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Metallurgical laboratories can
save hours oj cooling time
with the new bath.

SOLVE COOLING PROBLEMS
with

the FISHER
R£fRiGE!?ATEO 1311111

All toOoften, the laboratory sink is made
inoperative with flasks of samples being
cooled under run ning water. This makeshift
method is inefficient and a real annoyance
which impairs the work of the enti re labor- ·
atory, The results may also be subject to
error because of splashing.

The solution to the problem is, of course,
the Fisher Refrigerated Bath - a compact
unit with built -in mechanical cooling and
thermostatically controlled temperature.

Area of the floor of the bath is 21" by
37;!z" - sufficient to accommodate sixty
300-ml. Erlenmeyer flasks. Adjustable shelf
level, convenient drain, inter ior of solid
copper. Price, $350.00.

Write for literature on the Fisher Re
frigerated Bath.

FEATURES

Controlled Temperature

Large Capacity

Economical Operation

Copper Lined

Built-in Drain

Adjustable Shelf

•

FISHER
Headquarters for Laboratory Supplies

SCIENTIFIC
Stocks at:

COMPANY
717 Forbes, Pittsburgh (19), Penna.

2109 locust, St. Louis (3), Mo.

635 Greenw ich, New York (14), New York

7722 Woodbu ry, Silver Spring, Md.

In Canada : Fisher Scie ntific Co., ltd., 904 St, Jam es, Mon tre a l
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•••
a new POLYETHYLENE package for

'Baker Analyzed' HYDROFLUORIC ACID
~ " i" ";" w i t h these 6 distinctive advantages

~-~

\/!J)

~~Baker
~

The development of th is polyethylene bottle with its bu ilt-in drain-back
spout and 6 distinctive features is just another example of the care
that Baker takes to safeguard the quality of its Laboratory Chemicals.

Remember, this new bottle makes pouring easy . You can get controlled
flow without the danger of acid running down th e outside of the bottle.

The next time you order H ydrofluoric Acid specify Bak er Analyzed
Hydrofluoric Acid in the new polyethylene package. If your favorite
laboratory supply house does not have the ne w H ydrofluo r ic Acid pack age
in stock he will be glad to get it for you.

J. T . Baker Chemical Co ., Executive Offices and Plant: Phillipsburg, N . J.

Baker Chemicals
REAGENT • FINE. • INDUSTRIAL
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needs this
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Every chemical
laboratory

X-RAY DIFFRACTION APPARATUS

SA

M ORE than half a century of x·ray development,
. including the pioneering of commercial x-ray
diffraction apparatus, is reflected in the highly versa
tile XRD-3. In fact, here's a scientific tool designed
to satisfy your diffraction needs from conventional
film-recording to direct measurement technic:

Chemists, physicists, metallurgists, mineralogists
- all acclaim it for its unsurpassed versatility in
hund reds of practical applications in their fields
and in the process industries.

If knowing the submicroscopic structures of ma
terials you work with are important to you - if you
want to maintain the desired quality of materials

throughout your manufacturing process - you'll
find the XRD-3 X-Ray Diffraction Unit your an
swer. Write today for booklet "Analy tical Applica
tions of X-Ray Diffraction Using D irect Measure
ment Technics." General Electric X-Ray Corpora.
tion, Dept. OU-2, Milwaukee 14, Wisconsin .

GENE RAL. ELE·C TRIC
X-RAY CORPORATION

NEW attachment
fluorescence

makes %-!ay ,. fast
nalysts easy •• •

a d e\opment opens
This GE X··~:i nelds for x.raYble

even .W I makes passi. .
diffractIon • • 'cent x.ray emls~lon

analysis of tluores .cal e\emepts I':'
spectra for .che,\1 Ask for detaIls.

alloYS and mmera s,
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Precision control of trace
metals in streptomycin
production _

Few American organizations enjoy the reputation for unde
viating high quality that E. R. Squibb and Sons have built up
over the years. Their products often mean the difference be
tween life and death. At Squibb, no compromise is ever made
with quality, regardless of trouble or expense.

Squibb uses "National" spectroscopic carbons in their
spectrochemical method as one tool in the control of th ei r
streptomycin production. The upper limit of trace metals in
the finis hed product of streptomycin must be carefully con
trolled. Here is real precision quanritarive control. If the
spectrograph does a job for Squibb, it should be useful in any
analysis job requiring precision.

WHY IT PAYS TO USE II NATIONAL II SPECTROSCOPIC
ELECTRO DES. National Carbon's spectroscopic electrodes
are the purest obtainable. Each shipment is accompanied b.y
a "Statement of Purity" which tells your analyst what trace
elements are present in the electrodes. As a result , he can
assess hi s plates, or film, very quickly and accu rately without
being confused by unexpected spectral lines.

OTHER ADVANTAGES OF
SPECTROGRAPHIC ANALYSIS

• Sensitive to 1/10,000,000 of a
gram for some elements

• Saves time in analysis
• Detects unsuspected metals
• Accurate testing is possible with

very small sample

• Provides a permanent record
• Differentiates between two ele

men ts chemically very similar •

• Analysis can be made in some
cases without destroying sample

The term " Neai onel "
is a register ed trade-marls oi

NATIONAL CARBON DIVISION
UNION CARBIDE AND CARBON CORPORATION

30 East 4 2nd Street, New York 17.N. Y.

District Sales Offi ces:

Atlanta, Chicago, Dallas, Kansas City,
New York, Pittsburgh, San Fr ancisco
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PRECISION-Dow Dual Recordomatic Titrometer
is one of the greatest money-savers in production con
trol. By saving time of technical personnel and keep
ing permanent chart record, it has reportedly"paid for
itself in 3 months," "cut costs to scarcely Y3 rd, " "daily
runs 6 times former volume." Bulletin 1-640A

PRECISION Micro-Set Manostat selects and holds an
exact (O.OS mm Hg) vacuum from Room to 0.1 mm of
Absolute ••• constantly without distracting adjustment.
Used between pump and distillation system, this instru
ment is more than accurate-finger tip control-setting,
compact, notably low priced. Bulletin 1-866

To make your work easier, surer, more economical, replace or
implement your present facilities with selections from some 3,000
Precision products. " Utility" items as well as highly specialized
instruments are built beyond duty requirements.

tJuWt~~ Z)ea/u NOWI
. . . or write us for details on above or

your individual problem . •. today.

precision Scientific Companq
3737 W. CORTLAND STREET-CHICAGO 47

* FINEST Research and Production Control Apparatus

NEW YORK' PHILADElPHIA' ST. LOUIS' HOUSTON' SAN FRANCISCO

7A
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NEW
REFRACTORY

DOES THE
t'IMPOSSI BLE"

Unusual properties
of NORTON FUSED

STABILIZED ZIRCONIA
start new

processing era

AGAIN • • • Norton Research opens the door s to new tech
nica l advances in the pro cessing field . First to produ ce Fu sed
Stabilized Zirconia in commercially significant quantities,
Norton now makes it possible for you to lift your pro cess
temperature ceiling up .to 4500°F.

Extraordinary properties
No other refractory offers such an unusual combina t ion of

properties. Resistan ce to high temperature comes first, of course.
But look at its low thermal conduciioitu . . . surprising becau se
of its relatively heavy weight (twice fire clay' s). What's more,
Norton Stabilized Zirconia insulating grain ha s a thermal con
ductivity of only 3 Btu . Con sider , too, it s great strength at
eleva ted temp eratures . . . its abi lit y to resist oxidizinq and re
ducing atmospheres at high temperatures . . . its chemical in
ertness in contact with titanates. Even mor e amazing is the
electrical resistivity of Norlon Fused Stabilized Zirconia . ..
ran ging from 2300 ohm -em. at 1300°F down lo 0.37 ohm-em .
at 4000°F. Resistance furnace operators lake noti ce.

WRITE FOR DATA . In T echn ical Bull etin SZl, Norton re
searchers and refractory engineers give you all th e up-to
the-minute facts about Fu sed Stabilized Zirconia . Gel your
copy .. . use th e coupon below today.

ANALYTI CA L CHE M I STR Y

HIGHLY REFRACTORY, Norton Stabilized Zirconia has successfully

speeded up .ga s synthesis prod uction by pe rmilling operating temper

atures a s high a s 4500°F. Resists all oxid izing atmo sphe res and most

re ducing atmospheres .

LOW THERMAL CONDUCTIVITY of Norton Stobi lized Zirconia brick

of 6 Btu compa res well with 3000°F insula ting brick's 6 +, fire c1ay's 12,

alumino 's 20 and silicon ca rbide 's 50 + (approximate val ues at

2700°F ).

GOOD THERMAL SHOCK RESISTANCE of Norton Stab ilized

Zirconia to e xtreme temperature gradients and ra pid therm a l changes

offers inter esting new possibilities in all processing industr ies where high

tempera ture is a fact or.

------------------------~~~==~==
NORTON COMPANY
54 3 New Bond St., Worceste r 6, Mass.

Gentlemen:
Plea se send me without obli gation, Technica l Bulletin SZl on Norton
Fused Stabilized Zirconia. I'm mterested in investigating its use for:

o lining Furnaces or Reacto rs 0 Balls for Firing Titanates

o Metal Melting 0 Electric Heater Elements

o Thermal Insula tion (Ot her applications} .

Nome .

Title .

Company .

Add ress .

City Zone Sta te .
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How '0

9 .

Elimina'.

Use Chromel~Alumel Extension leads

with your Chromel-Alumel Thermocouples

M o der n pyrorneters, with in th em se lve s, lea ve
lit tle to be desired as fa r as accuracy of temperature
m easureme nt is conce rned. They're precision built
i nstru men ts .. . deli cately balanced . . . eq uippe d
wi th automati c cold-end compensators . . . de
si g ned and engineered throughout to give you
th e fine d egree o f accuracy yo u need. And, on 3
out o f every 4 heat treating installations, th ese
accura te meters are calibrat ed fo r CHROMEL
ALUME L th ermocouples . . . durable, dependable,
sensit ive couples unconditionally guaranteed to
r eg is ter true tempe rature-E.M.F. values' with in
e xtremely close specified limits.

Yet, in spite of all the fine accuracy built into th ese
meters a nd co uples, uncontrollable " co ld- end"
err o r s w ill frequentl y occur when so-called " co m
pensati ng" lead wi res a re us ed. Here's why ...

As yo u know, when wires of different composition

are joined together, they form a rh e rmo-elecrric
junct ion. In the ca se of " co m pe nsa ting " leads
connected to yo ur Chrornel -Alumel co uples , th ese
junctions are located just outside the furn ace and
unprotected from heat. Now, as these terminals
get hot . . . and they often g et tiel")' hot . . . or when
one junction gets hotter than th e other, the
opposing E.M.F:s they g enerate tend to become
more a nd more unequal. And th is varia b le in
eq uality is in evit ably refl ect ed by se rious plus or
minus erro rs registered by yo ur meter.

How to e li mina te this common cau se of " co ld-end "
errors? Simple! Us e C H R O M E L - A L U ME L
EXTENSION LEADS with yo ur CHROMEL·ALU
M EL thermocouples. Fo r only by using th ese
wires of identical composition can yo u be sure of
getting the full benefits of accura cy offered by
roday's im proved pyrornerers . Our Ca ta log 59-R
tells the complete technical s to ry .. . want a co py?

CHROM EL·ALUiHEL couples and leads are available through YOllr instru
ment mannfacturer or pyrometer service compa ny . . . askjor them by name!

HOSKINS MANUFACTURING COMPANY
4445 LAW TO N A V E. • DET R OIT 8, MICHIGAN

NEW YORK • C tEVEtAND • CHICAGO

West Coast Repre sentali .... s in Seattle, Son Franci sco , Los Angel••

In Ca nada : Walker M e t a l Product s. It'd ., W olker ...i ll e , Ontario

ckel-chromium resistance alloy that first made electrical heating practical
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Coleman Junior Spectrophotometer
MODEL 6A

IDEA L FO R T HE ANALYTICAL

OR PRODU CTIO N LABORATORY

• Whether your work is in metals,

foodstuffs , vitamins, or the clinical

laboratory, this simplified model of

the Universal Spectrophotometer

provides simple means of trans 

mission spectrochemistry measure

ments. Its interchangeable scales

are ideal for the analytical labora

tory requirin g a variety of different

analyses from a single instrument.

T he production laboratory has a lso

found the instruments u'seful for

rapid determinations of copper,

manganese, cobalt, nickel, etc. with

the speed of the spectrograph but

with greater precision and a t much

less cost.

The Coleman Junior Spectropho

t ometer fully meets the three

requirements necessary for identi

fying a n d for measuring solution

constituents.

First , it det ermines the exact color (light wave length)
most responsive to t he considered constituent.

Second, it is ca pa ble of generati~g light of that exact
wave length.

Third, it accurately measures the intensity of that light
as affected by the constituent.

For full det a ils write for B ullet in B-2!!.

H-59540 Col em an Junior Spectrophotometer, complete with Plastic

Light Sh ield , M ounting P ads, R em ovable Transmittance-Density

Scal e P anel a nd Oper ating Instruction s- with H-59540-15 Storage

B attery and Charger with connecting ca bles • • • • • $485.00

Complete s tock of c uvettes, a d a p t ers , c a libratin A standard s a n d o t her
acces sories for immed ia t e delivery

•••••••••••••••••••••••• HARSHAW SCIENTIFIC
DIVISION OF THE HARSHAW CHEMICAL CO.

CLEVelAND 6, OHIO

•••••••••••••••• ••••••••

CLEVELAND • CIN CINNATI • DETROIT • HOUSTON • LOS ANGELES • .PHILADELPHIA
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Important Reading

yours
just for

the asking!

Our own publication ... just off the presses!

32 pages jam-packed with new's and

photographs of more than 50 new products,

and articles of technical and general interest.

We'd like you to have a copy: we think you'll

find it interesting reading.
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URE BATHS·

COMBUSTION

° TITRIMETERS

S • CLAMPS
TRIFUGES °

Y FILTERS °

PRESSURE

ECHNICAL

° BROOKLYN BATTERY

EL ° CARTESIAN MANOSTATS ° BATHS

° CONSTANT TEMPERATURE BATHS °

BURETS ° BAROMETERS • CO TION

UNITS ° FURNACES ° P TERS

° EVAPORATORS ° B PS

BALANCES ° CLAMP

COLORIMETERS ° LAB

CROSSWORD PUZZLES· E

••••••••••••••••••••••••• ••••••••• •• THE EMIL GREINER COMPANY •
• 20-26 North Moore Street, New York City 13, N. Y. •

• •• Please send me LABITEMS •• •
• Firm •• •

~6!1!l~JIDi{4!~~OJ. :5 :::r... Zone__State 5
• Attention of : Name Title.

• ••••••••••••••••••••••••••••••••••••••••
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THE PER ·K'N-ElMER

INSTRUMENT DIGEST
A co nd ensat ion o f some o f th e ortic les a ppea ri ng i n po st issues o f THE
PERKIN -ELM ER IN STRUMEN T N EWS. a q ua rte rl y publ ica tio n o f The Per kin
El mer C orpora tio n, ma nufac ture rs o f scienti fic instruments- Infra red Spec 
t romet er s, Tisel ius Ele ctro pho resis App c rot us. Unive rsa l M onochroma tor,

Fla me Phot ome te rs , Conti nuo us In frared A na lyzer , Low- Level Ampli fie rs- o s
w ell a s A stronomical Equi pment , Re pl i ca Gra ting s, The rmo co up le s, Pho to 
graphi c Lenses, C ry sta l Opt ic s, and Speci a l In stru me nts fo r th e Gove rnm en t.
For further info rmotion, write The Perkin·Elmer Corp., Norwalk, Conn.

No rwa lk, Conn, Februa ry, 1951 Vol. 2, No, 4

© The Fri end, Bloemfonte in, South A fr ica

First picture of 32 " Baker-Sch midt A 0 11 telescope. made by Perkin -Elmer. used for pho to
grap hing the Mi lky Wa y at Hurvurd Observutory's Boyden Stat ion. Bloem font ein . S. A .

tADVERTlSEMEN f)

BOILERJPATER CHECK ED
WI TH Fl.JAME PHOTOMETER
T hree new 1250 psi Cyclone steam gen

erators at the Dow Chemical Com pany's
Midlan d, Michigan, power plant have an
intake of approximately 4000 gallons of
water per minut e. Since the wa ter m ust
be silica-free, Dow demineral izes it in a
series of ion exchange units.

Frequent sodium determ inations with
a Perkin-Elmer F lame Photo meter on in
coming fee dwater makeup enab le Dow
engineers to maint ain a tight control over
water qu ality and ion exc hange resin ca
pac ities. T he instrument a lso serves to lo
cate leakage from mech anical trouble in
valves, etc.

A Perkin-Elm er Flam e Photom eter ill lise
at the Doll' Chem ical Company .

A digest of th e second of a series of
art icles 0 11 Electrop hore sis Develop ments
in Europe by Dr. Dun H . M oore. head of
the Electrop horesis La boratory at Col um
bia University's College of Ph ysicians and
Surgeons.

ELECTROPHORESIS AIDS
IN CANCER RESEAR CH

.Swlss investigato rs at the Un iversity of
Zurich have found mark ed ch anges in the
electrophoretic serum patterns of rat s with
chemically induced sa rco mas . Total serum
proteins were redu ced to less than 4 grn s
per cen t. with a ma rked decrease in al
bumin : u.-globul in was increased to the
point where it was sometimes gre ater than
the albumin. English scientists report sim
ilar patterns from human pat ient s with
various types of can cer.

In Scotland. studies are being carried
out on proteins extrac ted from normal and
cancerous tissue . P rel iminary result s show
that viru s-ind uced and chemically-induced
fow l sa rcomas differ both from each other
and from the normal.

You can receive the complete publication
from which these a rticles we re dig est ed .
Write The Perk in-Elmer Corporation, Dept.
CEN, Main Avenue (Route 7), Norwalk, Conn.,
and you wi ll receive regu larly THE PERKIN·
ELMER INSTRUMENT NEWS, an a-page quar
t erly devoted to news of th e lat est advances
in elec tro -optica l instrumenta ti on. Here are
some of th e f eatures of th e curr ent issue:

ELECTROPHORESI S AIDS CANCER RESEARCH
Report on European Develo pments

ADH SCHMIDT CAMERA IN SOUTH AFRICA
Fir st Photo graphs Reach U. S.

PIN·TYPE THERMOCOUPLES
Theory, Design and Perfo rmance

OSCILLOGRAPHIC INFRARED
Report by Shirle ig h Silv erman

NORWALK PLANT OPENED
Perkin-Elmer has completed moving its

plant and office facilities to its new 54,000
squa re-foot bui lding at No rwalk , Conn.
Old friends and new are cordiall y invited
to visit the new plant.

