


End points detected by the electrometric method-indicated by the un

mistakable movement of the magic eye-are much more accurate than

those detected by visual means.

The Improved Fisher Titrimeter (Reg. U. S. Pat. Off.) enables greater

accuracy of results, saves time and opens new fields of application. It has

three times the sensitivity of the original model and there are now only

three controls.

Standard Key

Instrument

for

Volumetric

Analysis

TITRIMETER
Applicable i:o

These Dei:erminai:ions

-and many oi:hers

1. Total Acid or Alkali
of a Solution

2. Zinc in Non-ferrous
Metals

3. Chromium in Metals

4. Nicl,el in Metals

5. Vanadium in Metals

6. Cobalt in Metals

7. Manganese in Metals

8. Chromium, Mangan·.
ese and Nickel (simul.
taneously) in Alloy
Steel

9. Chromium and Vana
dium (simultane
ously) in Steel

10. Acid and Base Num
ber in Pet r 0 leu m
Products

11. Aluminum in Alloys

12. Chlorides in Water

13. Moisture in Samples
(wi.th Karl Fischer reo
agent)

14. Dissolved Oxygen

15. Copper and Arsenic in
Insecticides

* Sensitivity Greatly Increased
* Manipulations Simplified
* Range ofApplication Increased

"1agic eye and Burettes are
in oue field 0/ vision.

16. pH values of Solutions Fisher Titrimeter, with lVIamt<'t1 of Directions, for 110 volts, A.C., $310.00. . ..... .. .. .. . . . . ...
Ma~taCt:u·r;';--=-i)r~,;hJt~~ : .:

F~~~b~'~'~~~"~9~,!.I!~~.:~~~::O,:~j~t~~!t~~i~~Od ~t~s~e~,D
21cq Locust St., St:. LCIUis (3), Mo. New York (14), New York

Headauarters for Laboratory Supplies
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The leading laboratory supply houses of ~he nation
\, stock and sell Baker's Analyzed C. P. Chemicals. This is a
.~. great tribute to the chemist's judgment of quality.

,,)The exclusive featur~ of actual lot analysis on every label gives
J'~he chemist what he wants-a basis to check his own calculations

or findings, quickly, easily and economically. Specify Baker's
. Analyzed Reagents by name. They are dependable.

• • • • • • • • • • • • • • • •
J. T. BAKER CHEM ICAL CO., Executive omces ond Plonr: Phillipsburg, N. J, • 8ronc" Ollices: New York, Philadelphia, loston, Chlca..
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Heavy 13 ga. (.072') CHROMEL
Heating Element Wire anuree long
life, trouble.free aervlce In Hoekl...
110-V Unit:

There, in a nutshell, is the simple, sensible reason why you'll
find extra durability, greater dependability in Hoskins Type
FD Muffle Furnaces. . . . They're built to operate on .a single
given voltage . . • A.C. or D.C. . . • up to 250 volts. This
permits use of the heaviest possible CHROMEL resistor· wire
for higher heating efficiency, minimum maintenance expense.

There are other important features, too, that help keep these
husky Hoskins Furnaces high on the list of preferred laboratory
equipment. Insulation, for example. It's 41/ 2 inches thick all
around for greater power economy, greater operator comfort
and safety. The coiled CHROMEL heating units are easy to
renew, too. They're simply wrapped around the grooved one
piece muffle surface. An inexpensive pyrometer for al?proximate
temperature measurements . • . plus 11 gao Chromel·Alumel
Thermocouple . . . are also available 'at slight additional cost.

o For complete information regarding this and other depe.pd.
o able Hoskins laboratory furnaces, write today for our Catalog
No. 59 and current price lists.

4~ Inches of protective Insulation keepa
heat In, power costs down. Makes for
eafer, more comfortable working condi.
tlons, too.

HOSKI NS TYPE FD·204
MUFFLE FURNACE-Highly

.......mm.nded for u.. between 12000 and
1800°F. with temperature controlled by a
rheostat or a variable power-Input con·
troller. Special rheostat or special heating
units permit lower temperature operation.

Type PBM Pyrometer
.•• small Ine"penslve,
aultable for appro"l.
mate temperature
mea.urements. In·
stalled on Hoskins Type
FD (and FH) Muffle
Furnaces at slight ad·
dltlonal coat.

ElECTRIC HEAT TREATING FURNACES HEATING ElEMENT ALLOYS THERMOCOUPLE AND LEAD WIRE
PYROMETERS WElDING WIRE HEAT RESISTANT CASTINGS ENAMELING FIXTURES

SPARK PLUG ElECTRODE WIRE SPECIAL ALLOYS Of NICKEl PROTECTION TUBES
_*TAAOE MARK REG. U. S. PAT. OF,.. ..;;::.;:;:,..:.:=:.:=;.:.:=;:;.::.:::.:._~_;:.:;;,:;::.:..:.:=.:.;.~;..;;.;,;;;;,;;..__..;.;;;.;.;.;,;;;;.;.;;,;;..;.;;;;,;,;.. _
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SIX REASONS
fOil Alllfl.cfinq...

WELCH STA:INLESS STEEL
TRIPLE-BEAM BALANCES

1 .. Fast and Accurate Weighings
2 .. High Sensitivity

Patent No. 1,872,465

3 .. Cobalite
Knife Edges

*
4 .. Covered

Agate Bearings

*
5 .. Three Etched

Scales
(visible at eye level)

*
6 .. Corrosion

Resistant

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

Each $21.50 - Lots 3, Each $19.50

(Extra weight $1.25 additional)

W. M. WELCH SCIENTIFIC COMPANY
Established 1880

1515 Sedgwick Street, Dept. A Chicago 10, lllinois, U. S. A.

Manufacturers of Scientific Instruments and Laboratory Apparatus
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--
ONLY

: $850,00

I
COMPLETE

, UNIT
'---- -

IS WITHIN REACH

A BRAND NEW RESEARCH TOOl.
Virtually a complete laboratory in itself, this new, one
liter autoclave was designed by Autoclave Engineers, Inc,
to make High Pressure. Research available to every labor
atory,

COMPLETELY SELF CONTAINED
Although this unit is extremely low in price it incorporates all of the
major improvements, pioneered by Autoclave Engineers, Inc. and
generally found only in their much higher priced, custom built equip.
ment.

This one liter autoclave is self-contained and consists primarily of a
one·liter stirred reactor designed for working pressures up to 5,000 p.s.i.,
working temperatures to 650'F with agitator speeds variable from 300
to 1000 R.P.M. Since this unit offers positive agitation at known rates of
speed it enables the chemist to carry out reactions involving suspended
catylists in quantities as small as 150 cc.

POSITIVE PATENTED SEAL
The cover on this unit incorporates the patented, leak.proof self.sealing
ring, developed by Autoclave Engineers, Inc. The agitator shaft is sealed

and protected by a special packing assembly which allows operation with
either light or heavy gases, at high pressures, and high temperatures with·
out leaking and without galling the shaft-a feature of real importance to
the chemist whose range of working gases may vary from heavy ammonia to
light hydrogen. The autoclave stirring shaft is equipped with an internal water
cooling system. Specially designed fittings enable the chemist to make gas tight
joints without the use of large tools, in a minimum of time,

without fear of burring the closure or set screws.
Complete autoclave with stirrer, heating jacket, floor stand,
oil system, pressure gauge, blowout assembly and motor,
ready to operate.

HERE ARE THE
They show the careful engineering which results
in exceptionally efficient operation, a feature of
all autoclaves developed by Autoclave Engineers.
Inc.

Capacity-one liter
Diameter-3" inside diameter
Inside Depth-9"
Working Pressures-o to 5,000 p.s';. 8,000 p.s.i. test pres·

sure
Working Temperature-650'F.
Body and Cover-Type 31b Stainless Steel Forging
Internal Parts-Type 304 Stainless Steel
Essential Parts-Type 410 Stainless Steel

SPECIFICATIONS
Closure-Set screws type closure with hardened trust ring

and confined gasket
Agitator and Drive-Paddle type agitator-300 to 500

R.P.M., 1/4 H. P. motor
Heating-Electric heating or Steam jadet for 250 lb. p.s.i.

working pressure
Stuffing Box-Bottom pading, latern ring and top pading.

Packing is aluminum foil
Accessories - Oil cylinder complete with fittings and

valves, necessary ~upport and pressure gauge, rupture
disc and thermo.couple well

Support-Welded steel stand-Motor mounting attached

STAINLESS STEEL
VALVES and FITTINGS

Autoclave Engineers, Inc.,
stock a complete line of
stainless steel valves and
fillings which feature a spe·
cial self.sealing packing
ring. Eliminates all other
types of packing. Valve
stems have threads ground
from solid after heat treat·
ing. Bodies are constructed
of 18·8 stainless steel.

WRITE FOR DETAILED BULLETIN
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Using an improved method of live steam injection,
directly into sterilizing chamber, this sterilizer offers
greater speed in attainment of sterilization tempera..
tures, plus lower steam consumption in operation.
An ideal unit for sterilizing culture media, solutions,
instruments and glassware, blood serum, and a wide
variety of .other materials common to hospital and
clinical practice. Write for detailed literature 6..83..C.

FEATURES

• Single Wall Copper Cylinder

• Rapid Heating

• Full Ground-Joint Cover.

II

HORIZONTAL
STEAM STERILIZER

• Dry Steam Sterilization

• Automatic Air Discharge

• Cylinder, Pure Block Tin Lined

\'
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sunlight, month after month

Silver Nitrate's traditional sensitivity to light is ~ot inherent.
It arises from various impurities. The purest Silver Nitrate, expertly
made and carefully handled, withstands prolonged sunlight.

Lot after lot-not' sometimes but always-Mallinckrodt Silver
Nitrate A. R. withstands sunlight. It is consistently the fine reagent
ACS specifications require.

Like all Mallinckrodt Analytical Reagents; 'Silver Nitrate A. R.
assures you of the utmost Uniform Dependable Purity.

ALWAYS SPECIFY MALLINCKRODT REAGENTS IN ORIGINAL PA'CIUGES

~},,~,L,L~~~!~!!, • ~.~.~.MI~,~,~•.•~0~u~,!
MALLINCKRODT STREET, ST. LOUIS 7, MO. -72 GOLD STREET, NEW YORK 8, .N. Y~
·CHICAGO • CINCINNAn • CLEVELAND • LOS ANGELES • MONTREAL • PHILADELPHIA • SAN fRANCISC()..
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The accuracy and versatility of many pH instruments

are limited by,the electrode system -BUT NOT BECKMAN EQUIPMENT!

13A

REMEMBER THIS important fact about modern pH equipment
-glass electrode pH instruments are the most advanced

and efficient type of pH equipment obtainable. But no gloss electrode
,"sfrumenf is better t"an t"e versatility, accuracy and dependability
01 fhe electrode assemblies available for use wit" it.

And that is another of the many vital advantages that are
yo".. when you select BECKMAN pH Instruments-for Beckman,
pioneer of modern glass electrode pH equipment, not only provides
the finest and most advanced pH instruments, but also the industry's
most complete line of electrodes for use.with these instruments.

Illustrated below are only a few of the more than 90 different
types of interchangeable Beckman pH Electrodes that assure malli.
mum accuracy, convenience and wide-range adaptability to users of
Beckman pH Meters-the pl:f instruments that are the recognized
standard of the industry.

No matter what your pH problem, there is a Beckman pH
Instrument and a Beckman Glass Electrode assembly to meet your
ellact requirements for both industrial and research application•.
So why restrict your operations with anything less than the complete
pH facilities provided by Beckman?

HIGH pH GLASS ELECTRODES.
Pioneered by Dc('kmon, these

Glass electrodes permit a("curate

measurement of high pll ~olu..

lions with negligible error pven

in 'he pre.ence 0/ .odium ;0#'''.
Ideal (or use on df"ter~ents.

soaps and many other applica.

tions wher~ regular glass elec_

trodes are useless.

HIGH TEMPERATURE GLASS
ELECTRODES. Another develop.
tnent pioneered by Beckman,

the-se electrodes can he used eli ..

"ectl,. In high temperature

process solutions to 100 0 Ca

(212 0 F.) without dam.age.

Eliminates sJ.ecial sampling de ..

vices and greatly simp"lifies con ..

trol of hot processing solutionsa

RUGGED DUTY GLASS ELEC·
TRODES. 5,111 another Beekman

development, these electrodes

are spet'ially designed (or direct

immersion in tanks and flow

Jine5 where abrasion is ~e~'ere

(paper pulp,", ore !"Iurrje~... t('.).

Not only ahra!:lion resistant, hut

also with~lal1f1 more than 100

lbs. pre!osure on immenion end.

PENETRATION TYPE GLASS

ELECTRODES. The polnled .p.

pll('atlon end greatly ~Impllfie.

direct pH measurements 01

~heeses, fi!iih, rrult~ and 8lmlla.

semi·solids where penetration or

outer ,;urface Is desired for 'n_
tern.1 pll measurements.

!URFACE TYPE GLASS ELEC·

TRODES. On thO'e Beckman

electrod~s the application end is

nearly flat In order to simplify

pH mea.!'urements on skin, hides

and moist surfoces of materials

'Where pH measurements of outer

aurCaces are desired.

IMMERSION AND FLOW TYPE
ASSEMBLIES. Can be placed dl.
rectJy In flow lines, vats, tanks.

etc., to permit direct and con_

tinuous pH measurement!'< on

llroce!'s solutions. Far simvler,

q"uicker and more accurate than

samplin~ de~·ices. Can be used

,..ith various types of Hcrkman

electrodes.

MICRO GLASS ELECTRODES.

One of dozens o( specialized

Beckman pH electrodes for

science and laboratory investl_

gation~. 'rhi .., t)'pe permit!'< cluiek,

conve-ni.·111 aud accura'e flJl

Ihan unt"' drup.

HYPODERMIC GLASS ELEC·
TRODES. Oue o( m:my spe('lal.

Ize-d Hf"rkman pli rler~rode.. for

hl ..di.·al use. In Ihl:! Iype, O.S

1111 hlond samples ("an he injf'rlf>d

(rum hypudermir nf't~cllc t'.rough

memhrone wilh .uinimllm

\,05111'(" 10 air. Olher I)'peS are

.Iso a~'ailahl(".

THE ABOVE ARE ONLY TYPICAL of the wide selection of glas electrodes avail
able for use with Beckman pH Instruments ... One more reason why Beckman
pH Instruments are recognized throughout the world for their dependobility,
accuracy and versatility. Beckman Instruments, Nafional Technical Laboratories,
Sout" Pasadena 15, Calif.

STRUMENTS CONTROL MODERN INDUSTRIES
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NEARLY ALL OF

YOUR FRACTIONATION PROBLEMS
MAY BE READILY SOLVED BY WRITING FOR

Free

Technical Bulletin 100 (revised)
This free twenty-four (24) pa~e bulletin is a compact source of information on laboratory fraction
ation problems, and contains numerous photo~raphs, tables, ~raphs, and other illustrations. This
valuable reference booklet (8" x 11") is bound' with a heavy ma'nila cover to withstand extensive
laboratory usa~e.

CONTENTS

(1 ) Latest comprehensive discussion !.

on laboratory fractionation meth-
ods and apparatus,

(2) Newest developments in the de-
sign and use of laboratory pre-
cise fractionation equipment.

(3) Experimental data showing the
results obtained from the precise
fractionation of simple and com-
plex mixtures.

(4) Important practical notes on set-
ting up and using precise frac-
tionation equipment.

<5) Extensive bibliography (69 refer-
~nces) giving a review of many
types of laboratory fractionation
apparatuses.

Write NOW for your free copy of this bulletin while the supply is still available.

TODD·~SCIENTIFICCOMPANY
Designers and'manufacturers of special scientific laboratory apparetus.

SPRINGFIELD, PA.
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ALARGE part of this issue deals with Raman spectroscopy, a
branch of spectroscopy that is well known but has not been

developed to the point where it is as useful to the analyst as infra
red. Contributing to this tardy development is the lack of com
mercial instruments and speetra of compounds of known com
position. About four well-known instrument. companies arc
working on the design of a Raman instrument, so that in the not
distant future this lack of purchasable equipment should be
solved. None of the companies is far enough along to permit
disclosing of details. The paucity of published sp"ctra is be
ing; remedied with time, and your editors arc glad to make avail
able the excellent work of M. R. Fenske and his co-workers.

THE symposium on pmity and identity held at the New York
nweting of the ACS was very "'ell attended and brought togl'lher
th,) views and philosophy of organic and physical chemists con
cerning the ultimate criteria of pUI'it~" whieh was designated by
Eyring for crystalline substances where S = 0 at 0 A., and the
practical definition which can be considered \"hen existing
methods arc incapable of separating the system in two or more
fractions with different properties. This criterion of purit~·, of
course, may change with the development of new techniques.

At the dinner of the Division of Analytical and Micro Chem
istry, Dr. Mellon raised some problems in the teaching of analysis.
He discussed the type of analytical chemistry now taught, with
which we are all familiar, and then rightly asked how and
whether this should be supplanted by the newer analytical cbem
istry which is developing. IIis thesis was that you should not
throw out the old until you are reasonably sure that what you
substitute will accomplish your desired improvement. Desires
and accomplishment are often far apart. We are in accord with
!Jr. Mellon's conservatism hut feel that the answer is in a d~'namic

approach to this problem. It was, therefore, with much antici
pation that we received an announe('nwnt of a s~'mposium on this
subject to be held at the l[J48 Spring :-'Ieeting, where all vielYs can
I,e considered and perhaps some conclusions drawn as to how
analytieal courses can be improved. It has always seemed to liS

that analysis is used to teach inorganic and physical chemistr~'.

Let's teach Ilnalysi:; in its o\\-n right and add organic analysis
to bring the subject up 1.0 uate.

The Anachems (Associlition of Analyt.ical Chemists), affiliated
·.\'ith t.he Detroit Reetion, are doing a splendid job for analytical
chemistry and analysts in their area. It was, therefore, not sur
prising to leal'll that they are sponsoring a joint meeting with the
other divisions of the Detroit Section on November 3. Ralph
~Iiiller will speak on "Modern Analyses-a New Science."

TII~ Instrument Society of America held a meeting on September
~ to 12 in Chicago, attended by 7000. In addition to the 139
instrument exhibits, there were several technical sessions. Some
papers of interest to analysts are abstracted on page 817.

THE use of radioactive isotopes in medicine and in inorganic and
physical chemistry is not new. However, general analytical
applications' arc appearing from time to time, about which
analysts should know and which they should apply to their own
problems. Little has been published as yet, but the paper by
Buchdahl and Polglase, this journal (I@46), is typical. Robley
Evans at the Instrument Society of _-\.merica conference gave
an excellent paper on this subject (see abstract, page 817).
With the ready availability of isotopes, the analyst should give
these techniques careful thought as to their applicability ill solv
ing; unusual problems, especially in traee analysis.

Associate Editor
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HOT PLATES

~
1 e~

AN-6541 HEATERS, Elec:b'ic:, Thel'mostatic: Con
uolled, A.C. These hot plates are made of steel with the
heating surface highly polished to eliminate stickiness.
There is no plating to peel off. The streamlined legs with
"ball-type" feet won't scratch.

The long-We strip heaters are firmly clamped to the bottom
of the heating plate and are so spaced to assure even heat
over the entire plate surface, and are fully enclosed by a
metal pan lined with heavy insulation.

These hot plates are ideal for heat sealing cellophane, pro
duction soldering, drying small cemented assemblies, pre·
heating synthetics, drying slides, keeping solutions at a
constant temperature or any other application requiring
an accurate temperature control on a smooth polished
surface.

The temperature is accurately controlled by a hydraulic
type thermostat with a temperature range of 100 to 550°F.
The thermostat has a temperature differential of approxi.
mately ±2% of the temperature setting. The adjustable
temperature dial is calibrated in Fahrenheit. The thermo·
stat is supplied with a built-in "off" switch and a neon
pilot light.

Regularly supplied for use on 115 or 230 volts A,C. Please
specify which when ordering.

Size, in......... 6x6 6 x 12 9 x 12 9 x 15
Max. wattage ... 400 800 1200 1500

Eac:h 26.95 30.25 35.48 41.80

Size, in......... 12 x 18 18 x 24 4 x 24
Max. wattage .... 2400 4800 1100

Eac:h 51.15 81.95 34.65

AN-6541-1 HEATERS, Elec:uic:, Thel'mostatic: Con
uolled, D.C. Same as No. 6541 but for use on 115 or
230 volts D.C. Please specify which when ordet'ing.

Size, in......... 6x6 6 x 12 9 x 12 9 x 15
Max. wattage ... 400 800 1200 1500

Eac:h 30.25 33.55 38.80 45.00

Size, in......... 12 x 18 18 x 24 4 x 24
Max. wattage ... 2400 4800 1100

Eac:h 54.45 85.25 37.95

Prices subject to change without notice
F.O.B. New York City

Visit our Booth No. 618 at the Chemical Show in
New York.

STANDARD SCIENTIFIC SUPPLY CORP.
34-38 WEST 4th STREET NEW YORK 12, N. Y.
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BURRELL COlllbustion Tubes
FIRED for High- Temperature Furnaces

BURRELL high temperature tubes are a synthetic product,
the result of an exclusive process in which the ingredients
combine to form natural Mullite crystals when fired at
temperatures ill excess of 3100D F. This process gives a
stronger, harder, more homogeneous structure with a low
coefficient of expansion and high resistance to thermal
shock.

BURRELL high temperature tubes are:

• Dense, vitreous, and gas tight

• Straight and accurately sized

• Smooth inside, easily cleaned

• Free from devitrification

• Not distorted at high temperatures

• Unconditionally guaranteed to withstand temper
atures up to 2900°F., thus providing a wide mar
gin of safety when used in Burrell Furnaces at
temperatures up to 2650°F.

These tubes are recommended as standard equipment

for use in the determination of carbon and sulfur by the

combustion method in iron and steel analysis, and. for

other applications which require the maintenance of gas

atmospheres at high temperatures.

BURRELL tubes are available from stock in the three

types illustrated above, in diameters from %-inch J.D.

to l%-inch J.D. Lengths from 24 to 36 inches. Larger

sizes supplied on special order.

Complete information on Burrell high temperature com

bustion tubes is given in Bulletin 201. For your copy
write to: Burrell Technical Supply Co., 1936-42 Fifth

Avenue, Pittsburgh 19, Penna.

BURRELL
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NEOPRENE
A. H. T. co. SPECIFICATION

FILTER ADAPTERS
TAPERED COLLAR TYPE

SIIS-T. Showing complete series of six .\dapter sizes.

Fig.·3
·Showing Size 1
Adapter in use
supporting a
Micro Funnel
in a 125 x 16
mm Test Tube
with side arm.

The set consists of six concentric sizes with side walls tapering at
angle of approximately 17 0 and varying in height between 20 and
40 mm. Minimum inside diameters range from 5 to 38 mm diam
eter; can be used in receivers with mouths "15 to 60 mm inside
diameter. Will withstand steam pressure sterilization.

FILTER ADAPTERS, Neoprene Tapered Collar Type, A. H. T. Co. Specification. For supporting
funnels, Gooch-type crucibles, micro filter tubes, etc., in vacuum-type filtration assemblies. Particu
larly suitable for Buechner and fritted glass funnels, porcelain filters without headpieces, and for
reverse flow methods of cleaning filter crucibles. A unique feature of the design is that the adapter
need not be fitted closely around the funnel stem but is equally effective when any part of funnel body
makes contact provided negative pressure is applied. Can be used singly or in com

bination with adjacent sizes, forming a positive gas-tight seal which
is broken gently and automatically when vacuum is released.
Eliminates both boring of special size hole in rubber stopper and the
difficulties which accompany use and removal of stopper from
flask used in the customary way.

Fig. 1

Showing Size 3 Adapt-

:~ iSO u~em 8'if~~:~~ne~
Funnel in the neck of
a 500 ml Filter Flask.

Fig. 2
Showing Size 3
Adapter supporting
CoorsPorcelain Filter
Cylinder 155:t 15 mm
in the neck of a
500 ml Filter Flask.

5115-1'. Filter Adapters, Neoprene, Tapered Collar Type, A. H. T. Co. Speci
fication. Complete set of six sizes, as above described. . . . 2.25
Code Word..... Fociz
10% discount in lots of 12 sets; 20% discount in lots of 72 sets.

5115-V. Filter Adapters, single sizes, as supplied in 5115-1' complete set.

Size No....... . . . . . . . . . . . . . . . . . 1 2 3 4 5 6

Outside diameter at top, mID. . .. 22 28 37 46 58 70

" " bottom, mID. 10 16 22 28 37 46

Wall thickness, rom.. . . . . . . . . . .. 2.5 2.5 3 3 3 4

Height, mID.. . . . . . . . . . . . . . . . . .. 20 20 25 30 35 40

Each , . . . . . .30 .35 .38 .40 .45 .50

Code Word..... . . . . . . . . . . . . . .. Focje Focjg Focki Fockl Foclb Foell

10% discount in lots of 12 t
20% " " "72 \ one size only.

Fig. 4
Showing Size 5
Adapt<ir in use
supporting a 25 ml
Gooch Crucible in a
Filter Tube which,

in turn, is sup-
ported by Size 3
Adapter in the
neck of a 500 IIil
Filter Flask.

ARTHUR H. THOMAS. COMPANY
RETAI L - WHOLESALE - EXPORT

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

Cable Address "Balance," Philadelphia



















Fisher Award

I N March of this year we printed an editorial entitled
"The Profession of Analytical Chemist," which at

tracted considerable attention and brought to the edi
tor's desk a large 'number of illteresting comments. In
the editorial we offered a practical program for increas
ing the prestige of the analytical chemist, and number
three in the list of suggestions was one proposing the es
tablishment of an award for outstanding original work
in the field of analytical chemistry.

Within a few days after the appearance of this edi
torial, we received a letter from C. G. Fisher, president
of the Fisher Scientific Co., Pittsburgh, Pa., offering to
finance such an award. It is with great pleasure that
we announce that the Board of Directors has accepted
the administrative responsibility of the Fisher Award in
Analytical Chemistry. The award consists of $1000 and
a medallion. An additional allowance of not more than
$150 is provided for actual traveling expenses to the
meeting at which the award will be presented. The
purpose of the award is to recognize and encourage out
standing contributions to the science of analytical
chemistry, pure and applied, carried out in the United
States or Canada.

Details co.ncerning this new award will be found on
page 819 of this issue.

The profession of analytical chemistry is greatly in
debted to C. G. Fisher for his generous action,

More Than Just aChange. in Name

T HE ANALYTICAL EDITION of INDUSTRIAL AND EN
GINEERING CHEMISTRY will become ANALYTICAL

CHEMISTRY beginning with the January 1948 issue.
During the current year we have unofficially desig

nated this publication as ANALYTICAL CHEMISTRY, but
as long as subscribers to I&EC received both Industrial
and Analytical editions, it was impossible because of
postal regulations and rules laid down by the Audit
Bu;eau of Circulation to use the title "Analytical
Chemistry" officially.

The final step in the complete separation of the two
editions of INDUSTRIAL AND ENGINEERING CHEMISTRY
was accomplished at the AMERICAN CHEMICAL SOCIETY
Meeting last month when the Board of Directors, the
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Council Policy Committee, the Council Committee on
Publications, and the Council approved the joint rec
ommendation of the editor and business manager that
separate subscription lists be maintained for the two
journals.

We believe that it is unnecessary to refer now to the
several successive logical steps which have been taken,
culminating in the establishment of a,' journal devoted
exclusively to analytical chemistry. Today this pub
lication is recognized nationally and internationally as
the outstanding journal serving the broad field of ana
lytical chemistry and it is the firm intention of the edi
tors to continue and further to expand the present posi
tive dynamic type of editorial policy.

The Advisory Board has been increased from nine to
twelve and a system of rotation has been adopted. We
are pleased to announce that 1. M. Kolthoff of the Uni
versity of Minnesota, K. K. Chen of the Lilly Research
Laboratories, and W. J. Sweeney of the Standard Oil
Development Co. have accepted 4-year appointments
to the board, beginning January 1,1948.

Under the plan of rotation suggested by your editor,
the following members of the board will serve one year:
Clarke, Cunningham, and'Willard; Chapman, Church
ill, and Lundell will serve two years; Mellon, Muller,
and Oser will remain on the board for three years. In
this way three new members will be appointed each year
and due consideration will be given to their selection, so
that at all times the board will be representative of the
various fields of activity within the broad field of ana
lytical chemistry.

In conclusion, we wish to point out that this issue
contains a larger number of paginated pages than we have
printed in any prior issue during 1947. The Board of
Directors has made available additional funds to finance
more pages during the remainder of this year in order
to reduce the present backlog. of manuscripts waiting
publication. We hope that additional paper can be ob
tained to increase the number of pages in the N ovem
ber and December issues.

We are slightly optimistjc that increased paper sup
plies will be available in 1948 and that we shall be in a
position next year to reduce substantially the time lapse
between acceptance and publication. Readers wiII also
note that beginning with this issue we have resumed the
practice of printing a footnote giving date of receipt of
manuscripts,



Raman SpectraofHydroe'a~bons
M. R. FENSKE, W. G: BRAUN, R. v. WIEGAND1, DOROTHY QUIGGLE R. H. MCCORMICK, AND D. H. RANK

School of Chemistry and Physics, Th$' Pennsylvania State College, State College, Pa.

The RaInan spectra of 172 pure hydrocarbons are
presented both as reproductions of the original rec
ords obtained, froIn a recording spectrograph and in
tabular forIn as scattering coefficients and depolari
zation factors. Data are presented for 76 paraffins,
32 naphthenes, 29 olefins, 3 diolefins, 30 aroInatics,
and 2 other hydrocarbons. Direct cOInparisons of
spectra a're possible because a uniforIn intensity
scale has been used. The spectrograph employed

RECENT advances in the applications of the newer physical
methods of analyses have contributed greatly to the manu

facture and quality control of various chemicals, The petroleum
industry in particular has used these methods in the conversion
and synthesis of various hydrocarbons and in the control of dis
tillation, extraction, and other separational processes in both
the laboratory and the refinery. Some of these applications have
neen described in review articles (9, 17,18, 24, 27).

Most of the research on spectroscopic methods of analysis
has been concerned with the application of infrared and ultra
violet absorption methods (3, 4, 5, 8), and today these are used
rather extensively. Many improvements in instrumentation
were made during the war and several good infrare~ and ultra
violet spectrophotometers are now available commercially.
Most of these instruments are either of the direct indicating or
recording type and have been designed for maximum economy in
work and time.

The application of Raman spectroscopy to the analysis of
hydrocarbon mixtures, on the other hand, has been rather limited
even though, in many cases, it offers advantages over both the
infrared and ultraviolet techniques. Recording spectrometers
for this work have not been available and the' photographic pro
cedure generally used has not been sufficiently fast or accurate for
general analytical purposes. The earlier features of this method
of analysis have been described by Goubeau (11) and Glockler
(10), and the more recent advances by Stamm (25). All this
work was done by recording the Raman spectra photographi
cally. These photographic methods, however, are time-con
suming and are always attended by the inherent difficulties of
development and photometry.

The work described in this paper was started in 1943 and was
,directed toward the development of a Raman spectrograph having
as the principal objectives: (1) that the instrument be direct
Tecording; (2) that it be semiautomatic; (3) that the actual time
for running the instrument and processing the record be as short
,as possible; and (4) that the spectra be reproducible.

Preliminary investigations (20) showed that the Raman spectra
of hydrocarbons could be recorded directly by using a multiplier
phototube to scan the spectra. Additional work was carried out
,at these laboratories to make a direct-recording Raman spectro
graph and develop techniques tq satisfy the conditions given
above. The instrument which was constructed' for this purpose
has recently been described (23). The analytical results and the
spectra. of the pure hydrocarbons presented here were obtained
with this apparatus.

The basis for applying Raman spectroscopy to hydrocarbon
analysis is dependent upon the, fact that when a beam of a mono
chromatic exciting light passes through a transparent medium

I Present address, Montana State College, Bozeman, Mont.
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records the RaInan spectruIn as a graph with co
ordinates linear in both wave length and intensity.
RaInan spectra can be used for the qualitative and
quantitative analysis of hydrocarbon IIlixtures. A
few nine-colllponent lllixtures have bflen analyzed
successfully. In general, Ralllan spectroscopy in
hydrocarbon analyses is best used as a cOlllplelllent
to rather'than a substitute for the infrared and ul
traviolet techniques.

some of the light is absorbed and may be re-emitted. If this
re-emitted light is examined by means of a spectrograph, very
weak spectral lines or bands will appear on either side of the line
of the exciting light. These weak lines, which are called Raman
lines, are characteristic of the substance illuminated and' are
therefore a "fingerprint" of that substance. The frequency
differences between the exciting light and the Raman lines are
independent of the frequency of the exciting light-i.e., the
frequency differences are the same for exciting lights of different
wave lengths. In order to have a convenient system of units
and to conform with past usage these frequency differences are
expressed as wave number shifts and written Apcm.-1

It is beyond the scope of this paper to discuss in any detail
the theoretical concepts of the Raman effect. The compre
hensive monographs of Kohlrausch (14), Hibben (13), Glockler
(10), Sutherland (26), and Herzberg (12) have treated rather
exhaustively the fundamental principles and reviewed the experi
mental data. The paper by Stamm (25) is brief but rather com
plete. To these the reader is referred for more details.

Since the Raman spectra are characteristic of the scattering
substances, both in the wave number shift and the intensities of
the various lines, they can be used like any other physical property
as a means of identification. Experimentally it has been found
that for many mixtures of hydrocarbons the intensities of the
Raman lines of a constituent are directly proportional to the
volume fraction of that constituent present. A qualitative anal
ysis of a mixture may therefore be made by determining the
frequencies (wave numher shifts) of the various lines of its Raman
spectrum and comparing these data with tnose obtained for pure
compounds. The quantitative analysis is made by determining
the ratios of the intensities of the Raman lines of a substance in
the spectrum of the, mixture with those of the same lines in the
spectrum of the pure compound.

FIELD OF USEFULNESS

Although, like the ultraviolet and infrared absorption methods,
the analysis by Raman spectroscopy involves the measurement
of the characteristics of a spectrum, different principles and tech~

niques are used. The types of analyses which can be made, the
concentrations of the components which are most suitable for
analyses, and the sensitivities of the methods are different. Con
sequently, the choice of the spectroscopic method to be used for
an analysis depends on the operator's knowledge of the. type of
sample, the number of components present, and the past history
and'treatment of the sample. No one spectroscopic"methodis
universal in hydrocarbon analytical work. The ultraviolet and
infrared absorption methods and Raman spectroscopy will proba
bly be used as complements rather than as suhstitutes for each
other in analytical work.
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APPARATUS

A schematic drawing of the instrument and 9ptical path is
shown in Figure 1.

The exciting lights, L , and L 2, are mercury vapor lamps sup
plied from a voltage-regulated line. The light from these lamps
is focused by means of .the cylindrical filter tubes, F , and F 2,

.and concentrated in the sample tube, ST. Scattered light arising
from this illumination passes out the end of the sample ~be and
is directed to the first condensing lens, C" by means of diagonal
mirror M 2• This condensing lens focuses the light from the
sample on the entrance slit, S" of ~he spectr,!graph. Ligh~ e~
tering the spectrograph falls on collimatmg mIrror M s and IS dI
rected as a parallel beam to the concave diffraction grating. The
spectrum diffracted from the grating comes to focus on a para
bola passing through the exit slit, S2, the collimating mirrol" Ms.

Raman effect refer to spectral position, intensity, and degree of
polarization.

Spectral Position. The actual position where the Raman
frequencies occur in the'spectrum is of little importance, since it
is an effect which can be produced by an exciting light of any fre
quency. The important fact is that the frequency difference,
preferably measured in the number of vibrations per centimeter,
between the exciting radiation and the Raman line is the same
no matter where in the spectrum the effect occurs, This dif
ference is usually expressed in wave numbers or vibrations per
centimeter and is designated as the Raman shift or wave number
shift, Av in em. -1

To express the frequency, v, in the usual unit, cycles or vibra
tions per second, would lead to awkward numbers. Hence
another unit, obtained by dividing vibrations per second by the
velocity of light, c, in centimeters per second, is used. This
unit has the dimensions of vibrations per centimeter, and is equal
to the reciprocal of the wave length, ;\:

Intensity Measurements. For quantitative analytieal work
the .intensities of each line must be known in addition to the
Raman shift. Unfortunately, intensity measurements have nol
been made on any absolute or comparative basis and each inves
tigator has chosen a system to suit his own work. The mosl
frequently used system is to correlate the intensities of the variou8
lines on a basis of 0 to 10 where 0 is the intensity of the weakesl
and 10 the intensity of the strongest line in each spectrum. For
the correlation of molecular structure and Raman spectra thi8
m\lthod has been satisfactory; however, for analytical work there
is a serious disadvantage: it does not allow the intensity com
parison of a line in one spectrum with a line in another, since each
spectrum is usually on a different basis.

In all the work done at these laboratories, intensities have been
measured relative to the Av = 459 cm.;-1 line of carbon tetra
chloride. The unit of intensity is the "scattering coefficient"
and is defined as the ratio of the intensity of the hydrocarbon
Raman line to that of the AV = 459 em. -1 line of carbon tetra
chloride. Since all the intensities are on this same basis, the
spectra of known pure compounds may be compared directly
with unknown mixtures and the analysis is straightforward.

Degree of Polarization. The polarization of the Raman lines
is defined by the depolarization factor, Pn (12, 14), which is the
ratio of the intensities of the perpendicular component (the
electric vector' vibrating in the vertical plane) to the parallel
component (the electric vector vibrating in the horizontal
plane) of the Raman line. The parallel component is always
preponderant and according to theory the value of Pn approaches
o for symmetrical types of vibrations and 6/7 for asymmetri
cal types.

For most hydrocarbon analytical work this value has little ap
plication; however, for the delineation of molecular structure
and for the assignment of molecular vibrations it is important.

vic = 1/;\;\v = C;

DEFINITIONS AND TERMS

The many papers which have been published on the Raman
effect have been consistent in most of their designations of the
various units. The ones most frequently used to define the

Ultraviolet absorption spectrophotometry is well suited for the
determination of conjugated diolefins and the aromatic hydro
ca~bonsof lower molecular weight. The absorption spectra of the
higher molecular weight aromatics-namely, those having nine
or more carbon atoms-become similar and accurate analyses
are often difficult, if not impossible. The ultraviolet method is
normally not sensitive to olefins, paraffins, or naphthenes; it is
particularly useful when· only a few aromatics must be deter
mined in a mixture of other hydrocarbons.

The limitations of infrared absorption spectrophotometry,
on the other hand, are not so specific and analyses can be made on
mixtures containing paraffins, olefins, naphthenes, and aromatics.
Some difficulties are usually experien~ed with mixtures of paraf
'fins and naphthenes which contain aromatics; with mixtures of
naphthenes and paraffins which con~ainsmall amounts of alcohols,
ethers,. ketones, and esters; with materials containing water;
and with certain other systems where a small amount of strongly
absorbing compound can mask the absorption. of the other ma
terials present.

Both the ultraviolet and infrared met,hods are sensitive to
small amounts of an absorbing material and are often useful for
the detection and estimation of small concentrations of certain
impurities in an otherwise relatively pure material. Both meth
ods are more accurate for determining small concentrations
than they are for large concentrations of an absorbing constituent.

Although in practice most of the hydrocarbon samples sub
jected to analysis by the infrared absorption methods are rela
tively simple-that is, they contain from two to four compo
nents-as many as nine individual hydrocarbons may be deter
mined in one sample. For ultraviolet absorption analyses the
samples should be less complex, and a maximum of perhaps four
hydrocarbons which absorb should be determined in a single
sample.

Since the relationship between the volume fraction concentra
tion of a compound and the intensity of" the Raman lines is a
linear one for most hydrocarbon mixtures, the concentrations of
compounds as high as 100% can be determined without dif
ficulty. For the infrared and ultraviolet absorption methods
the relationship between transmission and concentration is
logarithmic., On the other hand, the Raman spectra are usu
ally not sensitive to small concentrations such as 1 to 5% and
in a mixture these minor components may even be missed quali
tatively. This is no disadvantage when only the concentra
tion of the major constituent is desired.

Mixtures having as many as nine components have been ana
lyzed by their Raman spectra at these laboratories. However,
such complex analyses are rather unusual and the study of the
spectra and the computations involved become rather tedious.
The time required for an analysis depends on the number of
components and the similarity of their spectra. Usually about
one hour is required for preparing the sample, scanning th,e spec
trum, and processing the record. This is required for all sampies.
In addition, examination of the spectrograms and the qualitative
and quantitative analysis of 2- or 3-component mixtures take
about 0.5 to 1 hour except for routine work where the time will be
somewhat less. For 5-component mixtures the examination of
the spectrograms and the analytical computations may take as
long as 3 hours.

The sample size required for the regular Raman tubes is 35 mI.,
although some analyses have been made, using specially designed
tubes on as little as 12 m!. with the present apparatus. It is
belie;ed, however, that recording instruments could be built
which would use considerably smaller sample tubes.
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Figure 1. Schem.atic Diagram of Spectrograph
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Figure 2. Ram.an Sam.ple Tube

is an overlapping of the Raman spectra produced by the 4078
and 4047A. lines with that of the 4a.'i8A. mercury line, these first
two must be filtered out. For this reason both tubes are filled
with a solution of sodium nitrite which serves as a filter to remove
the 4078 and 4047 A. radiation, as well as a small amount of the
ultraviolet light which may not have been removed by the glass
envelopes of the lamps. For the present unit a tube 6.25 cm. (2.5
inches) in diameter and containing a solution of about 35 grams
of sodium nitrite per 100 grams of water has been found to be most
satisfactory.

The Raman sample tube as shown in Figure 2 was designed for
this apparatus, so that an additional filter solution could be
placed in the light 'path and constant-temperature water circu
lated around the tube. The arrangement shown has the advan
tage over previously used separate filter holders and c~oling sys
tems in that there are fewer glass-to-air st.rfaces, resulting in less
surface reflection losses. The elimination of ring seals at the bot
tom of the tube allows the sample to be irradiated as far down as
the plane window. The all-glass construction facilitates clean
ing. (The sample tubes were made by the Pyrocell Manufac
turing Co" 207-211 East 84th St., New York 28, N. Y.)

Distilled water is circulated through "the outer jacket of the
tube from a constant-temperature supply by means of a small
centrifugal pump.

The inner jacket has one opening through which a filter solu
tion can be added to remove as compilltely as possible the mercury
continuum between 4400 and 4700 A. A saturated solution of
praseodymium ammonium nitrate has proved to be most ef
ficient for this purpose. Since this salt was rather difficult to
purify, a commercial mixture of approximately 50% praseo
dymium, 30%, Lleodymium, and 20% lanthanll.m salts was
tried and .found satisfactory (supplied by Lindsay Light and
Chemical· Co., West Chicago, IIl.) .

The sample tubes shown in Figure 2 require a 35-m!. sample;
however, when only smaller amounts of.material are available
a tube of somewhat similar des.ign is used in which glass wedges
are cemented into the tube to fill part of the useless volume.
Samples as small as 12 ml. have been used in these modified
tubes.

Immediately below the sample tube a slide containing a Polar
oid disk may be inserted. Either the parallel or the perpendicu
lar component of the Raman lines can be selected for recording by
rotation of the Polaroid. The method of determining depolari
zation factors from the records of the two components has been
reported in the literature (21).

Spectrograph. The grating mounting is a stigmatic type
similar to that described by Meggers and Burns (16) except that
the grating is mounted on a turntable and an exit slit is used to
make the instrument a monochromator. The diffraction grating
was ruled at Johns Hopkins University on a Pyrex mirror. The
grating has a ·ruled area of 7 by 3.25 inches with 15,000 lines per
inch and a radius of curvature of 15 feet.

The grating and its support bracket are mounted on a pre
cision turntable which can be turned by means of a motor drive,
so that the spectrum passes by the exit slit at a rate of 11 A. per
minute. A suitable gear 'mechanism is provided for a small
revolution counter, which indicates directly the wave length in
Angstroms, and for a switch mechanism which places fiducial
marks on the record at 5 and 25A. intervals. The 5A. marks
are placed on the record by flashing a light in front of the re
corder, so that the entire slit is illuminated and a line approxi
mately equal to the width of the ;slit appears on the finished rec
ord. The darker 25 A. marks are recorded by a brighter light
in front of the slit. For this purpose a two-filament automobile
lamp serves very well, one filament being used for the 5 A. marks
and two for the 25 A.marks.

The collimating mirror, M 3 , is made from a 25-cm. (lO-inch)
Pyrex telescope blank ground and polished to a parabola having
a focal length of 94.5 inches. The mirror is front-surface alumi
nized. The mounting bracket is adjustable, so that the mirror
may be properly aligned and focused.

The entrance and exit slits of the spectrometer are bilateral
and adjustable. Both slits are set at 0.6-mm. opening which
gives a resolution of about 15 cm. -1 for the spectrograph. The
exit slit assembly may be removed and a plate holder inserted for
photographic recording if desired.

A simple one-element condensing lens, C" serves to focus the
light passing through the slit onto the sensitive surface of the
phototube.

Detector. A specially designed refrigerator compartment, R1,

is used to house the phototube aSl$embly, so that the unit can be
kept at dry ice temperature while in Use. This refrigeration is
necessary to reduce the fluctuations in the thermal dark current
of the tube. The phototube, an RCA 1P21 multiplier type,
and the voltage divider sl1Pplying the tube are enclosed in an air-
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and the grating, G. The grating can be rotated bY' means of a
motor drive so that the spectrum passes the exit slit at a rate of
abo~~l1 A. per minute.
• Individual lines are focused on the phototube, P, by means of

lens C2• The phototube (RCA-1P21) used here as a detector is a
cascade type which greatly amplifies the initial photocurrent be
fore it leaves the tube. The signal is further magnified by an
amplifier and .the fluctuations produced in the plate current are
passed through the galvanometer, producing rotation of the gal
vanometer coil. The movement of the coil is recorded by the
movement of the light images, 13 to IT, produced by the rotation
of galvanometer mirror Mi. The movement of the light images
together with. the movement of the paper past the slit of the re
corder produces a continuous curve showing the Raman spec
trum of the sample.

To aid in the analysis of the spectrum a mechanism for putting
wave length calibration lines on the trace is connected directly
to the driving mechanism..

Light Source. The divergent light from the mercury vapor
lamps (Type H-1, 400-watt) is focused in the horizontal plane by
means of the cylindrical filter tubes, F 1 and F 2, so that an intense
beam passes through the center of the Raman tube. Since there
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tight case in· the center of the refrigerator. A light tunnel, con
taining two glass windows to minimize heat transfer, allows light
focused by lens C2 to fall ~n the photosensitive surface of the
,tube.

For all the Raman work which has been done with this detec
tor a potential of about 110 volts per stage has been used. This

VOL U MEl 9, N O. 1 0

is Bupplied .from a set of 24 radio B-batteriesin series with ..
voltage divider.

Amplifier and Recorder. The signal from the phototube ill
passed to a one-stage direct current amplifier employing an RH
507 amplifier-electrometer'tube. The grid bias and the pIate
and filament currents are supplied from Willard low discharge wet

4700 4675

I
1,1.,3-TRIMnHYLBENZENE

8 . 8
-WAVE NUMBER SHIFT" (a."cm-')

4550 4525

~

i
~
~

~
~
.~

<>

§ 0
0...

I I

WAVELENGTH. A

Figure 3. RaITlan Spectra of a Known Mixture and Its COITlponents

1,3,5-Trhnethylbenzene
1,2,4-TriD"lethylbenzene
1,2,3-Trimethylbenzene

Total

COlDposition, VolulDe. %
Known DeterIDined

33.3 33.6
33.3 33.4
33.4 33.0

100.0 100.0
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storage batteries. These batte!ies provide. an. exceptio~ally
steady output which, together with p,roper shwldmg! good m8U
lation and drying of the amplifier case make the umt extremely
stabl~for long periods of time.

The plate current from the amplifier is led to an opposing po
tentiometer circuit which cancels the steady plate current and
leaves the variable signal to be fed to the recording galvanom
eter. A variable shunt across the galvanometer allows the
sensitivity to be changed.

The recorder automatically feeds the photographic paper from
a 25O-foot roll past the recording slit, on w.hich the galva~omet~r

light images are focused, and into a receiver. The ~ntlre umt
is light-tight, provision having been made for shearm~ off the
record and closing the receiver so that the photographic paper
can be removed to the darkroom for processing.

The system of multiple lights and a concavegalvanom~ter
mirror for use with the photographic recorder allows defle.ctlOns
of approximately 30 inches to be recorded on paper only 6 mches
wide (19).

ANALYTICAL PROCEDURE

Treatment of Sample. The method of obtaining the Raman
spectra requires that the samples examined be relatively free of
dust; turbidity, colored material, and fluorescing impurities.
The presence of an excess of any of these may make the spectra
obtained unsuited for analytical work. Their removal is usually
necessary.

Dust and suspended matter in a sample cause an increase in
background by reason of the Tyndall effect, the suspended ma
terial scattering the light of the mercury continuum. The random
movements of the particles cause fluctuations in the amount of
this scattered light with resulting errors in the Raman line in
t.ensity measurements, particularly with recording instruments.

Fluorescent impurities are often present in hydrocarbon sam
ples and may originate from oxidation of the hydrocarbon, con
tamination by stopcock lubricants, rubber, material extracted
from corks and plastic bottle caps, and countless other sources.
The usual effect of these is to increase the amount of continuous
radiation entering the spectrograph. Since the random fluctua
tions in the output of the phototube increase with increasing
amounts of light, strongly fluorescing samples will cause random
fluctuations which can entirely mask the rather weak Raman
radiations. This can make the record useless for apalytical work.

Samples which are 'colored in themselves or which contain
°Jolored impurities where the absorbing region lies in the wave
length region of their Raman spectrum do not lend themselves to
an811ysis by the Raman teChnique. If either the exciting light or
the Raman spectrum is absorbed there will be a decrease in the in
tensity of the Raman lines and any quantitative comparison with
external standards becomes difficult. Some work done in these
laboratories has shown that a sample which has a transmittance
between 4300 and 4700 A., of 99% through a l-cm. path will have
Raman lines only 90% as intense as those of a sample whose trans
mittance is 100%.

Several methods of treating samples to remove these materials
have been described (11, 14). The one which appeared most
satisfactory for hydrocarbon analysis was a simple distillation
where the distillate was collected directly in the, Raman tube.
[n the case of mixtures, the distillations must be carried to dry
ness in order to avoid any effects of fractionation and consequent
changes in sample composition. In almost all the cases en
countered, the dust and the fluorescent and colored contaminants
were removed by this simple distillation; however, some samples
of aromatic hydrocarbons, which had been obtained from hydro
carbon mixtures by extraction with aniline, remained colored even
after this treatment. It was found that a distillation in which
the vapor was passed through hot activated silica gel cleaned the
sample~ sufficiently to obtain satisfactory Raman spectra.
Known samples treated in this manner showed no detectable
change in composition due to selective adsorption.
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Production of Spectrograms. 'The usual procedure in record
ing the spectrum of a sample is to place in the appara~us a tube
containing pure carbon tetrachloride. The short sectlOn of the
spectrum which includes the AI' = 459 cm.-' line of this material
is next scanned for intensity calibration purposes. The tube
containing the sample for analysis is then inserted in the instru
ment and the spectrum from 1700 to 150 cm.- I (4725 to 4385 A.)
recorded. A second carbon tetrachloride calibration mark is
recorded for a check of the first calibration and if, after processing
the recording, the two standard deflect.ions. of carbon tetrachlo
ride taken before and after the determmatlOn of the spectrum of
the ~ample, are found to agree with.in 2 or 3%, the spectrogram
of the sample is used for the analytiCal work.

Analysis of Records. For qualitative' analytical work th"
number of possible compounds which must be looked for in an
unknown sample may be considerably narrowed down by a knowl
edge of the source of the sample, the boiling point range, re
fractive index, bromine number, etc. The analysis then usually
involves only the direct visual comparison of a few spectrograms
of known compounds with the spectrogram of the unknown. An
alternate method lies in calculating the wave number shifts of
the 'Raman lines of the unknown sample and comparing these
data with the tables prepared for the p~re compounds, similar
to those given in this paper.

For quantitative work a base line curve, as shown in Figure 3,
must be drawn on the' spectrogram. Since the intensities of the
Raman lines are directly proportional to the galvanometer
deflections, and hence proportional to the heights of the lines
above the base line on the spectrogram, the various lines suitable
for analytical purposes are measured. The scattering coefficients
or the ratios of the heights of these lines to the height of the
AI' = 459 cm. -I line of carbon tetrachloride are then calculated.
The scattering coefficients of the corresponding lines of the pure
compounds are next obtained in the,same manner. The con
centration of the compound present for which the analysis is
being made ordinarily is the ratio of the scattering coefficient for
one of these lines in the mixture to that of the corresponding line
in the pure material.

For most hydrocarbon mixtures, particularly those in which
the components are all of the same molecular type, there is a
direct proportionality between the scattering coefficient and the
volume fraction of the compound present. For mixtures of
dissimilar types, such as aromatics and paraffins, there may be
deviations from this direct proportionality and additional cali
brations may be necessary before accurate analyses can be made.

In determining the percentage of each component present it.
is desirable to choose positions on the trace where only single
substances have moderately strong lines. If the number of com
ponents in a mixture is sufficiently small and the spectrum of each
component contains several lines, it is usually possible to find
more than one peak in the clear for each substance. Figure 3
shows the spectrum of a mixture and the spectra of the pure hy
drocarbons in it. The various Raman lines used in the analysis
for each of the components have been marked with circled num
bers.

If the values obtained from the various peaks for one compound
do not check each other sufficiently well, the spectra of the com
ponents believed to be present should be rechecked to determine
whether some interference has been overlooked or whether the
sample is colored. The position of the base line curve should
also be checked to see if a slight change in its location could
account for the discrepancy. When values are found for all
the substances which have peaks in the clear~ these may 'be used
to apply corrections on peaks where a .component of known per
centage may be interfering with a component whose percentage
is still unknown. For complex mixtures it may be necessary to
apply several corrections to a peak in order to obtain a value
for one ofthe components which cannot be found simply: When
corrections are applied to a peak, they must not be a substantial
part of its 4eight or the error caused by uncertainty in the baSt>
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Table I. Analysis of Known Hydrocarbon Mixtures

Boiling Boiling
Deter-Point, Deter- Point,

Cor- Known mined Cor- .Known mined
reeted Compo- Compo- rected Compo- Compo-

to 760 sitioD, , sition, Differ- to 760 sition, sition, Differ-

Mm. of Volume Volume enee, Mm. of Volume Volume enee,

Compound Hg, 0 C. %,A %,B A-B Compound Hg,O C. %,A %,B A-B

l,2,3~Trimethylbenzene 176.1 50.0 50.1 -0.1 l,2-Dimethylbenzene 144.4 13.3 13.8 -0.5
1,3,5-Trimetbylbenzene 164.7 50.0 50.2 -0.2 Isopropylbenzene 152.4 16.7 16.1 0.6

n-Propylbenzene 159.2 16.7 15.3 1.4
100.0 100.3 I-Methyl-3-ethylbenzene 161.3 13.3 14.6 -1.3

I-Methyl-4-ethylbenzene 162.0 3.3 4.2 -0.9
I-Methyl-4-lsopropylbenzene 177.1 43.4 42.7 0.7 2-Cyclopentylbutane 154.4 36.7 36.7 0.0
1,2,3-Trimethylbenzene 176.1 56.6 56.7 -0.1

100.0 100.7
100.0 99.4

1"Methyl-2-ethylben,;ene 165.2 3.9 3.8 0.1
I-Methyl-3-ethylbenzene 161.3 13.9 16.1 -2.2 1,2,4-Trimethyllienzene 169.2 5.4 5.2 0.2
I-Methyl-4-ethylbenzene 162.0 13.4 15.6 -2.2 1,3,5-Trimethylbenzene 164.7 15.1 15.9 -0.8
n-Propylbenzene 159.2 72.7 72.2 0.5 Paraffin-naphthene mixturea 75.6 74.5 1.1

100.0 103.9 100.0 99.4

l,2,3-Trimethylbenzene 176.1 33.3 33.0 0.3
i~Ki~~E3~:~:lbenzene

159.2 6.1 5.2 0.9
1,2,4-Trimethylbenzene 169.2 33.3 33.4 -0.1 161.3 8.9 9.5 -0.6
1,3,5-Trimethylbenzene 164.7 33.4 33.6 -0.2 I-Methyl-4-ethylbenzene 162.0 1.6 2.3 -0.7

-- 1,3,5-Trimethylbenzene 164.7 2.4 2.3 0.1
100.0 100.0 Para:ffin-naphthene mixture" 81.0 82.0 -1.0

I-MethyJ-3-ethylbenzene 161.3 10.6 9.1 1.5 100.0 101.3
I-Methyl-4-ethylbenzene 162.0 10.2 8.5 1:7
n-Propylbenzene 159.2 65.3 70.3 -5.0 2-Methylpentane 60.3 30.8 32.6 -,~,8

l,3,5-Trimethylbenzene 164.7 13.9 14.1 -0.2 3-Methylpentane 63.3 30.8 29.5 1.3
n-Rexane 68.7 38.4 37.9 0.5

100.0 102.0 --
1,3,5-Trimethylbenzene 164.7 35.2 34.0 1.2

100.0 '100.0

n-Propylbenzene 159.2 15.6 15.6 0.0 3cMethylpentan e 63.3 30~8 31. 6 0.8
I-MethyI-2-ethylbenzene 165.2 17.2 16.2 1.0 n-Rexane 68.7 38.4 38.5 -0.1
1,2,4-Trimethylbenzene 169.·2 13.7 12.7 1.0 Methylcyclopentane 71.8 30.8 30.7 0.1
tert-Butylbenzene 169.1 18.3 19.3 -1.0 --

100.0 100.~
100.0 97.8

n-Hexane 68.7 38.4 36.2 2.2
Ethylbenzene 136.2 50.0 50.1 -0.1 Methylcyclopentane 71.8 30.8 31.5 -0.7'
2,2,5-Trimethylhexane 124.1 50.0 50.4 -0.4 Cyclohexane 80.7 30.8 33.7 -2.9

-- --
100.0 100.5 100.0 101.4

a Petroleum fraction having a boiling point of approximately 160 0 C. This mixture had been extensively extracted with 98% sulfuric acid to remove
aromatic hydrocarbons.

line location will be prohibitive. This doubt in the position of
the base line makes it nearly impossible to use simultaneous
equations for peaks common to several components and still
obtain good results. As a final check on the values obtained,
the total should equal 100%. If the total is over this, the base
line should be checked to see if it has been drawn too low. If
the total is less than 100%, the sample should be checked for
color, the base line should be checked to see if it is drawn too
high, and, finally, the qualitative analyses should be checked to
see that no components have been overlooked.

ANALYTICAL RESULTS

To test the reliability ofthe method of analysis several known
mixtures of hydrocarbons were analyzed. The analyst was not
given any information about the samples except the approximate
boiling point range and the knowledge that he had at his disposaJ
the spectra of the pure components from which the blends were
prepared. The selection of the components for these blends,
alt.hough dictated somewhat by the availability ofthe materials
used, wll-s such that the samples were in general similar to the
fractions which might be obtained from a fractional distillation
that is, they consisted of a mixture of close-boiling materials.
The mixtures examined were blends of aromatics, paraffins,
naphthenes and aromatics, naphthenes and paraffins, and paraf
fins and' aromatics.

The results of some typical analyses are given in Table I.
The percentage error in the analyses, based on the total sample,
varies somew4at from compound to compound and is largest in
mixtures where the components have similar spectra and in
mixtures which have a large number of compounds present. In
the former case the analytical difficunies are encountered in over
la(lping lines, while in the latter t.he principal difficulty is the

uncertainty of the base line location. In general, the Ram,ap
analyses have been found to be correct to within 2 percen'tage
units.

CORRELATION OF RAMAN DATA AND MOLECULAR STRUCTURE

Since the Raman spectrum of a material bears a direct rela
tionship to the characteristic frequencies of the various parts of a
molecule, the careful examination of the spectrum of a compound
should provide information on its molecular configuration. Such
knowledge is useful in the study of petroleum fractions where
certain types of compounds, which have either not been prepared
or are not available for study in their pure state, are to be iden
tified. As additional improvements are made in distillation,
extraction, and other separational processes for the higher
boiling naphtha and gas oil 'fractions these correlations, together
with those based on the infrared spectra (3), should be invaluable
in studying the composition of petroleum fractions.

Of specific' interest in the analysis of hydrocarbon mixtures
are certain correlations between the Raman spectra and molecu
lar structure which have been made in the course of this work,
as well as those which have been publ,ished by Kohlrausch, Pon
gratz, Reitz, and their co-workers (15} and by many others (13).
These are summarized in the following paragraphs.

Aliphatic Olefins. Compounds having a C=C bond show a
strong Raman line between 1600 and 1685 em. -1; the exact position
depending on the configuration of the rest of the molecule. In
general, the depolarization factor, Pn, for this line is low-namely,
between 0.15 and 0.3.

In compounds of the type CH2=CHR, and CH2=CRR',
where R is any hydrocarbon radical, the strong Raman line'lies
between about 1640 and 1655 cm. -1, while in compounds of the
type HRC=CHR', RR'C=CHR", and RR'C=CR"R'"
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this frequency is shifted to
about 1660 to 1685 cm.-1

Compounds of these latter
three types may show geo
metrical isomerism and in
these cases the frequency is
greater by at least 15 units
for the trans- than for the
cis-isomers.

Compounds which have the
structure 'RHC=CHR',
where a hydrogen atom is
present on both of the car"
bons which are connected by
the double bond, show a
Raman line' between 1420
and 1428 em. -1 Pentene·l
and 2-methyl-l-butene are
exceptions. This also holds
in the cases of the diolefins
studied.

In general, normal mono
olefins and some diolefins
have strong lines between
1290 and 1300 em. -1. The
depolarization factor of the
line varies from about 0.2 to
0.25 for the mono-olefins
while for diolefins it is 0.3
or greater.

Mononuclear Aromatics.
The Raman spectra of the
aromatic hydrocarbons have,
in general, lines which are
quite intense, and sharp as
compared with the rather
wide bands of comparatively
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Spec
trum
No.

Spectra Numbers and Properties of Pure Paraffin Hydrocarbons

Boiling Point at Refractive Index at Source
760 Mm. of Hg, 0 C. 20 0 C., n 2ri' Estimated of

Deter- Literature Deter- Literature Purity, Com-
mined values" mined values" Mole %b pound'

Table II.

Name of Compound

8-carbon atom
n-Octsne
2-Methylheptane
3-Methylheptane
4-Metbylheptane
3-Ethrlhexane
2,2-Dlmethylhexane
2,3-Dimethylhexane
2,4-Dimethylhexane
2,5-Dimethylhexane
3,3-Dimethylhexane
3,4-Dimethylhexane
2-Methyl-3-ethylpentane
3-Methyl-3-ethylpentane
2,2,3-Trimethylpentane
2,2,4-Trimethylpentane
2,3,3-Trimethylpentane
2,3,4-Trimethylpentane

7-ciarbon atom
n-Heptane
2-Methylhexane
3-Methylhexane
3-Ethylpentane
2,2-Dimethylpentane
2,3-Dimethylpentane
2,4-Dimethylpentane
3,3-Dimethylpentane
2,2,3-Trimethylbutans

5-carbon atom
n-Pentane
2-Methylbutane

6-carbon atom
n-Hexane
2-Methylpentane
3-Methylpentane
2,2-Dimethylbutane
2,3-Dimethylbutane

Q-carbon atom
n-Nonane
2-Methyloctane
3-Methyloctane
4-Methyloctane
3-Ethylheptane
4-Ethylheptane
2,2-Dimethylheptane
3,3-Dimethylheptane
3,4-Dimethylheptane
3,5-Dimethylheptane
4,4-Dimethylheptane
2-Methyl-3-ethylhexane
2-Methyl-4-ethylhexane
3-Methyl-3-ethylhexane
3-Methyl-4-ethylhexane
2,2,4-Trimethylhexane
2,2,5-Trimethylhexane
2,3,3-Trimethylhexane
2,3,4-Trimethylhexane
2,3,5-Trimethylhexane
2,4,4-Trimethylhexane
3,3,4-Trimethylhexane
2,2-Dimethyl-3-ethylpentane
2,4-Dimethyl-3-ethylpentane
2,2,3,4-Tetramethylpentane
2,2,4,.4-Tetramethylpentane
2,3.3,,4-Tetramethylpentane

1O'-carbon atom
n-Decane
2,2,6-Trimethylheptane
2,3,6-Trimethylheptane
2,2,3,3-Tetramethylhexane
2,2,3,4-Tetramethylhexane
2,2,3,5-Tetramethylhexane
2,2,4,5-Tetramethylhexane
3,3,4,4-Tetramethylhexane

ll-carbon atom
n-Undecane
2,2,4,6-Tetramethylheptane

12-carbon atom
n-Dodecane
2,2,3,5,6-Pentamethylhep

tane
2,2,4,6,6-Pentamethylhep

tane

l3-carbon atom
n-T:ridecane

14-carbon atom
n-Tetradecane

7-Methyltridecane

61
62
63
64
65
66
67
68

69
70

71

72

73

74

75

76

174.05
148.2
156.0
159.8
154.3
148.4
148.2
170.9

195.9
161. 9

216.26

188.8

177.8

106.8 at
10mm.

