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BOOK REVIEW S ..

Because of the high value of this
comprehensive article as a work
of reference, a special arrange-
ment has been made to have it
republished in permanent book
form instead of the usual stand-
ard reprint. In addition to the
material here presented, the
bound reprints will also contain
a bibliography of the literature
of infrared spectroscopy consist-
ing of some 2000 items. The
bibliography was omitted here
because of space limitations.
The book can be obtained for
probably $2.25 from Reinhold
Publishing Corp., 330 West
42nd St., New York 18, N. V.

Herschel’s Drawing of the Apparatus
Used in the Discovery of Infrared
Radiation

This drawing appeared in a paper by Sir Frederick
William Herscnel in 1800 and is copied from the
“Philosophical Transactions” of that year.
The spectrum of sunlight produced by a prism
was allowed to fall on a table. The tempera-
ture rise produced by radiation beyond the red
was measured by one thermometer while the
other two were used as controls.
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Precision Performance

Trained to International’s rigid standards,
Molander may be fairly considered represent-
ative of American machinists at their best.
Look at his face, his posture, his hands! They
speak the language of precision in a day when
precision is the mother tongue of mechanical
perfection. In many widely separated
fields of scientific and industrial opera-
tions Precision Performance is daily

accounting for the phenomenal success

of America’s production line in the Fight for Free-
dom. Toinsure that this production meets impor-
tant specifications, thousands of laboratory con-
trol tests are required daily. To develop newweap-
ons and devices of unequalled efficiency for our
fightingmen, monthsand even years ofpainstaking
scientific research are necessary. Inter-
national Centrifuges—precision made
— are helping the scientist make these
outstanding contributions to victory.

"yVladers of cfme (Centrifuges for Q I lore illan ~fforhj Q&fars

INTERNATIONAL EQUIPMENT COMPANY

BOSTON,MASSACHUSETTS
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Ayisthe extreme demands of quality of materials grow with experience from war-time conditions, specialized
control apparatus to test them in the laboratory must be available. These instruments subject the product to the

Some Special E. G. Co.-Built Apparatus

tough conditions of actual use under accelerated and controlled conditions.

Ilustrated are:

1.
2.

3.

While undertaking special products of this type, our regular service of supplying government, industrial and inspec-
tion laboratories with usual requirements of standard fixed or expendable equipment has been carried on in spite of

British Air Ministry Oxidation Unit for evaluating quality of aviation 4. MacCoull-Ryder Machine for evaluating quality of aviation engine lubricants
engine lubricants. through determination of corrosion rate of bearings. Information on re-
sistance of various bearing alloys due to corrosion can also be obtained.

Constant Temperature Bath for use in above or below room temperatures to . . . .

. 5. Special Digestion Apparatus under conditions of controlled temperature and
condition samples before test vacuum.
U. S. Navy Work Factor Machine to determine deterioration of lubricants 6. U. S. Navy Heat Fouling Unit to rate the stability of fuel oils and their
under an accelerated endurance test tendency to form sludge, either in storage or in use.

Various other instruments of this type, as well as numerous special test assemblies, have been built singly or In quantity.

unusual demand and obstacles resulting from war-time conditions.

THE EMIL GREINER COMPANY

161 SIXTH AVENUE NEW YORK 13, N. Y.

Manufacturers of Precision Hydrometers, Thermometers, Scientific Glassware, Constant Temperature Equipment
and Apparatus for Petroleum, General, Industrial atid Research Laboratories. Dealers in a Complete
Line of Laboratory Apparatus, Chemical Reagents and Supplies Used in the Testing of Materials.



MEETING YOUR

NEEDS

combustion boats

Cenco Combustion Boats are made from an improved A
ceramic mixture extremely dense in composition and

26278 C
highly refractory — will withstand temperatures up to
2700 degrees F.

No. 26278C Cenco "Barge” is wide for larger samples

It is an excellent replacement for nickel "barges”.

3-7/8 x 3/4 x 5/16 inches. Price: 15p each;
$6.50 per 50.

Size:

t(il Cew. sci. co ll(,(sAr

— mmuniMiiin i,

J26278D"Boot with  No.26279A Qover
No. 26278D Combustion Boat is thin for quick heating

and deep for repeated samples. Size:
1/4 inches.

_ Cenco-Lapp Buechners are separable for easy clean-
ing and low for table top use.

between both parts provide a seal to permit vacuum
filtrations.
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[} ures 11-3/4 inches inside diameter by 9-1/8 inches in

B height and sells for $36.00.

R paper proper for this funnel
B om % 3$135 per box of 100.
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ferring dangerous solutions from carboys.
is placed on the container.

3-7/8 x 1/2 x
Price: $4.50 per box of 100; $35.00 per 1000.

CENCO-LAPP FUNNELS

: AN B fll
Ground annular rims A~ H || I1J8b

aof
No. 18598C Funnel, 3 gal. capacity, meas-
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For a heavy, rapid filter
, specify No. 13260, 29

NEW SAFETY SIPHONS
Cenco Safety Siphons eliminate hazards in trans-

No pressure
The flow of liquid is con-

n
tinuous and instantly controlled. The siphon is self-

resistant to most acids and alkalies.

Siphon sells for $15.00. Another Safety Siphon, espe- B B B
cially constructed for transferring hydrofluoric acid, i
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i'AlakK SHEF16!
14545
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No. 10007 Safety HBBB9
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H H priming and fabricated from Saran tubing — highly
H B i
H
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s F[JIK | [J
listed as No. 10008 at $17.00. ii
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CENCO-CARR DESICCATORS

8
These heavy molded glass Scheibler type desiccators "~"Bgp|p"* ~ pM
are provided with a new style cover to reduce the pos- K87 1 [\ P
sibility of its breakage during handling or transporting. ABBII | I\
The safety feature of the cover is contained in three ~B IfrSr
equally spaced lugs placed on its underside to prevent | ™\
sliding too far in any direction.A small wedge-shaped B b/ /! KATvIf
groove extending partially across the ground surface of g p
the cover will relieve any reduced pressure developed mfIBB FBIIBBE"SAS”

within the desiccator when the cover is moved slightly. B B B 10007-8
No. 14545A, 100 mm. diameter.......c.cccoouenee. Each, $3.00.

No. 14545C, 150 mm. diameter......cccccveun... Each, $4.00

SCIENTIFIC LABORATORY CHICAGO, ILL.
INSTRUMENTS APPARATUS 1700 Irving Pork Rood
Lokeview Station
New York » .Boston

< CHICAGO Toronto e Sin Francisco
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MULTIPLE
LABORATORY FURNACES
ARE STANDARD
IN MOST
LABORATORIES
S3H T DJUTY EIL IE (31T ESI <5 © @ E3I1?ABJir

TRADE MARK
LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXCLUSIVELY

RFC. U. S. PAT. OFF

MILWAUKEE,
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There is a simple modicum of common sense in this matter
of the speed of pumping atreduced pressures. The pump that
has a larger free-air capacity and a better ultimate vacuum —

will pump faster at all pressures

Welch DUO-SEAL VACUUM PUMPS

have a pumping speed

of 14.9 Liters Per Minute
at 1 Micron
when the pump is
running at 304 R.P.M.

24.2 Liters Per Minute
at 1 Micron
when the pump is
running at 528 R.P.M.

No. GUARANTEED VACUUM —
.05 Micron (.00005 mm Hg.)

FREE AIR CAPACITY —

« ELECTRONICS e DISTILLATIONS 33.4 Liters Per Minute

e FREEZING e« DRYING OPTIMUM OPERATING SPEED
300 Revolutions Per Minute

OIL REQUIRED

. 650 ml. Duo-Seal Oil
This valuable Booklet FREE.

Write for Your Copy.
DUO-SEAL PUMP, Motor Driven. Vacuum

Its 32 pages tell all about to less than .05 micron and free air capacity
Welch Duo-Seal Pumps of 33.4 liters per minute................... $140.00.
and Vacuum Technique. Also supplied with a larger motor giving 57
liters free air capacity per minute and a
vacuum of 0.1 micron .... ............ $155.00.

Order notv. Prompt shipment assured.

W. M. WELCH SCIENTIFIC COMPANY

Established. 1880
1518 Sedgwick Street Chicago 10, Illinois, U.S.A.
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IGH-SPEED x-ray diffraction analy-
H sis—an important contribution to
war industry—is now available. The
development of the G-E Model CA-6
beryllium window x-ray tube for use in
the G-E Models XRD-1 and XRD-2
Units permits registration of patterns
with exposure times which are from
three to twenty times faster than was
possible previously.

Today, with G-E X-Ray Diffraction
Units, 15 to 30 minute exposures have
replaced the four to eight hour tests
which were formerly routine in diffrac-

ANALYTICAL EDITION

tion studies of steel. Corresponding
reductions in exposure times have
materially speeded up the control of
aluminum and magnesium refinement.
Modern, progressive analytical labora-
tories have found in the G-E X-Ray
Diffraction Units an exceedingly satis-
factory method of quantitative and qual-
itative analysis. The diffraction method
is ideal for the analysis of solid com-
pounds, for example, because it pro-
vides information not obtainable by
conventional analysis which generally
identifies elements present rather than
compounds.

An interesting new booklet which de-
scribes and illustrates G-E Equipment
for X-Ray Diffraction will soon be
available. To make sure that you receive
your copy, address your request to De-
partment NN411.

GENERAL @ ELECTRIC
X-RAY CORPORATION

2012 JACKSON 11VD CHICAOO. ILL., U. s. A

Z'ejf TZuif —fa S, U fa %o**cfy
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MULTISOURCE EXCITATION UNIT
FOR SPECTROGRAPHIC ANALYSIS

The ARL-DIETERT Multisource Unit is another
outstanding advancement in the field of spectro-
graphic equipment.

This new unit combines the sensitiveness of the
arc with the accuracy of the spark. Thus, it
materially improves the accuracy and widens the
range of the spectrometric analysis of all mate-
rials. Improvement in accuracy is obtained be-
cause the electrical constants of inductance, ca-
pacitance, and resistance may be closely selected

and controlled over extremely wide ranges.
This means that the excitation conditions are
precisely reproducible and selectable so as to
produce either very arc-like or spark-like spectra
depending on the requirements of the material
under test.

A constant check on the fine reproducibility of the
discharge is afforded by the oscillograph incor-
porated in the unit.

Write for complete details on the Multisource Unit.

Vol. 15, No. 11

APPLIED RESEARCH LABORATORIES
4336 .SAN,FERNANDO RD, GLENDALE, CALIF,

A 435

NTR OL Q U

HARRY..W. DffT T U T ~
9330 ROSELAWN AVE., DETROIT,....

P w
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W hen it’s a question of performance, discriminating labora-
tory technicians will want to benefit by the results obtain-
able with the new Lindberg Box Type Laboratory Furnace.
Ash determinations, fusions, ignitions, drying precipitates,
heat treating small parts and many other operations, are
efficiently and accurately handled by this single unit.

Careful design and durable construction, as well as ap-
pearance, add that certain “plus” for which all Lindberg
equipment is widely known. Let’s look over these im-
portant features.

Appearance

e Streamlined and clean. Adds to modern

laboratory
standards.

Construction

¢ Rugged. Heavy sheet metal housing encloses courses of
selected high temperature insulating slabs and refrac-
tory brick.

¢ Vertical lift mechanism raises door so that hot side is
always facing away from operator.

¢ A convenient ledge is revealed when door is open.

« Heavy rod type low voltage nickel chromium elements.
Excellent for temperatures up to 200(TF. Long life, few
replacements.

¢ Built-in transformer provides reduced voltage.

Operation

e Lindberg Input Control accurately provides “stepless”
apportioning of heat.

« Indicating pyrometer registers the temperature through-
out the range of furnace applications.

SOLD EXCLUSIVELY THROUGH

ANALYTICAL EDITION

¢ Index pointer on pyrometer gives visual check on fur-
nace control.

e Signal light shows when furnace is in operation.

Two Sizes
e Temperature range up to 2000°F maximum.

CHAMBER SIZES
B-2 4\" wide x 10" deep x 4" high
B-6 7%" wide x 14" deep x 5%" high
Other “performance plus” equipment are the Combustion
Tube and Crucible type furnaces as well as the corrosion
resisting Hot Plates, all available in convenient laboratory
sizes. See your usual laboratory equipment dealer—he
will gladly give you further information and prices.

L / n d b e r g

Well-known Throughout the World as the Leaders in Devel-
oping and Manufacturing Industrial Heat Treating Equipment

LINDBERG ENGINEERING COMPANY
2450 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS
LABORATORY EQUIPMENT DEALERS

11
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IN THE MARCH TO VICTORY

IOtli Exposition of Chemical Industries, Madison Square
Garden. New York, December 6-11

The platinum metals are playing a part in the war effort of tremendous importance
—a vital role no other group of metals can fill.

At the 19th Exposition of Chemical Industries, Madison Square Garden, New
York, December 6-11, we shall he able to show you something of what we are
doing in the conversion of these metals to the needs of war.

.- The science of electronics is the modern magic. You will he interested in
[ 8ee’S bow platinum goes to make the fuhes that make the magic a reality.

'y You have read of our paratroops landing behind the enemy lines; we
can sh°'v yO« platinum alloy spinnerettes by means of which the

yarn for the sliroud-lines of their parachutes is made. The nerve

n centres of the magnetos and other electrical installations in air-

If planes and PT boats are the contacts and collector rings such as
fj we will show you. Platinum catalysts, used for such divergent
If products as explosives and for hydrogenation in the manulac-
fi ture of vitamins are other instances where nothing else serves
H — J1 as well as the platinum metals. These are hut a few items of
[ _*g]| interest; there will he many more.
~7 And you will want to ask questions. We will have repre-
| sentatives in attendance able to give you whatever infor
B mation you may need.

| Don't fail to stop at our Booths 118-120 when you are

8 at 1e Exposition. We will do our best to make your
visifltethinteresting and profitable.

BAKER & CO., INC.

113 Astor |t» Xowark.S. X.J.
BOOTHS Nos. 118-120 Madison Square Garden, New York
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COLORIMETER

The outstanding features of
this instrument are — Cups
and plungers face the opera-
tor* All operations are made
in a comfortable sitting posi-
tion « Deep black scales in
illuminated white fields per-
mit easy readings of liquid
depths-* Observations are
made in uniform artificial
light, rectified by a Corning
Daylite glass.

A limited number of these
colorimeters will be avail-

able in November.

HELLIGE, Inc

3718 Northern Boulevard
Long Island City 1
New York

13
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Process Control
-Refractive

Increasingly, industrial laboratories
are using refractive index measurements
to control processes. This procedure is
recommended where accurate results are
needed quickly, where small samples are
an advantage.

Refractometers may now be obtained
without compensating prisms for use
with monochromatic light. These in-
struments are more precise, especially
for dispersion determinations, and elim-
inate one of the manipulations in-
volved in taking readings.

Vol.

15, No. 11

Below: The Spencer Refractometer
without Amici prisms for use with
monochromatic light.

Index

Instruments are available for essential
use.

Spencer LENS COMPANY

BUFFALO, NEW YORK

SCIENTIFIC INSTRUMENT DIVISION OF
AMERICAN OPTICAL COMPANY
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Selecting the bacteria that will
convert corn into butylene glycol
at a U. S. Department of Agricul-
ture laboratory. Butylene glycol
is converted into butadiene, from
which synthetic rubber is made.
Another example of vital war
processes in which Kimble Labo-
ratory Glassware is serving.

KIMBLE LABORATORY GLASSWARE analysis and control. Using standard
will serve you wherever your present items where possible may be impor-
vital production depends on research, tant in minimizing delays.

you will be welcome at our Booth, No. 724, at the Exposition of Chemical Industries, Madison Square Garden, New York, Dec. 6-11, 1943.

Standardize on

KIMBLE LABORATORY GLASSWARE
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IT’S

A bomber pilot must have more than just
nerve, he must have control. In his huge plane
almost “human” instruments furnish him this
factor. Equally important to laboratory chem-
ists is another kind of control—control of product
quality. That’s why so many chemists rely on Baker
&Adamson Reagents to do an exacting job. Chemists
knoiv all B &A chemicals are produced under the

SETTING THE P

T |
Baker

RATORY TOO!

strictest manufacturing standards. Careful
attention to minute details assure products of
unusually high uniformity and purity.

The same high quality built into B&A’s
complete line of laboratory chemicals also applies
to special and fine chemical orders. Whether your
requirements call for small or commercial quantities
—select Baker & Adamson to do the job.

T

NA damson

]
Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York 6, N.Y. C. R

Technical Servies Offices: Atlanta «
Chicago ¢ Cleveland * Denver

Baltimore + Boston < Bridgeport (Conn.) <« Buffalo < Charlotte (N. C.)
Detroit « Houston <« Kansas City * Milwaukee < Minneapolis

New York < Philadelphia ¢ Pittsburgh < Providence (R. 1.) ¢ St. L&uis * Utica (N. Y.)
Pacific Coast Technical Service Offices: San Francisco ¢ Los Angeles
Pacific Northwest Technical Service Offices: Wenatchee (Wash.) <« Yakima (Wash.)
In Canada: The Nichols Chemical Company, Limited « Montreal ¢ Toronto ¢ Vancouver
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The same high quality grinding and other features charac-
teristic of "Pyrex" Standard Taper (f) Ground Joints have
been applied to this new line of Ball and Socket Joints.

Accurate, durable and uniform in quality, these new
joints, balanced formechanical strength, chemical stability
and heat resistance, are made of Pyrex brand Chemical
Glass No. 774. All are completely fabricated in the ap-
paratus shop of the Corning Glass Works—your assurance
of highest quality workmanship. The Corning Lamp Shop's
facilities for the fabrication of special apparatus with
"Pyrex" Ball and Socket Joints are also available.

Corning is not prepared to furnish clamps for Ball and
Socket Joints. The joints, however, are made to accommo-
date clamps of conventional design.

For full information on neW "Pyrex" Ball and Socket
Joints, consult your regular laboratory supply dealer.

NEW CATALOG SUPPLEMENT No. 4
If you have not received your Supplement No. 4 to Com-
ing's Laboratory Glassware Catalog LP21, send for it today.
It describes numerous new items in both "Pyrex" Lab-
oratory Glassware including "Pyrex" Fritted Ware.
Please use coupon below.

CORNING GLASS WORKS « CORNING, N.Y.
Laboratory and Pharmaceutical Division (Dept. S4-27)

Please send Supplement No. 4 (to Coming's Laboratory Glassware Catalog LP21.)

ComPaNY OF INSTIEULTION ..ottt e

1 £ £=1-] SO TSRO U TSRO PPRPR

PYREX" and "VYCOR” are regitlered

PYREX trade-marks and indicate manufacture by
______ means------ CORNING GLASS WORKS

Research in Glass CORNING, N.¥.
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A.H.T. CO. SPECIFICATION

ABDERHALDEN VACUUM DRYING
APPARATUS

4739-R, Fig. 2

Showing desiccant chamber detached and
supported in mid-air for refilling, etc.

VACUUM DRYING APPARATUS, Abderhalden Im-
proved, A.H.T. Co. Specification. For dryingover prolonged
periods at constant temperatures at a reduced pressure with-
out accessory mechanical temperature controlling devices.

Consisting of Drying Apparatus of Pyrex glass with drying chambcr
A, approximately 250 mm long X 26 mm minimum inside diameter,
with by-pass, and connected by ground joint with pistol-shaped dcsic-
cant chamber B; complete with West type reflux condenser of Pyrex
glass and Erlenmeyer flask, 300 ml capacity, with interchangeable T
joints throughout; mounted on corrosion-resistant support with special
Spring-Grip Clamps and Micro Burner.

The by-pass for condensate results in greater temperature uniformity
than was possible in the original execution. Temperature range is
limited only by the number and variety of constant boiling liquids
which are available.

The use of the Spring-Grip Clamp mounted on slotted bar with
adjustable holder permits detachment and support of the desiccant
chamber in mid-air as shown in Fig. 2, thereby offering the advantages
of convenient filling and refilling of the chamber, of avoiding damage
from scratching or breakage which might result from placing it on the

4F7.39-Rv work table, and of undisturbed access to the drying chamber for
ig- 1 delicate manipulations. Dehydrite, Drierite or Anhydrone arc sug-
gested for use in the desiccant chamber.
See Il. K. Alber, "Hygroscopic Substances in Microanalysis,” Mikrochemie vercinigt mil Mikrochimicd Acta, Band
XXV, llcft 1-4 (1988), p. 47.

