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GOOD NUTRITION FOR AMERICA
1 Starts in the laboratory!

Purity defined —not to
“maximum limits"—but to
the decimal by actual lot
analysis. That's the story of

the Baker’s Analyzed label.

Someone has said, "W hat we eat we are!” But
few realize that good health frequently is
charted in the laboratory!

Soils vary in chemical- content and so do crops
that are grown on them! The feed intake of
livestock frequently determines the nutrient
values of meat, eggs, milk, etc.

Vitamin and mineral fortification of food has
been made possible through laboratory analy-
sis. Laboratory analysis has indicated not only
the need for but also the degree of enrichment
necessary. Truly, America’s good health starts
in the laboratory.

In the laboratories (product control rooms)
of many of the leading food and food process-
ing manufacturers, you will find effective tools
to measure good nutrition.

They are Baker's Analyzed C.P. Chemicals and
Acids.

The reason these Reagents have been selected
is unique, for Baker’s Analyzed C.P. Chemicals
bear this distinction. Each bottle has the actual
lot analysis on the label. The small percentages
of impurities by lot analysis, as found by
Baker’s analysts, are printed on the label.

Chemists who work in terms of third and
fourth decimal exactness know the value of
the actual analysis rather than a statement of
maximum limits of impurities.

So on your next order, be sure to specify
Baker’s Analyzed C.P. Chemicals and Acids.
Your favorite laboratory supply house can

supply you.

J. T. Baker Chemical Co., Executive Offices and Plant: phillipsburg, N.J.
Branch Offices: New York, Philadelphia and Chicago.
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Predicted on Paper

Shown above on a background of the aberration curves with which
American Optical Company scientists predict lens performance, is a
special optical system designed for use with an elaborate machine tool.

Many such systems can be economically produced using stock optics from
Spencer Scientific Instruments. Others must be specially designed. In
either case, our long experience, large staff of optical specialists, and ex-
tensive manufacturing facilities are the best assurance of satisfaction for
the manufacturer who has problems of an optical nature. Write Dept. K48
for details.

American W Optical
COMPANY
Scientific Instrument Division
Buffalo 15, New York
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Designed to meet the need of a rugged instrument of
high optical quality to be used in the visual examination
of opaque objects, polished metal specimens, and
similar materials.

Supplemented by a suitable camera, it is useful in
making permanent photographic records.

In this model, features of design that make up a general

purpose instrument have been incorporated. Ample
space has been provided for convenient manipu-
lation of all accessories.

The base is heavy and well balanced, con-
tributing to stability.

Three types of body tube are avail-
able and interchangeable, monoc-
ular, vertical and inclined binocu-
lar. In each case the tube length
is 215 mm. and no change of ob-
jectives is required for change of
body tubes and the magnifications
are essentially the same in each
case.

Both coarse and fine focusing
adjustments are provided.

The fine adjustment head is gradu-
ated in steps of 2.5 microns for
convenience in estimating height
of surface characteristics.

No. 76301 with mechanical stage sup- We are listing here two popularl
plied as an.accessory at extra cost. monocular models as follows:

No. 76300 Model CM, Metallurgical Microscope, with vertical illuminator and
necessary objective handles, one each 8.0X, 20.0X and 37.0X achromatic objectives,
and one each 7.5X and 12.5X Huygenian eyepiece, complete m carrymgcase”3g gQ

No. 76301 Model CM, Metallurgical Microscope, with vertical illuminator and

objective handles, same as No. 76300 but with the addition of an illumi-
nating unit, 6.5 volt, and a suitable resistance for operation on 115 volts A.C. or UX,.,
complete iA carrying case. Each ?7362-00

(IMustration shows this microscope with a mechanical stage which is not included m
prices shown above.)

order for one of these instruments for delivery in two to three months.
No. E-223.

CHICAGO APPARATUS COMPANY cuicaso s2atiimors
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POR YOUR CONVENIENCE

Scattered throughout the United States and Canada in convenient locations are
stocks of Pyrex, Vycor and Corning brands of laboratory glassware. These are
the inventories your laboratory supply dealer carries . . . carries for only one
reason—YOU.

In a sense each of these inventories is personal. For all are different. Each is
built-up and maintained for the selected group of customers served by a partic-
ular laboratory supply house. Stocks carried are based on the dealer's knowledge
of his customers' needs and are always as complete and as well balanced as
factory shipments permit. If your dealer hasn't a particular item, you may be
sure the factory hasn't it either. That is why Corning Glass Works urges you to
contact your dealer whatever your requirements may be. His is a professional
service to professional men. He is the one who can serve you best. The closer
you work with him the more time and money you save.

Corning Glass Works is proud of its dealers and wants all users of all its lab-
oratory glassware lines to learn to know their nearest dealers better . . . and to
use their services to the fullest extent.

Pyrex, Vycor" and "Corning” are registered trade-marks and indicate manufacture by

CORNING GLASS WORKS ¢« CORNING, NEV YORK

FOR ALL-AROUND USE .. .YEAR ROUND ECONOMY

brand LABORATORY GLASSWARB Research in Glass
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GYCO Heating Jackets were developed to fill the need for
a faster and more efficient laboratory heating device.
They are constructed of glass cloth and insulated with
layers of glass wool.

GYCO heating elements are made of Safeway electrical
resistance heating wire, sewn directly to the inner surface
of the jacket. This intimate contact of the element with
the vessel to be heated permits fast, economical operation and
ease of constant control of temperature. The heating
element can be operated below the visible glow point
causing very little oxidation of the heating wire and no
overheating of the insulation. Therefore, the life of the
GYCO Heating Jacket is greatly increased.

GYCO Heating Jackets are made to fit all standard flask

sizes and special sizes can be made to order. They are
also available in tubular units for use on columns of
varying size.

Since hemispherical jackets are most widely used, GYCO
Jackets are standardized in that form. As an accessory,
jacket tops are available which convert any GYCO
Heating Jacket into a spherical unit. These jacket tops
are available with elements for extra heat requirements or
without elements for insulating purposes only.

All GYCO Jackets have a built-in iron constantan
thermocouple ending in an “AN” type plug
for hooking up to the pyrometer of the GYCO
Pyro-tran.  (This plug may be removed for
use with any other pyrometer of similar type.)

Listed below are a few sizes and prices. For a complete description of all models, accessories and prices,
write for our Bulletin C-100.

500 ml. S11.G5
1 liter 14.80
2 liters 16.70
3 liters 21.45
5 liters 26.25

GYCO Jacket Tops make it un-
necessary to dismantle apparatus
when removingjacket. They convert
a hemispherical jacket into a spheri-
cal and may be ordered separately.

GYCO Jackets are distributed exclusively by

CIEITIElC cLass

000O0O0O0OOOOOOOOOOOOOOO

APPARATUS COMPANY, Inc.
Bloomfield, New Jersey

18, No. 10
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pH INDICATOR
FOR "EVERYBODY"

Here’s the pH Indicator for the man who is not a pH expert.
It’s intended to he carried around and used wherever desired
— in plants as well as labs. [It’s as sturdy and dependable as a
temperature indicator. It will stay on the job. To use it, you WATER CHEMICALS
just make 3 simple adjustments, then put the sample into the
beaker and see where the needle pointy.

“Sticky” weather or surroundings won’t affect this Indicator,
unless relative humidity is over 95 and ambient temperature is
over S5F. It’s fine for laboratories, kitchens, refrigerated chests,
packing rooms and power plants.

Solution to be checked can be at any temperature to 50C
(120F). Thick solutions and “soft” solids like butter, cheese,
dough and many meats, earth, etc., can be checked almost as
easily as slurries or clear liquids.

Nearby electrical equipment won’t affect this instrument. It
requires very little attention. Its scale is substantially longer
ancFéasier to read than in any comparable Indicator. Construc- CONTROL-LAB TESTS
tionally, it’s a fine job. Complete with everything necessary
for pH measurements.

Further details are in Catalog E-9(5(2), sent on request, but if
you have a pH measuring problem we suggest you check with
an L&N engineer.

LEEDS 4 NORTHRUP cOMPANY, 4920 STENTON AVE., PHILA.,

LEEDS & NORTHRUP

Measuring instruments * telemeters * automatic controls ¢ heat-treating furnaces METALS BOTANY

M. Ad E-9G (25)



Designed

Shown here is the vise clamp
f>rincip|e, unique with the
nsta-Mount. The Key wrench,
which fits into flush mounted
screw, permits immediate
tightening or complete dis-
assembly of unit.

INDUSTRIAL AND ENGINEERING CHEMISTRY

Introducing

The New INSTA-MOUNT

APPARATUS SUPPORT FRAMES

to Meet the Specific

Laboratory

Demands
Installations!

Illustrated here are the in-
tegral parts of the Insia-
Mount when disassembled.
Any bar or clamp,may be
removed without disturbing
the total assembly

Vol.
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Representing three important advances in both the
design and manufacture of apparatus support frames,
INSTA-MOUNT is indispensable for pilot plant assem -
blies and laboratory set-ups. Capable of giving longer
and more satisfactory service, INSTA-MOUNT offers
these major advantages:

1. MAXIMUM RIGIDITY

Operating on a new vise principle, instead of depending upon
uncertain screw strength, INSTA-MOUNT provides 100 TIMES
THE GRIP oi currently available laboratory clamps.

2. MAXIMUM VERSATILITY

With INSTA-MOUNT, a set-up is easily and quickly modified
without dismantling the entire framework, as necessarywith the
old type clamp. Each half of each INSTA-MOUNT Clamp is
independently disengageable—permitting removal or relocation
of any single bar without disturbing other bars and clamps.

3; MAXIMUM SAFETY

INSTA-MOUNT Clamps and Bars are individually precision ma-
chined from 17ST Duraluminum. This affords maximum strength
with minimum weight. No low melting point alloys are used. At
the same time, flush mounting of INSTA-MOUNT Clamping
Screws minimizes danger oi glass breakage by protruding parts.

INSTA-MOUNT Set "A"
Pilot Plant Assembly
Insta-Mount clamps (demount-
able vises) wall and floor flanges
to provide for the assembly of a
48" x 72" chassis'. Insta-Mount
Set "A” may be mounted on floor,

wall or table. $64.50

INSTA-MOUNT Set "B"
Lab Assembly

Provides a convenient laboratory

table chassis up to 24" x 48".

Insta-Mount Set "B‘ may be

mounted on wall or table, c

THE EMIL GREINER CO.

161 SIXTH AVENUE (™ It p

Oflice, - 5709 GROVE STREET, OAKLAND,” CAL.

NEW YORK 13,

N. Y.

112 BROADWAY, CAMBRIDGE,

MASS.
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The First
Direct Reading
Line Operated

Continuous Indicating

o
pH Meter

< ' ' 1

The MACBETH pH METER
protects production-
continuously

The Macbeth line-operated pH Meter
can be left on continuously or in-
definitely, as may be desired. This is
a factor of great importance in main-
taining a constant pH.check on pro-
duction. The large, easily read scale,
graduated in .1 pH units, continu-
ously from Oto 14 pH, gives informa-
tion quickly and clearly. Untrained
users can easily make ordinary pH
measurements. The Macbeth is the
most simple pH Meter to operate.

MACBETH pH METER FEATURES
ONLY ONE OPERATING CONTROL

Writejor Bulletin.

MACBETH CORPORATION

»\grpofatjgS» 727 WEST 17th ST.

NEW YORK 11, N.Y.

IManufacfurers 0f Scientific Apparatus Since 1915

31
aT
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WELCH STAINLESS STEEL
TRIPLE-BEAM BALANCES

1) High Sensitivity—under all working conditions,
2) Consistent Accuracy

3) Cobalite
Knife Edges =2

Covered —non-rusting

4) Covered
Agate Bearings

5) One-Piece
Beam Construction

6) 3 Etched Scales

Capacities
100 g.—10g.—1 ?
visible at eye leve

7) High_ Corrosion
Resistance ND 2030 Patent No. Lg:

SENSITIVITY: 0.01 g. or less at total capacity
CAPACITY: 111 g. (with extra weight 201 g.)

Absolutely every metal part is of Stainless Steel, except the
base casting and pillar, which have a crystal-finish coating.
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for Particular Requirements throughout Industry
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<lexal> {hormax)> N KIVBLEY

BLUE
LIME

Consult leading Laboratory Supply Houses
throughout the United States and Canada, for
Kimble Laboratory Glassware to meet YOUR needs.

13
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TO BE ACCURATE

The new Lindberg Volumetric Type Carbon Determinator incorpo-
rates features which facilitate faster and more accurate analyses of
carbon in iron, steel, heat-resisting steel, stainless steel, etc.

The precisely graduated burette, mounted in front of a fluores-
cent light for rapid readings, offers an accuracy of one point of
carbon ... or better. The leveling bottle is free for quick and easy
leveling. Cups at lowermost and uppermost positions are provided
to hold bottle. A conveniently located micrometer screw in the lower
cup allows zero adjustment of the meniscus before determination starts.

The contact type absorption chamber permits complete absorption
in two passes .. . for many alloys one pass is suf-
ficient. Glass tubing in the chamber assures quick,
thorough gas dispersion. Burette is water jacketed
and graduated for l1-gram and ‘/4-gram samples,
making the unit adaptable for full range use.

The sturdy stand is attractively finished in glossy
grey baked enamel. All glassware is Pyrex to min-
imize breakage. Panel mounting eliminates the

need for clumsy clamps.

Vol.

18, No. 10

Although designed for use with Lindberg Combustion Tube

Furnaces, this new Carbon Determinator is easily and quickly

adapted for operation with any standard high temperature

combustion tube furnace.

See your Laboratory Equipment Dealer today for addi-
tional details and prices.

LINDBERG ENGINEERING COMPANY
2450 WEST HUBBARD STREET + CHICAGO 12, ILLINOIS

WELL KNOWN THROUGHOUT THE WORLD AS

LEADERS IN DEVELOPING AND MANUFACTURING

INDUSTRIAL HEAT TREATING EQUIPMENT

SOLD EXCLUSIVELY THROUGH LABORATORY EQUIPMENT DEALERS
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Potassium
Dicliromalc
(Mallinckrodt)
Magnified to 10 Diameters

CRYSTALS TYPIFY PURITY. .and Mallinckrodt
Analytical Reagents are tke purest of crystals. When the chemist
specifies our Reagents he is assured of highest quality and uniform,

dependable purity.

Send for the Mallinckrodt Analytical Reagent catalog together
with any specific information desired on “Mallinckrodt chemicals

to fit your specialized operations.

Always Specify Mallinckrodt Reagents In Original Packages

MALLINCKRODT CHEMICAL WORKS

Jo cj? (0 ~é/m nucal/fyfoetd

Mallinckrodt St., St. Louis 7, Mo 72 Gold St.,, New York 8, N. Y.
CHICAGO . PHILADELPHIA LOS ANGELES . MONTREAL



INTERNATIONAL MODEL PR-1

The latest development in Refrigerated Centrifuges, the International
Model PR-1 offers the laboratory analyst practically all of the advan-
tages of the larger permanent type installations plus portability. Cen-
trifuge and compressor are combined .in one attractive cabinet mounted
on casters, and both units are operated from a single cord and plug
which can be connected to the ordinary lighting circuit.

Constant temperatures plus or minus 2° can be maintained, and usa-
ble accessories illustrated here include the multispeed attachment and
high-speed heads for six 7 ml. tubes or four 25 ml. tubes at 18,000
R.P.M., conical angle heads for 15, 50 and 100 ml. tubes at speeds
up to 5,000 R.P.M ., the four-place pin type head for 250 ml. bottles at
2,600 R.P.M., as well as the conventional horizontal tube carrying
heads. The compressor is of ample capacity to cool the interior of the
guard bowl to 32° F. or lower with any of this equipment operating at
maximum speed and a room temperature of 80° F.

Although not previously announced, the Model PR-1 has already been
supplied to Army, Navy and civilian laboratories, and has been suc-
cessfully used in research on the chemistry of the influenza bacillus.
The features of the machine will at once suggest countless applications,
and complete details will gladly be furnished on request.

Width 28" Length 44" Height 42" Weight 850 Ibs.

INTERNATIONAL EQUIPMENT COMPANY

BOSTON 35, MASSACHUSETTS
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A.H.T. CO. SPECIFICATION

KOFLER MICRO HOT STAGE

For determining corrected micro melting pomts on the microscope stage with samples
as small as a single crystal

KOFLER MICRO HOT STAGE (Micro Melting Point Apparatus);
A.H.T. Co. Specification, electrically heated and with stage calibrated
thermometers.

For determining corrected micro melting
points by means of a microscope with samples
as small as a single crystal, permitting con-
tinuous observation of changes in the sample
before, during and after melting. Useful also
for general micro-preparative work, sublima-
tions, measurements of refractive indices at
elevated temperatures, fusions, heating under
controlled conditions, etc., and physico-
chemical studies. See Ludwig Kofler, Mikro-
chemie, Vol. XV (1934), p. 2iS; and Kofler,
Kofler and Mavrhofer, “Mikroskopiscne
MeihodeninderMikrochcmie' (Vienna, 1936).

For temperatures up to 350 °C, with an ac-
curacy of £0.5 °C in the range to 200 °C and
of + 1.0°C in higher range. Can be used with
transmitted, reflected or polarized light on
any compound microscope providing magnifi-
cations from 50 to 100X with objective having
working distance of 6 mm or more, and pref-
erably with a metal stage.*

The apparatus consists essentially of an in-
sulated, chromium plated metal stage, 90 mm
diameter X 20 mm high, heated by an em-
bedded Nichrome unit, and with a central
light well fitted with a condensing lens system.
A threaded post takes either a fork for the )
micro slide or various sublimation blocks. A 6886-A. Fig. 1 Complete Assembly

Herélce{l §I|d|n%cont‘act,\rh?ost% Wlth rotary I I'y designed for use with this Hot Stage, permits exact reproduction of

chart for the rheostat.

) ; Fig. 4 Fig-p
Fig. 2 Flg.3 L Kofler-DArnbach 'vacuum Chamber Kofler-Dernbach Vacuum Cham-
po?i:?grsm %gffl-lleo?slgge BTglcpkeir? ;(I)Ss(i:t};gnrq SOLrl]bll_:rgtatsl?ange in position on Hot Stage ber in position on Fischer Block

6886-A. Micro Hot Stage, Kofler, as above described, completei ‘is showJI " ~baffIrD AhrecrubUmation dkhA"K~Kofl*-Dmibach
thermometers M, coollng block H, Fischer sublimation blocks Ja a . g reaeents T and vertical rheostat; in case, with

6887-A. Ditto, Hot Stage A, only, with two calibrated thermometers M. cooling block H, glass baffle D and vechcal rheostat. but~thout”
or other accessories

* Available on special order

More detailed information sent upon request.

ARTHUR H THOMAS COMPANY

RETAIL —WHOLESALE — EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA, US.A.

Cable Address "Balance,” Philadelphia



INDUSTRIAL and ENGINEERING CHEMISTRY

PUBLISHED BY
THE AMERICAN CHEMICAL SOCIETY

WALTER J. MURPHY,

EDITOR

Use of Control Charts in the Analytical Laboratory

GRANT WERNIMONT, Industrial Laboratory, Eastman Kodak Company, Rochester 4, N. Y.

Control charts are useful in the testing laboratory for comparing the
over-all variability of test data with the average variability of small
groups of the data, and are simpler to Understand than complicated
statistical methods of analysis of variance. Operational meaning
of control charts depends on the manner in which arbitrary small
groups are chosen.

TATISTICAL methods have been used for a long time to
S present the average of test method results. However, as
Fisher has pointed out (6), the variation among test results.usu-
ally has not been an object of study, but has been recognized
rather as a troublesome circumstance which detracted from the
value of the average.

The estimates of test method precision which analysts do pre-
sent are often not correct because they are made on the basis of
a small amount of data covering only a short period of time. In
many cases, a great deal of effort has been taken to eliminate
all assignable causes of variation while the precision of the test
method is being studied, even though it would not be desirable
or even possible to do so when the test method is used for routine
control purposes. W. S. Gosset, who published under the
pseudonym of “Student”, stated all this aptly when he observed
(17) that an analyst who wishes to impress his clients will ar-
range to do repetition analysis as nearly as possible at the same
time, but if he wishes to diminish his real error he null separate
them by as wide an interval as possible.

The application of statistical methods to industrial manu-
facturing problems has been pioneered in the United States by
Shewhart (14). During the war, the War Production Board '
sponsored some thirty-three
short courses on the industrial
application of Shewhart’s
methods in which almost two

Table I.

thousand men were trained. No.

With the coming of these ootf) Chart for Individuals, Fac-

“guality control” methods into ser- tors for Control Limits

. va-  Av. standard

chemical-process manufactur- tions, deviation,  Av. range,

ng, it will be increasingly im- n lj

portant for analysts to be able 2 532 %99

to determine how much of any g ggg %‘2‘8

observed process variation is 6 3.45 1.18

to be ascribed to the test pro- : 338 111

cedure itself. The control chart 9 3.28 1.01
10 3.25 0.97

method of Shewhart is prob-
ably the most practical method
of studying the precision and
accuracy of routine test meth-
ods, and several authors have
already mentioned its applica-
tion to the study of chemical
test procedures (4, 7, 8,10,20). X«

No attemptwill be made here
to develop the mathematics

grand average; a =

are explained on pages 52 and 53.

Control limits for individual observations «

Control limits for averages of groups of n u X * VN«

Control limits for standard deviations

average standard deviation;
Wi ith the exception of factors in columns for I\ and Ix, this table is taken from (/) Table I, page 50; the formulas

upon which control charts are based; and only a brief reference
will be made to the simple arithmetical calculations involved
because this part has been adequately presented in many publi-
cations (/, 2, 6, 12-16). An attempt will be made to show the
operational meaning which can be put into control charts when
applied to problems in the analytical laboratory.

MAKING A CONTROL CHART

A control chart may be described as a graphic presentation of
test data in such a manner that the variability of all the results is
compared with the average variability within (arbitrary) small
groups of the test results. The chart is said to show evidence of
“control” when there is no more variation throughout the entire
set of results than corresponds, statistically, to the average vari-
ation within the (arbitrary) small groups.

In order to illustrate the preparation of a control chart, use
can be made of a comprehensive experiment made by Shewhart
(14), in drawing marked chips from a bowl. In his experiment,
998 chips were marked as shown in Figure 1, and 1000 groups of
four chips were drawn with replacement from the well-mixed
bowl. The averages and ranges (difference between highest and
lowest) of the first fifty drawings are plotted in Figure 2. The
grand average was —0.08 and the average range of four was 2.03.
It can be seen that this graph of random drawings is similar to a
graph for routine test results, in that both the averages and ranges
fluctuate and the question immediately arises as to whether any
limits for these variations can be set up.

Table I can be used to set up these limits as follows: The upper

Factors for Computing 3-Sigma Control Limits
Chart for Standard

Deviations Chart for Ranges
Chart for Averages, Factors Factor Factors Factor Factors
for Control Limits for for for for
Av. standard central control central control
deviation, ~ Av. range, line, limits Iiag, limits
i t c Bx I D% D<
3.76 1.88 0.5642 3.66 1.128 3.27
2.39 1.02 0.7236 2.69 1.693 2.57
1.88 0.73 0.7979 2.33 2.059 2.28
1.60 0.58 0.8407 2.13 2.326 2.11
1.41 0.48 0.8686 2.00 2.534 2.00
1.28 0.42 0.8882 0.10 1.90 2.704 0.08 1.92
1.18 0.37 0.9027 0.17 1.83 2.847 0.14 1.86
1.09 0.34 0.9139 0.23 1.77 2.970 0.18 1.82
1.03 0.31 0.9227 0.27 1.73 3.078 0.22 1.78
3R -
u\T X o X UR
- 3 , 3R
Ai<r \/ ndi X AxR

a = Bij to Bi/
0 *\/2n c

Control limits for ranges =» R + 3<r* = DiR to D*R

R « average range
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and lower limits for range variation are equal to the average
range, 2.03, multiplied by the factors 0 and 2.28 (which are
found in columns D3and D, corresponding to a group size of four
under chart for ranges). This gives a lower limit of 0 and an
upper limit of 4.6 for the variation of ranges of four drawings.
Ranges greater than 4.6 (and less than 6.0) are possible but they
should be observed only one or two times per thousand drawings
by chance alone.

Figure 1. Distribution of 998,Chipts in Shewhart's

Sampling Experimen

§eerA98 Siation, 1.007

In a similar manner, the limits of variation for the averages of
four about the grand average arc equal to the average range,
2.03, multiplied by the factor 0.73 (which is found in column
A2, corresponding to a group size of four under chart for averages).
This gives the limits —0.08 ==1.48 for the variation of averages of
four drawings. A summary of these calculations is given in
Table II.

Figure 2. Two Hundred Drawings from Shewhart's Bow!
of Chips in Groups of Fours

These so-called “control limits” are drawn in as shown in Fig-
ure 3, and it can be seen that the ranges and averages are all
within their control limits, as of course they should be, if Shew-
hart’s experiment was carried out properly. The control chart
tells us graphically that there was no more variation among the
fifty averaged values than corresponds, statistically, to the aver-
age range of four individual chips drawn at one time. If an in-
finite number of drawings were tabulated and summed up, the
results would make a distribution curve like that shown at the
right of Figure 3; the control limits correspond, approximately,
to the points on either side of the grand average where this dis-
tribution curve approaches the zero base line.

The table of factors can be used to estimate control limits for

18, No. 10
Table 1. Summary of Calculation of Control Limits for Shewhart's
Drawing Experiment
awing No. Xi A2 Aj X R

1 1.7 0.2 1.4 0.5 0.950 1.5
2 0.3 0.3 0.4 0.4 0.350 0.1
3 0.4 0.4 0.1 0.4 0.325 0.3
4 . -1.8 -0.9 -0.6 1.7 -0.400 3.5
5 0.5 -0.7 0.8 1.0 0.400 1.7
46 0l 22 "3 -0.2 61650 2.4
47 0.5 -017 -1.9 -2.5 -1.150 3.0
48 0.3 -1.5 1.0 -0.1 -0.75 2.5
49 -1.2 0 -0.8 -0.5 -0.625 1.2
50 -0.7 0 -1.0 -1.1 -0.700 1.1
Sum -4.00 101.4
\ Av. -0.08 2.03

Control limits forR — (0 X 2.03) to (2.28 X 2.03) = 0to 4.6
Control limits for X = -0.08 ==(0.73 X 2.03) = -1.56 to +1.40
For complete data see,(14) Table A, p. 442.

ranges, standard deviations, and averages of small groups of test
results as well as for the individual results themselves. When
these limits are drawn into the graph, the resulting control chart
shows at a glance whether there is more variation among the
groups (or among all the individual results) than corresponds,
statistically, to the average variation within the groups. If ex-
cessive variation is found to be present, the control chart will
often help to find its cause.

CHECKING PERFORMANCE OF ROUTINE TEST METHODS

Many laboratories maintain a “controlled sample” which is
used at regular intervals to check the performance of a routine
test method. The control chart in Figure 4 shows such test
results for a simple viscometer. The controlled sample is run
every day just before the production samples are tested. The
five weekly results for the controlled sample are grouped in order
to estimate control limits. The lower graph for weekly ranges
indicates no variations greater than are to be expected by chance
alone, and the upper graph shows that there is no more variation
among the individual results from week to week than corresponds,
statistically, to the average variation of any one week. These
limits of test variation are satisfactory to the production depart-
ment.

This kind of chart is invaluable when new test operators arc
being trained or when it becomes necessary to change the con-
trolled sample. The chart also stops effectively most of the
earguments between-the testing laboratory and the production
department over the validity of production test results which are
not as they should be.

Sometimes it is possible to keep a satisfactory check on a rou-

Figure 3. Control Chart for Averages of Four Drawings from
Shewhart's Bowl of Chips
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tine test method without the use of a controlled sample. Figure 5
shows a control chart for the moisture content of production dis-
tillation lots of an organic solvent. The lower graph shows that
the differences between two consecutive lots of the solvent do not
fluctuate more than corresponds to chance alone. The upper
graph for individual lots indicates that there is no more variation
from lot to lot than corresponds, statistically, to the average dif-
ference between two consecutive lots. This control chart com-
bines the variations of the production department and the testing
laboratory, but the chart still serves a useful purpose in the labo-
ratory as long as all results arc within their own control limits and
the control limits are within the specification limits (in this case
0 to 0.6% moisture).

Figure 5. Control Chart for Routine Moisture
Determinations on Prgd?cnotn Lots of an Organic
olven

When the routine test results show lack of
control, the analyst checks hisereagents and

then verifies his results on replicate samples i-02
from the suspected lot. The use of such a t"
control chart sometimes makes it possible to b2 0!
reduce the amount of routine testing when 37
a production process is not giving trouble. g%
As soon as lack of process control is indicated, 5% .02 -
the amount of routine testing can be increased
immediately.
m 1 006 -
COMPARING MERITS OF ALTERNATIVE 004
TEST PROCEDURES 002

It is often desirable toecompare the merits
of alternative test procedures, and a con-
trol chart will usually help to do this in a

-SINGLE SWINGS

oLi Lil

OAYS 2

Figure 6.
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manner which is both objective and quantitative. Figure 6 shows
the results of a comparison between the so-called method of single
swings and the more commonly used multiple-swung method for
weighing on the analytical balance.

Four individual comparisons of two 1-gram and two 100-gram
weights were made on ten different days using the two methods.
With one exception, the daily variation (standard deviation)
does not fluctuate significantly greater than it should by chance
alone and, with four exceptions, the individual weighings are all
within their control limits.

No assignable causes were found which would account for the
occasional lack of control for individual weighings, but they may
be the result, of air drafts or faulty manipulation in releasing
the beam rests. A control chart for daily averages would indi-
cate some evidence of more variability in the weighings from
one day to another than corresponds to the average daily vari-
ability. However, there is no evidence that either of the two
weighing procedures is superior to the other for weighing loads up
to the full capacity of the balance. One important thing to note
in favor of the method of single swings is the fact that, it requires
about one quarter as much time as the multiple-swing method.

Mention has been made of control charts for individual test
results and for averages of test results. It is always better, from
a statistical point of view, to chart averages rather than the indi-
viduals themselves. However, there are many occasions in the
analytical laboratory where single observations rather than
averages are used or reported. Thus, only rarely would weighings
be made in replicate and the average weight used or reported.
In such cases the individuals can be charted, although they must
be grouped arbitrarily in order to estimate control limits. It is
often desirable to chart averages as well as individuals because
the chart for averages gives valuable information about the
general pattern of a set of test results, even though it is only' the
individual results which are reported or used.

CONTROLLING ERRORS OF CALIBRATION OF
TESTING EQUIPMENT

The calibration of testing equipment is often plagued with the
errors of the calibration method itself, and control charts will
offer help in such cases. Figure 7 shows the results of calibrating
nine burets by weighing the water delivered at a known tem-
perature to the 39-, 40-, and 41-ml. marks. The lowest graph
shows the range of three consecutive individual tests made for
each mark, and it can be seen that there are no variations from
range to range greater than correspond to chance alone, although
the upper limit of 0.03 ml. seems high. These range variations
were not the result of insufficient drainage time, and they seem
to represent real differences in the amount of water held up on the
walls of the buret.

- ONE GRAM WEIGHTS = -ONE HUNDREO GRAM WEIGHTS—

MULTIPLE SWINGS - -SINGLE SWINGS - -MULTIPLE SWINGS -

W 41V /W v

gt si—
6 0 10 2 4 6 8 0 2 4 6 0 0 2 4 6 8 10

Control Chart for Comparing Weighing Methods
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Figure 7. Control Chart for Buret Calibrations
Each buret checked at 39-, 40-, and 41-ml. marks

Figure 9. Control Chart for a Calorimeter Constant

The control limits for averaged corrections have been drawn
about zero as the mean, in the upper graph, because all corrections
would be zero if the burets were perfectly marked. There is more
variation among the corrections than corresponds, statistically,
to the average range of three consecutive individual calibrations.
Therefore, the corrections are applied if they are greater than
=*=001 ml. but no correction is justified if it is £0.01 ml. or less.
In other words, corrections which fall within the control limits
based on the variability of the method of calibration are not
significant and no gain in accuracy results from applying them.

IMPORTANCE OF PROPER GROUPING OF TEST RESULTS

The manner in which test results are grouped is very important,
and the next two control charts illustrate this very well. Figure
8 shows the results of tests on the reproducibility of a calorimeter
over a period of about 30 days (S). The graph for differences
between consecutive days is satisfactory, and the daily indi-
viduals show about the same variability as that corresponding to
the average difference between consecutive days. The results
are outside control limits on two days and there are too many
results approaching the control limits. This indicates that there
may be more variation from day to day than corresponds to the
variation in any one day and the data, as collected, will never
show it up.

Figure 9 shows a chart for the calibration of a fuel calorimeter,
in which replicate calibrations were made on the same day.

Figure 8. Control Chart for Heat of Combustion of
CP. Benzene

Data of Dean, Williams, and Fisher (3)

Daily standard deviations and averages are again all within their
control limits, which, in this case, means that there is po more
variation from day to day than corresponds, statistically, to the
average variation on any one day. The two charts shown in
Figures 8 and 9 illustrate how the same type of experimental
work can be made to have different operational meanings merely
by carefully choosing the method of grouping the tests.

Another illustration of the importance of picking the proper
arbitrary small group is shown in Figure 10. A controlled
sample of sodium hydroxide in potassium hydroxide was sub-
mitted for routine analysis twice a month for 18 months? The
authors (21) treated the entire set of results as a single group and
concluded that the test method was satisfactory. However,
when the data are plotted, it seems evident that the monthly
range and the individual determinations themselves show less
variability with time. If the data are divided in the middle, two
periods are obtained during which there is no more variation from
month to month than corresponds, statistically, to the average
monthly differences; but the limits are reduced approximately
one half during the second period. It is possible that some change
in the test procedure was made early in 1942 which will account
for these improved results. In any event, had a chart such as this
been in use prior to August, 1942, the authors might have found
an assignable cause for the two low results of that month.

Figure 10, Control Chart for Determination of Sodium
Hydroxide in a Potassium Hydroxide Control Sample

Data of Williams and Haines (2/)
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METHOD POTASSIUM 01-PHTHALATE C.B HYDROCHLORIC ACIO

Figure 11. Control Chart for Sodium Hydroxide Standardizations

The application of control chart methods to data already col-
lected'often shows that the same amount of experimental work
would have yielded a great deal more useful information if it
had been planned in aslightly differentway.

COMPARISON OF COLLABORATIVE STUDIES OF TEST METHODS

An -obvious application of control charts is to the comparison
of the results of the collaborative study of test methods, and
several examples will be presented to show this. Figure 11 shows
the results of such a study of the standardization of 0.1 N solutions
of sodium hydroxide (11). Unknown samples of the solution
were standardized in twelve different laboratories by means of
three primary standards. The lower graph shows the range of
three individual standardizations made at the same time, and
the upper graph shows the average of the three. This control
chart indicates that there is some uncontrolled factor which af-
fects the ranges of some of the analysts more than corresponds to
chance alone, and there is also more variation among the analysts
than corresponds, statistically, to the average range of the indi-
vidual standardizations made by each analyst. Three labora-
tories are consistently out of control and one laboratory gave
bad results when using one of the standards. The cause of these
abnormal variations might be in the standardizing procedure, in
the controlled sample of sodium hydroxide, in the standardizing

Figure 12. Control Chart for Comparing
Various Test Methods for Lea

Data of Lykken (5)
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materials, or in the analysts, and the control chart
should help materially in locating the cause. No con-
clusions about the relative merits of the three primary
standards can be safely drawn until the cause of this lack
of control is removed.

The control chart in Figure 12 summarizes data
for nine methods of determining lead (9). Known
solutions containing exactly 70.0 mg. of lead were tested
by each method with four replicates at the same time
in each test. The methods were all different, five gravi-
metric and four volumetric. The lower graph shows that
the range fluctuations are no greater than correspond to
chance alone, although the authors expressed the
opinion, based on other considerations, that method 5
showed excessive variation. The control limits for
averages were drawn about 70.0 mg. rather than the
grand average of all the results because the controlled
samples all contained 70.0 mg. of lead. Three of the
methods gave excessively low results, based on the
average range of the nine tests.

"The control chart in Figure 13 summarizes the results

of a collaborative study of gravimetric and volumetric methods
for determining sulfur in coal (18). The sulfur was determined as

METHOD BOMB ESCHKA TETRA- SODIUM
WASHING HYDROXY- RHODIZ-
QUINQNE ONATE
Figure 13. Control Chart for Methods of Determining
Sulfurin Coal
Data of Tomkins (18)

barium sulfate in both gravimetric methods, but in one case
calorimeter bomb washings were used while in the other separate
samples of coal were carried through the Eschka method. Bomb
washings were used for both volumetric methods but different
indicators served to detect the end point of the final sulfate titra-
tion with barium chloride.

The lower graph for range of each collaborator’s individual
determinations shows that the gravimetric methods are appre-
ciably less variable than the volumetric methods and that in both
cases the ranges do not show more variation than corresponds to
chance alone. One might conclude from this that the volumetric
methods are less satisfactory than the gravimetric methods.
This is not the case, however, because the upper graph for aver-
ages shows that the collaborators cannot agree as well using the
gravimetric methods as they do using the volumetric methods.

Unless the cause of this lack of agreement between collabora-
tors using the gravimetric methods can be found and removed
it would be better to use the volumetric methods even though they
are somewhat less precise. Nothing can be said about the ac-
curacy of the methods because the sulfur content of the controlled
samples of coal was not known.
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The control chart in Figure 14 shows the results of a
collaborative study of three methods for determining the
total solids in fish (1.9). Two controlled samples of fish (canned
salmon and fresh herring) were tested by five analysts, using a
vacuum oven method, a double oven method, in which the sam-
pleswere heated first to 70 0C. and then to 130° C., and a vacuum
desiccator method. The weighed samples were dried for arbi-
trary lengths of time and weighed. The samples were then dried
for one additional hour and weighed again.

METHOD A B C A B C

Figure 14. Control Chart for Total Solids in Fish
Data of Tubis (/9)

The lower graph shows that the variability of differences
between duplicate weighings one hour apart is no greater
than corresponds to chance for cither sample of fish. How-
ever, the averages of the five analysts are in much better
control for the tests on canned salmon than for the tests on fresh
herring, even though the limits for fresh herring are three times
as wide. A possible explanation for this difference is that tlx;
cooked fish has been broken down so that it requires less drying
time than the fresh fish. It seems possible that the results for
fresh fish might show satisfactory control if the drying treatment
were extended before the first Weighing was made.

CONCLUSIONS

Control charts have been found useful in the testing laboratory
whenever it is desirable to compare the over-all variability of test
data with the average variability of small groups of the data, and
they are simpler to understand than the more complicated sta-
tistical methods of analysis 'of variance. Operational meaning
can be put into the charts, depending entirely on the manner in
which the arbitrary small groups are chosen.

When the small groups consist of replicate tests, made at the
same time on the same sample,'the resulting control chart sul>-
jects the data to the most rigid test that is possible, because most
of the uncontrolled factors, which contribute to variations in any
test method, affect the groups more than they affect the indi-
vidual tests within each group.

Test methods which show evidence of control, based on this
kind of grouping, may still lack satisfactory precision. In such
cases, it is obviously necessary to control more of the factors
which contribute to individual test variations within the small
groups.

Test methods which show lack of control, based on this kind
of grouping, are being influenced by uncontrolled factors which

have an unequal effect upon .the groups. Often these factors can
be found and controlled, but sometimes it is not desirable or, as
"'Student” pointed out (17), even possible to remove them. In
such cases, the arbitrary small groups should be changed so that
each group will include the effects of the uncontrolled factors.

The control chart for viscosity (Figure 4) illustrates this very
well, for if the weekly groups irr this chart were changed to groups
of replicates tested on the same day, the resulting control limits
would be reduced so much that lack of control would be indi-
cated. It is recognized that there is more variation in this test
from day to day than that found, on the average, in any one day,
and this day-to-day variation is included when the tests are
grouped by weeks.

Control chart analysis often shows that routine test methods
are not so precise as they were previously thought to be. It also
usually shows that the test variations arc smaller than the vari-
ations in the process which the test is designed to help control.
As long as the test variations are no greater than the process
variation, replicate testing of single samples may sometimes be
uneconomical because the additional evidence of the replicates
does not materially help in controlling the process. In such cases,
it may be better to replicate the samples in such a manner that
more control of the process results, and then test each sample only
once.

Only a few of the many applications of control charts have
been presented here, bill it is safe to say that their use in the
analytical laboratory is limited only by the ingenuity of the
analyst.
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Determination of Basic Nitrogen in Hydrocarbon Feed
Stocks

LEON DONN AND HARRY LEVIN, The Texas Company, Beacon, N. Y.

Ammonia is not retained when very dilute gaseous concentrations
are bubbled through dilute sulfuric acid. Storage of such dilute
gaseous mixtures in iron cylinders results in loss of appreciable basic
nitrogen content. Ammonia and amines in concentrations be-
tween 0.000015 and 0.008% calculated as ammonia have been
successfully determined in normally gaseous hydrocarbon feed stocks
by a new method that involves passage of a cooled (about —60° C.)
hydrocarbon sample into a substantially nonagueous standard solu-
tion of sulfuric acid, evaporation of the hydrocarbon, and titration
of the excess acid with standard alkali. About 4 hours are required
for a 400-gram sample.

RACE impurities in hydrocarbon gases have a serious and

harmful effect, upon certain catalytic processes. The
elimination of such impurities and control of their concentration
are dependent upon suitable analytical methods.

Methods for determining minute quantities of water (I)
and oxygen (3) in such gases have been described and the pres-
ent paper describes a suitable method for ammonia or other
basic nitrogen compounds.

In the investigation of methods for determining basic nitrogen,
two general types of procedure wore considered for transferring
the basic compounds from the hydrocarbon to the aqueous
media in which they subsequently could be determined by con-
ventional methods. Both methods involved aqueous acid ex-
traction; in one the sample was treated in the gaseous phase and
in the other, in naphtha solution.

Where the sample was treated in the gaseous phase, fritted-
glass scrubbers containing dilute sulfuric acid failed to retain
small concentrations of ammonia. In a run on 70 grams of hy-
drocarbon sample, in which six such scrubbers in series were
used, the first showed 0.00005% of ammonia and the sixth
0.00004%. In almost every test the second scrubber collected
practically as much base as the first in the series. *

GLASS
WOOL-

T0 _
SAMPLE
SOURCE

ACETONE

DRY ICE
BATH

WET TEST
GAS METER Ss,

WATER
ONE GAL. CAN FOR

WATER RESERVORA

Figure 1. Sample Collection Unit

SAMPLING

1% JE%

Treatment of a sample in naphtha solution involved diluting
a liquefied sample with naphtha, from which basic compounds
were extracted by dilute sulfuric acid using ordinary separatory
funnels. Good results were obtained on C4 hydrocarbon samples
but when appreciable quantities of C3 or lower boiling hydro-
carbons were present the manipulations were hazardous and im-
practical because of the pressuresinvolved.

The procedure which proved satisfactory involves condensa-
tion of the hydrocarbon sample into a substantially nonaqueous
standard solution of sulfuric acid in acetone, evaporation of the
hydrocarbon, and titration of the excess acid to methyl red indi-
cator. The condensation is effected by a dry ice-acetone bath
(at about —60° C.): constituents not retained at this tempera-
ture are measured on emergence from the condensation flask.
Though the lower boiling hydrocarbons are not completely con-
densed, their basic constituents are quantitatively retained in the
nonaqueous acid through which they pass. Sample size is deter-
mined from the sum of the condensed and uncondensed portions
of the sample, the former by weighing, the latter by gas metering
and gravity determination. The time required to complete a
determination on a 400-gram sample is not more than 4 hours.

DETAILS OF METHOD

Reagents. Sodium hydroxide, aqueous, 0.02 N. Prepare
by diluting clarified 50% sodium hydroxide solution with car-
bon dioxide-free water and protecting from carbon dioxide with
a soda-lime tube.

Sulfuric acid, 0.02 N.
furic acid with acetone.

Methyl red indicator, a saturated solution of the free acid in
0.1 N aqueous sodium hydroxide.

Procedure. Half fill the condensing bath with acetone and
in it carefully immerse a perforated can containing small pieces
of dry ice. Acetone will enter the can through its perforated
bottom and rapidly dissipate the dry ice. Remove the empty
can, refill with dry ice, and again immerse in the acetone bath,
repeating the operations until the effervescence, which is violent
at first, practically ceases. Then add several
pieces of dry ice directly to the bath to
maintain its temperature at about —60° C.

Pipet 20 ml. of 0.02 N solution of sulfuric
acid in acetone into the dry condensing flask
and a like portion into a 250-ml. Erlenmeyer
flask containing 50 ml. of water; the latter
serving as blank is reserved until the sample
is titrated, when it also is titrated.

Stopper the condensing flask with the one-
hcle glass plug and carefully dip it into the’
cold acetone bath until all the coils of the
flask are immersed. Remove the flask from the
bath, quickly wipe the bottom, set upon a cork
ring on a pan balance, weigh rapidly within 1
gram, and record as tare weight.

Reimmerse the flask in the cold bath and as-
semble the apparatus as shown in Figure 1.
The assembly may be mounted on a suitable
rack for convenience in carrying to and from
sampling points.

Completely fill the gas-sampling pipet with
water, as well as the lower arm of the tee to
which it is attached. This may be conveni-
ently accomplished by upward flow. Close
stopcock St and leave stopcock S3open to the
water reservoir.

Introduce the sample through the Ascarite
scrubber, and by manipulating stopcock S2by-
pass the condensing flask for a few moments to
flush the tubing through stopcock S3 A rate of

Prepare by diluting aqueous 4 N sul-

GAS

PIPETTE

RUBBER
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passage as high as 170 liters (6 cubic feet) per hour as indicated
by the gas meter has been found to yield good results. Open
vent Si, and record the initial reading of the meter, its tempera-
ture, and the barometric pressure. Readjust stopcock S2 close
Si, and start introduction of the sample into the flask. Add
pieces of dry ice as required to the condensing bath to maintain
its temperature at about —60° C. If the sample is completely
retained in the condensing flask the meter will, of course, indi-
cate no gas passage. If uncondensed-gases arc present, take a
sample for gravity determination after about 0.2 cu. foot (5663
cc.) have by-passed the sampling pipot and assured purging of
air, etc. For a truly representative sample, small portions
should be drawn over the entire collecting period after purging,
but for most purposes the sample may alt be collected at one
time. Regulate stopcocks Si and St, so that substantially
atmospheric pressure is indicated on the manometer with which
the gas meter is equipped. When approximately 1 liter of gas
has been collected, detach sampling pipet and determine the
specific gravity of the gas against air.

When sufficient sample has been taken, stop its fiowr, detach
the condensing flask, and weigh rapidly as before." In most
cases a 400-gram sample is adequate, but when extremely low
concentrations are involved, the sample should be increased.
Record the new weight and meter reading.

Gently swirl the flask and set it on a cork ring in a good hood
for evaporation of its hydrocarbons. Remove the one-hole
plug from its neck. Pour water through the evaporation trap
shown in Figure 2, drain a few moments, and insert in the neck
of the flask. Close the inlet tube of the condensing flask with
a short piece of rubber tubing fitted with a glass plug to prevent
ejecting liquid during the subsequent evaporation step.

To hasten evaporation carefully immerse the flask in a bath
of water at about 60° C. Less than 45 minutes are required to
evaporate the hydrocarbons. Upon evaporation of the sample,
add 50 ml. of water to the flask through the trap. Remove the
trap as well as the rubber tubing and plug from the inlet tube.
Rinse down the coil or inlet tube of the flask with water, add
methyl red indicator to the flask, and titrate with standard
0.02 iV sodium hydroxide. Titrate the blank in a like manner.

Calculations. Noncondensed Gas. (The calculation for
noncondensed gas is generally sufficient. However, to be strictly
correct, the volume of noncondensed gas, V, and its specific
gravity, <7, should be calculated to a dry basis.)

Noncondensed gas (grams) =
V X 28.32 X G X 1.223 X 2556 X P

r x 760
where V = cubic feet measured at meter
<7 = specific gravity of noncondensed gas (specific gravity

of air = 1.0000)
T = average meter temperature, degrees absolute

18, No. 10

P = barometric pressure, mm. ofmercury
28.32 = liters per cubic foot
1.223 = weight in grams of 1lliter of airat 15.6°C. and 760

mm. of mercury
This may be simplified to:

Noncondensed gas (grams) = 1315 X VX G X P

Per Cent Basic Nitrogen.

% Basf nitrogen [cafcd. as AHY = Iﬁ_éﬁa"r%ﬁ?_ég}_ﬁ%[’éﬂ

where A = ml. of sodium hydroxide required to titrate the blank

B ml. of sodium hydroxide required to titrate the
sample

N = normality of sodium hydroxide

Grams of sample = grams of noncondensed gas plus

grams of condensed gas

DISCUSSION

The accuracy of this method is indicated by the typical values
shown in Table I. Concentrations of ammonia or amine as low
as 0.000015% and as high as 0.008%, calculated as ammonia,
have been successfully determined. It is apparent that as the
concentration decreases to a minimum, a small titration error
will contribute to a large percentage error.

Ammonia,, methylamine, dimethylamine, trimethylamine,
ethylamine, isopropylamine, and methylethylamine, ranging in
boiling points from —33° to +35° C., were all used to prepare
known samples for analysis. The quality of the results was un-
affected by the nature of the base employed.

In preparing the samples, ammonia and methylamine were
measured gasometrically in small sample pipets under con-
trolled conditions of temperature and pressure, and then flushed
out of the measuring pipets with the hydrocarbon gas concerned.

Samples containing the other nitrogen bases were prepared by
adding standard alcoholic or pentanc solutions of the base to
liquefied hydrocarbons.

Acetone is used to dilute the agueous 4 N sulfuric acid. The
initial dilution is made with water because it is expected that

Table I. Typical Data Obtained with This Method

Base Calculated as
Ammonia, %

Blending Gas” Base Taken Taken Found
A Ammonia 0.00123 0.00123
B Ammonia 0.00022 0.00022
B Ammonia 0.00127 0.00129
C Ammonia 0.00125 0.00127
C Methylamine 0.00097 0.00097
D Methylamine 0.00147 0.00147
E Methylamine 0.000016 0.000024
E Methylamine 0.00120 0.00120
E Ethylamine 0.000137 0.000137
F Ammonia 0.00073 0.00074
F Ammonia 0.00004 0.00004
G Ammonia 0.00003 0.00004
G Ammonia 0.00223 0.00227
a Composition of blending gases shown in Table II.
Table Il.  Composition of Blending Gases
Iso-
Methane Ethane Propane butane n-Butane Heavier
Per cent by volume
A 100 .
B 12.4 37.1 49.0 1*5
C S.4 44.5 0.5 45.8 6.8
D 14.6 41.0 1.9 - 42.5
E 100
1-Butylene
Propyl- n- Iso- Iso- Iso- 1,3-
Ethylene ene Butane butane butylene pentane Buta liene
F 1.6 3.3 69.7 22.9 2.5
G ... 53.5 46.5
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neutralization reactions will proceed with greatest ease in the
presence of water. Acetone is used, because it is a solvent for
both liquefied hydrocarbons and water, apparently has no effect
upon the standard acid, and lowers the freezing point of the solu-
tion to below —60° C. The titer of 0.02 N sulfuric acid.in acetone
dropped less than 1% in 144 hours. Other solvents, ketones and
alcohols, were not so satisfactory for one or more reasons involv-
ing high freezing point, poor miscibility, or instability of the titer
of the standard acid prepared with them.

It was found that samples cannot be kept or weighed in iron
containers, though free of brass valves and fittings, since reaction
or adsorption occurs, reducing the base content of the hydro-

*carbon. Solutions of ammoniain n-butane, keptiniron cylinders,
changed from an initially determined value of 0.00081% to lower
and lower values until after 16 hours’ storage only 0.0001% re-
mained. Solutions of methylamine in n-butane, similarly stored,
changed from 0.00149 to 0.00103% in 16 hours. Similar solutions
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prepared with these bases, as well as with bases up to and in-
cluding isopropylamine, but in pressure glass tubing, retained
their initial concentrations after storage, demonstrating that loss
of base was not due to reaction between it and the hydrocarbon
solvent. The Florence flask, equipped with condensing coil,
eliminates the need for metal sample containers.
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Use of High-Frequency Oscillators in
Titrations and Analyses

FRED w. JENSEN and A. L. PARRACK
Agricultural and Mechanical College of Texas, College Station, Texas

Energy absorption from high-frequency fields forms the basis for a
new method of conductometric analyses. Distinct advantages are
that this method eliminates the use of electrodes, and that values
may be read directly on a meter. It is very flexible and highly
sensitive. Any changes in ionic or dipole content in ionized or
un-ionized solutions may be followed. The electrical circuit is de-
scribed and a variety of types of titrations are presented.