121.1 at
lOmm.

115.3 at'
lOmm.

174.0
148.93
155.2
159.0
156.5<

195.8
162.0-

216.26-

177.2-

236.5-

253.5-

1.4119
1.4059
1.4122
1.4281
1.4226
1.4142
1.4132
1.4379

1.4174
1.4127

1.4217

1.4283

1.4189

1.4256

1.4290

1.4291

1.4114
1.4078-.
1.4130
1.4264
1.4224 •

1:4i33
1.4340-

1.4173
1.4127-

1. 4216-

1.4191"

1.4289-

A
B
B
B
B
B
B
B

A
B

B

B

B

B

B

B

" All physical properties except
those marked _ and' are from (11).
Values from-(1I) are given only to

~:dro~bo~?l~~fr~~ifv~ll:~e~.oint
b Purities listed were determined

by freezing point measurements.
It is believed that all other mate
rials were 98 mole % pure or
higher.

C Source of compounds:
A. Petroleum Refining Labo

ratorr, School of Chemistry and
PhySlCS, Pennsylvania State
College.

B. Organic Research Labora
tory, School of Chemistry. and
Physics, Pennsylvania State
College.

C. American Petroleum Insti
tute Research Project 45 at Ohio
State University. .

D. American Petroleum Insti
tute. Research Project 6 at
National Bureau of Standards.

E. Esso Laboratories, Stand
ard Oil Development Co.

F. Anglo-Iranian Oil Co.•
Sunbury-an-Thames. England._ (6),

< (7).
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Table III. Spectra Numbers and Properties of Pure Olefin Hydrocarbons

Boiling Point at Refractive Index at
760 Mm. of Hg, 0 C. 20° Cot nbo Source

Spec- Litera- Litera- Estimated of
trum Deter- ture Deter- ture Purito/,' Com-

Name of Compound No. mined valuesfJ mined valuesa Mole ob pound t

Olefins
5-carbon atom

I-Pentene 77 30.0 29.97 1.3718 1.3714
99.55' -.;' 0.15

A
cis-2-Pentene 78 37.1 1.3820 D
trans-2-Pentene 79

ili:05
36.36 1.3793 99.91 ... 0.05 D

2-Methyl-I-butene 80 31.10 (3776 1.3778 A
2-Methyl-2-butene 81 38.6 38.53 1.3874 1.3874 A

6-carbo-n a tom
2,3-Dimethyl-1-butene 82 55.6 55.64 1.3902 1.3904 ··99·.'i· A
3,3-Dimethyl-1-butene 83 41.24 1.3760 B

a All physical properties exce.pt-
7-carbon atom those marked d are from (.e).

1-Heptene 84 93.65 93.3 1.3998 1.3994 A Values taken from (.e) are given
only to nearest 0.01 0

. C. in boiling
8w carbon atom

1.4088
point and 0.0001 in refractive index.

1-0ctene 85 121.25 121.27 1.4088 A b Purities listed were determined
2,3,3-Trimethyl-1-pentene 86 118.5 108. 1.4188 1.418 B

faY 6~ri:,"~~j ~~~~t :Ir~w,:~m:'~~~ria~2,3,4-Trimethyl-1-pentene 87 117.15 108. 1. 4136 1.415 B
2,3,4-Trimethyl-2-pentene 88 116.5 116.26 1. 4274 1.4275 B were 98 mole % pure or higher.
2,4,4-Trimethyl-1-pentene 89 101.55 101.44 1.4096 1.4086 B C Sources of compounds:
2,4,4-Trimethyl-2-pentene 90 103.9 104.91 1.4176 1.4160 B A. Petroleum Refining Labora·
3,3,4-Trimethyl-1-pentene 91

1i3:55
105. 1.4144 1.414 B torY, School of Chemistg and

3-Methyl:2-isopropyl-1-butene 92 104. 1.4085 1.409 B Physics, Pennsylvania State ollege.
3,3-Dimethyl-2-ethyl-1-butene 93 117.2 110.0 1.4159 1.416 B B. Organic Research Labora-

tory, School of Chemistry and
\}-carbon a tom Physics, Pennsylvania State College.

3,3-Dtmethyl-2-isopropyl-1- C. American Petroleum Insti-
butene 94 121.6 121. 6d 1.4168 1. 4174d B tute Research Project 45 at Ohio

2,3,3,4-Tetramethyl-1-pentene 95 134.55 132.6d 1.4303 1. 4305 d B State University.
D. American Petroleum Insti-

lO-carbon atom tute Research Project 6 at National
2,6,6-Trimethyl-1-heptene 96 150.4 1.4202 B Bureau of Standards.
2,4,4,5-Tetramethyl-1-hexene 97 158.1 1.4350 B E. Esso Laboratories, Standard

Diolefins
Oil Development Co.

F. Anglo-Iranian Oil Co.,
5-carbon atom Sunbury-on-Thames, England.

2-Methyl-1,3-butadiene 98 34.08 1. 4218 1.4216 A d (6).

7-carbon atom
2-Methyl-1,5-hexadiene 99 88.85 88.1d 1.4187 1. 4184d B

9-carbon atom
2,3,3,4-Tetramethyl-1,4-pen-

tadiene 100 127.7 1.4402 B

A

Source
of

Com
pound'

99.9+

Estimated
Puritll

Mole %b

1.4065

Deter
mined

1.406549.2649.2

Deter
mined

Boiling Point at
760 Mm. of Hg, 0 C.

Litera
ture

valuesG

101

Spec
trum
No.

Spectra NUJDbers and Properties of Pure Naphthene Hydrocarbons-A)kylcyclopentanes
Refractive Index at

20° C., n~
Litera

ture
valuesfJName of Compound

a-carbon atom
Cyclopentane

Table IV.

6-carbon atom
Methylcyclopentane 102 71.8 71.81 1.4098 1.4097 99.63

7-carbon atom
Ethylcyclopentane
1,1-Dimethylcyclopentane
cis-1,2-Dimethylcyclopentane
trans-1,2-Dimethylcyclopentane
cis-1,3-Dimethylcyclopentane

trans-1,3-Dimethylcyclopentane

8-carbon atom
n-Propylcyclopentane
Isopropylcyclopentane
1-Methyl-1-ethylcyclopentane
cis-1-Methyl-3-ethylcyclopen-

tane
1,1,2-Trimethylcyclopentane
l,l,3-Trimethylcyclopentane
cis,cis,cis-l,2 ,3-Trimethyl-

cyclQpentane
~i8tci8,trans-! ,2,3-Trimethyl

cyclopentane
cis,trans,cis-l,2,3-Trimethyl

cyclopentsne
cis,cis,trans-l ,2,4-Trimethyl

cyclopentane
cis ,trans,cis-I,2,4-Trimethyl

cyclopentane

9-carbon atom
2-Cyclopentylbutane

103
104
105
106
107

108

109
110
111

112
113
114

115

116

117

118

119

120

103.45

99.1
91.85

90.5 at
7Z5mm.

89.4 at
725mm.

131.0
126.4
121.45

121.0
113.7
104.9

122.8

117.2

109.9

116.9

109.0

154.4

103.45
87.5
99.25
91.85

90.97

130.8d
126.4d

1i4:0J
115-16d

154.6d

1.4197
1.4137
1.4200
1.4118

1.4081 at
25 0 C.

1.4065 at
25° C.

1.4263
1.4260
1.4269

1.4202
1.4228
1.4111-

1.4263

1.4218

1.4133

1.4183

1.4103

1,4360

1.4198
1.4135
1.4221
1.4119

1.4088

1.4266d
1.4260~

(4238d
1. 4223d

1.4361~

97.1

99.4 ... 0.12

A
B
B
A
D

D

A
A
B

B
B
C

B

B

B

B

B

A

G All physicai. properties except
'those marked d are from (.e).
Values from (.e) are given only to
nearest 0.01 0 C. in boiling point and
0.0001 in refractive index.

b Purities listed were determined
by freezing point measurements.
It is believed that all other mate
rials were 98 mole % pure or
higher.

C Sources of compounds:
A. Petroleum Refining Labora

tory, School of Chemistry and
Physics, Pennsylvania State
College. .

B. Organic Research Labora·
tory, School of Chemistry and
Physics, Pennsylvania State
College. .

C. American Petroleum Insti
tute Research Project 45 at Ohio
State University.

D. American Petroleum Insti
tute Research Project 6 at National
Bureau of Standards.

E. EBBo Laboratories, Standard
Oil Development Co.

F. Anglo-Iranian Oil Co.,
Sunbury-on-Thames, England.

d (6).

10-carbon atom
2-Cyclopentylpentane 121 176.5 177.5d 1.4393 1.4438~ A

12-carbon atom
2-Cyclopenl;ylheptane 122 219.0 1.4450 A



OCTOBER 1947 709

A·
A

A

A

A
D
A
A
A
A

Source
of

Com
pound t

Estimated
Purity,

Mole %b

F. Anglo-Iranian Oil Co., Sun
bury-on-Thames, England.

d (6).

Boiling Point at
760 Mm. of Hg, 0 C.

Litera
ture

valuesa
Deter
mined

123 80.8 80.74 1.4263 1.4262

124 100.8 100.94 1. 4231 1.4231

125 131.7 131.79 1.4330 1.4330
99.8i··"; ·@.03126

129:65
119.50 1.4289

127 129.73 1.4360 1.4360
128 123.35 123.42 1.4270 1.4270
129 124.3 124.32 1.4296 1.4297
130 119.3 119.35 1.4209 1.4209

131 156.6 154.9-155.0d 1.4370 1:4370d '
132 154.4 154.4d 1.4410 1.4408d

Spec
trum
No.

D. American Petroleum Institute
Research Project 6 at National
Bureau of Standards.

E. Esso Laboratories, Standard
Oil Development Co.

Name 01 Compound

6-carbon atom
Cyclohexane

7-carbon atom
Methylcyclohexane

8-carbon atom
Ethylcyclohexane
1,1-Dimethylcyclohexane
ci8-1,2-Dimethylcyclohexane
tran8-1,2-Dimethylcyclohexane
ci8-1,4-Dimethylcyclohexane
tran8-1,4-Dimethylcyclohexane

9-carbon atom
n-Propylcyclohexane
Isopropylcyclohexane

Spectra NUIllbers and Properties of Pure Naphthene Hydrocarbons-Alkylcyclohexanes
Refractive Index at

20°C.,ni? '
Litera-

Deter- ture
mined valuesa

Table V.

• All physical properties except
those marked d are from (2). Values
from (2) are given only to the near
·est 0,01 0 C. in boiling point and
0.0001 in refractive index.

" Purities listed were determined
by freezing point measurements.
It is believed that all other material.
were 98 mole % pure or higher.

c Source of compounds:
A. Petroleum Refining Labora·

eory, School of Chemistry and
Physics, Pennsylvania State College.

B. Organic Research Laboratory,
Scho"l of Chemistry and Physics,
Pennsylvania State College.

C. American Petroleum Institute
JR.esearch· Project 45 at Ohio State
'University.

Sun-

Source
01

Com
pound c

B
B
B

B
B
B
B
A

Esti
mated
Purity,
Mole b

%
Deter
mined

F. Anglo-Iranian Oil Co.,
bury-on-Thames, England.

d (6).
(7).

Deter
mined

Boiling Point at
760 Mm. of Hg, 0 C.

Litera
ture

valuesa

133 42.2 41 9 d 1.4210 1. 4204d
134 75.6 75. 85 d 1. 4319

r:4248d135 65.2 1. 4215

136
12i'.Od

1.4300
1:4445d137 121.9 1. 4457

138 110.65 108.5 6 1.4345 1. 4324d
139 112.3

83: i9d
1.4345

1:4467d140 1.4464

Spec
trum
No.

of Pure Cyclo-olefin Hydrocarbons
Refractive Index at

20° C., nbo
Litera

ture
valuesG

D. American Petroleum Institute Research
Project 6 at National Bureau of Standards.

E. Esso Laboratories, Standard Oil De
velopment Co.

Name of Compound

Methylenecyclobutane
1-Methyl-1-cyclopentene

.3-M ethyl-1-cyclopentene
ci8-3,4-Dimethyl-1-cyclopen-

tene
1,2,3-Trimethyl-1-cyclopentene
2,3,3-Trimethyl-1-cyclopentene
2,3,4-Trimethyl-1-cyclopentene
Cyclohexene

Spectra NUIllbers and PropertiesTahl... VI.

a All physical properties except those marked a
~nd 6 are from (2). Values taken from .(2) are
.given only to nearest 0.01 0 C. in boiling point
ELnd 0.0001 in refractive index.

b Purities listed were determined by freezing
poin.t measurements. It is believed that all
othe-r materials wer.e 98 mole % pure or higher.

C Sources "of compounds:
A. Petroleum Refining Laboratory, School

"f Chemistry and Physics, Pennsylvania State
College.

B,. Organic Research Laboratory, School of
Chemistry and Physics, Pennsylvania State
College.

C. American Petroleum Institute Research
Pro,ject 45 at Ohio State University.

Table VII. Spectra NUIllbers and Properties of Pure AroIllatic Hydrocarbons

Boiling Point at Refractive Index at
760 Mm. of Hg, 0 C. 20° C., n~o . Source

Spec- Litera- Litera- Estimated of
truro Deter- ture Deter- ture Purity, Com-

Name 01 Compound No. mined valuesG mined valuesa Mole %b pound c

6-carbon atom
Benzene 141 80.1 80.10 1. 5012 1. 5011 A

7-carbon atom
Methylbenzene (toluene) 142 110.65 110.63 1.4969 1.4969 A

8-carbon atom
0' Physical properties from (2) are Ethylbenzene 143 136.25 136.19 1.4959 1.4958 A

~ven only to nearest 0.01 0 C. in boil- l,2-Dimethylbenzene (o-xylene) 144 144.4 1.44.42 1.5053 1.5052 A
IDg point and 0.0001 in refractive 1,3-Dimethylbenzene (m-xylene) 145 139.15 139.10 1.4972 1.4972 E
index. 1,4-Dimethylbenzene (p-xylene) 146 138.4 138.35 1.4958 1.4958 A

b Purities listed were determined 9-carbon atom
by freezing point measurements. It n-Propylbenzene 147 159.25 159.22 1.4919 1.4920 A
i. believed that all other material. Isopropylbenzene 148 152.4 152.40 1.4910 1.4913 A
were 98 mole % pure or higher. 1-Methyl-2-ethylbenzene 149 165.15 165.15 1.5042 1.5044 '99: i" Ac Sources of compounds: I-Methyl-3-ethylbenzene 150 161.4 161.30 1.4965 1.4965 95.8 AA. Petroleum Refining Labora- 1-Methyl-4-ethylbenzene 151 161.95 162.05 1.4948 1.4950 95.3 A
tory, School of Chemistg and 1,2,3-Trimethylbenzene 152 176.1 176.15 1.5140 1.5139 A
Ph~.ics, Pennsylvania State ollege. 1,2,4-Trimethylbenzene 153 169.2 169.25 1.5049 1.5048 A. Organic Research Laboratory, l,3,5-Trimethylbenzene 15.4 164.7 164.70 1.4992 1.4991 ASehool of Chemistry and Physics,
Pennsylvania State College. 10-carbon atom

C. American Petroleum Institute n-Butylbenzene 155 183.1 183.28 1.4900 1.4900
99.87';';' D.09

A
Research Project 45 at Ohio State Isobutylbenzene 156

173:i5
172.80

d9DO
1.4865 D

University, . Bec-Butylbenzene 157 173.30 1.4902 A
D. American Petroleum Institute tert-Butylbenzene 158 169.1 169.10 1.4926 1.4927

'99:9' .
A

Research Project 6 at National 1-Methyl-2-isopropylbenzene 159 178.35 178.3 1.5006 1.5006 F
Bureau of Standards. I-Methyl-3-isopropylbenzene 160 175.20 175.2 1.4930 1.4930 99.96 F

E .. Esso Laboratories, Standard 1-MethYI-4-isopro~Ylbenzene 161 177.15 177 .10 1.4905 1.4909
'99:6' .

A
Oil Development Co. l,2-Dimethyl-3-et ylbenzene 162 193.80 193.91 1.5117 1.5117 F

F. AnglO-Iranian Oil Co" Sun- l,2-Dimethyl-4-ethylbenzene 163 189.55 189.75 1.5032 1.5031 99.6 F
bury-on-Thames, England. l,3-Dimethyl-2-ethylbenzene 164 189.95 190.01 1.5107 .1. 5107 99.84 F

1,3-Dimethyl-4-ethylbenzene 165 188.45 188.41 1.5039 1.5038 99.95 F
1,3-Dimethyl-5-ethylbenzene 166 183.65 183.75 1.4981 1.4981 99.93 F
1,4-Dimethyl-2-ethylbenzene 167 186.45 186.91 1.5043 1.5043 99.8 F
1,2-Diethylbenzene 168 183.30 184.5 1.5034 1.5034 99.85 F
l,3-Diethylbenzene 169 181'.2 181.14 1.4953 1.4955 99.4 A
1,4-Diethylbenzene 170 183.60 183.75 1.4947 1.4947 99.65 F
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Table VIII. Spectra Numbers and Properties of Miscellaneous Pure
Hydrocarbons

Boiling Point at Refractive Index at
Esti-

mated Source

Name of
Spec- 760 Mm. of Hg, • C. 200 C., nbo Purity, of
trum Deter- Literature Deter- Literature Mole Com-

Compound No. mined valuesa mined valueslJ %b pound c

lndene 171 182.57 181. 8-182 . 3d 1.5766 1. 5764d A
Hydrin-

dene 172 177.85 177 . 5-178. 5d 1.5383 1. 5383 d A

• All physical properties except those marked d are from (2). Values taken from (2)
are give!, .onl~ to nearest 0.01 0 C. in boiling point and 0.0001 in refractive index.

b Punties hs~ed were determined by freezing point measurements. It is believed that
,all other materIals were 98 mole %. pure or higher.

C Sources of compounds:
A. Petroleum Refining Laboratory, School of Chemistry and Physics, Pennsylvania

State College. .
B. Organic Research Laboratory, School of Chemistry and Physics, Pennsylvania

State College.
C. AmeI:jcan Petroleum Institu(,e Research Project 45 at Ohio State University.
D. AmerIcan Petroleum Institute Research Project 6 at National Bureau of Standards.
E. Esso Laboratories, Standard Oil Development Co.
F. Anglo-Iranian Oil Co., Sunbury-on-Thames, England.
d (6)

CATALOG OF SPECTRA

The usefulness of any spectrographic method of analysis
depends in part on the availability of a set of reference spectra of
the pure materials which are apt to be present in the sample under
examination. For qualitative purposes the spectra of the un
known and known materials. can be compared visually. For
quantitative analytical work accurate values of the wave number
shifts and scattering coefficients must be known. In the present
study on hydrocarbon mixtures the spectra of a large number of
relatively pure hydrocarbons have been measured and assembled.
These are presented here both as reproductions of the original
records obtained with the recording spectrograph and as tables
for quantitative analytical purposes.

Such spectra enable the spectroscopist to foresee the difficulties
attending a particular analysis, and possibly, with the aid of
similar infrared and ultraviolet spectrograIllS now being dis
tributed by the American Petroleum Institute (1), to select the,
best method for making the analysis.

In common wiLl all other 'spectroscopic methods of analysis,
the reproducibility and accuracy of the Raman procedure are
dependent upon certain instrument constants. Accordingly,
for the bCf!t quantitative work each spectrograph must be cali
brated with a complete set of the known pure hydrocarbons which
will be found in the samples to be analyzed.

The limitations which govern the applicability of the data
concern only the intensity values. The wave number shifts and
depolarization factors should, of course, be indepeJ?-dent of the
instrument used. The main reason for the discrepancy between
intensities measured on different instruments is the combined
effect of the variation of the degree of polarization of the Raman
lines and the difference between the various instruments in
transmitting the two polarized components of unpolarized light.
The number of reflecting surfitees and their inclination to the
path of the light through the spectrograph determine the fraction
of each kind of polarized light which will be transmitted. For
the instrument described here the ratio of the amount of the
parallel polarized component of unpolarized light ·to that of the
perpendicularly polarized component is 0.9, while for an older
prism instrument (22) the ratio is 0.3. This difference in the
transmittances causes a considerable difference in the scattering
coefficients of the various lines in the spectrum of carbon tetra
chloride. The scattering coefficient of the flv = 313 cm.-1

(depolarized) line is 0.82 for the gratiRg instrument and 0.66 for
the prism instrument.

A second factor which may cause variations in intensities
among different instruments is the combined effect of the spec-

cules may have lines in this region but can
generally be distinguished from the 1,3,5- lines
either because of their lesser intensity or because
they are located closer to 1000 cm.-1

In the 1,2,3- and the 1,3,5-trisubstituted and
probably in all the hexasubstituted aromatics, the
1600 em. -1 line is not split into a pair as in the
case of the 1,2-disubstituted compounds.

Alkyl Cyclopentanes. Cyclopentane, its mono
substituted, its 1,1- and 1,2-disubstituted, and its
1,1,2-trisubstituted compounds can be recognized
by their characteristic line between 884 and 899
em. -I The intensity of this line decreases as the
length of the side chain increases. The depolariza
tion factor is low.

The 1,3-disilbstituted and the 1,i,3- and 1,2,3
trisubstituted compounds do not show a strong line
in this region.

All the cyclopentanes have a common line be
tween 1450 and 1470 cm. -I In general, this line
lies below 1460 em. -I except when the substitution'

1,3-position.is in the

MONOSUBSTITUTED AROMATICS. All monosubstituted aro
matics retain some of the strong Raman lines of benzene with but
slight shifts of frequency. The lines most characteristic of this
group are at about 617, 1001, 1030, and 1200 cm.- I The line
at 614 to 620 cm. -1 (scattering coefficient greater than 0.1, de
I:!0larization factor = 0.65 to 0.88) is easily distinguished from
hnes of other compounds in this range by its comparatively high
intensity and by its depolarization factor. The Raman line at
999 to 1006 cm.- 1 is very intense (scattering coefficient = 0.55
to 0.9, depolarization factor = 0.1 to 0.2) but polysubstituted
compounds where the substitution is in the 1,3-position also have
lines in this region which cannot be distinguished from the lines
characteristic of monosubstitution. The Raman line at 1025 to
1035 cm.- I for monosubstituted aromatics (scattering coef~
ficient = 0.1 to 0.28, depolarization faCtor = 0.1 to 0.2) occurs
with strong lines for 1,2-disubstituted molecules in the region of
1030 to 1050 cm.- I although, in general, the scattering coef
ficients for these disubstituted compounds are somewhat greater
than for the lines of the monosubstituted type.

The Raman line for monosubstituted compounds at 1183 to
1208 em.-I (scattering coefficient = 0.11 to 0.3) lies in the same
region as that characteristic of 1,4-disubstituted molecules.

DISUBSTITUTED AROMATICS. Characteristic of 1,2-disubstitu
tion is a strong Raman line between 1030 and 1050 cm.- I (scat
tering coefficient = 0.23 to 0.45) and in approximately the same
range as a line of the monosubstituted molecule. Between 1313
and 1330 em.-1 all polysubstituted aromatics where substitution
is in the 1,2 position have a weak Raman line (scattering coef
ficient = 0.015 to 0.11). The 1600 cm.- I Raman line common
to all aromatics is generally split into a pair of lines approxi
mately 20 to 25 cm.- I apart for 1,2-disubstituted aromatics.

The 1,3-disubstitution is characterized by a rather strong
Raman line (scattering coefficient = 0.1 to 0.18, depolarization
factor = 0.7 to 0.9) between 638 and 641 cm.- I as well as a strong
line between 1187 and 1200 cm.- I (scattering coefficient = 0.15
to 0.35). The latter line occurs in the same region as one of the
monosubstituted type.
TRISUBSTITU~rED AROMATICS. 1,.2,3- and 1,2,~trisubstituted

aromatic hydrocarbons show strong Raman lines between 465 and
480 cm.- I Tbe 1,2,3- lines lie between 479 and 482 cm.- I

(scattering coefficient = 0.1, depolarization factor = 0.64 to
0.76) while those of the -1,2,4- type lie between 465 and 476 cm.- I

(scattering coefficient = 0.08 to 0.22, depolarization factor =
0.3 to 0.5). .

A Raman line at 990 to 995 cm.- I with a high intensity (scat
tering coefficient = 0.45 to 0.7) occurs only for the 1,3,5-trisub
stitution. The 1,3-disubstituted and 1,2,3-trisubstituted mole-

low intensity obtained for many of the paraffins and olefins. All
the aromatics have in common one or two rather strong
lines near 1600 cm. -" believed by many investigators to
correspond to the 1650 em. -I line of the C=C group found in
olefins. In addition, all substituted aromatics, where a methyl
group is attached directly to the ring, show a rather strong line
between 1373 and 1393 cm. -I (scattering coefficient = 0.05 to
0.25). Also, in common with all substituted aromatics, where the
substituting group contains the CH, group, is a Raman line be
tween 1430 and 1460 cm.- I
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trograph resolution and the, Raman line width. In order that
enough light flux may be obtained at the phototube when re
cording Raman spectra photoelectrically it is necessary to open
the slits more than is sometimes required for photographic work.
Although most Raman lines have a considerable width and may
be wider than the slits, some are also narrower and their shape
and apparent intensity on the recQrding will vary with the slit
width.

All the spectra presented here were obtained using the 43581.
mercury line as the exciting frequency, and since the 4347 and
4339 1. mercury lines could not be removed some very weak
Raman lines due to them are shown in the records. The in
tensities of these triply excited Raman lines for the 4358, 4347,
and 43391. mercury lines are in the ratio of about 1:1/15:1/30,
respectively. Since the main utility of these spectra will be for
analytical work and since these triply excited lines occur only for
strong Raman lines, they have beenincluded in the tabular data
given here. The wave number shifts have been calculated as
though they originated from the 43581. mercury line.

The values recorded for the Raman frequencies in the tabular
data are correct to within =5 cm. -1 Experimental data have
been reported exclusively rather than the values corrected to
agree with the averages rep~rted by other investigators. The
values for the depolarization factors listed in the tabular data
are believed to be most accurate where the Raman lines are iso
lated and somewhat less accurate where the lines are relatively
close together. The latter values are, however, still useful, for
the assignment of molecular vibrations.

The spectra presented are divided into groups accor~ling to
molecular structure, each group being then arranged in order of
molecular weight and of increasing complexity of structure. The
groups are: paraffins, olefins and diolefins, naphthenes (including
alkylcyclopentanes and alkylcyclohexanes), aromatics, and mis
cellaneous hydrocarbons.

The indexes of the spectra, given in Tables II to VIII list in ad
dition to the name and the spectrum number the physical prop
perties of the compounds examined, the best literature data on
the properties (2, 6, 7), the sources, and, when known, the puri
ties of the hydrocarbons. In many cases the purities have not
been separately determined. However, the physical properties
and the methods of preparation indicate that the purities are 98
mole % or higher.
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On the following pages (712 to 765) will be found data
in the forlD of graphs and tables on the RalDan spectra of
172 hydrocarbons. Indexes for these graphs and tables are
given in Tables II to VIII.
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Raman Spectral Data for Hydrocarbons
Scattering Scattering Scattering ScatteringaI', cm.-1 Coefficient p .lv, em.-1 Coefficient p .6.1', cm.-1 Coefficient p .::lv, cm.- t Coefficient

No. I. n-Pentane No.7. 2,3-Dimethylbutane No. 12. 2,2-Dimethylpentane No. 17. n-Octane
336 0.020 i77 0.033 324 0.061 189 0'.020400 0.075 0.3 502 0.029 340 0.069 0:56 285 0.056468 0.019 730 0.161 0:09 496 0.052 811 0.014764 0.024

oj 754 0.091 0.2 693 0.013 851 0.026841 0.080 ,68 0.035 0.7 746 0.165 0.08 889 0.041 0.3
866 0.064 0.3 939 0.117 0.57 880 0.070 0.61 969 0.015
911 0.019 0.9 1038 0.041 0.7 928 0.091 0.70 1036 0.039 0.41031 0.048 1165 0.060 0.62 1044 0.060 0.5 1070 0.060 0.581075 0.051 0.87 1200 0.0305 0.5 1105 0.025 1083 0.062 0.551148 0.026 1306 0.044 0.7 1210 0.070 0:56 1144 0.028

1308 0.050 0.67 1348 0.031 0.9 12."4 0.0052 0.64 1207 0.0061457 0.144 0.74 1401 0.134 0.77 127.0 0.02.5 1307 0.072 0:11
1320 0.023 0:7 14.53 0.1058 0.74

No.2. 2-Methy1butane 1458 0.165 0.82 1464 0.133 0.77

368 0.024
i59 0.063

oj No. 13. 2,3-Dimethylpentane765 0.112 No. 18. 2-Methylheptane
794 0086 0.2 No.8. n-Heptane 315 0.018 289 0.049907 0.0.52 0.5 185 0.017 425 0.026 317 0.021
953 0.038 0.7 109 0.061 0:4 459 0.027 384 0.015

1019 0053 0.6 393 0.013 553 0.014 i06 0.019
1036 0.056 775 0.009 710 8.041 i34 0.015
1154 0.043 0:7 ,36 0.042 0:3 747 0.067 i58 0.006tl75 0.043 0.6

903 0.044 789 0.017 758 0.0130.3
1280 0.01." 1081 00."5 0.83 849 0.033 0.7 814 0.046
1301 0.01.5 1140 0028 0.0 91." 0.058' 0.5 890 0.024
1343 0031 0:5 1307 0.000 0.76 960 0.060 0.62 958 0.030 0.8
1460 0.139 0.75 1450 0.158 0.84 1041 0.047 0.3 1066 0.034 0.61160 0.053 0.6 '1084 0.029 .0.6

No 3. n-Hexane 1185 0.033 0.7 1149 0.035 0.4
1289 0.030 .0.8 1177 0.022 0.4

186 0.026 1311 0.033 0.9 1214 0.005
311 0.031

1350 0.021371' o 035
0: ill 1311 0.047 0.9

404 0.015 No.9. 2-Methylhexane 1457 0.143 1344 0.030 0.9
820 0.034 0>1 311 0.101 0.2

1461 0.133 0.79

870 0.037
o::i

il0 0.037 No. 14. 2,4-Dimethy1pentane894 0.062 430 0.045
1009 0024 O.ll 612 0.010 306 0.054 0.5 No. 19. 3-Methylheptane
1044 0.045 0.'1 732 0.012 414 0.019 306 0.0361082 0.049 0.74 i66 0.069 0:3782 0.062 750 0.013 765 0.034
1142 0026 0.'1 822 0.093 810 0.167 0.1 820 0.032
1306 0004 0.89 877 0062 0.3 874 0.034
1452 0.156 0.88 896 0.076 0.4 869 0.011

0:4
898 0.056

928 0.033 0.9 924 0.0056 980 0.0329.56 0.068 I.
No.4. 2-Methylpentane 957 0.062 0.9 986 0.018 1044 0.048

1010 0010 1039 0.010 1073 0.042
325 0.037 O.:l 1040 0.041 0.3 1156 0.042 0.4
382 0.009 1073 0.064 0.0 1164 0.081 0.67 1306 0.038 1.
442 0.064 1148 0.060 0.6 12M 0.020
734 0.014 1328 0.055 0.7 1352 0.016.

0:76815 0.091 0:2 1179 0.054 0.7 1348 0.062 0.72 1454 0.175
1213 0.016 0.9 1462 0.144 0.79892 0.031

0:6
1309 0.070 0.74

954 0.040 1345 0.0056 0.73 4-MethYlheptane1041 . 0.046 0.-1 1393 0.025 0.5 No. 20.
1154 0.049 0.6 1464 0.243 0.73 No. 15. 3,3-Dimethylpentane

316 0.075 0.31176 0.036 .0.8 418 0.018238 0.009
1306 0.032 0.9 351 0.030 0.5 451 0~018

1344 0.030 0.8 376 0.031 0.5 824 0.043 ..
1458 '.143 0.85 410 0.022 874 0.034

443 0.018 910 0.033
No.5. 3-Methylpentane No. 10. 3-Methylhexane i82 0.022 1042 0.070 0:7

326 0.035 594 0.006 1156 0.043 0.5
191 0.032

436 0032 638 0.014 1304 0.046 1.
311 0.008 1450 0.150 1.
387 0.022 708 0.023 695 0.203 0.07
445 0.56 816 0.027 854 0.052 0.8
750 0.061 876 0.033 0.8 917 0.062 0.76

929 0.031 934 0.047 0.8 No.2!. 3-Ethylhexane
819 0.047

0:9 984 0.045 1007 0.061 0.7 338 0.028882 0.029
974 0.044 0.6 1036 0.074 0.4 1031 0.050 0:6 434 0.025

1046 0.066 0.3 !l58 0.047 0.6 1085 0.043 0.3 754 0.023
1162 0.036 0.5 1300 0.033 0.7 1200 0.050 0.85 823 0.025

1356 0.018 1217 0.050 0.8 886 0.049
1282 0.026 0.7 1.450 0.171 0:80 1236 0.034 0.8 914 0.0321360 0.021 1296 0.019 0.9 1042 0.096 0:431459 0.145 0.81 1345 0.019 0.9 1156 .0.042 0.6

1396 0.015 0.9 1301 0.033 0.6
No.6. 2,2-Dimethylbutane 1456 0.166 0.93 1459 0.201 0.80

194 0.020
260 0.013 No. 11. 3-Ethylpentane
344 0.041 0.8 No. 16. 2,2,3-Trimethylbutane No. 22. 2,2-Dimethylhexane
361 0.044 0.5 230 0.005

303 0.084 0.4411 0.017 306 0.016 364 0.038 0.7
397 0.041 0:2 '149 0.017 339 0:031 0.7

484 0.029 147 0.041 0.3 520 0.040 465 0.019
612 0.017 346 0.012 630 0.026

oj
495 0.035

659 0.018 686 0.248 746 0.108
714 0.287 0.08 735 0.076 0.1

0.053873 0.051 0.89 832 0.040 830 0.034 0.9 874
0:60901 0.065 0:88 920 0.179 0.65 912 0.087

929 0.094 0.76 1007 0.064 0.67 1000 0.010 928 0.097 0.71
1021 0.036 0.7 1039 0.077 0.62 1090 0.021 1067 0.042 0.5
1080 0.022 1110 0.021 li05 0.030 0.3
1221 0.073 0.86 1164 0.038 0.9

0.058 0.561258 0.053 0.76 1279 0.033 0.6 1220 0.079 0.86 1204
1307 0.027 0.9 1255 0.058 0.82 1251 0.083 0.79

1313 0.020 0.9 '1367 0.019 1331 0.036 0.9 1320 0.038 0.7
1458 0.179 0.84 1461 0.156 0:76 1460 0.129 0.78 1456 Q:177 0.75
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Raman Spectral Data for Hydrocarbons (Continued)
Scattering Scattering Scattering Scattering

.dv, em.-1 Coefficient p aV., cm.-1 Coefficient p 6.v, cm;-l Coefficient p 6.P, cm.-1 Coefficient p

No. 23. 2,3-Dimethylhexane No. 28. 2-Methyl-3-ethylpentane No. 32. 2,3,3-Trimethylpentant No. 37~ 4-Methyloctane

316 0.032 0.4 229 0.015 371 0.044 0.5 290 0.035 0.6
402 0.012 319 0.026 422 0.025 414 0.015
457 0.019 389 O.Oll 0.9 470 0.032 439 0.018
723 0.030 448 0.029 0.5 534 0.021 455 0.018
765 0.050 477 0.024 676 0.178 0.1 739 0.019

788 0.021 556 0.027 826 0.022 0.9 830 0.032 0,4.
849 0.023 605 0.008 900 0.060 0.7 874 0.035 0.4
871 0.026 0.3 720 0.059 929 0.119 0.66 893 0.056 0.7
901 0.049 0.3 767 O.Oll 1016 0.048 0.5 941 0.016 0.6
951 0.030 0.9 821 0.032 0.2 1047 0.025 1044 0.056 0.6

1009 0.026 0.4 864 0.022 0.9 1089 0.031 1066 0.060 0.6
1055 0.037 0.6 913 0.035 0.8 1114 0.020

0>7
1155 0.051 0.8

1163 0.045 0.7 949 0.048 0.5 1218 0.055 1210 0.012
0:841192 0.029 0.8 1044 0.079 0.5 1236 0.044 0.11 1309 0.079

1244 0.008 1133 0.015 1302 0.017 1459 0.194 0.77

1311 0.054 0.7 1166 0.042 0.7 1336 0.030 0.6
1354 0.018

0:81
1183 0.031 0.5 1458 0.147 0.89

1457 0.140 1274 0.022 0.7 1473 0.131 0.87
1317 0.027 0.9
1370 0.019

0>781460 0.146 No. 38. 3-Ethylheptanc

No. 33. 2,3,4-Trimethylpentane
300 0.026

No. 24. 2,4-Dimethylhcxanc 457 0.014
318 0.026 752 0.019

189 0.022
0:3

417 0.026 836 0.024
313 0.037 472 0.077 894 0.040
420 0.028

No. 29. 3-Methyl-3-ethylpentane 572 0.033 941447 0.043 0.027
510 0.011

695 0.011 1047 0.061 0.3
380 0.041 756 0.134 1161 0.031

768 0.040 408 0.054 0.1 1282 0.024816 0.033 0.7823 0.083 0.1 475 0.017 895 0.050 1310 0.034 1: •
859 0.009 681 0.186

0:80 935 0.067 0:-70 1457 0.169 0.86
909 0.024 0.8 875 0.081
960 0.046 0.8

956 0.057 0.79
960 0.047 1.

997 0.027 0.9 1022 0.095 0.52 1000 0.050 0.4
1049 0.014 1088 0.057 0.2 1168 0.066 0.61
1165 0.062 0:83 1192 0.049 0.7 1185 0.061 0.6S

1241 0.012 1279 0.033 1325 0.064 1. No. 39. 4-Ethylheptanc
1274 0.012

1355 0.027 1.
1348 0.032 1461 0.149 0.76 194 0.035

1349 0.032 0.8 1388 0.032
0:85

318 0.061 0:4
1458 0.161 0.80 1454 0.192 433 0.021 0.7
1465 0.156 0.69 612 0.011

0:4727 0.031
No. 34. n-Nonane 773 0.027 0.4

261 0.032 812 0.040 0.3
836 0.030 848 0.039 0.5

No. 25. 2,5-Dimcthylhexane No. 30. 2,2,3-Trimethylpentanc 872 0.038 897 0.066 0.5
891 0.047 0:2 960 0.021 0.5

187 0.023 319 0.063 0.7 1078 0.052 0.90263 0.025 388 0.026 1047 0.112 0.5
311 0.026 456 0.027 1140 0.032 1076 0.053 0.3
440 0.039 526 0.083 1305 0.084 0:93 1154 0.047 0.6
778 0.031 607 0.013 1452 0.158 0.72 1207 O.Oll 0.5

840 0.082
1244 0.014

0:7
657 0.022911 0.017 717 0.168 0:08

1282 0.834 0.5
963 0.056 11.82 827 0.030 0.7

1306 0.074 0.59
1051 0.019 892 '0.071 0.3 No. 35. 2-Methyloctanc 11<56 0.228 0.84
1096 O.Oll 927 0.112 0.67
1154 0.051 0.7 190 (l.029
1175 0.047 0.7

975 0.068 0.5 256 0.034
1305 0.040 0.9

1029 0.038 391 0.018
1341 0.077 1.

1082 0.023
0:82

790 0.018
1369 0.025

1220 0.062 826 0.036 No. 40. 2,2-Dimethylheptane1245 0.056 1.
1459 0.155 0.84 1313

886 0.018 188 0.0280.015 961 0.0211467 0.145 0.79 1350 0.015 1079 0.029 0:9 283 0.033
1457 0.163 0:70 1148 0.034 0.9 348 0.017

1175 0.019 414 0.012
750 0.068

1310 0.048 0.79 930 0.070 0.78
No. 26. 3,3-Dimethylhexane 1345 0.029

1457 0.143 0:7S 1068 0.033
324 0.045 1112 0.019

0:7366 0.038 No. 31. 2,2,4-Trimethylpentane
1202 0.033

492 0.038 1251 0.049 0.5
722 0.124 189 0.012 No. 36. 3-Methyloctane 1314 0.042 0.87
852 0.038 301 0.046 0:6 1455 0.170 0.8D
912 0.038 0.9

423 0.010 229 0.014 1469 0.135 0.88
1019 0.056 0.6 512 0.050 272 0.020
1045 0.062 0.5 695 0.013 295 0.016
1100 0.032 749 0.166 0.06 388 0.013
1208 0.058 0:76 829 0.029 422 '0.016

1306 0.030 904 0.063 0:66 470 0.013
1454 £.169 .:94 931 0.076 0.82 600 0.011 No. 41. 3,3-Dimethylheptan~

959 0.029 0.9 709 0.011
1023 0.011 770 0.027 190 0.019

846 0.020 242 0.013
1106 0.034 0.6 305 0,053
lI79 0.017 0.8 919 0.017 478 0.029

No. 27. 3,4-Dlmethylhexane 1212 0.056 0.76 967 0.021 724 0.096
1254 0.053 0.76 1041 0.057 _0:3

338 0.023 1292 0.028 1069 0.054 0.6 884 0.053
430 0.040 0.5 939 0.041
471 0.023 1361 0.021 0.9 1089 0.036 0.3 1023 0.038 0:4
738 0.031 1460 0.167 0.79 1113 0.020 1060 0.044 0.5
898 0.023 1473 0.134 0.80 lI55 0.042 0:5 1104 0.038

984 0.048
1211 0.019 0.8 1200 0.042 0.71286 0.043 0.7

1039 0.067 1311 0.066 0.5 1320 0.026 0.7
1169 0.040 1401 0.015

0:801286 0.035
0:89

1360 0.046 0.3 1452 0.184
1456 0.162 1459 0.182 0.76 1472 0.122 0.85
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Ralllan Spectral Data for Hydrocarbons (Continued)
Scattering Scattering Scattering Scattering

.6.v. cm.-1 Coefficient p .6'" em. -1 ,Coefficient p A", cm.- 1 Coefficient p .1.1'. cm.-1 Coefficient
No. 42. 3,4-Dimethylheptane No. 47. 3-Methyl-3.-ethylhexane No. 51. 2,3,3-Trimethylhexane No. 55. 3,3,4-Trimethylhexane

189 0.021
0:6

330 0.051 0.3 232 0.018 339 0.044 0.6
305 0.025 369 0.033 322 0.037 484 0.024 0.6
329 0.022 0.6 413 0.016 363 0.022 0.5 532 0.027 0.8
428 0.020 485 0.022 377 0.023 0.6 704 0.150 0.21
730 0.022 539 O.Oll 410 O.Oll 774 0.015
751 0.024 706 0.ll5 0.07 483 0.041 822 0.035 1.
795 0.018 852 0.020 S59 O.Oll 881 0.038 0.6
845 0.025 879 0.047 0:5 691 0.ll2 0.1 916 0.057 0.68
891 0.035 898 0.036 0.7 709 0.078 0.2 977 0.058 0.7
931 0.014 939 0.015 794 0.015 1024 0.052 0.5
969 0.028 0.4 999 0.034 0.9 838 0.018 08 1084 0.026
988 0.031 0.4 1037 0.092 0.60 894 0.059 0.5 ll92 0.052

1035 0.047 0.3 ll04 0.039 0.3 928 0.084 0.74 12ll 0.076 0.68
ll66 0.037 0.8 ll91 0.053 0.62 950 0.043 0.8 1294 0.023 0.8
1301 0.032 0.9 1229 0.026 0.7 1041 0.062 0.6 1349 0.020 l.

1359 0.015 1291 0.021. 0.8 llOO 0.029 0.6
1455 0.190 0.80

1455 0.161 0>76 1304 0.023 0.7 lll4 0.027 0.5
1465 0.147 0.79 1347 0.010

0:80
ll91 0.037 0.9

1454 0.197 1210 0.055 0.9
1230 0.044 0.9

No. 43. 3,5-Dimethylheptane 1256 0.015
318 0.020 1317 0.058 0.9 No. 56. 2,2-Dimethyl-3-ethylpen-
444 0.032 1457 0.164 0.86 tane
767 0.045 187 0.024824 0.055 No. 48. 3-Methyl-4-ethylhexane
892 0.019 308 0.038

337 0.048 346 0.036
936 0.019 439 0.03.7 461 0.016
987 0.060 0:6 480 0.018 . No. 52. 2,3,4-Trimethylhexane 479 0.016

1039 0.044 728 0.035 325 0.025 533 0.0841160 0.053 0:82 825 0.031
1283 0.023 0.7 404 0.016 585 0.008

854 0.023 1. 462 0.057 696 0.021
1304 0.014 917 0.062 0.68 596 0.016 727 0.047
1356 0.035 0:65 985 0.046 0.7 754 0.069 789 0.036
1456 0.179 0.78 1046 0.104 0.50 812 0.037 851 0.0141126 0.015 0.3

0:64874 0.038 925 0.133
No. 44. 4,4-Dimethylheptane 1163 0.049 0.9 918 0.032 0.6 1014 0.046 0.6

1210 0.018 957 0.044 0.87 1027 0.067 0.53
185 0.035 1281 0.029 0.8 1000 0.030 1045 0.038 0.4
318 0.078 0:3 1361 0.021

0:68 1029 0.024 1093 0.016343 0.056 0.4 1461 0.195
0:53435 O.Oll 1166 0.068 1121 0.011

465 0.024 1292 0.023 1201 0.046 0.6
1330 0.030 1226 0.062 ·0.79

493 0.041 1460 0.177 0:79 1235 0.062 0.5
.546 0.013 1310 0.017607 0.006
701 0.011 1356 0.013
753 0.077 0.1 No. 49. 2,2,4-Trimethylhexane 1410 0.019

188 0.020 1454 0.168 0.79
856 0.024 0.8 1466 0.155 0.71
879 0.056 0.82 305 0.038
915 0.036 0.6 490 0.034 No. 53. 2,3,5-Trimethylhexane

744 0.152933 0.028 0.9 827 0.035 315 0.033 0.6
1047 0.093 0.62 428 0.031 0.3
ll08 0:030 889 0.048 0.7 459 0.034

0.4 927 0 ..087 0.82 731 0.0341195 0.053 0.67 999 0.017 765 0.059 No. 57' 2,4-Dimethyl-3-ethylpen-1211 0.056 0:67 1034 0.033 tane1271 0.008 ll06 0.029 820 0.096
1318 0.047 0:6 884 0.029 0.7 324 0.047
1367 0.013 1161 0.020 926 0 ..023 0.5 480 0.058

1210 0.054 0:4 957 0.073 0.89 573 0.0401393 0.009 1250 0.055 0.6 1006 0.026 0.3 720 0.0221449 0.166 0:87 1286 0.041 795 0.0421464 0.136 0.69 1359 0.017 1164 0.068 0.6
1456 0.197 0:89 1190 0.037 0.6 843 0.020 0.8

1253 0.014 886 0.037 0.9
No. 45. 2-Methyl-3-ethy1hexane 1278 0.021

0:7
947 0,099 0.61

1318 0.071 1047 0.051 0.5
191 0.020 1346 0.066

1175 0.055 0.6
310 0.030 0.9
401 0.014 1395 0.043 0.6 1276 0.022 3.5
464 0.019 1464 0.175 0.81 1327 0.050 0.6
564 0.014 No. 50. 2,2,5-Trimethylhexane 1468 0.159 0.74

722 0.029
248 0.033

0:8302 0.044891 0.042 374 0.007953 0.031 407 0.0141052 0.068 0:5 479 0.0481165 0.035 No. 54. 2,4,4-Trimethylhexane
1312 746 0.079

0:2 311 0.030 0.5
No. 58. 2,2,3,4-Tetramethy1pen-

0.037 0.7 828 0.086 tane
1457 0.129 0.70 917 0.093 0.81 422 0.012

0.'023929 0.090 0.85 478 0.020 186
958 0.046 0.8 511 0.022

o:i
324 0.047

No. 46. 2-Methyl-4-ethylhexane 721 0.127 370 0.015
1025 0.020 822 0.040 0.2

457 0.014 ..
310 0.025 1125 0.017 516 0.047
419 0.030 1206 0.058 0:6 871 0.027 OA
4&0 0.035 1257 0.062 0.78 931 0.070 0.7 575 0.041
749 0.046 1322 0.028 0.6 978 0.014 655 0.016

0:09825 0.067 0:2 1018 0.029 0.6 712 0.207
1345 0.033 0.7 864 0.ll9 0.4

881 0.018 1458 0.165 0.74 1051 0.018 922 0.135 0.7.1
918 0.028 0:9 1105 0.040 0.6
955 0.030 0.8 1172 0.030 0.8 993 0.045

1042 0.049 0.4 1205 0.050' 0.6 1028 0.028
1092 0.009 1229 0.029 0.6 1090 0.017

1115 0.018
ll64 0'.050 0.79 1274 0.019 1186 0.032 0.9
1238 0.010 1302 0.023

0:51282 0.016 1355 0.027 1227 0.07:'> 1.
13ll 0.016 0:6 1455 0.179 0.73 1244 0.063 0.68

1305 0.0431342 0.030 1. 1463 ·0.151 0.801457 0.195 0.73
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Ralllan Spectral.Data for Hydrocarbons (Continued)
Scattering Scattering Scattering Scattering

..i.v, cm.- 1 Coefficient all, cnl.-1 Coefficient p 6.v, cm.-1 Coefficient p tiv, ceIl.-1 Coefficient p

No. 59 No. 64. 2,2,3,3-Tetramethylhexane No. 68 No. 72
2,2,4,4-Tetramethylpentane 312 0.099 0.3

3,3,4,4-Tetramethylhexane 2,2,3,5,6-Pentamethylheptane

367 0.030 191 0.015
0:3

193 0.020
275 0.066 0.85 475 0.062 0.9 353 0.139 228 0.024

0:5315 0.052 0.5 523 0.076 0.3 400 0.029 0.7 318 0.021
374 0.031 589 0.043 0.9 460 0.040 0.8 377 0.018
551 0.070 615 0.048 0.7

558 0.010 451 0.012
674 0.021 675 0.205 0.1 601 0.025

0:09
499 0.032

731 0.305 0.06 804 0.013 0.9 658 0.259 551 0.011
0:.2875 0.110 0.42 860 0.144 0.47 840 0.076 0.7 720 0.040

920 0.174 0.73 920 0.146 0.89 914 0.083 0.76 743 0.067
1173 0.061 0.6

1040
926 0.123 0.82 775 0.053

1249 0.206 0.73 0.113 0.79
1085 0.053 0.9 1017 0.123 0.70 878 0.052 0.9

1454 0.191 0.70 1110 0.054 0.9 1061 0.076 0.6 927 0.113 0.82
1475 0.114 0.65 1229 0.159 0.65 1216 0.111 0.77 950 0.071 0.9

1239 0.153 0.78 1237 0.068 0.82 1002 0.043 0.6
1311 0.025 0.8 1028 0.024

1272 0.040 0.8
1320 0.030 0.9 1400 0.042 0.6 1054 0.021
1453 0.181 0.89 1452 0.222 0.79 1103 0.011

0:6No. 60 1474 0.114 0.97 1477 0.126 0.59 1161 0.023
2,3,3,4-Tetramethylpentane 1226 0.049 0.9

1243 0.047 0.9
371 0.058 0.7 No. 65. 2,2,3,4-Tetramethylhexane 1323 0.038 0.5467 0.092 0.2
566 0.009 318 0.032 0.6 1459 0.160 0.78

614 0.021 373 0.019 No. 69. n-Undecane
671 0.248 0.06 451 0.013

476 0.012 191 0.022
786 0.029 517 0.045 245 0.020
872 0.060 403 0.008
922 0.195 0.55 604 0.028 0.9 767 0.017
956 0.041 0.6 661 0.015 836 0.034 0:7 No. 73

1028 0.026 714 0'.124 0.1 22,4,6,6-Pentamethylheptane
772 0.016 881 0.042

1087 0.036 800 0.010 1003 0.025
0:07

240 0.043 0.6
1123 0.025 1075 0.073 327 0.024 0.7
1186 0.036 851 0.058 0.5 1131 0.032 0.6 349 0.024 0.9
1227 0.102 0:68 894 0.028 0.9 1207 0.011 395 0.007
1321 0.060 0.80 926 0.079 0.7 444 0.007

962 0.039 0.5 1305 0.109 0.81
1460 0.171 0.76 987 0.028 0.7 1385 0.027 507 0.047
1470 0.169 0.75 1446 0.191 0:79 547 0.010

999 0.033 0.5 704 0;017
1036 0.039 0.5 757 0.197 0.08
1089 0.015

0:6
872 0.054 0.8

1214 0.058 924 0.133 0.841243 0.052 0.9 1018 0.015 0.6
No.6!. n-Decane 1356 0.034 0.9 No. 70 1084 0.026 0.7

1392 0.043 0.9 2,2,4,6-Tetramethylheptane 1113 0.017
0:7250 0.024 1460 0.166 0.96 1209 0.074

850 0.031 190 0.020 0.83887 0.024 250 0.033 0.8 1248 0.092
1074 0.051 1. No.66. ·2,2,3,5-Tetramethylhexane 301 0.016 1282 0.041 0.7
1136 0.026 352 0.016 1355 0.017 0.8

262 0.036 0.4 483 0.025 1456 0.198 0.82
1306 0.090 0.72 306 0.033 0.91450 0.182 0.72. 378 0.023 0.7 741 0.109 0.09

412 0.021 812 0.086 0.1
463 0.019 896 0.038 0.9

924 0.071 0.9
504 0.037 954 0.044 0.9
528 0.037 1117 0.018

No. 74. n-Tridecane
666 0.017 0.7

No. 62. 2,2,6-Trimethy1heptane 724 0.124 0:2 1166 0.029 0.6 191 0.029

189 0.016 762 0.018 1201 0.037 0.6 233 0.012

242 0.065 0.6 1253 0.042 0.9 316 0.008

341 0.040 0.9 819 0.116 0.3 1302 0.018 405 0.008
865 0.051 0.9 475 0.013

468 0.024 926 0.109 0.54 1350 0.019 0.5
745 0.082 959 0.079 0.9 1460 0.168 0.73 603 0.009

810 0.01ll 1014 0.015 722 0.009
842 0.039

833 0.031 1036 0.026 0.6 891 0.036 0:4
923 0.078 0.75 1100 0.028 965 0.018

1052 0.024 0.6 1127 0.035 0:9
1125 0.020 1176 0.044 .0.7 1037 0.043 0.6

1201 0.046 0.7 1205 0.059 0.8 No.7!. ·n-Dodecane 1076 0.074 0.6
1132 0.038 0.4

1249 0.055 0.7 1246 .0.076 0.7 190 0.043 1205 0.014 0.5.
1319 0.037 0.8 1335 0.066 0.7 226 0.012 1305 0.100 0.80
1455 0.163 0.78 1347 0.066 0.7 311 0.008 1446 0.189 0.74

1460 0.184 0.74 396 0.012
478 0.018

No. 67. 2,2,4,5-Tetramethyl~exane
609 0.018
713 0.011

No. 63. 2,3,6-Trimethylheptane 189 0.015 0.7 843 0.029 0:4
242 0.017 885 0.026 0.3 No. 75. n-Tetradecane

190 0.026 299 0.025 0:7 1029 0.031 0.6
235 0.026 0.6 486 0.028 0.3 1080 0.049 0.9

191 0.020 0.9
31ll 0.013 560 0.017 232 0.017
422 0.019

1132 0.024 0.5 304 0.010
462 0.014 748 0.087 0.1 1205 0.028

0:9
401 0.010 0:9

772 0.104 0.1 1273 0.034 '185 0.011
727 0.023 793 0.034 1302 0.057 0.9
766 0.047 876 0.047 0:9 1382 0.024

602 0.006
0:6825 0.060 0.2 928 0.102 0.84 0:73

841 0.043
875 0.015 0.9

1447 0.106 879 0.042 0.4
930 0.048 0.7 950 0.059 0.7 921 0.010

0:61003 0.021 0.7 1009 0.025
953 0 ..047 0.7 1035 0.020 0.5 1075 0.069 0.61014 0.015 1114 0.020

1047 0.016 1148 0.025 1132 0.029
1102 0.013 0.9 1210 0.013

o:im1168 0.050 0.9 1206 0.049 0.6 1305 0.120
1250 0.049 0.9 1384 0.038

1307 0.048 0.8 1288 0.046 0.9 1447 0.204 0:78
1344 0.059 0.6 1362 0.015 0.9
1456 0.144 0.87 1459 0.161 0.88
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Raman Spectral Data for Hydrocarbons (Continlled)
Scattering Scattering Scattering Scatteringav, em.- 1 Coefficient p ~J/. cm.- 1 Coefficient p ,:},J/, cm.- 1 Coefficient ..111, cm.-1 Coefficient

No. 76. 7-M ethyltridecane No. 80. 2-Methyl-I-butene No. 84. I-Heptene No. 88
188 0.032 394 0.060 0.7 308 0.011 Z.3,4-Trimethyl-2-penMne
235 0.011 420 0.046 0.9 425 0.010 308 0.035
314 0.009 481 0.017 630 0.017 379 0.015 0.9409 0.006 524 0.021 765 0.008

0:4
422 0.020

607 0.012 605 0.010 834 0.039 484 0.053 0.5
747 0.017 667 0.016 911 0.035 0.8 507 0.064 0.2
796 0.028 705 0.042

O:J
967 0.011 586 0.047 0.8842 0.048 769 0.151 1027 0.025

0:9
616 0.023

"880 0.048 884 0.042 0.8 1069 0.046 680 0.161 0.1973 0.025' 0.8 933 0.025 0.9 1107 0.035 0.3 834 0.037 0.9
1022 0.032 0.6 1011 0.069 0.4 1215 0.022 904 0.065 0.2
1073 0.065 1082 0.079 0.2 1299 0.140 0.47 955 0.027 0.61138 0.037 0.9 1248 0.017 1422 0.097 0.54 L058 0.064 0.7
1t52 0.032 0.6 1281 0.020 1445 0.124 0.80 1106 0.078 0.61208 0.022 1395 0.107 0.5l 1592 0.011

0: i2
1194 0.030

1306 0.101 0.75 1421 0.161 0.58 1647 0.188 1276 0.011
1448 0.201 0.82 1435 0.167 0.5J l333 0.026

0:41554 0.008 1394 0.100
1600 0.016 l463 0.170 0.78
1659 0.237 0.17 No.85. I-Octene 1672 0.220 0.26

288 0.034
364 0.011
433 0.013

"No. 77. 1-Pentene No. 81. 2-Methyl-2-butene 636 0.014 No. 89815 0.028 t,4,4-Trimethyl-l-pentene ~226 O. On 260 0.010
384 0.050 0:5 387 0.064 0:53 850 0.038 0.2 299 0.863 0.8430 0.036 0.7 443 0.071 0.90 884 0.049 0.4 383 0.034 0.5625 0.037 0.3 526 0.086 0.3 905 0.044 0.6 411 0.021770 0.015 712 0.022 1009 0 ..041 0.6 .. 457 0.0141071 0.056 0.6 558 0.072846 0.065 0.3 768 0.193 0.18
872 0.050 0.6 801 0.034 0.8 1108 0.038 0.5 626 0.008911 0.032 0.9 958 0.019 1206 0.018 0.6 686 0.123 0.091009 0.029 0.6 1034 0.036 0:4 1298 0.161 0.53 767 0.099 0.11044 0.053 0.6 1056 0.049 0.3 1423 0.108 0.61 827 0.0341445 .0.163 0.84 909 0.096 0.891091 0.039 0.2 1072 0.037 0.7

1235 .0.050 0.4 1110 0.028 1590 0.011 932 0.078 0.91292 0.145 0.37 1216 0.012 1647 0.187 0.1 L004 0.0171424 0.113 0.56 1286 0.013
0:54

1046 0.0151450 0.100 0.67 1343 0.096 1160 0.041 0.7
1550 0.016 1390 0.172 0.53 1206 0.047 0.9
1593 0.018 1453 0.202 0.85 No. 86 1244 0.077 0.841650 0.224 0.11 1625 0.024

0: in Z.3.3-Trimethy1-1-pentene 1299 0.015
1684 0.24J 1333 0.013319 0.012

0:1;
1417 0.126 0:62368 0.033 1457 0.144 0.93472 0.037 0.5

566 0.009 1592 0.008
607 0.013 1653 0.150 0.18

No. 78. cis-2-Pentene No. 82. 2.3-Dimethy1-I-butene 661 0.240 0.09
310 0.036 0.8 307 0.023 69J 0.056
464 0.052 0.9 336 0.020 0:9 830 0.043 0.7
602 0.024 432 0.021 0.8 906 0.052 0.7 No. 90
794 0.018 486 0.019 0.7 948 0.06'1 0.7 l.4.4-Trimethyl-2-pentene
859 0.113 0.9 519 0.027 1008 0.048 0.6 327 0.064 0.4
957 0.034 548 0.019 0.5 1058 0.048 0.3 499 0.027

1024 0.105 0:3 707 0.074 0.2 1176 0.048 0.7 565 0.075
1069 0.042 728 0.118 0.2 1210 0.0.505 0.7 704 0.016

o:i1112 0.025 885 0.076 0.67 1338 0.012 762 0.201
1207 0.058 0:88 954 0.066 0.3 1388 0.074 0.53 820 0.029 0.6
1268 0.148 0.77 996 0.016 14]0 0.107 0.53 925 0.091 0.77
1376 0.039 0.7 1034 0.006 1462 0.1.51 0.86 1030 0.020
1408 0.042 0.9 1100 0.077 0>7 1648 0.154 0.21 lO75 0.042
1458 0:123 0.74 1162 0.012 1162 0.029 0.9
1532 0.015 1208 0.008 l205 0.053 0.7
1605 0.028 1305 0.0.';5 0.8 1261 0.015

0:51667 0.227 0: i4 1400 0.104 0.58 No. 87 1359 0.053
1450 0.117 0.78 Z.3,4-Trimethy1-I-pentene 1392 0.133 0.45
1550 0.004 1457 0.188 0.71
1595 0.012 193 0.034 0.6 1622 0.0131652 0.194 0:i6 276 0.014 1675 0.166 0.26346 0.027

465 0.026 0:9
No. 79. trans-2-Pentene 526 0.079

303 0.018 560 0.019
0:3

603 0.009 No. 91409 0.066 No. 83. 3.3-Dimethyl-I-butene .694 0.036 3.3.4-Trimethy1-I-pentene484 0.122 0.3 304 759 0.093 0:2606 0.015 0.086 0.9 828 0.033 0.9 298 0.019
0:9708 0.018 353 0.070 0.6 363 0.023

519 0.048 0.3 890 0.048 0.9 500 "0.037750 0.031 0.9 615 0.D12 910 0.062 0.4 525 0.032803 0.037 0.6 657 0.020 954 0.041 0.9 676 0.079850 0.021 0.4 715 1001 0.015873 0.022 0.268 0.06 1025 0.019 697 0.097
940 0.022 0:9 879 0.056 0.3 761 0.018922 0.115 0.74 1038 0.021 825 0.033 0;81020 0.040 0.3 999 0.033 1.91 0.026 908 0.067 0.51064 0.064 0.4. 1026 0.027 1128 0.043 0.6 !32 0.097 0.61207 0.024 0.9