SAFETY SWITCH AVAILABLE
A simple safety switch. designed to pre

vent damage to the source hou sing on
Mode l 12 spectrometers. is now avai lable
from Perkin-Elmer.

These switc hes are con structed of a bi
meta llic strip and microswitch, as reported
in INSTR U~l ENT N EWS. I. 4. 5. T hey a re
adjusted to open at approximately 100° C.

(2) T=f

PIN·TYPE TH ERMOCOUPLE
HAS SPEED, SENSITIVITY

. Treatments of the design and perform
ance of exi sting thermocoup les fail to
incl ude the ad vantages and distinctive fea 
tures of pin-type construction.

T he Perk in-Elmer T hermocouple . corn
hin ing as it docs both speed and sensitivity,
has many app lications other than th at for
wh ich it was originally designed. The con
struct ion and size of the thermocouple
ma y be varied to suit pa rticular applicat ions.

Sen siti vity and time con stant may be ex
pre ssed by the following equations:

where Eu= the rmoelectric volt age or sensi
t ivity, n = thermoelectric coefficient of the
materia ls used . Q = the radi ant ene rgy per
second falling on the receiver, T = time
con stant. C = heat capacity. and L =
energy loss per seco nd per degree C.

It will be seen that a high Eo depends
upon a low L and sho rt T depends upon a
l.uge L..The Perk in-Elmer Thermocouple
is a comp romi se in that L is purposely
ma de large due to the pin-ty pe construc
tion. and by selecting materials with a
la rge n (m aking C as sm all as possible),
the desi red ch ar acteristics of speed and
sensit ivity are obt ained.
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ALL BAKER & ADAMSON

13A

IIC.P." ACIDS and AMMONIA

EXCEED A. C. S. REQUIREMENTS

Whet h er for laboratory research or
for exacting pr odu cti on use, when your
plans call for highest purit y acids and
ammonia- be sure you specify B&A.

Year in, year out Baker & Adamson
"c.P." Acids and Amm onia always
meet or sur pass the str ict purity stand
ards set by the chemical profession
itself-through the Am erican Chemical
Society-governing reagents suitable

for careful an alytical work . Every ton
-ever y pound-is "quality controlled"
at eac h step on its way to you.

The s e pu r it y p r o d u c t s are packaged
in l ib. and 5 pint bottles, and in B&A's
special 6lh gallon carboy - the com
pletely-covered conta iner with screw
cap elos ure which is ideally suited for
process use.

Produ c t ion fa cil iti e s f o r Bt.A
Reagent Acids and Ammo nia are stra
tegically located across the nati on; and
read y-for -deliver y stocks are carried
by 13&A's huge chain of distributing
sta tions in indu strial centers from coast
to coast. Any one of the offices listed
below will handle your order promptly
and efficiently.

BAKER & ADAMSON ~~&ItlJ:
GENERAL CHEMICAL DIVISION

A LLI ED CH EMICAL & DYE CORPO RATION

--------- 4 0 RECTOR STREET, NEW YORK 6, N. Y. - - - - - - 
OfliuJ: Al bany · Atlanta • Ba ltimo re " • Bir rnmgha rn " • Boston • Bridgeport" • Buff a lo " • Charlone .
C h icago? • Cleve land" • De nver· • Dcrrou " • Houston" • Jacksonville • Los Angeles " • MinneapoJis

New York· • Plnl ad e lplu a " • P in s b urgb " • Prov i den c e " • SL L OU IS · • San Franr i sc o "

Sea rtle • Yakima (WasIl.)
In \'V' isconsi n : Ccnc ra t Chemical Company, Inc. , M ilw aukee , \X'is .

In Canada: The Nicho ls C h em ica l Company, Lim ited • Montreal " • Toron to " • Vancouver s

S E T T ING T H E P A C E IN CHEM ICAL PURITY SIN CE 8 82·

., Complete stocks ace car ried here.
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Size I Model SBV Size 2 Model V

Two New Centrifuge Models

~
New International Size 1 Model SBV and Size 2 Model V Centrifuges embody the many

time-proven features found in their predecessors - the Size I Type SB and Size 2 machines
- and in addition incorporate important engineering improvements. A transformer-type

speed controller replaces the resistance rheostat heretofore used and the Centrifuges are now
shipped. to you mounted on a permanently attached sub-base equipped with casters.

Speed Controller
Stepless. tuniform:speed control throughout

the entire range is achieved and troublesome
heating of - and heat radiation from - the
controller is eliminated. Controller and two
hour automatic timer are mounted in an at
tractive enclosing cabinet conveniently lo
cated. on the side of the Centrifuge steel guard.

Sub-Base Mounting
No assembly of any kind is necessary. No

separate portable stand to bother with.
Simply uncrate the completely assembled
unit, wheel it to the electric outlet and plug

it in. Specially designed vibration damp
eners, incorporated in- the;~ iilb-base, provide
maximum absorption ofhorizontal and vertical
vibration and prevent their transmission to the
floor of the laboratory.

Accessories
All in terchangeable heads, shields, cups,

and attachments listed for the discontinued
SB and Size 2 machines fit the new models.
Thus the Model SBV and Model 2V offer the
same versatility and adaptability to your re
quirements. Send today for descriptive Bulle
tins V-I and V-2 containing complete details.

INTERNATIONAL EQUIPMENT COMPANY
1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS.
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Known for over 30 years as distributor of the newest and finest laboratory
equipment, WILL is also your dependable source for everyday needs to make
your work easier, safer, more efficient. 5 strategically located office-ware
houses, linked by teletypewriter, promise fast delivery-an important ad
vantage these days.

25401-STEEL STOOL

WITH AUTOMATIC~

ADJUSTMENT . . .
$11.40

Instantly adjustable to any
height from 18 to 27 inches
merely by lifting the seat.

And the greater the weight o r pressure, the more
secure ly it holds at the point to which it is lifted.
16-inch cast-iron base; heavy-duty round seat,
concave for greater comfort.

15551-HOT
WIRE TYPE
GLASS CUTTER

$39.50

Cuts glass tubing, bottle necks and similar round
glass objects ' of any diameter up to 7 inches.
The "Nichrome" wire is very inexpensive and in
stantly replaceable. Base d imension, 17 x 7
inches. Complete with cord, plug and 6 extra
wires. Operates on 115 volts, AC. or D.C.

23581-SAFETY CAN

FOR INFLAMMABLE

L1QUIDS-1 GAL. SIZE

$6.00

Underwriters' laboratory ap
proved! A patented, non-rust
spring holds the spout cap tight
against leakage or evaporation, yet lets excess
gas pressure escape, then automatically closes .
Heavy gauge; red enamel finish. 3 ga l. size 8.00.
5 gal. size 9.00.

28121-FOOT-PEDAL

WASTE RECEIVER

$18.00

Deluxe outside, with inner
container convenient to
empty. Very slight pres-

" sure opens the cover full-width and rubber cushions
I make for silent closing. A piano spr ing hinge
I seals in odors. 20 inches high, 10 inches square.
I Complete with a supply of waxed bag liners.

Phone, Write, Wire or Teletype Dept. AC-2, our nearest Office-Warehouse.
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The "Model 8" Is
THE Ideal Instrument

For Simplifying Routine Analyses
Regardless of t he nature of your laboratory

operat io ns- det er m ina t ion of im pur it ies, con tr o l
of q ua lit y, si mplifyin g process co n t ro l, co lor
matching a nd cont ro l, or a ny of a w ide ra nge of
other pro ce dures-chances are you can speed up
you r a na lyses a nd grea tl y simp lify your wo rk by
adopting mo dern spectrophotometric me thods.

But reme mbe r- t he accuracy and reliabil
ity of spectrophutometric analyses a re no better
than the instrument you use . So be sure to check
a ll the fe a t ures of th e Be ck ma n "Mode l B" Spec
t ropho to mete r-compa re th is instrument poi nt by
poi nt with any other in its fie ld-and you 'll
read ily see w hy it is, by all stan da rds, the ou t
standing spectrophotometer in it s price ra nge .

Here is a n ins t rument car e fu lly en.gineered
so t hat st ray light effects ar e neg lig ible ... an
inst ru me nt w he re rea dings can be reproduc ed on
samp le a fter sa mple wi t hout " d rift " or othe r
ina ccu racies .. where ba nd widths can be rea d ily
varied to per mit t he hig h reso lut ion requ ired in
many anal yt ica l prob lems . . . where a va rie ty of
a bsorpt ion cell s can be used interchangeably to
prov ide op ti mu m pa th len g th s . . . and wh ere many
othe r outstanding fea t ures are prov ided to assure
ma ximum ver sat ilit y, accuracy and dependa bility.

Be su re to get t he full details on the many
money-sav ing, tim e -saving applicat ions fo r the
Beckman " Mode l B" in today's chemical labora 
tories .. • and on the m any unique ad va ncements
built into th is inst rument t hat ma ke it such an
eutstondi nq va lue in its pri ce ra nge . See you r
authorized Beckman dealer-or wri te dire ct fo r
complete do ta.

accuracy . . . speed.. simplicity
AT A NEW LOW PRICE

THE BECKMAN MODEL.uB"

Now EVERY laboratory can use
modern spectrophotometric methods

Spectrophotometric measure
ments-based on analysis of liquid .
solid or gaseous samples by lfght ab
sorption-have become one of the _
most important methods of today's

process control operations. Complicated analyses requiring hours to per
form by standard chemical procedures are now completed Ina matter
of minutes using modern spectrophotometric methods.

Up to the present. quality instruments have been beyond the reach
of many 'Iaborator tes. Now. however. the development of the new
Beckman Model "B" Spectrophotometer makes available for the first
time a precision instrument-convenient and simple to operate-yet
versatile. accurate and low-priced.

The Model "B" combines many of the advancements pioneered ill

the fa mous Beckman Qua rtz and Infrared Spectrophotometers . .. high
resolution wavelength and photometric accuracy ... freedom from
st ray light wide spectral range . .. quality con~truction.

It features direct reading absorbance and transmittance scales . .•
complet e elimination of stray light from 360 to 1000 millim icrons-less
tha n 1~% even at 320 millimicrons .. . interchangeable phototub es for
wider wavelength range . . . inexpensive
sample cells . .. 4-position cell carriage
for faster readings . . . and many other
important features.

The Model "B" is by all standards
t h e outstan ding inst rumen t in its
field.Wri te for full detail s. Beckman
Inst ruments, N at io nal T echn i cal
L aborat ories, South Pa sadena,
15, Calif.

* Beckman Instruments Include: pH Meters and Electrodes · Spectrophotometers -Radioactivity Meters -Speclallnstrumenll•
•
•
o
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ITIS doubtless t rue that no conscient ious
. wri ter of a scientific boo k ever sends

the final proofs to press with out wondering
. how many er rors \\; 11 be found in his work
afte r it appears in un alte rab le print. This
feeling the membe rs of t he Commit tee on
Ana lytica l Reagents have sha red during
recent week s as t hey each, separa tely,
rea d the galley s of "Reagent, Chemicals
A.C.S. Specifica tions" and sent their
comments to W. D . Collins for correla tion.
As one looked over 1\11'. Collins' shoulder
it was interest ing to note that whereas
most err ors were found by severa l mem 
be rs, and some by all, t here were a nu mber
det ected by only one reader , and tha t each
rea der made one or more contributions to
these singly-observed corrections. As this
is writ ten t he page pro ofs are being read,
and one hopes, of course, t hat this at last
will he the er ror-free book , a ll the t ime
knowing ver y well that it will not be. But
let t his be an invitation to all and sundry
to point out t he faults. Afte r a ll, as Al
den Emer y te lls us repeated ly ab out the
Society , t his is t he Society 's book and so it
is eve ry member's book . .

The forth coming book of re agent speci
fications needs the help of all analyst s in a
way more important than the mere COl" !'CC

t ion of erro rs. This relates to th e n-ul sub
stance of the book-the requirements and
th e methods of tes t . How should one go
about writing a specifica tion for , let us say,
sulfuric acid as a reagent chemical? If it
were, instead, sulfuric acid for use in sto r
age ba t te ries, th e task would be much
easier. In that case , as for any single
purpose chemical, one knows.oratleust cun
find out by experimenta tion, how much of
each probable imp ur ity he is willing to
a llow, because each will have a measurable
effect on t he efficiency and life of storage
batteries.

If it happens t ha t the desired requi re
ments cannot, be realized in commercia l
p roduction, a t least th e spec ification
writer knows what kind of comp romise
he has to make. Not so with re agent
chemica ls. ~Iost of them am used for
man y pu rposes. To one anulyst the ni
t ra te conte nt of sulfuric acid may be im
porta nt, to anothe r t he content of reducing
matter; and to still another the am ount of
" heavy meta ls" it conta ins. T here is
on ly one appro ach to writing of a speci
fication for a mult iuse chemical . That is
to describe the closest approach to ideal
purit y tha t the reagent rnan ufnctu rer can
attain at a price that the body of users will
pay . Th e qualifica tion is important , but
it is not inflexible. T he cost of the rea
gents is so small a Irac tio» of t he cost of

(Conti nued on page 19 il )

when you
need
"spillage"
protection

it's the

LINDBERG
LABORATORY HOT PLAT.E

The Lindb erg Hot Plot es ho ve the built-in sp illoge
protect ion thot the boby kissin' po litician
wishes he had.

Maximum prot ect ion fro m cor rosio n, disco lora tion
and haza rds caused by spill~ge of liq uids and
chemicals onto the heating el ement is a bu ilt-in
fea tu re of the specially " meta lize d" to p plate.
The specia l 14" metal top plate . resists g rowt h a nd
warpa ge •• . rou nded edges and apron prote~t
unde rlying elements . • •

Co iled nickel-chromium elemen ts heat th e entire
top uniformly from 130 · to the cont inuous op erating
peak of 950 ' F. (54 to 510 · C.) •• • simple,
stepless temperature control to any degree of
heat within the working limits is supplied
by the exclusive Lindberg Input Control.

All pa rts of the unit are prot ected by. heavy
insulation and sheet stee l. All instruments and
controls are bu ilt-in • . • ready for on e conn ection
to the power source . Smoo th button supports
prevent the unit from di sfigu ring its supporting
surfoce Units a re carefully pocked and
indiv idually ship ped .

Ask yo ur la boratory equipment dealer for fu ll
details, or wr ite Lindberg Engineering Company,
2440 West Hubbart: Street, Chicago 12, Illinoi s.
Ask for Bulletin 962.

LINDBERG-1M a~ lute ~ tie /Uee4t
LABORATORY
HEATING APPARATUS

17)1
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CONCISE

EASY TO READ

Simply worded

descripUons • • •

clear. easily-leqible

faces •••

ANALYTICAL CHEMISTRY

Vividly IDustrated

finge~tip uuonnatioD

750 pages

2800 detailed cuts

12,000 products

ORGANIZED FOR
INSTANT AVAILABILm

OF INFORMATION

All llema

• CROSS INDEXED

• NUMBERED
CONSECUTIVELY

• LISTED
ALPHABETICALLY
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SPECIAL GLASSWARE
We maintain ill completely equipped and modern plant for expert
and prec ision glass blowing, pre cision grind ing , engraving, calibrating,
evacuating, and gas Riling. Pyrometrically controlled electric an ..
"ealing ovens insure strain-free glassware.

New designs and experimental laboratory glass apparatus can b.
made promptly and skillfully at moderate costs.

Our technical staff will cheerlully furnish any data you need and
offer suggestions to improve the design of apparatus.

Estimates will be lurnished promptly upon receipt 01 sketch.s or
blueprints.

A multi-purpose
instrument for
Spectrochemistry
Photo·fluorometry
Nephelometry
and for Spectro and
Electro titrations

ESTABUSHED 189T

E.MACHLETT & SON@CHl~
.Lalomlo(Y APPARATUS' SUPPLIES" CHEMICALS

220 EAST 23rd STREET ' NEVV YORK. 10. Ni Y,
Bell Teletype: NY 1·2444

• Precise .. because its accuracy is achieved in the simplest
possible way .. with a precision galvanometer.

• Simple .. it automatically maintains constant band pass . .
eliminating the need to calculate and re-adjust the slit-width
for each change of wave length.

• Reliable .. because it involves no mechanical complexities
.. because analytical settings can be reproduced instantly
and exactly .. no amplifiers or vacuum tubes which change
with time.

# 76-876A-Spectrophotometer, Model 14, with Top Carrier,
Mounting Pads, Removable Transmittance Density Scale
Panel,' Filter, Operating Directions, wired for Nephelometry
and to accept Ultraviolet Illuminator, with Battery and Con
necting Cable. $645.00

Also available with other power units.
Write for Bulletin B-212

COLEMAN Model 14
Z'~ tfeatue9

SPECTROPHOTOMETER

Telephone: LExington 2- 1313

THE ANALYST'S COLUMN

EDWAR D W ICH E RS

a na lytical operations that a much higher
pri ce is much less cost ly than u half-day
lost , a wrong result, or a legal snarl. But,
the reage nt indust ry enjoys a healthy
sta te of com petition, an d higher qua lity, a t,
higher price, is not likely to be fort hcom
ing unless the analys t demand s the qual 
ity and ca n persuade his purchasing agent ,
to pay the price. Chemical reagents ava il
a ble in the United Sta tes are in all proba
bility the !wst to be had anywhere in the
world, hut every good analyst knows, and
no reagent producer would deny, t hat they
fa ll short of ideal purity. Higher quality
is possible, hu t to get it users will have to
show they want it and are willing to pay
for it .

One th ing more, and thi s relates to the
most difficult , aspect of preparing specifi
ca tions for reagent chemicals. How can
any one person, or even a group of nine
such as the A.C.S. commit tee, know every
impurity that is to be expected in eac h one
of 170 chemica ls?

:\ good reagent specifica tion should
prescribe limits for all normal impurities
that may he significant in usual ana ly tical
work . But how does one know what all
the normal imp uriti es are? Sources of raw
materi als change and so do man ufacturing
pr ocesses.

By way of illust ra tion : In a usc of
a mmonium thioycanate un related to ana
lytical work , it was found that this
chemical sometimes contains substanti a l
amounts of reducing substances as the re
sult of a faulty man ufacturing process.
Hence the revised specifica tion for this rea
gen t will contain a requirement for reduc
ing substances.

In reviewing the specificat ion for carbo n
tetrachloride it beca me apparent that three
of th e req uirements formerly used are no
longer significant, but that because of the
common usc of thi s solvent in connection
with the dithizone reagent, a new require
men t must he added to ensure its suitabil
ity for th is purpo se. In the case of hydro
gen peroxide, changes in man ufacturing
processes have allowed lowering the per
missible limit for sulfate from the former
va lue of 0.01 to 0.0005%, thereby grea t ly
increasing the field of usefulness of this re
agent . But how can one person, or nine,
be sure of being adeq uately informed on
all such matters? Here is another place
where analysts can help greatly if they
will.