LECTRICAL methods for titrations and analyses are
E generally limited in their scope and application by the
necessity of using electrodes of various types. Galvanic
methods usually are restricted to ionized solutions and ordinarily
are not usable in organic liquids, particularly if the organic
liquid is a very poor ionizing medium. Conductometric meth-
ods have a wide field of application but frequent readjustments
are usually required. By using the field of a high-frequency
oscillator it is possible to produce ionic or dipole motion without
the introduction of electrodes. The energy required to produce
this motion causes a change in the oscillator current which is
easily measured. Thus when an oscillator is loaded by the intro-
duction of a liquid or a solution into its tank circuit, its charac-
teristics are altered. Chiefly three factors govern the magnitude
of the loading: the type and circuit constants of the oscillator,
the volume of the solution and its location within the tank cir-
cuit, and the conductance of the solution due to its ionic or
dipole concentration. The changes in conductance during a re-
action cause variations in loading, whereby the course of the
reaction can be followed.

Oscillators differ widely in the manner in which they load. In
Figure 1 are shown types of loading curves which can be obtained
from various oscillators or even from the same oscillator by
changing its frequency or its circuit constants. Conditions which
produce linear curves of steep slope are desirable, since oscillators
producing such curves show high and uniform sensitivity
throughout their loading range. However, oscillators with
such high sensitivity also load out of oscillation readily. There-
fore provision for restoring oscillation is highly essential. A
study of the characteristics of various types of oscillators (5) in-
dicated that the tuned-plate tuned-grid oscillator was the most
adaptable to analytical work, since it could be made highly sen-

LOADING

Figure 1. Typical Loading Curves

sitive and yet maintain reasonable stability, and could be readily
brought back into oscillation when necessary.

ELECTRICAL CIRCUIT

In Figure 2 is shown the electrical circuit of a tuned-plate
tuned-grid oscillator with a sensitive metering system in the
positive power-supply lead. A regulated power source furnishes
high voltage. Oscillations occur when the two tank circuits,
LiCi and ¢2C2, are resonant at approximately the same fre-
quency. The condenser, Ci, is the primary factor in determining
the frequency of oscillation, while condenser C2 controls the ex-
citation to the grid of tube A. Any triode vacuum tube having
good oscillating characteristics may be used. Current flowing
through resistance Rt produces the grid-bias voltage. The
trimmer condenser, Cj, by-passes high-frecjuency energy around
R1and is adjusted to give maximum sensitivity to loading in the
plate tank circuit. Introduction of the glass tube, T, containing
the solution into coil Li accomplishes the loading. Condensers
Ct to Ci, inclusive, and choke coil U reduce stray high-frequency
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currents and eliminate body-capacity effects, thus stabilizing the
circuit.

The oscillator current is read on milliammeter M3 which also
assists in determining the manner in which the circuit goes in
or out of oscillation. By adjustment of resistance Ri in the
series R3Ri-R3 the voltage across resistance ii> can be balanced
by an equal and opposite voltage across Ri and a portion of Rt.

With the protective shunt, Rs, in the circuit and with switch <§
closed, the microammeter, Mi, shows the approximate state of
balancé. Closer adjustment of Ri then permits removal of R,
from the circuit. Reversing switches <3 and Si serves to in-
crease the range of microammeters Mi and Mi without reducing
sensitivity. Thus, if Mi and il/2have ranges of 0 to 200 and 0
to 50 microamperes, it is possible to read over a'range of 400 mi-
croamperes without resetting, and still maintain an accuracy in
reading of 0.2 microampere. The values of the various circuit
constants are not highly critical. The following will give good
results.

Ri. Resistance, 40,000 ohms

Ri. Resistance, 1,000 ohms’

R3 R,, Resistance, 10,000 ohms

R,. Wire-wound potentiometer, 10,000 ohms

Ci, Ci. Variable condenser, 100 micromicrofarads

Ci. Adjustable mica condenser, 100 micromicrofarads

Cr-Cn. Mica condenser, 0.01 microfarad

Si, S> Double-pole double-throw anticapacity snatch

Mi. Microammeter, 0 to 200 microamperes

Mi. Microammeter, 0 to 50 microamperes

ilfj. Milliammeter, 0 to 150 milliamperes

Li, Li. Coil, 4 turns of No. 6 copper wire, spaced 1.5 inches;
coil diameter, 2.25 inches

Lz. Radio frequency choke, 2.5 millihenries

A. Vacuum tube, type SOI

High sensitivity is obtainable by increasing the size of R: up to
certain limits, or by adjusting C2and C3to such values that tun-
ing with Ci causes the circuit to go in or out of oscillationwith
extreme rapidity. As sensitivity is increased a slow driftin the
meter reading frequently becomes apparent. Good shielding
and grounding are essential. The shield around T fits snugly

18, No. 10
CAPACITY
Figure 3. Variation of Oscillator Current with
Tuning of Ci

and extends well below the liquid level inside the tube. The
length of this shield is determined experimentally and is ad-
justed so that changes in the liquid volume during analysis will
have 110 effect upon the loading.

The choice of frequency is not critical, except that an oscillator
of a given design may have maximum sensitivity at a certain
frequency. Frequencies in the range of 15 to 20 megacycles give
satisfactory results. At higher frequencies the control of stray
currents is more difficult, while coils and condensers tend to be-
come excessively large at lower frequencies. Figure 3 illustrates
the manner in which a tuned-plate tuncd-grid oscillator responds
to tuning by Ci. The circuit is in oscillation only when the two
tank circuits are resonant at approximately the same frequency.
Increase in loading during titration causes a change in the im-
pedance and in the resonant frequency of the plate tank circuit.
However, its original resonant frequency can be restored by
changing the capacitance in the plate tank circuit. Thus, with
Ci sot to give good loading characteristics as at A, a sufficient

VOLUME IN CC.
Figure 4. Titration of Hydrochloric Acid with Sodium Hydroxide
A. High-frequency method. B. Conductance method
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VOLUME IN CC.

Figure 5. Titration of o-Phthalic Acid in Acetone with Sodium
Mejhylate in Methanol

A. High-ftequency method. B. Conductance method

increase in loading during titration may cause the circuit to go
out of oscillation as at B. Then by simply retuning with Ci,
the circuit can readily be brought back into oscillation. Since
the two loading curves shown on Figure 3 are nearly parallel up
to the point where the circuit begins to go out of oscillation, the
slopes of the titration curves are not materially changed by re-
tuning with Ci in this manner, particularly if the retuning is
done before the circuit goes out of oscillation. In actual prac-
tice Ci can be very conveniently used as a means of resetting
when the current increases or decreases beyond the range of the
microammeters. Minor adjustments can be made with /tY _With
this technique no observable changes in the slopes of the titration
curves are produced by resetting.

TYPICAL ANALYSES

In carrying out a titration the solution in tube T is suspended
within coil Lt and the motor stirrer is started. By means of C\,
and also co if necessary, the circuit is adjusted so that it goes into
and out of oscillation with the desired sensitivity as observed
on Mi. Balance on meters Mi and M< is obtained by adjust-
ment of R,. If the temperature of the solution differs from that
of the interior of the system, a-slow drift of the meter needle is
apparent until thermal equilibrium is reached. Ordinarily this

-effect can be neglected in titration.

In the various types of titrations, illustrated in Figures 4 to 9,
25 cc. of solution in the order of 0.1 N were diluted with 100 cc.
of water and were titrated with solutions also in the order of
0.1 (V. End points appear as changes in the slopes of the curves.
If the disappearing ion has a higher conductance than the ion
replacing it, the excess of the titrating agent beyond the end
point produces a reversal in the curve. Comparison is made be-
tween this method and the usual conductance method on Figures
4 and 5. The scale for the microampere ordinate is greatly re-
duced for comparison purposes. In cases such as the titration of
acidified ferrous ammonium sulfate solution with potassium
permanganate solution, addition of the titrating agent beyond
the end point actually dilutes the solution and lowers its conduct-
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ance, since the solution contains a relatively high concentration
of sulfuric acid. Thus as seen from curve A on Figure 8, the end
point appears but no reversal takes place. If, however, the con-
ductance of the potassium permanganate solution is increased
by the addition of inert potassium sulfate, the typical reversal
occurs at the end point as shown by curve B. Jander and his
co-workers (I, 3, 4), in their work on eonductometric titrations
in solutions of high foreign salt content, add the concentrated
titrating agent from a specially constructed microburet in order
to avoid large volume changes. However, the sensitivity of the
high-frequency method is sufficiently great, so that adding rela-
tively large amounts of inert salt with the titrating agent does
not destroy its accuracy.

Titrations in organic solvents or mixtures of organic solvents
frequently present interesting problems. Since the degree of
ionization is usually low, loading due to rotation of dipoles may
constitute an appreciable part of the total effect. Furthermore,
if the titration involves more than one solvent, changes in the

VOLUME IN CC.

Titration of Sodium Carbonate with, Hgdro-
A) and of Potassium Chloride with Silver
Nitrate (8)

Fqure 6.
hloric Acid

degree of ionization and in the dipole content during titration
materially affect the slope of'the curve. The end point on curve
B, Figure 9, is completely masked, owing to the increase in the
number of methanol molecules which are more polar than the
acetone molecules, and the increase in the solubility and the
degree of ionization of the sodium benzoate as methanol pro-
gressively enters the solution. When the sodium methylate is
made up in benzene with only sufficient methanol to maintain
solubility, a sharp end point is obtained as seen by curve C. Ini-
tially, conductance increases until the limit of solubility of the
sodium benzoate is reached, and thereafter decreases because of
the removal of benzoic acid as insoluble sodium benzoate. This
suggests a possible method for the determination of solubilities.

Results of these titrations are listed in Table 1. The known
end point values are those obtained by standard volumetric
methods or calculated from the known strengths of the solutions.
The observed end point values are obtained by use of the oscilla-
tor.
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Table 1. >arison of Known and Observed Values
Known Observed
End End
Substance Titrating Point, Point,
Titrated Agent Cc. Cc.
11,PO. NaOH 25.25 12.66
25.20
37.87
NaiCoO, HC1 12.20 12.18
24.40
FeSO.(NH.),SO. KMnOi 25.00 24.98
FeSOéNH.g,SO. KMnO,-KiSO, 25.0-1 25.03
NaiCi KMnO<-K,SO< 25.13 25.10
KCI AgNO, 24.92 24.90
C,H,COOH CH.ONa
in acetone in benzene 23.98 24.00
IIC1 NaiCoO, 25.50 25.50
CsH.(COOH), in CH.ONain 12.00
acetone McOll 24.00 24.00

VOLUME IN CcC.

Figure 7. Titration on Phos hor|c ACId

with ~ Sodium Hydroxide (S

Hydrochloric ACId W|th od |um Car-
honate (

DILUTE SOLUTIONS

Adjustment of C2and Gband tuning with C\ can cause the cir-
cuit to go in or out of oscillation with such extreme rapidity that
even slight changes in conductance produce relatively large
changes in the oscillator current. Curve A, Figure 10, shows
the titration of 25.00 cc. of 0.01000 jV potassium chloride solu-
tion, diluted to 300 cc., with 0.01000 N silver nitrate solution.
The minimum conductance point at 23.90 cc. does not coincide
with the true equivalence point of 25.00 cc. for several reasons.
The silver chloride becomes more soluble as the equivalence
point is approached and dilution of ions takes place as titration
proceeds. However, a simple approximate correction can be
made in the following manner:

If x is the number of gram-ions of chloride ion present at any
time, then K/x, N\'h and NVi — (x—K/x) are the amounts of
silver, potassium, and nitrate ions, respectively, -where N is the
normality of the titrating agent, and Fi is the volume of the ti-
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trating agent at the equivalence point. ifisusedasA,(Fi+ F22
where F2is the volume of the solution before titration. The
term (& —K/x) represents the amount of chloride ion for which
no silver ion has been added. A close approximation of the con-
ductance of the solution at any time prior to the equivalence
point is shown by Equation 1.

Conductance =
Xk+A Yi + Xci- x + XAg+t A + Xno," MiVFi — ~x —

Fo+ v, - -
H l-N

(1

If the derivative is taken and equated to zero, the quadratic
Equation 2 results.

[Fixk+-fXcr) + F2XG* —XNOI-) Jzs+ jj2(XAe++ XNo,") X

X - (F, + FO(XAH + XNor)tf = C (2)
In the solution of this equation coefficient b is very small in
comparison to ®4—4 ac and therefore at minimum conductance:

= \/—cla 3

=3 £ 1t F2)3 (XAr+ + XNO,~)K,
\ F.(Xk<+ Xci ) + F2(Xci — XNO,-)

@

VOLUME IN CC.
Figure 8. Effect of High lon Concentration

A. T|trat|0n of Ol N ferrous ammomum sulfate  with

sium p?rman )

B% T|t6a1t|0n of Ol N ferrou ammon(!u(Sn sulfate with
N potassium permanganate and 0.4 N potassium

C. T|tr,at|0no 01N sodmgw oxalate with 0.1 {\1 gotas-
sium permanaanate and 0.5 N potassium sulfat
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Figure 10. Titrations in Dilute Solutions
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Figure 11 illustrates another type
of analysis which may be performed
readily by this method. The curve
shows the variation in oscillator cur-
rent as the concentration of hy-
drogen chloride in dry benzene is
changed. Since a change in hydro-
gen chloride concentration from 0 to
0.275% by weight produces a change
of 100 microamperes, it is possible
to read a change in hydrogen chlo-
ride content in the order of 0.0006%
by weight.

To some extent temperature
changes affect the oscillator current.
With an increase in temperature the
ionic conductances become greater,
causing an increase in the current.
The temperature effect on the dielec-
tric constant causes a change in the
opposite direction.

In addition to titrations, this
simplified conductance method can
be applied for following reaction
rates, control work, etc. Wherever

IN CC.

A. 0.01 N potMslum chloride with silver nitrate changes in ionic or dipole conduc-
o e E IR PR e conr ey may e raaiy
Figure 9. TitratioAﬂ tof Benzoic Acid in "~ “hydroxide observed by this means.
cetone

A,B. With sodium methylote in methanol
C. With sod|sum met yﬁatg ?n benzene

Maclinncs, Shedlovsky, and Longsworth (<) give the ionic
conductances at 25° 0. of potassium, chloride, silver, and nitrate
ions at 73.50, 76.32, 61.90, and 71.42 reciprocal ohms, respec-
tively. The value of K, for silver chloride is calculated as
1.7 X 10* 0from its solubility (2) at 25° C. Using these values
in Equation 4 and replacing Vi by its approximate equivalent
of 0.0239 liter (the volume at minimum conductance), the
amount of chloride ion at minimum conductance is 1.24 X 10-6
gram-ion. A/xisO.lo X 10_sgram-ion and (x —K/x) is 1.09 X
10~6 gram-ion. This is equivalent to 1.09 cc. of 0.01000 N
silver nitrate solution. Addition of this correction to the 23.90
cc. gives an end point of 24.99 cc.

In Equation 4 the term (Xcr — X70,") appearing in the de-
nominator represents the difference in the ionic conductances
between the disappearing ion and the ion replacing it. If in-
stead of the nitrate ion, the acetate ion, which has a conductance
40.87 reciprocal ohms [6), is used, this difference becomes
greater, thereby decreasing the value of x. On curve B, Figure
10, the minimum conductance point is much sharper and ap-
pears at 24.68 cc. when silver acetate is used. Calculating the
correction from Equation 4 but replacing the ionic conductance
of the nitrate ion with that of the acetate ion, the end point is
found as 25.05 cc.

It can be seen in Equation 4 that small values of K,, as well as
large differences in conductance between the disappearing ion
and the ion replacing it. will produce small corrections. In
aeid-base titrations the hydrogen ion with a conductance of
349.72 reciprocal ohms (6) disappears and is replaced by a posi-
tive ion of much lower conductance. Also, since the ion prod-
uct constant is 1.0 X 107", the corrections will become very
small or negligible. As shown on curve C, Figure 10, the titra-
tion of 25.00 cc. of 0.000996 Ar hydrochloric acid solution in 300
cc. of redistilled water with 0.001003 N sodium hydroxide solu-
tion produces a minimum conductance point at 24.80 cc. The
known end point is 24.83 cc. The correction of 0.003 cc. is
negligible. The change in the slope of the curve at 32 cc. is due
to titration of carbon dioxide which has dissolved during titra-
tion. Its position varies with the time used for titration.

Cases may occur in which the disappearing ion has a lower
conductance than the replacing ion. Then, since the curve has a
positive slope throughout, no minimum point is produced and
Equation 4 does not apply. Plowever, the excess of titrating
agent entering the solution as the end point is passed causes a
break in the curve and no correction is necessary.

WT. % OF HCI

Figure 11. Determination of Hydrogen Chloride in
Benzene
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Chromatography in the Separation and Determination
of the Basic Amino Acids

M. S. BERGDOLL and D. M. DOTY
Department of Agricultural Chemistry, Purdue University Agricultural Experiment Station, Lafayette, Ind.

The individual basic amino acids were separated chromatographically
from amino acid mixtures and protein hydrolyzates by a single ad-
sorption on Lloyd's reagent. Lysine was determined by a modi-
fication of the ninhydrin colorimetric reaction, histidine by Pauly's
diazo reaction, and arginine by the Sakaguchi reaction. The method
is simple, rapid, and reliable.

basic amino acids, particularly lysine, are time-consuming

and not entirely specific.
have shown that it is possible to separate chromatographically the
basic amino acids from the nonbasic ones and then separate the
individual basic amino acids by subsequent adsorption and elu-
tion procedures. Very little work was done with protein hydroly-
zates, but the results indicated that chromatography could be
applied successfully to them.

The purpose of this investigation was to find, if possible, a
chromatographic method for complete separation of the basic
amino acids, particularly lysine, from known mixtures of amino
acids and from protein hydrolyzates. Ideally such a method
should require only one adsorption. Simple methods should be
used for the determination of lysine, histidine, and arginine
after their separation.

In this investigation the individual basic amino acids were sep-
arated from known mixtures of amino acids and protein hydroly-
zates by a single adsorption on Lloyd’s reagent. Lysine was.de-
termined by a new modification of the ninhydrin colorimetric
reaction, histidine by Pauly’s diazo reaction, and arginine by the
Sakaguchi reaction.

THE present chemical methods for the determination of the

GENERAL CONSIDERATIONS

Adsorption columns were prepared with Lloyd’s reagent and the
filter aid, Hyflo Super-Cel, in 19-mm. tubes. Lloyd’s reagent was
selected because Ackermann and Fuchs (I) had shown that it
completely adsorbed the basic amino acids. Quantities of 12 to
20 grams of the adsorbent mixture (one-third Lloyd’s reagent by
weight) were used.

The basic amino acids were adsorbed on the columns from wa-
ter or from 1% hydrochloric acid solutions of their hydrochlo-
rides. The interchanging of water and 1% hydrochloric acid as
solvents had little effect on the adsorption characteristics of the
basic amino acids if the amount used for each adsorption were
less than 20 ml. Samples of 1to Smg. of lysine and histidine and
2 to 16 mg. of arginine were used for each adsorption. The larger
amounts of arginine were used because many proteins contain
larger quantities of arginine than of lysine and histidine.

The amino acid mixtures were adsorbed from 1% hydrochloric
acid solutions. A representative mixture was: 20 mg. of di-
alanine, 25 mg. of dl-aspartic acid, 20 mg. of | (—)-cystine, 25 mg.
of 1 (-f)-glutamic acid, 30 mg. of glycine, 20 mg. of di-isolcucine,
20 mg. of dl-leucine, 10 mg. of dl-methionine, 20 mg. of dl-norleu-
cine, 20 mg. of dl-phenylalanine, 20 mg. of dl-threonine, 20 mg. of
1(—)-tryptophane, 50 mg. of 1 (—)-tryosine, 20 mg. of df-valine,
8 mg. of | (+)-arginine, 4 mg. of I (—-histidine, 4 mg. of I (+)-
lysine, and 100 mg. of ammonium chloride, per 10 ml. of solution.

QUALITATIVE STUDIES ON AMINO ACID ADSORPTION

Although the adsorption and elution characteristics of many
compounds are affected by the presence of similar compounds,
the basic amino acids behaved the same under identical condi-
tions of adsorption and elution either alone or in amino acid mix-
tures. Thus, when conditions for a separation method for the

Previous investigators (1,2, 6, 7,12,15)
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basic amino acids were established, tests for tire beginning and
ending of their elution were not necessary.

The adsorption and elution characteristics of histidine and ar-
ginine were relatively easy to observe by the specific Pauly
diazo reaction for histidine and Sakaguchi reaction for arginine.
The behavior of lysine and each of the nonbasic amino acids was
determined by the nonspecific ninhydrin colorimetric reaction.

Preliminary adsorption trials showed that the basic amino
acids, particularly histidine, were not adsorbed completely by the
untreated adsorbent mixture. Complete adsorption was possible
when the column was pretreated with solutions of hydrochloric,
sulfuric, or acetic acid.

Preliminary trials with amino acid mixtures, prepared as stated
above, showed that all the amino acids were adsorbed when the
mixtures were passed through columns of Lloyd’s reagent. How-
ever, all the nonbasic amino acids except cystine were separated
completely from the basic ones by developing the columns with
hydrochloric acid. Cystin'e was completely separated from the
basic amino acids when it was reduced to cysteine before chro-
matographing, by addition of zinc dust to the amino acid solution
acidified with hydrochloric acid. The adsorption and elution
characteristics of the nonbasic amino acids were determined by
chromatographing each of the nonbasic amino acids with lysine.

Many possible eluants were tested for their effect on the elution
characteristics of lysine, histidine, and arginine. The only sol-
vents that were tried in this investigation were water and solvents
completely miscible with water. The eluants tested may be
classified as follows: strong and weak bases, strong and weak
acids, salts, and buffer solutions.

The stronger basic compounds such as sodium hydroxide could
not be used with Lloyd’s reagent because their passage through
the column was too slow.

Sodium bicarbonate proved the most useful of the weaker basic
compounds, as it facilitated complete separation of histidine from
arginine and removed most of the histidine before elution of ly-
sine began.

Of the acids tested, hydrochloric acid gave the only useful sep-
aration. It eluted lysine completely before any histidine was
removed and removed much of the histidine before elution of argi-
nine began. However, complete separation of histidine and
ar%inine was not possible. . . .

alts such as sodium chloride eluted in the same order as did
hydrochloric acid, but the elutions were not complete nor the
separations clear cut.

The elution powers of pyridine were so general that it was use-
ful only when a single amino acid was on the column or when
groutp elution was desirable.

Of the solvents miscible with water, methanol gave an unex-
pected elution. Methanol solutions of hydrochloric acid eluted
arginine before lysine and histidine, but the separation was not
clear-cut.

A study of the elution properties of the various compounds
tested suggested a logical separation procedure. Since hydro-
chloric acid gave the greatest spread among lysine, histidine, and
arginine, and removed lysine completely before removing any
histidine or arginine, it was used as the first eluant. Sodium
bicarbonate was used as the second eluant because it com-
pletely separated histidine from arginine. Arginine was re-
moved with pyridine.

PROCEDURE FOR QUANTITATIVE SEPARATION AND DETERMINATION
OF BASIC AMINO ACIDS

Make the amino acid solution, 10 ml. of which contains 1to 6
mg. of lysine, 1to 4 mg. of histidine, and 1 to 8 mg. of arginine,
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about 0.3 N with hydrochloric acid, add 30 to 50 mg. of zinc dust
for each 10 ml. of solution, heat to 80° C., and cool.

Insert a 400 by 19 mm. chromatographic tube into the top of a
bell jar and attach the bell jar to a vacuum line with a pressure of
30 to 40 mm. of mercury. Push a small wad of cotton to the bot-
tom of the tube, pour 20 grams of absorbent mixture (one-third
Lloyd’s reagent and two-thirds Hyflo Super-Cel by weight) into
the tube, tap the side of the tube to pack the column, and place
0,6 cm. (0.25 inch) of Hyflo Super-Cel on top of the absorbent in
the tube.

Pass the following liquids through the column in the order

given: 50 ml. of 1.7 Arhydrochloric acid, 10 ml. of the amino acid
solution, 180 ml. of 0.5 N hydrochloric acid (use first 10 ml. to
erinse the amino acid solution onto the absorbent), 200 ml. of 1.0
Arhydrochloric acid, 150 ml. of 0.125 M sodium bicarbonate, 100
ml. of 10% pyridine in 0.7 N hydrochloric acid, and 40 ml. of
0.5 N hydrochloric acid. Add a new solution just as the last of
the previous solution is about to disappear onto the absorbent.

Cuts were made when 80, 275, 480, 625, and 730 ml. of eluant
had passed into the absorbent. The first fraction was discarded.
The second fraction contained the nonbasic amino acids and am-
monia, the third contained lysine, the fourth contained histidine,
and the fifth contained arginine.

Run a blank column, in which 0.3 Arhydrochloric acid treated
with zinc replaces the amino acid solution, for each set of deter-
minations. This serves as a reagent blank for the individual
amino acid determinations.

The absorption and elution procedure requires from 4 to 5
hours.

Since each basic amino acid occurs singly in a separate frac-
tion, it should bo possible to determine each one by any reliable
method. In this investigation the following procedures, which
have been applied routinely in this laboratory, were used.

Neutralize the histidine fraction to litmus with hydrochloric
acid and make to volume. Determine the histidine quantita-
tively by a modification of Pauly’s diazo reaction (9).

Neutralize the arginine fraction to litmus with sodium hydrox-
ide and make to volume. Determine the arginine quantitatively
by a modification of Sakaguchi’s reaction (4) (use one 25-ml.
flask in place of the three 10-ml. flasks called for).

Make the lysine fraction just acid to phenolphthalein with so-
dium hydroxide. Add 15 ml. of a pH 7.4 buffer solution (50 ml.
of 0.4 M potassium dihydrogen phosphate and 4.1 ml. of 1.0 .Y
sodium hydroxide diluted to 100 ml.) and make the solution to
volume. Determine lysine quantitatively by the authors’ modi-
fication of the ninhydrin colorimetric method: Pipct an aliquot
containing 0.02 to 0.10 mg. of lysine into a 25-ml. flask and make
to 3 ml. with the blank solution. Add 1 ml. of the ninhydrin solu-
tion (5 mg. of triketohydrindene hydrate, 0.4 mg. of sodium
hydroxide, and 263 mg. of sodium chloride per milliliter) and 5
ml. of glycerol (added with a large-bore pipet), mix the solution
thoroughly, and place in a boiling water bath. After 30 minutes
remove the solution, cool, and make to volume with 95% ethanol.
Within 15 minutes determine the transmission value of the colored
solution in a photoelectric colorimeter
and evaluate the amount of lysine by
reading this value from astandard curve
prepared by using known amounts of
lysine in the procedure outlined
above.

The transmission values of the colored
solutions can be determined in any photo-

electric colorimeter with which a spectral Proteins
region with a maximum transmission at )

5400 A. can be isolated. In this investi- Ca nstiehl)
gation a KWSZ photoelectric photometer Fibrin

was used with Corning filters 978 and 351,
1-cm. adsorption cells, 5% copper sulfate
in the cooling cells, and 67.5 volts on the
photocell circuit.

The lysine in the lysine fractions from
some of the protein hydrolyzates was
also determined by the total amino
nitrogen method (IS), by the a-amino

Lactalbumin
(Labco, Borden)
Egg albumin
¢

Corp.
Blood al%gmin

Gelatin
nitrogen method (14), and by the method Salrgent) o
involving the difference between the TO(Satf;Cn?e%osalc virus

total ana a-amino nitrogen (14).
The proteins used in this investigation
were hydrolyzed with 20 ml. of 20% hy-

drochloric acid for 18 hours. The hy- d Block and Bolling (3).
drolyzates were filtered, concentrated 0 Stanley (10).
under vacuum, and reconcentrated

Table .

(c.p., City Chemical
Corp.

.p., City Chemical

(c.p., City Chemical
Corp.)
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three times after addition of water to remove the hydrochloric
acid. One milliliter of concentrated hydrochloric acid was added
and the solutions were made to 50 ml. When decolorizations
Were made, acid- and alkali-washed Norit was used. The nucleic
acid used in the experimental work was treated in the same man-
ner as the proteins.

RESULTS AND DISCUSSION

Recoveries of lysine, histidine, and arginine adsorbed from
amino acid mixtures were excellent (Table I). The slightly high
recovery of lysine may have been due either to lysine impurities
in the other amino acid preparations or to traces of nonbasic
amino acids that escaped removal before elution of lysine began.

The amounts of the basic amino acids found in several proteins
compare fairly well in most cases with those which Block (3)
considers “best values” (Table I1)', especially since different prep-
arations of the'same protein may vary somewhat in their analysis.
Since the lysine values were higher than most reported values, it
is possible that other nmhydrin-color-producing substances were
present in the lysine fraction. To check this possibility the
amounts of lysine present in the lysine fractions of hydrolyzates
from several proteins were determined by the ninhydrin colori-
metric method and by amino nitrogen determinations (Table I11).
Since the errors in the amino nitrogen determinations may be high
when small amounts of lysine are determined, the comparisons
are considered good. The results indicate that only traces of inT
terfering substances could have been present in the lysine fraction.

Stanley (10) reported no lysine present in tobacco mosaic virus.
Knight (S) found 1.35% lysine in the virus, but decided his find-
ings were inconclusive, since he could not isolate any lysine by

Table |. Recovery of Lxsi_ne,lHistidine, and Arginine from a
Mixture of Amino Acids'land Ammonium Thloride
Amino Amount in Amount in
Acid Solution Eluate Recovery

Mg. Mg. %

Lysine 4.00 4.04 101.0
4.00 4.21 105.3
4.00 4.13 103.3
1.00 1.01 100.3

Histidine 4.00 3.07 99.3
4.00 4.01 100.3
4.00 4.04 101.0
1.00 0.99 99.0

Arginine 8.00 7.76 97.0
8.00 8.08 101.0
8.00 7.00 98.8
2.00 1.96 98.0

a Tyrosine, tryptophane, methionine, glutamic acid, aspartic acid, cystine,
glycine, alanine, valine, norleuciner isoleucine, leucine, phenylalanines
threonine, histidine, arginine, lysine.

Basic Amino Acid Content of Proteins'l
. (16% nitrogen basis)
Lysine Histidine Arginine
Adsorp- Adsorp- Adsorp-
tion “Best tion “Best tion “Hest
Nitrogen  value0. value”#  value0 value”#  value0 value”«
% % % % % % %
13.6 8.6 7.5 3.3 2.5 3.7 4.2
13.2 9.1 7.5 2.7 2.4 G.9 7.8
13.6 11.2 9.G 2.2 2.0 3.4 3.9
12.3 8.0 5.0 2.7 2.0 6.0 5.8
11.3 9.7 10.0 3.2 2.8 5.7 5.5
16.1 4.5 4.5 0.75 0.8 8.0 8.0
? . 1.42 0.0° 0.0 0.0° 9.3 9.0°

a Protein hydrolyzates not treated with Norit. .
&Values calculated to 16% nitrogen basis for comparison only.
0 Values did not varv more than *3%.
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Table Ill._ Comparison_of Methods for DetermInins_Lysine in Lysine
Fraction from Protein Hydrolyzates (Norlt-Treated)
Lysine by
Total Amino
Nitrogen
Lysine by Lysine by Lysine by Minus
Ninhydrin ~ Total Amino a-Amino a-Amino
Colorimetric Nitrogen Nitrogen Nitrogen
Protein Method Method Method Method
% % % %
Casein 7.3 7.2 7.5 7.0
Fibrin 7.5 7.8 7.6 8.0
Lactalbumin 9.3 9.5 9.4 9.7
Egg albumin 5.9 6.1 6.1 6.2
Blood albumin 6.5 6.5 6.5 6.6
Gelatin 4.5 4.6 4.9 4.4
Corn 1 0.23 0.23 0.23 0.23
Corn 2 0.26 0.26 0.29 0.22
Corn 3 0.25 0.28 0.26 0.29
Corn 4 0.24 0.23 0.27 0.19
Corn average 0.25 0.25 0.26 0.23

precipitation methods. Stokes etal. {11) by use of microbiological
techniques found 1.36% lysine in the virus. The 1.42% found
by the adsorption method is in good agreement with Knight’s and
Stokes’s findings. All the above determinations were made on to-
bacco mosaic virus prepared by Stanley.

The histidine values might also be questionable, since there are
other naturally occurring basic compounds that give a color with
Pauly’s diazo reaction. The compounds most likely to be present
in quantities sufficient to cause interferences are the purine and
pyrimidine bases occurring in nucleic acids. The values for histi-
dine. arginine, and lysine were not affected when hydrolyzed yeast
nucleic acid, in amounts several times higher than would occur in
proteins, was added to the amino acid solutions before chromato-
graphing (Table 1V).

Decolorization of the acid hydrolyzates affected slightly the
basic amino acid values, particularly histidine and arginine val-
ues (Table V). However, it was found that this preparation of
Norit adsorbed slight amounts of the basic amino acids. The
variation of values from the treated samples were greater in some
cases than the values from the untreated samples. Even though
there was some color removed during the elution of histidine,
this did not account for the differences obtained in the histidine
values. It is recommended that the protein hydrolyzates be
chromatographed without decolorization.

The values for arginine and histidine found in some corn grain
hydrolyzates are compared to values obtained from the same sam-
ples by Doty et al. {5) by use of phosphotungstic acid to separate

Table IV. Effect of Nucleic Acid on Basic Amino Acid Values0
Lysine Histidine Arginine

100 100 100

No mg. of No mg. of No mg. of

nucleic nucleic nucleic nucleic nucleic nucleic
Protein acid acid acid acid acid acid
% % % % % %
Lactalbumin 9.4 9.3 1.8 |.S 2.8 2.8
Egg albumin 6.2 6.3 2.1 2.1 4.6 4.7
Blood albumin 7.1 7.1 2.2 2.2 3.8 3.8

° Protein Hydrolyzates treated with Norit.
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the basic amino acids before determination of histidine and argi-
nine (Table VI); There were no corrections made for the solu-
bility of the phosphotungstatos, which accounts, at least in part,
for the lower values obtained by the phosphotungstic acid pre-
cipitation method.

CONCLUSIONS AND SUMMARY

The individual basic amino acids have been separated chroma-
tographically from amino acid mixtures and protein hydrolyzates
by use of Lloyd’ reagent. This is the first time that asingle ad-
sorption has been used successfully for the separation of the basic.
amino acids. The recoveries of the basic amino acids when they
were adsorbed from amino acid mixtures were 103 — 2% for
lysine, 100 == 1% for histidine, and 99 ==2% for arginine. The
method is simple, rapid, and reliable. Arginine was determined
by a modification of the Sakaguchi reaction and histidine by a
modification of Pauly’s diazo reaction. Lysine was determined
by a modification of the ninhydrin colorimetric reaction which
was standardized for quantitative determination. Evidence indi-
cates that substances from protein hydrolyzates that may inter-
fere with this reaction were absent. Accurate determination of
lysine in protein hydrolyzates was possible even when the per-
centage of this amino acid was small. Nucleic acid did not inter-
fere with the adsorption or subsequent determination of the basic
amino acids.

Table VI.  Basic Amino Acids in Com

Histidine Arginine Lysine
Adsorp- Adsorp- Adsorp-

Nitro- tion PTA tion PTA tion

Sample gen value value value value Value
% Mg./g. Mg./g. Mg./q.

1.50 2.9 2.0 3.9 3.6 2.3

1.59 2.7 2.2 4.0 4.1 2.6

1.45 2.5 2.0 3.7 3.8 2.5

1.45 2.6 2.3 4.0 3.9 2.4

Values of the basic amino acids determined in seven protein hy-
drolyzates were compared to literature values. The lysine and
histidine values obtained by the adsorption method were generally
higher than the average of the reported values, but the adsorption
values checked more closely with the most recent literature val-
ues. The adsorption values for arginine compared satisfactorily
with the average literature values.

The basic amino acids were determined in four corn grain hy-
drolyzates. The values for arginine and histidine were compared
to values obtained when the basic amino acids were separated
from hydrolyzates from the same corn grain samples by phospho-
tungstic acid precipitation. The arginine values checked very
closely, but the adsorption values for histidine were appreciably
higher than those obtained after phosphotungstic acid precipita-
tion.
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Aids to Computation in Spectrophotometric
Analysis of Binary Mixtures

MARK FREDland FRANCIS W. PORSCHE
Standard Q'il Co. (Indiana), Whiting, Ind.

Several methods are described (or Facilitating the computation of
concentrations of binary mixtures from the observed spectropho-
tometer data. The methods are especially useful for cases of Beer's
law failure. One is a graphical method in which the observed
optical densities of a mixture determine the location of a point in-
side a coordinate network reading directly in concentrations. The

HE spectrophotometric analysis of mixtures of absorbers re-

quires measurement of the optical density at selected wave
lengths and solution of the resulting simultaneous equations.
These equations are nonlinear in cases in which there is an ap-
parent failure of Beer’s law and are consequently tedious to solve
directly. A method of solution based on successive approxima-
tions has been described (/). The present paper describes
several devices which have been used for some time to shorten the
labor of computation for binary mixtures.

An example which has been of considerable practical impor-
tance in the production of nitration grade toluene is the analysis
of benzene-toluene mixtures in a transparent solvent such as iso-
octane.

For this case, using a particular set of experimental conditions
(constants must be determined for every optical system used) and
assuming no Beer’s law failure, the following equations apply:

>= 101 Cb+ 20.8 C, )
= 163 Cs + 194 Ot )

where the optical densities, D, are measured at characteristic ab-
sorption peaks at the indicated wave lengths expressed in milli-
microns (the peaks for the two compounds happen almost to co-
incide in wave lengths but not in intensities and for the author’s
work were found most sensitive to relative composition) and the
concentrations, C, are given in volume per cent. Equations 1 and
2 may be transformed to the more convenient form:

Cs = 0.0651D 209- 0.0607 DZa9 ®3)
C, = -0.0032 D2®9+ 0.0510 D89 4)

GRAPHICAL SOLUTION

These equations may be thought of as defining a transforma-
tion from D axes to C axes, as illustrated in Figure 1. Here the
densities at 268.9 mu for various concentrations of the pure com-
pounds in a transparent solvent are plotted as a function of the
densities at 260.9 mp, the toluene axis having approximately unit
slope because the peaks are about of equal intensity, while the
slope for the benzene axis is much lower because the 268.9 peak is
much weaker than that at 260.9 for this compound. The densi-
ties of a mixture are represented by a point somewhere inside

1Present address, Armour Research Foundation, Chicago, 111

other method utilizes a specially constructed slide rule on which
concentrations are read when the position Is adjusted according to
the densities. lllustrative data for benzene-toluene mixtures are
shown. The saving in time over numerical calculation can amount
to more than afactor of 20.  The graphical method can be extended
to three-component mixtures.

these two lines. It will be seen that, speaking in the language of
vectors, the components along the concentration axes of a point
defined by components along the density axes can be obtained
graphically by projecting back parallel to the concentration axes.

02609

Figure 1._ Graphical Method of Obtaining Concentrations_of
Benzene-Toluene Mixtures from Observed” Optical Densities

Example shown at p represents mixture 1 of Table |

The network consisting of the concentration axes repeated at
regular intervals of benzene and toluene concentration, as indi-
cated in Figure 1, is drawn in merely for convenience. Concen-
trations can be obtained in this way in a much shorter time than
by numerical solution of Equations 3and 4. The chiefadvantage,
however, is found in the case in which the densities are not linear
functions of the concentrations. This situation arises when ben-
zcne-toluene mixtures are measured on a Beckman quartz spec-
trophotometer, which requires an effective slit width (0.30 mm.
corresponding to about 0.8 lap) comparable with the width of the
absorption bands. In this case the data can be represented by
a curvilinear coordinate system for.the concentration axes which
is a distortion of the previous case, the concentrations being ob-
tained by following a curvilinear network. Figure 1 actually rep-
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resents Beckman spectrophotometer data. It will be seen that
the curvature of the axes is not great but cannot be ignored for
accurate work. Linear interpolation between any two successive
0.01% intervals on the concentration scales is satisfactory.

SLIDE RULE SOLUTION

Another device which has been found convenient in practice is
a slide rule, Figure 2, with appropriate scales reading directly in
concentrations. These scales are drawn on strips of paper which
,are pasted on a conventional slide rule and covered with label
varnish. The action of the rule depends on the fact that each
concentration in Equations 3 and 4 is expressed as the difference
between two linear terms, so that if the density scales on the rule
are each drawn with units adjusted in length according to the
corresponding coefficients the subtractions can be performed
mechanically. The operation is thus analogous to the operation
of division on a conventional slide rule and requires the same
length of time to obtain each concentration as a simple division.
The rule has one density scale for 268.9 nifi but a separate density
scale for 260.9 m/i is used for each compound. Based on the data
of Equations 3 and 4 and assuming no Beer’s law failure, unit
length on the D 209scale used for the toluene determination would
be 0.0032/0.0510 the unit length on the Dm ‘s scale, while unit
length on the D209 scale used for the benzene determination
would be 0.0651/0.0607 that of the D 289scale. The concentra-
tion scales are not in equivalent positions on the rule because the
algebraic signs of the coefficients in Equations 3 and 4 are inter-
changed. In operation the movable hair fine is set at the ob-
served value on one of the D 239scales, the 1)2889scale moved to
read the observed value for this wave length at the hair line, and
the concentration in volume per cent read opposite the index
arrow.

02609 111 )
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Figure 2. Slide Rule for Obtaining Concentrations of Benzene-
Toluene Mixtures from Observed Optical Densities

Stiting shown lllustrates (above) benzene ?nd ﬁbelow) toluene determination lor
ixture 1 of Table |

The construction of the slide rule for the nonlinear case which
is actually represented in Figure 2 is not quite so simple and is
best carried out with the aid of the corresponding graph—i.e.,
Figure 1. The following procedure has been found to yield exact
results, although other choices could doubtless be made. (It is
possible that this method of attack might not be valid in all
cases.)

The 22809 scale used for the determination of benzene is laid
out linearly as before. With the zero of the movable scale in
coincidence with that of the fixed scale, the 2)2889scale is laid out
from the readings of the toluene axis of the graph—i.e., suitable
increments of the Dm j scale are drawn in opposite the associated
values of the £2099scale. For example, 0.2 on the D289 scale
would be placed opposite point P corresponding to the associated
density on the D2309scale. The movable hair line and the mov-
able scale are then adjusted to correspond to associated densities
for various concentrations of pure benzene, as obtained from the
benzene axis, and the values for the Ct (% benzene) scale drawn
in opposite the index arrow for each setting. The same procedure
is now followed for the toluene scales, using the D us-=scale al-
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Table I._ Comparison_of Different Procedures for Converting O b-
served Densities of Benzene-Toluene Mixtures to Concentrations

Mixture Volume Per Cent
No. Conatituent Known Shell Graph Rule
1 Benzene 0.0424  0.0421 ' 0.0423 0.0423
Toluene 0.0012 0.0014 0.0012 0.0012
Total 0:0436  0.0435 0.0435 0.0435
2 Benzene 0.0290 0.0288 0.0288 0.0289
Toluene 0.0060 0.0060 0.0059 0.0060
Total 0.0350 0.0348 0.0347 0.0349
3 Benzene 0.0122  0.0121 0.0121 0.0121
Toluene 0.0121 0.0122  0.0122 0.0122
Total 0.0243 0.0243 0.0243 0.0243
4 Benzene 0.0116 0.0114 0.0114 0.0113
Toluene 0.0194 0.0195 0.0196 0.0194
Total 0.0310 0.0309 0.0310  0.0307
5 Benzene 0.0081 0.0078 0.0076 0.0075
Toluene 0.0421 0.0424  0.0427 0.0424
Total 0.0502 0.0502 0.0503 0.0499
6 Benzene 0.0033 0.0033 0.0033 0.0032
Toluene 0.0168 0.0168 0.0168 0.0168
Total 0.0201 0.0201 0.0201 0.0200
Benzene 0.0018 0.0019 0.0020 0.0018
Toluene 0.0388 0.0386 0.0386 0.0387
Total 0.0406  0.0405 0.0406  0.0105
Benzene 0.0007  0.0007  0.0007 0.0006
Toluene 0.0155 0.0154  0.0155 0.0155
Total 0.0162  0.0161 0.0162  0.0161

ready obtainedj drawing in another D2'-9scale from data from
the benzene axis with the zero points in coincidence, and then
laying out the Ct (% toluene) scale from associated densities ob-
tained from the toluene axis.

The resulting slide rule is similar to that used in the case of no
Beer’s law failure, except that only one scale is linear, the others
converging or diverging. Linear interpolation on these scales
between any two successive 0.01% concentration or 0.1 density
points is convenient and satisfactory.

COMPARISON OF METHODS

A comparison of the different methods of treating the same
data is shown in Table I. The Shell method refers to the succes-
sive approximation procedure described in (1). The results re-
ported under graph were obtained with a curvilinear graph 50 X
50 cm., while a 50-cm. (20-inch) slide rule was-used for those listed
under rule. The average time required for obtaining both the
benzene and toluene concentrations from the observed densities
for a given mixture is approximately 5 to 8, 0.5, and 0.3 minute
for the respective methods. The construction of the graph re-
quires 3 or 4 hours, and the slide rule scales require about 2
'working days.

THREE-COMPONENT MIXTURES

Linear equations for three-component mixtures may be solved
with a two-dimensional graph by using as one of the equations
the condition that the sum of the concentrations is known. The
optical densities at any one wave length may be indicated on a
conventional triangular composition diagram jus a contour map.
It will be found that lines of constant density for different com-
positions are straight parallel lines. For another wave length the
constant density lines will have a different slope and different
spacing for the same density interval. The composition is de-
termined by the point of intersection of the measured density
lines at the two wave lengths. The method is more rapid than
numerical solution. It has not been tested for cases of Beer’s
law failure but should also apply if the deviations are not so large
as to introduce contour curvatures with more than one point of
intersection.
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Conditions Affecting the Sequence of Organic Compounds
In Tswett Adsorption Columns

HAROLD H. STRAIN
Carnegie Institution of Washington, Division of Plant Biology, Stanford University, Calif.

SWETT’S columnar or chromatographic adsorption method
Tis particularly useful for the resolution of mixtures of organic
compounds and for the detection and estimation of the individual
components. Under given conditions, compounds adsorbed in
the columns form a series of bands or zones in definite sequence.
As a result, organic substances are frequently identified and
named with respect to their relative positions in the adsorption
columns (13, IS). In several instances, prognostications regard-
ing chemical structures of organic compounds have been based
upon their adsorbability relative to that of substances of known
constitution (9).

This sequence or adsorption order of the bands is, however,
not the same under all circumstances; it varies with the condi-
tions in the columns, with the solvent and the adsorbent, and
with the kinds of substances adsorbed (9, 10). Variations of the
adsorption sequence have been observed most frequently when
mixtures of dissimilar compounds are adsorbed under different
conditions (1, 6, 9). For example, mixtures of the green chloro-
phylls and the yellow xanthophylls isolated from the green parts
of plants often yield different adsorption sequences (10). Vari-
ations of the adsorption sequence have also been observed when
mixtures of similar substances, such as the xanthophylls them-
selves, are resolved by adsorption (13).

Further investigation of the relative adsorbability of organic
compounds has now revealed many additional examples of vari-
ation of the adsorption sequence. These variations have resulted
from alteration of one or more factors such as the solvent, the
adsorbent, the temperature, the concentration, the presence of an
impurity, or the concentration of hydrogen ion. As experience
is gained, additional conditions which influence the adsorption
sequence will undoubtedly be found.

The number of possible adsorption sequences is related to the
number of congxments in the mixtures that are adsorbed. With
a binary mixture, two sequences of the bands are possible. Under
certain conditions, one solute will form the upper band; under
other conditions, this solute may form the lower band. As in a
series of permutations, increase in the number of components of a
mixture multiplies the number of possible sequences of the ad-
sorption bands. For 3 components there are '6 possible adsorp-
tion sequences; with 4 components there are 24 possible se-
quences; with 5 components there are 120 sequences; and for 10
components there are 3,628,800 possible sequences. Only with
binary mixtures have all the theoretically possible sequences been
obtained.

Alteration of the adsorption sequence may be utilized to
increase the sensitivity and to broaden the applicability of the
chromatographic adsorption method. Variation of the adsorp-
tion sequence with conditions in the columns illustrates precau-
tions to be observed in new applications of the columnar adsorp-
tion technique.

MATERIALS AND METHODS

Effects of various conditions upon the adsorption sequence were
determined by use of colored solutes, w'hich are readily visible
in adsorption columns. These mixtures were made of chloro-
phylls, of chlorophylls and xanthophylls, of xanthophylls, or of
common water-soluble dyes.

Pigments and Their Sources. Because of their lability,
chlorophylls and xanthophylls were prepared in small quantities
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as needed. Chlorophylls a and 6 were isolated by adsorption of
the freshly prepared extracts of green leaves (11). The labile
isomer of each of these pigments, chlorophyll o' and chlorophyll

was obtained by adsorption of extracts of heated leaves (12).
Cnlorophyll d was prepared from red algae (Rhodopliyceae) (7).

Xanthophylls, the alcohol-soluble oxygen derivatives of polyene
hydrocarbons, were extracted from a variety of plant sources and
were isolated by adsorption. Lutein and neoxanthin were ob-
tained from leaves, fucoxanthin from the kelps or brown sea-
weeds (Pheophyceae), diadinoxanthin and peridinin (sulcato-
xanthin) from the symbiotic alga of a sea anemone, diatoxanthin
from diatoms, violaxanthin from pansies, and tarhxanthin and
tareoxanthin from dandelions (18). Zeaxanthin was isolated
from the fruit pods of the Chinese lantern (Physalis) (9). On
the Pacific Coast sources of many of these pigments are avail-
able throughout the year.

Solvents and Adsorbents. Solvents were purified by dis-
tillation in an all-glass apparatus. Commercial adsorbents were
employed, usually without further treatment.

Heat-treated siliceous earths, Hyflo Super-Cel and Celite 501,
503, 535, and 545, from Johns-Manville, were all weakly ad-
sorptive (comparable in adsorptive capacity to powdered sugar).
All these products arc manufactured by the same alkali flux
calcination process and differ principally in particle size.

Powdered sugar (confectioners’ powdered sugar, grade
XXXXXX, containing 3% starch to prevent caking), which was
obtained from several sources, exhibited rather uniform adsorp-
tive properties. Cellulose was prepared for use in columns by
disintegration of finely cut filter paper in water in a Waring
Blendor. Preparations of activated magnesium silicate of similar
adsorptive properties but of greatly different particle size were
obtained from three sources: Florisil from the Floridin Com-
pany, Warren, Pa.; Magnesol from Westvaco Chlorine Products
Corporation, Newark, Calif., and magnesium silicate No. 34
from Philadelphia Quartz Company Limited, Berkeley, Calif.
Activated magnesium oxide, Micron Brand No. 2641 from West-
vaco Chlorine Products Corporation, was mixed with Celite be-
fore use in columns (8).

Procedure. Solutions of the mixtures of plant pigments
were prepared by dissolving 1 to 5 mg. of each substance in 100
ml. of petroleum ether. These solutions were then filtered through
adsorption columns (1.5 cm. in diameter and 12 to 20 cm. long)
prepared by pressing the dry adsorbent into the tube. As soon
as a narrow zone (0.3 to 1 cm.) at the top of the adsorbent was
saturated with pigment, the adsorbed materials were washed
with fresh solvent (or solvent mixture), in order to develop the
chromatogram and to reveal the adsorption sequence.

Water-soluble dyes were dissolved directly in water or in acidic
or alkaline solution. Concentration of the dyes in these solu-
tions was comparable to that of the plant pigments in the pe-
troleum ether solutions.