4739-R. Vacuum Drying Apparatus, Abderhalden Improved, A.H.T. Co. Specification, as above described, complete outfit as shown in
illustration, i.e. drying chamber A, desiccant chamber B, condenser and Erlenmeyer flask of Pyrex glass with interchangeable T/S
joints throughout, mounted on support with base of Coors porcelain, with necessary Spring-Grip clamps and holders, Chromel
wire gauze, and micro burner for use on artificial gases up to 600 B.T.U.; with 4739-W Abderhalden Weighing Tube Support,

0

but without weighing tubes or rubber connections for bUINEr Or CONUENSEI ... $60.75
4739-W. Weighing Tube Support, Alber, of aluminum, for volatile substances. Chamber 30 mm long X 5 mm
drying hygroscoi)lc and volatile micro samples, inside diameter, total length 150 mm, weight 1.5 to
evaporation of liquids, moisturo determinations, 2 grams; in accordance with specifications of A.C.S.
etc. Takes two weighing tubes such as 9977-F OF s $1.
9977-K. Ground glass cap of Alber weighing tube
can be removed and reseated in situ without diffi- 9977-K. Micro Weighing Tube, Lieb and Krainick, without
culty. Overall dimensions 6% inches long X glass stopper. Chamber 25 mm long X 4.5 mm
I*/u inch wide X M inch high.....n. $6.50 inside diameter, total length 155 mm, weight 1.0 to
1.5 grams; in accordance with A.C.S. specifications.
9977-F. Micro Weighing Tube, Alber, with ground glass cap, See H. Lieb and H. G. Krainick, ATikrochemie,
for drying, handling and weighing hygroscopic or Vol 9 (1931), P. 367 e $.50

ARTHUR H. THOMAS COMPANY

RETAIL — WHOLESALE — EXPORT

LABORATORY APPARATUS AND REAGENTS

WEST WASHINGTON SQUARE, PHILADELPHIA 5, U. S. A.
Cable Address, “Balance,” Philadelphia
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INFRARED SPECTROSCOPY
Industrial Applications

R. Bowling Barnes, Urner Liddell and V. Z. Williams

STAMFORD RESEARCH LABORATORIES, AMERICAN CYANAMID COMPANY, STAMFORD, CONN.

Infrared spectroscopy has proved a powerful tool
in solving problems of organic chemistry and finds
a widening field in industry. The theory of infra-
red absorption and its relation to molecular struc-
ture are discussed to provide the essential back-
ground for detailed descriptions of techniques

tributions of physicists to the chemical industry. Many

important problems, which had previously been attacked
solely by chemical methods, are now being studied and solved by
the methods of both physics and chemistry or by the tools of
physics alone. Physical instruments in increasing variety—
among them optical and electron microscopes, mass spectrom-
eters, Geiger counters, polarographs, colorimeters, and optical
spectrometers of many kinds—are proving more useful every day
as their potentialities and capabilities are tested and proved.

The approach of the physicist to a problem is inherently dif-
ferent from that of the chemist. The physicist concentrates
upon the physical characteristics of the material itself, its ab-
sorption spectrum, x-ray diffraction pattern, exact mass, elec-
tronic configuration and properties, whereas the chemist studies
the material in reaction with other substances. From these re-
actions the chemist deduces a wealth of information relating to
the original material in question. His apparatus in general is
relatively simple. On the other hand, the physicist may require
elaborate apparatus of special design, but once this apparatus is
constructed, its applications are versatile and the physicist’s
methods become direct, accurate, rapid, and usually require only
small samples. Fortunately, the results obtained from these
two methods of approach supplement each other and suffice in
most cases to furnish the desired information.

W hether or not one agrees that this is “a physicist's war”, cer-
tainly it is a time when physical instruments are of enormous

TiIE last half dozen years have seen a rapid rise in the con-

1Absent on leave.

6S9

useful in analysis.

representative

Finally a library of 363

spectrographs of organic com-

pounds taken in the rock salt region of the infra-
red spectrum is presented for comparison with
those obtained from unknown compounds under
investigation.

usefulness. Devices capable of automatic operation have al-
ready proved their merit in practically every field of endeavor.
In the chemical industry, today more than ever before, is the
need for speed and accuracy keenly felt. The urgency of the de-
mands for multiplied production and the stringent shortage of
manpower have necessitated abbreviation of the usual sequence
from the research laboratory through the pilot plant to the final
production. Short cuts must be taken and sometimes the pilot-
plant stage must be eliminated entirely. The production engi-
neer must have immediate and continuous checks on the quality
of his product in order to duplicate efficiently the results of the re-
search laboratory. Delay in obtaining analytical results quickly
might lead to the waste of large quantities of valuable raw mate-
rials and products. Here the saving of time by the physicist’s
methods is proving invaluable. But here, too, the problems of
the industrial physicist are greatly multiplied. He must not
only adapt his tools or instruments to solve specific problems
under ideal conditions in the research laboratory, but he must
also modify them to function dependably under conditions of
production analysis and control.

A typical application of physics on a widening scale in industry
is infrared spectroscopy. One of the first industrial infrared
spectrometers was constructed in this laboratory in the latter
part of 1936. Numerous applications of this instrument have
been eminently successful and have become familiar to a large
number of chemists. Daily, this tool is performing analyses im-
possible by any other method. More common analyses are being
completed in a few minutes which previously required hours.
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Interest in the potentialities of this physical tool has become so
widespread that infrared spectrometers may now be found in the
laboratories of an impressive list of American companies, and the
time will soon arrive when such instruments will be standard
equipment in most laboratories and plants.

The underlying basis of applied infrared spectroscopy is the
fact that practically all organic substances possess selective ab-
sorption at certain frequencies in the infrared portion of the elec-
tromagnetic spectrum. Experimentally, as will be shown be-
low, a spectrometer is used to determine the per cent transmis-
sion or absorption of the sample at a series of narrow frequency
intervals throughout a chosen part of the spectrum. A plot of
these transmission or absorption values versus frequency or
wave-length units constitutes an infrared spectrum, which is
characteristic of the sample being studied and which may be
used to describe the sample in much the same manner as boiling
point, refractive index value, or melting point. Because the in-
dividual absorption bands of which such spectrum is composed
arise from the mutual motion of the atoms within the molecule,
these spectral characteristics bear a direct relationship to the
atomic masses, the molecular configuration in space, and the
binding forces present.

Applications of infrared spectroscopy can be divided into two
general categories, qualitative and quantitative.

QUALITATIVE APPLICATIONS OF INFRARED
SPECTROSCOPY

(a) "Fingerprinting" of compounds

The infrared absorption spectrum of a given compound is a
unique fingerprint which cannot be duplicated by any other com-
pound. This characteristic is invaluable in identifying un-
knowns. Once a large library of absorption curves for known
compounds has been amassed, frequently only minutes are re-
quired to match the absorption spectrum of an unknown with one
of the known curves. Even in cases where no satisfactory match
is found, assurance that the unknown is not one of a list of known
compounds is useful information.

Since the samples required are small and are in no way dam-
aged or harmed, this method of analysis is particularly useful in
connection with chemical research where limited amounts of
material are available.

(b) Recognition of specific chemical bonds, linkages, or groups

Comparisons of spectra of large numbers of pure compounds
have shown that absorption bands occurring at certain frequen-
cies can be correlated with certain bonds or atomic groups within
the molecule. For example, a glance at an absorption spectrum
gives an indication of the presence or absence of such groups as
O—H, N—H, C=N, C==0, CHS etc. Observed absorption
characteristic of hydrocarbon unsaturation can be ascribed to
either aliphatic or aromatic structures. More particularly, the
position of the absorption band of a carbonyl group in general in-
dicates whether it forms part of an anhydride, ester, ketone, al-
dehyde, or acid. The appearance of the “methyl band” dis-
tinguishes between the terminal methyl groups of a straight
chain and an isopropyl or tertiary butyl group. Although all
the structural units of a sample may not be determined in this
manner, at least a considerable number of the more common
ones can be identified.

(c) Gross structural features

The appearance and analysis of the absorption spectrum can
often be used to determine or verify the spatial configuration of
the atoms within a molecule. Examples are cis-trans or ortho-,
meta-, and para-isomerism, the planarity of the aromatic ring,
keto-enol tautomerism, hydrogen bonding, etc.
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(cf) Qualitative analysis of mixtures

Exccpt in special cases of strong intermolecular interaction,
the absorption spectrum of a mixture is equivalent to a simple
superposition of the spectra of its individual components. Hence
it is possible, by comparing the spectrum of a mixture with the
library of spectra of pure compounds, to determine not only the
components but also their relative concentrations.

QUANTITATIVE APPLICATIONS OF INFRARED
SPECTROSCOPY

(a) Analysis

A mixture of materials can be analyzed quickly and accurately
so long as the components present in the mixture are known.
From a study of the spectra of the known compounds, it is
usually possible to find a frequency at which only one component
possesses strong absorption. By setting the spectrometer at this
particular frequency and comparing the absorption of an un-
known with that of known prepared standards, the amount of the
particular component in the unknown can be determined. Usu-
ally another characteristic frequency can be found for each of the
other components. This rapid method, modified suitably to
meet existing conditions, has been applied with an accuracy of
1 per cent or better to a great variety of mixtures from simple
ones of two hydrocarbon components to complex mixtures con-
taining up to six terpenes. It is particularly useful for analyzing
close boiling isomeric mixtures for, as mentioned above, the ab-
sorption spectra are functions of geometrical configuration and
are not related to boiling points. A characteristic curve of ab-
sorption versus concentration shows the method to be particu-
larly accurate for measuring small amounts of impurities, such as
water in oils, oxidation products, etc.

(b) Measurements of reaction rates

The principle outlined above can be used for measuring rates
of reaction or polymerization as a function of temperature, pres-
sure, or the catalyst used. Samples may be taken from the re-
action chamber at suitable time intervals, and the amounts of
the reactants consumed and new products formed quickly deter-
mined. Since the amount of sample required is so small (less
than 1 gram) its removal from the reacting mass has a negli-
gible effect on the reaction.

(c) Determination of thermodynamic data

A knowledge of the exact values of the infrared absorption fre-
quencies provides part of the information needed for a mathe-
matical calculation of the thermodynamic constants of the mate-
rial.

(cf) Process analysis and control

The analytical methods described can be used in the plant as
well as in the research laboratory. Small, sturdy spectrometers
which can be set at fixed frequencies have been constructed for
such work. Frequently, such control analyses may be made from
a by-pass in the production line to give a continuous record of
the concentration of one component as a function of time. The
output of these spectrometers is an electrical current, which may
be used to provide automatic control through suitable relays.

The basic methods described in this paper have been in use in
these laboratories since 1937, and are considered to be especially
valuable in the present emergency. This paper provides work-
ing descriptions of the various experimental techniques involved
and a brief discussion of the theoretical basis of infrared spec-
troscopy. Within the scope of a single paper, however, no at-
tempt can be made to present a complete survey of this field, nor
to describe each of the many types of instruments now in use.
Rather, the content is restricted to a discussion of the applica-
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tions made in this laboratory. Obviously, one of the fundamen-
tal requirements for the successful application of infrared spec-
troscopy is a knowledge of the absorption spectra of a large num-
ber of pure compounds. Accordingly a library of 363 spectra has
been included.

EXPERIMENTAL EQUIPMENT AND TECHNIQUE

A graph of the complete electromagnetic spectrum is given in
Figure 1. Throughout the spectrum the fundamental relation-
ship holds: \v — ¢, where Xis the wavelength of the radiation, v
is the frequency of vibration, and c is a universal constant, the
velocity of light. Because of the various interactions of electro-
magnetic radiation with matter, each portion of the spectrum is
of interest and value to the industrial physicist.

The infrared portion of the spectrum extends from the long
wave-length limit of sensitivity of the human eye to the region
of ultra short radio waves—that is, from about 7500 A. (0.75m)
to about 350,000 A. (350m). The units most often used in desig-
nating portions of the infrared spectrum are: wave-length
unit, micron or m (1m = 10,000 A. = 10« cm.); and so-
called frequency unit, wave numberorcm.-1 [Lcm.-1 = 1/X(cm.)].
The various subdivisions of the infrared spectrum are shown
in Figure 1 with dotted lines and are described above the
graph. Within very approximate limits these are: the photo-
graphic region from 0.75m to 1.3m; the overtone region from 1.3m
to 2.5m! the fundamental vibration region from 2.5mto about
25m; and the rotational region from 25m to 350m. Although
each is important and capable of yielding much valuable informa-
tion, primary interest centers in the fundamental vibration re-
gion. Because of the limitations of radiation sources and prism
materials, a portion of this range, from 2.5m (4000 cm.-1) to 15m
(667 cm.-1), has been most thoroughly investigated.

The infrared spectrometer used in work in this field consists
essentially of: (1) a source emitting a continuous range of wave
lengths desired; (2) a dispersing means2to spread out this radia-
tion in order to provide narrow wave-length bands at accurately
known wave-length positions; (3) a means for interposing a
sample of suitable thickness into the path for this radiation;
and (4) a detector and amplifier to measure accurately the in-
tensity of radiation in each narrow band. Indicative of the diffi-
culties of infrared technique is the fact that no standardized re-
search spectrometers are available today. In other, branches of
spectroscopy, it is customary to mention a medium Hilger, a
large Bausch & Lomb quartz spectrograph, or a General Elec-
tric recording spectrophotometer and let a reference to the litera-
ture suffice as a description of the instrument. In contrast to
this, the various infrared laboratories use instruments con-
structed according to the individual ideas, designs, and demands
of each investigator. Unfortunately, this paper cannot include
descriptions of all the various types of instruments in use, nor
can it single out any one as being the best. However, a discus-
sion is given of the spectrometer which was used in obtaining the
absorption spectra given below.

THE SPECTROMETER

A schematic drawing of the optical path of the spectrometer is
shown in Figure 2. The source is an electrically heated commer-

2Tho dispersing medium may be either a grating or a prism. A grating
provides greater dispersion but its use involves more experimental diffi-
culties because of the necessity of eliminating higher order radiation. For
this reason prisms are more generally used in industrial spectroscopy. A
list of prism materials together with their long wave-length transmission
cutoffs ismgiven (glass 1.5/i, quartz 3/i, lithium fluoride 5/i, fluorite 9/,
sodium chloride 15/i, and potassium bromide 25/i). Ideally, best dispersion
is obtained by using one material up to its cutoff and then switching to the
next material. For a single prism instrument, rock salt is most generally
used because it provides the best combination of dispersion and accessible
region.
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cial Globar (a silicon carbide rod) having a power consumption
of about 400 watts at 115 volts controlled by a voltage regulator.
The Globar is thinned in tho central section in order to raise the
intensity of radiation from the actual source area. The radia-
tion from this source is reflected by the plane mirror, Mi, to the
spherical mirror, M2 which focuses the beam at the position
marked “cell”. The sample is introduced here by means of an
electrically driven way with three stop positions so that a shutter,
absorption cell, or a control cell can be placed in the same posi-
tion in the light path. The radiation transmitted through the
cell is then focused by Mt on the entrance slit at S. S is a
double slit having a common center and two movable outer jaws.
The entrance slit is curved to compensate for the image curva-
ture introduced by the prisms. The radiation from S enters the
spectrometer proper through a slot in the plane mirror, Mt, is
rendered parallel by the spherical mirror, M\, whose focal length
is 40 cm. The beam of radiation is given its first dispersion on
passing through the two prisms, and is then reflected back
through the prisms by the plane Littrow mirror, Me, for a second
dispersion. The dispersed beam traverses the path from Pi to
Ms to Mt, through the slotin Mi, and passes out through the exit
slit at S.  Tho mechanical widths of the two slits control the
width of the spectral band and the wave length or frequency of
the band center is determined by the rotational setting of the
Littrow mirror, M6 The narrow band of energy emerging from
S is then reflected at a small angle by the plane mirror, Mi, to
the elliptical mirror, M%, which focuses a greatly reduced image
of the exit slit, S, onto a compensated, vacuum thermocouple.
The entire instrument, except for the source and the absorption
cell, is housed in an airtight aluminum case whose interior is
freed of water vapor and carbon dioxide. For this purpose, air
purified over large quantities of phosphorus pentoxide and soda
lime is supplied at intervals by a circulating system. The radia-
tion from the source enters and leaves the spectrometer case
through rock salt windows.
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Figure 1. Graph of the Electromagnetic Spectrum

Since these infrared radiations cannot be photographed and
there is no photoelectric element sensitive to this part of the spec-
trum, the detector must of necessity be some type of thermosensi-
tive element, such as a thermocouple, bolometer, or radiometer.

The order of magnitude of the energies involved illustrates the
difficulties encountered in infrared spectroscopy, and accounts
for the slow progress in this field as compared with other branches
of spectroscopy. The average energy in the dispersed beam pro-
duces a voltage at the thermocouple of about 1 microvolt (10~*
volt).3 Since the thermoelectric coefficient of the elements
used is of the order of 100 microvolts per degree centigrade, this
represents a temperature difference between hot and cold junc-
tions of the thermocouple of roughly 0.01° C. Since, as will be
seen later, it is necessary for practical purposes that energies of
this order of magnitude be measured with an accuracy of
0.5 per cent, the limit of error must be not greater than 5 X
10-5° C. Small changes in ambient temperature are minimized
by using a two junction couple connected in series opposition, only

J Electronic amplification of this output is difficult because of the low
resistance (10-20fi) and the slow period (one second) of the average thermo-
couple.
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one of the hot junctions being illuminated by the radiation being
measured. These values illustrate the excessive care necessary
to provide adequate thermal and electrical shielding and to pre-
vent the couple from “seeing” any stray radiation.

To measure accurately the small output of the thermocouple,
some suitable form of amplification is essential. A simple method
of obtaining this magnification is the conventional photo relay
amplifier shown in Figure 2. The voltage from the thermocouple
is applied to the primary galvanometer, Gi (L & N, 0.17m volt per
mm., 3.5 seconds). A focused beam from a headlight bulb, s
(operated from a large capacity storage battery), is reflected from
the primary galvanometer mirror onto the edge of a barrier layer
cell, Pc. A small deflection of Gi increases the illumination on Pc
and proportionately increases the current from Pc¢ which is fed
directly into the recording galvanometer G- (L & N, 0.003"
volt per mm., 2.5 seconds). By this method any desired degree
of angular amplification up to the Brownian motion limit of
G\ can be achieved. In practice, depending upon the stability
of the galvanometers, an amplification factor between 0 and 200
is generally used.

The final spectrogram is obtained by recording the deflections
of Gi with an automatic pen recorderl built in this laboratory.
A pen is mounted on a carriage which holds a twin cathode photo-
electric cell (such asan R. C. A. 920). The light beam reflected
from QGsis interrupted at sixty cycles and is focused symmetri-
cally on the two cathodes so that the outputs of the twin photo
cells are equal. Any slight deflection of the beam from Gt upsets
the balance between these outputs. This difference is amplified
by one of two Thyratron circuits and fed into a split-field, series-
wound motor so geared as to drive the carriage in a direction to re-
store the balance. Thus the pen carriage follows accurately the
deflections of the reflected beam from Gt and draws, automati-
cally, a continuous record of the galvanometer deflections. This

4 The baaio suggestion for this recorder was obtained from.a paper by
D. J. Pompeo and C. J. Penther, {Rev. Sci. Instruments, 13, 218 (1942)].

Source

Figure 2. Schematic Drawing op an
Infrared Spectrometer

record is drawn on a 12 X 20 inch chart, carried on a rotating
drum driven by the same synchronous motor which controls the
frequency settings of the Littrow mirror of the spectrometer
proper. Suitable calibration marks are made on the record by a
small solenoid which deflects the pen at specified frequencies.
This solenoid is actuated by a microswitch which is closed once
during each rotation of the Littrow shaft. A Veeder counter op-
erated by the same shaft indicates the frequency setting at all
times.

In practice, the spectrometer is set at a desired frequency and
the slit width and amplification factors are fixed to give the de-
sired spectral slit width and a full scale galvanometer deflection,
respectively. The sample is then interposed in the path of the
beam, the position of the pen for zero energy is marked on the
chart by momentarily inserting an opaque shutter in the light
path, and a switch is finally thrown to start the motor. The
actual record is a graph of galvanometer deflections as ordinates
versus frequency units as abscissas.