1067 1163 0.0261252 0.033 0.017
(G,9 1181 0.022 0:9 L006 0.018

1276 0.057 0:8 1209 0.099 L031 0.0131272 0.044 0.56 1213 0.009 1103 0.0211311 0.117 0.46 1311 0.111 0.3 1275 0.019 1187 0.028 0.71382 0.054 0.4 1390 0.033 0.4 1325 0.031 0:5 1251 0.0141454 0.140 0.72 1341 0.036 0.91550 0.021 1424 0.074 0.4 1413 0.069 0.4 L369 0.076 0.4
1582 0.018 1456 0.108 0.71 1424 0.077 0.51549 0.007 1461 0.120 0.79 1462 0.117 0.911621 0:019

0:i3
1592 0.021 .1599 0.015 0.9 L590 0.00916&0 0.215 1648 0.177 0:i3 1656 0.185 0.22 1647 0.128 o:i
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Ram.an Spectral Data for Hydrocarbons (Continued)
Scattering Scattering Scatte'ring Scattering

:1", cm.-] Coefficient p av, em.- 1 Coefficient p AJI, cm.-] Coefficient p Ap, em.-1 Coefficient p

No. 92 No. 95 No. 98. 2-Methyl-l,3-butadiene No. 102. Methylcyc10pentane
3-Methyl-2-isopropyl-l-butene 2,J,3,4-Tetramethyl-l-pentene 283 0.038 0.93 310 0.010 0.8

214 0.084 0.1l 192 0.034 0.5 420 0.077 0.81 428 0.013
311 0.044 290 0.OJ5 0.8 474 0.006 1. 534 0.034
343 0.035 381 0.046 0.9 525 0.177 0.38 798 0.044
467 0.038 449 0.028 0.9 629 0.016 843 0.070
493 0.018 487 0.052 0.4 779 0.088 0.2 892 0.130 0.1
J06 0.087 517 0.041 0.2 894 0.166 0.78 992 0.053 0.74
743 0.075 564 0.016 0.7 955 0.078 1012 0.058 0.64
825 0.026 0:8 608 0.032 998 0.053 1088 0.034 0.9
904 0.136 0.3 663 0.244 o:iJ6 1017 0.033 1206 0.017
955 0.047 0.9 716 0.028 1072 0.248 0.39 1306 0.019 0.9

1052 0.017 797 0.039 0.8 1203 0.024 1354 0.011 0.7
1102 0.154 0:46 891 0.067 0.6 1244 0.861 '456 0.157 0.77
U77 0.011 924 0.099 0.67 1295 0.565 0.25
1304 0.090 0.6 952 0.083 0.5 '1392 0.200 0.56
1383 0.059 1007 0.033 0.3 1428 0.418 0.45
1408 0.069

0:.56
1066 0.041 0.5 1544 0.075, 0.43

1464 0.151 1106 0.024 0.5 1588 0.222 0.35
16.,2 0.142 0.2 1181 0.053 0.7 1643 1.5 0.26 No. 103. Ethylcyclopentane

1216 0.039 0.8
1282 0.021 0.6 393 0.061 0.3

414 0.036 0.3
1329 0.051 0.8 545 0.015 0.7
1411 0.131 0.56 609 0.009
1448 0.130 0.84 762 0.026

No. 93 1463 0.138 0.87 No. 99. 2-Methyl-l,5-hexadiene
J.3-Dimethyl-2-ethyl-l-butene 1588 0.011 853 0.041

319 0.023 893 0.106 0.09
226 0.015 0.8 IM8 0.146 0.21 389 0.051 0:7- 938 0.019
350 0.061 0.6 418 0.053 0.7 1030 0.092 0.45
381 0.032 0.6 530 0.015 1094 0.029 0.5
468 0.029 0.9 626 0.029 0.5 1129 0.015511 0.007 7(:)6 0.021 1204 0.012
639 0.056 766 0.056 1293 0.017 0:8
694 .0.207 0.1 No. 96 833 0.044 0:2 1364 0.011
821 0.030 0.8 2,6,6-Trimethyl-l-heptene 890 0.043 0.9 1396 0.010

0:7-9908 0.088 0.4 187 913 0.041 0.6 1453 0.183
923 0.099 0.72 0.039

248 0.029 1015 0.040 0.5
1012 0.058 0.6 339 0.047 0:9 1115 0.023
1065 0.084 0·.2 390 0.023 0.9 1212 0.034
1209 0.082 0.77 425 0.034 0.9 1240 0.028

0:251274 0.022 0.7 482 0.037 1301 0.155
1411 0.106 0.&6 547 0.034 1424 0.228 0.47 No. 104
1445 0.153 0.72 695 0.023 1553 0.012 1,l-Dimethylcyc1opentane
1<157 0.162 0.69 745 0.113 0:09 1596. 0.024

o:i4-
301 0.006 0.9

1541 0.007 820 0038 1652 0.372 350 0.034 0.8
1589 0.009

0:2 881 0.030 0.9 398 0.010
1fl44- 0.145 922 0.075 0.88 561 0.074

1039 0.029 0.5 606 0.006
1068 0.035 0.5 725 0.056
1134 0.017 809 0.034
1191 0.030 0.9 No. 100. 2,3,3,4-Tetramethyl-l,4- 838 0.018
1252 0.052 0.7 pentadiene 888 0.122 0.2

No. 94 1318 0.033 0.7 188 0.052 0.9
949 0.045

3,3-Dimethyl-2-isopopyl-l-butene 1397 0.058 0.5 276 0.021 1034 0.060 0.9
189 0.014 1450 0.156 0.76 377 0.075 0:8 1060 0.041 0.7
2"3 0.041 0.9 1600 0.009 403 0.118 0.5 1162 0.023

0:8302 0.054 0.6 IR.,7 0.155 0.2 438 0.023 1237 0.076
346 0.047 0.6 507 0.037

1309 0.024- 0.8
387 0.018 0.7 0.8

574 0.045 1397 0.020 0.7
418 0.015

0:7-
589 0.037

0:07
14-58 0.175 0.88

4,75 0.027 649 0.293
530 8:8iS' 727 0.035
597 No. 97 804 0.029 0.7637 0.024 2,4,4,5-Tetramethy1-1-hexene 843 0.009

0:69694 0.229 0.08 189 0.041 0.6 896 0.09"1
800 0.009 935 0.062 0.6 No. 105
817 0.010 244 0.025 957 0.089 0.3 ,is-l,2_Dimethylcyc1opentane
875 0.134 0.2 323 0.010
927 0.105 0.69 399 0.011 1021 0.083 0.3 288 0.008

436 0.014 1113 0.011 330 0.017 0:7-
956 0.033 0.6 500 0.039 1148 0.048 0.8 376 0.012 0.9

1026 0.021 0.6 1166 0.041 0.6 491 0.043 0.6
1098 0.094 0.3 555 0.007 1210 0.009 572 0.015 0.6
1130 0.028 0;6 580 0.018
1207 0.078 0.61 616 0.008

o:i
1279 0.031 0.8 704 0.020 0.4

673 0.117 1383 0.162 0.60 760 0.140 0.2
1274 0.015 0.6 741 0.026 1406 0.234 0.54 836 0.027 0.9
1316 0.018 0.5 0:3 1459 0.129 0.63 884 0.119 0.3
1354 0.054 0.4 810 0.037 1548 0.008 952 0.032 0.9
1410 0.064 0.49 848 0.049 0.3
1455 0.133 0.60 893 0.086 0.5 1596 0.024

0:22 977 0.026 0.9
913 0.088 0.6 1651 0.318 1020 0.060 0.7

1468 0.136 0.62
952 0.058 0.6 1082 0.026 0.8

1514- 0.015 1106 0.029 0.8
IM7 0.110 0.2 1015 0.020

1169 0.018 0.91073 0.011
1101 0.012

0:9
1196 0.030 0.8

1157 0.029 1274 0.026 0.9
1214- 0.066 0.7 No. 101. Cyclopentane 1308 0.035 0.9
12.55 0.015 608 0.013 1353 0.026 0.9
1321 0.041 0:8 717 0.010 1390 0.021 0.6
1416 8.097 0.55 794 0.010 1459 0.158 0.9
145a 0.134 0.80 834 0.028
1551 0.008 .. 889 0.394 0:i2
1598 0.008

0:2
1033 0.150 0.821650 0.130 1208 0.035 0.8
1273 0.043 0.8
1453 0.145 0.72
1481 0.054 0.5
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Ra'ffi.an Spectral Data for Hydrocarbons (Continued)
Scattering Scattering Scattering Scattering

dP, em.';'l Coefficient p li.v, cm".-l Coefficient p .6.v, cm.- 1 Coefficient all, cm.- 1 Coefficient

No. 106 No. 110. Isopropy!cyc!llpentane No. 114 No. 117. cis, tranB. cis-l,2,3-
tran.-l.2-Dimelhy!cyc1openlane

334 0.055 0.2
1.I,3-Trimelhy!cyc!opentane Trimethy!cyclopentane

256 0.024 417 0.036 0.8 191 0.047 0.4 236 0.013
o:i;376 0.007 462 0.065 0.1 341 0.042 0.7 260 0.039

496 0.074 560 0.008 403 0.018 310 0.007
526 0.027 611 0.010 526 0.057 0.2 404 0.004
603 0.016 562 0.025 434 0.005

842 0.031
0:2 492 0.125 0.2768 0.071 0.1 896 0.083 744 0.065 0.2

803 0.028 960 0.034 0.6 790 0.098 0.09 513 0.078 0.2
862 6.020 984 0.021 841 0.023 603 0.023 0.5
896 0.074 0.1 1037 0.048 0:70 940 0.054 0.8 708 0.005 0.7
956 0.031 0.9 996 0.032 0.3 766 0.081 0.2

1142 0.026 0.6 0.045 0.21021 0.035 1172 0.018 0.5 1050 0.034 0.9 814
1081 0.046 0.6 1205 0.020 0.6 1091 0.022 0.6 876 0.036

0:91150 0.022 0.9 1306 0.025 0.6. 1126 0.014 0.8 949 0.015
1203 0.016 1326 0'.035 0.6 1184 0.039 0.7 990 0.021 0.5
1292 0.016 1231 0.047 0.6 1035 0.015

1364 0.030 0.8
1311 1073 0.028 0.71344 0.031 0.6 1398 0.007 0.033 0.6

1366 0.017 1455 0.156 0:-7R 1355 0.017 0.5 1106 0.014
0:871405 0.006 1463 0.189 0.83 1162 0.055

1460 0.156 0.79 1214 0.025 0.3
1277 0.013 0.4

1337 0.051 0.87
1355 0.040 0.9

No. III
1468 0.168 0.78

I-Methy!-I-ethy!cyc1opentane No. 115. cis,cis,cis-I,2,3-
,No. 107

358 0.043 0.3
Trimelhy!cyc1opentane

ci8-1.3-Dimethylcyclopentane
406 @.020 0.7 191 0,019

190 0.033 0.5. 428 0.025 0.5 239 0.010 0.9 No. 118. cis, cis, truns-l,2,4-
230 0.011 572 0.030 0.3 311 0.026 0.5 Trimelhy!cyc1opentane
377 0.028 714 0.054 357 0.014 0.7
412· 0.020 408 0.009 0.9 368 0.018

0:8474 0.006 802 0.013
0:2

422 0.022
892 0.095 465 0.102 0.3 495 0.077 0.5

549 0.036 0.4 994 0.076 0.78 600 0.046 0.3 513 0.058 0.2
607 0.014 1032 0.070 0.6 666 0.008 755 0.123 0.1
702 0.012 1072 0.035 0.4 708 0.032 0:2
801 0.205 0.2 762 0.173 0.1 851 0.035 0.5
878 0.014 1121 0.020 0.5 937 0.046 0.5

1225 0.044 0.8 801 0.014 0.4 977 0.022 0.9
938 0.014

0:5
1341 0.014 0.7 863 0.083 0.3 1026 0.049 0.3

981 0.029 1405 0.018
0:?4

901 0.013 0.9 1065 0.035 0.5
1035 0.036 0.5 1456 0.191 964 0.056 0.5
1088 0.038 0.6 983 0.037 0.9 1090 0.028 0.6
1141 0.035 0.7 1151 0.035 0.7

1018 0.053 0.7 1173 0.035 0.4
1190 0.023 0.6 1039 0.036 0.6 1313 0.045 '0.8
1207 0.035 0.7 1112 0.033 0.6 1352 0.035 0.8
1306 0.041 0.6 1168 0.039 0.7' 1464 0.189 0.82
1356 0.031 0.6 N.o.112 1200 0.010 0.7
1464 0.168 0.81 ci8-1-Melhyl-3-ethylcyclopentane 1258 0.043 0.7

303 0.014 1308 0.060 0.9
394 0.054 0:2 1354 0.020 0.9 No. 119. cis,trans,cis-l,2,4-
525 0.024 0.5 1392 0.013 Trlmethy!cycloperitane
606 0.009 1457 0.164 0.74
781 0.025 255 0.025 0.8

No. 108
838

409 0.035
tran8-1,3-Dimethy!cyclopentane 0.087 0.2 488 0.079 0.2

940 0.021 0.7 527 0.030 0.9
357 0.011 998 0.040 0.6 598 0.012
422 0.027 1045 0.046 0.4
460 0.014

0:3
1139 0.028 0.4 No. 116. cis,cis,trans-l,2 J- 714 0.011

513 0.074 1213 Trimethylcyc1opentane' 768 0.138 0.2
719 0.011 0.009

0:9
813 0.060

1293 0.021 263 0.013 0.7 937 0.044 o:i;
775 0.046 1316 0.024 0.8. 296 0.011 1031 0.035 0.4
823 0.164 0.1 1360 0.021 0.8 382 0.019 0.3
952 0.018

0:6
1411 0.011 441 0.017 1053 0.042 0.7

987 0.039 1461 0.149 0:-75 516 0.040 0:3 1073 0.031 0.6
1028 0.026 0.9 1150 0.065 0.76

569 0.023' 0.7 1212 0.012
1093 0.016 745 0.158 0.1 1286 0.012
1146 0.043 0.9 812 0.007
1210 0.027 0.3 867 0.040 1314 0.029 0.8
1317 0.043 0.7 919 0.011 0:9 1348 0.041 0.9
1348 0.024 0.5 No. 113 954 1413 0.012
1463 0.159 0.78 l,2,2-Trimethylcyc1opentane 0.025 1465 0.203 0.86

973 0.023 0:;-
188 0.016 1030 0.027 0.7
273 0.023 0:;- 1086 0.039 0.9
358 0.042 0.8 1163 0.009
414 0.014

0:4
1205 0.013 0.6 No. 120. 2-Cyc1opimtylbutane507 0.043 1298 0.024 0.7No. 109. n-Propylcyclope.ntane 548 0.015 0.7 1348 . 0.026 0.8 332 0.068 0.3

319 0.053 616 0.030 0.3 1377 0.012 382 0.016
363 0.036 692 0.112 0.08 1465 0.147 0:9 408 0.017
443 0.020 832 .0.045 0.9 432 0.012
837 0.047 890 0.136 0.6 484 0.018
893 0.105 0:2 935 0.074 0.3 506 0.014

1029 0.084 0.76 1010 0.038 0.5 612 0.012
1099 0.033 0.7 1060 0.046 0.6 831 0.023
1130 0.023 0.6 1097 0.042 0.9 859 0.015
1187 0.017 1182 0.021 0.9 898 0.066
1301 0.039 0:8 1230 0.060 0.8 948 0.014
1352 0.025 1286' 0.029 0.7 999 0.025 0.6
1454 0.176 0:80 1348 0.025 0.9 1033 0.082 0.49

1397 0.015 0.9 1094 0.015
1458 0.168 0.90 1145 0.025

1196 0.024
1282 0.022

0:;-1313 0.024
1351 0.014 0.9
1455 0.174 0.77
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Ralllan Spectral Data for Hydrocarbons (Continued)
Scattering . Scattering Scattering Scattering

6", cm.-1 Coefficient p av, em.-1 Coefficient p .6,"11, cm.- 1 Coefficient p .8.v, cm.-1 Coefficient
No. 121. 2-Cyclopentylpentane No. 126 No. 130 No. 135

313 0.078 0.3 1,l-Dimethylcyclohexane IranB-l.4-Dimethylcyclohexane 3-Methy.l-l-cyclopentene

429 0.024 0.6 190 0.037 376 0.096 0.4 343 0.057 0.9
511 0.007 320 0.069 0:58 457 0.097 0.2 485 0.045

0:6613 0.011 355 0.019 0.9 475 0.053 0.6 579 0.029
748 0.010 399 0.016 0.9 762 0.281 0.18 803 0.098 0.2

843 0.035 0.2 456 0.049 0.6 954 0.040 0.8 841 0.027 0.9

869 0.028 0.3 555 0.041 1008 0.019 896 0.053 0.4
899 0.081 0.1 603 0.013 1067 0.176 0.75 938 0.070 0.5
976 0.007

0:60
648 0.017 1173 0.074 0,4 965 0.102 0.3

1041 0.083 703 0.311 0:07 1189 0.075 0.79 1056 0.057 0.7

1144 0.023 778 0.020 0.7 1255 0.093 0.76 1108 0.219 0.50
0.9

1306 0.039 1. 827 0.078 0.3 1313 0.040 0.7' 1210 o.on 0.7
1455 0.167 0.79 846 0.043 0.3 1358 0.095 0.74 1294 0.033 0.6

919 0.054 0.4 1467 0.170 0.78 1351 0.023
0:71934 0.061 0.64 1455 0.184

962 0.072 0.75 1517 0.014

No. 122.• 2-Cyclopentylheptane 1028 0.112 0.65 No. 131. n-Propylcyclohexane
1559 0.022

o:iI1082 0.047 0.9 1621 0.254
241 0.017 1153 0.024 0.6 301 0.083 0.3420 0.013 1189 0.090 0.47 443 0.062 0.3605 0.012 1268 0.104 0.68 738 0.025852 0.036 784 0.119 0:2
897 0.063 1294 0.064 0.60

1351 0.017 0.7 842 0.048
971 0.014 1446 0.193 0.67 882 0.028 No. 136

1035 0.052 0:7 970 0.020 ciB-3.4-Dimethyl-l-cyclopentene
1065 0.045 0.7 1035 0.164 0:761144 0.016 0.6 No. 127 1108 0.039 0.6 271 0.083 0.9
1185 0.010 ciB-l,2-Dimethyltyclohexane 1164 0.031 339 0.027 0.9

385 0.020 0.9
1310 0.056 0.9' 331 0.020 1194 0.018 460 0.034 0.9'
1456 0.176 0.78 412 0.061 0.2 1268 0.102 0:79 .505 0.034 0.6

472 0.020 1298 :>.035 0.7 621 0.053 0.2539 0.048 1357 0.041 0.8 649 0.043 0.2593 0.027 1453 0.202 0.81 712 0.053 0.3
No. 123. Cyclohexane 673 0.017 747 0.180 '0.2

729 0.269 0.09 844 0.015 0.7
381 0.026 805 0.023
423 0.047 0:8 841 0.081 0.3 No. 132. Isopropylcyclohexane 934 0.085 0.4
703 0.014 945' 0.051 0.8 992 0.053 0.8
743 0.040 313 0.035 1011 0.044 0.4
802 0.435 0.13 981 0.061 0.3 338 0.013 1066 0.059 0.6

1009 0.089 0.80 415 0.022 1109 0.198 0.46
975 0.028 0.7 1058 0.052 1. 436 0.031

1031 0.303 0.79 1097 0.078 0.68 466 0.032 1208 0.007
1161 0.044 0.3 1163 0.055 0.76 1280 0.051 0.4
1213 0.014 495 0.030 1343 0.049 0.5
1270 0.248 0:77 1231 0.028 0.7 570 0.033

0:2
1396 0.030

1259 0.096 0.79 770 0.122 .1455 1l.192 0:61
1351 0.040 0.8 1314 0.052 0,74 828 0.036 0.5
1397 0.011 1. 1345 0.023 854 0.046 1560 0.019

0:091451 0.219 0.81 1453 0.176 0:75 1617 0.212
891 0.013
953 0.054 0.5

No. 128 1038 0.163 0.76
1123 0.027

No. 124: Methylcyclohexane
IranB-l,2-Dimethylcyclohexane 1166 0.047 0:6

312 0.009
0:5

1199 0.035 0.6186 0.024 417 0.047 1251 0.036 0.6 No. 137
313 0.015 439 0.057 0.5 1271 0.101 0.71 1,2,3-Trimethyl-l-cyclopelltene
339 0.012 499 0.184 0.09
406 0.048 0:7 552 0.006

1301 0.040 0.5 291 0.038 0.9
444 0.079 0.3

1348 0.037 0.5 400 0.039 0.5
690 0.012 1455 0.189 0.89 476 0.006

546 0.061 0.1 749 0.206 0:i6 531 0.034 0.4
612 0.006 819 0.046 0.3 576 0.021 0.6
668 0.017 857 0.035 610 0.042 0.6715 0.029 948 0.053 0:6 No; 133. Methylenecyclobutane
771 0.284 0:i7 684 0.062 0.2

1009 0.067 0.86 357 0.277 0.75 732 0.017 0.7
844 0.071 0.2 1081 0.070 0.69 659 0.172 0.26 768 0.010

0:7974 0.070 0.79 1111 0.030 0.7 879 0.143 0.64 813 0.012
1037 0.122 0.92 1169 0.075 0.51 907 0.213 0.62 888 0.024 0.31064 0.044 1. 1225 0.052 0.79 956 0.498 0.12
1093 0.062 0.78 974 0.045 0.9

1256 0.034 0.7 1198 0.083 0.64 1019 0.020 0.9
1168 0.046 0.3 1300 0.038 0.7 1389 0.183 0.58 1094 0.028 0.9
1210 0.037 0.6 1359 0.097 0.78 1432 0.156 0.67 1109 0.027 0.9
1264 0.091 0.77 1459 0.166 0.69 1686 0.299 0.20 11704 0.015 0.91310 0.025 0.5 1220 0.016 0.71350 0.066 0.65 1292 ~.OI8 0.7
1449 0.170 0.67 No. 129 1328 0.024 0.5
1458 0.156 0.65 cis-l,4-Dimethylcyclohexane No. 134 1390 0.082 O.

258 0.011 I-Methyl-l-cyclopentene
1455 0.240 0.72

312 0.'011
0:4

326 0.066 0.7 1552 0.005
371 0.052 428 0.049 0.7 1594 0.016 0:3

No. 125. Ethylcyclohexane
432 0.019

0:4
519 0.010 1643 0.027 0.5

469 0.071 574 0.090 0.4 1693 0.220 0.24,
364 0.049 0.5 638 0.057 647 0.035
447 0.056 0.4 706 0.014 793 0.035 0.8538 0.031 761 0.248 0.12 818 0.040 0.7752 0.102 0:2 785 0.084 0.57 876 0.165 0.2790 0.102 0.2 955 0.082 0.9 923 0.029 0.9
838 0.066 979 0.054 0.7 1011 0.105 0.61
912 0.020 1003 0.056 0.4 1153 0.034 0.51016 0.120 0:65 1057 0.103 0.87 1210 0.053 0.71034 0.188 0.70 1103 0.064 0.63 1262 0.028 0.7

1063 0.033 0.9 1168 0.041 0.6 1299 0.013
1095 0.045 0.6 1212 0.041 0.8 1339 0.048 0:7
1165 0.049 0.3 1268 0.081 0.79 1384 0.059 0.7
1194 0.025 1. 1309 0.025 1450 0.328 0.67
1263 0.139 0.. 71 1350 0.058 0:7 1564 0.009
1352 0.058 0.90 1450 0.128 0.71 1607 0.020
1452 0.247 0.82 1466 0.136 0.71 1668 0.258 o:i
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Raman Spectral Data for Hydrocarbons (Continued)
Scattering Scattering. ScatteringScattering

A~t em.- 1 Coefficient p Av, em.- 1 Coefficient pApt Om.-l Coefficient ~P, em.- 1 Coefficientp

No. 148. IsopropylbenzeneNo. 138 No. 142, Toluene No. 145. 1,3-Dimethylbenzene
2,3,3-Trimethyl-1-cyclopentene 202 1l.085 0.90 304 0.079 0.44209 0.228 l.

219 0.202 0.68 395 0.008224 O.Ol4 0.7 336 0.035 l.
271 0.072 0.65 453 0.067 0.2274 0.044 0.8 407 0.012
476 0.024 554 0.028 0.6349 0.088 0.77 456 0.035 0.5
512 0.228 0.60 614 0.104 0.64431 0.007 511 0.210 0.61

566 0.056 0.6 530 0.334 0.25 680 0.021
0: i3

558 0.008
0:;-3 621 0.020 734 0.256593 0.042 617 0.144

664 0.035 757 0.045 0.3652 0.259 0.9 723 0.063 0.3
721 0.504 0: i6 835 0.018 0.7699 0.103 0.0 778 0.516 0.09
767 0.. 026 0.6 890 0.062 0.52793 0.019 0.7 . 834 0.027 0.9

823 0.017 890 0.033 0.5 942 0.047 0.2879 0.013
940 0.042' 0.2 999 0.654 0.13889 0.035

0:40
896 0.033 0.4

998 0.675 0.12 1026 0.212 0.13921 0.121 942 0.066
0:07 1033 0.090 0.2 1081 0.034 0.31022 0.093 0.54 999 0.917

1091 0.042 0.5 1104 0.041 0.091109' 0.040 0.7 L028 0.268 0.10
0.06'2 0.91

1204 0.094 0.84 1167 0.042 l. 11531102 0.013 1199 0.029 1180 0.069 0.611226 0.048 0.6 1148 0.109 0.54 1247 0.232 0.15 1208 0.149 0.151295 0.046 0.5 1176 0.088 0.54 1264 0.092 0.1 1283 0.025 0.51332 0.042 0.3 1204 0.265 0.13 1318 0.017 1303 0.046 0.601389 0.061 0.4 1319 q.012
1382 0.009

1452 0.267 0.58 1376 0.210 0.59
0:62

1375 0.108 0.42 1439 0.050 0.5 1445 0.0751560 0.008 1433 0.028 0.6 1594 0.119 0.68 1456 0.074 0.691605 0.015
0: i5

1516 0.012 1607 0.135 0.68 1543 0.013
0:62

1665 0.187 1546 0.017 l. 1583 0.0941584 0.156 0.76 1602 0.181 0.591600 0.230 0.70

No. 139
2,3,4-Trimethyl-l-cyc!opentene No. 140. 1,4-Dimethylbenzene

260 0.053 0.9· 308 0.256 0.94 No. 149306 0.020 0.9 No. 143. 'Ethylbenzene 384 0.030 0.9 I-Methyl~2-ethylbenzene404 0.027
0:2 453 0.276 0.37

0.042 0:64
451 0.055 291 0.027 583 0.023 2055111 0.027 0.9 390 0.018 639 0.174 0.89 312 0.058 0.4481 0.080 0.4 450 0.036 0.8565 0.101 0.2 550 0.036 0.6 678 0.016 491 0.074 1.660 0.031 0.5 616 0.139 0.88 700 0.017 545 0.068 0.3717 0.011

0.8
768 0.054

0: i4 579 0.139 0.44
770 0.097 0.3 709 0.021 824 0.670824 0.011 0.9 750 0.159 0.23 1032 0.030 'l.6 615 0.007 l.765 0.266 0.17 668 0.031 0.4892 0.040 0.3 839 0.021 0.9 1101 0.023 718 0.375 0.15920 0.017 900 0.041 0.3 1146 0.037 0.3 752 0.044 1.966 0.008 1187 0.186 0.22

0.026
1019 0.063 0.53 966 0.186 0.31 1202 0.483 0.13 7861090 0.029 0.6 LOOI 0.754 0.11 1311 0.051 0.8 817 0.0381029 0.282 0.10 857 0.014

0:40
1143 0.021 0.5 1058 0.079 0.2 1374 0.192 0.45 963 0.0881205 0.016 0.7 1097 0.016 1446 0.065 0.4 986 0.087 0.11276 0.011 0.5 1578 0.045 0.8

1033 0.232 0.11
1302 0.011 0.7 1155 0.088 0.86 1616 0.239 0.721341 0.051 0.7 1180 0.107 0.40 1055 0.278 0.131199 0.214 0.13 1104 0.0121386 0.028 0.8 1322 0.041 0.5 1156 0.0921460 0.238 0.69 1384 0.014 1213 0.283 0.1l1608 0.014

0.81 1243 0.012 0.4
1668 0.180 0.15 1445 0.102

1548 0.018
0~2 No. 147. rt-Propylbenzene 1280 0.016 0.71586 O. IRO 1319 0.042 0.4911'02 0.24~ 0.74 251 0.036 0.87 1376 0.078 0.44

312 0.051 0.4 1446 0.129 0.76
480 0.057 0.41

1550 0.021
No. 140. CycIoh.exene

558 0.019
0:690:88 1584 0.103190 0.041 614 0.114

1602 0.193 0.1'1280 0.056 l.
740 0.110 0.2391 0.089 0.49 No, 144. 1,2-Dimethylb,enzene 804 0.105 0.1454 0.030 0.8
810 0.114 0.1492 0.036 0.9 172 0.100 0.78 884 0.039 0.5

641 0.023 0.5 251 0.199 0.75 942 0.031309 0.019721 0.020 0.4 431 0.022 1000 0.665 0.15 No. 150768 0.027
500 0.170 0:65 1028 0.228 0.24 I-Methyl-3- thylbenzene825 0.350 0.09

1091 0.053 0.3879 0.033 0.7 575 0.324 0.30 1154 0.064 0.65 213 0.139 0.95
906 0.045 0.2 629 0.017 1179 0.079 0.30 306 0.029 0.5674 0.050 430 0.022967 0.030 0.6 736 0.778 0: i2 1199 0.184 I. 506 0.124 0.771047 0.075 0.64 856 0.021 1282 0.022

0:5 521 0.201 0.361066 0.108 0.58 1337 0.0351142 0.01" l. 930 0.022
o:i

1440 0.102 0.88 579 0.021 l.
1226 0.208 0.47 985 0.130 1548 0.015 0.7 614 0.014

0:;-1051 0.452 0.10 660 0.0261246 0.095 0.67 1114 0.030 0.4 1587 0.115 0.72 716 0.330 0.161268 0.095 0.75 1156 0.100 0.54 1601 0.197 o.n 786 0.037 l.1350 0.042 0.4
1438 0.286 0.58 1226 0.388 0.11 882 0.038 0.7
1456 0.161 0.53 1285 0.019 0.7 942 0.046

0: i21323 0.010 LOOO 0.6191599 0.017 1381 0.192 0:35 L057 0.0811658 0.220 0.09 1446 0.109 0.68 1097 0.039
1584 0.126 0.57 1169 0'.040 l.1604 0.208 0.62 1242 0.146 0.1

1324 0.049 0.4No, 141. Benzene 1373 0.077 0.63
1442 0.098 0.96603 0.235 0.88
1593 0.130 0.86845 0.061 1.

885 0.050 0.2 1607 0.151 0.85930 0.152 0.09
988 2.02 0.11

1171 0.269- 0.85
1581 0.221 0.81
1596 0.167 0.80
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Raman Spectral Data for Hydro~arhon8 (Continued)
Scattering Scattering Scattering Scattering

d)', cm.- 1 Coefficient .6v, em.- 1 Coefficient p .6.1', cm.-1 Coefficient p 6.'" em.- 1 Coefficient p

No. 151 No. 154. 1,3,5-Trimethy1}>enzene • No. 158. tert-Buty1benzene No. 161
I-Methyl-4-~thy1benzene 225 0.482 0.85 314 0.086 0.78

I-Methyl-4-isopropylbenzene

217 0.041 0.49 268 0.111 0.77 341 0.069 0.66 215 0.043 0.89
296 0.024 0.7 453 0.034 0.7 386 0.017 0.9 299 0.083 0.5
357 0.083 0.5 509 0.304 0.69 458 ,0.011. 380 0.048 l.
390 0.037 0.4 570 0.555 O.ll 528 0.103 0.25 436 0.097 0.2
456 0.069 0.4 884 D.7 615 0.83

526 0.013
0.025 0.101

584 0.019
0:77

935 0.043 0.3 645 0.033
0: i7

584 0.013
0:83638 0.147 995 0.487 O.ll 702 0.366 638 0.140

720 0.036 0.4 1035 0.102 0.09 762 '0;030 0.74 720 0.013 1.

747 0.041
O:il

1104 0.011 836 0.054 0.58 745 0.016
0:i2808 0.416 1160 901

801 0.436
0.031 0.051 0.85

815 0.389 0.10 1248 0.014
0:i3

929 0.110 0.63 885 0.064 0.79
963 0.065 0.94 1298 0.210 1000 0.588 0.17 954 0.038 l.
998 0.038

0:2
1377 0.216 0.38 1030 0.284 0.19 998 0.008

0:21059 0.088 1425 0.036 0.65 1113 0.122 0.32 1056 0.118
1100 0.019 1437 1156 0.076 0.78

1103 0.057 0.51
0.036 0.74

1142 0.021 1546 0.014 0.9 1194 0.155 0.77 1146 0.025
0:21186 0.248 0.12 1605 0.168 0.81 1265 0.062 0.2 1188 0.137

1198 0.336 0.11 1444 0.116 0.93 1205 0.314 0.09
1318 0.058 0.5 1463 0.092 0.97 1282 0.037 0.6
1374 0.102 0;52 1599 0.164 0.93 1303 0.065 0.67

1444· 0.112 l. No. 155. n-Buty1benzene 1378 0.086 0.42
1511 0.013 0.23 224 0.031 0.8 1442 0.077 0.62
1614 0.221 0.66 286 0.042 0.3 1458 0.094 0 ..62

496 0.033 0.6 1612 0.232 0.76

571 0.026 0.7
620 0.102 0.83 No. 159

744 0.063 0.2
.1-Methyl-2-isopropylbenzene

781 0.067 0.2 217 0.088 0.81
No. 152. 1,2,3-Trimethylbenzene 815 0.082 0.2 302 0.051 0.49

225 0.151 0.90
842 0.015 0.9 339 0.020 No. 162
895 0.056 0.3 393 0.017 1.2-Dimethyl-3-ethylbenzene

262 0.071 0.80 459 0.031 0:9
304 0.021

0:76
945 0.057 190 0.079 0.9

480 0.119 1005 0.552 0.1 487 0.113 0.4 253 0.119 0.9
511 0.080 0.68 1034 0.195 0.1 507 0.092 0.4 328 0.059 0.57

531
1052 0.078 0.4 556 0.032

0:60
482 0.119 0.80

0.094 0.94 1106 0.073 0.3 594 0.110 529 0.107 0.9
596 0.046 0.3 657 0.036
652 0.627 0.17 1160 0.057 0.73 583 0.063 0.2
750 0.039 0.4 1187 0.092 0.31 716 0.433 0.14 651 0.056 0.15
808 0.024 0.81 1204· 0.178 0.2 757 0.043 0.9 812 0.055 0.5

848 0.017
1303 0.038 0.9 807 0.065 0.46 859 0.020 0.6

0.7 1336 0.032 0.5 892 0.076 0.4 898 0.018 0.9
893 0.014 0.8 937 0.010
995 0.129 0.23 1450 0.114 0.79 945 0.038 0.9

1024 0.095 0.25 1552 0.013 0.7 96ll 0.017 0.9 963 0.091 0.57
1092 0.168 • 0.15 1595 0.. 088 0.82 985 0.028

0:i3
993 0.083

O:ill
1160

1613 0.187 0.75 1040 0.434 L036 0.125
0.057 0.95 1078 0.045 L063. 0.148 0.2,

1189 0.081 0.25 1115 0.053 0:70
1203 0.063 0.40 1107 0.178 0.22
1246 0.224 0.16 1168 0.105 0.78 1169 0.069 0.82
1319 0.020 1- No. 156. Isobuty1benzene 1233 0.320 0.11 1192 0.051

0: i51313 0.039 0.9 1248 0.308
1380 0.165 0.46 254 0.145 0.83 1390 0.075 0.45 1273 0.040
1438 0.119 0.60 311 0.103 0.3 1464 0.113 0.84
1464 0.071 0.65 425 0.050 0.6 1329 0.071 0.2
1539 0.015 0.5 495 0.071 0.67 1560 0.016 0.9 1387 0.186 0.50
1594 0.193 0.73 620 0.133 0.9 1592 0.094 0.65 1458 0.170 0.68

1615 0.202 0.86 1549 0.020
0:76740' 0.127 0.2 l600 '0.239

812 0.259 0.2
909 0.050 0.5
952 0.152 0.39

L006 0.720 0.13
No. 153. 1,2,4-Trimethylbenzene 1034 0.240 O.ll

No. 163
No. 160 1.2-Dimethyl-4-ethylbeazene

202 0.047 l. 101l8 0.030 1-Methyl-3-isopropy1benzene
275 0.022 0.7 1120 0.110 0:71 191 0.080 0.70
314 0.236 0.87 1164 0.114 0.79 220 0.108 0.9 251 0.024
432 0.064 0.63 1183 0.114 0.60 299 0.063 0.42 306 0.059 0.4
465 0.198 0.50 1212 0.247 0.21

465 0.086 0.25 365 0.149 0.46
5.23 0.152 0.32 436 0.036

490 0.024 0.6 1286 0.091 0.45 581 0.025 O.ll
548 0.296 0.40 1347 0.095 0.46 476 0.085 0.66
603 0.013 1455 0.152 0.78 603 0.020 550 0.208 0.28
686 0.060 0:3 1553 0.025 0.5 653 0.025

0:i8
646 0.014

0:22716 0.208 0.24 l613 0.253 0.78 711 0.340 705 0.114
783 0.030 0.9 742 0.562 0.13

741 0.477 0.16 849 0.034 0.9
802 0.017 0.5 818 0.026
871 0.016 0.6 918 0.070 876 0.024

0:23920 0.146 0.18 No. 157. .ec-Buty1benzene 947 0.059 0.2 904 0.104
1023 0.031 0.7 1003 0.688 0.11 1171 0.057 0.70

312 0.045 0.5 1053 0.034
0:66

1000 0.038 0.7
1122 0.043 461 0.064 1100 0.050
1147 0.035 559 0.014 1028 0.031 0.76
1186. 0.023 619 0.110 0:82 1176 0.052 0.9 1062 0.133 0.30
1208 0.040 731 0.131 1248 0.154 0.1 1126 0.057
1244 0.336 0:i6 1286 0.047

0:66
1155 0.026

749 0.067 1313 0.050 1184 0.017
1325 0.015 0.7 805 0.038 1341 0.018
1378 0.254 0.50 850 0.045 0:7 1245 0.344 0.13
1443 0.120 0.80 902 0.020 0.6 1386 0.086 0.39 1329 0.081 0.40
1576 0.065 0.70 948 0.056 0.3 1459 0.104 0.57 1386 0.213 0.43
l618 0.200 0.69 1601 0.113' 0.70 1453 0.202 0.78

1001 0.611 0.11 1619 0.152 0.72 1587 0.073 0.54
1032 0.212 0.1 1625 0.234 0.70
1095 0.049 0.5
P59 0.060 0.76
1188 0.073 0.49
1209 0.163 0.1
1339 0.018

0:771460 0.141
IIII 2 0.198 0.83
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Ralllan Spectral Data for Hydrocarbons (Continued)
Bcatterinc Scattering Scattering Scattering

.A#. em.-1 Coefficient p Ap, cm.- 1 Coefficient .6.v, cm.- 1 Coefficient p 6.v 1 cm.- 1 Coefficient p

No. 164 No. 166 No. 168. 1,2-Diethylbenzene No. 170. 1,4-Diethylbenzene
1,3-DiQethyl-2-ethylbenzene 1,3-Dimethyl-5-ethylbenzelle

223 0.034 374 0.077 0.3
235 0.187 0.90 219 0.162 0.9 280 0.020

0:4
446 0.024

328 0.051 0.6 275 0.091 0.9 337 0.061 583 0.010
351 0.072 0.83 318. 0.023 354 0.038

0:6
641 0.099 0.9

479 0.127 0.90 346 ').025 468 0.065 700 0.020
533 0.170 0:90 459 0.045 484 0.073 0.67 741 0.065
554 0.122 0.2 511 0.224 0.70 540 0.073 0.3 796 0.536 O:il
594 0.044

0:i3
554 0.360 0.12 587 0.114 0.55 962 0.130 0.70

648 0.759 602 0.J51 0.2 654 0.031
0:i4

1062 0.203 0.20
767- 0.039 0.9 786 0.017 09 711 0.386 1190 0.31!> 0.17
794 0.031 0.8 893 0.059 0.42 751 0.079 0.5 1199 0.334 0.15
885 0.036 0.7 944 0.059

0: i4
784 0.068 0.4 1326 0.109 0.45

959 0.122 0.87 1001 0.665 807 0.034 1380 0.027 0.5
995 0.141 0.2 1034 0.111 0.2 865 0.022

0:63
1452 0.195 0.78

1061 0.252 0.18 1070 0.109 0.3 964 0.179 1563 0.027 0.83
1095 0.208' 0.22 1172 0.026 0.9 1035 0.367

1624 0.324 0.64
0.14

1168 0.072 0.9 1293 0.196 0.1 1060 0.292 0.17
1192 0.083 1334 0.159 0.25 1104 0.020
1250 0.371 0:i2 1384 0.245 0.38 1161 0.102 0:63
1322 0.090 0.49 1452 0.143 0.62 1212 0.345 0.14
1384 0.212 0.51 1556 0.019

12451618 0.189 0:77 0.026
No. 171. Indene1462 0.194 0.81 1277 0.022

1601 0.240 0.76 1328 0.112 0:38 386 0.071 0.6
1381 0.020'

0:69
482 0.013 0.3

1460 0.232 532 0.221 0.30
1553 0.020 591 0.286 0.65
1590 0.126 0:69 623 0.039 0.4

No. 167 1612 0.290 0.72 672 0.036 0.1
No. 165 1,4-Dimethyl-2-ethylbenzene 730 0.500 0.11

1,3-DiQethyl-4-ethylbenzene 289 0.090 0.72 770 0.088 • 0.60
326 0.113 0.78 835 0.266 0.19

214 0.102 0.87 465 0.222 0.38 861 0.182 0.53
284 0.014

0:51
537 0.244 0.31374 0.096 928 0.130 0.73

458 0.081 0.35
599 0.038 0.9 No. 169. 1,3-Diethylbenzene 947 0.221 0.40

485 0.085 0.46 656 0.017 1022 0.708 0.12
711 0.278 0:23 299 0.032 0.4 1072 0.146 0.23

553 0.254 0.42 735 0.285 0.16 451 0.028
0:3

1112 0.396 0.40
627 0.017 795 0.053 0.46 513 0.074

1153677 0.041 898 0.186 0.21 548 0.022 0 .. 101 0.28
730 0.453· 0: i7 617 0.035 0:6 1209 0.955 0.29
789 0.039 963 0.061 0.4 1227 0.367 0.38

1000 0.078 0.2 663 0.020 1294 0.104 0.28
820 0.025 1063 0.091 0.3 717 0.209 0.17 1316 0.127 0.46
927 0.127 0.2 1133 0.027 0.3 796 0.032 0.7

1366967 0.076 0.29 1159 0.013 0.7 867 0.012 0.546 0.48
1065 0.108 0.26 902 0.030 '):4 1398 0.377 0.39
1126 0.032 0.2 1184 0.017 1463 0.578 0.46

1211 0.050 0:2 950 0.073 0.4 149[ 0.055 OA
1216 0.081 0.2 1245 0.358 0.12 971 0.107 0.59 1558 1.143 0.33
1240 0.193 0.10 1325 0.065 0.3 1005 0.643 0.11 1614 1.123 0.47
1250 0.202 0.11 1383 0.248 0.42 1069 0.129 0.2
1328 0.066 0.46 1109 0.039 0.4
1383 0.205 0.67 1457 0.192 0.67 1176 0.046 0.61588 0.076 0.601406 0.068 0.87 1626 0.227 0.69 1242 0.148 0.1
1459 0.174 0.81 1331 0.089 0.3
1513 0.020 0.9 14.52 0.151 0.87 No. 172. Hydrindene1587 0.065 0.87 1600 0.120 0.64
1625 0.251 0.75 1617 0.148 0.75 180 0.033 0.99

252 0.037 0.9
412 0.022 0.9
456 0.015 0.5
0513 0.284 0.45

578 0.077 0.97
608 0.025 0.9
742 0,222 0.33
850 0.181 0.29
905 0.052 0.72

917 0.022 0.9
968 0.042 0.2

1000 0.105 0.39
1025 0.432 0.15
1153 0.093 0.60

1202 0.223 0.29
1268 0.060 0.56
1318 0.081 0.35
1378 0,022 1.
1437 0.282 0.76

1460 0.111 0.86
1585 0.118 0.83
1603 0.138 0.82
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. NORMAL PENTANE SPECTRUM NO. I

g...

SPECTRUM NO. 2

4425 4400

SPECTRUM NO. 3

4450 4425 4400

SPECTRUM

4450

2-METHYLBUTANE

4575 4550 4525 45

NORMAL HEXANE

4575 4550 4525

2~METHVLPENTANE

4600

625

4625

RAMAN 5PECTRUM
RUN NUMBER 325

6504675



724 VOL U ME 19, NO.' 1'0

4675

RAMAN SPECTRUM
RUN NUMBER 899

3-METHYLPENTANE

440 44 4

4425 4400

SPECTRUM NO. 8

SPECTRUM NO. 6

SPECTRUM NO. 7

2. 2.-DIMETHYlBUTANE

4575

NORMAL HEPTANE

4.75

2. 3-DIMETHYLBUTANE

44625

RAMAN SPECTRUM
RUN NUMBER 784

RAMAN SPECTRUM
RUN NUMBER 905

650

4650467-6

WAVE. LENGTH, 1.
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4675

2-METHYLHEXANE SPECTRUM NO.

725

3-METHYLHEXANE SPECTRUM O. 10

RAMAN SPECTRUM'

RUN NUMBER 12380

4625 460 4575

3-ETHYLPENTANE SPECTRUM

4675 46!in 4625· 4

2, 2,-DIMETHYLPENTANE

4575

SPECTRUM

4.425 4400
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2. 3-DIMETHYLPENTANE SPECTRUM NO. 13

4

44

4425

SPECTRUM NO. 14

4450 4425

4450

~
WAVE NUMBER SHIFT Ill"em"

4575

g WAVE NUMBER 5HIFT g ltd em .J)
2 ..

3,3- DIMETHYLPENTANE

2.,4-DIMETHYLPENTANE

4575

I
I
~
4600

4600

I
RAMAN SPECTRUM
RUN NUMBfl11100

4625

4650

o
o
:!

4650

4675

4675

4675
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RAMAN 'SPECTRUM
RUN NUMBER 47!S

465

NORMAL OCTANE

4

SPECTRUM NO. 17

44

4675 4650 4625

~I

4600

2-METHYLHEPTANE

4575

'SPECTRUM

4450

3-METHYLHEPTANE

RAMAN SPECTRUM

'UN Nu~'r' I

8 (L>Vcm-1)
8!:!

I '0

I
4675 4625 4600 4575 4500

SPECTRUM NO. 19

SPECTRUM

440044254450

4-METHYLHEPTANE

RAMAN SPECTRUM
RUN NUMBER 858

46254675



728 VOL U MEl 9, N O. 1 0

SPECTRUM NO. 21

4675 46

RAMAN SPECTRUM
RUN NUMBER 868

4625

3-ETHYLHEXANE

4 4425 o

44004425

SPECTRUM NO. 23

SPECTRUM NO. 22

4450

4575

2,2-DIMETHYLHEXANE

4575

2,J-DIMETHYLHEXANE

46004625

RAMAN SPECTRUM
RUN NUMBER

j

771

RAMAN SPECTRUM

RUN NUMBER 115/
I

46504675

4675

RAMAN SPECTRUM
RUN NUMBER 448

4675 4650 4625

2,4-DIMETHYLHEXANE' SPECTRUM NO. 24
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4675

RAMAN SPECTRUM
RUN NUMBER 447

2 5-DIMETHYLHEXANE SPECTRUM NO. 2S

J,J-DIMETHYLHEXANE: SPECTRUM NO. 26

46

RAMAN SPECTRUM
RUN NUMBER 878

I

4575 4450

8

4425

1

I~
4400

\~
44004425

8...

SPECTRUM NO.

4450

J 4-DIMETHYLHEXAN:E

4575

RAMAN SPECTRUM
RUN NUMBER 875

!

2-METHYL- 3-ETHYLPENTANE

467 4 75 o 4 4500

WAVE LENGTH. 1.
4475 4450

SPECTRUM NO.
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4675 4625

RAMAN .sPECTRUM

RUN NUN.BER 861

4600

3-METHYL-3-ETHYLPENTANE

4 75 4

SPECTRUM NO. 29

4425

2,2,3-TRIMETHYLPENTANE SPECTRUM NO. 30

RAMAN SPECTRUM

RUN NUMBER 485I ..
,

44004425

SPECTRUM NO. 31

44504575

224-TRIMETHYLPENTANE

4646254650

SPECTRUM

4675 4625

2,3,3-TRIMETHYLPENTANE
,

RAMAN SPECTRUM
RUN NUMBER 1108

I

4500 4475 4450 4425 4400



OCTOBER 1947 731

2. 3 4-TRIMETHVLPENTANE SPECTRUM NO. 33

RAMAN SPECTRUM

RUN N~MBER 762

NOMlAL NONANE SPECTRUM NO.

44004425

4450

SPECTRUM NO. 35

4450

4450

4475

4475

44o

3-METHYLOCTANE

8WAVE NUMBER SHIFTS ("1Icm-')- ..
2.-METHVLOCTANE

4575

4575

4575

4600

4600

RAMAN SPECTRUM
RUN NUMBER 915

RAMAN SPECTRUM
RUN NUMBER 1337

4625

4625

4625

4650

4650

4650

467S

4675
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SPECTRUM NO. 37

650 4625 4600 4575

4-METHYLOCTANE

I
WAVE NUMBER SHIFT

4500 4475 4450 4425 4400

RAMAN SPECTRUM
'. RUN NUMBER 910

4650 4625 4600 4575

3-ETHYLHEPTANE

4450

SP CTRUM NO. 38

SPECTRUM NO. 39

g....
440044254450

8
'"
4 754500

WAVE NUMBER SHIFT

4-ETHYLHEPTANE

4575460046254650

J..2-DIMETHYLHEPTANE SPECTRUM NO. 40

RAMAN SPECTRUM
RUN NUMBER 463

44
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44004425

SPECTRUM NO. 41

SPECTRUM NO. 42

SPECTRUM

SPECTRUM NO. 44

4450

3 3-DIMETHYLHEPTANE

4575

3 S·DIMETHYLHEPTANE

4575

4,4-DIMETHYLHEPTANE

4575

34-DIMETHYLHEPTANE

400

RAMAN SPECTRUM
RUN HUMBER 456

4600

.RAMAN SPECTRUM
RUN NUMBER 459

4625

4625

RAMAN SPECTRUM
RUN NUMBER 4/ T

46504675

4675

4675

445044754

8..
4

WAVE LENGTH, 1.
4 4675
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4625

4450 4425 4400

44004425

SPECTRUM

SPECTRUM NO. 46

SPECTRUM NO. 45

1:5 ~
I

4450

4475

3-METHYL-3-ETHYLHEXANE

2·METHYL·3·ETHYLHEXANE

RAMAN SPECTRUM
RUN NUMBER 918

46254650

4675

4675

3-METHYL-4-ETHYLHEXANE

4675

RAIrlAN SPECTRUM
RU~ NUMBER 666

4575 o
WAVE LENGTH, A.

4450

SPECTRUM

4425
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2. 2. 4-TRIMETHYLHEXANE SPECTRUM NO. 49

SPECTRUM NO. 50

4675 .4650 4625 4600

2. 2. 5-TRIMETHYLHEXANE

g WAVE NUMBER SHIFT g (<111 em·' )
~ .,

4575

g
'"

4475 44 4425

g
N

4400

RAMAN SPECTRUM
RUN NUMBER 660

44004425

SPECTRUM

SPECTRUM

4450 442544754575

4575

2. 3 3-TRIMETHYLHEXANE

2.,3 4-TRIMETHYLHEXANE
4600

4.600

4625

4625

46S0

4650

4675

4675
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RAMAN SPECTRUM
RUN NUMBER 1536

44004425

4425

4450

SPECTRUM NO. 53

4450

44/S

4575

4575

WAVE NUMBER

4600

RAMAN SPECTRUM
RUN NUMBER 1724

I
~

4600

4625

2. 3,5-TRIMETHYLHEXANE

4625~650

SPECTRUM NO. 56

SPECTRUM NO. 55

4

WAVE LENGTH, 1.

3 3 4-TRIMETHYLHEXANE

4575

2.,2-DIMETHYL-3-ETHYLPENTANE
4646 5

RAMAN SPECTRUM
RUN NUMBER 412

46

4675
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4400

4400

4425

4425

8...

SPECTRUM NO. 57

SPECTRUM NO. 58

4450

4450

4575

4575

4600

2. 4-DIMETHYL-J-ETHYLPENTANE

RAMAN SPECTRUM
RUN NUMBER 97.'6

2. 2. J 4-TETRAMETHYLPENTANE
4600

.RAMAN SPECTRUM
RUN NUMBER 980

4625

46254650

4675

4675

RAMAN SPECTRUM
RUN NUMBER 790

SPECTRUM NO. 60

SPECTRU NO. 59

44442544504475

4575

2. 2. 4 4-TETRAMETHYLPENTANE

4600 .

4625

4625

4650

4650

4675

4 5
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442.5

~.
4450

SPECTRUM NO. 61

;SPECTRUM NO. 62

~ 8...
4450 4425 4400

SPECTRUM

2:

5
~::.
Q

~
'"02:
;!
;<

"

~
4450 4425 44004500

4500

RAMAN 5PECTRUM
RUN NUMBER 765

4525

WAVE NUM~ER SHIFT (£)·Jcm ·1)

I ~

WAVE NUMBER. SHIFT (6~cm -')
I

4575

NORMA DECANE

4575

2. 3 6-TRIMETHYLHEPTANE

4600

RAMAN SPECTRUM
RUN NUMBER 1896

I
~

462546~0.4675~

4675

2. 2. 3 3-TETRAMETHYLHEXANE

4675

RAMAN SPECTRUM

RUN NUMBER '803

4575 4500 4450
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RAMAN SPECTRUM

RUN NUMBER 1341

SPECTRUM

4450

WAVE NUMBER SHIFT (A1fcm .,)

4575

2. 2. 3 5-TETRAMETHYLHEXANE
4600

22 3 4-TETRAMETHYLHEXANE

462

RAMAN SPECTRUM
RUN NUMBER 1505

46504675

SPECTRUM NO. 67

4650 4625 4600 4575

WAVE NUMBER

4450

4450

4425

4425 4400

3 3 44-TETRAMETHYLHEXANE

RAMAN SPfCTRU'!'

RUN NUMBER 1802

44004425

SPECTRUM

4145045004550 4525

WAVE lENGTH. 1.

WAVE NUMBfIl sHin (0 tJcm -y

4575

~I
460046154675
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RAMAN SPECTRUM
RUN NUMBER 1701

NORMAL UNDECANE

44004425

SPECTRUM NO. 69

4450447545004S754600

2 246-TETRAMETHYLHEPTANE SPECTRUM NO. 70

WAVE NUMBER SHIFT (o"em .•)

4675 465 4625 46 4575 4550 4525 4500 4450 4425 400

RAMAN SPECTRUM
RUN NUMBER 1681

I

NORMAL DODECANE

WAVE NUMBER SHIFT (~em-')

I
4425

SPECTRUM

4450

8

4475450045254550457546004625

440044254450

SPECTRUM NO. 72

44754500

WAVE NUMBER SHIFT (Li7cm -1)

4575

223" S,6-PENTAMETHYLHEPTANE

4600

RAMAN SPECTRUM

RUN NUMBER 1914

I
§

462546504675
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RAMAN SPECTRUM
RUN N\JMBER 1892

~
WAVE NUMBER SHIFT (A';"" -')

440044254450

SPECTRUM NO. 73

4500452545504575460046254 75

RAMAN SPECTRUM
RUN NUMBER 1694

4650 4625

I
§
4600

NORMAL TRIDECANE

4575

SPECTRUM NO.

4450

NORMAL TETRADECANE

44004425

SPECTRUM

4450

8...
44754500

WAVE NUMBER SHIFT (...11 em-' )

I
i ~

45754600

SPECTRUM7 - METHYLTRI DECANE

4450 4425
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444425

SPECTRUM

SPECTRUM NO. 79

44SO

4500

§
'T

1-PENTENE

WAVE NUMBER 'SHIFT (...... , •.-')

I
WAVE NUMBER SHIFT (.oolem -1)

46004625

RAMAN SPECTRUM
RUN 'lUMBER 1708

4650

~.

4675

4700 4675' 4650 4625 4600 4575 45S0. 4525 4500 4475 4450 4425 4400

2-METHYL-1-BUT ENE

WAVE NUMBER SHIFT (L),V em·' )

SPECTRUM NO. 80

4425445045254575 4550

WAVE LENGTH. 1.

~.
4600
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SPECTRUM NO. 81

44254450

I
8

44754500

2-METHYL-2-BUTENE

46004625

462

46504675

4675

4700

4700 4675 4650 4625

33-DIMETHYL-l-BUTENE

4600

-SPECTRUM

l..HEPTENE SPECTRUM
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44004425

SPECTRUM NO. 86

4450450045254550

1-0CTENE

4575

WAVE NUM~ER SHIFT (411 cm-4 )

4600

2. 3 3-TRIMETHYL-l-PENTENE
462546504675

46

4700

RAMAN 5PECTRUM

RUN NUMBER 1204

I

470 46 4625

2. 3 4- TRIMETHY -l-PENTENE

2.,3 4-TRIMETHYL-2.-PENTENE

4 4 •
WAVE LENGTH. A.

SPECTRUM NO. 87

SPECTRUM NO. 88

4450
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4 .

4700

RAMAN SPECTRUM

'" '"'"I '~

2,4 4-TRIMETHYL-l-PENTENE

4500 4475

SPECTRUM

4450

SPECTRUM

8
'I

3,3,4-TRIMETHYL-l-PENTENE SPECTRUM NO. 91

RAMAN SPECTRUM
RUN NUMBER 1207

~ I
4700

3-METHYL-2-ISOPROPYL-l-BUTENE

45

SPECTRUM NO. 92

4450
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33-DIMETHYL-2-ISOPROPYL-1-BUTENE SPECTRUM NO. 94

4675

RAMAN SPECTRUM

RUN NUMBER 1359

4650 4625

I
WAVE NUMBER,SHIFT ("vorn")

8 8
:2 '"

4500 4475 4450 4425 4400

SPECTRUM NO.

44754500

:
WAVE NUMBER SHIFT i411 om -')

I
i

4575

4600

2.66-TRIMETHYL-1-HEPTENE
4600

2 3 3 4-TETRAMETHYL-1-PENTENE

462546504675

I
RAMAN SPECTRUM

RUN NUMBER 1356

4700
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2. 4 4 5-TETRAMETHYL-1~EXENE

44004425

SPECTRUM

445045004609462546504675
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cis-l 2-DIMETHYLCYCLOPENTANE

RAMAN SPECTRUM
RUN NUMBER '1330

SPECTRUM NO. 105

WAVE NUMBER SHIFT (Ll' em")

.trans-1,2-DIMETHYLCYCLOPENTANE
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SPECTRUM

SPECTRUM

4S7S

ISOPROPYLCYCLOPENTANE

NORMAL PROPYLCYCLOPENTANE

46462S
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~ ~
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11 2.-TRIMETHYLCYCLOPENTANE
RAMAN SPEC RUM

RUN NUMBER 1405
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4675

RAMAN SPECTRUM

RUN NUMBER 605

2-CYCLOPENTYLPENTANE SPECTRU NO. 121

2-CYCLOPENTYLHEPTANE
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cis-1,4-DIMETHYLCYCLOHEXANE
RAMAN SPECTRUM
RUN NUMBER 1050

trans-14-DIMETHYLCYCLOHEXANE SPECTRUM
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4450
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SPECTRUM NO. 137
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4450 44154500452545504575
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~.-,
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RAMAN SPECTRUM
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Correlation 0.1 Intensity Measurements in Raman Spectra
Obtained with Different Instruments

D. H. RANK, Physics Department, The Pennsylvania State College, State College, Pa.

The chief sources of error in intensity llleasurelllents
in Ralllan spectra for analytical purposes are dis
cussed. Three of the lllajor causes of discrepancies
between observations of diff~rent observers using
different instrulllents are treated and suggestions
are lllade for lllinilllizing these errors. The variation
in apparent intensity caused by variable polarization
of Ralllan lines and widely different translllission
factors for plane polarized light for different spectro-

graphs is discussed in detail. Equations are derived
to enable polarization corrections to be lllade to the
"scattering coefficients" tabulated in the catalog of
hydrocarbon spectra by Fenske and his collabora
tors. By llleans of curves given in the pap~r, 'scat
tering coefficients ~iven in the catalog can be cal
culated approxilllately as they would be observed in
other spectrographs if the translllission factor for
the two kinds of plane polarized light is known.

0.90.80.7

photographically by means of the density produced on a photo
'graphic plate, the net effect would be to obtain "peak"deflections
uniformly for all lines. The scattering coefficients giv~n in (1) are
correct as far as the variable breadth of the lines is concerned in
the case of sharp, well-resolved lines, since the standard tlv =

459 em. -1 carbon tetrachloride line is sharp and well resolved.
The difficulties enumerated in the discussion of variable line

breadth above are not so serious as might be expeCted. II;1 the
particular photoelectric instrument used, no' difficulty in quan
titative work is experienced from this cause, since the line shape
stays constant with concentration and thus cancels out of the
analysis. When other workers' use the above data in lieu of
standards for quantitative work with other instruments, either
photoelectric or photographic, little can be done with respect to
errors arising from variable line breadth. Fortunately, the
situation is not very serious in any event, since the broad lines
are often weak a~d frequently, but not universally, are of no
interest for quantitative analysis.

Variable Polarization of Raman Lines. As for variable
polarization of Raman lines a considerable degree of conformity
can be achieved with regard' to data on scattering coefficients
given in the preceding paper and those to be expected using other
instruments.

It is well known that a spectrograph does not transmit the two
kinds of plane polarized 'light with equal facility. Spectrographs

02 0.3 . 0.4 0.5 0.6
DEPOLARIZATION FACTOR. Pn

Fam.ily of Curves Representing Equation '7a Plotted for Various
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ANOTHER paper (1) presents an outline of the method in use
fi at The Pennsylvania State College for analysis of hydro
carbons by means of their Raman spectra and in addition, tabu
lates the scattering coefficients and depolarizations of many of the
lines of 172 pure hydrocarbons. The aforementioned paper
points out that the values obtained for the scattering coefficients
are somewhat dependent on the instrument used for their deter
mination. It is well known that in making quantitative analy
ses with infrared and ultraviolet absorption equipmenii, it is
necessary· to calibrate the particular instrument employed,
making use of standard samples. Quantitative analysis by
means of the Raman effect suffers essentially the same limitations
with respect to standard samples as infrared and ultraviolet·
spectrophotometry.

The main reasons for the variation of scattering coefficients
with different instruments are: variable polarization of raman
lines, variable breadth of lines, and incomplete resolution of
lines.

Data given in the preceding paper (1) represent work on many
hydrocarbons which are rare, and difficult or almost impossible
for many investigators to obtain. It is the purpose of this paper
to acquaint other investigators with the possibilities of using the
above data for crude quantitative work with their own instru
ments in cases where standard samples for calibration are not
available.

Incomplete Resolution of Lines. With
regard to incomplete resolution of lines,
conformity of instruments can be ob
tained by 'employing a slit width so that
sharp lines 15 em. -1 apart can just be
resolved.