CONDITIONS INFLUENCIN&F%’?I&Q&H\W)N&FE%JENCE OF COMPONENTS

Adsorption from Different Solvents. In columns of a
given adsorbent, adsorption sequences are determined, in part,
by the properties of the solvent. There are many examples of a
chlorophyll and a xanthophyll adsorbed in two sequences when
different solvents are used.

With petroleum ether or benzene as solvent and with Celite
as adsorbent, chlorophyll b forms a yellow-green band above the
yellow band of neoxanthin. Addition of about 25% of acetone
to the petroleum ether or benzene causes the chlorophyll b to be
adsorbed belowrthe neoxanthin.

With petroleum ether, benzene, or 1,2-dichloroethane as sol-
vent, chlorophyll d is adsorbed above fucoxanthin in columns of
powdered sugar. If 0.5 to about 3% of an alcohol is added to
these solvents, chlorophyll d is adsorbed below fucoxanthin.

When petroleum ether containing about 5% acetone is used as
solvent, chlorophyll a is adsorbed above lutein in columns of
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Celite. The presence of about 0.75% ethanol in the petroleum
ether plus acetone causes the chlorophyll a to be adsorbed below
the lutein.

Many similar alterations of the adsorption sequence have been
produced by adsorption of binary mixtures of chlorophyll a and a
xanthophyll. When petroleum ether is the solvent and powdered
sugar is the adsorbent, chlorophyll a is adsorbed above each of the
following xanthophylls: violaxanthin, fucoxanthin, diadinoxan-
thin, tareoxanthin, taraxanthin, diatoxanthin, zeaxanthin, and
lutein.  With petroleum ether containing 0.5 to 1% propanol
as solvent, chlorophyll a is adsorbed below each of these xantho-
phylls.

Substances of the same type, such as the xanthophylls them-
selves, are often adsorbed in different sequences when different
solvents are used with columns of a given adsorbent. With
chloroform as solvent, zeaxanthin is adsorbed below violaxanthin
in columns of magnesia plus Celite (1 to 1). With petroleum
ether plus about 25% of ketones (such as acetone, ethyl methyl
ketone, or methyl nonyl ketone) as solvent, zeaxanthin is ad-
sorbed above violaxanthin.

With 1,2-dichloroethane as solvent, fucoxanthin is adsorbed
above violaxanthin in columns of sugar. But with petroleum
ether plus about 0.5% of an alcohol such as methanol, ethanol,
propanol, or butanol as the solvent, fucoxanthin is adsorbed be-
low violaxanthin.

Variations of the proportions of a mixture of solvents may also
suffice to alter the sequence of substances adsorbed on a given
adsorbent. When petroleum ether plus about 5% acetone and
0.5% ethanol is used as solvent, fucoxanthin is adsorbed above
chlorophyll a in columns of Celite. Increase of the alcohol con-
centration to about 2% causes the fucoxanthin to be adsorbed
below the chlorophyll a. At one intermediate concentration of
alcohol, fucoxanthin and chlorophyll a are difficultly separable
in the columns of Celite.

Impurities in Solvents. Very small quantities of alcohols
which may occur as impurities in a solvent often alter the se-
quence of adsorbed chlorophylls and xanthophylls. In col-
umns of sugar, where fucoxanthin is normally adsorbed below
chlorophyll a when petroleum ether is used as solvent, as little
as 0.05% amyl alcohol in the petroleum ether causes the fuco-
xanthin to be adsorbed above the chlorophyll a. A similar effect
is produced by as little as 0.1% cholesterol or ergosterol dissolved
in the petroleum ether. Unsaturated hydrocarbons, chlorinated
hydrocarbons, ethers, esters, organic acids, and amides of organic
acids added to petroleum ether accelerate the movement of
fucoxanthin and chlorophyll a through columns of sugar, but the
adsorption order is identical with that produced by petroleum
ether alone.

Addition of very small quantities of alcoholic substances to a
solution of fucoxanthin and chlorophyll a in petroleum ether
before adsorption in a column of sugar causes the chlorophyll to
form the lower band. But as the column is washed with fresh,
unadulterated portions of petroleum ether, the fucoxanthin gradu-
ally becomes adsorbed below the chlorophyll a.

Alcohols are common in plants, and it seems probable that
they may cause the reversal of the adsorption order of chloro-
phylls and xanthophylls which occurs when extracts of plants are
adsorbed. When a petroleum ether extract of the brown seaweeds
is filtered through a column of powdered sugar, chlorophyll a
is adsorbed below fucoxanthin, the principal xanthophyll. As
the chromatogram is developed with fresh petroleum ether, fuco-
xanthin slowly appears below the chlorophyll a. In analogous
fashion, a petroleum ether extract of the leaves of higher plants
yields chlorophyll a adsorbed below the principal xanthophyll
lutein. Development of the chromatogram with petroleum ether
carries the lutein below the chlorophyll a.

Use of Different Solvents for Development of One
Chromatogram. As indicated by the adsorption of pigments
from solutions containing impurities, bands of two substances

separated in one sequence by adsorption from one solvent may
have their relative positions reversed by further development of
the chromatogram with another solvent. Because the resolution
effected by the first solvent must be overcome by the second
solvent in the lower unused portions of the adsorbent, long ad-
sorption columns are usually required.

If a mixture of chlorophyll a and zeaxanthin in solution in di-
chloroethane is adsorbed on a column of sugar, zeaxanthin forms
the lower band. Further development of the chromatogram
with petroleum ether containing about 0.5% ethanol causes the
chlorophyll a to overtake and to pass through the zeaxanthin
band, thus reversing the ’adsorption sequence. Through the
alternate use of these two different solvents in a long column of
sugar, the adsorption sequence of chlorophyll a and zeaxanthin
may be reversed several times.

Mixtures of either chlorophyll a, b, or d with one xanthophyll
have also been separated in first one sequence and then in the
other by the successive use of different solvents for development
of the chromatogram. Mixtures of two xanthophylls have like-
wise been separated in one sequence and then in the other by de-
velopment of the chromatogram with two different solvents. This
may be illustrated by the adsorption of taraxanthin and lutein
in columns of a mixture of magnesia and Celite. With dichloro-
ethane as solvent, lutein forms a band below that of taraxanthin.
When the column is subsequently washed with petroleum ether
containing about 25% acetone, taraxanthin advances through
the band of lutein. Conversely, lutein first separated below
taraxanthin by adsorption on magnesia from solution in pe-
troleum ether plus acetone can be made to form the upper band
by washing the column with 1,2-dichloroethane.

Effect of Hydrogen lon. Different concentrations of hy-
drogen ion in aqueous solution may cause mixtures of water-
soluble substances to separate in different sequences. As an
example, on columns of cellulose bromothymol blue (dibromo-
thymol sulfonephthalein) is adsorbed below fluorescein when the
solutions are alkaline (ammoniacal). From neutral, buffered
solutions or acidic solutions, however, bromothymol blue is ad-
sorbed above fluorescein.

Concentration of Solutes. At higher concentrations, a sol-
ute usually migrates through an adsorption column faster than
at lower concentrations. For this reason, increase in the concen-
tration of a more adsorbed constituent of a binary mixture may
cause the band of this more adsorbed component to advance be-
yond the band of the less adsorbed component. From dilute
ammoniacal solution, fluorescein is slightly more adsorbed than
bromothymol blue in columns of cellulose (and in strips of filter
paper) when about equal quantities of the pigment are adsorbed.
If the ratio of fluorescein to bromothymol blue is increased to
about 50 to 1, fluorescein appears ahead of the bromothymol blue.
But the advancing band of fluorescein has a dilute, diffuse, trailing
boundary that moves slower than the band of bromothymol blue.

Table I. Adsorption Sequences of Chlorophyll b, Chlorophyll a,
and Fucoxanthin
Columns of Magnesia and of Celite
Adsorbents Magnesia -i- Celite Celite
Celite (1 to 1)
Solvents Petroleum ether Petroleum ether Petroleum ether
-p 25% acetone -p 0.75% ethanol  -p 0.75% ethanol
-p 5% acetone
Adsorption  Chlorophyll b Fucoxanthin Chlorophyll 6
sequences Chlorophyll a Chlorophyll b Fucoxanthin
Fucoxanthin Chlorophyll a Chlorophyll o

Columns of Sugar

Adsorbents SuPar Su?ar g.uear, .
Solvents Pefroleum ether -p Pefroleum ether etroleum ether -p
5% acetone + 0.75% ethanol 5% _acetone -p
0.25% ethanol
Adsorption Chlorophyll b Fucoxanthin Chlorophyll 6
sequences Chlorophyll a Chlorophyll b Fucoxanthin
Fucoxanthin Chlorophyll a Chlorophyll a
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Ak a result, the band of bromothymol blue appears as a blue
zone in the middle of a rapidly widening yellow band of fluo-
rescein. If the concentration of the fluorescein is not too great, the
original band is not too wide, and the column is long enough, the
i band of fluorescein widens; its rate of movement decreases; and
it gradually falls behind the band of bromothymol blue.

Different Adsorbents. The sequence of two substances ad-
sorbed from a given solvent varies from adsorbent to adsorbent.
In columns of Celite, chlorophyll a is adsorbed below lutein when
petroleum ether plus 0.5% ethanol plus 5% acetone is used as sol-
vent; but in columns of sugar, chlorophyll a is adsorbed above
lutein. In columns of magnesia, with petroleum ether plus 5%
acetone as solvent, chlorophyll a is adsorbed above lutein, but in
columns of sugar these pigments are adsorbed in the inverse order.

Relative adsorbability of the xanthophylis also varies with the
adsorbent. When magnesia plus Celite is the adsorbent and di-
chloroethane is the solvent, zeaxanthin is adsorbed above fuco-
xanthin; but in columns of sugar, zeaxanthin is adsorbed below
fucoxanthin. From solution in petroleum ether plus about 10%
acetone, lutein is adsorbed below taraxanthin in columns of
Celite or of powdered sugar; but in columns of magnesia or of
magnesia plus Celite lutein is adsorbed above taraxanthin. In
this latter example, the resolving power of the magnesia tending
to separate the pigments in one sequence is greater than the re-
solving power of the Celite tending to separate the pigments in
the other sequence.

In columns of different adsorbents, water-soluble substances
also separate in different sequences. From ammoniacal solution
bromothymol blue is"adsorbed above fluorescein in columns of
Celite or of magnesium silicate. In columns of magnesia plus
Celite, in columns of cellulose, or in strips of filter paper (by
capillary analysis) bromothymol blue is less adsorbed than fluo-
rescein.

Alteration of the Adsorbent. Treatment of an adsorbent
in different ways may serve to invert the sequence of adsorbed
substances. In columns of Celite, fucoxanthin is adsorbed
above chlorophyll a when petroleum ether plus about 0.75%
ethanol is employed as solvent. If, however, the Celite is mois-
tened uniformly with water (about 5 to 10% by weight) before it
is packed into the adsorption tube, the fucoxanthin is weakly ad-
sorbed, forming a band just below the chlorophyll a. By con-
trast, chlorophyll a is adsorbed above fucoxanthin in columns of
dry or of moist Celite when petroleum ether plus 5% acetone is
used as solvent.

Impurities on an adsorbent sometimes cause substances to be
adsorbed in different sequences. Sugar used for adsorption of ex-
tracts of plant material and recovered by drying often retains im-
purities in sufficient quantities to cause chlorophyll a to be ad-
sorbed below xanthophylis such as fucoxanthin, zeaxanthin, and
lutein (with petroleum ether as solvent), whereas in columns of
fresh sugar chlorophyll a is adsorbed above these xanthophylis.
A similar effect is obtained when sugar that has been washed
with alcohol is completely dried before re-use in columns.

Layers of Adsorbents. Layers of different adsorbents in a

~single adsorption column may cause the bands of adsorbed com-
pounds to alter their relative positions as they are carried through
the adsorbent. In a column composed of a deep lower layer of
magnesia and a shallower upper layer of sugar, chlorophyll a is
adsorbed below zeaxanthin in the sugar layer but gradually be-
comes adsorbed above zeaxanthin in the magnesia layer when
petroleum ether plus 0.5% ethanol are employed as the solvent.

Adsorption at Different Temperatures. Variation of the
temperature may sometimes change the adsorption sequence.
At 95°C., lutein dissolved in decalin plus 0.5% propanol is ad-
sorbed below chlorophyll a in columns of powdered sugar. Under
similar conditions but at 20° C., lutein is adsorbed above chloro-
phyll a: At the higher temperature, spontaneous isomerization
of chlorophyll a causes formation of a wide green band which does
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Table Il.  Adsorption Sequences

Chlorophyll 6, Fucoxanthin, and Zeaxanthin

Adsorbents  Sugar Sugar Magnesia 4*
Celite (1 to 1)
Solvents 1,2-Dichloroethane  Petroleum ether Petroleum ether
4* 0.5% ethanol 4- 25% acetone
Adsorption  Chlorophyll b Fucoxanthin Chlorophyll b
sequences Fucoxanthin Chlorophyll b Zeaxanthin
Zeaxanthin Zeaxanthin Fucoxanthin
Chlorophyll a, Fucoxanthin, and Zeaxanthin
Adsorbents  Magnesia 4- Magnesia 4- Sugar Sugar
Celite (1 to 1) Celite (1 to 1)
Solvents Petroleum Petroleum Petroleum Petroleum
ether + ether 4" ether + ether 4*
3% ethanol 25% ace- 0.5% etha- 5% acetone
tone nol 4-  0.25%
ethanol
Adsorption  Chlorophyll o  Chlorophyll a Fucoxanthin Fucoxanthin
sequences Fucoxanthin  Zeaxanthin Zeaxanthin Chlorophyll o
Zeaxanthin Fucoxanthin  Chlorophyll a Zeaxanthin
Chlorophyll a, Violaxanthin, and Lutein
Adsorbents  Sugar Magnesia -f- Sugar Sugar
Celite (1 to 1)
Solvents 1,2-Dichloro-  Petroleum Petroleum Petroleum
ethane ether + ether + ether 4-
25% ace- 0.5% etha- 5% acetone
tone nol 4-  0.25%
ethanol
Adsorption  Chlorophyll a Chlorophyll a Violaxanthin Violaxanthin
sequences Violaxanthin  Lutein Lutein Chlorophyll a
Lutein Violaxanthin  Chlorophyll a  Lutein
Fucoxanthin, Violaxanthin, and Zeaxanthin
Adsorbents  Celite Sugar Magnesia 4-

Celite (1 to 1)

Solvents Petroleum ether Petroleum other Petroleum ether 4-
4- 5% acetone 4- 0.5% ethanol 25% acetone
Adsorption Fucoxanthin Violaxanthin Zeaxanthin
sequences Violaxanthin Fucoxanthin Fucoxanthin

Zeaxanthin Zeaxanthin Violaxanthin

not separate into distinct bands of chlorophyll u and chloro-
phylla' (12).

At 95°C. bromothymol blue and fluorescein, in dilute ammoni-
acal solution, pass through adsorption columns of magnesium
silicate slightly faster than at 20°C. At each temperature,
fluorescein forms the lower band.

MIXTURES WITH SEVERAL COMPONENTS

Some mixtures of three components have now been separated
in three of the six possible sequences. A few mixtures of three
components have been resolved in four of the six possible se-
quences.

Examples of three sequences obtained by adsorption of two
chlorophylls and one xanthophyll are illustrated in Table I.
These three sequences resulted from variation of both solvent
and adsorbent. Similar sequences were observed in columns of
a single adsorbent by variation of the solvent alone. Thus far it
has not been possible to alter the relative adsorbabilities of chloro-
phylls a, b, and d, which are adsorbed in the order b, d, and a, with
a being least adsorbed (7).

Examples of three adsorption sequences obtained by adsorp-
tion of chlorophyll b and the two xanthophylis, fucoxanthin
and zeaxanthin, are reported in Table Il. Mixtures of chloro-
phyll a and these two xanthophylis were resolved in four of the
six possible sequences.

With mixtures of chlorophyll a, violaxanthin, and lutein, four
adsorption sequences were likewise obtained.

Mixtures of the three xanthophylis, fucoxanthin, violaxanthin,
and zeaxanthin, were readily resolvable, yielding three sequences.

Adsorption of a mixture of two chlorophylls and two xantho-
phylls has yielded as many as 6 of the 24 possible sequences, as
illustrated in Table I1l. Some of the sequences reported there
were altered by very slight changes in the concentration of alcohol
in the solvent. In fact, different preparations of powdered sugar
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. ) . from mixtures of the two sol-
Table Il Adsorption Sequences of Chlorophyll b, Chlorophyll a, Fucoxanthin, and Zeaxanthin vents. Analogously, sub-
Adsorbents  Sugar Sugar Magnesia + Ma r}esia( 4 ) Sugar Celite stances adsorbed from a given
Celite (1 to 1] Celito (1 to 1 i :

Solvents Petroleum Petroleum Petroleung ) Petroleum Petroleum Petroleum solvent in one sequence in
ether -f 19 ether + a% etner + 3% %tShO;zr 4-t ethfr 4- S‘Zol ggpee;ce?éne columns of one adsorbent and

i acetone b X .
ethanoi 2;,9‘%,”7‘*5% ethanot o acetone ca. 0.5% 4- ca. 0.5% in another sequence in columns

ethanol ethanol ethanol

Adsorption  Fucoxanthin Fucoxanthin Chlorophyll b Chlorophyll b Chlorophyll b Chlorophyll b of a second aggorbgnt Shomd
sequences Chlorophyll b Chlorophyll b Chlorophyll a  Chlorophyll o Fucoxanthin Fucoxanthin be adsorbable in various inter-

Zeaxanthin Chlorophyll a  Fucoxanthin Zeaxanthin Chlorophyll a  Zeaxanthin , . )
Chlorophyll o Zeaxanthin Zeaxanthin Fucoxanthin Zeaxanthin Chlorophyll a mediate positions in columns

required very careful adjustment of the alcohol concentration in
order to provide the adsorption sequences shown in the tabic.

By variation of the amounts of alcohol and of acetone added
to petroleum ether, fucoxanthin has-been made to occupy four
different positions relative to the bands of chlorophylls b, d, and a
in columns of sugar. With petroleum ether containing about
1% alcohol, fucoxanthin is adsorbed above the most adsorbed
green pigment, chlorophyll b; with petroleum ether containing
about 5% acetone, fucoxanthin is adsorbed below the least ad-
sorbed green pigment, chlorophyll a. At intermediate concen-
trations of alcohol and of acetone, fucoxanthin occupies positions
between chlorophylls b and d and between d and a. These four
components thus yield four sequences.

In columns of sugar and with petroleum ether containing dif-
ferent amounts of alcohol and acetone, fucoxanthin has been
made to occupy positions above and below each of the following
chlorophylls: b, b*, a, and a'. In this way five components have
been made to yield five sequences.

In all the experiments leading to the results summarized in this
paper, relatively few adsorbents and solvents were employed.
The ease with which chlorophylls and carotenoids are decom-
posed by many adsorptive solids necessitated rapid work with
some adsorbents and precluded the use of many others. Further
investigation of the adsorption of these plant pigments will un-
doubtedly reveal additional adsorption sequences.

DISCUSSION

Variation of the adsorption sequence with changes of condi-
tions in the adsorption columns demonstrates the great sensi-
tiveness of the chromatographic adsorption method. Substances
inseparable under one set of conditions may be readily separable
under slightly different conditions. If substances are to be iden-
tified and named in relation to their relative adsorbabilities
(IS, 1S), unusual care must be exercised in the purification of
solvents and in the preparation and description of adsorbents.

In order to be regarded as “chromatographically homogeneous”
(9) substances should be adsorbed on a variety of adsorbents
from dilute solution in different solvents and solvent mixtures.
Determination of the identity or nonidentity of two substances
by adsorption of a mixture of them upon Tswett columns will be
most conclusive when different solvents and adsorbents are em-
ployed.

Reversibility of the adsorption sequence often provides a con-
venient and rapid method for preparation of substances in a high
state of purity, for the purity of adsorbed substances is related to
the sequence. When a mixture of substances is separated in a
Tswett column, each adsorbed compound may be contaminated
with small, trailing portions of each less adsorbed substance (4).
By contrast, each adsorbed substance is entirely free of the com-
pounds which are adsorbed above it in the column. Consequently
if a substance which forms an upper band can be readsorbed under
conditions such that it then forms the least adsorbed band it will
be free of the contaminants.

Substances adsorbed on a given adsorbent in one sequence from
one solvent and in another sequence from another solvent can be
made to occupy various intermediate positions by adsorption

composed of mixtures of the

two adsorbents.

Variation of the adsorption
sequence especially among compounds of the same class indicates
that the relationship between adsorbability and chemical struc-
ture is much more complex than was at first supposed. Ex-
perience with the chlorophylls and xanthophylls suggests that
the relative adsorbabilities depend upon competition of solvent,
solute, and adsorbent for one another. Adsorbability of some
molecules is especially sensitive to the attraction between solvent
and adsorbent. Adsorbability of other molecules appears to be
particularly dependent upon the attractive forces between sol-
vent and solute. With some molecules, such as indicators, change
of solvent may alter the molecular structure and the reactivity
of functional groups, thus affecting the adsorbability. In static
systems, the summation of these effects has usually been ex-
pressed by the adsorption isotherm, but the relation between the
adsorption isotherm and the chemical structure of the solute has
been difficult to interpret (1,2).

Recent theoretical and experimental work has shown that the
rate of migration of a solute through an adsorption column is a
function of the adsorption isotherm (1, 2, h 5, 6, 8, 1A). It fol-
lows, therefore, that the adsorption sequence is also a function of
the adsorption isotherms of the several solutes. Variation of the
adsorption sequence with different conditions in the columns
must result from disproportionate variation of the adsorption
isotherms.

As a rule the slope of the adsorption isotherm is more nearly
constant at low concentrations of solutes than at higher concen-
trations (2). Consequently, the adsorption sequences should be
subject to less variation and the separation of the bands from one
another should be more complete when mixtures of solutes are
adsorbed from dilute solution than when adsorbed from more
concentrated solution.

As solutes pass through an adsorption column the bands widen,
so that the concentration of each solute decreases constantly.
The final relative positions of the bands in a long column will,
therefore, be determined by the slope of the adsorption isotherms
at low concentration. Theoretically, the trailing boundaries of
adsorption bands provide a better basis for estimation of the ad-
sorption sequences than do the leading boundaries (4, 5), but the
diffuse trailing boundaries are usually more difficult to locate
than the better defined leading boundaries, and they may be dis-
torted because of the slowness with -which the last traces of solute
diffuse from porous particles of the adsorbent.

The resolving power of an adsorption column depends upon the
properties of the adsorbent, the solvent, and the solutes. It de-
pends in part upon the relative concentration of the solutes, upon
the amount of solution added to the column, aiid presumably
also upon the temperature. The interrelationship of these proper-
ties and conditions is so complex and the tendency of many ad-
sorbents to combine irreversibly with the solutes is so common
that the selection of solvents and adsorbents for.the resolution of
unknown mixtures remains largely a matter of trial and error.

Conditions that fix the sequence of solutes in columns should
determine the relative adsorbabilities of these solutes in other
adsorption procedures such as the fractional adsorption tech-
nique, described by Craig and co-workers (3), in which equal
portions of the adsorbent are exposed in succession to one portion
of the solution and then in turn to successive portions of the
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solvent. Variation of the adsorbability may also be utilized to
enhance the sensitivity and to broaden the applicability of most
analytical methods based upon the phenomenon of adsorption.
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of Chlorine In

2,2/*Dihydroxy-5,5/-dichlorodiphenylmethane

DAVID M. JENKINS, KENNETH L. WATERS, and GEORGE D. BEAL, Mellon Institute, Pittshursh, Pa.

Rapid determination of 2,2-dihydroxy-5,5"-dichlorodiphenyl-
methane *accomplished by a modification of the U.S.P. XII method
for assay of iodophthalein sodium. The compound is decomposed
by alkaline permanganate solution and the chloride formed is deter-
mined by the Volhard titration or by a photometric turbidity method.
The application of the method for analysis of powders, emulsions,
and fabrics is of particular interest.

N CONNECTION with work on the compound 2,2'-dihy-

droxy-5,5"-dIchlorodiphenylmethane, an efficient mildew-proof-
ing agent (6) known also as DDM, or as Compound G-4 to the
textile trade, it became necessary to devise a rapid method of
analysis suitable for control operations. The procedure developed
depends upon the oxidation of DDM with alkaline potassium
permanganate and, after acidification, reduction of excess per-
manganate with sodium nitrite. The liberated chloride is then
determined by the Volhard (9) method or by the photometric
measurement of the turbidity of silver chloride suspensions.

The method generally used for determination of this compound

is based upon that of Willard and Thompson (10) and is unsatis-
factory here because it is a procedure for total chlorine. Further-
more, it involves a number of steps which prolong the procedure
beyond the time available for control analysis. The authors have
avoided these difficulties, and have developed a method appli-
cable to technical or pure DDM powders, solutions, or emulsions,
and impregnated fabrics. The behavior of organo-iodine com-
pounds with a.method (2) similar to the proposed indicates that
organo-halogen compounds which are alkali-soluble and easily
oxidized are included in the reaction; hence the procedure is not
a specific test but is admirable for control purposes.
"The method here presented is similar to that of Leclercq (4),
later modified by Butler and Burdett (1). The latter determined
iodine in sodium tetraiodophenolphthalein by oxidation of the
organic matter with alkaline potassium permanganate, and,
after acidification, reduced the excess permanganate with sodium
bisulfite. The iodide was then titrated with silver nitrate and
the end point detected with an adsorption indicator. Excellent
results were obtained which were checked by the Pregl (6) com-
bustion method on a scmimicro scale. The Butler-Burdett
method is now one of the official U.S.P. X 11 (8) procedures for
the determination of iodine in organic pharmaceuticals.

The determination of iodine in organic compounds by an acid
permanganate oxidation is well known. Seeker and Mathewson
(7) used an acid permanganate oxidation to determine the iodine

content of erythrosine. Of more recent date is the work of Clark
and Jones (2) who employed both an acid and alkaline perman-
ganate method for the determination of iodine in organic com-
pounds soluble in acids or bases. To the knowledge of the authors,
the alkaline permanganate oxidation method has not yet been
applied to the determination of chlorine in organic compounds.
No claim is made of its general applicability to organic compounds
containing chlorine, but it has been successfully applied to the
estimation of DDM.

Table I.  Analysis of Purified DDM
Method Chlorine Deviation from Theory
% %»
Proposed 20.12 -0.24
Pregl 20.40 +0.10

PROCEDURE FOR DDM POWDER

Place approximately 0.2 gram of DDM powder, accurately
weighed, into a 500-ml. Erlenmeyer flask and dissolve in 15 ml. of
10% sodium hydroxide. Add 35 ml. of saturated potassium per-
manganate; the characteristic purple color of the permanganate
should persist. If the mixture is green, add more saturated potas-
sium permanganate. Add a few glass beads to control bumping
and boil the mixture gently for 10 minutes. Cool under the tap
to room temperature and add 75 ml. of distilled water followed
by 10 ml. of concentrated nitric acid. Reduce the excess per-
manganate immediately with 10% sodium nitrite, preferably
added from a buret. Add 25 ml. of 0.1 N silver nitrate and titrate
the excess with 0.1 N ammonium thiocyanate, using 2 ml. of
ferric alum as the indicator.

Perform a blank determination with the same quantities of the
same reagents and in the same manner.

DISCUSSION OF METHOD

The proposed method was checked by analysis of both technical
and pure DDM. Purified DDM, prepared from the technical
grade by three crystallizations from ethylene dichloride followed
by a single crystallization from distilled water, was analyzed by
the proposed method and checked by a Pregl microcombustion
analysis (Table 1). From the good agreement obtained with
these independent methods, it is apparent that oxidation of the
DDM is complete with alkaline permanganate, and that the
method is more than sufficiently accurate for control procedures.
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Table 1. Analysis of Technical DDM
Per Cent DDM
Sample Proposed method Pregl method
A 94.2 99.6
B 93.9 96.4
Table Ill.  Analysis of DDM on Fabric
Per Cent of DDM on Fabric
Gottlieb-Marah Silver chloride
Sample No. method turbidity method
1 0.89 0.84
0.80
2 1.09 1.04
1.05
3 1.51 1.56
1.55
4 1.72 1.68
1.64

The proposed method has been applied to the analyses of
technical DDM samples. An inspection of the results in Table
Il shows that analysis of technical DDM by total halogen deter-
mination may lead to erroneous conclusions as to the DDM
content. The lower DDM values obtained by the proposed
method compared with those obtained by Pregl microcombustion
analysis would indicate the presence in technical DDM of organic
halogen compounds which were not oxidized by the alkaline per-
manganate method. A check of these technical DDM samples
revealed a negligible amount of inorganic halogen present.

ANALYSIS OF EMULSIONS

The analysis of emulsions containing DDM, frequently used
to impart water-repellency as well as mildew-proofness to fabrics,
requires little change in the procedure described previously for
DDM powder. For the purpose of choosing a sample weight or
aliquot volume, 0.1 gram of DD M requires 7.43 ml. of 0.1 N silver
nitrate. The wax used in these emulsions presents no difficulty,
since it readily separates to the surface during oxidation and
does not interfere with the final titration.

ANALYSIS OF FABRICS

Because of the small quantity of DDM generally applied to
fabrics, the chloride content of the oxidized extract does not per-
mit convenient titration. However, the liberated chloride is
readily determined by photometric methods. The acidity of the
solution following addition of sodium nitrite is adjusted so that
the silver chloride is maintained in suspension. The turbidity of
this suspension is then measured with a suitable photometer—a
Fisher electrophotometer was employed in the work presented
here—and the DDM content determined by reference to a
standard calibration curve.

Sotutions. Nitric acid, 1to 4. Dilute 50 ml. of concentrated
nitric acid, sp. gr. 1.42, with 150 ml. of distilled water.

Sodium carbonate, 0.025%. Dissolve 0.5 gram of anhydrous
sodium carbonate in 2 liters of distilled water.

Sodium hydroxide, 2.5%. Dissolve 5 grams of sodium hy-
droxide in 195 ml. of distilled water.

Phenolphthalein indicator, 0.5%. Dissolve 0.5 gram of phenol-
phthalein in 100 ml. of 95% ethyl alcohol.

Standard Curve. Since the logarithm of the transmittance
of silver chloride suspensions is an inverse and very nearly linear
function of the turbidity, four determinations are adequate to
establish the curve. To illustrate this point, 2, 4, 6, 10, and 15
mg. of DDM in a final volume of 200 ml. gave respective photo-
metric logarithmic readings (corrected for reagent blank) of 9.8,
1S.0, 28.i, 48.1, and 74. Establish the curve by first dissolving
500 mg. of DDM in sufficient 2.5% sodium hydroxide to make 100
ml. of solution. Use suitable aliquots of this solution, containing
5mg. of DDM per ml., to cover the range of 2 to 15mg. The pro-
cedure followed is exactly as described below for the fabric ex-
tract.
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Fabric Analysis. Weigh a 2-gram sample of the very finely
cut fabric to the nearest milligram and place in a 150-ml. beaker.
Extract three times with successive 50-ml. portions of 0.025%
sodium carbonate by boiling gently for 5 minutes and decanting
the hot solution into a 200-ml. Pyrex volumetric flask. Wash the
extracted fabric twice with 15-ml. portions of 0.025% sodium
carbonate and combine with the extract solution. Dilute to the
mark with 0.025% sodium carbonate after the flask has cooled
to room temperature. Filter about 50 ml. through a dry filter.
Then follow the oxidation procedure for analysis of DDM powder
with these exceptions: Use a 25-ml. aliquot of the filtrate; reduce
the volume of saturated potassium permanganate to 25 ml;
omit the dilution with water after oxidation. Following reduc-
tion of the excess permanganate with 10% sodium nitrite, add a
few drops of phenolphthalein indicator and then sufficient 10%
sodium hydroxide to produce a faint pink color. Acidify with 10
ml. of 1to 4 nitric acid and transfer to a 200-ml. volumetric flask.
Cool to room temperature, add 4 ml. of 0.1 N silver nitrate, dilute
to the mark with distilled water, and invert the flask several times.
Let stand 10 minutes and read with the Fisher electrophotometer,
using a 525 filter.

With the above procedure it is necessary to establish two
blank values—extract blank and reagent blank. For the extract
blank, pipet a 25-ml. aliquot of the filtrate into a 200-ml. volu-
motric flask, add 125 ml. of 0.025% sodium carbonate, 10 ml. of
1to 4 nitric acid, and 4 ml. of 0.1 N silver nitrate, and dilute to
the mark. Invert the flask several times and read after 10 min-
utes. This extract blank, representing inorganic chloride, is fre-
quently negligible. For the reagent blank, follow the procedure
described above, omitting the 25-ml. extract aliquot. This re-
agent blank value need be determined only once for a set of re-
agents.

The extract procedure above described is essentially the same
as that developed by Gottlieb and Marsh (S) for the determina-
tion of DDM by the color reaction with 4-aminoantipyrine in the
presence of potassium ferricyanide and dilute sodium carbonate.
Table 111 gives the comparative results obtaingd from analysis
of four samples of fabric by the Gottlieb-Marsh colorimetric and
silver chloride turbidity methods.

CONCLUSIONS

The alkaline permanganate procedure used successfully for the
analysis of certain organic iodine compounds has been adapted
for the routine analysis of DDM. Analysis of purified DDM
indicates the reaction is complete, as substantiated by a Pregl
microcombustion analysis. The alkaline permanganate method
appears to be of particular value in the analysis of technical DDM
which has organic chlorine-containing impurities. Analysis of
such technical material indicates that these impurities are not as
susceptible to oxidation by the proposed method as by the Pregl
microcombustion total halogen method. Of further particular
interest is the applicability of the described method for analysis
of powders, emulsions, and fabrics containing DDM.
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Viscosities of Pure Hydrocarbons

J. M. GEISTLand M. R. CANNON
School of Chemistry and Physics, The Pennsylvania State Collese, State College, Pa.

HE purpose of this paper is to record the viscosities of pure

hydrocarbons.

The viscosities were determined in several viscometers of the
type shown as Figure 1, which is but a slight modification of the
type previously recommended for nonviscous materials (4).

After this work was finished it was found that the viscometer
shown as Figure 2 is faster to use and just as accurate, and it is
being used in extending this work. For viscous liquids above
800 centipoises it is more accurate because the larger diameter and
lower reservoir reduces the effect of drainage on the driving fluid
head. It is used in the manner described previously (4). For
thelow viscosity data reported here, this drainage effect is below
0.05%.

The most troublesome source of error in the viscosity range
below 2 centipoises is the so-called “kinetic energy” error. This
was kept small by so designing the viscometers that velocities
were kept low enough to prevent this correction from exceeding
0.2%. As the probable error in making this correction is of the
order of £20%, a net error of 0.04% may occur from this source.
Other sources of error in viscosity measurements have been dis-
cussed in detail {4).

1 he type C viscometer shown as Figure 1 is loaded as pre-
viously described (4). A slight excess of 0.2 or 0.3 cc. is then
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added to the instrument which is placed in an accurately con-
trolled constant-temperature bath. The 0° C. bath was con-
trolled to within £ 0.05° C. while the 20° C. and 40° C. baths
were controlled to within £0.01° C. When bath temperature
is attained, slight pressure is applied to the wide arm of the vis-
cometer and the bottom of the meniscus is brought to etched
line A. The slight excess liquid is then wiped from the capillary
arm. The excess so removed will be somewhat different »from
the excess charged, because the volume of liquid will change in
going from room temperature to the test temperature of the
bath. This simple technique allows the same viscometer con-
stant to be used over a wide temperature range, although other
methods of making the necessary slight corrections in the vis-
cometer constant for each temperature are satisfactory. The
viscometers were calibrated with distilled water at 20° C. and
checked by hydrocarbons which had been standardized in master
viscometers (3). The viscosity of the test sample is obtained
by multiplying the efflux time in seconds (the efflux volume timed
is that between lines B and C) by the viscometer constant. This
yields kinematic viscosity in centistokes, which in turn must be
multiplied by density in order to obtain absolute viscosity in
centipoises.

Figure 2. Type E Viscometer

All samples were tested with two separate viscometers and
stop watches. The stop watches were spring-wound and
tested against a large electric clock operated by constant-fre-
quency constant-voltage power. The spring-wound stop watches
were found more reliable than several types of electric stop
clocks which operate by a magnetic clutch engaging and disen-
gaging a constant-speed rotor. In these the clutch frequently
slips and sometimes fails to make a sharp disengagement, so that
the clock drifts past the true stopping point. The correction
necessary on the spring-wound stop watches employed never
exceeded 0.05%.
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and one compound may be
Table I.  Viscosities of Octanes compared with another to
(Listed in decreasing value at 20° C.) that degree of precision.
Density Kinematic Viscosity Absolute Viscosity The viscosities of the
Hydrocarbon PO 20°C. ©OP=2 P2 (PO 40°C. 0° C. B°P= > = . . i
Centistokes. Centipoise, eighteen isomeric octanes are
Gram per cc, em*. X sec.~l X 10-* 0. X cm."l X sec.-1 X 10-' listed in Table 1 according
2.2.3.3-Tetramethylbutane Solid Solid Solid  Solid Solid Solid Solid Solid Solid i io-
533 TrimethyIpentane 0741 0726 0711 1227 0933 0739 0909 0677 0525 to decreasing absolute vis
2.2 S-Erllmcthylplentane 8;3% 0.715 8?%3 %'(0);2 8'%’8 8.81421 8.;23 8'2318 8'1;% cosity at 20° C. Many of
3-Me 3-etnylpentane . 0.727 . . . . . . . :
2.3, 4—T¥|methy|psntane 0734 0719 0703 0969 0784 0624 0712 0549 0438 the compounds have widely
n-Octane 0.718 . . . . 0.620 . . . : : : _
2.2-Dimethylhexane 0711 0695 0.679 0975 0758 0611 00694 0527  0.414 different viscosity tempera
2.2.4-Trirnethylpentane 0.707 0.691 0.675 0.917 0.738 0.598 0.649 0.504 0.403 ture coefficients; thus at
2-Methylheptane 0.713 0.698 0.681 0.909 0.717 0.586 0.648 0.500  0.399 . .
3.3-Dimethylhexane 0.726 0.710 0.694 0.890 0.703  0.575 8.822 8.38579 8%8% 20 C. the absolute vis-
2.3-Dimethylhexane 0.729 0.713 0.697 0.881 0.098 0.571 . . . . .
S iAo SR OBTE mim Bh mme B30 SeR QIR ORD X er than et of 3
3-Methylheptane . 0.705  0.689 0. . . . . . is higher than that of 3-
2- Meth¥| 3pethy|pentane 0.735 0.719 0.702 0.856 0.078 0.556 0.628 0.488  0.390 g
2.5-Dimethylhexano 0.710 0.693 0.677 0.883 0.698 0.571 0.626 0.484  0.386 methylheptane, but the reverse
4-Methylheptane 0.720 0.704 0.689 0.829 0.059 0.542 . 0.597 0.464  0.373 - 00C
2,4-Dimethylhexane 0.716 0.700 0.683 0.824 0.658 0.542 0.590 0.461 0.370 is true at .
3-Ethylhexane 0.729 0.714 0.697 0.799 0.635 0.523 0.583 0.453  0.364 From a study of Tables

Tabic 1I.

Viscosities of Some 5-, 6-, and 7-Carbon Hydrocarbons

Il and Il it is seen that
in general cyclic compounds
have higher viscosities at a
given temperature than paraf-

740° C. . X
finic compounds with the
Vapor same number of carbon
Janor atoms. The cis compounds
8-%2‘71 listed have higher viscosities
0.247 than the trails, and in general
8:%% the alkylcyclohexanes are more
8-;2% viscous than the correspond-
8@2% ing alkylbenzenes.
0.449 Andrade and others (2,
g.a5¢ 6) have correlated viscosity
0.465 with temperature by means

of the following equation:

n

A{e)B RT

o= wherey — viscosity in centi-

poises

Density Kinematic Viscosity Absolute Viscosity
Hydrocarbon 0° C. oOr= o O= 20°C. ©O= 0°C. 20°C..

Grom per cc. Centistokes Centipoises
n-Pentanc 0.644 0.626 Vapor 0.426 0.362 Vapor 0.274 0.227
Isopentane 0.038 0.619  Vapor 0.435 0.363  Vapor 0.278 9.225
Cyclopentane 0.764 0.745 0.726 0.728 0.590 0.489 0.555 0.440
n-Hexane 0.677 0.659 0.641 0.564 0.468 0.397 0.382 0.308
2-Methylpentane 0.671 0.653 0.635 0.523 0.437 0.372 0.351 0.286
3-Methylpentane 0.681 0.064 0.646 0.544 0.451 0.382 0.371 0.299
2.3-Dimethylbutane 0.679 0.661 0.642 0.626 0.508 0.422 0.425 0.336
Methylcyclopentane 0.766 0.748 0.730 0.848 0.677  0.555 0.650 0.507
Cyclohexane Solid 0.778 0.759 Solid 1.259  0.926 Solid 0.980
Cyclohexene 0.831 0.813 0.794 1.066 0.816 0.653 0.886 0.664
Benzene Solid 0.879  0.857 Solid 0.739 0.573 Solid 0.649
n-Heptane 0.700 0.683 0.666 0.745 0.602 0.499 0.521 0.411
2.2.3-Trimethylbutane 0.707 0.690 0.673 1.141 0.853 0.668 0.806 0.589
Ethylcyclopentane 0.783 0.766 0.749 0.928 0.740 0.609 0.726  0.567
Methylcyclohexane 0.787 0.769 0.753 1.263 0.954 0.750 0.993 0.734
Toluene 0.883 0.805 0.848 0.878 0.676 0.549 0.774 0.585

Table Viscosities of Some 8-, 9-, and 10-Carbon Hydrocarbons
Density Kinematic Viscosity Absolute Viscosity

Hydrocarbon 0° C. 20°C. 40°C. 0° C. 20°C. 40°C. ©O°= 20°C.

Grams per cc. Centistokes Centipoises
o-Xylene 0.897 0.880 0.862 1.240 0.922 0.723 1.111 0.811
m-Xylene 0.881 0.864 0.847 0.916 0.714 0.581 0.807 0.617
EX ylene Solid 0.861 0.843 Solid 0.748 0.602 Solid 0.643
thylbenzene 0.886 0.868 0.851 1.010 0.781 0.631 0.895 0.678
Ethylcyclohexane 0.504 0.788 0.772 1.420 1.068 0.842 1.142 0.842
cis-1,2-Dimethylcyciohexane” 0.812 0.796 0.780 1.988 1.399 1.048 1.615 1.114

tram?-1,2- Dimethylcvclohcxane 0.791 0.776  0.760 1.404 1.053 0.825 1.111 0.817 '
cts-1,3- Dlmethylcyclohexane 0.802 0.785 0.769 1.501 1.103 0.850 1.203 0.866
(rans 1,3-Dimethylcyclohexane 0.782 0.766 0.750 1.063 0.825 0.667 0.831 0.631
ct's-1,4-Dimethylcyclohexane 0.799 0.783 0.766 1.531 1.119 0.861 1.224 0.875
irans-1,4-Dimethylcyclohexane 0.779 0.762  0.746 1.222 0.926 0.733  0.951 0.706
n- Propylcyclopentane 0.792 0.776 0.756 1.123 0.877 0.711 0.889 0.681
Isopropylcyclopentane 0.792 0.776 0.761 1.162 0.909 0.735 0.920 0.706
1,1,3-Trimethvicyclohexane 0.794 0.778 0.763 1.510 1.120 0.871 1.199 0.873
n- Propylcyclonexane 0.809 0.793 0.778 1.744 1.268 0.976 1.410 1.005
Isopropylcyclohexane 0.817 0.803 0.786 1.880 1.369 1.049 1.535 1.097
n-Propylbenzene 0.878 0.862 0.845 1.348 0.995 0.778 1.183 0.857
Isoprolgylbenzene 0.879 0.862 0.845 1.226 0.917 0.725 1.077 0.790
2-Methylnonane 0.742 0.727 0.712 1.644 1.199 0.925 1.220 0.872
3-Methylnonane 0.747 0.733 0.718 1.582 1.159 0.898 1.182 0.849
4-Methylnonane 0.747 0.732 0.716 1.498 1.100 0.854 1.118 0.804
5-Methylnonane 0.747 0.732 0.717 1.526 1.116 0.866 1.140 0.816

The viscosities obtained in the separate viscometers were in
disagreement by less than 0.1%. Efflux times were maintained
above 200 seconds in order to make accurate time measurements
possible as well as keep the Kinetic energy error low. The ac-
curacy of the viscosity data is dependent upon the accuracy to
which the viscosity of water at 20° C. is known, since it was
employed as the primary calibrating liquid. A value of 1.007
centistokes was used, as recommended by the American Society
of Testing Materials (1). Because of the great difficulties in
determining absolute viscosities, the error inherent in the 1.007
value may be of the order of —0.5%.

However, the precision of the data recorded here is =*=0.1%.
Therefore, while absolute viscosities may be in error by as much
as 0.5%, the comparative viscosities are in error by only 0.1%

0.624 R = gas constant

0.492 T = absolute tempera-
0.507

0.536 ture .
0.651 e = natural logarithm
0.818

0.627 base

0.654 A and B = constants
8'2?8 for a given com-
0.547 pound

0.540

9-5%¢ With the data listed in
8-;22 Table 1 the values of A and
0.657 B were determined for 2,2,4-
8:2%3 trimethylpcntane, and vis-
8-2‘112 cosities at other temperatures
0.620 were then calculated. Evans

possible to compare
(Table 1V).

Table IV.

Temperature
°C.

(5) measured the viscosities
of this compound at several
temperatures; hence it is
the calculated values with measured values

Viscosity of 2,2,4-Trimethylpentane

Calculated Viscosity,

Observed Viscosity, 0
Evans Andrade Equation

Centipoise Centipoise
0.60S 0.607
0.534 0.535
0.447 0.449
0.380 0.3S3
0.327 0.331
0.284 0.290
0.24sS 0.257
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Chromatographm Resolution of the Quinone Oximes

K. GULLSTROM, H. P. BURCHFIELD, and J. N. JUDY
Development Department Naugatuck Chemical Division, United States Rubber Company, Naugatuck, Conn.

A chromatographic procedure is described for the separation of p-
benzoguinone monoxime from p-henzoquinone dioxime and prod-
ucts of side reactions which take place during the nitrosation of
phenol and oximation. The sample is dissolved in acetone and
adsorbed on a column of activated alumina.  The monoxime forms a
brilliant green band which is removed from the column and eluted
with aqueous sodium hydroxide. The concentration is determined
by spectrophotometric mea:urements at 363 and 399 mp. The
«chromatographic resolution and optical properties of the ortho iso-
mers are also discussed.

OTH p-benzoquinone dioxime and its derivatives have been
B used for the nonsulfur vulcanization of rubber (8), and are
of current interest for the vulcanization of GR-I. The parent
compound is usually formed by the nitrosation of phenol {17),
followed by oximation {12).

)> OH + HNOj — > ON </ OHT

NOH = = 0 + HjNOH — >

HON = = NOH

During the course of work on the preparation of this material
it was of interest to follow the rate of oximation, and determine
the concentration of unreacted monoxime in the final product.

As this substance is tautomeric with p-nitrosophenol, a method
described by Clauser {5) for the determination of the nitroso
group by reaction with phenylhydrazine and measurement of
evolved nitrogen was investigated. However, under these con-
ditions a large volume of gas is obtained from the dioxime. Both
compounds are reduced by potassium iodide in hydrochloric acid
solution {&), but the reduction of the monoxime proceeds more
rapidly. This suggested the possibility of a polarographic anal-
ysis. Ata pH of 7.0 in a phosphate buffer, the half-wave poten-
tial of the monoxime was found to be 0.15 volt more positive than
that of the dioxime, and on solutions of the pure compounds, the
diffusion currents are well defined. However, an unresolved
wave is usually obtained on the crude product, owing to an un-
favorable concentration ratio and the presence of other electro-
reducible materials in the mixture.

p-Benzoquinone monoxime is readily soluble in dilute sodium
hydroxide with the formation of the sodium salt, which is be-
lieved to exist largely in the ionized quinone oxime form {1, 10).
The principal absorption maximum of the ion is at 399 mu (Figure

1), while that of the neutral molecule in acid solution is at
301.5 mp. Anderson and Yanke {!) point out that the absorption
spectrum of the system is sensitive to changes in hydrogen-ion
concentration between pH 3 and 7 and is independent of this
factor in more strongly acid or alkaline solutions. In order to
ensure reproducibility of the extinction coefficients, and provide a

MILLIMICRONS

Figure 1. Absorption Spectra of Quinane
Oximesin 0.1 N A ueous Sodium Hydroxide
olution
| BRERSgnone ansime

medium in which the product is sufficiently soluble, the quantita-
tive measurements described in this paper were made in 0.1 N
sodium hydroxide solution. Quinone dioxime behaves in an
analogous manner. The principal maximum attributable to the
free ion is at 363 mp (Figure 1), while that of the neutral molecule
occurs at 317 mp (Figure 2). As both compounds obey the Beer-
Lambert law within experimental error, a direct calculation of the
composition of a binary mixture is possible from optical readings
made at 363 and 399 him on solutions of the sodium salts, provid-
ing no interfering substances are present and the concentration
ratio is favorable. As these conditions cannot be predicted, and
in general are not satisfied, it is necessary to remove the products
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of side reactions which take place during the nitrosation of phenol
and concentrate the monoxime at the expense of the dioxime with-
out loss of the former. >

When a solution of the crude oximation product in acetone is
percolated through a column containing activated alumina, the
constituents of the mixture adsorb in easily distinguishable ¢ones
which can be further resolved by washing the column with a
more polar solvent. The monoxime forms a green zone, while
the dioxime forms a brilliant yellow zone. The schematic dia-
gram (Figure 3) illustrates the separations normally obtained.
Band | is dark brown in color, and contains an amorphous ma-
ternai of indefinite composition produced by résinification of the
monoxime (17). Band Il contains p-benzoquinone monoxime,
and Band 111, p-benzoquinone dioxime. In the lower section of
the column, narrow blue, red, and yellow bands appear which are
completely removed from the column during development with
solvent. The initial fraction of the percolate is orange yellow in
color, and contains substances not readily adsorbed from acetone
by alumina. On evaporation of the solvent and readsorption
from petroleum ether, these materials can be further resolved.

The green zone containing quinone monoxime initially forms
directly below the brown resinous material and is not readily
separated from it by continued washing. Complete resolution
is achieved by treatment of the column with a dilute solution of
acetic acid in acetone. The acid is adsorbed less strongly than
the resinous material, and more strongly than the monoxime
which results in the formation of a colorless zone between the two
materials. The development of the column is completed by
washing with 300 ml. of a 5% solution of methanol in acetone.
The effect of this solvent is to wash the lower zones and part of
the dioxime into the percolate, and improve the separation of the
oximes. At the end of this treatment the green zone contains all
of the monoxime but is contaminated with 20 to 35% dioxime
which is not readily removed by further washing. As a spectro-
photometric correction can be made for residual dioxime, a com-
plete separation is unnecessary. The analytical values in Table I
show that after 300 ml. of solvent have been used the results are
independent of the volume of solvent used in developing the
chromatogram and the purity of the zone.

MILLIMICRONS

Figure 2. Absorption Spectre of Quinone
OXimes in 0.1 NSoAI uO%%us Sulfuric Acid
utl

| p-Benzoquinone monoxime
Il. p-Benzoquinone dioxime

The analysis is completed by separating the adsorbent con-
taining monoxime from the rest of the column and eluting it with
aqueous sodium hydroxide. A yellow-brown solution is obtained
on which the monoxime content is determined by absorption
measurements at 399 and 363 mji. In making the analysis as
outlined, low results are obtained owing to incomplete elution of
the material from the adsorbent. FiXperiments made on the
pure compound indicate that the average recovery is 95.0 —
0.S%. When this factor is incorporated into the calculations,
results close to theory' are obtained.

