methods currently available for the determina-
MAtion of starch are limited in application because they fail
to give true starch values when the sample contains pectin, non-
starch polysaccharides, proteins, and other interfering sub-
stances. With sweet potato material it is especially important
to eliminate the interference of pectin. In developing the pro-
posed method two principles brought out by the work of Denny
(4) have been followed. (1) A starch method to be generally
applicable must give correct values when pectin, nonstarch poly-
saccharides, and proteins are present in the sample. (2) The
method should give zero or very low values on samples containing
little or no starch by qualitative tests, but containing high
amounts of substances which might possibly interfere. Parts
of the methods of Hopkins (7), Denny (5), Puclier and Vickery
(9), and Sullivan (10) have been used in the proposed method.
Only the procedure finally adopted and data to establish its
validity are given here.

The proposed method consists of treatment of the sample at
boiling temperature with dilute ammonium carbonate solution,
precipitation of the starch with iodine, decomposition of the
starch iodide, reprecipitation with iodine, decomposition of the
starch iodide, precipitation of the starch with alcohol, dis-
persion in calcium chloride, precipitation of any remaining protein
with uranyl acetate, and determination of the optical rotation.
The method is recommended for samples containing 10% or more
starch on the moisture-free basis.

1 REAGENTS

Celite, an analytical filter aid.

Ammonium Carbonate Solution. Dissolve 3.0 grams of re-
agent quality ammonium carbonate in water and dilute to 1 liter.

Sodium Chloride Solution. Dissolve 200 grams of reagent
quality sodium chloride in water and dilute to 1 liter.

lodine-Potassium lodide Solution. Dissolve 30 grams of
iodine and 50 grams of potassium iodide in water and dilute to
250 ml.

Sodium Thiosulfate Solution. Dissolve 125 grams of sodium
thiosulfate pentahydrate in water and dilute to 1 liter.

Hydrochloric Acid, approximately N.

Ethyl Alcohol, 95% by volume.

Ethyl Alcohol, 70% by volume.

Calcium Chloride Solution, 2 parts of crystalline calcium chlo-
ride hexahydrate plus one part of water. Adjust to a density of
1.30, make very faintly pink to phenolphthalein with 0.1 N so-
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dium hydroxide and filter. Because of the effect of the high
concentration of calcium chloride, the reagent prepared in this
manner has a lower pH than is usually indicated by the phenol-
phthalein end point.

Octyl Alcohol, octanol-1.

Acetic Acid, 0.8% solution.

Uranyl Acetate, 5% aqueous solution.
days from pulverized reagent.

Prepare every 3 or 4

ANALYTICAL PROCEDURE

Weigh accurately 0.9 to 1.0 gram of the finely ground,sample,
80-mesh or finer, into a 100-ml. heavy Pyrex centrifuge tube (30
by 170 mm., without pourout) and add 2.0 grams of Celite. Add
50 ml. of ammonium carbonate solution and stir with a strong
glass rod until the material is completely wetted. Place in an
oil bath maintained at 117-120° C. and boil for 30 minutes,
adding a drop or two of octyl alcohol to prevent excessive foam-
ing, if necessary. Stir the suspension frequently during the 30
minutes’ boiling. If excessive foaming persists after the addition
of octyl alcohol, it may be Controlled by raising the tube so that it
does not extend so deeply into the bath. After the initial foam-
ing has subsided, the tube should be lowered so that vigorous
boiling is resumed.

Cool to room temperature, rinse off the stirring rod, and place
it aside for subsequent use with the same sample. Add 20 ml.
of sodium chloride solution and 2.5 ml. of the iodine-potassium
iodide solution.  Almost fill the tube with water and stopper with
a tightly fitting rubber stopper. Invert and shake gently, so
that all the starch reacts with the iodine. Precipitation usually
occurs in about 5 minutes. Let the solution stand for at least
5 minutes after precipitation starts. Remove stopper and wash
any adhering starch iodide into the tube with small quantities
of water from a wash bottle. . Centrifuge at about 2000 r.p.m.
for 10 minutes.

Pour off and discard the supernatant liquid. Add 20 ml. of
the 20% sodium chloride solution to the precipitate. Suspend
the starch iodide with the glass rod, previously set aside, and add
sodium thiosulfate solution until the starch iodide is decomposed.
A long, thin, flexible spatula is more convenient for suspending
the starch iodide than the glass rod. The glass rod should be
saved, however, for the final dispersion of the starch. About
3.5 ml. of the thiosulfate solution will be required on relatively
pure starches and excess should be avoided.

Add 10 ml. of N hydrochloric acid, 2.5 ml. of iodine-potassium
iodide solution, and enough water to fill the tube. Restopper
and shake gently. After the starch iodide has precipitated,
centrifuge as before and discard the supernatant liquid. Add
approximately 50 ml. of 95% ethyl alcohol and thoroughly sus-
pend the starch iodide. Add sodium thiosulfate solution until
the blue color is discharged, avoiding excess, since too much may
cause cloudiness in the final dispersion. Add water to make
approximately 70% alcohol, stopper, and shake thoroughly.
Allow to stand about 15 minutes and centrifuge 10 minutes.
Wash the precipitated starch once with 50 ml. of 70% alcohol
by volume. Add a total of 60 ml. .of concentrated calcium chlo-
ride solution, a small amount at a time, and stir with the rod,

eviously set aside, until the material is suspended and free from

mps. Add 3 ml. of 0.8% acetic acid, place in the oil bath, and
boil for 18 minutes. A shorter period of boiling may lead to
cloudiness in the final solution, while a longer period may give
values which are slightly low. Raise the tube and while still hot
add 5 ml. of 5% uranyl acetate solution and stir well.

Transfer the contents of the tube with water to a 100-ml.
volumetric flask, cool to room temperature, make to volume,
add 1 ml. of water to correct for volume occupied by Celite, and
shake thoroughly. A small correction for the volume occupied
by tissue residue could also be made here. Transfer to a dry
centrifuge tube and centrifuge for 10 minutes at 2000 r.p.m.
Protect the solutions against evaporation by use of rubber caps.
Occasionally some floating material is present in the supernatant
liquid and can be removed readily by filtering through Whatman
No. 4 paper or an equivalent fast paper.

Place the supernatant or filtrate in either a 2- or a 4-dm.
polarimeter tube, depending on clarity, and read in a polar-
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imeter at about 25° C. using the sodium D line. Take 10 read-
ings, approaching the match point alternately from each side.
Calculate the starch content by the following equation:

Percentage of starch =
observed rotation X 100 X 100

tube length in dm. X 200.9 X wt. of sample in grams

DISCUSSION OF ANALYTICAL PROCEDURE

The material undergoing analysis is boiled first with am-
monium carbonate solution to neutralize the natural acidity of
plant material. It may be necessary to increase the ammonium
carbonate concentration for excessively acid samples. The treat-
ment with ammonium carbonate also disperses or dissolves the
pectins, sugars, soluble proteins, etc., which are separated from
the starch iodide by centrifuging and decantation. The decom-
position of the starch iodide and second precipitation with iodine
liberate impurities which may have been carried down with the
first starch iodide-precipitate. After the last addition of thio-
sulfate, 70% alcohol is used to remove excess sodium thiosulfate
and materials not soluble in water but soluble in 70% alcohol.
This step promotes clarity of the final solution. Calcium chlo-
ride is used in preference to other solubilizing agents because
of its ability to disperse starch readily and its use in other methods
(S, 6-10). Starch dispersed in calcium chloride solution does
not degrade appreciably even on long standing. Solutions that
had stood 24 to 48 hours showed no significant changes in rota-
tions. Starch solutions which had been stored in glass-stoppered
containers for 30 to 90 days showed an increased dextrorotatory
power due to evaporation. The acidity during solubilization with
calcium chloride is somewhat greater than that recommended by
Hopkins (7) and Mannich and Lenz (8). This increased acidity
appears to have no adverse effect on the starch and promotes
greater clarity. Uranyl acetate is added at the end to remove
any proteins not removed by previous treatment. Other protein
precipitants were tried but proved unsatisfactory. The use
of uranyl acetate as a protein precipitant will probably prove use-
ful in the Hopkins method and in other polarimetric methods for
starch.

In determining the starch content in cornstarch, wheat starch,
and waxy maize starch, the final solution was usually too cloudy
to read in a 4-dm. tube. Shaking the solution vigorously with
about 10 ml. of carbon tetrachloride, centrifuging, and decanting
the starch dispersion gave clear solutions. Chloroform may be
used in place of carbon tetrachloride, but in this case correction
must be made for the solubility of chloroform in the starch dis-
persion.

The method can probably be shortened when used with ma-
terials known to be relatively free of pectin and protein by mak-
ing only one precipitation with iodine.

DETERMINATION OF FACTOR FOR CONVERSION OF POLARIMETRIC
READINGS TO STARCH

Since pure starch or starch of known purity has probably never
been prepared, it is not possible to determine accurately the
specific rotation, [a] D, of starch by dissolving a weighed sample
and reading it in a polarimeter. It is, however, possible to
estimate the specific rotation of starch by determining the
amounts of the major impurities, either before or after purifica-
tion of the starch and assuming that the rest of the sample is
starch. It is also possible to estimate the factor by assuming
some other starch method to be correct and using the value so
obtained for calculating the specific rotation. Mannich and
Lenz (8) and Hopkins (7) recommended the use of +200 for the
specific rotation of wheat starch. However, since the value
varies somewhat with the method, depending on the degree of
degradation of the starch, it was necessary to determine the
proper factor to use with the proposed method.

The first procedure used to arrive at the factor for the method
was to determine the nonstarch material in the starch samples
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Table I. Estimation of Factor by Correction for Major Impurities
Nonstarch . Stareh <4,

Mois- Pro- Extrac- (by Diffeir- (Calcu-
Kind of Starch ture Ash ted tives Total ence) lated)

9% %0 0 ..U W %

Sweet potato A 12.52 0.17 0.08 0.21 12.98 87.02 199.5
Sweet potato B 12.01 0.36 0.05 0.20 12.68 87.32 198.9
Corn 12.44 0 07 0.21 0.45 13.17 86.83 198.5
Wheat 12.45 0.11 0.27 0.41 13.24 86.70 196.4
Waxy maize 11.99 0.10 0.25 0.19 12.53 87.47 197.7

Table Il.  Estimation of Factor by Use of Starch Put throush Proposed

Method

Starch (by [«le

Kind of Starch Ash Moisture Difference) (Calculated)

% % %

Sweet potato B 0.52 13.63 85.85 200.1
Corn 2.94 12.10 84.96 201.0
W heat 1.53 10.44 88.03 201.9
Waxy maize 0.32 11.48 88.20 200.6

under investigation. Ash was determined by ignition at 550° C.
for 3 hours. Nitrogen was determined by the Kjeldahl pro-
cedure, followed by nesslerization of the distillate. Protein was
calculated by use of the appropriate factor. Extractives were
obtained by a 16-hour extraction with 85% methanol followred by
a 5-hour extraction with ethyl ether. Moisture values were
calculated from the loss in weight of samples dried approximately
16 hours at 96° to 100° C. in a vacuum oven equipped with a
drying train. The results are shown in Table I.

The value for the specific rotations of sweet potato, corn, and
waxy maize starches put through the proposed method is ap-
proximately 199 when estimated by this procedure. Wheat
starch gave a lower value, which may be due to the presence of
some impurities which were not accounted for.

The second procedure for arriving at the factor was to assume
that the malt-diastase method gives correct values on reasonably
pure starches when the 0.93 factor is used to convert glucose to
starch. On this basis, the specific rotations found with the
proposed method were 202.0, 200.6, 200.3, 198.4, and 199.9, re-
spectively, for starches in the order listed in Table I.

The third procedure for obtaining the factor for the method
was to use the starch obtained from the final calcium chloride
solution.

Eight 2.0-gram samples of each starch were put through the
method and the combined final solution was diafyzed, in Visking
sausage casing, against running distilled water for 2 days to re-
move the calcium chloride and other salts. After concentration
of the solution by pervaporation the starch was precipitated with
an alcohol-ether mixture and washed three times with ethyl
alcohol and twice with ethyl ether. The precipitated starch was
dried in vacuo over sulfuric acid. After air-equilibration, mois-
ture and ash were determined. Specific rotation was then found
by dissolving a sample in calcium chloride solution, using just
sufficient heat to ensure complete dispersion. The materials
dispersed readily and the preparation from waxy maize dispersed
in the cold. The addition of dilute acetic acid was unnecessary.
The results are given in Table II.

The calculated values for the specific rotation are now in
closer agreement and wheat starch shows less divergence from
the other starches. The average specific rotation found for the
starches by this procedure is 200.9. Since this procedure gives
slightly higher and more consistent values than the first pro-
cedure, the value 200.9 has been selected for use with the pro-
posed method. The average value of 200.2 found by assuming
the correctness of the malt-diastase method, with 0.93 factor, is
supporting evidence. The value 200.9 is probably a close ap-
proximation for the value of the specific rotation of the starch as
it exists at the time of polarization in the proposed method.

COMPARISON WITH MALT-DIASTASE AND HOPKINS PROCEDURES

The proposed method was compared with the official A.O.A.C.
malt-diastase method for starch (1, p. 359), the factor 0.93 (2)
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Table Ill. Comparison of Methods for Determination of Starch
Per Cent Starch on Moisture-Free
Basis
Hopkins, Hopkins,
Sample Malt- 200 204.8 Proposed
No. Kind of Material diastase factor factor method
1 Sweet potato starch A 98.2 100.9 98.5 98.8
2 Sweet potato starch B 98.4 100.5 98.1 98.0
3 Waxy maize starch 98.3 100.4 98.0 97.9
4 Cornstarch 98.2 100.1 97.8 97.8
5 Wheat starch 98.1 99.1 96.7 96.9
6 Ground corn 70.5 74.2 72.5 71.6
7 Bread 67.4 68.2 66.6 64.6
8 Sweet potato residual pulp,
water process, dried 55.5 56.4 55.1 54.8
9 Sweet potato by-product
pulp, lime-water process,
dried 62.1 50.4 49.2 61.4
10  Sweet potatoes, dehydrated,
food type 60.5 45.9 44.8 41.9
11 Sweet potatoes, dehydrated,
food type, extracted 70.8 76.1 74.3 70.3
12 Sweetpotatoes, dehydrated,
stock-feed type 59.1 61.8 60.4 59.3
13 Cottonseed meal -4.4 -4.3 -0.6
14 Orange rind | 22.6 221 -0.2
15  Jerusalem artichokes 5‘7.4 -18.0 -17.6 -0.3
16 Peanut meal 9.1 3.5 3.4 6.7
17 Gladiolus leaves 1.3 0.3 0.3 0.4

being used instead of the official 0.90 factor to convert glucose
to starch, and with the tentative Tlopkins method (7), the final
solution being clarified by centrifuging with Celite. The samples
chosen ranged from relatively pure starches to samples containing
little or no starch, but large amounts of other substances that
might possibly interfere. Since stable, homogeneous samples
were required for the comparison Qf methods, dry, finely ground
materials were used. However, analysis of fresh plant materials
by the proposed method should present no difficulties other 'than
those of sampling, sample preservation, and preparation. The
conventional preparation of fresh sample materials by dropping
into hot alcohol (I, p. 125) is suggested. A description of the
samples follows:

1. Sweet potato starch A. A.0.A.C.-1942 sample for col-
laborative studies on starch methods.

2. Sweet potato starch B. A laboratory-prepared starch,
extracted and purified without use of lime water try the Sweet-
potato Products Division of this laboratory.

3. Waxy maize starch, furnished by the American Maize-
Products Company, Roby, Ind.

4. Cornstarch. A.0.A.C.-1943
studies on starch methods.

5. Wheat Starch. A.O0.A.C.-1943 sample.

6. Ground Corn. A.O0.A.C.-1943 sample.

7. Bread. A.0.A.C.-1943 sample.

8. Sweet potato pulp. A residual pulp from water-extrac-
tion of starch without use of lime water, dried at 60° C. in a
mechanical convection oven. Furnished by the Sweetpotato
Products Division of this laboratory.

9. Sweetpotato pulp. A dried residual pulp, typical of lime-
water process by-product, from the Laurel Starch Plant, Laurel,
Miss.

10. Sweet potato (dehydrated). Peeled, blanched, and de-
hydrated sweet potatoes, prepared for food use by the Sweet-
potato Products Division of this laboratory.

11. Sweet potato (dehydrated). Same as 10 except Soxhlet-
extracted with 80% alcohol before analysis.

12. Sweet potato (dehydrated). Whole sweet potato cos-
settes, dried for the production of stock feed, from the Sweet-
potato Products Division of this laboratory.

13. Cottonseed meal. Composite of cottonseed kernels,
thoroughly extracted with ethyl ether before analysis.

14. Orange rind. Composite of many kinds of orange peel
that had been dropped into boiling alcohol, ground in food
chopper, Soxhlet extracted with 80% alcohol, dried, and ground
in ball mill.

15. Jerusalem artichokes. From T. A. Kiesselbach of the
University of Nebraska. Prepared for analysis in same manner
as orange rind.

16. Peanut meal. Peanut kernels successively extracted
with petroleum ether, ethyl ether, 95% alcohol, dried, and
ground finely.

17. Gladiolus leaves, local garden variety.
boiling alcohol, dried, and ground finely.

sample for collaborative

Dropped into

Comparative results by the official A.O.A.C. malt-diastasej
Hopkins, and the proposed methods are shown in Table II1.

On the relatively pure starches the malt-diastase method and
the proposed method are in good agreement. The Hopkins
method values (factor, 200) are higher on the starches than the
values by the other two methods. This is clearly due to the use
of the factor 200 for the specific rotation of starch in the Hopkins
method. The factors calculated for the Hopkins method, after
correcting for impurities and moisture, are 202.8, 202.6, 202.0
200.0, and 201.8, respectively, for the starches in the order listed
in Table 1. If we assume the values by the proposed method to
be correct, the factors calculated for the Hopkins method are
204.3, 205.2, 204.9, 204.5, and 204.9 for these starches, or an
average of 204.8. Recalculation of the Hopkins values with the
assumed correct value of 204.8, in order to eliminate the question
of factors from the comparison, brings the starch content of the
starches into good agreement by all three methods, as is shown in
Table Ill. Earle and Milner (6) have recommended 203.0 for the
factor in their modification of the Hopkins method.

On the sweet potato materials the agreement between the
proposed method and the malt-diastase method is good with
the exception of the sample of dehydrated sweet potatoes, sample
10. In this case the high malt-diastase values are due to the
presence of sugars and other nonstarch carbohydrates. After
this sample was extracted with 80% alcohol in a Soxhlet extractor
to remove a large amount of sugars, including those formed
during the dehydration process, the agreement was good. Wi ith
the exception of the limed sweet potato pulp, sample 9, wiiich
gave low Hopkins values due to interference of the lime with the
dispersion of the starch, the Hopkins method gave higher values
than the proposed method on sweet potato samples. This
is true even if the factor 204.8 is used instead of 200 and may
be due to interference of pectin in the Hopkins method. The
high value in the case of bread w'ith the malt-diastase procedure
is probably due to the presence of sugars, dextrins, or degraded
starch in the sample.

The results with the orange rind, Jerusalem artichokes, gladi-
olus leaves, cottonseed meal, and peanut meal are of special
significance with regard to the validity of the three methods.
These samples were chosen because they were lowr in starch and
high in substances that might possibly interfere. The true starch
content of the orange rind sample is probably close to 0.4%.
This is based on colorimetric measurements of the blue color
produced with iodine. The proposed method gives a negative
value of 0.2% on this sample, which is much closer to the truth
than 12.8% by the malt-diastase and 22.6% by the Hopkins
method. This shows that the pectin present in orange rind does
not interfere with the proposed method but does interfere with the
other two methods. The Jerusalem artichoke sample was starch-
free by qualitative test with iodine. The proposed method gave
a negative value of 0.3% on this sample, which is much'closer to
zero than the values of 27.4 and —18.0 found with the malt-
diastase and Hopkins methods, respectively. The gladiolus
leaves, which w'ere starch-free, gave about the same values by the
proposed and Hopkins methods. The cottonseed meal was used
as a sample high in proteins which show negative optical rota-
tion. Its true starch content was close to 0.2% based on colori-
metric measurements. The value of —0.6% is closer to the true
starch value than —4.4% by the Hopkins method. This shows
that the interference of protein is small in the proposed method.
The high value for cottonseed meal with the malt-diastase method
is probably due to the presence of raffinose in the sample. The
peanut meal contained considerable starch, 6.7% by the pro-
posed method. As expected, the malt-diastase method gave
a high value with peanut meal, probably due to the presence
of nonstarch carbohydrates in the sample, and the Hopkins
method gave low values due to the negative optical rotation of
proteins.

It will be seen from the above comparison of methods, that in
practically every case of disagreement the proposed method gave
a value closer to the true value than the other two methods.

DETERMINATIONS MADE IN PRESENCE OF VARIOUS SUBSTANCES

The method was tested in the presence of sugars, amino acids,
proteins, pentosans, pectin, and other substances often found in
biological materials. In each case 200 mg. of the substance
were added to an accurately weighed starch sample and the
mixture was analyzed by the proposed method. The results
are given in Table IV.
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Table 1V. Determination of Starch by the Proposed Method in the
Presence of Added Substances
Starch Found, Air-Dry Basis
Control plus
Substance Added0 Control substance

% %
Raffinose (commercial) 85.9 86.0
Sucrose (commercial) 85.9 86.3
Gum arabic (commercial) 86.5 86.5
Egg albumin (commercial) 86.5 86.6
Inulin (commercial) 86.3 86.5
Gluten (laboratory purified) 86.4 86.6
¢-Cystine (commercial) 86.1 86.5
¢-Proline (commercial) '86.1 86.5
W hite potato dextrin (commercial) 86.1 87.3
Lcvulose (commercial) 86.6 86.7
Maltose (commercial) 86.6 86.8
Malic acid (commercial 86.4 86.8
Sweet potato pectin (laboratory preparation) 86.0 86.2

° 200 _mg. of each substance added to 1-gram samples of sweet potato
starch B.

Table V. Recovery of Added Sfarch®
A B C D
Mg. Mg. Mg. Mg.
From 1.0 gram of cottonseed meal 9 ¢ g g
Starch added 28.1 68.7 112.1 156.5
Starch recovered 29.4 69.6 112.9 155.8
From 1.0 gram of orange rind
Starch added 24.9 69.2 115.5 159.0
Starch recovered 26.0 70.6 118.1 158.8

a Calculated as empirically pure starch.

The only substance listed that showed evidence of interference
was white potato dextrin. This material gave a red color with
iodine and interfered slightly. Higher polymer dcxtrins, which
give a violet or violet-blue color with iodine and which may be
found in slightly degraded starch, do not precipitate completely
when the starch is precipitated with iodine in the method and if
present may be readily detected in the supernatant liquid.
They are partially carried down with the starch iodide and con-
sequently behave in an anomalous manner in the method. Con-
sequently the results on samples containing higher dextrins are of
doubtful validity. Glycogen acts in much the same way. When
it is analyzed alone by the method, it is almost completely re-
moved, but in the presence of starch it is carried down with the
starch iodide and included as starch.

RECOVERY OF ADDED STARCH

Sweet potato starch was added in various quantities to 1.0-
gram samples of cottonseed meal and orange rind and the mixture
analyzed by the proposed method. Controls without starch
were also run and the polarimctric readings subtracted Irom the
polarimetric readings of the samples to which starch had been
added. The results given in Table V show that the method works
well in the presence of large amounts of pectin and protein.

PRECISION AND ACCURACY

Duplicates on 1-gram samples of relatively pure starches
usually agree within 0.4%, or 4 mg. of starch. The agreement is
dependent to a great extent on the precision obtainable from a
polarimeter. In most instruments this precision is —0.01 an-
gular degree. The deviation between duplicates, then, due to the
instrument alone, for a 1-gram sample in a 4-dm. tube may be
expected to be as great as 0.25%, even if the highest precision
of the instrument is attained. This variation becomes in-
creasingly important as the starch content decreases. Based on
experiments with 1-gram samples containing large amounts ot
pectin and protein, it may be concluded that the method gives
values that are within 10 mg. of the true starch content even on
samples containing large quantities of the substances which
interfere in most starch methods. The la-ter statement assumes
that the factor 200.9 for the specific rotation of starch in the
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final solution is essentially correct. As an illustration of the
reproducibility of the method, duplicate determinations on sample
12 gave 59.3 and 59.3% starch on the dry basis, while duplicate
determinations made 5 months later gave 59.8 and 59.8%. An
analyst, who had not used the method previously, obtained 59.3
and 59.5% on the same sample.
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Colorimetric Assay of Quaternary

Ammonium Salts

M. E. AUERBACH

Research Laboratories, Winthrop Chemical Co., Inc.,
Rensselaer, N. Y.

ECENTLY a method was described for the determination of
R germicidal quaternary ammonium salts in dilute solution
(1). Since publication of this paper, comments from various
correspondents have made it clear that some workers find it
difficult to clarify—i.e., dry—the ethylene dichloride dye solu-
tion without affecting its color intensity  lle-examination of this
point led to the decision to use benzene instead of ethylene di-
chloride. Benzeneisnotsogoodasolventforthe coloredsalt, but,
being lighter than water, it can conveniently be clarified by cen-
trifugation, thus avoiding all danger of contamination. At the
same time, to compensate for the loss of solvent power, two other
changes were made: (1) The amount of sample was reduced to
one fourth—50 micrograms. (2) The light filter was changed from
one transmitting at about 540 my to one transmitting at about
600 my. The method, as now used, is as follows:

In a 125-ml. Squibb separatory funnel, take 50 ml. of water
containing 50 to 75 micrograms of the quaternary compound.
Ordinary stopcock grease should be avoided. Starch-glycerol
lubricant is satisfactory (2). Add 5 ml. of 10% sodium carbonate
solution, 1 ml. of aqueous 0.04% bromophenol blue indicator
solution, and exactly 10 ml. of benzene. (The indicator solution
should be prepared on the day it is to be used. Dissolve 40 mg.
of bromophenol blue powder in 100 ml. of water containing 1 ml.
of 0.1 N sodium hydroxide.) Shake steadily for 2.5 to 3 min-
utes, let the layers separate roughly (20 to 30 seconds), and then
swirl the funnel contents. Let stand several minutes or until
well separated. Rinse a 15-ml. centrifuge tube with a portion
of the lower aqueous layer, discard this layer entirely, and then
run the colored benzene layer into the tube. Stopper the tube
with a clean rubber diaphragm stopper and centrifuge for a few
minutes at about 1000 r.p.m., if necessary to clarify. Transfer
to a dry Klett-Summerson colorimeter tube, and read, using
filter No. 60.

Changes in technique involve no change in rationale of method.
Limit of error is about =*=2%, with occasional errors =*=5%.
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Spectrophotometric Study of the Oxidation of
Quenching Oils

GEORGE L. CLARK AND WILBUR I. KAYE, University of lllinois, Urbana, Ill., AND RALPH L. SEABURY AND FRED CARL, Delco-
Remy Division, General Motors Corporation, Anderson, Ind.

With the wartime development of large-scale production of alumi-
num alloy castings, especially for airplane motors, there has been
little information available on the choice and performance of
quenching oils for these alloys. In one large foundry it was found
that the strain residual in quenched castings increased markedly
with continued use or aging of a well-known quenching oil in the
5000-gallon tank. A spectrophotometric study has been under-
taken to evaluate the changes which have occurred in this oil with an
extension to a study of the rate of oxidation of several other commer-
cial oils recommended for quenching, at high temperatures by a
laboratory procedure, with and without addition agents and in the
presence and absence of the aluminum alloy as catalyst. Spectro-
photometric data are believed related to the light scattered by
colloidal particles or precipitables as indicated by absorption curves
and electron micrographs. Oxidation stability and absence of pre-
cipitable polymer particles are correlated with the quality of
quenched castings as measured in terms of residual strain.