Variable Line Breadth. Conformity
of variable' line breadth cannot be
achieved easily for a ·number of reasons.
Because of the necessity of producing a
large signal-to-noise ratio in the photo
electric spectrograph, a time constant of
some seconds must· be employed in the
electrical circuit. Xi is, of course, neces
sary to sean the spectrum in a reasonable
time.' If the Raman lines all had the
same breadth, the scattering coefficients
would aU be relatively correct; regard
less of the percentage of full deflection
obtained for the lines. However, this is
not the case and, as a result, broad lines
will have an apparent scattering co
efficient which may be as much as 30%
too great compared to sharp lines. If
the scattering coefficients were measured
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T = So/Po [unpolarized)

The scattering coefficient K o referred to in the previous paper
is defined as

where So is the intensity measured for the perpendicular (.U
-{lomponent, the electric vector vibrating in the vertical plane,
and Po the intensity for the parallel (II) component, or electric
vector vibrating in the horizontal plane. Then Pn, the depolari
-zation factor for a polarized line, will be given by

K. _ 0995 (1 + P.') (7b)
K o -. (1.+ p~T)

Let us call the right-hand side of Equation 7af(p., T). In Fig
ure 1 f(Pn, T) is plotted against Pn, 'using a value of T = 0.90 as
was observed in (1.). In order to find K, it is only necessary to
multiply the f(Pn, T) value ·for a given Pn by the K oobserved by
Fenske -and his collaborators. In Figure 1 f(Pn, T) is also plotted
against Pn for various values of T ranging from T = 0.3 to T =
1.0. If a K, value is known from the data af Fenske et al, the
K ovalue can be obtained for a given instrument by dividing the
value of f(Pn, T) (for a given T appropriate to the instrument in
question) into K.. .

The treatment given above. is applicable only to experjrnental
conditions where true theoretical depolarization factors are
experimentally achieved. The method of excitation used by the
authQr and his collaborators (3, 4) has been shown to fulfill these
conditions. A recent paper of the author's has shown that the
cylindrical lens method of excitation yields quantitatively
theoretically correct values of Pn, p.,and pp.

Two additional ~bservations.concerning the excitation of
Raman spectra might be pertinent. The cylindrical lens method
of excitation, properly used, is the most powerful method of
excitation with which the author is acquainted. The original
Wood's light furnace method of excitation does not yield theoreti
cally correct depolarization values when used in the ordinary
manner.

of plane polarized light, we shall call K ,.' .Ko is related to K. by
means of the following equation.

K, (1 + P.~(l + p~T) (7a)
K o = (1 + p~T)(1 + p~)

where superscripts land 8 on the po's refer to the line in question
and the standard line, respectively. The part of the fraction in
volving only p~ and T is a constant for all lines observed under a
given set of experimental conditions. Then Equation 7a be
comes, for the purposes of transforming the data of the preceding
paper (1):
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where 10 is the observed intensity of the line in question and 10•
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Syste'm .for Rapid Evaluation of Catal'ysts for
Production of Butadiene from Ethanol

M. H. WHITLOCK\ G. J. HADDAD, AND E. E. STAHLY
Mellon Institute of Industrial Research, Pittsburgh, Pa.

T HE great number of chemical combmations that must be
investigated in a catalyst development program make the

use of some type of screening test essentiaL This program was
based on the testing of five hundred catalysts per year, with each
lllaterial evaluated at five different conditions. In order to meet
these requirements, it was necessary to be equipped to handle at
least ten catalysts per week, plus a control; it was also desirable
to be able to do special work on at least one material. Labora
tory production of large batches of catalysts is a slow time-con
,suming procedure; it is very much easier and quicker to prepare
a sn;lall quantity of most catalysts. These factors were the

1 Present address, Recon8truction Finance Corp., Office of Rubber Re
,,,erve, Wa8hington.25. D. C.

guides which led to the design of an apparatus to evaluate simul
taneously twelve materials using only 20 cc: of each catalyst per
test.

Sl\-lALL-SCALE TESTING UNIT

A small-scale testing unit was designed, which consists es
sentially of the feed system, reactor, separation and collection
system for C. and lighter hydrocarhons, and sampling system.
The main requirements of such a unit are: (1) constant feed rate
for very small rates of flow for the alcohol feed mixtures, (2) accu
rate control of reactor temperature, (3) continuous separation and
collection of a C. and lighter fraction free from traces of acetal
dehyde (and other oxygen-containing compounds which might
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In order to evaluate in a. short time a large nUUlber of
new catalysts for the production of butadiene froUl
alcohol, a multiple-test apparatus has been de
veloped that appraises twelve catalysts simultane
ously. As only 20 cc. of catalyst are required for
each test, the apparatus permits the evaluation of
catalysts which are dHficuh or tiUle-consuUling to
prepare in large quantities. A feeder enables liquid
addition at rates as low as 6 cc. per hour with an ac
curacy of ±lO%. Gaseous products are scrubbed

to reUlOVe soluble COUlponents and coHected by
displacing a salt solution in a constant-pressure
system. Gas samples are taken by D1ercury dis
placement for analysis by chemical or physical
methods. This apparatus is applicable to catalyst
studies in which the feed is in a liquid state and of
such a nature that it may be separated from the low
boiling products by countercurrent scrubbing.
Soluble products may h ... separated by the use of
appropriate solvents.

interfere with subsequent but.adiene analyHis), and (4) an a(\

curat·(' measure of the C. fraction collect.l\d.
A flow diagram for a single unit c\pveloppd t·o fill th,esp (weds

is shown in Figure t.

7, and 7-mm. Pyrex tubing are u"ed to convey the product to t.he
separation train.

Separation of the water-soluble and higher-boiling components
is effected by mearts of a countercurrent scrubber 9, (2) and a
fractionation column 360 mm. long and 15 mm. in diameter
packed with 0.3-cm. (0.125-inch) Pyrex helices, 10. Water for
scrubbing is supplied from a constant-head reservoir, 8. Liquid
fractions are collected in a flask, 11, which is kept at a gentle
hoiJ hy a hea.ter, 12;. the hoiling drives ahsorbed or dissolved

gases back up the fractionation column. Gaseous products come
off the head of the scrubber and pass' through a bubbler, 13,
which contains a neutral solution of hydroxylamine hydrochloride
and an indicator (bromophenol blue). If any acetaldehyde is
present in the gas, the indicator changes color (from blue to yel
low). The gas from the bubbler is collected in bottles, 14, by
displacement of a sodium sulfate solution. The pressure of thtl
whole system is controlled by adjusting the height of outlet B
with respect to gas inlet A. At the conclusion of a run the vol
ume of solution collected is equal to the volume of gas in the bot
tle. The difference in pressure from the atmosphere is measured
by a mercury manometer, 16. The trap, 15; is used to prevent
salt solution from ~nte~ing the .sampling .system, which consists of
a tower, 17, packed WIth calCIUm chlonde to rElmove water. and
Ascarite to remove carbon dioxide. Gas samples are taken by
displacement of mercury from a standard 250-cc. sample bottle,
18, to the reservoir, 19.

Figure 2. General View of Multiple-Test Assembly

-18

-17

-16

-12

./~
j

~=,.-,!j1!.1-9

F1ow(Diagram of Single-Catalyst Test UnitFigure 1.

Coolant In __

-10

Feed is supplied from a constant-ratc buret, 1, to the H'action
tube, 2, which consists of a 95-cm. (38-inch) length of 13-mm.
outside diameter Pyrex tubing, including a preheat section packed
with glass beads followed by the bed section
containing 20 cc. of catalyst. The side arm at
the top of the reaction tube is connected to a
nitrogen supply, 5, and to a water manometer,
6. The nitrogen is used for flushing out the
system at the beginning and end of each run.
Manometer 6 measures the difference in pres
sure between the reactor and the atmosphere.
It was found necessary to insert. the trap, 4,' in
the side-arm connection in order to prevent the
manometer liquid from being drawn into the
reactor in case of a pressure drop in the system.
The reactor, 2', is heated by an electric
furnace, 3. Standard-taper 12/30 ground joint.s,
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Fig'!re 4.

displacement system are used for each pair of units. All flexible
connections are made of neoprene tubing.

SPECIAL CONSTRUCTIONAL DETAILS

Figure 5 gives the structural details of the speci~l glassware
used in these units.

F.igure 3. Feeders, Nitrogen Flushing System, Manom
eters, and Furnace of Multiple-Test Assembly

Dimensions in rnillhneters

Figure 5. Structural Details of Countercurrent
Scrubber Fractionating Column (Right) and Micro

feeder (Left)

-------~

MULTIPLE-TEST UNIT

The. multiple-test unit comprises a centralized group of twelve
single units with one furnace to heat all the reactor tubes. To
eliminate the need for pumping or heated lines a gravity flow
syatem is employed, the furnace being mounted on a platform 7
feet square raised 4.5 feet above the floor (this was found incon
veniently low and should be made higher). The scrubbers,
fJractionating columns, and heaters are mounted on racks at
three sides of the platform. The general layout of the unit can
be seen in Figure 2. The constant-rate burets are mounted in a
circle above the furnace and deliver directly into the top of the
reactor tubes. The traps, manometers, and nitrogen flushing
system are mounted around the furnace. The details of the
upper portion of the multiple-test unit are clearly shown in Figure
·3. The furnace contains twelve vertical chambers, one for each
tube. Before the start of each run the bottles (14, Figure 1)
are filled with salt solution from an overhead storage tank. For
efficiency in operation the units are grouped in pairs, two gas
collection bottles being placed on a bench. The gas-sampling
.system is shown in Figure 4. One drying tower and one mercury
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The heart of the microfeeder (constant-rate buret) is the sec
tion marked A-A, which is made from a 5-cm. (2-inch) length of
precision-bore capillary tubing having an inside diameter of 0.25
mrn. (0.010 inch) (1). The side arm on the feeder is closed by
rubber tubing and a pinchclamp. A cotton filter is placed 'at the
constriction above the capillary. In the scrubber Al indicates
supports for the packing. The tube should be enlarged at this
point to provide an open area at least as large as the cross-sec
tional area of the packed section. The packing material in the
scrubber is 0.3-cm. (0.125-inch) Pyrex helices.

Table I. Mole Per Cent Conversion to Butadiene
(Temperature, 350· C.)

Elapsed Time in Hours
Run
No. 0-6 6-12 12-18 18-24 24-30 30-36 Av.

A 26 29 24 25 27 25 26
C 30 31 :18 27 30 30 29
E 30 28 29 27 28 26 28
F 29 28 29 28 28
J 31 28 30 30 30
L 29 26 26 27 27

28

Figure 6. The Furnace

EXPERIMENTAL RESULTS

Typical data obtainable
with this system are shown
in Table 1. Six rum, were
made, three of 24-hour
duration and three of 36
hour duration. Two sets
of collection bottles were
used, one for 6 hours, then
the other for the next 6
hours, and so on.· These
results show that with the
analytical method used the
test is reproducible to
within ±3% conversion.

The equation used to ob
tain these figures is:

At the end of 4 hours (the usual length of a run) the feed is
turned oft' and 2 liters of nitrogen are slowly flushed through.
The feeders are then weighed. Three gas samples are taken from
each unit. The catalyst is weighed out of the reactors and is
stored in I-ounce bottles. The reactor tubes are left overnight
in cleaning solution. It takes approximately 16 hours to com-

plete these tests, to serv
ice the units for the next
runs, and to clean up the

~ ~ laboratory. Two operators
are required, one to start
the runs and the other (on
the following shift) to close
down and to take samples.

I [ I I I I
115 V 200V 115 V

Figure 7. Wiring for Control
Panel and Furnace
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Figure 6 shows the construction of the furnace. The
wiring diagram for the controls and furnace is given in
detail in Figure 7 because the excellent temperature
control realized in the reactor tubes was due to the use
of this circuit.

I. Whee1co Potentiotrol Model 3244
2. Ward Leonard rheostat. 32-ohlJI 6OO-volt
3. lOOO-watt heater, 100 feet of No. 18

Chrome1 A
4. SOO-watt strip heater
5. Variac Type loo-R, 230-volt
6. Variac Type 2oo-CM, 1I5-volt

2 X moles of butadiene
produced X 100

moles of ethanol used
mole % conversion

METHOD OF OPERATION

It is advantageous to runthe unit once per day. The catalyst
is measured into the reaction tubes and the glass beads are added
to form a preheater. The packed tubes are then placed in the
furnace,· connected to the separation train, and flushed with ni
trogen for 2 hours. The burets are filled with feed and are
weighed. The water to the scrubber is started and the rate ad
justed to about one drop in 4 seconds. The gas-collection bottles
are filled with solution. Fresh hydroxylamine hydrochloride
solution is placed in the bubbler. The feeders are connected to
the reactor tubes but are not turned on. Each unit is pressure
tested for leaks; if any are found, they are corrected. The
boilers (containing 100 cc. of water) are started and the nitrogen
is turned oft'. When the conditions in the units have reached
equilibrium, the runs are started by turning on the feeder. It is
convenient to start the units at 5-minute intervals; in this way
all twelve are running within one hour after the first is started.
The feed rates are checked from time to time and adjustment is
made by varying the pressure of the system (as indicated by ma
nometer 6 in Figure 1). The pressure adjustment is made by
raising or lowering the point of liquid overflow from the gas
collection bottle.
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New Method for Testing Catalysts
J. A. HINCKLEY, JR.I, AND HARRY R. SI:IEPPARD, JR.

Mellon Institute, Pittsburgh, Pa.

A new type of catalyst testing system employs a device for continuously separat
ing the reaction products from a catalyst testing furnace. These fractions are
more readily analyzed than the converter-make collected as a whole. This new
system has resulted in improved accuracy in testing catalysts used for making
butadiene from ethyl alcohol.

Gas-Collection System. The gas
flows from the product separator and
is. immediately and continuously tested
for complete acetaldehyde removal.

Acetaldehyde is detected by means
of a concurrent scrubber in which the
gas is washed with a water solution of
hydroxylamine hydrochloride contain
ing bromophenol blue indicator.

ICE WATER OUT'

ICE WATER IN

G

B

The reaction products enter uris separator through a glass
tubing coil concentric with the scrubbing col~n. Ice water is
circulated in a jacket about the scrubber and coil. Liquid reac-

tion products are condensed and a fog
form of entrainment is eliminated in the
coil. Scrub with water uncondensed
materials in the packed sc)'ubbing
section to remove acetaldehyde from
the gas. The scrubbing section is
cooled to 0 0 C. by the ice water jacket,
greatly lowering the vapor pressure of
acetaldehyde and thereby increasing
efficiency of the scrubber many fold.
The scrubbing water picks up a small
amount of butadiene in addition to
acetllldehyde. This butadiene is con
tinuously fractionated out of solution
by means of an integral fractionating
column located just below the scrub-
bing section.• An unpacked jacketed
section between the fractionating
column and the scrubbing column
serves as a reflux condenser for the frac
tionating column. The reflux tempera
ture is controlled at the boiling point
of acetaldehyde

l
asSuring complete re

moval of butadiene from the scrubbing
water. The unreacted feed and liquid
products are collected in the still pot
with the scrubbing water. Scrubbed
gas flows from the top of the prod
uct separator into the gas-collection
system.

pressure, controlled by a diaphragm valve and mercury bubbler,
pushes the feed through the orifice. The feeder is designed so
that the weight of material fed in each test can be measured
accurately. A reservoir, detachable from the metering orifice,
holds the feed. The reservoir is weighed before and after each
test to measure the amount of material fed into the system. The
feeder is designed to prevent holdup of feed within the metering
orifice. A cOlistant-head device within the feeder assures con
stant feeding as the liquid level drops within the reservoir.

Reactor. The catalyst is tested in a I-inch stainless steel
reactor held at constant temperature by an electric resistance
furnace. The pressure over the catalyst bed is constantly at
mospheric. Feed stock is vaporized over a steam coil before en
tering the reactor. The reaction products are separated im-
mediately after leaving the catalyst. .

Product Separator. An extractive distillation column (Figure
2), which separates the reaction products, consists of a scrubbing
column integral with a fractionating column.

Figure 2. Prod
uct Separator

A. Product entrance
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B. Entrainm.ent: re..
IDO..al coil

C. Product entrance
tocolUIDD

D. Product gaa ..xit
E. Scrubbing wat..r
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UlDn

G. Thennom.eter
H. Still pot
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B

A

E

H
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Union
NitrogeD pree
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E. Conatant head

device
F. Filter disk
G. CODetant - tem

perature liquid
exit

11. Conatant - bor..
capillary

Coll8tant - tem
perature liquid
entrance

A..
B.
C.

.D.

Figure 1. Orifice
Feeder

CATALYST testing in the labo
ratory usually consists of de-

termining the change in compositio~
()f a feed stock that takes place
under given conditions in the pres-
ence of the catalyst. The accuracy
()f the testing depends on the ac-
euracy of the analysis of the reac
tion mixture for unreacted feed and
~in product. The main problems
involved in the analysis usually
arise from the presence of the in
evitable profusion of by-products
caused by the severe conditions im
posed upon the feed stock, and from
the difficulty of obtaining a proper
sample of a mixture containing com-
ponents ranging from gases to hell-vy
tars.

An improvement in accuracy ob-
tained by modifying the usull-I
method of recovering the reaction
products is described here. The
modification consists essentially in
separating the products continu
ously and precisely, during the test,
into two fractions containing con
stituents boiling below and above
room temperature.

The reaction under consideration
is th~t of a mixture ofethyl alcohol
and acetaldehyde to form 1,3-buta
diene. In addition, hydrogen,
carbon monoxide and dioxide, light
hydrocarbons, aldehydes, alcohols,
esters, heavy hydrocarbons, oils,
etc., are recovered.

The reaction product is separated into a butadiene and lighter
fraction and an acetaldehyde and heavier fraction. The light
hydrocarbon fraction is collected in its entirety in a steel cylin
der previously evacuated, from which a representative sample
ean be drawn for analysis by low-temperature distillation or other
means. The acetaldehyde or heavier fraction is recovered in
aqueous' solutions, which may be analyzed for acetaJdehyde and
alcohol by distillation and chemical means. The butadiene is
contained entirely in the gas fraction and the acetaldehyde and
alcohol are entirely in the aqueous solution.

SPECIAL CATALYST TESTING EQillPMENT

Feeders. Orifice.-type feeders (Figure 1) are used to admit
feed stock to the catalyst and water to the product separator.
They continuously supply a well-regulated feed by employing a
constant-bore glass capillary as a metering orifice. The tem
perature of the capillary is held constant by a jacket through which
a liquid is circulated at controlled temperature. Nitrogen gas

I Present address, Podbielniak, Inc., Chicago, Ill.
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ance in the capillary, however, the level
of mercury in the reservoir is just.
slightly below the entering point. of the
gas to the mercury column. This means
that the tank is pulling a vacuum at that
point just sufficient to overcome the
pressure drop in the capillary. It is
readily seen that a vacuum could be
p:Illed on the entire system by making
the column of mercury above the point
of gas entrance into the regulator too
small. Changes of this sort are all indi
cated on manometer S.

During the run, the pressure in the
gas-collection tank increases, so that it
will no longer suspend so great a column
of mercury. '£he mercury flows back
out of the cylinder into the reservoir.
As th!l re3ervoir fills, it becomes heavier
and elongates the spring in the scale
from which it is suspended. The diam
eter of the mercury reservoir was calcu
lated so that, in view of linear elonga
tion of the spring, the level of mercury in
thl' reservoir does not change with re
spect to the tip of the capillary wherE
the gas enters the regulator. In thisway
the device is c:>mpletely a.utomat,k
t.hroughout an entire run.

v

A t top.. furnaces and gas-collection tanks on steel
platform. Instrurnent board located directly be
low gas-collection tanks. Constant-temperature
machine at left, underneath stairway. Product
separation train directly in front of inSlrUDlent
board, obscured by constant-temperature lTlachine

Figure 4. Catalyst Testing Unit

CATALYST TESTING UNIT

A flow sheet of the catalyst te3ting unit is presented as Figure 3.

The feed is supplied at. a constant rate to the unit from an ori
fice feeder, A, operated by maintaining a constant differential
pressure across the feeder orifice by means of nitrogen pressure
in cylinder B, which is controlled'by mercury bubbler C and dif
ferential prl'ssure manometer D. The feed is admitted to a ver
tical reactor tuhe cont.aining t.hl' test, catalyst, which tube i8

T

s

I

H

-

0 F P

X
-

Figure 3. Catalyst Testing Unit

The hydl'oxylamilH' hydrochloridt' solutiou is placed in the scrub
ber at a pH of 4.6, so that a trace of acetaldehyde in the scrubber
gas will react with the hydroxylamine hydroehloride and cause
the color of the solution t·o change from a blue-pink to yellow.
If any acetaldehyde is detected, it can be determined directly by
titrating it with the buret filled with 0.5 N sodium hydroxide at
tached to the top of the scrubber. In this way good operation of
the separation unit is assured, for poor operation is detected and
can be corrected immediately. This hydroxylamine scrubber is
operated by an air-lift principle which circulates the gas with the
reagent ;,olution concurrently down over a section packed with
glass helices. The gas is dried with Ascarite, which removes
traces of carbon dioxide in addition to water. It flows through
a pressure regulator into an evacuated storage cylinder.

The gas is admitted to a pressure regulator through a long
capillary tube that extends nearly to the bottom of the enclosing
glass cylinder shown in Figure 3. An evacuated tank, V, is
connected to the top of the enclosing cylinder while the bottom
of the cylinder is connected by means of a rubber hose to it cylin
drical wooden pot suspended by chain from a spring scale. The
wpoden pot is filled with mercury and the pot-scale assembly is
suspended by a linen cord from an adjusting rod that is used to
raise and lower it. Befm;e evacuating, the height of the mercury
reservoir is adjusted so that mercury covers the tip of the glass
capillary that admits gases from the system to the regulator. As
the tank is evacuated, mercury flo\\'s from the reservoir into the
cylinder, so that the pressure in the tank is equal to atmospheric
pressure minus the height of the column of mercury it suspends.
The height of the column is the distance between the top of the
mercury in the cylinder and the top of the mercury in the reser
voir. The actual pressure in the tank is measured by means of a
closed-end manometer, X.

When the collection tank is evacuated and the system is ready
for operation, the gas stream is directed into the mercury pres
sure regulator. The gas flows in through the capillary tube and
bubbles up through the mercury, leaving the regulator and flowing
into the collection tank. When the gas flows into the regulator,
however, the pressure as it leaves the capillary must be atmos
pheric; otherwise, a back pressure is transmitted to the system
as indicated by manometer S. If there is a back pressure it
means that the height of the column of mercury above the enter
ing point of the gas (as it leaves the capillary) is greater than the
column of mercury which the vacuum in the tank will suspend.
With such back pressure, the mercury reservoir must be lowered
so that the column of mercury above the entering point of the
gas is just equal to the column of mercury which the vacuum in
the tank will hold up. Actually if it were not for the resistance
across the capillary, this adjustment would' bring the level of the
me<rcury in the reservoir just opposite the tip of the capillary
where the gas flows into the mercury. Owing to gas flow resist-
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EXPERIMENTAL RESULTS

the gases flow through a three-way stopcock, T.
This stopcock normally connects the system
with the gas-product collecting tank, but it can
also be used for diverting the gas stream at any
instant into a gas-sampling bottle so that the
catalyst performance can be checked at an~'

time.
After flowing through the three-waystopcock,

the gas is conducted to an automatic mercury
pressure regulator, U, that allows the gas to flow
from the system at atmospheric pressure into ari
evacuated tank, V. The gases, as they are col
lected in the tank, are sampled by means of a
Toepler pump and analyzed. The tank is then
brought up to atmospheric pressure by means of
nitrogen from cylinder Y and is purged for some
time into a hood before re-evacuating by means
of pump A.

A photograph of the unit is shown as Figure 4.

Results from forty runs of 8 hours' duration used to stand
ardize the first catalyst testing unit are shown in Table 1.

In the calculation of the ultimate efficiency percentage, the
moles of reacted acetaldehyde are divided by 0.92 because, in
plant operation, ethanol is converted to acetaldehyde by a sepa
rate reaction which is approximately 92% efficient. The ul
timate efficiency is therefore expressed on·the basis of ethanol.
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Average
Deviation, %

"'02
""1
"'02
"'02

Table L Experilllental.Results
Probable
Value, %

34
63
54
83

moles of butadiene formed X 200
moles of feed

moles of butadiene formed X 200

moles of ethanol reacted + moles of acetaldehyde reacted
0.92

moles of butadiene formed
Alcohol efficiency pertlentage = moles of ethanol reacted X 100

moles of butadiene formed
Aldehyde efficiency percentage = moles of acetaldeh)'de reacted X 100

~~Iole conversion to but.adieue
Ultirnate efficiency
Alcohol efficiency
Aldehyde efficiency

i\ilale percentage conversion
to butadiene

Ultimate efficiency

maintained at the desired temperature by means of furnace E.
The temperature of the furnace is controlled by means of a micro
switch operated in conjunction with a mercury relay. The back
pressure .caused by material flow across the unit is indicated by
manometer F. Directional flow arrows on the line connectin'g
F with the catalyst tube are in both directions, since the line serves
two purposes. First, the back pressure from the unit is exerted
through the line to F during operation, and secondly, the'line
carries nitrogen gas that is used to purge the unit before and
after each test run. The nitrogen is by-passed across manoIIleter
D through this dual-purpose line to the r"eactor:

The converter-make flows from the reactor in furnace· E into
the separation unit at point G. Here the converter-make enters
'a cooling coil immersed in ice water that is circulated by a cen
trifugal pump, H, from the ice water reservoir, I. All the con
densable materials from the converter are condensed in this coil
and flow into an unpacked section of the separation column at
point J. At this point the liquid materials flow down into the
fractionatjng column, K, whilE! the uncondensed gases flow up into
the water serubber, L. Water is admitted to L by means of an
orifice feeder, M, operated by maintaining a constant differential
pressure across the feeder orifice by means of nitrogen pressure
in cylinder N, which is controlled by mercury bubbler 0 and dif
ferential pressure manometer P. A thermometer placed at the
top of K ser~es to show that the butadiene is fractionated out of
the lower section. The blJ.tadiene and other gases flow from the
top of the water scrubber into a hydroxylamine hydrochloride
solution scrubber, Q. From Q the gas flows through drying
~ubeR and then over a mercury-filled manometer, S, which shows
r,he pressure in the system at that point. From the manometer

Quantitative Analysis with the X-Ray Spectrometer
JOHN C. REDMOND, Kennametal, Inc., Latrobe, Pa.

The x-ray spectrollleter has greatly reduced the till1e and difficulties involved
in carrying out diffraction analyses. The lllethods used in the author's labora
tory for specilllen preparation and preparation of quantitative curves are de
scribed. Also shown are the results of sellliquantitative and quantitative
lllethods applied to lllixtur.es of heavy ll1etal carbides. Excellent agreelllent has
been obtained on linown lllixtures; results are obtained inas little as 10 lllinutes
once the necessary working curves have been established.

I', N. present-day problems, the analyst is frequently presented
with the problem of determining the presence of a compound

or given state of combination as opposed to the presence of an
element or radical. In rarer cases the quantitative determination
is very important. X-ray diffraction is a well established method
of doing this (3) but it has not been used for many problems where
it was applicable because the available methods were time-con
suming and capable of only semiquantitative results. Asidefrom
the exposure time and the time involved in processing the film, the
interpretation of patterns on films requires measurement of line
location and measlll'emerit of line intensities by densitometry.
The latter is not entirely satisfactory in the case of x-ray dif
fraction films. The advent of the Norelco dire~t-reading x-ray
diffr'action spectrometer made by North American Philips Com-

pany (2) has made quantitative diffraction methods very much
more practical and worthy of consideration as an everyday aid
in the solution of prOblems and in control.

With the spectrometer, the film is replaced by a Geiger counter
tube, the output of which is amplified and fed to a strip chart
recorder. A plot of the x-ray intensity versus the angle
is obtained. The speed of scanning may be varied over a wide
range from 0.25 0 to 4 0 per minute. Most of the work done in
this laboratory has been at 2 0 per minute, which has been found
satisfactory. At this rate the x-ray pattern may be recorded
in as little as I minute if the intensity of only one reflection is
required. The angular lo.cation of the reflection and the Intensity
are read directly from the .recorder chart. An entire determina
tion, including preparation of the specimen and calculation of
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SAMPLE AND SPECIMEN PREPARATION

.The most important consideration in specimen preparation is
the avoidance of orientation. The method depends upon ob-

the results, may be made in 10 to 15 minutes. While training is
required to set up the determination, an untrained operator may
be taught in a short time to prepare specimens, record the pat
terns, read the charts, and calculate the results.

In studying heavy metal carbides and compositions of these
carbides made by sintering them with auxiliary metals (com
monly known as cemented carbide compositions), several semi
quantitative and quantitative methods have been found useful.
Some of these are described below to illustrate the method of use
of the spectrometer and the type and accuracy of the results ob
tainable.

2

,

A )
~~ Lv-... ".J -v .-A.-

2

3

7

4

9

8

5

6

10

taining random orientation of the crystal planes in the specimen
as examined with the spectrometer. For most materials a
sample passing a 20Q-mesh sieve has been found satisfactory, but
the elimination of orientation effects may require reduction to a
very fine particle size well below 325-mesh. The material must
not be so fine as to result in the broadening·of the reflections which
occurs at a particle size of about 0.1 micron and smaller.. In the
case of carbides requiring reduction to a fine size, ball milling in a
steel ball mill with cemented carbide balls has been found satis
factory. The determination of the proper state of division for
a given material is empirical and is based upon the .reproduci
bility of the results.

The preparation of the actual specimen for x-ray exposure
likewise must obviate orientation effects. As in the case of the
sample preparation, the attainment of a satisfactory result is
largely determined by the reproducibility of the results.

In this laboratory, two specimen preparations have been used.
The first is a paraffin-casting technique in which about 1 gram of
the powdered sample material is mixed with molten paraffin in a
small porcelain crucible. The powder is permitted to settle and
the crucible is immediately cooled in water. The button is then
tapped from the crucible and the face containing the powder is
flattened by very light pressure on a glass slide. The button is
cooled rapidly in water: This specimen is then mounted on the
specimen post of the spectrometer by pressing it powder side up
with a glass slide into modeling clay in a small steel block with a
recess milled into it. This method has been largely discarded
because although satisfactory for some materials, orientation
effects make it unsatisfactory with others and it is more time-con
suming than. the method described below.

The method no)" largely used consists of preparing "a slurry of
.the powder sample and ethylcellulose dissolved in toluene by
grinding with a small porcelain mortar and pestle. The slurry
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Figure 1. 100% Tungsten
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RECORDING OF THE PATTERNS

The specimen on the glass slide is mounted on the specimen
post and the pattern recorded in accordance with the instructions
furnished py the manufacturers of the Norelco. The adjust
ments of the instrument, slit widths and heights, and the ampli
tude control are determined by trial to give the maximum height
of recording on the Bwwn electronic recorder chart for the re
flections which are to be used. In general, the strongest re
flection of the structure being analyzed for should be used, pro"
vided that it is within the range for which the spectrometer is
adjusted. When two or more substances "are being determined
from one recording, a weaker reflection of one or more of them may
be preferable to reducing the amplitude of the entire recording.
Some reflections may thus be off the chart, but this does no harm.

When the reflections which are to be used have been selected as
indicated above, synthetic mixtures covering the range to be
determined are next prepared, being certain that there are no
orientation effeets and that the chemical composition is identical
with that which will be encountered in the unknowns. The
spectrometer must also be standardized-that is, the output to
the recorder may vary from day to day according to line voltage

is then thinned with ethyl acetate and poured onto a clean
glass slide. The slurry must be of just the proper consistency,
so that an even film of the proper thickness will result. The
slide is manipulated continuously while the solvents are evaporat
ing until a uniform smooth film is obtained. It is then dried
a few minutes and is ready to be placed on the specimen post
of the spectrometer (1). The entire process need take no more
than 5 minutes.

No universally applicable method is known to the author and
the preparation of specirrrens for the use of this method requires
continued investigation.
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Figure 4. 75% Tungsten-25% Tungstic Oxide
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variation and a check is desirable on the correct functioning of
the equipment.

This standardization is carried out by obtaining the pattern of
a standard material such as dry powdered rock salt or quartz
with the adjustments of the instrument which it is desired to use
for the determination being undertaken. Thereafter, the output
of the instrument may be checked and adjusted by comparing
the pattern with the original standardization. In this laboratory
it has been found convenient to use as a secondary working stand
ard a cemented tungsten carbide blank, which is used every day.
The heights of the three major reflections of tungsten carbide
obtained from the daily recording of the pattern of this standard
blank are adjusted to within ='=2% of the desired heights by
means of the slit height wedge. In practice very little day-to
day adjustment has been required.

The patterns of the known mixtures are recorded over the
desired angular range. Next, the heights of the selected re
flections are read from the recordings, corrtlctio"n being made for
the average height of the background at either side of the base of
the reflection. While the area under the peak is more strictly the
true value of the intensity of reflection, the author has found in
his work that measurement of the height is satisfactory. Fr9m
the values read from the recordings and the known compositions
of the mixtures, working curves are then constrJlcted. The re
sponse is very nearly linear, but falls off somewhat at higher
intensities because of lag in the amplifier and recorder. The
amount of the departure from a straight-line relationship will
depend on the speed at which the scanning is carried out, the
width of the reflections, and the height of the reflections.

Unknowns may now be analyzed using the working curve;
it is necessary to use the same precautiOns with regard to prepa
ration of the specimen, standardization' of the spectrometer,
and so on. It will be found that the angular locations of the
peaks of the reflections vary somewhat' (the author's e.xperience
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Table I. Determination of Tungsten Carbide in Mixtures
of Tungsten Carbide and MolybdenuID Carbide
WCWC

Present 'Found
% %

18.0 18.5
33.6 33.4
46.8 52.5
58.4 60.5
68.6 69.0
78.0 77.0
86.0 86.0

o 10 W W ~ W M ro W 00 ~
Per Cent WC

Figure 9. Working Curve for Unheated Mixturlils
of Tungsten Carbide and TitaniuID Carbide
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MolybdenuID Carbide

50
E
l! 40
2'
..:l
'd 30
2
""~ 20
o

Q

10

60

4846444238 40
20

Tungsten Carbide Deficient in Carbon

36

Figure 6.

100

90

80

70

.€
~ 60
~

.5 50
""~
" 40t
0

Q

30

20

10

32 34

7

4

s

2

5

6

3

'10 20 30 40 50 60 70 80 90 100
Per Cent WC

Figure 7. Working Curve for Unheated Mixtures
of Tungsten Carbide and MolybdenuID Carbide

is ± 0.2 e,) and this is the reason for using recordings rather than
the more time-consuming counting which would be more accu
rate and for which the spectrometer is equipped.

RESULTS

All example of the semiquantitative use of the spectrometer is
the examination of tungsten powder for J'esidual tungstic oxide.
Figures 1, 2, 3, and 4 show recordings for pure tungsten, pure
tungstic oxide, and tungsten powder containing 10.0 and 25.0%
of tungst~c oxide, W03•• The differences are very evident and

may be estimated by inspection. The average particle size of
the powders was 0.5 to 2.5 microns measured by the air' permea
bility method and glass slides were used. Filtered copper .radia
tion was used.

Another example of semiquantitative work is shown by Figures
5 and 6 for pure tungsten carbide, WC, and tungsten carbide de
ficient 0.90% in carbon from the theoretical 6.12%. The carbon
deficiency is evidenced clearly by the reflections at 28 = 39.5 0 of·
tungsten carbide, 'V2C, and at 28 = 40.3 0 of tungsten, 'V. The
average particle size of the samples was 2.5 microns and paraffin
castings were used. The author has detected as little as 0.16%
carbon deficiency by this method. Filtered copper radiation was
used.

An example of the quantitative use of the instrument is the
study of mixtures of tungsten carbide, ~TC, and molybdenum car-
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bide, M02C, and the effect of heating such mixtures. In this
study, a working curve for tungsten carbide in ball-milled mix
tures of the two carbides (average particle size, 2/") was con
structed using paraffin east specimens. Figure 7 is the working
curve for tungsten carbide. A second set of mixtures was then
made up covering the same range in somewhat different incre
ments and the percentages of tungsten carbide were read from the
curve. The results are shown in Table 1.

The average deviation obtained is seen to be excellent for
many purposes. The deviatiom do not appear to improve with
the lower percentages.

With the aid of Figure 7, the effect of heating these mixtures
at 2000 0 C. was readily determined (Figure 8). The agreement
of the points with the line is poorer than in the case of Figure 7.
This is due, not to the method, but to the fact that solid solution
of tungsten carbide in molybdenum carbide takes place during

. the heating, and since this action is one of solid diffusion, the re
sults are 'affected by intimacy of mixture and small variations in
the state of division. A confirmation of the excellent average
accuracy even in this case is the fact that the point of complete
solid solution was determined on a second set of samples and was
found to be 68.5% as against the 67.0% obtained from Figure 7.

Similar working curves are shown for hcated and unheated mix
tures of tungsten carbide and titanium carbide in Figur.es 9 and
10. The deviation of the points from the lines are'about as in the
case of the tungstcn carbide-molybdenum carbide mixtures.
Here a different tungsten carbide reflection-namely, that at 20 =

Pore Size in Protective Films by Electrographic Printing
W. E. SHAW AND E. T. MOORE.

National Lead Co., Research Laboratories, Brooklyn, N: Y.

A s!ltisfactory techniq....e for the electrographic printing of pores in protective
films involves the use of a sandwich consisting of metal pressure platens, a sheet
of imbibition paper in contact with the area of coated metal to be studied, and
the proper electrolyte. The pressure, voltage, and time, as well as the d~velop

big agent necessary, are important for proper printing.

THE method of determining porosity in protective coatings,
described in this paper, should provide a simplified instru

mental procedure that permits recording of porosity data of
quantitative significance.

Many tests of protective coatings depend, for their ultimate
results, somewhat on the porosity of the protective film. Meas
urements of the ohmic resistance of films such as paint coatings
may not be 'comparable if the films under test have wide vari
ance in porosity. Thus, a need for evaluating the porosity of
a protective film is highly desirable. In this paper, no attempt
has been made to arrive at a system of numerical evaluation of the
porosity of tested films.

Glazunov's electrographic method' for testing coats of varnish
(1, 2, 3) brought forth a powerful analytical tool for the deter-.
mination of porosity in coatings. There has been considerable
interest in the use of this technique for the porosity evaluation of
protective coatings such as those provided by paint films.

Essentially, the method invol~es anodic solution of the metal
.underlying the protective film, transmission of the cation through
the pores of the film, and retention of the metal ions on a paper

'in contact with the film and the cathode. Subsequent develop
ment of the paper in the proper reagents results in the formation
of a colored metal salt, permitting the determination of location
and approximate size of the'pores and cracks through which the
metal ions have passed. For the work reported here,. the base
metal used was iron, but with proper choice of developer any
other structural metal could be used.

Pressure
600 Po'.!'

,/Test Assembly
~-&..--,

Milliammeter Voltmeter
0- 1.5 mao 0-15 volh

Insulation

Variable Resistor
6000 ohm.

Figure 1. Complete Assemb!y of Test Equipment

The equipment used in this study consists of a 20-ton Elmes
press, a suitable current supply and measuring source, and two
sets of pressure platens. Figure 1 shows the electrical setup.
Figure 2 is a detailed, sectional view of the platens.

To ascertain the proper conditions for performing the test,
the following variables have been considered: (1) pressure, (2)
time, (3) voltage, (4) recording paper, (5) electrolyte, (6) de
veloping agent, and (7) interfering ions.

PRESSURE

Sufficient pressure must be obtained for intimate contact; how
e;ver, too much pressure could destroy the film or possibly seal over
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Figure 2. Test AsseIllbly

It was found, upon varying the time of pressure and voltage
application over a range of 5 1.0.60 seconds, that the most satis
factory time of contact was 15 to 20 seconds. Prints made at less
than 15 seconds were light and of poor detail; prints made at
contact times greater than 20 seconds showed exaggerated pore
size. The period of pressure and voltage applicanion was stand
ardized at 15 to 20 seconds.

VOLTAGE

The voltage gradient was next investigated. It was felt that
the higher voltage might be of advantage in getting a sharper
pore or line reproduction. The investigation, however, showed
that diffusion became more pronounced at high voltage. Over
lin investigated range of 1.5 to 15 volts, the most satisfactory
prints, within the agreed time limit, were obtllined at 6 volts.
The extremely high electrical resistllnce of pore-free paint films.

Results

Light in color, unsatisfactory
Not sensitive enough, unsatisfactory
Too light in color, unsatisfactory
Satisfactory print~

Clear and satisfactory prints. Best
results obtained

DevelopersTable II.
Solution

Cupferron
a-Nitroso-l3cnaphthol
a-Dipyridyl
Potassium ferrocyanide
50% potassium ferrocyanide 1

,and I50% potassium ferricyanide
mixture (5% solution)

indicated that some picture of the porosity of the film would be
given by current density measurements. However, nO" ap
preciable variation could be measured. The size of the panel
tested, more than the porosity, seemed to govern the current flow.

RECORDING PAPER

The kind of paper used for the printing is importrunt.Coarse
or rough-grained paper does not give suitable clllfity. P~'r ,\.~

Ul . ·S.Blt..
containing large quantities of sizing or coloring IIgents, clln ca.IhiS"
unevenness in printing. Table I shows the results of tests mackI
with'six different papers which were thought to be usable.

As these tests showed, Kodak's imbibition paper, do~8f.~
weight, F, to be the most satisfactory, it was therefore used for
the tests.

ELECTROLYTES

Possible salts fQr the electrolyte 'were considered on the basis of
reported ionic conductances (7). The cations considered were
ammonium, potassium, and sodium; the anions were bromides,
chlorides, iodides, nitrates, and sulfates. Tests were performed
using various combinations of these ions at diff~rent concen
trations and a 5% solution of potassium nitrate was found to be
most slltisfllctory. The' effect was judged by the clarity 'and
depth of color obtained under standardized conditions.

DEVELOPER

The requirements for a "developing agent" for the.ferrous and
ferric ions that are retained on the paper are simple. The agent
must produce a visually observable insoluble compound with
these ions. Subsequent development-that is, development of
the precipitate after the paper is removed from the assembly
is preferred. It was found in preliminary work that if the de-:
veloper was imbibed into the paper before the current was passed
through the paper, the resultant "spot" was not so clearly de
fined as when the subsequent development procedure was fol
lowed. Table II lists compounds that were used as developers
and results that were obtllined under fixed conditions.

The' mixed solution of potassium ferro- and ferricyanide un
doubtedly gave the best results. This indicated that the ions
in the paper were a mixture of ferrous and ferric. The intensity
of color developed was definitely greater with the mixed salt than
with the potassium ferrocyanide itself.

Some 'difficulty in washing was occasioned by the use of the
mixture. Its removal from the paper by washing was slow. As
this factor does not cause much trouble, the mixture of the two
salts is proposed as the standard developer.

INTERFERING IONS

The effect of other ions, commonly found in paint or paint
films, on this printing technique was next studied. Many paint
films, pigmented with different common pigments, were examined
by this proposed procedure and no difficulty has been encoun
tered in obtaining good print~.

PROCEDURE

Blotting paper lind imbibition paper are cut to size desired for
final print; these pieces must be of exactly the same size. The
papers are soaked in 5% solution of potassium nitrate for 0.5 hr.

Tests on Recording Paper

Results

Wet strength of paper is low. Falls apart on
handling in solutions. Severe bleeding oc-
cur~ .

Do not separate from blotting paper after ex
cess electrolyte is removed by squeezing

Useful for rough work, Gives 'a fairly clear
print

Best and most satisfactory results obtained

Table I.
Paper

Whatman's filier NO.5}
Whatman's filter No. 42
l\tIounting paper
Drawing paper )
High-grade index Bristol

111 index Bristol

Kodak imbibition paper

Cathode Platen

small cracks and pores. It is considered important, therefore, to
use the minimum pressure conducive to obtaining a satisfactory
print.

An investigation of the effect of pressure upon the suitability
<Jf the print showed that in a range of 120 to 2400 pounds per
square inch prints made at values less than 600 pounds per square
inch lacked the sharpness of those made at 600 pounds per square
inch or better. Investigations as to time under pressure and
voltage showed this value to be satisfactory. No injury to film,
as regards slippage, thickness, or breakage, could be observed.
Many prints could be made from a single test panel and still
show the same pattern, provided the pores were cleaned cathodi
cally in a 10% ammonium citrate solution before each printing.
It'was decided, therefor~, that the working pressure should be,
maintained at 600 pounds per square inch.

Very thick coatings, such as those produced with paints of the
linseed oil or bituminous type, which are inherently soft, may be
badly distorted. Any coating suspected of being in this category
should be given a preliminar:y test on a separate specimen.

TIME

The length of time for which the film and paper must be main
tained under pressure and with an applied poteutial, to give good
prints, was next investigated. If too much time is allowed for
the migration of the iron ions into the imbibition paper under a
definite voltage gradient, these ions may migrate laterally on the
test'sheet and exaggerate the indicated size of the pore. Further,
sharpness as related to the true pore size can suffer because of
this migration.



OCTOBER 1947

Both blotting and print' papers are removed from, the soaking
bath and, together, squeezed between two dry pieces of blotting
paper which must overlap the soaked papers by 0.75 inch on all
sides.. The pressure used should be approximately 550 pounds
per square inch. The wider border of the dry papers will take
up the excess solution, squeezed out of the soaked papers.

The coated metal panel is then la.id on the anode platen with
the metal of the panel in contact with the metal of the anode and
t,lw ;'nbibition papers placed emulsion side in contact with the

of wh' h the desired porosity study is to be made. The
" .ed ancf:\squeezed blotting paper is laid congruently on the

,ilbibition paper. The cathode platen is then placed over
the blotting paper. This entire "sandwich" is centered in the
p ,ss and necessary pressure applied. The current is switched
~" as soon as the pressure required is obtained. After 20 seconds
current is switched off and pressure immediately released.

The imbibition paper is placed in a developing bath of 2.5
grams of potassium ferrocyanide and 2.5 grams of potassium
ferricyanide pel' 100 m!. of distilled water. The prints are left in

779

this bath for 0.5 hour, washed in warm water until the yellow
color of the ferricyanide is removed, and then dried between
blotting papers or on ferrotype tins.
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Infrared Spectroscopic Analysis of Five Isomers
of 1,2,3,4,5,6-Hexachlorocyclohexane

L. W. DAASCH, Naval Research Labomtory, Washington, D. C.

The lUethods of infrared spectroscopy have been ap
plied to the analysis of the insecticide hexachloro
cyclohexane. The spectra of five pure isolUers of
1,2,3,4,5,6-hexachlorocyclohexane and of a lUixture
of heptachlorocyelohex'ane ilUpuritiesnave been
deterlUined in the 2- t.o 25-Illicron range. A rela-

RECENT advances in the use of the insecticide hexachloro
cyclohexane and the inauguration of its commercial produc

tion forecast ,the widespread use of this material. It is, of course,
important that both the insecticidal and the toxicological proper
ties be thoroughly investigated and this has been hampered by the
fact that the commercial insecticide, frequently designated as
HCR (hexachlQrocyclohexane) or BRC (benzene hexachloride),
is not a pure compound but consists of a mixture of compounds,
the concentration and identity of which are not easily determined.
Thus, it is important that a method of assay be developed for use
both in the evaluation of the insecticide and in the formulation of
specifications for its purchase and application.

, The industrial preparation of this compound by'the chlorina
tion of benzene to form 1,2,3,4,5,6-hexachlorocyclohexane results
in a mixture of stereoisomer;' (alpha, beta, gamma, delta, and
epsilon) as ,,'ell as small quantities of hepta- and octachlorocyclo
hexane. These i~omJrs differ only in the orientation of the chlo
rine atoms about the cyclohexane ring. This stereoisomerism
induces a difference in insect.ici~al effectiveness, the gamma iso
1lIeI', whatever its form, being the one especially endowed with
iU~t'cticidal value. The toxicity of the isomers toward warm
blooded animals also varies, t.he gamma isomer being reported
more toxic than DDT (8). In many cases-for example, where
only the insecticidal effectiveness'is concerned-it may be suffi
cient to know only the gamma isomer content of the product but
in other cases, especially in the complete evaluation of the toxi
cological properties, it is important to know the complete com
position.

It was the purpose of the present investigation to apply the
methods of infrared spectroscopy to the analysis of the insecticide
hexachlorocyclohexane. Since impurities such as hepta- and
octachlorocyclohexanes exist. in only very small quantities in the
commercial insecticide, and the manufacturers believe that these
impurities can be niduced to a negligible quantity (7), only the
five stereoisomers are considered in the analysis. In addition to
the development and evaluation of an analytical method it was

tively sitnpie infrared method for the quantitative
det.ennination of each of the five i!SoIllers bas been
developed, which is satisfactory for t.he analysis of
nearly pure salUples and relat.ively free of tnterfer
ence from the usual type of illlpurities. The pos
sible strnctures of the isoIllers are discussed..

desired to obtain any information relative to the structure of the
isomers and its effect upon insecticidal or toxicological properties.

PREVIOUS WORK

Slade (16) and Jenkins (8) have prepared comprehensive re
views of the literature on hexachlorocyclohexane,-and for thl'
biological and toxicological aspects of this compound one is re
ferred to these reviews. Although the compound was first pre
pared by Michael Faraday in 1825, it was nQt until 1912 that
Van del' Linden established the fact that the product was a mix
ture of at least four isomers (16). In 1943 the insecticidal value
of one of these, the gamma isomer, was discovered by .F. J. D.
Thoinas (16). For thi; reason concentrated efforts to investi
gate t.his compound have been recent and the results are probably
unpublished. A new isomer has been reported by Kauer, DuVall,
and Alquist (9), bringing the number of known isomers to five.

From Slade's article it appears that up to 1945 the met.hods of
determining the composition of a crude preparat.ion consisted of
fract.ional solution and recrystallization of the crude with appro
priate solvents. A more recent article by Ramsey and Patterson
(13) on partition chromatography offers an alternate means of
analysis. Kauer et at. mention that infrared spectroscopic tech
niques were used to determine t.he five isomers in hexachloro
cyclohexane cnides. The spectra of Kauer et at., which extend
from 2 to 15 mu, are in substantial agreement. with the present
work.

SPECTROSCOPIC EQUIPMENT

All spectral measurements were made with a research-type
prism spectrometer of high resolving power (10). Experimental
records were, made by recording, as a function of wave length, the
energy transmitted by a blank and that transmitted by the sample
as corresponding ink traces on the recorder chart. Slit widt.hs
were changed periodically by manual control.

The wave-length measurements of the transmission curves are
accurate to ±0.01 micron oi' better and the per cent. transmittance
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Figure 1. Spectra of Hexachlorocyclohexane ISOIners and Heptachlorocyclohexane

If the region beyond 15 mu is overlooked, for reasons discussed
later, a consideration of the intensities of the absorptions shows
that the magnitudes of the spectral differences at these wave
lengths are greater than at any other set of wave lengths which
might be chosen.

This basis for qualitative analysis of a mixture is sufficient for
quantitative analysis if the intensity of absorption at each wave
length is measured under controlled conditions.

coincide, will, in general, be sufficiently different at other wave
lengths to be distinguishable.

The spectra of the five known isomers of hexachlorocyclohexane
are shown in Figure 1. Discontinuities are due to different con
centrations. Each isomer has at least one absorption band in a
spectral region where' the others are relatively transparent.
These differences in spectral absorption constitute a basis for
spectroscopic-identification of an isomer, either alone or in a mix
ture with other isomers. The presence of the various isomers in
a mixture can be recognized by absorption maxima at the follow
ing wave lengths:

measurements are accurate to about ± 1 to 2% over the range -20
to 80% transmittance. Quantitative spot measurements were
made by setting on a particular wave length instead Of by scan
ning through a band. By taking the average of several deflec
tions the spot measurements can be made accurate to ±0.5%
transmittance.

Samples studied in solution were placed in amalgam-sealed
absorption cells constructed and calibrated by the method of
Smith and Miller (17). Samples studied in the solid state were
prepared by grinding with mortar and pestle and mixing with
petrolatum to form a paste which was placed between potassium
bromide plates with an appropriate spacer. The blank for the
solid samples was made in a similar manner using a potassium
bromide and petrolatum paste.

BASIS OF ANALYTICAL METHOD

Infrared spectroscopy can be used both for analytical purposes
and for investigation of. molecular structure. The bands in the
infrared spectrum are produced by preferential absorption of
various wave lengths of infrared energy, the energies absorbed
corresponding to the energies of certain molecular vibrations.
Thus, each compound possesses a unique spectrum characterized
by its atomic composition and arrangement. The spectra of geo
metrical isomers, although they may have several bands which

Isomer

Alpha
Beta
Delta
Gamma
Epsilon

Wave Length, fin

12.58
13.46
13.22
11.81 and 14.53
13.96
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in the sample) or by difference, using the measured values of 'the
other four isomers. A superior approach, however, is to deter
mine the beta isomer directly by a separate spectroscopic analysis,
using an acetone solution for measurement of the extinction at
the beta wave length.

10 20 30 40 50 GO
CONCENTRATION Im./Wt!r

Figure 2. Working Curves

In the absence of molecular interaction, the law of Beer and
Lambert states that for a solution of an absorbing material in a
transparent solvent E = log loll = Kcl, where E = extinct\on,
10 = light transmitted by a blank (pure solvent), I = light trans
mitted by the solution, K = extinction coefficient of absorbing
material, c = concentration in grams per liter, and l = length of
~olution path in centimeters. If the absorbing-material is a pure
compound its extinction coefficient, K, for a given wave length
can be determined by measuring the extinction for a solution of
concentration c in a cell of length l. For a material containing
several components, this equation may be written;
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ANALYTICAL PROCEDURE

Calibration of the method is based upon absorption measure
ments on solutions of the pure isomers at the various analytical
wave lengths. The absorption measurements (calculated as
per cent transmittance) are converted to extinctions by Beer's
law and plotted against concentration to give the working curves
of Figure 2. The curves appear to be linear and straight lines
have been drawn. The exact analytical wave-length setting of
the spectrograph is best determined by slowly scanning the band
and plotting the record obtained. This is an especially neces
sary procedure at the 11.81 mu gamma band which is on the side
of a carbon disulfide (solvent) band. Since it can be shown that
the optimum accuracy for a measurement is obtained for a sample
that transmits 37.5% of the light, a procedure of analysis speci
fying certain cell thicknesses an<J. sample concentrations will
yicld most accurate results for only a certain small range of sample
composition. The procedure presented here is devised for sam
ples containing approximately 70% alpha, 5% beta, 15% gamma,
10% delta, and less than 5% epsilon. This corresponds closely
with the composition of the commercial products at the present
time; for samples having appreciably different composition the
results will be somewhat less accurate unless cell thicknesses and
sample concentrations are properly adjusted. However, reason
able accuracy is obtained for transmittance measurements be
tween 20 and 80%, so that even high gamma preparations such
as that reported by Gunther (3) could be analyzed with only
small chang'fs of the analytical procedures.

where the subscripts refer to components 1, 2, 3, etc. The K's
can be determined from measurements on the pure components
and if the above equation for a mixture of n components is ap
plied to a sample at n wave lengths the n simultaneous equations
obtained determine the concentrations of the n components in
t.he mixture. These equations can be solved exactly by any of
several methods-for example, by the use of special' computing
machines, or by a graphical method of successive approximations
described below.

E = K1c1l + K 2 C.l + Kacal +
K1c1l = E - K.c.l - Kacal -

(1)

(2)

Table I. Solubility of Hexachlorocyclohexane in Carbon
Disulfidea

G./cc.

Gamma 0.1995
Alpha 0 . 0590
Delta 0.0950
Beta 0.0007
Epsilon 0.0125

a Solubilities determined by weighing residue upon evaporation of solvent
from 1 cc. of saturated solution at room temperature (approximately 25° C.).

In the application of this method to mixtures of the five isomers
of hexachlorocyclohexane Equation 1 is applied at each of the
sclected analytical wave lengths. At each wave length only one
component absorbs strongly and therefore all but one of the right
hand terms of equations will be small. By neglecting these small
correction terms it is possible to obtain an approximate value of
the concentration of the main absorbing componentwfrom the ex
tinctions of the sample measured at the various wave lengths.
These approximate concentrations can then be used to calculate
the magnitude of. the correction terms and thus to determine
more accurate values of the concentrations.

To obtain the experimental measurements required in the ap
plication of the method to hexachlorocyclohexane a:solvent which
is transparent at each of the analytical wave lengths is required.
Carbon disulfide appeared to be the only sufficiently transparent
solvent and an investigation of solubilities has shown that satIs
factory concentrations of all the isomers except beta can be ob
tained in this solvent (Table I).

Since the beta isomer is nearly insoluble, the use of carbon
disulfide effects a simplification in the analysis by limiting the
number of variable components to. four. The beta isomer, then,
may be determined by total insolubles (assuming no foreign matter

There are several additional considerations in the choice of cell
thickness, concentrations, and slit widths. If the solvent ab
sorption is high, as at 11.81 mu, a larger slit andlor a thi.nner cell
is necessary to obtain full-scale deflections, and if the absorption
band is very strong, as in the 13.46 mu beta band, the thinner
cell enables an appreciable concentration range to be covered.

An unknown mixture should be sampled by some adequate
procedure and about 0.3 gram weighed into each of two lO-ml.
volumetric flasks and made up to volume with carbon disulfide
and acetone, respectively. The appropriate solution is used at
the various analytical wave lengths under the same conditions
used to determine the working curves. The transmittance
measurements are converted to extinctions and the approximate
concentrations are. then determined by the working curves. The
approximate concentrations for alpha, delta, gamma, and ep
silon (all too high) nO\v enable the extinctions at each wave
length to be corrected for the absorption of the interfering com
ponents at that wave length. These corrections are also deter
mined graphically from the correction curves and are evaluations
of the small negative terms of Equation 2. The new values are
overcorrected, but a second evaluation using the new values will
usually give results that are within the experimental error. The
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6.95
8.40
6.00

(7.50)
21.3;,

9.10

7.00

7.90

4.40
6.20
5.50
7.85

4.20
I. 95
7.55

11.50

(4:35)
25.20

10.85 "" 0.36
6.77

Experimental
Concentration

5.60
3.94

32.40
(6.10)
42.14

6.11
4.70

35.81
(6.90)

46.62

0.5151
0.3375
0.0576
0.2730

0.0641

0.2900

0.3650

0.047
0.0275
0.0065
0017

8.83 "" 0.39
6.70

4.41
6.21
5.71
7.89

4.37
2.05
7.77

10.98
(2.51)
(4.37)
25.17

6.07
3.87

32.41
(6.07)
42 ..35

6.48
4.54

35.59
(6.48)

45:6l

Extinct,ion
Total Sample

0.6611 0.5621
0.0990
0.4109
0.0459
0.0882
0.0241

Known
Concentration

70.29 "" 2.5
75.55

Other Solutions

21.80
79.50
38.82
89.90
81.50
94.55
51.2.5

Analysis of Known Solutions

%
Transmittance

Second Approximation

g:g~g 0:0075 0.027
0.0025 0:004

0.004

Beta Isomer Determinations

Gamma
Epsilon
Delta
Alpha
(Beta)
(Gamma)

Jnve-Compl)nent Det~rlllination

Beta
Beta
Beta
Beta

Gamma
Delta
Alpha
(Gamma)

15.15 "" 0.70
13.08

Isomer

Gamma
Delta
Alpha
(Gamma)

have substaritially more epsilon isomer (4%) than the other
products.

DISCUSSION

Since this method, like any method employing working curves,
is empirical, its inherent errors are negligible, the ultimate ac
curacy being limited chiefly by the accuracy of the calibration
data (working curves). If the analyses are performed under the
same conditions used for the calibration, the latter need not be
absolute but only experimentally repr'oducible. Thus, the ac
curacy of the method is determined almost entirely by the experi
mental reproducibility realized in the laboratory.

If care is used in s'ampling, making standard solutions, handling
sample, etc., the most important errors affecting reproducibility
are probably those in the percentage transmittance measurements.
However, for any given reproducibility a high degree of accuracy
may be obtained by averaging a sufficiently large number of
measurements. Hence it may be assumed that the calibration
data (working eurves) can be determined as accurately as desired.

0.5621
0.3650
0.0641
0.2900

Corrections ,(First Approximation)
Cor- Car-

Corrections
rected rected

Extinc- ~xtinc- Concen-
tion Alpha Gamma Delta Total tion trated

0.5621 0.023 0.038 0.061 0.5011 6.80
0.3650 o. on 0.0075

0:0040
0.0395 0.3345 8.30

0.0641
0:Oi4

0.0025 0.0065 0.0575 6.00
0.2900 0.004 0.018 0.2720 7.40

Table II.

Substance

Ganlma
CS,
Delta
CS,
<sw,h!,
Gamma
CS,

Analysis of Crude Hexachlorocyclohexane Industrial Products
Gamma, Gamma, Alpha, Delta, Beta,

14.53 mu 11.81 mu 12.53 mu 13.22 mu 13.46 mu

14.29 "" 0.83
12.14

Sub
stance

GanlIna
Delta
Alpha
Gamma

Gamma
Delta
Alpha
Gamma

13.46
13.46
13.46
13.46

14.53
13.96
13.22
12.58

14.53
13.22
12.58

(11.81)

(11.81)

Wave
Length

14.53
13.22
12.58

(11.81)

11.81

12.58

13.22

Wave
Length

14.53

14.53
13'.22
12.58
11.81

Table III.

Wave
Length

14.53
13.22
12.58
11.81

a Average of 10 deterlninations.

(Alpha,'gamma, delta dete..·minatiolls. Known concentrations: gamm.a = "7.18 grams per liter, delt,a
8.11 gra.m~ per liter, alpha = .5.99 grams per liter. Total sample = 21.28 grams per liter)

Experimental
Concentration,

G./Liter

7.63

Product. 1"
Product 2

Nlelting Point, 0 C.

111.8-112.2
136.0--136.2
155.3-155.8
202-227 (sublimed
196-210 (sublimed)

EXPERIMENTAL RESULTS

Isomer

Garnnla
Delta
Alpha
Epsilon
Beta

beta isomer is then determined in the acetone solution and cor
rections are applied using the now known percentages of alpha,
gamma, delt'a, and epsilon.

The necessary calibration curves, shown in Figure 2, were con
structed from measurements on samples of the pure isomers.
Absence of impurity absorption in the spectra (Figure 1) and
narrow melting point ranges, as determined by the usual capillary
method, indicated that the samples were of suitable purity for
this work:

The calibration curves were then used in the analysis of several
synthetic solutions of pure isomers (Table II). For one solution
detailed results which indicate the
method of successive approximations
are presented. Separate solutions were
used for the beta isomer determinations,
since this required a different solvent.
Most of the data in Table II weTe ob~

tained before the new epsilon is~mer
was reported, but a quantity of this
isomer sufficient for making one five
component mixture was later obtained
and the results are included as the last
analysis.

Table III contains the results of sev
eral analyses of two crude samples from
the commercial production of the in
secticide. The presence of epsilon
isomer was neglected in these analyses,
and consequently the results for all other
isomers are uncorrected for the epsilon
isomer content. This does not affect
the usefulness of the data, since the cor
rections introduced by the small amount
of epsilon in these crude samples are of
negligible size in all but the most ac
curate analytical attempts. At a later
date the epsilon content of these sam
ples was determined by a separate
analysis and found to be 2 and 1%
for products 1 and 2, respectively. It.
has been determined that the pres
ence of 2% of epsilon f~und for prod
uct 1 ~"ould cause errors of only 0.30,
0.02, and 0.06%, respectively, in the
original experimentally determined con-
centrations of alpha, beta, delta.
and gamma. These combined errors
are well within the experimental errol'
of the analysis.

The totaled 'percentages, including·
epsilon, are 104.2 and 101.2% for prod
ucts 1 and 2, respe·ctively. The high
values obtained for the total concentra
tions in these analyses are discussed
below after the inherent accuracy of
the method itself has been considered.
The speetra of products 1 and 2, as
well as a third product, No.3, are
presented in Figure 3. Although the
complete analysis for the latter prod
uct is not included, it was found to
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Beta

Table IV. Parts of Interfering Isomer Equivalent to
One Part of Absorbing Isomer

Gamllla Alpha Delta Epsilon

1 17 578 35
1 23 18 400

42 1 28 6.7
35 12.4 1 125
23 73 443 1

91 11 135

11.81
14.53
12.58
13.22
13.96
13.46

l\tlicrons

It is concluded, therefore, that if the per cent transmittance is
measured to within ±0.5, it is possible by a careful application
of the method to obtain analytical results which are correct to
within ±0.5% for the beta, gamma, delta, and epsilon isomers
and to within±2% for the alpha isomer, the values based on
total sample. This theoretical accuracy (or reproducibility)
agrees well with the experimental reproducibility obtained in
Table III.