17T %%/I{I\IGE?_&VEDSORBED RESINOUS MATERIALS

GREEN BAND

n p mBENZOOUINONE MONOXIME
YELLOW_ BAND

nr P -BENZOOUINONE DIOXIME

Figure 3. Chromatographic Resolution .of Crude
p-Benzoguinone Dioxime

Table I. Effect of Volume of Solvent Used in Development of
Chromatogram on Results of Monoxime Analysis and Purity of Zone
Monoxime Dioxime in
Solvent Found Monoxime Zone
MI. 0 %
0 4.9 72
100 5.5 28
200 5.4 34
300 5.6 23
500 56 - 25
800 5.6 35
1000 5.6 20
Tabic Il.  Analytical Constants
Compound K at 399 mp Slit Setting K at 363 m/i Slit Setting
Mm. Mm.
p-Benzoquinone 224 0.10 109 0.15
monoxime
p-Benzoquinone 283 0.10 65.7 0.15
dioxime

100 V (K'mDm —K'mDm)

Per cent monoxime = GF (K'mKu - K'mKm)

where D\, and Dm are the measured optical densities at 399 and
363 ma, G is the sample weight, V is the volume in liters to which
the solution is diluted, K'\\ and Km are the specific extinction co-
efficients of the monoxime at 399 and 363 mm, K'm and K'm are
the specific extinction coefficients of the dioxime at 399 and 363
m/a, and F is the decimal per cent monoxime recoverable after
adsorption on alumina.

This equation is a modification of the type generally used in the
spectrophotometric analysis of binary’ mixtures w'here the ab-
sorption bands overlap. Details concerning the derivation are
given by Ashley (S).

Spectrophotometric constants determined on solutions of the
pure compounds in 0.1 N sodium hydroxide are showm in Table
Il. The optical measurements were made w'ith a Beckman
Model DU spectrophotometer in 1-cm. quartz cells, using a
tungsten lamp and a red purple filter. Both compounds obey
the Beer-Lambert law' within experimental error at concentra-
tions corresponding to a density range of 0.4 to 1.0.

APPARATUS

Adsorption columns are conveniently made from 35-cm. lengths
of 18-mm. outside diameter Pyrex tubing constricted to an
internal diameter of about 0.5 cm. about 10 cm. from the end.
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Table Ill.  Analyses of Synthetic Mixtures
Monoxime Monoxime
Added Found Deviation
% % %
5.5 5.7 +0.2
4.3 3.9 —0.4
4.5 4.3 -0.2
4.6 4.4 -0.2
6.5 6.7 +0.2
4.9 5.5 +0.6
5.8 5.5 -0.3
6.0 6.2 +0.2
7.8 8.0 +0.2
4.8 5.0 +0.2
4.8 4.8 0.0
7.0 6.9 -0.1
Av. 5.54 5.58 +0.23

Table IV. Analysis of Crude Reaction Products

Monoxime, % 4.9 5.6 3.5 4.8 4.4
Dioxime, % 90.7 84.5 79.4 77.8 91.3
Resinous ma- 2.6 4.5 14.6 10.9 3.1

terial, %
Inorganic, % 0.8 2.9 1.6 1.1 0.1
Total 99.0 97.5 99.1 94.6 98.9

The shorter end is connected to a suction flask and the constric-
tion plugged with glass wool. The column is filled to a height
of 15 cm. with a mixture of 90 parts by weight of grade F-1 —
80-mesh activated alumina (Aluminum Company of America)
and 10 parts of ITyflo Super-Cel (Johns Manville Company)
which is included to increase the percolation rate. The adsorbent
is added to the column in 2- to 3-cm. portions and tamped firmly
into place with a wooden dowel. Solvent is delivered continu-
ously to the head of the column from a 500-ml. separatory funnel.

REAGENTS

Anhydrous analytical reagent grade solvents are used for the
preparation of the chromatogram. The column is developed
with a 1% by volume solution of acetic acid in acetone, and a 5%
solution of anhydrous methanol in acetone. The adsorbent is
eluted with aqueous N sodium hydroxide.

PROCEDURE

A 1l-gram sample is dissolved in 100 ml. of acetone under reflux
and filtered through a tared Selas crucible to remove acetone-
insoluble resin and inorganic constituents. If desired, the
amounts of these materials can be determined by the usual
gravimetric procedures. The filtrate is reduced to half its
original volume on a steam bath and after cooling percolated
through a column containing the adsorbent. The column is
then washed with 10 ml. of acetic acid solution, followed by 300

540 460 380 300 220 O

MILLIMICRONS

Figure 4. Absorption Spectra of Quingne
OXimes in 0.LN A%ueo,us Sodium Hydroxide
olution
| 0-Benzogulnone monoximc
Il. o-Bcnzoaunone 1oxIme
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ml. of methanol in acetone. The top brown layer is removed with
a spatula and discarded. The green segment is transferred
quantitatively to a 250-ml. beaker and eluted with successive
portions of sodium hydroxide. A total volume of about 100 ml.
is required. The separation of the yellow zone need not be com-
plete, as a correction for residual dioxime is made in the calcula-
tions. After filtration, the elutriate is diluted to 1 liter with
distilled water and then rediluted to a concentration at which
optimum optical density readings can be obtained. The
measurements are made at 399 and 363 mu with a Beckman
spectrophotometer.

PRECISION AND ACCURACY

The appearance of the adsorption column is subject to varia-
tion, depending on the composition of the sample and differences
in the techniques used in preparing and developing the chromato-
grams. Impurities in the solvents and changes in the adsorptive
capacity of the alumina may alter the widths of the bands formed
from equal amounts of monoxime. Although a measurement of
the band width will not give a quantitative estimate of the con-
centration, the appearance of a green zone provides direct visual
evidence of the presence of the monoxime. A band width of 2 to
6 mm. is obtained on samples containing 10 mg. of this compound.
Thus, the method is sufficiently sensitive to establish the presence
of this substance in mixtures in which it occurs to the extent of
less than 1%.

In order to evaluate the accuracy of the method under the con-
ditions normally encountered in the analysis of crude reaction
products, weighted quantities of the pure monoxime were added
to a sample on which a preliminary analysis of 5.6% was obtained.
This value was then subtracted from the analytically determined
results. This information is shown in Table Ill. The average
deviation is 4=0.23%, while the average of the analytically de-
termined values is 0.04% higher than theory. The precision of
the method as determined by the analysis of 64 samples in dupli-
cate by a routine analyst is 4=3.6% of the material present.
This series included samples containing from 2 to 55% quinone
monoxime.

The use of this method for the analysis of crude reaction prod-
ucts is illustrated by the data in Table IV. The quinone dioxime
content of the materials was determined by a gravimetric pro-
cedure based on its oxidation to polymeric “p-dinitrosobenzene”
(IS) with potassium ferricyanide in a carbonate buffer. The
materials in bands 1V to VI and the percolate are not included in
the analyses. These values are not representative of the yields
obtained on nitrosation and oximation, as the determinations
were made on samples which were partly purified by separation
from the mother liquor.

While the results obtained by the chromatographic procedure
are not comparable in precision to those obtained by direct
spectrophotometric methods under favorable conditions, in this
application the removal of interfering impurities and the con-
centration of the minor constituent permits a reasonably accurate
analysis w'hich would otherwise be impossible to obtain.

DISCUSSION

The para isomer is the principal reaction product formed in the
nitrosation of phenol. However, Veibel (17) has shown that as
much as 10% of the o-nitrosophenol may be formed under certain
conditions. As this compound is tautomeric, oximation would
result in the presence of o-benzoquinone dioxime in the crude
product. In order to investigate the possibility of interference
from this source, the chromatographic behavior and optical prop-
erties of the ortho isomers were investigated. The experimental
data are outlined in Table V.

Both ortho isomers adsorb above p-benzoquinone dioxime, and
if present, can be mechanically removed from the column before
elution. In the reaction products examined, these bands were
not evident, probably owing to loss by solubility of the o-monox-
ime in the mother liquor.
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Table V. Chromatographie and Sé)e,ctrophotometric Properties of

Quinone Oximes
0-Mon- 0-Di- p-Mon- p-Di-
oxime oxime oximc oximo
Position of band | 1 i 1V
Color of band Red Orange Green Yellow
Xmu. (ion) (mp) 470 4335 399 303
«ing, (ion) 0,130 5,000 27,570 39,010
Xm& (molecule) (mp) 400 398 301.5 317
(mal. gmoleculc) 1,110 5,720 10,820 23,300
Diﬁoe moment (m X 3.84 4.72 2.37

The isomeric dioximes are adsorbed in the order of their dipole

moments, the ortho isomer with a moment of 3.84 1) (11) forming
the upper orange band, and the para isomer with a moment of
2.37 D forming the lower yellow band. This behavior is analo-
gous to that of the position isomers of benzene, and to the cis-
trans isomers of- azobenzene in which the compound with the
higher dipole moment is usually most strongly adsorbed (2, 15).
The moment of p-benzoquinone monoxime in dioxane solution
has been reported to be 4.72 D (7). This compound is adsorbed
between the o- and p-dioximes. Data on the electric moment of
the o-monoxiinc are not available. However, a direct correlation
between dipole moment and adsorbability should not necessarily
be expected in this case, owing to possible shifts in the tautomeric
equilibria. The o-monoxime is adsorbed as a red band at the top
of the column, while the para isomer appears as a green band.
This suggests that the ortho compound is adsorbed in the quinoid
form, while the para isomer is adsorbed as p-nitrosophenol, for the
green color is similar to that of compounds containing the free
nitroso group (14). The proximity of the functional groups in
the ortho compound, on the other hand, might lead to chelation
with the adsorbent. This would tend to shift the equilibrium to
the quinoid modification.
. A more direct correlation is observed between the order of
adsorption and the wave lengths of the spectrophotometric max-
ima in alkaline solution. In this case the compounds which ab-
sorb light of longer wave length are bound more tightly. It is
evident that the compounds are polarized by contact with the
alumina, for the free acids are pale yellow to almost colorless.
While the formation of colored bands is not requisite to a good
séparation, it is of great practical convenience in locating and
distinguishing between the adsorbed compounds.

Owing to restricted rotation about the C==N bond, the exists
ence of cis-trans isomers of the benzoquinone dioximes was con-
sidered possible. However, under the experimental conditions
described, the bands appear homogeneous and no differences in
properties can be detected between materials eluted from the
upper and lower portions of the columns.

The choice of the solvent, adsorbent, and eluant was guided by
a consideration of the physical properties of the compounds.
Acetone is the only solvent readily available in which they are
easily soluble and from which they can be adsorbed by alumina.
However, it is difficult to free from traces of water and alcohol and
undergoes a condensation reaction in contact with the adsorbent
which results in the presence of a high-boiling liquid in the perco-
late (IS). These factors may cause variations in the widths of
the bands, and complicate recovery of the impurities found in the
percolate, but otherwise do not interfere with the analysis. Alu-
mina, magnesia, talc, silica gel, and a number of other materials
were tested as adsorbents, but, aside from alumina, magnesia was
found to be the only one of potential value. Of the possible
eluants, aqueous sodium hydroxide is the most effective. The
compounds are readily removed from the adsorbent and optical
measurements can be made directly on the filtered and diluted
solutions without further adjustments.

The chromatographic’adsorption method of Tswett (16) has
found extensive use in the purificationsand estimation of naturally
occurring substances. However, applications in the field of in-

dustrial organic analysis have been comparatively few. This
may in part be ascribed to the relatively poor precision obtained
when compared to standard gravimetric and volumetric methods,
and to the small quantities of materials which can be isolated on
columns of convenient size. However, when used in conjunction
with absorption spectrophotometry, the usefulness of both
methods is greatly extended, for the small amo.unts of materials
recovered from the column can often be measured conveniently,
while frequently compounds can be separated which would
otherwise produce unresolved absorption spectra. While optical
methods have been proposed in which a number of constituents
are determined from a series of measurements made on a complex
reaction mixture, it is evident that they are completely valid only
in cases where the qualitative composition of the mixture can be
predicted with certainty. If the properties of the materials per-
mit, a preliminary separation will frequently augment the relia-
bility of the analysis.

EXPERIMENTAL

p-Benzoquinone monoxime was prepared by the nitrosation of
phenol, ana purified by repeated recrystallizations from water
untilg pale yellow product was obtained with a melting point of
126° C.

0-Benzoquinone monoxime was prepared by the oxidation of
phenol with hydrogen peroxide in the presence of cupric acetate
and hydroxylamine hydrochloride (4). The reaction mixture
was acidified and extracted with petroleum ether, and the
monoxime concentration determined iodometrically (6). Spec-
trophotometric measurements were made on a solution obtained
by extracting an aliquot of the petroleum ether with aqueous
sodium hydroxide.

p-Benzoquinone dioxime was prepared by oximation of the
monoxime with hydroxylamine acid sulfate. The crude product
was adsorbed on alumina, the zones containing impurities re-
moved and discarded, ana the dioxime displaced by treatment
with a solution of acetic acid in acetone. After evaporation of
the solvent, the product was further purified by precipitation
from acetone solution by the addition of petroleum ether. A
pale yellow product was obtained with a decomposition point of
239° C.

0-Benzoquinone dioxime was prepared by the oxidation of o-
nitraniline with sodium hypochlorite (&), followed by reduction of
the benzfurazan oxide with sodium hydrosulfidc. The crude
product was dissolved in agueous ammonia, filtered, and pre-
cipitated by the addition of acetic acid. Yellow needles with a
melting point of 145° C. were obtained.
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Determination of Free Fatty Acids in Dried Egg Powders

C. M. JOHNSON AND LEO KLINE
Western Regional Research Laboratory, U. S. Department of Agriculture, Albany, Calif.

A method for the determination of free fatty acids in dried egg pow-
ders is described. The egg powders are extracted with acetone and
the traces of cephalin are removed with magnesium chloride before
titration.  The removal of the cephalin, previously shown to be re-
sponsible for as much as 70% of the total acidity of ether extracts
of egg powders, facilitates accurate measurement of small amounts of
free fatty acid acidity. The acidity of extracts of egg powders
from which cephalin has been removed by the acetone-magnesium
chloride treatment is not appreciably influenced by variations in the
moisture content of the powder (at least within the range 0.3 to
6.5%). Errors caused by the formation of a fatty acid-protein com-
plex have been studied. Fatty acids ire bound by basic proteins in
a nonextractable form when the egg is in the liquid state or when
dried egg powder is reconstituted.  The fatty acids thus bound can
be recovered completely only if the egg emulsion is adjusted to pH
4 before drying and extracting. Fatty acids which develop in the
dry egg powder during storage are not bound and can be completely
extracted by the proposed method.

RECENT paper (0) was concerned with the differences be-
A tween the total acidity of the ether extract of dried egg pow-
ders as determined by the A.O.A.C. method (4) and the free fatty
acid acidity of the powders. In some cases over 70% of the acid-
ity of the ether extract of unstorcd egg powders was found to be
due to cephalin. The amount of cephalin appearing in the ether
extract, in contrast to the free fatty acid content, was influenced
by the moisture content of the powder, so that it was necessary
that the powders be uniformly dried, as specified in the A.O.A.C.
procedure, in order to obtain reliable total acidity values.

When recovery experiments were carried out (0), it was found
that oleic acid, that had been added to liquid egg mixtures, was
apparently bound in some way that prevented its extraction
from the corresponding dried egg powders unless the liquid egg
was adjusted to about pH 4 before drying. Thus it appeared that
reliable free fatty acid values for the dried egg powders could be
obtained only by reconstituting the dried egg, acidifying to pH 4,
and redrying prior to extraction. In addition, a correction for the
cephalin content of the extract was necessary.

This paper describes a more satisfactory method of determining
the true free fatty acid content of dried egg powders and presents
additional information on the combination of free fatty acids in
the liquid whole egg.

The proposed method makes use of the differential solvent
power of cold (room temperature) acetone. Glycerides and fatty
acids are fully soluble in cold acetone, whereas the phospholipides
(phosphatidcs) are only slightly soluble. Traces of dissolved
phospholipide are removed by treatment with alcoholic magne-
sium chloride (8). The phospholipide concentration is thus re-
duced to negligible amounts, the phosphorus content of the
treated oil is usually less than 0.01%.

ANALYTICAL PROCEDURE

A 2-gram sample of the dried egg powder was transferred to a
40-ml. conical, graduated centrifuge tube, and 15 ml. of c.p.
acetone were added. The sample was centrifuged after it had
stood in the acetone for 0.5 hour. The acetone extraction was re-
peated four times, using 10-ml. portions of acetone and only 5- to
10-minute extraction times. The acetone suspension of the egg
powder was frequently stirred during each of the extraction
periods. All the extracts from a given sample were combined in a
single centrifuge bottle. The final volume of acetone extract was
kept below 60 ml.

One milliliter of a saturated solution of magnesium chloride
hexahydrate in absolute ethanol was then added with rapid
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swirling to the combined extracts. The treated acetone solution
was centrifuged and the supernatant liquid transferred to a 500-
ml. separatory funnel (with stem cut to 0.5 inch, 1.25 cm.). The
magnesium chloride-phospholipide precipitate was washed twice
by suspending in 5 ml. of acetone and centrifuging. The mwashings
were combined with the original supernatant in the separatory
funnel.

Thirty milliliters of petroleum ether (Skellysolve B) were
added to the acetone solution in the separatory funnel and thor-
oughly mixed. Two hundred to 250 ml. of distilled water were
then added and the contents of the funnel were agitated gently
to prevent emulsion formation. The volume of acetone in the sep-
aratory funnel should be maintained as small as possible (60 to 80
ml.) because the acetone concentration in the washing procedure
must lie between 20 and 30% in order to prevent losses of fatty
acids in the washing step. This means that 200 to 250 ml. of wa-
ter must be added if the initial acetone volume is 70 to 80 ml.

After separation of the phases, the aqueous acetone was dis-
carded. The aqueous phase was turbid, owing to traces of mag-
nesium chloride and phospholipide. The petroleum ether was
washed with two 25-ml. portions of distilled water. The wash-
ings gave a negative chloride test. The petroleum ether solution
was then transferred quantitatively to a 125-ml. glass-stoppered
Erlenmeyer flask.

Fifty milliliters of isopropanol and 10 drops of 1% ethanolic
phenophthalein were added, and a stream of carbon dioxide-free
airwas bubbled through the solution for 10 minutes. The solution
was titrated with 0.025 A sodium ethylate with the stream of
carbon dioxide-free air passing through the solution. Oleic acid
has been reported to constitute approximately 50% of the egg
fatty acids {10): Therefore, as a matter of convenience, the re-
sults were calculated as oleic acid.

RESULTS AND DISCUSSION

Recovery of Oleic Acid Added to*Dry Egg Powders.
Recovery of oleic acid was determined by adding known amounts
of oleic acid in acetone solution to samples of a spray-dried egg
powder suspended in acetone. These samples and controls were
carried through the procedure as outlined above. The data in
Table I show satisfactory recovery of the added acid.

Samples of spray-dried
egg powders, containing only the free fatty acids developed dur-
ing storage in the dry state, were analyzed by the proposed
method. Samples of the same egg powders were also exhaus-
tively extracted with diethyl ether in a Sqgxhjet apparatus, the
ether removed from the Soxhlet extracts under a stream of nitro-1
gen, and the residual oil taken up in acetone and subjected to the
magnesium chloride treatment and washing as outlined above.
Thus only the effect of different types of extraction was studied.
The results in Table Il indicate that the shorter acetone extrac-
tion procedure yields results from 2 to 7.5% lower, but an error of
this magnitude is probably permissible for many purposes. In
some cases, the more time-consuming ether Soxhlet extraction
may be desirable.

The phospholipide content of all extracts treated with magne-
sium chloride was negligible, as evidenced by phosphorus contents

Analysis of Stored Egg Powders.

Table L Recovery of OIeicPAcid Added to Spray-Dried Egg

nu/rlor
Oleic
Acid Initially Present Acid Acid Recovered as Re
as Oleic Acid Added0 Oleic Acid covery
Mo. Mg. Mg. %
10.0,9.8,10.1, 10.1 5.0 15.1,15.1,15.1,15.1 101.5
10.0,9.8, 10.1, 10.1 25.1 34.0,34.4,34.3,34.0 96.4
10.0,9.8,10.1,10.1 50.2 59.0,59.4,57.6,58.5 96.6
° Added in acetone solution to acetone suspension of egg powder sample

in first step of procedure.
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Table IIl. Free Falty Acid Values of Dried Egg Powders as Influenced by
Extraction Method and Pretreatment o
Sample Treatment Oleic Acid

Mg. per gram of dry powder

20.7, 21.2, 21.0
20.8, 20.2, 20.5, 20.8

20.6, 19.6, 19.9
18.5, 18.6, 19.0, 18.6

19.4, 19.6, 19.5, 19.8
19.7, 19.9, 19.6, 20.0

18.5, 19.1, 19.4, 194

Soxhlet extraction with ether
Proposed method

Sample adjusted to pH 4.0
Soxhlet extraction with ether
Sample adjusted to pH 4.0
Proposed method 19.3, 19.0, 19.2, 18.8
Soxhlet extraction with ether 3.82, 3.94
Proposed method 3.50.3.52.3.73.3.63.3.52.3.65

3.49.3.55.3.55.3.54.3.72.3.65
Sample adjusted to pH 4.0
Soxhlet extraction with ether
Sample adjusted to pH 4.0
Proposed method

3.47, 3.57, 3.52, 3.54

0o o oo » » » >

3.37, 3.47, 3.47

(method of Allen, 3) of 0.001 to 0.01%. Cephalin, therefore,
could make only a very small contribution to the acidity values of
these extracts.

E ffect of Moisture Content of Powders on Free Fatty
Acid Values. The proposed method does not require prelim-
inary drying of the egg sample prior to extraction. Average free
fatty acid values, calculated to the moisture-free basis, were 17.1,
16.8, 16.9, and 16.6 mg. of oleic acid per gram of powder at mois-
ture levels of 6.5, 4.9, 1.8, and 0.3%, respectively. This relative
constancy of results over the moisture range was expected, since
the cephalin content of the extracts was negligible as the result of
the magnesium chloride treatment. However, the total acidity
of ether extracts that are not treated with acetone and magne-
sium chloride may vary as much as 30% over comparable mois-
ture ranges. This variation has been shown (9) to be due to the
different amounts of cephalin extracted by ether at the different
moisture levels. This, of course, is the reason for the preliminary
drying of the samples in the A.O.A.C. procedure for the acidity
of the ether extract.

Errors Resulting from Fatty Acid-Protein Complex
Formation. Another possible source of error in the free fatty
acid determination in egg powders was suggested by the observa-
tion that oleic acid, which had been added to whole liquid egg mix-
tures, was incompletely recovered in the ether extract of the sub-
sequently dried powder unless the pH of the egg mixture was ad-
justed to 4 prior to drying (9).

A similar situation exists for acetone extraction. Only 50 to
55% of the oleic acid added to liquid egg mixtures was extracted
by neutral acetone. Therefore, a modified procedure based on the
use of acidified acetone (0.088 Ar with respect to hydrochloric
acid) was tried on samples to which oleic acid was added before
drying. The acidified acetone was used in the first two extrac-
tions and neutral acetone in the last three extractions. Acidified
acetone was not used in the last three extractions, since high re-
sults due to the extraction of phosphorus compounds that were
not removed by the magnesium chloride treatment were obtained.
Acidified acetone in the first two extractions did not extract phos-
phorus compounds that could not be removed by magnesium
chloride.

Although the pH of the suspension of the residues from the acid
acetone extraction was near 4.0, only 80 to 90% recovery could
be attained by this technique. Therefore, the acid acetone ex-
traction is not recommended as a means of obtaining complete ex-
traction of fatty acids from egg samples which may contain
bound fatty acids. Rather, the procedure involving reconstitu-
tion, adjusting to pH 4, and lyophilizing is recommended in these
cases. The fatty acids in the dried, adjusted powder may then be
determined by the proposed method.

Although the recovery of oleic acid added to or present in
liquid egg mixtures prior to drying is not complete unless the pH
of the liquid mixture is adjusted to pH 4.0, extraction is complete

18, No. 10

from egg powders which have developed
free fatty acid acidity while stored in the

Standard dry state. Tables Il and 111 show that the

Average Deviation recovery of fatty acids, by the proposed
method, is not increased by the adjustment

208 03 of the acidity of samples of either spray-
dried or lyophilized egf powders to pH 4.

193 0.8 If, on the other hand, samples of egg
19.7' 0.2 powders, in which acidity had developed,
101 0.3 are reconstituted and allowed to stand in
388 ' the liquid state at its natural pH for a
time before being lyophilized, then part

3.59 SR of the fatty acids are no longer extract-
3.52 0.03. able. For example, a suspension of recon-
344 stituted egg powder had a pH of 6.7; after

redrying by lyophilizing, only 86% of the

fatty acids were recovered. Recovery of

free .fatty acids from a similar sample
which had been adjusted to pH 4 was complete.

These results may be explained by assuming that liberation of
free fatty acids in the dry egg powder occurs in a substantially
fatty medium—i.e., the fatty acids are, in a microscopic sense,
in or near the egg lipides—and, for this reason or because the me-
dium is essentially nonaqueous, the free fatty acids have little or
no opportunity to combine with bases present in the egg. When
fatty acids are present in the liquid egg mixture, they are free to
combine with bases to an extent determined by the pH of the
mixture.

It might be expected that egg white would bind fatty acids more
strongly than the egg yolk, since the proteins of the white contain
many basic groups that may combine with fatty acids. Lyso-
zyme, in particular, is an unusually basic protein constituent of
egg white (#) which has been shown to form salts with strong
acids (1). The higher fatty acids would doubtless also form salts
with lysozyme and would hardly be expected to be removed from
the lysozyme in the pH region of 6 to 8 which is midway between
the isoelectric point of lysozyme and the pK of the acids. Sup-
port for this assumption is also obtained from reports (5, 6" that,
the lower fatty acids and serum albumin combine in solution to
give complexes that are more heat-stable than serum albumin dis-
solved in solutions containing only inorganic ions. These workers
have also presented evidence, based on electrophoretic measure-
ments, for anion-albumin association which increases with chain
length of the anion.

An experiment was performed to determine whether there was a
difference in the fatty acid binding capacity of egg white and egg
yolk. Known amounts of oleic acid were added to fresh mixed
yolks and the fresh mixed whites. Portions of each sample were
adjusted to pH 8 and also to pH 4 before drying by lyophilization.
At pH 8, only 4% of the added oleic acid was recovered from the
whites, while 81% was recovered from the yolk. At pH 4, 84%
of the oleic acid was recovered from the whites and 96% from the
yolks.

The formation of the nonextractable fatty acid-protein com-
plexes is of analytical significance in the case of samples of un-
known history or in those cases where opportunity for contact

Table Ill.  Free Fatty Acid Content of Stored Lyophilized Eggs as
a Function of pH”
Sample pH Oleic Acid
Mg./g.
1 7.7 10.9 10.6
4.0 11.0 10.4
2 7.5 11.5 11.4
3.8 11.2 11.4
3 7.4 10.0 10.0
3.7 10.0 9.9
4 7.1 114 11.1
4.1 11. 11.2

apH of suspension of 1 part egg powder and 3 parts distilled water.
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between fatty acids and proteins in aqueous media has been
known to exist. Thus the free fatty acids in shell eggs which have
undergone some deterioration would have an opportunity to
combine with protein and the pH should be adjusted to 4 prior
to drying the sample.

The lowest moisture content at which interaction of the fatty
acids and proteins occurs is not known. However, egg powders
containing as much as 8% moisture gave f,he same free fatty acid
values before and after adjustment of the pH. Since few dried egg
samples are prepared at higher moisture levels, no adjustment of
the pH of dried powders that have been prepared from good shell
eggs seems necessary.

INTERFERENCES AND LIMITATIONS

The production of lactic acid in certain types of egg deteriora-
tion has been reported (7). Lactic acid is, of course, easily soluble
in water and is not determined in the method outlined above.
Amounts of lactic acid corresponding to 14 to 50 mg. per gram of
egg powder were added to samples of the powder and were shown
to make no contribution to the acidity of the samples.

The method would not be applicable to samples of materials
likely to contain fatty acids that are water-soluble, since they
would probably be incompletely partitioned between the agueous
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acetone and the petroleum ether in the washing process, thus
leading to low results. Since the lower fatty acids have been
shown to be absent from egg fat {10), such losses do not occur in
the determination of egg fatty acids arising from the usual type of
glyceride hydrolysis.

Moderate excesses of acids, added to lower the pH of the sam-
ple, do not interfere, since they are removed during the washing

procedure.
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lodometric Method for the Assay of Penicillin Preparations

JOSEPH F. ALICINO, Division of Organic Chemistry, Squibb Institute for Medical Research, New Brunswick, N. J.

WO methods for the chemical estimation of penicillin, re-
Tcently proposed (4, 5), depend on the liberation of an acidic
group upon inactivation of penicillin with penicillinase or with
alkali. The simple, rapid inactivation by alkali was being
utilized in this laboratory in conjunction with the development of
an iodometric assay method which was suggested by observa-
tions (5) on the behavior towards iodine of penicillin and certain
of its inactivation products. Penicillin is inert to iodine in neu-
tral aqueous solution, while penicillolc acid (1), the inactivation
product formed from penicillin by the action of penicillinase or of
alkali, consumes from 6 to 9 equivalents of iodine, depending on
the conditions used. The difference in the iodine consumption
under standard conditions before and after inactivation by alkali
might therefore be expected to be approximately proportional to
its penicillin content as ascertained by biological assay. This
was found to be the case, with certain limitations.

EXPERIMENTAL

lodine Equivalent of Pure Sodium Peniciltin G In-

activated with Alkali. The iodine consumption of a neutral
solution of alkali-inactivated sodium penicillin G is a function of
time, and under the conditions given below becomes constant
after 25 to 30 minutes.

A weighed sample (3 to 5 mg.) of crystalline sodium penicillin
G is place in a glass-stoppered flask, dissolved in 5 to 10 cc. of
water, and treated with 0.5 cc. of 1 N sodium hydroxide. The
alkaline solution is allowed to stand for 15 minutes and then
neutralized with 0.5 cc. of 1 N hydrochloric acid. A measured
excess of 0.01 N iodine solution (about 10 cc.) is added. After
30 minutes the unconsumed iodine is titrated with 0.01 N thio-
sulfate. It was found that 1 mg. of sodium penicillin G when
inactivated will consume under these conditions 2.52 cc. of 0.01 N
iodine solution, corresponding to 8.97 equivalents of iodine per
mole, which is in reasonably good agreement with the range given
(3) for penicilloates (8.5 to 8.9).  This value is well reproducible
and independent within fairly wide limits of the penicillin con-
centrations and the excess iodine used.

Sodium penicillin F (crystalline, anhydrous) after inactivation
treated in this manner consumed 2.64 cc. of 0.01 N iodine solu-
tion per milligram, or 8.8 equivalents per mole, showing that the
double bond in this compound is inert to iodine under these con-

ditions. This was confirmed by the blank titration (without
prior alkali treatment) which showed an uptake of only 0.07 cc.
per milligram. However, it is probable that penicillin X might
give abnormally high values in this procedure.

Assay of Unknowns. In the assay of unknowns an amount
of material corresponding to approximately 1000 to 5000 units is
inactivated with alkali, and the neutralized solution is treated
with iodine and back-titrated after 30 minutes as described above
for pure sodium penicillin G. A blank titration in which the
treatment with alkali is omitted is carried out on a separate
sample of the same magnitude. The difference between both
titrations can be used, as indicated below, to calculate either inter-
national units or micromoles of penicillin.

When relatively pure preparations (800 to 1000 micrograms
per mg.) were assayed in this manner, the figures agreed well with
the bioassay values regardless of the time allowed for contact
of the blank sample with excess iodine (30 minutes as in in-
activated sample, or immediate back-titration), the small
amounts of iodine-consuming impurities present in such prepara-
tions having little influence on the final result. However, with
preparations of lower potency containing proportionately greater
amounts of iodine-consuming impurities, the iodometric results
were considerably lower than the bioassay figures when the 30-
minute interval between addition of iodine and back-titration was
maintained also in the blank determination. A possible ex-
planation for this is that products formed from these impurities
by reaction with iodine catalyze the slow hydrolysis of penicillin
to penicilloic acid normally occurring even in neutral reaction,
giving rise to an erroneously high blank value, since the latter
would include the penicilloic acid thus formed from penicillin.
This assumption is supported by the finding that the addition of
crystalline penicillin to an impure sample increases the blank
titration (after 30 minutes’ contact with excess iodine) over the
blank value (also determined after 30 minutes standing) given by
the impure sample alone.

It was found empirically that the discrepancy between iodo-
metric and bioassay values in the case of low-grade preparations
was minimized when the blank value arrived at by immediate
back-titration was used in computing the results. In the final
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Table 1 Correlation between lodometric and Bioassay Values

Sample No. lodometric Assay Cup Test
y/m<J. y/mg.
890 790 800
816
800
1080 . 942 968
964
947
AB9-71 120 100
107
126
D041 495 502
492
468
mD042F-1 345 336
330
340
10S8 u.u.f. None None
DE43 530 480
507

Table 1. Comparison of Biolosical and, Chemical Assay Methods
on Solutions of Commercial Penicillin Sodium Salts
Biological Chemical
Na Salt Solution ~ 2-cc. teat (#) Cup teat lodometric  AlkalimetricO
Micrograms per cc.

3419 90,900 71,400 88,000 90,000
3422 87,100 85,000 92,500 91,600
3423 90,400 81,000 88,800 81,000
3420 107,300 90,300 112,500 90,400
3424 87,000 70,-700 88,500

3425 89,000 77,600 91,500 89,300
3426 70,000 68,700 83,600 66,300
3427 86,000 79,000 84,000 92,000
3505 101,603 94,500 08,800 99,200
3506 113,700 108,700 105,500 106,000
3428 96,300 89,100 100,200 81,200
3429 90,500 89,300 101,000 90,700
3430 97,900 88,500 94,500 94,500
3431 85,000 80,300 88,000 87,000
3507 110,000 106,800 114,400 711,500
3428-2 90.900 73,700 83,600 92,300
3432 72,089 74,000 76,500 86,100
3433 93,260 92,900 98,500 107,500
3434 96,400 93,000 98,000 107,600
3435 103,600 105,200 99,300 95,200
3436 116.900 114,000 112,500 114,200
3437 70,900 69,400 68,000 68,800

0 Method to be published.

procedure adopted for the assay of high- as well as low-grade
preparations, the blank sample is therefore back-titrated im-
mediately after the addition of the iodine solution, whereas with
the alkali-inactivated sample the 30-minute interval is main-
tained.

Example. A sample of 6.356 mg. of a commercial penicillin
salt' (bioassay 800 micrograms per mg.) was dissolved in water and
the volume was made up to 10.0 cc. A 5-cc. aliquot was pipetted
into a 125-cc. glass-stoppered flask, and 10.0 cc. of a 0.01 N
iodine solution were added. Immediate back-titration with
10.0 N thiosulfate showed that 0.92 cc. of 0.01 N iodine had been
consufned. When the back-titration was delayed for 30 minutes,
practically the same result (0.95 cc.) was obtained.

The remainder of the solution (together with the pipet wash-
ings) was made alkaline with 0.50 cc, of 1 N sodium hydroxide.
After standing for 15 minutes, the solution was neutralized with
0.50 cc. of 1 N hydrochloric acid, treated with 10 cc. of 0.01 Ar
iodine solution, and back-titrated after 30 minutes. The iodine
uptake corresponded to 4.86 cc.

The factor 661 represents the ratio of the potency of sodium
penicillin G (1667) to the number of cubic centimeters of 0.01 N
iodine consumed bv 1 mg. of alkali-treated sodium penicillin G
(2.52).

With the use of this procedure good correlation between the
iodometric and bioassay values was obtained on a variety of care-
fully bioassayed solid sodium salt preparations of widely varying
potency (Table ). Table Il gives a comparison of the values ob-
tained by the iodometric, the alkalimetric (-5), and two standard
bioassay methods This survey was conducted in the Squibb
Biological laboratories on solutions of commercial sodium salt
preparations ranging in potency from 900 to 1150 units per mg.

The figures show that the agreement between the two chemical
methods, and between the latter and the 2-cc. test is in most
cases satisfactory enough for practical purposes. It is possible
that the iodometric method can be used for rapid control work in
the intermediate stages of the plant process, but no data on such
materials are as yet available.

The iodometric procedure has certain advantageous features
not possessed by the alkalimetric method. It requires less ma-
terial than the latter, and therefore can be applied to more dilute
solutions; it also can be adapted to the assay of buffered solu-
tions, which is valuable particularly in chromatographic work.

Finally, the comparison of bioassay figures with the iodometric
values, or for that matter with the results obtained by any assay
method which measures tho number of penicillin molecules, is
predicated on the condition that the penicillin in the unknown
sample be of the same type as in the pure standard preparation
used in both kinds of assay. Since the various penicillin species
(F, G, X, K, etc.) differ somewhat in molecular size, the iodine
consumed after alkaline inactivation will be inversely propor-
tional to the molecular weight. Consequently, when the com-
position of the unknown sample deviates materially from that of
the standard in regard to the type or types of penicillin present,
the iodometric value for the unknown will not correspond exactly
to its penicillin content if the latter is expressed in tqrms of milli-
grams. However, .the errors caused by this circumstance are
comparatively small and may be disregarded in practice.

A more serious complication is encountered when the iodo-
metrically measured penicillin content of an unknown sample is
expressed in terms of international penicillin units and then com-
pared with the unitage ascertained by biological assay. It is
well known that the various penicillin species differ widely in
their bacteriostatic potency tow'ards the test organism com-
monly used, Staph, aureus. Thus the potencies of the sodium
salts of penicillins F, G, and K determined by standard assay
methods employing this test organism are 1400, 1667, and 2350
units per mg., respectively. It is obvious that when the unitage
of an unknown preparation is computed from the iodometrically
determined penicillin content by means of the conversion factor
1 mg. = 1667 units for sodium penicillin G (the International
Standard), marked discrepancies from the values ascertained by
bioassay are to be expected if penicillins other than G are present
as major components. Since quantitative information on the
latter point is hardly ever available, the applicability of this
as of any chemical method is necessarily restricted to the com-
parative assay of products similar introspect to derivation and
mode of preparation. Therefore, in cases in which the measure-
ments reveal a consistent discrepancy between the chemical and
the bioassay data, it is preferable to base the computation of
unitage from the chemical assay on a conversion factor empirically
determined with an impure standard preparation of the same type
rather than on the factor for pure sodium penicillin G given above.

ACKNOWLEDGMENT

The author is indebted to H. A. Holaday, general super-
intendent and director of the Squibb Biological Laboratories, for
making available the datain Table 11, and to Florence T. Starkey,
who carried out the iodometric and cup assays listed there.
Appreciative acknowledgment is made to Oskar P. Wintersteiner
for his advice and interest in this work.

LITERATURE CITED

(1) Committee on Medical Research, O.S.R.D., Washington, D. C,,
and Medical Research Council, London, Science, 102, 627
(1945).

(2) Foster and Jackson, J. Bad., 46, (2), 187-202 (1943).

(3) EliLilly & Co., Research Laboratories, Indianapolis, Ind., private
communication.

(4) Murtaugh, J. J., and Levy, G.JB., J. Am. Chem. Soc., 67, 1042

(1945).
(5) Charles Pfizer & Co., Research Laboratories, Brooklyn, N. Y.,
private communication.



Spectrophotometric Changes during Oxidation of
Vitamin A Oils

GEORGE R. HALPERN, The Canadian Fishing Company Limited, Vancouver, B. C.

Both the quality of the carrier oil and the quantity of vitamin A are
important for the evaluation of fish liver oils containing vitamin A.
The former develops maxima at 235 and 280 m/i during oxidation.
These can be used advantageously for estimating the quality of fish
liver oils by measuring the ratio 280/328, and from the per-
centage by which the absorption of the unsaponifiable fraction is
lower than that of the whole oil at 280 mp. The quantity of the
vitamin A in oils of high potency can be estimated from the un-
saponifiable fraction absorption at 325 mji since the unsaponifi-
ab!g fraction does not change appreciably during the early stages of
oxidation.

SH liver oils containing vitamin A are essentially solutions

of the esters of that vitamin in fatty oil (carrier oil). It may
be divided into two fractions, the saponifiable and the unsapon-
ifiable carriers—i.e., the portions respectively noncxtractable
and extractable with ether after saponification of the oil.
Knowledge of the quality of the carrier oil is of utmost impor-
tance for the over-all evaluation of vitamin A oils, since carrier
oils containing degradation products due to oxidation have con-
siderable influence on the extinction coefficient at 328 in/i and the
whole vitamin A curve. While the vitamin A ester itself has a
sharp maximum at 328 mu, biologically inactive substances,
which may accompany it, do not show this sharp peak, but have
maxima at wave lengths sufficiently close to 328 m/a to pro-
duce considerable absorption at this point, thus causing an ap-
parent broadening of the vitamin A absorption band ¢nd an
erroneously high value at this point. Oxidized oils can also
interfere with the vitamin A absorption in vivo (7, 12, 13,16) and
so inhibit its action.

The method of Oser et al. (18) of plotting absorption curves of
vitamin A oils in terms of absorption ratios X328) could be
useful in detecting anomalous or oxidized oils. However, the
method for measuring the ratio E\%m 300/328 with the limit of
0.72 for acceptable oils (11,19) did not prove satisfactory. Work
in this laboratory had disclosed the fact that an oil could be con-
siderably oxidized and still show a satisfactory E 300/328
ratio and Oser et al. (19) showed that oils with an acceptable
Euem. 300/328 ratio did not always show the biological potency
corresponding to their E\*m_value at 328 mu.

It therefore seemed desirable to study spectrophotometric
curves of both components of the carrier oil, apart from vi-
tamin A, during accelerated oxidation, in an effort to establish
their influence upon the absorption curve of vitamin A oils.
Such a study could also be helpful in developing better criteria
for the evaluation of vitamin A oils.

EXPERIMENTAL

Outline of Procedure. Freshly prepared oils were oxidized
at 75° C., and the absorption curves measured in the region from
220 to 400 mji on both the whole oil and the unsaponifiable frac-
tion, the difference between the two representing the absorption
of the saponifiable carrier. The absorption of a part of oxidized
vitamin A which is washed out during the saponification proce-
dure (18) is also included in the subtracted curve. In order to
obtain the curve of the unsaponifiable carrier, the unsaponifiable
fraction was destructively irradiated. On the assumption‘that
only vitamin A is being destroyed by irradiation, the absbrption
curve obtained after irradiation would represent the absorption
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of the unsaponifiable carrier. By subtracting the absorption
values of the unsaponifiable carrier from those of the unsaponi-
fiable fraction a vitamin A curve can be obtained representing
essentially the pure vitamin A absorption. The values so ob-
tained are referred to as the modified values (17).

Preparation of Oils. Two test oils were used: a grayfish
(Squalus suckleyi) liver oil and a ling cod (Ophiodon elongatus)
liver oil. The grayfish liver oil was prepared by steaming minced
fresh livers with live steam for 10 minutes, and then centrifuging;,
the ling cod liver oil by similarly steaming minced fresh livers for
10 minutes, extracting the steamed livers with a mixture of
methylene chloride and ethylene dichloride, and distilling off the
solvent in vacuum. The oils showed a very high stability.
The grayfish oil especially had a stability far in excess of that ob-
served on commercially prepared grayfish liver oils.

Apparatus, Reagents, and Procedures. The oxidation of
the oils was carried out at 75° C. in a constant-temperature oil
bath, using the following technique: From 0.33 to 0.36 gram of
the oil was introduced into vials of 23-mm. outside diameter and
25 mm. high. These were then placed in a frame bored with
holes which, when lined with felt, were of a suitable size to hold
the vials firmly upright. The frame was kept immersed in an oil
bath maintained at a constant temperature of 75° C. For each
oxidation 4 to 10 vials were used. The oils were heated for vary-
ing lengths of time in order to obtain oils at different stages of
oxidation. The oxidized oils from these vials were afterwards
combined and kept for analyses in full ampoules at —20° C.

The spectrophotometric analyses were carried out in duplicate
with a Beckman quartz spectrophotometer, using an ultraviolet
phototube and, as light source, a hydrogen discharge tube below
320 mu and a tungsten lamp above 320 mp. All determinations
w'ere made in quartz cuvettes with isopropanol as solvent. The
latter was purified by refluxing for one hour with zinc dust and
sodium hydroxide, and then distilling.

The saponifications were carried out essentially according to
the method of Oser et al. (18). Blank saponifications made on
the reagents were used as blanks for the spectrophotometric de-
terminations. The irradiation of the saponified samples was
carried out with a Uviarc lamp UA 32A6, and a Corning filter
No. 597. The quartz cuvette containing the material to be
irradiated was placed in a water-cooled holder at a distance of
about 20 cm. from the lamp and irradiated for 1 hour. Corning
filter 597 does not give such a sharp maximum as the arrangement
used by Little (17) but has a flat maximum at about 350 mix and
cuts out all wave lengths below 300 mu.

DISCUSSION OF RESULTS

In Figures 1 to 10 arc plotted the absorption curves of both
test oils; the numbers on the individual curves refer to hours
heated at 75°C. In Table I are collected those characteristic
values which were considered important for the present investi-
gation.

Saponifiable Carrier. In Figures 4 and 9, representing the
absorption of the saponifiable carrier, it can be seen that during
oxidation new maxima at 235, 275 to 280, and 335 to 345 mp are
formed. The latter increases at first but decreases in the later
stages of oxidation, indicating instability of the substance which
causes this maximum. Formation of the maximum at 335 to
345 mp could be due to oxidation of highly unsaturated acids
which are knowm to be present in fish liver oils.

The shape of the curves of the oxidized saponifiable carrier of
both test oils resembles the curves of rancid and oxidized fats.
Holman et al. (14, 15) found the formation of the 235 and 275 to
280 m/i maxima during oxidation of dienoic and trienoic acids and
of lard. Bradley (2) made a similar observation on heat-bodied
linseed oil, Edisbury et al. (8) on ling oil, and Castle et al. (4)
found that vitamin A carefully oxidized with chromic acid ab-
sorbs at 275 to 280 mp.
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Table I. Characteristics of Test Qils during
Whole Oil Unsaponifiable
" Decrease e 1%m. Decrease e Y%m.

Time o Vitamin  in vitamin Per- in vitamin

heating, A esti- A estimate, Maximum F.F.A., oxide 260 280 300 350 Vitamin A A estimate, Maximum 280 JUU  d»U

hours mate® % at m/i % value 328 328 328 328 estimate® % at mp 328 328 328

Grayfish Liver oil (Unsaponifiable 21.0%)

Original 19,930 0 327 0.46 0.2 0.22 0.37 0.67 0.57 19,620 0 325 0.34 0.68 0.50
24 18,000 6.7 326 0.64 1.9 0.33 0.47 0.71 0.58 17,660 10 325 0.36 0.68 0.51
45 17,490 12.2 325 0.71 3.1 0.39 0.54 0.74 0.57 16,200 17.4 325 0.38 0.70 0.51
136 12,780 35.9 323 0.91 5.1 0.71 0.87 0.90 0.58 10,380 47.1 325 0.40 0.71 0.53
199 9,300 53.3 281 1.21 5.6 1.13 1.32 1.09 0.57 6,900 04.8 325 0.58 0.81 0.52
248 2,080 89.6 5.79 62.4 5.53 3.88 2.12 0.56 316- 98.4 280 3.68 2.84 0.60

Ling Cod Liver Oil (Unsaponifiable 10.5%)

Original 68,820 0 328 2.3 0.9 0.14 0.28 0.58 0.62 65,040 0 325 0.26 0.59 0.54
6 67,740 1.6 328 2.6 2.3 0.16 0.30 0.59 0.62 61,640 5.2 325 0.28 0.61 0.54
18 64,340 6.5 328 2.6 4.8 0.22 0.36 0.63 0.61 55,420 14.8 325 0.29 0.61 0.54
24 55,160 19.8 328 2.6 5.8 0.29 0.43 0.67 0.62 44,560 31.5 325 0.33 0.63 0.55
32 33,440 51.4 327 2.8 11.7 0.63 0.78 0.84 0.58 26,800 58.7 325 0.40 0.70 0.54
40 20.800 69.8 280 2.9 16.4 1.19 135 1.20 0.59 15,580 76.0 325 0.56 0.77 0.53
72 8,960 87.0 275 3.7 33.0 3.56 3.50 2.20 0.61 1,540 97.6 2.70 1.88 0.55

° Unsaponifiable minus irradiated unsaponifiable.
*Per cent of absorption of whole oil.
®Determined spectrophotometrically.
N4
Lil
300 350 400
m JL
s 250 300 350 400
m JL
250 300 350 3
X
ulJ
300 350 400
5
Figures 1 to 5. Absorptlon Curves of Fr a t n s of Grayfish Liver Ol
Samples O xidiied at C.
250 300 350 1. hIe |1J
. L fnwpon i ql
m] ] | . %d\ﬂ value» unsa onﬁl)ale minus |T[%(Tated unsaponifiable)
4. Whole oil minus upsaponifiable (saponifial
4 5. Irradiated unsaponifiable unsaponmable carrier)
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Accelerated Oxidation at 75" C.

Modified Values*

Fivo = t°0 == =700
Decrease Maxi- lcm. Saponifiable Carrier Unsaponi-
Vitamin in vitamin  mum _ At At fiable
A esti- A estimate, at 300 280 260 carrier at
mated % mli 328 328 m/x m/x m/x 328 m/x
Grayfish Liver Oil (Unsaponifiable 21.0%)
18,060 0 325 0.57 0.51 1.6 20 19.2 7.8
16,100 10.9 325 0.53 051 5.0 28.4 34.8 8.4
14,980 17.0 325 0.56 052 7.3 41.0 41.7 7.1
9,220 49.0 325 0.55 0.54 18.7 63.0 77.7 9.2
5,900 67.4 325 0.58 0.54 258 67.9 714 10.8
140 99.2 0.82 0.69 84.8 755 859 8.5
Lins Cod Liver Oil (Unsaponifiable 10.5%)
61,280 0 325 0.48 055 55 16.1 129 5.5
58,280 4.9 325 0.50 0.54 9. 17.9 235 5.0
49,280 19.6 326 0.49 056 139 344 415 9.5”
40,400 34.1 326 0.50 0.57 19.2 39.0 44.1 7.6
23,980 60.9 325 0.55 0.55 19.6 54.6 60.0 8.7
13,400 78.1 325 0.52 055 251 694 735 10.5
940 98.5 315 1.00 0.58 82.8 87.3 86.6 7.7

r Values too low, owing to absorption of irradiated vitamin A.
e Value too high, owing to insufficient irradiation of sample.

The appearance of the new maxima during oxidation is gener-
ally attributed to the formation of different conjugated systems,
produced by isomerization in the case of unconjugated fats and
by the destruction of a part of the four conjugated double bonds
in the case of vitamin A. Both components of the oxidized
saponifiable carrier (fatty acid and oxidized vitamin A) can
therefore be responsible in various degrees for the formation of
the 275 m/x band. The extinction coefficients of conjugated
fatty acids are of such a high order (3) that their formation even
in small quantities can markedly affect the shape of the vitamin
A curve.

It can be seen in Figures 1 and 6 that the whole left side of the
vitamin A curve is affected by the formation of the three new
maxima. The minjmum of the vitamin A curve at 260 mix
steadily increases during oxidation despite loss in potency. This
causes a broadening of the curve, an increase ofthe E\ 300/328
ratio, and a shifting of the 328 mix peak to a lower wave length in
the later stages of oxidation. By studying the curves of the
saponifiable carrier (Figures 4 and 9) it can be seen that the
point at 260 m/x (minimum of vitamin A curve) or at about 280
mix (maximum of the saponifiable carrier) is more indicative for
tak,i\ng the ratio than the 300 mix point. At these points the
et values increase during oxidation, while at the same time
~icm. values at 328 m/x decrease (Figures 1 and 6). At 300 niji
the jJEi~. values remain rather constant while those at 328 nvx
decrease. The point at 300 mix was apparently empirically
selected not for any significance in the detection of extraneous
absorption but for the convenience of taking readings at a wave
length where the use of quartz cuvettes and of a hydrogen dis-
charge lamp is unnecessary. In Figure 11 are plotted the ratios
of E\Z°m. 300/328, 280/328, and 260/328 of the oxidized test oils.
The steeper curves of the 260 and 280 ratios are the graphical
results of the considerations mentioned above.