ECENTLY aluminum alloy motor castings quenched in a
R particular oil in a 5000-gallon tank have exhibited an
increasing amount of internal strain with continued use or aging
of the quenching oil. This residual strain is indicated both by
x-ray diffraction patterns and by mechanical measurement of bow
when strain is relieved by sawing the casting nearly through
vertically. These castings of aluminum alloy were quenched
rapidly from a temperature of 480° C. (900° F.) in this quenching
oil maintained at approximately 45° C. This hot quenching of
the metal very evidently oxidized the oil, producing a by-product
which in some manner impaired the heat-conduction properties of
the oil. The aluminum alloy castings seemed particularly sensi-
tive to this change in the heat-conduction properties. It was the
authors’ problem to find some reliable method of studying and
evaluating the deterioration of this quenching oil.

The method chosen was based on spectrophotometric values of
the oil at different stages of use. It was then applied to a variety
of other commercial quenching oils oxidized under laboratory
conditions in order to gain some idea as to whether the optical
data might indicate relative stabilities, as, of course, would be
shown by a number of more familiar and accepted tests in
petroleum laboratories.

TYPE OF OILS

The results of ten commercial quenching oils
are presented here. These samples were chosen
from among a large number of commercial
quenching oils and represent oils supposedly of
the best oxidation stability available. They
were essentially paraffin-base oils of light color,
A.P.l. gravity near 30, and boiling largely
between 300° and 400° C. Some of the
quenching oil samples contained commercial
polar and nonpolar additives designed to increase
the stability of the oil and impart desirable
heat-conduction properties. All the oils con-
tained varying amounts of aromatic compounds
of lower stahility than the bulk of the oil. Table
I lists the properties, as far as known, of these ten
commercial quenching oils.
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PRODUCTS OF OXIDATION

Fenske (8, S) in heating lubricating oils at 140° to 170° C.
accounted for most of the oxygen absorbed. His results indicate
that about half of the oxygen absorbed goes into the formation of
water, while the remainder may be accounted as carbon dioxide,
carbon monoxide, volatile acids, fixed acids, and isopentane-
insolubles (polymers and lacquers). The isopentane-insolubles
or precipitables have been classified according to solubility, color,
and melting point, but there appears to be no clear line of de-
marcation. They probably are polymers of low molecular weight
(less than 2000). Their solubility is low in isopentane and
moderate in chloroform, ether, and benzene (6).

APPARATUS AND TECHNIQUE

Throughout the history of petroleum analysis, color has been
used in a qualitative sense in testing for purity. The older
methods of visual comparison with colored disks or standards is
gradually giving way to more reliable photometric methods
utilizing standard color filters (1). Further refinements of these
color tests lie in the use of prism or grating instruments capable of
measuring light transmission through oils at any wave length
near the visible region.

In this work, a Cenco-Sheard Spectrophotelometer was used.
The sensitivity below 400 mfi was low with darker colored oils.
In this range with dark-colored oils an error of 5% in the trans-
mission readings was possible. In the rest of the range an error
of 2% limited the accuracy. The large slit width required in
testing dark-colored oils in the ultraviolet range led to a spectral
width of the transmission readings as much as 10 millimicrons.
The error due to overlapping orders was small but appreciable as
determined by the use of filters. In order to obtain a satisfactory

Table I. Properties of Quenching QOils

Properties

Commercial paraffin-base oil containing nonpolar additives
Commercial paraffin-base oil containing nonpolar additives
Highly refined, paraffin-base, colorless oil, containing no additives
Experimental straight-run quenching oil without any additives
Paraffin-base oil for commercial quenching oils

Qil 5 containing 0.85% of lard oil and 0.3% of polar additives
Experimental ?araffin-base quenching oil containing additives
Similar to oil

Pure, colorless, light paraffin oil

Commercial lubricating oil containing special polar addition agents

Q
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Figure 1. Transmission vs. Wave Length
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500 ! 600
WAVE LENGTH (MU)
Figure 2. Relative Transmission vs. Wave Length
Commercial quenching oils healed Z hours at 260° C. (undiluted)

Table Il. Transmission vs. Wave Length
(Oil 1 heated at 260° C. for 2 hours, undiluted)
Wave T, Ti TilT, T,/Tt
Length Unheated Heated (Calculated) (Observed)
340 16 10 66 52
360 9.0 4.5 50 52
380 4.6 2.5 55 48
400 3.0 1.3 43 40
420 3.0 1.0 33 32
430 3.0 1.0 33 28
440 3.0 0.8 27 24
450 3.7 0.8 22 19
460 6.0 0.8 13 12
470 ) 8
480 28* ué 6.7 7
490 9
500 49 6.5 13 13
520 69 17 25 24
650 85 30 35 43
600 98 69 70 70
650 102 88 86 85
700 98 87 89 91
720 97 90 93 92

accuracy with dark-colored oils it was necessary to dilute the
samples. Petroleum ether was chosen as a cheap, easily handled
solvent.

EXPERIMENTAL CURVES AND NUMERICAL RATING OF OILS

If the transmission vs. wave-length values for a typical quench-
ing oil are plotted, curve 1 in Figure 1 is obtained. Curve 2
represents the spectral curve for the same oil heated 2 hours at
260° C. If the ratio quotient of these two curves is plotted with
the transmission value of the unheated oil at 100 we obtain a
curve similar to function 3 on the graph. Table Il
lists the calculated and observed values for these
relative transmissions. The value of the relative
transmission curves lies in their evaluation of the
oxidation products formed in the oil. The exact
nature of the oxidation products producing these
curves is unknown, though thought to be tied up
with the formation of the polymer “precipitables”.

These relative transmission curves are observed
to vary widely from oil to oil in the position and
character of the absorption peak (minimum trans-
mission), as can be seen in Figure 2 in which several
commercial quenching oils are graphically com-
pared. In general, the more highly refined oils show
absorption peaks further toward the violet than do
oils containing aromatic compounds. This shift in
absorption peaks is misleading in oils which are
evaluated on the basis of visible color only.
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colored oil similarly treated. Under some condi-;
tions, usually oils heated at relatively low terrHe
peratures (150° C.), abnormal curves may be
obtained which show several relative absorption
peaks occurring after heating for various lengths of
time.

DILUTION EFFECTS

When working with dark-colored oils or light-
colored oils having a large absorption in the near
ultraviolet region, it is necessary to dilute the
samples with a neutral solvent to obtain a maxi-
mum sensitivity. A high-boiling petroleum ether
was chosen. Dilution with ethyl ether and chloro-

700 form resulted in curves similar to those with
petroleum ether; only a slight difference was
noted in the lower relative transmission values of
the oils diluted in chloroform. This lowering
ofethe transmission values is believed to be as-

sociated with the solubility of the “insolubles” in chloroform
over that of the petroleum ether. The use of a low-boiling
petroleum ether (isopcntane) is not practical, since it rapidly
precipitates the polymers from the more highly oxidized
oils. Dilutions were accomplished with the aid of calibrated
pipets.

The most obvious result of dilution is the large shift in the
absorption peak. This amounts to as much as 110 mu in oils
diluted up to 5% with petroleum ether. All oils investigated
exhibited approximately the same displacement of the absorption
peak with dilution. Figure 3 illustrates this effect. The shift
in absorption is not dependent on purity, sample 3 being nearly
a pure paraffin oil.

It is obvious that Beer’s law will not be rigorously followed by
a solution showing such a large shift of the absorption peak as is
exhibited with heated quenching oils. Figure 4 shows that there
is a uniform change upon dilution in the general nature of the
curves. The region of the curve on the ultraviolet side of the
peak exhibits a steeper slope than the curve on the red side.
These properties mustbeconsideredbeforeinvestigatingBeer’slaw.

To study the extent to which Beer’s law is followed, the per
cent composition (by volume) is plotted against the extinction
(log \/T) at the peak absorption and at a constant wave length
(500 and 550 m”). The graph in Figure 5 shows a curved line for
extinctions at peak absorption in the case of the three oils plotted. .
At 550 m*t the curve, though of lower slope, approaches a straight
line. When a filter photelometer is used, the curve is a modifica-
tion of those at 500 and 550 m/r for any given oil. From these

HEATED 2 HRS. AT 260" C.

HEATED2 HRS. AT 260°C DILUTED IN PET. ETHER
DILUTED IN PET. ETHER
UNDILUTED
PERCENT
Figure 3. Absorption Peak Displace- Figure 4. Relative Transmission vs.

An oxidized oil of light color may actually contain
more oxidation and polymer products than a dark-

ment vs. Per Cent Composition

Wave Length
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data it is apparent that Beer's law may be used to correct for
dilution only to a rough approximation when the wave length is
given.

EVALUATION OF OXIDATION STABILITY

Fenske (2, 3) reports the rate of oxidation of lubricating oils to
double with each 10°rise in temperature between 140° and 180° C.
He has likewise found that the rate of production of volatile
and fixed acids, lacquers, and precipitables follows a simple
logarithmic function. Small discrepancies with precipitables
have been assigned to their “solubility” in isopentane.

Extinction vs. Per Cent
Composition

Figure 5.

Three types of curves become evident when the length of heat-
ing time is graphed against the amount of oxygen absorbed.

The graph in Figure 6 illustrates this. Curve 1 is character-
istic of relatively pure hydrocarbon oils and indicates a uniform
rate of oxidation. Curve 2 shows a “period of induction” where
the rate of oxidation is slight. After a short time, the oil usually
oxidizes at a rate equal to or greater than that of a saturated
hydrocarbon. This period of induction may be ascribed to the
effect of some natural or added inhibitor. Curve 3 is character-
istic of oils heated in the presence of a metallic catalyst, such as
the metal of the casting to be quenched. In lubricating oils the
metals usually catalyzing oxidation are lead, iron, and copper;
in the quenching of aluminum alloys, small percentages of copper
may be the predominant catalysts, although many of the authors’
experiments indicate that aluminum is not wholly inert (see
TableTV).

I't is possible to study the relative rates of oxidation of oils by
heating a series of oil samples under known conditions of time and
temperature and comparing the relative transmission values. In
this study the samples were heated in test tubes immersed in an
oil bath whose temperature was maintained within 1° of the
desired temperature. Only samples from the same series have
been compared. The rates of oxidation as shown by this method
are not maximum rates of oxidation because of mechanical
hindrance of the test tube in permitting the maximum rate of
oxygen absorption, but the conditions more exactly parallel those
of an actual quenching tank.

The graphs in Figure 7 show the effect of heating various
commercial oils at 210° and 260° C. Extinctions are plotted
against time of heating, all oils being diluted 1to 5 with petroleum
ether. The slope of such a curve is a measure of the rate of
oxidation. In general, the better quenching oils show a period of
rapid oxidation followed by a uniform decomposition.

The addition of an antioxidant retards the initial rate of oxida-
tion, but it soon approaches the same rate as the untreated oil.
Heating in the presence of a metal catalyst (aluminum alloy
turnings) further accelerates initial oxidation in most circum-

Figure 6. Rate of Oxidation

stances. If the oil is drastically purified and its rate of oxidation
plotted, from the beginning a uniform rate of oxidation is ob-
served. The conclusions to be drawn from these curves are that
oils containing aromatic components experience a rapid initial
oxidation, while antioxidants inhibit oxidation and catalysts
accelerate oxidation. As soon as the less stable components are
removed the remainder of the oil (presumably of a more stable
naphthenic nature) oxidizes at a uniform rate. Hence, in so far
as oxidation stability of quenching oils at a high temperature is
concerned, the initial composition (or purity in the sense of more
stable hydrocarbons) of the oil is the determin-
ing factor. While keeping in mind that maxi-
mum rate of absorption of oxygen was not at-
tained in the samples subjected to spectrophoto-
metric tests, it appears that this rate of oxidation
with rise in temperature is not so large in the
range 200° to 260° C. as it is at lower tempera-
tures except during the short initial oxidation.
In these tests the rate of oxidation has doubled
in the 50° rise between 210° and 260° C.

STUDY OF ADDITIVE ACTION

Most additives used in lubricating oils con-
tain the following essential ingredients: deter-
gents, antioxidants, film strengtheners, and polar
compounds designed to improve the lubrication
at the surface of the metal. Additives used in
quenching oils act primarily to improve oxidation
stability and heat conduction.

The function of detergents is to minimize sludge
formation and maintain a clean metal surface
by inhibiting lacquer formation and buffer acids
produced on oxidation (?). Most antioxidants
contain hydroxyl or amino groups or compounds of phosphorus,
sulfur, selenium, antimony, arsenic, and germanium. Many
theories concerning their mechanism in oils may be found in the
literature (2, 3,4). Oneimportant function of some antioxidants
lies in poisoning the metallic catalysts. Phosphites have re-
cently been found to increase the proportion of water formed by
absorbed oxygen (2, 3), while forming phosphides with suspended
metals.

With the aid of the spectrophotometer it is possible to study
the antioxidant properties of additives. In general, additives
containing antioxidants inhibit the oxidation of the less stable
components of the oil. When the antioxidant is added to a
highly purified oil the oxidation of the oil is accelerated.. This
effect may be ascribed to the oxidation of the antioxidant itself.
In Table 111 are compiled the relative transmission values at peak
absorption for quenching oil 6 with the additive and its separate
components and for sample 6 drastically purified (filtered system
oil) by long oxidation and filtration with activated clays. In
both oils the halogenated ester has little effect on the oxidation of
the oil. The detergent and sulfurized olefin show the greatest

Table 111 Relative Transmission Values at Peak Absorption

(Undiluted, heated at 200° C.)

Heated
1.6 Hours

32 (445 mii)
27

Heated
3.5 Hours

7 (455 mfi)
8.5

Sample

System oil filtered
5.0. filtered + aa 0.3%

5.0. filtered 4- b 0.06% 31 10
5.0. filtered 4- ¢ 0.12% 27 8.0
5.0. filtered + d 0.12% 34 . 1 .
0il 6 15 (465 m/i) 3.9 (480 m/i)
Oil 6 + a 0.3% 24 7.7
Oil6 + b 0.06% 15 4.2
Oil 6 4- ¢ 0.12% 22 7.3
Oil 6 + d 0.12% 21 8.0

aa. GLC-I composed of b, ¢, and d.
b. Chlorinated methyl ester.
c. Detergent.
d. Sulfurized olefin.
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Table 1IV. Additive Action

(Heated 3 hours at 210° 1 Petroleum ether)

Transmission Values
at Peak Absorption

28 (420 m/i
31.% )

Sample

Oil 6 and lard oil
Oil 6, lard oil, and Al

Qil 6, lard oil, and additive | 43
Oil 6, lard oil, additive I, and AL 39
Oil 6, lard oil, and additive 11 34
Oil 6, lard oil, additive 11, and Al 42

inhibitor action on the untreated oil while producing but slight
effect on the filtered oil. Apparently the detergent is the most
“active” ingredient in the additive.

Table IV demonstrates the effect of heating the quenching oil
with a metal. The aluminum used in this series was in the form
of turnings obtained from an aluminum alloy casting. Two
types of additives were introduced into samples of the oil: GLC-
I, the same as discussed above, and GLC-II containing a phos-

phite. In all cases the additive has a beneficial effect in inhibit-
ing oxidation. The effect of the aluminum turnings is relatively
slight. The increased stability produced by heating oil 5 with

aluminum may be attributed to the formation of an aluminum
soap with the acids produced by oxidation. The additive GLC-I
seems to react with the metal in such a way as to limit its value in
inhibiting oxidation, while the second additive is favored by the
presence of the aluminum.

CHANGES IN OIL UPON QUENCHING

A series of quenching oil samples from the quenching tanks of a
large aluminum foundry was obtained. To the base oil (No. 5)
had been added 0.85% lard oil for wetting purposes. Subsequent
heating tests indicate little further decomposition of the lard oil
over that of the quenching oil when heated at 260° C. To this
base oil containing lard oil was added 0.3% of additive GLC-I.
If the transmission curves for this composite oil are determined
with respect to the oil without the additive, a slightly increased
absorption of light is observed which may be ascribed to the
color of the additive (Figure 8). However, after the additive has
been in the oil for several months the oil actually becomes lighter
in color. The effect of decreased light absorption is even more
marked in the case of additive GLC-Il (freshly added). In this
instance, the absorption peak occurs near the absorption peak of
the heated oils.

DILUTED 15 IN PET. ETHER
HEATED AT 210" C.

UNFILTERED

ILTERED + GLC-I

ILTERED OIL

UNFILTERED OIL

ILTERED OIL

5 HOURS HEATED

Figure 7. Extinction vs. Length of Heating
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SYSTEM OILS CBASE OIL NO. 5)

DILUTED B5 IN PET. ETHER
ILTERED OIL

11 FILTERED OIL HEATED 4
HRS AT 115°C

6 (OLD!

Figure 8. Relative Transmission vs. Wave Length
Table V. Transmission Values of System O il Relative to O il
Number
(At different dates with continuous use in quenching tank)
Wave Length, 2/11 2/11
M/i 12/7 12/18 1/12 Unfiltered Filtered
340 43 40 32 30 112
360 42 37 30 29 115
380 39 32 25 24 117
390 137
400 17 16 12 12 170
410 5 2.2 167
420 3.7 3.1 2.6 1.7 158
430 2.6 2.0 1.8 1.2 142
440 2.3 1.8 1.2 1.0 135
450 2.9 2.0 1.1 1.0 129

460 4.0 2.3 1.3 1.2

470 6.0 3.4 2.0 1.8 i17

480 8.7 5.0 3.0 2.5

500 17 11 7.0 5.2 i

540 36 29 21 18 104

600 63 56 47 44 100
Table VI. Strain in Quenched Castings Compared with Stability

of System Oils

(Relative transmission at maximum absorption. Heated at 200° C. Di-
luted 1 to 5 with petroleum ether)

Average Strain in
Castings, Inches
of Bow on Stress

Heated Heated

Sample Relief 1 Hour 2 Hours
Oil 6 0.055 48(420) 35 (420
12/7 0.095 34 (465) 12 (460
12/18 (first additive 0.065 42 (470 475
1/12 (new additive 0.045 66 (480 480
2/11 unfiltered 0.052 54 (475 485
2/11 filtered 0.030 85(410) 62 (410
9/11 (6 months’ use of oil without
further filtering) 0.045 70 (410) 58(410)

Table V lists the transmission values for samples of quenching
oils taken from the quenching tanks at different dates. These
samples have not been heated subsequent to removal from the
quenching tanks and are relative to the base oil (5) with lard oil
and GLC-l (all diluted 1 to 5 with petroleum ether). The
transmission values show increasing oxidation over a period of 4
months when the oil was filtered with a clay adsorbent. The
filtered oil has a peak transmission 170% greater than the original
oil.

If these system oils (from the quenching tanks) are further
heated under the laboratory conditions described and the relative
transmission curves of the laboratory heated to unheated oils are

determined, some information may be had as to the stability of
the oil at any time during use in the tank. These values (for peak
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relative transmission) are given in Table VI. It might be ex-
pected that the stability of the oils should remain constant after
the initial heating period (in the quenching tank) but considera-
tion must also be given to the part that new additions of oil,
additive, and dissolved aluminum play as the oil is used. The
oil filtered after many months of use is observed to be far su-
perior in stability to any new oil. There is a good correlation be-
tween these relative transmission values and the strain induced
in the aluminum alloy castings quenched in the respective oils.

350 450 550
WAVE LENGTH (MU)

Figure 9. Per Cent Relative Transmission vs. Wave Length

The strain values in Table VI are the amount of bow in inches
in the casting during stress relief wdien the casting is sawed nearly
through with a series of parallel saw cuts by a standard procedure
for the foundry. Experience in motor performance has shown
that a bow less than 0.25 cm. (0.050 inch) has never resulted in
failure, but that it is essential to maintain a value less than this
maximum. The relation betw'een relative transmission and bow

is not linear in this instance, but this could hardly be expected
with an oil which is continually,being renewed with fresh oil, two
additives of two additive blends, and other variables operating.
W ithout exception, however, in quenching in this 18,925-liter
(5000-gallon) tank and in 567-liter (150-gallon) tanks in which
single castings are submersed, the lower the relative transmission
index number, the higher the residual strain in the castings. It is
a curious fact that the variations in strain follow the index num-
bers in Table V1 (relative changes of the oil at any given stage on
further oxidation) and not those of Table V (ratio of the trans-
mission of the oil at any stage in the tank to that of the original
unused oil).

A further effect is noted when 4he filtered system oil is heated
for 4 hours at 115° C. Under these circumstances the heated oil
shows a transmission 126% greater than the unheated filtered oil.
Some inhibitor appears to be in this oil, perhaps a stable product
from the original additive or from the clay adsorbent. The
nature of the transmission vs. wave-length curves for a few of the
system oils is given in Figure 9. It is interesting to note the
correlation between the absorption curves for samples heated in
the laboratory alone and the oils from the quenching tanks.

THEORY OF OPTICAL EVALUATION OF OIL DETERIORATION

The above data suggest a theory upon which the observed
phenomenon may be explained. Two basic readings may be
observed: the natural and relative transmissions which mean
natural color and color induced in the oils upon heating. The
natural transmission curves are broad and affected to a lesser
extent by heating and diluting than the relative transmission
curves. The natural transmission curves are the result of
colored materials originally present in the oil in addition to any
products of oxidation, while the relative transmission curves are
characteristic of the heated products of the oil alone. There
appear to be three fundamental processes at work in the oil to
produce the relative transmission values: absorption, fluores-

Figure 10. Particles Suspended in
Oxidized Oils
I.  Zeiss Ultraphot 0.65 N.A. objective, X600.
Heated quenching oil
Il.  Electron micrograph, X1000. Unheated
filtered system oil
IIl.  Electron micrograph, X1000. Filtered sys-
tem oil heated 14 hours at 210° C.
IV. Electron micrograph, X1000. White oil
heated 14 hours at 210° C.
V. Electron micrograph, X2000. OH 5.
Lard oil, GLC-I, heated 14 hours at 210* C.
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cence, and scattering. To what extent each of these processes
enters has not been determined, though scattering is believed to
play a large part.

The large shift in the absorption peak on dilution with little
variation with different solvents does not seem to find adequate
explanation on the basis of absorption, while the nature of the
curve does not seem to favor explanation on the basis of fluores-
cence. If absorption were due to fluorescence the transmission
curve would be expected to change sharply on the long wave-
length side rather than on the short wave-length side of the ab-
sorption peak.

The remaining explanation lies in scattering of the light. The
presence of finely divided particles suspended in oxidized oils has
been known for some time. The “precipitables” are probably a
class of these particles. The word “class” is used, since the
precipitables can be only the larger of the particles.

Figure 10 illustrates the type of particles to be found in the oil.
Photograph | was taken of an undiluted heated oil sample at 600
magnification with a Zeiss 0.05 N.A. objective lens in a Zeiss
Ultraphot. The particles appear spherical with a tendency to
coalesce. Measurement of the size of these particles leads to
approximately 0.5m. 1l to V are electron micrographs at 1000
to 2000 diameters. The specimens were diluted approximately 1to
20 with a benzene drop placed on a collodion film backed with a
200-mesh copper screen and the excess oil removed. It is of
interest that any particles appear, since they might be expected to
dissolve in the benzene if they are the precipitables.

If these relative transmission curves are actually a measure-
ment of the amount of particles in the oil, the results may indicate
the mechanism by which the conduction properties of a quenching
oil change on use. The presence or growth of large quantities of
particles may have a large influence on the heat conduction from
a hot casting. This is indicated by the fact that when particles
are completely removed by filtration as proved by electron micro-
graphs, the residual strain in castings quenched in this oil as
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measured by the bow when the castings are sawed nearly through
vertically is decidedly lower than that found in castings quenched
in the same oil before filtration. Furthermore, after this filtra-
tion following months of deterioration of the oil, remarkable
stability is maintained, since in 6 months of continuous use the
average strain in castings has increased only from 0.45 to 0.1125
cm. (0.030 to 0.045 inch) and the relative transmission value has
decreased from 85 to 70. There is clear evidence from small-
scale experiments that with each filtration the stability of this
particular oil is still further improved, so that only a very occa-
sional batch operation is required. This may not apply, of
course, to other types of quenching oils.
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in Cotton Fiber

Extraction Method

CARL M. CONRADYJ Cotton and Fiber Branch, Office of Distribution, War Food Administration, Washington, D. C.

A new technique is described for the determination of the wax of
cotton fiber. It consists of a two-step process in which the wax is
first extracted with hot 95% ethyl alcohol and then transferred to
chloroform through a phase-separation process, in order to eliminate
sagars, mineral constituents, and other nonwaxy constituents re-
moved at the same time by the alcohol. The wax is extracted from
cotton fiber more rapidly by hot alcohol than by chloroform, the
most rapid and adequate of a considerable number of common wax
solvents previously studied. The wax thus determined contains a
negligible amount of mineral impurities and is less contaminated
with sugars than that determined in the usual Soxhlet extraction.

T IS often desirable to know the wax content of different varie-

ties and strains of cotton, as well as of various cotton prod-
ucts which have been subjected to kiering, scouring, or other
treatments.

Methods previously available for the determination of wax in
raw cotton are not entirely satisfactory.

A method worked out by Clifford, Higginbotham, and Far-
gher (5) and based on the study of a number of solvents recom-

1Present address, Southern Regional Research Laboratory, New Orleans,
La.

mends extraction of 100 grams of cotton with chloroform "in a
hot Soxhlet apparatus” for a period of 6 hours; “where it is neces-
sary or desirable, however”, the quantity can be reduced to 20
grams and the extraction period to only 3 hours. The use of
chloroform, especially “hot”, is somewhat objectionable, and the
quantities of cotton prescribed are large, often not available,
and also beyond the capacities of most conventional Soxhlet ex-
tractors. These investigators also recommend that carbon tetra-
chloride be employed “to give an approximate estimate of wax
in cotton, the conditions of time and quantity of material being
those already outlined in the case of chloroform”. Carbon tetra-
chloride is rather selective in its action and thus gives a less com-
plete extraction of the wax. These investigators studied a
number of other solvents, although not ethyl alcohol.

Ahmad and Sen (1) employed a sample of only 2.5 grams of cot-
ton and extracted for 4 hours. They used hot benzene which,
according to Clifford, Higginbotham, and Fargher, extracts more
completely than carbon tetrachloride, but less completely than
chloroform. It is inflammable, in contrast to carbon tetrachlo-
ride.

In addition to chloroform, benzene, and carbon tetrachloride
in the cold, Clifford, Higginbotham, and Fargher studied the
selectivity and solvent extraction rate of hot and cold petroleum
ethers (boiling point 40° to 60° and 60° to 70° C.), hot and cold
ethyl ether, hot benzene, and hot chloroform. In referring to
ethyl alcohol, they stated that it is known to dissolve substances
other than wax from cotton. Their results showed that hot ex-
traction, in general, removed in 30 hours or longer more waxy
substance than cold extraction and that, of the solvents used,
chloroform, benzene, and carbon tetrachloride, in the order
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named, were decreasingly efficient. In all cases the extraction
seemed to take place in two stages. During the first stage the
extraction is rapid; during the second it is slow, proceeds at a
diminishing rate for a long period of time, and appears to be con-
cerned with a different kind of material, difficultly soluble in the
solvent. The authors concluded, therefore, that routine meas-
urements with different solvents merely permitted the extractive
matter to be divided into classes of varying solubility.