Th e writer hopes that no analyst will
overlook the invitation t ha t has appeared

.' in every publication of t he Committee
on Ana lyt ical Reagents since 1!J24: "Sug
gestions for the imp rovement of the
specifications will be welcomed by the
committee."
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GAS
SHEPHERD

ANALYSIS APPARATUS
NEW MODELS WITH COMPLETELY STANDARDIZED AND

RAPIDLY INTERCHANGEABLE GLASS PARTS

Sho wing met hod h~' whi ch s pherica l glnsa
j oin ts ca n be Quickly a nd eo nv enie n t ly at
ruched or de t ached lry means of A.H.T. Co .
Pi nch Cla m ps.

GAS ANALYSIS APPARATUS, SHEP
HERD, Volumetric Models. For technical or
exact analysis of gas mixtures containing
carbon dioxide, carbon monoxide, etha ne,
satura ted or unsaturated hydrocarbons, hy
drogen, methane, nit rogen and oxygen , by absorp tion
and single or doubl e combustion meth ods ; as designed
and modified by Mar tin Shepherd, U. S. National Bu
reau of St an da rds, Washington, D . C.

The presen t Volum etric Models incorporate spherica l
hall -and-socket joint s throughout t he gas t ra in, which
have been st andard since 1!l-t2, and , for great er versa
tility, th e following : copper oxide tube and heater for
fra ctiona l combustion of carbon monoxide and hvdro
gen ; single, double and tr iple reac tion t ube asse mblies
for analysis of sma ll concent ra tions of gases by mean s of
liquid or dry reagen ts ; sect ional ma nifolds and ground
glass stoppers for spher ical joints for ready exchange of
par ts of asse mbly as may be required for specific appli
cations, and distribu tor t ip absorpt ion pipettes, with
perforated pla tinum discs or with Pyr ex brand glass 5881-1".
fritt ed filter cylinders for effective gas dispersion .

T he earli er 4-place apparatus is retained wit hout. provision for a ttachment of th e copp er oxide tube and heater, as it is
adequa te for single combust ion technical analysis when equipped -with t wo bubbling pipett es, distr ibutor-tip pip ette, a nd a
combust ion pipette. For more complex doub le combust ion exact. ty pes of analysis, we offer 7-place and D-plece appa ra tus ,
which are suggested for fuel analysis .

Burett es in all models ar e ma de of mandrel-form ed, Pyrex brand glass " precision bore" tubi ng, wit.h pract ically perfect
uniform bore , which offers obv ious ad vantage for precise wor k.

The glass par ts for all models arc completely standa rdized, lind moun ted to permit easy removal a nd rapid interchange
ability . Pipett es and reac tio n tubes can be cleaned , recha rged or rea rran ged with out awkward and tim e-consuming manipu-
W~. .
S8BO-B . Gas Analysis Appa ra tus, She phe rd, Volumet ric Model , 4-p lace, for t ech nica l a na lys is by sinule comb us tio n m et hod s wit h liqu id reag ents .

Wi th s pherica l ba ll -a nd -so ck et grou nd glass j oin ts, burett e gradu a.ted from 2 t o 100 JIll in 1ft, m l, co ntrol s t opcoc k, co m oe nsa.to r
m a no meter, wa t er ja ck e t, t wo Bub bling P ip ettes . P lati nu m Ti p Pi pe tt e Co m b us t ion Pi pet t e. Sa fe ty Shi e ld . Sec t iona l M anifold .
gas sa mp li ng tube. t hree le velin g b ulbs, P in ch Cla mp s for ba ll-a nd -socket , j oin ts, dayli ght- fluo resc ent la m p , a nd rubber t ubing:for con nec 
ti ons; m oun te d on s ubstantial mctal suppo rt wit h control pan el a nd hea vy cas t hase. Heigh t ove rul l-IS inch es . wid t h 26 inc hes , d ep t h
16 inch es . Complete wit h 6 ft. cord a nd p lug ; for 115 vo lts , 60 cyc les , a .c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496.50

5881-B . D itto, 7- place, fo r exact a na lys is by doubl e comb ust io n met ho ds with liq uid reage nts . Ge nera lly xi miln r to !)SqO-B. b ut wit h se ve n
pipette s up por ts, co p per oxide tube a nd heate r; th ree Bu bb lin g Pipet t es and t wo P lutin uu i Tip P ip e t t es. H eigh t o veral l 55 ,11 in ch es ,
wid t h 34 inc hes , d ep th 1G inches . . . . . . . . . . . . .. . . .. . . . . . .. . . . . .. . . . . 662 .50

588 1-F . Ditto, 9- pla ce , fo r e xa ct a na lys is by double co mbustion meth ods, using liq uid or d ry reagents. Ge ne ra lly s imila r t o ;,)S8 1- B. bu t wit h
nine pi pette s u p por ts , cop per oxid e t ube a nd hea t er; t wo Bubbling Pipe tt es. th ree P latin u m T ip Pipet t es . Sing le R eac ti on Tube
Ass embl y a nd T r iple R ea ct io n T ub e Assem bly . H eight ov erall 55 '1> in ches , wid th 39 in ch es, depth 1U inches. . . . . . . . . . . . 76 5.50

More d e t a iled in fo rm a tion sent upo n re q uest.

ARTHUR H ~ THOMAS COMPANY
RETAI L-WHOLESALE- EXPORT

LABORAT ORY APPARATUS AND REAGENTS
W EST WASHINGTON SQUARE, PHILADELPHIA 5, PA ., U .S.A.

Cable Addre ss " Balance" Phi ladelphia
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Grass Roots and Instruments

T HI S is not the first time that the teaching of analytical chem
istry has been discussed editorially on these pages-nor is it

likely to be the last. As long as there is an indication of concern,
among those who teach the subject and among those who employ
the products of such teaching, that education methods are falling
short of the desired ends, it will be a part of our responsibility to
help them bear the torch which will light up the dark corners
and make them available for correction. With the continual and
phenomenal advances being made in analysis, it is not probable
that a static condition of near perfection in education of analytical
chemist-to-be will be arrived at in the foreseeable future.

Foul' years ago the first of a very successful series of symposia
was inaugurated at Louisiana State University. Under the
guidance of Philip \\T. West this annual conclave for consideration
of developments in modern analytical methods has maintained
the exceptionally high standards set at its beginning. As it has
dealt with the most modern methods, a large proportion of its
subject matter has been concerned with instrumental analysis. In

, spite of this, there has been echoed throughout the series the
undercurrent "lest we forget," in enthusiasm for our newly found
slaves, the fundamentals of analytical chemistry. Dr. 'Vest
himself delivered a paper at the first meeting in 1948 which dealt
entirely with non instrumental analysis. '

The associate editor of this journal, L. T. Hallett, gave at the
second symposium an opinion that more emphasis must be placed
on the teaching of chemical and physical properties of elements
and compounds as related to analytical methods. Your editor,
at the 19.50meeting, stated his faith in the belief that, although
recognition by analysts of the latent possibilities of instrumenta
tion has brought about a renaissance in analytical chemistry, the
classical methods will not be abandoned..However, in the light
of increased instrumentation and specialized fields of analysis,
care must be taken that the broad fundamentals are not over
looked. The answer lies partially in recognition of the difference'
between the words "supplant" and "supplement." It is the
latter that should characterize the relation of instrumental
analysis to conventional methods.

It was .inevitable that opinions passed at dinner tables and
between session conversations should, after the fashion of the
Chicago symposium in 1949, crystallize into a panel on teaching
analytical chemistry.. The fourth symposium, just finished,

. closed with such a panel discussion in which 18 professors of
analytical chemistry participated. Their major questions were
1,,'\,0: (1) What. is the status of the teaching of fundamentals?
and (2) Where do courses in instrumental analysis best fit?

In spite of the reassurances of the past few years mentioned
above, these educators still expressed alarm about the trend away
from chemistry. Part of this is due to an increasing nationwide
consciousness of gadgets for everything, and it is not surprising
that students are attracted more to the use of instruments not

only because of time-saving and great pote~tialities,but also just.
because they are fun to fool. with. Analytical methods have
always been and will be devised on ~he basis of physical and
chemical properties of the materials under consideration. Many
important advances are being made in noninstrumental methods
of analysis (organic reagents, complex ions, catalyzed and in
duced reactions, spot tests, and chromatography, for example).
Although not so glamorous as instrumental' analysis, they must
not be ovej-J'ooked. To accomplish this better it was the
unanimous opinion of the group that more inorganic chemistry
must be taught at the lower levels and that qualitative analysis
courses offered perhaps We best opportunities for teaching chemi
cal reactions and chemical principles. Two points of definite
agreement emerged from the discussion-s-qualitative analysis
should be a unit course, preferably taught by analytical faculty;
closer integration with .quantitative analysis should be developed.

The student cannot wait until his entrance into industry to
learn the use of instruments. Where, then, does such a course
best fit? That such a course is imperative for graduate training
was agreed. Because training in the care and use of instrumentsis,
in this day, a fundamental part of a chemist's, education, even the
student getting only a bachelor's degree should become aware
of advantages 'and disadvantages of instrumental methods;
hence the consensus of opinion on the desirability of a graduate
senior level course. Many students in the beginning courses can
pick up later the limited knowledge of instruments they will need.
Therefore these courses should be restricted to fundamentals of
classical qualitative and quantitative analysis, leaving instru
ments for the senior year and the serious student. Advantages
cited for this undergraduate work were an acquaintance for the
student' of the real scope and organization of analytical chemistry
as it now exists, a foundation for a theory course at the graduate
level, and a method of creating interest and attracting good
students into advanced studies.

Disadvantages of a graduate-senior level course were just as
carefully considered by the group: For the small college par
ticularly the cost of instruments is a serious obstacle. This is not
critical, however, since many methods and principles can be
taught with improvised equipment, and demonstrations can be
used effectively. Crowded curricula offer difficulties, but an
'elective in instrumental analysis may have as much merit as a
course in advanced organic, or physical chemistry. The final
disadvantage is a possibility of- loss of interest in classical
methods. This-and ali the rest of the success of a course in
analytical chemistry-e-depends to a great extent upon the. in
structor. Whatever fears we may have about trends in analy
tical instruction, whatever conclusions we may reach for its
improvement are so fundamentally related to the nature of the
instruction received that only the faculty members themselves
can provide the final answer to the success of any program.
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Review of Analytical Uhemistry
(10NTINUING our review of developments in analytical chemistry, the following 8
lJ articles report progress in important fields of application. The fundamental develop
ments were reviewed in our January issue. A combined reprint of the reviews from
both issues is available at $1.50 per copy from the reprint department of the AMERICAN
CHEMICAL SOCIETY. --The Editors

COATINGS
- T. G. I{OCHOW AND R. W. STAFFOI{D, American Cyanamld Co., Stamford, Conn.;

THE analysis of coatings is the concern of this review. It
follows the plan of the past two years, and covers organic

high polymers and their associated oils, pigments, and solvents.
The term "coating" is construed to imply that the material has
been applied or otherwise processed, and "dried." The scope of
the review is abridged by the arbitrary omission of inorganic coat
ings such as vitreous enamels, metals, and chemically treated met
als, and by disregarding what are considered to be the less com
mon uses.

General schemes for the analyses of organic coatings are con
sidered first. The next section is devoted to resinography, which,
although of general applicability, was considered to be of suffi
cient fundamental and potential importance to justify separate
consideration in some detail. Monographs on the analysis of
separate parts of organic coatings are then taken up in the
order: separate classes of resins, relevant oils, pigments, and spe
cific constituents or functional groups. Auxiliary references to a
limited bibliography on relevant descriptive and evaluative lit
erature are presented as general background information.

GENERAL ANALYTICAL SCHEMES FOR ORGANIC COATING

A number of investigators have reported on general procedures
. directly or potentially applicable to the identification of high poly
meric constituents of organic coatings.

Estartus (15) suggests a systematic scheme, based on known
tests, for the identification of the main classes, which are deter
mined by the presence or absence of elements other than carbon,
hydrogen, and oxygen. Pallaud (51) divides plastics into two
large groups, and bases qualitative identification primarily on
physical tests such as density, fluorescence, and x-ray methods,
with considerable emphasis also on determination of saponifica
tion value, dry distillation, and elementary analysis. Monteru
mici and Parrotta (43) outline a scheme for the identification of
thermoplastic synthetic resins which employs saponification val
ues, nitrogen or halogen content, heat depolymerization, the
Storch-Morawski test, and other color or precipitation tests.
Fitzgerald-Lee (17) identifies plastics by the odor and the appear
ance of the flame resulting from the action of a Bunsen flame on a
small strip of the plastic in question.

Considerable work has also been done in the interesting solubil
ity field of high polymer separation. Nitsche and Toeldte (49)
use the determination of solubility as a means for identification
and characterization. Desreux (11) describes an automatic ap
paratus for the micro- 01' macrofractionation of polymers, using
continuously varying solvent mixtures, and packed columns of
polymer precipitated on Celite or fine sand. Claesson (9) dis-
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cusses the difficulties involved in the chromatographic separation
of materials of high molecular weight and reports data on molecu
lar weight distribution, in good agreement with-those resulting
from other methods, obtained on very dilute solutions of methyl
methacrylate and polyvinyl acetate in acetone. De Brouckere,
Bidaine, and van del' Heyden (8) suggest the use of a counterflow
method to facilitate the fractional precipitation of pure high poly
mers.

In the field of general properties, Goss (23) presents reference
tables of properties of thermosetting molding, thermoplastic
molding plastics, and thermosetting plastic laminates.

RESINOGRAI'HY AND DEPICTION OF MACROMOLECULES

During the past year, there was much development of electron
microscopical techniques for the depiction of the fundamental
resin units-e-i.e., the macromolecules or small aggregates thereof.
Siegel, Johnson, and Mark (84) spray very dilute solutions of
polystyrene in a "poor" solvent, cyclohexane, onto a collodion
substrate. _By electron micrography of the shadow-cast speci
mens, the molecules of polystyrene are manifested as prolate
spheres whose diameters are used together with the bulk density
and, presumably, Avogadro's number, to calculate the number
average molecular weight which, for four molecular size classifica
tions, agreed with the molecular weight as calculated from the in
trinsic viscosity. Three limitations are concluded to be: prac
tical resolving power of the microscope and the replicas, interfer
ence from particulate structure of the supporting substrate, and
precision of measurement ("=25 A.). The lower measurable
limit of molecular weight is estimated to be 0.5 X 106• The ac
curacy is concluded to increase rapidly with molecular weight.
Kaye (32) prefers an alloy (2 aluminum-3 beryllium) to a high
polymer as either a supporting or replicating medium because the
alloy possesses high strength and low scattering. An electron
micrograph of the blank metallic substrate shadowed with an
other alloy (4 platinum-J palladium) shows that the substrate is
composed of particles in the. order of 100 A. in diameter. Assum
ing a unit density, the present authors calculate a molecular
weight in the order of 320,000. Such coarse structure would defi
nitely interfere with the manifestation of macromolecules by
most high polymers intended to be used as coating materials.
To show coarser structures, however, the aluminum-beryllium al
loy suggests a whole realm of metallic media as electron micro
scopical replicas or supports. As a recent development, Kaye and
Peck (33) describe an etch technique to reveal internal structure.
For example, cellulose acetate is etched with cold (35 0 to 40 0 C.)
acetone and the reaction is stopped arbitrarily with cold ethyl al-
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cohol. The principle of controlled etching appears to be another
important contribution to resinography by Kaye and his co-work
ers.

Morehead (44) correlates the extents of resolution obtained by
various applications for microscopy to films and fibers, employing
"useful" magnifications from lOX to 100,OOOX. Regarding
the latter magnification, electron micrographs are shown of the
"skin" surface and "core" surface of a cellulose film regenerated
from a viscose solon glass by a standard yarn-spinning bath.
The skin (spin-bath surface) stains with Victoria Blue Band
manifests particle sizes which the present authors, using density
equal to 1.5, calculate to be from approximately 200,000 to
1,700,000; average, 540,000. The core (glass surface) does not
stain with Victoria Blue B and manifests particles calculated. to
have molecular weights from 960,000 to 7,500,000; average
4,200,000. Newman (48) shows the particulate structure' of the
cellulose regenerated from a cuprammonium sol, by the electron
micrography of a microtomed section of the fiber. Assuming a
density of 1.5, the present authors calculate the macromolecular'
weights to be from 290,000 to 20,000,000 with an average of 820,
000.

Roehow and Rochow (59) use the fracture technique (60) to ex
pose the internal structure of extensomers-for example,
natural rubber and an extensible silicone. Electron micrographs
show the distribution of the particles of channel black in the vul
canized rubber and of titania in the cured silicone. At a magni
fication of 100,000, macromolecules of the extensomers are de
picted. Their outlines are fuzzy, but they enable some differenti
ation of size and shape. Using bulk specific gravities and Avo
gadro's number, the particle diameters in rubber correspond to
molecular weights of 8000 to 2,200,000, with most around 650,000.
Using the silicone extcnsomer as an example, it is demonstrated
that there is practically no difference between calculations based
on bulk specific gravity and on molecular volume of the monomer.
Molecular weights of the depicted silicone maeromoleeules vary
from 310,000 to 2,500,000, with most at 610,000. These values
agreed almost exact.ly with those which Scott (62) calculates from
osmotic pressures of precipitated size fractions. The resino
graphic depiction of macromolecules in situ may suggest the pic
torial study of a single fracture surface during curing, aging, and
other influences on molecular size and shape.

SI'ECIFIC CLASSES OF HIGIII'OLYMERIC MATERIALS

Haslam and Newlands (25) separate the polymeric fraction of
polyvinyl chloride plastics by centrifuging a tetrahydrofuran
solution, precipitate the polymer with ethyl alcohol, and analyze
by chlorine determination and infrared spectral analyses. Tribot
.and Simon (69) effect the practically complete evolution of hy
-drogen chloride from polyvinyl chloride at temperatures above
100° C., and determine the halogen argentometrically. Gate,
Mayne, and Warson (21) propose that partially hydrolyzed poly
vinyl acetate polymers be designated by the easily determined
saponification values, which are readily calculable to hy
-droxyl values. Haslam and Soppet (27) list analytical methods
for methyl methacrylate polymers.iand go into some detail on vac
uum depolymerization. The depolymerisation products are
identified chemically and by infrared spectral analysis. Pektor
·(53) discusses the qualitative analysis of vinyl-type synthetic
resins use'd in leather finishes, including characteristic fluorescence

.and changes on fusion. Brockway (7) lists a rapid qualitative
test for acrylonitrile by preparation of the picrate of l3-piperidino
propionitrile, formed by the action of piperidine on the acryloni
trile.