This record can be transformed into a per cent transmission
graph bs’ a series of calculations using an energy curve covering
the same spectral region. In many studies this conversion of the
original records to transmission curves is unnecessary.

PREPARATION OF SAMPLES

Samples can be studied as vapors, liquids, solutions, or solids.
Windows of the absorption cell can be made of any material
which is reasonably transparent in the region of the spectrum em-
ployed. In addition to the materials already mentioned as being
suitable for prisms, sheets of mica, thin nitrocellulose, or silver
chloride can be used in special cases. Examples of typical infra-
red salt window absorption cells are shown in Figure 3. i

Vapors are studied in glass or metal tubes whose ends are closed
by cell windows attached with a cement such as Glyptal or Apie-
zon. Either the pressure in the cell or the length of the cell itself
may be adjusted to give the desired degree of absorption.
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In examining liquids, a drop or two ofthe sample isplaced on a
plate of salt or other window material on which is laid a U-shaped
spacer of thin metal foil to give the required thickness, and then
another salt plate is clamped on top of this assembly under uni-
form pressure. Volatile samples are put in special cells which can
be sealed. The average thickness of samples of liquids isabout
0.05 mm.

Samples are occasionally studied in solution when the material
is a solid or when intermolecular association is to be avoided.
Use of this method is greatly restricted since no available solvent
is free from absorption throughout the infrared spectrum. Sol-
vents, such as carbon tetrachloride or carbon disulfide whose
molecules are nonpolar and consist of a small number of heavy
atoms, are most suitable.

It is possible to get good infrared curves from solids if a thin
(ca. 0.03 mm.) plate, continuous film, or very finely divided
crystalline sample can be obtained. Various methods are em-
ployed for producing these. Resinous samples are prepared by
laying down a film of suitable thickness from solution and allow-
ing the solvent to evaporate. Satisfactory samples of rubbery
materials may be prepared by softening the material to a gluey
consistency with a volatile solvent, spreading a thin film on a
salt plate and evaporating the solvent in a vacuum desiccator.
If melting does not alter the material, the sample can be fused be-
tween the plates of a capillary salt cell and allowed to cool, or
the sample can be melted on a hot salt plate and smoothed out
with a knife or razor blade into a thin layer. Suitable samples
may also be obtained by crystallizing the material from solution.
If the average particle size of the crystals formed is approxi-
mately the same as the wave length of the radiation used for
study, the radiation will be scattered rather than transmitted.

Figure 3.
Vapor cell

ow>
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To avoid this, the crystals must be either considerably larger or
smaller than the wave length being used. Samples of insoluble,
infusible materials may be prepared for examination by grind-
ing the substance to as fine a powder as possible, then mulling it
thoroughly in a straight-cliain aliphatic hydrocarbon, such as
Nujol. The resulting paste is pressed between two salt plates.
The Nujol will absorb strongly in the characteristic region of the
CH frequencies but will leave the rest of the spectrum clear for
absorption by the sample.

THE ORIGIN OF INFRARED SPECTRA

The atoms of any molecule not at absolute zero are constantly
oscillating about their positions of equilibrium. The amplitudes
of these oscillations are extremely minute (10-9 to 10-10 cm.) and
their frequencies are high (10u to 10u cycles per second). Since
these frequencies are of the same order of magnitude as those of
infrared radiations, some direct relationship might bo expected
to exist between the motions of the atoms within molecules and
their effects on infrared radiation incident upon them. Actually
those molecular vibrations which are accompanied by a change of
dipole moment, so-called “infrared active” vibrations, absorb,
by resonance, all or part of the incident radiation, provided the
frequencies of the latter coincide exactly with those of the intra-
molecular vibrations. Thus, if a sample of molecules of a single
kind is irradiated in succession by a series of monochromatic
bands of infrared, and the percentage of radiation transmitted is
plotted as a function of either wave length or frequency, the re-
sulting graph may be interpreted in terms of intramolecular mo-
tion. Although these atomic motions at first thought seem to be
very complicated, they may be shown by detailed analysis to be

T ypical Infrared Absorption Cells

Clamped cell for qualitative studies
Fixed cell for quantitative studies
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summations of a number of simple oscillations. Each of these
simple vibrations is referred to as a “fundamental” or “normal”
mode of vibration. Any nonlinear molecule of n atoms can be
shown mathematically to possess 3n — 6 such normal modes,
whereas a linear molecule possesses 3» — 5. A normal mode
of vibration is defined as a mode in which the center of gravity of
the molecule does not move, and in which all of the atoms move
with the same frequency and in phase. Except for cases of acci-
dental degeneracy, each normal mode is independent of the
others in that any one can occur without affecting the others.
Hence it is possible for all of these vibrations to occur simultane-
ously and yet for each one to retain its characteristic frequency.
An analysis of an infrared spectrum therefore constitutes an an-
alysis of the mechanics of the molecule in question.

The concept of a normal vibration may be clarified by analogy
with a mechanical model. Suppose that a model of the benzene
molecule, CjHi, is constructed by using weights in the ratio of 12
to 1, respectively, for the carbon and hydrogen atoms, these
weights being held in proper orientation by suitable springs.
Suppose further that the carbon-hydrogen springs are now
stretched slightly by moving each of the six pair of weights so
that the hydrogens are moved twelve times as far from the
equilibrium position as are the carbons. If, now, the weights are
released simultaneously, a vibration will occur in which the
weights move back and forth along the connecting bonds. The
center of gravity of the whole model remains at rest and the
weights move only along the line of the connecting springs, since
no original impetus was given to the weights in any other direc-
tion. This is a characteristic vibration of the model, inasmuch
as it has a definite frequency which can be measured by a strobo-
scope, and it does not excite any other vibration in the model.
This stretching motion is exactly analogous to one of the Sn — 6,
or 30, normal modes of the benzene molecule. Another benzene
vibration can be visualized readily by pulling the six carbon
weights slightly above the plane of the model while the hydrogen
weights are pulled twelve times as far below the plane and then
releasing all twelve weights simultaneously. Many other char-
acteristic benzene vibrations can be similarly demonstrated.

Finally, suppose that the model is struck a blow with a ham-
mer. At first sight the weights seem to be performinga com-
plicated motion having no apparent relation to the individual
modes referred to above. However, if this apparently random
motion is photographed with a stroboscopic camera adjusted
successively for each of the frequencies of the normal modes, each
of these modes of vibration will be found to be faithfully per-
formed by the weights.

An infrared spectrometer plays the same role with respect to
the actual benzene molecule as the stroboscope does to the model.
Thus, by measuring the frequencies of the infrared radiation ab-
sorbed by a substance, the spectrometer determines the charac-
teristic mechanical frequencies of its molecules. Since these
molecular frequencies are functions of the atoms themselves—
that is, the spatial arrangement, the valence forces, and to some
extent the intermolecular forces—the value of infrared spectro-
scopic information is obvious.

A question naturally arising at this point concerns the possi-
bilities of a mathematical calculation of the normal modes of
vibration. Such a calculation, if successfully completed, should
make possible a unique determination of the structure of the
molecule in question. The correct structure of the molecule
would obviously be that whose calculated frequencies correspond
exactly to those observed in the experimental spectrum. Theo-
retically the expected frequencies can be calculated, provided the
strengths of all of the interatomic forces are known. Unfortu-
nately, the complexity of such calculations depends on the num-
ber of atoms in the molecules and the symmetry of their geo-
metrical arrangement.

W ater, for example, with three atoms involves only a third de-
gree equation, and has accordingly been subjected to thorough

mathematical treatment. Benzene, although composed of
twelve atoms, is so symmetrical that a fourth degree equation is
the most difficult encountered. The frequencies calculated for
this molecule, too, have been found to agree with experimental
values. However, if this geometrical symmetry is completely
destroyed by substitution, as in ortho-chlorophenol, a rigorous
treatment would require the solution of a thirty-third degree
equation. Such a task is out of the question. Accordingly,
since most of the molecules of interest to the industrial chemist
are quite complex, some other method is required to correlate the
characteristics of an observed spectrum with the structure of the
molecule. Considerable success in this direction has been
achieved by a purely empirical approach.

In order to understand the basis for such an empirical method,
it will be well to resort again to a discussion of mechanical mo-
lecular models. Consider a model of a molecule containing only
one C—H bond, such as chloroform, CISCH. If the C—H spring is
stretched and released, the carbon and hydrogen weights vibrate
rapidly with a characteristic frequency. The chlorine weights,
on the other hand, are so heavy they are almost totally unable to
follow the vibration. It is true, at least to a first approximation,
that the observed stretching frequency is a characteristic of the
C—H spring (bond) and the masses of these two atoms, and is
practically independent of the rest of the molecule. Similarly, a
bending or deformation can be studied by displacing the hydro-
gen weight in a direction normal to the axis of molecular sym-
metry and then releasing it. Again the carbon and hydrogen
weights will move characteristically with the remaining weights
practically at rest.

These observations lead to the basic premise that, to the ex-
tent that atomic forces between a carbon and a hydrogen atom
are a function of these two atoms alone, the presence of C—H
linkages in a molecule will cause at least two infrared absorptions
which are practically independent of the atomic constitution of
the rest of the molecule. The validity of this premise has been
thoroughly established experimentally. A study of hundreds of
molecules containing C—H linkages has shown an absorption
around 2900 cm.-1 (C—H stretching) and another around 1450
cm.-1 (C—H bending). Further verification may be found by a
study of the absorption spectra of molecules in which the hydro-
gen atom has been replaced by a deuterium atom of mass two.
A mathematical treatment shows that the C—D frequency
should be given by the equation ve—d.'\/2 = vc-it- In such
moleculcs a frequency in the region of 2100 cm.-1 (C—D stretch-
ing) is observed.

Actually, by using a spectrometer of high resolving power, it
can be shown that these C—H frequencies are influenced slightly
by the relation of the C—H linkage to the molecule as a whole.
For example, the exact frequency value of these absorption bands
may be used to indicate the degree of saturation of the carbon
atom to which the H is attached or whether the C—H occurs in
a CH, CHs, or CHSgroup.

Although the mathematical approach has been of great value
when applied to simple or highly symmetrical molecules, most
of the information derived from infrared spectra is obtained by
the application of the empirical method. This method consists
of comparing the spectra of the largest obtainable number of
different molecules having a common atomic group. By a proc-
ess of elimination it is often possible to find an absorption band
whose frequency remains constant throughout the series. The
presence, in an unknown, of an absorption at this frequency may
reasonably form the basis for a guess that the particular atomic
group is present. Confidence in this method can be obtained
only by successful applications in a large number of cases.

It mast not be assumed from this discussion that it is, or will be,
possible to ascribe every observed absorption to a specific atomic
group. Indeed, if this were true it would make more difficult the
possibility of differentiating clearly between isomeric compounds.
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Actually only a few of the observed bauds can usually be corre-
lated in this manner. The majority of observed bands arise
from normal modes of vibration which are characteristic of the
molecule as a whole. These general absorption bands are very
sensitive to structural changes, and so furnish us with a “finger-
print” of the molecule. They also make possible the analysis
of isomeric mixtures and provide the basis for quantitative analy-
ses of other closely related compounds.

The normal vibrations of a molecule do not account for all of
the absorption bands observed in its infrared spectrum. For
example, in the far infrared there are absorptions caused by the
slower rotations of the molecules or the massive lattice vibrations
of crystals. Moreover, throughout the whole infrared region
absorptions frequently occur at integral multiples (overtone
bands) of the fundamentals, or at frequencies which are equal to
the sum or difference (combination bands) of fundamentals.
These bands in general absorb very much less strongly than do
the fundamentals and consequently must be studied with thicker
samples. Since they are so sensitive to the over-all molecular
structure, they can sometimes be used more successfully for ac-
curate fingerprinting of molecules and for the analysis of mixtures
than the fundamental absorptions.

THE INTENSITY OF INFRARED ABSORPTION BANDS

Except for special cases where intermolecular action occurs,
the amount of light transmitted by a sample is governed by Beer’s
law I,,/lw = e~kX Iwis the radiation incident on, and /, the
radiation transmitted by, the sample at the frequency v; k, is the
absorption coefficient of the sample material at the frequency v,
c is the concentration of a given material in the sample being
studied; and x is the length of the optical path or thickness of
the absorbing layer of sample. In general, the infrared data
shown are presented as a plot of/,,//,,, as ordinates versus v (or X)
as abscissas. The factors which influence ky have already been
discussed. The value of this constant will be appreciable only
when v is an infrared-active fundamental, overtone, or combina-
tion frequency. In general, k, will have a larger value for polar
than for nonpolar compounds. Thus, for example, water, al-
cohol, and acetone absorb infrared very strongly, while the hydro-
carbons absorb weakly. The value of k,, is fairly insensitive to
pressure and, except in special cases, is practically independent
«of temperature. However, k,, is not entirely a unique function of
molecular structure for slight variations in its values occur be-
tween the solid, liquid, and vapor phases of the same molecule.
These changes appear as small shifts in the frequencies or inten-
sities of maximum absorption—i. e., maximum k,, values—and
are caused by the varying extent to which the internal vibrations
of one molecule are affected by those by its neighbors.

The question may be raised: Why are not infrared spectra
mplotted as graphs of kv versus frequency instead of versus
frequency? Graphs using are functions of both ¢ and x,
ewhereas those using k,, should be independent of these factors and
accordingly more generally applicable. As will be pointed out in
mlater section, most infrared spectrometers have varying amounts
«of scattered light and employ varying spectral slit widths in order
to attain the sensitivity and stability required in measuring the
spectrum with sufficient accuracy. An accurate value of kv can
*be obtained only with an instrument which either has no scat-
tered light or for which the amount of scattered light is known at
-each frequency. Since kr is also a function of spectral slit width,
rthis too would have to be known at each frequency. Further-
more, accurate measurements of sample thickness are extremely
difficult. Other difficulties also intervene and until infrared
spectrometers have been improved materially and standardized,
the conventional plots of 1y/1Q, rather than k,,, versus frequency
are preferable.
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QUALITATIVE ANALYSIS

As shown by our previous analogy to molecular models, the
atoms of an organic molecule are constrained to oscillate about
their equilibrium positions by the valence forces which exist be-
tween the atoms. To a first approximation and for purposes of
illustration only, these vibrations may be considered to obey
Hooke’s lawr. To the extent that this is true, any equation set
up to describe these motions must be dimensionally similar to
that which holds for simple harmonic vibrations, namely,

1 1k
2rc\ »

In this expression, v is the frequency in cm.-1, c is the velocity of
light, mis the reduced mass ofthe vibrating atoms, and k isthe force
constant which exists between the atoms. The reduced mass, n»

is calculated from the relationship » = — + %j-,where mi and iih

are the relative masses of the vibrating atoms.
isrelated to the vibrations by the equation

This constant, k,

V = M fexd

where V is the potential energy and x the displacement of the
atoms from their equilibrium positions. Upon substituting the
proper universal constant, the dimensional formula above may
be reduced to

V= 1307 y”~*cm .-1

where k is used as a pure number and n is expressed in dimension-
less atomic mass units.

A brief examination of the literature shows that the value of k
for practically all single bonds lies between 4 and 6 X 10s dynes
per cm. The corresponding values for double bonds lie between
8 and 12, while those for triple bonds generally lie between 12 and
18 X 105 dynes per cm. For purposes of illustration these
values, along with the proper values for n, may be substituted to
calculate the approximate vibration frequencies for a few typical
atom pairs.

For the C—H in methane the value of k has been found to be
almost exactly equal to 5 X 10sdynes per cm. Since the carbon
is so heavy in compsyison to the hydrogen, it remains practically
at rest, and the value of mis close to 1. Thus,

vo—h = 1307 — 2920 cm.-1

For the C—O in mothyl alcohol the force constant is still very
close to 5 X 106dynes per cm., but the value of n jumps to about
6.85, causing j>c-o to be much lower than vc~n.

vc-0 = 1307 = 1110 cm."1

Analogously, for C=0 in acetone

vc-o0 = 1307 “ 1730 cm.“1

Similar calculations for the CsN group in IICN lead to a
value for

rc-N 1307 - 2000 cm."1

In the infrared spectra of these four compounds there are strong
absorption bands at 2915, 1034, 1744, and 2089 cm.-1 More-
over, a study of a series of molecules containing one or more of
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Table 1. Typical Interatomic Characteristics
Atom Reduced Interatomic  Absorption
Pair Mass k Distance Frequenoy Compound
A. Cm.~I
c—C « 4.50 1.54 993 C.H,
C 0.85 5.77 1.43 1034 CH,OlI
C—N 6.40 1.47 1045 CH.NHa
c=¢C 0 9.77 1.33 1623 Cill(
c=0 0.85 12.00 1.21 1744 HjCO
C=N 6.40 1.20 1053 CHIiCHNOH
c C 6 17.2 1.20 1975 CiH.
cC O 6.85 1.10 2109 co
C N 6.46 16.0 1.16 2089 HCN
C—H 0.92 5.07 1.07 2915 CH.
O—H 0.94 0.90 3683 CHIiOH
N—H 0.93 1.00 3370 CHIiNHi
3315
8—H 0.97 1.3 2597 CH.SH

these linkages shows the characteristic bands approximately at
the calculated frequencies. Thus, it is seen that these approxi-
mate values of k and p determine the absorption frequency for a
particular atom pair. The slight variations observed in these
frequency positions of maximum absorption for molecules that
are closely related chemically (hence slight variations in k and
ju) make it possible, in many cases, to use the exact frequency em-
pirically as a means not only of telling that a given atomic group
is present but also of determining the relation of this group to the
remainder of the molecule.

Conversely, once the value of the absorption frequency of a
given band has been determined experimentally, it is often pos-
sible to calculate the force constant, k, or the binding energy be-
tween the vibrating atoms.

Published data show that in general the larger the value of k
the shorter the equilibrium distance between the atoms concerned.
Table 1is presented to show the effect of k and n upon these inter-
atomic distances and upon the frequencies of absorption.

The above discussion is presented in order to give some indi-
cation of the theoretical basis for the fact that certain atomic
pairs or groups give rise consistently to absorption bands in a
well defined region of the spectrum. However, it is to be empha-
sized that this treatment of extracting a portion of a molecule
and treating this portion mathematically is only an approxima-
tion and should not be carried to an extreme. The method is
applicable to only a very few types of atomic vibrations and it is
definitely impossible to start With published data of interatomic
distances or force constants and calculate the entire infrared
absorption spectrum of a material by this simple means.

Using an empirical approach the authors have examined re-
peatedly the spectra of many hundreds of organic compounds, and
these searches have rarely failed to reveal interesting correlations
between bond frequencies and structural relationships. It
woidd be out of place to cite each of these correlations, but a few
are given as illustrations of the type of information which may be
obtained through careful study of a largo number of infrared
spectra. It must be pointed out, however, that the curves used
in these studies, some of which are reproduced in a later section,
were obtained through the use of the large research type spec-
trometer described above. Users of lower resolving power in-
struments may experience difficulty in checking some of the corre-
lations indicated below. In view of the inability of any prism
spectrometer to resolve completely the structure of complex
bands it is frequently true that the shape of a given region of the
spectrum is just as important from a qualitative analysis point
of view as the exact values of the absorption maxima or trans-
mission minima. In the interest of economy of space, however,
we have chosen, in the remainder of this section, to present the
illustrations of constant bond frequencies through the use of line
graphs rather than full transmission curves. In these graphs the
height of the line may be taken as a rough measure of the in-
tensity of the absorption.
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(a) High frequency (3m) region

In the region from 3700 cm.-1 to 2500 cm.-1 occur the absorp-
tion bands arising from hydrogen stretching vibrations, the os-
cillating motion of a hydrogen atom in the direction of its va-
lence bond. Unfortunately, the dispersion of a rock salt prism is
not very good in this region and a lithium fluoride prism or a
grating is necessary to make available all the qualitative informa-
tion which the region offers. However, the type of information
which can be obtained from a sodium chloride prism is shown in
Figure 4.