5 07

0 t 2 3 4 5. 6
TIME OF EXTRACTION, HOURS

Figure 1. Comparative Amounts of Cotton Wax Extracted with 95%
Ethyl Alcohol (Full Lines) and with Chloroform (Broken Lines)

Upper. Very high-wax (green lint) cotton® Sample 3120CX
Lower. Cotton of normal wax content. Sample 109CX

The heterogeneity of cotton wax from representative samples
of American and Egyptian cottons was demonstrated by the
rather extensive studies of Fargher and Probert (7), Clifford and
Probert (4), and Fargher and Higginbotham (6). These workers
found that the crude wax contains such widely diverse classes as
long-chain aliphatic mono-, di-, and trihydroxy alcohols, aliphatic
acids and esters, sterols, sterol glucosides, a mixture of hydro-
carbons, resin acids, and resefies. It is therefore little wonder
that the attempt to extract these substances simultaneously with
a single "fat solvent” should be beset with considerable difficulty.

Hess (S, p. 205) points out that, in general, the maximum
amounts of resins, fats, and waxy substances are extracted from
cellulosic materials with acetone or hot alcohol. He credits
Sehunk (3, p. 206) with the statement that cotton wax is easily
soluble in ether and hot alcohol and on cooling separates from the
latter in the form of a white gel consisting of microscopically
fine crystals. He gives Schwalbe credit (3, p. 249) for the state-
ment that equal parts of alcohol and benzene are appropriate for
the quantitative determination of resin, fats, and waxes in cellu-
losic materials. It will be noted that these authors prefer some-
what different solvents for the removal of waxes from these
materials than those recommended by Clifford, Higginbotham,
.and Fargher (S) for their quantitative determination.

Maclean and Maclean (3, p. 67) point to the fact that alcohol
moften removes with case fats and other lipids that are removed
eonly in part or not at all by the usual fat solvents. Bloor (2,
p. 264) considers that boiling alcohol gives the most complete
eextraction of lipids from tissues of any solvent.

A technique used by Thor and Smith (it), in which chloro-
form was employed to remove the fat and wax from the alcoholic
extracts of pecan fruits before undertaking sugar analysis, first

suggested a new technique employing alcoholic extraction, for
the determination of wax in cotton fiber. In this the waxy mate-
rials are first extracted by the more rapid and inclusive solvent,
95% ethyl alcohol, and then separated with the aid of chloroform
from the nonwaxy substances. The successful use of this method
over a period of some four years on hundreds of samples of raw
cotton has seemed to justify its publication.

COMPARATIVE EXTRACTIVE EFFICIENCIES OF CHLOROFORM AND
ETHYL ALCOHOL

It is appropriate first to establish the advantage of ethyl alco-
hol over chloroform as a solvent for cotton wax.

Two cottons, one of low and the other of very high wax con-
tent, were chosen. For high wax content a 5-gram sample of
green lint cotton, studied by Conrad and Neely (5) and having
a wax content of about 13%, was employed. For the low-wax
cotton a 10-gram sample of ordinary white cotton was used. In
each case duplicate samples were weighed out and placed in the
extractive compartments of "large” (50 X 250 mm.) Soxhlet
extractors. To one set of extractors were added 250 ml. each of
chloroform (U.S.P. X1, for anesthesia) while to the others was
added an equal volume of 95% ethyl alcohol. Heat was applied
to the flasks and the time was noted when the solvent began to
condense and fall on the sample; the extractions were continued
exactly 2 hours. The extractions were then interrupted, the
flasks with extracts set aside, and new flasks with new solvent
substituted. The extraction was again continued exactly 2
hours. Both sets of extractions were interrupted in the same
way twice more at 1-liour intervals.

In the light of the work of Clifford, Higginbotham, and Far-
gher (3), the total material extracted by the chloroform may be
considered to be wax. However, the waxy material in the alco-
holic extract had to bo separated from sugars and other nonwax
constituents, removed at the same time, by mixing with chloro-
form and separating into two layers with water, in a manner de-
scribed below. The accumulated percentages of wax, obtained at
the end of the successive periods, are shown by curves in Figure 1

By reference to Figure 1 it will be seen that not only did 95%
ethyl alcohol extract the wax more rapidly than did chloroform,
but at the end of 6 hours it had extracted a larger quantity.
The total wax extracted in 6 hours with alcohol and separated
with chloroform was 15% greater than that extracted with chloro-
form alone from Sample 109CX, and 75% greater than that ex-
tracted with chloroform alone from Sample 3120CX. After 2
hours alcohol had extracted as much as or more wax than was
obtained with a 6-hour extraction with chloroform.

From Figure 1 it would appear that extraction is not entirely
complete after 6 hours even with alcohol. In the case of routine
work complete extraction is often not practicable.

For example, although Clifford, Higginbotham, and Fargher
(3) actually recovered small but measurable quantities of wax
after 35 hours, they recommended only 3 hours for the extraction
of a 20-gram sample of cotton with hot chloroform. In the case
of an Egyptian cotton extracted with hot chloroform they ob-
tained 0.61% wax after 4 hours, but 0.72% at the end of 32
hours. On the other hand, using cold chloroform on the same
cotton they obtained only 0.57% wax after 4 hours and 0.65%
after 32 hours. On an American cotton cold chloroform gave
them under the same conditions 0.60 and 0.63% wax, respec-
tively. Ordinarily, an extraction period extending beyond
about 6 hours is impracticable from a routine standpoint.

The sizes of samples used for the experimental results shown in
Figure 1 were one half and one fourth as large, respectively, as the
smallest recommended by Clifford, Higginbotham, and Fargher,
and the extraction was continued for 6 hours instead of 3. For
the low-wax cotton the percentage increase in total wax, obtained
at the end of the 5th and 6th hours, as compared with that at the
end of the preceding hour, was approximately the same for either
alcohol or chloroform and less than 3.5%. Waith the high-wax
cotton on the other hand, whereas alcohol extracted 2.14 and
1.58% additional wax during the 5th and 6th hours, respectively,
chloroform extracted 10.5 and 8.1%, respectively. In view of
the greater total quantity of wax removed, especially in the case
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of the high-wax cotton, advantage of alcohol over chloroform—
the most adequate solvent of those studied by Clifford, Higgin-
botham, and Fargher—is clearly demonstrated.

TRANSFER OF WAXES FROM ALCOHOL TO CHLOROFORM

The successful use of ethyl alcohol as a wax solvent requires a
subsequent treatment to separate the wax from any sugars,
amino acids, or other alcohol-soluble, nonwax substances.

Various preliminary experiments were carried out in which the
alcohol was evaporated to a very small volume and the resulting
mixture washed with water and with various wax solvents, includ-
ing petroleum ether, ethyl ether, carbon tetrachloride, benzene,
and chloroform. Invariably, emulsions were obtained which
were unmanageable. Evaporation of the extracts to dryness be-
fore use of the wax solvents not only led to the same difficulties,
but in addition, the waxy constituents were difficultly and in-
completely redissolved.

The preliminary extraction of the cotton with water to remove
the nonwax constituents, followed by extraction with alcohol to
remove the waxes, proved unsatisfactory, since the water did not
wet the cotton readily, often not completely even after 4 hours
in the Soxhlct, and channeled through the sample. It was recog-
nized also that hot water might melt some of the waxes and carry
them over by entrainment, thus giving low wax results.

The successful procedure, finally adopted, based on the experi-
ments of Thor and Smith (11) and additional suggestions by
Thor (10), consisted in the combination of the hot alcoholic ex-
tract of the waxes with an equal volume of chloroform, giving a
homogeneous solution, and the separation of this into two phases
by the addition of water. The waxes are retained by the chloro-
form layer, whereas the nonwax substances go into the alcohol-
water layer.

The completeness with which the wax was transferred to the
chloroform layer was demonstrated for both high- and low-wax
cottons by separating the first chloroform layer in a separatory
funnel, adding new portions of chloroform, and determining the
additional amounts of wax obtained. Thus, in a series of samples,
using 100 ml. of chloroform for the original separation, and
three successive 50-ml. quantities of chloroform to wash the
alcohol-water layer, the distribution of wax in the successive
portions of chloroform was 99.25, 0.55, 0.10, and 0.10% of the
total, respectively. The alcohol-water layers, also, were evapo-
rated to dryness and further examined, both for wax content and
for nonwax alcoholic extractives. Any wax obtainable from
these layers amounted to less than 0.02%, absolute, while the
nonwax residue amounted to 0.75to 1.30% of the sample, depend-
ing on the sample used. It is thus evident that the transfer of
.waxy substance from alcoholic solution to chloroform is very
complete with the first 50-ml. chloroform wash.

AMOUNT OF ASH CARRIED TO CHLOROFORM WITH WAX

Experiments were conducted on both low- and high-wax cot-
tons which showed that while the alcoholic extractions removed
37% of the total mineral constituents from the low-wax cotton
and 25% from the high-wax cotton, the greatest weight of ash
found in the wax was 0.7 mg., and the average was 0.3 mg.
These figures are equivalent to a maximum error in the wax con-
tent of 0.44% or an average error of only 0.15%. It is thus evi-
dent that no appreciable error is introduced into the wax results
through transfer of mineral constituents from the alcoholic to the
chloroform solution.

AMOUNT OF SUGARS CARRIED TO CHLOROFORM WITH WAX

The question also arose as to whether any appreciable quantity
of sugars (which are contained in cotton fibers in slight amounts
and dissolve in 95% ethyl alcohol) .could, because of slight solu-
bility in chloroform, be transferred over into it and thus lead to
greater apparent weight of wax than actually exists. Sugars
would be about the only other nonmineral, nonwaxy constituents
known to be present which are soluble in aqueous alcohol and
might be soluble to a slight extent in chloroform. No exactly per-
tinent data could be found in the literature.
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To decide this question duplicate 1-gram samples of dextrose,
the principal sugar found in the fiber, as well as like samples of
sucrose and levulose were dissolved in 100-ml. quantities of 95%
ethyl alcohol, transferred to 100 ml. of chloroform, and washed
with three additional successive 50-ml. portions of chloroform
in the same way as was done above with the alcoholic extracts
of the fibers. The chloroform extracts were evaporated to dry-
ness, first on the steam bath and then in the vacuum oven at
80° C. The residues were weighed and the weights of the sugars
found in this way are shown in Table I.

Table 1. Sugars Transferred to 250 M. of Chloroform
(By distribution from 95% ethyl alcoholi)c solutions containing 1 gram of the
sugar

Residue from Sugar
Sugar Taken Chloroform Recovered
Mg. Mg.
None 0.9
0.9
Dextrose 3.4 2.5
3.8 2.9
Sucrose 1.1 0.2
1.2 0.8
Levulose 1.9 1.0
1.8 0.9

By reference to Table I it will be seen that the chloroform itself
contained a very slight residue. Very small quantities of sugar
dissolved in the chloroform, the amount being somewhat the
greatest in the case of dextrose. Assuming a 10-gram sample of
cotton of about average wax content of 0.5% and dextrose as
only sugar in the fiber, the error caused by a saturated solution of
this sugar in 150 ml. of chloroform (two washes of 100 and 50 m1.;
respectively) is slightly over 3% of the wax. On the other hand,
it is evident that in a conventional extraction where the chloro-
form would be used directly in the Soxhlct apparatus to remove
the wax, and where through repeated siphoning the effective
volume of the chloroform is many times that actually present,
a much greater quantity of sugars could be dissolved if present.
In fact, an actual experiment showed that under these conditions
from 10 to 25 times as much sugar could be extracted in a 6-hour
extraction period, and deposited in the extraction flask. The
use of alcohol for the extraction, with subsequent transfer to
chloroform, thus avoids a serious source of error which can be
present if chloroform is used directly as the wax solvent.

PROPOSED METHOD FOR DETERMINATION OF TOTAL WAX IN
COTTON FIBER

The following method is proposed for the determination of total
wax in cotton fiber and similar materials.

Place 5 to 10 grams, depending on the wax content, of well
cleaned fiber in a coarse thimble in a large Soxhlct (50 X 250
mm.) extractor assembled ready for operation. Add 250 ml. of
95% ethyl alcohol to the extraction flask and adjust the gas
flame or other source of heat until the liquid siphons over at 3 to
4 minute intervals. Continue the extraction for 6 hours. Turn
off the heat, lift condenser, and remove the thimble and sample
from the extraction compartment. Replace condenser and
continue heating until part of the alcohol has passed over to the
extraction compartment of the Soxhlet and only 75 to 85 ml. of
liquid remain in the extraction flask.

While still warm (above 60° C.), or after warming if the ex-
tract has been allowed to cool, transfer the alcoholic extract to a
500-ml. separatory funnel. Wash out the Soxhlet flask with
several 5-ml. portions of hot 95% ethyl alcohol and add addi-
tional alcohol, so that the final volume is approximately 100 ml.
Add 100 ml. of reagent or U.S.P. X| grade chloroform to the
separatory funnel and mix thoroughly. This should give a com-
pletely homogeneous solution. Now add to this alcohol-chloro-
form solution 75 ml. of water and agitate somewhat to cause
mixing and separation of two distinct layers, the chloroform
layer being at the bottom. Do not agitate violently, as this is
unnecessary and tends to cause permanent emulsions to form
in some cases. Allow the two layers to stand until they become
clear. This may take overnight. Draw off the chloroform layer
and set aside in a 250- to 300-ml. Erlenmeyer flask. Add a
fresh 50-ml. portion of chloroform to the separatory funnel.
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agitate gently, and again allow the layers to separate. This
tim¢ the separation should be complete in a couple of hours.
The wax is now practically completely in the chloroform layer.

It is probably desirable to wash the chloroform solution of ex-
tracted wax at least once with water. Therefore drain the
separatory funnel and discard the spent alcohol-water solution,
which also contains the sugars and other alcohol-soluble, non-
waxy substances. W ithout washing the funnel, pour the chloro-
form solution of wax back; add about 100 ml. of distilled water,
shake carefully, and allow the two layers to separate. When
separation is complete, draw off the chloroform layer, receiv-
ing it into the same Erlenmeyer flask from whence it was last
taken. Now add two 5-ml. portions of fresh chloroform succes-
sively to the separatory funnel, shake well, allow to separate,
and draw off each in turn into the Erlenmeyer flask containing
the main body of chloroform solution. This should complete the
transfer of the wax back into this flask.

Remove the chloroform from the wax by evaporating in tared
100-ml. beakers on a steam bath. The beakers should not be
filled more than half way at a time, because of the tendency for
the chloroform to superheat and boil up slightly at times as well
as to leave a deposit of wax above the solvent on the sides of the
beaker. After the wax residue appears to be dry, cool and
weigh the beakers, then heat them on the steam bath 30 minutes
more, and again cool and weigh. If the weights are not constant,
repeat reheating until two successive weighings agree within
0.1% of the residue weight.
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A Fractionating Column

For Continuous Production of Distilled W ater of High Purity

FREDERIC E. HOLMES

Aero Medical Laboratory, Army Air Forces, Wright Field, Dayton, Ohio

THE entire apparatus shown in Figures 1 and 2, the fraction-
ating column of which is of primary interest here, was used to
prepare redistilled water of high purity from a laboratory supply
of rather poor quality. Long single tubes of small inside diam-
eter and concentric glass tubes, in which the reflux is distributed
on the walls of the tubes have been found to give an efficiency of
up to the equivalent of more than S5 theoretical plates in a length
of less than 150 cm. (5 feet) (2). The present apparatus may be
regarded as two such columns in series, but arranged concen-
trically to prevent loss of heat and to reduce the over-all height.

Accessories shown serve to make the operation of the apparatus
continuous and automatic. The constantrlevel device for con-
trolling the input is a more sturdy modification of one previously
reported (1). To maintain an easily controlled uniform flow of
cooling water through the condenser, an obvious device was used
(constant head, Figure 2).

Present circumstances do not justify a careful study of the heat
exchange and other details of performance of the apparatus. In-
stead, certain seemingly valid assumptions were made, and the
final effectiveness of the column was tested by a simple electro-
metric measurement of the conductivity of the distillate (water).

It is assumed that the greater part of any higher-boiling frac-
tions are condensed in the outer space between the outer air-
cooled shell and the middle concentric tube and are refluxed
back into the boiling flask, and that, at least in the case of water,
any heavier fractions which pass over the top in more than
negligible traces are substances that will readily distill with steam
ana will be carried with the steam to the top of the condenser.
The amount and composition of the first reflux (above) will, of
course, depend on temperature and rate of flow of the vapors,
temperature of the surrounding air, and other factors. The
narrow space between the central and middle concentric tubes
serves to conduct the remaining vapors to the bottom of the
central space and to maintain or slightly increase their tempera-
ture toward the bottom of the space. These vapors then ascend

through the central space to the condenser, which is maintained
by slow flow of cooling water at near the temperature of condensa-
tion of water. As the condensate flows down the walls of the
central tube, it is continually in contact with hot vapor flowing
upward. Any lighter fractions which may have condensed ana
any gases redissolved in the water are assumed to be driven off
again and returned to the top of the column. Gases and lower-
boiling fractions are eventually driven out with a small portion of
steam from the top of the condenser.

On several occasions the performance of the still was tested by
measuring the conductivity of the distillate in a Barnstead
purity meter in terms of an electrometrically equivalent concen-
tration of sodium chloride in solution in pure water. The results
are given in Table I. From these data it is evident that the first
150 to 200 ml. should be discarded, that the still is then clean and

Table I. Conductivity of Distillate (Water) Delivered at 3 to 4
Liters Per Day
. o 4 NaCl
Run  Sample, Portion of Run, Condition of Still, etc. Temp. Equivalent
°F. P.p.m.
1 W ater in reservoir 80 5.8
First distillate taken, read when taken 130 0.3
First distillate taken, after 30 min. 105 0.5
Probable solution of electrolyte from glass
2 Beginning of day, first 150 ml. discarded
First sample, barely in zero range 95 <0.1
End of day, far into zero range 132 <0.1
3 End of 2-liter run, last portion from reservoir
in flask, far in zero range 132 <0.1
4 Still idle 2 weeks; first20 ml. discarded | R
First fraction, 50 ml. after 20 ml. discarded 128 ‘0.7
40 ml. discarded, next 50 ml. taken) 130 <0.1

Second fraction, well in xerorange |

A considerable arc on the meter below 0.1 is marked “zero range”.
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Figure 1. General Arrangement and Proportions
of Column, Boiling Flask, and Accessories

Air pressure communication, constant-level columnto R
Condenser cooling water control capillary
Condenjer cooling water overflow
Condenser cooling water inlet
Feed water (from R into boiling flask)
Constant head device
Constant head device, Inlet (tap water)
Constant head device, overflow
SO-liter bottle, reservoir for feed water
Tube with screwclamp for application of suction J
Tube for refilling R with water
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delivering pure water, and that the production of a satisfactory
distillate is maintained to the last portion of at least 20 liters
from the reservoir.

Space N, Figure 2, separates the condenser from the fractionat-
ing column to prevent overcooling of the first reflux. Space Al,
which is undesirable and is made as small as possible, could be
heated slightly to prevent condensation of lighter fractions, but
for present purposes this has not been found necessary. The
trap serves to prevent loss of vapor and to maintain sufficient
back pressure to force the vapor through the column. If ex-
treme precautions are to be taken, a soda-lime tube or other pro-
tective absorbent may be connected to the trap vent (CaO-NaO,
Figure 2).

A uniform flow of cooling water is essential to proper operation
of the still. This is adequately provided by a constant head or
pressure of water acting against the resistance of the capillary
(Figure 2, C.C.) and by the fixed level of the overflow from the
condenser into an open cup (C.O. in both figures). The device
marked “constant head” in Figure 2 is suitable. Its position
above the column is indicated in Figure 1. By raising or lowering
it, the rate of distillation and the portion of middle fraction re-
jecltledd, hence also the quality of the distillate may be closely con-
trolled.

The constant boiler level control device consists of two parts,
built separately for convenience in fabrication and to decrease
danger of breakage. Air entering the lower section through the
vent, V, passes below the bottom edge of L, upward between the
walls of L and D, through the V-shaped opening in the ring seal
into L and then B, and through the capillary tip of B into the top
section of this column. Water from B and L surges freely down
D when displaced by air, quickly blocking further ingress of air,
but it can flow only slowly past B through the V-shaped opening
in the ring seal at the bottom of B.  Air flows from the top of the
column at A into if, permitting water to flow from if to F.W. If,
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Figure 2. Details of Column, Boiling Flask, and Accessories

Baffle

D. Tube to check air flow and facilitate surge of water

L. Constant-level tube

M. Dead space below central tube

I\\l/. Space separating condenser from fop of fractionating column
Ot

s

Ow

ent
her reference letters same as In Figure 1
Standard-taper joints as indicated

Table Il. Dimensions of Still

Fractionating column, length 600 mm. Condenser, length 300 mm.

Outer tube (shell) 30 mm. O.D. Outer tube 30 mm. O.D.

Middle tube 20mm. O.D.

Central tube 15mm. O.D. Central tube 15mm. O.D.
Shell of lower section of constant-level control above standard

taper ioint, and entire upper section of column 32 mm. O.D.
Shell of lower section below standard taper joint 25 mm. O.D.
Tube B 24 mm. O.D. Tube L 19 mm.O.D. Tube D 14 mm. O.D.

Orifice at top of baffle, B, approx. 0.6 mm. I.D.

Orifice at bottom of shell of lower section, approx. 1.5 mm. I.D.

Bottom edge of L approx. 30 mm. above desired level in flask

Trap at least 50 mm. long between lower end of inner tube and junction of
distillate delivery tube, because of back pressure

Control capillary 0¥c0nstant—head device approx. 1.0 mm. I.D. and 150 mm.
long.including bend

Constant-head device large enough to avoid flooding and splashing

in starting operation, the pressure in R is not sufficiently low to
hold back excess water, it can be reduced further by applying suc-
tion slowly at S. The reservoir can be refilled through W by
placing pinchclamps between A and S and between F.W. and IF
and applying suction at S. The earlier paper (1) gives a more-
satisfactory explanation of the constant-level control.

Considerable latitude is probably permissible in the dimensions
of various parts of the still. Those that may be informative or
critical are listed in Table I1.
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Salicylimines as Organic Précipitants

Quantitative Precipitation of Nickel and Copper and Determination of

Copper in Brass or Bronze

FREDERICK R. DUKE

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

TLING (£) in 1840 showed that salicylaldehyde yields an

insoluble compound when treated with ammoniacal cupric,
nickel, or ferric ions. Schiff (4) showed that the compounds
obtained were complexes of the ion with salicylimine, formed by
reaction of ammonia with the aldehyde, and that primary amines
could replace ammonia in the reaction, giving rise to JV-alkyl
salicylimine complexes. Pfeiffer, Buchholz, and Bauer (3) pre-
pared a number of salicylimine complexes and studied their
properties.

The present work deals with the qualitative reactions of
metallic ions with salicylaldehyde and its 5-bromo, 5-nitro, and
3,5-dibromc derivatives in ammonia and in methylamine solu-
tion. All tests were run in the presence of 5% sodium tartrate
to prevent precipitation of the hydrous oxides. The quanti-
tative determination of copper and nickel in aqueous solution,
and of copper in brass or bronze is described.

REAGENTS

Salicylaldehyde, obtained from the Eastman Kodak Company,
was redistilled and that portion boiling from 195° to 196° C. was
used in the investigation. 5-Bromosalicylaldehyde (m.p.
124° C.), 5-nitrosalicylaldchyde (m.p. 124-125° C.), and 3,5-
dibromosalicylaldehyde (m.p. 81-82° C.) were prepared ac-
cording to Beilstein (1).

Imine Solutions. Salicylimine. Dissolve 1 gram of salicyl-
aldehyde in 100 ml. of 10 to 90 ammonium hydroxide. 5-Nilro-
salicylimine. Dissolve 1 gram of 5-nitroaldehyde in 100 ml. of
10 to 90 ammonium hydroxide. 5-Bromosalicylimine. Dis-
solve 0.25 gram of the 5-bromoaldehyde in 100 ml. of concen-
trated ammonium hydroxide. 3,5-Dibromosalicylimine. Dis-
solve 0.2 gram of the 3,5-dibromoaldehyde in 100 ml. of con-
centrated ammonium hydroxide. The solutions darken and
lose their usefulness after approximately 8 hours.

A-M etiiylimine Solutions. Prepare in same way as imine
solutions, using 25% aqueous methylamine in place of con-
centrated ammonium hydroxide. The solutions are stable for

gamated zinc. The solutions were diluted to contain 1to 2 mg
per ml. for making the tests.

PROCEDURE

To 5ml. of 5% sodium tartrate solution containing 0.5 to 1 mg.
per ml. of the ion were added 2 ml. of the reagent. The solu-
tion was examined for the presence of a precipitate or color. The
sensitivity of the tests was determined by adding 2 ml. of the
reagent to 10 ml. of the ion in appropriate concentration. After
allowing 10 minutes for reaction the tubes were examined for a
Tyndall cone in a narrow beam of light. In each case a blank
was run on distilled water for comparison.

RESULTS

All the metallic ions obtainable in aqueous solution were
tested with the exception of the following: all ions of Rb, Cs, Ra,
Sc, Ac, Zr, Hf, Cb, La, Pa, Ma, Rh, Ir, Tl, Ge, and Po. The
results are summarized in Tables I and I1.

Effect of pH. In all cases the imines are unstable in even
weakly acidic solutions. The precipitates were insoluble in high
concentrations of the amine orammonia. Thus, the insolubility
range in all cases is pH 7-8 to 11-12.

QUANTITATIVE APPLICATION OF SALICYLIMINE

Standard solutions of Cu++ and Ni++ were prepared by elec-
trolysing a known amount of the metal on platinum, removing
the metal plate with nitric acid, and diluting to known volume.
To pipetted samples of the standard solutions were added sodium
tartrate to 5%, followed by an excess of ammonia and salicyli-
mine solution prepared according to the above directions. The
precipitates were filtered through sintered-glass crucibles and
weighed after being dried to constant weight at 100° C. The
factor for converting the copper precipitate to metal is 0.2092,
and the factor for nickel is 0.1963.

Cu Taken, Mg. Wt. of Ppt., Mg. Cu Found, Mg.