In addition to these factors the over-all accuracy (as distin
guished from precision or reproducibility) of the analyses for the
crude samples in Table HI will also be determined by t.he lW

curacy of the working curves and by the possible presence of
interfering impurities, such as hepta- and octachlorocyclohexanes.
The high values of total concentration are very probably due to
errors in the working curves, since it has been observed that in
general all analyses made in this investigation are consistently
high, and' in the particular case of the gamma determination the
values obtained in the "check" determination at 11.81 mu are
consistently higher than those determined at 14.53 mu. It is
clear t.hat these small calibration errors could be eliminated in
routine work and should not be considered in evaluating the
method. The presence of isomeric hepta- and octachlorocyclo
hexane impurities may cause errol'S in the results. However,
comparison of the spectra of the crudes (Figure 3) with t.he spec
tra shown in Figure 1 substantiates the manufacturer's claim
that very little impurity is present. Hence, it is believed that
the results have been unimpaired and that future products will
likewise have negligible corrections from such sources of error. In
addition, the error caused by loss of solvent in filling the absorption
cells would tend to give high results. This error could be avoided
by u~ing special absorption cell and procedures, the devising of
which would be feasible in routine applications.

It has been indicated that both 14.53 and 11.81 mu seem to be
suitable for gamma isomer analysis and since a two-band check
for the active component would be appropriate, analyses at both
bands have been included in the present scheme. Nevertheless,
the recommendation of the longer wave length must be stressed.
The set of working curves at 14.53 mu is more sensitive to the
presence of gamma isomer and provides a more accurate det,er
mination. In addition, the 11.81 mu band has the disadvantage
of being on the side of a strong carbon disulfide absorption band,
making it difficult to locate or check the position of the center of
this band. Greater accuracy in the epsilon determination may
be had by using an absorption cell of greater thickness than was
used in this investigation.

In the analytical work described here no correction was made
for the small amount of beta isomer which will dissolve in the
carbon disulfide solutions. Some finite interference in the analy
sis for the other isomers will exist, although under the con
ditions of the analysis this interference was too small to be meas
ured. However, if the method is to be applied to sample
solutions containing at least 2% of beta (the quantity required
to saturate the sample solution), then any interference, however
small, arising from the presence of beta in the sample may be
completely eliminated by using in place of the "solvent" blank
one which is saturated with pure beta isomer.

In the application of the method to routine analysis it might be
desirable to measure directly the transmittance of the sample-

15

15

14

14

13

13

12

12
NO.~

"10

10 "
PRODUCT

9

9
Figure 3. Spectra of Hexachlorocyclohexane

(Commercial Crudes)

PRODUCT NO. I

UncertaintyG
Percentage

Concentration, (on Total
Wave Length Isomer Grams/Liter Sample)b

14.53 Gamma ±0.074 ±0.25
11.91 Gamma ±0.151 ±0.50
12.58 Alpha ±0.583 ±1.95
13.22 Delta ± 1. 35 ±0.45
13.96 Epsilon ±0.114 ±0.38
13.46 Beta ±0.120 ±0.40

a Analytical uncertainty resulting from an experimental uncertainty of
0.5% in transmittance measurement.

b Total sample concentration = 30 grams per liter.

°8lo----J.9.----f;.IOO------::IJ,-I·-~12=---.J,,13=---I4.L....-...J15

PRODUCT N~ 2

The figures in the right-hand column represent the analytical
precision which can be obtained under the 'conditions given.
Greater precision in transmittance measurement and the use of
average values would lead to correspondingly less uneertainty in
th,) analytical result.s.

It was assumed in the previous paragraph that the correction
for j,he absorpt.ion of interfering isomers at each analytical wave
length could be determined preCisely and that introduction of
this correction, therefore, would not contribute to the uncertainty
of the analytical results. The validity of this assumption may
be shown in the following manner. By computing (from Figure
2) the quantities of the various isomers which have equal ab
sorption at each of the analytical wave lengths as given in Table
IV, it, is seen that. the absorption at each analytical wave length is
relatively insensitive to the presence of other components, and
therefore errors resulting from inaccuracies in the corrections for
interfering absorptions are negligible.

10nr-----y--..-----r--.,,--~--O__-~

5Q-+---tH-1l.......f-\r......-::-jf--+-+t--\+--M\I---1~+-1

10Q---,----,--,-----.----.---,,.--.~

The accuracy of an analysis, theil, will be limited chiefly by the
reproducibility of the transmittance measurements on the unknown
sample and can be calculated for any given reprodueibility of
transmittanee measurement.

Assuming, for example, that the measurements are made at
the optimum value of 37.5% t.ransmission, an experimental un
certainty of 0.5% transmittance corresponds to ±0.0055 in op
tica.l density or to ± 1.34% in the extinction determination.
Neglecting, for the moment, the absorption of interfering com
ponents, t.his uncertainty in the optical density determination at
each analytical wave length leads to the following uneertainties
in 1ihe concentrations of the various isomers:
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1,35 CI ,BONOS ALMOST

PERPEHOICULAR TO A XIS

OF MOLECULE

aSsume that 1,2,3,4,5,6-hexachlorocyclohexane would have the
same number. However, if one builds Fischer models of
1,2,3,4,5,6-hexachlorocyclohexane in the Z and C forms the
following facts become apparent.

"M-1=1'-'~~~~;:
INTERCONVERTIBLE

Figure 4. Sketches of Seven Strainless Configurations
of 1,2,3,4,5,6-Hexachlorocyclohexane

For the Z or Chair Form. 1. There are sixteen possible
configurations if one assumes only one chair form is possible.

2. Of these sixteen, five are relatively strainless and one of the
five is the mirror image of another.

3. There are eight different possible configurations assuming
all chairs are interconvertible and strained bonds such as in the
eleven strained configurations of statement 2 are stable.

For the C or Boat Form. 1. There are eight p03sible isomers
if the two chlorines on the bow and stern of the boat are di
rected to the outside of the boat (it is too strained in the other
position).

2. Of these eight only two are relatively strainless and they
are mirror images.

MIRROR II'IAGES

1':'~5~'

~
CII

CI

1,3

',,~F1
""'9

Patterson and White (12) discuss the Z form in much the
same manner. If the logical assumption is made that those
forms which are strainless are .the one~ which will probably form
in the preparation of an isomeric mixture, it is evident that there
should be seven isomers of 1,2,3,4,5,6-hexachlorocyelohexane, of
which two pairs are mirror images (see Figure 4). This leaves
five isomers whose infrared spectra would be unique (the mirror
images being spectroscopically identical).

It should be relatively easy to idcntify the optically active pairs
by their activity but none of the pure isomers investigated ap
peared to be optically active. A saturated solution of thc crude
insecticide in a 20-cm. cell showed no activity, which would seem
to substantiate the fact that the optically active isomers, if
;:.resent, are racemates.

Actual stI'uctural determinations have been confined to the
beta isomer (1, 6). X-ray analysis easily characterizes it to be
in the cubic system. It therefore has a centrosymmetric struc
ture and has been assigned the 1,3,5, configuration in the chair
form. The other structures must await further investigation of
their x-ray diagrams which is being attempted at the present
time." X-ray data for the new epsilon isomer are said to be in-

. eluded in the report of its separation (9).
The external crystal structure of these isomers may be informa

tive on their internal molecular arrangement and may be helpful
in distinguishing between isomeric crystals (Table V).

filled cell relative to the solvent·,filled cell instead of meg,suring
separately the transmittance of each cell relative to a blank rock
salt or potassium bromide plat~. This can be done by employing
cells of known and approximately equal thicknesses, one filled
with solvent (or beta-saturated solvent) and the other with
sample solution.

There are other combinations of bands that could be used in
this analysis but those chosen appear to be the best available
from 2 to 15 mu. Beyond 15 mu where the vibrations become
more characteristic of the molecule as a whole one would expect
the bands for different isomers to be more isolated. Such was
found to be the case. They are strong and there is no i'nter
ference between isomers if beta is first eliminated by using carbon
disulfide solutions. This is necessary'because beta has one band
at 19.55 mu which overlaps the alpha band at 19.64 mu (see
Figure 1). The equations then would be simplified to one term
and any isomer could be determined without knowing the con
centra.tion of the other isomers, experimentally or otherwise.
However, since many laboratories are not equipped to investigate
the region beyond 15 mu, advantage has not been taken of these
great spectral differences. Instead, analysis has been confined
to the region below 15 mu in order that the analytical method
might be used in any infrared laboratory.

It appears possible with the set of chosen wave lengths to use
only one solution in acetone to determine all five isomers. One
would then have to obtain correction curves for all isomers
(including beta), for they are all soluble in acetone. This solvent
has strong absorption at about 14.35 and 12.75 mu but is rela
tively transparent at all the ,analytical wave lengths. Since it is
a polar solvent there might be some nonlinearity in working
curves caused by molecular interaction. However, in using this
solvent for beta' determination no such interaction was noticed.

Finally, since the analytical bands are relatively broad, the
quality of the spectrographic equipment used for this analysis
is well above the minimum requirement. This"instrument has a
resoltuion of approximately 0.7 cm. -1 at 10 mu when an esti
mated 3 or 4 cm. -1 would be satisfactory. The resolutions
claimed for most commercial instruments by their manufacturers
are usually within this range.

STRUCTURE OF THE ISOMERS

The alicyclic compounds have not been too thoroughly inves
tigated and their stereochemistry is not well understood. Sachse
(15) in his theory of strainless rings postulated that a ring such
as cyclohexane would be able to take two configurations now
commonly designated the C or "boat" form and the Z or "chair"
form. Such an idea (for cyclohexane) is supported by the work
of Hassel (4) who investigated monochlorinated cyclohexane and
came to the conclusion that within one of these forms (the Z
form) the chlorine in a monochloro derivative was able to assume
two positions in the molecule, making two forms that were inter
convertible. The two positions of the chlorine are on valence
bonds parallel and perpendicular to the axis of the molecule,
there being six equivalent bonds of each type in the Z form
of cyelohexane. In an earlier article by Hassel and attar
(5) it is stated that the possibility of other less symmetrical
forms is not excluded. These other less symmetrical forms
would be the C form and the planar form.' The word "planar"
is used here in its strictest sense-that is, all the carbon
atoms are contained in one plane, the plane of the ring.
It is apparent from the literature that this term has been
loosely used. For example, Parodi (11) states that cyelohexane
is a planar molecule. Likewise, the hexahydroxy derivative,
inosital, is discussed by R. L.Shriner and R. Adams (2) as a
planar ring. The connotation of "planar" meaning a molecule
whose atoms determine several planes which are parallel to one
plane simplifies the discussion, but oversimplifies when one is
discussing the number of likely isomers in a derivative. Thus,
inositol is stated to have eight possible isomers and one would
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The beta isomer was found to. be isometric, which checks the
cubic classification by x-ray analysis. Its index of refraction
by the immersion method and Becke line, was determined to b~
1.630. The solubility of the compounds in the usual organic
immersion oils necessitated the use of potassium mercuric iodide
water solutions which were found to change index rapidly. As a
universal stage was not used, the orientation of the small crystals
was unknown. The data are therefore offered as a preliminary
set of measurements. However, the other four isomers are
known to belong to the orthorhombic or monoclinic crystal
classes. The very high birefringence of the delta isomer and the
low 2V angle for alpha distinguish these crystals from the rest.
To distinguish gamma from epsilon would require more exact
information on their three refractive indices alpha beta and
gamma. These data were obtained in conj~nction'with '0. S.
Tuttle of the Crystal Section at the Naval Research Laboratory,
to whom the author is indebted.

The similarity of gamma alld delta goes further than crystal
structure. Their infrared absorption spectra have some peculiar
correspondences. The doublet structure of these two isomers at
the C-H vibration frequencies of 3.34 and 3.39 mu is contrasted
with the singlet structure of the other three isomers. In the
region from 7.5 to 8.5 mu there is a definite similarity of shape
and intensity between bands for gamma and delta, as well as
alpha. At larger wave lengths where the total molecular con
figuration is more important, the similarity disappears.

Beta and epsilon isomers are also spectrally similar in the
shorter wave-length regions (2 to 10 mu). The most striking
feature of these two spectra is their simplicity when compared
with those of the other isomers. Simplicity or syminetry of
structure is the usual cause for simplified absorption spectra and
therefore one might look for a more or less symmetrical molecule
for the epsilon isomer. Of the remaining four configurations
(1,3,5 = beta) the 1,2,3, chair form and the 1,4 boat form are the
most symmetrical (see Figure 4). The former has a plane of sym
metry and a center of symmetry and the latter has two planes of
symmetry. Since the epsilon concentration is the lowest in the
preparation of the insecticide, the structure of higher energy
content would probably be epsilon. This corresponds to the
1,4 boat form (4). Validity of this designation rests on rather
slender evidence and it is offered as a suggested structure to
assume when matching future data with possible structures.

Another spectral peculiarity, which must also be dealt with in
general terms at the present time, is the apparent doubling of the
beta bands at 7.6 and 8.12 mu in the alpha, delta, and gamma
isomers. The single beta band at 7.60 mu splits into two at
7.42 to 7.62 mu for alpha, 7.52 to 7.f}7 mu for delta, and 7.45 to
7.82 mu for gamma. Similarly, with the beta"band at 8.12 mu
"the two bands for alpha are at 7.92 to 8.18 mu at 8.09 to 8.24 mu
for delta, and at 8.05 to 8.21 mu for gamma. According to Ras
mussen (14), who investigated cyclohexane by infrared methods,
the bands in the range 700 to 1350 cm. -1 (7.5 to 14 mu) are due
to CH2 rocking and twisting vibrations or C-C stretching vi
brations. The apparent splitting of the beta bands could be due
to the two kinds of ----'CHCI- groups, depending upon which bond
of each carbon the chlorine had added. The two types of bonds
would correspond to those mentioned by Hassel in his mono
chloro derivatives. The chlorine atoms in the beta structure are
attached by only one of the" types of bonds (perpendicular to the

axis of the molecule). This might explain the doublet C-H
vibrations mentioned previously but the singlet C-H vibration for
the alpha isomer contradicts the hypothesis. Further work along
these lines will be reported at a later date.
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SUMMARY AND CONCLUSIONS

The spectra of five pure isomers of the insecticide 1 2 3 4 5 6
hexachlorocyclohexane and of a mixture of hepta"chio~o~;cio
hexane impurities have been determined in the 2- to 25-micron
range. The differences in the" spectral absorption of the isomers
are sufficiently great to permit the qualitative and quantitative
analysis of mixtures by infrared methods.

An infrared method for the quantitative determination of each
of the five isomers in the insecticide has been developed and a
recommended procedure is described in detail. The method is
relatively simple for a five-component analysis and could be
applied either to control or to research determinations. It has
been successfully applied to the analysis of a few synthetic mix
tures of pure isomers and to cr;ude samples from the commercial
production of the insecticide. For all but one of the isomers the
precision of the method is numerically equal to the precision
of the per cent transmittance measurements, and the over-all
accuracy of the method is limited only by its precision.

It is concluded that the method is entirely satisfactory for the
analysis of nearly pure samples of the insecticide and is relatively
free of interference from the usual type of impurities encountered.
It is estimated that ='=0.5% accuracy in analytical results can read
ily be obtained in most infrared laboratories by a careful ap
plication of the method.

The possible structures of the isomers are discussed; seven are
relatively strainless forms and of these two pairs are opticil
isomers. Preliminary crystallographic data for the five" known
isomers are given which distinguish all but two by optical proper
ties. The accepted cubic classification for the structure of the
beta isomer is checked by x-ray and crystallographic data.
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Range of
Indices

1.630
1.60-1.626
1. 60-1. 635
1. 576-1. 674
1.60-1.635

Bire
fringence

None
Medium
Medium
Very high
Medium

Crystallographic Data
Approxi

mate
2V

++++

SignType

Biaxial
Biaxial
Biaxial
Biaxial

Table V.

Isomer

Beta
Alpha
Gamma
Delta
Epsilon



Color Reactions of Amine Antioxidants
H. P. BURCHFIELD AND J. N. JUDY

Naugatuck Chemical Di'vision, U. S. Rubber Co., Naugatuck, Conn.

Several color reactions of the aIlline antioxidants are useful for the detection and
identification of the IllOSt iIllportant classes of these Illaterials used COIlllUer
cially. The principal tests are based on coupling and oxidation reactions in or
ganic solution in the presence of anhydrous stannic chloride. TheYlUay be
applied to isolated materials or to solvent extracts of vulcanized rubber sanlples.

Table I. ApproxilUate COIllpositiollS of COlUIllercial
Antioxidants

obtained from diphenylamine is optically identical with that ob
tained by the oxidation of diphenylbenzidine. It is of interest
to note that N-nitrosodiphenylamine will react in the absence
of amyl nitrite.

The complex formed is an intermediate oxidation product, and
the color fades on the addition of a large excess of reagent. When
the reaction is carried out in glacial acetic acid, in which the in
termediate product is more stable, it can be used for the quantita
tive estimation of diphe~lYlamine and related materials. It is
necessary to maintain the amyl nitrite concentration at 0.0005
molar or less to avoid excessive fading. The transmission is
measured at 590 miL at a concentration of 2.5 X 10-5 mole per
liter of diphenylamine. The color formation follows the Beer
Lambert law except at concentration ranges below 1.0 X 10-5

mole per liter where fading occurs. As the N-acetyl derivatives
do not react, it is necessary to avoid long standing or refluxing
in acetic acid solution. In making both the qualitative and
quantitative tests, the stannic chloride must be added before
the amyl nitrite.

In a qualitative test intense colors ranging from blue-violet to
blue-green are obtained from the diaryl amines, while the prod
ucts formed from the naphthyl aryl amines are ~reen. This per
mits the detection of these -materials in many types of rubber
compounds. Typical antioxidants which give strong positive
tests are phenyl-2-naphthylamine, phenyl-I-naphthylamine,
AgeRite Stalite, and N,N'-diphenyl-p-phenylenediamirie.. Sta
bilite and' Stabilite Alba form brilliant red precipitates. Thus,
the test serves to detect both the diaryl amines and the aryl
substit~ted ethylenediamines and to distinguish them from one
another. Acetone-aniline antioxidants and aldehyde-amiot·
accelerators give yellow to orange colors, which are not sufficiently
intense or characteristic to serve as criteria of identity.

II. Stannic Chloride-Benzotrichloride Reaction. A very in
tense color test semispecific for the diarylamine-ketone conden-

AN ANAI,YTICAL problem frequently encountered by the
ft rubber chemist is to identify or confirm the presence of the
amine antioxidants either in rubber samples or as chemical com
pounds. The task may be the relatively simple one of establish
ing whether a rubber batch has been mixed correctly, or it may
involve more extensive testing to determine the type of stabilizer
used in a vulcanized compound of unknown source. To identify
the isolated materials, standard procedures, such as the deter
mination of melting point and ultimate analysis, are frequently
used. However, it is helpful to have available niethods by which a
preliminary idea of the nature of the sample can be obtained.

End6 (2) has described tests for the detection of the arylamines
by the colors formed on oxidation in the presence of sulfuric acid.
In the case of the diarylamines, it is probable that a benzidine
rearrangement occurs, followed by a partial oxidation of the in
termediate product. The mechanism of this reaction has been
investigated in detail by Kehrmann (4). While it is useful in
some applications, the colors formed are difficult to reproduce,
and the test suffers from a technical disadvantage in that it must
be carried out in the presence of aqueous sulfuric acid.

This paper describes several new color reactions suitable for the
detection of a wide variety of antioxidants, which can be carried
out in the organic solvent used to extract the rubber sample. In
addition to the obvious advantages inherent in the use of a me
dium in which the reactants are easily soluble, a much wider
variety of reaction conditions can be employed. This allows for
a sharper distinction between the various classes of antioxidants.

Several of the tests described are variations of familiar proce
dures, such as the coupling of diazonium salts with amines and
the indamine reaction with p-phenylenediamine in the presence
of ferric chloride (10). However, the reactions of greatest inter
est are several new coupling and oxidation procedures which are
carried out in the presence of anhydrous stannic chloride. This
reagent is colorless and soluble in most organic solvents. It can
increase its covalence to 6 and thus acts as a powerful electron
acceptor, which leads to the ready formation of int~rmediate ~om
plexes that can rearrange or react further to give the desired prod
ucts. The colors formed are reproducible and relatively stable.
In a number of specific cases they have been made the basis for
quantitative methods of analysis.

As the composition of many commercial antioxidants is in
definite, they are generally referred to by their trade names. A
list of t,he materials discussed is given in Table 1.

DESCRIPTION OF METHODS

1. Stannic Chloride-Amyl Nitrite Reaction. Diaryl amines
and naphthyl aryl aminesunsubstit.uted in at least one of the para
positions are readily oxidized to intensely colored products by
nitrous acid in the presence of anhydrous stannic chloride. Amyl
nitrite is used as the source of acid and benzene as the solvent.
The reaction is similar to the. condensation and subsequent oxi
dation of diphenylamine in strong sulfuric acid; however, here
the reaction proceeds readily in 0.1 M stannic chloride solution.
The mechanism is demonstrated by the fact that the product

AgeRite Resin
AgeRite Resin D 1
..\,geRite Syrup I

AgeRite White
Aminox

Aranox
Betanox

BLE

Flectol A,}
Flectol B
Flectol H
Neozone A
Neozone D, AgeRite Powder
Santoflex B

Stabilite
Stabilite Alb"
Stalite
VGB
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Aldol l-naphthylamine
Acetone-aniline condensation products

containing 2,2,4-trimethyl-l,2-dihydro
quinoline and polymers

N.N'-bis(2-naphthyl)-p-phenylenediamine
Diphenylamine-acetonecondensationprod

uct
p-(p-Tolylsulfony1amido)-diphenylarnine
Phenyl-2-naphthylamine-acetone conden

satiO'n product
Diphenylamine-acetone condensation prod

uct

Acetone-aniline condensation products

Phenyl-l-naphthylamine
Phenyl-2-naphthylamine
Acetone - p - aminodiphenyl condensation

product
N,lV'-diphenylethylenediamine
lV, l\l.'-di-0- tolyIethylenedia rnine
Alkyl-substituted diphenylarnines
Aniline-acetaldehyde condensation product
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sation products is obtained by .reacting the antioxidant with
benzotrichloride in the presence of anhydrous stannic chloride.'
Ethylene dichloride is used as the solvent. The reaction is be
lieved to proceed through the formation of carbonium ions by the
interaction of the reagent and the stannic chloride, which results
in coupling at the para position of the amine to form highly
colored arylmethane chlorostannates. Stannic chloride is par
ticularly efficient in this reaction because of its ability to abstract
chlorine from the reagent and product to form the stable SnCI6-

anion (3). The reactive constituents in the antioxidants are the
alkyl-substituted acridans produced in the condensation reaction:
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none dianil by benzoyl peroxide (9). The intense orange-yellow
color produced in this reaction is useful for the detection of the
aryl-substituted p-phenylenediamines and several other easily
oxidized materials, as most of the antioxidants react slowly, if at
all. In some cases the color is deepened to red-violet or blue by
the .addition of anhydrous stannic chloride. This is a valuable
aid, as it allows the operator to distinguish between a number of
additional types, and produces a color more easily recognized in
the extract from a rubber sample.

The reactions obtained on several materials of this class on
solutions containing 0.05 gram per liter are tabulated below.
The Mulliken system of color notation is used (7):

Antioxidant

N ,N'-diphenyl-p-phenylene-
diamine &

AgeRite White
Aranox

OY-N
0-S1
OY-T2

B.,O, + SnCl.

RV-N
B-N
V-T2

The selectivity of the reaction is evidently dependent on the
basic properties of the amines. Those which can donate the un
shared electron pair on the nitrogen to the tin to form stable co
ordination complexes are deactivated at the ortho and para posi
tions, whil&those of low basicity such as t;riphenylamine and 5,5
dimethylacridan react readily. This is'to be expected in view
of the diffcrencc in rcactivity between aryl amines and aryl aminc
hydrochlorides. The use of ethylene dichloride as a solvent
partially satisfies the electron-accepting powers of the tin and
greatly increases the rate at which the reaction can take place
when compared to its speed in benzene. Traces of polar solvents
which form stable complexes with stannic chloride completely
inhibit the ·reaction. When carried out under strictly anhydrous
conditions the colors are sufficiently stable and reproducible for
accurate photometric estimation.

Caution must-be used in the choice of the solvent, for some
types of commercially available ethylene dichloride contain UIl

"aturated impurities which modify the results of the test. BLE,
Aminox, and other diphenylamine-ketone condensation products
normally produce violet colorations, while Betanox forms a green,
and triphenylamine a red product. Most of the other aryl amines
react slowly to form pale yellow to orange colorations which are
unimportant analytically. In the presence of the contaminated
Holvent the reactions of Betanox and triphenylamine are unal
cered; howeve.r, the products obtained from materials of the
BLE type are a deep blue violet, while phenyl-l-naphthyhi.mine
which normally does not react at all yields an intense scarlet
coloration. This is the most specific reaction described. It can
be used for the detection of the diaryl amine-ketone condensation
products either alone or in the presence of accelerators and other
antioxidants.

III. Coupling Reaction. A familiar reaction, and one which
has probably found use in many rubber laboratories, is the cou
pling of diazonium salts with amines to form azo dyes. As all
aromatic amines react, the distinction is one of degree rather than
kind. The reagent chosen for this work because, of its stability
and activity in coupling reactions is p-nitrobenzenediazonium
chloride. Many other compounds will serve equally well, if the
reactions with amines of known composition are observed and
classified. The reagent is added to an acetone solution of the
amine, and the color develops immediately. Phenyl-l-naph
thylamine gives a violet coloration, while' phenyl-2-naphthyl
amine and acetone-aniline condensation products such as Flectol
Band AgeRite Hesin D yield red solutions. Most other antioxi
dants give colors ranging from orarige to pale yellow. While
many of them can be distinguished by direct comparison, the
differences in color are slight, which precludes the use of the test
in,many applications.

IV. Benzoyl Peroxide Oxidation. In benzene solution N, N'
diphenyl-p-phenylenediamine is oxidized quantitatively to qui-

V. Indamine Reaction. The reaction of aniline with p
phenylen~diamine in aqueous ferric chloride solution to form a
green indamine dye has been widely used in the analysis of both
primary amines and diamines (10):

<=) NH. + H,N <=) NH, + 4FeCla 

HCl·R2N-<=)-N=( )=NH.HCI +
- - 3FeCI. + 2HCl

If an acetone solution of an amine antioxidant. is diluted with
two volumes of water and p-phenylenediamine and ferric chloride
are added, a characteristic color is produced. The reaction takes
place with diaryl amine and aryl naphthylamines as well as with
primary amines. In some cases an oxidation product is fonned
in the presence of ferric chloride alone.

Many of the antioxidants react to give brilliant green colors
similar to that obtained from aniline. However, phenyl-l
naphthylamine produces only faint yellow color, while phenyl-2
naphthylamine forms a bright red. Thus diaryl amines may be
detected in the presence of the former and a characteristic color
reaction is available for the latter. Acetone-aniline condensa
tion products, which give tests difficult to distinguish from those
elf phenyl-2-naphthylamine in some previous reactions, f~rm green
products similar in appearance to those of the primary amines.
These materials frequently produce intense blue-green colors on
the addition of ferric chloride alone.

Aldehyde-amine antioxidants give reactions similar to those
of the primary amines. The applicability of. the test is limited,
as a relatively high concentration of antioxidant is required to
produce a color sufficiently in tense for analytical purposes. If
the sample does not contain large amounts of asphaltic softeners
or extenders, this disadvl!-ntage may be partly overcome by ex
tracting a large sample and reducing the volume of solvent on a
steam bath.

VI. Stannic Chloride-Bromine Test. Stannic chloride and
bromine react with aniline-acetone condensation products in
ethylene dichloride solution to give orange-red insoluble addition
complexes, the formation of which is specific for materiaJ,s of this
class. Excess bromine is removed by the addition of an unsatu
rated compound such as allyl chloride. The test is not suffi
ciently sensitive to be applied to the analysis of rubber samples.
N,N'-diphenyl-p-phenylenediamine and other easily oxidized
materials produce dark green-blue solutions which interfere.
Antioxidants which give positive tests include Flectols A, B, and
H, AgeRite Resin D, and AgeHite Syrup, all of which are de
scribed as acetone-aniline condensation products containing
2,2,4-trimethyl-l,2-dihydroquinoline and polymers.
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SAMPLE PREPARATION

Weigh out 0.05 gram of the antioxidant and dilute to 20 ill!.
with the solvent specified in the procedure. Dilute 1.0 m!. to
50 m!. for tests I, II, III, or IV. This solution will contain ap
proximately 0.05 gram per liter. Prepare a solution containing
0.25 gram per liter by diluting 1.0 m!. of the original solution to
10 m!. Use this for tests V and VI.

The following procedures have been found satisfactory for
testing tread stocks containing 1.0 part 9f antioxidant on 100
parts of rubber. Prepare the sample by breaking it down on a
rubber mill. Place 0.5 gram in a test tube and add 5 m!. of the
specified solvent. Heat gently in water bath for 4 to 5 minutes.
Cool to room temperature and proceed with test I, II, III, or
IV. Under some circumstances test V may be used by refluxing
5.0 grams of sample with 20 mI. of solvent for 30 minutes and
testing the extract. The sample should not contain intensely
colored materials.

PROCEDURE

L Stannic Chloride-Amyl Nitrite Reaction. To 5 m!. of a
benzene solution of the antioxidant containing approximately
0.05 gram per liter, add I m!. 'of stannic chloride solution and 3
drops of amyl nitrite solution. Note the color which develops.

II. Stannic Chloride-Benzotrichloride Reaction. To 5 m!. of
an ethylene dichloride solution of the antioxidant containing
approximately 0.05 gr,am per liter, add 1 m!. of stannic chloride
solution and 2 drops of benzotrichloride. The color develops in
a few seconds.

III. Coupling Reaction. Add 5 m!. of sodium nitrite solution
to 25 m!. of p-riitroaniline solution and permit the mixture to
stand for '15 minutes. Add 3 drops of reagent to an acetone
solution of the antioxidant containing 0.05 gram per liter. The
color develops immediately. The reagent should be prepared
fresh daily.

IV. Benzoyl Peroxide Oxidation. To 5 m!. of a benzene solu
tion of the antioxidant containing 0.05 gram per liter add 3 drops
of benzoyl peroxide solution. Record the color which develops
after 1 minute. Add 1 m!. of stanIlic chloride solution and record
the modified color.

v
Y-n
R-N
BG-N
BG-N
V-Tl

RV-T2
G-81 •

OR-N
O-tl
BG-N
VR-81

Mulliken"
V. Indamine Reaction. Place 5 m!.

of the acetone solution of antioxidant
in a test tube and add 5 drops of
p-phenylenediamine solution. Add 10
m!. of water and 3 drops of ferric chlo
ride solution. The color requires several
minutes to develop. The optimum con
centration of antioxidant is about 0.25
gram per liter.

VI. Stannic Chloride-Bromine Test.
To 5 m!. of an ethylene dichloride solu
tion of the antioxidant add 1 m!. of
stannic chloride solution. Mix and add
3 drops of bromine solution. After 30
seconds add 2 drops of allyl chloride to
remove the excess bromine. The forma
tion of a red precipitate indicates the
presence of an acetone-aniline, conden-

sation product. Many easily oxidized amines produce green to
blue-green colors under these conditions and obscure the test. The
optimum concentration of antioxidant is 0.25 gram per liter.
The test cannot be applied to the analysis of rubber samples.

DISCUSSION

The purpose of this paper is to present a detailed description of
a number of specific reactions with only broad general indications
of how they can be used. This is in part necessary because of the
large number of amine. antioxidants now available al1d the many
more which may be marketed in the future. To include informa
tion on all the materials in use would be impractical; furthermore,
many commercial products are mixtures of several chemical types.
On these, the color tests may be intermediate, or in some cases
give evidence of the presence of several components.

The principal values of these reactions are (1) to establish
whether or not an amine antioxidant is present in a given stock,
and (2) to determine the broad general class to which it belongs.
Minor variations in structure or composition cannot be detected
unless they'influence the reactivity of the material toward a
given reagent. None of the tests described will distinguish
Flectol A from Flectol B, or BLE from Aminox. The most we
can say is that the former materials are acetone-aniline conden
sation products, while the latter belong to the diaryl amine
ketone group.

A convenient approach to a systematic identification of the
isolated compounds is to examine the reactions of materials ex
pected to be of interest and classify the colors produced in the
various tests by comparison with standards such as those pro
vided by Mulliken (7). A summary of the reactions obtained on
some typical commercial products at the concent~ationsspecified
in the analytical procedures is shown in Table II.

The notation is an abbreviated form of the one described by
Mulliken. The reactions which can be used to detect or ,charac
terize the antioxidants are printed in capitals while those which
yield faint colors or are not sufficiently specific are printed in
lower case letters. In choosing the reactions and classifying the
tests emphasis was placed on those yielding strong red, blue, and
green colorations which can be perceived at high dilution. The
orange and yellow colors are not so useful, as they are less char
acteristic and more difficult to detect in solvent 'extracts.

The use of the Mulliken notation is of limited value for the
detection of antioxidants in rubber, as the concentration is n0t
known and the depth of the color may vary conside~ablyfrom the
standard. Judgment, therefore, must be based on hue alone.
While this is usually reproducible, it may sometimes be altered by
the presence of other materials in the extract. Thus, a strong
yellow background may cause a blue to appear green-blue.

The tests described were evaluated on a series of tread stocks
containing 5 parts of softener and 1 part of antioxidant, and were
found to give results in agreement with those obtained on solu
tions of pure materials. Samples may occasionally be encoun
tered, however, where this is not the case. In such instances it i!'

RV-N

yo-t2
y-tl

OY-N-RV-N
0-81-B-N

yo-n
yo-n
OR-N

yo-n
RO-N
R-N
RO-N

Colors According to

1ll IV
VR-N
R-N

II

yo-n
cy-n
y.......-n
V-N
G-81

y-n
y-n
y-n
y-n

y-n
gy-tl

I
G-81
G-81
BG-81
BG-81
GY-N

BV-82
B-81
oy-n
Red pre-

cipitate
oy-n
oy-tl

Dilute 5 m!. of bromine to 100 m!. with

Classification of ReactionTable II.

yo-n
yo-n

a BG-Sl = blue-green shade one, RV-N = red-violet normal, etc.

'Test

Phenyl-l-naphthylarnine
Phenyl-2-naphthylamine
AgeRite 8talite
BLE
Betanox
N ,N'-diphenyl-p-phenylene_

diamine
AgeRite White
Flee.tolA
Stabilite

Santoflex B
VGB

REAGENTS

. Stanni~ C~loride Solution. D~ssolve 14.7 m!. of fuming stan
mc chlonde III anhydrous analytIcal reagent grade benzene and
make the volume up to 250 m!.

,Amyl Nitrite Solution. Dilute 5 m!. of amyl nitrite to 100 m!.
with benzene.

p~NitroanilineSolution. Dissolve 1.0 gram of p-nitroaniline in
,a lllIxture of 25 m!. of concentrated hydrochloric acid and 25 m!.
of water and make the volume up to 100 m!. with water.
. Sodium Nitrite Solution. Dissolve 2.5 grams of sodium nitrite
m water and make the volume up to 100 m!.

Benzoyl Peroxide Solutiqn. Dissolve 5.0 grams of benzoyl
peroxide in a mixture of 10 m!. of glacial acetic acid and 40 m!. of
benzene. Prepare fresh daily.

Ferric Chloride Solution. Dissolve 10 grams of ferric chloride
hexahydrate in a mixture of 10 m!. of concentrated hydrochloric
acid and 90 m!. of water.

p-Phenylenediamine Reagent. Dissolve 0.1 gram of recrystal
lized p-phenyle'nediamine in 10 m!. of acetone. Prepare fresh
daily.

Bromine Solution.
carbon tetrachloride.

Benzotrichloride, allyl chloride, ethylene dichloride, benzene,
and acetone.
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frequently possible to concentrate or isolate the material sought
by auxiliary physical methods such as steam-distillation (1), chro
matographic adsorption, or selective solubilities of the amines or
their hydrochlorides in various solvents.. The materials. most
likely to interfcre are softeners and extenders which produce
darkcolored extracts. Dithiocarbamate and thiazole accelerators
do not react. Diphenylguanidine and aldehyde-amine accelera
tors give colors similar to those of the antioxidants in test V but
do not interfere in other tests. Many oJ. the phenolic antioxi
dants couple with p-nitrobenzene diazonium chloride in test III
to yield pale yellow reaction products. Aged samples in which
the antioxidant has deteriorated may fail to give satisfactory re
sults. This is to be expected, however, as. the reactions described
are characteristic of the amines but not of their oxidation or de
composition products.

There are many color tests other than those described above
which can be used to characterize the antioxidants. Primary
amines such as aniline can be diazotized and coupled with 2
naphthol, or reacted with p-dimethylaminobenzaldehyde to form
yellow Schiff's bascs (8). Diphenylamine can be detected by a
modification of the Zerewitinoff reaction in which benzoyl chlo
ride is added to the product obtained on treating the amine with
methyl magnesium iodide in the presence of anisole (6). Aldol
l-naphthylamine gives a red-violet color in the presence of cupric
chloride (5). Further investigations in this laboratory on reac
tions carried out in the prlilsence of anhydrous stannic chloride
indicate that phenyl-2-naphthylamine can be oxidized by tert
butylhydroperoxide to an orange-red complex useful for its quan
titative determination, while the tetraaryl hydrazines produced
by lead peroxide oxidation of the diarylamines yield the highly
colored tetraaryl hydrazinium chlorostannates (11).
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These, and other methods may be of value in some applica
tions. However, the six procedures described above appear to
be the most useful of those investigated. The colors produced
are brilliant and reproducible and sufficiently selective to allow
the operator to distinguish among a large number of antioxidants.
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Fluorometric Method for Estimating Small Amounts of
Chlorophyll a
RICHARD H. GOODWIN

Department of Botany, Connecticut College, New London, Conn.

In purified preparations of chlorophyll a and b in
acetone, chlorophyll a fluoresces IIlore than chloro
phyll b, when excited by the IIlonochroIIlatic ultra
violet, violet, and blu,e bands of the IIlercury arc
spectruIIl. There is about a tenfold difference in
fluorescent activity of the two chlorophyll COIIl
ponents when irradiated with violet light (4047 AJ;
a threefold difference when irradiated with blue light
(4358 A.). Chlorophylls a and b fluoresce independ
ently of one another in IIlixtures. The cOIIlposition
of a IIlixture of pure chlorophylls a and b can be esti
IIlated by deterIIlining its fluorescence when irradi
ated by violet and by blue light, since the 8uorescence
ratio, violet/blue, is characteristic for each percent
age IIlixture of a and b. The presence of carotenoids
does not interfere appreciably with the 8uores-

THE present paper rep~rts .an investigation of fluorometric
methods for the quantitative measurement· of chlorophyll.

Kavanagh (8), in describing a new photoelectric fluorometer,
suggested its use in the determination of the chlorophylls. His
data indicate that concentratations as low as 1 microgram per
liter could be determined, if a weaker quinine standard (0.25 mg.
of quinine sulfate per liter) were used.

The fluorometric method has a certain number of advantages:
(1) It is very sensitive. Much smaller quantities of chlorophyll

cence of very low concentrations of chlorophyll a
unless the carotenoid concentration becoIIles greater
than that of the chlorophyll. Chlorophyll a can
be estiIIlated in a IIlixture of a and b by deterIIlining
the 8uorescence of the IIlixture when excited by violet
light and ·by assuIIling that all the fluorescence is
due to chlorophyll a. Under these conditions, errors
in the estiIIlate due to the presence of b will be
constant for any given percentage and will be less
than 6% for any IIlixture containing less'than 40%
chlorophyll b. Crude acetone extracts of less than
1 IIlg. of green tissue can be assayed for chlorophyll
directly and rapidly by the 8uorescent IIlethod.
Absolute values of less than 2 IIlicrograIIls of chloro
phyll a can be obtained with a standanI deviation
between a series of siIIlilar sam.ples of less than lOo/c.·

can be· determined in this way than by the usual spectrophoto
metric and colorimetric methods using standard equipment
(1,4,11), although special colorimeters (7) and spectrophotom
eters (13) have been devised which allow measurements of compar
able sensitivity to be made. (2) Purification of extracts may be
omitted under certain conditIons, since the red chlorophyll
fluorescence can be measured at such great dilutions and other pig
ments present have little or no effect, and since chlorophylls are
the only substances, naturally occurring in most plants in appre-
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ciable amounts, which give a red fluorescence. Even a small
amount of turbidity in an extract, a serious source of error in
colorimetric work, has little effect upon a fluorometric deter
mination. (3) It is rapid. (4) The equipment required is
standard and relatively inexpensive.

The absorption spectra of chlorophylls a and b in the visible
and-ulLraviolet are distinct (6, 16), as are also their fluorescent
spectra (18). If the relative fluorescence of the two chlorophyll
components is different for each exciting wave length, quantita
tive methods for total chlorophyll in a mixture will give different
results for different ratios of chlorophylL~a and b.• The study of
diffeJ"Cnces in fluorescent behavior of chlorophylls a and b has
been one of the objectives in this investigation.

PREPARATION OF PURIFIED CHLOROPHYLLS a AND b

The chlorophylls were extracted and purified by the procedures
described byZscheile and ComaI' (16), and the organic solvents
were purified as recommended by Zscheile (15). Their directions
were followed explicitly with the exception of some minor de
partures.

Eight. hundred grams of fresh spinach leaves were ground in a
mortar III cold acetone in 100-gram lots. The acetone extracts
were filtered, and the pigment from each· batch was transferred

.to petroleum ether. The petroleum ether solution was washed
with water, methyl alcohol, and again with water, until the
chlorophyll precipitated. The precipitated suspension was
dried over anhydrous sodium sulfate and filtered on a 3-cm. layer
of powdered sucrose. The precipitate was washed with petro
leum ether to remove carotenoids and was then extracted from
the sucrose with ether.

This crude chlorophyll solution was made up to contain 70%
petroleum ether and 30% ether, and was adsorbed on a sucrose
column 5 em. in diameter and 35 em. in length. The chroma
togram was developed for about 1.5 hours, during which time
500 m!. of fresh solvent (70% petroleum ether, 30% ether) were
added. The central portion of the upper green zone and the

lower three quarters of the lower blue zone were mechanically
removed from opposite ends of the column and the pigment
from each zone was separately eluted from the sucrose with
ethel'. The blue ethel' solution of chlorophyll a was washed
thoroughly with distilled water, dried over sodium sulfate,
filtered,. made up to 100 mI., and stored on solid carbon dioxide
until just before spectroscopic observations had been made.

The green fraction was further purified. The ethel' eluate
was again made up to 70% petroleum ether and 30% ether and
was readsorbed on another sucrose column. After 2 hours the
central portion of the green zone was again removed, and the
pigment eluted. This. process was repeated once more. with· a'
third column. Spectroscopic study of the ether eluate from the
third chro~atogram revealed the presence of an appreciable
amount of chlorophyll a. Since this preparation was made
during very humid weather, the failure to separate the two chloro
phylls completely may have been due to moisture entering the
absorption columns after their removal from the desiccator.
The still impure chlorophyll b preparation was stored in ether
on solid carbon dioxide until a fourth column could be prepared.
The fourth chromatogram was developed 3 days later, and a clear
separation between chlorophyll b and the remaining chlorophyll
a occurred. The green band was eluted with ether, and the
ether solution was then washed, dried, filtered, made up to
volume, and stored on solid carbon dioxide, as in the case of the
chlorophyll a preparation. All the foregoing procedure was
carried out in a dimly lighted room.

Immediately following completion of the preparations, ali
quots in tared volumetric flasks were evaporated in a vacuum
desiccator, dried for an hour at 103° C., cooled for 0.5 hour in a
desiccator, and weighed. Meanwhile, fluorometric determina
tions were made on other portions of the solutions.

Absorption spectra were obtained in each case on the follow
ing day at the Massachusetts Institute ·of Technology on an
automatic recording spectrophotometer (5) made available
through the courtesy of Arthur C. Hardy and the department
of p\).ysics. The width of the spectral band was maintained at
100 A. throughout the range of wave lengths studied. The data
were given in terms of percentage transmission or as (1110) X
100, where I is the intensity of the light transmitted by the solu
tion containing the pigment and 10 is the intensity of the light
transmitted by the solvent alorie. The specific absorption
coefficiellts (a) for chlorophylls a and b were calculated from the
data as follows:

Specific. absorlltion coefficients' . obtained for these pigUlenta by
Zscheile and CODlsr (16) shown for comparison

(
100 )

log,. (IIIo) X 100

exex

f o
log,o T

a = ---

The values of a obtained for chlorophylls a and b are shown
in Figure 1. The discrepancies between the author's values and
those of Zscheile and ComaI' (16), also shown in Figure 1, are due
at least in part to the fact that Zscheile and ComaI' isolated
narrower spectral regions with their monochromator, which
would tend to give sharper and higher absorption maxima. The
absence of pheophytin absorption peaks between 5000 and
5350 A.-the presence of which would indicate chlorophyll de
composition (16)-the close agreement in the position of all the
chlorophyll absorption maxima, and the similar absorption co
efficient ratios of blue to red absorption maxima (see 9), allpoint
to a comparable purity for the two sets of preparations.

FLUOROMETRIC METHODS

The' fluorometric determinations were made with a Klett
fluorometer-colorimeter originally designed and described by
Kavanagh (8). In. this .instrument two optical paths lead from
the same light source, one to the. "standard," a cuvette containing
a known solution of some stable fluorescing substance, .and the
other to the "unknown," a cuvette containing a solution oithe
compound; the fluorescence ofwhich is to be determined. 'Plloto
cells placed facihgthese cuvettes, andatrightangles to the inci
dent' beams, receive the f1uore~~entJight. The ratio ",of, tlie
fluorescence of the unknown to that'of the standard is then'measc

ured by a two-photocell balanced. Circuit," a' high-sensitivity
galvanometer beingused as a:null'instrument. ,The'ratioiisindi
cated by a built-in potentio~eter.witha 30~divisionlinear;scal~
In the work reported here; a Leeqs & Northrup Ty'pe).t: galva
nometer was used at a sensitivity of 0.0005' microampere. 'per
millimeter:' The design of 'the 'Huorometereliminates"'uncer-

where e = concentration of chlorophyll in grams per liter, and
x = thickness of absorption cell in centimeters (LOO em.).
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4.25

3.56
10.16
2.94

Relative
Fluorescence.

alb

188

11.9
1.25

24.1

800

42.4
12.7
70.9

Exciting
WaveA~ength,

3650}
4047
4358
3650
4047
4358

Table II. Fluorescence of ChlorophyIIs a and b in Acetone
Excited by Radiation of Various Wave Lengths

(Standard, 0.2 mg. of quinine sulfate per liter of 0.1 N H 2SO.)
Estimated Potentiometer

Reading for Concentration.
of 0.1 Mg. per liter

Chlorophyll a Chlorophyll b

Fluorescence of Mixtures of Chlorophylls a and b. Knowing
the fluorescence of the two separate chlorophyll components and
assuming that they fluoresce independently of one another in
mixtures, it is possible to compute the fluorescence of various
mixtures containing a constant total amount of chlorophyll.
These theoretical calculations were made and t,hen checked ex
perimentally. The results are shown in Figure 3 (broken line).
The agreement .between the theoretical and observed values is
very close, justifying the original assumption that the two
chlorophylls do fluoresce independently.

Pure chlorophyll a can be distinguished from chlorophyll b by
the ratio:

22° to 26° C. Zscheile and Harris (18) have shown that chloro
phyll fluorescence decreases with an increase in temperature,
but the errors involved due to te1l\perature fluctuations within
this range would be less than 3%. Readings were made as
rapidly as possible to reduce photodecomposition to a minimum.
Fifteen to 20 seconds were required to balance the circuit after
opening the shutter shielding the solutions. Decay of fluores
cence was'most pronounced when filters transmitting ultraviolet
light were used, but was negligible with the blue and violet filters.

R = PC,o-l7)/Pc,assl

where F(4lJ47) is the fluorescence excited by the 4047 A. line and
F(4358) is the fluorescence 'excited by the 4358 A. line, in the same
solution. This ratio can be determined with considerable pre
cision without knowing the concentration of the preparation,
since the relative fluorescence at these wave lengths is the deter-

FLUOROMETRIC DATA

Fluorescence of Pure Chlorophylls a and b. The relationship
between concentration of ohlorophyll and fluorescence, as meas
ured by the potentiometer of the fluorometer, is shown in Figures
2, 5,A, .and 6,A. The potentiometer readings are proportional
to the chlorophyll present, when the concentrations are low.

Data on the fluorescence of three chlorophyll a preparations
and one chlorophyll b preparation, when excited by the blue,
violet, and ultraviolet lines, as transmitted by the 5850 lamp
filter, are given in Table I. Thf) average value for the chloro
phyll b solution (4.22) showed a standard deviation of ±0.16.
This is a percentage standard deviation of ±3.8%, and is a fair
measure of the magnitude of the various errors involved, when
repeated samples· have been taken over a period of several weeks.
Diilerences between the average values obtained for the three
chlorophyll a preparations are larger than ±3.8%, and are prob
ably due chiefly to errors in weight determinations. There is
some. indication of decay of the first. chlorophyll a extract with
age, and the average of determinations for this extract is in error
for this reason.

Chlorophyll a is a; much more fluorescent pigment than chloro
phyll b; and it aJso may be somewhat less stable upon storage
in ether in the dark at 0° C., conditions recommended by Zscheile
and Harris (17). The fluorescence of the a .and b components

. when excited by different monochromatic spectral lines is com
pared in Table II. The difference between the fluorescence of a
and b is greatest when excited by the violet line (4047 A.).
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Av. 21.1 18.8 15.1 4.22

Figure 2. Calibration Curves for Chloro
phylls a and b

Table I. Fluorescence in Acetone of Four Different
Chlorophyll Preparations

-Date of extraction of each preparation is given. Values represent potenti
ometer readings calculated as equivalent to concentrations of 10 micrograms
per liter. Standard, 1 mg. of quinine sulfate per liter of 0.1 N H2S0•.
Unknown, lamp filter 5850 (whiah transmits 3650, 4047, and 4358 A. lines)

a Values obtained before certain improvements had been rnade in optics
and electrical circuit of fluorometer. These values corrected by factor
deterlnined by difference between fluorescence of a standard quinine solu~
tion before and after alterations.

S·tandard, 1 ntg. of quinine 8ulfate per liter of 0.1
N sulfuric acid. Unknown., la:rnp filter 58S0

tainties caused by fluctuations and drifts of lamp intensity, non
linear galvanometer scale, and inconstancy of galvanometer
response. . .

The light source was a 100-watt, A-H 4 Mazda mercury arc
lamp, screened with suitable Corning glass filters (lamp filters)
of standard thickness to isolate certain lines in the mercury arc
spectrum. The cuvettes were 1 X 5 X 5 cm. internal dimen~

sions. Quinine sulfate solutions (1 or 0.2 mg. of quinine sulfate
per liter of 0.1 N sulfuric acid), shielded by a 5970 lamp filter,
were l).sed as standards. The standard photocell was shielded
by a Corning 3389 photocell filter. .

Solutions of chlorophyll in pure acetone (15) were used as un
knowns. It was found that the addition of 5% by volume of
water to the acetone made no detectable difference in the fluores
cence of chlorophyll. In this investigation, the maximum
amount of water derived from plant material in crude acetone
extracts never exceeded 1.5%. Various Corning lamp filters
were used to isolate the following wave lengths of the incident
beam: 5850 for the 3650, 4047, and 4358 A. lines; 5113 (1/.
standard thickness) and 3389 for the 4358 A. line; 4308, 3060,
and 5970 for the 4047 A. line; 5860 and 738 for the 3650 A. line.
A red Corning filter, 2408, which has a high transmission for the
red chlorophyll fluorescence, was used as the photocell filter.
Two mirrors, one at the end and the other facing the broad side
of the unknown cuvette opposite the photocell, were used to
increase the fluorescent light reaching the photocell. These
mirrors doubled the sensitivity of the instrument.

Fluorometric measurement.s were made at room temperature,
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mining factor. For a mixture of chlorophyll a and b, the follow
ing relationship should hold:

R = F(4047} = Fa(4047)(X) + Ji'b(4047}(l - X)
Ji'(4358} Ji'a(4358) (X) Ji'b(4358)(1 - X)

where Fa is the fluorescence of a given concentration of chloro
phyll a, Fb is the fluorescence of an equal concentration of
chlorophyll b, when excited by light of the wave lengths indicated,
and X is the proportion by weight of chlorophyll a in the mixture.

0:
06

Table III. Reduction in Fluorescence of Chlorophylls a
and b by Various Photocell Filters with Sharp Short

Wave Cutoffs

Standard deviations of detenoinations of ratio for
pure chlorophylls a and b indicated by vertical
lines. Curve shows theoretical values of R for
mixtures; points were experitnentally detennined

Percentage Reduction in Fluorescence
Chlorophyll a Chlorophyll b

o 0
2.0 8.7

13.2 25.~

Approximate
Wave Length

of Cutoff, A.
5850
6050
6250

Corning
Filter
Nos.

2418
2408
2403

Zscheile and Harris (18) have reported differences in the fluo
rescent spectra of chlorophylls a and b in ethyl ether, a having
a maximum at about 6645 A. (6700 A. in acetone) and b, at
about 6480 A. An attempt was made to distinguish between
the fluorescence of these components in acetone by using photo
cell filters with different short-wave cutoffs. The results of this
experiment are .shown in Table III. The fluorescent spectrum
of chlorophyll b is reduced to a greater extent than that of chloro
phyll a by Corning 2408 and 2403 filters, but the differences
seem scarcely large enough to be serviceable in determining the
ratio of alb in mixtures.

Figure 4. Ratio of Fluorescence Excited
by Radiation froIn 4047 A. Mercury Line to
That Excited by 4358 A. Line for Chloro-

phylls a and b and Mixtures of Two

.04100 CHLDROPHYLL A 50 40 30 20 10 0
o 10 20 30 40 50 CHlOROPHYLL B 100

PER CENT IN MIXTURE

Estimation of Chlorophyll a. Since chlorophyll.a fluoresces
about ten times as much as b (see Table II) when excited by the
violet line (4047 A.), the assumption can be made that. 'allthe
fluorescence emitted by mixtures of the two components under
these conditions is due to the fluorescence of a. The 'theoretical

.errors in ~hlorophyll a determinations made by such an assump
tion for various mixtures ofchlorophyils a.and b are shown in
Figure 3.

For extracts of green tissue, usually containing .. about 70%
chlorophyll a (1, 14), the theoretical error should bearOlind 4%.
If enough material is available, a determination may b.e·made of
the alb ratio, either fluorometrically(see above) or speetropho
tometrically (1, 4). Then, assuming constancy of this ratio for

the green layer Was mechanically removed, and eluted with
ethyl ether, and the pigments were transferred to acetone. The
ratio, R, was then determined· on the fluorometer. It was
found to be 0.175, very close to that of pure chlorophyll a. Spec
trophotometric data on the pigments separated from a similar
crude acetone extract by shaking with ethyl ether (3), and on
the pigments extracted from similar material with ethanol (2),
indicate a complete or nearly complete absence of chlorophyll b
in such material.
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Broken line. Theoretical values derived on assulllption
that t.wo pigJncnts fluoresce independently of one an
other in mixtures. Points were experilnentally deter
nl.ined. Standard, llllg. of quinine sulfate per liter of

0.1 N sulfuric acid. Unknown, laIIlp filter 5850
Unbroken line. Per cent of fluorescence of mixture
due to chlorophyll a when excited by violet (4047 A.)
line, and corresponding percentage errorS in chloro
phyll a esthnates if assulllption is lllade that aU fluores-

cence is due to chlorophyll a

The pigments in an acetone extract of the shoots of 270 etio
lated',oat seedlings, irradiated for 3 hours with monochromatic
blue light (4358 X.), were transferred to' petroleum ether, and
the petroleum ether solution was washed repeatedly with dis
tilled water to which a trace of calcium carbonate had been
added, dried over anhydrous sodium sulfate, and filtered onto a
small column of powdered sucrose 2 em. in diameter and 15 em.
high. When the carotenoids had separated from the chlorophylls,

.
Figure 3. Fluorescence of Mixtures of

Chlorophylls a and h

The curve in Figure 4 shows the theoretical relationship be
tween R and X for the fluorometer setup used in this investiga
tion; and the individual ·points on this graph are experimentally
determined values of R for known mixtures of chlorophyll a and
b. An estimate of the proportion of a and b in an unknown
mixture can be made by determining R, and finding this value on
the calibration curve in Figure 4. The curve is rather flat for
high percentages of chlorophyll a, and the accuracy of the esti
mate is, therefore, low when using this portion of the curve.
Spectrophotometric methods (1, 4) for obtaining the alb ratios
are preferable where the quantity of material and the equip
ment permit. Since values of R for chlorophylls a and b will
vary somewhat, depending upon the filter transmissions, the
spectral sensitivity of the photocells, and other experimental con
dition~, a calibration curve would have to be computed for each
new setup.

This method is not applicable to crude extracts, since the value
of the ratio, R, is altered somewhat by the presence of other pig
ments. In one experiment R was found to be 0.179 for pure
chlorophyll a, and 0.177, 0.172, and 0.166 for chlorophyll a/{3
carotene ratios of 2, 1, and 0.5, respectively. A chromatographic
separation of chlorophylls from the carotenoids can be carried out
on a rather small amount of material, however (3).
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Table IV. Chlorophyll DeterIl1inations on Four Series of Leaf SaIl1ples
[J<Jach sample a single disk 5 mm. in diameter. Values in columns 1\ to 11 as % of fresh weight. Standard; 0.2 mg. of quinine sulfate per liter of 0.1 N

H 2SO.. Unknown, lamp filters 4308, 3060, and 5970 (fluorescence excited by violet, 4047 A., line)]

Assuming 100% Chlorophyll a Assuming Ratio alb = 4 Assuming Ratio alb = 2.33
2 3 4 5 6 7 8 9 10 11

No. Av. Fresh Mg. of chioro- Chlorophyll a 80% a 20% b a + b 70% a 30% b a + b
of Weight of phyll a as % (0.98 X (0.25 X (columns (0.96 X (0.43 X (columns

Species Samples Samples, Mg.a I?er sample fresh weight a column 5) column 6) 6 + 7) column 5) column 9) 9 + 10)

Lactucasativaunboiled 5 2.53"'0.11 1.49 0.059"'0.0030.058 0.014 0.072 0.057 0.024 0.081
Lactucasativaboiled 5 2.47"'0.11 1.70 0.069"'0.0070.068 0.017 0.085 0.066 0.028 0.094
Ailanthusglandulosus 5 2.48'" 0.07 4.39 0.177 "'0.004 0.174 0.044 0.2.18 0.170 0.073 0.243
Magnoliatripetala5 2.65"'0.07 4.03 0.152"'0.011 0.149 0.037 0.186 0.146 0.063 0.209
Lycopersicon esculentum 5b 0.96 '" 0.08 1. 83 0.191 '" 0.006 0.187 0.047 0.234 0.183 0.079 0.262

a Standard deviations ofaverages of each series of tests given.
b Sample disks cut 3.5 mm. in diameter.

Figure 5. Effect of I3-Carotene on Fluorescence of
Chlorophyll a Irradiated with Blue Light
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with acetone, and added to three chlorophyll a solutions in such
amounts that the ratio (on a weight basis) of chlorophyll a to 13
carotene was equal to 2, 1, and 0.5. The fluorescence of dilution
series of pure chlorophyll a and of each of these three mixtures,
when irradiated with blue, violet, and ultraviolet light, was then
measured on the fluorometer. The fluorescence was least affected
by the presence of l3-carotene when the solutions were irradiated
with ultraviolet light, wp.ich is not strongly absorbed by the
carotene, and most affected when irradiated with violet light.

The relations between chlorophyll a concentration and poten
tiometer response when irradiated with blue and violet light are
shown in Figures 5 and 6, respectively. The reduction in fluo
rescence due to the presence of carotene becomes progressively
more pronounced, the higher the concentration. At the lowest
chlorophyll concentrations the carotene does not appreciably
reduce the fluorescence, even when present in larger amounts than
chlorophyll a.

In normal green tissues of higher plants the ratio (on a weight
basis) of chlorophylls to carotenoids has values falling between
1.6 and6.2 (12, 14). The chlorophyll-carotene ratio for tobacco
tissues has been reported as being around 20 (4). It would
appear, therefore, that carotenoids will not appreciably interfere
with chlorophyll determinations in very dilute solutions, unless
they occur in concentrations considerably higher than that found
in normal green tissues.

In an experiment to determine the effect of flavones on chloro
phyll a fluorescence, 3.95 grams of the shoots of dark-grown oat
seedlings were extracted with 100 ml. of acetone. The acetone
extract was then shaken with 50 ml. of petroleum ether and 20
ml. of distilled water. The aqueous acetone fraction, containing
the flavones,.was drawn off. It was found that amounts of this

Figure 6. Effect of I3-Carotene on Fluorescence of
Chlorophyll a Irradiated with Violet Light

A to D. SaIne as in Figure 5
Standard,- 0.2 ~g. of quinine sulfate 'Per liter of 0.1 N sulfuric acid
Unknown, laIllp' filters 4308, 3060, and 5970

A. Pure chlorophyll a
B. ,8-carotene concentration half that of chlorophyll a
C. ,a-carotene concentration equal to that of chlorophyll a
O. ~-caroteneconcentration twice that of chlorophyll a
Standard, 0.2 ntg. of quinine sulfate per liter of 0.1 N sulfuric acid

. Unknown, 1aIllp filten 5113 and 3389

subsequent samples, the chlorophyll a estimate can be corrected,
and a comp1..ltation of the total chlorophyll content of the extract
can also be made (see Table IV).

If only the relative concentrations are required, and if the
mtio of alb can be assumed to remain nearly constant among the
samples to be tested, greater sensitivity will be attained by using
ultraviolet or blue light as the exciting wave lengths. When
using ultraviolet, however, readings must be made as rapidly as
possible, to reduce the photodecomposition of chlorophyll (par
ti,cularly the more labile a component) to a minimum.

Fluorescence of Chlorophyll in Presence of Carotenoids and
Flavones. If quantitative determinations of chlorophyll are to
be made upon unpurified acetone extracts of plant material, the
presence of other pigments may interfere with the determina
tions. The following experiment was carried out to ascertain
the effect of carotenoids upon the fluorescence' of chlorophyll a.

A sample of pure l3-carotene (General Biochemicals,. Inc.)
was dissolved in ether. The ether solution was then diluted
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rection call be made in t,he chlorophyll a
estimate, and the amount of chlorophyll
b can also be computed, as shown in
Table IV.

The effect of adding pure chlorophyll
a t.o crude chlorophyll extracts is shown
in Table V. There is reasonably good
agreement, between the theoretical chloro
phyll a content and the fluorescence of
the mixtures.

49.0

86.4

.50.4
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Chlorophyll "
Pure Theoretically

Chlorophyll a in Mixture,
Added Column 1 + 2

Af icroyrwfns per liter

Estimated
Chlorophyll a

in Extract

Effect of Adding Pure Chlorophyll a to Crude Chlorophyll Extracts
Chlorophyll a

Estimated
from

FI uorescence
of :MixtureSauree of Extract

Table V.

Dark-gro\\'n A vena. .seedling.s 6.7 42.9 49.6
exposed to violet light for 2
hours

Dark-grown Avena seedli ngs 5.9 42 9 48.8
exposed to sunlight for 2
hours

Piece of grass leaf :39 42 9 82.1

flavone-containing fraction equivalent to 100-mg. fresh weight
of. tissue could be added to chlorophyll a solutions without caus
ing a decrease in the fluorescence of the chlorophyll. Only a
small fraction of this weight of green tissue is needed for chloro
phyll determinations. It is very possible, however, that crude
extracts of certain types of plant material may contain sufficient
amounts of flavones or other pigments 'to interfere with the chloro
phyll fluorescence.