“Free” hydroxyl vibrations, where the hydrogen is not affected
by any atom except the oxygen to which it is bound, have a char-
acteristic absorption between 3700 and 3500 cm.-1 If the mate-
rial is concentrated so that “hydrogen bonding” can occur, this
absorption becomes broader and stronger and moves to lower
frequency. It has been shown that there is a relationship be-
tween the energy of the hydrogen bond and the frequency shift
from “free” to “associated” state. Because the hydroxyl fre-
quency is exceptionally sensitive to the effects of intermolecular
association and internal chelation, it is always necessary to con-
sider the physical state of the sample in interpreting this region.
Benzyl alcohol, diluted in carbon tetrachloride, shows the free
hydroxyl absorption at 3640 cm.-1, while in the pure material
this band has shifted to a broad deep absorption centering
around 3350 cm.-1 Undpr high dispersion these association
bands sometimes show discrete structure which probably arises
from the types of molecular aggregates involved.

N—I1 bonds show' a characteristic absorption between 3500 and
3200 cm.” 1 Aniline has two N—H bonds, one at 3445 cm.-1 and

Figure 4. Characteristic Absorptions op X—H Bonds
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TABLE 2
C=0 FREQUENCIES

Molecule Absorption Frequenclea

1650 1800 1750 1700 3650

Anhydriden

Acetic anhydride i i
Caprolc anhydride i

Crotonlc anhydride i
Kaleic anhydrldo

Phthallc anhydride i

Esters

Methyl acetate

Ally] acotato |

DIbutyl maleato

D1butyl fumarate

Mothyl acrylate

Dlaayl phthalate \

Ethyl carbonate

Dlallyl adlpate i

Methyl oleato

Mothyl methacrylate i
Dimethyl Itaconate i
Mothyl octadocadlenate

Dimethyl phthalate

Tung oll entern 1

Acids

Kaleic acid
Fumarlc acid
p-Tolulc acid
ra-Tolulc acid >
o-Tolulc acid

p-Hydroxy bonzolc acid *1
m-Hydroxy benzole acid i

d -Hydroxy loobutyrlc acid 1
Undocylenlc acid 1

Ketonoo

Ketobutanol i
Methyl loopropyl ketone 1
Acotono 1
Acetonyl acetone

Cyclohoxanone

Acetophenono

Bonzophonone

Mealtyl oxide

p-lcopropy! bpnraJdohyd®

Fcnchono 1

Aldehydes

Formaldehyde

Methacroleln s 1
Sallcylaldehydo 1
Benzaldehyde 1

Furfural 1
m-Tolualdehyde

1850 1800 1750 1700 1650

the other at 3368 cm .'] because of the interaction between the
two hydrogen atoms on the same nitrogen. Di-n-propylamine,
on the other hand, shows only one absorption band.

C—H frequencies occur between 3200 and 2800 cm.-1  This re-
gion is subdivided by the characteristic that the band is usually
above 3000 cm.-1 if the carbon atom is unsaturated or if the hy-
drogen occurs in highly halogenated compounds. In normal
aliphatic compounds, the band usually occurs below 3000 cm.-1
[n benzyl alcohol both saturated and unsaturated carbons and
C—H bands are observed in each region, respectively. In aniline,
only unsaturated carbon hydrogen bands occur at 3080 and 3040
cm.-1, while di-n-propylamine has only saturated C—H at 2950 to
2870 cm.-1  With higher dispersion the unsaturated C—H re-
gion shows structure characteristic of Cll, CH2 and CH5groups.

Another bond of interest to the chemist is the S—H group
whose characteristic absorption lies in the region of 2500 cm.-1
A study of the simplified Hooke’s law treatment of vibrating
atoms shows that the reduced mass, ju, of an X—H group is ap-
proximately doubled if a deuterium atom is substituted for the
hydrogen. There may occur situations where it would be desir-
able to study separately the behavior of two X—H groups whose
frequencies coincide. If it is possible to substitute a deuterium
atom for one of the hydrogen atoms, the infrared characteristics
of the two bonds will differ to permit individual study while
their chemical natures are unchanged.
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(b) Unsaturated region

Absorption bands originating in unsaturated bonds between
atoms of the second row of the periodic table occur between 2300
and 1300 cm.-1

The highest frequencies observed are those of the triple bonds
between 2300 and 2000 cm.-1 from such linkages as C=C, C=N,
and the C =0 of carbon monoxide and carbon dioxide. There is
little chance of error in ascribing an observed band in this region
to a triple bond origin, for the only other fundamental vibrations
which can occur here are the above-mentioned X—D vibrations.

Carbonyl frequencies fall between 1850 and 1650 cm.-1 as
shown by the line graphs of Table 2. To a certain extent these
bands fall in a fairly narrow region of the spectrum according to
the relationship of the group to the rest of the molecule. The
anhydrides usually show’ a double band with one minimum be-
tween 1850 and 1800 cm.-1, the other between 1800 and 1750
cm.-1  Ester carbonyls are generally in the region from 1750 to
1725 cm.-1, aldehydes and ketones from 1725 to 1090 cm.-1, and
acids from 1700 to 1670 cm,-1 These criteria are not always
valid, for it can be seen from the graph that low members of a
series are often out of line while conjugation tends to lower the
characteristic frequencies. Other regions of the spectrum can be
used to check the tentative correlation of an observed carbonyl
bond. If an acid is suspected, the high frequency region can be
examined for hydroxyl absorption. Esters in general show a
strong band from 1300 to 1200 cm.-1 which probably arises from
the single bond carbon oxygen where the carbon is an unsaturated
atom. Phthalates in particular show a characteristic triplet at
1275,1120, and 1070 cm.-1

Aliphatic carbon-carbon double bond linkages occur between
1660 and 1600 cm.-1 as shown by typical examples in Table 3.
It is to be noticed that such bands usually occur between 1660
and 1640 cm.-1 when the bond is not conjugated. When the
bond is conjugated with an aromatic unsaturation, the frequency
drops to 1625 cm.-1, whereas, if full aliphatic conjugation occurs,
the frequency is nearer 1600 cm.-1 It would be well to repeat the
point here that atomic motions give rise to infrared absorption
only if the vibration causes a change in dipole moment. There-
fore, the C=C absorption may be weak or nonexistent if the bond
occurs in a perfectly symmetrical molecule such as ethylene, or

TABLE 3

ALIPHATIC C-0 FREQUENCIES
Absorption Frequencies

Butane-1 1

Butene-2 i
/tf-Plnene i
leobutylene 1 i
Dl-leoamylene i
Dl-iso'butylene i
Dlpentene i
Cyclohexene i
Of -Pinene i
Indeno i
Vinyl acetate 1
Allyl acetate i
Dimethyl maleate |
Dlallyl adlpate 1
Dlallyl eebacate i
Methyl oleato i
Crotonlc anhydride i
Methallyl chloride i
Methyl acrylate i
Methyl methacrylate i
Ethyl crotonate i
Stllbone

Styrene

p-Methyl styrene

p-MethylOt-methyl styrene 1

2,3-Dimethyl styrene 1

2,4-Dimethyl styrene 1 i
Butadiene i

Piperylene y
Isopren«

1300 1800 1700 1600 1550
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in the middle of a long hydrocarbon chain where the atomic
structure at each end of the bond is well balanced.

The carbon-carbon unsaturation of the benzene ring is evi-
denced by an absorption band near 1600 cm.-1 and another near
1500 cm,-1 Not only are these bands very characteristic of the
phenyl ring itself but their specific positions in conjunction with
other bands throughout the spectrum furnish a tentative de-
termination of the manner in which the ring is substituted.
There appears to be some correlation between the type of sub-
stitution and the position of the overtone bands between 2000
cm.-1 and 1700 cm.-1 although this evidence is still meager and
may be a function of the particular group substituted. In
general the 1500 cm.-1 band appears to be high for para sub-
stituted molecules. Mono substituted aromatic compounds
generally have a band from 1075 to 1065 cm.-1 and from 720 to
700 cm.-1; ortlio substituted, 1125 to 1085 cm.-1 and 720 to 700
cm.-1; meta substituted, 1170 to 1140 cm.-1 and 790 to 735
cm.-1; and para substituted, 1120 to 1090 cm.-1 and 850 to 775
cm.-1

apckatic mao naQtmiciES
Absorption Frequencies

Benzene i i
Mono Substituted

Toluene 1 » 1
Ethyl benzene | 1
n-Propy| benzene

n-Butyl benzene

Isopropyl benzene 1 1 | 1
Secondary butyl benzene | 1
Tertiary butyl benzene 1 1 1
Tertiary eayl benzene )
Chlorobenzene i !
Styrene 1 1t
Phenol 1 1 .
Anlsole | | 1 i
Phenetole i 1 1 i

Ortho Substituted
0-Xyleno 1 1 1
i1 1
|
1

o-Chlorotoluene
o-Dlchlorobenzene
Gulacol | 1

o-Chlor phenol |
o-Ethyl phenol ]
o-Bomy! phenol 10 i
0-Benzyl phenol i
o-Creay!| ethyl ether ]
o-Cresyl methyl ether i

Meta Substituted

»-Xylene
»-ChlorotOluene
m-Ethyl phenol
n-Cresyl ethyl ether
»-Cresyl »ethyl ether

[ERYEN
e

Para Substituted

- n
%)zl f
p-Ethyl toluene 1 1 i
p-Chlorotoluene « | |
p-Methyl styrene | |

p-Methyl -»ethyl styrene ] 1

p-Chior phenol |
p-Ethyl phenol

p-Tertiary butyl Ehenol |
p-Tertlary snyl phenol |
p-Bomyl phenol ] |
p-Xethoxy tertiary aayl benzene 1
p-Cresyl ethyl ether 11 |
p-Creeyl »ethyl ether 1 1

¢000 1900 J80O 1700 1600 1500 1400

Other common unsaturated bands of interest are the C=N
group which absorbs near 1650 cm.-1 and N 02which generally
has bands near 1550 cm.-1 and 1340 cm.-1 In this region bands
are also to be expected which arise from water or from un-
saturated ring structures whose characteristics are not well
known.

Some other characteristic absorptions may be reviewed briefly:
The terminal group H2ZC—CHX has an overtone band near
1800 cm.-1 and a CHSbending vibration between 1420 and 1400

cm.-1 The presence of Cil2or CHSgroups in a material gives rise
to absorption between 1475 and 1430 cm.-1, while a band at
1375 cm.-1 is indicative of the grouping C—CII3 This 1375
cm.-1 band is quite characteristic of the type of methyl structure
present. For a tertiary butyl group the band is split with a
weak component about 1385 cm.-1 and a strong one at 1367
cm.-1, while for isopropyl groups the band is split into a doublet
at 1380 and 1370 cm.-1 of approximately equal intensity. C—ClI
bonds have a strong band about 750 cm.-1 with an overtone at
about twice that frequency. A C—O linkage where the carbon
is unsaturated has a band between 1250 and 1200 cm.-1, as
evidenced by esters and aromatic ethers. If the carbon atom is
saturated, this band is at a lower frequency, as in aliphatic
ethers, near 1100 cm.-1

This type of empirical correlation between observed absorption
and molecular structure is essential to qualitative analysis and it
is here that a great deal of work must be done. At the present
time, frequencies above 1350 cm.-1 allow fairly definite assign-
ments while those below 1350 cm.-1 will necessarily be less
definite because these vibrations generally involve all the atoms
of a molecule rather than those of a specific part. Moreover, ex-
ceptions to any correlation will be found because the exact values
of the frequencies are always dependent on the rest of the molec-
ular substitutions or unsaturations, and accidental degeneracies
will occur to split an expected single band into a doublet which
will confuse the spectrum. However, the information which has
already been gained has proved of great value in such applications
as indicating the presence or, of equal importance, the absence of
specific groups in an unknown material. It will well repay spec-
troscopists to obtain more data, to group and regroup all avail-
able spectra for studying a specific molecular characteristic, and
to draw conclusions from these studies which will permit of a
standard, rapid infrared approach to the identification of un-
known compounds.

QUANTITATIVE ANALYTICAL TECHNIQUES

It has been pointed out previously that the experimental
difficulties which have hindered the general progress of infrared
spectroscopy have been the lack of strong energy sources and
adequate energy detectors. These two weaknesses are most
keenly felt in making accurate intensity measurements. It is
only natural, therefore, that in the past one of the most practical
applications of infrared, its use for quantitative analysis, should
have received very little attention compared with its qualitative
applications. However, the fact remains that infrared answers
the two prime requisites for analysis: that every compound
should have a unique characteristic and that it should retain
that characteristic on admixture with other materials. The in-
frared spectrum of an organic material is a unique characteristic
of that material, and the infrared spectrum of a mixture of ma-
terials is, in almost all cases, an additive function of the spectra of
each component in a pure state. These facts, combined with the
characteristics of speed, small sampling, and the ability to re-
cover the sample unchanged have impelled the industrial in-
frared spectroscopist to improve his experimental techniques to
the extent that an appreciable percentage of his time is now spent
in performing accurate quantitative analyses.

The fundamental rule correlating component concentration
with the absorption intensity of that component is the well
known Beer’s law /,, = /,,e-1""1 which was discussed under
Origin of Infrared Spectra. Theoretically, the application of this
law to the analysis of any mixture is quite straightforward.
The spectra of each component is obtained in a pure state. By
comparison of these spectra, those frequencies are chosen for
which one component shows a strong absorption whereas the
absorption of the other components isweak. Using pure materials
(c = 100 per cent) and known or constant values of x, k,, is de-
termined for each component at each of these chosen frequencies.
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W ith these calibration data obtained, the analysis of an unknown
mixture consists first of determining experimentally the per cent
transmission (///0) for each chosen frequency. The logarithm of
these transmissions then furnishes a set of linear equations,
log(/,,/7,,,) = x(kyaGa + kv + ............ ), which can be solved for
the desired concentrations ca, a, etc. Theoretically the method is
straightforward but actually it may be complicated by experi-
mental difficulties or tedious mathematics in case the number of
components is large. Therefore, while it may be considered a
rigorous method of analysis, in particular cases it is desirable to
seek short cuts and more empirical methods of analysis which will
shorten the process without sacrificing accuracy.

It is not feasible to discuss all the possible types of analysis
which may arise nor to go into great detail on all the methods of
treatment which may be used. Rather, the subject istreated by a
consideration of the instrumental difficulties attendant upon in-
frared analysis and the bearing which these difficulties may have
on the method to be used; a brief discussion of the possible
methods of handling materials in vapor, liquid, or solid state; and
finally, a few illustrations of typical analyses.

There are two main characteristics of the analytical instrument
to be used which will influence the method of analysis chosen.
The first of these is that an infrared spectrometer is apt to
suffer from scattered light. The typical infrared source (an
approximation to the black body radiator of Figure 5) throws
most of its energy into short wave radiation and it is these short
wave components which are scattered most strongly. As can be
seen from Figure 5, a black body source at 2000° C. has an in-
trinsic energy at 15/x which is about one hundred times greater
than the energy in the IQai region where a great deal of analytical
work is done. The presence of scattered light in a measurement
of I/lomakes the direct use of Beer’s law inaccurate, especially at
low values of I/h.  While it is true that the amount of scattered
light in an instrument can be determined as a function of v, it is
difficult to determine the extent to which this factor is reduced
when an arbitrary sample is introduced into the light path.

Careful instrumental technique is required to reduce the short
wave scattered light to the point where it is an unappreciable
I>ercentage of the longer wave-length energy desired. One
method is to introduce at the entrance window of the spectrometer
a magnesium oxide filter whose particle size is so chosen as to
cut off light of frequency higher than the highest frequency used
in the analysis. Again, the shutter used for determining the
galvanometer reading for true zero energy may be so chosen that
it will stop all radiation at the analytical frequency but will
transmit a great portion of the energy at higher frequency. By
the use of such devices, as well as careful light baffling inside
the spectrometer, the factor of scattered light in analysis can be
reduced so that it is negligible.

The other analytical difficulty lies in the relation of the spectral
slit width used to the width of the characteristic band whose ab-
sorption is to be measured. In the ultravioletand visible regions,
the absorption bands studied are generally much broader than the
spectral slit width used. Therefore, it is possible for one ultra-
violet or visible spectroscopist to publish a value of the absorp-
tion coefficient, K, for a pure material, and for another operator
to use this value directly with his own instrument.

Unfortunately, this situation does not exist at present for the
infrared spectroscopist. Most organic molecules possess ab-
sorption bands whose widths at half maximum are of the same
order of magnitude as the spectral slit width (10 to 15 cm.-1) used
to scan the bands. For independent operators to use a published
value of k,, on instruments which are not identical, would require
an accuracy of frequency setting and spectral slit width that
would exceed normal operating conditions. This means that,
until infrared instruments are more standardized and instru-
mental technique becomes more accurate, published values of k,,
or plots of I/In vs. v can be used as rough values to indicate the
possibilities of analysis, but each spectroscopist must determine
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usable values of k,, and limits of error as a function of his own
instrument.

The accuracy with which an instrument can be made to repeat
a frequency setting and spectral slit width within the time which
can be devoted to a given analysis, will determine the general
method to be used. If these factors can be reproduced, a previ-
ously determined working curve of per cent transmission vs.
component concentration or a value of kp can be used safely over
considerable time intervals. If the conditions cannot be repeated
with sufficient accuracy, it is necessary to measure standard
mixtures together with the unknown until the desired degree of
bracketing for interpolation is attained.
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Figure 5. Emission op a Black Body Radiator

Assuming the possibilities of repeating experimental conditions
or running enough standards for correlation, the accuracy of the
typical analysis is limited further by the ability of the instrument
to measure a per cent transmission. This depends on galva-
nometer steadiness, sharpness of thermal equilibrium, the stability
of the source during the time interval required to measure /«.
and Ir, etc. These uncertainties are functions of the instrument
only and are fairly independent of the absolute value of I,/lw.
A study of the graph of Beer’s law, Figure 6, shows that a given
error in the measurement of h/lw represents a much smaller
error, based on total composition, when the concentration of the
component is small than when it is large. That is, spectroscopic
analyses are, in general, better at measuring small amounts of
impurity than at measuring major components. Therefore, in
simple analyses, it is generally better to measure the lesser com-
ponents directly and obtain the major component by difference,
provided all the components present are known.

To a certain extent, a nice analogy can be drawn between the
conditions for the physicist’s infrared analysis and the chemist’s
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distillation analysis of a mixture. Each would like to know be-
forehand all the components involved. In case all the constitu-
ents are not certain, the chemist can run a very careful distil-
lation to see if the observed boiling point plateaus correspond to
the expected components. The infrared spectroscopist can ob-
tain a careful absorption spectrum of the mixture to check that
all observed bands can be correlated with the expected compo-
nents. The chemistrequires the a priori knowledge of boiling
points, probabilities of constant boiling mixtures, decomposition,
or polymerization in order to predict the possibilities of analysis;
the spectroscopist, the a priori knowledge of pure spectra and
the possibilities of intermolecular effects which vary with con-
centration. Where close boiling points are troublesome for the
chemist, a lack of strong, well resolved absorption bands creates
comparable difficulties for the physicist. Such preliminary in-
formation combined with an intimate knowledge of the apparatus
available enables each to predict quite well the accuracy with
which he can perform a proposed analysis.

Sampling

One important consideration which must be decided before
making an analysis is the sample thickness to be used. It may be
seen from the dotted lines of Figure 6 that a constant small error
in the transmission [dT = d{I//0)] results in varying changes
in cas T ranges from 0 to 100 per cent. Hence the analysis should
be carried out at that value of T for which a given change of dT
results in the smallest change of dc/c, or at the value of T for
which 1/c dc/dT is a minimum. Differentiation shows that this
results when T is e_l or 37 per cent. Thus it is desirable to ad-
juot the sample thickness so that the transmission at the fre-
quency of a strongly absorbing component should be in the
neighborhood of 37 per cent for the average concentration to be
expected.

X CONCENTRATION

Figure 6. Graph of Beer’s Law

The above considerations apply only to the measurement of a
single component in the presence of a nonabsorbing medium.
In the case of a multicomponent analysis further study shows that
the value of T should be lower than 37 per cent by a function of
the absorption coefficients of these other components. Fortu-
nately the function 1/c dc/dT does not vary rapidly with T, so
that no appreciable accuracy is lost if x is so chosen that T lies
between 25 and 50 per cent.