The extraneous absorption (expressed in per cent of the ab-
sorption of the whole oil) of the saponifiable carrier Steadily in-
creases during oxidation and could also be used as a criterion for
the evaluation of the quality of vitamin A oils. At 328 nVx the
extraneous absorption of the saponifiable carrier increases only
slightly during oxidation, the increase being dependent mostly on
formation of the maxima at 275 to 280 mVx and at 335 to 345 mix.
The increase in per cent extraneous absorption is therefore
mainly due to the decrease of vitamin A. Such an increase of per
cent extraneous absorption at 328 m/x was also observed by Oser
el al. (18) on different high-potency oils and by Coy el al. (5, 6)
on cod liver oils. It can be seen, however, in Figure 12, that the
first stages of oxidation, which are important from the practical
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standpoint, result in only a slight increase and
are possibly of little value as criteria. At 260 and
280 m/x the per cent of extraneous absorption in-
creases significantly during the first stages of oxida-

;’tostgg tion. It is most pronounced at 260 m/x because
mix here the influence of the 235 m/x maximum is

greater than at 280 m/x. Both points, however,
could be used as criteria. A certain advantage can
be given to the 260 nV/x point, at which wave length
the determination can be carried out more accu-
rately on the flat of the curve.

Unsaponifiable It is obvious that
vitamin A determinations should not be carried
out on the whole oil. The determination on the
unsaponifiable fractions will be sufficient in cases
where the extraneous absorption of the saponifiable
carrier does not change considerably during the first
stages of oxidation. Commercially prepared oils
which frequently are slightly oxidized would thus
not give erroneously high absorption values at 325
mix when determined on the unsaponifiable frac-
tions and calculated with a uniform factor.

Curves showing essentially the absorption of the unsaponifiable
carrier are represented in Figures 5 and 10. The vitamin A
appears to be destroyed in all samples by irradiation of the un-
saponifiable fraction, with the exception of the 18-hour sample of
ling cod liver oil. It can be seen in the curves of both test oils
that a new maximum at 270 m/x appeared during irradiation. It
represents a substance formed from vitamin A during destructive
irradiation. The formation of a similar maximum at 275 m/x
during irradiation of vitamin A acetate was observed by Sobotka
el al. (21). The absorption band of the irradiated unsaponifiable
fraction includes, therefore, not only the absorption of substances
originally present in the unsaponifiable fraction, but also that of
the irradiation product of vitamin A.

The additional absorption of the irradiation product of vitamin
A affects considerably the curves of the modified values (Figures
3 and 8) which, as mentioned above, are obtained b / subtraction.
The entire left side of the modified curves appears steeper and re-
sults in negative values below 280 m/x. Part of the absorption at
325 m/x can be caused by the absorption of the irradiation product
*which seems to extend beyond 325 m/x, with the result that the
modified vitamin A value appears to be too low.

During oxidation of the test oils the absorption of the irra-
diated samples at 325 m/x showed a tendency to decrease but the
differences were within the range of experimental error. It can
therefore be assumed that no significant changes occur in the
unsaponifiable carrier during the first stages of oxidation of either
test oil at 325 m/x. The determination of the modified values is
therefore not justified.

The unsaponifiable carrier of the ling cod liver oil (Figure 10)
shows no pronounced maxima caused by components originally
present in this fraction. The unsaponifiable carrier of grayfish
liver oil (Figure 5), on the other hand, contains substances ab-
sorbing at about 238 m/x. The absorption of these substances
partly masks the absorption of irradiated vitamin A at 270 m/x.
The absorption at 238 m/x, however, does not affect the 325 m/x
point. It remains constant in the first stages of oxidation, but
decreases considerably later. In order to identify the sub-
stances, the unsaponifiable fraction of a grayfish liver oil was
chromatographed, using Swain’s method (22) of the flowing
chromatogram. The absorption curves of three fractions ob-
tained by elution with different solvents are presented in Figure
13. The amount of absorption of the separate fractions is ex-
pressed in E\ values based on the weight of the total unsaponi-
fiable fraction. The absorption curve for the vitamin A eluate
is omitted in the figure. It can be seen that the main substance
absorbing at 238 m/x belongs to the glyceryl ether fraction, prob-
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Figures 6 to 10. Absorption Curves ofFracnonsCof Ling Cod Liver Qi

ably being a higher unsaturated homolog of selachyl alcohol [22).
Another substance absorbing very strongly at 238 mft was dis-
covered in the methanol eluate. This substance of unknown con-
stitution is present in only very small quantities.

Although the unsaponifiable carrier of the two test oils did
not show oxidizable substances which would affect considerably
the absorption curve of vitamin A, some fish liver oils can contain
substances which carry through to the unsaponifiable fraction
and produce an anomalous vitamin A curve. In presence of such
substances as kitol (10), vitamin A2 (fl), anhydro vitamin A
[20), and others, an accurate estimate of vitamin A by means
mentioned above is impossible. The commercial conversion

Samples Oxidized at 75°

6. Whole

1. Uns Ponl)labefr

8. M?] \ ues unsaé)on|f|a1ble m|nus irradiated unsaponmable)
9. Whaole ojl minus unsaponRable saF? r\ able carrier)

10. Irradiated unsaponiRable (unsaponiRable carrier

factor of 2000 allows a certain amount of extraneous absorption
in all oils because the crystalline vitamin A alcohol was shown
to have a conversion factor 2460 [1). In cases where the sub-
stances which produce excessive extraneous absorption in the
unsaponifiable fraction do not interfere with the Carr-Price reac-
tion, the colorimetric estimate can be used advantageously [19).

CONCLUSIONS

The ratio e\7 ™ 280/328 was found more indicative of the qlL&I
ity of fish liver oils containing vitamin A than the ratio E\ jfm
300/328 since, while the 300 mji point was arbitrarily selected,



October, 1946 ANALYTICAL EDITION 625
0 60 10G 240 280 320 360
X LOSS VITAMIN A ijt
10 30 SO 10 Figure 12, Per Cent Absorption of

X LOSS VITAMIN A

Figure 11. Changes in Absorption
Ratios of Test O|| Samples Oxidized

) gl )NSF o i 21050 § %m [sgg"r“ ;
22 ﬁ{]a 0 Y\Ferr%ll,;gﬂg 388/@%8 o Ling co
3 Hﬂg 88% ver 8#[: Al 3801328

the saponifiable carrier develops at 280 mp a definite maximum
during oxidation. The formation of this maximum is responsible
for the increase in the ratios on the left slope of the vitamin A
curve in oxidized Tish liver oils. The 280 mp point shows there-
fore a proportionately greater increase in its absorption value at
the same degree of oxidation than the 300 mp point. Alterna-
tively, the ratio 260/328 couldbe used because at 260 mp,
the minimum in the vitamin A curve, the determination can
be carried out more accurately than on the slope. The 260 mp
point is not only affected by the maximum at 280 mp, but also
by the increased absorption at wave lengths lower than 260 mp
caused by oxidation of the saponifiable carrier.

Considering the great difference in the ratios of both original
test oils, it seems that the establishment of a definite limit for its
magnitude for evaluating the quality of fish liver oils is not satis-
factory. Arigorouslimitation for good oils and a range for doubt-
ful ones would be more satisfactory. Itissuggested thatin doubt-
ful cases the percentage of extraneous absorption of the saponi-

. . E] wholeoil - E\Zm.unsaponifiable...............
fiable carrier -rs

«®1 cm. whole oil
280 or 260 mp might be helpful in the estimation of the quality
of fish liver oils.

From the present work and from other experience in this labo-
ratory it appears that the value of 0.72 for the E\@m_300/328 in-
dicates that oxidation has taken place, in the case of high-potency
oils at least. Further work, particularly biological, will be neces-
sary to establish proper limitations of the values to be used as
criteria.

The irradiation technique for determining vitamin A was not
found suitable for high-potency fish liver oils because the irra-
diated vitamin A which hasa maximum at about 275 mp shows a
certain absorption at 325 mp. This results in the modified ab-
sorption values at 325 mp being too low.

In both test oils the absorption of the unsaponifiable carrier at
325 mp was found to remain stable during oxidation. Taking
into account the fact that the unsaponifiable fraction of grayfish
liver oil is composed mostly of glyceryl ethers and that of ling cod
liver oil of cholesterol, it appears that a fairly accurate estimation
of the quantity of vitamin A can be made in high-potency fish

IVEr 0]
IVEr 0]
IVEr 0l

Saponifiable Carrier

Whole oil, minus unsaponifiable *
whole oil

Figure 13. Absorption Curves of Frac-
tions of Unsaponifiable, Grayfish Liver

O1l Obtained by Flowing Chromatog-
X1 raphy
g% 2§§ m qlgf‘n values calculated on basis of total un-
%tt %ggm % Esapl)oni iable L %h bors)
troleym ether, eluat 6 (hydrocarbons
al 280 m I %"1 WS s
} at328 m 3. Lereua\ (’ Ve y5 507, Sjcrystalllzed

% !

Not S own enzene e%uate (vitamin A and sterols),

liver oils on the unsaponifiable fraction, even when the oils are
oxidized.
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Indirect Calibration of the Filter Photometer by Means
of the Spectrophotometer
Considerations on Use of Standards

C. L. COMAR, Florida Agricultural Experiment Station, Gainesville, Fla.

Absorption spectra are very sensitive to changes in molecular struc-
ture which may otherwise pass unnoticed, and serious errors occur in
filter photometry and spectrophotometry unless the ahsorption co-
efficients of the standards are identical with those of the unknown in
the measured solution. Changes in the absorption of the standard
may result from standing or from chemical treatment during the isola-
tion procedure. This situation occurs frequently, since standards
are usually subject to a rigorous purification process whereas the
analytical determinations are usually made on simple extracts in
which the substance measured has had little opportunity to undergo
degradation. This type of error can be avoided and the method
simplified by use of appropriate calibration procedures which may
involve interchangeability of spectrophotometric data.

C OLORIMETRIC and spectropliotometric analytical meth-

ods may be broadly classified into two groups: those in
which the substance or element is treated with a reagent to form
a system having suitable colorimetric properties and those in
which the substance itself has absorption characteristics suitable
for the analytical measurement. By far the greater number of
colorimetric methods fall into the first category, and adequate re-
views have been published emphasizing the limitations and the
precautions to be observed with this type of method (7, S).
While comparatively few systems are found in the second group,
many of the biologically important compounds, especially the
complex substances of high molecular weight, have absorption
spectra which allow measurement without the need for bhemical
transformations.

If the analytical results are to have any meaning, it is essential
that the absorption spectrum of the standard be identical with
that of the compound under consideration as measured in the un-
known solution. This paper emphasizes the precautions which
should be observed where absorption spectra of purified sub-
stances are used for analytical purposes, and more particularly
where purified substances are used as calibration standards in
filter photometry. Advantages of an indirect method, which
involves calibration of the filter photometer by means of the
spectrophotometer and established absorption coefficients, are
presented. Although this work has been developed employing
photoelectric colorimeters, the method should be applicable to
visual instruments as well.

SPECTROPHOTOMETRIC METHODS

Within the past few years the availability, at reasonable cost,
of commercial spectrophotometers capable of absolute absorp-
tion measurements has placed this facility at the disposal of a
great many laboratories throughout the country. While the use
of published absorption coefficients must always be approached
with caution, it seems evident that if the physical and instru-
mental factors are satisfactorily taken into account, significant
errors should not be introduced by using coefficients on instru-
ments other than the one on which they were established (see 4
for. definition of absorption coefficient). Methods are available
by which the worker can determine for himself that his individual
spectrophotometer is giving linear response, is in proper wave-
length adjustment, and that significant amounts of scattered
radiation are absent (6, 9).

The size of the spectral region isolated is a factor which must
be considered in terms of the substance being measured. Since
any given measurement represents the integrated absorption
over the spectral region isolated, it follows that an instrument
capable of giving absolute absorption coefficients for a substance
with a broad maximum may not be satisfactory for a substance
with a narrow absorption peak. Table | (2) shows the effect of
the spectral region isolated on the absorption coefficients of
chlorophyll A in diethyl ether solution; these measurements were
made with a photoelectric spectrophotometer at Purdue Univer-
sity similar to that described by ILogness, Zscheile, and Sidwel)
(6) but containing a Miiller-1lilger double monochromator. It
is clear that for absolute measurements on this particular system
the spectral region isolated should not exceed 31 to 36 A. at
6600 A., or about 60 A. at 4290 A.; at the broad minimum near
4720 A. significant errors are not introduced even when the region
isolated approaches 155 A.  Zscheile etal. (15) have reported sim-
ilar information for /3-carotene. These data illustrate how this
particular instrumental requirement for absolute measurements
on a given system may be determined. The spectral region iso-
lated for given slit settings on an instrument mjjy usually be ob-
tained from the manufacturer’s specifications but should be
checked by established methods (6).

It is axiomatic that a worker should determine absorption co-
efficients on his own instrument whenever possible. In the case
of many of the biologically important substances, however, it is
very difficult to obtain the isolated highly purified material with
its absorption properties unaltered; in other words, differences
between laboratories may more often be due to variations in the
samples measured than to instrumental differences. It isin such
instances that interchangeability of spectrophotometric data be-
comes of definite advantage. Zscheile, Comar, and Mackinney
(14) exchanged samples and solutions of purified chlorophylls
and inorganic salts (Weigert’s solution) and made comparative
measurements on the Purdue spectrophotometer mentioned
above and another instrument described by Smith (11). There
were no instrumental differences and it was evident that inter-
changeability of data on the systems studied was feasible. Co-
mar ($) showed that absolute absorption coefficients for the
chlorophyll components as determined on the Purdue spectro-
photometer could be used with a Cenco-Sheard spectrophotel-
ometer to give accurate analytical results. Vandenbelt, Forsyth,

Table I Effect of Spectral Region Isolated on Absorption
Coefficients of Chlorophyll A in Diethyl Ether Solution

Wave Length 6600 A. Wave Length 4290 A, Wave Length 4720 A.
(Maximum) r _ (Maximum) r (Minimum) r

Region Loan- Region - Region i
isolated. (A.) [ isolatid (A) O T ol (hy ‘Logic]
10 0.442 10 0.582 9 0.484
15 0.445 13 0.581 11 0.480
20 0.444 16 9551 13 0.484
25 0.442 21 0.582 1S 0.487
31 0.442 2% 0.583 2 0.486
30 0.437 3 0,581 33 0.485
41 0.430 41 0,581 44 0.486
51 0.424 49 0,576 55 0.487
61 0,416 66 0.574 66 0.487
71 0.409 82 0,568 89 0.487
81 0.402 99 0,563 110 0.486
102 0.389 114 0,556 155 0.489
153 0.359 164 0.536 177 0.492
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and Garrett {12) have demonstrated that a Beckman spectro-
photometer can give absolute absorption coefficients with certain
inorganic salts and the natural Vitamin A ester. It is obvious
then that interchangeability of spectrophotometric data on a
sound basis will soon be possible among many laboratories.

The sensitivity of the absorption spectra of complex organic
compounds to changes in molecular structure is a disadvantage
in analytical studies. Small modifications of the structure of
high molecular weight compounds, such as changes in the degree
of conjugation of double bonds or in the elements comprising the
conjugated system, can scarcely be detected by ordinary chem-
ical methods and yet they may profoundly influence the absorp-
tion characteristics. Therefore it should always be ascertained
that the spectrum of the compound in question has not under-
gone any change during the isolation and purification procedure
prior to determination of the absolute absorption coefficients.
This can be done critically and conveniently by employing the
absolute absorption coefficients at several wave lengths for the
analysis of the simple extract. As an illustration, consider the
chlorophyll components; it was necessary to demonstrate that
the absorption of the chlorophylls after rigorous purification was
identical with that of the pigments after immediate extraction of
the leaf material with solvent. Comar and Zscheile (5) obtained
analytical agreement between measurements at several wave
lengths when simple plant extracts were analyzed spectrophoto-
metrically using the established absorption coefficients, which was
considered sufficient evidence for the validity of the original
absorption data. The analytical results are extremely sensitive
to changes in the absorption and satisfactory values are not ob-
tained if there are significant discrepancies in the absorption data.
This procedure may also be used to determine the adequacy of a
spectrophotometer for a given compound when a purified prepa-
ration is unobtainable. For instance, if a simple plant extract
were analyzed satisfactorily for the chlorophyll components at
several wave lengths using established absorption coefficients,
this would indicate that the particular spectrophotometer was
adequate for absolute measurements on this system.

FILTER PHOTOMETRY

Whenever possible it is desirable that a spectrophotometric
method be adapted for use with the photoelectric colorimeter.
Practically every laboratory has a colorimeter available and this
instrument is less complicated and more easily used than the spec-,
trophotometer. Absolute absorption measurements are not pos-
sible with today’s photoelectric colorimeter and each instrument
must have its own calibration curve for each substance. Inter-
changeability of calibration and absorption data is not to be
recommended even between instruments of the same make and
design.

The filter photometer is usually calibrated by using weighed
amounts of the purified compound and making up solutions of
known concentration. Some function of the absorption of each
solution is plotted against the concentration to give the calibra-
tion curve. In the case of labile substances, this method may
produce errors which pass unnoticed and are therefore all the
more serious. This Situation arises because the substance used for
the calibration standard has usually been exposed to conditions
during isolation, purification, and storage which may cause
changes in the absorption, whereas the analytical measurements
are customarily made on simple extracts in which absorption
changes are at a minimum. This type of error is illustrated
below.

A practical solution to this problem, where absorption coeffi-
cients have been established, involves calibration of the photo-
electric colorimeter by means of spectrophotometric measure-
ments on the simple extract. This method has proved entirely
satisfactory for chlorophyll analysis (/, If). The general proce-
dure is as follows:
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The worker prepares a simple extract in the manner decided
upon for the colorimetric analysis. From the original extract a
series of known dilutions is made which covers the optimum logio

j range of the colorimeter to be used. The absorbency of

each dilution is measured on the colorimeter, and an aliquot of the
original extract is measured on a spectrophotometer which is
known to be satisfactory for absolute measurements on the sys-
tem under study. The concentration of each of the dilutions
used for the colorimetric measurement can then be calculated
from the spectrophotometric value, and the calibration curve
constructed.

Table 11 (see 4 for details) shows the results obtained with
chlorophyll by this method and also points out the deviations
which resulted when various purified preparations were used
as calibration standards. The spectrophotometric as well as the
colorimetric measurements were made on aliquots from the same
leaf extract. These data support the viewpoint that colorimetric
results must be viewed with suspicion where the calibration stand-
ard has not been studied spectrophotometrically.

Table 111 shows how this indirect method of calibration may be
employed for the determination of total carotene.

In this study a Fisher Electrophotometer was used with 23-ml.
cylindrical cells, and the 425 filter supplied with the instrument.
The data for the direct calibration were obtained in the usual way
by using weighed amounts of crystalline carotene (90% /3
10% a, from S.M.A. Corporation) in hexane. This sample of
carotene had been stored under vacuum, in the dark, at refriger-
ator temperature until used. For the indirect calibration a plant
extract was prepared from fresh carrots according to the method

Table 1. Per Cent Deviation from Spectrophotometric Value for
Total Chlorophyll
Photoelectric Colorimeter Calibrated with
Chlorophyll

Plant Leaf in plant Chlorophyll Chlorophyll Chlorophyll

M aterial extract sample Z.-C.a  sample > sample 2C
Norway maple 3.5 22.G 35.2 75.9
Muskmelon 1.0 21.1 37.7 82.9
Alfalfa -3.9 14.7 30.0 70.4
Crimean 1.8 23.0 35.0 7G.7

linden
Tomato 0 20.1 37.3 78.1
Lima bean -3.7 13.3 32.1 69.7
W atermelon 9.8 30.8 49.0 94.4
Peanut -4.8 14.8 29.2 72.2
Bush string —1.G 12.0 39.1 67.4

bean
Pepper -1.0 12.8 36.0 67.0
Oats -3.5 1G.3 32.2 71.3
W heat -2.0 18.3 33.7 74.8
Broccoli -G .2 13.8 27.5 69.2
Spinach -4.0 1G.0 32.0 70.4
Beets -2.7 19.1 41.8 72.7
Carrot -3.3 16.7 32.5 73.2
Blue grass -0.8 18.5 34.3 74.6
Sunflower -4.8 14.3 31.2 72.5
Rhubarb 0 20.3 36.7 77.2
Black locust -7.3 13.3 27.6 67.3
Hollyhock -4.2 15.7 31.5 72.7
Peac 10.0 32.4 50.7 99.1
Clover -2.2 16.4 30.3 69.3
Burdock -4.3 14.7 32.2 73.9

a Prepared by method of Zscheile and Comar (13), absorption coefficient
at GBOOA. in diethyl ether 83 liters per gram cm.

£ Research grade commercial chlorophyll, absorptio¢ coefficient at 6600 A.
in diethyl ether 44 liters per gram cm.

0 Research grade commercial chlorophyll, absorption coefficient at 6600 A.
in diethyl ether 33 liters per gram cm.

Data for Calibration of Photoelectric Colorimeter for
Carotene Analyses
(Direct calibration usin%crystalline carotene compared with indirect method
using spectrophotometric determination on plant extract)

Direct Calibration with Indirect Calibration with
Crystalline Carotene Plant Extract

Table 1II.

Carotene

Carotene h - .
concentration Logio | concentration Logic j
Mg./l Mg./L
4.73 0.802 453 0.796
3.15 0.695 3.02 0.675
2.10 0.552 2.01 0.529
1.40 0.417 1.34 0.412
0.93 0.312 0.90 0.296
0.62 0.207 0.60 0.205
0.41 0.140 0.40 0.143
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«of Moore (10). Aliquots of this extract were measured on the
ecolorimeter and the carotene concentrations were determined by
measurements at 4520 A. on a Beckman spectrophotometer,
using the absorption coefficients as reported for pure carotenes in
hexane by Zscheile et al. (15). The slit width was 0.03 mm. and
1-cm. cells were employed.

These data, when plotted, give essentially the same calibration
curve. This indicates that when a good preparation of carotene
is used, the analytical results will be the same with either the
direct or indirect method of calibration. Any discrepancy in a
mcomparison of this type will probably be due to deterioration of
the crystalline carotene standard, so that the indirect calibra-
tion curve is considered the more reliable.

ADVANTAGES OF INDIRECT CALIBRATION

The fundamental advantage of the indirect method of calibra-
tion as outlined here is the reliability of the results obtained,
which will lead to dependable interlaboratory agreements where
this situation is now far from satisfactory' in many cases.
Another advantage lies in the simplicity of the indirect method.
After the details have been worked out, the speetrophotometric
determination on an aliquot of the extract is usually a simple
matter of making measurements on a solution at a few given wave
lengths. It can usually be arranged to have the solutions
shipped to another laboratory for the speetrophotometric meas-
urement, if necessary. This practice eliminates the need for ob-
taining the purified material either by purchase or preparation
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and for its carefully controlled storage, and eliminates the opera-
tion of weighing out the standard and the necessity for spectro-
photometric study of the standard prior to each use.
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Determination of Conjugated Diolefins with Chloromaleic
Anhydride

S T.PUTNAM, M. L. MOSS, AND R. T. HALL, Hercules Experiment Station, Hercules Powder Company, Wilmington, Del.

A new method of determining conjugated diolefins in hydro-
carbon mixtures utilizes chloromaleic anhydride as the dienophilic
reagent. This method is hased on the quantitative addition of
chloromaleic anhydride to conjugated dienes to form an adduct
containing a highly reactive tertiary chlorine atom which can be de-
termined by the Volhard method after refluxing with aqueous silver
nitrate; the vinyl chlorine of the reagent is completely unreactive
under the same conditions.

D URING the early phases of tl'ie synthetic rubber program,

an investigation of the preparation of conjugated dienoid
monomers by the cracking of terpenes was undertaken in this
laboratory. It soon developed that the determination of con-
jugated dienes in the pyrolysis products was one of the more im-
portant phases of the problem. Since no satisfactory procedure
was available for the analysis of such mixtures, a number of
physical and chemical methods were considered.

It was recognized that several physical methods including ultra-
violet absorption, infrared absorption, and mass spectrometry
give excellent results on mixtures of known constituents. How-
ever, to obtain meliable results by the absorption methods it is
generally necessary to know not only the functional groups but
also the molecular species present. Moreover, a simple chemical
method requiring no special equipment appeared desirable for the
routine determination of conjugated dienes in the crude products
from cracking experiments. Consequently, a number of re-
agents were considered which included bromine (4, ?), sulfur
dioxide (,10, 12), aromatic diazonium coumpounds (11), cuprous
chloride (9), maleic anhydride (3, 12), and chloromaleic anhy-
dride. All these reagents except the last two either proved non-
specific for conjugated dienes or did not react quantitatively.

The first procedure developed involved fractionation of the
samples and determination of the conjugated diene content of

the cuts by a refined gas volumetric procedure utilizing maleic
anhydride as the diene absorbent. However, the need for a more
rapid procedure—particularly one that would not involve pre-
liminary®' fractionation of the sample—resulted in the develop-
ment of a second method using the same reagent. In this proce-
dure the conjugated diene content was obtained by reacting the
sample with a known excess of maleic anhy'dride and determining
the unreacted reagent pOlarographically. Both procedures were
time-consuming and provided only an indirect determination of
the conjugated dienes

The belief that chloromaleic anhydride would also react
guantitatively with conjugated dienes and, in addition, would
provide a direct and more rapid determination led to the de-
velopment of the present method.

Figure 1. Sample Bulb, Pressure Bottle, and
Bottle Ca

e Cap



October, 1946

Table |. Determination of Chlorine in Isoprene-Chloromaleic
Anhydride Adduct
Conditiona of

Pretreatment Chlorine in Adduct

Temp., Time, Theoretical, Found,
Compounds Added 0C. hours % %
None 17.68 17.7
None 17.6
None 17.6
Chloromaleic anhydride, 1 gram *55 2* 17.9
Chloromalcic anhydride, 1 gram 50-55 2.5 17.8
Mixed Amylenes, 0.2 ml. 50-55 2.5 17.7
Chloromaleic anhydride, 1 gram 100 2 17.7
o ] 100 2 17.7
Inhibitor solution, 2 drops 75-80 1 17.8
75-80 1 17.8

a Sample weights varied from 0.2 to 0.5 gram.

DEVELOPMENT OF CHLOROMALEIC ANHYDRIDE METHOD

Chloromaleic anhydride reacts with conjugated diolefins in the
same manner as maleic anhydride to form a Diels-Aldcr adduct.
Thus, isoprene (I) reacts with chloromaleic anhydride (11) to give
I-chloro-4-mcthyl-4-cyclohexene-l,2-dicarboxylic anhydride (I111)
and  2-chloro-4-methyl-4-cyclohexene-I,2-dicarboxylic  anhy-
dride (1V).

CH2

/
A

chs3 chs

The difference in reactivity between the highly active tertiary
chlorine of the adduct and the unreactive vinyl chlorine of the
reagent permits a quantitative determination of the adduct in the
presence of excess reagent. Refluxing with aqueous silver nitrate
removes the chlorine completely from the adduct, leaving the
chlorine of the chloromaleic anhydride untouched.

It is believed that the utilization of the high reactivity of ter-
tiary halogens as a basis of organic analysis is a principle that has
considerable possibilities and has been exploited to only a limited
extent. This same principle has been applied recently in the
authors’ laboratories to the determination of <x,p-dimethyl-
styrenc in styrene mixtures (5).

The practicality of the new .method was demonstrated by
substituting chloromaleic anhydride for maleic anhydride in the
gasometric absorption procedure, and also by synthesizing pure
isoprene-chloromaleic anhydride adduct (melting point35-36°C.)
and showing that the chlorine of the adduct could be determined
by the Volhard method after refluxing with aqueous silver nitrate.
As the results in Table | show, the agreement with theoretical is
equally good when the determination is made in the presence of
compounds added to simulate conditions of an actual analysis.

Samples containing conjugated dienes were then heated with
excess chloromaleic anhydride in specially designed pressure
bottles (6) (Figure 1), and the amount of adduct formed was de-
termined as outlined above. It was soon apparent, as is shown
by the data in Table Il, that it was necessary to purify the com-
mercial-grade chloromaleic anhydride to obtain quantitative
adduct formation. Chloromaleic acid proved to be one of the
most troublesome impurities, as it is readil>’formed by hydrolysis
of the anhydride. The low and erratic results obtained in the
presence of appreciable amounts of this acid, shown in Table 111,
may be due to the acid catalyzing the dimerization and poly-
merization of conjugated dienes, thus rendering them unavail-
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able for adduct formation. The formation of chloromaleic acid
can, however, be prevented by proper care in handling the an-
hydride.

Even with extensive purification it was difficult to obtain
chloromaleic anhydride that gave theoretical adduct formation.
Consequently, it was found desirable to use chloromaleic anhy-
dride that gave results between 95 and 100% of theory and apply
an empirical correction factor determined by analyzing a sample
of known conjugated diene content. However, it is believed that
if absolutely pure chloromaleic anhydride were available, it
would be possible to eliminate the correction factor, since in one
instance it has been reduced to 1.005.

Low and variable results were also obtained in the presence of
peroxides which catalyze the copolymerization of conjugated
dienes with chloromaleic anhydride. Apparently the copolymer
contains more than a 1 to 1 ratio of conjugated diene to chloro-
maleic anhydride, and furthermore, it is so insoluble in aqueous
silver nitrate that the analysis is unsatisfactory. In view of this
adverse effect of natural peroxides, a small amount of inhibitor,
such as p-ieri-butylcatechol, was added as a precaution in all sub-
sequent analyses.

A study of the optimum time and temperature for adduct

formation showed that heating at

o 55° C. for 2 hours was sufficient for

samples containing over 25% iso-

prene or for cyclopentadiene. Sam-

ples containing smaller amounts of

isoprene should be heated at higher

temperatures and/or for longer

periods of time—for example, sam-

ples containing 5 to 10% should be

heated for 4 hours at 75° C. Buta-

diene reacts more slowly than iso-

v prene and it is necessary to heat the

samples at 55° C. for 12 hours to ob-

tain satisfactory results. Isoprene-

butadiene mixtures containing 5 to 10% butadiene require 6 to 8

hours at 55° C. and mixtures containing 20 to 25% butadiene re-

quire 8 to 12 hours at 55° C. The method should be applicable

to samples containing less than 5% diene, but the optimum re-

action conditions have not been established experimentally. The

accuracy in this range might be improved by increasing the
sample weight.

CHLOROMALEIC ANHYDRIDE REAGENT

Commercial chloromaleic anhydride is purified by filtering the
crystals from the oily mother liquor and washing them with dry
hexane. (Commercial chloromalcic anhydride may be pur-

Table Il. Effect of Pyrity of Chloromalejc Anhydride on

Determination of Conjugated Dienes

Chloromaleic Anhydride Conjugated Diene,

o Melting Analysis Results,
Sample purification point, ° C. % “of Theory
Commercial 27 (ca.) 62.2 *
One recrystallization 31.5- 91.6
32.5
Two recry8tallizationa 32-34 93.1 =1
Three recryetallizations 32.5-34 95.4 1
Two recrystallizations, 99.0 ==1
one distillation
Theoretical 33 (1) 100.0
34.5 (5)
Table Ill. Effect of Chloromaleic Acid on Determination of

Conjugated Dienes with Chloromaleic Anhydride

Chloromaleic Acid Added, Weight % of Isoprene
Weight % of Total Reagents Found (Av.)

0 9
1 9
2 9
3 91.
10 8
50 8
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Table IV. Analysis of Standard Conju%a_ted Diene Samples with

Chloromaleic Anhydride
Conjugated
Dienes, Weight %
Composition of Sample Present Founda Deviation

Isoprene 100.0 99.7 —0.3
100.0 99.7 -0.3
100.0 99.7 -0.3
100.0 100.0 =*=0.0
100.0 100.1 =*=01
Isoprcne-amylene mixture 75.5 75.2 -0.3
75.5 75.1 -0.4
60.8 60.6 -0.2
60.8 61.2 4-0.4
60.8 59.6 -1.2
60.8 61.8 -fl.O
60.8 59.7 -1.1
25.7 25.2 —0.5
25.7 26.2 4-0.5
25.7 25.4 -0.3
Isoprcnc-pentane mixture 9.9 9.5 -0.4
9.9 9.9 =*=0.0
9.9 10.2 4-0.3
9.9 9.7 -0.2
5.0 4.0 -0.4
5.0 4.8 -0.2
Cyclopentadiene 98.9 97.5 -1.4
98.9 98.5 -0.4
Butadiene*» 98.4 97.8 -0.6
93.4 97.9 -0.5

° Results corrected by a factor of 1.03. .
&Butadiene samples'neated for 12 hours at 55° C. instead of 2 hours.

Table V. Precision of Tygical Determinations on Wide Boiling
Range Isoprene Samples by Chloromaleic Anhydride Method

Weight % of Conjugated Dienes
Founa, Calculated as C»Hi

89.6, 89.7

Sample Designation
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chased from the National Aniline Division, Allied Chemical and
Dye Corporation, 40 Rector St.,, New York, N. Y. By special
request one sample of chloromaleic anhydride was obtained
which was of satisfactory analytical grade as received. Should
such a reagent become generally available, the purification pro-
cedure would be unnecessary.) The crystalline chloromaleic
anhydride is dissolved in the minimum amount of dry benzene
and then hexane is added to incipient turbidity at room tem-
perature. The mixture is seeded and cooled in an ice bath or a
refrigerated room (+3°C.). The recrystallized product is
filtered as before and then distilled in vacuo (water pump with
drying tube in the line) under dry carbon dioxide or nitrogen. The
fraction boiling at 110° C. at 44 mm. of mercury is collected and
sealed in small glass ampoules under nitrogen or carbon dioxide
until ready for use. The purified product meltsat 32 °to 34° C. and
is completely soluble in dry benzene (insoluble material is usually
chloromaleic acid). The correction factor for the reagent is de-
termined by analyzing a sample of isoprene of known purity. If
it is greater than 1.05, further purification is recommended.

ANALYTICAL PROCEDURE

For the analysis of volatile samples weigh a small glass bulb
(Figure 1) similar to those used in acid analysis to the nearest 0.1
mg. Warm the weighed bulb slightly with a small flame and in-
vert the stem into the sample, using a lead washer for support.
Cool the bulb with a snugly fitting piece of dry ice until the de-
sired amount of sample (0.1 t0.0.2 gram) is drawn into it and then
quickly seal the stem in a hot flame. To prevent carbonization
and fractionation during sealing, keep the bulb well cooled by
holding a small piece of dry ice just below the tip of the stem.
Reweigh the bulb after it reaches room temperature and place it
in a pressure bottle (Figure 1) with 1.0 #=0.1 gram of chloro-
maleic anhydride. [These small pressure bottles, for use with
commercial bottle caps, are available from the Ace Glass Co.,
Vineland, New Jersey. Bottle caps with cellophane liners
(“spots”) are recommended.] Add one drop (approximately
0.02 ml.) ofa 10% solution of p-ierf-butylcatechol in nitrobenzene,
cap the pressure bottle using a household bottle capper, and break
the sample bulb by striking the bottle sharply against a moder-
ately hard object like the heel of one's shoe.

Heat for 2 hours at 55° C., cool, open the bottle, and transfer
the reaction products to a 250-ml. Erlenmeyer flask through a
funnel with 10 ml. of acetone and distilled water (50 to 75 ml.).
(These conditions are for samples containing over 25% isoprene.
See the preceding discussion regarding the conditions to use for
other samples.) Use 2 ml. of the acetone to rinse the bottle cap.
Add 20 ml. of 0.2 Ar aqueous silver nitrate solution and reflux
the mixture for 1 hour. After cooling, filter, wash the precipitate
thoroughly with distilled water, add 5 ml. of 1to 1nitric acid and
1 ml. offerric alum indicator to the filtrate, and titrate the excess
silver nitrate with 0.1 N potassium thiocyanate solution.

Nonvolatile samples may be w'eighed directly into the pressure
bottle from a small weight buret. From this point the procedure
is the same.

Calculate the results as follows (for unknown samples an
approximate molecular weight may be assumed or the results may
be expressed as diene numbers):

% conjugated diene = [(ml. of AgNOi X Ar AgNO,) — (ml. of
KSCN X iVKSCN)T X mol, wt. of diene X correction factorJ
! )] L wt. of sample X 10

DISCUSSION OF RESULTS

The conjugated diene content of a number of standard samples
of isoprene, isoprcne-amylene mixtures, isoprene-pentanc mix-
tures, cyclopentadiene, and butadiene was determined by the
chloromaleic anhydride method. The results given in Table IV
indicate that the average error of the determination expressed as
per cent conjugated diene is about 0.5 unit. Duplicate de-
terminations on a number of crude isoprene samples are given in
Table V and show the precision of the method to be of the same
order of magnitude as the accuracy.

Styrene interferes in the determination because of the forma-
tion of a copolymer with chloromaleic anhydride, even in the
absence of peroxide catalysts. The copolymer naturally con-
tains tertiary chlorine which is determined along with the chlorine
of the conjugated diene-chloromaleic adduct.

Although the method, has been used most extensively for the
determination of isoprene, it has been applied successfully to the
determination of butadiene, cyclopentadiene, and other con-
jugated dienes. Preliminary experiments indicate that trans-
piperylene and 2-methyl-1,3-pentadiene can be determined with
chloromaleic anhydride, although 4-methyl-1,3-pentadiene can-
not. The behavior of the latter compound Is not surprising,
since it has been found (£) that it will not form a Diels-Alder
adduct with maleic anhydride. It is probable that the method
could be applied to other conjugated dienes by varying the condi-
tions of adduct formation to obtain a quantitative reaction.
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Indicator Properties of Derivatives of
4 -Nitrophenylazo-1-naphthol

K. H. FERBER
National Aniline Division, Allied Chemical & Dye Corporation, Buffalo, N. Y.

ONGO red indicator test paper, in common

use in the dyestuff industry, possesses the
practical advantage of changing from the
normally red neutral form through a series of
grays and blue-blacks to the blue acid form.
With experience, changes in pH of 0.2 may be
detected. During some experiments on the
properties of 1-naphthol derivatives, the author
observed that the monoazo dye, resulting from
coupling p-nitrophenyl diazonium chloride to
I-naphthol-4,8-disulfonic acid, had indicator properties similar
to Congo red but was acid- instead of alkali-sensitive. Analogous
compounds prepared from derivatives of 1-naphthol and p-

nitroaniline had similar properties, changing from the normal’

red neutral form to the blue alkaline form over various pH ranges
and hence were useful in testing common alkaline mixtures—
e.g., sodium bicarbonate and carbonate.

Hewitt (3) has described the indicator 4-(4'-nitro-3>-sulfo-
phenylazo)-I-naphthol which changes from yellow (acid) to
purple (alkali). Wenker (6) examined various 2,4-dinitrophenyl-
azo-l-naphthol sulfonic acids but concluded that the dyes re-
sulting from ortho coupling were lacking in sensitivity to pH
changes. This paper describes the indicator properties of three
typical dyes made by coupling 4-nitrophenyl diazonium chloride
(or the 2-methoxy derivative) to I-naphthol-3,8- or 4,8-disulfonic
acids which permit of only ortho coupling.

EXPERIMENTAL

I. Disodium Salt op 2-(4'-Nitrofhenylazo)-l1-xaphthol-
4,8-disulfonic Acid. Alpha blue. A mixture of 138 grams (1
mole) of p-nitraniline and 72 grams of technical (95%) sodium
nitrite in 1 liter of water was slowly added to an agitated mixture

WAVELENGTH
Figure 1

Three new Indicators of
the  2-(4/-nitrophenyl-
azo)-1-naphthol  class
are described and indi-
cator properties given.

of 1000 grams of ice, 250 ml. of commercial
20° Bsé. hydrochloric acid, and 2 grams of
sodium nitrite. After 2 hours the resultant
diazonium chloride solution was filtered to
remove sludge and slowly added to a solu-
tion of 1 mole of I-naphthol-4,8-disulfonic
acid (4), 370 grams of sodium carbonate, and
1000 grams of ice in 1.5 liters of water. The
combination was allowed to agitate overnight
and was then filtered, reslurried in 3 liters
of 10% sodium chloride solution, filtered,
and dried at 60° C. in an atmospheric
oven.

Pure coal-tar dye (as disodium salt) by titration with titanous
chloride, 67.1%.

Il. Disodium Salt of 2-(4'-Nitrophenylazo)-l-naphthol-
3,8-disulfonic Acid. Epsilon blue. One mole of p-nitrani-
line was diazotized as above and then slowly added to a
solution of 1 mole of I-naphthol-3,8-disulfonie acid (£), 336
grams of sodium carbonate, and 1000 grams of ice in 2 liters of
water. The resultant dye was isolated and dried as above.

Pure coal-tar dye (as disodium salt) by titration with titanous
chloride, 93.7%.

Ill. Disodium Saltof 2-(2'--Methoxy-4'-xitropiien-ylazo)-
l-naphthod-4,8-disulfonic Acid. Nitroanisole blue. A solu-
tion of 74 grams of 95% sodium nitrite in 150 ml. of water was
added slowly to a mixture of 168 grams (1 mole) of 5-nitro-2-
aminoanisole (E. I. du Pont de Nemours & Co.), 250 ml. of 20°
Bé. hydrochloric acid, and 1000 grams of ice. After 2 hours’
agitation, the diazonium chloride solution was filtered and

Table 1 Wave Lengths and Indicator Exponents
| 11 11

Wave length 610 640 630
pK 9.6 12.0 10.0
WAVELENGTH IN MILLIMICRONS

Figure 2
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coupled to I-naphthol-4,8-di- ) .
sulfonic acid in the same man- Table Il. Properties of Solutions and Test Papers

ner as for I.
Pure coal-tar dye (as di-

sodium salt) by titration with | dReage”‘ ; k'
i i [¢) Distilled water in

titanous chloride, 74.1%. Aloshol btk

1N HC1 Pink

INDICATOR PROPERTIES 0.1 N HC1 Pink

5% acetic acid Pink

5% sodium bicarbonate Pink

Light Absorption. Spectral 506 NasHPO<.12HTO Pink

transmission curves (Figures 1, 506 sodium carbonate Light
2, and 3) of buffer solutions purplo
Containing 10 p.p.m. of dry 5% Na,PO<.1211,0 Light
d btained by means of burple
ye were o y 0.1 N NaOH Light
the General Electric recording purple
spectrophotometer, using a Buffer, pH Pink
path length of 50 mm., band g pUTplish
width of 10 my, temperature pmk
of 30° C., and distilled water 10 Light |
as reference solvent. Buffer 1 Light™®
solutions for pH from 1 to 8 “purplo
were essentially as described 12 '—'ghﬁ o
by Clark and Lubs (1); for 13 Light”
pH 9, 10, 11, and 12, mix- purplo

tures of sodium carbonate and
bicarbonate were prepared;
and for pH 13 and 14 solu-
tions of sodium and potassium
hydroxides were employed. All buffer solutions were checked
by a Beckman pH meter just prior to determining the trans-
mission curves. The presence of boric acid in Clark and
Lubs buffers pH 9 and 10 was found to interfere with the dis-

solved dye.
Isosbestic points (5) in the visible region were at 531 mu for
1, 532 my for 11, and 551 my for I1I.

INDICATOR EXPONENTS

Indicator exponents (pK) were determined graphically by
observing the inflection points of the curves obtained by plotting
optical density as. pH. The density, D, was determined from
the spectral transmission curves (Figures 1, 2, and 3) at the wave
lengths of maximum difference of log density per unit change in

pH—fe., when 2109 D -

Selected wave lengths and resultant indicator exponents are
given in Table I.

PROPERTIES OF SOLUTIONS

Dilute aqueous solutions (10 p.p.m.) showed only small
changes in transmittance after storage for one month in clear
glass bottles exposed to artificial and diffused daylight but pro-
tected from direct sunlight.

Neutral aqueous solutions containing 0.10 gram of dry dye per
100 ml. were tested by adding 3 drops of indicator solution to
100 ml. of the reagents described in Table Il and noting the
resulting color.

PROPERTIES OF TEST PAPERS

Strips of Whatman No. 1 filter paper were immersed in a solu-
tion of 4.0 grams of dry dye in 1 liter of distilled water and
allowed to drain and dry. These indicator papers were then
tested by spotting with the various reagents with results as
shown in Table Il. The closest matching chip from the abridged
Munsell Book of Color (Munsell Color Co., Inc., Baltimore, Ma.)
is given as the color.

DISCUSSION

Although all three indicators contain considerable amounts of
inorganic salts and hence should be further purified for use in
unbuffered media, the sharpness of the isosbestic points indicates
that the' organic purities are adequate for most purposes.

Alpha blue (1) appears to be particularly useful for distinguish-
ing between bicarbonate and carbonate alkalinity, especially
when used in the form of test paper.

Color of Solutions Color of Test Paper
1 11 | 1 11

Pink Pink 5R 6/10 3R 5/12 5R 5/12
Pink Pink 5R 6/10 5R 5/12 5R 5/12
Pink Pink 5R 6/10 5R 5/12 5R 5/12
Pink Pink 5R 6/10 5R 5/12 5R 5/12
Pink Pink- 5R 6/10 5R 5/12 5R 5/12
Pink Pink 5R 6/10 5R 5/12 10RP 5/10
Pink Pink 10RP 4/10 5R 5/12 5R 5/12
Purplish pink Light purple 10PB 3/8 10R 4/8 10PB 3/8
Pale blluish Light purple 10PB3/10 5R 3/4 10PB 3/10
urplo
Pale bluish Light purple 10PB 3/8 10PB 3/8 10PB 3/8
purple
Pink Pink 5R 6/10 5R 5/12 5R 5/12
Pink Pink 2.5RP 3/4 5R 5/12 10RP 4/10
Pink Purplish pink 5P 3/4 5R 5/12 2.5RP 4/6
Pink Light purplo 10PB 3/8 5R 5/12 10PB 3/8
Purplish pink Light purplo 10PB 3/8 10R 4/8 10PB 3/8
Light purplo  Light purple 10PB 4/10 10PB 3/8 10PB 4/8
Figure 3

Epsilon blue (11) is noteworthy for its unusually high pK
value, which recommends it for use in controlling alkalinity of
di- and trisodium phosphate mixtures.

The solution colors described in Table 11 were made purposely
weak in order to observe color changes under somewhat limiting
conditions. Stronger solutions (0.2 to 0.3 gram per 100 ml.)
are preferred in practice.
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Theory and Operation of a Cartesian Diver Type of
Manostat

ROGER GILMONT, Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

T HE idea of using a float, consisting of an inverted tube with

entrapped air, for vastly increasing the sensitivity of pressure
measurements dates as far back as 1704, when Caswell published
the details of a baroscope embodying this principle (/), which is
generally known today as the Cartesian diver. More, recently,
the idea was modified to yield the low-pressure Dubrovin gage
(2), the theory of which is described in a recent paper (3). An
adaptation of the Cartesian diver to control the pressure in a
closed system has been available for purchase for the past few
years from the Emil Greiner Co., New York, N. Y., where the
manostat was developed. This device has proved useful in ade-
quately maintaining constant pressures in vapor-liquid equilib-
rium measurements and vacuum distillations ranging from a mod-
erate vacuum of a few millimeters of mercury to atmospheric
pressure.

OPERATION

Mercury is introduced into the container of Figure 1 until the
disk of the float just makes contact with the orifice, when the
pressure is equalized inside and outside the float. The device is
connected to the vacuum pump, and to the system by way of a
largo reservoir and a suitable manometer. With the stopcock
open, the pressure in the system is reduced by way of a by-pass be-
tween the pump and system until the desired value as read on
the manometer is reached, then both the stopcock and by-pass
are closed; the device will automatically maintain the desired

To Vacuum

/~~t ~"REA BETWEEN FLOAr.
AND CONTAINER

= Area of Float

XFm y/FJ?F4--A? « Area
a/jd

Between Float

inner Tube

Cross - Sect/on A - A, -hAz +A3

Figure 1
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pressure within limits determined by the dimensions of the con-
stituent parts of the device. If the system is vacuum-tight, the
Eressure will maintain itself; however, a slight leak, which may
e introduced intentionally, will cause the pressure to rise slightly.
This will produce a displacement of the mercury level downward
outside the float and a corresponding displacement upward inside
the float; the buoyant force on the float is consequently dimin-
ished and when the reduction in buoyancy becomes sufficient to
overcome the suction force at the orifice due to the pressure dif-
ferential, the disk will break away from the orifice and permit the
pump to evacuate sufficient gas from the system to restore the orig-
inal pressure. When the original pressure is restored, the disk
will return to its former position and seal off the orifice. The
cycle is repeated indefinitely, if the size of the leak in the system
docs not exceed the capacity of gas flow that is possible through
the orifice, and the pump is of sufficient rating to carry the load.

THEORY

In designing a Cartesian diver manostat, it is desirable to know
the relationship between its sensitivity and physical dimensions,
so that the particular requirements for its use may be met. Such
a relationship is readily derived using the symbols of Figure 1.

By means of the stopcock, s, and the by-pass, the system is
brought to the desirable pressure, Po, as described above. The
initial pressure inside the float, pQ will be equal to that initially in
the system, Po, and the level of mercury inside and outside the
float will be the same—i.e., hi and h2are initially 0. As the pres-
sure increases in the system, owing to slight leaks, the liquid level
is depressed outside the float and is correspondingly elevated in-
side the float, so that the buoyant force on the float is decreased.
When the pressure in the system reaches a sufficiently high value,
P, so that the buoyant force is diminished enough to counteract
the force at the opening, a, due to the pressure differential, the
float breaks away from the opening and the vacuum can restore
the initial pressure. As soon as the initial pressure, Po, is re-
stored, the float cuts off the vacuum and the cycle is repeated in-
definitely. The maximum variation in pressure, P — Po, is a
reciprocal measure of the sensitivity of the instrument and can
be expressed quantitatively by setting up the following equa-
tions:

Pressure Equalities. P p + hi+ htand PO — pO(pres-
sure expressed as a height of mercury)

Combining, P —Po=p—po+ hi+ A
and lotting AP —P —POand Ap = p —p0
Therefore, AP = Ap + hi + h2 1)
E quality of Volumes of Displaced Mercury.
hiAi = fi2A2 (2)

Isothermal Compression of ldeal Gas in Float.
pL — poLo
or pL —poL = poLo —poL = po(La—L) = p<th
and LAp —(Lo—h2 Ap = PUWR (remembering that Po = pg
(©)

Equilibrium of Buoyant Forces. ASSUmMing pressure in
vacuum line is zero and neglecting buoyant forces due to gas,

IF £ A0 + hi)d — (A2 + A2wd -I- aPd, and IF

Therefore, LoAp —h2(Ap + P,)

Combining, A3mod + A-zmui + AJA-d = A2nd + A3nd + aPd
Simplifying, Ai(A2+ A3 + RA2=aP
Substituting Equation 2, and making use of AP = P - Po
hA = a( AP + Po) (4)
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Equations 1to 4 may be solved simultaneously for AP in terms
of Po, Lo, a, A, Ai, and A2by eliminating hu h2 and Ap:

Combining 2 and 4 to eliminate hi and letting

, a Ai
kI « 4 4.
gives h2 = ki( AP + Po) (6)
Combining 3 and 5 to eliminate h2and simplifying,
Ap(Lo- h AP - kiPo) = kiPo( AP + Po) (8)

Combining 1, 2, and 4 so as to eliminate Ai and h2and letting

21& +0

gives . AP(1 —ki) —k2Po = Ap

0]

Combining 6 and 7 to eliminate Ap and simplifying,

- (1 _ 2ft) iP + + P, o

Now kj and ki sliould be made very small to give high sensitiv-
ity, so that the square term may be neglected and (1 — A2 may
be taken as unity; therefore as a close approximation,

(same units as L)
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As a further approximation, if ki is sufficiently small,
5 rot mEo (8)

Equation S expresses the sensitivity as a fractional deviation
which is a linear function of the pressure when the above approxi-
mations are valid. From the definitions of Agand k2 it is obvious

a
that high sensitivity is obtained by making ratio —as small as

possible—i.e., by using asmall opening and a large container. The

sensitivity is also improved by making ratio ) smaller or Lo

larger. It issignificant to note that the sensitivity is independent
of the cross-sectional area of the float, A3. Since the fractional
deviation in the pressure to be maintained increases with the
pressure, it is desirable to use a smaller opening, a, for larger
pressures. Fortunately, this is in the desirable direction, because
at higher pressures leakage is smaller and a higher pressure differ-
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ential exists across the opening, so that more rapid evacuation is
possible. To maintain very lo«' pressures, a larger opening is
required to take care of leaks and to give more rapid evacuation;
since the last term in Equation 8 becomes negligible, the fractional
deviation may then be conveniently approximated by:

©

To enable one rapidly to compute the sensitivity as given by
Equation 8, the chart in Figure 2 was constructed. In this
chart the symbols have the same meaning as before with the fol-
knving addition:

E —%errorinP =
(AY = f
\'d) a

The per cent error in P is divided into t«'o terms—namely, one
which is independent of pressure, E,, aiid one proportional to the
pressure, E,,, The values of d/D, A//A2 and L are determined by
the dimensions of the device—e.g., 0.047, 0.23, and 43 mm., re-
spectively—and P is arbitrarily chosen—e.g., 175 mm. of mer-
cury. On the chart, the initial point of this representative
example is marked by 0 on the A JA 2axis; this is continued verti-
cally downward to meet the value of d/D projected across hori-
zontally. The point of intersection determines one of the 45°
lines, which is intersected by the value of L projected upu-ard
vertically. From this second point of intersection a horizontal
line is projected to meet the vertical line projected down from the
P axis corresponding to the desired pressure. The intersection of
these lines determines a 45° line which is projected to the E axis
and determines the value of Ep in per cent. The above path is
shown by the dotted line. To determine E, the path indicated
by the short and long dashed line is obtained as follows: From the
point marked 0 on the A\/A2axis, the path proceeds horizontally
to.the value of (Ai/A/) + 1by adding unity to the value of Ai/A2

Figure 3
Rate of Flow of
Gas _through Manostat
Orjflce at 7S°F

V- 0368 4"£-

I/I= Flow in Li/min

at S.T.P.

d "Orifice D/am.inmm./.