Krajcinovic (35) detects free carboxyl groups in cellulose ma
terials by the formation of an addition compound with benzidine,
followed by diazotization and coupling with 2-naphthol to yield a
characteristic eolor. Neu (46) differentiates between cellulose

-ethers and eellulose ether glycolic acids by the precipitate formed
'when dimethylalkylbenzylammonium chloride (Zephirol) reacts
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with the latter. Manneck (39) reviews the detection and de
termination of water-soluble cellulose ethers. Genung (22) dis
cusses the analysis of cellulose derivatives under three headings:
esters for acyl content by saponification and distillation; mixed
esters by partition, extraction, or determination of characteristic
functional groups; and ethers. Devor (12) states that the Mol
isch test is improved by using random presulfonated l-naphthol.

Kappelmeier and van Goor (31) report on the complete analy
sis of alkyd resins. In the absence of phthalic, adipic acid can be
easily determined as the potassium salt, using the Kappelmeier
phthalic method and determining the melting point of the acid be
fore and after recrystallization to confirm its identity. Interfer
ence by methyl adipic acid is detected by determining the potas
sium content of the salt or by converting the salt into the ethyl
ester, and determining the saponification value of the ester.
Suceinic, sebacic, and tetrachlorophthalic acids can also be de
termined as the salts. Details are given for the qualitative sepa
ration of phthalic from other dibasic acids. Monocarboxylio
acids are separated and identified in the usual way. The alco
hols, after removal of possible ether-soluble components, are sep
arated quantitatively and identified further by hydroxyl values.
Aguadisch and Sachs (1) precipitate dipotassium phthalate in the
usual way, absorb the fatty acids on paraffin wax prior to gravi
metric determination, and measure glycerol iodometrically after
oxidation by potassium dichromate. Novak (50), after saponifi
cation of phthalic alkyds, separates the phthalic and aliphatic
acids by partition between water and ether and titrates each
layer.

Donnally (13) hydrolyzes methylol ureas to urea plus formalde
hyde by the action of O~3 N neutral sodium phosphate solution,
and proposes an iodine method for the determination of the liber
ated formaldehyde. Figarat (16) saponifies the nonvolatile frac
tion of varnishes, treats the products with petroleum ether, and
dry distills the undissolved phenolic fraction, using eolor tests to
identify the phenol.

Manalo and West (38) report on the analysis and composition of
manila elemi. Kamath and Mainkar (30) suggest an iodometric
method for the determination of the acid value of lac,

OILS

Mehlenbacher and associates (41) have issued the report of the
American Oil Chemists' Society Committee on the Analysis of
Commercial Fats and Oils. The report includes those of subcom
mittees on eolor standards, analysis of drying oils, and determina
tion of thiocyanogen values. Linder and Persson (37) modify the
Wolff procedure for the separation of fatty and resin acids through
selective esterification by replacing the sulfuric. acid with benzene
sulfonic acid and by using butyl alcohol and benzene as saponifi
cation solution. The water of condensation is trapped off in a
specially designed apparatus, forcing the esterification of the fatty
acids to completion. Pohle and Mehlenbacher (55) modify the
periodie acid method for free and combined glycerol by removing
the former by water extraction of a chloroform solution of the sam
ple prior to testing with periodic aeid. Hezel (28) has developed
a new proeedure for the determination of saponification value, us
ing thymolphthalein and bromophenol blue as indicators.
Metallic soaps can be determined separately, and the reacted and
unreacted maleic acid of maleinated adducts can also be deter
mined by the method. Zollner (71) applies the Hezel method, to
determine the saponification value of waxes. Benham and Klee
(3,34) apply a modified Rosenmund-Kuhnhenn method to the de
termination of the iodine number of un conjugated fats and oils,
and by greatly extending the reaction time, make the method
applicable to oils containing conjugated double bond systems.

I'IGMENTS

. Potts (57) has reported on the polarographic determination of
titanium in paint pigments, and Augusti (2) has discussed in eon-
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siderable detail the microchemical differentiation and recognition
of mineral colors and of anions and cations in mineral pigments.
Tanke (67) reports on the chemical and physical properties and
tests of the ultramarine colors. Davidson (10) shows with elec
tron micrographs how size, shape, and size distribution influence
the practical characteristics of pigments. He illustrates varia
tions in tinting strength with pigment size and shape, and pleo
chroism and color tone with size, and change in size with time in
an effective medium. He points out that the sizes and shapes of
the ultimate particles may be much different from those of the ag
gregates existing in the paint prepared for application. He does
not include the possibilities of further change after application and
drying. VaIlaud (70) presents a review and a discussion of vari
ous accepted methods for the determination of aromatic hydro
carbons in solvents and, on a general basis, in solutions, paints,
varnishes, cements, etc. Schaefer (61) lists color reactions for
some accelerators in common use.

SPECIFIC CONSTITUENTS

This section includes separate constituents of coating materials.
Eisenberg and HiIlig (1.n identify succinic acid microscopically

as barium succinate. Rauscher and MacPeek (58) identify the
esters of monobasic acids by the use of ethanolamine to evolve the
alcohol and yield the characteristic N-I3-hydroxylethyl amide.
Paschke and Wheeler (52) report on the preparation and melting
points of the dihydrazides of dicarboxylic acids from glutaric to
sebacic. Swern, Knight, Shreve, and Heether (66) find the in
frared spectrophotometric method to be more rapid, specific, and
accurate than the lead salt-alcohol method for the determina
tion of trans-octadecanoic acids and esters. Marvel and Rands
(40) describe procedures for the separation of water-soluble or
ganic acids by partition chromatography. Peters and Clark (54)
determine the composition of commercial stearic and palmitic
acids by the use of curves of composition versus titer, adding a
known amount of either acid if the titer should fall on a eutectic
01' flat part of the curve.

Tourliere (68) determines the concentration of primary alco
hols and their mixtures by distillation, against standards, in
chromic oxide solution. Hough (29) applies paper partition

, chromatography to the separation of polyhydric alcohols. Neu
(47) determines the limits for the detection of glycols in glycerol
by the Kroller (36) method. Porter and Reid (56) determine the
concentration of di- and triethylene glycol in solutions containing
1 to 20% water from the viscosity at 30° C. Middleton and
Stucky (42) determine the purity of propylene glycol by the

, measurement of ether points. Stempel (65) converts glycerol to
quinoline by condensation with aniline and detects the quinoline
by the white precipitate it yields with potassium mercuric iodide.
Habicht (24) reviews the acetin, iodide, and dichromate methods
for glycerol. Francis (18) determines thediglycols in mixtures of
ethylene and propylene glycols by prior oxidation of the latter
with periodic acid. After distillation of the aldehydes, the digly
col~ are oxidized with potassium.dichromate, and -are measured
polarographically before and after oxidation. Shaffer, Critch
field, and Nail' (63) report on the chemical and physical examina
tion of some polyethylene glycols. Haslam and Ruddle (26) de
termine small amounts of tetrahydrofurfuryl alcohol by treatment
with standard eerie sulfate solution, followed by titration of the
excesss with Mohr's salt.

Fungairino (20) reviews the gravimetric, volumetric, and col~ri
metric methods for' the determination of furfural. Belton (4)
reports on the analysis of furfuraldehyde by the ultraviolet ab
sorption spectrum of its vapor. Bremanis (5) gives the details of
the photometric determination of formaldehyde with chromotropic
acid, while Bricker and Vail (6) report on the microdetermination
of formaldehyde with the same reagent, determining spectropho
tometrically the optical density of the dye formed versus concen
tration.

Nametkin and co-workers (45) identify phenols as the amides
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and anilides of phenoxyacetic acid and list melting point data for
154 phenols.• Friedel, Pierce, and McGovern (19) effect the qual
itative and quantitative analysis of phenol, cresols, xylenols, and
ethylphenols by inspection of the infrared spectra in the 8 to lOlL
region.
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Essential Oils and Related Products
ERNEST GUENTHER AND EDWARD E. LANGENAU
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OF}<'ICIAL COMl'ENDIA

The fourteenth revision of the Pharmacopeia of the United
States (69) was published during the year and became official
on November 1, 1950. Monographs are included for the follow-'
ing products of interest to the essential oil trade:

TH IS annual review of analytical procedures. for esse.'I.ltiaJ
oils and related products follows the general outline estab

lished in the two previous reviews (22, 23).
Several important' publications of interest to the essential

oil chemist have appeared and are discussed below in some detail.
During the year very little original work has been reported which
deals directly with the analysis of essential oils.

Oil of eucalyptus, oil of cade (juniper tar), and thymol, which
formerly appeared in the thirteenth revision, have been trans
ferred to the latest edition of the National Formulary. A new
monograph for dimethyl phthalate has been added. Oil of
cedar leaves has been deleted; this oil had been introduced as a
wartime substitute for the imported lavender oil in preparing
official tincture of green soap.

Because of the increased importance of propylene glycol
as a solvent, this item has been transferred 'from the National
Formulary to the United States Pharmacopeia. The cumber
some assay for glycol content which appeared in the N.F. VUI
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334
360
502
536
549
561
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121
122
169
176
233
344

27
342
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136
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282
342
364
363
364
387

387
388
443
533
548
559
560
136
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Essential oils
Almond oil, bitter
Bay oil
Bergamot oil
Birch tar oil, rect.ified
Caraway oil
Cardamom oil
Chenopodium oil
Eucalyptus oil
Juniper oil
Myrcia oil
Neroli oil
Orange oil, bitt-er
Orange flower oil
Pimenta oil
Pine needle oil, dwarf (oil of

Pinus pumilio
Pine oil
Santaloil
Tar oil, rectified
Thyme oil
Turpentine oil
Turpentine oil, rectified
Wormseed oil, American

Synthetics and isolates
Anethole
Benzaldehyde
Benzyl alcohol
Cinnamaldehyde
Coumarin
Ethyl acetate
Isopropyl alcohol
Methylcellulose
Oleyl alcohol
Stearic acid
Terpin hydrate
Thymol

, Undecylenic acid
Balsams, etc.

Cade oil
Capsicum oleoresin
Caramel
Copaiba
Cubeb oleoresin
Ginger oleoresin
Myrrh

(42) 'has been omitted; however, the close limits established for
the physical properties (especially for the specific gravity) seem
adequate to assure a high glycol content.

Following the principle already established by the National
Formulary, the United States Pharmacopeia now makes use of a
ncw subheading in the monographs for essential oils, "Solubility
in -% alcohol"; this is to indicate that such data for solubility
in dilute alcohol represent specifications for purity and are not
to be confused with the supplementary informative statements.
which appear under the subheading "Solubility."

In the monograph for peppermint oil, the color test of the
eleventh revision (67) is readopted to assure the absence of
adulteration with oil of Mentha arvensis. Such color tests
generally are unsatisfactory for essential oils; however, the
present test is' preferable to the furfural test of the thirteenth
revision (68).

Several minor modifications have been made in order to
improve certain tests and assays, and to bring specifications of
the physical properties within accepted limits.

. The ninth edition of the National Formulary (43), which also
became official on November- 1, 1950, includes monographs for
the following items:

80
109
193
241
243
338
364
494
523
657

78
405
447
519
521
571
629

50
364
364
142
142
144
158
244
364
316
316
371
371
371
405
442
519
521
529
565
364

Page

Essential oils
Anise oil
Betula oil
Birch oil, sweet
Cassia oil
Cinnamon oil (cassiu oil)
Clove oil
Coriander oil
Fennel oil
Gaultheria oil
Lavender oil
Lemon oil
Myristica oil
Nutmeg oil, East Indian
Nutmeg oil, West Indian
Orange oil
Peppermint oil
Hose oil
Rosemary oil
Sassafras oil
Spearmintoil
Wintergreen oil

Synthetics and isolates
Benzyl benzoate
Camphor
Dimethyl phthalate
Eucalyptol
Eugenol
Menthol
Methyl salicylate
Propylene glycol
Saccharin sodium
Vanillin

Balsams, etc.
Benzoin
Orange flower water
Peruvian balsam
Hose water
Rose water, stronger
Storax
Tolu balsam
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Balsams, etc.

Orris
Rosin
Tar. juniper
Tar-. pine
Turpentine

Page

365
437
533
534
558

ANALYTICAL CHEMISTRY

Reproductions of the charts, showing per cent transmittunen
against wave length in microns and wave number, are avaiiable.

The Berichie von Schimmel Ie: Co., 1!J48(57'), covering the years
1944 to 1947, has been reviewed briefly in the Perjumeru and
Essential Oil Record (1).

Allyl isothiocyanate (volatile oil of mustard, natural and
synthetic) has been deleted from this latest edition.

For the assay of benzaldehyde, bitter almond oil, and cin
namic aldehyde, the hydroxylamine hydrochloride method has
been substituted for the Stillman-Reed method of the eighth
edition. The new assays, which are similar to those or' the
seventh edition, give more satisfactory results if the end points
II re to be determined visually.

NEW TEXTS AND PUBLICATIONS

The fourth volume of Guenther's "The Esscnt.ial, Oils" (2/),
which appeared in October 1950, continues the series of mono
graphs on the individual essential oils which was begun in the
third volume. The chapter dealing with camphor oil was pre
pared by the eminent authority , Teikichi Hiraizumi, and repro
sents the first complete report on the camphor industry to appear
in western literature. Penfold and Morrison are the authors of
the monographs on the individual eucalyptus oils. Reliable
analytical data are presented for the commercially important
oils of the following botanical families: Gramineae, Louracene,
Burseroccae, li1yrtaceae, Umbellijerae, and Geraniaceae.

The Scientific Committee of the Essential Oil Association 'of
the United States has continued its program of establishing
specifications for the best grade, commercially available, of
essential oils and related products. Thirteen new "Specifications
and Standards" (13) have been prepared for submission in Decem
ber ~9,')O to the membership of the associntion fell' final approval.
These include the following:

Essential oils
Oil of cinnamon leaf
Oil of clove leaf
Oil of dill weed, American
Oil of geranium, Algerian
Oil of geranium, Reunion
Oil of fir needles, Siberian

Synthetics and isolates
. Aldehvde C-12, lauric

Aldeh;'de C-12, M N A (methyl nonyl acetaldehyde)
Amyl cinnamic aldehyde
Linalool (from oil of bois de rose, Brazilian)
Methyl phenyl carbinol (stvralvl alcohol)
Methyl phenyl earbinyl acetate (styralvl acetate)
Phenyl propyl alcohol

Gums, etc.
Basic analytical procedures and tests for gums

In keeping with the general trend, the specifications for specific
gravities are now given at 25 °n5 o. However, an individual
factor is reported for each oil, synthetic, or isolate which permits
conversion of the specific gravity from 25 °/25 ° to 15°/15°.

In addition, several new "determinations" have been proposed:

E. O. A_No.1-I. Hydroxylamine Hydrochloride Method for Alde
hydes

E. O. A. No. I-J. Neutral Sulfite Method for Aldehydes and Ke
tones

E. O. A. No. l-K. Determination of Phenols
E. O. A. No. l-L. Determination of Heavy Metals

During the year, a new British trade publication appeared,
The International Perfumer (27); Volume I, No.1, was released
in August.

Samuel P. Sadtlerand Sons, Inc. (56), have prepared infrared
spectral absorption charts for over 1000 pure chemical com
pounds, many of which are used by the essential oils industry.

ANALYTICAL PROCEDURES FRO;\1 SCIENTIFIC AND TECUNICAI.
LITI<:RATURE

Acids. Marvel and Rands (37) described a procedure for. the
separation of water-soluble organic acids by partition chroma
tography; using their techniques, such chemically similar acids a"
0-, m-, and p-hydroxybenzoic acids can beseparated. Nijkamp
(48) reported a modification of Elsdon's (11) chromatographic
method which permits the determination of acetic acid. .

Matthews, Warren, and Michell (38) presented considerable
data relating to the x-ray powder diffraction patterns of the silver
salts and certuin amides of the fatty acids. Crabar. and Me
Crone (1.9) presented detailed crystallographic data for phenyl
ncet.ic acid.

Alcohols and Phenols. Lintner', Schleif, and Higuchi (82)
applied an electrometric titration technique employing lithium
aluminum hydride to the determination of alcohols: the reduc
tion potential of the solution remains high until the end point
is reached, when a slight excess of the alcohol causes a marked
drop in potential. Much exploratory work is being carried out
by these workers and their colleagues at the University o(Wis
consin regarding the application of such a method to the analysis
of essential oils. Tetruhydrofumn nppcurs to be an excellent
solvent for this determination. The use of p-aminoazohenz(;np
has been suggested as a possible chemical indicator to replace
the electrical end point, thus making the method more attrnctive
for a routine analytical procedure. In a supplementary note,
Higuchi (25) pointed out that the oxygen of the air affeets
adversely this determination; it is recommended that all such
analyses be run under nitrogen and that the hydride solution he'
stored under this inert gas,

Danielsson (10) made a criticnl study of the determination of
menthol in peppermint oil, comparing the official method of t.he
Swedish Pharmacopeia with that of the United States Phar
macopeia; from his report, it would appeal' that the latter method
is to be preferred.

For the identification of phenols, Valentin (70) reported on a
method for the determination of1,he hydroxyl group using acetic
anhydride in dioxane andfluoboric acid as a catalyst; the acid
produced is titrated with 1 N sodium hydroxide. Water will
interfere with this determination. It. would appeal' that the
catalyst might cause dehydration of several of the sensitive
compounds found in essential oils, thus limiting the use of this
method.

Pickthall (52) presented analytical data on those carbinols
(and t.heir esters) which ani of importance to perfumery. Be
cause much of this information is not available in the literature,
the physical and chemical data should prove of value. How
ever, the analyses were made with commercial samples, and not
with highly purified chemical material.

Nametkin et al. (41), presented data on the amides and anilides
of the corresponding phenoxyacetic acids of some 150 phenolic
compounds.

Esters. Rauscher and MacPeek (53) described a procedure
for the identification of esters of monobasic acids by treatment
with ethanolamine; the free alcohols are distilled (or extracted)
and identified by conventional methods; if possible, the acids
are separated directly as the solid N-,B-hydroxyethylamides and
identified by melting point. Formates and certain aliphatic
hydroxy acids cannot readily be identified by this procedure.

Hampton and Newell (24) presented infrared spectroscopic
data for nineteen esters; the maximum absorption frequency for
ester carbonyl occurs at 1'740 em, -1 The effect of a halogen
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on thea-carbon and of conjugation with the -C=O group
causes a shift in this maximum, Application of the method
to quantitative analysis IS' suggested. Buckles and Thelen (6)
reported on. the scope and limitation of the hydroxamicacid test
for the detection of the ester carbonyl group; acids, phenols,
aldehydes, and other groups were studied and a qualitative
procedure was suggested for distinguishing between esters and
these other classes.