In considering analysis of samples in the gas, liquid, or solid
state, gas analysis presents the most favorable situation for two
reasons. In the first place, the sample thickness, the product of
pressure by cell length, can be regulated by a choice of either
factor. For any given cell length, the pressure can be varied
easily to ensure the best value of T at each frequency. More-
over, since the cell length is of the order of centimeters it can be
measured easily and the pressure can be measured accurately by
means of a mcrcury or Octoil manometer. In the second place,
vapor analysis is favorable because there is little interference from
intermolecular effects. For molecules possessing some degree of
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geometrical symmetry there are vibrations which do not result in
infrared absorption because they do not involve a change of
dipole moment. However, in the liquid or solid state, these
vibrations may give rise to absorption, inasmuch as the selection
rules are modified by intcrmolccular reactions. It is true that
these absorptions are weak but they may become appreciable in
using a thick sample to bring out a slight impurity. Therefore,
the favorable analytical situation of one component absorbing
strongly against a weak background from the other components
is more probable in the vapor than in the liquid or solid state.
Gas cells generally vary from 1 to 20 cm. and the pressures
may run from a few millimeters of mcrcury to atmospheric pres-
sure (or greater).

The sample thickness for liquids varies from less than 0.01 mm.
for very polar materials to 10 mm. to bring out overtone or com-
bination bands. Working with such small dimensions poses the
problem of an absorption cell which will repeat its thickness
to better than 0.5 per cent. The simplest way to meet this
problem is to make a cell of fixed thickness which can be cleaned
and refilled. For a given analysis it is not necessary that the
sample thickness be known accurately, but it is necessary that it
be repeated accurately. Cells for this purpose can be made by
clamping two rock salt plates together with an appropriate metal
foil spacer to fix the thickness. Holes may be drilled in the top
of the cell plates and glass or brass tubes inserted for corking
volatile materials. The cells may be sealed by using a mercury
amalgamated spacer or by coating with a suitable material such
as Apiezon wax, Duco cement, or Glyptal resin. If the liquids
are volatile the cell can be cleaned by a stream of dry air; if not,
air combined with a suitable volatile solvent can be used. For
fixed cells less than 0.05 mm., capillary action restricts the ease
of cleaning and refilling. If it is necessary to work with a sample
thickness less than 0.05 mm. in order to get the required trans-
mission, it is best to dilute the sample with some material which
has weak absorption at the frequencies of interest. However,
since all solvents show some infrared absorption, it is usually de-
sirable to use as thin a cell as is compatible with the solubility
of the material in question. The cell thickness chosen for a given
analysis should give the best compromise of transmission values
at the chosen frequencies or more than one fixed cell must be
used.

There are occasions where a choice can be made between study-
ing a mixture in a liquid or completely vaporized state. Asa rule
this choice can be made only after experimenting with each
method. While vapor studies have the advantages discussed
above, it is also true that values of k, vary considerably as the
material goes from the liquid to the vapor state and it may
happen that an impurity band will show a greater value of K
relative to the background in the liquid state.

The sample thickness for solids is of the same order of mag-
nitude as that for liquids. If the solid material can be dissolved
in a suitable solvent, the methods of liquid analysis can be used.
If it is not soluble, then the problem of repeating a sample thick-
ness becomes so difficult that the time involved would be pro-
hibitive in the general case. There is some possibility of working
with known amounts deposited from solution or mulled in Nujol
where the same plates and spacer conditions could be repeated.
However, this method, at best, is not very satisfactory. The
easiest method of attack is to repeat the sample thickness as
closely as possible by identical methods of preparation. The
analyses can then be made for component ratio by measurements
of relative band depths or by including a known amount of some
new material to be used as an internal standard.

Typical analyses

A few typical analyses have been chosen to illustrate the various
methods of treatment which may be used. Most of these are
applications which have been made in this laboratory as actual
analyses or to determine the accuracy which might be expected
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if the analysis were undertaken. The absorption spectra on
which they are based are given in the section on Library of Ref-
erence Curves.

I. DETERMINATIONS OF A SINGLE COMPONENT—I. e,, MEASUREMENT
AT A SINGLE FREQUENCY

1. Impurity Analysis

The simplest analysis which is encountered is the measurement
of a material for a small amount of an expected impurity. An
example of such an analysis is the determination of cyclohexanone
in cyclohexane shown in Figure 7. The obvious frequency for
analysis is the strong carbonyl absorption of cyclohexanone at
1718 cm.-1 where cyclohexane itself has very weak absorption.
Four possible methods of analysis are discussed in the light of ex-
perimental conditions and the accuracy desired.

a. Record Comparison. This method of analysis is based
upon the automatic absorption records of galvanometer deflec-
tion obtained for a series of known standard mixtures. An un-
known can then be determined by visual comparison of the ab-
sorption record of the unknown with those of the known series.
The method is rough at best and can be used only with a record-
ing spectrometer, but it is rapid and eliminates the necessity of
having to set the instrument accurately at the absorption maxi-
mum. A series of such standard absorptions is shown in Figure
7,A. The sharp background absorption structure, which, is
caused by residual water vapor in the instrument, is useful as an
internal frequency calibration standard.

6. Working Curve. A more accurate method of analysis con-
sists of measuring the per cent transmission of an unknown sam-
ple of cyclohexane, and determining the per cent of cyclohexa-
none present by reading directly from a working curve such as
that shown in Figure 7,B. This working curve was obtained by
setting the instrument at 1718 cm.-1, and measuring the per
cent transmission of the series of known standards with an auxil-
iary galvanometer lamp and scale. With this method the per
cent transmission includes the scattered light contribution and
the sample cell absorption since the measurement of /0 is made
with nothing in the light path. Hence the accuracy of the
analysis is dependent on the constancy of the cell window ab-
sorption, which must be checked from time to time.

A study of Figure 7,B reveals some characteristics that have
been discussed previously. The curve at low concentration is
almost a straight line as would be expected from an expansion of
e~xwhere x « 1. With a knowledge of the accuracy with which
a per cent transmission can be measured, the error in measuring
the concentration can be determined from the slope of the curve at
any point. Assumingthatthe errorinreading!//0Qis + 1per cent,
the corresponding error in concentration is =*=001 per cent at
0.1 per cent, =*=0.02 per cent at 0.5 per cent, and =*=01 per cent
at 2 per cent concentrations, respectively. This shows that the
absolute error, dc/c, is a desirable minimum in the neighborhood
of 37 per cent transmission where dc/c is equal to 0.02/0.5. The
absorption cell chosen (0.2 mm. thickness) should be used when
the cyclohexanone is expected to be about 0.5 per cent concen-
tration. If the impurity is expected to be considerably less than
0.5 per cent, greater analytical accuracy would be obtained with
a thicker cell, whereas for concentrations greater than 0.5 per
cent a thinner cell should be used.

c. Beer’s Law Graph.
mission values of 7,B have been corrected for scattered light and
absorption cell plus pure cyclohexane absorption. A plot of
log I/la vs. concentration shows a fairly straight line with some
deviation at the high concentrations. In this particular analysis
there is no gain in accuracy and a loss in time in going to the
straight-line log plot. However, there might arise a case in which
there is insufficient material to make up a series of standards, or
an unknown impurity may be observed which cannot be identi-
fied to make possible a series of known standards. In the latter
case the amount of impurity in one sample may be taken as an

In Figure 7,C the per cent trans-
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arbitrary unit of concentration. A measurement of this sample
and the pure material determines k,,, the slope of the straight line
of Figure 7,C. Then the concentrations of this impurity in other
unknowns may be measured in terms of the arbitrary unit chosen.
d. Special Methods. It is not strictly true to say that the
accuracy of a concentration analysis is always limited by the
accuracy of determining a per cent transmission. An exception
to this is illustrated by a special method of analysis which can be
used for measuring a small concentration of an impurity which
does not present a favorable case for analysis—i. e., does not have
a strong absorption at a frequency for which the major compo-
nentabsorbs very weakly. A frequency can be chosen, preferably

One Component Infrared Analysis for Cyclo-
hexanone in Cyclohexane

Figure 7.

X @ 0.2 min.; spectral slit, ca. 8 cm.“1

A. Automatic record comparison
B. Empirical working curve
C. Beer's law graph
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Figure S. Double Absorption' Cell fou Special Analyses

in a spectral region where considerable energy is available, for
which the impurity does show greater absorption than the major
component. The analysis is made with a double absorption cell,
as shown in Figure s, mounted in such a way that either side can
be placed in the radiation path so quickly that very little change
in thermocouple equilibrium occurs in the transition. By in-
creasing the slit width and amplification factor a galvanometer
deflcction for Im of 5 or 6 meters can be obtained. A standard
material (usually the pure major component) is placed in one side
of the double cell while the unknown is placed in the other. By
shuttling the cell back and forth several times, an accurate value
of the change in galvanometer spot reading from one cell to the
other can be made. The unknown is then replaced by known
standards and the method repeated until the unknown sample is
bracketed with sufficient accuracy. It would not be possible to
measure the 5- or s-meter deflection of h with great accuracy
butif a change of 0.5 mm. between the two cells can be measured
this would correspond to an accuracy in energy transmission of
1 partinio,0o0.

In many cases, analyses can be made with surprising accuracy
by means of such special methods. It must be remembered,
however, that all types of one-frequency analyses depend entirely
on the assumption that no other impurity is present which ab-
sorbs strongly at the given frequency. If this assumption is not
valid it may be necessary to check the absorption of an impurity
at two or three chosen points.

S. Single Major Component

In measuring a major component of a mixture any of the above
methods may be used. An application of method c is shown in
Figure 9. It was desired to measure the rate of polymerization of
styrene under varying catalytic conditions. Monomeric styrene
has absorption bands at 1628 cm.-1 and 1412 cm.-1 which are
functions of the vinyl group. Since these bands disappear in the
polymer, they may be used as unique measurements for the
amount of monomer present. Using the per cent transmission
at these frequencies of the starting material as 100 per cent con-
centration a value of fciks and ;1412 was obtained after making cor-
rection for scattered light and background absorption. These
values of k were then used to determine the concentration of
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monomer in subsequent samples. Figure 9 shows a typical reac-
tion rate curve obtained on small samples extracted from the
reaction kettle at given time intervals. The scattering of the
points from a smooth curve indicates the accuracy to be ==1 per
cent of total composition.

1. DETERMINATION OF TWO COMPONENTS

1. Impurities

a. Independent Absorption Frequencies. In favorable cases
of analyzing for two or more impurities, the analytical bands can
sometimes be chosen so that, where one impurity has a strong ab-
sorption, the major component and the other impurity have
practically the same small absorption. An example is the
analysis of butyl ether and butyl alcohol in butyl acrylate. The
working curve method was used as shown in Figure 10. The point
scattering shows an accuracy of +0.5 per cent.

6. Dependent Absorption Frequencies. There may arise
occasions where the favorable situation above docs not hold. An
example is the analysis of acrylonitrile for water and ethylene
cyanhydrin. Each impurity has a hydroxyl absorption, water at
3430 cm.-1 and cyanhydrin at 3350 cm.-1  The analyses were
made on an instrument which had a negligible amount of scat-
tered light and the quartz absorption cell thickness was so ad-
justed that Beer’s law would hold over the transmission range
used. The per cent transmissions of known standards were ob-
tained by dividing the sample transmission by that of pure
acrylonitrile so that the resultant transmissions could bo ascribed
to the impurity alone. From these transmissions, values of k,,
were obtained for each impurity at each frequency. Unknowns
were then analyzed by determining the log of the per cent trans-
mission at each frequency and solving the two simultaneous
equations for the concentrations. The accuracy of the analysis
was =0.5 per cent for cyanhydrin and slightly better than this
for water.

Infrared Measurement of a Rate of Styrene
Polymerization
0.3 gm. sample in 10 cc. of CCU

X @ 1mm.
v > 1628 cm.“1
Spectral slit, ca. 9 cm .|

Figure 9.
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S. Two Major Components

For two major materials any of the above methods may be
used. In cases where the two bands chosen are unique and inde-
pendent of other impurities, very rapid analysis can be made by
using deflection ratios instead of per cent transmissions. For
example, it may be desired to obtain the ratio of butane to iso-
butane in an unknown mixture of these two materials. lIsobutane
has a strong band at 1175 cm.-1 whereas butane is analyzed at
975 cm.-1 An analysis can be made simply by obtaining gal-
vanometer deflections as a measure of the radiation passing
through the sample at each frequency. The ratio of the two de-
flections can then be correlated with the ratio of the concentra-
tions by means of a working curve previously obtained on known
standards. The method is desirable in that it does not require a
cell evacuation to determine In nor is its accuracy sensitive to
small variations in the total gas pressure used.

1. DETERMINATION OF MULTICOMPONENTS

. Impurities

There may be a case where the favorable situation of the butyl
acrylate impurities does not exist and yet it is not expedient to
use Beer’s law directly. A working curve method may be used by
applying the proper corrections to the graphs before interpreting
the results.

A terpene is converted catalytically to p-cymene with the
resultant impurities, p-menthane, dipentene, and dimethyl-
styrene. It is desired to analyze p-cymene for these three
major impurities. A comparison of kp’s for the four pure ma-
terials shows that p-menthane can be analyzed directly but
that the dipentene and the dimethylstyrene impurity absorp-
tions must each be corrected for the amount of the other im-
purities present.

The working curves for this analysis are shown in Figure 11.
Because a large number of samples was involved, it was expected
that there would be some change in transmission of the fixed ab-
sorption cell with use. Therefore, the working curves are plotted
in terms of the difference in transmission at each chosen frequency
between pure p-cymene and the unknown mixture. By
measuring pure p-cymene at intervals throughout the analyses
this change in cell absorption could be accounted for auto-
matically.

The working curve for p-menthane, which had to be de-
termined as the first step in the analysis, is shown in Figure 11,A.
At the dimethylstyrene frequency, the absorption of p-
menthane is less than that of p-cymene. Therefore, it was
necessary to add the correction given in the caption of Figure
I1,B. After this correction was made, the concentration of
dimethylstyrene was determined. The standards used for this
working graph were made up with varying concentrations of
p-menthane in order to determine this correction. At the
frequency of dipentene absorption both p-menthane and di-
methylstyrene have absorptions which are greater than p-
cymene and approximately equal. Therefore, the correct factor
must be subtracted as indicated in the caption to Figure 11,C.
In each case the point scattering of the standards shows an
accuracy of the order of £ 1per cent.

In order to check the analysis, two standard mixtures were
prepared and analyzed as unknowns. The results of these
analyses are as follows:

--------- Xx, % X,. %

Actual Infrared Actual Infrared
P-Menthane 10.7 10.0 7.5 6.5
Dimethylstyrene 7.1 7.0 5 4.5
Dipentene 3.G 4.0 2.5 2.5

This method of analysis has been extended to the case of
measuring five impurities in the presence of a major component
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Figure 10. Infrared Analysis of Butyl Acrylate for the
Impurities Butyl Alcohol and Butyl Ether
Sample diluted by volume one part to two parts CCU. x « 0.1 mm.

A. Butyl alcohol 1030 cm."1; spectral slit, ca. 6 cm.
D. Butyl ether 1125 ¢cm."1; spectral slit, ca. 6 cm.”1

which is present to 60 or 70 per cent with the accuracy for
each component being + 1 per cent of the total mixture. In one
instance the catalytic reaction produced samples which were dis-
colored by slight amounts of a dark, tarry residue. The spectro-
scopic effect of these unknown materials on the analysis was
allowed for by collecting some of the residue under careful dis-
tillation and adding it to the standards in amounts necessary to
match the visible light absorption of the unknowns. The method
is rough and detracts from the absolute accuracy of the known
component analysis, but it still allows for good relative measure-
ments for testing the effects of varying catalytic conditions.

While performing these analyses on a large number of un-
knowns, it was found advisable to check the standards at fre-
quent intervals. Once the working graphs were determined, the
time of analysis for each unknown, including standard mixture
calibration, sampling, and computation was about 0.5 hour
in the sense that fifteen analyses could be made in an 8-hour
day.
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2. Major Components

The choice of the best analytical method for a mixture com-
prising several major components depends to a great extent on
the variations in concentration which are encountered. If these
variations are small, as would be the case in production batches,
the working graph method of the above section is quick and easy.

Figure 11. Infrared Analysis of p-Cymene for
P-Mentiiane, Dimethylstyrene, and Dipentenh
x =0.1 mm.

A. Working curve for p-menthane
= 1.177 cm.“1; spectral slit, ca. 6 cm .-1
5. orking curve for dimethylstyrene
v “ 1570 cm. spectral slit, ca. 9 cm. "l
Correction: For every 5 per cent of p-menthane present, add 0.7 per
cent to difference percentage before plotting.
(7. Working curve for dipentenc
v = 963 cm.-* spcctral slit, ca. 5 cm.“I
Correction: For every 5 per cent of total p-menthane plus dimethyl-
styrene, subtract 0.6 per cent from difference percentage before plotting.
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Over small ranges of concentration the working graphs will
approximate straight lines. In such cases changes in absorption
cell condition can be checked at intervals and a point determined
through which the straight line of known slope may be drawn.
This method has been applied to mixtures of substituted anilines
and the results obtained agreed within £1 per cent with dis-
tillation analyses on the same samples. However, if the concen-
trations vary over a wide range, a direct calculational applica-
tion of Beer’s law would be accurate but time-consuming, while a
method of working graphs on semilog paper would be fast with
some sacrifice in accuracy.

PRESENT STATUS OF INFRARED SPECTROSCOPY IN
INDUSTRY

The initial phase of infrared spectroscopy in industry was ex-
ploratory in nature. It has been known for many years that such
correlations as those described in the section on Qualitative
Analysis could be made between observed spectral characteristics
and the molecular structure of the material being studied. The
fact that an infrared absorption spectrum is a unique char-
acteristic of a compound had suggested that this spectral region
could be useful for identification and analysis of unknown ma-
terials and mixtures. Starting with this basic knowledge, spectros-
copists in those companies which have shown an interest in the
field have had to construct their own spectrometers, build up a
reference library of absorption spectra of pure materials, establish
structural correlations, and develop their own methods of quanti-
tative analysis. Not only has this fundamental work been done,
but also sufficient preliminary applications and results have been
derived to prove conclusively that infrared pays its own way and
is rapidly becoming a practical necessity to any research or pro-
duction organization handling organic chemicals.

Industrial infrared spectroscopy is now entering its second
phase—the development from proving potentialities under ideal
research conditions to widespread applications under any prac-
tical conditions which might occur. This expansion does not
imply that all efforts must be bent toward making infrared
techniques routine but it does imply that the basis upon which
infrared research is conducted has changed. It has passed the
stage of hiring a trained infrared spectroscopist with the general
instruction that he should build an instrument and then proceed
to demonstrate its utility. Neither sufficient time nor trained
personnel is available to permit such an approach. With the large
number of companies now- interested in conducting infrared re-
search, it is necessary that commercial spectrometers be available,
that there be sufficient background information in the literature
so that an operator may be put on one of these instruments to
produce results immediately without having to spend a long time
acquiring basic data.

The first person to recognize this demand was the infrared
spectroscopist already at work in the field. He was called upon
to study the possibility of performing analyses which were
difficult or tedious by chemical methods. Once a satisfactory
analysis had been established, his research instrument was
generally tied up for a month or more on routine work while re-
search on further exploratory problems suffered. For his own
protection, the spectroscopist has had to develop simple, compact
instruments having sufficient resolving power to handle the
majority of the analytical problems which might be encountered.
With such instruments available, the role of the research spec-
trometer in analysis may be restricted to obtaining the pure
spectra of the components involved. From these spectra the
analytical frequencies can bo chosen and the rest of the analysis
performed by means of the small spectrometer. For convenience
in setting to these frequencies, mechanical stops arc provided.
These small instruments can be operated in the infrared labora-
tory or moved to the site of the chemical reaction if operating
conditions are favorable.
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In accordance with the mutual desire of the industrial spectros-
copist and the instrument maker, these small instruments are
being made commercially available. The manufacturer is always
anxious to produce an instrument which has been designed,
proved practical, and has a growing market. The research spec-
troscopist does not, in general, desire to carry out analyses on
production samples once the details of analysis have been worked
out. He prefers to refer the production man to a commercial
source of instruments which will answer the requirements.
Therefore, as far as small routine instruments are concerned,
favorable progress is being made.