P*Pressure /n

MM. OF HE.  /_

M* Mol.iVor.
of Gas /

£0 30 +0so

P mm. Hg.
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and then vertically to the value of d/D, then at 45° to the axis
corresponding to L — 1, and finally horizontally to give the value
of Eo. The total per centerror in the pressure is the sum of Eoand
E..:

E = Eo+ Ep= 028 + 0.22 = 0.50%

Hence the pressure of 175 mm. of mercury will then fluctuati-
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by 0.9 mm. of mercury. Higher sensitivity is possible by de-
creasing the ratio d/D, say, by decreasing the size of the orifice.
However, the size of the orifice limits the capacity of gas removal
from the system, so that increased sensitivity by decreasing the
size of the orifice is obtained at the expense of decreased capacity.

In Figure 3, the rate of gas flow is plotted from a'suitable orifice
flow equation (Fliegncr’s equation) modified to include the
molecular weight of the gas, although otherwise based on air flow.

A representative example is shown by the dotted lines on the
chart for:

P = 120 mm. of mercury, d = 1.25 mm.
for air flow (M = 29)

Starting at the value of P, the path proceeds vertically to the
45° line corresponding to the molecular weight of the gas ( air is
shown by the heavy line), then horizontally to the d —o0.1-mm.
axis. From hero the path follows an oblique line until it intersects
the vertical line corresponding to the value of d, and finally hori-
zontally to give the rate of gas flow of 1.3 liters per minute at
standard temperature and pressure (S.T.P. = 0° C. and 760 mm.
of mercury pressure).

Thus, by means of these charts, the dimensions of the device
may be chosen to give desired characteristics within very wide
ranges. These charts do not extend below a pressure of 1 mm. of
mercury, because for lower pressures new factors controlling
both the sensitivity and rate of gas flow are introduced. Thus, the
rate of gas flow equation has to be modified by lower discharge
orifice coefficients due to change-over from turtmlent to viscous
flow. Moreover, the sensitivity of the device becomes dependent
upon the relative motion of the float, which is adequate at pres-

sures above about 1 mm. of mercury; below this pressure, modi-
fications in design are needed to magnify the displacement of the
float.

CONCLUSIONS

The simplicity of this type of manostat and the ease with which
it may be designed to meet a wide range of requirements make it
ideal for practically all laboratory needs in place of complicated
electrical hookups. Built of heavy glass or metal, the unit
may be easily adapted for superatmospheric pressures. Further-
more, by suitable design, the device may be used for large indus-
trial applications whenever constant-pressure conditions must
be maintained automatically. Certain modifications of the de-
vice may also be made, so that it is more suitable for very low
pressure, and in which it is also a direct-reading semivacuum
gage. These modifications are still in the process of development
and will be discussed in a subsequent paper.
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Determination of Some Aromatic Amines and Substituted
Ureas In Smokeless Powder
Improved Volumetric Bromination Procedure

THOMAS D. WAUGH, GARMAN HARBOTTLE, AND RICHARD M. NOYES, California Institute of Technology, Pasadena, Calif.

The volumetric bromination procedure which is in general use for the
estimation of stabilizers in smokeless powder has been modified by
the use of glacial acetic acid as a solvent for the sample to be bro-
minated. The modified procedure is more convenient than the stand-
ard procedure in which carbon tetrachloride is used in a two-phase
system, and less dependent on conditions of bromination than the
standard procedure in which alcohol is used as the solvent.

F OR the quantitative determination of stabilizers in smokeless

powders a volumetric bromination procedure has been widely
used in preference to gravimetric procedures, which are generally
more time-consuming. The volumetric bromination procedure
involves treatment of a solution of & powder extract with a known
amount of standard bromate-bromidc solution, acidification to
liberate bromine, addition of iodide in excess at the end of the
bromination period, and titration of the free iodine with standard
thiosulfate solution with the use of starch as indicator. This
procedure has been used in the determination of diphenylamine,
ethyl centralite (ArAr'-diethyl-Ar,iV'-diphenylurea), and acardite
(AvV-diphenylurea). Under the conditions of the procedure
1 molecule of diphenylamine reacts with 4 molecules of bromine,
and 1 molecule of ethyl centralite or acardite reacts with 2.

In the procedure as developed for centralite by Levenson (2),
the bromination and titration are carried out in a one-phase solu-
tion in the presence of ethyl alcohol to keep the stabilizer in solu-

tion, under carefully controlled conditions of temperature and
time in order to obtain quantitative bromination of the stabilizer
without accompanying side reactions between the bromine and
the alcohol. In order to eliminate the necessity for such precise
control a procedure employing carbon tetrachloride as a solvent
for the stabilizer was developed by Ellington and Beard (l).
Carbon tetrachloride is' nonreactive to bromine, so that condi-
tions of bromination are much less critical than in the alcohol pro-
cedure. The manipulations are somewhat cumbersome, however,
because the two-phase system must be shaken frequently during
bromination and titration. Both the alcohol procedure and the
carbon tetrachloride procedure are in common use for the estima-
tion of diphenylamine and centralite in smokeless powders.

The authors have found that the advantages of both procedures
may be obtained in a procedure in which glacial acetic acid is
used as the solvent for the substances to be brominated. Acetic
acid is nonreactive to bromine; moreover, its use permits the
bromination and titration to be carried out in a single phase.
Accordingly, they have developed a procedure involving the use
of acetic acid and have tested this procedure by determinations of
ethyl centralite, diphenylamine, and acardite.

Most procedures for the estimation of stabilizers in smokeless
powder involve extracting the powder sample directly with ether
or else decomposing the sample with alkali, distilling the stabil-
izer with steam, and extracting the distillate with ether; the re-
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At the end of this time

Titration.

Table I.  Analysis of Pure Samples of Stabilizers 10 ml. of 15% potassium iodide solution
Temperature are added, the flask is swirled, and the
Time of of gutter and walls are washed down with
o Bromination, ~ Bromination. Per Cent of Sample Detected distilled water from a wash bottle. The
Stabilizer Method Minutes 0C. Individual determinations Average solution is titrated immediately with 0.05
Ethyl centralite HOAc 5 Room 101.5, 101.0, 102.0, 102.8 101.8 N sodium thiosulfate solution. Five
4%590. 100.2, 99'999_989‘8’ 100.0 188:8 milliliters of 0.5% starch solution are
30 sec. 99.5 99.5 added when the solution has assumed a
Alcohol 45 sec. 15-20 99.3,99.6.69.7,99.2 59 light yellow color, and the titration is
* ecu Room 99.8, 99.8, 98.3, 100.7, 99.8 continued to the disappearance of the
Diphenylami HOA 1 R 99-9199-%1919009%39-3,99-6 99.4 blue color. A blank determination is
phenyiamine e’ 5 Room 99.6, 99.8' 992, 99.9 996 made, under, the same conditions of
Acardite HOAc 10 Room ' 99.0 ’ 99.0 bromination and titration, on a 60-ml.
H o091, 98.3 o8.1 portion of glacial acetic acid. The per-
ecu 3 hours Room 813 813 centage of stabilizer in the powder sam-
5 30.9 30.9 ple is calculated by means of the equa-
tion
Table 1l.  Comparative Analyses of a Nitroglycerin Propellant for
Ethyl Centralite . (1 - A/B) NVC
Carbon Percentage of stabilizer = W
Tetrachloride Acetic Acid
% % ) ) . L .
Centralite 0.986 0.971 in which A = volume of thiosulfate consumed in titration of
0.997 0.973 sample
88;? B = volume in milliliters of thiosulfate solution con-
: sumed in titration of blank
Av 0.992 0.976 N = normality of standard bromate-bromide solution
V = volume of pipct in milliliters
W = weight of powder sample in grams
C = one tenth of equivalent weight of stabilizer;

suiting ether solution is evaporated, and the residue from the evap-
oration is analyzed for stabilizer. The authors have found that
the use of these procedures on samples that were subsequently
analyzed for ethyl centralite or diphenylamine by the carbon tet-
rachloride bromination procedure frequently led to results which
were low by as much as 10% of the stabilizer present. Subsequent
studies indicated that the discrepancies were due to the presence
«of difficultly volatile peroxides in the ether. The replacement of
ether by methylene chloride as an extracting solvent eliminated
the discrepancy entirely and led to satisfactory results. Accord-
ingly its use is recommended in the procedure given below.

PROCEDURE

This procedure may be used when diphenylamine, centralite, or
acardite are present in a smokeless powder in the absence of other
substances that react with brQmine. Nitroglycerin and diethyl
phthalate do not interfere. When more than one stabilizer is pres-
eent in a given powder, a more involved procedure than the one
.given below must be used.

Reagents. Standard 0.1000 N bromate-bromide solution is
prepared by dissolving 2.784 grams of recrystallized potassium
bromate (dried to constant weight at 110° C.) and 15 grams of
potassium bromide in distilled water and diluting to 1 liter in a
volumetric flask. Standard 0.05 N sodium thiosulfate solution,
0.5% starch indicator solution, and a 15% solution of potassium
iodide are prepared according to standard iodometric practice
3).
The methylene chloride used for extraction is distilled from
technical grade material; adequate head and tail fractions are dis-
carded. Reagent grade glacial acetic acid is used in the bromina-
tion procedure.

Extraction and Bromination. A sample of powder con-
taining not more than 0.075 gram of ethyl centralite, 0.02 gram of
diphenylamine, or 0.06 gram of acardite is finely divided and in-
troduced into a Soxhlet extraction apparatus, which is attached to
m 250-ml. glass-stoppered iodination flask containing 100 ml. of
methylene chloride. The sample is extracted for 2 hours or more,
depending on its state of subdivision. The flask'is then detached
and the methylene chloride is completely evaporated by means of
a stream of dry air, with suitable precautions to minimize the
hazard due to possible detonation of the nitroglycerin in the ex-
tract. The residue is dissolved by the addition of 60 ml. of glacial
acetic acid, and 25.00 ml. 0f0.1000 N bromate-bromide solution are
added with a pipet. Five milliliters of concentrated hydrochloric
acid are added, the flask is stoppered, and the contents are mixed
by swirling. The bromination is allowed to proceed for 1 —0.25
minutes from the time the solution was acidified if centralite or
diphenylamine are being determined, or at least 5 minutes in the
case of acardite.

6.709 for centralite, 2.115 for diphenylamine,
and 5.306 for acardite

The nitroglycerin remaining in the solution at the end of the
titration should be destroyed by boiling with an excess of ferrous
chloride or by some other appropriate procedure.

RESULTS

The accuracy and precision of the new method and the effect of
time of bromination were determined by analysis of purified sam-
ples of ethyl centralite, acardite, and diphenylamine, as well as
powder samples containing ethyl centralite; comparison analyses
were also made by one or both of the standard procedures men-
tioned above. The results of these experiments are presented in
Tables | and II. Additional experiments, the results of whichr are
not given in the tables, demonstrated that acetic acid is virtually
inert toward bromination under conditions of the procedure and
that the presence of either nitroglycerin or diethyl phthalate does
not introduce serious error into the estimation of centralite.

The data in Tables | and |1 demonstrate that this volumetric
procedure involving bromination in acetic acid solution is satis-
factorily accurate and precise, and that the results are not criti-
cally dependent on the time allowed for bromination. As it is
more convenient to carry out than the carbon tetrachloride and
alcohol procedures, it is recommended for the estimation of stabil-
izers in smokeless powders.
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Analysis of Organoselenium Compounds

james d.McCullough, tod w.Campbell, and n.j. krilanovich
Department of Chemistry, University of California, Los Angeles 24, Calif.

A procedure developed for the determination of selenium in or-
ganic compounds involves combustion of the substance in a hydro-
gen-oxygen flame, followed by collection and titration of the se-
lenium dioxide formed. lodometric methods for the determination
of the equivalent weights of certain types of organoselenium com-
pounds reduced by potassium iodide and of diaryl diselenides are
also described. The methods are all rapid and accurate.

INVESTIGATION of the known methods for the analysis of

organic compounds of selenium showed these procedures to
be either tedious and time-consuming or inaccurate. In testing
the available methods, best results were obtained by use of a
modification of the combustion metiiod of, Niederl and Niederl
(4) which is based on the methods of Alber and Harand (l) and
Umezawa (5) and involves combustion of the substance in oxy-
gen gas on a glowing platinum surface. However, it was found
more expedient and fully as accurate to determine the selenium
dioxide formed by an improved iodometric method based on that
of van der Meulen (3). The titration as described by van der
Meulen is erratic, particularly where hydrochloric acid is used
or where chlorine is present in the substance being analyzed.
This erratic behavior is due to oxidation of iodide by oxygen
of the air which is apparently catalyzed by something present
in the solution. This difficulty was overcome by modifying the
method as described in the procedure below. In spite of this
and other improvements, the method was still lengthy and re-
quired constant attention and skill during the combustion.
It gives good results, however, in the hands of a skilled operator.

The new analytical methods described in the present paper are
of two types: (1) the flame combustion of the organoselenium
compound which leads directly to the determination of the
selenium content and (2) volumetric methods which yield the
equivalent weights of the compounds being analyzed.

FLAME COMBUSTION METHOD

A method for the determination of halogens in organic com-
pounds by flame combustion has been described by Winter (<?).
The simplicity and accuracy of this procedure led the present
workers to investigate its possibilities as a method for selenium
analysis. Preliminary tests showed that selenium was oxidized
completely to the tetravalent state when the organoselenium
compound was burned in a flame supplied with an ample quan-
tity of oxygen. In an ordinary air-supplied gas flame, part of
the selenium came through as the element and formed a red
deposit in the chimney.

Apparatus and Procedure.
Figure 1. The burner, ABCD, is made of transparent quartz
tubing. Although the dimensions do not seem to be critical,
the inside diameters of the tubing actually used are 6 mm. for arm
AB, 3 mm. for side arm D and the inner jet of burner C, and 10
mm. for the outer tube of the burner. The chimney and absorp-
tion tube, EFGH, are of Pyrex, the inside diameters being 30
mm. at E, 6 nun. at F, and 15 mm. at H with a 10/30 T jointat G.
Other dimensions are shown roughly to scale in the figure. The
absorption tube, H, is tightly packed with Pyrex glass-wool which
had been soaked in chromic acid cleaning solution and thoroughly
rinsed with water.

In use, the burner, thermometer, and lower part of the chimney
are placed inside an electric furnace, L, contained in a 10 X 20 cm.
Pyrex electrolytic beaker, K. The heater consists of 5.4 meters
(18 feet) of 22-gage Chromel-A ware (1.0 ohm per foot) wound on a
Transite frame and is energized through a variable transformer.

The apparatus is assembled into three independently movable
units consisting of the quartz burner and thermometer, the fur-
nace, and the chimney and absorption apparatus.

The apparatus is shown in
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Although only solid samples have been analyzed in this labora-
tory, there is no apparent reason why liquid and gaseous samples
could not be handled if one modified the apparatus as described
by Winter for halogen analysis. The sample size was adjusted
to contain 20 to 80 mg. of selenium, the governing factors be-
ing the normality of the sodium thiosulfate, the size of the buret,
and whether or not a method of aliquots is employed in the
titration. The sample may be compressed into a pellet or
weighed directly into the small platinum-foil boat, B.

The weighed sample is introduced at A and shaken down to B.
Hydrogen gas is then introduced at D at a rate of about 200 ml.
per minute and after the original air has been swept out, the gas
is lit at C. The flame should be about 1 cm. high. The oxygen
is then slowly turned on until a flow rate of about 100 ml. per
minute is reached. Once started, the flame is very stable and
does not go out during an analysis. The furnace and chimney
assemblies are then brought into place and suction applied at J
sufficient to give an air flow through the chimney of about 1
liter per minute, which is rapid enough to sweep all products of
combustion into the absorber. Although successful analyses
have been performed without the use of flowmeters, it is recom-
mended that some kind of gage be placed in each of the three lines
mentioned.

The current to the heater is then started and the voltage raised
to the point where a suitable rate of volatilization of the sample is
obtained. Experience alone will tell the most satisfactory tem-
perature for the vaporization of a given substance, but the opera-
tor soon becomes skilled in this regard. .The otherwise color-
less flame assumes a blue color, the intensity of which is propor-
tional to the rate at which the selenium compound is being burned.
This color serves as a good indication of the onset of vaporization
as well as of the completion of the analysis. Most of the selenium
dioxide formed in the reaction deposits in the tube at F, but a
significant quantity makes its way to the glass-wool in the ab-
sorber, H.

A large proportion of the compounds analyzed vaporized
cleanly without decomposition or residue. However, in some
cases decomposition accompanies volatilization, so that a dark,
nonvolatile, selenium-containing residue remains. When this is
the case, the thermometer is removed and the temperature is
gradually raised to the point where the compound slowly bums in
the oxygen stream. This is the advantage of introducing the

sample into the oxygen rather than

into the hydrogen. In some cases the

decomposition can be prevented by

vaporizing at a higher temperature,

the rate of vaporization being in-

creased more than the rate of decom-
position as the tempera-
ture rises. Increasing the
rate of oxygen flow also
helps in these cases.

Figure 1. Flame Combustion Apparatus
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Table  Analysis of Qrganoselenium Compounds by the Flame
Combustion Method

Selenium
Compound Formula Theory Analysis Deviation
% % %

Di-p-tolylselcnium Ci«HnSe 30.23 30.22 -0.03
Dibenzyl diselenide CnHuSei 46.42 46.53 0.24
Diphenyl diselenide CuHioSej 50.60 50.51 -0.18

is - methoxy-

phenyl) selenium CnHnOjSe 26.93 26.83 -0.37
Bis (o - chlorophenyl)

selenium CiiHsCljSe 26.14 26.14 0.00
p-Tolyl selenocyanate  CsIRNSe 40.27 40.37 0.25
p- Nitrophenyl seleno-

cyanate * CvHiNjOjSe  34.77 34.60 -0.49
Phenylseleninic acid CelleOzSe 41.76 41.70 -0.14
a - 2/0 - Biphenylyl-

seleno) propionic acid Ci»Hi«QOiSe 25.87 25.77 -0.39

When combustion is complete, which requires 15 to 45 minutes,
the hydrogen and oxygen are stopped and the furnace is shut off
and lowered to permit the apparatus to cool. The suction is
left on during the cooling process. When cool, the chimney is
removed from the absorber and the selenium dioxide rinsed into a
'250- or 500-ml. volumetric flask with water. By alternately
applying suction to G and J, the glass-wool is rinsed with three or
four 25-ml. portions of water, each portion being drawn up
and down slowly several times, then added to the volumetric
Sask. This rinsing must be carefully done in order to remove
all the selenious acid. The final rinse water should not show a
color when added to an acidified solution of starch and potassium
iodide. After rinsing is complete, the volumetric flask is filled
to the mark and aliquots are titrated by the procedure below.

Titration op Selenious Acid. The solution containing the
selenious acid is boiled gently for a few minutes to remove dis-
solved oxygen, then cooled to room temperature in an ice-water
mixture. Air is subsequently kept out of the flask by addition
of small pieces of dry ice from time to time or by passage of carbon
dioxide or nitrogen gas into the flask. Although this latter
precaution is not absolutely necessary, more reliable results
have been obtained in this way. To the solution are then added
15 ml. of 2% starch solution, 10 ml. of 1.5 M potassium iodide,
and 10 ml. of 6 N sulfuric acid in the order named, mixing thor-
oughly after each addition. The solution is then titrated at
once with approximately 0.05 N sodium thiosulfate. The end
pointis sharp and is marked by a change from a turbid brown to a
transparent red color. 1.000 ml. of 0.05000 N Na:S20:i = 0.9870
mg. of Se.

Results and Discussion. The accuracy of the flame com-
bustion method is indicated by the results given in Table | for
the analysis of a number of carefully purified substances.

The above examples show that the method yields excellent re-
sults for compounds of widely differing types containing se-
lenium together with carbon, hydrogen, oxygen, nitrogen, and
chlorine. The method in its present form does not give good re-
sults when bromine, iodine, or sulfur is present, since these ele-
ments yield substances which reduce tetravalent selenium in the
absorber. However, bromine and iodine also interfere with other
combustion methods, although sulfur does not because of its
oxidation to sulfur trioxide (rather than dioxide) on the plati-
num contacts. It is this interference by sulfur in the flame com-
bustion method which makes it advisable to use hydrogen as a
fuel rather than commercial gas which is apt to contain sulfur.
The flame combustion method has a distinct advantage over
other methods in being more rapid and requiring less skill and
attention on the part of the analyst'.

VOLUMETRIC METHODS

A number of types of organoselenium compounds which con-
tain halogen or oxygen directly bonded to selenium lend them-
selves to iodometric procedures for determination of equivalent
weight. These compounds react with aqueous potassium iodide
to form triiodide, which may then be titrated with sodium thio-
sulfate. The titration of diarylselenium dihalides has been de-
scribed in a previous communication (2). The reduction prod-
ucts and the equivalents per mole for the various types of com-
pounds are indicated in Table I1.
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Table Il.  Reduction Products and Equivalents per Mole for Various
Types of Organoselenium Compounds
Type of Reduction Equivalents
Compound Product per Mole
RiSeXj RjSe 2
RISeO’ RiSe 2
RSeXj RaSej 3
RSeX_ RiSel 1
RSeOiH RiSe* 3
Table Ill. Equivalent Weights of Some Selenium Compounds
Reduced by Potassium lodide
Equivalent Weight
Experi- Deviation,
Compound Formula Theory  mental %
Diphenylselenium  di-
chlo'ride (CeHO1SeCU 152.1 151.9 -0.13
Diphenylselenium  di-
bromide (C«H»)jSeBrj 196.5 196.6 0.05
Di-/>-tolylselcnium  di-
bromide (C7H7)jSeBr2  210..5 210.3 -0.10
Dibenzoselenophene di- .
bromide CuHsSeBrj 195.5 195.4 -0.05
4 - Methoxydiphenyl-
selenium dichloride CuHisOSeCls 167.1 167.7 0.36
4 - Bromodiphenylse-
Tenium dibromide CijHiBrSeBra 236.0 235.1 -0.38
4 - Methyldiphenylse-
lenium dibromide CulltzSeBr2 203.5 203.6 0.05
4,4' - Diethoxydiphenyl
selenoxide (C»H.0)iSeO 168.6 169.0 0.24
Phenylselenium tribro-
mide CslljSeBrj 131.9 131.4 -0.30
Phenylselenium mono-
bromide CiHjSeBr 236.0 236.3 0.13
Phenylseleninic acid C«H*Se0211 63.0 63.2 0.32
Table IV. lodometric Titration of Diaryl Diselenides
Equivalent Weight
Experi- Deviation,
Compound Formula Theory  mental %
Diphenyl diselenide (CeHft)iSet 52.01 51.97 -0.1
51.53 -0.9
Di-p-tolyl diselenide C7H7)2Sej 56.70 56.98 0.5
Di(o-biphenylyl) diselenide (Ci2ll9)2Se2 77.38 76.84 -0.7

Procedure for Compounds Reducible by Potassium loO-
dide. The weighed sample (0.1 to 0.5 gram) is placed in a glass-
stoppered flask containing 5 ml. of carbon tetrachloride, 25 ml. of
0.3 M potassium iodide, and 2 ml. of 6 M sulfuric acid. After
shaking, the mixture is titrated with standard sodium thiosulfate.
Starch solution is added just before the end point.

Titration of Aryl Diselenides.

Aryl diselenides may be
titrated iodometrically to the iodine monochloride end point
if the hydrochloric acid concentration 1s kept at 5.0 to 55. F
at the end point. Because of a small amount of side reaction,
possibly oxidation of the diselenide to selenonic acid, the re-
sults are sometimes low by 0.5 to 1.0%. Although the reac-
tions are probably more complex than indicated, the stoichiometry
is represented by the equations:

RsSe* + 6 IC1 = 2 RSeClj + 31, @)
212+ 103 + 6H++ 5C1- = 3HD + 5IC1 )

Procedure for Aryl Diselenides. A solution of iodine
monochloride is prepared by titration of 1 ml. of 1.5 M potas-
sium iodide in 50 ml. of 12 M hydrochloric acid, using 5 ml. of
carbon tetrachloride as an indicator. When the carbon tetra-
chloride is just colorless, 25 ml. of 12 N hydrochloric acid and the
weighed sample of diselenide are added. After shaking, the
mixture is titrated with standard potassium iodate solution.

Tables 111 and 1V show results from volumetric determination
of equivalent weights of a number of different compounds.
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Oxide Films Formed on Alloys at Moderate Temperatures
Electron Diffraction and Electron Microscope Study

EARL A. GULBRANSEN, R. T. PHELPS, AND J. W. HICKMAN, Westinghouse Electric Corp., Pittsburgh, Pa.

Supplementing previous papers, electron microscope and electron
diffraction data are presented concerning the structure of electro-
chemically and chemically stripped films from a series of 16 alloys
consisting principally of iron, cobalt, nickel, and chromium. Both
reflection and transmission methods of electron diffraction were used.

HE nature of the protective properties of metals and alloys
Tis a question of great importance in modern technology.
Many theories have been proposed, some of which are based on
the role of the oxide film in preventing further reaction. A com-
plete knowledge of the chemical and physical structure of the ox-
ide crystals in the surface film may aid in determining the neces-
sary conditions for protection, but unfortunately, a complete
knowledge is impossible for very thin films with the present state
of instrumentation. In previous papers (8, 10, 15) the use and
limitations of the electron diffraction and electron microscope
techniques were discussed. This paper presents electron micro-
scope and electron diffraction data concerning the structure of
eleetrochemically and chemically stripped films
from a series of 16 alloys consisting principally of
iron, cobalt, nickel, and chromium.

SURVEY OF LITERATURE

The literature on the removal of oxide films M”:ISIS;IO
from iron and other metals by chemical and
electrochemical methods developed largely by
Evans and co-workers (4) was reviewed in a 13 CrFe
previous paper (15).

The electrochemical method has been applied
to the stripping of oxide films from alloys of iron 18-8 SS
and chromium by Evans and Stockdale (5). A
very thin film of oxide was stripped from 13% Ka2B”
chromium steel by a long anodic treatment. The Inconel (5)

film, which carried striae of the original metal
surface, also contained opaque flakes. These
workers also obtained from 18-8 stainless steel a
thin skin which contained large amounts of resid-

ual metal. The film was opaque to light. 30 CoFe®

The chemical method has been applied with
success to the removal of the surface film on Hipernik
18-8 stainless steel by Vernon, Wormwell, and
Nurse (17). The metals present in the film were 5 CrFec
determined by chemical analyses and the con-
tents of the corresponding oxides computed. The
thickness of the oxide film increased with the 5 NiFe®
degree of polish. The effect of polishing was to
enrich the chromium in the film as compared 5 CoFe
with the underlying steel. The surface film of
brightly polished specimens contained 90% 5 MnFe®
chromic oxide. Nickel, on the other hand, was
not found to be enriched in the surface film. The 5 SiFe
authors have suggested that the enrichment of

. - - . 3 VFe

chromium is associated with surface flow.

In the macroscopic film thickness range con- Kovar
siderable information is available on the enrich-
ment and concentration of the several metals AW Fe®
making up the oxide film. Pfiel (14) has

made chemical analyses on films of the order
of 0.25 cm. (0.1 inch) or more in thickness. These
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Table 1.

Nichrome V

films formed at temperatures of the order of 1000° C. existed in
the form of three layers. In a study of eight alloys the two
outer layers contained only very small amounts of the alloy-
ing elements eompared with the original steel except in the
case of manganese steel. With a few exceptions nonferrous ele-
ments present in the alloy before oxidation were concentrated
in the innermost of the three layers of scale. Pfiel (14) considers
the oxidation process as one involving iron atoms diffusing out-
ward through the oxide film.

Recently Kornilov and Sidorishin (11) investigated the oxide
films formed on iron-chromium-aluminum solid solution alloys
by electron diffraction and chemical analysis in the temperature
range 400° to 1000° C. At moderate temperatures an isomor-
plious mixture of oxides of the spinel type was found. Waith in-
creasing temperature the' lattice constant of the solid solution of
the oxides decreased and approached that of pure 7-alumina. The
oxide film which formed on the surface crumbled readily and had
no protective properties.

Analysis and Preparation of Alloy Specimens

Heat Treatment,
Hours at 1000° C.,
Furnace Cooled

15 in dry Hj

Analysis
0.18C, 0.028 S, 0.030 P

Polishing

Emery papers
2/0, uniwax wheel, 320
abrasive, uniwax wheel
600 aloxite, No.
alumina

Emery papers through
1/0, wax wheel, 320
abrasive, chrome rouge,
Nos. 1 and 3 alumina

Emery papers through
2/0. chrome rouge, Nos.
1 and 3 alumina

Emery papers through
2/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
1/0, 320 abrasive wheel,

through

13 Cr 10 in dry H?

18 Cr 8 Ni 15 in Ammogas

41.7 Ni, 22.5 Co, 20.0 Cr,
12.0 Fe, 1.89 Ti. 0.21
Al, 0.57 Mn, 1.21 Si

79.5 Ni, 13 Cr, 6.5 Fe.
0.25 Mn. 0.25 Si, 0.08

10 in wet Hi

15 in Ammogas

C. 0.20 Cu chrome rouge, Nos. 1
and 3 alumina
80 Ni, 20 Cr 14 in Ammogas Emery papers through

1/0, 320 abrasive wheel,
chrome rouge, Nos. 1
and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina " N

Emer apers throu
1/0),/ 'wpaxp wheel, 3920
abrasive, chrome rouge,
Nos. 1 and 3 alumina

Emery papers through
1/0, wax wheel, 320
abrasive, chrome rouge,
Nos. 1and 3 alumina

Emery  papers through
1/0, .wax wheel, 320
abrasive, chrome rouge,
Nos. 1 and 3 alumina

Emery papers through,
3/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina

Emery papers through
3/0, chrome rouge, Nos.
1 and 3 alumina

30.4 Co,0.22 C 10 in dry Hi

49 Ni, 49 Fe, 2 Mn 10 in dry Hi

4.63 Cr, 0.044 C 10 in dry Hi

4.89 Ni, 0.015 C 10 in dry Hi

10 in dry Hi
4.85 Mn, 0.035 C 10 in dry Hi
10 in dry Hi
10 in dry Hi
54 Fe, 18 Co, 28 Ni 10 in dry Hi

4.10 W, 0.023 C 10 in dry Hi

>Analysed at research laboratories.
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APPARATUS AND METHOD

The details of the apparatus and methods used in this study
have been described {8,10).

The specimens of the alloys are heat-treated and given a metal-
lographic polish according to the procedures tabulated in Table I.
The samples are then mounted Jin the electron diffraction camera
furnace and oxidized under carefully controlled conditions of
time, temperature, and oxygen pressure. The surface lattice
structure is studied in situ by the electron diffraction reflection
method. Three photographs are taken: (1) the sample in vac-
uum and at the temperature of the experiment; (2) after the oxi-
dation and while the specimen is at the elevated temperature;
(3) after the specimen is cooled under vacuum conditions to
room temperature.

The sample is now removed and cut into two pieces. Light
micrographs are made of the surface of one half of the specimen
by reflected light at 100 and 1000 X. The other half is subjected
to the electrolytic or chemical stripping techniques {15). After
the film is loosened, it is washed and then manipulated carefully
onto a small stainless steel specimen screen. The screen and speci-
men are vacuum-dried before being placed in the microscope for
study. Several electron micrographs are taken at 6800 X of typi-
cal portions of the stripped oxide film. The film is also studied
by the electron diffraction transmission method, using the elec-
tron diffraction adapter of the electron microscope.

CHOICE AND PREPARATION OF SPECIMENS

The alloys in this study may be divided into four general
classes, although a given alloy may belong to two or more
classes—for example, both Inconel and K42B are refractory alloys
but they also have good protective qualities. The following
classification is used in the discussion of results:

Protective. 13 CrFe, 18-8 stainless steel

1.
2. Refractory. K42B, Inconel, Nichrome V
3. Magnetic. Hipernik, 30 CoFe

4. Sealing. Kovar

In addition- to commercial alloys, certain experimental alloys
were made to determine whether the lattice type of the alloying
element would have any effect on the oxidation products. These
ferrous alloys contain alloying metals of the body-centered cubic,
face-centercd cubic, and other structural types. In each the per-
centage of the alloying metal does not exceed 5%.

The specimens are machined from bars of the alloys to cylinders
of 0.94 cm. (0.375-inch) diameter and 0.94 cm. (0.375-inch)
length. After cleaning, they are heat-treated at elevated tempera-
tures in dissociated ammonia or wet or dry hydrogen. The speci-
mens are next given a fine metallographic polish. Details of
the heat-treatment and polishing procedures are given in Table
I. The specimens are stored in a desiccator over anhydrous cal-
cium chloride until used.

The alloy specimen is placed in the electron diffraction camera
furnace and heated to the desired temperature. Oxygen to a pres-
sure of 0.1 atmosphere is admitted and the specimen is oxidized
for a predetermined time. The time and temperature conditions
of the oxidation are estimated from rate measurements where
these are available. For most of the alloys no rate measurements
are available, so that intelligent guesses as to oxidation conditions
are necessary in order that the oxide film thickness shall lie within
the optimum range for investigation with the electron microscope.

INTERPRETATION OF DATA

The electron diffraction reflection
method has been discussed in previous papers {8, 10, 15) and the
interpretation of data by the transmission technique has been dis-
cussed in a recent work on metals {15). The transmission method
yields information on the structure of the whole film, while the
reflection method may indicate only the structure of the outer sur-
face. This is important, since the surface structure may not be
the same as the structure of the body of the film. The oxide layer
which forms initially may consist of various oxides present on
the surface in the same mole ratio as the metals in the alloy. As
the oxidation proceeds a stratification of layers of the several ox-
ides may occur, since the factors influencing their formation may

Electron Diffraction.
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Table Il. Lattice Parameters of Metals and Metallic Oxides
Substance a b c @ Structural Type
Fe 2.8G Body-centered cubic
w 3.1G Body-centered cubic
Cr 2.88 Body-centered cubic
\Y 3.03 Body-centered cubic
Ni 3.52 Face-centered cubic
Co 2.51 4.07 Hexagonal close-packed'
Mn 8.89 Cubic
Si 5.42 Cubic (diamond)
FeO 4.28 Face-centered cubic
CoO 4.25 Face-centered cubic
NiO 4.17 Face-centered cubic
WO1i 4.8G 2.77 Tetragonal
CrjOa 5.35 54°58' Rhombohedral
a-FeiOa 5.42 55°17/ Rhombohedral
W,0j Rhombohedral
WOj 7.28 7.48 3.82 Monoclinic
V,0j 5.43 53°53' Rhombohedral
V,0i 11.48 4.3G 3.55 Orthorhombic
Siof 4.90 5.39 Hexagonal
MnO 4.44 Face-centered cubic
MnOj 4.44 2.89 Tetragonal
Mnjot * 5.75 9.42 Tetra?onal
Fe&é; 8.40 Spinel (cubic
cB4 8.11 Spinel (cubic
my-FejCh 8.32 Cubic

n0.CrjOj 8.42 Spinel (cubic
NiO.CrjOj 8.31 Spinel (cubic
Co00.CnOa 8.32 Spinel (cubic
FeO.CrjOs 8.35 Spinel (cubic
MnO.Fe?0j 8.51 Spinel (cubic
NiO.FeiOj 8.34 Spinel (cubic
Co0.FetOa 8.39 Spinel (cubic

be different. Thus, in a binary Slloy, an oxide of one of the met-
als may concentrate in the surface layer while an oxide of the
other metal may concentrate in contact with the metallic sub-
strate.

The interpretation of the information obtained by the electron
diffraction method is more difficult in the case of alloys than of
metals. Because of the similarity of the lattice parameters of
many of the oxides, there is difficulty in distinguishing a-Fe20 3
from Cr203 Ni0.Fe2 3from Fed<, etc. Table Il shows the lat-
tice parameters of the various oxides of interest in this study.
Other complicating factors are the phenomena of various types
of solid solution of the several oxides in each other. For ex-
ample, on an iron-chromium alloy where both a-Fe20 3and Cr20 3
may be present it is difficult by the electron diffraction teclinique
to determine whether a-Fc20 3qr Cr20 3is present or a solid solu-
tion of one in the other. There may also occur a random replace-
ment of ferric ions by chromic ions in the Fe ( (spinel type) lat-
tice. The occurrence of such solid solution phenomena may have
effects on the lattice parameters and thus complicate the identi-
fication of the oxidation products.

An interesting comparison can be made of the' reflection and
transmission electron diffraction patterns. In general, one should
expect to find certain oxidation products by reflection and addi-
tional products by transmission. However, the oxides in the
outer layer as determined by reflection may comprise such a small
fraction of the complete oxide film that one or more of them may
not give good diffraction patterns in the transmission investiga-
tions.

Electron Microscope. The two methods of studying sur-
faces of opaque bodies by means of the electron microscope have
been compared in a recent work on metals {16). Since we are in-
terested primarily .in the details of crystals making up the body
of the oxide film, the stripped film technique is used exclusively in
this study.

Information Recorded. Electron micrographs of the
stripped oxide film are taken at 6800 X and enlarged optically to
34,000 X. The following information is recorded from the elec-
tron micrographs of the stripped film: (1) particle size, (2) par-
ticle size distribution, (3) particle shape, (4) uniformity in film
thickness, and (5) type of micrograph. The particle size is ob-
tained by averaging measurements on a number of crystals,
while the particle size distribution indicates the variation in par-
ticle size. The particle shape is determined from an examination

Iitill
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Table Ill.  Electron Diffraction Data
(Oxide films formed on alloys at 0.1 atmosphere of Oi at various times and temperatures)
Tlor?e Diffraction Patterns
Alloy Temp. Oxidation Preoxidation by R Oxidized by R Oxidized at 25° C. by R Stripped by T
°C. Min.
Protective
rFe 600 5 None CraOa* MO CnOa, M O CraOa, FeaO«*, 8.41, S
18-8 SS 600 5 a-FeaOa, D FeaO«* 8.44, a-FeaOa, S FeaO«*, 8.44, a-FeaOa, S CraOa, S
18-8 SS 600 40 FeaO«, 8.45, a-FeaOa*, D FeaO«* 8.45, a-FeaOa*, S FeaO«, 8.45, a-FeaOi, S CraOa, S
Refractory
K42B 600 5 a-Fejoj, D FeaO«, 8.43, S FaaO«, 8.43, S CraOa, FeaO«, 8.36, S
K42B 600 30 a-Fe;03, D FeaO«, 8.44, a-FeaOa, S FeaO«, 8.44, a-FeaOa, S CraOa, FeaO«*, S
Inconel 600 5 FeaO«, VD FeaO«, 8.43, S FeaO«, 8.43, S Spinel, 8.32, CraOa, Ni, OD
Inconel 600 30 FeaO«, VD FeaO«, 8.43, S FeaO«, 8.43, S CraOa, NiO, VDO
Nichrome V 600 5 CraOa, VD CraOa, S CraOa, S CraOa, S
Nichrome V600 30 CriOj. VD CraOa, S CraOa, S CraOa, M
Magnetic
Mild steel 250 5 None FeaO«, 8.43, DO FeaO«, 8.43, DO FeaO«, 8.36, M
Mild steel 250 30 None FeaO«, 8.42, M FeaO«, 8.42, M FeaO«, 8.39, VS
Mild steel 300 5 FeaO«, 8.43, a-FeaOa. DO FeaO«, 8.43, a-FeaOa, MO  FeaO«, 8.43, a-FeaOa, MO  FeaO«, 8.41, SO
30 CoFe 300 30 FeaO«, VD FeaO«. 8.43, M FeaO«, 8.43, M FeaO«, 8.36, M .
Hipernik 300 5 FeaO«, MO FeaO«, 8.42, a-FeaOa, S FeaO«, 8.42, a-FeaOa, S Spinel, 8.34, a-FeaOa, NiO, SO
Sealing
Kovar 400 5 FeaO«, 8.43, M FeaO«, 8.43, SO FeaO«, 8.43, SO FeaO«, 8.35, S
Miscellaneous
rFe 400 5 FeaO«, DO FeaO«, S.43, CraOa, *S FeaO«, 8.43, S FeaO«, or FeO.CraOa, 8.34, DO
5 NiFe 300 5 None FeaO«, 8.43, a-FeaOa, M FeaO«, 8.43, a-FeaOa, M FeaO«, 8.34, M
R CoFe 300 5 FeaO«, 8.43. M FeaO«, S.43, M FeaO«,*8.43, S FeaO«, 8.35, SO
R MnFe 300 10 a-FeaOa. VD FeaO«, 8.43, S FeaO«, 8.43, S FeaO«, 8.32, S
B SiFe 300 5 None FeaO«, 8.43, D O FeaO«, 8.43, DO a-FeaOa, M
3 VFe 300 5 FeaO«. 8.42, D FeaO«. 8.42, D FeaO«, 8.42, M FeaO«. 8.33, DO
4 WFe 300 5 FeaO«. VDO a-FejOa, S a-FeaOa, S a-FeaOa, M
R, reflection. T, transmission. S, sharp. M, medium. D, diffuse. O, oriented. V, very. *, trace.
of the more typical shapes in the pattern. Uniformity in film rial. These features are of importance in classifying a micro-

thickness refers to the presence of thick and thin portions of the
film. The type of pattern refers to a number of features, includ-
ing: (1) the sharpness of the crystal edges, (2) the presence of
overlapping crystals, and (3) the presence of extraneous mate-

graph but may not be easily interpreted.

Light Microscope. Light micrographs of the oxidized surface
are taken at 100X and 1000 X by the use of reflected light. The
oxidation process acts like a chemical etching solution in revealing

the grain boundaries of the grains in the metal or

] alloy surface. The light micrographs also reveal
Table IV. Lattice Parameter Deviations of Oxides the presence of inclusions and the roughness of
Reflection Patterns Transmission Patterns the surface layer. .
) Composition Composition Spectroscopic Analysis. Whenever possible,
Time of an and o . . .
Alloy Temp. Oxidation parameter Deviation parameter  Deviation sections of the stripped films were analyzed spec-
. °C. Min. % % troscopically. In some cases these analyses
Protective .
13 CrFe 600 5 CraOa +0.30  CraOa +oo'f§ showed the presence of metals not found in the
600 5 FeaO«, 8.41 +0. H H H icho
18-8 SS 200 2 a-Feada +0.52 falloys but present in the oxides used in the polish
600 5 FeaO«, 8.44  +0.48 ) ) ing procedures.
18-8 SS 250 0 Fea® 030 O 0oz
- a-FeaO« +0.
600 40 FeaO«, 8.45  +0.60 ) » RESULTS
600 .+ 40 Cra0a *00.' 0
Reliaazcéory 600 s FeaOe 8.43 0.36 FeaOe. 8.36 048 Electron Diffraction. The results of the
. + 0. eal«, 6. -0. . - .
600 5 Feao«' 644 Craoa 0.07 electron diffraction study are shown in Table Il1.
K42B 600 30 ealx, 8. +0.48 i issi
200 20 fenta 1035 o Three reflection ar?d o_ne transmission patterns
600 3(% ; (Sira_Oa' 632 +0.07 are taken of the oxide film formed on the surface
Inconel 600 s FeaO«, 843 +0.36  3pinel. 8. . f_fégii of the alloy. The first reflection pattern of the
600 NiO iffuse i i -
Inconel €00 0 FeaOc, 8.43 +0.36 ' metal is te_lken in the vacuum of the camera be
600 30 CraOa ¥00 ggguse fore oxidation and at the temperature of the ex-
Nichrome V 288 3(5) Crada +0.25 lelr'e%a %04 periment. The second is taken after the oxida-
Magnetic 600 30 CraOa +0.30  Cra0a +0.04 tion and at the temperature of the experiment.
mi_lg steell %gg 5 Eeag«, g.ﬁg +8'§2 Eeag«, g.gg -g.ilg The third is taken after cooling the oxidized
ild stee 30 eaO«, 8. +0. eaO«, 8. -0. . .
Mild steel 300 5 FeaO«, S.43  +0.36  FeaO«, S.41  +0.12 sample to 25° C. in a vacuum. The transmission
300 nr-FeaOa +0.25 L i i i i in-
30 CoFe 300 30 FeaO«. 8.43 +0.36  FeaOc, 8.36 -0i48 pattern. of the stripped oxide film is also in
Hipernik 300 5 FeaO«. 8.42 +0.24  Spinel, 8.34 -0.72 cluded in order to compare the body structure of
seat 399 2 a-Feala *0.10 afeOa 0593 the film with its surface structure. Table Il
ealing iti i i i
oD 400 5 FeaOc, 8.43 +0.36 FeaOc, 8.35 060 shows the conditions of o><.|dat|0n, thg chemlt_:al
Miscellaneous structure of the surface oxide, the unit cell size
CrFe 400 5 FeaO«, 8.43 +0.36  FeaO«, 8.34 -0.72 (Ao) where readily calculable, and the type of
° NiFe 300 o reon 1038 Fea0« 8.34 '0:72 diffraction pattern obtained.
5 CoFe 300. 5 FeaO«, 8.43  +0.36  FeaO«, $.35 —0.60 . . . .
g g/!'?Fe ggg 13 Eeag«, g.ﬁg +8.§g Spinel, 8.32 -0.96 Let us consider the oxide film formed on mild
IFe eaO«, 8. +0. . o A
2 3ire 300 2 aFea®a "6100 steel at 250° C. and (f).l atmosphere of ox%/fgen with
3 VFe 300 5 FeaOc, 8.42 +0.24 Spinei, 8.33 _0.84 an oxidation time of 5 minutes. A diffuse and
4 WFe 300 5 a-FeaOa +0.16  a-FeaOa +0.08 oriented pattern of Fe®, is found by reflection.

Thé unit cell size is calculated to be 8.43 A. After
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Table V. Summary of Electron Diffraction and Specfro<jraphic Data
Oxidizing Composition and Paramet
Conditions Spectrographic
Alloy Teg“p- TNIIme Transmission Reflection X-ray data (literature) P datga P
°C. in.
Protective
13 CrFe 600 5 FeaO«*, 8.41, Cr20i Cr203 Fc04, 8.40 Cr, Fe, Ag*
18-8 SS (e00) 5 Cro3 Fe304*, 8.44, Fed4, 8.40
a-Fe2 3
18-8 SS 600 40 Cro3 FesCL, 8.45, Fed4, 8.40
a-Fe23
Refractory
K42B 600 5 FcaOt, 8.36, Cr03 Fed<, 8.43 Fed04, 8.40 Cr, Fe* (Mg)
K42B 600 30 Fe30#, Cr203 Fed<, 8.44, Fed4, 8.40
rt-Fe20 3
Inconel 600 5 Spinel, 8.32, Cr03 Fedx<, 8.43 Fe304, 8.40, Ni0.Cr203 Cr, Ni, Fe
NiO 8.31 (Al, Si, Co)
Inconel 600 30 Cr20 3 NiO FeaO*. 8.43 Fed4, 84.0
Nichromec V 600 5 Cr23 Cr203 Cr, Fe* (No Ni
Nichrome V 600 30 Cro3 Cr03 Cr, Fe* ENO Nig
Magnetic
ild steel 250 5 Fed04, 8.36 Fe304, 8.43 Fe)d, 8.40
Mild steel 250 30 Fed4, 8.39 Fed04, 8.42 FedA 8.40
Mild steel 300 5 Fed4, 8.41 Fe304, 8.43, Fed4, 8.40
. i . r-Fejo3
Hipernik 400 5 Spinel, 8.34, a- Fe®4, 8.42, Fed4, 8.40, Ni0.FeD3
Fe20 3 NiO a-Fe2 3 8.34
30 CoFe 300 30 Spinel, 8.36 Fed4, 8.43 Feg)g,gSAO, Co0O.Fen 3
Sealing i
Kovar 400 5 Fed4, 8.35 Fe304, 8.43 Fe30 4 8.40
Miscellaneous
CrFe 400 5 Spinel, 8.34 Fc304, 8.43 Feg);,58.40, FeO.Cr20a,
5 NiFe 300 5 Spinel, 8.34 Fc4, 8.43 Fegl)gh8.40, Ni0.Fed 3
5 CoFe 300 5 Spinel, 8.35 Fed<, 8.43 FejCL, 8.40, CoO.Fe 3
. 8.39 No, Co
5 MnFe 300 10 Spinel, 8.32 Fe304, 8.43 Fe304, 8.40, Mn0.Fe20 3
8.51
5 SiFe 300 5 «-FeXD3 Fed04, 8.43 Fe304, 8.40
3 VFe 300 5 Spinel, 8.33 Fed04, 8.42 FesOt, 8.40
4 WFe 300 5 a-Fed3 a-Fe203 *
* Trace.

cooling the sample to room temperature, the oxide film is stripped

- ) - rons are shown on the photogr
from the metal. A medium pattern of Fe3>4 is found using the grons are sho 0 ¢ photog
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deviations of the oxides formed
in each oxidation experiment are
shown in Table IV. This table
shows the conditions of oxida-
tion, the composition, and unit
cell size where readily calculable
and the deviation in per cent
from the accepted x-ray values
given in Table Il. Both the re-
flection and transmission
patterns are tabulated. The de-
viations are calculated from the
unit cell size as given in Table
111 or from the d/N values for
those oxides which do not obey
the cubic lattice.

A summary of the electron
diffraction and spectrographic
data obtained on the 16 alloys is
shown in Table V. Both the
transmission and reflection data
are given, together with the
x-ray data obtained from the
literature.

Electron Microscope. Fig-
ures 1to 11 show the light micro-
graphs, electron micrographs,
electron diffraction transmission,
and electron diffraction reflection
patterns for the stripped oxide
films from the alloy specimens.
The lengths of 1, 10, or 100 mi-
aphs. The light micrographs of

transmission method on the stripped film. The unit cell size is
calculated to be 8.36 A. Figure 10, b and c, shows the electron dif-
fraction photographs for this oxidation experiment. In a similar
manner the results of the other experiments on mild steel and the
fifteen other alloys are shown in Table 111 and Figures 1to 11.