Chlorophyll a Determinations in Crude Extracts. Crude ex
tracts of chlorophyll for fluorometl'ic determinations were pre
pared as follows.

The fresh tissue to be extracted was weighed to the nearest
0.1 mg on a Roller-Smith torsion balance, dipped for 30 seconds
in boiling water in certain cases, and then finely ground up with
acetone in a special homogenizer constructed from a heavy-duty,
conical centrifuge tube fitted with a tapered, ground-glass
plunger, :Ylackinney states (10) that chlorophyll may be hy
drolyzed by chlorophyllase during extraction, but that this proc
ess is stopped as soon as the pigment has been separated from the
cellular debris. The cellular debris was immediately thrown
down by centrifugation, and the clear supernatant liquid was
decanted. This crude extract was then made up to 20-ml. vol
ume. The fluorescence of the extract or a suitable dilution
thereof· was tested immediately in the fluorometer, using the
violet (4047 A.) line, and the amount of chlorophyll a estimated
from a calibration curve (see Figure 6,A).

The results of determinations on series of samples cut from
leaves with a cork borer are given in Table IV. Standard de
viatiolls for individual values in each series of similar samples
are not greater than 10%. The amount of chlorophyll a per
fresh weight of tissue is in good agreement with the data of other
investigators (1, 14). If the exact ratio of alb is known, a COl'-
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Continuous Recording Ultraviolet Spectrophotometer
Application to Butadiene Analysis

E. J. ROSEN~AUM,Sun Oil Company Experimental Division, Norw()od, Pa., ANI)

LEONARD STANTON, The Brown Instrument Company, Philadelphia, Pa.

W ITHIN recent years the utility of ultraviolet spectro
photometry as a method of quantitative analysis of certain

systems has become generally recognized. I"hen the system to
be analyzed' contains only one component which absorbs in the
ultraviolet region, the analytical problem is particularly simple
because the other components act merely as inert diluents. This
favorable situation exists for the spectrophotometric analysis of
butadiene in the presence of other C. hydrocarbons because buta
diene has a strong absorption band with a peak near 2150 A.,
while paraffins and olefins do not.absorb in this region. Acety
lenes with the exception of vinyl acetylene have negligible
absorption. The presence of appreciable concentrations of
vinyl acetylene causes high apparent butadiene analyses but. a

suitable correction can be applied if llecessary, 1,2-ButadieIw
absorbs weakly and can usually be neglect.ed. Conjugated penta
dienes interfere seriously and must be absent for reliable result.s.

It is most convenient to carry out this analysis in the gas
phase. VlThen a definite sample pressure and an absorption cell
of definite length are used and the spectrophotometer is set at a
suitable wave length, the fraction of ultraviolet radiation trans
mitted depends only on the concentration of butadiene in the sam
ple. When the spectrophotometer has been calibrated with known
concentrations of butadiene, the measured transmittance gives the
percentage of but.adiene directly. Thus, the ultraviolet spectro
photometric method replaces lengthy and difficult distillations
and chemical procedures with a rapid and simple measurement.
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A continuous recording ultraviolet spectrophotometer is described with particu
lar reference to its application to the analysis of a plant strealll for butadiene in
the range 0 to 20%. The problem of llleasuring small photocell currents under
refinery conditions is discussed and a solution to the problem is given in the forn~

of a null system employing a high-impedance direct to alternating current con
version system. This recording spectrophotometer has adequate stability and
accuracy and its rnaintenance is relatively silllple.

Figure 1. Calibration Curve Showing Re
corder Readingvs. Per Cent Butadiene
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The speed of measurement becomes of special importance in
following the variations in the composition of a plant stream. For
this purpose an instrument which yields a continuous record of the
butadiene concentration in a flowing sample is very valuable.
Such an instrument, described in this paper, was developed by
the Brown Instrument Company and the Su·n Oil Company for
use in the Toledo butadiene plant of t,he Sun Oil Company. In
this application it snpplies an immediate indication of unusual
conditions and has greatly facilitated the study of process im
provement. The plant personnel have been relieved of frequent
manual analyses, and the human error factor has thus been mini
mized. Although auto\natic control of butadiene plant opera
tions was not attempted on this installation, it appears to be a
definite possibility for the future. The instrument described
here was developed for butadiene analysis, but can be applied to
other systems for which the spectral location of absorption bands
is favorable. A similar instrument which was developed during
the same period by ~ational Technieal Laboratories is partially
descrih(,d by Beckman (1).

ANALYTICAL SYSTEM

The reeurding speetrophotometer is based un the Beckman
quartz photoeleetric spectrophotometer (2) equipped with a hy
drogen arc lamp and lamp current regulator. The lamp used
has a reservoir bulb to hold additional hydrogen. It is supplied
by the National Technical Labotatories and is designated by cata
log number 2230A. The modifications made in this instrument
to adapt it for continuous recording are described below. The
butadiene range required to be covered extends up to 20%, at
which concentration the absorption of radiation whose wave
length is near that at the absorption peak is too great for aecurate
results to be obtained. For this reason, the spectrophotometer
is set at a wave length of 2350A. which is on the long wave-length
side of the absorption maximum. The slit width used is I mm.

The essentially monochromatic beam of radiation passes to a
phototube through a vitreous siliea gas absorption cellI cm. long,
through which the sample for analysis flows continuously. The
cell is vented to th~ atmosphere through a small flolVmeter; the
effef!t of a variation in atmospherie pressure is so small that it is
neglected. (If in some particular application this is undesirable,
it would not be difficult to use a manostat on the exit side of the

0- - - _+1 -. -------0
-E ..
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Figure 2. High-Illlpedance Self-Balancing Systelll

absorption cell.) Provision is made for stopping the sample flow
and flushing the cell with pure nitrogen when it is desired to
check the reading for zero butadiene percentage (100% trans
mittance) .

Changes in temperature have a relatively marked effect on the
absorption coefficient of butadiene. For this reason the incom
ing sample is passed through a copper coil immersed in a thermo
stated water bath, which holds the sample temperature constant
to ±0.05° F.

The spectrophotometer is calibrated by admitting pure buta
diene to the absorption cell and maintaining various measured
pressures while readings are taken on the recording potenti
ometer. Because a nonabsorbing diluent has no effect on buta
diene absorption, this procedure is equivalent to varying the
partial pressure of butadiene in the presence of such a diluent.
By considering the total pressure as one atmosphere, the results
of the calibration are expressed as percentage of butadiene versus
recorder reading. An example of such a calibration curve is
shown in Figure 1. In this case the recorder reading for 0')(
butadicne was arbitrarily set at 90% of full scale to allow oppor
tunity for a possible drift npscale.

MEASUREMENT AND RECORDING OF RADIATION INTENSITY

The intensity of the radiation transmitted through the absorp-'
tion cell (which is a measure of butadiene concentration) is
measured by a photocell, amplifier, and recorder. The dispersed
radiation reaching the photocell produces a current which is
directly proportional to the radiation intensity. Because this
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These have been used primarily for detecting minute voltages
developed across low impedances, and are not normally recom
mended for detection of currents of less than 10-9 ampere. Since
the measured currents in this application are as low as 10-13
ampere, these systems were not usable.

The present conversion system is designed for the .measurement
of small currents and is ideally adapted to photocell load resistances
of 50 megohms. It is shown in Figure 2, which also illustrates
the basic operation of the high-impedance self-balancing system.
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To assure accuracy of the photocell current measure
ment, a null system is employed. Such a system does not
affect the current being measured, since at balance it theo
retically draws no current. Moreover, strict proportionality
between the pen reading and the currerit measured is theo
retically attainable, since the voltage gain characteristics of
the detector do not affect the balance point. However, the
detector must not introduce its own variable potential or
the system will drift in zero reading.

Galvanometers were not considered as null detectors, be
cause of their inherent fragility and relative current in
sensitivity. Two types of nongalvanometer unbalance
detectors exist which are sensitive enough for measuring cur
rents considered in this paper: direct current amplifiers and
direct to alternating curreJltconversion systems.

The use of a direct current ampli
fier as a null detector in the photo
cell circuit was found to be unde
sirable in view of the requirements
previously mentioned. Such
amplifiers introduce excessive
drifts in zero unless large battery
or voltage regulator assemblies are
employed. Moreover, formeas-
urement of the low currents in this
application rather expensive elec-
trometer tubes and high value
photocell resistors are needed to
assure electrical stability. Such
components require special mainte-
nance and service, and are ad-
versely affected by various vapors
and high relative humidity, such as
may be found in refinery applica
tions.

Because of these considerations,
a direct current amplifier was ex
cluded as a final solution although
temporarily employed as an
emergency expedient. Instead,
the unbalance voltage produced in
the photocell circuit was converted
into alternating voltage of power
line frequency before amplifica
tion. As a result, drifts in gain
and operating point of the ampli-
fier tubes do not affect the system.

Various direct til alternating cur
rent conversion systems have been
described in the literature, among
them the standard Brown trans-
former-type conversion system (3).

photocell current is small (10-13 to 10-10 ampere), its accurate
measurement under plant conditions presents several problems:

1. The frequent presence of contaminating vapors and high
relative humidity in refinery applications make it necessary to
use a low-value photocell resistor for adequate stability. Conse
quently, it w(is considered desirable in designing this instrument
to reduce the value of the photocell resistor drastically from ap
proximately 2000 megohms commonly used in laboratory-type,
manually operated instruments to 50 megohms.

2. Vibration conditions are in general unfavorable.
3. Tube replacement or similar routine maintenance has

to be very infrequent and easily and economically ac
complished.

4. The use of storage cells or B-batteries is not desirable
for maintenance reasons.

5. Voltage regulators in the amplifier are to be avoided
in the interest of simplicity and cost reduction of the
installation.
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Light striking the photocell results in a photocell signal cur
rent, i, proportional to the light. intensity, I. The signal current,
flowing through a resistor, R, yields a voltage drop, iR, of the
polarity indicated. The latter voltage drop is opposed by the
slide-wire voltage. When the two voltages are equal, there is
no potential difference between points P and A. When the
current rises from the balance value for the particular slide-wire
position, P is positive with respect to A; if the current falls, Pis
negative with respect to A. An unbalance direct current volt
age of reversible polarity is thereby produced. The conv.erter
reed shown at A is energized by a coil supplied with voltage of
line frequency. This reed alternately makes and breaks the
connection between points A and P.

By shorting P to A when the reed makes contact in the (1)
position, the converter changes the unbalance direct current
voltage into a 60-cycle alternating current voltage of one phase
or of opposite phase, dependent upon the relative polarity of P
and A. This alternating current voltage when amplified drives
a two-phase motor in a direction determined only by the polarity
of the unbalance direct current voltage impressed at the converter
input terminals. The motor is coupled mechanically to both the
pen and slide wire in such a manner that the motor drives the
slide-wire contactor to produce the voltage required to balance
the voltage drop, iR, and thereby yield zero input voltage to the
converter. The pen reading at balance then is proportional to
the photocell current and can be interpreted in terms of chemical
composition.

The motor almost instantly responds to photocell current
changes, so that the system continuously rebalances to record
changes in sample concentration.

The schematic wiring diagram of the recording system is shown
in Figures 3 and 4.

The two major units in the instrument are the preamplifier,
mounted directly on the Beckman optical unit, and the modified
circular chart electronic recorder (3). The preamplifier unit
contains the photocell with its manually operated shutter control
mechanism, a desiccator assembly, and a 7N7 twin electrometer
conversion preamplifier tube, selected for l,ow microphonics
(see Figure 3). A three-conductor shielded cable and a five
conductor unshielded cable connect the preamplifier unit and the
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recorder. The recorder contains a special main amplifier, a
measuring circuit with the associated conventional mechanical
balancing mechanism, and a rectifier and filter providing direct
current for the heaters of the preamplifier tube (see Figure 4).

Various design details incorporated in these units are of inter
est:

1. 'The photocell operating potential is obtained from the
liB" supply of the amplifier. This eliminates the need of a sepa
rate photocell battery.

2. A filter in the photocell circuit effectively smoothes out
any optical 60-cycle ripple (such as is produced when an alter
nating current arc is employed). In addition, the capacitor
greatly reduces photocell noise.

3. The preamplifier and converter assembly which replaces
the Beckman preamplifier unit is built on a steel cover plate "/t.
inch thick, and the box itself is built of reinforced O.125-mm.
(O.05Q-inch) sheet steel. This heavy and rigid construction re
duces the effects of vibration and shock to negligible proportions.

4. As shown in Figure 5, the entire converter and preamplifier
tube assembly can be quickly removed from the instrument and
transferred to a bench for service. The rear cover plate assembly
of the preamplifier is easily detached from the unit and cable
assembly without unsoldering any wires, since electrical connec
tions are made by means of banana plugs. The relatively con
fined space of the unit itself contains only the photocell, filter,
and banana plug assemblies; these are easily accessible.

5. To prevent excessive photocell leakage, desiccation of the
preamplifier unit is provided. The desiccator is readily removed
without disturbing any optical or electrical components. More
over, the preamplifier box is sealed completely, so that desiccant
replacement is not generally required more often than once every
3 or 4 months.

6. To permit compensation of the system for photocell dark
current variations, an electrical zero adjustment is provided.
This adjustment is accomplished by closing the shutter in the pre
amplifier unit by turning the knob on the preamplifier and ad
justing the zero rheostat in the recorder until the pen reading is
zero.

7. To permit electrical adjustment of recorder span, a rheo
stat is provided across the slide-wire circuit. The span adjust-

Right.

Figure 5. Photograph of Preamplifier Unit
Left. Rear cover plate •••elDbly, showing 7N7 tube with shield and converter box

Interior of photocell unit, shown IDounted on spectrophotometer. Sampling cell leads at top. Photocell in upper
central part of box i. etnployed; other is Dot used
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a Data from Sun Oil Co., Toledo, Ohio.

0.5
0.1
0.5
0.4
0.9
0.7
0.1
0.1
o
0.3
0.6
o
0.1
0.7

Difference

10.5
11.5
13.4
13.6
12.6
11.2
11.5
13.2
13.8
13.4
14.7
13.0
12.0
12.4

SpeC'trophotometric

Table I. COInparison of Butadiene Analyses Read from
Recording SpectrophoioIIleter with Those Obtained by

Maleic Absorption Methoda

Maleic
Anhydride

10.0
11.4
12.9
13.2
11.7
10.5
11.4
13.1
13.8
13.1
14.1
13.0
12.1
11.7

Figure 6 shows a six-day circular chart, record in which the
reeorder drift is seen to be It'ss than 10-12 ampere. Over 24-hour
periods the high-impedancl' recording system descrihed in this
paper normally introduces drifts of less than 5 X 1Q-13 ampere.
It. can stably det,ect currents of less t,han 10-1" ampere for periods
up to 0.5 hour.

I t is clear that such a n'eurding system ha~ man~' applications
Imyond thc present spect.J'Ophotometric one.

ment consists in flushing the absorption cell with nitrogen and
then adjusting the recorder reading to the desired value for 100%
optical transmission.

8. The recorder suppli('~ four different voltages to the pre
amplifier:

(a) Direct current voltage to operate the 7N7 preamplifier
heaters; (b) alternating current voltage to operate the converter;
(c) direct current voltage for the 7N7 tube plates and the photo
cell anode; and (d) measuring circuit voltage to oppose the iR
drop produced by t,he photocell current.

RECORn.:R PERFORMANCJo:

PERJo'ORMA:-lC.: OJ<' OVER-ALL SYSTEJ\1

The quality of the reeon1 provided in actual scrvice by the
recording spectrophotometer can be judged from Figure 7. To
cheek the accuracy of the recorded analyses, a sample is taken
nnce a day from the same sampling point which supplies the re
cording spectrophotomctt'r. This sample is analyzed by the
,t,andard Rubber Rpserve (:orp. volumet,ric maleic anhydride
absorption method. A comparison of the two sets of data for
two 7-day periods in .January and February 1946 is given in Table
1. The agreement must be considered good, when it is realized
that, the maleic anhydride method is not completely accurate. It
is probable that most of the dl'viation between the speet.l·oscopic
and the chemical HIPthod~ ean he ascribed to the lattl~r.

Figure 6. Six-Day Stability Test Record of Electrical
Recording SysteIIl

Figure 7. Typical Reeord of Analysis

When the recording speci rophotometer was first under consid
eration, it was anticipated that frequent automatic adjustment
at both ends of the range would be necessary: that at the "no
illumination" end to take care of variations in the photocell dark
current, and that at the empty cell end to take care of variations
in the output of the radiat·ion source and the photocurrent ampli
fier. However, this has not been the caSe. The dark current
adjustment is stable for days, although it is checked routinely
once a shift. Theempty cell adjustment requires more attention,
but even for this a check once a shift is adequate.

All the power required for the recording spectrophotometer is
obtained from a U5-volt alternating current line; consequently,
ther'e is no problem of baUery deterioration and replacement.
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Microdetermination of' Molecular Weight by a
Va,por Pressure Comparison Method

LEONARD K. NASH" Noyes Chemistry Laboratory, University of Illinois, Urbtma, Ill.

A Jnethod for the UlicrodeterIuination of molecular weight, based upon the
vapor pressure lowering produced in a deterUlinate solution of the saUlpIe, is
described. The vapor pressure data are secured through the use of two dynaUlic
isoteniscopes of slightly Ulodified design, A weight of 2 to 8 Ulg. of the saUlple is
ordinarily adequate for a nonvolatile Ulaterial whose uJOlecular weight does not
exceed 700, and the saUlple is easily recovered at the end of the experiUlent.
There is no theoretical liUlitation to the choice of solvent. The probable error
does not exceed 2'0/", the UleasureUlents are essentially siUlple, and the tilne ex
pended in one of a series of deterUlinations is about 2 hours.

ASURVEY of a representative recent text on microtech
niques (5) provides a view of some of the shortcomings of

the four methods most commonly applied to the microdetermina
tion of molecular weights of organic compounds.

The vaporimetric method is limited in its applicability to sub
stances which can be vaporized without decomposition, and so
cannot be used for the considerable range of compounds which
combine relatively low volatility with thermal instability.

The cryoscopic method, based upon the observed freezing point
depression of a determinate solution of the unknown in solvents
like camphor or borneol, is not applicable to the considerable
variety of materials which either do not dissolve in camphor,

1 'Present address, 12 Oxford St., Cambridge 38, Mass.

borneol, etc" 01' do not form approximately ideal solutions in
these solvents.

Ebullioscopic methods yield results of an ·order of accuracy
which Friedrich (2) avers is poor, and which is seldom claimed to
be better than 5%. The method is restricted in its applicability'
to those solvents which show a satisfactorily large molal' boiling
point depression, and a rather large sample, varying from 10 to
25 mg., must be used.

Methods which rely on isothermic distillation to produce solu
tions of equal molarity are of considerable generality and accu
racy, but as much as one or two weeks are often required for the
solutions to come to equilibrium concentration. Certain semi
micro adaptations of this method (1) are said to produce equilib
rium within 3 days, but a rather large sample is required.

An isothermic method in which, instead of allowing time for
two solutions to come to equal molar concentration, there is a
direct, immediate measurement of the "vapor pressure lowering
produced by solution of a known weight of solute in a known
weight of solvent appears to possess certain advantages. The
solute so studied must not be appreciably volatile at the boiling
point of the solvent, but there is no restriction on the nature of
the solvent, as in cryoscopic and ebullioscopic methods, since, at
low concentrations, solutions in any solvent tend to obey Raoult's
law equally well. This relatively unrestricted range of appli
cability is accompanied by a high potential accuracy, Menzies
has indicated (4) that a benzene solution showing a boiling point
depression of but 0.1 0 C. would show a vapor pressure lowering
(at the boiling point of pure benzene) of 32 mm,

Menzies and others have described rllolepular weight deter
minations based upon measurement of vapor pressure depr.es
sion, but it does not appear that any microdetermination based
on this plan has been attempted. Modification of the Smith
and Menzies submerged bulblet method for vapor pressure deter
mination (6) might, however, be expected to provide the requi
site vapor pressure data for the microdetermination of molecular
weights.

Al'}'ARATUS

The apparatus designed for these studies is illu,strated in Fig
ure 1. A represents a constant-te~pera~ure Jacket, wound
with several layers of sheet asbestosl m whICh wmdows are cut
to allow observation of the lower endS of the bulbs shown, The
bulbs are supported by glass rods inserted through holes, in the
stoppel', Application of glycerol to the rod~ at t~e pomts ,at
which they pass through the stopper makes It pOSSIble to raIse
or lower them at will. About 20 cc. of the solvent to be used in
the determination are placed in A, together with some glass
beads to promote even boiling. When the solvent boils under the
reflux condenser, C, the inner tube, B, and its conte~~ssoon,c0me
to a uniform constant temperature close to the bOllmg pomt of
the, solvent. A guard tube containing calcium chloride is in
serted in the top of C, to prevent contamination of the solvent
with water vapor. , , ..

The inner chamber, B, whICh contams the bulbs m whICh meas
urements are to be made, contains a 3-cm. layer of mercury on

o .

50So

Apparatus
If

Figure 1.
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60mm...

A

F

D

cL

'199



800 VOL U MEl 9, N O. 1 0

PROCEDURE

which is floated a layer of 85% phosphoric acid about 1 em. deep.
B is connected through the rubber stopper and a three-way stop
cock, as shown, with the butyl phthalate manometer, F. A
length of rubber tubing, E, gives this connection flexibility. To
facilitate easy and accurate reading of the manometer the arms
of the latter may be fabricated from two 50-cc. burets whose
scales are of equal length. The length of the scales may be meas
ured in centimeters, so that each cc. reading can be converted
to a linear measurement. The conversion factor may be com
bined with' that used to transpose the' butyl phthalate readings
to millimeters of mercury.

The third branch of the three-way stopcock can be connected,
via d, with a water aspirator or a source of compressed air, so
that any desired 'pressure may be produced within the system.
A short length of thermometer capillary is ·inserted in this branch
to facilitate precise adjustment of the pressure by restrictin'g the
rate of pressure change in the system to a rather low value.

When sweeping is completed both bulbs are lowered by the at
tached glass rods so that the open ends are immersed to a depth
of about 1.5 cm. in the mercury layer. The aspirator is dis
connected and the pressure in the system is allowed to revert
(slowly) to atmospheric. A pause of 0.5 hour must now ensue
with bubbling prevented by immersion of the open ends in th~
pool of mercury, to allow both bulbs to come to the temperature
of the inner jacket, since both will have been cooled (unequallv)
by vaporization of the solvent. During this period the samples
for the next run may be prepared.

At the close of this equilibration period the level of the mercury
inside the solution bulb is brought to approximate coincidence
with the mercury level outside. The pressures inside and out
side the bulb must then be approximately equal, and the bulb
may be raised so that its open end projects a few millimeters into
the phosphoric acid layer. Now the pressure within chamber B
is brought to exact equality with the pressure in the bulb so
that the phosphoric acid levels inside and outside the shank' are
even. The pressure setting can be made with great sensitivity
because the lower edge of the meniscus is picked out as a sharp
light line by illumination from behind and slightly below the
phosphoric acid level. When matching has been achieved the
stopcock is turned so that B is connected only with the ma~om
eter. After a pause of about 5 minutes to ensure a true rather
than a transient equilibrium the equilibrium pressure is read from
the butyl phthalate manometer.

The open end of the solution bulb is now thrust back into the
pool of mercury, and, after a preliminary pressure adjustment
the solvent bulb is drawn up to project into the phosphoric acid
layer and the pressure balanced, and then read as before. Fol
lowing this another measurement is made of the pressure in the
solution bulb, and then another of the solvent pressure. This
completes the pressure readings.

The solution bulb must now be removed from the system with
out loss of solvent vapor and without allowing any phosphoric
acid to suck back into the bulb. To this end the pressures are
first balanced roughly, and the solution bulb is raised until its
tip is clear of the phosphoric acid layer. The tip should still be
sealed with a layer of phosphoric acid not exceeding 2 mm. in
thickness. The stopper is then immediately removed, carrying
the bulbs with it.. As the solution bulb emerges the sealing film
at the end of the tube begins to travel upward; but, if it is not
too thick, it ruptures almost immediately, so that air is free to
enter the bulb. No appreciable quantity of solvent vapor can
escape at this point because there is a steady inward flow of air
when the sealing film is broken.

Provided that the next run is to be made with the same solvent,
it may be started at this point.

When the solution bulb has cooled to room temperature the
outside is rinsed with water, and the inner wall of the shank tube
is washed out by inserting in the open end of the tube a vertical
wash-bottle tip like that shown in Figure 2, d. The shank tube
is then placed over another tube, shaped like the wash-bottle tip,
and by warming the shank with a tiny flame an~ drawing through
a very slow stream of air with an aspirator the tube is dried
rapidly. This procedure, when carefully performed, has been
shown to yield weights which are reproducible to 0.101' 0.2 mg.

The bulb is now wiped, and after standing for a few minutes
in the balance case, it is weighed with accuracy'of a. few tenths
of a milligram. This completes the determination.

The method of pressure measurement described above would
obviously be .more nearly ideal if the pressure measurements
could be made simultaneously. However, the low density of the
phosphoric acid, which makes it ideal as an auxiliary manometer
fluid, effectively prevents both bulbs from being held in the
phosphoric acid layer at the same time, since the acid would be
driven back into the solution bulb by a pressure sufficient to
balance the pressure in the solvent bulb, while a pressure 'that
balanced the pressure over the solution would allow bubbles to
escape from the solvent vessel. Thus solution and solvent must
be studied separately, the tip of the bulb not in use being i~
mersed in the mercury pool which, by its high density, prevents
the difficulties listed above.

It has been observed, however, that for a long time after com
pletion of the sweeping-out process there is a slow rise in the vapor
pressure in a given bulb, so that it is not possible to compare di
rectly pressure measurements made at different times in the pres
ent system. Fortunately, within 0.5 hour after sweeping is com
pleted a plot of observed pressure against time becomes linear
i.e., the rate of pressure rise is substantially constant. Thusif

d

BulbsFigure 2.

a

Two bulbs of the general shape shown in Figure 2, a, are re
quired. The body of the bulb, of a capacity of ca. 0.7 cc., is
made of 10-mm. Pyrex tubing. The heavy-walled capillary sec
tion is about 8 em. in length, wi th interior diameter of ca. 0.3 mm.
The lower portion, or shank, of the tube is roughly 3' cm. in length
and is made of 8-mm. Pyrex tubing. The two bulbs are thor
oughly cleaned and dried, and the bottom tips are then sealed off
to give vessels of the shape shown in Figure 2, b. Care should
be taken to prevent condensation within the bulbs of moisturc
from the flame.

About 0.5 cc. of the pure solvcnt is now conveyed into one
bulb by alternately introducing a few drops of the solvent into the
open end of the tube and
then immersing the
lower part of the bulb
in a dry ice bath.

In preparing the solu
tion bulb, the empty
bulb is weighed with an
accuracy of a few tenths
of a milligram against a
counterpoise of like de-
sign. Then some 2 to 8
mg. of the sample are
introduced into the open
end of the bulb from a
weighing tube of suitable
shape-for example,
that shown in Figure 2, c.
The loss of weight of the
weighing tube is deter
mined with an accuracy
of a few hundredths of
a milligram. Using 0.5
cc. or less of the solvent,
the sample is transferred
quantitatively into the
bulb by adding the sol-
vent to the sample one or
two small drops at a time,
and then immersing the
bulb in the dry ice bath.

The solvent and solution are now frozen by brief immersion of
their respective bulbs in a dry-ice bath. Using a microburner
flame, held well away from the open ends of the bulbs, the capil
laries are bent so that the containers assume the form shown in
Figure 1. The two bulbs are now attached to the glass rods with
loops of .wire, and the rubber stopper is set in place, so that the
configuration shown in Figure 1 is obtained.

The bottom of jacket A is heated with a microburner i so that
the solvent in the jacket boils briskly under reflux. The positions
of the glass rods are adjusted so that the open ends of the bulbs
are just immersed in the phosphoric acid layer. With the stop
cock in the position shown in the diagram, a weak source of
evacuation is connected at d. The pressure is slowly diminished
until it is lower than atmospheric pressure by a quantity corre
sponding to about a 55-cm. column of butyl phthalate. At this
point, as the right branch of the manometer is drained, bubbles
of air are drawn into the system, preventing the pressure from
going lower. Thus the manometer is made to serve as a barostat.

Under the reduced pressure the solvent is vaporized, without
boiling, from both bulbs. About 8 bubbles a minute emerge
from each tube, and within 0.5 hour all the air is swept from the
isoteniscopes. During this period the last stages of the preceding
run may be completed.
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two measurements are made for each bulb a simple interpolation
provides values for the pressures that would have been mani
fested had they been measured simultaneously.

CALCULATIONS

A standard statement (3) of Raoult's law is:

W 2

M2

where pO is the vapor pressure of the pure solvent and p (meas
ured at the same temperature) is the solvent vapor pressure over
a solution prepared by dissolving W 2 grams of materiaf of molec
ular weight M 2 in WI grams of solvent of molecular weight MI.
Denoting pO - P as Ap, the above equation may be written as:

M
2

= W2M I (pO - Ap)
ApWI

whence M. may be calculated if the other parameters are de
termined. M I is known at the outset and W 2 is determined di
rectly. pO is equal to atmospheric pressure (as read from a
neighboring barometer) plus or minus the pressure equivalent of
the butyl phthalate column that represented the difference be
tween atmospheric pressure and the pressure in the system which
was in equilibrium with the vapor pressure over the pure solvent.

The value of Ap is computed from the vapor pressures of the
solvent and the solution calculated for the same time. For ex
ample:

Time
Bulb Interval, Manometer Readings

Measured Time Min. h, h, t!.h

Solution 4:27 37.0 27.1 -9.9
20

Solvent 4:47 32.05 32.1 +0.05
12

Solution 4:59 36.35 27.7 -8.65
14

Solvent 5:13 31. 55 32.55 +1.0

The pressures in the bulbs are barometric pressure plus or
minus the mercury equivalent of the butyl phthalate columns in
dicated in the column headed Ah. By linear interpolation Ah
values are calculated for solvent and solution at the same mo
ment.

Solution at 4:4'7 = -9.9 + ~~ (1.25) = -9.9 + 0.8 = -9.1

Comparing this with the Ah value for the solvent at 4:47 we
find

L = 0.05 - (-9.1) = 9.15

where the pressure difference between solution and solvent is
represented by a butyl phthalate column of length L. A second
value of L, for 4: 59, is calculated similarly. The average value
for L is converted to the equivalent pressure in centimeters of
mercury and substituted as Ap in the above formula.

For WI we have:

W l = final weight of bulb + solution - initial weight of empty
bulb - weight of solute

but this figure for WI, while accurately reflecting the weight of
solvent present at the end of the experiment, is greater than the
weight present at the time of the pressure measurement by the
weight of the solvent vapor then present in the free space of the
bulb. To determine this correction factor the free volume in the
bulb must be estimated. This estimate is most conveniently
secured after the final weighing of the experiment, by roughly
determining the gain of weight that ensues when the solution
bulb is completely filled with the solvent employed. From this
weight gain and the density of the solvent the volume of the free
space is computed. The subtractive correction for the weight
of the solvent may then be deduced from the gas-space volume
and the temperature and pressure prevailing during the experi
ment.

The correction factor in the weight of the solvent is a mar
ginal one, of the order of 1 mg., and may generally be ignored.
However, in cases in which less than 0.050 gram of solvent is
present (because a particularly small sample or one of rather high
molecuiar weight was used) the correction may be used. After
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Table I. Molecular Weight Deternlinations
Molecular

Weight of Solute
Formula of Calcu- Experi-

Solute Solvent Solute lated mental

Tri-triacontane Benzene C"H" 542.0 526
552
543

Naphthalene Chloroform CIOH, 128.2 130.7
131.3

2-Methyl-{3-naphtho-
flavone Chloroform C"H140, 286.3 288.5

10-Phenyl-perhydro-
quinoline Toluene C15H21 N 215.3 218.0

2-Phenyl-2-(2 cyano-
ethyl)-cyclohexa-
none Carbon tet-

rachloride C15H17NO 227.3 223.5
n-Hexacosane Hexane C"H" 366.7 369

360
sym-Triphenyl ben-

zene Benzene C24H18 306.4 302

some experience it may be estimated with sufficient accuracy by
inspection.

All the other terms now being known, M 2 may be computed
from Raoult's law. The results of some determinations by this
method are shown in Table 1. "Vhere several values are given
for one compound they represent the results of duplicate deter
minations.

DISCUSSION

The probable error of a determination by this method is seen
to be about 2%. Any attempt to secure still greater accuracy
appears unpromising since the nonideality of actual solutions
would become a disturbing factor of increasing importance. It is
notable, however, that the solutions used in this method are
only about 0.01 M in concentration, and so provide a closer
approach to ideal behavior than the much more concentrated
solutions required in ebullioscopic and cryoscopic methods.
The vapor pressure lowering in a 0.01 M solution, at the boiling
point of the solvent, corresponds to approximately 10 cm. of
butyl phthalate, and can easily be measured with adequate ac
curacy.

Ordinary reagent grade solvents were used throughout, with
out further purification, since any errors due to small amounts of
impurity in the solvent are largely cancelled in this essentially
comparative· method. All the solvents used appear to be equally
satisfactory, as was anticipated. To make a change from one
solvent to another it is necessary merely to replace the old solvent
in the constant-temperature jacket with the new one, so that the

"measured vapor pressures will be close to atmospheric pressure,
and the balancing pressures will fall within the range of pressures
measurable with a small butyl phthalate manometer with ref
erence arm open to the atmosphere.

Alcohols, ethers, acetone, etc., react with phosphoric acid, and
so cannot be used with this sealing fluid. However, other sealing
media suitable for use with these solvents may be found. A
satisfactory sealing medium (1) must be transparent; (2) must
have moderate viscosity and density close to 1; (3) must have
low volatility at the temperature of the boiling solvent; and (4)
the sealing medium must neither dissolve nor react with the
vapor of the solvent in use. For· use with most of the common
solvents 85% phosphoric acid meets these conditions fairly.
Some recent trials indicate that somewhat more reproducible
results may be obtained with 95% phosphoric acid (prepared by
adding an appropriate quantity of phosphorus pentoxide to 85%
phosphoric acid), presumably because of the lower aqueous ten
sion over the more concentrated reagent.

Although the solutes treated by this method should be of rela
tively low volatility, even a material as volatile as naphthalene
can be handled satisfactorily if the sweeping-out period is held
to the bare minimum. Determinations have been made by this
method with materials of molecular weight as high as 1100, but
in this extreme range the accuracy is no better than 5%, and the
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Consequently a weighing made within 0.5 hoUt' of the end of the
run, and with an accuracy of but 0.2 to 0.3 mg., will not be sig·
nificantly affected.
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experimental difficulties are considerable. Practically speaking
this method is primarily useful for materials of molecular weight
under 700.

The conditio sine qua nan for success in this method is that
both bulbs be treated as closely alike as possible to take full
advantage of the tendency toward cancellation of errors charac
teristic of a comparative method. In particular, small changes
of barometric pressure produce no significant aberrations in the
results. No hydrostatic effects can occur, since the measurement
is made with the menisci inside and outside the bulb's shank at
the sanw level. Capillarity effects must b.e rather small becausc
of the rather large diametf.,"r of the shank tubes and, in any case,
would alter solvent and solution values to the same extent, and
so cancel. The condensation of water within the bulbs during
their preliminary immersions in the dry-ice bath has been shown
to be of negligible extent, provided that cooling is not unduly
prolonged. Similarly, the loss of vapor from the bulb before the
final weighing is not an appreciable factor. Because of the long
<:apillary through which the vapor must diffuse when escaping,
the bulb's loss of weight amouTlts to only about 0.1 mg. per hoUt'.

(1)
(2)

(3)

(4)
(5)

(6)
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Fluorometric Determination of Microgram
Quantities of Boron

CHARLES E. WHITE, ALFRED WEISSLER', AND DAVID BUSKER'
University of Maryland, College Park, Md.

A new, highly sensitive llwthod for the quantitative deternIination of boron is
based on the intensity of greenish-white fluorescence obtained upon addition of
benzoin, in slightly alkaline 850/0 ethanol solution. Studies have been lllade of
the effects of such variables as ti.l11e of standing, type of ~lcohol, and concentra
tions of benzoin, alkali, and water. It is essential for the success of the Inethod
\ hat these variables be carefully controlled. Intensity of fluorescence is shown
\0 be a linear function of boron concentration in the range frolll 0 to 10 lllicro
grallls, in a VOlUllle of 50 nIl. Excellent results were obtained in deterlllining
such alllounts of boron in pure solution, the accuracy being 1 or 2 parts per
hundred. This Inethod has been applied successfully to deterlllining a few thou
sandths of 1 % of boron in steel. The highly specific separation by distillation
of llleth)'l borate serves as a preIilllinary renloval of int.erfering elelllents.
The lllet.bod serves for the quali tati"e as well as quail titative analysis of boron.

V ERY small amounts of boron have been found signihcant in
soils and plant nutrition, and a few thousandths of 1% is

of importance in steel manufacture (3, 4). Conventional gravi
metric (13) and distillation-titration methods (2, 8) arc not suited
for the determination of microgram quantities of boron.

_,\ variety of colorimetric reagents have been proposed. Quin
alizarin (1, 12, 16) is represent'ative of thc polyhydroxy aromatics,
which form chelation compounds with boric acid in concentrated
sulfuric acid. Other such reagents are Chromotrop 2B (14) and
alizarin S (5); for all these, the use of concentrated sulfuric acid
as solvent involves a loss in convenience. The highly sensitive
turmeric reaction (7, 9) does not suffer from this disadvantage,
but requires a more lengthy procedure.

A few fluorescence reactions have been described for the de
tection of boron, but not for its quantitative determination.
Among the reagents used are flavonols (15), l-amino-4-hydroxy
anthraquinone (11), and o-hydroxycarbonyl compounds such as

1 Present address, Naval Research Laboratory, Washington, D. C.
2 Present lLddress. Roxalin Flexible Finishes. Inc., ElizlLbeth, N. J.

resacetophenone (10). Again, the lattei.· two require the use of con
(;entrated acid solutions.'

In describing benzoin, G;;H5-CO~CHOH-C6fr.,as a fluorescence'
reagent for zinc, White and Neustadt (17) noted that in alkaline
solution it also gave a fluorescence with boron, antimony, and
beryllium. Further work showed that the intensity in alcohol
solution was great enough to detect small traces of boric acid,
so that the present procedure was evolved as a new quantitative
method for the determination of boron in microgram amounts.
Distillation of methyl borate was used as a separation from pos
sible interferences.

APPARATUS AND REAGENTS

Measurements of fluorescence intensity were made with the
Lumetron fluorescence meter, model 402EF, using a 4.77-mm.
thickness of Corning violet ultra No. 5860 as the primary filter,
and sheets of Wratten 2A gelatin as the secondary filters. The
relation of the transmissions of these filters to the boron-benzoin
greenish white fluorescence band at 4400 to 6300 A. is shown in
Figure 1. Turbidity in the solution causes no error, because
light which is passed by the primary filter cannot get through
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Figure 2. Change of Fluorescence with Time

. ML of 0.6 N N.OH in 50 MI.

Figure 3. Effect of Sodium Hydroxide Concentration on
Fluorescenee

The portion of the same solution which
was not exposed to ultravidlet rays
showed a relatively high intensity at first,

. but then decreased rapidly. The graph
suggests two antagonistic influences: the
gradual formation of the fluorescent com
pound or colloid by a slow reaction, and
its destruction by oxidation, photochemi
cal processes, or the formation of larger
particles which settle from the solution.

The experiment was repeated using
0.100 mg. of boron, ten times as much as
before; very similar results were obt.aincd.

Because of the usefulness of the methyl
borate distillation, methyl alcohol was
tried as the solvent instead of ethyl alco
hol. The boron content was 0.010 ·mg.
and the other conditions were kept the
same. The rise and decay of fluorescence
were found to be more gradual than be
fore. "Vhen 0.100 mg. of boron was used,
in still another methanol run, the readings
became fairly constant, but the intensity·
was very much less than in ethlmol

solution; consequently, the use of methanol was abandoned.
Concentration of Sodium Hydroxide. A series of ten solutions

\vas prepared and mixed in the manner previously described;
each contained 4.0 ml. of benzoin, vary,ing amounts of 0.6 N
sodium hydroxid~solution up to 4.0 mI., and 5.0 ml. of solution C
equivalent to 0.010 mg. of boron. Maximum fluorescence was
obtained by the use of about 025 ml. of 0.6 N sodium hydroxide
in the 50-ml. volume, as is seen in Figure 3. It was found in
this and subsequent experiments that satisfactory and repro
ducible readings could be obtained 2 minutes after mixing, but
the interval must be timed accurately and the technique carefully
standardized.
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the secondary filters to the photocells. The scale of the instru
ment was readjusted arbitrarily for each experiment.

In order to avoid boron contamination from glassware, vessels
of platinum or quartz were used wherever possible. An all-silica
distilling apparatus, used in the analysis of steels, consisted of a
100-ml. distilling flask closed at the top by a ground joint, and
connected by another ground joint to a conden,scr tube abou,t 50
cm. long and 10 mm. in diametcr, which was cooled by a water
jacket.

Benzoin solution, 0.5%, was prepared by dissolving 2.50 grams
of benzoin (recrystallized twice from alcohol) in 500 ml. of rec

distilled 95% ethyl alcohol. All ethyl alcohol was redistilled
before use, in order to eliminate fluorescent impurities. .Abso
lute methyl alcohol, c.p., and isopropyl alcohol were used WIthout
further purification.

Standard boron solution A, 1.00 ml. = 0.100 mg. of
boron, was prepared by dissolving 0.5716 gram of analyti
cal reagent boric acid in water and diluting to 1 liter. A
weaker solution, B, containing 0.010 mg. of boron per mI.,
was prepared by tenfold dilution of A. By fivefold dilu
tion of B, a still weaker solution, C, was prepared, having;
2.0 micrograms of boron per ml.

Sodium hydroxide solution, 0.6 .Ill, was prepared by
dissolving 24 grams of c.p. sodium hydroxide in water
in a platinum dish, transferring to a quartz flask, and
diluting to 1 liter.

EXPERIMENTAL WORK

Preliminary investigations showed that in approxi
mately 85% alcohol solution eontaining about 0.02% of
benzoin and a little sodium hydroxide, the intensity of
fluorescence inereased when the boric acid eoncentration
was increased. But the intensity was also greatly affected
by ·time of standing, concentration of benzoin and of alkali, and
the order in whieh the reagents were added. Therefore it was
necessary first to study the influence of each variable individually,
holding the others constant. The temperature was 25° ± 2° C.
in all these experiments.

Time of Standing. In a 50-ml. volumetric flask, 1.0 ml. of
standard solution B (containing 0.010 mg. of boron) was mixed
with 1.0 ml. of 0.6 N sodium hydroxide, and diluted immediately
to about 45 ml. with ethyl alcohol. Then as rapidly as possible
4.0 ml. of 0.5% benzoin solution were added, a stop watch was
started, and the mixture was diluted to the mark with alcohol
and shaken vigorously. Half of this was poured into the 25-ml.
cell and placed in the instrument. Readings of fluorescence in
tensity were taken at I-minute intervals, under continuous ir
radiation. After 10 minutes, the solution in the cell was dis
carded and replaced by the other half of the original mixture.
Readings were again taken at I-minute intervals.

As shown in Figure 2, the fluorescence increased at first, reached
a maximum after about 4 minutes, and then dropped off smoothly.
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Figure 4. Effect of Benzoin Concentration on Fluorescence

The eJeper.iment was repeated at the higher concentration of
0.100 mg. of boron. A curve of the same general shape was
obtained, with the maximum again at about 0.25 m!. of sodium
hydroxide.

Concentration of Benzoin. A series of solutions was prepared
in the usual manner, each containing 0.50 m!. of 0.6 N sodium
hydroxide, 5.0 m!. of boron solution C, and various amounts of
0.5% benzoin solution up to 7.0 m!. Readings taken 2 minutes
after mixing gave the results depicted in Figure 4. The curve is
approximately parabolic, which means that the 'intensity is pro
portional to the square root of the concentration of benzoin.

Concentration of Water. Inasmuch as the reaction takes place
in alcohol solution, it was not surprising to find that the amount
of water present affected the intensity. Ten solutions were
prepared as usual, each containing 1.0 m!. of solution A equal
to 0.100 mg. of boron, 1.0 m!. of 0.6 N sodium hydroxide, 4.0 m!.
of 0.5% benzoin, and various amounts of added Water up to 10
m!. Figure 5 shows that the intensity measured 5 minutes
after mixing decreased considerably as the water content in
creased, so that it was necessary to control closely the amount of
water, as weli as of sodium hydroxide and benzoin, in the later
quantitative determinations.

Concentration of Boron. Next it was necessary to find out
whether the fluorescence increased uniformly with the boron
content. A set of solutions was prepared in the customary
fashion, containing various quantities of standard solution A
plus sufficient water to make the sum equal 5.0 m!. As seen in
Figure 6, the intensity increased in a fairly uniform manner up to
about 0.350mg.of boron, and then leveled off.

A smaller range of concentration was investigated more thor
oughly, from 0 up to 0.050 mg. of boron in the 50-m!. volume.
In this region the graph was found to be nearly a straight line.
When the region from 0 to 0.010 mg. was studied more intensively,
an a~most perfectly linear relation was obtained (Figure 7).
Consequently, aU the analyses performed later were within this
lowest range of concentrations. An additional advantage was
the smaller sample weight of steel required, which facilitated the
solution and distillation of the sample.·

Other alcohols than ethyl were tried as solvents. Isopropyl
alcohol gave a linear relation up to about 0.050 mg. of boron, but
me1;hyl alcohol under the given conditions showed a rather ir
regular increase of intensity with boron concentration up to
0.100 mg. The fluorescence was strongest by far in ethanol, how
ever.

In all these experiments the solutions had to be shielded from
bright sunlight, which caused the fluorescence to decrease greatly.
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Excellent results were obtained by the above procedure, the
average error for these microgram quantities of boron being only
1.5%, as shown in Table I.

60

Determination of Boron in Steels. Finally, it was desired to
apply the procedure to the analysis of the industrially important
material steel, in which the presence of 0.002 or 0.003% of boron
mayor .may not affect the mechanical properties. It is obvious
that in this method for the determination of boron, ions which are
precipitated by dilute sodium hydroxide, as well as s~lts ~hich are
insoluble in alcohol, must be removed. In addition, beryllium
and antimony give a fluorescence under similar conditions to
boron and cannot be tolerated.

Preliminary experiments showed that mercury cathode elec
trolysis was. not a suitable separation,. because of the alcohol
insoluble" salts produced by neutralization of the acid electrolyc
zate. Since filtrations of heavy precipitates are objectionable
in the determination of the microquantities desired, the separa
tion of boron by distillation as methyl borate was decided upon.

Table I. Deterll1ination of Boron in Pure Solution
Boron Added Boron Found Error
M icro(}rams 111irro(Jrams %

Determination of Boron in Pure Solution. The above findings
were applied to the determivation of boron by fluorometry.

Known amounts of boron (as boric acid) dissolved in 5.0 m!.
of water were mixed with 0.50 m!. of 0.6 N sodium hydroxide in
a 50-ml. glass-stoppered volumetric flask and diluted to about 45
ml. with ethyl alcohol. Then 4.0 ml. 'of 0.50% benzoin were
added, a stop watch was started simultaneously and the solution
diluted to the mark with ethanol. It was shaken vigorously
the requisite amount was poured into the cell and the fluorescenc~
intensity measured exactly 2 minutes afte~ the addition of the
benzoin. The amou~t o~ boron present was determined by refer
enc~ to ~ standardlzatwn graph, constructed by drawing a
straight lIne through .two points given by standard solutions
containing 0.000 and 0.010 mg. of boron, respectively. The
standard solutions were prepared in the same manner and at the
same time as the "unknowns."
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Figure 6. Relation of Fluorescence to Boron
Concentration, High Range

Steel Certified Value Found
% %

825 0.0006 0.0007
0.0005
0.0005

826 0.0011 0.0013
0.0011
0.0009
0.0010

151 0.0027 0.0028
0.0028

.0.0025
0.0027

Using the relative quantities of reagents and alcohol indicated
above it is easy to detect both visually and on the instrument
as little as 0.2 microgram of boron. "Vith a simple visual com
parator (6) bne can distinguisH without difficulty 0.2, 0.5, and 0.8
microgram in 10 m!. of solution. The range on the photoelectric
instrument is indicated in Figure 7. This is more sensitive than
the visual method and differences of 0.1 microgram can be dis
tinguished.

SENSITIVITY

methano!. From this point on, the procedure was exactly the
same as for the acid-soluble portion: double meth.anol distilla
tion into 0.50 m!. of alkali, evaporation of the distillate to dry
ness, solution in 5.50 ml. of water, and addition of reagents and
measurement of fluorescence in the usual manner~ The blank
was determined by running a boron-free steel through the entire
procedure; it amounted to about 0.0015% of boron. This is
admittedly a relatively high blank; however, it must be con
sidered that it involves only 1.5 micrograms of boron.

Analyses of some Bureau of Standards ,steels by the above
method are listed in Table II. The sums of the acid-soluble and
acid-insoluble boron' contents found, minus the blank, were
close to the certified values. However, low results were ob
tained on steels of higher boron content, presumably because of
losses during the distillation or evaporation. It was nevertheless
felt that the new method is fundamentally sound, because the
distillation is a standard method and the validity of the fluoro
metric determination in'pure solution was proved beyond ques
tion.

Table II. Deterlllination of Boron in Bureau of
Standards Steels

LITERATURE CITED

(1) Berger, K. C., and Truog, E., IND. ENG. CHEM., ANAL. ED., 11,
540-5 (1939).

(2) Chapin, W. H., J. Am. Chem. Soc., 30,1691 (1908).
(3) Corbett, R. B., and Williams, A. J., U. S. Bur. Mines Rep!.

Investigation 3816 (1945).
(4) Dean, R. S., amd Silkes, B., U. S. Bur. Mines, Information

Circ. 7363 (1946).
(5) Dickinson, D., Analyst, 68, 106-9 (1943).
(6) Fletcher, M. H., White, C. E., and Sheftel, M. S., IND. ENG.

CHEM., ANAL. ED., 18, 179 (1946).
(7) Haas, A. R. C., Plant Physiol., 20, 323-43 (1945).
(8) Hague, J. L., and.Bright, H. A., J. Research Natl. Bur. Stand

ards, 21, 125-31 (1938).
(9) Kar, H. A., Metals and Alloys, 9: 175-7 (1938).

(10) Neelakantam, K., and Row, L. R., Proc. Indian Acad. Sci.,
16a, 349-58 (1942).

(11) Radley;J. A., Analyst, 69, 47 (1944).
(12) Rudolph, G. A., and Flickinger, L. C., Steel, 112, No. 14, 114

(1943). ,
(13) Scott, W. W., "Standard Methods of Chemical Analysis,"

5th ed., pp. 166-8, New York, D. Van Nostrand Co., 1939.
(14) Stettbacher, A., Mitt. Lebens. Hyg., 34, No. 1/2, 90-7 (1943).
(15) Tauboeck, K., Naturwissenschaften, 30,439 (1942).
(16) Weinberg S., Proctor, K. L., and Milner, 0., IND. ENG. CHEM.,

ANAL. ED., 17,419-22 (1945).
(17) White, Co' E., and Neustadt, M. H., Ibid., 15,599 (1943).

RECEIVED January 30, 1947. Presented before the Division of Analytical
and' Micro Chemistry at the 1l0th Meeting of ttte AMERICAN CHEMICAL
SOCIETY, Chicago, Ill. From theses presented by A.lfred Weissler and
David Busker to the University of Maryland Graduate School.

500

10

100 200 300 400

MICROGRAMS BORON IN 50ML.

0

0

~ .............

/
/

/
/

1/
--

/

/
/

/
/

/
/

/
/

1/

o

10

o 2 4 6 8
MICROGRAMS BORON IN 50 ML

Figure 7. Relation of Fluorescence to
Boron- Concentration, Low Range

C>

~ 50
L:l
a: 40
wa
~ 30

60

10

70

80

100

7

90

20

20

C>
z
~ 50
w
a: 40

~ 30
<fJ

6

The method finally evolved for the determination of acid
soluble and acid-insoluble boron in steel was as follows:

A 0.100-gram sample of steel was transferred to the 100-m!.
flask of the all-silica distilling apparatus, 5 m!. of 1 to 4 sulfuric
acid were added, and the apparatus was connected up as for a
distillation, the receiver being a 300-m!. platinum dish containing
0.50 ml. of 0.6 N sodium hydroxide. The flask was warmed
until the steel dissolved completely; usually a drop or two of
liquid distilled over. Then a silica boiling chip and 40 m!. of
methanol were added to the flask, and the contents were distilled
down to a few milliliters, where salts started to separate out.
The flask was cooled in ice water, 30 m!. of methanol and another
boiling chip were added, and the contents were distilled down to
the separation of salts again, the distillate being collected in the
same receiver. The well-mixed distillate was evaporated to
dryness, and the residue dissolved in 5.50 ml. of water. Then
about 20 m!. of ethanol were. added, and the slightly turbid mix
ture was transferred to a 50-m!. volumetric flask and diluted to
about 45 m!. with alcoho!. Simultaneously with the starting of
a stop watch, 4.0 m!. of 0.50% benzoin were added, and the solu
tion was diluted to the mark with ethanol and shaken well. The
required volume was poured into the cell, and the fluorescence
measured exactly 2 minutes after the addition of the benzoin.
Standards prepared similarly, except for distillation, were used
to construct a standardization graph of scale reading against
boron concentration, from which the percentage of boron present
could be determined. This gave the amount of acid-soluble boron
in the steel.

In order to determine the acid-insoluble boron, the residue re
maining in the flask after the second distillation was dissolved in
15 mL of hot water and filtered through the retentive No. 42
Whatman paper. The filtrate and washings were discarded
and the filter paper was sprinkled with about 100 mg. of anhy~
drous sodium carbonate and ignited in a platinum crucible until
most of the carbon had. disappeared. The residue was fused for
a minute or two, allowed to cool, dissolved in 5 m!. of 1 to 4 sul
furic acid, and transferred to the distilling flask with 40 m!. of



Detection of Drugs in Horse Saliva
Compa rison of Sensitivities of a Chemical and a

Biological Method
CHARLES E. MORGAN, New 'York State R';cing Cormnission Laboratory, AND ALFRED GELLHORN,

Department of Pharmacology, College of Physicians and Surgeons, Columbia University, New York, N. Y.

COIllparison of a cheIllical and a biological Illethod for detecting drugs in horse
saliva shows that the cheIllical Illethod is both n10re sensitive and nlOre reliable.

THE examination of horse saliva al)d urine for t.he possible
presence of drugs is a rout.ine procedure in st.ates in which

horse racing has been legalized. Standard chemical toxicological
methods adapted to t.he recovery and identification of drugs in
such materials have ordinarily been used. Biological methods
?ave been used extensively in toxicological investigation (5) and
III the standardization of certain crude drugs, a number of such
procedures being official in the United States Pharmacopoeia.

A biological method for the "screening" of saliva and urine
samples from race horses has recently been recommended to rac
ing authorities and is being used in several states. It (.4-) con
sists of injecting intraperitoneally into male white mice weighing
15 to 20 grams an aliquot of a sample of urine or saliva and ob
serving the reactions of the mice for a period of 1"5 minutes. If
the responses of the mice are abnormal the remainder of the
sample is chemically analyzed; if no ~bnormal responses are
noted, the sample is discarded without further investigation.

If the biological screening procedure were reliable the elimina
tion of negative samples and the segregation of suspi~ious samples
would be of real value. Its use would greatly accelerate the re
porting of negative samples, whieh constitute the large majority
of samples examined. The neeessity for ehemical analysis would
be limited to suspicious samples, and a eonsidemble financial
saving would be made.

Beeause results of experiments comparing the sensitivities of
the biological and chemieal methods in the detection of drugs in
horse saliva and urine have not been published, the present in
vestigation was undertaken. Except for certain experiments with
drug-free horse urine, its scope was limited to horse saliva.
(Saliva, as referred to herein, consisted of a mixture of saliva a~d
the water used in its collection by the routine technique employed
at New York race tracks.)

EXPERIMENTAL

Biological Method. In the evaluation of the biological method
730 male white mice were used. The mean weight for the group
was 17.6 grams with a standard deviation of 3.4 grams. The
mice were obtained" from three sources: Carworth Farms
(C.F.W. strain), Animal Supply and Research Co., Brooklyn,
and College of Physicians and Surgeons, New York.

Samples of horse saliva and of horse urine were obtained by
official veterinarians of the New York State Racing Commission
from thoroughbred race horses owned by reputable stables, after
the reason for securing the samples had been explained to the
horses' trainers. These precautions were taken to preclude the
possibility of having in the control group a sample from a horse
which had received medication.

To determine the sensitivity of the biological method for the
detection of drugs in horse saliva, eight samples of horse saliva
were pooled and 1 ml. of this pooled saliva containing a known
concentration of a drug in solution was injected intraperitoneally
into eaeh of six mice. The mice were observed for 15 minutes,
and ehanges in the character of the gait, hail', respiration, tail,
posture, and reaction to mechanical stimuli, such as sudden noise,
a blast of air, a touch with a rod, etc., were noted for each animal.
Control mice were injected with drug-free saliva. The concen
tration of drug in the saliva was increased until two end points
were reached. The first was the smallest quantity of drug
(threshold d,)se) required to produce abnormal responses" in a
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majority of the mice but equivocal or no responses in the re
mainder. The second end point was the smallest quantity of
drug (positive dose) required to produce unmistakable effects in
eaeh of the injected mice,

The diagnosis of abnormal response;; in the mi<;e is largely sub
jective, and, therefore, the determination of the positive and
threshold doses is approximate. They are, however, useful
quantitative expressions of the order of magnitude of dosage l'(~

quired to produce overt "biological effeets in mice.
Chemical Method. The chemical method used was the routine

one employed by the New York State Racing Commission Labo
ratory, which is an adaptation of well-known toxicological pro
cedures. It comprises a preliminary purification and reduction
in bulk, a semimiero modificat,ion of the Stas-Otto extraction
technique as described by Autenrieth (l), and an identifieation
procedure similar to that suggested by Stephenson (6), using a
selected group of chemical reagents to produce crystalline test
forms and colored reaction products. Test forms or colors thus
obtained are compared with controls prepared from known drugs.

The sensitivity of the procedure was determined by adding
progressively decreasing amounts of drugs to 100-m!. portions of
saliva sample composites. When these solutions were analyzed,
the smallest a'mount of each drug which could be definitely iden
tified was noted. At least two positive tests were the minimum
required for definite identifieation. In the course of this and
previous similar work more than 400 such analyses were made.
The quantity of a drug which could be definitely identified in a
majority of samples but nelt neeessarily in all was termed the
"threshold" amount of that drug. The quantity which was
adequate for definite identification in all samples was called
the "positive" amount. These two quantities indicated the
practical sensitivity of the method toward each drug.

Table I. Incidence of AbnorIllal R~sponses and 48-Hour
lVIortality in Mice Following Injection of NorIllal Horse

Saliva
No. of Normal
Horse Saliva Time between ~\'Iice Showing

Samples Collection and No. of IVIice .-\bnormal 48-Hour
Investigated Injection Injected Resporises Morta,lit.)"

Hours % %
10 48. room tem- 60 70 88

perature
9 24, refrigerated 54 22 69

10 Less than 1 60 30 65

Results. The threshold doses of 12 drugs were compared in
mice obtained from the three sourees mentioned above. There
was no detectable difference in the sensitivities of the mice to the
action of these drugs, and it was therefore concluded that the
mice from these sources could be mingled for this investigation.

Twenty-nine samples of drug-free horse saliva, arbitrarily di
vided into three groups as indicated in Table I, were examined to
determine whether they had any deteetable effect when injected"
into mice. The effect of injection of horse saliva was compared
with that of intraperitoneal injection of isotonic saline in a con
trol group of mice. Even fresh saliva or saliva which had been
refrigerated for 24 hours produced detectable signs in an appre
ciable fraetion of the experimental animals. The high' 48-hour



OCTOBER 1947 807

Table III. Results of Analyses of Unknown Solutions
No. of Saliva

Solutions Can- No. of Drug-
Total No. taining Drugs Saliva 801u- No. of Total ;\0.

of Unknown In In tions Detected Blanks of Errors
Saliva threshold positive Posi- No. of Recog- ill

Solutions amounts amounts Threshold tive Blanks nized Detection

Biological Method

48 20 20 14 18 8 5 11

Chemical Method

Drug
Correctly
Identified

26 20 20 20 6 6 0

DISCUSSION

tical analysis of the results obtained by this method showed
that the success of detection could not occur by chance alone.
The largest proportion of errors occurred in the recognition
of the blanks. This was to be expected in view of the appreci
able incidl,mce of abnormal responses which occurred in mice
following the injection of drug-free horse saliva. It is evi
dent from this experiment that the values recorded in Tahlc II
are in the main reasonable. Comparable values given in the litera
ture for brucine and strychnine (2) and. for morphine, dilaudid,
and heroin (3)' are in substantial agreement with those here re
ported. Munch (3) gives a lower value for codeine.

The eontrol experiments with 29 samples of drug-free horse
saliva indicate that the age of the samples and the conditions
undcr which they are kept is an important factor in determining
the type of responses in mice following in.iection. Were the bio
logical method to be used for the detection,of drugs in horse
saliva, the tests should be run as soon as possible after the collec
tion of the s!diva samples.. Even if s~iliva is injected very shortly
after collection, a cel'1;ain proportion of mice will respond in an ab
normal manneI', leading to a postive diagnosis.

The incidence of toxic effects following injection of drug-free
horse urine into mice makes it likely that a considerable percent
age of false positives would eventuate if this medium were used
in a biological screening program. Certainly the pH of each
urine sample should be determined as a possible aid in the inter
pretation of positive effects.

The comparison of the absolute sensitivities of the biological
and chemieal methods at the positive dose level reveals that the
biological is more sensitive than the chemical method in the de
tection of 35% of the drugs, less sensitive for 55%, and equall.~·

0.03 0,10 0.10 0.20

0.75 0.05 2.00 O. '2.~

0.50 0.02;; 1. 00 0.25
1. 50 0.10 3.00 0.20
035 0.075 O. ;;0 O. ](J

0.7;; 0.05 1. 00 O.:2.~

0.001 0.0;; 0.01 0.10

0.02 0.10 0.06 0 2;;

2.00 0.25 :3.30 0 25
1. 00 0.10 2.00 0 25
0.10 0.10 0.18 0.25
0.10 0.02 0.25 0.05
0.005 0.0;; 0025 O.2f>
1. 00 1. 00 2.00 2.00

0.50 1.00 0.75 2 00

1. 00 0.25 1.;;0 1 .00
3.50 0.0;; 5.00 0.2.'>
0.005 0.02 0.02 0.05
2.00 0.50 4 ..00 0.50

COlnparison of Absolute Sensitivities
Threshold Amount Positive Amouut

Biological Chemieal Biological Chemic'fil
Mg. My. Mil. My.

0.10 o. 10 0.50 0.50

Drug

Table II.

2-Aminoheptane sulfate
(tuamine sulfate)

Am'Phetamine, ra('elnic
(benzedrine)

Atropine
Brucine
Caffeine
Cocaine
Codeine
Diacetylmorphine

(heroin)
Dihydromorphinone

(dilaudid)
Ephedrine
Hyoscyamine
Isonipecaine (demerol)
Morphine
Nicotine
Nicotinic acid diethyl

amide (coramine)
Pentamethylenetetrazole

(metrazole)
Procaine
Quinine
Strychnine
Theophylline

To test the reliability of the values obtained by each method,
this table was given' to an impartial referee who prepared two
series of unknown saliva solutions which either contained drugs
in the dos'ages specified by the biologieal or chemical method or
were blank. Because the work was necessarily done at a time
when the chemical staff had other demands, chemical threshold
quantities were not included in the series of unknowns. The
unknown solutions were submitted to the chemist and pharma
cologist, who evaluated them by their respeetive procedures.
The total number of unknown solutions to be analyzed, the
number of blanks to be included in the series, and the number of
drugs which would be used in the experiment were not known to
the examining participants. The results obtained by each
method were not compared until examination of all the unknown
samples had been eompleted (Table III).

mortality rate, observed following the injection of all saliva
samples, is not surprisirig in view of the well-known contamina
tion of saliva with a large variety of microorganisms.