Unfortunately, this does not mean that the spectroscopist can
turn back happily to problems intended for his research spec-
trometer. There are at least two important advances in the
instrumentology of research spectrometers which must be made
before the spectroscopist can devote himself entirely to the re-
sults obtained and not have to worry about the means of pro-
ducing them. In the first place, most infrared spectra are ob-
tained today as records of frequency vs. galvanometer deflection
superimposed upon the radiation background. To obtain full
significance from these results it is necessary to convert them to
frequency vs. per cent transmission or log of per cent trans-
mission. This conversion as it is now done involves considerable
tedious labor and it is highly desirable that the instrument make
this conversion automatically. In short, infrared needs a spectro-
photometer to replace its present spectrometer. In the second
place, most infrared recording is done by means of a very sensitive
galvanometer amplifier. Unless the stability conditions of the
building in which the instrument is used are favorable, such a
mechanically sensitive device is not satisfactory. Certainly,
under the conditions which exist in the average laboratory or
plant, an improved detecting system is required. Therefore, it is
highly desirable that a means of electronic amplification of ther-
mocouple output be devised to replace the present use of gal-
vanometers. There is a growing tendency to use pen recorders
rather than photographic methods for recording the galvanometer
deflections. This means that an electronic stage must be inter-
posed between the galvanometer beam and the actual record.
If the entire amplification from the radiation detector to the
record could be done electronically, the use of some typo of a
split beam instrument would answer the instrumental problems of
the infrared spectroscopist.

It will be a natural step for the manufacturer to go from the
small routine spectrometer to the research type of instrument and
it is to be hoped that the combination of instrument maker and
spectroscopist will solve these problems in the near future. It
will then remain for the spectroscopist to refine his analytical
techniques and to broaden his knowledge and application of
structural correlations, in order that infrared spectroscopy can
make its maximum contribution to the advance of science.

LIBRARY OF REFERENCE CURVES

As shown above, it is very desirable to have available for
reference purposes the per cent transmission curves for as many
organic compounds as possible. These curves serve a threefold
purpose. They may be used for studying correlations between
molecular structure and spectral characteristics, for identification
of unknown materials, and for determining in advance the possi-
bilities of qualitative and quantitative infrared analysis of
mixtures.
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In presenting these spectra the following comments and
cautions are offered:

It can readily be seen from inspection of the graphs that the
spectra were not obtained primarily for purposes of publication.
Since they were all obtained in connection with some particular
problem, in a few cases, the sample thickness used or the spectral
region studied renders the graphs incomplete. Although of
limited usefulness, these curves are included. So far as possible
pure materials were used, but occasionally the nature of the
problem at hand and the pressure of work did not permit the use
of exceptional care in this respect.

All the spectra shown were obtained on the instrument de-
cribed in the section on Experimental Equipment and Technique,
but over a period of years there have been changes in both the
optical system and the sensitivity of the spectrometer. The
spectral region above 2000 cm.-1 has not been plotted (and in
many eases not studied) because the poor dispersion of rock saltin
this region limits the value of such studies.

The spectra shown from 2000 cm.-1 to 750 cm.-1 were made
with an average spectral slit width of about 8 cm.-1 in the 1600
cm.-1 region grading down to about 5 cm.-1 in the 1000 cm.-1
region. The spectral slit widths for the plots between 2000 cm.-1
and 1000 cm.“ 1were slightly greater than this. In each case the
average accuracy of the frequency value of the absorption maxima
is 5 cm.-1, depending upon the time intervals between instru-
ment calibrations. The values of per cent absorption have rela-
tive accuracies only, since, in plotting, allowance was not always
made for scattered light and the energy transmission curve was
not taken with every sample. The per cent readings of the bands
should be considered only in the light of weak, medium, or strong
absorption. All sample thicknesses for liquids are given by the
cell spacer thickness in mm. or as capillary (cap.) where no
spacer was used. If the material was run in vapor form, it is
designated by (V), and in all such cases a“10-cm. absorption cell
was used. These pressures were not measured, but were adjusted
arbitrarily to give the desired degree of transmission.

The spectra are indexed in two ways: (1) an empirical formula
index, and (2) an alphabetical index following the form used
in Chemical Abstracts, with cross references wherever the name
on the graph differs radically from Chemical Abstracts. 1 The
curves are numbered serially and each index ismade up in terms of
these serial numbers. The order of presentation of the spectra is
roughly according to the following organic characteristics:

A. Hydrocarbons E. Nitrogen Compounds
1. Aliphatio 1. Amines
a. Saturated a. Aliphatio
b. Unsaturated b. Aromatic
2. Aromatic 2. Amides
3. Nitriles
B. Alcohols 4. Nitro
1. Aliphatic 5. Miscellaneous
2. Aromatic
F. Terpenes
C. Ethers . .
L Aliphatic . Organic Chlorides
2. Aromatic H. Miscellaneous
D. Carbonyl Compounds
1. Anhydrides
2. Esters
3. Aldehydes
4. Ketones
5. Acids

[On the following pages, 676 to 709, will be found 363 graphs along with
an Empirical Formula Index and an Alphabetical Index.]
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INDEX TO REFERENCE CURVES

e Curve No.

353
295, 296, 297
350
351,352
291
298, 299, 300
44
247, 248, 249
301, 302, 303
100
119, 120
241, 308, 309, 310
253, 254, 255
256, 257, 258, 259
179, 184
42
151, 221, 224
173, 222
178
37, 38
97
2
125, 130
237

354
289
223
307
211
212
229, 230
138

C7 (Contd.)
C+H-CI
C;H,NO
C\HjNOj
CtHs
C7HsN20
C7ID
C711s0:
C7H»N

C7H 1002
C7H 1004
C7H1202
C7Hn
C7H140
C7HI.03
CMHie
C7H 17N

Cs
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CH3
CsHsN,
CnLich
cg18 2
CsH.NO
CsH.o
CsiLoNiO
CiHidO

C&H,d02
CHidoi
CsHuN
C&H,2
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Curve No.
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89, 134
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174
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171
39
9S
164
3,9
236
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72
276
213, 225
231, 232, 233
266
45, 52, 53, 54
267
101, 102,103,112,
113, 114, 115,
116, 135, 136,
137, 143
123, 142
157
243, 250, 251, 314
30
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Curve No.
Cb (Contd.)
CsHnO, = 180, 185
CsHuO« 163
Call.. 31, 40
CsHu 4, 10, 11, 13
CsHuO 126
CsHuN 238
Cs
Col 17N 322
CfiHs 7
Collwo 73
CiHu 46, 47, 56, 57,
8
CoH120 144, 145, 146, 148
CsHia 41
C.llm 5 12, 14, 16,
C10
CioHs 67
CioHsO 118
CioHsN 260, 261
C10H 1001 190
CiuoHz 74, 75, 76
CiollnNiOs 304, 305
CioHisO 214
CioH h 48, 49, 50
C 10H 140 104, 117, 149

C10 (Contd.)
CuolTss

C.oHieO
CioHnClI
Cloilis
CioHisO
CloH 20
C10H200
Cloll22
Clol 1220
Ciol 12202
C10H 23N

Cu

Ci.Hm
CnHisO
Cull2202
CuH~

C12

C,2118
Ci2l-1aN
CrH1wo
CILHI(,N2
CisHioO
CrHuN
CrH N2
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Curve No.
C12 (Contd.)

70, 331, 332, 333, ClIHN208
334, 335, 336 CnHisO
216 CijH b O«
358 C12H 2004
340 Cull21POs
337, 338, 339 C1lH220s
341 Cualla
99 Cnlliioj
6, 15, 19 CI2H26
15;, 128 I3
239 CnHioO
C1sH 120
CuH1iN,
5i CnHjsN.
105, 131, 150 12002
228 cl4
Cullio
CuHioOi
Chlli2
152 ChHk
338 ChHRhO
01 ChHhO*
108, 109, 154 Cis
262 CnHao
252 Ci&H2

EMPIRICAL FORMULA INDEX TO REFERENCE CURVES (contd.)

ALPHABETICAL INDEX TO REFERENCE CURVES

Curve
No.
Abietic acid, methyl ester 177
Abietic acid, dehydro- 327
Acotanilide 266
Acetic acid, allyl ester 167
Acetic acid, methyl ester 161
Acetic acid, polyvinyl ester 165
Acetic acid, vinyl ester 166
Acetic anhydride 155
Acetoacetic acid, ethyl estor 178
Acetone 217
Acetone, acetonyl-. See 2,5-Hexane-
dione.
Acetonitrile 277
Acetonitrile, vinyl- 278
Acetophenone 225
Acrolein, a-methyl- 209
Acrylic acid, n-butyl ester 171
Acrylic acid, ethyl ester 169
Acrylic acid, ethyl ester, polymer 170
Acrylic acid, methyl ester 168
Acrylonitrile 279
Acrylonitrile, cis-a,/3-dimethyl- 285
Acrylonitrile, irans-a,/3-dimethyl- 284
Acrylonitrile, a-ethyl- 281
Acrylonitrile, cj's-0-ethyl- 282
Acrylonitrile, irons-jS-ethyl- 283
Acrylonitrile, a-methyl- 280
Adenine sulfate 323
Adipic acid, diallyl ester 188
Alloocimcne 70
Allyl alcohol S6
Allyl ether 151
Amylamine, di-n-. See Diamylamine.
n-Amyl ether 127
Aniline 241
Aniline, m-chloro- 248
Aniline, o-chloro- 247
Aniline, p-chloro- 249
Aniline, dimethyl- 243
Anilino, methyl- 242
Aniline, m-nitro- 302
Aniline, o-nitro- 301

A (Contd.)

Aniline, p-nitro-
Anisole

Anisole, o-bromo-
Anisole, o-phenyl-
Anisole, p-phenyl-
Azobenzene

B

Benzaldehyde

Benzaldehyde, p-isopropyl-.
maldehyde.

Benzamide

Benzene

Benzene, 2-amino-I,3-dimethyl-

Benzene, 4-amino-1,3-dimethyl-

Bonzene, ieri-amyl-

Benzene, /eri-amyl-p-methoxy-

Benzene, n-butyl-

Benzene, sec-butyl-

Benzene, ieri-butyl-

Benzene, chloro-

Benzene, o-dichloro-

Benzene, |,2-dimethyl-4-hydroxy-

Benzene, ,3-dimethyl-2-hydroxy-

Benzene, ,3-dimethyl-4-hydroxy-

Benzene, 1,3-dimothyl-5-hydroxy-

Benzene, 1,4"dimethy1-2-hydroxy-

Benzene, m-dinitro-

Benzene, o-dinitro-

Benzene, p-dinitro-

See Cu-

Benzene, m-diphenyl-. See Biphenyl,
3-phenyl-.

Benzene, o-diphenyl-. See Biphenyl,
2-phenyl-.

Benzene, p-diphenyl-. SeeTerphenyl.
Benzene, ethyl-

Benzene, nitro-

Benzene, n-propyl-

Benzene, 1,2,3-trimethyl-. See llemi-
mellitene.
Benzene, 1,2,4-trimethyl-. See Pseu-

documene.

Curve No. Curve No,
Cis
306 CislI»0 106, 107
139 C:cl 192
188 CiuHisOi 189
181, 186 CltHst 33
362 CisH j4 43
158
32 Cl7
363 C12H20N20 269
8 20 Cl8
CisHu 63, 64, f
110, 111, 226 CigHis 69
140, 141 CI8112504 193
274
320 Cl9
175 CuHh 62
CnHisO 90
C,»H,,02 176
68
215 C20
61 C 20H 300 2 177
60
132, 147 Ca4
101 C1iH ib 66
35
21
Curve
No.
B (Contd.)
303 Benzene, 1,3,5-trimethyl-. See Me-
134 sitylene.
138 Benzene, 1,3,5-triphenyl-
140 Benzene and xylol
141 Benzenesulfonic acid, m-amino-
321 Benzenesulfonic acid, o-amino-
Benzldine
Benzoic acid, m-hydroxy-
211 Benzoic acid, p-hydroxy-
Benzonitrile
Benzophenone
264 Benzoyl chloride
a4 Benzoyl peroxide
250 Benzyl alcohol
251 Benzyl other
51 Bibenzyl
139 Biphenyl
48 Biphenyl, p-ethoxy-. See Phenetole,
49 p-phenyl-.
50 Biphenyl, o-hydroxy-. See Phenol,
350 ‘0-phenyl-.
353 Biphenyl, p-hydroxy-. See Phenol,
114 _P-phenyl-. .
112 Biphenyl, o-methoxy-. See Anisole,
115 _0-phenyl-. )
116 Biphenyl, p-methoxy-. See Anisole,
13 _p-phenyl-.
206 Biphenyl, 2-phenyl-
295 Biphenyl, 3-phenyl-
297 Biphenyl ether. See Phenyl ether.
Bornyl chloride. See Camphone, 2-
chloro-.
Butadiene
Butane
2,3-Butanediol
45 1-Butanol- See Butyl alcohol.
201 1-Butanol, 2-methyl-
46 2-Butanol. See sec-Butyl alcohol.

2-Butanonc, 4-hydroxy-3-methyl-
1-Butene

2-Butene

2-Buten-I-ol

707

Curve
No.

66

55
254
253
252
229
230
289
226
354
215

89
132

60

63
64

26
22
92

85

219
24
25
87
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ALPHABETICAL INDEX TO REFERENCE CURVES (Contd.)
C,l\Jlrve Curve Curve
0. No. No.
B (Contd.) (Contd.)
3-Buten-2-ol 88 ; i Isobutyleno, di- 31
1-Buten, 2-metliyl, 3-one 218 E?Agutorg_%gmgm_ éij Isobutglene, poly- 34
Butyl alcohol 83 Ethane. nitro- 202 Isobutylene, tetra- 33
sec-Butyl alcohol 84 Ethanol. See Ethyl alcohol. Isobutylene, tri- 32
ieri-Butyl alcohol. See 2-Propanol, Ethanol, 2-(2-ethoxyethoxy)- 133 Isobutyric acid, a-hydroxy- 227
2-methyl-. Ethanol, 2,2'-(ethylenedioxy)di- Isocyanic acid, phenyl ester 223
Butylamine, mono- . . 235 diacetate ester " 195  Isodecane 19
Butylamine, di-n-. See Dibutylamine. Ethanol, 2-nitro- 203 Isododecane. See Hendecane, 2-
2,?a—ilglutylene glycol. See 2,3-Butane- Ether, allyl ethyl- 129 | ruetm(/jl-, See Pentad ,
. Ether, benzyl-n-butyl- 131 sohexadecane. See Pentadecane, 2-
n-Butyl ether 126 Ether, n—but);/l—o—cre)s/yl— 150 methyl-.
Ether, n-butyl ethyl- 125 Isopentadocane. See Tetradecane, 2-
Ether, n-butyl phenyl- 149 metliyl-.
Camphone, 2-chloro- 358 Ether, m-cresyl ethyl- 145 Isoprene 21
Caproic anhydride 158 Ether, o-cresyl ethyl- 144 Isopropy! alcohol 82
Carbazole 330 Ether, p-crcsyl ethyl- 146 Isopropyl ether 130
Carbinol, sec-butyl-. See 1-Butanol, Ether, m-cresyl methyl- 136 Itaconic acid, dimethyl ester 187
2-methyl-. . Ether, o-cresyl methyl- 135
Carbinol, methylvinyl-. See 3-Buten- Ether, p-cresyl methyl- 137
2-ol. Ether, dimethyl hydroquinone- 142 ; ;
Carbinol, triphenyl-. See Methanol, Ether, phenyl¥1—p¥opy?— 148 L_aurledac!:j, methyl ester 175
triphenyl-. Ethyl acetate 162 tl_nseed o!I thyl est égg
Carbitol. See Ethanol, 2-(2-ethoxy- Ethyl alcohol 80 insee o!I, € yh els ers
ethoxy)-. Ethyl cellulose 363 Iz"gsfeg-(?-'  methyl esters 205
Carbonic acid, ethyl ester 220 Ethyl chlorocarbonate. See Formic 2.4-Lut!d!ne gg
Carbonic acid, ethylchloro ester. See acid, chloro-, ethyl ester. A-Lutiding
Formic acid, chloro-, ethyl ester. Ethylene chloride. See Ethane, s-di- 2,6-Lutidine 33
Carbon tetrachloride 343 chloro-. M
Carbonyl chloride 345 Ethylene glycol 91
Carvacrol 117 Ethyl ether 124 Maleic acid, dibutyl ester 181
Catechol 119 Ethyl sulfide 360 Maleic acid, diethyl ester 180
grnlgcr)fel hydrate ggg . Maleic acid, dimothyl ester 179
s-Collidine (2,4,6-trimethyl pyridine) 314 m::g:ﬁiﬁghﬁﬂ:ﬁ;_ %gg
Crotonic acid, ethyl ester 173 Fenchone 216 Menthadione A31'9p- 336
Crotonic anhydride 157 Formaldehyde 208 p-Menthane o 341
Crotononitrile, cis- 287 Formic acid, chloro-, ethyl ester 349
1l . . . /-Menthol 99
Crotononitrile, trans- 286 Fumaric acid, dibutyl ester 186 Mesitylene 58
Cumaldehyde 214 Fumaric acid, diethyl ester 185 Mesityl oxide 221
SS?n%r:Te]ide 2‘71(7) g”&?g:geahc;‘ééd'methyl ester %%‘ Metanilic acid. See Benzenesulfonic
: . ; acid, m-amino-.
Cyanamide, dicyclohexyl- 274 Furfural. = See 2-Furaldehyde. Methacrylic acid, methyl ester 172
Cyanam!go, g!ethyr:_l 273 Methacrolein. See Acrolein, a-methy|-.
gz:ggm:d:, rr:g;ﬁillgh_enyl gé Methallyl alcohol. See 2-Buten-I-ol.
Cyanamido, monoethylol, hydrochloride 275 Glucose, tetraacetyl- 196 Mﬁmgpoy_lz_%‘;’;'dl‘?- See Propene, 3-
Cyclohexane 38 Glyceride, undecylcnic- 197 Y-
; Methallyl cyanide. See Propene, 3-
Cyclohexane, ethyl- 40 Glycidol 121 eyano-2-methyl-.
Cyclohexane, methyl- 39 Glycol, 2,3-butylene-. See 2,3-Bu- Methane, triphenyl- 62
Cyclohexane, 1,2,4-trimethyl- 4 tanediol. Methanol 79
cvclohexanol 97 Glycol, decamethylene-. See Deca- :
y Methanol, triphenyl- 90
Cyclohexanol, 4-methyl- 98 methyleno glycol. j
Methyl alcohol. See Methanol.
Cyclohexanono 224 Glycol, ethylene a1 Methvl Cellosol %
Cyclohexene 42 Guaiacol 122 ethyl Leflosolve
Cyclopontane, methyl- 37 Guanidine, cyano- 271 N
Guanidine, diethylol- 240
Naphthalene 67
Decamethylene glycol. See 1,10-Dec- H /3"\’1\‘apr?ttr?°|| (Zjnaprztlhol) hthylamine) %ég
anediol. . . a-Naphthylamine (1-naphthylamine
n-Decane 6 n:%‘ggﬂgeno 5? 0-Naphthylamine (2-naphthylamine) 261
1,10-Decanediol 93 Ilendecane, 2-methyl- 20 N eat’s-foot oil 200
Diamylamine 239 n-Heptane 3 Neofat, methyl ester 207
Dibenzofuran 152 n-Heptane, 2,3-dimethyl- 14 n-Nonane >
Dibenzyl. See Bibenzyl. n-Heptane, 2-methyl- 13 Nopinene 334
Dibutylamine . 238 n-Heptane, 2,2,6-trimethyl- 15
Dicyandiamide. See  Guanidine, n-Heptylamine 236
cyano-. Hexaethylene glycol, maleate ester 182 ienoi i
Diisobutylene. _See lagbutylene, di- n-Hoxane 2 Octadecanediol, maloate ester 133
Diisopropyl ether.  See Isopropyl n-Hexane, 2,2,5-trimethyl- 12 n-Octane ' 4
ether. 2.5-Hexanedione 222 n-Octane, 2-methyl- 16
1,4-Dioxane 361 bw-Hexatriene dimer 36 n-Octane, 3-methyl- 17
Dipentene ) 331 1.3.5-Hexatriene, 2,5-dimethyl- 30 n-Octane, 4-methyl- 18
Diphenyl. See Biphenyl, Oleie acid thyl est
Diphenylamine 262 O AL MY oo B
Diplienylene oxide. See Dibenzo- | Orthanilic acid.  See Benzenesulfonic
luran. Indene 77 acid, o-amino-.
Dipropylamine 237 Isoamyleno, tri- 35
Distyrene oil 78 Isoamyl ether 128
Dithiodiethylamine 324 Isobutane. See Propane, 2-methyl-. Palmitin 203
n-Dodecane 8 Isobutylene. See Propene, 2-methyl-. Pentadecane, 2-methyl- 43