( d 9.85 46.9 9.81
long periods of time. ) 9.85 47.1 9.S5
Solutions op Inorganic lons. Stock solutions of known ap- 24.87 118.6 24.81
; ; 24.87 118.6 24.81
proximate concentration were prepared from reagent grade salts, 1958 2369 1956
oxides, or metals, followed in some cases by reduction on amal- 49.58 236.6 49.50
Table |I. Reactions of Salicylaldehyde and Derivatives Ni Taken, Mg. Wt. of Ppt., Mg. Ni Found, Mg.
Salicylaldehyde 5-Nitro 5-Bromo . 3,5-Dibromo 8.91 44.9 8.81
lon NIIj  CHjNIIj NHj CHjNIIi NH, CHIiNHj NH, CHiNH, 8.91 45.1 8.85
22.57 115.4 22.65
Cu++ Green Green Green Green Green Green Green Green 2257 115.2 2261
) PPt. PPt. ppt. PPt prl. ppt. 44.78 227.6 44.68
Ni++ Orange Yellow Orange Yellow Yellow' Yellow Brown Yellow 44.78 228.0 4476
ppt. ppt. PPt. PPt.
Vo++ Red Orange ReRPt- Red Red ReRPt- ReRPt
p(pl. plpt. PPt.
Pd +t YeUow Yellow Yellow Yellow Yellow YeUow Yellow YePfow
ppt. ppt. ppt. ppt. PPt. PPt. ppt. Bppt. Determination of Copper in Brass or Bronze.
Mn ++ roun A 60- to 100-mg. accurately weighed sample of the
Fe+++  Red Red Red alloy is dissolved in hydrochloric-nitric acid (2 mi.
PPt. ; R
Fe++ Ref ReRPY Red Blue Laven- Purple of each of the concentrated acids). The solution
color  ppt. color  ppt. der PPL. is diluted to approximately 25 ml. and sufficient
PPt. i ; H f
Cott Brown Brown Brown Brown Brown Brown sodium tartrate splutlon is added to m_ak_e its
ppt. ppt. PPL. PPt. ppt. PPL. over-all concentration 5%. After making distinctly
Hg++ Yellow ammoniacal with filtered ammonium hydroxide and
Zn ++ Ydlow cooling below 25° C., the salicylimine solution is
Cd++ Yellow {iddgd. After 5 mmu?es in the cold the_ precmltgte
is filtered through sintered-glass crucibles, dried
ReO<* Ye;l)f;?x/ for an hour at 100° C. (never above 105° C.), and
Qualitative reactions in 5% sodium tartrate. indicates no reaction. weighed. Per cent copper is calculated as follows:
% Cu = weight of ppt. X 0.2092 X 100/sample

750
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weight. The procedure was applied to Bureau of Standards

brass 37B and bronze 52 samples, with the following results:

Wt. of Ppt., Bronze®, Wt. of Ppt.,

Brass, Mg. Mg. % Cu M Mg. % Cu
124 .9 421.3 70.56 99.0 418.8 88.50
73 .2 249.5 71.30 64.8 273.7 88.75
79 .6 267.7 70.36 90.0 381.0 88.55
90 .0 323.0 70.38 107.7 455.2 88.42
90 .2 303.2 70.32
67 .0 225.9 70.53
715 241.2 70.57
89 .0 300.3 70.58

Bur. of Standards average 70.36 88.33

a Contains 0.13% Ni, which was not subtracted.

Interferences. The interferences may be found by refer-
ence to Table I. Less than approximately 0.3% of iron does not
interfere.
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Table II. Sensitivity of Reactions
Salicylaldéhyde 5-Nitro 5-Bromo 3,5-Dibromo
lon NHj CHaNHj NHa CHjNHj NHi CIBNHj NHj CHjNHj
Cu++ 0.75 3.5 1.5 1.5 4 2
Ni++ 0.75 3 1 3 2 1.5
CO +4 0.5 1 0.75 1.5 1 1.5
Fe++ 0.1 0.25 0.75

Sensitivity of tests, 10® ml. of solution in which 1 gram of ion can be
detected.
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Determination of o-Xylene in Recycle Styrene

ROLAND P. MARQUARDT and E. N. LUCE
The Dow Chemical Company, Midland, Mich.

A procedure for determining o-xylene in the presence of alkyl-
benzenes and olefinic compounds consists of removing the unsatu-
rates with mercuric acetate, nitrating the o-xylene and other alkyl-
benzenes, and, using a modified Bost-Nicholson reaction, measuring
the color produced by dinitro-o-xylene in a suitable photoelectric
colorimeter. It is possible to detect less than 0.01% o-xylene in
samples consisting largely of unsaturates.

IN THE production of Buna S rubber the recovery of unpoly-

merized styrene monomer is an important factor. Impurities
such as 1,4-vinylcyclohexene, ethylbenzene, isopropylbenzene,
zi-propylbenzene, and o-xylene accumulate in varying amounts,
thus making purification necessary to utilize the unpolymerized
styrene. All these impurities except o-xylene, which boils at
144° C. (styrene boils at 145-146° C.), are easily removed by dis-
tillation. Therefore the analysis of styrene for o-xylene is often
important.

tuszczak (4) developed a method for the determination of small
amounts of xylene in xylene-toluene vapor mixtures in the air
within buildings, in which 7 to 8 liters of air were shaken for half
an hour in a flask with 50 to 100 ml. of alcohol. The xylenes,
which give the same millimolar extinction constant, and toluene,
whose extinction curve is not simultaneously influenced, were
quantitatively determined from the ultraviolet spectrum of the
alcoholic solution. tuszczak (5) also developed a similar method
for the determination of benzene, toluene, and xylene in com-
mercial benzene.

A method for analysis of m-xylene in xylene mixtures by nitra-
tion and fractional crystallization of 2,4,6-trinitro-m-xylene from
acetone was described by Reichel (7).

liester and Holmes (3) analyzed mixtures of paraffins, benzene,
toluene, and xylene by means of fractionation followed by sul-
fonation of the cuts. Zaborowski {12) analyzed various mixtures
of xylene, toluene, and gasoline by sulfonation with a known
amount of sulfuric acid and titration of the excess acid.

An optical method was developed by Schildwiichter (3) in
which vapors of methanol, ethanol, diethyl ether, pentane, hex-
ane,' heptane, benzene, toluene, xylene, and various petroleum
and coal-tar benzines were determined. The requisite percent-
ages were calculated from data obtained by means of an inter-
ferometer.

Norris {6) devised a method for the determination of o-xylene
in xylene mixtures by oxidation with potassium permanganate
to the corresponding phthalic acids, which were separated and
determined. However, this method is only about 90% quantita-
tive.

Although some of these methods are accurate, none seemed
suitable for the analysis of small amounts of o-xylene in the type
of samples under examination. Furthermore, infrared methods
{11) for o-xylene are hot possible in this case because of the inter-
ference of ethylbenzene. Therefore it was found necessary to de-
velop an entirely new procedure.

OUTLINE

. The alkylbenzenes are separated from the styrene, 1,4-

vinylcyclohexene, and any other olefinic compounds present by
reacting the sample with aqueous mercuric acetate and subse-
quently steam-distilling the alkylbenzenes from the reaction mix-
ture. Ethylbenzene is used as a carrier in the steam-distillation
to aid in removing the o-xylene.

Whitmore (9) states that aqueous mercuric salts add the
groups —HgX and —OH to the double bond of olefinic com-
pounds. A general equation for this reaction may be shown as
follows:

RCH=CH2+ HgX2+ HD — RCHOHCHZHgX + HX

the addition in general following Markownikoff’s rule {10), mer-
cury going to the carbon having the most hydrogen atoms.
W ith styrene, the reaction with mercuric acetate would be:

CH=CH2
0 + Hg(OOCCH32+ HD —

CHOHCH3gOOCCH3
O + CHsCOOH

Mercuric acetate reacts similarly with the unsaturated linkages
of the 1,4-vinylcyclohexene.

In a few instances, particularly with the propenyl group,
(—CH=CHCH3, the mercuric salt does not add to the double
bond, but instead oxidizes it to the glycol (/). Thus, if this reac-
tion occurred with styrene, phenylglyeol would be produced:



752 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 12

NCH=CH?2
+ 2(CHXOO)Hg + 2HD

chohch2h
+ 2CHjCOOHg + 2CH3COOH

0

The formation of an oily liquid, sparingly soluble in water,-indi-
cates the presence of organo-mercury compounds, while the ap-
pearance of a precipitate of mercurous acetate after prolonged
steam-distillation indicates the formation of glycols. It is
thought that both reactions occur, although in what proportion
has not been determined, since either reaction brings about the
desired result—viz., the changing of all olefinic compounds to
compounds that are not steam-distillablc.

1. The alkylbenzenes, after removal of the olefinic com-

pounds, are nitrated by means of a suitable nitrating acid and the
dinitro compounds are treated with acetone and potassium hy-
droxide in accordance with the Bost-Nicholson color test (2).
In this reaction the color first formed by dinitromonoalkylben-
zene is a deep blue, while the color formed by dinitro-o-xylene is
a deep green. The green color in the presence of the blue cannot
be satisfactorily measured by a colorimeter. However, advan-
tage is taken of the fact that the blue color gradually changes to
a purplish-red under the influence of alkali, while the green color
remains and is measured by the photoelectric colorimeter. 'To
hasten the change of the blue color and make the red less intense,
the reaction is modified by the addition of monoethanolamine.

REAGENTS

Propylene Glycol. This reagent should be of a good grade,
free from volatile impurities other than water.

Mercuric Acetate Solution. Dissolve 320 grams of reagent
grade mercuric acetate (anhydrous) in 800 ml. of distilled water
(cold, to keep formation of mercuric oxide at a minimum). Filter
into a 1000-ml. glass-stoppered bottle. On long standing a small
amount of mercuric oxide will form, which may be disregarded.

Ethylbenzene, xylene-free.

Potassium Hydroxide, aqueous 50% solution. Dissolve 75.0
grams of reagent grade potassium hydroxide pellets in 75.0 ml.
of distilled water.

0-Xylene. The xylene used for standards in this investigation
was approximately 92% o-xylene, with 1to 2% of p-xylene and
approximately 6% of ni-xylene.

Nitrating Acid. Mix equal parts, by volume, of concentrated
c.p. nitric and sulfuric acids. Keep available sufficient of a single
lot of this mixture to complete all determinations in a given series
of analyses.

Nitric Acid, concentrated c.p.

Acetone, reagent grade. In this case also the accuracy of the
colorimetric determination is enhanced if the reagent is keptin a
single lot of consistent quality, and it should be used in connec-
tion with the same lot of nitrating acid.

Diethyl Ether, U.S.P.

Monoethanolamine. Use a technical grade, from a single lot of
consistent quality and in connection with the same lot of nitrating
acid.

APPARATUS

A 300-ml. Florence flask (flat-bottomed, long-necked, with
vial mouth) is fitted with a glass standpipe and connected with
a 250-ml. glass-stoppered Erlenmeyer flask. The Erlenmeyer in
turn is connected with an upright Liebig condenser fitted with an
adapter having a tip of such size that it can be inserted into the
neck of a Babcock milk testing bottle. The latter is the standard
type with the neck graduated irom 0 to 8%, each numhered
graduation representing 0.20 ml. The diameter and length of the
glass tubing connections should be kept small to aid in collecting
the organic distillate without distilling a large volume of water.
Rubber stoppers are used to complete the connections, and re-
placed from time to time, since they slowly deteriorate.

A shaker on which 250-ml. Erlenmeyer flasks may be placed is
needed. A second shaker is required, to which is attached a small
box with a snug hinged cover and painted black inside. A sponge-
rubber mat with openings to accommodate two 30-ml. (1-ounco)
bottles is placed in this box. The bottles are the narrow-mouthed

Table I. Sample Size

Sample Alkylbenzene

M.
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French square type, fitted with silver foil-lined screw caps.
In this investigation the second shaker was a Fisher Scientific
Co. model No. 6-213A, oscillating 275 to 285 times per minute.

Another small box with black interior is required. Any small
cardboard box with cover will do. In this investigation the box
was a cube measuring 12.5 cm. (5 inches) on the side.

A photoelectric colorimeter equipped with the proper filters
isrequired. A Lumctron model 402-EM instrument, fitted with a
B660 filter, was used in this investigation. Of those available,
this filter was found to be most efficient in preventing interference
from the red color of dinitroethylbenzene, etc., at the same time
allowing full measurement of the green color of dinitro-o-xylene.

Other necessary apparatus includes capillary-tipped pipets
made from medicine droppers, an interval timer or stopwatch,
and a centrifuge for the Babcock bottles.

SAMPLE SIZE

If the mixture is predominantly alkylbenzene, a 1-ml. sample is
satisfactory.

With samples consisting largely of unsaturates, it is desirable
to strike a balance between-sample size and the volume of alkyl-
benzenes distilled over, depending on the percentage of o-xylene.
When the o-xylene content is low, the smallest practicable amount
of ethylbenzene is added to the sample to obtain a maximum
concentration of o-xylene for the colorimetric determination.
When the o-xylene content is high, more ethylbenzene should be
added to increase the volume of alkylbenzenes, thus preventing
too high a concentration of o-xylene. If sufficient or more than
sufficient alkylbenzene is already present, no ethylbenzene is
added. Table I serves as a guide for the proper sample size.

PROCEDURE

When a sample contains more than 99% styrene and less than
0.5% o-xylene, the procedure is as follows: Place 60 ml. of pro-
pylene glycol in a clean 250-ml. glass-stoppered Erlenmeyer flask
and add, by means of a pipet, 5.0 ml. of the styrene sample.
Determine the sample weight by weighing a similar amount.
Add 0.20 ml. of xylene-free ethylbenzene to act as carrier for the
o-xylene, then add 75 ml. of the mercuric acetate solution. Stop-
per the flask, securing the stopper firmly with friction tape, and
shake vigorously on a shaking machine for 2 hours.

Connect the flask with the distillation apparatus and steam-
distill the ethylbenzene and o-xylene into the Babcock bottle.
Boil the water in the steam generator before heating the contents
of the Erlenmeyer flask, in order to shorten the time the solution
is hot while the alkylbenzenes are distilled. Continue the dis-
tillation until the botfle is about one-third full, or until just
before the appearance of crystals of mercurous acetate, which
rarely occurs before 35 to 40 ml. of distillate have been collected.
Fill the Babcock bottle with distilled water and centrifuge at
1500 r.p.m. for 5 minutes. Measure and record the volume of the
alkylbenzene layer. By means of a capillary-tipped dropping
pipet transfer the alkylbenzene layer to a small vial, to be used
as needed. The balance of the analysis should be completed
within one working day, since the dinitro compounds decompose
upon long standing.

Using a 0.1-ml. serological pipet graduated in 0.01 ml., trans-
fer 0.050 ml. of the alkylbenzene mixture in the vial into the neck
of a clean, dry 200-ml. volumetric flask, and wash immediately
into the flask with 10.0 ml. of nitrating acid mixture. Shake the
flask for a few seconds, then allow it to stand for 1 hour with oc-
casional shaking, and finally allow it to cool in an ice bath.

Gradually add 25 to 30 ml. of distilled water, while shaking
the flask, then add 10.0 ml. of concentrated nitric acid to dissolve
the nitro compounds or to keep them in homogeneous suspension.
Fill the flask to the mark with distilled water. Accurately pipet
a 5.0-ml. aliquot of this solution into a small separatory funnel
containing 10 ml. of distilled water. Make the solution in the
funnel alkaline with 1.0 ml. of 50% potassium hydroxide; if the
solution is made too basic the subsequent development of the
colors may be lessened. Extract the alkaline solution with 10
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Table Il.  Analyses of Known Solutions
o-Xylenc o-Xylone from Total o-Xyleno
Added Stook Solution Present 0-Xylene Found
% % % %
0.04 0.08 0.12 0.09,0.13,0.12
0.37 0.08 0.45 0.41,0.42
3.69 0.08 3.77 3.82,3 57,3.73
10.8 0.07 10.9 11.0,10.9
48.8 0.04 48.8 49.0, 48.2
% o-xylcne in styrene for stock solution ~ 0.06, 0.07, 0.08, 0.08.

% o-xylcne in stock solution == 0.08, 0.09.

ml. of diethyl ether, and again with 5 ml. of ether, collecting the
extracts in a clean, dry 1-ounce narrow-mouthed French square
bottle. Gently evaporate the ether on a steam bath, leaving the
nitro compounds and the water which was dissolved in ether.
Take care to evaporate just the ether; evaporation of all or part
of the water will lessen the intensity of the colors.

Pipet 20.0 ml. of acetone and 1.0 ml. of monoethanolamine
into the 1l-ounce bottle and add 2.0 ml. of 50% potassium hy-
droxide from a buret. Close the bottle tightly with the silver
foil-lined screw cap, place it in the box on the shaker, and, start-
ing the timer from zero, shake the bottle for 15.0 minutes. Leav-
ing the timer in operation, transfer the bottle to the black card-
board box, and allow it to stand so that the caustic solution settles
out of the colored acetone solution. After 17.0 minutes from the
start of the shaking, fill a 10-mm., 10-ml. absorption cell with the
solution and immediately read the per cent transmittance on the
colorimeter, using a B660 and neutral gray filter with the trans-
mittance of water at 100%. Record the first reading. Read the
per cent o-xylene from a curve prepared by running the same
procedure on known solutions of ethylbenzene and o-xylene.

CALCULATION

Calculate the per cent o-xylene in the original sample as fol-
lows;

A{B + C)pE _ cent (by weight) of o-xylcne
sample weight
where A = volume per cent of o-xylene in alkylbenzenes. This
figure is obtained by the colorimetric procedure.
B = ml. of alkylbenzenes. This figure is obtained by reading
the volume of the alkylbenzenes distilled into the Babcock bottle.
C = volume increment. If only the volume of alkylbenzenes
actually measured in the Babcock bottle (B, above) is used in
calculating the per cent of o-xylene, the results will be low, owing
to mechanical loss and the solubility of the alkylbenzenes in
water. The volume of this loss may be obtained by running
several known synthetic samples containing up to 5 to 6% of

o-xylene, using the same o-xylene that was used in making the.

curve, and adding empirically the volume increment necessary
to obtain the correct answer. This volume increment is constant,
and with the apparatus and Babcock bottles used in this proce-
dure was found to be 0.05 ml.

D = correction factor. This factor is necessary when impure
o-xylene is used in preparing the curve. In this investigation
92% o-xylene containing 6% rn-xylene and 2% p-xylene was
used, and the error introduced by the meta and para isomers in
making up the curve was negligible, the correction factor being

f - -»n
E = specific gravity of o-xylene. The figure 0.87 was used.

ANALYTICAL DATA

A stock solution was prepared by mixing together 175 ml. of
styrene, 15 ml. of 1,4-vmylcyclohexene, and 5 ml. of ethylben-
zene. Various solutions of known o-xylene content were prepared
from this stock solution and o-xylene. Results of analyses of these
known solutions are shown in Table I1.

ERRORS INTRODUCED BY OTHER COMPOUNDS

Using pure chemicals, the colorimeter readings given by vari-
ous compounds possibly occurring in the samples, as well as the
calculated percentage error if 5.0% of the compound were pres-
ent, are given in Table Ill. Since propylbenzene, isopropyl-
benzene, and diethylbenzene boil well above styrene and o-
xylene, while benzene and toluene boil well below, styrene and
o-xylene can be readily fractionated out.
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DISCUSSION

In general, 15 ml. of mercuric acetate reagent are used for
each milliliter of sample. This gives, roughly 1.5 moles of mer-
curic acetate per mole of sample, a sufficient excess. One excep-
tion is when the sample contains considerable 1,4-vinylcyclohex-
ene; because this compound has two olefinic linkages, a greater
proportion of mercuric acetate must be added. If the sample
contains but a small amount of olefinic compounds, less reagent
may be added if desired.

Usually the volume of propylene glycol added is the same as
that of the mercuric acetate reagent. However, if a 5.0-ml.
sample is required, 60 ml. of propylene glycol are added even
though 75 ml. of mercuric acetate reagent arc used. This cuts
down the volume of liquid in the Erlenmeyer flask. Ethylene
glycol may be used, but its solvent action is not so great.

The contents of the flask after shaking will be a clear, water-
white solution on polymer-free samples. However, any sample
that can be pipetted, even with great difficulty, does not contain
enough polymer to affect greatly the accuracy of the determination
if the o-xylene content is below 0.5%.

The precaution of boiling the water in the steam generator
before heating the contents of the Erlenmeyer flask makes it
possible to complete the steam-distillation before the occurrence
of a secondary reaction in which mercurous acetate precipitates
and a small amount of an oily liquid distills over, lessening the
accuracy of the determination. A small amount of acetic acid
distills over also, but it offers no interference.

In the colorimetric determination the first reading is taken be-
cause the colors produced slowly fade when subjected to light.

The smaller the percentage of o-xylene, the smaller is the
absolute error introduced from reading the volume of alkyl-
benzenes and the greater is the sensitivity of the colorimetric
curve; thus samples containing less than 0.2% of o-xylene and
not more than 5% of alkylbenzenes can be determined with an
accuracy of £0.01 %. W ien greater accuracy is desired or lower
concentrations are to be determined, samples may be fractionated
and the analyses made on selected cuts. Less than 0.01 % o-xylene
can be detected in a given sample. When large amounts of alkyl-
benzenes are present it is advisable to fractionate the material
and determine the o-xylene on the proper fractions.

Table Ill.  Errors Introduced
Heading % Error
for Pure if 5.0%
Compound Compound Present
Ethylbenzene 93.6 Nil
Isopropylbenzene 95.4 -0.04
Propylbenzene 94 .4 - 0.02
Toluene 82.5 +0.28
Benzene 89.7 +0.09
Diethylbenzene (mixture of isomers?) 97.3 —0.09
m-Xylenea 100.0 —0.16
p-Xylene 97.7 -0.10

° m-Xyleno containing 10% e-xylene gave a reading of 79.8 which, when
corrected by use of the curve, indicates a reading of 100 for pure m- xylcne
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Laboratory-Size Glass Circulating Evaporator

D. T. MITCHELL, PAUL SHILDNECK, and JAMES DUSTIN

A . E. Staley Mfg. Co., Decatur, IIl.

'THE evaporation of solutions for the purpose of reducing

| volume and concentrating solids is one of the more fre-
mquently encountered operations common to many academic and
industrial laboratory research problems. Strangely enough,
this unit operation has received very little critical attention and
an most laboratories is carried out much as has been the custom
.of the last 30 years with a steam cone and round-bottomed flask
as the basic apparatus. This paper describes a convenient and
mcompact apparatus modeled along the lines of large industrial
units commonly used for the evaporation of aqueous solutions
to make possible recovery of dissolved solids.

The glass parts of the heat exchanger were constructed by
scaling five 0.375-inch outside diameter (standard-wall 10-mm.
Pyrex) pieces of tubing between two small bulbs. One tube was
centered from bottom to bottom between the two bulbs and then
four additional tubes were sealed in on the corners of an imag-
inary square with a diagonal equal to the diameter of the bulbs.
The packing glands were the conventional gland, string packing,
and follower type. The gland bodies were brazed to the end
eplates of the metal heat-exchangcr jacket. Since only one end
plate need be removed in order to assemble the heat exchanger,
one end only was fixed to the metal jacket by means of six bolts
on a 9-cm. (3.625-inch) bolt circle, this end of the heat exchanger
jacket and the jacket end plate being fitted with companion
flanges. The other end plate was brazed to the jacket.

Instead of the rubber sleeve connections shown in Figure 1,
.standard-taper ball and socket glass joints may be substituted.
This aids somewhat in assembly and disassembly and removes
.danger of contamination from anything save glass.

The glass tubes shown entering the evaporator bowl and the
centrifugal separator were bent at right angles to the line of entry
in a plane parallel to the floor, in order that they might deliver
vapor tangential to the wall and thus impart a rapid swirling
motion to the vapor in these two parts of the apparatus.

In principle this evaporator functions as do any of the long-
tube natural circulating evaporators found in the chemical in-
dustry. The liquor to be concentrated is fed into the evaporator
below the level of the heat exchanger. The liquor in the heat
exchanger tubes boils, and the vapor rising as froth forces slugs
of liquor ahead of it at high velocity up the tubes and out into
the disengaging space in the evaporator bowl. As the system
repeats this process, the liquor is rapidly circulated from heat
exchanger to bowl to return line to heat exchanger, etc. The
distinctive advantage of this type of evaporator lies in the high
coefficient of heat transfer realized, due to the great velocity of
the liquid over the heating surface. The character of the flow of
liguid and vapor through the tubes guarantees a thorough and
rapidly repeated wetting of the whole heating surface. X

To operate the apparatus, vacuum is applied to the receiver
and liquid drawn up until the larger bowl is filled to within 2.5
eor 5 cm. (1 or 2 inches) of the vapor inlet. The liquor feed line
is then shut by means of a screw clamp on a section of rubber
hose. The pressure is allowed to come to a minimum, or to
some predetermined pressure if a vacuum controller is to be
used. An intermittent leaks type of vacuum controller with an
eelectrically actuated valve working from one of the conventional
mercury-filled U-tube manostats is to be recommended, since
the evaporator will operate much more smoothly at constant
pressure. Steam is then turned on the jacket. The steam con-
densate line is conveniently placed below the surface of the water
emerging from the surface condenser. No positive steam pressure
is needed for aqueous solutions. The solution in the small tubes
of the heat exchanger rapidly comes to boil and emerges from the
top of the exchanger'as a mixture of vapor and entrained liquor.
The charge in the evaporator rapidly comes to its boiling point
ns the liquor circulates. The vapor and liquor emerging from
the vapor outlet are given a circular motion by the bend in the
end of the vapor outlet. The centrifugal force developed throws
all drops of liquor or foam against the evaporator sides where
they run down at once to the charge in the bowl. Any foam or
entrainment not removed by the first centrifugal separator is
taken out by the second.

754

ADVANTAGES OF APPARATUS

The unit will closely duplicate results obtained with tube
evaporators of commercial size. Protein, or other food product
solutions, almost impossible to handle in a flask because of ex-
cessive foaming, may be evaporated with little or no difficulty.

Bumping is eliminated in most cases. When it does occur it
results rather in a surging action in the heat exchanger tubes.
This can be overcome if desired by allowing a small stream of air
bubbles to enter the system by cracking the clamp on the liquor
inlet lino, which in this case must now open to the atmosphere.

Evaporation is rapid as compared with the usual setup and
extremely so for glass surfaces exposed to steam.

Heat-sensitive materials receive a minimum of damage.

The recovery of solids from a solution is satisfactory. Aqueous
solutions of organic or inorganic material on being evaporated
to where solids separate in general give small crystal size with but
little tendency to crust on the inner surfaces of the evaporator.
Crusting is apparently prevented by the scouring action of the
rapidly circulating liquor.

The unit may be used for continuous evaporation. In this
event the liquor inlet is used for continuous feeding of fresh
liqguor and the finished liquor is drawn off continuously through
a T in the return down-leg line.

The unit may be easily dumped, cleaned, and refilled. Dump-
CENTR1FUGAL SEPARATOR
VAPOR INLETS
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Figure 1. Diagram of Evaporator
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/
Table I. Operation Characteristics
(Wall thickness of heat exchanger tubes, i/ia inch)
. HtO HjO  B.t.u./Sq.
Hg Liquor Steam Evapo- . Glass Evapo- Ft./Hour/
Pressure Temp. Temp. T rated Surface rated °F.
Fin Lb./hr./
Mm. 0 °F. Lb./hr.  Sq. ft. 8q. ft.
103 126 212 86 11.40 0.955 11.95 142
85 119 212 93 12.15 0.955 12.73 140
65 109.5 212 102.5 13.15 0.955 13.78 138.5
Operation of 12-liter flask on a steam cone
97 123.8 212 88.2 10.35 1.88 5.5 66.2

ing merely requires the vacuum to be released, after which the m
charge will flow out under gravity. To recover the liquor or
crystals adhering to the interior walls, it is only necessary to draw
up about 50 to 100 cc. of water into the evaporator, allow the
vacuum to build to a few hundred millimeters’ pressure, and'then
suddenly open the inlet line. The rapid surge of air up through
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the heat exchanger tubes throw's the small amount of wash liquor
around violently, and on releasing the vacuum, it drains out and
carries with it the portion of the original charge remaining on
the walls of the apparatus.

With pure water this evaporator has the operation character-
istics showm in Table I.

The authors have several such units in use in their labo-
ratories, ranging from several times the size shown to small
units suitable for handling as little as 100 cc. For the smaller
units the heat exchanger is usually made up with only one
glass tube through the steam jacket. The jacket is commonly
made from scrap thin-walled boiler tubes, with rubber stoppers
replacing the two packing glands on the jacket.

This type of evaporator may be fabricated from standard
Pyrex tubes and flasks, or may be purchased complete from
suppliers of special glass apparatus. (Ace Glass, Inc., has
indicated a willingness to fabricate such an apparatus in any size
desired.)