The fluorescence of 98 coumarin derivatives as a function of
pH was studied by Goodwin and Kavanagh (17).

Aldehydes and Ketones. Mitchell and Smith (.~O) proposed
an analytical procedure for the determination of aldehydes in
the presence of ketones; their method is based on an oxidation
of the aldehyde with silver oxide in an aqueous medium. Sodium
hydroxide is added, and the excess is back-titrated with standard
ized hydrochloric acid. Under these conditions, ketones do not
react (with the exception of cyclohoxanone ). This technique
can be modified to permit determination of acids, esters, and
alcohols in the presence of aldehydes. Such a method should
prove of value in the analysis of essential oils for the differentia
tion of the aldehyde and ket.one carbonyl function.

Trozzolo and Lieber (66) suggested the usc of t.he "hydroxyl
amine number," the number of milligrams of potassium hydroxide
which is equivalent to the hydroxylamine required to oximate
the carbonyl function in 1 gram of sample. The need for such
a number frequently has been felt by essential oil chemists,
especially in those cases where the carbonyl components of an
oil arc not fully known. Unfortunately, in the past, the spas
modic attempts to introduce its use for essential oils have not
bcen sueeessful, primarily because of the lack of a firmly estab
lished procedure for oximat.ion that is satisfactory and adequate
for all aldehydes and ketones. Smith and Mitchell (60) suggest
a further modification of the hydroxylamine hydrochloride
method for the determination of carbonyl compounds in the
presence of' organic acids; they point out the well-known fact
that organic acids do not. intcrfcrc in the determination if bromo
phenol blue is used as an indicator. Another modification of the
same method for the cst.imation of aldehydes, ketones, and ace
tals has bccn suggested by Maltby and Primavcsi (86); no ad
vantage is offered by this proposed modification.

Gerber, Kuznctsova, and Norman (16) presented data for a
polarographic method of determining aldehydes and ketones
with conjugated bonds; the carbonyl compounds studied in
eluded citral, cinnamaldchydo, and several others of interest
to the essential oil chemist. Korshunov, Kuznctsova, Sazanova,
and Kirillova(80) continued this study, applying tho method
to aromatic ketones and' aldehydes.

For the detection, identification, and separation of aromatic
aldehydes in mixtures with other carbonyl compounds, Spasov
and Ivanov (68) recommended treatment with chloral hydrate
and ammonia; most aliphatic and aromatic ketones do not react,
and most aliphatic aldehydes yield noncrystalline compounds
under-the-prescribed conditions. Such a method would appear
to 'have' only limited uscfor .applicationto essential oils. Fun
gairifio (15) reviewed the methods for the determination of fur
fural; gravimetric, volumetric, and colorimetric procedures arc
discussed. McCrone (85) presented crystallographic data for
vanillin; two polymorphic forms are obtained when crystalliza
tion is carried out from chloroform-carbon tetrachloride solu
tions; data are given for form I, which is present in all normal
recrystallizations from this solvent pair.

Seidel, Schinz, and Ruzicka (58) maintained that ozonization
is useful for the determination of the semicyclic methylene group
in irone and the ion one series; the validity of their technique had
previously been questioned by Naves (44, 45). Ruzicka et al.
do not claim high precision for the method, and suggest that a
correction factor should be applied. In a later paper, Naves
(46) again contested the validity of the technique employed.

Gunthard, Ruzicka, Schinz, and Seidel (20) questioned the
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value of the Raman spectra for distinguishing between the ""
f3, and ,. forms of ironc; they prefer to usc infrared extinction
coefficients at 812 em. -1 and 890 em. -1 for estimating the relative
amounts of ,.- and o-ironc.

Determination of Water. Roberts and Levin (55) proposed
a method employing both azeotropie distillation with benzene
and the subsequent usc of the Karl Fischer reagent; it is claimed
that this method can determine as little as 0.0002% of water in
oils.

Baker and MacNevin (5) suggested the use of lithium alumi
num hydride as a reagent for the determination of water. The
sample must contain no functional group that might react with
tho reagent; this greatly limits its usefulness for essential oils.

Ricciuti and Willits (54) published a report on the Karl Fischer
reagent; the preparation of the reagent is discussed and a
method of standardization proposed which avoids the prepara
tion of absolutely anhydrous methyl alcohol, and the difficulties
inherent in weighing out small amounts of water.

Miscellaneous. Melardi (89) investigated the resorcinol
method for the determination of cineole in eucalyptus oils; he
reported that by increasing the strength of the resorcinol solution
from 50 to 60%, cineole losses were kept at a minimum.

Ishler, Borker, and Gerber (2fJ) described a procedure for the
determination of safrole in soaps. The soap is first precipitated
with silver nitrate; the safrole is separated by steam distillation
and then measured by ultraviolet absorption at 285 mIL. Little
john (38) reviewed the methods for the estimation of safrole in
sassafras oils and described in detail an apparatus and procedure
for a cryoscopic method. de Souza (62) published a review
dealing with Brazilian sassafras oil which included a bibliography
for suitable analytical methods.

Ogg and Cooper (~9) described a technique for the determina
tion of unsaturation by microhydrogenation.

Fritz (14) recommended a solution of perchloric acid in acetic
acid for titration of organic bases in nonaqueous solutions;
methyl violet can be used as indicator, or a pH meter using glass
silver electrodes.

Naves (~7) published a general discussion dealing with the
quality control of perfumery materials. In this paper,' he
stressed the importance of analytical control.

Several papers dealing with the determination of functionality
in organic compounds were published early this year; these were
originally presented before the Division of Analytical and Micro
Chemistry at the 116th meeting of the AMERICAN CHEMICAL
SOCIETY in 1949. Introductory remarks were made by Elving
(12). Siggia (59) discussed the determination of the organic
functional groups by chemical means; Coggeshall (8), by molec
ular spectroscopy; Lykken (84), by elect.rical measurements.
These important papers should be studied carefully by all organic
analytical chemists. Much basic material of great value to the
analyst is presented. Determinations based on functionality
have been much employed in the essential oil industry.

Higuchi, Lintner, and Schleif (26) discuss the electrometric
titration of functional groups using lithium aluminum hydride
solution. Lieb and SchOniger(81) also suggested the use of
lithium aluminum hydride for the determination of functional
groups. In place of the electrometric titration proposed by the
workers at the University of Wisconsin, Lieb and Schoniger make
use of the apparatus of Soltys (61) for a microdetermination
involving measurement of the liberated hydrogen. The pro
cedure is a modification of the Zerewitinoff technique.

Wilson (71) presented a report on flavors and nonalcoholic
beverages. Analytical data showed that the official method for
the determination of alcohol in citrus extracts (2) is also applicable
to extracts of almond, clove, cinnamon, peppermint, spearmint,
and wintergreen. The tentative methods (8, 4) employed for the'
determination of essential oil content in extracts proved' ade
quate.

Cartwright (7) discussed briefly organoleptic panel testing.
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In a continuation of their series 011 analysis, Patin and Vignau
(51) dealt with the evaluation of perfume products obtained by
extraction with solvents. The separation of alcohols from
essential oils was also reviewed by these writers.

Adulteration. Otto and Siering (50) called attention to the
·fact that the standard test for distinguishing between Sumatra
and Siam gum benzoin is notreliable: this test is based on oxida
tion' of cinnamic acid to benzaldehyde. The Sumatra variety
of gum contains cinnamic acid; the Siam variety reputedly
contains none. Their experiments indicated that a genuine
'sample of the Siam gum actually contained about 3% of cin
namic acid.

Goswami (18) briefly discussed methods for detecting adultera
tion ill essential oils.

Stempel (65) suggested a test for the detection of glycerol by
condensation with aniline to quinoline; the quinoline is deter
mined by the formation of a white precipitate upon the addition
of potassium mercury iodide. Jsacoff (28) reported experimental
results on the codistillation of propylene glycol with various
hydrocarbons.

Stafford, Francel, and Shay (6.n described a method for the
identification of dicarboxylic acids in polymeric esters through
the preparation of the dibenzylamides. This method, with
modifications, should prove of value for the identification of the
esters of dicarboxylie acids employed as adulterants for essential
oils.

Collett (,9) presented a procedure for detecting residual acetone
in oleoresins based on a color reaction with salicylaldehyde.
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FOOD
JOHN R. MATCHETT

Bureau of Agricultural and Industrial Chemistry, Washington 25, D. C.

T H IS review covers the period from about December 1949 to
November 1950. It is a sequel to the review of methods of

food analysis by Oser (132) for the period November 1\)48 to
November 194[l.

MOISTURE

Accurate and rapid methods for moisture in foods continue to
attract the attention of analysts. The hope of finding one method
applicable to all foods remains remote, although a technique using
the Sicco-Rapid apparatus is said to be applicable to a large
variety of foods (21).

The Karl Fischer reagent has proved to be of value in deter
mination of moisture in such foods as cereals, starches, dehydrated
vegetables, egg powder, and sirup mixes. A method employing
azeotropic distillation and subsequent determination of water in
the distillate by titration with the Karl Fischer reagent has been
applied to oils containing as little as 0.002% water (154). A
simplified method for standardization of the reagent has been
proposed which avoids the preparation of absolutely anhydrous
methanol (153).

Methods and equipment used for the determination of mois
ture have been the subject of a conference (2) and of a review
paper (58). Reference methods suitable for calibration of
empirical or indirect moisture methods for dehydrated foods were,
critically reviewed and arguments presented to show that the
equilibrium vapor pressure of water may be a better index of sta
bility of such foods than the moisture content (110).

A simplified method, developed for moisture in whole grains,
involves heating in air for 16 to 18 hours at 130 0 C. (143). A
mechanical device, consisting of a torsion balance combined with
a drying element for measuring the moisture in flour, has been
reported (40). Determinations can be completed ill 5 minutes
with an accuracy of about 0.1 to 0.2%. Results of moisture
determination by the Association of Official Agricultural Chem
ists air- and vacuum-oven procedures on 10 samples of flour and
flour mixes were compared by 14 analysts in five laboratories
(197). Good agreement was obtained by analysts within a given
laboratory, but considerable discrepancies were found among
different laboratories. Deviations were less in samples run by
the air-oven method than by the vacuum-oven method. A
method for determination of moisture in potato starch has been
reported (184) which involves giving the material a preliminary
drying in a freely ventilated oven at 130 0 C., followed by desicca
tion beside phosphorus pentoxide in vacuo at 130 0 C. The
determination requires about an hour.

Air- and vacuum-oven methods were employed to determine
moisture in solutions of sucrose, glucose, and fructose of different
acidities (120). Extent of decomposition and required drying
times were established for various temperatures (from 60 0 to
98 0 C.) when drying with various additives such as pumice, sand,
Celite, or paper pulp. A rapid and simple procedure, employing
calcium carbide, has been developed for moisture in fresh or frozen
sweet corn (195). Results agree with the vacuum-oven method
within ± 1%. Of particular value is the fact that the method
can be used by the quality control group in processing plants.

Instruments are now fairly widely used for rapid moisture
determination in certain foods. In general, such instruments
utilize variations in the electrical properties of hygroscopic
materials, and are useful only when the moisture content is not
more than about 25%. A recent paper (168) appears to establish
the feasibility of use of nuclear absorption phenomena as the

basis of an instrument for rapid moisture determination over a
'moisture range varying from near dryness to saturation. The
results for apple and potato tissues showed that energy absorption
varied linearly with the amount of water in the tissues.

PROTEINS AND AMINO ACIDS

Methods of estimating total nitrogen of proteins by the Kjel
dahl procedure continue to'be investigated and the most impor
tant unsolved problems concerned with this method have been
well summarized (91).

A procedure for the Kjeldahl determination of nitrogen in
nicotinic acid and tryptophan has been investigated in collabora
tion with 16 independent laboratories (198). The method em
ployed appears to be satisfactory and applicable to easily decom
posed as well as refractory compounds. It has been observed
that the rate of digestion of nicotinic acid was roughly doubled
for each 10 0 C. rise ill boiling temperature (130). Importance
of the concentration of potassium sulfate in the digestion mixture
has been stressed (130, 166).

Improved designs for digestion and distillation equipment
have been reported (46, 92, 171). Minor improvements have
been suggested for various macro, micro, and ultramicro-Kjeldahl
procedures (89, 101, 121, 129).

A rapid method for estimating protein in cows' milk depends on
determining ammonia liberated in alkaline solution, due largely
to the glutamine and asparagine content of milk proteins (96).
The biuret reaction has been used for the colorimetric estimation
of proteins in fish (178).

Dilute alkali (0.1 to 0.2% sodium hydroxide) has been recom
mended for the extraction of protein from plants (9[3). The
alkali has no apparent harmful effect on the constituent amino
acids. Fish proteins have been isolated by dilute salt solutions
(49). A better system has been developed for the electrophoretic
separation of the known protein components in egg white, includ
ing the easily precipitated ovomucin (55). Simple, convenient,
and inexpensive techniques have been elaborated for the electro
phoretic separation of amino acids, peptides, and proteins on
filter paper (35, 47,188) and agar jelly (4). Location of the posi
tions of the components is done by ninhydrin, Pauly reagent, or
various dyes. ,

Chromatographic methods for the separation and estimation of
proteins are still largely. in the developmental stage. However,
it appears likely that this field will receivtgreater emphasis during
the next few years, because chromatographic techniques are rapid
and convenient and do not necessarily require expensive equip
ment and highly trained technicians.

Three major components in egg white proteins have been
separated on a cation exchange column (174), the resolved frac
tions being identified by refractometric optical measurements on
the effluent immediately above the ion exchange column. Both
one- and two-dimensional filter paper techniques have been
employed for the chromatography of other proteins (202).

The status of chromatographic methods for the determination
of amino acids has recently been reviewed (iS6). The precision
of quantitative starch and filter paper chromatography procedures
was estimated at 3 and 5 to 15%, respectively. Separation of
amino acids on ion exchange columns has been studied (28, 86,
104,134,135), and chromatographic procedures have been elabo
rated for the separation of the dinitrophenyl derivatives of the
amino acids on filter paper (12, 122) and columns of chlorinated
rubber (108). Superior separations are claimed for the latter
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technique. Most of the amino acids may be regenerated from
their dinitrophenyl derivatives by treatment with 2 N sulfurie
acid containing a few drops of hydrogen peroxide or by heating
in a sealed tube with saturated barium hydroxide (118). Separa
tion of all of the naturally occurring amino acids from each other
on one-dimensional filter paper chromatograms using buffered,
water-immiscible solvents and buffer-impregnated filter paper
strips has been successful (108). This is particularly significant
because it provides the basis for rapid and convenient quantita
tive estimations of amino acids in protein hydrolyzates. A pro
portional divider (Partogrid ) for rapid determination of R, values
on one-dimensional filter paper chromatograms (partograms) has
been suggested (156). Other methods have been reported re
cently for the quantitative determination of amino acids by filter
paper chromatography (15, 177). While their applications to
foods have been limited, it is likely that greater use of these
techniques will be made once reliability has been evaluated.

The principal applications of filter paper chromatography to
food analysis have been of a qualitative nature. A new amino
acid, -v-aminobutyric acid, has been found in extracts of beet root
(187), yeast (146), and apple pulp (82). I3-Alanine has been re
ported in extracts of apple pulp (82). Glutathione has been
identified in an alcoholic extract of peanut kernels (147). Nu
merous free amino acids have been reported in citrus juices (157),
and extracts of apple, pear, prune, apricot, and avocado (82).
Rockland and Dunn's rapid test tube chromatography technique
has been modified for the estimation of monosodium glutamate
and vegetable protein hydrolyzate in soups (137).

Chemical methods for amino acids have recently been reviewed
(131).

Studies on the determination of amino acids by an ingenious
isotope derivative technique have been continued (89), and the
radioisotope carrier technique has been employed for the deter
mination of alanine, glycine, and proline in 01-, 13-, and oy-cascins
(65). Whole casein was shown to contain less than 0.1% hy
droxyproline. The isotope techniques are not likely to be used
for routine determinations of amino acids in proteins and foods
because .of the great number of manipulations and special equip
ment required. Peri-naphthindan-2,3,4-trione hydrate has been
used in a titrimetric ammonia method for the estimation of
amino acids (124). A reinvestigation of Pope and Stevens'
method for determining amino acids by means of iodometric titra
tion of their soluble copper salts has led to an improved method
using washed copper phosphate (164). By its use 14 of 19 natu
rally occurring amino acids were determined with a comparatively
high degree of accuracy.

Aspartic acid in protein hydrolyzates has been determined by
conversion of the aspartic acid to fumaric acid with dimethyl sul
fate, followed by colorimetric estimation of fumaric acid (57).
Cysteine and cystine have been determined by argentometric am
perometric titration (!Jt). A colorimetric method employing p
dimcthylaminobensaldehydo has been reported for the estima
tion of hydroxyproline (128). The procedure requires only about
1 to 2% as much protein as has been necessary with previous
methods.

Methionine has been determined in a number of grains and
legumes by a modified McCarthy and Sullivan sodium nitro
prusside procedure (159). p-Dimethylaminobenzaldehydc has
been used for the colorimetric estimation of tryptophan in unhy
drolyzed proteins (175). This reagent has been used in the past
for determination of tryptophan in alkali-digested proteins.
Values obtained for the tryptophan content of un hydrolyzed
casein and egg albumin were considerably higher than those found
in the alkaline hydrolyzates. Glutathione has been determined
polarographically in citrus juices and in extracts of potato and
guava (33).

Results have been published of a' collaborative study by 12 in
dependent laboratories, on the microbiological assay of 16 amino
acids in a synthetic test mixture and in hydrolyzatcs of whole egg,
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egg albumin, casein, wheat gluten, and peanut flour (160). The
absolute mean deviation reported by nine laboratories for the
analysis of the synthetic mixture varied between 6.7 and 11.3%,
while the absolute mean deviation for individual amino acids va
ried between 0.4% (glutamic acid) and 5.6% (arginine).

It has been observed (151) that Leuconostoc mesenteroides P-60
and L. citrovorum 8081 are capable of utilizing peptides released by
in vitro enzymatic 'hydrolysis of proteins. The use of these or
ganisms in determining amino acids in unhydrolyzed or partially
hydrolyzed biological materials docs not seem advisable.

Improved procedures have been elaborated for the microbio
logical assay of cystine with L. mesenteroides P-60 (25) and tryp
tophan with Streptococcus faecalis (117). A procedure for the
microbiological assay of L-, D-, and DL-methionine has been sug
gested (24). DL-Methionine can be assayed with either L. ara
binosus or Lactobacillus fermenti, while L-methionine can be de
termined with L. mesenteroides P-60. D-Methionine may be esti
mated by difference.