November 15, 1943 ANALYTICAL EDITION 709

ALPHABETICAL INDEX TO REFERENCE CURVES (Contd.)

uJivC Curvo
No. No. No.
N (Contd.) P (Contd.) S (Contd)

n-Pentane 1 2-Propanol, 2-methyl- 94 o-Sulfanilamide (B form) 256
n-Pentane, 2,2-dimethyl- 9 Propene, 3-cyano-2-methyl- 288 I>-Sulfanilamide (B form) 258
n-Pentane, 2,2,4-trimethyl- 10 Propene, 3-chloro-2-methyl- 348 p-Sulfanilamide (C form) 259
n-Pentano, 2,3,4-trimethyl- 1 Propene, 2-methyl- 28 Sulfanilic acid 255
1-a-Phellandreno 335 Propionic acid, ethyl-0-ethoxy ester 164
Phenanthrene 68 n-Propyl alcohol 81 T
Phenotolo 143 Propylamine, di-ra-. See Dipropyl- Terphenyl 65
Phenetolo, p-phenyl- 147 amine. a-Terpineol 338
Bhodiel Y Ppropylene chloride 6 (3-Terpineol 337
Phenol, p-lerl-amyl- 105 Propylidene chloride 347 Terpinolene 332
Phenol, o-benzyl- 110 Pseudocumcno 57 Tetradecane, 2-methyl- 21
Phenol, p-benzyl- 111 Pyrazino 317 Tetraisobutylcnc.  See Isobutyleno,
Phenol, o-bornyl- 106 Pyridazine 315 tetra-.
Phenol, p-bornyl- 107 Pyridine, 2,3-dimethyl- 311 Thiophene 359
Phonol, p-ieri-butyl- 104 Pyridine, 2,4-dimethyl- 3121 m-Tolualdehyde 213
Phenol, 2-ieri-butyl-4,6-dinitro- 304 Pyridino, 2,6-dimcthyl- 313] Toluene 71
Phenol, 4r-ieri-butyl-2,6-dinitro- 305 Pyridine, 2-methyl- 308 Toluene, m-chloro- 356
Phenol, o-chloro- 351 Pyridino, 3-methyl- 309 ;  Toluene, o-chloro- 355
Phenol, p-chloro- 352 Pyridino, 4-methyl- 310"  Toluene, p-chloro- 357
Phenol, 6-oyclohexyl-2,4-dinitro- 306 Pyridine, 2,4,6-trimethyl- 314] Toluene, trinitro- 307
Phenol, m-ethyl- 102 Pyrimidine 316] m-Toluic acid 232
Phenol, o-ethyl- 101 Pyrimidine, 2-amino-4-chloro- 318|  o-Toluic acid 231
Phenol, p-ethyl- 103 Pyrimidine, 2,4-dichloro-6-methyl- 328  j)-Toluie acid 233
Phenol, m-nitro- 299 Pyrrole 319 m-Toluidine 245
Phenol, o-nitro- 298 o-Toluidine 244
Phcnol, p-nitro- 300 Q p-Toluidine 246
Phcnol, o-phenyl- 108 o p-Toluidine, dehydrothio- 326
Phenol, p-phenyl- 109 Quinoline 322 Triethylene glycol diacetate. See
Phenyl ether 154 Ethanol, 2,2'-(ethylenedioxy)di-,
Phosgene 345 R diacetate ester.
Phosphoric acid, trimethallyl ester 362 Rysorn nol 120 Triisoamylene. See Isoamylene, tri-.
Phthalic acid, diallyl ester 191 Resorcinol, 2-ethyl- 123 Triisobutylene. See Isobutylene, tri-.
Phthalic acid, diamyl ester 193 Rnfpnn 69 Tripalmitin. See Palmitin.
Phthalic acid, dibutyl ester 192 Riboflavin 395 Tristearin. See Stearin.
Phthalic acid, dimethyl ester 190 Tung oil 198
Phthalic acid, vinyl tetrahydro- 234 S Tung oil, mothyl esters 204
Phthalic anhydride 159
Phthalic ~ anhydride,  isopropenyl Salicylaldehyde 212 u

methyl tetrahydro- 160 Salicylaldehyde, oxime 329
2-Picoline 308 Salicylamide 265 n-Undocane. See Hendecane.
3-Picoline 309 Sebacic acid, diallyl ester 189 Undecylenic acid ] 228
4-Picolino 310 Sorbic acid, methyl ester 174 Undecylenic glyceride. See Glyceride,
Pinane 340 Soybean oil 201 undecylenic-.
a-Pinene 333 Stearin 202 Urea 263
/3-Pinene.  See Nopinene. Stilbene 61 Urea, benzyl- ) L 267
Piperylene 29 Styrene 72 Urea, Ar,Ar'-dicthyl-jV,AT'-diphenyl- 269
Polyisobutylene.  See Isobutylene, Styrene, p.a-dimethyl- 74 Urea, n-phenyl- 268

poly-. Styrene, 2,3-dimethyl- 75
Polyvinyl alcohol 95 Styrene, 2,4-dimethyl- 76 X
Propane, 2-methyl- 23 Styrene, p-methyl- 73 m-Xylene 53
Propane, 1-nitro- 290 Succinic acid, ethyl ester 163 0-Xylene 52
1-Propanol, 2-nitro- 294 »«-Sulfanilamide (B form) 257 p-Xylene 54



BOOK REVIEWS

A. S. T. M. Methods of Chemical
Analysis of Metals

The 1943 volume of A. S. T. M. Methods of Chemical Analysis of
Metals contains tentative recommended practices for reagents and
apparatus, two sampling methods, and seventeen standard and ten-
tative methods of chemical analysis, comprising four methods for
analyzing ferrous metals, ten methods for nonferrous metals and
alloys, and three methods of quantitative spectrochemical analysis
of nonferrous metals. Published as information only are methods
for the chemical analysis of special brasses and bronzes, and of white
metal bearing alloys; also a procedure for aluminum in solder metal,
and methods of sampling wrought metals and alloys for determination
of chemical composition. The book also includes a list of standard
samples of metals issued by the National Bureau of Standards and a
good index.

Work leading to the issuance of the book has beon under way for
many months, particularly in Committee E-3 on Chemical Analysis
of Metals headed by G. E. F. Lundcll of the National Bureau of
Standards. Committee E-2 on Spectrographic Analysis formulated
the methods of spectrochemical analysis.

The book, 323 pages, is available at S3 per copy from the American
Society for Testing Materials, 260 South Broad St., Philadelphia 2,
Penna, Individual test methods are available in separate pamphlet
form.

Spectrographic Analysis

Two tentative methods developed by Committee E-2 of the
American Society for Testing Materials cover tentative spectro-
chemical methods for the determination of impurities in tin alloys
(E51-43T) and in lead alloys (E49-43T).

The method involving lead alloys gives a procedure for the deter-
mination of 0.001 to 0.30 per cent of antimony, arsenic, barium, bis-
muth, copper, iron, magnesium, nickel, silver, strontium, tin, and
zinc in lead, lead-calcium, and Icad-antimony alloys, with an average
precision of =10 per cent of the amount of the elementsought. It is
also applicable to other alloys of high lead content except those con-
taining a large proportion of tin.

The method for tin alloys covers the determination of 0.001 to 1.0
per cent of antimony, and 0.001 to 0.3 per cent of aluminum, arsenic,
bismuth, copper, iron, lead, nickel, and zinc in solders, bronzes, tin
base die-cast alloys, and other alloys high in tin.

An additional procedure making use of photometric measurement
has been included in the tentative method of quantitative spectro-
chemical analysis of zinc alloy die castings for minor constituents and
impurities (E27-40T).

The revised methods of test for quantitative spectrochemical
analysis of zinc for lead, iron, and cadmium (E26-35T) may be
applied to any grade of zinc, providing the lead, iron, and cadmium
contents are less than 0.1 per cent.

Semimicro Qualitative Analysis. James T. Dobbins, x + 423
pages. John Wiley & Sons, Inc., New York, N. Y., 1943. Price,
$3.00.

A textbook containing a set of experiments illustrating tho funda-
mental principles; a complete systematic scheme of separation of the
anions; and methods reducing time required for a complete analysis.

710

Semimicro Qualitative Analysis. John F. Flagg and Willard li. Line.
viii + 140 pages. D. Van Nostrand Co., Inc., New York, N. Y.,
1943. Price, $1.50.

A course in applied chemical equilibrium. Includes chapters on
basic theory and notes adjoining tho laboratory procedures, in which
the application of the theory is pointed out.

Delivery of Laboratory Equipment

Limitation Order L-144, governing the delivery of laboratory
equipment, was amended October 9, 1943, in order to simplify and
clarify the provisions of the order and reduce the number of applica-
tions to be filed by users of laboratory equipment.

Restrictions are entirely eliminated on tho delivery of any item
costing less than $50, a quantity of the same item costing $50 or more,
a miscellaneous order aggregating $200 or more, accessorios and
attachments when sold separately, or parts or materials to be used
for repair and maintenance of existing instruments.

Form WPB-1414 is required for instruments included in List A
costing S50 or more.

List A, Analytical balances (sensitivity 0.2 mg. or more sensitive),
calorimeters, centrifuges, hydrogen-ion meters (electrometric),
motalloscope3, microscopes (except Brinell and tool makers), micro-
tomes, potentiometers, Wheatstone bridges, and resistance boxes,
refractomcters, spectrographs, spectroscopes, spectrometers, and
spectrophotometers, and vacuum pumps (1 micro or higher vacuum).

Laboratories’ Rating for Reagent
Chemicals Raised

Preference ratings on deliveries of reagent chemicals for laboratory
use were reassigned September 28 by the War Production Board
through issuance of Preference Rating Order P-135 as amended.
Preference rating AA-1 is assigned to deliveries of any reagont chemi-
cal to any laboratory to which a serial number has been assigned
under Preference Rating Order P-43, governing laboratory equipment,
and to any laboratory owned and operated by the Army or Navy.
Preference Rating AA-2 is assigned to deliveries of any reagont chemi-
cal to any laboratory lacking a serial number under Order P-43 or to
a distributor or producer of reagent chemicals. Order P-135 formerly
assigned a blanket rating of AA-2X to reagent chemicals for labora-
tories.

The amended order defines “laboratory” as meaning “any person
engaged in tho business of carrying on scientific or technological in-
vestigation, testing, development or experimentation, to the extent
that he is so engaged. The term includes research laboratories, pro-
duction control laboratories, clinical laboratories, and instructional
laboratories. It docs not include any person to the extent that he is
engaged in tho manufacture of products for commercial sale, even
though the place in which the products are manufactured may be
called a laboratory.”

Supplementary Order P-135-a also was amended to exempt from
certification tho delivery to or acceptance of delivery by a laboratory
of not more than 10 per cent of the quantity of reagent chemicals in
any period which are exempt from specific authorization under the
small order clause.
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Although principally designed to provide an inexpensive unit
for quick and convenient drying of electrodes in connection with
the determination of lead as lead dioxide, this infra red drying
oven has a wide variety of other applications. For example, it is
excellently suited for such operations as evaporating, drying pre-
cipitates, paraffin melting, drying solids, etc. Drying efficiency is
well illustrated by the fact that lead dioxide is thoroughly dried
in one to two minutes.

The oven consists of a cylindrical case containing a General
Electric R-40, 250 watt drying lamp with self reflector, a hinged,
chromium plated, hemispherical dome, a chromium plated perfor-
ated shelf and an on-off switch mounted on the case. The reflector
contained within the drying lamp reflects the radiant heat upward
thus directing all energy to the working area of the oven. Further
concentration of heat is accomplished by the chromium plated
dome which acts as a highly effective heat reflector so reducing to
a minimum heat loss by radiation. By means of this design a maxi-
mum temperature of approximately 500° F is developed within
ten minutes. The fast upward flow of air provided by the open
bottom and vent hole in dome also contributes greatly to the high
drying rate of this oven.

The filament of the drying lamp develops a large component of
radiant energy in the near infra red spectral region at wavelengths
having high penetration. The average service life of these lamps
is 5000 hours.

Overall dimensions: height, 13Vi inches; diameter, 6V2 inches.
Inside dimensions: height from top of perforated shelf to top of
dome, 5i4 inches; diameter, 575 inches. Electrodes having a total
height exceeding 5i4 inches can be placed in the oven by permit-
ting the electrode stems to project out of the vent hole in the dome.

S-64050 Sargent Infra Red Drying Oven—Complete with General Electric
R-40, 250 watt drying lamp, perforated shelf and cord and plug. For opera-
tion from standard 115 volt A.C. or D.C. CirCUItS....ccoceivrinririins $18.00

S-44200 Infra Red Drying Lamp only, with Self Reflector, General Electric
R-40, 250 watt. EACH ... $1.75

E. H. SARGENT & COMPANY

155-165 East Superior Street, Chicago, Illinois
Michigan Division: 1959 East Jeffersony Detroit, Michigan
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PLATINUM OXIDE PtO.

(Adams’ Oxide)

This interesting catalyst is now commercially
available. Uniform quality— platinum con-
tent 80-81 % Pt.

W e are also equipped for the recovery of
spent catalysts.

THE AMERICAN PLATINUM WORKS

N.J. RR. R. AVE. AT OLIVER ST.
NEWARK, N. J.

Accurate and dependable for
routine colorimetric and tur-
bidimetric analysis.

An ideal instrument for clini-
cal and metallurgical work and
for industrial and educational
laboratories.

« Simple to operate
« Portable, Compact, Rugged

« Mills, washers and calenders in a * Always Ready For Readings
range of sizes for laboratory work LUMETRON MODEL 400 * Plugs into Any 105 to 130
. . Complete with 6 color filters Volt A.C. or D.C. Light Cir-
in natural and synthetic rubber and ad 12 natdhed test tubel. ... $105 cuit.

plastics. Heavily constructed and WRITE EOR INFORMATIVE BULLETIN

precision built. For full details write

NATIONAL RUBBER MACHINERY CO. SCHAAR & COMPANY

General Offices: Akron, Ohio Complete Laboratory Equipment

754 WEST LEXINGTON ST., CHICAGO
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LEAD
ARSENATE
X
32,100
Note relatively
thick granules as compared
with picture below.
N - e dQVEeiT SVIVve /> - M Veesna'

LEAD
ARSENATE
X
28,000

Small, thin flakes give greater
coverage, cling longer, are
more readily eaten by insects.

Micrographs such as these, made with the RCA Electron
Microscope assist In production of better chemicals

In many cases, the commercial production of chemicals, and of numerous products of the
process industries, are fields in which the RCA Electron Microscope can be much more than
an instrument of research. In a number of important applications it is being regularly used
in production control. Impressive savings have resulted, in addition to improved product.
For information please address Electron Microscope Section, Radio Corporation of America,
Camden, New Jersey.

RCA ELECTRON MICROSCOPE

RCA Victor Division * RADIO CORPORATION OF AMERICA Camden, N. J.
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Photometers

K lett-Sum m estio + t

P ltotoelectfuc
Q lali Cell

G olcvum eteli

Hardened Ashless

Filter Papers

GOOCH CRUCIBLES

For the varied needs of industrial, clinical

and agricultural laboratories. Complete These hardened ashless discs are al-
and self contained —no accessory equip-

ment necessary. Fused cells for readings most unbe“evably strong when wet so
onsolution depths of 2.5, 10, 20, and 40 mm. that full suction may be used with no
The ash weight is so small that, in the
small sizes used, it can be completely

U K Ut ignored.

rf-luM im etesi
Made in two porosities, No. 540 is

medium rapid and retentive, No. 542. is
very retentive.

Three sizes are availablein both poros-
No. 10T1 ities. Packed in boxes of 100 circles

Designed for the each.

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 amount«
of these substances.

To further increase its adaptability a separata Samples cheerfully supplied

circuit and scale is provided for colorimetric

determ inations. H. REEVE ANGEL & CO. INC,
LITERATURE SENT UPON REQUEST 7-11 Spruce St.,, New York, N. Y.-

Klett Manufacturing Co.

179 EAST 87TH STREET NEW YORK, N. Y.
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atBaotlt 105

NINETEENTH EXPOSITION CHEMICAL INDUSTRIES
Madison Square Garden, New York City

At the "Laboratory of Tomorrow" you will see many new time and labor saving de-
The entire display will be presented in a realistic setting, with regulation furni-

ture arranged as in your own dream laboratory. Balances will be placed on a special

floating top table;

d

distillation assemblies on a convenient standard rack unit; other

evices on the large center and side tables.

FEATURES ON DISPLAY FOR THE FIRSTTIME

‘fa Coleman Clinical Spectrophotometer
Lindberg Combustion and Muffle Furnaces
Buehler Metallurgical Polisher and Press

mir Large Capacity Analytical Balance
Coleman Photoelectric Turbidimeter

ma Dietert Carbon and Sulphur Determinator

-fa Vitamin Assay Equipment

/JUa on display will be a group of complete distillation set-ups, employing "Inter-
Joints" and "Semi-Ball" glass-to-glass connections................. "Glas-Col" Heaters for
heating flasks safely................ Laboratory Furniture................ "Dead Beat" Balances
................ Coleman Electrometers................. Freas  Ovens...............And many new

laboratory utilities.

See Oun ZodiluUt at Booth 105

23



24

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 15, No. 11

P Icu itic

SAFETY SIPHON

Affords a simple, rapid, and danger-free method
of dispensing liquids from carboys. It gives a
steady flow under instantaneous control and offers
excellent resistance to a wide variety of corrosive
liquids.

This Safety Siphon consists of an intake assembly made of
plastic, a semi-rigid plastic siphon tube, a valve enclosed
in a cylindrical section at the lower end of the tube and a
short delivery tube. The assembly is applied in a carboy as
shown in the illustration and the siphon tube is operated as
a hand reciprocating pump to fill the intake section with
liquid through a ball valve at its bottom. This operation
is performed while the valve at the discharge end is in closed

position. The valve then is opened by turning its housing
for delivery by siphoning action.

The unit will remain primed as long as any liquid
remains in the carboy. It will drain back when it
is lifted above the liquid level to empty the carboy
side. The valve is then opened to drain the delivery
side.

NO. 14570 i $15.00

WILL

Office and Warehouses

COR PO RATI ON
ROCHESTER, N. Y.

Will Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

The G&D pH Automat.

A direct reading electronic meter for use in laboratories
and for plant control work.

For pH measurements and titrations.

For oxidation reduction titrations.

A limited number of machines are available for immediate

delivery.
Wrrite for literature to
GAMMA INSTRUMENT COMPANY, INC.

95 Madison Ave., New York, 16, N. Y.
For electrometric titrations use the G&D Electro Titrator

HUPPERT
LABORATORY
FURNACES

” ... lifetime
accuracy"

Model Illustrated

$41.25
COMPLETE

Three heat ranges. High, 900 to 1500°F. Medium, 400
to 900°F. Low, O to 400°F. Large, accurate pyrometer
aids in definite temperature control and in securing exact
duplication of results.

Interior dimensions, 4}4" wide, 3ih)' high, 4J*" deep.
Overall dimensions, 12' wide, 13" high, 12' deep.
Operates on 110 volts, A. C. or D. C.

Huppert Furnaces are ruggedly built for heavy duty ser-
vice, with no exposed contacts. Prices range from $24.75
up, with standard heat ranges up to 2500°F. (Special
voltages, dimensions or temperature ranges to order.)

Writeforfree catalog

K. H. . HUPPERT

6834 S. Cottage Grove Ave. Chicago, 111
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Society Monographs

Ore-Dressing, Metallurgy,

Chemistry, Analysis, Applications, and Economics

By K. C. LI, M.E., A.R.S.M.

Governor, Commodity Exchange, New York
Chief Engineer, Tongsteno Mexicano, S.A., Mexico
Chief Engineer, National Reconditioning Company, Inc., New York
Chairman of the Board, Wah Chang Trading Corporation, New York

and CHUNG YU WANG, M. INST. M.M.