Identification of Some Important Unsulfonated

Azo-2-naphthol Dyes

LOUIS KOCH, ROBERT F. MILLIGAN, and SAMUEL ZUCKERMAN

H. Kohnstamm Research Laboratories, Brooklyn, N. Y.

A rapid and simple method has been developed for the identifica-
tion of unsulfonated azo-2-naphthol dyes, by catalytic reduction of
the azo bond, and the separation of the scission products with im-
miscible solvents, under controlled acid and alkaline conditions.
Direct formation of the stable: benzoyl derivatives of the reduction
products precludes the necessity of isolating sensitive diamines and
triamines.

A Z0O dyes prepared from diazotized primary aromatic amines
and 2-naphthol constitute an important series of commer-
cial colors, and their identification is important to the dyestuff
chemist. Several analytical methods have been proposed, among
which are hydrogenation of the azo bond (2, 3,10,11,12), scission
of the azo link with fuming nitric acid (7, S, 9), and schematic
identification by means of immiscible solvents (4, 5, 6).

Whitmore and Revukas {10, 11) have showm the applicability
of catalytic reduction to azo colors by the use of Raney nickel.
Their procedure, however, involves moderately expensive equip-
ment and consumes considerable time when nitrated dyes are
hydrogenated, and they report that the isolation and identifica-
tion of the reduction products are “laborious”.

This paper proposes a rapid and simple method for the separa-
tion and characterization of the hydrogenation compounds which
is based upon their differential solubility in water and ether under
varying acid and alkaline conditions.

Cheronis and Koeck (l) have devised a simple semimicro
hydrogenation apparatus, obtainable from the Wilkens-Anderson
Company of Chicago, which the authors find very adaptable to
the reduction of azo colors. Utilizing this outfit, it is possible to
hydrogenate this series of dyes in peroxide-free dioxane {11),
smoothly and quickly. Subsequent isolation of the reduction
products, by the immiscible solvent procedure, and direct con-
version into their benzoyl derivatives, eliminate the necessity of
recovering the sensitive free amines.

Partial dehalogenation of chlorinated dyes, an inevitable
accompaniment of all attempted reductions in neutral solvents,

was overcome by acidification of the peroxide-free dioxane before
hydrogenolysis of the color.

GENERAL PROCEDURE

Purification of Samples. The coloring matter is purified
by crystallization from dioxane, and if or when necessary, water
is added to this solvent to induce precipitation.

Preparation of Reduction Products. Freshly ground
Adams-Voorhees platinum oxide (0.05 gram) is placed in the
Cheronis hydrogenating unit, and the catalyst is suspended in 25
ml. of peroxide-free dioxane. Hydrogen gas, preferably from a
tank, is bubbled through the suspension for 2 to 5 minutes, in
order to convert the platinum oxide to colloidal platinum black.

Then 1 gram of dye and 2.5 ml. of concentrated hydrochloric
acid are added to the platinum black suspension, the hydrogenat-
ing unit is heated by immersion in hot w'ater, 80° to 90° C., and
hydrogen gas is passed through the mixture at such a rate that
continuous agitation is maintained. (Occasionally, the reduction
products will clog the disperser, and it is convenient to have a
clean one available for quick replacement. If a second unit is
not on hand, it is necessary to remove the clogged disperser, and
to clean it by immersion in a test tube containing hot dioxane.
At or near the completion of the hydrogenolysis, it is advisable to
wash dowrn any dye particles adhering to the sides of the tube,
with 5 to 10 ml. of dioxane.)

Separation of the Reduction Products. |If a precipitate
of the reduction products forms in the acidified dioxane solution,
it is redissolved by the addition of 5to 10 ml. of water and filtered
into a 500-ml. Squibb separatory funnel. The filtrate is buffered
with 250 ml. of a 5% sodium acetate solution, and the ether-
soluble amino-2-naphthol, whose presence is indicated by a blue
fluorescen e, and any primary monoamine, are extracted with
twro successive 100-ml. portions of ether.

The aqueous layer, containing any water-soluble primary poly-
amine, is separated from the ether and intimately mixed with 5
ml. of benzoyl chloride. The combined ether fractions are
washed with two 50-ml. volumes of water, to remove residual
polyamine, and the washings are run into the benzoylation mix-
ture. Then 10 grams of solid sodium hydroxide are added, suffi-
cient to make the aqueous solution alkaline, and after standing at
room temperature for 30 minutes, with frequent stirring, the mix-
ture is placed on the steam bath to expel dissolved ether. The
benzoyl derivative of the diamine or triamine, w'hich separates as
a solid, is filtered off, washed thoroughly with water, and crystal-
lized from a suitable solvent.
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Table I. Identification of Unsulfonated Azo-2-Naphthol Dyes
Melting Point of
i X Benzoyl Derivative of
Melting Point Reduction Product of
Observed . Diazo ComDonent
(uncor- Litera- Reduction Products of Observed Reduction

Dye rected) ture Diazo Component (uncorrected) Literature Time
°C. °C. ° C. ° C. Min.
1. Bcnzeneazo-2-naphthol®. 131-2 131 Aniline 162-3C 163 15
«2. 2-Methylbenzeneazo-2-naphthol 132-3 128 o-Toluidine 144-5C 145-6 20
3. 4-Ethoxybenzencazo-2-naphthol 1*33-4 140 p-Phenetcdine 172-3« 173 25
4. 4-Methylhenaeneazo-2-naphthol 133-4 130 p-Toluidine 157-8« 157 10
5. 4-Mcthoxybenzcncazo-2-naphthol 140-1 139 p-Anisidine 155-6« 156 30
6. 3-Methylbenzeneazo-2-napbthol 140-1 140 m-Toluidine 123-4« 125 15
7. 2-Ethoxybcnzcneazo-2-naphthol 142-3 145 o-Phenetedine Oil 20
8. 2,5-Dimethylbenzeneazo-2-naphthol 152-3 156 p-Xylidine 147-8« 140 15
9. 2,4,5-Trimethylbenzeneazo-2-naphthol 155-7 P8eudocumidine 169-70« 162 15
TO. 2,4-Dimethylbenzeneazo-2-naphthol4 160-1 166 m-Xylidine 193-4« 192 15
11. 3-Chlorobenzeneazo-2-naphthol 160-1 m-Chloroaniline 120-21« 118-20 30
12. 4-Chlorobenzeneazo-2-naphtholc 161-2 ied p-Chloroaniline 191-2« 192-3 30
13. 2-Chlorobenzeneazo-2-naphtboi 167-8 167 o-Chloroaniline 104-5« 99-101 30
14. 2-Methyl-4-chlorobenzeneazo-2-naphthol 170-1 172 2-Methyl-4-chloroaniline 142-3«. o 90
15. 2-Methyl-5-chlorobenzeneazo-2-naphthol 176-7 2-Methyl-5-chloroaniline 171-2«. / 30
16. 3-Methylbenzeneazo-3'-methylbenzene- 175-7 m-Toluidino 123-4« 125 20

azo-2-naphthol 2-Methyl-p-phenylenediamine 301-20» h
17. 2-Methoxybenzeneazo-2-naphthol 180-1 180 o-Aniaidine Oil *59.8 10
18. 2-Naphthalencazo-2-naphthol 181-2 174 2-Naphthylamino 160-1» 161 20
19. 2,5-Dichlorobenzeneazo-2-naphthol, 183-4 2,5-Dichforoanilino 119-20« 120 30
«20. 2-Methylbenzeneazo-2' methylbenzene— 188-9 o-Toluidine 144-5« 145-6 30

az_o—2—naphtho| 2-Methyl-p-phenylenediamine 301-20. A
-21. 3-Nitrobenzencazo-2-naphthol 196-7 194 m-Phenylenediamine 241-20 240 40
-22. Benzeneazobenzeneazo-2-naphthol 199-200 202 Aniline 162-3« 163 90

p-Phenylenediamine 338-90 Over 300

23. 2-Nitro-4-methoxybenzeneazo-2-nnphthol 206-7 4-Methoxy-o-phenylenediamine 251-20 251-2 65
.24. 5-Nitro-2-methylbenzeneazo-2-napnthol 210-11 ¢ 206 I-Methyl-2,4-phenylenediamine 225-60 224 45
25. 2-Nitrobenzeneazo-2-naphthol 213-4 212 0- Phenylenedlamlne 303-40 301 30
26. |-Naphthaleneazo-2-naphthol 232-3 224 1-Naphthylamine 158-9»" 156,161-2 20
27. 4-Nitro-2-methylbenzeneazo-2-naphthol 251-2 248 2-Methyl-l,4-phenylenediamine 301-20» A 30
28. 4-Chloro-2-nitrobenzencazo- 2 napnthol * 255-6 252 4-Chloro-o-phenylenediamine 226-74 230 55
29. 2,5-Dimethylbenzeneazo-2'5'-dimethyl- 263-4 p-Xylidine 147-8« 148 120

benzeneazo-2-naphthol 2,5-Dimethyl-p-phenylenediamine 311-120.1
:30. 2-Nitro-4-methylbenzoneazo-2-naphthol 273-4 278 4-Methyl-o-phenylenediamine 263-40 263-4 150
:31.  2-Chloro-4-nitrobenzeneazo-2-napntholm 289-90 282 2-Chloro-p-phenylenediamine 239-40« 228 50
:32. 2,4-Dinitrobenzeneazo-2-naphtholn 312-13 302 1,2,4-Triaminobenzene 278-9«» p 260 60

° The nomenclature follows the numbering systems shown below:
3 2 HO 3 __ 0 HO
4< i y—N—N— 't/ IV —N—N—<”~" 4N —N =N-
5 6

O

The benzoyl derivative of amino-2-naphthol, from all compounds investigated, was recrystallized from ethanol, M .P. observed 232-3° C. (uncorrected):
literature, 226.5°, 235.5° C.

« Solvent ethanol-water.

d To differentiate further between compounds 10 and 12, analyze for presence of halogen by any accepted procedure.

* Monobenzoyl derivative, C*Hi.CHj.C1*NHCOC#H». Chlorine calculated, 14.44%; found, 14.40%.

/ Monobenzoyl derivative, CeHj.CHa.CILNHCOCeH#. Chlorine calculated, 14.44%; found 14.47%.

o Solvent, acetic acid.

AleenzoyI derivative, C«Hj.CHi.(NHCOC«H#)3. Nitrogen calculated S.4S%; found, 8.50%.

* Solvent, ethanol.

12,5- Dichloroaniline did not wash out of ether layer with N hydrochloric acid. It was isolated by evaporating ether and crystallizing residue from ethanol-
‘water; M.P. 49° C. (uncorrected).

k Nearly all the diazo component was found as 4-chloro-2-nitraniline in ether layer, M.P. 117-18° C. (uncorrected). Its benzoyl derivative melted at
131-2°C. (uncorrected).

| Dibenzovl derivative, C6Ht(CHj)a(NHCOC«Hg)s. Nitrogen calculated, 8.14%; found, 8.18%.

m About one half of, diazo component was found in ether layer as 2- chloro-4- mtranllme M.P. 107-8° C. (uncorrected). Its benzoyl derivative melted at

>157 8° C. (uncorrected)

ntﬁal)lout one half of giazo component was found unreduced to triamine form and was isolated from ether layer as 2,4-dinitraniline, M.P. 178-9° C. (uncor-
erecte

0 Solvent, acetic acid-water.

p Benzoyl derivative of triamine (1,2,4-triaminobenzene) isolated from reduction of p-ethoxybenzencazo-m-phenylenediamine, had same M.P.

Amphoteric amino-2-naphthol is separated from the primary a steam bath, and the residue is identified according to the direc-
monoamine, by removing the former with four successive 50-ml. tions given in the footnotes to Table I.
portions of 2% sodium hydroxide solution, followed by two 50-
ml. volumes of water, and is isolated as the benzoyl derivative by ACKNOWLEDGMENT
running the alkaline extracts into 5 ml. of benzoyl chloride, The authors wish to express their appreciation to their director,

stirring vigorously after each addition. Dissolved ether is Lo . .
meliminated by heating on the steam bath, and after cooling to W. C. Bainbridge, for his encouragement and assistance, and to

room temperature, the benzoyl derivative is filtered off, wasned W. F. Whitmore for his comments and criticisms of the paper.
thoroughly with water, and crystallized from ethanol.
The ether solution, containing the primary monoamine, is LITERATURE CITED
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Estimation of Vitamin C in Presence of Iron Salts

Stepwise Determination of Vitamin C and Ferrous Iron with

Dichlorophenolindophenol

OSCAR GAWRON and RUTH BERG

Research Laboratory, International Vitamin Division, American Home Products Corp., New York, N. V.

EPORTS on the reductive interference of ferrous iron with
R the dichlorophenolindophenol reagent used in the estima-
tion of vitamin C have appeared in the literature and procedures
have been devised to minimize and remove this interference
*_* .

During the course of studies in this laboratory on isolated
vitamin C-iron salt systems the authors have found that ferrous
and ferric iron interferences can be avoided if a suitable medium
is chosen for the dye titration. Thus vitamin C can be deter-
mined in the presence of ferrous iron if acetic acid is employed
as the titration medium and in the presence of ferric iron if meta-
phosphoric acid is present in the medium. The observation that
ferrous iron reduces dichlorophenolindophenol in the presence
of metaphosphoric acid provides a basis for the stepwise deter-
mination of vitamin C and ferrous iron in the same aliquot.

Whether or not these observations may be applied in toto
or in part to biological systems, pharmaceuticals, and food prod-
ucts where other interferences (S) in addition to iron may be
present remains to be determined.

REAGENTS

Ferrous Iron Solution. Two grams of dried ferrous sulfate
powder were dissolved in 160 ml. of distilled water containing
5 ml. of concentrated sulfuric acid by warming gently on the steam
bath. The solution was treated with a rapid current of hydro-
gen sulfide for 0.5 hour, followed by a stream of nitrogen, and then
made up to a volume of 1000 ml. with distilled water. An aliquot
titrated with 0.01 N potassium permanganate contained 0.64 mg.
of ferrous iron per ml.

8% Acetic Acid, 80 ml. of glacial acetic acid made up to liter
with distilled water.

Table 1. Influence of Medium on Reduction of Dichlorophenol-

indophenol by Ferrous Iron
(0.64 mg. of ferrous iron present)

Dichlorophenolindophenol
Required for End Point.
Titration Medium0 MI.
8% acetic acid 0
3% metaphosphoric acid 9.1
6% metaphosphoric acid 9.2
Citrate reagent éBessegl) Slowly fading end point
8% acetic acid adjusted to pH 3.5 with NaOH 0.05
8% acetic acid with 0.025% metaphosphoric
acid present

.05

Reduction 'very slow
. . . . and not reproducible
8% acetio acid with 0.15% metaphosphoric

acid present 5.0
8% acetic acid with 0.5% metaphosphoric

acid present 7.3
8% acetic acid with 1.0% metaphosphoric

acid present 9.0
8% acetic acid with 3% metaphosphoric acid

present 9.1

° Initial volume 25.0 ml.

Table II. Influence of Medium on Titration of Vitamin C with
Dichlorophenolindophenol in Presence of Ferric Iron
(1.00 mg. of vitamin C and 0.75 mg. of ferric iron0 present in all cases)

Dichlorophenolindophenol
. X . Required for End Point,
Titration Medium & MI.

8% acetio acid 5.9C
8% acetic acid with 3% metaphosphoric acid

present 9.2
3% metaphosphoric acid 9.3
6% metaphosphoric acid 9.2

° From_ ferric ammonium sulfate standardized by reduction and sub-
sequent titration with KMnO*.

* Initial volume 26.0 ml.

e Not reproducible.

6% Metaphosphoric Acid, 60 grams of crushed metaphosphoric
acid sticks dissolved in distilled water and made up to liter.
When not in use this solution was kept in the refrigerator.

Citrate and Metaphosphoric Acid Buffer, as described by
Bessey (/)

Dichlorophenolindophenol Dye Solution, 50 mg. of ether-
extracted dichlorophenolindophenol dissolved in 200 ml. of dis-
tilled water to which 42 mg. of sodium bicarbonate had been

added. When not in use the dye was stored in the refrigerator.
Table Ill.  Estimation of Vitamin C and Ferrous Iron
Total Dye«*
Subsequent
addition of
20 ml. 10 ml. of
of 8% 6% meta- Found
acetic phosphoric ~ Vitamin Ferrous
Sample acid acid Cc iron
MI. MI. Mg. Mg.
0.64 mg. of ferrousiron 0.05 9.1 0.0 0.63
1.0 mg.of vitamin C 9.2 9.2 0.99 0.00
1.0 mg. of vitamin C and 0.64
mg. of ferrous iron _ 9.3 18.6 1.01 0,64
Vitamin Cbcapsule containing
FeSOi 12.8 21.6 34.7 15.1

° Dye standardized against U.S.P. vitamin C.

b Vitamin capsule containing 35 mg. of vitamin C and 15 mg. of iron,
diluted to 25 ml., 1-ml. aliquot used for titration. Capsule found by oxida-
tion and colorimetric estimation with thiocyanate to contain 15.0 mg. of iron

EXPERIMENTAL AND DISCUSSION

Table | shows that ferrous iron reduces dichlorophenolindo-
phenol in the presence of metaphosphoric acid. This also hap-
pens when phosphoric acid is present and can be explained on
the basis of the increase in reduction potential of the ferrous-
ferric system when the effective ferric-ion concentration is re-
duced by complex formation with metaphosphate or phosphate
ions.

The reverse of the above phenomena takes place in the pres-
ence of ferric iron. Here, as can be seen from Table Il, the re-
duced dye is reoxidized in acetic acid medium but not in the
presence of metaphosphoric acid. This reoxidation takes place
at a much slower rate than the corresponding reduction by
ferrous iron and at the present time is being investigated as the
basis’for a colorimetnc estimation of iron.

From the above experiments it was apparent that vitamin
C and ferrous iron could be determined stepwise on one aliquot
by first titrating in acetic acid, then adding metaphosphoric
acid and continuing the titration. Control analyses and the
analysis of a vitamin capsule containing vitamin C and ferrous
sulfate are given in Table II1.

SUMMARY

Ferrous sulfate reduces dichlorophenolindophenol in the
presence of metaphosphoric acid. Ferric iron oxidizes reduced
dichlorophenolindophenol in acetic acid medium. Vitamin C
and ferrous iron can be determined on one sample by. stepwise
titration with dichlorophenolindophenol.
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Determination of Small Amounts of Zinc

By Measurement of Fluorescent Turbidities

LYNNE L. MERRITT, Jr.

Department of Chemistry,

A rapid and accurate method for the determination of zinc by meas-
uring the fluorescence of a turbidity of zinc 8-hydroxyquinolinate
is described. The range of the method is from 0.05 to 0.60 mg. and
the accuracy is about 0.02 mg. The influence of variations in tem-
perature, filters, method of procedure, amount of reactants added, and
extraneous salts has been investigated. Other 'ions precipitated
by 8-hydroxyquinoline in acetic acid-acetate solutions interfere.
Zinc can be determined in the presence of magnesium by the
method if calibration curves are constructed using approximately
the amount of magnesium present in the unknowns.

Z INC forms a precipitate with 8-hydroxyquinoline which

fluoresces brilliantly. It has been found possible to produce
stable, reproducible turbidities of zinc 8-hydroxyquinolinate and
to measure the turbidity accurately by means of its fluorescence.
Most fluorescence methods developed previously have dealt with
true solutions.

The method developed by White and Lowe {14) for aluminum
using morin as the reagent is believed to be due to the formation
of a colloidal solution of A1(CieH»07)3 {11).

A number of workers {4, 5) have used the fluorescence of the
8-hydroxyquinoline precipitates for qualitative detection of zinc
and other metals. Lutz has described (7) a method for deter-
mination of zinc by measurement of the fluorescence of zinc salts
with urobilin. Sandell {10) has published a method for the
fluorometric determination of gallium as the 8-hydroxyquinoline
complex dissolved in chloroform and suggests {&) that zinc could
be determined similarly.

Figure 1. Transmission of Filters and Reagent

Zinc has been determined colorimetrically or nephelometri-
cally by numerous methods. Among the most useful are the
colorimetric methods employing dithizone (9); these are ex-
tremely sensitive and are employed for amounts of zinc ranging
from a microgram up to about 1 mg. These methods require
extraction with an organic solvent such as carbon tetrachloride.
The nephelometric determination of zinc with ferrocyanide
{2, 8) covers the range of zinc from about 0.1 to 5 mg. but the
average error is about +0.05 mg. {1). Zinc can also be deter-
?)(jined turbidimctrically {IB) or nephelometrically (S) as the sul-
ide.

Teitelbaum {18) has described an indirect colorimetric method
in which zinc is precipitated as the 8-hydroxyquinolinate com-
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plex salt, the precipitate is then dissolved in acid, and the lib-
erated 8-hydroxyquinoline is determined by its reducing action
on Folin’s reagent. The method is applicable to about 0.008 to
0.09 mg. of zinc with an accuracy of 2 to 5%.

influence of Filters and Amount of
Reagent

Figure 2.

The determination of zinc by measurement of the fluorescence
of 8-hydroxyquinoline turbidities as described in this paper covers
the range from about 0.02 to 0.60 mg. of zinc per 50 ml. of final
solution and is accurate to about 0.02 mg. Thus larger quanti-
ties of zinc can be determined than is possible by most similar
methods, without dilution or the necessity of taking aliquot por-
tions. The procedure is simple and extremely rapid, since no fil-
trations nor extractions with immiscible solvents are required.
The method is, however, subject to the many interferences en-
countered with all procedures involving 8-hydroxyquinoline.

In producing reproducible turbidities, a large number of factors
must be considered {6), such as the temperature, concentration
of other salts present, manner of mixing, time of standing, con-
centration and order of solutions mixed, presence or absence of
protective colloids, etc. All these factors must be controlled
and once a method has been established all details of procedure
must be adhered to rigidly. The measurement of zinc 8-hydroxy-
quinolinates by fluorescence of turbidities is further complicated
by the fact that the reagent, which must be added in slight excess
absorbs the light which excites the fluorescence. Proper filters
must be employed in the fluorescence meter and the concentra-
tion of reagent must be controlled.

REAGENTS

A standard solution of zinc chloride was prepared by dissolv-
ing 4.0982 grams of c.p. zinc metal (low in lead, iron, and arsenic)
in 35 ml. of concentrated hydrochloric acid and diluting the solu-
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tion to 2 liters with distilled water. A solution containing
0.02049 mg. of zinc per ml. was prepared by diluting 10 ml. of
the above standard solution to 1 liter.

A 5% solution of 8-hydroxyquinoline was prepared by dis-
solving 5 grams of c.p. 8-hydroxyquinoline in 12 grams of gla-
cial acetic acid and diluting to 100 ml. with distilled water.

A 2% solution of gum arabic was prepared by grinding 2
grams of gum arabic in a mortar until fine, and dissolving in water
to make 100 ml. The solution was filtered if not clear.

A 2 N ammonium acetate solution was obtained by dissolving
154 grams of crystallized ammonium acetate in water to make 1
liter.

A standard dichlorofluorescein (or fluorescein) solution was
prepared in the following-manner: A 0.1% alcoholic solution of
dichlorofluorescein (such as is usually employed as an adsorption
indicator) was added drop by drop to 1 liter of water until the re-
sulting solution had a fluorescence approximately the same as
that of a turbidity produced from 0.30 mg. of zinc in the manner
described below. About 0.35 ml. of dichlorofluorescein solution
was required. A more concentrated solution may bo employed,
if desired. The standard solution is stable for weeks.

PROCEDURE

Amounts of standard zinc solution containing between 0.05 and
0.50 mg. of zinc were placed in a 50-ml. volumetric flask, and 5
ml. of 2 Vammonium acetate and 2 ml. of 2% gum arabic solu-
tion were added. The mixture was diluted with water to ap-
proximately 45 ml. and mixed by swirling the flask. Using a
serological pipet, 0.20 ml. of 5% 8-hydroxyquinoline solution
was added. The solution was diluted to the mark with distilled
water and mixed by gently shaking the flask. The turbid solu-
tion was poured into the cell of the fluorescence meter and the
per cent fluorescence was measured.

A Lumetron Model 402EF fluorescence meter was employed
in this investigation. The 25-ml. cells supplied for this instru-
ment were used for all measurements. The instrument was
standardized by setting the fluorescence emitted by the stand-
ard dichlorofluorescein solution at 50.0 and that emitted by
a blank containing all reagents but no zinc equal to 0.0. If a
more concentrated solution of dichlorofluorescein or known zinc
turbidity is employed as standard the fluorescence is adjusted to
100.0. A narrow band filter of 420 mu maximum transmission
obtained from the Photovolt Corporation was employed in the
primary beam. Since the fluorescent light is greenish-yellow,
the yellow secondary filters furnished with the instrument for
riboflavin determinations were employed in front of the measur-
ing cells. As can be seen in Figure 1, the secondary filters will
effectively absorb any of the primary light which might be scat-
tered or reflected toward the measuring cells.

Measurements were made on the turbidities 2 to 3 minutes
after the reagent had been added. The exact time before meas-
urement is not critical. . The turbidities remain the same for at
least 25 minutes. A calibration curve was constructed by plot-
ting the concentration of zinc against the per cent of fluorescence
as read on the instrument. Unknown concentrations are read
from this calibration curve.

INFLUENCE OF PRIMARY FILTER AND CONCENTRATION OF REAGENT

The fluorescence of the zinc turbidity is more intense when ex-
cited by light of shorter wave lengths in the region 460 to 350 mu.
Above about 460 mu the fluorescence disappears or is too small to
be measurable. The reagent, however, has a strong absorption
band in the near ultraviolet and absorption, as measured on a
Beckman spectrophotometer, is appreciable even at 460 mu.
The per cent transmission of a 1-cm. layer of 0.002 M 8-hydroxy-
quinoline in acetic acid-ammonium acetate solution (pH = 5.9)
is shown in Figure 1. The per cent transmission values for the
filters investigated are also shown in Figure 1.

In Figure 2 are plotted the readings of the Lumetron against
amount of zinc ion present, using three different primary filters.
An intermediate amount of zinc was selected and the effect of
adding 0.1 and 0.3 ml. of 8-hydroxyquinoline solution instead of
the usual 0.2 ml. was determined. The method of calculation
for filter 440 mu is shown in Figure 2. At 440 mu the error in
milligrams of zinc per 0.1-ml. variation in amount of reagent
added is 0.08 mg., at 420 mu the value is 0.06 mg., and at 390
mu the value is 0.13 mg. The most suitable filter is the one
showing the greatest sensitivity to the amount of zinc present
with the least variation due to a change in reagent concentration.
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The 420 mu filter is the most suitable and was employed in all
further investigations.

INFLUENCE OF TEMPERATURE
|

Calibration curves were constructed using the standard zinc
solution for 15°, 24°, and 35° C. The solutions were allowed to
come to the specified temperature before the turbidities were pro-
duced. The solutions were diluted to volume with water of the
same temperature. The comparisons were all made at the tem-
perature of the instrument, approximately 25° C. The curves
arc showm in Figure 3. At a level of about 0.3 mg. of zinc a

Figure 3. Effect of Temperature

change in temperature, especially a decrease in temperature, of
about 2° C. will cause an error of 0.02 mg. of zinc or less. The
temperature of the solutions should be kept within +x2° C. of
that used in the establishment of the calibration curves. Fre-
quently room temperature will suffice.

INFLUENCE OF ADDED SALTS

Turbidities were prepared containing 0.205 mg. of zinc plus
varying amounts of added salts per 50-ml. volume. As little as
0.2 mg. of ferric ion- reduces the fluorescence to zero. No more
than about 3 micrograms of ferric ion can be tolerated. Alumi-
num and other ions precipitated in acetic acid-acetate solutions
by 8-hydroxyquinoline interfere by increasing the fluorescence
and by removing the reagent. The fluorescence is decreased
slightly in solutions containing other ions, and calibration curves
should be constructed with the same amount of extraneous salts
present as are to be expected in the unknowns. The errors in
most cases are slight. Calibration curves for various amounts of
magnesium ion are shown in Figure 4. Except for the relatively
large error when magnesium is first introduced into the sample,
slight variations in the total amount of magnesium present cause
no appreciable error.