METALLIC IONS

Because iron is an important constitutent of foods and is in
cluded in some form in the enrichment of cereals, flour, and bread,
a rapid and accurate method for its determination is of interest.
Values that check well with the A.O.A.C. method have been ob
tained by a technique involving the muffle ignition of the sample
with magnesium nitrate (178). This ashing method causes no
loss of iron, and possible interference by pyrophosphate is over
come by the presence of considerable quantities of magnesium,
and by acid hydrolysis. Iodine determinations of foodstuffs are
of value in any study of simple goiter. A quick colorimetric
method involving the use of sodium nitrate and sulfuric acid has
been suggested (176).

Quantitative values for sodium, potassium, and calcium in
human and cows' milk have been obtained by using flame spec
troscopy techniques (90). The method is said to be accurate to
within 5%. Apple slices may be, treated in a calcium chloride
bath prior to canning, for the purpose of increasing their firmness.
A rapid control method for maintaining the concentration of cal
cium chloride in the bath has been devised by modifying the soap
method for measuring the hardness of water (193).

Sodium chloride determinations in meat extracts and yeast hy
drolyzates are important control measures. A rapid technique,
requiring about 30 minutes, consists of deproteinizing the food
withCarrez reagent and determining chloride in the protein-free
filtrate with Volhard reagent (61). '

In the determination of magnesium by the use of thiazole yel
low, errors due to lack of consistency i~ the degree of dispersion of
the red colored coordination complex seem to have been circum
vented by a new approach to the problem (83). An accurately
measured quantity of thiazole yellow was added to the magne
sium solution and excess dye removed froni the reaction mixture
with n-butyl alcohol. A calibration curve is prepared relating
quantities of magnesium directly with color intensity of the n
butyl alcohol solution of the excess dye. The method is applica
ble to milk, plant tissue, soil extracts, and blood serum.

Colorimetric methods have been described for the determina
tion of copper in the ash of food products (64, 69). One procedure
(69) uses 1,8-dehydroxy-3-methylol anthraquinone, and in the
other (64) pyridine and salicylic acid are utilized.

FATS

All methods for measuring the iodine number of oils require
long absorption times varying from 30 minutes to 2 hours. For
rapid control work of continuous plant operation, this is too long.
A recently published modification of the Rosenmund-Kuhnhenn
method should be of interest to those concerned with plant opera
tion (5). Iodine numbers can be obtained in 1 minute with all
ordinary nonconjugated fats and oils. The method seems to
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agree well with the Hanus method except in the case of tung oil.
Agreement was also obtained with the Wijs method in the case of
oils of low iodine number, but values were slightly higher in the
Case of oils having iodine numbers of more than 100.

A centrifugal method for determining fat in cacao products has
been suggested (94).

A rather extensive review with 74 references dealing with chol
esterol determination will be of interest to those working in this
field (59).

ENZYMES

The role of phospholipides as they affect the consistency of
"foods, and their susceptibility to probable taste changes brought
about by oxidation and rancidity, is well known. A method of
detecting enzymatic breakdown of phospholipides, based on the
f'act that serine and ethanolamine alone of the baSIC components
'Of phospholipides liberate ammonia on oxidation with periodate,
has been reported (158). One method of expressing the activity
of papain is by the Balls-Hoover milk clotting units. A more re
cent method is based upon the liberation of tyrosine from a stand
ard solution of ovalbumin (51). The papain unit is defined as
that amount of enzyme which in 10 minutes at 36 o. C. liberates
all the tyrosine from 1 mg. of dry egg albumin. A photometric
ninhydrin method for measurement of proteolysis has also been
reported (165).

One of the first phosphatase tests for distinguishing pasteurized
from raw' milk was presented in 1\)34. Since then the test has
been improved, and in 1947 it became known as the Sanders and
Sager phosphatase test. More recently (116) a Hew technique
has been developed for this test. The method depends on the
formation of red phenolphthalein color from enzymic cleavage of
phenolphthalein diphosphate (sodium salt) at pH 9 to 10 in the
presence of a little chloroform with incubation at 37 ° to 38 ° C.
Jf no red color is visible after 24 hours, phosphatase is absent.

CARBOHYDRATES

In the determination of reducing sugars in plant materials, the
alcohol-extracted sugars in solution are usually clarified with neu
tral lead acetate to remove nonsugar reducing substances, and
excess lead is removed with disodium phosphate. A study (10) of
the alcoholic extract of some 29 fruits and vegetables showed that
in almost half of them determination of reducing sugars, by the
A.O.A.C. copper micromethod and the Hassid ferricyanide micro
method, could be carried out without removal of alcohol and with
-out any form of clarification. The other half required treatment
of the alcoholic extract with a selected decolorizing carbon only.

A modified Coalstad electrometric titration method for deter
mining the end point in the Lane and Eynon procedure has been
reported (6). Platinum was substituted for copper in one of the
electrodes. A carbonate-buffered cupritartrate reagent permits
the determination of reducing sugars to an accuracy of a few
tenths of 1% (72). The method is applicable to the detennina
tion of reducing sugars in refined sucrose.

A method useful for the measurement of lactose in bread (27)
and a picric acid procedure applicable for both lactose and sucrose
in dairy products were reported (140). The Bertrand method has
been modified for determination of 0.8 to 40 mg. of sugar per sam
ple of plant extracts (103). The usual time-consuming chemical
me.thods for determining levulose have been superseded by a po
larographic technique (194), and the polarograph has also been
used to measure the surface-active impurities in sugar (185).

A complete report of handling, sampling, classification, and
analysis of raw sugar was presented before the International
Commission for Uniform Methods of Sugar Analysis in 1949 (84).

An optimum procedure for preparing sucrose liquor and sirup
for color measurements has been proposed (115). Equations
.and a nomograph relating the reducing power and values for
.double polarization of sugar solutions have facilitated the ap-
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proximate determination of mixtures of any two known reducing
sugars and sucrose (152). The method is useful for analysis of
chocolate, sugar sirups, and the like.

A general qualitative test for carbohydrates (41) and several
qualitative tests for fructose or other ketohexoses have been pre
sented (53, 66, 114, 203). Disches' carbazole method was modi
fied to permit differentiation between galacturonic and glucuronic
acids (44). Sugars did not interfere in the test. A qualitative
scheme for the identification of sucrose, glucose, fructose, maltose,
and lactose in macro amounts, based upon solubility differences
and specific color reactions, was presented (189). This method
may be useful for occasional qualitative identifications.

Triphenyltetrazolium chloride dissolves in water to form a col
orless solution. After being redueed, this salt forms triphenyl
formazan, which is a red, water-insoluble compound. Reduced
triphenyltetrazolium chloride has been used for the quantitative
colorimetric determination of lactose in milk and for glucose and
fructose in honey (113). Microdetermination of sugars applica
ble to the study of spots on paper chromatograms involves pre-

. paring paper strips in duplicate. Location of sugar spots on one
is determined by the Partridge or Horrocks method. Corre
sponding parts of the other strip are cut out and the sugar is ex
tractcd from each individually with methanol, the methanol is re
moved by evaporation,' and the sugar in the residue is determined
colorimetrically by a modification of Partridge's aniline phthalate
method (14). The method is suitable for pentoses and aldohex
oses but not ketoses.

Recent reviews of paper chromatography of the carbohydrates
(34, 196) emphasize the possibilities of extending this technique
to the food field. .It need no longer be necessary for food chemists
to express their reducing values as glucose without having definite
knowledge of the identity of the sugars in their material, Tech
niques have been presented that may' allow a tenfold extension of
the quantities now separable by paper chromatography (125,
203). The properties of 22 filter papers were tested for use in
chromatography (98). At present most of the known sugars and
many of their derivatives have been separated by paper chro
matography, eluted from the paper, and analyzed. An improve
ment in elution technique allows simple, rapid, and quantitative
removal of the separated sugars from the developed chromato
gram (102). It has recently been shown that the best separation
of sugars occurs when paper chromatograms are run at 37 0 C.
(80). Several interesting experiments are offered, one of which is
the separation of a- and l3-methyl rhamnosides. Other workers
have presented improvements in procedures developed for their
particular needs (8, 16). For instance,' paper chromatography
has been employed to separate the radioactive products formed
during photosynthesis in C140

2, and for the separation and identi
fication of carboxylic acid and phosphate esters (8). A multiple
development in one direction permitted the resolution of a homol
ogous series of oligosaccharides up to a degree of polymerization
of about 10 glucose units (85).

Qualitative paper chromatography has been used to identify
glucose, fructose, and sucrose in lemon, orange, and grapefruit
juices (107). The presence of sucrose in lemon juice (about
0':05%) was demonstrated but was undetected by chemical analy
sis. Sugar beet juice has been analyzed quantitatively for raf
finose by paper chromatography (1, 42). This would have been
an enormous task by any other method. The use of paper chro
matography for the separation and quantitative analysis of the
sugar-phosphate esters has been reported (31).

The chromatography of the sugars on charcoal using dilute al
cohol was reported (188), and this work should be of interest to
anyone using charcoal to remove "nonsugar" reducing substances.

A procedure was reported (106) in which starch was extracted
from sugar-free vegetable material with cold dilute perchloric
acid, and both starch and amylose were determined eolorimetri
cally. Anthrone was used in a like manner for the quantitative
analysis of animal glycogen (167). These procedures all offer the
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advantage that no previous acid hydrolysis of these .polysaccha
rides is necessary, because hydrolysis and color development in
the strong sulfuric acid occur at the same time. A note on the
specificity of the anthrone reaction (161) reviews the require
ments for the anthrone-sugar-sulfuric acid reaction.

A method for the approximate determination of pectin in raw
beet sugar was presented (192). The method calls forsaponifica
tion of the pectin, distillation of the methyl alcohol, oxidation of
the alcohol with chromic acid, and back-titration with thiosulfate.
A method of measuring the jellying power of pectin is based on
the sagging of a piece of jelly under its own weight (45). Meas
urements of gel strengths by using the Luors-Lochmuller "pee
t.inometer" (68, 74) have been reported.

VITAMINS

The spectrophotometric method for vitamin A now appears in
the U. S. Pharmacopeia (142), and calls for absorbancies of the
unsaponifiable extract at wave lengths 310 mIL, 325 mIL, and 334.
mu, It requires that the ratio of the colorimetric (antimony tri- .
chloride) to the spectrophotometric assay values shall fall within
the specified limits of l.0 to 1.3 (190). A method for the deter
mination of vitamin A in the presence of interfering substances
has been reported (109) involving the use of 315 and 338.5 mIL as
reference points rather than 310 and 340 mIL for correcting for ex
traneous matter absorption by the Morton and Stubbs method.

Study of a better method for vitamin A in feeds was continued,
and a technique in which 30% acetone in hexane was used for ex
traction of vitamin A from standard samples followed by chroma
tography on magnesium oxide and subsequent determinations
with antimony trichloride gave results which correlated fairly well
with the-potencies of the standards (162). .

A biological method of vitamin A assay which perhaps is more
of fundamental interest than of practical application, at least at
present, is based on the degeneration of nerve tissue of the central
nervous system of rats in vitamin A deficiency (30). Such le
sions are present to varying degrees in rats that are still growing
and from external appearance are in good condition. Abnormali
ties, detected by histological examinations taken as the basis of
evaluation of the prophylactic assay, which covers. an 8-week
period, indicated that the procedure was at least as accurate as the
3-week curative growth test.

A collaborative study by the Association of Official Agricultural
Chemists on the determination of carotene in alfalfa has been con
tinued (144). One hundred and ten laboratories have partici
pated in the study of the chromatographic procedure with a final
recommendation that overnight extraction at room temperature
be used as an alternative to refluxing for 1 hour, that a more uni
form adsorbent be sought, and a procedure for purification of sol
vents be 'devised. The use of a mixture of .equal parts of toluene,
ethyl alcohol, and ethyl acetate for giving a complete extraction
of carotenoids from feeds was suggested (32). The chromato
graphic separation of carotene from other pigments was similar to
that of the Association of Official Agricultural Chemists. This
procedure avoids saponification, as does another for carrots, spin
ach, and red pepper (60) where carotenoids were extracted and
chromatographed directly. A method for estimating carotene
and anatto in the presence of dimethylaminoazobenzene by means
of paper chromatography has been suggested (43).

A rapid two-stage chromatographic method applicable ,to the
determination of carotene in dried peas has been reported (56).

Considerable research has been undertaken on assay methods
for vitamin Bn, and in the United States a recent collaborative
study sponsored by the U. S. Pharmacopeia Anti-Anemia Board

. has been the basis for adoption of an official procedure. Reports
on microbiological techniques seem to have been limited to Lacto
bacillus leichrnanniiATCC 4797 (11, 138, 163, 172, 180) and
strain 313 (172). Media containing crystalline amino aeids as a
nitrogen source and adsorbed tomato juice filtrate (138) and Iu-
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marie acid (181) as growth stimulants have been studied. Micro
biological assay methods applied to alfalfa will give misleading re
sults, because there are present factors other than vitamin B12 t.o
which L. leichrnannii respond (11). It appears likely that these
factors may consist of the naturally occurring desoxyribosides,
which have been shown to respond to the Bn assay.

Chromatographie methods have been proposed for the separa
tion of compounds possessing vitamin B12 activity (95, 201). Bu
tyl alcohol was suitable only for the separation of B12 from either
adenine-desoxyribose nucleoside or thymidine. Phenol was not
suitable for separation (95). Conditions have been defined for
separating B12 and B12a from mixtures of these two substances
(201). The redueed forms of B , 2, called B12a and B' 2b , are known'
to be identical.

Rat (148) and chick (29) assay methods for B12 have been re
ported. Techniques for preparing B12-depleted chicks for use arc
described (13). A colorimetric method is based on the color of a
hydrolytic product of B12 after preferential extraction to separate
it from impurities (52). Results are in agreement with those ob
tained by mierobiological methods.

Published data on recent improvements in the estimation of
vitamin E are lacking except for one report based on the spectre
photometric determination of a-tocopherol in the presence of ,,
tocopherol (139). The problem of determining tocopherols is
complicated by the plurality of tocopherols having different ac
tivities, by the interference of other inaetive compounds, and by
the instability of tocopherols during manipulation.

Pantothenol and pantothenates assume importance as members
of the vitamin B complex, and a rapid colorimetric method has
been described for estimating pantothenates in tablets and am
poules (200). Application of the method to food products is not
mentioned by the authors. Efforts have been made to use dif
ferential assays of free and total pantothenic add with L. arobino
sus before and after suitable enzyme treatment as a guide in at
tempts to concentrate the bound forms from yeast and liver (127).

A number of colorimetric techniques for choline involving the
usc of Reinecke's salt have been suggested. Recent develop
ments include a gravimetric method utilizing the same reagent
(133). When this method is used in assaying folic acid-contain
ing liver fractions, falsely high results are obtained (3). This is
due to the fact that such fractions eontain a basic substance
which precipitates with ammonium reineckate. The "liver"
rcineckate is, however, insoluble in acetone, while choline reineck
ate is soluble, thus offering a means of separation (3).

A spectrophotometric method for vitamin C has been de
scribed (111 ) and methods for vitamin C in the presence of ferrous
salts have been investigated (20, 81), partieularly from the stand
point of aceurate vitamin C determinations in canned foods.
Means of stabilizing the standard solution of 2,6-dichlorophenol
indophenol are suggested (81) and the use of a sodium aeetal.e
hydrochlorie acid buffer solution or of a 10% acetic acid-Il.I %
oxalic acid solution as an extracting medium obviates difficulties
due to the presence of iron or copper (20).

A new book on vitamin analytical techniques, presenting the
physical, chemieal, microbiological, and animal assay methods
employed, should be of interest to those working in this field (70).

COLOR, ODOR, AND TASTE

A method giving approximate color values of tomato paste in
volves a color index obtained by measuring the color of extracts of
the paste with a photoelectrie colorimeter instead of by reflec
tanee measurements (38). The method may have broad applica
tion to many kinds of foods such as eitrus products, avocados,
dates, and peppers. Another method eonsists of determining the
eolor with a Hunter color-difference meter and then interpreting
specifieations on a speeial chromaticity diagram (204). Because
the proeedures are objective and unrelated to the ability of the
operator to match or evaluate eolors, the personal faetor is elimi
nated.
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Degree of nonenzymatic browning of some dehydrated vege
tables during storage has been measured (73) as the difference be
tween optical density values of extracted soluble color materials
from samples before and after storage.

Reflectance spectrophotometer and photoelectric reflectometer
measurements have been used to study and determine the extent
to which originalnatural color is preserved during processing and
subsequent storage of certain foods (50, 112).

A photoelectric method for assessing flour color as an indicator
of flour grade comes from England (88). An apparatus has been
developed for this, the readings of which are independent of the
effect of n~tural or artificial bleaching.

Permanent glass color standards have been developed for use
in a simple color comparator for grading the color of maple sirup
(1.9).

The chemistry of flavor has been the subject of a recent review
(145), and flavor profiles have been discussed in another recent
publication (23). A rather comprehensive study of odors is also
of interest in this connection (179). One of several suggestions
for improvement in flavor evaluation procedure has been a scoring
system devised to differentiate between intensity of abnormal or
undesirable attributes and preferred intensity of typical or desir
able attributes of food (79). The system has been found to pro
vide reproducible results related to composition of the test mate
rials. Another procedure based on paired and triangle difference
tests emphasizes the use of "warm-up" samples, reference stand
ards, rinses,' and control of the quantity judged and of thc time
interval between judging of samples (141).

Among investigations of methods applicable to specific foods
is thedevelopment of a procedure for evaluating oils (123), and
the objective and organoleptic evaluation of quality in raw and
canned peas (99).

A study undertaken to determine the reason for erratic results
in judging sulfited foods showed that tasting one sample of mashed
potatoes containing 12 to 100 p.p.m. of sulfur dioxide dulled the
acuity of the' judges for detecting subsequent sulfited samples
(17). The authors recommend evaluating only one sulfited sam
ple per judging session until a more reliable technique is devel
oped.

Some of the difficulties involved in judging flavor of foods that
can be identified by color differences are illustrated in a report of
an evaluation of spices, spice oils, and olcoresins (126).

SPOILAGE AND CONTAMINATION

Methods of determining insect counts in foods have been the
subject of three recent papers (62, 170, 181), involving an im
provement over the older Wildman method, extraction of the
product with castor oil followed .by gasoline, or preferential
staining which leaves unchanged the insect fragments so that they
appear in their natural color.

Methods of the National Cheese Institute and the Association
of Official Agricultural Chemists for determining extraneous
matter in cheese have been modified for use with Swiss products
(87).