In general the lattice parameters obtained in this study deviate
from the accepted x-ray diffraction values. The lattice parameter

Tabic VI.
Oxidizing . .
Conditions Fig-  Particle
. 0.1 Atmosphere Film Color ure N
Alloy i of 02 on Metal A.
Min. °C.
Protective
13 CrFe 5 600 Blue 1 450
18-8 SS 5 600 Blue and brown 2 300
40 600 Yellow and blue 3 700
Refractory
K42B 5 600 Yellow and mauve 4 350
30 600 Reddish blue 450
Inconel 5 600 Light blue *5 400
Inconel 30 600 Red 450
Nichrome V 5 600 Light blue *6 250
i 30 600 Yellow 350
Magnetic
Mild steel 5 250 Dark blue' 7 700
30 250 Dark blue 800
5- 300 Light blue, hiatus 750
30 CoFe 30 300 Light mauve *8 700
Hipernik 5 400 Blue . 300
Kovar 5 400 Pink and light blue 400
Miscellaneous
CrFe 5 400 Light blue 9 250
5 NiFe 5 300 Yellow and mauve 600
5 CoFe 5 300 Pink and blue 400
5 MnFe 10 300 Light blue, hiatus 10 350
5 SiFe 5 300 Reddish-blue 11 500
3 VFe 5 300 Mauve and blue .o 250
4 WFe 5 300 Mauve 300

the unstripped oxide film are taken at 100 and 1000 X, while the
electron micrographs of the stripped oxide film are taken at 6800 X
and enlarged optically to 34,000 X. These micrographs are re-
duced subsequently in the printing process. The actual magni-
fications can be readily calculated from the fact that each centi-
meter of the length of the micron line shown in the micrograph
equals 10,000 X.

Electron Microscope Analyses of Stripped Oxide Films of Alloys

Size
Distribution,
A. Shape Uniformity Type of Micrograph
200 to 700 Irregular Nonuniform Medium, overlapping crystals
100 to 600 Irregular Uniform Medium
300 to 1500  Irregular Nonuniform Sharp, overlapping crystals
200 to 750 Irregular Nonuniform Medium, clusters of crystals
300 to 800 Irregular Nonuniform Sharp, clusters of crystals
300 to 800 Irregular Nonuniform Medium, overlapping crystals,
grain boundaries show
300 to 900 Irregular Nonuniform Medium, overlapping crystals
100 to 450 Irregular Fairly uniform Medium, overlapping crystals
200 to 550 Irregular Fairly uniform Medium, overlapping crystals
300 to 1600 Irregular Nonuniform Medium overlapping crystals
400 to 1200 Irregular Nonuniform Medium, overlapping crystals,
striations
250 to 900 Irregular Nonuniform Medium, overlapping crystals
300 to 1200 Irregulellr, Nonuniform Sharp, overlapping crystals
angular
200 to 500 Irregular Uniform, thicker at Medium, overlapping crystals,
grain boundaries grain boundaries show
250 to 750 Irregular Nonuniform Medlium, clusters of small crys-
tals
100 to 400 Irregular Nonuniform Mediuml, chains of clusters of
crystals
250 to 1000  Irregular Nonuniform M‘edsllum, overlapping crystals
250 to 750 Irregular Nonuniform Diffuse, overlapping crystals,
clusters of crystals
250 to 600 Irregular Uniform Sharp, overlapping crystals
250 to 750 Irregular Uniform Sharp, overlapping crystals
200 to 300 Irregular Uniform Medium, large clusters of crys-
tals on fine grained matrix
200 to 400 Irregular, Fairly uniform Diffuse, network of thin strips

indistinct
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Figure 1. Oxide Film of 13% Chrome- a
Iron, 13 Cr 5-600

a. Electron ro ra hs, str}p ?

b. Electron g o tranmiw strllﬁ)ped f||m
c. Ele Lro acuon reflection, ||m metal
d.e. m|crographs iim"on' meta

>

Table VI summarizes the informa-
tion recorded from the electron micro-
scope: (1) colorofthe oxide film on the
metal, (2) particle size in Angstroms,
(3) particle size distribution, (4) par-
ticle shape, (5) film uniformity, and (6)
type of micrograph.

DISCUSSION

The factors which determine the
chemical and physical structure of the
oxide film on the surface of an alloy
have been discussed in a previous
paper (10):

1. Rates of formation and diffusion
of the various metal ions and electrons
through the oxide lattice

2. The rate of diffusion of the
oxygen molecule, ion or atom through
the oxide lattice

3. Thermodynamic stabilities of the
oxides formed

4. Lattice type and its resemblance
to the original metal or alloy lattice

5. Chemical reactions occurring in
the oxide film between the several
oxides or between metal ions or oxygen
atoms and the several oxides

6. Preoxidation treatment given to
the alloy, such as annealing, polishing,
and cleaning

7. Rate of nucléation and growth of
the oxide crystal

Factors 3 and 4 are known from
thermodynamic and lattice structure
data, while factor 5 can be estimated
from thermodynamic data. Factors 1,
2, and 7 are unknown from both theory
and experiment. Some evidence is
available experimentally on factor 6.
In a previous paper (S) the authors
studied the effect of abrasion treat-
ment on the surface oxide films formed
oniron at high temperatures. Vernon,
Wormwell, and Nurse (17) have studied
the effect of polishing procedures on
the oxide films formed on 18-8 stainless
steel.

An analysis of the factors listed
above would show that on alloys one
might expect to obtain, after oxidation,
reaction products which concentrate
one or more of the oxides at the ex-
pense of the other components in the
alloy. This has been shown in a
previous paper (10). Thus NiO is
never observed on the surface in the

oxidation of its alloys containing up 103 . ‘ . ICO/A
to 80% nickel. Cr203 and Fc< or Figure 2. Oxide Film of 18-8 Stainless Steel, SS5-600
Rlioys where chramium and. ron may b EEEHOR RS SRR e

alloys wherg chromium and iron may Q- EfECHon ghirakh aﬁlfcllon (Pereta

be present in amounts less than 5%. d.e Lig tmlcrograp s, film on " metal
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Figure 3. Oxide Film of 18-8 Stainless
S eel $S40-600

ectron hs str ed film
ectron 5|0n stri 0pped f||m
ectran ractlo ?cnon film on” meta
c. Lig tm|crogra m on’metal

QOU'Q)

The use of the stripping technique
to remove the oxide film and a study
of the stripped oxide film by the trans-
mission method should show further
evidence, when compared with reflec-
tion measurements, of the concentra-
tion of the several components in the
oxide film.

A previous electron microscope study
(15) of the stripped oxide films formed
on iron, cobalt, nickel, tungsten, chro-
mium, molybdenum, columbium, alu-
minum, and copper has shown that the
films consist of small oxide crystals of
100 to 2500 A. in size. The films con-
sist largely of crystals of irregular
shapes, although a few films show defi-
nite crystal outlines. The oxide crys-
tals are of the order of 10~3to 1 0 of
the linear dimension of the metal crys-
tal or grain and 10 to 10" of the
area.

A systematic study of stripped oxide
films on metals is difficult using elec-
tron microscope techniques. This is
due to several factors: (1) The limita-
tion imposed on the sample by the
electron microscope—i.e., the thickness
range of the specimen is limited to
samples of about 100 to 500 A. (2)
The limitation in the resolving power of
the electron microscope; with a re-
solving power of 40 A. it is difficult to
determine the shapes and the nature of
the boundaries of crystals 100 to 200 A.
in size. (3) The scattering and dif-
fraction of the electrons by the sample.
If diffraction effects occur at grain
boundaries, the nature of the boundary
zone may not be determined.

The study on alloys is further com-
plicated in some cases by the presence
of several oxides in the film. An ex-
amination of Table V shows that mix-
tures of oxides occur on 13 CrFe, K42B,
Inconel, and Hipernik.

In the previous study (15) it was
proposed that nucléation and growth
of crystals had resulted in the forma-
tion of a mosaic structure completely
covering the surface. This was noticed
even for films less than 75 A. thick. It
would appear that at no timeisthemetal
or alloy surface exposed to the gasatmos-
phere after the formation of the first

10fl 100/A chemi-adsorbed layer of oxygen atoms.
Figure 4. Oxide Film of K42B, K5-600 The transformation from the first
. Electron taph, stripped film chemi-adsorbed layer of oxygen atoms
b. E’ectron g‘!r K%OR stissio trJ)ped fwm to the continuous layer of small crystals
8 el?llér%mlcrr%grgp S‘vrﬁ“&? metal Ml meta is a continuous process of nucléation
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Figure 5. Oxide Film of Inconel, 5-600

Electron micrographs, stripped Sim
B Iectron dﬁ{actlongtr smmga strlﬁped f\lm
c. FElectron diffraction reflection ’m on metal
e. Light micrographs, film on méta

and growth. This continuous layer of
small crystals is shown for the oxide
film formed on silicon iron in Figure 11.

It is of interest to contrast this
type of thin film with that formed by
the evaporation of metals. Here the
metal condenses into a discontinuous
group of crystals. No evidence of a
mosaic structure is noticed.

The continuous film of oxide crys-
tals covering the surface of the metal
or alloy may be the mechanism by
which the property of protection is
given to the metal or alloy. Since the
chcmi-adsorbed layer transforms
readily to a continuous layer of crys-
tals, amechanical break in the film is
readily repaired.

Protective Alloys. 13 CrFe and
18-8 stainless steel are classified as
protective alloys, since they react only
very slightly to oxygen atmospheres
at moderate temperatures. Here a
more quantitative concept is used in
defining the term protective—i.e., a
metal or alloy which obeys a parabolic
oxidation rate law at a given tempera-
ture and pressure is considered to be
protective. All the 1G alloys con-
sidered here arc studied under condi-
tions where the alloy follows the para-
bolic rate law.

13 CrFe. This alloy consists of a
solid solution of chromium in the body-
centered cubic lattice of a-iron. The
oxide film formed at 600° C. in 0.1
atmosphere of oxygen for 5 minutes
gives a pattern of Cr23 and in addition
atrace of Fe3aC4 using the transmission
technique.  Spectrographic analysis
indicates the presence of chromium
and iron as shown in Table V.

The electron microscope study of the
stripped oxide film shown in Figure 1
and Table VI indicates a nonuniform
film of irregularly shaped particles
withoa size distribution of 200 to
700 A. while the average crystal size
is about 450 A.

Mott’s theory of oxidation (13) would
predict the occurrence of oxides of iron
on the surface and Cr203 in contact
with the substrate.

1S-S Stainless Steel. This alloy con-
sists of a solid solution of chromium
and nickel in the face-centered cubic
lattice of y-iron. Two oxidation ex-
periments are made at 600° C., the
first for 5 minutes and the second for
40 fminutes. A mixture of Fe30 3 and '
a-Fe20 3is found by the reflection study, 10H 1004

while Cr203 is the only oxide found in Figure 6. Oxide Film of Nichrome V, NC5-600
the stripped film using the transmis- eciron aphs, str ed fim

sion technique. No spectrographic a.

analyses were made. The evidence 8‘ SE{P“ raﬁmﬁraf] C[IO?]IO s"(ﬁ]p%%tgm
indicates that oxides of iron are con- d. c. Imlcrographs Iﬁm on meta
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Figure 7. Oxide Filmoof Mild Steel,
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centrated in the outer part of the film,
while Cr20 3 is the main component of
the film. These results, when com-
pared with those obtained on 13 CrFe as
shown in Table VI, indicate that the
presence of nickel in the lattice has had
an effect on the relative rateswith which
chromium and iron get to the surface.

The electron microscope data shown
in Table VI and Figures 2 and 3 indicate
that small, irregular crystals of 100 to
600 A. are formed for the 5-minute
oxidation while somewhat larger, irregu-
lar crystals of 300 to 1500 A. are formed
in the 40-minute oxidation. The aver-
age size increases with time of oxida-
tion from 300 to 700 A. as shown by the
two experiments. The 5-minute oxida-
tion shows a uniform film while the 40-
minute oxidation shows a nonuniform
film.

Refractory Alloys. These alloys
are not only protective but exhibit great
strength at high temperatures. They
are usually complex chemically and in
many cases are not structurally homo-
geneous.

K/fSB. K42B is a complex alloy and
consists largely of a solid solution of the
several metals in a face-centered cubic
lattice. Two experimentsare made with
K42B at 600° C. The first oxidation
is for 5 minutes, while the second is
for 30 minutes. The reflection electron
diffraction data shown in Tables 11 and
V indicate a spinel structure on the sur-
face which the authors have assigned the
formula FcsOj. because of its lattice
parameter. Tne 30-minute oxidation
study indicates the presence of a-Fe20 3
in addition to Fe30 4on the surface. This
is to be expected from previous observa-
tions on iron by the authors (8) where
a-Fe20 3 is formed under conditions of
an unlimited oxygen supply and long
oxidation time. The transmission dif-
fraction patterns show the presence of
Cr20 3and aspinel, while spectrographic
analysis shows both chromium and iron
with chromium making up the bulk of
thefilm. Itisofinterest that stratifica-
tion occurs even in films 100 to 300 A.
in thickness. Since the 30-minute
oxidation shows only a trace of FesO<
by transmission while the reflection data
indicate that the surface consists of
oxides of iron, Cr203 appears to be in
contact with the substrate. This is in
agreementwith results for stainless steel
and in contrast with those for 13 CrFe.

The electron microscope data are
summarized in Table VI and shown in
Figure 4. Nonuniform films of irregular
crystals are formed in both experiments.
Crystals from 200 to 750 A. insize, with
an average size of 350 A., are found for
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Figure 9. Qxide Fim of 5% Chrome-
5 Cr5-400

Iron,
Elect hs, stripped fil
B E(eegthrq g ‘f glgﬁ tsraS rn?ggoq ?m rPed f||[n
c. ectr(i1 racno U tion, film
d, e. Light micrographs, film on’met al
| | >-

the 5-minute oxidation, while the size
distribution is 300 to 800 A. and the
average size 450 A. for the 30-minute
experiment. The average crystal size
increases with an increase in the time
of oxidation.

Inconel. This alloy is probably a
solid solution type of alloy with a face-
centered cubic lattice. Two experi-
ments are made at 600° C.; the first
oxidation is for 5 minutes, while the
second is for 30 minutes.

The reflection studies indicate the
presence of FejOr for both experiments.
A transmission study of the stripped
film shows the presence of a spinel,
Cr20j, and NiO for the 5-minute oxida-
tion, and Cr20j and NiO for the 30-
minute oxidation. Spectrographic anal-
ysis shows the presenoe of chromium,
nickel, and iron in the film.

An analysis of these results indicates
that a stratification of the oxides occurs
in the film formed on Inconel with a
spinel, probably Fedr, on the surface
and a spinel, probably Ni0.Cr20 3 and
Cr20aand NiO making up the body of
the film. The data available do not
permit a determination of the relative
positions of the Cr20» and NiO in the
film. It is interesting to note that NiO
and Cr202 can exist together in the
film without forming completely the
spinel NiO.CriOj. An x-ray diffrac-
tion study of the equilibrium system
Cr20s-NiO by Thomassen (16) is shown
in Figure 12. No part of the chart
shows the existence of NiO and Cr20j
except as the spinel Ni0.Cr203

The electron microscope data are
summarized in Table VI and the micro-
graph is shown in Figure 5. Nonuni-
form oxide films are obtained with
irregularly shaped crystals. The crys-
tals vary in size from 300 to 900 A
with an average size of 400 to 450 A,
An increase in the time of oxidation
does not result in an appreciable in-
crease in average crystal size.

Nichrome V. Nichrome V is an alloy
used in making electrical resistance
heaters. It consists largely of a solid
solution of chromium in nickel with a
face-centered cubic lattice.

Two oxidations are made, the first
for 5 and the second for 30 minutes at
600° C. The electron diffraction data
as summarized in Tables Il and V
show that Cr20j is found by both the
reflection and transmission methods.
This is in agreement with a previous
study (9) on the existence diagram for
Nichrome V. Mott’s theory (13)
would, however, predict the occurrence
of NiO on the surface and Cr20»
in contact with the substrate. Spec-
trographic analysis shows the pres-
ence of chromium and a trace of

a
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a
THIN FILM NDINEL, STOICHIOMETRIC OXIDE
COMPOSITION I o 03 COMPOSITION ON
AS DETERMINED ONLY NICHROME 31
BY ELECTRON
DIFFRACTION ON
NICHROME 31
NiO
AND
DECREASING
AMOUNTS OF
SPINEL,
Nio ‘CP203
Crz03 Mol FRACTION NiO-* NiO
Figure 12.

Correlation of Electron D|ffract|on Stud with
Equilibrium Diagram Study of System Cr20 3N i0 (15)

iron but no nickel. The authors’ data also differ from the results
of Chalmers and Quarrell (£) who report that the oxide formed on
nickel-chromium alloys has a spinel structure and probably a
composition corresponding to Ni0.Cr20 3

It is of interest to compare results for Nichrome V with the re-
sults of the equilibrium diagram for the Cr203Ni0O system as
determined by Thomassen (16) and shown in Figure 12. If the
alloy were completely converted to the oxides, the diagram shows
that one should obtain NiO and the spinel Ni0.Cr203 The au-
thors obtain from electron diffraction data only Cr20s. Referring
again to Figure 12 one can see that Cr20 3would be the equilibrium
oxide forming up to NiO mole fractions of 0.27, the NiO being
presentin solid solution in the Cr20 3 This example illustrates the
difficulty of applying equilibrium data to a thin film reaction prod-
uct forming on alloys.
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Oxide Film of 5% Silicon
Iron, 5 Si 5-300
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The lattice parameters for the Cr20 3
lattice found in this study are shown in
Figure 13, together with the other pos-
sible lattices which might be formed.
The agreement with the Cr20 3lattice is
good.

Electron microscope data summa-
rized in Table VI and the electron micro-
graph shown in Figure 6 indicate the
presence of fairly uniform oxide films
made up of irregularly shaped crys-
tals. The crystals have a size distribu-
tion of 100 to 550 A. with an average
size 0f 250 A. for the 5-minute oxidation
and 350 A. for the 30-minuto oxidation.
The time effect of size increase is small
but can be noticed.

M agnetic Alloys. Hipemik. This
alloy is of the solid solution typo and
has a face-centered cubic lattice. It is
best known for its magnetic properties.
It is an interesting alloy, since it con-
sists of 49% iron, 49% nickel, and 2%
manganese. In terms of the atomic
concentration of the metals on the
surface of the alloy, oxides of both

iron and nickel should occur.

The oxide film formed at 400° C. in 0.1 atmosphere of oxygen
for 5 minutes shows the presence of Fe30< and a-Fe20 3on the sur-
face by the reflection technique. The transmission data show
the presence of a spinel with a lattice parameter of 8.34 A. as well
as a-Fe203and NiO. The lattice parameter of the spinel does not
permit a positive identification, since Fed 3 has a parameter of
8.40 A. and Nio .Fex 3has a parameter of 8:34 A, Spectrographic
analysis shows the presence of manganese, nickel, and a trace of
iron.

The electron microscope data summarized in Table ||| indi-
cate the presence of a uniform film with thicker sections at the
grain boundaries. The crystals are irregular in shape and show
evidence of overlapping. The crystal size varies from 200 to
500 A. with an average size of 300 A.

30 CoFe. Thisalloy is of the solid solution type and has a body-
centered cubic structure. Itis known for its magnetic rather than
for its protective properties.

The oxide film formed at 300° C. in 0.1 atmosphere of oxygen
for 30 minutes shows the presence of Fe® <(8.43 A) on the sur-
face by reflection and a spinel (8.36 A by transmission. The
two spinels which are possible are Fe30< (8.40 A) and CoO.Fe2 3
(8.39 A.). Thebody of the film may be either of these or a mixture
of the two. Spectrographic analysis shows iron, cobalt, and a
trace of chromium.

The electron microscope data given in Table 111 and the elec-
tron micrograph shown in Figure 8 indicate the presence of a non-
uniform film composed of irregular, angular crystals with a size
distribution of 300 to 1200 A. and an average crystal size of 700 A
Considerable overlapping of crystals is noted.

Mild Steel. Mild steel may be classified as a magnetic alloy
with poor protective quality. It has a body-centered cubic
structure.

Oxidations with 0.1 atmosphere of oxygen at 250° C. for 5 and
30 minutes show the presence of Fe30< by both techniques. Oxi-
dation at 300° C. for 5 minutes shows Fe®< and a-Fe2 3 by re-
flection from the surface and Fe30< by transmission
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Figure 13. Experimental Diffraction Data for Oxides Which May Occur on Nichrome V and Inconel

The electron micrograph shown in Figure 7 indicates the pres-

ence of nonuniform film consisting of overlapping crystals with a
size distribution of 250 to 1600 A. and an average size of 750 A. for
the three oxidations. The size of the crystals does not appear to
be affected by temperature.
Kovar is a solid solution type of alloy having
a face-centered cubic structure. It is used primarily in making
glass to metal seals, and is not considered to be a protective alloy.
However, the nature of the oxide film is very important in prepar-
ing good seals.

Sealing Allot.

Oxidation with 0.1 atmosphere of oxygen at 400° C. for 5 min-
utes shows the presence of Fe30 4 by reflection and a spinel with
lattice parameter of 8.35 A by transmission. Since the parameter
of NiO.Fex0 3is 8.34 A. while that of Fea) 4is 8.40 A. and CoO.Fe0 3
is 8.39 A., it would appear that the nickel spinel may be formed,
Spectrographic tests were not made on this alloy and therefore
a positive identification is impossible.

The electron micrograph indicates the presence of a nonuniform
film consisting of clusters of small irregular crystals with a size
distribution of 250 to 750 A. and an average size of 400 A.

Miscellaneous Alloys. Thesebinary alloys are composed of
iron and metals of the body-centered cubic, facc-centcrcd cubic,
and other structural types in solid solution in the a-iron lattice.
In all cases the alloying metal is not present in excess of 5%.
The alloying metals tungsten, chromium, and vanadium have
body-centered cubic structures; Nickel is face-centered cubic;
cobalt is hexagonal close packed; Manganese has a complex cubic
structure; and silicon has a cubic structure of the diamond type.
Previous work by the authors (10) on abraded samples of these
alloys indicated that oxides of the alloying metal were not found
on the surface. This study has been undertaken to determine
whether polishing may increase the concentration of the alloying
metal to such an extent that its oxides may occur on the surface
and to determine whether oxides of the alloying metal occur in the
body of the film.

5 CrFe. Transmission data show the presence of a spinel with a
lattice parameter of 8.34 A. in the body of the film. Spectro
graphic analysis shows the presence of chromium and a trace of
iron. This would indicate that FeO.Cr203 (8.35 A? may be the
oxide in the body of the film with Fe30 4 on the surface. It may
also be possible that 7-Fe2o 3(8.32 A.) is present in the body of the
film.

S VFe. The transmission data show the presence of a spinel
with a lattice parameter of 8.33 A. Although a spinel with the
formula Fe0.v20 3may exist, no x-ray data appear to be available
for this substance. The body of the film may, therefore, be com-
posed of this spinel or it may be 7-Fe20 3 (8.32 A.). No spectro-
graphic analysis is available to check these predictions.

5 NiFe. Although the surface spinel appears to be Fe 4 the
formula of the spinel occurring in the body of the film may be
Ni0.Fe203 The lattice parameter by transmission (8.34 A.) isin
agreementwith the assignment of the formula Ni0.Fe20 3(8.34A.).
No spectrographic analysis is available.

5 CoFe. Tne spinel occurring in the body of the oxide film
cannot be determined uniquely by electron diffraction, since there
are twio possible spinels, Fe® 4and Co0O.Fe20 3 having almostiden-
tical lattice parameters. However, the spectrographic analysis
shows the presence of iron, copper, and a trace of aluminum but
no cobalt. This would seem to indicate that 7-Fe2 3(8.32 A.) may
be the oxide in the body of the film.

5 MnFe. Transmission data show the presence of a spinel with
a lattice parameter of 8.32 A. Since three spinels are possible
Fed 4 (S.40 A.), 7-Fe® 3(8.32 A.), and Mn0.Fe2 3 it would ap-
pear that 7-Fex 3 is the oxide present in the body of the film.
Spectrographic analysis shows the presence of iron, manganese,
and traces of chromium and aluminum. Manganese may occur in
solid solution in the 7-Fe2 3lattice.

The two remaining alloys, 5SiFe and 4 WFe, show only the pres-
ence of a-Fe20 3 by transmission.

The surface oxide on 5 SiFe as determined by the reflection
technique appears to be Fo0 4 This case is rather unusual, since
0-Fe20 3is in contact with the substrate and Fe30 4 on the surface.
Usually a-FciOiis formed only when thereisan unrestricted supply
of oxygen and equilibrium conditions are being approached.

The surface oxide on 4 WFe appears to be «<-Fe20 3 This is the
only case in this series of alloys where a-Fe20 3 is found on the
surface.
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In summation, the structure of the alloying metal does not seem
to have an appreciable effect on the occurrence of a given oxide on
the surface. Polishing may have an effect in concentrating the
alloying metals in the surface layer of the oxide but this increase
in concentration, if it occurs, does not appear to result in the
formation of an oxide of the alloying metal on the surface of the
film. The data are not conclusive enough to decide whether the
alloying metal may or may not be present in the various spinels
which occur in the body of the oxide films.

' The electron micrographs for these alloys are shown in Figures
9 to 11. The interpretations of these micrographs are given in
Table I11.

The micrographs of the oxide layers on 5 MnFe, 5 SiFe, 3 VFe,
and 4 WFe show the presence of films which are uniform and
composed of irregularly shaped crystals with average crystal
sizes of 350, 500, 250, and 300 A., respectively.

The micrographs on 5 CrFe, 5 NiFe, and 5 CoFc show the pres-
ence of films which are nonuniform and composed of crystals of
irregular shapes with average crystal sizes of 250, 600, and 400 A.,
respectively.

There does not appear to be any close correspondence existing
between the structure of the alloying metal and the size and shape
of the oxide crystals which form when the alloy is oxidized. With
the exception of 5 CrFe, all oxidations were carried out under
identical conditions. Since the oxidation rates of these alloys are
probably different, there may be some differences in the thick-
nesses of the oxide films.

DEVIATION OF CALCULATED LATTICE PARAMETERS
FROM X-RAY VALUES

A previous work by the authors (8) indicated that the electron
diffraction reflection method gives lattice parameters for the oxide
films formed on abraded samples of iron, cobalt, nickel, chro-
mium, and copper which are slightly larger than the x-ray values.
These parameters showed negligible time and temperature effects.

Transmission data obtained by the authors (15) on the same
metals show small negative deviations. These samples had been
submitted to metallographic polishing prior to oxidation. On
the polished metals reflection data yield lattice parameters which
are on the average 0.7% high, while the transmission method
gives values which are on the average of 0.2 % low.

In a recent paper (10) on alloys the lattice parameters of the
oxides formed on abraded samples show in general that positive
deviations occur. The average deviation was calculated to be
0.3%. The lattice parameter deviations of the oxides found in
this work are shown in Table V.

The reflection method yields results which are, on the average,
0.4% high, while the transmission method gives values which are,
on the average, 0.3% low. The positive deviations are greatest
for Fc30i and least for a-Fe203and Cr203 The negative devia-
tions result almost entirely for Fe3)j and are negligible for a-
Fe20 3and Cr20 3

In the calculation of the deviations from the transmission data,
FesO-i was used as the unknown spinel in all cases. Since other
spinels may be present, as discussed earlier, the deviations may
actually be smaller than those listed.

The positive deviations for FejOj have a range of +0.24 to
+0.60% and an average of 0.40%. The a-Fe20 3lattice has an
average deviation of +0.35% while the one observation of the
Cr20 3 lattice gives a deviation of +0.30%. Goldschmidt (6)
has shown that a variation in the stoichiometric ratio of iron to
oxygen atoms in the lattice may give deviations of the order of
magnitude observed here. Bernard (1) also reports that an in-
crease in the lattice parameter of FeO from 4.28 to 4.298 Al is
caused by the solid solution of iron in the oxide lattice.

The differences observed in the lattice parameters as found by
the reflection and transmission methods thus may be due to one
or more of the following reasons:
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The presence of strains in the oxide film on the alloy and sub-
sequent relief of these strains when the film is stripped.

Transformation of Fe4 to 7-Fe20 3by the stripping process.

Variations in the stoichiometric ratio of iron to oxygen atoms
in the lattice.

Stratification of the several components as a function of the
film thickness.

CONCLUSION

The results obtained by the elec-
tron diffraction reflection technique show that the oxides found
on the outer surface of the oxide layer may not be directly cor-
related with the composition of the alloy. In some cases oxides
are found on the surface by reflection and are not observed after
the film is stripped and examined by transmission. The cause of
this difference may be a chemical change in the film as a result of
the stripping technique or the presence of the outer oxide layer
as such a small fraction of the whole film that the transmission
technique is not sensitive enough to show its presence.

The difference in composition of the outer layer and the body of
the oxide film may result from the following experimental facts
observed on the alloys in addition to any possible effects which
may result from the stripping technique:

E lectron Diffraction.

Iron and chromium ions appear to diffuse more readily to the
surface than other metal ions.

NiO is never observed on the surface, although it docs occur
in the body of the film on certain alloys; this may indicate a low
diffusion rate for the ion.

CoO is not observed on the surface or in the body of an oxide
even when the percentage of cobalt is high as in 30% CoFe; there
may, however, be a solid phase reaction between CoO and Fe20 3
to form the spinel, CoO.Fe20 3

The protective and refractory alloys, such as 13 CrFe, 18-8
stainless steel, K42B, Inconel, and Nichrome V, yield Cr20 3 as
one of the oxides in the body of the film, although Cr20 3may not
be present on the surface of the oxide film. In two of these
cases, 13 CrFe and Nichrome V, Cr20 3is found both on the surface
and in the body of the oxide film. None of the alloys shows the
presence of Cr20 3on the surface if it is not present in the body of
the film. This would seem to indicate that in many alloys con-
taining both iron and chromium, Cr20 3is in contact with the me-
tallic substrate while oxides of iron occur in the outer surface of
the oxide film. An examination of those alloys shown in Table V
which contain both chromium and iron indicates that iron in most
cases has a greater tendency than chromium to get to the surface.

All of the magnetic, sealing, and miscellaneous alloys are oxi-
dized in the temperature range 250° to 400° C. On llipernik the
presence of NiO, ct-Fe20 3 and a spinel with a lattice parameter of
8.34 A suggests that a solid phase reaction may have occurred be-
tween NiO and a-Fe20 3to form Ni0.Fe2 3with a lattice param-
eter of 8.34 A.  On liovar the spinel in the body of the oxide film
may be Ni0.Fe20 3 CoO.Fe20 3 Fe304 or a mixture of any two or
all three of these, although the lattice parameter of 8.35 A sug-
gests that Ni0.Fe2 3 may be predominant. Unfortunately, no
spectrographic analysis is available to confirm this. The spinels
in the body of the oxide films formed on 5 CrFe, 5 NiFe, and 5
CoFe may be Fe0.Cr20 3 Ni0.Fc20 3 and CoO.Fc20 3 respectively.
Further work on the analysis of these oxide coatings is required
in order that more positive identifications may be made.

It is of interest to compare the oxides found on polished sam-
ples in this study with those found on abraded samples recently
reported by the authors (10). These comparisons shown in Table
VIl are made at the same temperature and time of oxidation
although the oxygen pressure was 1 mm. with the abraded and
0.1 atmosphere with the polished samples.

There is a 1to 1 correspondence of oxides obtained in the two
methods of surface preparation. This indicates that polishing
appears to have little or no effect or the oxides occurring in the
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outer layer of the oxide surface. The oxygen pressure effect also
appears to be negligible.

The lattice parameters of the oxides observed on polished sam-
ples of the alloys are in general agreement with x-ray values al-
though slightly larger by the reflection technique and slightly
smaller by the transmission technique. In those cases where
more than one time of oxidation is used, no variation of lattice
parameter with film thickness is noted.

Table VII.  Comparison of Oxide Film Structures on Abraded and
Polished Samples by Reflection Method

Alloy Abraded Samples Polished Samples
13 CrFe a-FcrOj or CrjoOj Cr,0
18-8 SS a-FeiCU + FeaOi 0-FejOj + FeiOt
K42B FejoOr FeaOr
Inconel FeiOi FeiOt
Nichrome V CriOa CriOj

The authors’ recent study (10) indicated that no unique oxide
lattice could be correlated with the protective quality of an alloy.
Neither could any statement be made relative to the position
of the protective part of the oxide film. This study indicates that
those chromium alloys, which are protective or refractory, always
show' the presence of Cr2Csin the body of the oxide layer and may
also show it in the surface film. This w'ould seem to indicate that
Cr20 3may be functioning as a protective oxide layer and that it is
actually in contact with the substrate. Further w'ork is needed
where the surface of the oxide in contact with the substrate is ex-
amined by the reflection diffraction technique in order to deter-
mine if this inner oxide surface actually is Cr20 3

Electron Microscope. The selection of the various tempera-
tures and times of oxidation is made such that the oxide films ob-
tained are of comparable thickness. It isestimated that the thick-
ness range lies between 100 and 300 A. Within this thickness
range all the alloys may be considered to be protective and they
are probably obeying a parabolic rate law of oxidation.

The refractory and protective alloys included in this study are
all oxidized at 600 ° C. In caseswhere two experiments at different
times of oxidation are performed, the average crystal size in-
creases with an increase in the time of oxidation. This increase is
the most pronounced for stainless steel with relatively slight in-
creases observed for K42B, Inconel, and Nichrome V. Of these
four alloys Nichrome V is probably the most protective while
stainless steel may be the least protective. The increase in crys-
tal size is greatest for stainless steel and least for Nichrome V.
There may, therefore, exist a correlation betw’een the size of the
oxide crystals formed and the protective quality of the alloy.
Further w'ork involving shorter and longer times of oxidation and
higher temperatures is required in order to check this possibility.
All the oxide films on these alloys consist of irregular crystals
with considerable overlapping. Most of the films are nonuniform.

The magnetic, sealing, and miscellaneous alloys are oxidized in
the temperature range 250° to 400° C. All the oxide films are
composed of crystals of irregular shapes. The manganese, silicon,
vanadium, and tungsten alloys are characterized by uniform
films, while the cobalt, chromium, and nickel alloys form nonuni-
form films. The average crystal size varies more widely on these
alloys than it does on the protective or refractory alloys ranging
from 250 A. on 3 YFe or 5 CrFe to 600 A. on 5 NiFe.

The occurrence of nonuniform oxide films on alloys is not unex-
pected, since the initial layer may consist of the several oxides
mwhich have different rates of growth. In addition, each oxide pos-
sesses certain preferred directions of growth. A third factor may
be concerned with the ease with which a metallic ion gets to the
surface and is oxidized. All these factors would favor the forma-
tion of nonuniform films. One might expect, therefore, to find

thicker and thinner sections of oxide film existing on the surface.
In a previous paper on metals (15) the authors have explained
overlapping of crystals as the result of the physical overlap of two
crystals, and the contact zone between crystals occurring at an
angle to the electron beam. This overlapping phenomenon is ob-
served in many of the films on the alloys.

SUMMARY

The thin film oxidation process occurring on alloys composed
principally of iron, cobalt, nickel, and chromium is studied by elec-
tron diffraction and the electron microscope. Both the reflection
and transmission methods of electron diffraction are used. The
film stripping techniques.developed by Evans and co-workers
are used for preparing the film for the transmission studies. Typi-
cal commercial protective, refractory, magnetic, and sealing al-
loys are studied. In addition a miscellaneous group of experi-
mental alloys is included.

The following electron diffraction results are obtained: (1)
Iron and chromium ions diffuse more readily to the surface of the
oxide film than the other metal ions. (2) Stratification of the ox-
ides occurs even for films of 100 to 300 A. thick. (3) Crx 3is al-
ways observed in the oxide film on those alloys in this study which
are classified as protective or refractory. In those cases where
stratification occurs, Cr20 3appears to be in contact with the sub-
strate. (4) NiO isnever observed on the surface of the oxide film,
although it does occur in certain cases in the body of the film. This
fact may indicate a low diffusion rate for the nickel ion. (5)
Solid phase reactions may occur between two simple oxides to
form the spinel type of oxide structure. (6) With the exception of
iron and chromium, metals which constitute no more than 5% of
the alloy do not occur as simple oxides on the outer surface of
the film. These oxides do appear to form spinels in the body of
the film. (7) Simple oxides of cobalt, manganese, silicon, vana-
dium, and tungsten are not observed in this study.

The following electron microscope results are obtained: (1)
The thin oxide films consist of a continuous film of oxide crystals
of 100 to 1600 A. in size. (2) The oxide films are not of uniform
density and the crystals have irregular shapes. (3) The effect of
longer oxidation periods is to increase the average size of the crys-
tals. (4) The crystals found on the nonprotective alloys such as
mild steel at 250° C. are of the same size as the crystals found on
the protective and refractory alloys at 600° C. (5) At a given
temperature a correlation may exist between the size of the oxide
crystals and the protective quality of the oxide film. (6) The
thickness of the boundary zone between crystals in the mosaic
structure is of the order of 50 A. or within the resolving power of
the microscope.
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Preparation of Powdered Materials for Electron Microscopy
MARY C. SCHUSTER AND ERNEST F. FULLAMZ Interchemical Corporation, New York, N. V.

A discussion is given of the basic problems involved in the prepara-
tion of powdered materials for electron microscopy, with special
reference to effecting and maintaining an adequate dispersion of
ultimate particles. Various tested methods are described for form-
ing thin films of clear resins and for mounting dispersed powders on
these fims.  Procedures are also given for dispersing and mounting
powders suspended in resin solutions. The properties and applica-
tion of various resins and solvents are described, and electron micro-
graphs of several types of mounts are shown. These procedures
for mounting particulate materials should be helpful for extension and
refinement of the techniques of sample preparation for the electron
microscope.

F INELY divided substances were among the first objects

studied by the electron microscope, and the literature con-
tains accounts of numerous investigations of specific materials (9).
In many cases descriptions are given of the methods used to
mount the specimens for electron microscopic study, but a gen-
eral survey of mounting methods for particulate materials has
heretofore been lacking. The traditional mounting methods
of light microscopy are not in general suitable for the electron
microscope, because of the low penetrating power of electrons
and the consequent necessity for operating in a high vacuum,
which make impossible the use of standard glass slides and im-
mersion liquids. 1t has therefore been necessary to develop spe-
cial mounting techniques for electron microscopy. The aim of
this paper is to discuss the problems involved in dispersing and
mounting powdered materials for electron microscopy, and,
since there is no single universally successful method of prepara-
tion, to describe various specific procedures found useful in this
laboratory.

GENERAL CONSIDERATIONS

Dispersion. When the purpose of microscopic study is to
examine the characteristic size and shape of a few isolated parti-
cles, the preparation of a mount can be extremely quick and sim-
ple, involving no more than dusting a small quantity of the pow-
der on the thin nitrocellulose films generally used as specimen
supports. One purpose of pigment microscopy is to produce mi-
crographs that can be studied statistically to furnish particle-size
distribution data (6, 1S), from which can be calculated specific
surface, covering power of pigments, and other properties. Such
a statistical study is almost without significance if the particles
are clumped together so that few particle diameters can be meas-
ured; therefore, the microscopic study must be preceded by ade-
quate dispersion (Figure 1).

An ideally dispersed mount consists of a field of particles
crowded enough for many to be studied on one plate, yet with
each particle sufficiently separated from its neighbors to permit
measuring. The dispersion of a powdered material involves the
breaking of aggregates without comminution of the ultimate par-
ticles, and the prevention of flocculation during the subsequent
preparation of the mount. Some form of work—mechanical,
thermal, electrical (10), magnetic, or chemical—must be applied
in order to break these aggregates down to the ultimate working
unit, which is a single crystal, fragment of crystal, or small hard
aggregate that functions as an ultimate particle (4).

Flocculation. Flocculation is generally considered to occur
when a powder is “poorly wetted” by the mounting medium, and
if it occurs, the selection of another medium will often bring
about a deflocculated mount. If the powder is known to be hydro-
phobic or hydrophilic, the mounting medium should be chosen

1Presentaddress, General Electric Co., Schenectady, N. Y.
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accordingly. Wetting agents are sometimes helpful, but there is
some evidence that they may make the image of a particle fuzzy
by concentrating at the particle-medium interface; therefore, itis
preferable to rely on the wetting properties of a properly chosen
mounting medium, and to avoid the use of an additional wetting
agent.

Films and Screens. Electron microscope preparations are
usually mounted on very thin (100 to 300 A.) resin films. The
fragile films are themselves supported on 0.3-cm. (0.125-inch)
disks of perforated metal (nickel-plated copper), or of calendered
screening of stainless steel, phosphor bronze, or copper. The size
of hole varies from 20 microns for the electrolytic screens to
over 100 microns for the woven screens. The small holes afford
more support for films, but the large ones give a greater field of
view. It is convenient to have punches of \&> V2, and Vie inch
with which to make a large hole in the center of a screen to facili-
tate the location of large objects in the electron microscope.
Such punched screens are also used for electron diffraction work
to eliminate all diffracted electrons coming from the surface of the
screen wires. The film over such a large hole must be heavier
than normally used, but for moderately low magnifications will
notinterfere with the quality of the image.
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Use op Light Microscope. Itisstrongly recommended that
all stages of the preparation of mounts for the electron micro-
scope be followed by observation in the light microscope. Experi-
ence in comparative observations with both instruments enables
the microscopist to save much time by discarding unsatisfactory
mounts before they are ready for the electron microscope.

MOUNTING ON A CLEAR RESIN FILM

Fitms. The resin film should be as nearly transparent to elec-
trons as possible, should show no structure of its own, and should
contain no suspended impurities. One exception to this general-
ization is in the case of stereoscopic studies of large particles,
where a little fine dirt on the supporting film supplies a reference
plane that is psychologically helpful in studying the stereoscopic
micrographs. The thinner the film, the more transparent it will
be. An ideally thin film is one which breaks under the full in-
tensity of the electron beam, but which holds together under in-
tensities sufficientto give a clearly visible image on the fluorescent
screen of the microscope. A fragile film can be toughened by sub-
jecting it first to very low beam intensities, and gradually build-
ing up to the desired brightness, both by bringing the source
into focus at the specimen plane and by increasing the beam cur-
rent. Usually larger particles will require thicker films for proper

support.
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Resins. The most generally used resin is a purified nitrocel-
lulose called Parlodion which is soluble in the usual nitrocellulose
solvents. Greater toughness and heat resistance are exhibited by
a polyvinyl formal polymer, Formvar 15/95, Grade E; this resin
dissolves in a relatively limited number of solvents. All the resins
listed in Table I, and doubtless many others, may be used to form
films, but the two mentioned above have been adequate for a large
part of the work in this laboratory.

Spread Films. A common method of film formation is to drop
a small amount of resin solution on water, let it spread and
dry, place screens on it, and pick up the screens with a special an-
nular tool or with a glass microscope slide. The thickness of the
film is controlled by the concentration of the original solution, by
the volatility of the solvent (the more volatile solvents evaporate
faster, and the film area is consequently smaller than with a less
volatile solvent), and by the spreading coefficient of the solution
(1). The spreading coefficient is a function of the surface tension
of the water, the surface tension of the solution, and the intcrfa-
cial tension of the two liquids; the coefficient must be positive if
spreading is to occur. In the absence of a surface-active agent,
the spreading coefficient of the solvent controls the spreading of
the solution. Thus, Parlodion in methyl, ethyl, amyl, or Cello-
solve acetates (all with positive coefficients) spreads well; whereas
Formvar in ethylene dichloride or dibromide (negative coefficients)
will not spread, but forms lenses on the water instead.
Formvar (5%) in diehloroethylene or propylene dichloride will
spread fairly well, since the unsymmetrical nature of those mole-
cules enables them to spread. Formvar in ethylene dichloride
will spread if it contains a sufficient amount of wetting agent,
such as Aerosol OT (suggested by A. Y. Mottlau, Standard Oil
Development Co., Elizabeth, N. J.) or olcie acid, although the
films obtained with the former contain many holes and are lacy
in appearance. This lacy structure may be desirable as a support
for weak or exceptionally thin films, and can also be achieved by
dispersing camphor in an equal or slightly larger volume of 10%
Parlodion in amyl acetate and spreading the mixture on water.

The water on which the films are spread is contained in a rec-
tangular dish of Pyrex whose edges are ground flat, and whose in-
ner surface and edges are lightly coated with paraffin. When the
dish is filled to the brim with distilled water, the meniscus rises
above the edge of the dish and can be swept clean with paraf-
fined glass rods or chromium-plated brass bars. The water is
swept twice in this manner before every operation. The distilled
water must be changed daily, since any impurity tending to
lower the surface tension of the water will concentrate at the
water-air interface and seriously reduce the spreading of solutions
on the water. Any bacteria growing in the water will be ob-
served on the preparation; therefore the dish must be cleaned
regularly.

Mercury may also be used as a substrate on which to spread
films. Its high surface tension makes it theoretically excellent
for this purpose, but the practical difficulties of cleaning and
handling mercury are considerable.

Cast Fitms. Resin films can be formed by casting onto glass.
Dilute solutions of the resin (0.2 to 0.4% by weight) in very vola-
tile solvents are taken up in a micropipet formed
by drawing out soft glass tubing in a flame (2).
A slight bend in the tubing will prevent the solu-
tion from running back into the rubber bulb and
becoming contaminated. In forming the film,
the long narrow shank of the pipct is held close
to and parallel with a clean glass slide; the liquid
is gently expelled and is drawn between pipet
and slide by capillarity, then quickly spread out
across the slide with a sideways motion of the
pipet. To eliminate streaking, the slide is held
vertically in an atmosphere of the solvent for
the resin, preferably in a large jar or beaker,
where it is allowed to drain until dry. The film
thickness depends on the concentration of the
solution, the volatility of the solvent, the length
of time for draining, and to some extent on the
manner in which the solution is spread. The
film can be formed more simply by dipping the
slide into a jar of the solution, but the pipet
method is preferred for two reasons: the large
surface of the dipping jar' exposes the solution to

Resin

Polystyrene

dust contamination, an important consideration M;E:r;y:aTeEtgr_
in many laboratories, and the tendency of ethyl- SeItilose
acetate

ene dichloride (the usual Formvar solvent) to be-
come acid on exposure to light and air is ag-
gravated. All ethylene dichloride solutions should
be stored in brown bottles, since a markedly acid
solution forms weak films that are difficult or im-
possible to strip.

INDUSTRIAL AND ENGINEERING CHEMISTRY

Nitrocellulose
(Parlodion)

Formvar 15/95

Vol. 18, No. 10

Manipulation of Cast Films. After casting and drying, the
film is scored around the edge with a needle and usually cut into
0.25-inch squares for easy manipulation of the screens. The
slide is lowered into the water at a low angle, film side uppermost,
and the edge of the film is teased loose from tne slide with a needle.
This is easier if the rim is thickened with one or two extra coats of
resin. The film slowly peels oil the slide and floats on the surface
of the water with little help from the needle; breathing on the
slide before and during peeling will facilitate the operation. If
the squares of film show any interference colors when examined
by reflected light, they are too thick. A pale, first-order gray is
the color of the heaviest film that can be employed; the best films
are nearly invisible on the water surface.

The glass slides should be clean and free from scratches, be-
cause scratches are reproduced in the film. Dirt will contaminate
the film and sometimes prevent it from peeling off the slide.
To minimize these difficulties, new microscope slides of good
quality are employed; they are cleaned in soap and water, rinsed,
and dried. Just before use, a slide is removed from the water,
drained, then polished with fine magnesium oxide on a small wad
of moist lens paper, and wiped dry with a clean soft cloth. If the
slides are used only for this purpose, they may be cleaned and re-
used several times before becoming too badly scratched.

The film may be transferred directly from the slide to the screen
by a method described by Schaefer and llarker (13). The screen
is placed on a film-covered slide, both are covered with condensed
moisture by breathing on the slide, and Scotch tape is quickly
pressed down over screen and slide. When the tape is gently
peeled off the slide, the screen comes up with the film on it.

Dry Mounting. The specimen may be placed on the film in a
variety of ways. The simplestis to dust the dried powder onto
either a film-covered screen or a film-covered slide. In the latter
case, a suitable area is selected in the light microscope, and a
screen is placed over that area. A small drop of rubber cement
on one edge of the screen will keep it from slipping off the selected
area as film and screen are peeled off together.

M ounting Powders Suspended in a Liquid. ANy powder
that can be dispersed in a volatile liquid which does not dissolve
the film on the screen, can be easily mounted by placing a drop
of the suspension on a film-covered screen and allowing it to dry;
however, the particles tend to clump together as they go to dry-
ness. It is possible to keep the particles dispersed to the last
moment by applying some form of vibration, as described below.
It is also possible to immobilize a deflocculatcd suspension by
quick-freezing in liquid air or a dry ice-alcohol mixture, and then
to sublime the ice under high vacuum. Particles can also be
directly centrifuged onto the film-covered screen (3).

Removing Soluble Impurities. Soluble impurities in a sus-
pension are often troublesome, since they crystallize on drying
and are visible in the electron microscope. The mounting film
can be used as a dialyzing membrane to remove water-soluble
substances: a drop of the suspension is placed on the film as it
lies on the water and water is allowed to dialyze through the film.
The drop swells as water passes through the film by osmosis. A
screen is placed on the drop, and the excess water withdrawn by

Table . Resins and Solvents
mRecommended Solvents
For mounts
For For mounts spread drawn down
dispersion* glass* on water on glass®
Cellosolve Methyl acetate Methyl acetate Ethyl acetate
acetate Ethyl acetate Ethyl acetate Amyl acetate
Amyl acetate
Cellosolve acetate
Octyl acetate
Dioxane plus Ethylene dichloride Diehloroethylene Dioxane
a few drops Nitroethane Propylene Nitroethane
of dimethyl dichloride
dioxane Ethylene dichlo-
Nitroethane ridc plus 0.1%
oleic acid
Nitroethane
1,1-Dichloro-
2-nitroethane
Xylene Benzene Benzene
Toluene Toluene Toluene
Xylene
Methyl amyl Acetone Methyl ethyl Methyl ethyl
ketone ketone ketone
Methyl ethyl Methyl amyl
ketone plus ketone
10%iso- Isophorone
phorone

° 10 to 20% solutions, approximately.
*0.1 to 0.5% solutions, approximately.
¢ No fixed concentration; suspension aYIowed to dry to suitable consistency.
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a micropipet, dropping the screen on the film. Film and screen
are removed and dried in the usual manner.

DISPERSION OF POWDERS

Turpentine Dispersion. The manner in which work is ap-
plied to obtain a dispersion may vary greatly. A standard pig-
ment-dispersion method used in light microscopy may be adapted
for electron microscopy (5).

The pigment is rubbed out on a microscope slide in a drop of
fresh triple-distilled turpentine, using a back and forth circular
motion of a glass rod held parallel to and touching the slide hori-
zontally. As the last of the turpentine evaporates, the particles
dry in wedges. In some areas of these wedges, the particle den-
sity will be an optimum, neither too crowded nor too sparse. Such
a dispersion may be flooded with a dilute resin solution, drained,
dried, and stripped onto water, as in the formation of a cast resin
film; or it may be stripped by the method of Schaefer and
Harker. The film partly surrounds the pigment particles and
lifts them off the slide.

This method works fairly well with powders of large and fairly
uniform particle size (0.5 micron and greater). The method may
also be reversed—that is, the turpentine dispersion may be made
directly on a film-covered slide. The film is unavoidably torn by
the largest particles under the rod, and it may be awkward to
peel onto water; however, a continuous scrap of film vie inch
square is ample for electron microscopy.

Dispersion of Soft Substances. Many substances are too
soft to be rubbed out mechanically without deformation. These
materials can be placed in a mortar with solid carbon dioxide and
ground until just before the dry ice has all sublimed. The low
temperature makes most soft substances sufficiently brittle to
shatter. The particles can later be mounted in any convenient
manner. Since commercial dry ice contains appreciable amounts
of oil, the particles should be washed by décantation with an oil
solvent.

Dispersion with Vibrators. Air flocculates may sometimes
be broken apart using a simple mechanical vibrator. The dry
sample is placed on a film-covered microscope slide fastened to the
vibrator. Materials of very large particle sizes have a tendency to
separate into different size ranges as they are vibrated. Sonic
vibration in the upper audio range (15,000 cycles per second)
was also tried. An arm rigidly attached to the vibrator of a loud-
speaker strikes the bottom of a glass cell made of a ground-glass
ring cemented to a cover slip. The cell contains water on which
is floated a film-covered screen, which in turn supports the drop
of liquid containing the sample in suspension. Supersonic vibra-
tion (550 kilocycles per second) was used in a similar manner (7).
A watch glass containing water is placed directly on an electrode
of the supersonic vibrator and a screen floated on the water as be-
fore. The latter two methods were tried only with carbon black
suspended in water. Although the results were not entirely
satisfactory, the method as described might be useful in special
problems, upon proper selection of suspending medium and ad-
justment of particle concentration.