In Table | are shown the variations in the apparent amount
of zinc present caused by adding 1 mg. of extraneous salt. The
values v-ere calculated by averaging the errors shown when 25 to
500 mg. or more of added salts were present and the amount of
zinc was 0.21 mg. In most cases 50 mg. of material will cause an
error of 0.02 mg. of zinc or less. Not more than about 3 mg. of
fluoride ion should be present.



760 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 12

Table 1 Influence of Extraneous Salts
Error, Mg. of Zn Range of Amounts
per Mg. of of Added Salt
Salt Added Added Salt Vv Investigated, Mg.
(NH.),C.H«O0. 0.0005 50-500
NaCl 0.00004 360-1800
KHiPOi 0.0002 27-135
K1 0.00015 50-200
KNOi 0.00007 50-500
MgSO* 0.0008 27-108
aCl, 0.0001 200
Ca(NOi)i 0.0003 70-700
H 0.0034 2-20
NaaSio* 0.0004 10-100
Table Il. Typical Analyses
Zinc Taken Zinc Found Error
Mg. Mg. Mg.
0.082 0.066 -0.016
0.164 0.153 -0.011
0.247 0.256 + 0.009
0.369 0.378 + 0.009
0.451 0.450 -0.001
0.492 0.481 -0.011

INFLUENCE OF OTHER FACTORS

The amount of gum arabic present influences the intensity of
fluorescence. The fluorescence is more intense when no gum
arabic is present but the stability of the turbidities is less. Some
turbidities showed only a 2% decrease in fluorescence between
2 and 8 minutes, while by the end of 8 minutes others decreased
to one tenth of their value at 2 minutes. When 2 ml. of 2% gum
arabic solution are present the fluorescence remains constant for
25 minutes or longer. The addition of 4 ml. of gum arabic in-
stead of 2 ml. causes a decrease in fluorescence corresponding to
an error of only 0.005 mg. of zinc.

The addition of only 1 ml. of ammonium acetate results in a
pH value of 5.3 which is slightly low for complete precipitation
of such small amounts of zinc. The decrease in per cent fluores-
cence corresponds to an error of about 0.025 mg. of zinc. When
10 ml. of 2 N ammonium acetate were used instead of 5 ml. no
appreciable variation in the intensity of fluorescence could be
noted.

The effect of adding the ammonium acetate last rather than the
8-hydroxyquinoline was investigated. Only a slight change in
fluorescence was noted corresponding to an error of 0.007 mg. of
zinc.

DISCUSSION

In spite of the above observations, it is strongly recommended
that all details of procedure, once established, be carefully fol-
lowed. The calibration curves should be prepared under condi-
tions as nearly like that of the unknowns as is possible. For
more exact work, a final comparison with a standard solution
containing the determined amount of zinc should be made.

The method is very rapid. A determination can be carried
out, once the calibration curves have been prepared, in about 3
minutes. The accuracy is about 0.01 to 0.02 mg. of zinc. Re-
sults of several typical analyses are given in Table II.

Zinc in 1-gram samples of the Bureau of Standards aluminum
alloy 86b was separated according to the method outlined by
Churchill and Bridges (12). The zinc was finally made up to
250-ml. volume and a 5-ml. aliquot portion taken for analysis.
Results of several determinations gave 1.4% of zinc. The ac-
cepted value is 1.51 % of zinc.

Attempts to produce reproducible turbidities with 8-hydroxy-
quinoline and magnesium and aluminum ions have not been suc-
cessful, as yet.

A dichlorofluorescein solution may be used for resetting the
instrument at the same reading and is quite stable. The method

Figure 4. Influence of Magnesium

is reproducible. The results in Table Il were obtained 9 days
after the calibration curve was constructed.
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Cabinet for Boiler Feedwater Testing

The Testmaster cabinet, developed by TruTest Laboratories, Jef-
ferson Bldg., Philadelphia 7, Pa., is an all-metal adjustable cabinet
devised to accommodate tests for hardness, alkalinity, chloride, phos-
phate, pH, sulfite, and dissolved oxygen. Equipped with glarelesa
fluorescent lighting, it presents a flexible and rapid means for testing
boiler and feedwater samples to regulate treatment dosago and blow-
down requirements.



Detection of Bismuth by Means of Brucine Citrate

PHILIP W. WEST and JOSEPH V. TOKOS

Coates Chemical Laboratories, Louisiana State University, Baton Rouge, La.

A SURVEY of the literature on methods for the detection of

bismuth disclosed several tests that indicated promise
either in their present form or with slight modifications. One of
the most satisfactory reagents for bismuth is thiourea, which has
been considered by a number of investigators (/, 4, 5,12). This
reagent provides a highly selective test for bismuth, but is seri-
ously handicapped by its lack of sensitivity. The use of various
organic bases in conjunction with potassium iodide has been
utilized in a number of procedures. Antipyrine (7), quinoline
(6), cinchonine (3), 2-aminopyridine (11), 2-methylbenzothia-
zole (9), and numerous other bases have been applied with
varying degrees of success. Reichard (10) reported that bismuth
chloride reacts with brucine to form a red color. Moser (8) noted
the same effect, but claimed that the reaction was uncertain.

The reported tests were carefully considered. Deter-
mination of sensitivities and investigations of interferences
indicated that the reagents reported in the literature
were generally unsatisfactory. It was, therefore, deemed
advisable to undertake the development of new reagents.
Different substituted thiourea compounds were investi-
gated, but none was found to possess distinct advantages

nine, Antipyrine,

Brucine citrate LI =

many instances the ions concerned are present as complexes, but
where the structure of such complexes may be in doubt, only the
valence of the central atom is indicated.

Li+, Na+, K+, Cu++, Rb+, Ag+, Cs+, Au+++, Be++, Mg++,
Ca++, Zn++, Sr++, Cd++, Ba+?, llg+, Hg++, BO, , BOT—,
Al+++, Sc+++, Ga+++, Y +++, |n+’)+ La+++, Ce+++, T1+,

CO,—,SiO,--, Ti+++, Zr++++,Sn++, Sn++++, Pb++, Th++++,
nh,+,no,-, NOr,HPOr~,p<o,, ,p 6o, ,por,
P,07——, VO,-, HAsOs IHAsOi Sb+++, Sb+++++,
so0—, sO—, SO,—, Cr+++, Cr,07~—, ScO,” , SeO,—,
MoO,—, TeO,—, TeO,—, WO,—, UO,++, UO,* , F", CI",
ClOor, CIO”, Mn++, MnO,-, Br-, BrO,-, I~, 10r, ReO,~
Fe++, Fe+++, Co++, Co+++, Ni++, Ru+++, Rh+++, Pd+\
Os++++++++ Ir+4-++| Pt++++, CN-, Fc(CN),— ,
Fe(CN), , CNS-, acetate, oxalate, tartrate, aniline, pyridine
Table I. General Comparison of Brucine Citrate, Thiourea, Cincho-

2-Methylbenzothiazole, and 2-Aminopyridine

Tests for Bismuth
Test Sensitivity -Interferences-

0.37 Positive. None
LC ==1:100,000

over the use of the parent compound itself. Negative. Pb +§' '_é + H§g++ Ag+f C”u d4
H H H H H H H - an ++ prevent u e-

A s-econd field of investigation, th.e bismuth |0d'|de _ velopment of red color)
organic base complexes, was next studied. The reactions Masking. T'é.fyeT”e"év* Up?gm%ﬁ#ltlroefél Olf
in this case seem to involve either the formation of tate), Pd++ (brown pcolor:)
normal salts with the bismuth iodide complex ion, or L5 Hg + (black precipitate)’

: : Thiourea = 1.5t Positive. Sb +++ Pd ++, VO**, TeO*—
the format.lon of double s.alts.' Several organic ba§es LC -=1:100,000 Negative. No
gave promise when used in this manner, but brucine Masking. H%eO*blaC(krz)d) SEOOS*A (red),
was particularly satisfactory. It was noted that brucine (brown to pink), and colored

- .y . . . ?

was much more soluble in hot citric acid solution than in lons, S”zh ?\2,%43 Rk
water. Other solvents that dissolved large amounts of pHH
brucine were ethyl alcohol, chloroform, acetic acid, and Cinchonine Ll «0.3¢ Positive.  Sbt+ ]y Sbt++tt,  Sntis
hydrochloric acid. None of these gave analytical charac- LC »1:80,000 Negatlve- Ba+4 Sn++.

L : . . . Masking. Cu+ (brown), Ag+ v(gray-
teristics comparable to those obtained with citric acid, br%wn) Auﬁiﬁfls ackl) Hg|4
although Korenman (7) had noted the very satisfactory ?O"W) H)gcﬂﬁa%n)d chr 0(3’9'

itivi H H i H reen). Se0*** and SeQ*"
§en3|t|y|ty gf an zflcetlc auq solgtlo.n of brucine whgn used gmwn TeO**” and TeO**
in conjunction with potassium iodide to detect antimony, Blrgck%) F§d+:+ angm FﬁP{J
- . . . w w
mercury, and bismuth. His studies, however, did not black), “and colore ions such
consider possible interferences, and the reactions were C;S UOTl++Pl; sh
. . i i Ll = Positive. ++, T1+, ++, +++++
merely recorded, without further recommendations con- Antipyrine LG w40,000 r\'\j}zli't\./\?e Sl o
i i i i askKing. u++ (brown), Au+++ (brown),
cerning the'appll'catlon of the reactions to tgst proced_ur_es. Hg+ (black), Cr+++ ang
When brucine citrate was added to a solution containing Cra0?“* (green), Se0*““ and
i i iodi : SeO*”“ (brown), TeO*“*“ and
bismuth and an alkali iodide was added, a yellowish orange TeO*”« b(black) r':e ++ andd
precipitate was formed which changed after about a Ereo++n+( ro‘,é"é‘) R T[):o(re)'

i . Sl - . Os +++4++++ (blue to orange
minute to an intense !Jl’lck r(?d prempl_tate. The reaction rag) and Colored ions such
was found to be applicable in any acid solution. 0++ Nit+ Ir++++

2-Methylbenzo- Ll =0.37 Positive.  TI+ Pb++ Sb+++ Sh+++++
thiazole LC =m1:40,000 Negative. Srg?r\,l Ba++, NO**, HPO*“*“,
” tartrate citrate
METHOD OF STUDY Masking. Cu ++ (brown), Au+++ (brown),
Hg+(b|ack) Hg ++ (brown),

The determination of limiting concentration and limit (gfrg;ng Krgefggn) C(!rjalgcfk)

of identification was performed in accordance with the Fe++ (brown), Fe++*

. . . (brown), Pd ++ (brown), and

procedures described by Feigl (2). Interference studies colored ions such as UOj+
followed the general procedure discussed by West (13), UO*““ Ru+++ Rh+++

i i i 2-Aminopyridine LI = 10.07 Positive. Bc++, Ai+++, Ga++4, Y +++,

except that the concentration of the bismuth solution was Py Th +4++  Sb++t.

0.1% while the concentration of the ions studied for in- LC » 110000 Negative. Sre+ Ba+ Pb+t, NO*

. - - » . l . ’
terfering effects was 10%. A final check on interferences HAsO** CN“ Cag*~ «

Masking. Cu++ (brown

was made with more dilute solutions (0.01% bismuth to
1.0% interfering ion), so as to determine the reliability of
the tests concerned near the sensitivity limit.
Theionsinvestigated in the interference studies are listed
below in their more common forms. It is realized that in

Ag+ (yellow),
Au4*Z (brown), H g+ (black),
Hg++(back) e0** “ (black).
Fe++ yellow) Fe +++ yel—
Ibw), and colored ions suc
Cr+++ CraOr-*, UOa++,
uo*
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REAGENTS

Brucine citrate. Dissolve 100 grams of citric acid in 100 ml.
of water, add 12 grams of brucine and heat until solution is com-
plete.

Borate inhibitor. Mix equal volumes of 1 M boric acid and
1M sodium hydroxide.

Sodium bisulfite, saturated aqueous solution.

Potassium iodide, 20% aqueous solution.

PROCEDURE

On a spot plate place one drop of the solution to be tested, and
to it add one drop each of borate inhibitor, sodium bisulfite,
brucine citrate, and potassium iodide. In the presence of
bismuth a brick-red precipitate forms.

DISCUSSION

The brucine citrate reaction, when used as a spot test, has a
limit of identification of 0.3 microgram of bismuth at a limiting
concentration of 1 part in 100,000. No positive interferences
were found. Cadmium, mercury, copper, silver, and lead inter-
fered, inasmuch as they prevented the full development of the red
test color and reduced the sensitivity of the test. However, in
their presence, a deep orange precipitate was formed which still
permitted the absolute identification of the bismuth at a some-
what lessened sensitivity. The brucine citrate solution is very
stable, one solution being in use in these laboratories for approxi-
mately one year without any change in appearance or reactions.
Table | gives a comparison of some of the more important ana-
lytical characteristics of the brucine citrate, thiourea, cinchonine,
antipyrine, 2-aminopyridine, and 2-methylbenzothiazole tests.

The test procedure followed in the case of thiourea was to add
one drop each of 0.1 N nitric acid and 5% thiourea to a drop of
the solution to be tested. For the cinchonine, antipyrine, 2-
aminopyridine, and 2-methylbenzothiazole tests, a drop of

saturated sodium bisulfite was added to a slightly acid drop of the
solution to be tested, followed by a drop of a 0.1% aqueous or
alcoholic solution of the reagent and a drop of 20% potassium
iodide. In the case of the four latter reagents many uncertain
tests were obtained, owing to the liberation of iodine or the
formation of yellow iodide precipitates or complex ions. Such
reactions may mask the test for bismuth, or in many cases, the
yellow colors formed may be confused with a true test for bis-
muth. The use of bisulfites does not completely obviate these
difficulties.

For spot-test procedures, without prior separation of the bis-
muth, either the brucine citrate or the thiourea tests are satis-
factory. The brucine citrate procedure has an advantage in both
sensitivity and selectivity.

ACKNOWLEDGMENT

The authors wish to express their appreciation to Yvonne
Broussard for her work in checking the interference data.

LITERATURE CITED

(1) Dubsky, J. V., Okac, A., and Trtilek, J., Mikrochemie, 17, 332
(1935)".

(2) Feigl, F., “Specific and Special Reactions”, New York, Norde-
man Publishing Co., 1940.

(3) Feigl, F., and Neuber, F., Z. anal. Chem., 62, 269 (1923).

(4) Hoffman, K. A., and Gonder, K. L., Ber., 37, 242 (1904).

(5) Jilek, A., Chem. Listy, 14, 165 (1920).

(6) Korenman, I. M., Pharm. Zentralh., 71, 769 (1930).

(7) Korenman, I. M., Z. anal. Chem., 99, 402 (1934).

(8) Moser, L., Chcm.-Ztg., 33, 309 (1909).

(9) Naiman, B., J. Chem. Education, 14, 484 (1937).

(10) Reichard, C., Chem.-Ztg., 28, 1024 (1904).

(11) Sa, A., Anales Farm. Bioquim., 5, 3 (1934).

(12) Sensi, G., and Seghezzo, S., Ann. chim. applicata, 19, 392 (1929).

(13) West, P. W., J. Chem. Education, 18, 528-32 (1941).

Presented before the Division of Analytical and Micro Chemistry at the
108th Meeting of the American Chemical Society, New York, N. Y.

Microdetermination of Calcium

By Titration of the Oxalate with Ammonium Hexanitratocerate

CHARLES D. KOCHAKIAN and R. PHYLLIS FOX
Department of Vital Economics, University of Rochester, Rochester, N. Y.

THE limitations of potassium permanganate for microtitra-

tions led several workers to substitute eerie sulfate (S, 5, 7,
S) and eerie ammonium sulfate (6) as oxidizing agents for the
titration of oxalate. Although these two reagents form more
stable and more easily prepared solutions than potassium per-
manganate, they still are not entirely satisfactory. These solu-
tions do not always give either a sharp or a clear end point with
the available indicators. In addition, the direct cerate titrations
have to be carried out in a hot oxalate solution. At about the
same time that the above eerie salts were proposed, Ellis (2) re-
ported the use of ammonium hexanitratocerate for the drop-scale
titration of calcium oxalate. Smith suggested the use of this
salt (13) and carried out a series of studies concerning its proper-
ties (I, 10, 11, 12). Kirk and Tompkins (4), however, imply
that this reagent is not suitable for microtitration of oxalate.

The need of a precise method for the determination of small
amounts of calcium led the authors first to the use of eerie sulfate.
The disappointing results "with this procedure prompted them to
begin an investigation of ammonium hexanitratocerate.

SOLUTIONS

0.01000 N Sodium Oxalate, 0.6700 gram of carefully dried
Sorensen’s sodium oxalate dissolved in 1 liter of distilled water.
This solution is stable if kept in a refrigerator with chloroform as

a preservative, or if made in 0.1 N perchloric acid (9). To 4 ml.
of this standard, 0.5 ml. of 60% perchloric acid is added before
titration.

0.05% Setopatine C, 50 mg. of Eimcr and Amend’s setopaline
C added to 100 ml. of distilled water and warmed on a steam bath
or electric hot plate. The dye is only slightly soluble and precipi-
tates on cooling. Therefore, the solution is warmed just before
use, and 6 drops of the warm indicator are added to the oxalate
solution. Furthermore, when the indicator is added as a cold
solution, it is oxidized immediately by the first few drops of the
cerate solution rendering it ineffective.

0.01 N Ammonium Hexanitratocerate, 6 grams of reagent
grade ammonium hexanitratocerate dissolved in about 200 ml.
of 1 N perchloric acid and diluted to 1 liter with the acid. The
solution is kept in a black bottle in the dark.

W ash Sotution (cf. 6), 2 ml. of 28 to 29% ammonium hy-
droxide, 98 ml. of distilled water, 100 ml. of redistilled ether, and
100 ml. of redistilled ethyl alconol mixed together. The use of
this solution always gave very good settling of the calcium oxalate
on centrifugation. The use of 2% ammonium hydroxide, on the
other hand, always resulted in the loss of material due to creeping
and floating.

PROCEDURE

The sample containing the calcium is pipetted into a 15-ml.
conical centrifuge tube, and 2 drops of methyl red indicator and
1 ml. of 4% ammonium oxalate are added. Ammonium hy-
droxide (1 N) is added from a dropper until the indicator just
turns yellow, and then 1 N .hydrochloric acid is added until the
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Ammonium hexanitratocerate in 1 N perchloric acid is a very good
reagent for the microdetermination of calcium by direct titration of
the oxalate at room temperature. The indicator setopaiine C gives
an extremely sharp end point with this reagent. Certain precautions
must be observed in the preparation and storage of the ammonium
hexanitratocerate solution. The reagent must be dissolved and
kept in 1 N perchloric acid in order to prevent the irreversible hy-
drolysis of the salt. It is decomposed by light in either clear or
brown glass bottles. The solution generally decreases in normality
more rapidly when prepared in increased concentrations of per-
chloric acid. The solution, however, is stable in a black bottle, in
which the decrease in titer is only about 2.5% over a period of 90
days. This change may be further lessened by keeping the bottle in
the dark. Finally, the calcium oxalate must be dissolved in at least
1 N, but not concentrated, perchloric acid.

pink color reappears. The solutions are stirred with footed glass
stirring rods which are removed and hung on a numbered rack.
After one hour, the tubes are centrifuged, the supernatant fluid
is poured off, and the tubes are inverted on paper or cloth towels
to drain for 2 minutes. Then the rims are wiped dry, the stirring
rods are placed in their respective tubes, 5 ml. of wash solution
are pipetted down the sides of the tubes, and the calcium oxalate
precipitate is dispersed by stirring. The tubes are centrifuged
and the wash procedures repeated. After the second wash, the
precipitate is dissolved in 4 ml. of 1 N perchloric acid and titra-
tion is carried out in the centrifuge tube at room temperature.
The tube is held by a clamp attached to the buret stand and
the buret is lowered into the tube, so that the tip is always above
the surface of the solution. The solution is stirred by an up-and-
down motion of a narrow glass rod slightly flattened at the end
and bent at a 45° to 90° angle at a height just above the lip of the
tube. The warm indicator (6 drops) is added and the reagent is
delivered from a microburet graduated at 0.02 ml. until the indi-
cator changes from yellow to salmon pink. At the end point this
color will persist for only about 15 seconds, after which it changes
to a bronze. The color change is extremely sharp and distinct.

PREPARATION OF AMMONIUM HEXANITRATOCERATE SOLUTION

In order to obtain a satisfactory solution of the reagent, the
salt must be dissolved directly in 1 N perchloric acid or in water,
followed by the immediate addition of sufficient perchloric acid
to make aliV solution. The former method is preferred. In the
latter procedure, if the perchloric acid is not added immediately
after the salt is completely dissolved, a fine insoluble precipitate
appears. This precipitate is probably formed by hydrolysis of
the salt (f). Furthermore, if the solution is warmed even after
the above precaution has been observed, a large amount of fine
white precipitate appears with a marked loss in titer. This latter
fact apparently was not recognized by Kirk and Tompkins (4),
for they warmed their solutions on the steam bath for 24 hours
and filtered. Solutions prepared in the amounts of ammonium
hexanitratocerate, stated by these authors to give a 0.02 N solu-
tion, gave a 0.05512 N solution when the heating procedure was
omitted.

As a further check on the effect of heat, two solutions, 0.02672
and 0.00880 N, were prepared in 1N perchloric acid, and aliquots
from each of these were placed on the steam bath for 24 hours,
filtered, and restandardized with sodium oxalate solution. The
stronger of the two solutions decreased in normality to less than
10% of the original value and the weaker to less than 70%. In
addition, the end point was blurred by the formation of a fine
white precipitate during the titration. A similar decrease in titer
as a result of heating was observed by Smith and Getz (12).

STABILITY OF AMMONIUM HEXANITRATOCERATE SOLUTION

The reagent rapidly decreases in titer when exposed to diffuse
daylight (Table 1). The decrease apparently is due to photo-
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chemical reactions, since darkness prevented the change. Brown
bottles also protected the ammonium hexanitratocerate solu-
tions, but only when the concentration of the perchloric was not
greater than 1 N. Black painted bottles provided the greatest
protection, especially when placed in the dark.

CONCENTRATION OF PERCHLORIC ACID IN OXALATE SOLUTION

When the concentration of the perchloric acid in the standard
sodium oxalate solution was less than 1 N, a white cloudy precipi-
tate invariably formed on titration. On the other hand, if the
normality of the perchloric acid was greater than 1 N, no further
increase in accuracy was observed. The titration with a standard
0.02113 N sodium oxalate solution of fourteen equal aliquot por-
tions of ammonium hexanitratocerate solution varying from 1
to 4 ATin perchloric acid gave a mean normality of 0.01831 with
an average deviation of only =*=0.00004.

SOLUTION OF CALCIUM OXALATE

If the moist precipitate of calcium oxalate was dissolved in 0.5
ml. of concentrated perchloric acid and then diluted with 4 ml.
of water, the results always were low and inconsistent (Table
I1). On the other hand, if the precipitate was previously dried
or was dissolved in 1 N perchloric acid, theoretical values were
obtained. It appears that the concentrated perchloric acid is
able to oxidize the moist precipitate.

The figures in Table Il also indicate the degree of accuracy of
the method. Samples containing as low as 0.5 mg. of calcium
have given similarly satisfactory results.

PRECIPITATION OF CALCIUM OXALATE

In the other reported procedures for calcium there is a wide
variance in the manner of precipitation of the calcium oxalate;
therefore, time of precipitation and digestion were studied.
Furthermore, some of the authors’ unknown samples required
considerable ammonium hydroxide to bring them to the proper
pH. Therefore, known samples were made excessively acid by
the addition of 0.1 to 0.3 ml. of 6 N hydrochloric acid, and neu-
tralized. The results in Table Il indicate that one hour is suf-

Table 1 Effect of Light and Concentration of Perchloric Acid on
Stability of Ammonium Hexanitratocerate Solutions

HCIO* (NHOjCe(NOj)«
Place of Nor- Duration, Nor- De-
Bottle Storage mality Days mality crease, %
Clear glass On bench 1 25 0.02182 21.1
In locker 1 124 0.01722 6.8
1 124 0.05453 1.0
1 124 0.01795 6.1
2 124 0.01777 5.0
3 124 0.01771 4.2
Brown glass On bench 1 84 0.05434 5.8
1 84 0.01769 5.8
2 84 0.01744 14.9
3 84 0.01742 13.1
Black painted On bench 1 90 0.06830 2.3
1 90 0.02253 2.4
2 90 0.02260 2.1
3 90 0.02238 6.5
Black painted In locker 1 80 0.01340 0.0

Table Il. Effect of Perchloric Acid on Calcium Oxalate
Condition Average Average
Series  Number of HCICh  of CaCjO« Ca Found, Devia-
No. Analyses Normality Ppt. Mg. tion®
1 4 9 Moist 0.968 0.223
2 12 9 Dry 1.203 0.015
3 8 1 Moist 1.208 0.013
4 14 1 Dry 1.217 0.004

Calcium by macroanalysis, 1.217 mg.

a Of a single observation.
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Table Ill. Precipitation of Calcium Oxalate under Different
Conditions
Number Temperature Hours of Average Average
Series of An- for CaCiO* CaCiOi Excess Ca Found, Devia-
No. aly8es Pptn. Pptn.  NEUC1 Mg. tion
1 10 Room 1 0 1.208 0.011
2 4 Room 20 0 1.211 0.006
3 4 Boiling water 2 0 1.208 0.009
bath
4 6 Boiling water 3 0 1.200 0.017
bath
5 9 Room 1 + 1.209 0.008
6 6 BO!;Imhg water 1 1.201 0.006
at

Calcium by macroanalysis, 1.217 mg.
* Of a single observation.

ficient time for precipitation and that digestion in a water bath or
excess ammonium chloride does not increase or decrease the ac-
curacy.
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Microdetermination of Nitrates by the Devarda Method

RICHARD KIESELBACH, Bakellte Corporation, Bound Brook, N. J.

Microquantities (0.05 milliequivalent) of nitrates can be determined
with a precision and accuracy of 99.8% by reduction with Devarda's
alloy, the ammonia liberated being absorbed in boric acid and
titrated with 0.01 N hydrochloric acid to bromocresol green-methyl
red end point. By following the procedure given below, a single
determination can easily be run in 20 minutes. Nitrites and am-
monia interfere, but interference of ammonia can be easily overcome.
Special apparatus described is convenient, but not essential.

M ETHODS for the determination of small quantities of ni-

trates have, in general, been either undesirably time-con-
suming or rather limited in accuracy. The Devarda method, gen-
erally accepted as the most desirable for macrodeterminations
(4), appeared to be best suited to a microadaptation (I, 5), its
only apparent disadvantage lying in the time required for an
analysis and the relative complexity of the apparatus. In the
hope of eliminating these disadvantages, the work described below
was undertaken. Highly satisfactory results were obtained, and
more than 200 determinations by the method finally developed
have shown no undesirable features.

APPARATUS

The apparatus shown in Figure 1 was constructed to facilitate
the use of the method in conjunction with certain other experi-
ments. It is described here, because it is well suited to the
method and very convenient to use. Where the construction of
such special apparatus is impractical, as for only occasional de-
terminations, a satisfactory substitute can be assembled from
ordinary laboratory apparatus.