The conventional Schechter-Haller colorimetric method for
DDT is not applicable in the presence of more than traces of fat.
It has been found (37) that Celite impregnated with sulfuric
acid-fuming sulfuric acid, and slurried with carbon tetrachloride
will hold fats within a chromatographic column, while DDT will
pass through with the carbon tetrachloride.' From 90 to 100% of
DDT added to butter oil was recovered with this method.

A colorimetric method for estimating trimethylamine is of in
terest in fish decomposition (48), and the presence of succinic acid
has been shown to be an index of decomposition in tuna (77).

Extensive decomposition experiments have been carried out on
cream and data presented on butyric and water-insoluble acids
(WIA) in cream and butter (75). Individual volatile acids as
evidence of decomposition have been applied to canned tuna
(7,6), the results indicating that these acids are a good index of the
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stage of decomposition of the raw material from which the
canned product was prepared.

Shaking samples of potato flakes, flour, and starch flour with
chloroform in order to determine sand has been found to beun
dependable (186). A better procedure makes use of hydrolysis of
the starch with hydrochloric acid, and this is even preferable to
ashing (186).

Methods of detecting Cysticercus-contaminated meat have
been suggested (100). Cysticerci representing the larval forms
of Taenia solium (pork tapeworm of man) and Taeniarhynchus
saginatus (tapeworm of man), either dead or alive, give a pink
fluorescence on illumination with ultraviolet of specific wave
length. The property of luminescence. has also been applied for
detection of impurities in other foods such as fruit juices, vinegar,
vegetable oils, butter, and flours (182).

The possible presence of coliform organisms in citrus juices has
become of increasing importance during the past year, and appar
ently satisfactory methods remain still to be worked out as ap
plied to these commodities. It has been reported (199) that vari
ous organisms meeting the definition for coliforms persisted in
frozen concentrated orange juice for 43 weeks. Most were Aero
bacter species, but Some resembling Escherichia coli were found.
In a survey made of citrus processing plants in Florida during the
1948-49 season, no E. coli was found in any of the samples studied
(136). This paper points out the importance of the media used.

MISCELLANEOUS

Methods have been suggested for measuring the firmness of red
cherries (191), calcium-treated apples (67), and corn (7).

The detection of egg in salad cream is based on a colorimetric
method of determining choline derived from egg lecithin by acid
hydrolysis and conversion of the choline into its pink reineckate
(36). The old Strohecker method has been modified for the de
termination of rye flour in mixtures with wheat flour (63), and a
laboratory procedure for evaluating curd-producing capacity of
soybean products has been described (105). Curd volume is an
accurate index to the per cent of soluble protein in soy flours.

A spectrometric method for estimating solids in tomato prod
ucts luis been proposed (177), the results having additional value
in that they can be used as a criterion of the degree of ripeness of
the tomatoes used,

A rapid method for determination of crude fiber has been re
ported (71). Materials of high fat content must first be defatted
to avoid error that may be caused by foaming.

Propylene glycol is used in many food preparations and particu
larly in imitation vanilla extracts. The usual separation of
propylene glycol by direct distillation has been found unsatisfac
tory because of poor recovery and charring of sugar when present.
Extraction methods have been found equally unsatisfactory. A
procedure depending upon the isolation of propylene glycol from
vanilla extract by codistillation with an organic solvent such as
heptane has been reported (22). The method can be used when
propylene glycol occurs alone or in the presence of glycerol.

The A.O.A.C. Power-Chestnut and Baily-Andrew methods for
caffeine in coffee and tea are time-consuming. A semimicro
method has been suggested requiring only 15 to 25% of the time
necessary for the A.O.A.C. method (18). An improved method
for determining theobromine in cocoa products is also of interest
(78).

Congressional action in repealing the tax on oleomargarine
made it evident that some method would have to be found to dif
ferentiate between butter and margarine. A test has been sug
gested (54) to differentiate butter from margarine, based on the
"critical temperature of dissolution" (CTD test). first enunciated
by Valenta over 55 years ago. In the proposed test a mixture of
ethyl and isoamyl alcohols of specified strength is used as a sol
vent of the oil from the butter or margarine. Upon heating and
stirring the mixture becomes clear and homogeneous. The mix-



ture is then cooled while being stirred and the temperature is
noted at the first discernible turbidity. The magnitude of tem
perature spread at which butter and margarine become turbid
was 'significant enough, even in the hands of different analysts, to
distinguish between the two commodities.

The toxic factor derived from "agenized" (nitrogen trichloride
treated) flour has been investigated by several laboratories (9,
26,119,149,150,169). The sulfoximine of methionine has been
tentatively identified as the toxic factor (119,169). Use of nitro
gen trichloride for flour bleaching is no longer permitted in the
United States.
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FERROUS METALLURGY
H.F.BEEGHLY

Jones and Laughlin Steel Corp.; Pittsburgh, Pa:

PRACT I CAL advances in ferrous analytical chemistry stel~1

from the need for more reliable and specific data on raw
materials and their composition at different stages of refining
into finished products. Each new raw material utilized and each
new alloy developed presents an analytical problem that must be
solved successfully if its commercial value is to be realized.

GENERAL INFORMATION

The pH conditions necessary for complete extraction of such
metals as aluminum, copper, ferric iron, manganese, molybdenum,
nickel, and stannic tin from aqueous solution with a 1% solution
of 8-hydroxyquinoline in chloroform were investigated by Gentry
and Sherrington (29). Their results were different from those
of Moeller (55). Applications are suggested for extraction of
heavy-metal impurities from analytical reagents to be used in
trace analyses. Because the extraction conditions used are non
selective, the cbloroform-8-hydroxyquinolate extraction has no
special advantage for direct quantitative analysis except in
the case of stannic tin. In this case traces of tin can be sepa
rated by distillation and concentrated in the yellow chloroform
layer. Chernikov and Dobkina (15) made a similar examination
using diethyldithiocarbamate with ethyl acetate as extractant.
Nachtrieb and Fryxell (60) studied the extraction of gallium from
aqueous solution. Gorki! (32) evaluated several nonaqueous
solvents for analytical work.

Lester (47) and McDonnell and Wilson (49) reviewed use of
organic reagents for microanalysis and compiled a list of metalo
organic compounds suitable for final weighing in microgravi
metric analyses. In a series of articles, Nutten (63) considered
the various substances that have been advanced for use as pri
mary standards. Stock and others (77-79) in a series of articles
gave an account of miscellaneous microchemical devices useful
for handling the unusual analytical problem. Stock also de
scribed (76) simple conductometric titration apparatus using
platinum wire microelectrodes with which volumes of 1 ml. or
less may be titrated. Stross (81) depicted a number of handy
devices for the analytical laboratory that handles large numbers
of samples regularly. Cunningham (18) outlined micromethods
and techniques primarily for use in nuclear research, but some of
them have general applicability in instances where small quanti
ties of material must be evaluated.

Beck (3) devised a gravimetric procedure in which the pre
cipitate is separated by centrifuging. A crucible is attached to
the bottom of the centrifuge tube by a ground joint. Then the
crucible containing the precipitate is removed, dried, and ignited.
This apparatus may be useful for the determination of amor
phous, gelatinous, or very finely divided precipitates. Croall
(17) commented on applications of perchloric acid in the analysis
of steel works materials.

Flagg, Liebhafsky, and Winslow (22), Furman and Garner
(26), and Moeller and Cohen (56), respectively, presented new
data on the absorption .spectra of zirconium lakes, trivalent and
tetravalent vanadium ions under various. conditions, and the 8
quinolyl chelates of the Group III B elements.

Maxwell and Graham (51) published a useful review with 181
references on the mercury cathode and its applications; newer
techniques in analytical chemistry were surveyed by Nicholls
(62). Furman (25) reviewed electrical methods of chemical
analysis.

Birks and Brooks (7) applied the x-ray fluorescence method to

the quantitative determination of hafnium in zirconium and of
tantalum in columbium without separation. Quantities in the
order of 0.1% were said to be detectable with a quantitative
accuracy on the order of 4% of the amount present. A number
of new techniques for measuring the thickness of metallic pro
tective coatings on steel have been devised (4, 24, 82).

Hofer, Peebles, and Guest (38) described apparatus and tech
niques useful for preparation of powder specimens for x-ray
diffraction analyses. Jaycox (39) developed techniques utilizing
spectrochemical buffers. He explained methods of sample
preparation and defined excitation conditions for analyzing
virtually all types of inorganic materials. Woodruff (86)
utilized briquetted powders, drillings, etc., as specimens for the
routine spectroscopic analysis of steels; such elements as tin,
lead, manganese, nickel, chromium, molybdenum, cobalt, ti
tanium, aluminum, zinc, and boron may be determined. Opera
tional details and precision and accuracy over a 5-year period
are outlined.

A number of books of value to the ferrous analytical chemist
were published. These for the most part deal with the physical
aspects of analysis, such as spectroscopy and instrumentation
(6,8,14,48,53,54.59). The need for a new, comprehensive book
on ferrous metallurgical analysis apparently remains unfilled.

A valuable addition to the analytical literature is the revised
and supplemented x-ray diff raction data cards and index (1)
published by the American Society for Testing Materials.

METHODS FOR TRE ELEMENTS

Aluminum. Aluminum was determined polarographically by
Jessop (40), who utilized the catalytic reduction in the presence
of excess bromate to obtain steps at -0.35 and -0.78 volt against
a saturated calomel electrode in 0.1 molar potassium chloride.
The method is said to be suitable for determining aluminum in
the range of from 0.01 to 0..5 mg. per milliliter. Raine (69)
utilized 8-hydroxyquinoline in benzene to determine aluminum
calorimetrically. He extracted at pH 2.0 to 2.5 the iron re
maining after a preliminary separation and then extracted the
aluminum complex at pH 5.0. Shemyakin and Barskaya (72)
separated interfering elements with the mercury cathode and
reacted the aluminum with diamino bright blue FFG in a weakly
acidic solution to provide the basis for a colorimetric method.
Conditions for development of color are not given.

Short (75) outlined a method intended for determining quan
tities of aluminum as small as 0.001 % in high-purity iron with
an accuracy of :1:0.0005%. The method involves separation of
iron and other interfering elements with ether, followed by a
chloroform extraction of cupferron complexes at pH 0.5. Alumi
num is then determined in the remaining aqueous layer by means
of Aluminon under carefully controlled conditions.

Beryllium. Beryllium was determined in the presence of
large amounts of iron, aluminum, and manganese by Leibowitz
and Young (46).

Boron. Boron in magnesite and fused magnesia may be
determined by a method devised by Hazel and Ogilvie (37), en
tailing solution of the sample in hydrochloric acid under a reflux
condenser, followed by precipitation of impurities with sodium
carbonate and sodium hydroxide. Boron is titrated in the puri
fied solution with 0.1 N sodium hydroxide in the presence of
mannitol. The method is said to be free from interference from
the usual impurities in magnesite.

Calcium. Calcium in small percentages was obtained spec-
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troscopically in steel by Komaroviskil (44). Mosher, Bird, and
Boyle (57)· utilized a flame photometer for determining this
element in magnesite and brucite. They used the hydrochloric
acid solution of the sample. Filtration, precipitation, and titra
tions were not necessary. The effect of the common impurities
on results was investigated.

Carbon. Carbon in steel was determined by measuring the
change in conductivity of a barium hydroxide solution in which
the carbon dioxide from combustion of the steel was absorbed in
apparatus described by Bennett, Harley, and Fowler (5). Full
details of the procedure (intended for 'low-carbon steels) and
novel features of the absorber and conductivity measuring
bridge circuit are given. Resumes of methods in current use in
different laboratories for determining carbon contents of less
than 0.10% in ferrous materials also were published during the
year (23, 28). Difficulties that arise with the methods and the
necessary precautions for their use are indicated.

Mazumdur and Ghosh (52) determined carbon in steel spectro
scopically; values obtained were said to be within "=0.02%
of the true values. They used a large quartz spectrograph with a
voltage of 15,000, capacitance of 0.005 microfarad, inductance
nil, and Il, spark gap of 2 mm. A pointed copper rod was used
as an upper electrode; the lower steel electrode was conical with a
flat top. For materials containing more than 0.40% carbon,
dry nitrogen was blown through the spark gap.

Chromium. Furness, Hardwick, and Bryant (12, 27, 36) re
ported the results of investigations made as an outgrowth of
efforts to coordinate methods for determining chrome in chrome
ores in use by various government departments and metal
lurgical firms in England in a series of three papers. The first
covers work on the effects of vanadium and arsenic on the volu
metric determination of chromate. The second gives results
for chromium on a synthetic sample of known composition using
different methods. The third compares results obtained on a
National Bureau of Standards chrome refractory with selected
methods. A description of the procedure for each'method is
given. The British Iron and Steel Research Association (9)
recommended as a standard procedure a method based on am
monium persulfate oxidation of chromium with a silver nitrate
catalyst, followed by titration with standard ferrous ammonium
sulfate and potassium dichromate with barium diphenylamine
sulfonate as indicator.

Parks and Agazzi (64) titrated chromium and vanadium
amperometrically at the rotating platinum electrode with a
ferrous solution after oxidizing these elements by heating them
with perohloric acid and permanganate. The method was said
to have been applied successfully to steel. Urone, Druschel,
and Anders (83) described a micromethod for obtaining the
chromium content of dust with the polarograph. The lower
limit of sensitivity is 0.2 microgram of chromium per milliliter
of final solution. Bureau of Standards steel samples weighing
from 1 to 10 mg. as well as dusts and chrome refractories were
analyzed successfully.

Cobalt. Use of 3-nitrososalicylic acid to form at a pH of 5.6
to 6.0 a brown colored, petroleum ether-soluble cobalt complex
and a red-colored, water-soluble nickel complex provides a basis
for the separation and determination of these elements by a
procedure described by Perry and Serfass (66). Cupric copper
and ferrous iron interfere. At pH 4.0 copper forms a red complex
with the reagent and can then be estimated also. The method
was found satisfactory on steel alloys containing 5% or more of
nickel and cobalt and for copper contents of 1% or more. Fur
ther work on steels and industrial applications of the reagent are
to be described by the authors in a future publication. Shome
(73) utilized the reaction of isonitrosomethylhydroresorcinol with
cobalt as a basis for a colorimetric procedure for its determination.

Yardley (87) surveyed methods available for the accurate
determination of -~obajt with the object of securing a ~ethod
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suited to the routine assay of highly pure cobaltous salts. Special
attention was paid to their potentiometric titration with potas
sium ferricyanide, which was found to give' accurate results
under the conditions described.

Copper. The chloroform-soluble blue precipitate formed when
an aqueous solution of pyridine containing a large amount of
salicylic acid is added to a solution of a copper salt may be made
the basis of a method for quantitative analysis for copper, ac
cording to a procedure described by Gordieyeff (31). The re
action of copper with 3-nitrososalicylic acid has also been utilized
for the determination of copper (66). The' serious interference
caused by. iron, nickel, and cobalt is said to be eliminated by
addition of a very large excess of ammonium bifluoride.

Iron. A rapid method described by Pepi (65) for determining
iron in such high temperature alloys as Inconel and Vitallium is
based on reaction of ferrous iron with 1,1O-phenanthroline follow
ing solution of the sample in aqua regia containing a few drops
of hydrofluoric acid. Hydroxylamine hydrochloride is used to
reduce the iron. The reproducibility was found to be good and
the average error to be "=0.02% of the iron present.

Diphenylamine, diphenylbenzidine barium diphenylamine
sulfonate, ferrous phenanthroline, and potassium ferrocyanide
were compared by Stockdale (80) as indicators for the estimation
of ferrous iron by dichromate. Barium diphenylamine sul
fonate was considered to give the most distinct end point and to
be least affected by conditions of the titration.

Gases and Nonmetallic Compounds. Carney, Chipman, and
Grant (13) described procedures and apparatus for sampling
and analyzing steel for hydrogen. This method involves fusion
of the sample in vacuum in the presence of tin and collecting
the evolved gases. Guldner and Beach (34) developed im
proved apparatus for use with the vacuum fusion methods.
McGeary, Stanley, and Yensen (50) utilized a rapid vacuum
fusion procedure for determining oxygen in steel. Short (74) sug
gested determining oxygen in chromium metal by annealing it at
800° for 2 hours, cooling, and dissolving the matrix away with
10% hydrochloric acid to leave only the oxide. Low results are
said to be obtained if the sample is not annealed or if stronger
acid is used.

Vogel (85) reviewed methods for the determination of metallic
iron and ferrous and ferric oxides in mixtures. A solution of
2.5% by volume of bromine in ethyl alcohol was considered
best for determining elemental iron in the presence of its oxides.
Neumann and Meyer (61) utilize.d a solution of 0.1 N sodium
thiosulfate and ferric chloride for the isolation of inclusions from
Iron.

Popova and Rybina (68) dissolved steel anodically and collected
the residue in dissolved oxygen-free water. The residue con
taining carbon and carbides was recovered by filtration and
ground with glycerol; an aliquot was filtered on asbestos, washed,
dried, and the carbon determined by combustion. Another
aliquot was treated with hydrochloric acid to decompose carbides
and the remaining free carbon was determined by combustion.
The difference in the two values was considered carbide carbon.

Magnesium. Magnesium has assumed importance as an
addition agent for iron. Methods for its determination are re
quired in many laboratories.' Bryan, Nahstoll, and Veldhuis
(11) utilized cast 3/Ilr-inch rod electrodes as specimens for the
determination of magnesium spectroscopically. Spark excitation
is used. A range of from 0.005 to 0.15% magnesium in cast iron
can be handled. Rozsa (70) also utilized the spectrograph for
the determination. LaRochelle and Fournier (45) and Yarne
and Sobers (88), respectively, described procedures for deter
mining magnesium after separation of the iron with the mercury
cathode and with an ether separation. .

Molybdenum. .Ellis and Olson (20) utilized acetone in place
of stannous chloride to reduce molybdenum and the conventional
yellow-amber color of the thiocyanate complex as a basis for
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the quantitative determination of molybdenum. Acetone is
said to increase sensitivity and eliminate fading of the color.
Iron, which interferes, is removed by precipitation with am
monium hydroxide. Zaichikova (89) devised a procedure in
which thiourea is substituted for the stannous chloride. Usa
tenko and Datsenko (84) separated molybdenum from a hydro
chloric acid solution by adsorption on a cation exchange resin.
The molybdenum is removed from the resin with an alkaline wash,
reduced in acid solution with a bismuth amalgam, and titrated
with permanganate.