Dispersion with a Spark. Dispersions may also be made us-
ing a high-frequency spark generated by a Tesla coil. The dry
sample is placed in a small pile on one end of a film-covered micro-
scope slide, and the slide is clamped on a wooden support with
the sample-bearing end projecting. A metal plate is supported
about 0.25 inch above the slide. A spark from the coil is passed
several times across the bottom of the slide. The powder scatters
radially outward and usable areas may be found around the edges
of the slide. The spark cannot be applied directly to the sample,
since it alters the film, making it difficult to strip onto water.
This method gives fair results, but is unsuitable for easily fused
materials.

Dispersions with Mills. Mechanical dispersions may be
made in ball, colloid, rubber, or roller mills, or any others, but

ANALYTICAL EDITION 655

these commercial mills require a relatively large sample, consume
considerable time, and in some cases contaminate the sample se-
verely. It should be remembered that nitrocellulose mixtures
may degrade or explode on milling. Mortar and pestle, muller
and plate, or an all-glass motor-driven micromill (11) are cleaner
and use a smaller sample, but they have not been found to give
the most satisfactory dispersions. An agate mortar and pestle
are indispensable for very refractory materials.

Dispersion with a Spatula. The authors have found that
the best dispersions for electron microscopy are made with the
edge of a stiff spatula on a flat white glass table with a fine-grain
“suede” finish. The table is cleaned and re-surfaced with No. 600
Carborundum, followed by a good cleansing powder, and liberal
rinsing. Plato glass surfaced in the same manner is satisfactory.
The best spatulas are of the straight palette knife type, with a
fairly stiff 4-inch blade; the edge should be dull, smooth, and
straight, and the blade kept polished brightly with fine emery pa-
per. The use of stainless steel is advantageous, as some of the
solvents may corrode an ordinary steel blade. Only the largest
aggregates are comminuted by being pressed directly against the
table by the knife, since fine particles are usually smaller by many
orders of magnitude than the average distance between the rela-
tively rough dispersing surfaces. Dispersion is largely accom-
plished by creating shearing forces in the liquid in which the par-
ticles are suspended; the greater the viscosity of that liquid, the
greater will be the shearing force that can be produced. This
desirable condition is attained by mixing the powder with a solu-
tion of the mounting resin in a solvent of moderate volatility. As
the solvent slowly evaporates, the mixture becomes more and
more viscous. Just before going to dryness, it has the consistency
of tar and can be smeared out on the dispersion table.

The knife is held with the edge parallel to the table and the
blade tilted slightly in the direction of smearing, which is normal
to the edge of the knife. The mixture is rubbed out over an area
of a few square inches, scraped up, and rcsmeared until it is too
stiff to work without breaking the spatula. The mixture may be
wetted with more of the same solvent and reworked, if the disper-
sion is not complete. The solvent should have sufficiently low
volatility to give adequate rubbing time, usually about half an
hour for 0.5 cc. of mixture. After the initial mixing, it is not nec-
essary to rub the sample continuously, since the most effective
work is accomplished in the last 10 minutes, and several disper-
sions can thus bein progress at the same time.

Particle Density. The proportion of dry pigment to resin
solution that will give a mount of proper particle concentration
varies with the average particle size of the pigment. The finer the
pigment, the smaller is the proportion of pigment volume to rcsin-
solution volume, since, of course, a given weight of a fine pigment
has a greater projected area than an equal weight of coarser pig-
ment, and consequently will produce a more crowded field. Thus,
1 or 2 mg. of a fine carbon black will be adequate for 0.5 cc. of
10% resin solution, while a bulk of a coarse lead white equal to or
greater than that of the resin solution will be needed to produce a
sufficiently concentrated mount.

Mounts for Electron Diffraction. Pigment mounts for
electron diffraction must be more dense than for microscopic
studies, in order to provide a sufficient number of surfaces for
diffraction, so that continuous rings rather than separate spots
will be formed on the photographic plate. It is possible to obtain
fairly satisfactory micrographs and diffraction patterns from the
same preparation, by making a compromise in the particle density
between optimum density for diffraction and optimum density for
micrography.

MOUNTING DISPERSED POWDERS

After a powder has been dispersed in a resin, there are several
methods for forming it into a film suitable for electron microscopy.
Each method has its advantages and disadvantages; conse-
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Figure 2. Mounts Cast on Glass
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Figure 3. Mounts Spread on Water
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quently, the choice of a mounting method must be made with
reference to the particular substance to be studied.

Cast Mounts. Materials of colloidal dimensions dispersed in
a resin may be resuspended in a fairly volatile solvent and cast
onto a clean glass slide as described above. The dry smear on the
dispersion table is taken up with solvent and transferred to a test
tube. A small amount of this is placed in another test tube and
diluted with the same solvent. From this suspension a film is
cast, and if it is not thin enough, the dilution is repeated and an-
other film formed. This procedure is continued until the film be-
comes too thin to remain coherent when peeled onto the water;
the dilution just preceding this one is used to make the final film.

While this method is tedious, it produces films of exceptional
thinness and clarity, and is the only method suited to the finest
carbon blacks and organic pigments. Formvar diluted with ethyl-
ene dichloride is usually employed because of its superior tough-
ness. Materials that flocculate while being cast cannot be
mounted in this way, but another combination of resin and sol-
vent may sometimes avoid flocculation. Materials that have too
large a particle size to stay in suspension for several minutes can-
not be mounted by casting, since the larger sizes will settle out in
the test tube, and the mount will not properly represent the orig-
inal sample. Figure 2 shows mounts typical of the casting
method and Table | suggests various resin and solvent combina-
tions.

Spread M ounts. A method modified from one originally sug-
gested in the RCA electron microscope instruction book is useful
for medium-sized particles (0.2 to 2 microns). For this method the
dispersed mixture is taken up in a sol ent of positive spreading
coefficient, allowed to evaporate until it reaches the consistency
of thin cream, and then spread on water by drawing a drop on the
end of a spatula rapidly across the surface. Screens are placed on
thin, carefully chosen areas of the spread film, removed, and dried
as usual (Figure 3).

This method is quick and convenient, but has the disadvan-
tage that the films often contain many holes (Figure 4, a), for
reasons not clearly understood. While electrostatic charges in
the electron microscope have been blamed for this condition, the
holes are often visible in the light microscope when the film is still
moist and before it is placed in the electron microscope. Resin
solutions containing surface-active agents may form lacy films,
suggesting surface activity as one cause of hole formation. There
is probably also some connection between hole formation and
water-solubility, since holes are readily formed in nitrocellulose
films when using the highly water-soluble esters, methyl formate
and methyl acetate, and also with the highly insoluble octyl ace-
tate. Solvents of moderate water solubility seem best for spread-
ing nitrocellulose, as, for example, amyl acetate and Cellosolve
acetate. In the case of resins such as Formvar and polystyrene,
which dissolve only in almost totally water-insoluble solvents,
the relative water solubility of the solventsseems to have no influ-
ence on hold formation. The holes in the film are sometimes
found concentrated around the edges of the particles (Figure4, a),
indicating poor wetting of the particle by the solvent, but more
frequently the holes have no apparent connection with the pres-
ence of particles.

There are other variables affecting the quality of spread films,
such as the concentration ratio of pigment to resin to solvent, the
cleanliness and temperature of the water, the speed with which
the knife carrying the suspension is drawn across the surface of
the water, and most important, the choice of area on which to
place a screen, since spread films are very nonhomogeneous. The
procedure is highly empirical, but with a little practice consist-
ently good results can be obtained with any powder to which the
method is suited.

“Draw-Down” Mounts. The most widely applicable
method of mounting a dispersed powder is to make a draw-down
on a clean glass slide, strip the dried film onto water, and place
screens on the thinnest areas (Figure 5, 0, b, ¢, d). In this method
the dispersed mixture is suspended in a solvent of volatility equal
to or greater than that used for spreading films on water; it is
then stirred and allowed to evaporate to the consistency of
heavy cream; the mixture is finally drawn down on a clean glass
slide in a series of short strokes, using either the edge or the tip of
the spatula. After drying, the film is cut into squares and floated
off onto water.

Such a film exhibits a great variation in thickness, and the
screens are placed on the thinnest areas. Even the thinnest areas
consist of microscopic stripes of different thicknesses resulting
from the irregularities of the knife edge. When such a film is ex-
amined in the electron microscope, some screen holes are seen to
have no film, and others will be only partially covered, but many
will be completely covered with film. The irregularities of the
mount assure a large range of particle density on any one speci-
men screen, so that a field of any desired density may be found
upon sufficient scanning. This type of mount should be made
with a somewhat higher pigment-resin ratio than the other meth-
ods. Samples mounted in this manner exhibit fewer holes and less
flocculation than other methods of mounting. If there is some
tendency to flocculation, it may be minimized by employing a
more volatile solvent and making the draw-down more rapidly.
By this means, the particles are mechanically deflocculated and
fixed in position by drying before they have time to reflocculate.
This method is excellent for particles of all sizes except the ex-
tremes of fine and coarse.

Draw-Downs in Liquids. Powders of the largest particle size
range for which the electron microscope is useful (1 to 10 microns)
are mounted by a variation on the draw-down procedure. The
powder is wetted with a minimum amount of a high-boiling hydro-
carbon (such as ink oil No. 896, Gulf Refining Co., boiling point,
270-315° C.; this oil must be redistilled under vacuum and
stored in a brown bottle) or dibutyl phthalate and dispersed on
the table. It is then drawn down on a film-covered slide with
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Figure 4. Holes in Films Near Particles
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Figure 5. Mounts Drawn Down on Glass

inc oxide in Formv
26 ﬁi)trr]amﬁgn% |rc1an|trocaﬁulose
d. éalcmm carbonate In a high boiling hydrocarbon

short strokes as in the resin draw-down method. The film is
floated onto water and mounted on screens with large holes.
The hydrocarbon and dibutyl phthalate are practically nonvola-
tile at atmospheric pressures and room temperatures, but dis-
appear completely in the high vacuum of the electron microscope.
The dispersions made by this method are never so complete as
in the resin draw-down method, since the lower viscosity of the
hydrocarbon limits the shearing action that breaks the aggre-
gates. It is, however, possible to study large particles stereo-
scopically to aid in the differentiation between an aggregate and
a single particle. Since the particles are not incorporated in the
film, they seldom rupture it under electron bombardment (Figure
5, d).

Suspensions of solids in semivolatile and nonvolatile media,
such as paints or printing inks, may be mounted for electron mi-
croscopy by smearing them onto film-covered slides (8). The
nonvolatile residues naturally cause the electron beam to scatter,
with the result that the images of the particles are rather fuzzy
(Figure 5, ¢). There is, however, an obvious advantage in study-
ing such material in a condition as near as possible to its original
state.
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The various methods of mounting powders can be modified
and combined to suit different materials. For instance, a powder
in a slurry may be drawn down on a glass slide, dried, and there-
after handled in the manner of the turpentine dispersions. Dif-
ferent conditions will suggest different modifications of mounting
methods, with consequent flexibility of application of the electron
microscope to the field of powdered substances.
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Calculation of Specific Dispersion of
Pure Hydrocarbons and Petroleum
Fractions— Correction

Above is Figure 1 as it should have appeared in connection
with the article by M. R. Lipkin and C. C. Martin entitled
“Calculation of Specific Dispersion of Pure Hydrocarbons and

ANTHRACENE n
DERIVATIVES

MONOCYCLIC AROMATICS WITH
CONJUGATED DIOLEFIN SIDE CHAIN

ft 300-

AVERAGE FOR EACH CLASS
OF HYDROCARBONS
(SEE TABLE 1)

Petroleum Fractions” [Ind. Eng. Chem., Anal. Ed., 18, 433
(1946)]. As will be seen, the point for anthracene derivatives
on the graph agrees with the numerical data for this point as
given in Table I, page 433, of the article. This was not true in
the figure published with the article, owing to an unintentional
alteration in the process of preparing the engraving.

The Editors



NOTE ON ANALYTICAL PROCEDURES

Analysis of Boron Trifluoride in Organic Liquids (Ethers)

S

L. WALTERS and R. R MILLER

Naval Research Laboratory, Office of Research and Inventions, Anacostia Station, Washington, D. C.

C ONSIDERABLE difficulty is encountered in analyzing boron
trifluoride in organic liquids by conventional methods for
boron and fluorine. This is due in part to the fact that the hy-
drolysis of boron trifluoride gives not only a mixture of boric and
hydrofluoric acids, but some fluoboric acid, HBF<, in addition.
Several methods of decomposition have been used. Pflaum and
Wenzke (#) first made a fusion in a Parr sulfur bomb and deter-
mined boron and fluorine in the products of fusion. Bowlus and
Nieuwland (1) heated with fuming nitric acid in a closed tube
to decompose the sample. Vaughn and Nieuwland (S) deter-
mined fluorine in organic compounds by the use of liquid am-
monia and sodium, but did not report any results for boron.

A problem in this laboratory required the routine determina-
tion of boron trifluoride dissolved in various low-boiling ethers.
These solutions contained no nonvolatile matter. A convenient
method of analysis was developed based on the reaction of boron
trifluoride with sodium fluoride to form sodium fluoborate. This
compound is stable and can be heated to 200° to 300° C. with no
appreciable decomposition; therefore, the method should apply
to organic solvents with rather high boiling points.

PROCEDURE

About 5 grams of anhydrous sodium fluoride were placed in a
100-ml. wide-mouthed extraction flask, and the flask was stop-

pered and weighed. Approximately 2 grams of the sample were
placed in a tared 15 X 40 mm. weighing bottle and weighed.
Samples were conveniently transferred with a small hypodermic
syringe and in a dry-box, since boron trifluoride compounds are
very hygroscopic.

The weighing bottle and sample were placed in the flask with
tweezers, the stopper was removed, and the flask was attached
to a reflux condenser. After refluxing for about 30 minutes,
the flask was removed and the liquid evaporated on a hot plate.
The flask was stoppered, cooled, and weighed. The gain in
weight minus the tare of the weighing bottle gave the weight
of boron trifluoride in the sample.

Analysis by this method was found to be reliable and accurate
within 0.5%.

Three analyses on a single sample of boron trifluoride ethyl
etherate gave 48.3, 48.1, and 4S.5% boron trifluoride; the
theoretical boron trifluoride content was 47.8%. Additional
work on mixed butyl and ethyl etherates indicated satisfac-
tory results with this method.

LITERATURE CITED

(1) Bowlus and Nieuwland, J. Am. Chem. Soc., 53, 3835 (1931).
(2) Pflaum and Wenzke, Ind. Eng. Chem., Anal. Ed., 4, 392 (1932).
(3) Vaughn and Nieuwland, Ibid., 3, 274 (1931).

CORRESPONDENCE

Effect of Acetic Acid on the Spectrophotometric Estimation of
Gossypol in Aqueous Alcoholic Solution

Sir: Since publication of an improved rapid method for the deter-
mination of gossypol (/) it has been found with different lots of alcohol
that the intensity of the color and the precision of the analyses de-
pend upon the acidity of the alcohol used.

Very satisfactory results are obtained when sufficient acetic acid
(0.1 to 0.2 ml. per liter) is present to give the 95% alcohol an acidity

Table I. Effect of Acetic Acid on Development of Color of

Dianilino Gossypol in Aqueous Alcohol

[As measured by per cent transmittance0 at 445 mfi (6 determinations each
concentration)]
Per Cent Transmittance

0.025 Mg. of Gossy- 0.100 Mg. of Gossy- 0.175 Mg. of Gossy-

pol per 25 MI. pohper 25 MI. pol per 25 MI.

0.2 MI. 0.2 ML 0.2 MI.

No of AcOH No of AcOH No of AcOH

AcOH per liter AcOH per liter AcOH per liter
Lowest 77.4 74.0 35.7 30.4 15.G 12.4
Highest 92.0 70.4 47.5 31.C 245 13.0
Mean 82.3S 74.96 41.03 30.93 22.32 12.90

° Coleman double monochroineter spectrophotometer.

658

of 0.002 to 0.004 N. The upper limit of acidity is not critical, since
as much as 6 ml. of glacial acetic acid per liter may be used.

Table | shows that the addition of only 0.2 ml. of glacial acetic
acid per liter of alcohol increases the intensity of the color and greatly
reduces the variation between replicate determinations. The acid
added increased the normality from 0.0003 to 0.0037. The equation
for the concentration-log transmittance curve for all data with
acidified alcohol is: mg. of gossypol in 25 ml. = Z—é'rorlir)?—-r- This
equation agrees with that previously found and published.

It is recommended that in the determination of gossypol by the
previously published method (/) the alcohol Used for the extraction
be adjusted to an acidity between 0.002 and 0.004 N with acetic acid.

LITERATURE CITED
(1) Smith, F. H., Ind. Eng, Chem., Anal. Ed., 18, 43-5 (1946).

F. H. Smith

Department of Animal Industry
North Carolina Agricultural Experiment Station
Raleigh, N. C.
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Uniformity of temperature, +£0.01°C.

ANALYTICAL EDITION

Temperature range

from several degrees above cooling water to 60°C.

« This water bath is applicable to all labora-
tory operations requiring close regulation
of temperature.

The central circulating and heating tower
applies heat at the point of most rapid circu-
lation of water. This efficient application of
heat combined with the complete and rapid
circulation of the bath medium eliminates
stratification and creation of permanent gra-
dients. Temperature uniformity throughout
all areas of the bath is within +£0.01 °C.

Of the total surface area of the bath which
is approximately 190 square inches, only 15
square inches is occupied by control equip-
ment. All remaining space is entirely free for
insertion of vessels.

Except for the inlet and outlet tubes of
the cooling coil, the wall of the Pyrex glass
container is free of obstructions. Unrestricted
observation of immersed vessels and meas-
urement of capillary rise, liquid flow, etc.,
tan be made easily and accurately.

A cooling coil is supplied and should be
used when operating temperatures are less
than 3°C above average room temperature.
A compact constant water level device at-
tached to the wall of the container permits
rapid overflow and replacement of water
displaced by immersed apparatus.

Both central tower and cooling coil are
easily removed for cleaning Pyrex glass con-
tainer. The central circulating and heating
tower merely lifts out of the bath.

S-84805 WATER BATH— Constant Temper-
ature, Full Visibility, 0.01", Sargent, (Pat-
ent No. 2,017,9931 Consisting of container,
the central circulating and heating unit with
motor, the Sargent mercurial thermoregula-
tor, a cooling coil and constant level device,
the Sargent zero current relay unit complete
with cord and plug for connection to stand-
ard outlet and with cable for connection to
the water bath. Temperature range from sev-
eral degrees above that of the cooling water
to about 60°C. Diameter, 16 inches; height,
10 inches; water depth, 91/2 inches; temper-
ature uniformity, +0.01 °C. For operation
from 115 volt, 60 cycle single phase cir-
CUIS oo F et e s $175.00

S-84815 Ditto. But for 115 volt D.C.
CIFCUILS oot $185.00

S-84825 Ditto. But for 230 volt, 60
cycle, single phase circuits............... $180.00

S-84835 Ditto. But for 230 volt,

D.C. circuits.............. $185.00

ACCESSORIES

S-84847 CONSTANT
HEAD DEVICE. A
simple, inexpensive
unit to provide con-

rate of flow of
water ﬁassing
through the cooling
coil of a bath, thus
minimizing varia-
tions in temperature
uniformity caused by
fluctuation in pres-
sure of cooling wa-
ter. Made entirely of

S-71565 PUMP
— W ater Ciir-
culating. For
circulat-

ing tempera-
ture controll-

ing water from

bath through
mwater jacketed
apparatus. De-
signed for suspen-
sion from rim of
Sargent water baths.
Flow rate, approxi-
mately 4 liters per
minute. Produces
circulation against a
water head of 200
cm. For operation
from 115 volt, A.C.
60 cycle circuits.
Fach ...

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

Michigan Division: 79s9 East Jefferson, Detroit 7, Michigan
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the 1946 Merck
Laboratory Chemicals

Catalog
NOW AVAILABLE UPON REQUEST

VERK
LABCRATCRY GHEMICALS

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

Nici'lnu”cceycttifyun”™ <$liedrud &

Chemists in every field will be
interested in these features of
the 1946 edition of the Merck
Laboratory Chemicals Catalog:

A list of Merck Laboratory
Chemicals — used in every
branch of industry, education,
and research.

- Maximum impurities of Merck
Reagent Chemicals, including
those which conform to ACS
specifications.

= Proper Storage of Fine
Chemicals.

= Molecularand Atomic Weights.

- ComprehensivelistingofMicro-
analytical Chemicals, Amino
Acids, and Vitamins.

- Conversion ratios.

« Chemical formulas.

Write today for your personal copy of
this useful, informative catalog.

Merck & Co., Inc.
Manufacturing Chemists
Rahway, N. J.

Please send me a copy of the 1946
Merck Laboratory Chemicals Catalog.

Name. .t i
(Please indicate title, if any)

Company or Organization

Street

City + State .r.»
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HIGHLY PURIFIED CARBON ELECTRODES

resulting in a well-bonded electrode of uniform density
with an exceptionally low content of impurities. A certif-
icate showing actual spectrographic analysis of the im-
purities is included with each box. The rods are 12 inches
long and individually wrapped in cellophane. Price per
box of 12 carbons:

No. 87135A—3/i6 inch in diameter—$13.20
No. 87135B—V4 inch in diameter—$14.40
No. 87135C—s/i6 inch in diameter—$16.80

CENTRAL SCIENTIFIC COMPANY

NEW YORK

Scientific (JJ|(E£) -Qjajaaiatui.

BOSTON SAN FRANCISCO CHICAGO LOS ANGELES TORONTO MONTREAL



BURRELL BALL AND SOCKET JOINTS ELIMINATE RUBBER
TUBING AND PROVIDE TIGHT FLEXIBLE CONNECTIONS

C onventional design in gas analysis apparatus
specifies rubber tubing connections between the
various glass parts. W hile suitable for most purposes,
the rubber joint has disadvantages which can be
overcome only through the wuse of solidly sealed
assemblies without joints, or through the use of a
flexible type of ground joint such as the ball and
socket. The straight taper joint has not been popular
because of its rigidity and consequent likelihood of
easy breakage.
The ball and socket joint offers a simple means of
eliminating rubber connections and is recommended
for consideration where:

— the gas sample should be kept out of contact
with rubberaswhen substantial portions of heavy
hydrocarbons are present.

the small amounts of gas trapped at times be-

tween the butted ends of the glass connections
may be of significance.

— convenience only is the deciding factor.

Burrell will furnish ball and socket joints on any
Build-Up gas analysis assemhbly if so ordered. On
this, or any other special application, consult the
Burrell Engineering Department. Burrell Tech-
nical Supply Co., 1936-42 Fifth Ave., Pittsburgh 19,
Pennsylvania.
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eptember 16 t0o 20 represents an important landmark in

American instrumentation. The first National Instru-
ment Conference and Exhibit was held in Pittsburgh with the
theme “Instrumentation for Tomorrow”, a slogan which was
characteristic of many of the papers and particularly prophetic
in the choice of exhibits. The'lnstrument Society of America,
under whose auspices this meeting was held, accomplished many
important things, among the most commendable of which was
the election of C. Owen Fairchild as president. The principal
events of this meeting are described in Chemical and Engineering
News (Oct. 10, 1946), and the complete program, abstracts of
papers, and descriptive list of the exhibits are to be found in
Instruments (Vol. 19, No. 9, Program Supplement).

Although the efforts of many individuals were responsible for
the success of this meeting, it is evident to anyone who has
followed the slow and steady development of instrumentation in
this country, that its principal protagonist has been the editor
of Instruments, Major M. F. BeMr. It is relatively easy for one
to view the passing scene., to comment on points of interest, and
to trace the development of any subject in its proper chrono-
logical order. For nearly a quarter of a century, Behar has
unerringly caught the significance of each major development
and sensed the implications, beyond mere technical details. He
has witnessed the acceptance of many of his earlier predictions
and pleas and has graciously chosen to forget the sneers or cat-
calls which accompanied their proposal. He has long insisted
that instrumentation is a profession. This meeting has demon-
strated that all the factors essential for a true profession are in
evidence: a coinmon interest, a well defined set of principles
and practices, a wide assortment of special skills, and a well
educated and trained body of experts completely dedicated to
this field.

One of the most interesting contributions to this meeting was
the address of H. B. Cronshaw of London, England, who dis-
cussed “Instrument Developments in Britain”. It was apparent
from his remarks that America may take great pride in her
supremacy in industrial instrumentation but that the attention
given to the more academic and scientific aspects of instru-
mentation is relatively inadequate. Instrumentation in Britain
is more closely related to the university, and the active research
of the scientists and important developments have usually been
associated with these groups rather than with industry. It is
therefore not surprising that most controls and regulators to
be found in that country are of American manufacture, where
they are regarded with high esteem. Dr. Cronshaw seemed
surprised that no equivalent of the writer’s proposed Institute
for Instrument Research has been established in America, whereas
essentially that has been effective in England for 28 years.

Although the conference was concerned with all phases of
instrumentation, there were many papers and numerous exhibits
of direct interest for the analyst. For example, H. D. Middle
of the General Electric Co. described “Four New Methods of
Gas Analysis” which were concerned with an acoustic analyzer,
a dew point recorder, a mass spectrometer, and an x-ray pho-
tometer. These developments illustrate an important trend in
modern instrumentation. They involve no fundamentally new
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principles; yet they embody all the means for automatic com-
pensation and recording of the results. The x-ray photometer
should prove particularly useful, inasmuch as the absorption is
primarily an atomic function and very slightly dependent upon
the state of combination of the respective atoms. A commercially
available model of the photometer was shown in the General
Electric exhibit.

An important and instructive session on computing was held,
at which two papers served to illustrate the more important types
of computing devices. C. E. Berry of the Consolidated Engi-
neering Corp. provided an excellent summary of electrical analog
computers. An analog computer as distinguished from digital
computers, of which the adding machine office computer is a
familiar example, utilizes physical quantities which are intro-
duced in magnitude proportional to the numbers which they are
to represent. Thus the common slide rule uses length, as in-
scribed on a scale, and by relative motion along other scales
provides means for a variety of mathematical operations. It
was showm how addition can be carried out both by series and
parallel.electrical networks; multiplication by means of pairs
of voltage dividers, one feeding the other; and integration and
differentiation with combinations of reactive elements in con-
junction with vacuum tube circuits. Numerous examples were
given, illustrating intercombinations of these devices, including
the computer for solving linear simultaneous equations. This
instrument is familiar to many analysts. It has been particularly
useful in routine mass spectrographic and infrared analyses. The
possibilities of electrical analog computers are almost unlimited
and the analytical instruments of the future may be expected
to make extensive use of these devices.

Continuous computing mechanisms were discussed by Macon
Fry of the W. L. Maxson Corp. This very complete summary
of mechanical computers was largely illustrative of the complex
devices used in fire-control instruments. It was shown how all
the useful mathematical functions can be accommodated by
differential gears, cams, Scotch yokes, and linkages and their
intercombinations. These mechanical systems are characterized
by very high precision and -reliability, and numerous ingenious
compensating schemes have been developed to supplement sys-
tems which furnish first-order approximations to the desired
function. In some cases, electrical and electronic components
are introduced to supplement the mechanical units, but as a rule
the latter provide ultimate reference values in the computation.

A few generalizations are possible in comparing the two types
of computers. The electrical arc somewhat more flexible, and
in some cases, particularly where the function is handled elec-
tronically, there are no speed limits. In general the cost is
lower. The mechanical systems have some speed limitations,
the possibility of wear, and although costs are higher, these are
usually attributable to design and initial tooling costs.

[Jtcwuc

An interesting symposium on “Instrumentation in Atomic
Energy Research” was held jointly with the Physical Society of
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TURNING

ONE'ENOB| Modi | 6A is stream-
fif,;.mo'fsan Sceo|eocr_ lined for the clinicah
light {)an d laboratory! t
required.

The war proven Coleman JUNIOR Spectrophotometer is now avail-
able for immediate delivery.

The simplified, stream-lined spectrophotometer, used in hundreds
of U. S. Army and Navy laboratories is now ready for general dis-
tribution.

The JUNIOR is a true Spectrophotometer so extra filters are not
required . . . any wave band is available from 400 to 700 mm. ... at
the turn of the one selector knob. It utilizes the same Wood's
diffraction grating and substantially the same optical system as the
UNIVERSAL Spectrophotometer . . . but includes only the direct
reading, double galvanometer scale. It differs also by a wave
length range limited to the visible spectrum and by mountings de-
signed to a.ccept the several test tubes most popular in Clinical
laboratories . . . from 10 mm. t 1" diameter.

-j(-World-famous biochemists have given the Coleman JUNIOR
their approval and have collaborated in developing standard
clinical procedures for use with this fine instrument. This authori-
tative book. No. 7117M is priced at $5 00  Your order will be filled
promptly.

MODEL 11A

Model

Spectrophotometers re-

place all filter photo*

electric colorimeters as

ANY band is available

Uni  with turn of ONE knob.
ZirlTr

UborVto'y
use.

Write for Waco Catalyst Vol. 71E10

An authorized
Coleman Distributor

IUIIKEIIS-ANDERSON CO.

Il NORTH CANAL STREET « CHICAGOG. ILLINOIS

11A Coleman

Simple round or square
test tubes for samples.

18, No. 10

Pittsburgh at which the controls on a chain-reacting pile and the
remote control of chemical laboratories dealing with intense
radiations were discussed by E. Creuz and C. It. Schwob, re-
spectively, both of the Carnegie Institute of .Technology. F.
Marshall of Westinghouse discussed the protection of personnel
in this work.

The installation of instruments at Oak Ridge was perhaps the
greatest of its kind in-history, the best criterion of which is the
statement that it contained eleven miles of control panels.

ZtoluAib.l

Among the many items which justified the slogan “Instru-
mentation for Tomorrow” was the transient recorder shown by
the Brush Development Co. of Cleveland. This instrument is
designed to record and represent graphically varied transient
phenomena of 0.2 second or less. As such, it meets an urgent
need for something intermediate between slow mechanical re-
corders and the high speed cathode ray oscillograph. The
device has been described in detail [Proc. Inst. Radio Engrs.,
33, 753 (1945)] It will record phenomena having a frequency
range of 0.02 to 1000 cycles per second. The transient is re-
corded on a loop of magnetic tape and played back synchronously
every 0.1 second on an oscilloscope screen. Thus, a steady
image of the transient is obtained. A high signal-to-noise ratio
(40 decibels) is obtained by the use of a 10-kilocycle carrier, which
is frequency-modulated by the phenomenon under observation.
The recording can be obliterated by simply pressing a button,
which clears the tape. This has advantages over the use of per-
sistent screen oscillographs, which are often used for transients,
and will do some jobs not easily solved by the slow decay screens.

An imposing group of new devices has been developed by the
Viclorecn Instrument Co. of Cleveland. In addition to an
extensive line of instruments for nuclear research including
Geiger-Muller counters, scaling circuits, and radiation-protection
devices, the company has developed a series of miniature vacuum
tubes with unusual characteristics, which promise to revolutionize
many electronic techniques. Of special interest is the VX-41
electrometer tube. For many applications such as pH, photo-
electric photometry, and any phenomena in which e.m.f.’s from
high impedance sources are to be measured, there has been a
constant demand for suitable electrometer tubes. This tube is
1.125 inches long and 0.366 inch in diameter. Its filament volt-
age is 1.25, filament current 10 ma., plate resistance 100,000 ohms,
mutual conductance 10 microhms. These and following char-
acteristics refer to an accelerator grid connection. The current
to this grid under normal operating conditions is less than 10 14
ampere and the input resistance is greater than 10" ohms.

Detailed cliaracteris'tics and operating parameters are defined
in a pamphlet by this company. Another tract on electrometer
circuits and a careful study on stabilization of tubes having oxide
coated cathodes are also worthy of careful study by anyone
interested in electrometer tube circuits.

Other tubes in this series include the VX-32 low-mu triode,
the VX-21 high voltage diode, and the VX-10 vacuum switch.
An appropriate series of Hi-meg resistors has been developed for
use with these tubes, the characteristics of which are also unusual.
The type 249 resistor is stable and accurate over a wide range of
climatic and atmospheric conditions. Some pertinent charac-
teristic values are: maximum resistance 10*megohms, minimum
resistance 1 megohm, temperature coefficient (neg.) 0.18% per
° C.,- voltage coefficient (neg.) 0.026% per volt, maximum
operating temperature 50° C. These resistors are noninductive,
vacuum-sealed in glass, and are treated to withstand 100 %
humidity.
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GLAS-COL FLASK HEATERS AND SUPPORTS

FOR SAFETY AND EFFICIENCY IN DIGESTIONS, DISTILLATIONS,
EXTRACTIONS AND FRACTIONATIONS

Spherical Hemispherical
antle Mantle

The Glas-Col Heating Mantle is made of heat and corrosion resistant glass cloth in which nichrome
wire elements are scientifically spaced to correctly distribute the heat. Each mantle has a built-in iron
constantan thermocouple which can be connected to a suitable pyrometer for temperature indication.
The heating elements are of such size and resistance that they never need operate anywhere near red
heat.

By means of a resistance or variable transformer, exact heat input control is readily obtainable
and "bumping" is largely eliminated. Flask breakage is greatly reduced and most extractions, diges-
tions and distillations may be left unattended, thus saving the operator’s time.

Both hemispherical and spherical Glas-Col Heating Mantles are available for flasks of sizes up to

72 liters.
Cradle Hemispherical Support
Support Support MantlepSupport Clamp

These supports and clamps have been designed especially for use with Glas-Col Flask Heaters.
They will be found decidedly superior to makeshift arrangements for holding flasks contained in these
Heating Mantles. They are well made and inexpensive. They permit constructing compact and
conveniently-arranged assemblies.

Complete information and prices will be sent on request.

W | L L CORPORATION

ROCHESTER 2, N. Y. NEW YORK 12, N. Y.
BUFFALO APPARATUS CORP., BUFFALO 5, N. Y.



Above:
With Hand
llomogenizer
Below:
Old-Fashioned
M ethod

HAND

INTERNATIONAL EMULSIFIERS, INC. COO rs P orcelain CO mpany
Dept.101,2409 Surrey Court, Chicago, Ill, GOLDEN. COLORADO

ADAMS Safety-Head CENTRIFUGE

Improved Model As Supplied to U. S. Army and Navy

Write for a copy

IftY—ADﬁl\/BCOS

44 EAST Bd STREET. NEW YORK ].0 NY. A



October, 1946 ANALYTICAL EDITION 27

TODD SCIENTIFIC SPECIFICATIONS

PRECISE FRACTIONATION ASSEMBLY

USED BY THE NATIONAL BUREAU OF STANDARDS

An efficient and versatile laboratory fractionation column assembly -with a new method of
adiabatic temperature control for complete fractionation of many types of organic liquid mix-
tures either at atmospheric pressure or under vacuum.

Covered by United States patent No. 2,387,479.

FEATURES:

Fractionation efficiency up to 50 theoretical plates.
Fractionation charges from 2 cc. to 5000 cc., inclusive.
Temperaturerangefrom room temperaturcto 100°C. (752°F.).
New precision device for adiabatic temperature control.
Atmospheric or vacuum fractionations.

Three interchangeable fractionating columns.

Improved spiral packing for small column.

Rapid fractionation with complete visability.

Easily operated with a minimum of experience.

Special machined supports for assembling apparatus.

Precisioncontrol panel foroperating thecolumn’s “ Staggered
Dual Heating Unit” and still pot.

Specialaluminum alloy pot heater with low temperature lag.

. All metal parts non-corrosive to normal laboratory atmos-
phere.

Rapidly assembled or dismantled.

I
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For additional experimental results, methods of
operation, and details, see article, “Efficient and
Versatile Laboratory Fractionation Column Assem-
bly,” by F. Todd, Ind. Eng. Cheni., Anal. Ed., Vol. 17,
page 175, 1945.

Write for reprint and TECHNICAL BULLETIN 100 for more
detailed free information and prices.

Produce HIGH VACUUM with WATER

An ultimate vacuum of 0.00001 mm. (0.01 micron) of mercury is produced with the calibrated
TODD HYDRO-VAC PUMP when used in series with an ordinary water aspirator pump which
is capable of developing a vacuum of 25 mm. of mercury or better. This pump is not damaged
by the presence of moisture, non-condensable, or corrosive vapors which normally damage or
prevent the use of a mechanical pump.

OPERATIONAL DATA:

Ultimate vacuum of 0.00001 mm. (0.01 micron).
(with water aspirator forepump)
Ultimate vacuum of 0.000002 mm. (0.002 micron) or better.
(with mechanical forcpump)
Calibrated for maximum vacuum.
M aintains 100% of original efficiency on prolonged use.
Notdamaged by moisture, non-condensable or corrosive vapors.
Very efficient due to high vapor velocity jet construction.
Rapid evacuation of apparatuses.
Automatic and silent operation.
Requires no maintenance.
Easily cleaned.
Mercury reservoir gas or electrically healed.

Write now for additional free information.

TODD SCIENTIFIC COMPANY

Designers and manufacturers of special scientific laboratory apparatus.

SPRINGFIELD, PA.



Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual
flexibility for all tests involving . . .
TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

A few daysin
WEATHEROMETER o, 40268 o determinaton of Vit 5, ana o

Also
e ualS ears O f Colorimeters Densitometers
q y Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters
0 u td 0 O r eXp OSU re Continuous-Flow Colorimeters
Write for Literature , Prompi
&l A few days exposure in the
— 7 W eather-Ometer with con-
~ | trolled cycles of light, water 95 Madison Avc,

f / spray, selected temperature and
"/ humidity, equals years of out-
J door service.

The Atlas Weather-Ometer
brings these weathering condi-
tions right into your laboratory
where exact tests of materials
can be duplicated at any time

*and reliable results obtained. Fab-
rics, finishes, paints, rubber, plastics,
and hundreds of other products can
be accommodated in suitable hold-
ers adapted to each material.

The Weather-Ometer is automatic

Ay ft

and can be

left running j Jf A VA
without at- M ¢ CLASS COLOR
tendon 24 “g | &K

hours a day. M.t | ,pp s STANDARDS

s/V V T iiecC a éi Permanent reliability of Hellige Glass Color Stand-
ards, accuracy of color comparison, simplicity of the
<wW&it& e (aonicC technique, and compactness of the apparatus are
exclusive features of Hellige Comparators not found
Atlas Weather-Ometers In any similar outfits.
-V launder-Ometers WRITE FOR BULLETIN No. 602

Fade-Ometers

SALES OFFICES IN PRINCIPLE
CITIES IN U.S.A., AND LONDON

in cor por ated

ATLAS ELECTRIC DEVICES CO. 3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y
361 West Superior Street. Chicago 10, Illinois
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NOW AVAILABLE

of Granular Hbrous and V 0\
Crystalline Sulbstances opp

ik ii fnot& i.can Ae

Cat. No. 6325—Bausch & Lomb Model

BA-8 Microscope for medical, industrial,
hospital and commercial laboratories. Vertical monocular
body. Rack and Pinion coarse adjustment, Lever-Type fine
adjustment. 6uilt-in mechanical stage. Rack and Pinion
substage. Achromatic Objectives: 10X (16 mm) 0.25 N.A.,
43X (4 mm) 0.65 N.A., and 97X (1.8 mm) oil immersion
1.25 N.A. Triple nosepiece. Huygenian eyepieces: 5X and
10X. Abbe condenser 1.25 N. A. In hardwood $0£ (D
CAITYING  CASE ..ttt oo» 1

Accurate results in 60 seconds. < No special
skill or knowledge required to operate. < Low
initial and operating costs. ¢ No fire hazard. -

Simple, sturdy, self contained.

SCHAAR & COMPANY

letett ompantj Complete Laboratory Equipment
748 W. LEXINGTON STREET CHICAGO 7

GLASS ABSORPTION CELLS -
OF FINE QUALITY

iy lett .

Fused in an electric furnace with cement
that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are

Sole manufacturer in the . . .
available. Special sizes made to order.

United States of fused '
Electrophoresis Cells.

Makers of complete
KLETT SCIENTIFIC PRODUCTS-
KLETT-SUMMERSON ~ PHOTOELECTRIC COLORIMETERS
COLORIMETERS « NEPHELOMETERS e FLUORIMETERS » BIO-
COLORIMETERS « COMPARATORS « ELECTROPHORESIS
APPARATUS ¢ GLASS STANDARDS * GLASS CELLS
KLETT REAGENTS

Electrophoresis Apparatus

MANUFACTURING CO., ].77 East 87th Street, New York, N.y



Photometers

Rltoioelect'Uc
QlaiA. Qell

GoloUmet&d

Designed for the
rapid and accurate
determination of
thiamin, riboflavin, and other substances which
fluoresce in solution. The sensitivity and sta-
bility are such that it has been found particu-
larly useful in determining very small amounts
of these substances.

= KLETT SCENTIFICPRODUCTS=

ELECTROPHORESIS APPARATUS +« BIO-COLORIMETERS
GLASS ABSORPTION CELLS * COLORIMETER NEPHELOM-
ETERS ¢ GLASS STANDARDS ¢ KLETT REAGENTS

js~ ien Manufacturing Co,

179 EAST 87TH STREET NEW YORK, N.Y

I his instrument retains
all of the advantages
of the well established
Hercules method without
any of its disadvantages.
Range extended to cover
from 75 to 1,000,000
centipoises Constant tem-
perature |acket built-in.
Automatic timer can be
furnished upon request.
Write for bulletin No. 451.

U. S. PATENT NO 2,252,572 LICENSED
UNDER HERCULES POWDER CO PATENTS

337 CENTRAL AVE
JERSEY CITY 7, N. J

A book that opens new horizons for the
protective coating industry

PROTECTIVE AND
DECORATIVE -COATINGS

Vol. V: ANALYSIS AND TESTING METHODS

JOSEPH J. MATTIELLO,

Vice-President and Technical Director,
Hilo Varnish Corporation

This fifth volume in an exhaustive series
offers important new information for a more
scientific approach to the solution of protective
and decorative coating problems. It introduces
new material on the analysis of resins and dry-
ing oils, on the evaluation of finishes on metal

su s, on résinification, and on the infrared reflectance on pig-
m * Contents include: The Analysis of Resins; Analysis of
Drying Oils; Laboratory Testing of Meta! Finishes; Spectral
Characteristics of Pigments in the Visual and Infrared Bands;
Resinography.

ON APPROVAL COUPON

JOHN WILEY & SONS, INC.
440 Fourth Ave., New York 16, N. Y.

Please Knd me a copy of Mutfello’s PROTECTIVE AND DECORATIVE COATINGS,
VOLUME V on cen days- approval. If I desire to keep the book, I will remit $7-00 plus

postage; otherwise I svili return the book postpaid. I&EC-10-15-46
Name

Addres

Employed by.

(Approval offer not valid outside U. S. and Canada.
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COLEMAN INSTRUMENTS

precision tools for the technologist

Atomic bombs, military hospitals, afabrine, steel, vitamins, explosives—in war and
peace Coleman Instruments help the makers of vital materials. These precision
instruments are for the practical man who wants accurate dependable data delivered
with a minimum of operating effort. Coleman Instruments are truly practicable—
sensitive and rugged—serve as well in the plant as in the lab. In planning your
production processes—remember that modern analytical methods make direct
savings in time and material—write for these new bulletins.
pH ELECTROMETERS — Bulletin  -207

SPECTROPHOTOMETERS and PHOTOFLUOROMETERS — Bulletin  .-208
BUFFER TABLETS — Bulletin -205

COLEMAN INSTRUMENTS, INC.

Maywood, Illinois

ENCYCLOPEDIA OF PALO -TRAVIS
CHEMICAL REACTIONS PARTICLE SIZE APPARATUS

by C. A. Jacobson, Ph.D.

Professor of Chemistry, West Virginia University OFFERS
Morgantown, West Virginia Accuracy Versatility
and sixteen associates Ease of Manipulation Rapidity

To be published in five volumes . . A . .
The sedimentation principle on which this instrument

Volume I. Aluminum, Antimony, . . .
Arsenic, Barium, Beryllium, operates makes it possible to determine the sub-
Bismuth, Boron, Bromine sieve range, from 325 mesh down to 2 microns.
800 Pages $10.00 Elaborate calculations are eliminated by the use of
This is the first volume of a series containing a graphical solution or a slide rule calculator, both
practically all published chemical reactions of which are furnished with the instrument.
briefly described and given in equation form.
There are 3,000 entries in Volume one. The Determination may be made on any substance, pro-
remaining volumes will be published during the viding there is a liquid medium available, in which
next two years. The value of this monumental the substance is insoluble, and a wetting agent that
work is indicated by the fact that 116 chemists will disperse the particles.
thought well enough of the project to contribute
the reactions for its completion. Many leaders Write for particulars of Merr Model

of the chemical profession have expressed their
enthusiastic approval. Of vital importance to all

A .
research chemists and technical libraries. T>Alo"M Y BRS inc.

Reinhold PublishingCorp. d tiS ? 8 REfDE STREET, ~ NEW YORK 7, N. Y.
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TO MEET EVERY

LABORATORY NEED

CHIPMUNK CRUSHER

First choice of busy laboratories today is
this big Braun Chipmunk Crusher with its
surprising power, speed and stamina. The
Chipmunk handles hard or soft, brittle or
tough materials easily, crushing them with
speed and thoroughness. With a jaw
opening of 1% x 4 inches, it has a rated
capacity of about 800 Ibs. of quartz ore per
hour.

A smaller Chipmunk, with the same out-
standing rugged construction features, has
a rated capacity of about 400 pounds of
quartz ore per hour. Both are available for
either shaft and pulley or direct motor and
V-belt drive.

Write Dept. 1-10 for complete details.

WHATMAN

Filter Papers

for
Metal Analysis

WHATMAN Filter Papers have
been prime favorites for years
among Chemists analyzing both
ferrous and non-ferrous metals.
In busy laboratories analyzing
iron and steel, aluminum, plati-
num, lead, zinc or complex al-
loys, Chemists have long speci-
fied WHATMAN Filter Papers
for their dependability under

high pressure operations.

You will find WHATMAN
Filter Papers equally valuable
for your work whether you make

one or a hundred analyses daily.

Samples cheerfully supplied.

I, Regve Angel & Co, Inc.

No. 10

fwl

?E_\

—<_h3—§—'_\

52 Duane Street, New York 7, N. Y.

CORPORATIO N

2260 East Fifteenth S tteet"s~fjAL os Abeles, California
San Francisca. Calif. Seattie. Washington
BRAUN-KNECHT-HEIMANN-CO. SCLENTIFIC SUPPL1ES CO.

\/\
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Greater Accuracy in Absolute Units

HOEPPLER
VISCOSIMETER

Absolute viscosity according
to the Falling Ball Principle

For determining the absolute viscosity of gases, liquids,

oils, plastic, syrups, or viscous tars. Direct readings in

centipoises (or centistokes). From 0.01 to 1,000,000 THE G&D PH AUTOMAT

centipoises. Accuracy: 0.1% to 0.5%. Difference in vis-

cosity between distilled and tap water can be measured. A M O D ER N PH M ETER
The falling time of the ball multiplied by other given No Hand—DiaIing * No Push-Button

factors shows the absolute viscosity in centipoises. Small
sample (30 cc) required. Results consistent and reproducible”™

Write today for new Bulletin HV-303.
Order direct or from leading laboratory supply deelers. Compensates Electronically

Manufactured by
FISH-SCHURMAN CORPORATION
230 East 45th Street, New York 17, N. Y. \%

Fish-Schurmair

Operation < Direct and Continuous
Reading

INDEX TO ADVERTISERS G lte qu cal ltuU tid M

American Optical Co *

Anlgel giCo., Inc., H. Reeve... 32
Atlas Electric Devices Co. 28
Bater &hAdamslon Div... 34 Through the
Baker Chemical Co., J. T. 4

Bausch & Lomb Optical Co. 36 Measurement of
Braun Corp............ . 32

Burrell Technical Supply C . 22

Central Scientific Co .21

Chicago Apparatus Co 6 TRANSMISSION
Clay-Adams Co., Tnc 26 REFLECTION ,
Coleman Instruments, Inc .31

Coors Porcelain Co.. 26 TURBIDITY
Corning Glass Work .

Dietert Co., Harry W. 29 FLUORESCENCE
Eimer & Amend . 2

Fish-Schurman Corp 33

Fisher SCIENtific C 0. s

Gamm? Inhstrum?nt Co. Inc 33 PHOTOELECTRIC
General Chemical Co e 34

Goodrich Chemical Co., 35 COLOR|METER
Greiner Co., Emil . 10 and

Heilige, Inc 28

International Emulsifiers, Inc 26

International Equipment Co... 17 FLUORESCENCE METER
Kimble Glass Co .13

Klett Mfg. Co 29:30 f A High CHEMICAL ANALYSIS: by trans-
Leeds & Northrup Co. 0 ixtom issi i isi

Cindberg Engineepring &or 1 |Ix| tprec.s.o* , m|s|3|;)n in the visible and ultra
Macbeth COrp....cocvvcrcncnne 11 nstrumen violet range.

Mallilrgc&krgdt clhemical W orks... %g \'\ unusual VITAMIN DETERMINATION: by

erc 0., Inc . o . . .

PAlO-MYEIS, INC ..o 31 iflV FitxismTY. fluorescence (Vitamins Bi and B)
- Photovolt Corp.... 28 COLOR MEASUREMENTS: on lig-
Precision Scientific Co 16 uids, solids, powders, pastes,
Reinhold Publishing Corp 31 paper, fabrics, lacquers, paints,

Sargent & Co., E.

and many other materials.

Schaar & Co

Scientific Glass Apparatus Co., Inc.. 8

SPENCEN LENS COuiiiiiiiiit e 6

Tech Laboratories « 30

Thomas Co., Arthur H 18

P . SCHAAR & COMPANY
nglch SSLCSientiﬁ(I: Co.,Jm(1. M %%

Wilkens-Anderson Co 24 Complete Laboratory Equipment

Will Corp

2 74 8W. LEXINGTON STREET CHICAGO 7
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INDUSTRIAL AND ENGINEERING CHEMISTRY

From Coast to Coast*
Extensive Stocks of

B&A Reagents
and C. P. Acids

at your command

To provide direct, personalized service
for laboratory chemical users every-
where, the Baker & Adamson Division
of General Chemical Company has its
own chain of regional warehouses from
coast to coast. Each is a strategic supply
center carrying extensive stocks of B&A
Reagents, C. P. acids, and other purity
products for prompt delivery.

One of these B&A regional ware-
houses serves your territory. By taking
full advantage of its facilities, you can

make it the auxiliary stockroom “right

Boffalo*
Los Angelcs*

SETTING

next door to your laboratory” and elim-
inate your stock control problem.

Here’show... advise your B&A Tech-
nical Serviceman as to your specific,
month-to-month reagent requirements.
This way, he can plan with you in build-
ing these local B&A stocks to furnish
your needs swiftly, surely, whenever
you call.

You can open the door to your B&A
stockroom right .now by phoning or
writing the nearest B&A Sales and
Technical Service Office listed below.

Vol. 18, No. 10

1 .™*The free 200-page book of
B&A products is an excellent
guide to the range of high-

I purity chemicals available

|  fromyour regional B&A ware-

1 house. It contains pertinent
data on 1,000 products. If you
have not yet received a copy,

|  request one today on business
letterhead.

GENERAL CHEMICAL COMPANY

Baker &Adamson division

40 RECTOR STREET, NEW YORK 6, N. Y
Sale, and Tecbn,cal Sen,” Offices. Albany* *Atlanta -« .Baltimore* Birmingham* y ~ ° 5ton. * Ch?
Cloardortate* « - Clon * oo Clewdlar  « Danugre  Detioit Housten - . ¢cr Louis
. Minneapolis =« ew York* * Philadelphia*  *Pittsburgh* < Providence ¢ St. Louis
San Francisco* e Seattle ¢ Wenatchee (Wash.) * Yakima (Wash.)
11l J Chemical Wisconsin Corporation, Milwaukee, , Wis *
In Canada: The Nichols Chemical Company, Limited * Montreal* « Toronto < Vancouver
THE PACE I'N CHEMICAL POIlTY SINCE 1882

* Complete stocks carried here,