The reaction and distilling flask, A, is a modification of the
Parnas-Wagner micro-Kjeldahl apparatus (£, 8), fitted with
standard-taper joints, a, c, and an electrical heating coil, e. The
heating coil provides a convenient means of boiling the contents
of the flask, being unaffected by drafts and capable of accurate
control by means of a rheostat. Since the coil has a negligible
heat capacity, there is no lag when the current is turned on or
off. Expanding air escaping from the stoppered inner tube, d,
effectively prevents bumping, even when concentrated caustic is
being boiled. Alternatively, where the volume of liquid is small,
distillation can be accomplished by an outside source of steam
entering through the inner tube at a.

The spray trap, B, and condenser, C, are a single unit, with
standard-taper joints to fit the distilling and receiving flasks.

The spray trap is simply a tube containing a wad of glass wool,
/. This trap is essential, since the reaction mixture evolves a
large amount of fine alkaline spray. It is insulated by a silvered
vacuum jacket to eliminate condensation as much as possible.
(A steam jacket or electrical heating coil may be substituted
for this jacket, as in the macromethod described by Scott, 4-)
It is important that the inner tube of the trap be unconstricted
at the ring seal, g, so that the glass wool may be readily replaced.

The standard taper joint, i, is primarily a matter of conven-
ience, as well as insurance against breakage of the condensate
delivery tip, j. When the receiver, k, is connected by means of
this joint, one can be certain that the delivery tip is covered by a
maximum depth of liquid, without danger of its pressing against
the bottom of the flask. Contamination is also minimized, since
only the small vent, h, is open to the atmosphere. The receiver,
k, is a 125-ml. Erlenmeyer flask.

Incidentally, the experience of the writer has been that the
entire apparatus may be safely supported by one clamp on flask
A. The trap-condenser unit is sufficiently strong to allow sus-
pension by joint c alone, thus simplifying assembly, and eliminat-
ing the danger of breakage through incorrect alignment of clamps.

EXPERIMENTAL

c.p. potassium nitrate was recrystallized three times from
double-distilled water, and dried for 3 hours at 110° C. and 3
hours at 200° C. U). The product was assayed by the fer-
rous sulfate method, and, indirectly, by conversion to the chlo-
ride and weighing. Both methods gave a potassium nitrate con-
tent of 100%. Probable impurities were tested for, and found
absent. Standard solutions were prepared from this salt by
weighing and diluting to a definite volume. Fresh solutions were
prepared every day.

The procedure followed in all tests was as follows: A definite
volume of 0.01 N nitrate solution was pipetted into the reaction
flask through joint c, after which a weighed quantity of Devarda’s
alloy was added. The inside of the joint was washed down with
sufficient water to bring the total volume to 20 ml., and the spray
trap and condenser were connected. The receiving flask, contain-
ing 10 ml. of 2% boric acid and 2 drops of bromocresol green-
methyl red indicator (2), was connected to the condenser, 10 ml.
of 20% sodium hydroxide were added through funnel b, and the
funnel stopcock was immediately closed. The mixture was then
heated by the electrical heating coil until the reaction proceeded
vigorously, when the currentwasturned off. After a definite length
of time, low heat was turned on, and the mixture boiled until foam-
ing had subsided. The heat was then increased, and about 10
ml. were distilled over. The receiver was lowered, and the dis-
tillation continued for about 30 seconds, the delivery tip being
washed with a stream of water. The distillate was then titrated
to a colorless end point with 0.01 N hydrochloric acid from a fi-
nal. microburet.
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Table I. Effect of Reaction Time
Reaction Volume of Weight of KNOj

Time 0.01153 N HC1 Known FoundO

Min. MI. Mg. Mg.

60 4.470 5.055 5.065

4.460 5.055 5.053

4.458 5.055 5.051

Av. 5.056

30 4.462 5.055 5.056

4.468 5.055 5.063

4.462 5.055 5.056

Av. 5.058

0 4.475 5.055 5.071

4.405 5.055 5.059

4.450 5.055 5.042

Av. 5.057

15 0.128 Blank 0.149

0.124 Blank 0.145

Av. 0.147

° Final figures given in this and following tables are corrected for blank
error. All titrations shown are original buret readings.

Considerable difficulty was at first encountered in obtaining
consistent results, particularly from tests run on different days.
The trouble was finally traced to the rubber tube connecting the
microburet to the standard acid reservoir. Tests showed that
0.01 N hydrochloric acid standing in the rubber tube for 48 hours
was reduced in concentration by 37%. A parallel test run on
flexible plastic tubing showed a concentration reduction of only
0.9%. Accordingly, the rubber tube was replaced by the plastic,
after which no further trouble was encountered.

It was decided first to determine the length of time actually
required to effect a quantitative reduction of the nitrate by the
process. In all teste, 5-ml. aliquots of 0.01 N potassium nitrate
and 0.5-gram portions of Devarda’s alloy were used, the reaction
mixture being allowed to stand for varying lengths of time be-
tween initiation of the reaction and the preliminary boiling. The
results of this experiment are given in Table |I. Evidently, re-
action time preliminary to boiling is not a factor in the accuracy
of the method. For practical purposes, however, it is advisable
to allow 5 to 10 minutes for the reaction to subside, since the mix-
ture is apt to foam up into the spray trap if boiled immediately.
For this reason, an interval of 10 minutes was allowed in all sub-
sequent tests.

The quantity of Devarda’s alloy necessary to complete the re-
action was another factor open to question. Inasmuch as the
alloy itself is the chief source of the blank error, it is desirable to

ANALYTICAL

EDITION 765

Table Il. Effect of Weight of Devarda's Alloy
Weight of  Volume of Weight of KNOJj
Alloy  0.01153 N HC1 Known Found Recovery
Oram MI. Mg. Mg. %
0.1 0.060 Blank 0.070
0.060 Blank 0.070
3.240 5.595 3.708 66.3
3.210 5.595 3.67? 65.7
0.2 4.684 5.595 5.353 95.7
4.700 5.595 5.372 96.0
0.5 0.128 Blank 0.149
0.124 Blank 0.145
4.460 5.055 5.053 i6olo
4.485 5.055 5.081 100.5
1.0 0.275 Blank 0.321
0.265 Blank 0.309
4.600 5.055 5.049 90!'9
4.620 5.055 6.072 100.3

use as little as possible. Using an equalamount ofstandard potas-
sium nitrate in each case, a series of teste was run with the weight
of alloy as the variable (Table Il). As was to be expected, a-
certain minimum weight (0.5 gram) of alloy was found necessary
to produce stoichiometric results. Larger amounts merely in-
creased the blank.

The two uncertain factors involved in the method having been
determined, a series of analyses was run on samples of varying
nitrate concentrations, jn order to determine the method’s range
of accuracy. In addition to the purified potassium nitrate used
in the previous experiments, samples of dried c.p. sodium nitrate-
were analyzed as an additional check (Tables Il and 1V).

PRECISION AND ACCURACY OF METHOD

The deviations from the means of the analyses listed in Tables
Il and IV, expressed as weights rather than percentages, are

Table Ill. Effect of Size of Sample on Accuracy
Weight Weight o
of KNO» Volume of of KNO. Deviation
Known 0.01153 ATHC1 Found from Mean Error
Mg. MI. Mg. Mg. %
Blank 0.128 0.149
0.124 0.145
Av. 0.147
0.506 0.560 0.506 0.010 0.0
0.540 0.483 0.013 4.5
0.555 0.500 0.004 1.2
Av. 0.496 0.009 1.8
1.011 0.995 1.013 0.002 0.2
1.005 1.025 0.010 1.4
0.990 1.007 0.008 0.4
Av. 1.015 0.007 0.7
2.022 1.900 2.069 0.027 2.3
1.860 2.022 0.020 0.0
1.872 2.036 0.006 0.7
Av. 2.042 0.018 0.9
6.055 4.470 5.065 0.011 0.2
4.450 5.042 0.012 0.3
4.465 5.059 0.005 0.1
4.445 5.030 0.018 0.4
4.465 5.059 0.005 0.1
4.470 5.065 0.011 0.2
4.458 5.051 0.003 0.1
Av. 5.054 0.009 0.2
Table IV. Analyses of C.P. Sodium Nitrate
Weight Weight
of NaNO. Volume of of NaNO. Deviation
Known 0.01153 IVHC1 Found from Mean Error
Mg. MI. Mg. Mg. %
1.700 1.860 1.699 0.003 0.1
1.855 1.694 0.008 0.4
1.875 1.714 0.012 0.8
1.862 1.701 0.001 0.1
Av. 1.702 0.006 0.4
4.251 4.458 4.245 0.004 0.1
465 4.252 0.003 0.0
4.475 4.262 0.013 0.3
4.450 4.238 0.011 0.3
4.462 4.249 0.000 0.0
Av. 4.249 0.006 0.1
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fairly constant. They may be largely, if not entirely, attributed
to unavoidable errors of measurement, since in only one case is
the deviation greater than the equivalent of one drop in the ti-
tration.

The accuracy of the method is good: 99.8 to 99.9% for 0.05-
milliequivalent samples. Considering the nature of the deviation
from the mean, it is obvious that the accuracy of a single deter-
mination will decrease with smaller samples, and that the accu-
racy of the mean value of several determinations will decrease as
the size of the sample approaches that of the blank. These facts
are corroborated by the last columns of Tables Il and IV.

INTERFERENCES

Certain types of nitrogen compounds may be expected to in-
terfere with the method. Of these, ammonium and nitrite com-
pounds arc the most likely to be encountered. The former may
readily be removed by adding alkali and boiling, before the addi-
tion of the Devarda’s alloy. (If this procedure is followed, the
mixture should be cooled thoroughly before adding the alloy.)
Nitrites must be determined separately, and deducted from the
total.

As opposed to the macromcthod described by Scott, carbon
dioxide shows no evidence of interference with this method.

OUTLINE OF PROCEDURE

Reagents. Devarda’s Alloy, analyzed reagent.

Sodium Hydroxide, ammonia- and nitrate-free. Dissolve
200 grams of c.p. sodium hydroxide in water, and make up to 1
liter. Add about 1 gram of Devarda’s alloy, and boil for about
10 minutes. Cool, replace any water boiled off, and store in a
wcll-stoppered bottle (preferably Pyrex).

Boric Acid, 2% c.p. boric acid crystals in water.

Indicator, 10 ml. of 0.1% bromocresol green plus 2 ml. of 0.1%
methyl red, in 95% ethanol.

Microdetermination of Nitric Oxide
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Standard Hydrochloric Acid. Prepare approximately 0.01
N hydrochloric acid, and standardize against pure potassium
nitrate by the method given. (Avoid contact of the standardized
acid with rubber.)

Analysis. Pipet 10 ml. of 2% boric acid into the receiving
flask, and add 2 drops of bromocresol greon-methyl red indicator.
Place a fresh plug of glass wool in the spray trap. (Care should
be taken to remove any fibers of glass wool from the ground
joint.)

Place the sample in the distilling flask, and add 0.5 gram of
Devarda’s alloy. (Where a large number of determinations are
to be made, measure the alloy by volume, using a cup made for
the purpose.) Wash down with water, bringing the total
volume to 20 to 25 ml. Connect the spray trap, condenser, and
receiver. Add 10 ml. of 20% sodium hydroxide through the
funnel, and close the stopcock.

Heat the mixture until it effervesces vigorously, and then let
stand for at least 5 minutes. Again heat, gently, until foaming
subsides. Then increase the heat, and distill about 10 ml. (If
the spray trap is not vacuum-jacketed, electrical or steam heat
should be turned on before beginning the distillation.)

Lower the receiver, and continue distillation for about 30
seconds, washing the delivery tip with water. Titrate the dis-
tillate with 0.01 N hydrochloric acid to a colorless end point.

It is advisable after each determination to replace the glass
wool in the spray trap, and to rinse out the trap and condenser
with water. The reaction flask should be cleaned in the following
way: Rinse out most of the residue with water. Shake the flask
with hydrochloric acid to dissolve the precipitated aluminum
and zinc hydroxides and the residue of the alloy, and finally rinse
again with water.
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in Gases

RICHARD KIESELBACH, Bakelite Corporation, Bound Brook, N. J.

Nitric oxide may be determined in olefin-free gases with an accuracy
1and precision of 99.0% by the method described. The gas is
passed through an alkaline permanganate solution in a specially
designed scrubber, after which the solution is analyzed by the micro-
Devarda method. Gases containing unsaturated components may
be analyzed with a modification of the procedure, if the olefin
concentration is low, it is necessary only to increase the perman-
ganate concentration of the absorbent. If it is high, the gas must
first be scrubbed with sulfuric acid saturated with silver sulfate.
Higher nitrogen oxides interfere. If present, they should be re-
moved by scrubbing the gas with dilute alkali. The method may
conveniently be used with nitric oxide concentrations down to 2
parts per million. A semiautomatic sampling apparatus for routine
tests is described.

BECAUSE of the insoluble and generally inert nature of nitric

oxide, methods for its determination necessarily involve a
preliminary’ oxidation to the more soluble nitrogen dioxide.
Three oxidizing agents have been used in the most successful
methods, all of which suffer from one or more disadvantages.
Hydrogen peroxide, in acid, alkaline, and neutral solution, has
been recommended by a number of investigators (/, 2, 3, 7, 15).
However, the impurities it inevitably contains produce too high a
blank to allow its use with low concentrations of nitric oxide (6).
Fulweiler (4, 5, 5) has developed a generally satisfactory method
of analysis, using oxygen and a catalyst mixed with the gas before

absorption. His apparatus, however, is rather complex, and a
rather large correction factor must be applied. Oxygen alone
can be used only with certain illuminating gases, which already
contain catalysts (6, 13). Potassium permanganate has been
used successfully by Shnidman and Yeaw (L1.C), its only disadvan-
tage lying in the fact that it is reduced by the olefins usually pres-
ent in illuminating gases (6, 8). Since the gas to be analyzed by
the writer contained negligible quantities of reducing compounds,
permanganate appeared to be the oxidizing agent best suited to
the purpose.

The nitrogen dioxide obtained from the oxidation of the nitric
oxide has, in the past, almost invariably been determined colori-
metrically, by absorption in a suitable reagent. Extreme seusi-
tivity is thus obtained: the Griess-Uosvay reagent is capable of
detecting 0.1 microgram of nitric oxide as the nitrite (6). How-
ever, a rather low order of precision is obtained with all the meth-
ods reviewed, the variation in some cases exceeding the necessary
correction factor. For this reason, the volumetric micro-De-
varda method (10) was chosen for use with the method to be de-
scribed. Alkaline permanganate was used as the oxidizing agent,
so that a second scrubber to retain the nitrogen dioxide was un-
necessary.

In order properly to develop and evaluate the method, it was
necessary to test it against known mixtures of nitric oxide. As
mentioned by Shnidman and Yeaw (14), the storage of previously
prepared dilutions of nitric oxide is an exceedingly dubious propo-
sition. For this reason, it was preferred to store pure nitric ox-



December, 1944

ide, metering it directly into the gas stream during the absorption
run. Water appeared to be the best confining liquid for the gas.
Organic liquids were, of course, out of the question, and even
mercury is attacked by the gas in time. However, nitric oxide is
slowly decomposed to nitrogen in the presence of water (11).
Consequently, the gas was assayed regularly with a gas buret, and
renewed when the assay fell below 99%.

In order to avoid additional calculations and a possible source
of error, the nitric oxide, which, of course, was saturated with
water vapor, was passed through a desiccant before use.

EXPERIMENTAL APPARATUS

The apparatus used in the development of the method was, so
far as possible, constructed entirely of Pyrex.
used wherever flexibility was required, and full-length standard-
taper joints were used wherever breaks in the line were necessary.

The layout of the apparatus was as follows: Nitrogen from a
constant-pressure reservoir was led through a flowmeter to a mix-
ing chamber, and then, by way of a 3-way stopcock, through
either a capillary by-pass or the scrubber. Pure nitric oxide,
stored over water in an all-glass chamber (Figure 1), was ad-
mitted through a phosphorus pentoxide jar to a calibrated capil-
lary pipet of about 1-ml. capacity, from which it was displaced by
mercury into the nitrogen stream in the mixing chamber. In
order to prevent diffusion, the connection between the pipet and
the mixing chamber was a fine capillary. A thermometer and
manometer were provided, for use in calculation of volume cor-
rections.

The nitric oxide content of the gas mixture was determinedly
the rate at which the mercury was admitted into the nitric oxide
pipet. This was controlled by a leveling bulb lifted by a chain
passing over a synchronous motor-driven sprocket. Thus, varia-
tions in the nitric oxide concentration could be obtained by vary-
ing the diameter of the sprocket.

EXPERIMENTAL PROCEDURE

At the start of a run, a capillary tube creating
the same effective back pressure as the scrubber
to be used was connected to the by-pass port of
the 3-way stopcock. The nitrogen flow was
started, and adjustments were made with the
gas going through the by-pass.

The mercury in the nitric oxide delivery pipet
was lowered below the T-conncction to the nitric
oxide reservoir, and the pipet was flushed with
about 5 ml. of the gas. The synchronous motor
feed was then started, the nitrogen-nitric oxide
mixture being led through the by-pass until the
mercury level reached the lower graduation of the
pipet. Sufficient time elapsed in this period for
the nitric oxide used in flushing the pipet to be
swept out of the system.

The 3-way stopcock was then turned to pass
the gas through the scrubber, and the time was
noted. When the mercury reached the upper
graduation of the pipet, the time was again noted,
and the gas flow switched back to the by-pass.

The absorbent solution in the scrubber was
then washed into the micro-Dcvarda reaction
flask, and an amount of oxalic acid sufficient to
reduce the excess permanganate to manganese
dioxide was added. The solution was boiled
down to about 20 ml., after which the miero-
Devarda reaction and distillation were carried out
in the usual way (10).

Mercury
Leveling
Bulb —

In the reduction of the permanganate, excess
oxalic acid was required, in order to reduce the
pH of the solution to a value where the reaction
could occur. The oxalic acid remaining after the
reduction had no effect upon the subsequent
Devarda reaction. Incidentally, the>final titra-
tion blank was not appreciably affected by any
of these reagents.

DETERMINATION OF FACTORS INFLUENCING
ACCURACY OF METHOD
A large number of preliminary runs were
made, in the course of which several kinks in
the apparatus were found and ironed out.

Plastic tubing was.

5 prock et Driven
By Synchronous Motor
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Effect of Gas Flow Rate

(Scrubber, 3 fritted-glass bubblers. Absorbent, 0.5% KMnOi-O.5% NaOH..
NO concentration, 27 micrograms per liter)

Table 1.

Flow Rate Recovery Average Average De
MI./min. % % %
300 94.9
97.4
95.9 96.1 0.9
000 84.7
86.4
86.7 85.9 0.8

The approximate optimum range of flow rate and absorbent con-
centration were determined, using as a scrubber a column of
three fritted glass bubblers (9). A systematic study was then
made of the four major variables affecting the accuracy of the
method—i.e., the flow rate, the absorbent concentration, the ni-
tric oxide concentration, and the type of scrubber.

The first runs were made with a concentration of 27 micro-
grams of nitric oxide per liter, since this was known to approxi-
mate the actual composition of the gas eventually to be analyzed.
(Nitric oxide concentration is expressed in micrograms per liter,
since that was the actual relationship measured. To convert
approximately to parts per million by volume at 25° C. and 760
mm., multiply by 0.815.) An absorbent solution composed of
0.5% potassium permanganate and 0.5% sodium hydroxide was
used, except when the effect of that concentration was being
studied.

The first tests made were to determine the effect of the gas flow

From Nj,"NO MtxTURE To
—-6 —— 3 -Way 5topcock

Flowmeter

MmMNG Chamber

Fine Capillary
Pressure
Equalizing
T UBES - -

Counterweight

Manometer

NO Detivery
Pipet

Figure 1. Nitric Oxide Feed Apparatus
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rate, using a column of three fritted glass bubblers. The results
are given in Table I.

Flow rates lowerthan 300 ml. per minute were not investigated,
since the longer runs that would be required did not seem war-

ranted by the 4% error to be corrected.

Figure 2. Modified Shaw Scrubber

The fritted-glass bubblers appeared to be entirely satisfactory,
from the standpoint of efficiency. They had one disadvantage,
however, in that they created a rather high back pressure: 72
mm. of mercury at 300 ml. per minute. For this reason, another
type of scrubber, designed to create a low back pressure, was also
tested. This scrubber (notillustrated) was a modification of that
described by Shaw (13), in which the packed column section was
enlarged to 200 mm. by 30 mm. in diameter. Its back pressure
was 100 mm. of water at 300 ml. per minute. The results of
flow rate tests with this scrubber (Table I1), sur-
prisingly enough, were almost identical with those
obtained with the fritted-glass bubblers.

As compared with the fritted-glass bubblers,

a rather large amount of water was required to
wash the Shaw-type scrubber free of absorbent
solution. However, this drawback was felt to be
less disadvantageous than the high back pressure
of the bubblers. Accordingly, all further tests were
made with this scrubber. A flow rate of 300 ml.
per minute was taken as a standard.

Tests were next made of the effect of absorbent
concentration (Table I111). A somewhat higher
nitric oxide concentration was used, on the as-
sumption that this would make more noticeable
any falling off of efficiency at the lower absorbent
concentrations. For simplicity’s sake, equal
amounts of potassium permanganate and sodium
hydroxide were always used, the percentage

16, No. 12

Table Il. Effect of Gas Flow Rate .

(Scrubber, modified Shaw scrubber. Absorbent, 0.5% KMnOt-
0.5% NaOH. NO concentration, 27 miorograms per liter)

Flow Rate Recovery Average Average Deviation

M I./mtn, % % %
300 97.3
95.3
94.3

95.7 95.7 0.9
600 86.7
85.9

87.7 86.8 0.6

Table Ill. Effect of Absorbent Concentration

(Scrubber, modified Shaw scrubber. NO concentration, 55 micrograms per
liter. Flow rate, 300 ml. per minute)

KMnO.-NaOH

Concentration Recovery Average Average Deviation

% % % %
0.5 97.0

96.5

97.1 96.9 0.2
0.2 97.3

95.3

96.0 96.2 0.7
0.1 92.4

90.0

90.6 91.0 0.9

indicated in the table referring to the concentration of each
component.

The results of these tests demonstrate that maximum recovery
is obtained as long as the concentration of the absorption reagents
is greater than 0.2% potassium permanganate and 0.2% sodium

Table 1V. Effect of Nitric Oxide Concentration
(Scrubber, modified Shaw scrubber. Absorbent, 0.5% KMnOr—
0.5% NaOH. Flow rate, 300 ml. per minute)
NO Concentration Recovery Average Average Deviation
w./l. % % %
291 96.7 96.7
58 97.0
52 93.5
54 97.1 96.9 0.2
26 97.3
28 95.3
27 94.3
27 95.7 95.7 0.9
5.5 93.2
5.7 93.1
5.7 92.6 93.0 0.2

Figure 3. Flow Sheet for Gas-Absorption Apparatus
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Figure 4.

hydroxide.
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COUPLING

Motor-Driven Valve

To be on the safe side, a 0.5% potassium perman-

ganate-0.5% sodium hydroxide solution was taken as the stand-

ard absorbent.

The optimum conditions of operation having
remained only to determine the range of nitric
oxide concentration over which the method was
effective. A series of tests was accordingly
made, in which the nitric oxide content of the'
gas was varied. The results of these tests are
shown in Table IV.

These tests showed a definite falling off of
scrubber efficiency at the lower nitric oxide con-
centrations. For this reason, as well as to make'
a more compact and convenient unit, the
scrubber was redesigned. The final design is
shown in Figure 2. The packed section of this
scrubber has the same total volume as that of
the first model, but is shorter and wider, thus
producing a lower gas velocity for a given flow
rate. The back pressure at 300 ml. per minute
is 70 mm. of water.

Several other modifications were included in
the new design, to simplify operation. Per-
forated glass disks sealed above and below the
packed section keep the glass balls in place, and
also reduce the probability of breakage of the
inner tube. A capillary by-pass is incorporated
directly into the unit, while a quarter turn of
the special 4-way stopcock at the bottom directs
the gas stream through either the by-pass or the
scrubber. After a run, a quarter turn of the
same stopcock opens the drain at the bottom of
the unit. The standard-taper joint at the
bottom serves to connect the scrubber to the gas
line, or, while draining, to the.reaction flask.
In addition, it provides a convenient means of
support for the apparatus, eliminating the need
for a clamp.

The effect of nitric oxide concentration on the
efficiency of the new scrubber was tested, as
shown in Table V. For practical purposes, the
efficiency of the redesigned scrubber was 100%.
Since any loss of efficiency would appear at the
lower nitric oxide concentrations, tests at high
concentrations were not considered necessary.

been found, it

EDITION

VALVE
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The low precision encoun-
tered in the tests at 2.6 micro-
grams of nitric oxide per liter
requires some explanation. It
was obviously desirable to test
the scrubber at as low a nitric
oxide concentration as possible,
in order to detect any falling
off of efficiency. However, in
order to keep the duration of
the test run within reasonable
limits, it was necessary to use
a smaller total volume of nitric
oxide than wusual. This was
accomplished by raising the
mercury in the nitric oxide
pipet three-fourths of the
pipet’s length before starting
the run. Because of the
shorter distance then to be
traveled by the mercury, errors
of measurement were mag-

nified. Furthermore, in view
of the low velocity of the
nitric oxide, diffusion of the

gas contained in the capillary

connecting the pipet to the mixing chamber became a consider-

able factor.

These two considerations easily account for the ap-
parently poor showing of the scrubber.

Inasmuch as the gas to

be analyzed would seldom, if ever, contain such low nitric oxide

Figure 5.

Gas-Sampling Apparatus, Front
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Effect of Nitric Oxide Concentration
Absorbent, 0.5% KMnO<-

Table V.
(Scrubber, modified Shaw BCrubber No. 2.

0.5% NaOH. Flow rate, 300 ml. per minute)
Concentration Recovery Average Average Dc
WL/I. % % %

27 100.0
26 98.9
27 99.1 99.3 0.4
5.9 99.5
5.G 100.0
5.7 99.5 99.7 0.2
2.6 107
2.6 98
2.6 95 100 5

concentrations, it was not considered worth while to construct and
calibrate a special pipet for this one test.

The average deviation figures given in the various tables ac-
tually represent the over-all precision of the test method, includ-
ing the apparatus used to prepare the nitric oxide mixtures. The
true precision of the analytical method is probably somewhat
better than this.

SOURCES OF ERROR AND APPLICABILITY OF THE METHOD

Sources of error in the micro-Devarda procedure used in con-
junction with this method have already been discussed {10).
Obviously, all water and reagents used should be free of nitrates
and ammonia.' As mentioned above, the reduced absorption re-
agents have no effect upon the analysis. The only factor re-
quiring special consideration in this application is the size of the
sample. For the highest precision and accuracy, the sample
should be large enough to require a titration of at least 1 ml.—
i.e., notlessthan 0.25 mg. of nitric oxide. It is obvious, therefore,
that accuracy must be balanced against convenience, where long
runs would be required to analyze gases of low nitric oxide con-
tent.

Figure 6. Gas-Sampling Apparatus, Rear

In this connection, it should be remembered that the method
has not been checked against nitric oxide concentrations of less
than 2.6 micrograms per liter. Judging by the behavior of the
original modified Shaw scrubber, it appears possible that the
efficiency of the improved scrubber might start to fall off at some
lower concentration. This possibility should be checked, if accu-
rate determinations of very low nitric oxide concentrations are
required.