Drug-free horse urine was injected into mice to determine
whether any abnormal responses would occur. Of ten samples
investigated, six produeed striking eff~cts consisting of labored
respiration followed by convulsions a'1d death. All the specimens
which had this biological effect, as well as two samples which
failed to produce reactions in the miee, were carried through the
chemical procedure; none of them revealed the presence of a drug.
As it was considcred possiblc that the pH of the urine might be a
factor in thc production of the toxic manifestations in mice, two
of the urine samples which had had no biological effect were
pooled, and the pH was progrcssively decreased from 8 to 3 by
the addition of sulfuric acid. (In a series of 307 official urine
samples, 28% had a pH of 4, indicati;lg that horse urine is fre
quently quite acid.) At a urine pH of 8 no deaths occurred
within 15 minutes following injection in ten mice; when the pH
was adjusted to 3, 60% of the injected mice died in convulsions
within 10 minutes. At intervening pH levels the mortality
averaged 40%.

The results of determinations of the positive and t,hreshold
doses by the two methods are summarized in Table II. The
20 drugs chosen for these experiments were pharmacological
agents either known to have been administered to race horses 01'

suspect because 'of their pharmacological effect in other speeies.
In examining t.he experiment.al l'es,llts presented in Table II,

it should be kept in mind that, the drugs were detected in 1 m!.
by the biologimd method and in 100. Ill!. by the ehemical proce
dure.. The volume of solution which can be administered intra
peritoneally to a mouse is sharply limited, whereas there is no
such limitation of volume in the chemical method. As can be
seen f)'om Table II, seven of the drugs at the positive dose level
and six at the threshold level can be detected in smaller absolute
quantities by the biological than by the chemical procedure.
However, in evaluating the relative sensitivities of the two pro
cedur()s from a practical standpoint, the volumes of solution used
for 'analysis must be considered. 'When these are taken into
account, it is apparent that in no instance is the sensitivity of the
biological method equal to that of the chemical one at either'dose
level.

Table III shows that each drug in the
samples containing them was deteeted
and correctly identified by the ehemical
method and that each blank was cor
rectly reported. Atropine and hyoscy
amine were not differentiated, because,
being opt.ical isomers, they give identical
tests with the reagents used. Diacetyl
morphinewashydrolyzed tomorphine dur
ing analysis and was accoi'dingly isolated
as such. Photomicrographs were made
'of all crystalline test forms obtained.

The error of the biological method was
not inconsiderable. However, statis-
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sensitive for 10%. In a consideration of the usefulness of the
biological method as a screening device for the elimination of
negative saliva samples from race horses, however, it must be
clearly kept in mind that the values in Table II are amounts pel'
mouse for the biological method and amounts per sample for the
chemical method. In these experiments 1.0 m!. of 'drug-saliva
solution was injected into each mouse. It would not be physio
logically permissible to increase this volume by more than 100%.
The amount of drug-saliva solution chemically analyzed was 100
m!., which is the minimum size of the average,. routine, saliva
sample collected at race tracks. The significance of these
volumes is immediately apparent. If 1.0 01' even 2.0 m!. of any
of the drug-saliva solutions containing the "positive" amount
of drug for the chemical method were injected into mice, in only
two instances, ·diacetylmorphinc and nicotine, would even
threshold responses be detectable.

Saliva is produced by a secretory process by the salivary
glands. It is not known to what extent drugs may be concen
trated in this secretion if they are eliminated from the body by
this route. It is .conceivable that small doses of drugs adminis
tered to a horse may be sufficiently concentrated in the salivary
secretion to be detected by the biological method and correspond
ingly more readily by the chemical methoC!. However, the ex-

VOL U MEl 9, N O. 1 0

perience of the laboratory in the analysis of a large humber of
saliva samples, both official and experimental, which were found
to contain drugs, indicates that drugs are seldom present in such
amounts. It is also possible that the breakdown products of
drugs may be eliminated in the saliva and that these may have
apparent effects on mice and yet not be detectable by the chemical
methods employed. Until such time, however, as these possibili
ties have been demonstrated experimentally, the biological method
does not seem justifiable for the detection of drugs in horse saliva.
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Efficient Apparatus for Leaching Samples with Water
RAIFORD L. HOLMES' AND HARRY W. ROBBINS, Special Guayule Research Project, Bureau of Plant Industry,

Soils and Agricultural Engineering, U. S. Department of Agriculture, Salinas, Calif.

I·N connection with the analysis of guayule shrub for rubber, it
is necessary to leach great numbers of samples in hot water be

fore extracting with acetone and benzene. The samples are held in
glazed porcelain thimbles, 28 X 75 mm., with a slight taper to
ward the bottom. Glass wool pads are placed over the perfo
rated bottoms of these thimbles and glass wool plugs are inserted
above the samples to keep particles from floating out. Figure 1
shows an apparatus that has worked very satisfactorily for this
leaching. In addition to ease of manipulation and rapidity of
leaching, an advantage is that the entire thimble is surrounded
by hot water, which is important when leaching is slow.

A two-compartment water- and air-tight box, made of wood
that does not warp in contact with water, is built with the top
compartment open. The partition between the top and bottom
compartments is 2 inches thick. In this partition, hol~s of a little
greater diameter than the thiinbles (depending upon the thickness
of the gaskets to be used) are drilled 1.25 inches deep with the
bottoms sloping toward the centers of the bottoms. In the centers
of the larger holes 0.125-inch holes are drilled the rest of the way
through the partition. The sides of the larger holes are then lined
with rubber gaskets. Boxes can be made to hold any number of
thimbles. Those used by the authors have a capacity of 20
thimbles each.

The box is connected with a vacuum line leading from the top
and with a tail pipe leading from the bottom of the lower com
partment. Water is admitted to the upper compartment by
means of an inlet provided with a float valve. (If hot water is
used it is desirable to have an automatic water heater.) The tail
pipe should extend at least 5 feet below the bottom of box into a
sump when vacuum of not more than 5 inches is used, and its lower
end must be immersed in water.

If now the thimbles whose contents are to be leached are
placed in the box, and water is turned on in the top compartment
and vacuum in the lower,. water will be sucked through the thim-

1 Present address, Tung-Oil Investigations, Bureau of Agricultural and
Industrial Chemistry, U. S. Department of Agriculture, Bogalusa,La.

bles. (For some types of material, gravity flow might be sufficient
without vacuum.) Some method must be provided to k-eep the
vacuum from going above the equivalent head between the water
level in the sump and the bottom of the box; otherwise water
will be sucked back into the box and into the vacuum system.
The authors use an automatic vacuum system set so as to shut off
just .before the vacuum reaches this equivalent head, but an or
dinary aspirator filter pump could be used with a mercury trap
that would not allow the vacuum to go .above the equivalent
head.

To check whether water is passing through thimbles or not,
water is shut off and vacuum left on. As soon as the water reaches

--THIMBLES

"",,--,-,'~-"~mirPARTITION

Figure
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the level of the top of a thimble, the water level within that
thimble should drop faster than that without. If the water used
for leaching contains enough mineral matter to interfere with
later steps, it can be removed by cutting off the water at the end
of leaching and pouring distilled water through the thimbles as
many times as necessary.

If water pours into the box from above, it is best to have it
pour into a compartment at one end, which also contains the
leveling device and is separated from the rest of the box by a parti
tion which extends within a fraction of an inch of the parti
tion between upper and lower compartments. This is to prevent
the turbulence of the entering water from dislodging glass plugs or
particles of samples from thimbles.

Between the acetone and benzene extractions it is necessary to

free the thimbles of acetone. At this stage the samples are very'
sensitive· to heat and it. has been found best to remove the ace
tone by sucking air through them at room temperature. By cut
ting the water supply off, the same equipment can be used for
freeip.g the thimbles of acetone. 'For this purpose the vacuum'
system will have to have a greater capacity than is needed for
leaching, and the tail pipe and vacuum regulator are not neces
sary.
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Routine Method for Determining Selenium in Horticultural Materials
JUSTIN S. McNULTY, Battelle Memorial Institute, Columbus, Ohio

pERCHLORIC acid and a vanadium catalyst are used with nitric
acid and sulfuric acid to destroy seleniferous organic matter.

Selenium is distilled with hydrobromic acid from the digested
sample into the vessel wherein it is titrated by a modified Norris
Fay procedure. Greater recovery and less working time per
analysis have been observed with this than with previous methods.

Numerous investigators have written (1, 3, 4, 7, 8, 11) and re
viewed (6) papers on various means of converting organic to in
organic selenium, isolating it, and determining the quantity
present. The first of these steps was improved in this laboratory,
by devising a continuous digestion which required less attention
than digestions in common use. Smith (12) has described his
own and Kahanes' extensive work with perchloric, nitric, and
sulfuric acids and various catalysts to destroy organic matter
rapidly and retain inorganic constituents. Hoffman and
Lundell (2) showed that selenium was incompletely distilled, with
15 ml. of hydrobromic acid, from mixtures in which perchloric
acid predominated.

The proposed distillation procedure resembles Hoffman and
Lundell's (2). A hydrazihe sulfate solution, in which the distil
late is received, serves to suppress bromine and selenious acid
until bromide and hydrogen attain sufficient magnitude to
keep HSeO.- insignificantly small in the system (10):

(HSeO.-) (Br-)2(H+)3,),6
S'O =0.88(H2 e 3) (Br.)

Coleman and McCrosky (1) discussed the application of this
relationship in preventing the conversion of selenium to the
hexavalent state, preceding ·a Norris-Fay titration.

In the present method, the Norris-Fay reaction

4Na2S203 + H2SeO, + 4HBr _
Na2SeS.06 +·Na2S.06 + 3H20 +4NaBr

proceeds simultaneously with the reaction

32HI + 8H2Se03 _ 321 + Se. + 24H"Q

DISCUSSION

It was found in this laboratory that, after 10 gram5 or less of
vegetation were digested with 5 ml. of 60% perchloric, 50 ml. of
concentrated sulfuric, and 75 ml. of concentrated nitric acids at a
temperature not exceeding 210 0 C., the perchloric acid remaining
permitted complete recovery of added selenium on distillation
with 15 ml. of 48% hydrobromic acid (Table 1).

The high concentration of organic matter in pot soils (one part
manure, one part peat, two parts native soil, and one part sand)
interfered with the recovery of added selenium by the Robinson
et al. (8) procedure. A vanadium-catalyzed sulfuric-nitric-per
chloric acid digestion, however, enabled the recoveries shown in
Table I. Using these same investigators' (8) method for evapo
rating solutions, the present distillation and titration were adapted
to nutrient salt solutions.

Type of
Organic Matter

Alfalfa meal

Selenium Added,
P.p.m.

50
100
250
250
250
330

2.0
4.0
5.0
8.0

15.0
50.0
50.0

J

L

1. Digestion Flask and
Distillation Head

Figure

The small quantity
of potassium iodide
recommended in the
present procedure
favors a sharp
starch-iodine end
point but limits the
second reaction.
As a result, only a
tint of suspended
selenium and a
trace of elemental
iodine are pro
duced. The iodine
eliminates the usual
back-titration.

The elimination
of transfers between
the distillation and
the titration, the
hydrolysis of se
lenium tetrabro
mide before contact
with the atmos

phere, and the degradation of natural selenium compounds (6) in
completely oxidized by nitric acid are factors which largely ac
count for the higher selenium values frequently obtained with
the present method than with methods now in general use.

The apparatus, shown in Figure 1, combines features of
Scherrer's (9) and Pavlish and Silverthorn',s (7) apparatus. The

Recovery of Se1eniuITl Added to Organic Matter
Net Selenium

Recovered,
P.p.m.

50.8
101
250
250
248
330

1.9
3.5
5.1
7.9

15.1
49.4
50.1

Pot soil

Table I.
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flask (19 cm. from A to B) is made by attaching a 34/45 female
standard-taper joint to the bulb of a 275-ml. Johnson flask.
The thermometer, M (Fisher Scientific Co., Catalog No. 15-002),
has a range of 0° to 250~ C.

PROCEDURE

Digestion. TISSUES. Quickly moisten 10 grams of pTepared
sample, contained in a digestion flask, with 30 ml. of "starting
solution" and 5 ml. of water. To prepare the starting solution,
dissolve 1.6 grams of ammonium metavanadate in 300 ml. of
water mixed with 1500 ml. of concentrated nitric acid. After
seething stops, add 75 ml. of concentrated nitric, 5 ml. of 60%
perchloric, and (carefully) 50 ml. of concentrated sulfur'c acids.
Place a thermometer in the flask and slowly heat to 140 0 to
150 0 C. When nitrogen dioxide no longer is in evidence, slowly
increase the temperature to 210 0 C., then cool. 'Wash the
thermometer with 10 ml. of water.

If the solution becomes green during digestion, add 1 ml. of
perchloric and 10 ml. of nitric acids, then decmase the heating
rate.

SOILS. Heat 50 grams of soil with 30 ml. of starting solution,
llntil the foam breaks. 'Phen add 75 ml. of nitric, 7 ml. of per
chloric, and 100 ml. of sulfuric acids. Incline the flask in a 600
ml. Moroney antibumping cup and digest as for tissues.

;\[UTRIENT SOLUTION. Evaporate an appropriate volume of
solution to 30 or 40 ml., with 0.5 gram of sodium peroxide (8)
in a digestion flask. Add 50 ml. of con,centrated sulfuric and 1
ml. of 60% perchloric acids and 5 to 10 mg. of ammonium meta
vanadate. Add nitric acid only if the color due to vanadium
changes from yellow to green. Heat to 210 0 C.

Distillation. TISSUES AND SOLUTIONS. Apply silicone grease
to the joints and assemble the distillation apparatus on a ring
stand. Start air flowing into the tube, .I, at a rate such that 2 or 3
bubbles per second rise from outlet L, ·which is immersed in 50
ml. of 0.1 % aqueous hydrazine sulfate solution, contained in a
cooled 250-ml. Berzelius beaker. Run 5 ml. of 48% hydrobromic
acid into the sample through the funnel, I. Heat the flask until
most of the bromine is driven from it, then allow 10 ml. more of
hydrobromic acid to drain into it, at the rate of 1 ml. per minute,
while a vapor temperature of 125 0 to 135 0 C. is maintained.
Heat the thermometer hole, E, as required to remove condensate.

SOILS. Distill as above, but thoroughly mix 10 ml. of hydro
bromic a,cid with the sample .before heating. Add only 5 ml. of
hydrobromic acid at the rate of 0.5 ml. per minute while heating.

Titration. Add about 3 grams of urea and 2.5 ml. of 90%
formic acid to the receiving beaker and heat until the bromine is
reduced. N:eutralize to phenolphthalein with 45% sodium
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hydroxide solution. Add 13 ml. of 18 N sulfuric acid and cool.
Dissolve 1.0 gram of potassium iodide in 100 ml. of 0.1 % wheat
starch paste. Add 5 ml. of this reagent to the sample and im
mediately titrate with 0.005 to 0.01 N sodium thiosulfate. When
t,he change from purple to pink is stable for more than 7 seconds,
the titration is complete.

Standardize the sodium thiosulfate by carrying a pure selenite
or selenium dioxide through the appropriate steps of the above
titration.

A reagent blank should accompany a series of samples.

After this paper had been completed, attention was called to an
improved van del' Meulen titration developed by McCullough,
Campbell, and Krilanovich (5). In the present method, which
employs hydrobromic acid and about 1/200 as much potassium
iodide as McCullough et al. use, only a fraction of the selenium
being titrated appears as the element. The remainder combines
as-a colorless compound in the Norris-Fay reaction.
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Saturated Potassium Hydrogen Tartrate Solution as apH Standard
JAMES J. LlNGANE

Department of Chemistry, Harvard University, Carnbridge 38, il1ass.

:\ SATURATED aqueous solution' of potassium hydrogen
.L tartrate is a more convenient secondary standard for the
calibration of pH-measuring instl'llments than any of the buffer
solutions generally used for this purpose. The preparation of the
solution is extremely simple; it is only necessary to shake an ex
cess of the pure salt with distilled water of good quality for 2 or 3
minutes at room temperature to obtain a solution whose pH is
reproducible to ='=0.02 unit.

Potassium hydrogen tartrate is available commercially in a high
state of purity, and further purification is achieved easily by
simple recrystallizfition from water. A sample of the C.P. com
mercial salt was recrystallized twice, and the pH values of
saturated solutions of the original material and the two recrystalli
zates agreed to ,= 0.005 unit. Since the pH of potassium hydro
gen tartrate solutions is about 0.4 unit smaller than that of water
saturated with carbon dioxide at one atmosphere, the small
amount of carbon dioxide dissolved from a normal atmosphere
has no significant effect on the pH. .

Solutions of potassium hydrogen tartrate appear to be more
stable than the commonly used potassium hydrogen phthalate
solutions; a saturated solution showed an increase of only 0.03
pH unit 'after standing for a year in a stoppered Pyrex bottle.

However, since the preparation of the solution is so simple, it
should be prepared freshly as needed, and not stored, so that the
possibility of accidental contamination is avoided.

Hitchcock and Taylor (2) determined the pH of an exactly
0.03 M potassium hydrogen tartrate solution by means of the hy
drogen electrode and obtained a value of 3.567 at 25 0 C. on the
same empirical but thermodynamically consistent scale recently
recommended by MacInnes, Belcher, and Shedlovsky (3, 4) and
Bates, Hamel', Manov, and Acree (1). The writer found that the
pH of a saturated solution of the salt (0.034 M at 25 0

) does not
differ significantly from the foregoing value. For all practical
purposes the value 3.57 ='= 0.02 for tl].e pH of the saturated solu
tion may be used.

The influence of dilution on the pH of a solution of potassium
hydrogen tartrate, originally saturated at 25 0

, was determined
with the result shown by curve 1 in Figure 1. For comparison
the dilution effect observed with 0.05 M potassium hydrogen
phthalate is also included (curve 2). In this figure Ll pH is the
apparent difference in pH between the original and diluted solu
tions and it includes any effect resulting from changes in the liq
uid-junction potential between the saturated calomel reference
electrode and the glass electrode half-cell. The dilution factor,
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o 10 , 15 20 25 30
0.0123 0.0190 0.0231 0.0283 0.0341 0.0405

Temperature, 0 c.
S, molar

On comparing these data with curve 1 in Figure 1 it is evident
that a solution saturated at any temperature above 10°, and then
brought to 25 0 for measurement, will exhibit a pH within 0.02
unit of a solution saturated at 25°, so that no special care is
necessary in preparing the saturated solution.

The temperature coefficient of the pH of a saturated potassium
hydrogen tartrate solution has not been precisely det~rmined, but
it is probably very nearly the same as that of 0.05 M potassium
hydrogen'phthalate (+0.0014 unit per degree at 25°, 1), and
hence negligible for all practical purposes.

Since the ionization constants of tartaric acid are much closer
together than those of a-phthalic acid, a. potassium hydrogen
tartrate solution has a greater buffer capacity, and therefore is less
sensitive to adventitious acidic or basic impurities, than an equi
concentrated solution of potassium hydrogen phthalate.

<l

Figure 1. Influence of Dilution on pH

vIVa, is the ratio of the diluted to the original volumes, In both
cases the apparent pH increases on dilution, but the effect is
much smaller with the potassium hydrogen tartrate than with
the potassium hydrogen phthalate,

From data given by Seidell (5) the following values of the mo-

Improved Trap for Analytical Distillations
F. L. HAHN, Apartado Postal 9622, Mexico, D. F.

STEAM leaving a distilling flask is supposed to contain only
those components of the boiling liquid which are volatile

under boiling conditions-for example, ammonia but no sodium
hydroxide in a Kjeldahl distillation, or arsenious chloride but no
antimonious chloride .in a strong hydrochloric acid solution con
taining these elements. However, the outgoing vapor always
contains dispersed liquid.

To remove from the vapor stream these liquid droplets, formed
by the bursting steam bubbles, connecting bulbs are used which,
although varied in some details of their design, are all based on
the same principle: They impose a directional change on the
vapor stream, projecting it against wet surfaces so that the drop
lets may be Itbsorbed and carried back to the distilling flask by
the condensed liquid. There' may be one or more· bulbs, round
or oblong, connected by curved or T-shaped tubes, but in all
c'ases these bulbs add to the air-filled -volume which must be
washed out by the passing stream, and they act as reflux con
densers. Both factors prolong the distillation time, while the
active surface and consequently the efficiency of these devices are
limited. In Kjeldahl distillations, when the generation of
hycll"Ogen is used to avoid bumping of the solution, or in the re
duction of nitrate by Devarda metal, etc., microscopic.gas bubbles
are projected through the surface of the boiling liquid and are

.not washed out completely by the connecting bulbs. vVhen the
inner active surface is increased for the purpose of improving the
efficiency of the bulbs, the outer cooling surface and conse
quently the distilling time increase at the same rate.

Because of these limitations of the external connecting bulbs it
would be useless to suggest any new form, but the aspect changes
if the trap is installed inside instead of on the distilling flask neck.
In the droplet catcher here described, the total air-filled volume

of flask and trap is less than that of the empty flask alone.
Furthermore the active inner surface can be increased a hundred
fold, while the outer surface (the cylindrical neck of the' flask)
always remains the same.

CONSTRUCTION AND OPERATION

The construction of the new droplet catcher is shown in Figure
1. (This apparatus is available from Scientific Glass Apparatus
Co., Inc" Bloomfield, N. J. Specify joint and flask sizes when
ordering.) The material used is Pyrex. Dimensions depend on
the size of the distilling flask used. The three concentric tubes
i.e., the neck of the flask and the. two tubes of the droplet
catcher-ought to be as close as possible to speed the passing of
vapors and leave the maximum space to the most important p.art,
C, which is filled with helices. The outer tube of the droplet
catcher is equipped with two 4-mm. or three 3-mm. openings as
vapor inlets and a small tip with a I-mm. opening at the bottom
for the return of collected droplets 'into the flask.

In use, the steam rises in the exterior passage, A, passes through
the openings. at 0 down the middle tube., B, and at last rises
through the helices filling the wide central tube, C. The very
small quantity of condensate containing all the washed-out drop
lets of bubbles drops back through the capillary point, P.

The efficiency of this device in separating liquids from gases
(vapors) in which they are dispersed has been confirmed in prac.
tice for many years. In addition, it has proved very useful in the
separation of the real vapors of a higher and lower boiling liquid.
The separation of arsenic and antimony by distillation of a
strong hydrochloric acid solution of the trivalent forms of these
elements is·a very old analytical method which, however, presents
a very difficult problem. It can be demonstni.ted that co
distillation of antimony in this analytical operation is due to the
fact that parts of the boiling liquid are projected to the upper
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part of the distilling flask and evaporated to dryness on its over
heated surface. Consequently, in spite of the fact that anti
monious chloride does not volatilize in an aqueous hydrochloric
acid solution, its real vapor is formed and carried with the out
going vapor stream. The liquid condensed in the interior of the
droplet eatcher is sufficient to dissolve this antimonious chloride
and carry it back to the boiling solution. The passing of a
stream of hydrochloric acid through the liquid and the use of any
of the other precautions formerly suggested for this purpose are
thus eliminated and a sharp 'separation of arsenic and antimony
can be performed in a single distillation.'

A former model of the device described (1) had an inner steam
conducting tube which did not affect the efficiency of the droplet
catcher, but caused difficulty in filling it with the small glass
rings. So, although highly appreciated by the chemists who used
it, the device has not been fabricated in 'quantity. The new
modification overcomes these technical difficulties in the fabri
cation.

TESTING EFFICIENCY OF DROPLET CATCHER

In a I-liter flask provided with a connecting bulb 500 ml. of
1 N sodium hydroxide and a small quantity of zinc powder (to
generate hydrogen) were boiled. The pH of the distillate was
found to be 8 to 9, proving that one part of dispersed liquid was
carried along with 100,000 to 1,000,000 parts of distilling liquid.
When the assay was repeated, the interior droplet catcher re
placing the exterior bulb, the pH of the distillate was 7.0 to 7.2.
At the same time, if the position of the distilling flask and the
height of the gas flame were maintained exactly, the distilling
rate, in milliliters per minute, increased 50%. It could have
been further improved up to 100% by increasing the intensity of
heating. On the other hand, when the connecting bulb was used,
it was not possible to speed the distillation by more intense boiling
because in this case the condensed liquid closed the inner tube, so
that the passing steam threw quantities of it towards the con-
denser. '

Exactly the same relations were observed in the distillation of
an acid ammonium chloride solution with zinc powder and meas
urement of the ammonia in the distillate with Nessler reagent;
no coloration at all was found with the droplet catcher, while
10-6 to 10-6 part of the ammonia content of the boiling liquid
was observed in the distillate when the conventional connecting
bulb was used.

An example may be cited as nonanalytical proof of the efficiency
of the droplet catcher. In 1942, while in charge of an agricultural
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Figure 1. Droplet Catcher

institute, where it was not possible to acquire a modern still, the
author was in immediate need of relatively large quantities of
distilled water, pure enough to be used in soil analysis. An old
still of some 30-liter capacity, regarded as unserviceable, was
found in storage. A droplet catcher was installed in the interior
of the retort and the still was fed with tap water to which po
tassium permanganate and sodium hy,droxide were added con
tinuously. During two years, the outgoing distilled water was
always' colorless and practically neutral. In this case the use
of the droplet catcher proved that it is possible to obtain water
with the purity of "redistilled" water in a single distillation.
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Apparatus for Rapid Electrometric Titration of Acid
Determination of pH and Measurement of Turbidity in Microbiological Assays

I.ouis B. ROCKLAND AND MAX S. DUNN

Chemical Laboratory, University of California, Los Angeles, Cali}..

THE apparatus shown in Figure 1 has been employed more
than a year in the writers' laboratory for the detennination

oi turbidity, pH, and titratable acid of solutions in the microbio
logical assay of amino acids and vitamins. ,These measurements
may be made simultaneously by an experienced worker with the
aid of a technician at the rate of about 90 per Q,our and inde
pendently at rates of about 150, 300, and 200 per hour for tur
bidity, pH, and titratable acid, respectively.

Reeves (2) has described an apparatus for multiple pH deter
minations and Silber and Mushett (5) have pointed out the con
venience, speed, objectivity, and applicability of the pH proce
dure in the determination of pantothenic acid with Lactobacillus
casei. A spread of about 2 pH units was ohtained over a working
range of 0.02 to 0.10 microgram of pantothenic acid per tube. The
precision and accuracy attained by the present authors in micro
biological assays of histidine with Leuconostoc mesenteroitles P-60

have been reported (1). ' ~t has been found that the acid prodUc
tion of organisms in microbiological assays may be determined
more rapidly, conveniently, and accurately by means of the de
scribed apparatus than by titration usingbromothymol blue indi
cator to determine the end point. Some of the shortcomings
which are eliminated or minimized include eyestrain, general
fatigue, and end-point errors caused by indicator fading, turbid
ity, arid colorations.

APPARATUS

The titration cup is a Pyrex funnel, A (Corning 6140, ESPGY),
and 2- to 3-mm. bore Pyrex stopcock, b. The outlet, a, of the cup
under stopcock b is clamped to a ringstand and is connected to a
water aspirator with rubber pressure tubing.

A 25-mJ. automatic zero Kimble Blue Line Exax buret, B, with
a three-way stopcock is clamped to the ringstand in such a manner
that the buret is just above and in the center of the titration cup.
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Figure 1. AsseD1hly for DeterD1ination of Turbidity, pH, and
Titratahle Acid

The buret is filllid through the stem of the stopcock by gravity
flow from a 5-gallon bottle of standard carbon dioxide-free base.

An Aero-Mix (Precision Scientific Company) stirrer, C, is
clamped to the ringstand. The chuck of the stirrer is fastened to
a 25-mm. length of 6-mm. glass. tubing with fire-polished ends.
The glass stem of the stirrer is connected to the 150 X 4.5 mm.
solid-glass stirring rod, e, with an 80-mm. length of 7-mm. outside
diameter Tygon tubing. The bearing, f, consists of a 45-mm.
length of 7-mm. outside diameter glass tubing fitted into a rubber
~topper and clamped to the ringstand. The end of stirring rod e
IS flattened and bent slightly to effect rapid mixing of the liquids
in the titration cup. The air inlet, d, is connected to a com
pressed-air line.

The rinsing cup, blown from Pyrex, is clamped to the ringstand
adjacent to the buret. Rinse water enters the rinsing cup through
the inlet, g, at the orifice, h. A l5Q-mm. length of 10-mm. outside
diameter transparent Tygon tubing, j, is attached to the outlet i,
of the rinsing cup and the tubing is clamped with a Fisher (5-
849B) Castaloy pinchclamp, k. .

The glass electrodes (Beckman 4990-A' and '1170) are con
nected to the pH meter, G, by means of 30-inch leads. The glass
electrode -is supported by means of a. piece of glass tubing, 0,

which is fitted into a rubber stopper and clamped to the ringstand.
The pH me~er switch is at p and the operating button at q.

A Brewer automatic pipetting machine (Baltimore Biological
Laboratory) is set beside the titration cup and is connected to
inlet g of the rinsing cup, D, by means of the rubber tubing, n.
The rinsewater enters the pipet at m and the switch operating the
pipet is at I.

A Beckman industrial pH meter, Model M, is placed on its side
at eye level on a shelf back of the titration assembly.

The bacterial cell suspension is made homogenoous by insert
ing the test tube in the rubber-tubing. holder of the vibrator
stirrer (3) and rotating and wobbling the tube by means of the
motor-driven attachment.

The photoelectric colorimeter is a Lumetron (Photovolt Corpo
ration, Model 400-A). The neutral gray filter plate with wire
screen is placed il). the space provided between the light source
and the test-tube holder. Pyrex 18 X 150 mm. test tubes of uni
form outside diameter are employed for the determination of the
optical density or the per cent transmission of the cell suspensions.
With the blank tube (distilled water or zero level test solution) in
position, the pointer on the dial is adfusted to 0.0 on the optical
density scale (equivalent to 100% on the transmission scale), the
test sample tube is placed in position, and the optical density or
per cent transmission value for the sample is read on the dial.
The blank setting of the pointer is made prior to the turbidimet-

ric analysis of each sample, since the blank readings vary slightly
even with the use of the constant-voltage transformer, J. Usu
ally, 8 to 10 ml. of cell suspension are employed for turbidimetric
analyses.

LITERATURE CITED

ACKNOWLEDGMENT

This work was aided by grants from the
National Institute of Health of the U. S. Public
Health Service and the University of California.

RECEIVED January 7,1947. Paper 39, Chemical Labora
tory. University of California. Paper 38 (4) is in press.

-I) Dunn, M. S., and Rockland, L. B., Arch. Bio
chem., II, 89 (1946).

(2) Reeves, M. D., IND..ENG. CHEM., ANAL. ED.,
18, 336 (1946). .

(3) Rockland, L. B., and Dunn, M. S., ChemiBt
AnalYBt, in press.

(4) Schott, H. F., Larkin, J. B., Rockland, L. B.,
and Dunn, M. S., J. Dry. Chem., in press.

(5) Silber, R. H., and Mushett, C. W.,:J. Bial.
Chem., 146,271 (1942). -

PROCEDURE

The first determination made is the turbidimetric analysis of
the cell suspension. If matched tubes are employed in the assay,
the contents of one of the sample tubes are thoroughly mixed by
the vibrator-stirrer, and the tube is dipped in a cleansing solution
(mixture of equal parts of water, acetone, and ethanol) and wiped
clean and dry. The tube is placed in position in the instrument
and the reading is taken. If unmatched tubes are used in the as
say, the mixed contents of each tube are transferred to a clean,
dry matched tube for the turbidimetric analysis.

The P:EI of the cell suspension is next determined. The auto
matic pipet is set to give the desired operating speed and size of
wash-water aliquot. The pH meter is checked against standard
buffer solution placed in the titration cup and stirred vigorously
without splashing by adjusting the air pressure driving the Aero
Mix stirrer. An electric stirrer, unless well grounded, would inter
fere with the operation of the pH meter. Stopcock b is opened to
permit the buffer solution to be aspirated from the funnel at a. The
funnel is rinsed by placing a test tube over h and pumping water
into the system by means of the automatic pipet. Pinchclamp k
is opened to allow the rinse water to drain into the funnel and
stopcock b is opened to permit rinsing of the funnel. Rinsing is
continued until the pH of distilled water is reached. The rate of
drainage may be observed by noting the flow of liquid through the
transparent Tygon tubing. That complete rinsing has been ef
fected may be determined by noting the change in color of bromo
thymol blue indicator added to the wash water.

The buret is filled with the standard base (usually approxi
mately 0.1 N sodium hydroxide solution) and the pH meter is ad
justed to give readings of pH 0 to 7. Stopcock b is closed, the
tube containing the sample is inverted over the injector arm, h,
and the pH of the solution in the titration cup is determined. The
predetermined number of aliquots of wash water are delivered into
the system by means of the automatic pipet, pinchclamp k. is
closed, and another sample is transferred to the rinsing cup by the
described technique while the first sample in the titration cup is
being titrated.

The sample in the titration cup is titrated with standard base
delivered at a uniform rapid rate from the buret until the pH, read
on the dial of the pH meter, is 6.0 to 6.5. The buret stopcock is'
closed, the mixture is allowed to stand (a few seconds) until the

pH is constant, and the titration is completed
to pH 7.00 by rotating the stopcock of the buret
rapidly in order that only O.Ol-to 0.02-ml. aliquots
of base may be delivered. The accuracy and
the speed of the titrations are increased by this
means greatly beyond those attainable when
drop-size. aliquots are delivered. .The titrated
solution is drained completely from the titration
cup in 2 or 3 seconds by opening stopcQck b
and applying .suction at a. It is unnecessary to
rinse the titration cup, since the pH of the ti
trated solution is 7.00. The volume of base
used is read and the buret is refilled to the zero

J mark. Buret and temperature corrections are
unnecessary, since only relative titration values
of standard and unknown are required.

F. AutolIlatic pipetting m.achine
G. pH lIleter
H. Vibrator-stirrer
I. Photoelectric colori:rneter
]. Constant-voltage transforItler

Aa Titration cup
B. Buret:
C. Stirrer
D. Rinsing cup
E. G las8 electrodes·
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~
I

F

G
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Nomographs for Distillation of Low-Boiling Hydrocarbons
Conversion of Distillation Temperatures and Pressures to Boiling Point at One .4.tmosphere

FRED M. NELSEN, FRANCIS R. BROOKS, AND VICTOR ZAHN

Shell Development; Company, Emeryville, Calif.

F'igure 1. Conversion of Distillation TeInpera
tures and Pressures to Boiling Point at 1 AtInos

phere froIn -85 0 to 20 0 C.
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Figure 2. Conversion of Distillation TeInpera
tures and'Pressures to Boiling Point at 1 AtInos

phere froIn -175° to -80° C.

IN THE fractionatiGn of a liquefied gaseous sample by means of
low-temperature distillation, it is usually necessary to carry out

at l~ast part of the distillation at reduced pressures. Inasmuch
as the distillate is conveniently identified by its boiling point, by
means of a thermocouple located in the condenser section of the

'column, it is desirable to have a rapid and simple means for con
verting distillation temperatures and pressures to the more famil
iar boiling points at 760-mm. pressure. This conversion can be
closely approximated for the aliphatic hydrocarbons by means of
nomographs.

Such nomographs have been used in these laboratories for some
time. To cover the full temperature range encountered in distil
lation of low-boiling hydrocarbons, it was found most convenient
to construct two nomographs, one covering 'a distilling range
+21 0 to -85 0 C. and the other from -80 0 to -175° C. (Fig
ures 1 and 2). These nomographs have been constructed empiri
cally from vapor pressure data taken from the tables of selected
values of properties of hydrocarbons issued by the American
Petroleum Institute (1).

In constructing the nomographs, the distillation pressure was
plotted in millimeters of mercury, from 30 to 1000 mm., on a
vertical two-cycle logarithmic scale. Then a parallel line of
nearly the same height was drawn for the distillation temperature
scale. A hydrocarbon for which vapor pressure data were avail
able throughout most of the desired temperature range was se
lected. The highest temperature for which the vapor pressure of
the reference hydrocarbon was known was then arbitrarily estab-
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lished near the bottom of the distillation temperature scale and
the lowest temperature for which the vapor pressure was available
was established near the top of the scale. Intersecting lines were
then drawn between the two values on the distillation tempera
ture scale and the corresponding vapor pressures on the distilla
tion pressure scale for the reference hydrocarbon. A straight
edge placed on the intersection point of these-two lines and any
given value on the distillation pressure scale was used to deter
mine the proper location of the corresponding temperature on the
distillation temperature scale. In this manner' a number of
values were located on the distillation temperature scale and the
scale was further subdivided by interpolation and by similarly
using vapor pressure data of other hydrocarbons. n-Butane was
used as the principal reference hydrocarbon for Figure 1 and
ethane for Figure 2.

From the determined distillation temperature and pressure
scales, intersection points were established for various hydrocar
bons using available vapor pressure VB. temperature data. It was
found that these intersection ._ oints lay very nearly on a straight
line, which was then drawn in for the 760-mm. boiling poirit scale.
The values for this scale were filled in as much as possiole by lay
ing a straightedge from the 760-mm. point on the distillation
pressure scale to various temperature values on the distillation
tempamture scale (at 760-mm. mercury pressure the readings on
the distillation temperature scale and those on the 760-mm. boil
ing point scale should be. identical). The scale was then further
extended by int~rpolation.



OCTOBER 1947 815.

It has been found simple, with the aid of these nomographs, to
follow the course of a distillation performed at reduced pressure
in terms of the boiling point at atmospheric pressure. The nomo
graphs have been used for the distillation of a large number of
low-boiling paraffins, olefins, and diolefins and have proved ac
curate to within ± 1 0 C. throughout their working ra/1ge with all
hydrocarbons through C, thus far encountered E'xcept acetyl~ne.

The anomalous behavior of acetylene is not surprising, however,
because its vapor pressure curve rises more sharply than db thQse
of the other hydrocarbons.
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Simplified Still Head with Automatic Control of Reflux Ratio
RICHARD KIESELBACH, Bakelite Corporation, Bound Brook, N. J.

All dirncDl!'lions in lllillirncters. Tubing sizes outside dialUcter

A slight amount of air leakage inevitably occurs at the check
valves of this still head, since unlubricated ground joints cannot
be perfectly airtight. However, if the valves are carefully
lapped in, and assembled so as to prevent.imperfect seating, the
amount of leakage at 10-mm. pressure is 'insignificant. Dirt
lodging in the valve seats will, of course, cause leakage. Such
dirt usually can be dislodged by one or two operations of the
valve. In' practice, this occasional inconvenience has been
found far less troublesome than the many ills afflicting lubricatLd
stopcocks, particularly when distilling high-boiling organic
materials.
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advantages over each of the previously published designs. It
is compact, rugged, and relatively easily constructed. The
take-off valve is readily removed, facilitating cleaning. No
lubricant is required on the valves exposed to the condensate.
No stopcocks are required on the head when used at atmospheric
pressure, while with vacuum, only one st.opcock, exposed only
to cold vapor, need be manipulated to withdraw condensate from
the receiver.

The still head is shown in Figure 1. A nO-volt alterRating
current relay coil, such as Struthers-Dunn type D, slipped over
the 12-mm. tube, A, projecting from the top of the head, operates
the take-off valve. Vapor temperature may be measured with
a standard-taper thermOmeter fitted in the 10/30 joint, E, at
the right. The spherical joint, F, connects to the column.

No provision has been made for cooling the condensate coming
from the take-off valve, D. This is unnecessary with the high
boiling materials for which the head was designed. For use
with lower-boiling compounds, the addition of a water jacket
below the take-off valve would be desirable.

The still head is constructed in two parts, to facilitate clean
ing, and to permit its convenient use for either vacuum or at
mospheric pressure. The spherical joint, B, connects to the
pressure regulator and vacuum pump. The trap, 0, to which it
connects, may be immersed in a dry-ice bath, if desirable. In
normal operation, the 3-way stopcock, 0, is turned to connect
the upper and lower sections ,of the receiver. Atmospheric
pressure then closes the lower check valve, H, and condensate
collects in the lower se'ction. To remove the condensate, the
stopcock is turned to admit air into the lower section, thereby
closing the upper check valve, H, and opening the lower one.
Condensate then collects in the upper section until the stopcock
is returned to its eriginal position.

Lubrication of stopcock 0 is no problem, since it is not exposed
to the condensate. When slightly viscous liquids are distilled,
the check valves tend to stick closed. Although they may.be
loosened by tapping, a more convenient arrangement is to k;eep
them warm with a few turns of B&S 32 Nichrome wire wrapped
over asbestos paper, operated from a bell-ringing transformer.

TAKE-OFF VALVE.
LAPPED IN TO A
~1(NRAttGLJD SEAT,
WEDGI~. Ej!J0\ MORE
THAN I ML. MA Y BE
TRAPPED HERE.

i 10/30
E

o
o
'"

30

20'

5

'\,f]1l't"===-2 1.0. MINIMUM

2S

Figure 1. Still Head
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i 12, 2 MM. BORE

LOWEST POINT OF
DRIP TIP MUST BE
OPPOSITE SIDE
TUBE.