University Medallist, Columbia University
Technical Expert, Ministry of Economic Affairs, China
Director of Research, National Reconditioning Company, Inc., New York

The increasing importance of tungsten in the metal-
lurgical and electronic industries has evoked a need for a
comprehensive treatment of its geology, processing and
uses. This volume has been designed to meet that need.
Written by two outstanding experts in the field, one of
whom is consultant on tungsten to the U. S. Government,
it presents detailed discussions of the occurrence, com-
position and preparation of tungsten ores in all parts of
the world, which will be of immediate and permanent
value to geologists, mining engineers and metallurgists in
general. This material is accompanied by maps and other

325 Pages

A. C. S. Monograph No. 94

illustrations, including three striking color reproduction«
of various types of tungsten ores. The uses of tungsten in
high-speed steels, ferrous and nonferrous alloys, wire,
dies and drill bits and electrical equipment are described,
and chapters are also devoted to the metallurgy, chemistry
and economic position of tungsten. In all cases the pres-
entation is precise, accurate and thorough-going. This
volume should be in the possession of all chemists, metal-
lurgists, mineralogists, and geologists, and any others
concerned with the uses or properties of this strategically
important metal.

Illustrated $7.00

VEGETABLE FATS AND OILS

The Chemistry, Production and Utilization of Vegetable Fats
and Oils for Edible, Medicinal and Technical Purposes

By GEOBGE S. JAMIESON

Chemist In charge of Oil, Fat and Wax Laboratory, Bureau of Chemistry, United States Department of Agriculture

Second Edition

Packed with vital, detailed information about these
critically important materials, the revised edition of this
monograph has been thoroughly rewritten and brought
up to date. One of its many valuable features is the inclu-
sion of descriptive data resulting from the author's recent
trip to South America as a member of a commission to
investigate agricultural products there.

The book contains selected data and other facts on the
sources of these products, their characteristics, composition,
properties and uses. Commercial and laboratory processes

530 Pages

A. C. S. Monograph No. 58

for the preparation and extraction of fats and oils from
oleaginous seeds, clarification, bleaching, deodorization,
hydrogenation, refining and other treatments in special
cases are discussed. Attention has been paid to grades
and specifications covering both crude and refined
oils.

Methods are given in detail for the sampling and exami-
nation of seeds, oils, fats, press cake and meals as well as
tests for evaluation purposes and for the detection of adul-
terants. All this information is exhaustively documented.

$6.75

REINHOLD PUBLISHING CORPORATION K 11, " 1"
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ATLAS TWIN-ARC
WEATHER -OMETER

proves the durability of materials in
the laboratory — months and years of
weathering reproduced in a few hours.

Atlas Twin-Arc
Weather-Ometers
alone have—

1. Temperature control.

2. Unlimited range and
control of Light and
Water Spray Periods.

3. Adjustable and auto-
matic timing.

4. Insulated test cham-
ber.

5. Operates continu-
ously 24 hours without
manual attention.

6. Carbons 28c per day.

7. Full automatic—Safe
to operate unattended
overnight.

Originators and sole manufac-
turers of accelerated testing devices
for a quarter of a century. Fade-
Ometer, Weather-Omcter, Launder-
Ometer arc used all over the world as
accepted standard testing machines.

8. Control panel con-
tains Volt and Ammeters
—Time Meter—Light
and Water Cycle switch - Automatic time cut off
switch — Voltage adjusting switch — Direct reading
thermal regulator — Reactance Coil (cuts power cost).

The Single Arc Model is a popular machine where
high speed is not required.

ATLAS ELECTRIC DEVICES COMPANY
361 West Superior Street, Chicago 10, Illinois

ATLAS-QVETERS

WEATHEROMETER *

LAUNDER-OMETER * FADE-OMETER

Vol. 15, No. 11

flu A T O jjjth e.P neM .!

oUR NEW 120 PAGE

ON

MODERN LABORATORY
EQUIPMENT

ty jtiiie jjOA. tfauA. rf-iee GojUf,!

NEW YORK

LABORATORY SUPPLY CO., INC.

525 Broadway, NEW YORK 12, N. Y.

COORS « CHEMICAL AND SCIENTIFIC PORCELAIN WARE
Railc tfuipmnl OF ALL. MODERN TESTING LABORATORIES

COORS

COAL —from nature's
age-old vaults—is
potential energy
for modern light,
heat and power...

Truly COORS ware
is an essential prod-
uct in the testing
of all necessary ad-
juncts to living.

Coors Porcelain Company
GOLDEN, COLORADO
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IDENTIFICATION OF AMIDES

REAGENT — Xanthydrol

METHOD — Formation of Derivatives

REFERENCE — Phillips & Pitt, J. Am. Chem. Soc., 65, 1355 (1943)

| Insubstituted primary amides react with Xanthydrol in acetic acid to form

N-xanthyl amides. Pure dry crystalline products are readily obtained

and these have definite melting points which are used for identification.

The reaction is rapid; only about one-half hour is required to form and

separate the derivative. Xanthydrol solutions are stable for several months.

The reagent is available as Eastvian 1559 Xanthydrol, M P 121-123°.

Write for an abstract of the article which given the procedure for the
identification of 'primary amides with Xanthydrol, as well as the
melting points of N-xanthyl derivatives of 2k typical amides. . ..
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

ﬁ-\' EASTMAN ORGANIC CHEMICALS

<ODAK.

L1

NTLESS

"HIGH WET STRENGH"
FILTER PAPER

WASHED WITH NITRIC ACID

%J j*vr)

AVAILABLE THRU
YOUR FAVORITE w
LABORATORY SUPPLY

HOUSE NQ854

[e)e]
<0
~0

This grade of filter paper has been washed with nitric acid to produce lintless and high wet
strength properties essential for many filtrations. (Exg. Filtration of intravenous and sub-
cutaneous injectables — eye washes, etc.) It has a high wet strength approximately nine
times that of a good grade of qualitative paper. It will withstand a high vacuum, retaining
the finest precipitates and will withstand considerable washing with acids and alkalis.

A nitric acid washed lintless filter paper, possessing medium fast filtering speed. Suitable
for filtrations in which a medium sized particle is to be retained.

A nitric acid washed filter paper, possessing a very rapid filtering speed. Its lintless and
high wet strength properties adapt it for the rapid filtration of all solutions in which a high
degree of retention is not required in the filtering medium, or when it is desired to filter
flocculent substances. May be washed and re-used.

Qualitative grades

€ATON-DIKEMAN CO Sookiet Na. 3 s

MANUFACTURERS"

MOUNT HOIlIY SPRINGS, PA

FINE FILTER PAPERS =«- to you on request.
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AMERICAN CHEMICAL SOCIETY PUBLICATIONS

NONMEMBER SUBSCRIPTION RATES
Effective January 1, 1943

1. Journal of the American Chemical SoCiety........ccccevrivniiiienevciiceennn,
2 Abstracts.................
3. Industrial and Engineering Chemistry-
4

Chemical

Industrial Edition andAnalytical Edition.............c.........
Chemical and Engineering News......

10% discount on 1 and 2 when sent to one address and
ordered at the same time. No discount on 3 and/or 4.
Postage to countries not in the Pan American Union:
1, SI1.50; 2, S2.40; 3, S2.25; 4, S0.60. Canadian postage,
one-third these rates.

Singlecopiesof current issues S0.75 each, except (a) annual
indexes to Chemical Abstracts (two December numbers,
S2.50), (b) Analytical Edition (S0.50), and (c) Chemical
and Engineering News (SO.15).

Claims for missing numbers cannot be honored (1) if re-
ceived more than 60 days from date of issue (owing to the
hazards of wartime delivery, no claims can be allowed from
subscribers outside of North America), (2) if loss was due
to insufficient notice of change of address (see date given

on the title page of the journal concerned), or (3) if the
reason for claim is “missing from files.”
Subscribers wishing to have journals forwarded should
notify the Postmaster and furnish necessary postage. The
names of members and subscribers whose journals cannot be
delivered by the Post Office Department will be removed
from the mailing list pending receipt of correct addresses.
Lacking other information, a notice of change of address
received from the Post Office Department will be considered
correct and the mailing list changed accordingly,
All members and student affiliates of the Society and
nonmember subscribers to Industrial and Engineering
Chemistry and to Chemical and Engineering News should
transmit promptly information regarding changes in position.

BACK NUMBER AND VOLUME PRICES
Effective January 1, 1943

Vol. 15, No. 11

Journal American Chemical Society, Vols. 15-64, if available, each........ $ 9.00
INAEX T0 VOIS, 1-20....ciiiiiiiiicic et s 1.00
Single copies, Vols. 1-64, €aCh™.........cccoceveveieiie s 0.80

Chemical Abstracts, Vols. 1-36, including 1st and 2nd Decennial

0 [0 G TR 705.00
Vols. 15-36, if available, €aCh........cccooiiieiiece e 15.00
Single copies, except Index numbers, Vols. 1-36, each*..................... 0.80
Annual index, BaCh Y EaT.....ccccivieicece e 2.50
2nd Decennial IndeX, 5 VOIUMES.......ccoviviiiii e 50.00

Ordered for replaCement........ccoovvveceiieveriiereee e 25.00
3rd Decennial IndeX, 5 VOIUMES.......ccccoeevieiiicie e 100.00

Contingent discount of 50% to individual members, contributing firms,
educational institutions, government agencies, and public libraries in the
United States.

Industrial and Engineering Chemistry

Industrial Eition, VOIS, 1-34.......oociiioiiieie et see s 306.00
Vols. 1-34, if available, aCh......ccccvcveiieee e 9.00
Single copies, Vols. 1-34, each™.........ccccocviiieieiceccne e 0.80

Analytical Edition, VOIS, 1-14.......cccccoiiiiiiiiiiiii e 56.00
Vols. 1-14, if available, €aCh.......ccccoovviiiiiiice e, 4.00
Single copies, Vols. 1-4, €aCh™..eeiiciieeeeeeee e, 1.00
Single copies, Vols. 5-8, €aCN™...oeiiiciice e 0.70
Single copies, Vols. 9-14, aCh™..ccvee e 0.50

Chemical and Engineering News (News Edition through Vol. 19), Vols.

1-20 40.00
Vols. 1-20, if available, €aCh.......ccooviie i 2.00
Single copies, VoIS, 1-17, @aCh™......c.cccocvveiiiieiieiese e 0.10

..................................................... 0.15

Single copies, Vols. 18-20, each*......

Many numbers no longer available.

\Volumes not priced singly, available only in complete sets.

A fewy bound volumes of journals are available.

Members, for personal Use, 20%_discount from above
prices, except complete sets, Decennial Indexes, and single
copies and volumes of Chemical and Engineering News.

Agdvance payment is required in all Cases and must be
made by postal order or check payable in U. S. currency
on a bank in the United States. .

SHIP . Single issues or volumes mailed, postage
free, to any address in the United States; larger shipmen
sent express collect.  Authorized delivery to countries In

the Pan American Postal Union made by mail; all volumes
now shipped at purchaser’s risk; postage charged on large
orders. "Postage on Canadian shipments one-third of foreign;
Iarge orders by insured registered mail, )
ostage charged on_ all foreign shipments;. the_Society
assumes no responsibiljty for delivery. If desired, journals
sent by regflstered_ mail at_postage cost plus 5% of invoice
additional for. registry, minimum charge 75_cents. Large
shipments delivered free, if desired, to responsible forwarding
agents in New York, further charges to be paid by the
purchaser and method of handling to be arranged by him.

Address communications relating to the foregoing to
American Chemical Society, 1155— 16th St., N.W., Washington 6, D. C.
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STANDARD
AMERICAN-MADE

STOP WATCH

DESIGNED FOR LABORATORY USE

A 16 size, 7 jewel, ‘/5second timer, with a 30 minute regis-
ter and continuous running movement.

Through successive depressions of the winding crown the
full sweep-second hand is controlled for start, stop and
flyback to zero.

The white enamel dial with black numerals and graduations
has the 30 minute register in its upper half, and the

electroplated case, which is of anickel metal base, is supplied ZacU

with a permanently clear unbreakable crystal. One revo-

lution of the sweep-second hand equals one minute. $3 /\
0

This timer conforms to Federal Specifications GG-W-Illa
as Type B—Class 7.

THE CHEMICAL RUBBER COMPANY

2310 Superior Ave. N.E. Cleveland, 14, Ohio
Laboratory Apparatus < Chemicals < Rubber Goods Handbook of Chemistry and Physics

GLASS ABSORPTION CELLS

{iecne 2 u a litif | | ] m ade by K lc t t

Optical Flat
Walls. Many
stock sizes are
available. Special
sizes made to
order.

Fused in an elec-
tric furnace with
cement that is
acid, alkali and
solvent resistant.

Sole manufacturer in the United States
of fused Electrophoresis Cells
||

Makers of complete Electrophoresis Apparatus

Klett Manufacturing Co. 177 east 87TH street, new York, n. y.
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LaMOTTE
BOILER FEED WATER
TEST UNITS

The LaMotte Research Department has developed a
reliable series of chemical tests for boiler feed water con-
trol of the following constituents:

Phosphates Dissolved Oxygen
Chlorides Sulfates
Total Alkalinity Hardness

pH (llydrogcn-lon Concentration)
There is a LaMotte Unit with complete apparatus for the
quantitative determination of each of these constituents.
Send for illustrated Booklet describing this Equipment.

Other LaMotte Units Which Are
Indispensable in Routing Control Service

LaMOTTE-ENSLOW
CHLORINE COMPARATOR

Especially recommended for control
in chlorination of water, sewage,
and industrial wastes, pre-chlorina-
tion of water and in treatment of
swimming pool water. Results are
given in parts of Chlorine per million parts water. Accu-
rate and reliable. Errors due to color or Turbidity are
eliminated. Complete Outfit $12.50 f.0.b. our laboratory.

LaMOTTE SERIES NESSLER TUBE
STANDARDS for WATER ANALYSIS
and LaMOTTE
NESSLER TUBE COMPARATOR

These standards are made in special sealed

50 ml. Nessler Tubes and are available for

all of the standard determinations. The

LaMotte Nessler Tube Comparator, illus-

trated at the right, was developed for the

direct colorimetric comparison of these

standards with the treated sample of water. The image
is thrown on a reflecting mirror beneath the tubes, so that
the observer does not have to change his position to make
any number of observations. Full information will be sent
on request.

LaMOTTE POMEROY
SULFIDE
TESTING SET

This outfit was developed
for the accurate determi-
nation of Total Sulfides,
Dissolved Sulfides, and
Free Hydrogen Sulfide
in water, sewage, air and
gases. The methods of
testing employed are those of Dr. Richard Pomeroy, with
whose cooperation the apparatus has been developed.
Outfit comes complete with necessary reagents, pipettes,
glassware and full instructions. Send for illustrated leaflet.

I f you have an operationrequiring routing chemicalconlrollests,
we will gladly tell you how they can be simplified with LaMotte
Outfits that are accurate, inexpensive and easy to operate.
Simply write us outlining the nature of the operation involved.

LaMOTTE

CHEMICAL PRODUCTS CO.

Originators of Practical Application of pH Control
Dept. F, Towson 4, Baltimore, Md.

-

fC.P.Q. P'l&ciA.ian Bo”ie CjlaaA

CYLINDRICAL. « SQUARE *

KPG Precision Bore Glass Tubes are made to exact inside
dimensions for applications where interchangeability and precise
bore are required. Inside diameters: 0.31 MM (0.0122*) to 100 MM
(4"). Normal tolerances within: +0.01 MM (+0.004"). Maximum
length: 55”.

Made of Pyrex Brand or Kimble NC Glass or other specified formulae,
all KPG Tubes are electrically annealed to remove strains. KPG
Tubes with extra heavy wall construction are available on order.

For: Manometers, Barometers, Viscosimeters, Flowmeters and many
other scientific and industrial purposes.

FISH-SCHURMAN CORPORATION
230 East 45th Street, New York 17, N. Y.

Fish-Schiirrrm
IQUALITY since 93

INDUSTRIAL
LABORATORY TABLE 6610

THE

Because Peterson experts put their years of ex-
perience back of every Peterson installation,
users of this quality furniture get the maximum
value and service out of each job.

Some of the largest users of laboratory furniture
in the country have come to Peterson for decades
in a row because Peterson quality is the keynote
to satisfaction.

(Consult Our Experts on any problems, changes or addi-
tions . .. no obligation is incurred.)

LEONARD PETERSON & CO,, Inc.

1222-34 FULLERTON AVE.

CHICAGO, U.S.A.



November 15, 1943

LUMETRON
PHOTOELECTRIC COLORIMETER

A highly sensitive instrument covering an un-
usually wide iield of application.

e Abridged spectrophotometry with 14 monochromatic
filters, trichromatic filters.

= Great variety of sample holders, microcells, test tubes,
absorption cells up to 150 mm light path.

= Line-operated, highest reproducibility and stability due
to use of balanced circuit, no batteries or voltage
stabilizers required.

= Applicable (with accessories) to faint turbidities, fluores-
cence, ultraviolet absorption, reflection of opaque
liquids, powders, pastes, solids.

Write for new 15-page bulletin on LUMETRON Mod. 402-E.

PHOTOVOLT CORPORATION
95 Madison Ave. NEW YORK CITY

TO YOUR NEED
with (pteaAwvL

/i; PT THE HEATING AREA
I

PUT THEM TOGETHER

for greater heating area .... control
the heat of each unit separately

The top plates overhang, permitting several hot plates to be butted
together, side by side or end to end. Thus a large hot plate area
may be formed without the necessity of having a single large
unit, which wastes current when only a small area is required.

Catalog No. Dimensions Top of Plate Watts Price Each**
5633/1 600* J30.00
5633/3 2 3 xAA" 1000* 32.50
5633/5 13* 9 1000* 35.00

~g"
*110 or£20 volts. ** Complete with Rod Holders.
DO YOU HAVE YOUR COPY OF OUR NEW CATALOGNO. 43?

SCHAAR & COMPANY

Complete Laboratory Equipment

754 WEST LEXINGTON ST., CHICAGO

ANALYTICAL EDITION
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Planning

A RESEARCH AND
CONTROL LABORATORY?

Present day conditions present something of a prob-
lem for those who axe planning new research and
control laboratories. Because of this we believe
that Sheldon experienced Planning Engineers—
available in all principal cities—can be of unusual
assistance to you in preparing room layouts, com-
piling budget estimates, and writing specifications.

Write today—ask that our Engineers call.

LDON &m

718 NIMS STREET MUSKEGON. MICHIGAN

THE CHEMISTRY

o/ the

ALIPHATIC ORTHOESTERS
By
HOWARD W. POST

Department of Chemistry, University of Buffalo

It is the purpose of this work to co-ordinate and present
the material now to be found in the literature on the ortho-
esters of aliphatic carbon, namely those of orthoformic acid
and its homologs and of orthocarbonic acid. Space will also
be given to silicon analogs of these compounds.

The subject matter will be grouped under headings indica-
tive of reactions rather than of compounds and under sub-
headings arranged in historical sequence. For instance, the
preparation of orthoesters will be treated according to
method, subdivided chronologically.

CONTENTS:—Introduction; Preparation and General
Properties; Reactions with or Catalyzed by Inorganic
Acidic Substances; Reactions with Organic Acids, Anhy-
drides and Halides; Reactions with Nitrogen Compounds;
Reactions with Organo-Metallic Compounds; Carbohy-
drate Orthoesters and Orthoacids; Miscellaneous Reactions;
Silicoorthoesters: Preparation and Physical Properties;
Chemical Properties of Silicoorthoesters; Polyalkoxides of
Other Elements of the Fourth Column; Physical Properties
of Orthoesters; Author Index; Subject Index.

A. C. S. Monograph No. 92, 188 Pages $4.00

REINHOLD PUBLISHING CORP., 330 W. 42nd St., New York, N .Y.
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wa ear not
the airy footsteps of those strange
thing's that almost happen.

Who knows what lies in the strange world ingenuity has produced devices—instruments
beyond our senses. Tho that secret entity —to translate the unseen to the visible—
which men call Nature form the very shell to transpose for human ears the harmony
of our ear, it is as silent as the farthest star. of the universe. The task of seeking knowl-

Man alone cannot trace the airy footfalls of edge is the greatest work of mankind, for its
the things he cannot see or hear, but men’s achievements are the mileposts of humanity.

Coleman instruments are sold by leading dealers in laboratory supplies

pH ELECTROMETERS
PHOTOFLUOROMETERS
SPECTROPHOTOMETERS