Because of its convenience and compactness, a differential
flowmeter of the capillary type is used by the writer for the
measurement of the gas. (Where only a low gas pressure is avail-
able, a wet gas meter may be used to advantage.) The signifi-
cance of an error in reading the flowmeter depends upon its de-
sign. If sufficient gas pressure is available, the differential may be
made large enough to make reading errors negligible. The back
pressure of the scrubber (70 mm. of water) introduces a small
error in the flowmeter reading, which can be corrected. The
variation in back pressure is too small to be significant. Timing
the run is, of course, necessary, where a flowmeter is used.
Errors from this source are ordinarily negligible.

Leaks in the apparatus obviously are to be avoided. Rubber
tubing connections are undesirable from this standpoint, and also
because of the fact that a certain amount of nitric oxide may be
absorbed by the rubber. So far as possible, the apparatus
should be all glass, with fused connections. Flexible connections
are best made with plastic tubing.

Several of the first trials of the final scrubber design were
spoiled by uneven wetting of the packing. This difficulty may
be avoided by turning the charged scrubber over, and wetting
all the balls with the absorbent solution. If the balls are uni-
formly wetted at the start, no appreciable channeling will occur
during the run.

Excessive reduction of the permanganate absorbent by un-
saturated compounds will, as indicated in Table I11, give rise to a
serious error. The effective potassium permanganate concen-
tration must never fall below 0.2%. To this end, the initial con-
centration of the absorbent may be raised up to 5% potassium
permanganate-5% sodium hydroxide, without otherwise affect-
ing the analysis. If this means is insufficient to handle the reduc-
ing compounds, a preliminary scrubbing is necessary. Satisfac-
tory results were obtained by the writer by scrubbing illuminating
gas with sulfuric acid saturated with silver sulfate {16). The
Shaw scrubber used for this purpose was similar to thatillustrated
in Figure 2, exceptthat the liquid reservoir (lower section) had a
capacity of 150 ml. About 18 liters of gas can be handled by 100
ml. of sulfuric acid-silver sulfate before olefins start to come
through.

Nitrogen peroxide is likely to be found in any gas containing
nitric oxide. Obviously, all the higher oxides will interfere. Un-
less known to be absent, they should be removed by a preliminary
scrubbing of the gas with 0.5% sodium hydroxide. Incidentally,
the higher oxides, as a group, may easily be determined by the
present method, merely by substituting 0.5% sodium hydroxide
for the 0.5% potassium permanganate-0.5% sodium hydroxide
absorbent solution.

ROUTINE TEST APPARATUS

A semiautomatic, portable apparatus was constructed, for
convenience in sampling gases at various locations. Its flow
sheet is given in Figure 3. Gas entering the apparatus is freed of
suspended matter by a glass wool filter, and then led by a 3-way
stopcock through either a wet and dry bulb hygrometer or the
flowineter-scrubber system. (The hygrometer is used for deter-
mining the dew point of the gas. This measurement is required
on the gas being analyzed by the writer, but is not related to the
nitric oxide determination.)

A flow rate through the scrubber of 300 ==2 ml. per minute is
automatically maintained by means of a motor-driven valve
controlled by a differential capillary flowmeter. Dilute sulfuric
acid in a manometer in parallel with the water-filled flowmeter
manometer makes or breaks contact with fixed platinum con-
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tacts. A small magnetic relay is thus operated, which, in turn,
operates a reversible Telechron motor to close or open the valve.
A bulb on an eccentric dipping into the well of the sulfuric acid
manometer facilitates minor adjustments of the zero point.

/0

Figure 7. Micro-Devarda Apparatus

The motor-driven valve is shown in Figure 4. Its somewhat
unique design is the result of experiments with various types of
needle and pinch valves, none of which offered the sensitivity of
control required for the purpose. In operation, a kink in a section
of soft plastic tubing (3 mm. in inside diameter) is opened and
closed by a screw, working against the hinge to which the tubing
is clamped. A key and slot coupling connects the screw to the 1
r.p.m. synchronous motor.

The control mechanism operates best with an inlet gas pres-
sure of between 2 and 10 cm. of mercury. Higher pressures are
undesirable, in that they cause a wide fluctuation of the flow rate
with the oscillation of the automatic valve. Variations in the
gas pressure between the above limits have negligible effect, if
they are not too rapid for the slow-moving valve to handle. The
use of a pressure regulator on the gas line may be desirable, from
this standpoint.

A mercury manometer, indicating the gas pressure on the ap-
paratus, is provided with a trap, so that it serves as a safety
valve as well. In addition, traps are provided on all the meters,
to prevent loss of liquid in case of a sudden rise in pressure, or
failure of the control.

A manometer is connected to the line between the flowmeter
and the scrubber, indicating the back pressure on the flowmeter.
It is calibrated in terms of the correction necessary to be applied
to the flowmeter reading. Since the flowmeter was calibrated
against a back pressure equal to that created by the scrubber,
this correction ordinarily is zero.

Both the flowmeter and manometer are provided with capil-
lary tubes to damp the minor oscillations caused by the bubbling
of the gas through the scrubber. Reading of the meters is thus
greatly facilitated.

L EDITION 771

The assembled sampling apparatus is shown in Figure 5 (front
view) and Figure 6 (rear view). It is relatively compact and
easily portable. The cabinet is provided with removable sliding
doors, front and back.

The micro-Devarda flask, used in the analysis of the dissolved
sample, has been somewhat simplified (Figure 7). The original
flask {10) was entirely vacuum-jacketed, to prevent excessive
condensation, when distilling with an outside source of steam.
This feature is not required for the present application, resulting
in a more easily constructed and compact apparatus. The electri-
cal heating coil alone is vacuum-jacketed, chiefly for protection.
Electrical connections are made through a standard 2-prong plug,
cemented to the flask, to make a base similar to that of a radio
tube. The leads are thus protected, and connection to an exten-
sion cord is simplified. A stopcock is provided on the left side of
the flask, where suction may be applied to facilitate drainage of
the scrubber into the flask. Asthe photograph shows, the flask is
used in an upright position, making for a more compact distilla-
tion set up.

Operation of the apparatus is very simple. The gas inlet and
exhaust lines are connected to the respective ports (lower left
corner, Figure 5). The 3-way stopcock (left side, Figure 5) is
turned to “Hygrometer”, and the gas allowed to flow at a maxi-
mum rate until the wet-bulb reading becomes constant. This
serves the double purpose of determining the humidity of the gas
and flushing out the lines. Meanwhile, the scrubber is charged,
and connected in place, its 4-way stopcock being set to the by-.pass
position.

The 3-way stopcock is then turned to “Scrubber”, and the elec-
tricity isturned on. When the flowmeter reading settles down at
300 ml. per minute, the scrubber's 4-way stopcock is turned to
pass the gas through the scrubber, and the time is noted. The
back-pressure manometer reading is checked for any abnormality,
such as might be caused by a leak or stoppage in the lines. (It
normally snows only slight variation between or during runs.)
No further attention is required until the end of the run. The
4-way stopcock is then returned to the by-pass position, the time
is noted, and the gas and electricity are turned off.

The scrubber is placed in the standard-taper neck of the micro-
Devarda flask, the stopcock turned to the drain position, and the
absorbent washed into the flask with water. Ten milliliters of *
6% oxalic acid are added, and the mixture is boiled down to about
20 ml. The use of a spray trap during the evaporation is desir-
able, any material trapped being washed back into the flask.
The micro-Devarda procedure is followed from there in the usual
way.
It is advisable to wash the scrubber promptly after its use, to
prevent etching of the glass balls and freezing of the stopcock
by any residual alkali. Hydrochloric acid followed by water
serves this purpose, dissolving any deposited manganese dioxide
as well.

Calculations.

(MI. of lICT - blank) (NF) (30,000,000) =
(Duration of run in minutes) (flowmeter reading +
correction, in ml. per min.)
micrograms of NO per liter

(Micrograms of NO per liter) (0.815) =
p.p.m. of NO by volume at 25° C. and 760 mm.
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NOTE ON ANALYTICAL PROCEDURES

Ground Starch as an Indicator in lodometry

H. A. CONNER AND R. W, BOVIK, Johnson Suture Corporation, Chicago, Ill.

HE useful life of the solution of soluble starch used as a

conventional indicator in iodometry may be prolonged with
any one of a number of disinfectants. However, hydrolysis of
the starch eventually renders the reagent unsuitable for use, and
therefore it has been found advantageous in many cases to replace
the solution with a dry preparation of ground starch.

The starch is prepared by a procedure similar to that recom-
mended by Alsberg, Griffing, and Field (1) and by Schoch (3).
A convenient quantity is suspended in about twice its weight of
ethyl alcohol and ground in an efficient ball mill for at least
80 hours, at which time a microscopic examination will reveal few,
if any, granules that have escaped disintegration. The ground
starch is filtered off, dried, and then reground. The resulting
preparation, which is almost completely soluble in cold water,
is ready for use. An inexpensive salt or pepper shaker has been
found to be a convenient container and dispenser for the starch.
If desired, a solution of starch may be prepared without the use
of heat by simply adding the ground starch to cold water.

Presumably any available starch may be used, but soluble
starch is particularly satisfactory. The time required for grind-

ing will depend on various factors, including the particular mill
used, the charge, the kind of starch, and the starch-alcohol ratio.
The preparation may be kept indefinitely without charge.

lodometric titrations are carried out in the usual manner, a
small amount of the ground starch being added near the end
point. Titers obtained with this indicator were checked against
those obtained with a solution of soluble starch prepared ac-
cording to the directions of Lange (2). Aliquots of a potassium
dichromate solution were titrated in the conventional manner
with 0.01 N sodium thiosulfate. An average of five titers using
a soluble starch solution gave a value of 32.40 ml.; with ground
starch the same average of 32.40 ml. was obtained.
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CORRESPONDENCE

o0-Cresol

Sir: We have subjected the “cloud-point” method of Seaman,
Norton, and Foley [Ind. Eng. Chem., Anal. Ed., 15,159 (1943)]
to brief examination and, while we found it an eminently prac-
ticable and useful procedure within the limits laid down, we also
found that exact confirmation of results was not obtained. The
eroot cause of the discrepancy was discovered in the figure ob-
served for the “cloud-point temperature” of pure phenol and
water when mixed in the prescribed proportion; this is quoted
as 66.40° in the article, whereas we obtained a figure of 66.10° C.

The phenol used in our short series of experiments had a
cloud point (Bell and Herty, Standardization of Tar Products'
Tests Committee procedure) of 41.0° C. and the o-cresol had a
cloud point of 31.0° C. The results of our tests are given here.

Observed o-Cresol Calculated

Cloud-Point o-Cresol in Mixture by Equations Given
Temperature with Phenol Below

°C. % %

66.10 0.00 0.00

67.95 1.45 1.45

70.40 3.39 3.39

73.00 5.52 5.52

It was found necessary, in order to bring observed and cal-
culated o-cresol contents into line, to modify the equations given
in the article as follows:

For cloud-point temperatures up to 70.25° C.:
cloud point (° C.) — 66.10

0 - =
% o-cresol 1273 (1)
For cloud-point temperatures 70.25° to 73.5° C.:
cloud point (° C.) —66.25
0, - =
% o-cresol 1999 (2)

J. Kay and P.J. C. Haywood
Almora
24 Beechley Road
W rexham Denbighshire
Great Britain

in Phenol

sir: Regarding discrepancy between the cloud point of
66.40° C. for pure phenol and water which we reported [Ind.
Eng. Chem., Anal. Ed., 15 159 (1943)] and the figure which
Kay and Haywood have obtained, 66.10° C.:

We have repeated some of the experiments and think that we
have found the explanation for the discrepancy. Instead of one
abrupt change in appearance, there are really two. We took the
first one (at 66.40° C.) and evidently they must have taken the
second one (at 66.10° C.). It is impossible to describe these
points in words, but after one has observed both, one can always
detect either point with good precision. Three of us have checked
each other quite well at both points. Furthermore, there is a
similar difference when determinations are made with phenol
containing added o-cresol, although we have not done sufficient
work to know whether the difference will remain constant or not
over a range of concentrations. It may be that a variation in
the magnitude of the differences with a variation in o-cresol con-
centration may explain the fact that the slopes of the lines cal-
culated from the four determinations which were sent us differ
from those which we reported (1.273 and 1.222 instead of 1.326
and 1.167, respectively).

It would seem likely that either point can be used, provided
that the analyst constructs his curve on the basis of that point;
but since we have been able consistently to get reproducible
values with the point which we had chosen, it might be desirable
to have the analyst look for that point, in which case he could
use our equations, rather than to use the other point and have
to repeat the large number of determinations which would be
necessary to establish accurate equations.

Wm. Seaman

Calco Chemical Division
American Cyanamid Company
Bound Brook,
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SARGENT CONE DRIVE

STIRRING MOTOR

Smooth, Vibrationless Drive with full power of notar delivered at all speeds

Throughout the entire speed range of 75 to 1300
r.p.m., the Sargent Cone Drive delivers full motor
power, is vibrationless and silent, and assures con-
stancy of any selected speed. It is, therefore, as effi-
cient for such applications as the rotation of electrodes
and calorimeter paddles at speeds of about 200 r.p.m.
or less, as it is for general stirring operations at higher
speeds. Fine adjustment of speed is made by means
of an adjusting nut which changes the effective diam-
eter of the cone in contact with the friction ring. Be-
cause the motor is a brushless, induction type not
containing centrifugal switches, it is relatively safe
against explosion. The simple right angle clamp per-
mits rapid adjustment of the motor to any desired
position in horizontal and vertical planes.

S-76445 Sargent Cone Drive Stirring Motor. (Patent No.
1,973,576.) Complete with cross support rod, right angle clamp,
connecting cord and plug, but without support stand. For
operation from 115volt A.C. 60 cycle circuits................. $33.50
S-76455 Ditto. But for 115 volt D.C. circuits
S-76465 Ditto. But for 230 volt A.C. 60 cycle circuits. .. 34.50
5-76475 Ditto. But for 230 volt D.C. circuits 40.50
S-76480 Anode Chuck and Cathode Collet......ccccovinene 1.50
S-79225 Support only for Sargent Cone Drive Stirring Motor
(illustrated above). Designed with considerable mass to mini-
mize support vibration. The heavy U shaped base accommo-
dates vessels up to six inches in diameter and larger vessels
can be placed on top of the base which has a flat surface. Sup-
plied with a 3s" rod, 30 inches long and adjusting screws to
insure a solid four point support on any surface. Each ...$10.00

E. H. SARGENT & COMPANY, 155-165 East Superior Street, Chicago 11, lllinois

Michigan Division: 1959 East Jefferson, Detroit 7, Michigan
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Agriculture, one ofour oldest sciences,
benefits constantly from scientific in-
vestigation and quality control.

The Spencer Microscope shown
above, equipped for photomicrography,
is in use in the Eastern States Milling
Corporation, Buffalo Plant. Photomi-
crographs of wettable sulphur particles
used in agricultural sprays help to es-
tablish and maintain a high standard in
the finished material. Sprays are among
the diversified products for farm use

Microscopes and Agriculture

handled by Eastern States Farmers' Ex-
change.

For literature on Spencer Microscopes
and other scientific instruments, write
to Department M48.

e n Ce r LENS COMPANY

BUFFALO, NEW YORK
SCIENTIFIC INSTRUMENT DIVISION OF
AMERICAN OPTICAL COMPANY

Vol.

16, No. 12
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INCREASE RANGE OF
Spectrometric Analysis

ANALYTICAL EDITION

WITH THE

BRIQUETTI NG

PRES

Mj&ny samples are pre-

sented to the laboratory in the
form of powders, milled chips,
borings, precipitates, granular
particles and in other loose
forms. These may be briquetted
into firm tablets H", Vi or 1"
in diameter either with or with-
out binders such as graphites,
sucrose, soft metals or chemicals
to enhance reproducibility or
sensitivity of analysis.

Briquetted samples are found
very useful for placing a repre-
sentative sample in the analyt-
ical gap of the spectrograph.
Suchsamples areideally adapted
for either self electrode, pin or
flat surface excitation.

The Briquetting Press No. 3501,
as illustrated, will increase the
scope of a spectrometric lab-
oratory.

A

APPLIED

4336 SAN FERNANDO RD.,

R

RESEARCH

Write or wire today for details and delivery.

L

*

LABORATORIES

GLENDALE 4,

CALIF.

D

|E T ERT

HARRY W DIETERT CcCO.
9330 ROSELAWN AVE., DETROIT 4, MICH.
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With Hand-
Hcmiogenizer

With Mortar
and Pestle

No Emulsion Failures

with the LABORATORY HOMOGENIZER

¢ Test samples, experimental
batches perfectly homogenized
quickly, conveniently. Perma-
nent suspension with no failures
—if ingredient-ratio is sound.
The microphotos above show
higher degree of dispersion.
Hundreds in daily laboratory
use. Easy and simple to operate

and keep clean. Save time and
materials. Capacity, 1to 10
ounces; sturdily made of molded
aluminum; stainless steel piston.
Height, 10\VSinches. Still avail-
able from pre-war stock. Only
$6.50 complete, direct or from
your laboratory supply house,
Satisfaction Guaranteed!

HAND

INTERNATIONAL EMULSIFIERS, INC.
2401 Surrey Court, Chicago, lit.

% A complete

224 p. book containing over
600 highly detailed illustrations to guide
designing and building your laboratory.

THE TAYLOR DALITE pH COMPARATOR is just the outfit
for all routine testing. A completely self-contained unit for
immediate use nighj or day. Neat wooden case (12" x 12" x 21")
contains comparator base (which sits on a shelf in front of the
dalite glass), special bulb, any 3 to _Scolor standard slides, and
all necessary accessories. Operation is simple, rapid and abso-
lutely accurate, for all Taylor liquid color standards carry AN
UNLIMITED GUARANTEE AGAINST FADING.
Dalite pH Slide Comparator, complete
with 3 color standard slides ... §50.50.
A\ Additional slides, each . . . $8.00. F.O.B. Baltimore.

W See your dealer or writefor Free booklet:
W\ Y “Modem pH and Chlorine Control.”
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If experience counts for much, then Hoskins Laboratory Furnaces should
be pretty good. You see, we’ve been at it for 35 years. And as you

the heart of these furnaces is their heating element..In Hoskins Furnaces,
this element is made of Chromel—our discovery of which in 1906 made
possible the development of most all electric furnaces. So, it seems safe
to assume that our own Chromel elements are well designed, as are all
other parts in a Hoskins Furnace. This results in a reliability of performance
that is quite assuring in these hard-driving days. For a full description
of all Hoskins Furnaces, ask your dealer, or us, for our Catalog-58. . . .
Hoskins Manufacturing Co., Detroit, Michigan.

This small crucible furnace is our FH-104, good Below is a High Temperature, 2-Hole Combustion
for about 2000° F., and useful in melting small Furnace, good for 2300-2400° F. Each bore is
batches of metal; 4* x 4* heating chamber. heated independently of the other.

Above is our Combustion Furnace, Type
FH-303A, with very heavy insulation. Has a
7 Go. Chromel-A heating coil, that has tough
durability and is very easy to renew. Operates
only on A.C. Preferred by steel mill labora-
tories.

HOSKINS PRODUCTS

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

19
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EXPLOSION PROOF CENTRIFUGE

Suitable For
CLASS 1— GROUP O LOCATIONS

THE INTERNATIONAL MODEL BE CENTRI-
FUGE is equipped with a 3450 r.p.m. explosion proof
adjustable speed motor suitable for Class 1—Group D
locations. A vapor proof controller is mounted perma-
nently on the guard bowl and connected through con-
duit and explosion proof fittings to the motor. In
addition to the 11" diameter basket style heads, inter-
changeable tube carrying heads are available for 15, 50,
100 and 250 ml. tubes and bottles.

THE INTERNATIONAL MODEL AE is similar to
the BE, but is equipped with a 1750 r.p.m. adjust-
able speed explosion proof motor and controller. It is
designed chiefly for making the B. S. & W. Test on
petroleum.

Further information upon request

INTERNATIONAL EQUIPMENT CO
352 Western Avenue Boston 35, Mass.

Makers of Fine Centrifuges for More than Forty Years.

Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual
flexibility for all tests involving . . .
TRANSMISSION

FLUORESCENCE Available N O W
TURBIDITY _ _ )
U. V. ABSORPTION Order Early to Avoid Disappointment!

COLEMAN pH ELECTROMETER
Model 3A ...$180.00
Model 3D ...$235.00
COLEMAN UNIVERSAL
SPECTROPHOTOMETERS
.............................................................. Model 11 340.00

COLEMAN PHOTOFLUOROMETER

Model 12 220.00
WACO SEPARATOR, for

SEMI-MICIO oot 34.50

MIDGET MUFFLE FURNACE
Mod. 402EF for determination of vit. B*and 8y 44.00
é"slo et Densitomet WACO POWER STIRRER .o 18.00
Bofloation Meters Sreke Meters Write for new FREE Edition of CURVES and REFER-
Glossmeters Vitamin A Meters ENCES, exact references for newest colorimetric and

Continuous-Flow Colorimeters spectrometric analyses.
Write for literature Prompt Delivery Bulletin 1E12

95 Madison Ave.
Il NORTH CANAL STREET . CHICAGO. ILLINOIS
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LINDBERG
ORATORY FURNACES

in appearance and construction. Design har-
monizes with other modern lab equipment,
"stepless" control that gives any desired heat
within the range of the unit,

convenient, manually operated door like those
used on industrial furnaces,

rugged heating elements, low voltage type —
higher operating temperatures — longer life —

fewer replacements. More

'Ver @GnE,,

Write for informative bulletin.

SCHAAR & COMPANY

754 WEST LEXINGTON STREET

Complete Laboratory equipment

CHICAGO. ILLINOIS

THE WABASH
HYDRAULIC PRESS

BUILT FOR SERVICE
AND SATISFACTION

This equipment is ideally
suited for all types of general
laboratory uses in testing

materials.

struction  throughout,

press was built to sell and
operate economically. Units
now in operation attest to its

trouble-free performance.

Model B. Hydraulic Press same
specifications as above but with-
heating platens,

out electric

thermostat, or temperature

dicating device, or instrumental
panel, but with pressure gauge

attached to pump.

Price $165.00
24,000 Pound Weight

Capacity 265 Pounds

Stroke * N

8 Inches Height 2 4 O

I11 Inch 36 Inches
Clearance

Between Platen Size F.0.B. Wabash, Ind.
Columns 7* x 10'

A.

Write for descriptive literature

DAIGGER & CO.

Of quality con-

159 West Kinzie St.

Laboratory Apparatusjand Reagents

fuU cutn U tx L

It s quite a job to prepare room
layouts, compile budget estimates
and write specifications when plan-
ning a research and control labora-
tory. Furthermore, present day
material restrictions and shortages
do pot make the job easier.

Give Sheldon Planning Engineers
the opportunity to help you. Tell
‘'em what you want and when you
want it. They will then prepare
complete plans, compile accurate
estimates, write detail specifica-
tions and then follow through and
expedite completion of the job.

WRITI ro DAY

ASK THAT A SHELDON

ENGINEER CAU

MUSKEG ON, MICHIGAN

Chicago, 1L
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Braun Model PC Electrolytic Apparatus

STANDARD EQUIPMENT
For Electrolytic Analysis

Because the Braun Model PC Electrolytic Appa-
ratus was designed to meet the most exacting
requirements of technical analysis it has become
standard equipment in the nation’s laboratories
where sample analysis of the strategic metals of
war is carried on. This dependable, highly
accurate yet easy to operate apparatus satisfies
every need of either routine or research work.

Braun Electrolytic Apparatus is designed to
provide maximum speed of analysis for routine
work while giving sufficiently accurate results
for the most delicate research work. It is the
ideal equipment for the busy laboratory working
under wartime pressure.

These outfits are available in 2, 4 and 6 unit
assemblies. AIll units operate independently of
each other so that as many as six individual
analyses can be made simultaneously on one
6-unit outfit. Motor generators can be supplied
for operating the apparatus.

For complete information address Dept. 1-12

BRAUN

CORPORATION

2260 East Fiflosnth Street
San Ffoncisco, Cciii.
BRAUN-KNECHT-HEIMANNCO.

Los Angeles. California

*  Seattle, washington
SCIENTIFIC SUFPUES CO.

Vol. 16, No. 12

IF S TEARDROPS =1c.c.
our “new Baby Rotameter
will® measure 0.75 |
tear™ drops per minute e

“/""vh, dry those tears” if you have been
~  crying for a meter to measure really
small flows, because our new “baby” rotame-
ter will measure 0.15 to 1.5 c.c. per minute
of water or 3.0 to 30.0 c.c. per minute of air,
and the equivalent in other fluids. It can be
made readily in materials necessary to meter
successfully the most corrosive fluids.

The tapered, precision-bore rotameter
tube is made by our new super-accurate Glo-
Tech process and each tube is carefully and
scientifically calibrated for your particular
requirements. Bulletin 32-E will give you
the “tearful” details — just drop us a note
if you wish a free copy.

FISCHER & PORTER CO.

3512 COUNTY LINE ROAD, HATBORO, PA.

CHEMICALZAND SCIENTIFIC PORCELAIN WARE
iic equipment
OF ALL MODERN TESTING LABORATORIES

A G&UnadU Rnodttci
&I"Whyilc-uude Agii

Coors Porcelain Company
GOLDEN, COLORADO
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CHEMISTS

YOU ARE INVITED to refer the fabrication
of your special scientific research and testing ap-
paratus to a Company whose trained chemists and
glass blowing technicians have years of experience
in the design and manufacture of special scientific
glassware.

Your apparatus can be made in PYREX
GLASS or QUARTZ with fine workmanship at
reasonable prices. PROMPT DELIVERY of few
or production quantities of glassware is assured.

The continued expansion of this special scien-
tific glass blowing service is evidence of the satis-
faction to those who have contacted us. Your
blueprint or sketch is all that is necessary to en-
able us to promptly fabricate either your simple
or intricate special scientific glass apparatus.

YOUR FELLOW CHEMISTS may appreci-
ate your referring this invitation to his attention.

McDanel
TODD SCIENTIFIC GLASS APPARATUS CO.

Fabricating— Designing — Repairing C ombustion T ubes
836 Fairfax Road Drexel Hill, Pa.
ate FIRED ior

mfji~k-Tampateituta 'Tutna.cai

Fer UNIFORM SURFACE TEMPERAT" McDanel high temperature tubes are a syn-
thetic product, the result of an exclusive pro-
cess in which the ingredients combine to form
natural Mullite crystals when fired at temper-
atures in excess of 3100°F. This process gives

C h ro n ta IO X a stronger, harder, more homogeneous struc-

ture with a low coefficient of expansion and
high resistance to thermal shock.

H O T P LA T E S McDanel high temperature combustion tubes are:

» Dense, vitreous, and gas-tight
» Straight and accurately sized

No warping — unusu- * Smooth inside, easily cleaned

ally long life —cool * Free from devitrefication
operation permits use * Not distorted at high temperatures
on wood —cool switch + Unconditionally guaranteed to with-
eliminates contact fail- stand temperatures up to 2900°F., thus
ures and assures easy, providing a wide' margin of safety when
safe handling. used in Burrell Furnaces where tem-
peratures up to 2650°F. are recom-
mended.
Top , For complete information on McDanel high
Cat. No. Diam. W atts Price . .
c500 - 660" 61050 temperature combustion tubes write for Burrell
“5592 1» 1200 1150 High Temperature Furnace Catalog, F-241.
5594 W 2000 14.35
*110 volts only; specify 110 or 220 for all other
models.
Burrell
SCHAAR & COMPANY TECHNICAL SUPPLY COMPANY
Complete Laboratory Equipment 1936-42 Fifth Avenue Pittsburgh (19), Pa.

754 W. LEXINGTON STREET CHICAGO
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