CHECK VALVES.
HOLLOW PLUG
LAPPED IN TO
FLAT-ANGLED

~~~~ g~~~R~N H
OPEN- I TO 2 MM.
PLUG MUST FIT
CLOSELY BETWEEN
CENTERING TIPS.

THE litcrature contains numerous designs of still heads with
provision for automatic control of reflux ratio, independent

of boil-up rate. One principle' much used is the intermittent
take-off, in which thc entire condensate is directcd alternately

to the recciver and
to the column as

j: reflux (1-4). The
IRON WIRE SEALED IN ~ valve controlling

this flow is operated
by a commercial

i 24/40 electric cycle timer.
The still head de
scribed hereisofthis
type, but has some



Determination of Halates in Sodium Hypochlorite
SYDNEY ATKIN', Analytical Section, Process Developmlfnt Department,

General Aniline & Film Corporation, Grasselb, N. J.

Sodium thiosulfate solution, 0.1 N.
Sodium'hypochlorite solution, about 6.0%.
Starch-iodide test paper (1).

STANDARDIZATION OF SODIUM BENZENE ULFINATE

Pipet two 25-ml. aliquots of the sodium hypochlorite solu~ion

into 200 m!. of water. Titrate one aliquot with 9.1 N sodmm
arsenite solution, using starch iodide test paper. T~tratea. second
aliquot with the sodium benzene sulfinate ~olutlOn, usmg. the
starch-iodide test paper. Calculate normahty of the sodmm
benzene sulfinate. ..

Procedure. Dilute about 10 grams of the sodium hypochlonte
to be analyzed to 250 mI. in a volumetri~ flask. Pipet a 25-mI.
aliquot into a 300-m!. Erlenmeyer flask WIth a ground-gl~ss stop
per. Titrate with 0.1 N sodium benzene sulfinate, unt~la blue
spot no longer appears on starch-iodide test r.aper, taking ~are
not to add an excess of the reagent. A = m . of 0.1 N sodium
benzene sulfinate. Then add 3 grams of potassium brom~de and
concentrated hydrochloric acid, so that the resultant aCid sol';1
tion is approximately 8 N (20 m!. of concentrat,:d hydrochlonc
acid for each 10 m!. of solut.ion). Place stopper m flask and let
stand for 5 minutes. Add 10 m!. of potassium iodide (10%) and
titrate the liberated iodine with 0.1 N sodium thiosulfate.

B = m!. of 0.1 N sodium thiosulfate

Wei ht 3.725 A = %Na001
g of sample

1.775 B
Weight f 1 = % total halates as NaCIO,o samp e

SODIUM hypochlorite can be determined quantitatively by
. reaction with a standard solution' of sodium benzene sul
finate. The resultant sodium benzene sulfonate solution in the
presence of sodium chloride can be treated with concentrated
hydrochloric acid, potassium bromide, and potassium iodide and
the total halates (as sodium chlorate) determined. Using this
procedure both components can be determined in one sample, and
the analysis completed in approximately 0.5 hour.

Several methods for the quantitative determination of chlorates
in hypochlorite have been described.

Gaukhman and Stefanovski (2) determined chlorates in hypo
chlorite by using the catalyst osmium tetroxide. Results wp.re·
usually low.

Hernandez (3) recommended determining chlorates in hypo
chlorite by decomposing with hydrochloric acid and distilling the
solution into potassium iodide solution. The arsenite method was
used for the determination of the hypochlorite.

Kolthoff (4) determined .chlorates in hypochlorite by boiling
gently with hydrochloric acid and a known amount of 0.1 N
sodium arsenite and then titrating the excess arsenite with 0.1 N
potassium bromate, using indigo as the indicator.

Ackerman (1) found that sodium benzene sulfinate reacts
quantitatively with sodium hypochlorite according to the follow
ing reaction

CaH6S02Na + NaOCI~ C6H 6SO,Na + NaCI

and does not affect the chlorate present. This has been verified
by the author, who used this reaction for the determination of the
hypochlorite. The total halates (as sodium chlorate) were then
determined in the presence of the sulfonate, as prescribed by
Kolthoff and Furman (5), with slight modification for existing
conditio~s.

The latter procedure is recommended because (1) the possi
bility of low results obtained in an acid solution is eliminated by
titrating in a neutral or alkaline solution, (2) no distillation is re
quired, reducing possible sources of error due to loss of vapors,
(3) both chlorate and hypochlorite can be determined on the same
sample, and (4) the method is rapid and accurate.

Samples

1
2
3
4
5

Table II. Comparison of Methods
NaOCI by NaOCI by Sodium

Sodium Arsenite Benzene Sulfinate
% %

'15.44 15.48
14.56 14.70
14.23 14.24
14.28 14.24
13.83 13.88

Table I. Effect of Sodium Benzene Sulfinate
NaCIO. Added NaCIO. Found

Mg. Mg.

10 11.0
10.3
10.2

20 21.3
19.8
20.2

25' 25.0
24.8
24.9

50 50.0
49.1
49.7

REAGENTS

Sodium benzene sulfinate, 0.1 N. A good technical grade can
be used. Dissolve 8.5 grams in 500 mI. of water, add 50 m!. of
barium chloride (10%), and digest on a steam bath for one hour
(the sulfites and the sulfates are precipitated). Filter ~he so~u
tion, wash with water, cool the filtrate, and dllute to 1 hter WIth
water.

SulfUric acid, 50%.
Potassium iodide solution, 10%.
Sodium arsenite solution, 0.1 N.

• Present address, Pilot Plant, Chemical Construction Corp., Linden, N. J.
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EXPERIMENTAL

The standard sodium benzene sulfinate was found to be very
stable.

Tests were run to determine whether any chlorate was affected
by .the sodium benzene sulfinate. Known amounts of sodium
chlorate were added to a hypochlorite solution containing 0.5%
sodium chlorate as determined by the proposed procedure. The
sodium chlorate found in Table I represents the chlorate after
0.5% in the sample was deducted.

A comparison of the sodium benzene sulfinate and the arsenite
methods for determining sodium hypochlorite is shown in Table II.
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Instrument Society of America Conference
Abstract of Analytical Papers

T HE second National Conference of the Instrument Society of
America was held in Chicago, September 8 to 12, 1947. Both

the exhibits and technical papers contained information of inter
est to analysts. Inquiries concerning preprints of these papers
may be made to the Instrument Society of America, 1117 Wolfen
dale St., Pittsburgh 12, Pa. '

Officers announced for 1947-48 are as follows: president, Paul
G. Exline, section engineer, Gulf Research Corp., Pittsburgh,
Pa; vice president, Carl P. Kayan, Department of Mechani
cal Engineering, Columbia· University, New York, N. Y.;
vicr president, Herbert H. Barnum, H. H. Barnum Co., Detroit,
Mich.; vice president, H. C. Frost, assistant director of engineer
ing, Chemical Division, Corn Products Refining Co., Argo, Ill.;
vice president, F. H. Trapnell, instruments engineer, E. 1. du Pont
de Nemours & Co., Wilmington, Del.; treasurer, Hugh E. Fer
guson, Peoples Gas Light & Coke Co., Chicago, Ill.; executive
secretary, Richard Rimbach, Instruments Publishing Co., Pitts
burgh, Pa.

The next convention will be held at Convention Hall, Philadel
phia, Pa., Sept. 13 to 17, 1948.

Among the topics which were discussed, the paper by R. H.
Kienle and E. 1. Stearns of Calco Chemical Division, American
Cyanamid Co., Bound Brook, N. J., on the "Adaptation of the
Automatic Spectrophotometer for Special Measurements" af
forded an interesting example of the flexibility of a modern tool
when it is in 'capable hands. Numerous modifications and at
tachments to the G.E. recording spectrophotometer were de
scribed for extending its use beyond that of defining color. These
included determinations of chemical identity, quantitative chemi
cal analysis, reaction rates, refractive index, extinction coeffi
cients rotatory dispersion, and dichroism. This strikes us as an
excell~nt example of instrumentation, wherein a complete under
standing of the design, construction, and function of a complex in
strument at once suggests minor modifications which will greatly'
expand its usefulness. In its intended role, we imagine that the
color analyzer will continue to be fed with additional thousands of
colored compounds, but now its future does not seem to ,be lim-'
ited to such prosaic tasks.

"Some Problems of Application of Conductivity Equipment"
were discussed by Allen L. Chaplin of the Askania Regulator Co.,
Chicago, Ill. These dealt with applications of conductance to
the regulation of chemical processes, for which it has some ad
vantages as well as limitations over other methods. Techniques
involving the use of external electrodes were also described.
These are particularly attractive and the newer electronic tech
niques offer many advantages over the classical methods.

"The Design and Application of a New Metals Comparator"
was described by D. E. Bovey of the General Electric Co.,
Schenectady, N. Y. Although this device is primarily suited to
differentiate between specimens on the basis of annealing, heat
treatment, and hardness, 'it is, under suitable conditions, suscep
tible to composition differences and' analysts will at once recall
the Carbometer as an instantaneous means of determining the car
bon content of steels. The comparator' consists of a solenoid
which forms one arm of a bridge. circuit, the adjacent arm of which
is a variable resistor. The bridge is driven by a variable-fre
quency oscillator and the output after rectification and filtering is
fed to a ba,lanced push-pull direct current amplifier and output
microammeter. If the system is balanced initially with a stand
ard sample inserted in the solenoid, then subsequent samples will
reveal their identity or difference from the standard in terms of
the microammeter deflection. The test is nondestructive and the
samples to be tested need not be wiped, cleaned, or otherwise spe
cially prepared. In many cases, two samples, obviously 'different,
may show identical readings, but at another exciting frequency
will be quite different. For this reason, test frequencies of 50,
250, 500, 1000., 2500, 4000, and 10,000 cycles are provided. In
general, low frequencies penetrate ~he sample and are more char
acteristic of the composition; the higher frequencies reveal sur~

face differences and are particularly suited to case-hardening cri
teria. The simple meter readings are ideal for nontechnical oper
ators and scales can be calibrated in tolerance units as a basis of
acceptability. It is obvious that the technique, under suitable
standardization, is ideally adapted to automatic inspection and
sorting.

"Moisture Measurement with an Electronic Dew Point Indi
cator" was described by V. E. Suomi of the Department of Me-
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teorolo"'y of the University of Chicago. After developing an ele
mentary treatment of moisture relationships in the atmosphere,
he showed that the dew point method of moisturj:l measurement·
has a definite advantage over others in that its percentage accu
racy is nearly constant over a wide range of temperatures. In
common with previous instruments, his dew point indicator de
pends upon the photoelectric scanning of a refrigerated mirror and
initiation of 'mirror heating as soon as the mirror is fogged. The
important innovation lies in the use of d. inductionheatingforfast
response and elimination of lags which ordinarily reduce the pre
cision of the method. The accuracy and performance of this in
strument were described along with possible industrial applica
tions.

R. D. Evans, Massachusetts Instit)lte of Technology, Cam
bridge, Mass., in his paper, "The Application of Radioactive In
dicators to Industrial Problems," stated that most of the pub
lished work in this field is in biochemistry and medicine and that,
although considerable work is in progress on,the industrial and
analytical applications, little can be released at the present time
for publication. After citing some published work-for example,
"Measuring Concentration and -Film Thickness of Printing Ink
and Paint Films" by Buchdahl and Polglase [ANAL. CHEM., 18,
115 (1946»)-he described the determination of the uniformity and
amount of sodium oleate on rayon yarn. After the unsuccessful
use of fluorescent dyes for this determination, Na 24 was mixed with
oil and sodium oleate before application. The quantity of so
dium oleate 17 mg. per meter, must be uniform, and the uniform
ity and am~unt were determined by the Geiger counter with an
accuracy of 2% on a length of 1 mm. Other applications were
mentioned such as measuring the thickness of enamel coatings on
mamifactu'red products. Usefulness of the method in industrial
hygiene problems was shown in tracing dust and smoke fumes and
'in determination· of mercury in air inhaled by operators in plants
or laboratories. This method is far, more sensitive for the est~ma
tion of mercury than the use of ultraviolet light. It was pointed
out that some consideration has been given to identification of
manufactured articles by the addition of isotopes. This method
of marking a product may find wide-scale use to protect both the
consumer and the manufacturer against substitution and fraud.
By tracer techniques one industrial plant is following the elimina
tion of a deleterious impurity in a 12-ton batch process. There is
no preprint of this paper available.

"Instrument Servicing and Maintenance in an Educational
and Research Electrical -Laboratory" was the subject of the
paper by H. N. Hayward, University. of Illinois, Urbana, Ill.,
who outlined the prltctice in checking· new instruments when re
ceived and preparing them for use. He revievred identification
marking and modifications or additions found desirable in adapt
ing commercial instruments and other laboratory items to meet
storage handling, and usage conditions in a particular laboratory.
He also'described a combination instrument and apparatus requi
sition and service' record system, and an instrument damage, re
pair, and calibration data file, and gave procedures for testing and
inspection that have been effective in detecting damage and other
conditions requiring attention. 'The paper included an ~ccountof
organization and operation of a calibration and standards labora
tory to service' and maintain several hundred instruments and
provide othl)r essential services. .

Lynn D. Wilson of the Corn Products Refilling C9., Argo, Ill.
discussed "Polarographic Analysis-Principles, Techniques and
Applications," in which he reviewed the basic theory leading to
the I1covic equation and its practical applications. The principal
recording polarographs were described and also the simpler
manual devices. The qualitative and quantitative aspects of
polarography were explained with typical examples of industrial
applications, particularly for trace constituents iIi alloys and ma
jor constituents i~ plating solutions.

These were but a few of the many topics discussed at this impor
tant conference. There were the customary discussions on servo
mechanisms, computers, and many examples of industrial control
applications,none of them without indirect interest for the ana
lyst. It.is becoming an endless and arduous task to keep track of
the developments. which command the attention of the modern
analyst. One can no longer trust labels-the radio engineer or
aeronautical expert may have an analytical problem-or in its
absence he may have a solution for which the analyst has been
waiting.



CORRESPONDENCE
Formation of Explosive Derivatives in Determination of Cobalt as Potassium Cpbaltinitrite

J. E. DE PAIVA NETTO
R. A. CATANI

---~) C=N.OH + HNO,
O,N.CH

II
N.OH
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The cobalt would act catalytically in the formation of flPiminic acid.
Once this acid is formed, in all probability the complex K5 [CoIII

(OCN)n] + 22H,O would be built. This is a very explosive fulminate
according to Wohler and Berthmann (6).

It is also possible that another explosive compound is formed as the
ethylnitrolic acid, because the erythro salts of this aeid are i'ed and
very explosive (2, 3, 4).

Instituto Agronomico
Seccao de Agrogeologia
Estado de S1\o Paulo,
Brazil

O,H.CH + CO,
------+ II

N.OH

HC.COOH

Ii
N.OH

SIR: In a note on explosion in determination of cobalt as potassium
cobaltinitrite, Broughton and associates (1) state that the explosion
always took place when they concentrated the'solution comingJrom
the filtration of cobaltinitrite. They also observed that the explosion
took place soon after tlie formation of a purple compound, which they
.suggest is a new complex of nitro or nitritocobalt which may have
been responsible for the explosion.

This is very interesting to those who work with this kind of cobalt
complex.

Observing the medium in which the reaction and explosion take
place, the following suggestions based on bibliographic sources may be
of some interest.

Would it not be reasonable to admit the formation of derivatives
of fulminic acid?

Wieland (5) states, "Nach meiner Theorie geht die Knallsaure
Bildung vom Alkohol tiber Acetaldehyd, Isonitrosoacetaldehyd,
Isonitrosoessigsaure, Methylnitrolsaure zur Knallsaure. Acetaldehyd
ist von 'Wohler selbst als erstes Produkt erkannt worden., Da Ponzio
schon fri'lher die Isonitrosoessigsiiure durch Stickstoffdioxyd in Meth
ylnitrolsaure iibergeflihrt hat, die ihrerseits nach meiner Beo
hachtung in Knallsiiure und salpetrige Saure zerfiHlt," and gives the
fullowing chemical equations:

BOOK REVIEWS
Micro-Diffusion Analysis and Volumetric Error. Edward J. Conway.

2nd edition. xix + 357 pages. Crosby Lockwood & Son, Ltd.,
20 Tudor St., London E.C. 4, England, 1947. Price, 21s.

In 1940, the reviewer stated of the first edition, "This book appears
to be a valuable i( not actually indispensable addition to the library
of any microchemist interested in biochemical methods, and a valu
able possession as well for the general analyst ..." Of the second
edition, certainly as much can be said, with the additional statement
that the revision has not only brought the material reasonably well
up to aate but, considerably improved the presentation.

From 32 chapters in the first edition, the text has been expanded to
43, most of which increase represents new material, largely the descrip
tion of the numerous new analytical diffusion techniques that have
been published by a number of authors. The simplicity and accuracy
of diffusion analysis have appealed to many investigators, who have
extended the range of analysis and developed new applications.
Basically, the diffusion technique described is most readily applicable
to volatile' nitrogen compounds, or compounds which can be trans
formed into them, and to the halogen group. For this reason, the
new edition, like the old, is largely concerned with the analysis of
ammonia, total nitrogen, urea, and a few related nitrogen com
pounds; the halog:ns; and carbon dioxide or compounds which liber
ate this gas under suitable conditions. The seco~d edition includes
also diffusion procedures for quantitative analysis of nitrate and
nitrite, amide nitrogen, blood glucose and fermentable sugar, carbonic
anhydrase, oxidation rate of organic substances, acetone, acetalde
hyde, lactic acid, threonine, ethyl alcohol, carbon monoxide in blood,
and total molecular concentration in small fluid samples.

'The general organization of the book remains essentially unchanged
[,om the first edition. Part I deals with apparatus and principles
of diffusion analysis; Part II, methods of analysis; and Part III; the
error of volumetric titration. Of Part III it can be stated that. few
ii any treatments of volumetric errors in texts examined by the re-

viewer are as practical and complete as that given in this book.
Concerned primarily as it is with matt.ers of drainage, holdup at pipet
tips, and similar sources of error, it is supplementary to, rather than
duplication of, such excellent treatments of volumetric errors as that
of Kolthoff and Stenger's "Volumetric Analysis," Vol. I. The
treatment of chemical errors is, on the whole definitely less practical
than that of the latter authors. Aside from some deficiencies, the
section on errors is valuable to any analytical chemist who is concerned
with maintenance of accuracy and an understanding of his basic
operations.

The paper and typography of this volume. are of good quality.
It is probably unfortun'ate that in America the difficult availability

of proper diffusion analysis equipment and the limited access to this
useful volume.on the subject of diffusion analysis have retarded the'
adoption of these methods. It is to be hoped that wider attention
will be given to a technique which is inherently simple, capable of
high accuracy, and wide in its application. PAUL L. KIRK

Sernirnicro Qualitative Organic Analysis. Nicholas D. Cheronis and
John B. Entrikin. xiv + 498 pages. Thomas Y. Crowell Go.,
432'Fo,urth Ave., New York 16, N. Y., 1947. Price, $3.75.

The main novelty of this text is an emphasis on the use of 1 or 2
decigrams of sample for class reactions and preparation of deriva
tives, whereas older texts, Kamm, Shriner and Fuson', and McElvain,
specify five to ten times this amount of material. The apparatus
'and manipulations described by Cheronis and Entrikin are con
ventional and involve a reduction of the previously. overlarge scale
of operations in test tubes, 'flasks, beakers, filters, etc., to a minimum
of about 50 mg. of sample, which the student can handle conven
iently. There is no attempt to teach manipulation in capillary tubes
or chemical microscopy.

The approach of the text is essentially that of the sound Kamm
(1922) system which later authors have followed in large outline,
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The chapters discuss in order: purification and ,determination of
physical constants; detection of elements other than carbon, hy
drogen, and oxygen; solubility tests with water, dilute acid and base,
ethel', and sulfuric acid; class reactions for detection of functional
groups; and preparation of derivatives. A valuble innovation is an
introduction to chromatographic adsorption, Chapter XV, by A. L.
LeRosen,

The authors assert in the preface (page v) that three groups were
considered as users of their book: industrial chemists and workers in
related fields, students in college courses in qualitative organic analysis,
and students in first-year organic chemistry. The last group is or
dinarily not considered in a manual of this type; authors generally
assume at least a year of organic chemistry as the student background.
This text, in the reviewer's opinion, would be of little use to first-year
organic students. To college seniors and graduate students, who
can get along with the somewhat sketchy exposition of the theoretical
material, the text should be useful for its excellent bibliographies,
clear and (sometimes overly) detailed procedures, and good selection
of class tests. In connection with class tests, the reviewer was pleased
to see reference to Davidson's use of mixed indicators for detecting
weak acids and bases, and to note extensive use of the ferric hydroxa
mate test for esters, amides, etc.

It is to the professional group that the text should be the most use
ful. The number of entries in the derivative tables is greater than in
other manuals, as is the number of types of derivatives (many of the
tables have a width of two pages). There seems to be a good effort
to indicate the reliability of reported melting points, and there is
considerable discussion of the best derivatives to make for specific
types'of unknowns. Many of the entries are compounds interesting
to the industrial chemist-e.g., sulfonic acids-and to toxicologists
(Table 42 of physiologically active compounds). C. W. GOULD

Sequential Analysis. Abraham Waldo Wiley Mathematical Statistics
Series. Walter A. Shewhart, editor. xii + 212 pages. John Wiley
& Sons, Inc., 440 Fourth Ave., New York 16, N. Y, 1947.
Price, $4.

This is a technical book, an exposition in mathematical terms of
the theory of Sequential tests. This theory was developed by the
author during the war, and until now has been available in less com
plete form, only in a restricted pamphlet and a few journal articles.
The companion restricted pamphlet on applications has already
appeared as a book of pamphlets (SRG-255) published by the Coo
lumbia University Press in 1945, which is still the reference for those
who wish to apply sequ'tntial analysis to a standard case.

Sequential analysis was 'foreshadowed by Dodge and Romig's
double sampling plans, where the results of testing a first sample were
classified as satisfactory, unsatisfactory, or inconclusive, and in the
third case another sample was taken and tested. At the urging of
Friedman and Wallis, the development of a general theaty of such
step-by-step procedures was undertaken by vVald, who solved the
basic problems in an amazingly short time. Sampling plans and
testing procedures based on this theory were then rapidly put into
use in both government procurement and private industry.

This book can be recommend~d to scientists who feel at home with
mathematical notation and who are familar, as the preface suggests,
with college algebra and one course of calculus. They will be able
to work slowly but surely through the body of the book, greatly

'enhancing their background in statistical theory.
Any scientist who is willing to read a sentence, stop and ask himself

what it means, draw a sketch or two, and then go on, can learn much
of the best current approaches to the testing of 'hypotheses from the
70 pages spread through the book which concern this subject. Since
testing hypotheses is one of the pdncipal functions of a scientist, the
time will be well spent.

Those scientists or engineers fortunate enough to have a mathe
matician in their organization will do well to see that this book is
available to such collaborators and' that substantial parts of it are
read.

In 'general, the author gives a precise and concise account, in
mathematical language, without extended exposition. The one
annoying feature of the book, to this reviewer, was the style of the
the figures, where quantities k~own to range between 0 and 1 are'
represented on coordinate axes which extend to 2 or to 3, and then
have an arrow pointing onwards! The paper and binding seem ade
quate. JOHN W. TUKEY
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Mikro-Methoden zur Kennzeichnung organischer Stoffe und Stoff
gemische. Adelheid Kofler. Vol. 1,242 pages. Vol. 2, 135 pages.
Mimeographed. ~ovitas, Innsbl'U~k, Austria, 1947. Arthur H.
Thomas Co., West Washington Square, Philadelphia 5, Pa. Price
pel' set, $8.

Volume 1 includes a literature review up to the end of 1946, with
Bubject index, and chapters on micromelting point determina
tion, refractive index of fused substances, behavior of mixtures,
mixed melting points, eutectic diagrams, testing for purity, qualita
tive and quantitative analysis of two-component mixtures, molecular
weight determination, and extensive treatment of microthermal
analysis for observation of polymorphism, i~omorphism, and liquid
crystals.

Volume 2 gives tables covering over 1000 organic compounds, ar
ranged according to micromelting points, with eutectic temperatures;
refractive index of the fused substance, and information on special
behavior of compounds during the inelting process.

The book is based on the work by Ludwig and Adelheid Kofler and
co-workers and is an extended version of the monograph by Ludwig
Kofler on micromethods for the identification of organic substances
published in 1942 in the Zeitschrift de; Vereines Deutscher Chemiker:

First-Year Qualitative Analysis. Carl J. Likes and Aubrey E
Harvey, Jr:. 134 pages. Thomas Y. Crowell Co., New York,
N. Y., 1947. Price, $1.25.

The volume is an attempt to fill the need for a brief text on quali
tative analysis, written on the freshman level, but designed for a
fairly complete study of both cations and anions, judged from both
experimental and theoretical standpoints. Instead of beginning
with studies on group separahons, the student is issued a composite
solution of the ions being considered and the groups are rempved one
at a time from this solution as each is studied. Calculations based
on the equilibrium law are spaced throughout the text to be con
sidered only as they dovetail with the experimental procedures.

Fisher Award 'in Analytical Chemistry

C. G. Fisher, president of the Fisher Scientific Co" has offered
to finance an award to recognize and encourage outstanding con
tributions to analytical chemistry. The Board of Directors of
the AMERICAN CHEMICAL SOCIETY has accepted administrative
responsibility.

It is hoped to present the first award in 1948. As nomina
tions must be received not later than January '1, prompt action
must be taken by all those who wish to propose recipients. To
accelerate ,action, President Noyes has appointed a Canvassing
Committee; C. M. Alter, chairman, G. E. F. Lundell, and M. G.
Mellon. Rules for the award contain the following statements;

1. Purpose. To recognize and encourage outstanding con
tributions to the science of analytical chemistry, pure 01' applied,
carried out in the United States or Canada.

2." Nature. The award consists of $1000 and a medallion.
An additional allowance of not more than $150 is provided for
actual traveling expenses to the meeting at wh,ich the award will
be presented.

3. Rules of Eligibility. A nominee must be a resident of the
United States or Canada and must have made an outstanding
contribution to analytical chemistry. Special consideration will
be given to the independence of thought and the originality shown,
or to the importance of the work when applied to public welfare,
economics, or the needs and desires of humanity.

4. Award Lecture. The recipient of the Fisher Award may
be asked by the Award Committee to deliver a paper or lectur<J
upon the subject of his scientific work at the time the award is
presented.

Any member of the SOCIETY (except a member of the Award,
Committee) may submit one nomination. Such proposal must
be accompanied by a biographical sketch of the nominee, in
cluding date of birth, ~ list of his publications, and'specific identi
fication of the work on which the nomination is based. Eight
copies of this material must be sent to the Executive Secretary
of the SOCIE'IY, 1155 Sixteenth St., N. W., Washington 6, D. C,
and must be received before January 1, 1948.
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Specific Per Cent Total Solids
Gravity Blotter Xylene Oven

1.047 9.5 10.5 9.4
1.0;;0 10.3 11.2 10.6
1.054 11.2 11.5 11.2
1.062 12.1 12.7 12.3
1.063 ~3.0 13.0 13.0
1.065 13 ..5 13·.8 13.4
1.073 14.8 14.5 . 14.9
1.081 16.2 16.0 16.4
1.084 16.9' 16.6 17.0
1.087 17.1 17.5 17.6

Experiment II. An analytical balance accurate to ± 1 mg. was
placed on the oven in such a manner that the left weighing pan
was suspended by a wire which led through holes in the top of
the oven and the bottom of the balance case to the left arm of the
·balance. Th~s the steps involving cooling in the desiccator
were eliminated.

Ten solutions of sulfate pulp mill evaporator feed .liquor were
prepared, which ranged in specific gravity from 1.047 to 1.087.
Total solids were determined on each solution by three different
methods: (1) blotter method as described but modified accord
ing to the preceding paragraph; (2) refluxing with xylene; and
(3) overnight oven drying.

Determination of Total Solids in Sulfate Pulp Mill Evaporator
Feed Liquor. B. B. Edmonds, Jr., The Chesapeake Corpora
tion of Virginia, West Point. Va.

ALTHOUd~ the d~terminatio~ of total solids by reBuKing with
xylene IS less tIme-consummg than the overnight oven drying

method, it requires upwards or'2 hours as performed in this labora
tory. With the control laboratory primarily in mind, an at
tempt has been made to devise a method of reasonable accuracy
which would require less time. . .

Experiment I. Rectangles of 0.022-inch caliper bleached
bl?tting paper, cut to 2 X 4 inches, were dried in an oven main
tamed at approximately 230 0 F., and cooled in a desiccator.
One milliliter of sulfate pulp mill evaporator feed liquor was trans
ferred to each of seven such blotters, 'which were returned to the
oven. At the .end of 15 minutes the blotters were removed·,
cooled again in the desiccator, and rapidly weighed. The weight
of the dry solids was calculated. .

The Baume of the'liquor was determined at 80 0 F. and the
weight of the sample read from a pipet calibration curve shown.

Division of the dry solids weight by the weight of the sample,
multiplied by 100, gave the per cent·total solids

B

........lU-II"l::, 0.10·

A Modified Atomizer for the Flame Photometer. Vincent
Toscani, Russell Sage Institute of Pathology, New York, N. Y.

THE. need for a rapId. method for the quantitative estimation
of sodium and potassium has led to the development of the

flame photometer [Barnes, R. B., Richardson, D., Berry, J. W.,
and Hood, R. L., IND. ENG. CHEM., ANAL. ED., 17, 605 (1945) J.

One' of the difficulties encountered was the inability of the
atomizer to produce a constant spray after several weeks' use.
The internal surface of the metal needles became rusted and·
altered the characteristics of the spray. This necessitated the
making of a new atomizer unit after a short period of time.

To overcome this trouble a new atomizer was constructed of
glass as shown in Figure 1. The unit was made by E. Machlett &
Son,· New York.

Figure 1

approximately 1 to 1 mixture of No. 10 motor oil and vaseline to
the glass with a camel's-hair brush. The article to be repaired is
then presented to the Bamein the usual way and with reasonable
care. By the time the grease has been burned away the glass
will have reached· the softening point and all danger of cracking
will be past.

The only failures experienced in the use of this procedure have
been encountered in cas~ where a crack started in an inner seal
and extended into the inner tube where the grease could not be
applied. One particularly gratifying use is found in the replacing
of tips on burets where the break is within a half inch of the stop
cock. "Ringing off" is prevented by the use of the grease and
more ·rapid heating of the region to be repaired is permissible.

Total Solids
%

15.4
15.9
15.2
15.4
15.6
15.6
15.2

1
2
3
4
5
6
7

Blotter

Preventing Extension of Cracks in Repairing Glass Apparatus.
Ernest R. Kline, Department of Chemistry, University of
Connecticut, Storrs, Conn.

M OST ~~ass blowers.are aware that moisten~g a file scrat:h
faCIlitates breaking a length of glass tubmg.· The mOIS

teniiIg agent may be either water or saliva and the exact nature of
the action is obscure. The author has observed that unless the

. finger with which the sali';'a or water is applied is free from grelll?e,
the scratch will become more resistant to fracture upon applica
tion of pressure. It seemed logical that this operation could be
used in reverse to check the extension of a'crack or to prevent its
starting.

The procedure used in this laboratory consists of applying an

Flask A is the medium through which the spray from the atom
izer is carried to the burner, EC is a capillary tube of O.OI4-inch
bore through which the unknown solution is fed. D is a capillary
tube of 0.10-inch bore drawn to a tip having a bore of 0.014 inch.
C and D are joined together with two solid glass rods. The dis
tance between the two capillaries is 6/16 inch.

The all-glass atomizer has the following advantages: ';rhe glass
unit can be easily duplicated, the spray is always constant, and
in case of clogging of the capillaries, another unit can be quickly
substituted while the clogged unit is being cleared in cleanIng
solution. The atomizer operates efficiently using 10 pounds air
pressure, while a pressure of 2.5 pounds is used for the burner gas.

Several all-metal atomizers manufactured by the Spraying
Systems Co. of Chicago have been used by other laboratories and
appear to work satisfactorily.
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SARGENT POLAROGRAPH
MODEL XXI
IMPROVED

REDESIGNED

111e Sllrgent PollI,ogrllp",
Model XXl Represents tile
Llltest Development in

Polllrogrllplli, Instrumentlltion
This potentiometric, visible-recording instru
ment is the sUccessor to the well-known Model
XX and embodies several new features of con
struction and design.

A twenty-step integrally variable sensitivity
control assures more positive sensitivity repro
duction.

An R. C. filter type damping control, for plac
ing a capacitance in parallel with the measuring
resistor at high sensitivity settings and an addi
tional series resistor and paraUel capacitance
at low settings, has been substituted for the
straight capacitance type.

A new switch arrangement permits initial
potential to be applied either in the same direc
tion as the span potential or counter to it.

The bridge has been completely enclosed,
heavier wire used throughout and the unitized

SARGENT

panel construction of the Polarograph circuit
permits it to be removed from the instrument
case, in one piece, for servicing.

The instrument is slightly smaller than the
former Model XX and has the following charac
teristics:

Current Sensitivity Range .003-1.500 micro
amperes per mm.

Inherent limit of instrumental accuracy 0.5%
of the current measured.

Time of £ull scale traverse, 10 seconds.
Time of rotation of bridge, 13~ minutes.
Power consumption, 100 watts. .

5·29303 POLAROGRAPH-MODEL XXI.
Visible Chart Recording, Sargent. Complete
with accessories. For operation from 115 volt
50/60 cycle circuits S1500.00

SCIENTIFIC LABORATORY EOUIPMENT AND' CHEMICALS
E. H. SARGENT a COMPANY, 155·165 EAST SUPERIOR ST.·CHICAGO 11,ILL.
MICHIGAN DIVISION 7959 EAST JEFFERSON DETROIT MICHIGAN
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<lite KROMATROL PHOTOMETER
Here is a precision photoelectric colorimeter

having many novel features which make it a
highly sensitive alld reproducible instrument.

The monochromator of the KROMATROL
consists of a water-cooled lamp housing with 10
narrow-band filters mounted in a turret fitting
over the water jacket so designed that each filter
is ma ntained under equal thermal conditions,
ready for immediate use. The water cooling
permits a lamp of 100 watts output to be used
without any difficulties due to thermal instability.

Photocell output is measured potentiometrically
with a decade providing a slide wire equivalent to
70". The decade slide wire is very advantageous

for detecting small incremental differences at high
levels of concentration.

Operation of the KROMATROL is extremely
simple and rapid. Detailed instruction manual of
tested procedures for Mo, Si, P, Mn and Cr in
iron and steel and Cu in aluminum is furnished
with instrument. Several other methods are
nearing completion and will be made available
to KROMATROL users.

While developed originally for metallurgical
analysis, the KROMATROL provides improved
performance for all types of colorimetry. Descrip
tive bulletin with prices (including accessories)
upon request.

~o. 26100 KROMATROL PHOTO)1ETER complete with 10 sets of narrow-band filters peaked
at 400, 430, 460, 490, .525, 565, 620, 650, 700 and 750 millimicrons; 3 matched tubes graduated at 10
1111; for operation on 115 volts, 60 cycles, A.C $385.00

Immediate Delivery from Stock

WILL CORPORATION
ROCHESTER, N. Y. OFFICES AND WAREHOUSES

BUFFALO APPARATUS CORP., BUFFALO, N. Y.• WILL CORPORATION, 596 BROADWAY, NEW YORK CITY

LABORATORY APPARATUS AND CHEMICALS



IN'STRUMENTATION
A versatile cap,acity-sensitive circuit, recently become commercially avail·
able, is suitable for a variety of control problems in the laboratory and plant

by Ralph H. Mulfe,.

SIMPLE control equipment has been a necessary adjunct to
laboratory instruments for a long time and there are few labora

tories which do not require thermostats, pressure regulators, and
the like. The first use of electronics in thermostat control is more
than a quarter of a century old, for in 1921 D. J. and J. J. Beaver
of Columbia described a line-operated tube circuit for use in con
junction with mercury-toluene regulators. In most of the better,
commercially available thermostats, electronic control is a stand
ard feature.

An ext.remely versatile circuit has recently become commer
ciallyavailable, known as the Thermocap relay, manufactured by
the Niagara Electron Laboratories of Andover, N. Y. It is fur
nished in a "laboratory" and in a "plant" model. A general view of
this control is shown in Figure 1.

clip is adjusted to the desired point and an adjustable tri=er con
denser which is part of the "grid-leak" network is adjusted until the
circuit is brought to the control point. Small changes in temperature
will now exert on or off control. If the control point is not quite cor
rect, it may be changed by an appropriate shift of th.e clip and read
justment of the trimmer. An alternative control element is shown in
Figure 2, B, as a split clip, one section of which is connected to gr~und
directly. This arrangement is suitable for the control of liquid level
in manometers, burets, flowmeters, etc., and operates with conduct
ing or nonconducting liquids.

It has been found that with a thermometer with 1 0 C~ calibra
tions, an average of *0.1 0 C. control may be achieved; one cali
brated to 0.1 0 C. will control to *0.02 0 C., and with special ther
mometers of large bulb and fine capillary as little as *0.001 0 C.
will effect control.

Minute pressure changes are readily used for control by the
Thermocap. The pressure change is communicated to a thin
metal foil diaphragm, the motion of which changes the capaci
tance between diaphragm and a metal electrode placed a few
thousandths of an inch away from it. Differential pressures are.
similarly accommodated by exerting the pressure on either side
of the diaphragm. In a related technique, radiation effects are
detected and controlled by using a blackened diaphragm as a re
ceiver and depending upon its flexure on heating. In this case
the diaphragm casing is open on both sides to eliminate ambient
pressure fluctuations.

As a typical example of a useful application, laboratory distilla
tion control may be cited.

To

Figure 1
~ermocap

~e1'lDOOap

The circuit is a.c. line-operated and is based on a capacity-relay
scheme of Shepard.. This relay was originally developed for bur
glar alarm service, using the variable capacity to ground created
by persons moving in the vicinity of an "antenna." A 6B8G
tube is used as an rJ. oscillator with an RC network in the grid
lead. If tne distributed capacity between this lead and ground is
changed by a very small amount, the amplitude of oscillation is
changed by large amounts. The resulting amplitude change is
fed through the diode elements of the 6B8G to the control grid of
a 25A6G power pentode, the plate circuit of which includes a
relay and milliammeter. The reversible relay contacts connect the
power line to the load which is to be controlled.

The control function is achieved by producing a capacitance
change between the control grid and ground. The simplest ex
ample is illustrated by Figure 2, A, in which a thermostat is to
be controlled by an ordinary mercury-in-glass thermometer.

The grid connection is made to a metal clip which is fastened at the
appropriate point on the thermometer stem. The capacity of the
mercury to ground is large and will increas1:J as the meniscus ap
proaches the plane of the metal clip. At a certain critical position the
Thermocap wjll operate. In practice, it is not necessary, indeed not
feasible, to move the clip until positive relay action is secured. The

GroUDlle4

A B

Figure 2, Simple Clip (A) and Split Clip (B)

It was desired to control' the boiler heat input by the head tempera
ture, to retard boiler heating if the reflux went too high in the column,
and to turn off the heat when the receiver was filled to a predetermined
level. All these functions were performed by one Thermocap by con
necting one wire to the head thermometer, a longer wire to a clip on
the reflux column, and a third wire to a clip on the receiver. The
heater was plugged into the output of the Thermocap. If the reflux
and distillate were below the predetermined level, the boiler heat was
continuously controlled in accordance with the head temperature.
Should the reflux rise too high and threaten carry-over, the heat was
turned off until it quieted down. When the receiver had1illed with a

21 A
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Figure a

INSTRUMENTATION

This method of control is analogous to another' scheme' which
finds wide use in industrial controls in which two small coils are
placed in the tank circuit of an oscillator. If a moving vane is
caused to enter the plane of the c;:oils, oscillation will cease
abruptly. This action is usually transferred to a trigger tube
which actuates a relay. The Thermocap is adaptable to the
smooth control of large amounts of power in addition to its "on
off" action. This arises from the fact that the plate current in
the output stage increases uniformly as the input-controlling
capacitance changes. The output tp.be therefore acts as a varying
resistor and may be used to phase-shift a large thyratron.

Interesting uses have been made of the Thermocap in conduc
tivity measurements. If two ring electrodes are fastened to the
outside of a glass tube and one of them is grounded and the other
connected to the control grid of the Thermocap, control may be
effected by a change in the conductance of the solution in the
tube. The electrodes are external to the system, do not have to
be made of noble metals, and can be crude, as long as their loca
tions are stable and secure. There is no one-to-one correspondence
between the true conductance and the equivalent capacitance
changes, although they are quite similar. Presumably, this is of
little importance in many applications and is outweighed by the
very great sensitivity to conductance changes.

In all probability the Thermocap could be used as a very simple
element in servo-mechanisms in which the initiation of control by
the primary element would start a compensating element to op
pose the change in the original variable. On this basis" one has the
opportunity of eliminating all arbitrary or empirical factors in the
control or meaSuring operation.

We were amused and startled recently in the laboratory of one,
of our gifted organic friends. Along with a number of important
operations which were proceeding simultaneously, he had fitted
a distillation assembly with the Thermocap control, essentially as
described above. Most of us would be satisfied with a simple
alarm or trouble lamp as an indicator, but this chemist is also a
music lover and had connected a broadcast receiver in the relay
circuit; consequently when Beethoven went "off the air" he knew
that his attention was required.

distillate to the desired level, the heat was cut off until the material
was removed. In addition, higher boiling fractions could not con·
taminate the distillate, as the head temperature was prevented from
rising by the Thermocap until its control point was purposely reset.

Obviously, any small displacement can be converted into a c~

pacitance change and serve to control the Thermocap. On this
basis the motion of a pointer on a gage, meter, or galvanometer
can be used without any physical contact with the moving ele
ment. In a typical installation shown in Figure 3, Thermocaps
are controlling the temperature of furnaces.. In this case, small
'metal vanes are located in proximity to the galvanometer needle
of a potentiometric pyrometer. Any deflection of the galvanom
eter from the preset value operates the Thermocap. There is noth
ing particularly critical about the setting of these vanes or in their
fabrication. The manufacturers of the Thermocap are in a posi
tion to devise and install control vanes or meters, galvanometers.
etc., for special problems or applications.
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Lead, the low-melting-point metal of many uses, is mentioned in the Old Testament
as being found among Solomon's treasures. In ancil;nt times, the Romans mined
lead ·when they controlled Wales. Today, the British Isles still produce a large
percentage of the world's supply of this essential element.

Lead compounds, in addition to their applications in the laboratory, are vital to
the manufacture of pigments, alloys, protective coatings, storage batteries, insecti
cides, and numerous other important industries that make possible our way of life.

The wide variety of analytical and industrial uses of lead compounds demands
chemicals of maximum purity and dependability. Merck & Co., Inc., for almost
four generations, has set the pace in the production of fine laboratory chemicals.
The Merck label, which conforms to A.C.S. methods of stating maximum impuri
ties, always has been the chemist's assurance of uniformly high quality.

MERCK
lABORATORY CH EM IGAlS

MERCK & CO., Inc. Jl~!/~a RAHWAY, N.].

New York, N. Y. • Philadelphia, Pa. • St. louis, Mo. • Chicago, III. .• Elkton, Va.

los Angeles, Calif. • In Canada: MERCK & CO., ltd. Montreal • Toronto • Valleyfield

Among Important Merck
Reagent Lead Compounds:

LEAD ACETATE REAGENT

LEAD CARBONATE REAGENT

LEAD CHLORIDE REAGENT

LEAD DIOXIDE REAGENT

LEAD NITRATE REAGENT

LEAD OXIDE ·REAGENT

LEAD SUBACETATE REAGENT
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Developed to eliminate the difficulties encountered ,
when using an Ethylene Glycol Bath for Gum Deter
rrinations, the "Precision" Gum in Gasoline unit shown I
above represents a major improvement over existing
equipment. Tests show that air flow and tempera- I
ture uniformity are well within A.S.T.M. requirements.

FEATURES ,
The aluminum block contains five equally spaced holes 2-1/16" diameter, 2-3/4" I
deep, accommodating five 100 cc lipless Berzelius type beakers. Center of the ,

block forms integr;l air distribution chamber to insure uniformity to all five

air nozzles. A long continuous air pre-heating spiral is cast inside block and ,

stainless steel sheathed electric heating units are clamped to the block bottom. I
Temperature is easily maintained at normal operating levels well within

A.S.T.M. requirements. Temperature of block which determines temperature ,

of beakers and air jets is automatically controlled by adjustable hydraulic ,

thermostat. Heavy glass wool insulation between block and outer sheet metal

casing reduces heat loss ~o absolute minimum. Neon pilot light indicates ther- ,

mostat operation, and line switch and auxiliary switches control the heating ele- ,

ments. Dial type air flow gauge eliminates need for orifices or capillaries.
.. ,

$u'lfow!'.e~$~~eak4

~'PRECISIOI"5-UIIT GUM
# IN GASOLINE APPARATUS
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The New Industrial
Cartesian Manostat

25A

I-Larger Capacity
2-Wider Range (supplied with 3 interchangeable orifices)
3-Higher Sensitivity
4-Greater Flexibility
S-Control of both Pressure and Vacuum
6-Simplified Operation
7-Fool-Proof Design
8-Stainless and Chrome Steel
9-Low Price

FulIi ling the present pressing demand for a heavy
duty, all metal unit, this unusually economical In
dustrial Manostat will maintain constant pressure
or vacuum to within 1/10 of 1%.

The new Emil Greiner Industrial Manostat has all
the advantages of our glass Manostat plus the fol
lowing important features:

Working on the physical principle of the Cartesian
Diver-a method neW' to industry-this new type
Industrial Manostat is entirely automatic. No com
plex electrical or mechanical systems-no addi
tional equipment of any kind is required for its effi
cient operation. You have only to put this new,
completely self-contained unit in your system
SET IT AND FORGET IT.

• Sensitive
Economical

Automatic

Positive •

ACTUAL SIZE

For complete information, including perfor
mance and operating data, write for
Bulletin leM-96.

Cartesian Manostat, Model No. 5 lIndustriall, complete with 3

interchangeable orifices and mercury, $95.00.

Size: 7%" overall. Diameter: 31f.". Weight: approximately 6%lbs.

To see our.manostats in operation, you are invited to
visit our Booths 226 and 228 at the Exposition of Chem
ical Industries, Grand Central Palace, New York City. 9kEMIL

161 SIXTH AVENUE NEW YORK 13, N. Y.
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To the best of our knowledge no other silica
and quartz manufacturer in the United States
can offer the integrated research, design, manu
facturing and construction facilities available
through Amersil*.

An integrated service from the inception of a
silica ware plant for extreme temperatures and
highly corrosive operating conditions to turning
it over to the customer with a guarantee as to
quantity and quality of throughput.

Our backlog of orders is the best evidence
this service is sound.

• Trade Name Reg;,tered

A~IERSIL CO~II·..:\~\:· In(·.
:~

CHESTNUT AVENUE HILLSIDE 5, N. J.

VOL U MEl 9, N O. 1 0

Announcing the Second· Edition ...

Revised and Enlarged

"TUNGSTEN"
Its History, Geology, Ore-Dressing,
Metallurgy, Chemistry, Analysis,
Application, and Economics

By K. C. LI, Governor, Commod

ity Exchange, New York and

CHUNG YU WANG, University

Medallist, Columbia University

This book meets the need for a comprehensive
treatment of the geology, processing and uses of this
strategic metal. The occurrence, composition and
preparation of tungsten ores, its uses, chemistry
and economic aspects - all are discussed. It in
cludes maps, illustrations and color reproductions.

435 Pages • A.C.S. Monograph No. 94 • $8.50

REINHOLD PUBLISHING CORPORATION
330 W. 42nd ST. • NEW YORK 18, N. Y.

"PRESSURIZED" FUME HOODS

for Air-Conditioned Laboratories
"Pressurized" Fume Hoods are designed to operate efficiently in air
conditioned laboratories without disturbing the balance of the room air
conditioning system. The need for this type of fume hood is evidenced
by the fact that one ordinary 6-foot fume hood will remove about 1,O(JO
cubic feet Qf air per minute from a room. Removal of this quantity of
air from a room may throw the air conditioning system out of balance
or necessitate the installation of a system greatly in excess of normal
operating capacity. In either case, installation and operating costs
would be increased. With Sheldon "Pressurized" Fume Hoods these
costs are held to a minimum.

Specify Sheldon ... Buy Sheldon

E. H. SHELDON & COMPANY
MUSKEGON, MICHIGAN
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VISIONNonwoven CLOTH .•• not .paperl

VISKING·invites you to test.
revolutionary new filtering material·

YOUR Name ...

YISKON DIYISION

MAIL The V,lsklng Corporation

TEST Title .

~ .. __ ._........•••.. _-_...-.... __..~
I
I
I

•
6733 W. 65th St., Chicago 31, III. :

Gentlemen: Without ohligation, send me :
free samples ofVISKON:-along With com- I

plete technical information.
FOR

COUPON

fiSK0N...a product of VISKING Research

THE VISKING CORPORATION
6733 West 65th Street • Chicago 38, Illinois

TEST VISKON WITHOUT OBLIGATION

To enable you to determine how VISKON
may fit in with your filtering requirements,
and to give research men every opportunity
to examine and test VISKON, samples will
gladly be sent on request. Simply write us on
your letterhead-or use the convenient cou
pon. Either way, no obligation to you.

varnishes, photographic emulsions, starches
and air.

Used on plate and frame filter presses by
one of America's larg~st food processors,
VISKON gave substantial operating ecpno
mies. While four complete ~ses of VISKON
have been standardized on in this plant be
fore discarding, tests indicate it could be used
safely five to eight times. Very successfully
used on certain applications in sparkler type
filters.

Tested in a large sugar refinery, VISKON
withstood an unprecedented number of filter
ings before being replaced with new VISKON.

I'
I
I.
I
I
I
I

I SAMPLES
I Company .
I

1OF VISKON IA..".. ....' ....'..•......•.........
~ __..-. __ _.-._--.-

1. High wet strength

2. Unusually high flow rate

3. Ability to suppori siandard filter
aids such as diatomaceous earth
and similar filtering material

4. Re-usahle wh~n carefu'ly wal;lhed
5 •. Cuts cost because it is re-usable

6. Chemically pure and non-toxic

7. Durable-doesn't fall apart in use

8. Insoluble-fibers bonded with
insoluble agent

9. Lint-free-as compared ~o woven
cloth or paper

10. Por~)Us yet absorbent

11. Will not ravel. No threads to
contaminate flow lines.

VISKON-radically different new filtering
material recently developed by Visking Re
search--'-now points the way to improved
methods of filtering many types of industrial
liquids.

Exhaustive tests with VISKON indicate
economies and other important advantages
far beyond the limitations of other filtering
materials.

PROPERTIES OF VISKON

Not a paper, VISKON is an unwoven cot
ton or rayon cloth-strongly bonded with an
insoluble agent. The two different types. of
VISKON are available in a wide variety of
weights and sizes-,-and the principal proper
ties thai recommend VISKON formanydiffer-.
ent filtering applications are:

TYPICAL SUCCESSFUL APPLICATIONS

Recent tests indicate decided advantages in
the use of VISKON for filtering of gelatinous
products, edible oils, glucose, sugar liquors,
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~_~60 East fifteenth Street_~~LosAngeles. CaWomia
I-",~:,,·,C) ~ Sl'urrlt'. W(J~hJll(llon

EAA UN,KNECt-,. HEIMANN-CO. - -~ SCIU..,.rnc SUPPLIES CO.

IIZIRCONARCII

PHOTOMICROGRAPHIC LAMP
For better black-and-white arid

color photomicrographs

Write for Bulletin ZL-321

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

Combines the concentrated light of the Western
Union arc light bulb (about 1 mm dia.) with our
fluorite-coated, 7-element aplanatic optical system of
highest correction, free from chromatic aberration
... Device for double intensity exposures ... Prac
tically harmless to living cultures ... Built with the
same precision as the microscope itself ...Complete
with starting unit ... Order direct or from leading
supply dealers. Price, $325.

Radically

diFFerent I

COORS PORCELAIN COMPANY
COLDEN, COLORADO

NEW

Shell-Design
Viscometer Bath

Braun
Kinematic

BRAUN
CORPORATION

ACCU RACY-Measurements are made with an error
not greater than ±O.2% from true kinematic viscosity
when the viscometer constant is calculated as a simple
integer in order to simplify calculation. Even greater
accuracy can be secured if required by using the actual
constant.

SPEED - At a conservative estimate this method takes
one-fifth the time required by other methods. The speed
with which samples can be run, with up to nine samples
being run at a time for continuous operation, makes it
practical to run checks of all items of importance.

'EASE OF" OPERATION - Both the test procedure
and the operation of the apparatus are simplicity itself.
Cleaning requires only about thirty seconds without
removing the viscometer tubes. Tubes need be removed
only for changing sizes and types.

ECONOMY- Continuous operation permits full use of
the operator's time. Highly skilled operators are un
necessary. Cost per test is appreciably lower than by
other methods.

THE RANKIN VISCOMETER TUBE is now obtainable for
use on black oils. The extreme accuracy and speed
possible with this new tube will make the Braun Shell
Design Kinematic Viscometer Bath more essential in your
laboratory than ever before.

WRITE FOR BULLETIN C-144. Address Dept. A-10.
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NOW

• You get this great temperature range in the
new Lindberg Model G·IO laboratory furnace.
This versatile box furnace can also be used as a
muffle furnace, or with carbon blocks for non·
oxidizing atmospheres. The furnace can be op
erated continuously up to 2,500° F. and its
3,000° F. top heat can be used intermittently.

COMPACT. This is a self-contained unit that's
only two feet wide and three feet from front to
back. All necessary instruments and aeees·
sories are mounted inside the supporting base.

The furnace is five feet high with door closed.
Working chamber, door lever, and most-used
controls are at easy operating level. Front and
sides are full.enclosed; quick access to the
working mechanism is through mesh guard
plates on the back.

The work chamber is 12" deep, 672" wide,
472" high. The furnace shell is insulated with
3,000° F. insulating brick backed up with
magnesium block.

The work chamber door lifts vertically, so
the hot side is always away from the operator.
Counterbalanced, it opens at a touch of the
lever mounted ~n the right side, and locks in
open position.

UNIFORM. Reati.ng is even, with 10 silicon
carbide Globar heating elements distributed
equally at top and bottom ofthe work chamb~r.

FAST. The 3,000° F. top heat capacity pro·
vides heat at any lower level more quickly.

EXACT. Model G·IO reaches and holds exact
temperatures. The indicating controller pyro·
meter is entirely automatic ... operates elec·
tronically.

Model G-IO is designed for operation on 230
volts, 60 cycle, single phase A. C. Special
voltages in A. C. to order. The variable volt
age transformer has a capacity of 8 KW and is
used in conjunction with the ll.pointtap switch.

Ask your laboratory equipment dealer for com
plete informati.r.." about this new Lindberg
Model G- [(I.

Counterweighted
door

Indicating
pyrometer
and automatic
controller

Work
chamber
12" deep
6Y," wide
4'!2" high

eraturesto 3,()()()Of
peration to 2,5()()Of

the NEW Lindberg

--
laboratory

box furnace!

•continuous• • •

lINDBERG
This back view; with mesh
guard plates removed, shows
quick accessibility

Lindberg Engineerin'g Company, Chicago, Illinois. Manufacturers of
furnaces, hot plates, and carbon determinators for the modern laboratory.

SOLD EXCLUSIVELY THROUGH LAB~RATORY EQUIPMENT DEALERS
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No. 8793-TYGON FLEXIBLE TUBING

Well Thick. Price
Inches Per Foot

Well Thick. Price Inside Diem.
Inches Per Foot Inches----------:--

• For gas, air and liquids

• Acid and corrosion resisting

• Unaffected by oil, gasoline,
alcohol, or water

• Does not deteriorate with age

• High dielectric strength

• Withstands repeated flexing
(flexing life 10-12 limes that
of rubber)

• Tronsporent, almost colorless

1/8 1/16 S .13 3/8 1/16 S .32
3/16 1/16 .18 1/2 3/32 .53
1, -4 1/16 .22 5/8 3/32 .65
1/-4 3/16 .7-4 3/-4 1/8 .90
5/16 1/16 .27 1 1/8 1.20

Discounts: 25 It. of one si.., 10%; 100 It. 01 one sin, 25%; 500 It., 31 ~%

Inside Diem.
Inches

Announcing - -
The POLARO-ANALYZER

Based on the design by Schulman, Battey, and Jelatis Review of
Scientific Instruments /8, 226 (1947) ,

Features-

• High speed of operation and increased sensitivity due to use of a
current recording system of negligible damping. Inked chart record.

• Anyone of six polarizing ranges selected by means of a single
control.

• Instant selection of anyone of nine amplifier se~sitivities, from
0.5 to 200 jJ. amps. full scale, by means of a single control. No
conversion chart needed to change deflection to current.

• Provision for compensation and for conventional damped opera
tion.

• Numerous other excellent design features.

A SUPERIOR INSTRUMENT FOR RESEARCH AND ROUTINE
POLAROGRAPHIC ANALYSIS

For Further Informdtion Address

RUTHERFORD INSTRUMENT COMPANY
P. O. Box 3004

Parkfairfax Statio'n Alexandria, Virginia

SCHAAR & COMPANY
Complete l.aboratory Equipment

748 W. LEXINGTON STREET CHICAGO}

5000* R. P. M. on D. C.

ADAMS Safety-Heael CENTRI.FUGE
Improved Model As Supplied to u. S. Army and Navy

This centrifuge offers important advantages over the conventional units. The tubes are
suspended at a fixed 52 0 angle - thus faster sedimentation is achieved by the shorter
distance particles are required to travel , .. creating mass, and reaching the bottom more
quickly. The tubes remain in the angular position and no stirring up of sediment results.

CT·1001 ADAMS SENIOR SAFETY-HEAD CENTRIFUGE for SIX
15 mi. TUBES.

Exclusive of tubes or shields . . Each $58.50

CT·1000 Same as above, but complete with six round bottom brass shields
with rubber cushions and three each graduated and ungraduated taper bottom
15 ml. gla~s tubes.

Without protective cap or underguard Each $64.50

CT-1055 UNDERGUARD. Each $ 3.50

CT·1050 PROTEalVE CAP Each $ 2.50

CT.1oo2 ADAMS SAFETY.HEAD CENTRIFUGE for six 15 ml.tubes com·
plete with Safety.Cap (a·1050) and underguard (CT.10S5). Each $70.50
Above centrifuses have universal motors for 11 O-volt A. C. or D.·C. current.
Additional charge of $2.00 is made for 220-volt universal motors.

* With underguard No. CT.1055 with six 15 ml. tubes
loaded. 4200 R. P. M. on A. C. with same load.

MICRO and SEMI·MICRO tubes (S ml. to 0.5 ml.) can be accommodated by pur-
chasing extra shields. No adapters are required. . .

Other ADAMS CENTRIFUGES are described in our new literature Form 309-R3/EC.
Write for a copy.
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THE HARSHAW CHEMICAL co.
1945 East 97th Street, Cleveland 6, Ohio

BRANCHES IN PRINCIPAL CITIES

CHLORINE TRIFLUORIDE,
perhaps the most reactive

chemical compound ever made, is
the latest addition to the Harshaw
Fluoride Line and takes its place
beside Bromine Trifluoride as
another Halogen Fluoride made
available to industry by Harshaw.
"That stuff is just fluorine which
has been tricked into staying
liquid," commenteda visitingchem
~st after reviewing our accumulated
information on ChlorineTrifluoride.

Chlorine Trifluoride does show so
many of the reactions of fluorine,
such as those listed ·above, . that
often it is a very acceptable alter-

nate to the element itself. It con
stitutes a .very valuable supplement
to the fluorine cells in laboratories
and pilot plants conducting inves
tigations in fluorine chemistry. It
is a great aid in the elimination of
delays imposed on experimental
schedules. by limited fluorine gen
eration capacity.

The use of Chlorine Trifluoride is
so simple~justa cylinder contain
ing a volatile liquid gives you the
reactivity of fluorine held under
perfec:t control. Where the reactive
properties of fluorine ih a very
slightly modified form are desired,
Chlorine Trifluoride is the answer.

CRBMZcJU PBOPBBTZBB
1. Converts COF2 to COF3
2. Converts AgCI or .AgF to A9F2
3. Reacts vig.orously with water, or

ganic materials, hydrogen, sulfur
dioxide and a vast number of
other elements and compounds.

PRYBZCJlLPBOPBBTZBB
1. Boiling point. • . 11.3°C
2. Freezing point ';"'&3°C
3. Density • • • 1.& glml

07'RBB RJiuRJlW
PLUOIUNJlTZNG JlGBN'l'S

Antimony Trifluoride, Anhydrous
Argentic Fluoride
Argentous Fluoride
Bromine Trifluoride
Cobaltic Fluoride
Hydrogen Fluoride, Anhydrous
Manganic Fluoride
Mercuric Fluoride
Potassium Fluoride, Anhydrous
laboratory and Commercial Fluorine

Cells
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The

•••• is used by these companies
to test the resistance of their
products to the destructive eflect
of weathering •••

PHOTOVOLT
Line-Operated Electronic

pH METER

PHOTOVOLT CORP.

INCORPORATED
3718 NORTHERN BLVD.. LONCi ISLAND CITY 1. N.Y.

New York 16, N. Y.
Reflection Meters
Densitometers

I_fADING
'lASS (OlOR

,STANDARDS

Colorimeters
Fluorescence Meters

A truly universal instrument
• lor laboralory and indu,trial application
• lor all type, and de,ign, 01 electrode,
• lor pH. litration. and oxidation-reduclion potenlial,
• lor all AC power line, 90-275 .olls 50-60 cycle,
• a.ailable with or without portable wooden hou,ing
• lurni,hed with ,hielded gla.. elettrode, a.ailable also with

,hielded compartment lor un,hielded electrode,

Permcinent reliability of Helli,e Glass Color Stand·
ards, accuracy of color comparison, simplicity of the
technique, and compactness of the apparatus are
exclusive features of Hellige Comparators not found
in any similar outfits.

WRITE FOR BULLETIN No. 602

FO.R BETTER

Also:

95 Madison Avenue

HELLIGE

The Weather-Ometer brings weachering conditions right
into your laboratory A few weeks testing with control·
able cycles of light, water spray, and selected temperature
and humidity equals years of actual outdoor exposure.
The Weather-Ometer is safe to operate automatically 24
hours a day without attention.

Used all over the world - Atlas Weather.Ometers,
Launder-Ometers, and Fade·Omecers.

* B. F. Goodrich Company* Prismo Laboratories* K. Sonneborn Sons. Inc.* United States Rubber Company* United States Testing Company* Tennessee Eastman Corporation
* Aridye Corporation* American Cyanamid Co.* Chance Vought Aircraft* Collyer Insulated 'Wire Co., Inc.* Congoleum Nairn. Inc.* Phillips·Petroleum Co.
* Pacific Mills* Nox Rust Corporation* National Bureau of Standards

(Chemistry Bldg.)* National Bureau of Standards
!Textile Bldg.)* U. S. Naval Clothing Depot

* U. S. Navy Yard* U. S. Marine Corps* U. S. Naval Hospital

and hundreds of others

ATLAS ELECTRIC DEVICES CO.
361 WEST SUPERIOR STREET, CHICAGO 10, ILLINOIS
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SAFE
No glowing elements

No heat "builc:l-up"

No exposed wires

33A

A Gyco Jacket on
a Griffin Beaker
one of many types

now available.

Laboratory heating devices must be safe
to use - and Gyco Heating Jackets (patel!t
applied for) fully satisfy this requirement.
Here's why:

The elements in Gyco Jackets do not glow,
an essential quality when used in the presence
of inflammable vapors. For a recent test a
Gyco Jacket taken from stock was fitted with
a flask filled with pure'acetone. Under full
power this volatile solvent boiled violently,
splashing over the top without igniting. The
flask was then removed and the elements were
allowed to heat to over 600 0 F., as shown by
a pyrometer. The flask filled with acetone
was poured directly onto the operating ele
ments, completely flooding them. The in
flammable solvent evaporated safely-with
out flash or flame!

A second important safety factor found
only in Gyco Heating Jackets results from

Exclusive Distributors:

placing the fully-insulated elements at the
inner surface. There is no heat "build-up"
requiring a cuthack in power. Element!t
huried in insulation have a tendency to over
heat because of a lag in heat transfer. The
close contact of the eleinents in Gyco Jackets
overcomes this danger by transferring heat
rapidly and more efficiently.

You can also depend on Gyco Jackets for
long life. They are now guaranteed against
all material or construction defects for one
year. Enjoy, too, the convenience of light
ness. and flexibility. Ail sizes are immedi
ately available from stock, for flasks, jars,
beakers, bottles, funnels, Buchner funnels,
columns, and resin flasks.

Specify Gyco Heating Jackets on your neXt
order. You can be sure they're safe! De
scriptive literature sent.on request.

(~~ SCIENT·IFIC GLASS APPARATUS CO.,IHC.
~~ ~f. . BLOOMFIELD - HEW JERSEY
~ LA80RATORYAPPARATUS -INSTRUMENTS - CHEMICALS - GLASSWARE



'-----A. DAIGGER & COMPANY

This

can save you
MONEY

FREE· BOOK

Wood Carrying Case for any of the above
$6.50. Two polarizing discs for color

study or arganic crystals, fltting any model

$3.25 per set.

Accessories:

MODel G-l. ....•...••75X to 150X.......•.. $42.50

MODel G·2 ........••75X to 300X ....•.•... $47.50

MODel G-3 ......••.•75X to 400X ....•..•.. $52.50

Available in 3 ranges af magniflcation:

VOL U MEl 9, N O. 1 0

96 PAGES OF VALUABLE DATA.
You'll use this handy reference book
many, many times. Gives theory and

application of pH, Chlorine and Phosphate
Control in 34 different industries. Tells you how you
can cut testing time to the minimum ... and secure
accurate determinations. Illustrated and described
are the Taylor Comparators
which permit you to make some
determinations in as little as
one minute. ALL TAYLOR LI
QUID COLOR STANDARDS
CARRY AN UNLIMITED GUAR
ANTEE AGAINST FADING.

See Your Dealer Today or
Write Direct/or Your Free Copy

STAND

IT'S NEW•.•
IT'S AITRACTIVE

This new, versatile, achromatic microscope em..
bodies all the optical and mechanical necessities
faund in higher priced instruments. It is designed to
bring within reach af everyone, a powerful, pre
cision instrument capable of handling most micro
scopic jobs. It has excellent resolving power in a
range from 75X t6 400X and is brought to you at
an amazingly low price.

1. Fully corrected achromatic objectives.
2. Exacting coarse and flne pinian adjustments.
3. Large, heavier stage with rotating diaphragm

turret with six (6) different size apertures in
cluding One for dark fleld iIIuminatio!,.

4. Remova ble spring clips.

5. Heavily chromeplated metal parts.

Professional Microscope
Ideal for Labs, etc. Magnification 7Sx to 400x

1200 ViATTS 2000 ViATTS

STEPLESS CONTROL

LABCONCO
HEAT E R

serving 'aboratories for over 53 yeors
159 W. Kinzie Street Chicago 10, Illinois

Tilting device for comforta ble,

Optically ground lenses which
give a wide, flat fleld with
sharp resolution.

Rack and pInion adjustment
provides precise focusing move-
ment.

HIGH QUALITY· Optical glass, high quality can·
MIRROR cave mirror with special swivel

to meet all light conditions.
Large Stand with 3 \12 /I X 3 \12/1

stage. $29 50
easy desk or lob table work. Available now at only •

WRITE FOR FULLY DESCRIPTIVE LITERATURE

PRECISION
LENSES

EASY TO USE

Microscopes
for Students, Teachers, Hobbyists, etc.
POWERFUL Magniflcation from 65 to 200 PRECISE

diameters with 2 achromatic FOCUSING
objectives.

Precision

,.
(

34A
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95 MADISON AVENUE

NEW YORK 16, N. Y.

G
5

E-AT'IN
ANT L E

Soft Inner Construction

The all-glass fabric interior of these
mantles hugs the flask wall closely and
transfers heat efficiently. There are no air
gaps to insul~tethe flask, nor any hot wires
touching the flask and causing hot spots.

For information about the complete
line, write for Glas-Col Bulletin No.3,
Glas-Col Apparat\1s Company,
Dept. IC, 1700 S.. Seventh St"
Terre Ha~te, Indiana.

u. S. Patent No. 2.2S2.078

The glass fabric used in Glas-Col Heat
ing Mantles is flexible and tough, but if
handled constantly would be subject to
eventual damage. To reduce such damage,
standard Glas-Col Mantles are constructed
with a rigid aluminum shell which main
tains the shape of the mantle and provides
long life, even with· constant use. The
smooth, reflecting surface also provides
additional insulation against loss of heat.

• DURABLE HOUSING

for LONG LABORATORY LIFE
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~~

C.G
R I

E M
M

F E
R D

A I
A

C T

T E
r '0

0 D
M E

E
L
I

,T V

E
E
R

R Y

MODEL 7605

'1725

pAIQ.-}\{YERS I\C.

81 READE STREET . ~EW YORK 7. N. t

• Standard motor continu
ous duty.

• Plentyofpower-.01 H.P.

• Stainless ste'el mounting
rod.

• Can be damped to any
standard laboratory sup- .
.port..

• Rugged chuck, for ~" rod.

• Operates on 110' volts
AC or DC.

.This is just one of our complete line of high quality
laboratory stirrers - of all kinds, for all purposes. Tell
us your' needs. We will be glad to advise you.

WRITE FOR DESCRIPTIVE BULLETIN HUN.

GAMMA. SCIENTIFIC COMPANY

Double GLASS SCALE, Butter . Compensator,
many other new features. W rite for Literature to

• LABORATORY STIRRERS
• with COMPLETE Speed Control---_WI
• • Rheostat spee~ control to T

5,000 R.P.M.••••••••.;.:
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~ARTMAN-LEDDON COMPANY
5821 MARKET ST. PHILADt::LPHiA. PEI'lNA.

At last! WATER SOLUBLE pH Indicators!
Merely dissolve in distilled water, and im
mediately you have a sparkling clear, accu
rately pre-standardized .solution! Correct in
color tone and automatically adjusted to
midpoint of the range. Easy, q~ick, accurate
-and economical too!

U
OBSERVE THE ~.7

on tbis ftARL£CO .abe.

Model 3001 Stirrer ...• $65.00

VANDERGREN EQUIPMENT CO.
4546 N. Damen Ave. Chicago 25, III.

EXPLOSION-PROOF
STIRRER

Only 2)1" in diameter, this air motor will develop 1/6 H.P. at 100
pounds per square inch pressure with a speed range from 100 to
6000 R.P.M. and an air consumption of 7.6 cubic feet per minute
at the maximum pressure. Correspondingly lower speeds and air
consumption are obtained by reducing the pressure, preferably
with a needle valve for accurate control. Stirrer is furnished com
plete with silencer, shaft, and propeller.

NOWI Coleman Model 6-A
Spectrophotometer with
New Aloe Technical Manual

Procedures are simply but fully out

lined ..•• results read directly from the

calibration tabl~s with this new Aloe

Manual. The 31 Calibration Tables

(which are optional) cover the most

popular clinical procedur.es. With this

complete manual all the. inherent ad

vantages of spectrophotometry may

be readily adapted to routine work

as well as research. • Write' for com

plete Bulletin No. T106.

A. S. ALOE COM'PANY
Laboratory App~ratus and Reagents

1831 Olive Street, St. Louis 3, Mo.
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One Quart or Y2 Gallon per hour.
Electric Heat ••• Portable .•. Can Be
PI"gged 10 Anywhere.
Although it is small in size the "Preci
sion" MidJlet Water Still delivers fresh,
pure distilled water when you want it
and where you want it. Portable it can
be used wherever electric current is
available. .
Compact ..• Occupies no more space
than a 5 gallon bottle, the midget fits

virtuaUy in any space ... on table,
shelf or wall.
No Plumbing work ... the Midget
water still needs no permanent
plumbing connections, it can be in
stalled wherever there is a water
supply and connected with rubber
tubing.
Automatic ... After water supply is

EASY TO CLEAN connected and current is'turned on
the Midget operates automatically

Removing cov... 01·.,,11 aHord. easy acce•• without further attention, deliver.
to inside 01 evaporator lor removal of occurn- ing a continuous flow of fresh dis
ulaled deposit. No COal to lime, leak or clog. tilled water, that ischemically, phys-
Write for Detoaecl Literalul'e ,..;. 6-88C. ically and bacteriologically pure.

prpdsion Sdentifil:C~
, - - ~-: -~~-~~.§...-=:l-_-,- .., ~,~

•. ~ ......... ;; .. _ .. c....,. ;:,,~~ :?_.-..:li c~ .......-...~·· . .
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TRADE MARK

REGISTERED u. s. rAT. OFFICE

HEYIDUTY
PRECISION ELECTRIC

HEAT TREATING FURNACES

. .. embrace most laboratory and in

dustrial heat treating operations re

quiring temperatures to 25000 F. Th,y

are available in a large ran!Je of types

and sizes or custom built to your own

special requiremel'lts. Hevi' Duty Fur

naces are standard production equip

ment in many national industries. Ask

for detailed bulletins or send us your

specifications.

GLASS A.BSORPTION CELLS ..~ .

MA.UFACTURII. CO., 177 Edst 87th Street, New York, N. Y.

Sol. manufacturer In the* United State. of fu ••d *
Elect roph ore .... Ce·II •.

Makers 01 complete
tlectroDhore.tls Appar.,us

OF FilE QUALITY

made byKIett--___
Fused in an electric furhace With cement

that is acid, alkali and solvent resistant.

Optical Flat WalIs. Many stock sizes are

available. Special sizes made to order.

_-KLETI SCIENTIFIC PRODUaS-----,
KLETT-SUMMERSON ,PHOTOB.ECTlIC CCLORIMETBlS •
COlORIMETERS • NEPHaOMETERS • R.UORIMElERS • 810
COlORIMETERS • COMPARATORS • B..ECTROPHORESIS
AflPARAnJS • GLASS STANDARDS • Gl.ASS CB.LS •

KLETT REAGENTS
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• Stepless heat control.
instead of the· usual
three-heat .witch.

• Accurate temperature
control over the entire
surface.

• 110·950° F range
both higher and lower
than i. u.ually avail·

able.
• Modern. streamlined.

easy to clean.
• Hi(lhe.t qua I it y m.ate·

rial. and workman.hip
throughout.

• Choice of three .i•••.

For Your Lab!

with STEPLESS
Temperature Control

LIIDBERG
HOT PLATES

Announcing a .New
TEMPERATURE CONTROLLER

AND INDICATOR

Plus Performance-.Moderate Price

Ideal for electric furnaces, ovens, melting pots, heating tanks and
other heating devices.

• Unlike rheostat or synchronous motor driven input controls this
instrument maintains constant watt hour input and even tem
perature regardless of normal Auctuations in line voltage.

• By turning the control knob to right or left the temperature ca.n
be raised or lowered and the operator can select any desired
temperature which is automatically maintained.

• Only 5 to 20 watt hours are required to operate the controller,
permitting nearly all of the power to be consumed in useful
load.

• The controller is automatically compensating for changes in
room temperature.

•
•
•
•

Control dial markings indicate percentage of watt-hour input
of connected load.

Standard replaceable f~se is built in for protection against
overloading.

Connections are easy and simple - remove bcick cover, two
terminals each for thermocouple, line leads and load leads, all
plainly marked on large terminal board.

Openings for con'nectins wires are lined with rubber grommets
and for permanent installations will accommodate 1/2" conduit
Rttings.

Cat. No. 5690/5 5690/10 5690/15
Model· H-l H·2 H·3
Size 10x12" 12x20" 12x30"
Watts lOOO 2000 3000
Current 110 or 220 v. 110 or 220 v. 220 Y.

60 cvcle. A.c. 60 cycle. A.C. 60 cycle, A.C
Price $55.00 $75.00 $100.00

SCHAAR & COMPANY
Compi etc Laboratory Equipment

748 W. LEXINGTON STREET CHICAGO 7

ATOMIC AID. FREE RADICAL
REACTIOIS

The Kinetics of Gas Phase Reactions Involving
. Atoms and Radicals

By E. W. R. STEACIE
National Research Laboratories, Ottawa

American Chemici1;1 Society Monograph, No. 102

REINHOLD PUBLISHING CORPORATION
330 W. 42ND ST. NEW YORK 18, N. Y.

A most significant volume for technical and institutional
libraries, research laboratori-es, and for the private reference
shelves of all who are seriously concerned with the newer con
cepts of modern chemistry and physics.

... CONTENTS: General Introduction. Preface. Introduction.
Experimental Methods. Free Radicals in Thermal Decomposition
Reactions. Free Radical Mechanisms in Polymerization Reactions.
Free Radical Mechanisms in Photochemical Reactions. Systems
Containing Carbon and Hydrogen Only. Systems Containing
Oxygen. Systems Containing Nitrogen. Systems Containing
Chlorine (And Fluorine). Systems Containing Bromine. Systems
Containing Iodine. Systems Containing Sodium. Systems Con
taining Other Metals. Systems Containing Sulfur. Appendix.
Reaction Index and Table of Activation Energies. Subject Index.

SPECIFICAnONS AND PRICES

Series 500'(With Pyrometer)
Maximum

Model Walts Load Volts Cycles Amperes Pricet

J-525A1 2300 115 50/60 20 $42.50
J-520A2 2300 230 50/60 10 45.00
J-525D1 2300 115 DC 20 57.50
J-520D2 2300 230 DC 10 60.00
J-535A1 4000 115 50/60 35 52.50
J-53~A2 5700 230 50/60 25 55.00
.)-530A3 4000 115 25 35 55.00
J-530A4 5700 230 25 25 57.50

tF. O. B. Shipping Point Shipping Weight Approx. 9 Lbs.

lUlUs~COMPANY

••••1' w"..,i-
109 W. Hubbard St. Chicago 10, Illinois

548 Pages Illustrated $8.50
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3 authoritative volumes
baseel on wiele

inelustrial experience

CHEMICAL PROCESS
PRINCIPLES

By O. A. HOUGEN and K. M. WATSON
Professors of Chemical Engineering, University of Wisconsin

PART I

MATERIAL AID
ENERGY BALANCES

Part I places particular emphasis on concise and sound
applications of thermophysics, thermochemistry, and
the first law of thermodynamics. The book also dis-
cusses recovery or stripping of adsorbed gases; calcu
lating material balances; calculating mean heat
capacities of gases; deriving consistent vapor-pres
sure data; predicting the pressure and composition
of the vapor in equilibrium with a solution; ex
pressing vapor content of a gas, etc. .
1943 452 Pages $5.00

PART II

THERMODYNAMICS
Part II of CHEMICAL PROCESS PRINCIPLES develops
the fundamental principles qf thermodynamics with
particular emphasis on generalized methods used for
estimating thermodynamic properties from a mini
mum of experimental data. The application of these
principles to problems dealing with the compression
and expansion of fluids, power generation, and re
frigeration is also discussed. No attempt is made to
treat the mechanical or equipment problems ot
these operations.
1947 412 Pages $5.00

PART III

KINETICS AID CATALYSIS
Part III furnishes a comprehensive treatment of chemical
kinetics applied to reactor design for nearly all types of
reactions - homogeneous, heterogeneous, and cata
lytic. This treatment is in agreement with the
thermodynamics of absolute reaction rate and with
modern theories of adsorption. Temperature gradi
ents and tramient phenomena are thoroughly cov
ered. Particular attention is given to the interpre
tation of pilot plant data and their application to
design problems. Economic considerations are em
phasized and problems are included on establishing
optimum conditions of operation with respect to
pressure, temperature, initial composition, space
velocity, recycling, and mulristage operation.
1947 348 Pages $4.50r---------------• FREE EXAMINATION COUPON I

I JOHN WILEY & SONS, INC.
440 Fourth Ave., New York 16, N. Y. I.E.C. '10.47 I

I Please send me, for ten days' free examination, a eopy of
I Hougen and Watson's CHEMICAL PROCESS PRINCIPLES, Io Volume I, 0 Volume II, 0 Volume III

• If I desire to keep the book (5), I will remit price listed above, I
• plus postage; otherwise I will return the book (5) postpaid. I

I ~:;r::: ::::::: I
I City .••...•.••.•.•...•••.••••••.•.•.Stote............ I
I Employed by..... • . • . . • . . . . • • • • • • • • • • . . • . • • • . . . . . . . . . I

(Offer not valid outside U. S.)
L ~
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BAKER &'ADAMSON Announces

Another Advancement in Packa!lin!l

B&A HYO R0FLU 0RIC AC 10, Reagent A.CS

Two years ago. Baker & Adamson
pioneered plastic containers for its
Reagent A. C. S. Hydrofluoric Acid.
Thus, it ("liminated for all time the
hazardous old-fashioned wax bottle
for HF so long in lise by the chemical
industry. This package met with im
mediate success and widespread ac·
ceptance, for it answered a long-felt
need of laboratory chemists.

Now, with new advancements in
plastics themselves. Baker & Adamson
has developed a still finer container
its exclusive new Saftepak bottli. This
offers the combination of special pouring and
sealing features outlined, which provide
maximum utility and protection in labora·
tory use. Study them carefully, then order
your Reagent HF requirements from B&A
today ... and be among the first to enjoy the
advantages of the exclusive Saftepak. It is
readily available from convenient shipping
points, coast to coast.

t Trade ::\Iark. General CIll'mieal 1'0.

f1J()}
6 I~~
I Outstanding Pouri~:b Control

Now pours drops, needle stream, or full flow,
depending on your requirements.

Accur.ate measure ... "siphon-action" pour·
out draws back into bottle any drops clinging
to lip when pouring stops.

Translucent ... acid level always visible.'

Easy to handle . . •
the Saftepak with its
sturdy encircling lao
bel band fits conve·
niently into your hand
for easy pouring.

2 Acid Resistant
Entire unit made of special plastic highly
resistant to aqueous HF.

3 Shatter-Proof
/"""?'~ Bottle is pressure molded of shatter-proof

\

\~ plastic ... does not become brittle, crack or
tv break as do ordinary wax containers. Will

aJ
....,,.----D........ v~ :....-.<r-- 4 not shatter or smash even under heavy impact.

Screw-Tight Cap
Provides easy reclosure; safeguards against
possible spillage or leakage; protects Re
agent A. C. S. purity of the acid.

-------- 40 RECTOR STREET. NEW YORK 6. N. Y.--------

Sales lind Techlllca[ Salice Offices: Albany· • Atlanta • Balumore • Birmingham* • Boston· • Bridgep~rt
Buffalo· • Charlotee* • Chicago* • Cleveland· • Denver:) • Detroit· • Houston • Kansas Cny
tos Angeles*" • Minneapolis • New Yorke: • Philadelphia* • Pittsburgh * • Portland (Ore.) • Providence·

Sc. Louis' • San Francisco· • Sea"le • Wenatchee (Wash.) • Yakima (Wash.)
In Wisconsin: General Chemical Wisconsin Corporation. Milwaukee, Wis.

In Canada: The Nichols Chemical Company, Limited. Montreal.'· Toronto· • Vancouver·

GENERAL CHEMICAL COMPANY

BAKER &ADAMSON DIVISION

• Complete stocks" carried here.

CHEMICAL PURITY SINCE 1882SETTING THE PACE IN



YOURS • • • for the asking
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the NEW

KIMBLE

CATALOG
of

LABORATORY

GLASSWARE

100

"OUR"0 U

First new edition since wartime and post-war disrup.

tions •.. Kimble Blue Line @9 Retested and

Precision (NORMAX) graduated ware and Kimble

b Brand ungradllatcd ware.

no
\\'e are making eyery e/Tort to place this catalog in
the hands of eyer)'one concerned with laboratory work
and training. It will speed )'ollr receipt of a COP)',

and help us in serying )'011 with fnrther information,'
if )'OU will fill in and mail to liS the blank form below.

Please file my nome to receive bulletins and other infnrmation

CHECK AS DESIRED:

DIVISION OF OWENS·ILLINOIS GLASS COMPANY

OHIO BLDG., TOLEDO 1, OHIO

KIMBLE GLASS

t~AME _

BUSINESS OR
PROFESSIONAL CONNECTlON _

D Please send me the new Kimble Catalog of Laboratory Glassware

D

ADDRESS _

CITY AND ZONE STATE _

p •••••••••••••••••••••••••••••

••••••••••••••••
I

CONDENSED INDEX

-r/'t' I';,ibl ..' GUclratltcr of Jllli .. ;"/ ..' Ql/cJlily

Toledo 1, Ohio
DIVISION OF OWENS-ILLINOIS GLASS COMPANY

KIMBLE @ GLASS

Absorption Bulbs, Pipettes, Tubes.
Amber Glass Apparatus.
Bottles - Aspirator, Serum, Specific Gravity, Washing,

Weighing, etc.
Burettes
Condensers
Extraction Apparatus
Flasks - Distilling, Erlenmeyer, Volumetric
Funnels - Chemical, Separatory
Hydrometers
Pipettes - Measuring, Serological, Transfer, Special
Stopcocks and Stopcock Plugs, Interchangeably

Ground
Thermometers
Tubes - Centrifuge, Color Comparison, Culture,

Test, etc.
Tubing - Apparatus, Capillary, Barometer
Clinical Apparatus
A P I, AS T M and M C A items

A cOlllpl<:le lille of I-:Ia~,ware for 1-:('lIcral a".1 special
usc:-:, ill IIH~ n':-;car('h, llnalylical cliHI control labora~

lorit':-:' of :'Wjt'IH'(~ and indu:-;Iry.
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Other Laboratory Microscope
Gives You a Substage ...
'witf) full 3600 ri1zg nZOltllt

"'-ir OULL prefer the Bausch & Lomb Model BA-8
.l. Microscope for basic laboratory work. One reason

is the exclusive design of rack and pinion substage for
focusing the condenser.

A full 3600 ring mount gives you high initial accuracy
in centration for the full life of the instrument. No arms
to wear, bend, or break. And, the condenser is easily
and quickly removed for substitution of dark field and
other accessories.

A revolving nosepiece with roller-bearing stops is
another exclusive Bausch & Lomb feature. Objectives
are parfocalized and centered accurately. Magnification
range of standard unit is from 20X to 970x. Other
advantages and specifications are listed in Catalog
D-185, available on request.

For superior performance, built by Bausch & Lomb
exclusive design features, quality, and precision, be sure
your new laboratory microscope is a Bausch & Lomb
Model BA-8. Bausch & Lomb Optical Company, 609-)
St. Paul St., Rochester 2, N. Y.

Close-up of Rack and Pinion
Substage with Abbe Condenser
1.25 N.A. in full ring mount.

BAUSCH & 10MB
OPTICAL COMPANY t:.f ROCHESTER 2, N. Y.

':\~'"
.\..-
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