Phosphorus. Bacon (2) found stannous chloride reduction
unsatisfactory for use with the "molybdenum blue" method of
determining phosphorus in steel and evolved a procedure in
which he recommended use of ferrous sulfate as a reducing
agent. The method, suitable for routine use, is said to give a
reproducibility within =1:0.001% of the phosphorus content.
Greenberg, Weinberger, and Sawyer (33) investigated the effect
of nitrite interference with the reduction of ammonium phos
phomolybdate by stannous chloride in the molybdenum blue
method. Sulfamic acid, when incorporated into the molybdate
reagent, was found to control nitrite interference. Kassner and
Ozier (42) modified the conventional alkali-molybdate method
for the determination of phosphorus.

Potassium. Fast (21) developed a spectroscopic method for
determining potassium in iron catalysts by distilling it quantita
tively from a sample pellet during the initial arcing period and
photographing the spectrum only during the period that the
potassium was distilling out; this avoids interference from iron.
An average deviation of from 5 to 10% of the true potassium
content was obtained on repeated analyses. Sodium and lithium
can be determined in the same manner.

Silicon. Dodero and Rambeaud (19) recommended solution
of the sample in hydrochloric acid, followed by dehydration with
a nitric acid-perchloric acid solution for determining silicon in
13% chromium-bearing steel. Pet;ova (67) utilized a mixture
of sulfuric and nitric acids to dissolve high-chromium steels.
He then added ammonium molybdate, reduced with stannous
chloride, and finished by the molybdenum blue method. Murty
and Sen (58) outlined an improved molybdenum blue method for
determining silicon in steel.

Metallurgical Slags and Refractories. Gillis (30) recom
mended colorimetric and spectroscopic methods for the rapid
analysis of slags and silicates. Kargin and Tkachenko (41)
gave an account of a method for determining sulfur in blast
furnace slag. Zuppann and Martin (90) outlined a method for
the rapid analysis of slags by use of reflection and the spectro
photometer. Kassner and Ozier (43) utilized 8-hydroxyquino
line for the gravimetric determination of aluminum in ceramic
materials.

Sulfur. Chernyi and Podoinikova (16) devised a micromethod
for determining sulfur in pig iron, based upon evolution of the
sulfur as hydrogen sulfide when. the iron is fused with a mixture
of oxalic acid and calcium metal.

Tin. The British Iron and Steel Research Association (10)
recommended a method for determining tin in alloy steels based
on solution of. the steel in a nonoxidizing acid, separation of the
unattacked complex alloy carbides, and precipitation of tin as
the sulfide together with molybdenum sulfide as a "gatherer."
The tin content of the sulfide precipitates is then obtained by the
usual procedure.

Vanadium. Shaw (71) recommended an improved procedure
for the indirect titration of vanadium following solution of the
sample in 20% sulfuric acid, and oxidation of ferrous iron with
concentrated nitric acid. Potassium permanganate (0.5%)
is added in excess and the excess removed with sodium nitrite.
Then sulfamic acid is used to decompose the surplus nitrite.
An excess of standard ferrous ammonium sulfate is added, and
the excess is titrated with standard potassium dichromate using
barium diphenylamine sulfonate as an indicator.

ANALYTICAL CHEMISTRY

Zirconium. Gump and Sherwood (35) made a systematic
study of the factors involved in precipitation of zirconium and
hafnium arsenates by formation of the arsenate ion within the
solution. Their work on zirconyl chloride and hydroxide in
dicated optimum conditions which, if employed, were said to
yield a precipitate of much better quality than the ordinary
phosphate, hydroxide, or arsenate. The effect of other elements
on the recommended method of precipitation was not indicated.

SUMMARY

The literature cited in this review does not include all published
articles; it is intended to include those describing methods of
specific application for routine analyses and also material which
will be helpful in handling the unusual problems analytical
laboratories so frequently encounter. It will be appreciated if
important omissions are brought to the attention of the editors,
so that they may be included in a future article.
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PETROLEUM
HARRY LEVIN, The Texas cs., Beacon, N. Y.

T HIS review of progress in analysis in the field of petroleum
takes into consideration, with a few exceptions, the literature

for approximately one year from that covered in the previous
review (89).

CRUDE OIL

Krause and Dystrup (83) employed the American Society for
Testing Materials tetraethyllead extractor to remove salt from
crude oil in benzene-acetone solution and determined the chloride
in the extract by titration with silver nitrate to dichlorofluores
cein indicator. Wenger and Ball (161) described an apparatus
for analytical distillation of crude oil under artificial pressures
to' yield results at high altitudes like those obtained at sea level.
Mojen (112) compared methods for determinating aromatics
in crude oil. Moos (11.n, comparing solvent precipitation with
adsorption for determination of asphalt in crude oil, found
aluminum oxide satisfactory, silica gel and fuller's earth un
satisfactory. Frost and Stanfield (41) reported that specific
gravity may be used to estimate the oil yield of shale in a par
ticular area.

GAS

In a cooperative program of low temperature fractional
distillation analysis in 47 laboratories, Miller (106) reported that
in 95% of the laboratories the average deviation was less than
3% in analysis of Cs-Cs alkanes. Starr et al. (148) established by
mass spectrometry that much higher distillation rates than con
ventional may be employed in low temperature fractional dis
tillation analysis without serious contamination of the fractions
and showed that the contamination is due principally to the lower

boiling constituents. Shively et al. (141) employed a boiling
water-jacketed nickel catalyst to determine unsaturation of C,
hydrocarbon mixtures, claiming greater speed and precision
than with unheated catalyst. Hanna and Siggia (54) determined
acetylene alkalimetrically by its reaction with potassium mercuric
iodide and potassium hydroxide. Machemer (93) determined
acetylene in liquid oxygen by evaporation through silica gel,
from which the adsorbed hydrocarbons were subsequently swept
by a stream of nitrogen into ammoniacal siiver nitrate or copper
sulfate in which the precipitated acetylide was determined by
centrifuging; as little as 2 p.p.m. were detected.

Stroupe (150) described infrared methods for routine deter
mination of small amounts of ethane, propane, n-butane, and
isobutane in natural and purified methane streams. Martin
(101) discussed requirements and applications of nondispersion
type infrared analyzers for plant streams of hydrocarbons.
Wherry and Crawford (162) discussed requirements in instru
ments for continuous determination of components in plant
streams of hydrocarbon mixtures and described actual installa
tions for C. hydrocarbons from a furfural extractive distillation
unit, isobutane in alkylation streams, and methane in other
plant gas streams. O'Neal (120) combined infrared and mass
spectrometric procedures to analyze CI to C. paraffin-olefin
hydrocarbon mixtures, retaining the advantages of infrared for
distinguishing butenes and those of mass spectrometry for other
light hydrocarbons.

Shepherd (140) reported the results of cooperative analyses by
51 laboratories, comparing conventional volumetric chemical
methods with mass spectrometry on a sample of carburetedwater
gas. Tickner and Lossing (153) used the mass spectrometer to
determine vapor pressure of hydrocarbons of low vapor pressure;
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the more conventional methods are subject to large errors due to
traces of volatile impurities, whereas analysis by the mass
spectrometer provides information for correcting for the partial
pressures of the interfering impurities. Shepherd (139) reported
the results of cooperative American Society for Testing Materials
investigation of two volumetric absorption-combustion methods
on natural gas. One measured contraction on combustion and
resulting carbon dioxide; the other measured, in addition, the
oxygen consumed. The second method proved more accurate.
Nurenberg and Williams (117) described an apparatus for ana
lyzing less than 1 m!. of a binary gaseous mixture, claiming
measurements reproducible to ±0.04%.

Laitinen et al. (8.4) described a dropping mercury electrode
null potential procedure for traces of oxygen in gas, claiming a
sensitivity of 0.01% of oxygen. Thomas et al. (152) described
apparatus and procedure for determining carbon monoxide in
gases which contain olefine; the sample is separated into con
densable and noncondensable gases by low temperature evapora
tion and the latter are subjected to Orsat analysis with acid
cuprous chloride and cuprous sulfate-2-naphtho!. Olefins inter
fere with more conventional methods for carbon monoxide,
Weaver and Riley (160) determined moisture in gas by change
in eleetrical conductivity of a phosphoric acid gelatin film be
tween metallic electrodes. Claiborne and Fuqua (17) found
analysis by infrared specially suited to the determination of
small amounts of dimethyl ether in mixtures of methyl chlo
ride, isobutylene, and isobutane. Fritz (40) employed a solu
tion of perchloric acid in glacial acetic acid to titrate organic
bases to methyl violet end point or potentiometrically, recom
mending thc procedure for amines in polymerization feed stocks
without the necessity of first evaporating the solvent. Miller
(107) reviewed the physical and chemical methods of gas analy
sis in the literature of 1947, omitting spectroscopic methods.

GASOUNJo~

Dinneen et al. (26) compared bromine number, nitrogen tetrox
ide absorption, and silica gel adsorption for determining olefins
and concluded that bromine number is unreliable as a measure
of olefins in shale naphthas. Bricker and Roberts (12) detected
and determined terminal un saturation by oxidation with per
manganate to form glycols, which were then split by periodic
acid, followed by determination of formaldehyde equivalent to
those double bonds. Lee et at. (86) employed iodine mono
ehloride to determine unsaturation by a procedure which takes
advantage of more rapid addition to original olefin than to de
composition products of the addition product. The method
gave good results for diisobutylene and copolymers. Phillips
and Wake (123) used iodine to determine unsaturation by a
microprocedure on 6 mg. of sample. Microhydrogenation was
employed by Ogg and Cooper (119) ina special apparatus and
procedure, to determine unsaturation of fatty liquids. Braae
(10) determined unsaturation by mercury-catalyzed addition of
bromine to an electrometric end point, claiming that substitution
and oxidation reactions are minimized, and that the method is
hence suitable for easily substituted compounds such as hydro
carbons.

Newell (116) employed ultraviolet absorption to determine
small amounts of styrene in polystyrene, claiming an accuracy
of 0.05%. Pozdeeva and Stromberg (126) determined styrene
in a crude product by a polarographic procedure in which the
supporting electrolyte was ethyl alcohol solution of butyl nitrogen
iodide. Marquardt and Luce (99) determined terminal unsatura
tion in olefinic compounds by reaction with mercuric acetate
and titration of the acid liberated equivalent to the double
bonds. Skoog and DuBois (143) determined indene in hydro
carbon mixtures by the color of the condensation product with
benzaldehyde in the presence of alkali. Wilson (168) made a
critical review of bromination methods for determining unsatura
tion of gasoline and considered the effect of peroxides on the
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results. He found that in the application of Kaufmann's reagent
to hydrocarbons, substitution as well as addition occurred, but the
bromine consumed approached that for complete addition, and
concluded that addition and substitution in the same molecule
are mutually exclusive. Joffe (67) substituted a Pulfrich for an
Abbe refractometer .in the determination of aromatic hydro
carbons by dispersion and thereby reduced the absolute error from
1 to 2 to 0.3%. Forziati (33) reported precise refractive indices
and specific dispersions for 60 hydrocarbons at 7 wave lengths.

A method for complete analysis of a mixture of Cr and Cs
naphthenes was described by Bell (5), who combined infrared
absorption with distillation and percolation methods;' included
are data for normal paraffins, isoparaffins, and .naphthence
boiling up to 270 0 F. The approximate isoparaffin content of
gasoline was determined by Funasaka (42) with antimony penta
chloride reagent. The "tin point"-the dissolutiontemperature
for tin tetraiodide in hydrocarbons-was used by Ketslakh et al.
(76) to analyze hydrocarbon mixtures. Kramers and Broeder
(82) considered thermal diffusion effect, multiplied, as a method
fo~ analysis of hydrocarbons.

Smith et ol. (145) determined tetraethyllead in gasoline by
reaction with alcoholic silver nitrate to produce a colloidal silver
suspension whose intensity was determined with a photoelectric
colorimeter; results within A.S.T.M. tolerances in 10 minutes
are chimed. Iodine monochloride was used by Jahr (69)
for the rapid determination of tetraethyllead in gasoline. The
method is based on formation of diethyl lead dichloride, which
ionizes, and determination of the chlorine ions. Hansen et al.
(56) determined tetraethyllead in gasoline polarographically
after dissolving the sample in Cellosolve containing hydrogen
chloride; peroxides and unsaturates interfere. Offutt and Sorg
(118) described a direct reading polarograph for the determina
tion of tetraethyllead in gasoline. The instrument was applied
to the acid extract of the sample, with antimony as pilot ion.

Hughes and Hochgesang (66) employed x-ray absorption to
determine tetraethyllead in gasoline and made comparisons
with chemical and polarographic methods. Calingaert et al.
(15) used x-ray absorption, claimed an accuracy of 0.01 m!. of
tetraethyllead per gallon when the base stock is available, and
discussed methods for eliminating the interference of sulfur and
halogens. Birks et al. (9) employed x-ray fluorescence, claiming
independence from base stock or the composition of Ethyl fluid.
Liebhafsky and Winslow (91) reviewed the principles of x-ray
absorption measurements and emphasized the application to
tetraethyllead blending operations. Vollmar et al. (158) de
scribed x-ray absorption methods for determining sulfur, tetra
ethyllead, and metallic additives in petroleum products. All
claimed advantages in speed for the x-ray methods over more
conventional procedures.

Mass spectra for ten C,lIs isomers were presented by Mohler
et at. (110), who (111) also presented the mass spectra for 35
nonanes and discussed relationships between spectra and molecu
lar structure. Friedel et al. (38) described a method for accurate
measurement of the minute amounts of liquid samples employed
in mass spectrometric analysis.

Fink et al. (32) discussed the effects of variables on the ef
ficiency of separation of complex hydrocarbon mixtures by chro
matographic adsorption and reported the conditions for maximum
sharpness of separation. Godlewicz (47) employed an indicator
on silica gel to produce a visible reaction zone with adsorbed
aromatic hydrocarbons; trinitrobenzene proved a very satis
factory indicator. Mail' (96) reviewed the development of the
adsorption process (A.P.I. Research Project 6) for the analysis
of hydrocarbons. Fink et al. (31) extended the analytical ad
sorption technique for the separation of cracked gasolines into
classes of hydrocarbons to quantities sufficient to permit engine
evaluation and studied the variables involved in this extension
of the analytical procedure. Glasgow et ol, (45), working in the
opposite direction, described a micro adsorption column for 1
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ml. of sample, in which the percolate from the column falls directly
on the refractometer prism in the determination of aromatic
hydrocarbons.

Rampton (128) combined distillation of original and dearo
matized samples with ultraviolet absorption, silica gel adsorption
and refractometry in the determination of six-membered naph
thenes. Vaughn and Stearn (156) determined the composition
of isomeric xylene mixtures by ultraviolet absorption measure
ments at four wave lengths and claimed accuracy within 1%.
They obviated errors, due to deviations from Beer's law, by their
method of plotting differences in absorption, and claimed general
simplification over methods requiring measurement of extinction
coefficients. Seidman (136) employed infrared absorption to
determine Decalin in hydrocarbon mixtures, using a base-line
technique to eliminate interference by other compounds. Cogge
shall (19) reviewed the utility and limitations of infrared, Raman,
ultraviolet, microwave, and mass spectrometric procedures for
the analysis of hydrocarbons.

Buchanan et al. (13) described a photocolorimetric method for
dye in aviation gasoline, claiming an accuracy of 0.1 mg. of
dye per gallon. Hamence (53) described a paper chromato
graphic qualitative test for diphenylamine in' gasoline. Glessner
et al. (46) employed ultraviolet absorption to determine
U.O.P. oxidation inhibitor No.5; gasoline for background
correction was obtained by eliminating inhibitor by agitation
with acidified water. Pleeth (125) compared the magnesium
nitride, calcium carbide, and Fischer methods for determining
water in gasoline and concluded that the latter was most reliable.
A "micro" method for determining knock characteristics of
motor fuels was described by Alexander and Pfeiffer (1), who
employed the customary knock engine on 20-ml. samples of fuel
with a standard deviation of 1 octane number.

KlmOSENE AN)) HEAYIER }o'UELS'

Clerc et al. (18) compared three chromatographic methods of
analysis in a study of straight-run and catalytically cracked gas
oils and obtained satisfactory separation into saturates, mono
cyclic aromatics, dicyclic aromatics" and tricyclic aromatics.
Hazlett et al. (58) determined the anthracene content of crude
anthracene by ultraviolet spectrophotometry, claiming (/59)
1% accuracy and greater convenience than chemical methods.
The method was also used to analyze mixtures of anthracene,
phenanthrene, and carbazole. l\[eGovern and Anderson (92)
determined thianaphthene in naphthalene by ultraviolet absorp
tion at 297 mu. Smith et al, (144) employed synthetic magnesium
silicate in an adsorption procedure to separate shale oil distillates
into a hydrocarbon fraction and one which was principally ni
trogen and other heterocyclic compounds. Dinneen et al.
(27) described adsorption analysis of' small samples of shale
oil distillates, with modifications in procedure for samples which
showed poor separation.

Jackson (68) modified the A S.T."·1. uppurutus for sediment
in fuel oil by extraction, by incorporating a water trap to elimi
nate interference from this constituent.· Lcltoscn and Wiley
(87) determined pyridine and its homologs in hydrocarbons by
extracting the base with dilute phosphoric acid and applying
ultraviolet absorption spectrophotometry to this aqueous solu
tion. Friedman ei al. (3.9) employed beta-radiation, with
Geiger-Muller counter outside the pipe, to determine water in
fuel flowing through it.

LUBRICATING OIL

Grube (50) estimated tal' oil adulteration in miucral lubricuting
oil by its greater solubility in furfural. Williams (167) employed
aluminum oxide in a chromatographic method to determine
unsaponifiable matter in fatty oils, obtaining excellent results
on blends of linseed oil with small amounts of mineral oil. Sand
kuhler (131) determined small amounts of.lubricating oil in engine
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condensates by retention analysis with aniline dyes on filter paper.
Beaven et al, (3) applied silica gel chromatography for the ana
lytical separation of aromatic and saturated compounds in
petroleum products of the lubricating oil range. Mills (108)
modified the method of Lipkin for determining aromatic hydro
carbons in lubricating oil. The oil in n-pentane solution was
percolated through a tube containing silica gel as upper layer
and clay as lower layer, the effluent was stripped of pentane, the
evaporation residue was weighed, and the aromatic hydrocarbons
were determined by difference.

Conrad and Johnson (20) determined metals characteristic
of additives in lubricating oil by a flame photometric procedure'
in which a solution of the sample in an organic solvent was,
atomized into the flame, avoiding the necessity for ashing the
sample. Good reproducibility was shown for oils containing
alkali and alkaline earth additives. Gassmann and O'Neill
(44) determined phosphorus in lubricating oil by an emission
spectrometric method employing a porous cup electrode, and
claimed superiority over the quenched electrode procedure.

Ferguson (30) reported the results of cooperative A.S.T.M.
investigation of a single phase titration procedure for determining
acidic and basic characteristics of lubricating oils. Micro
techniques employed in the analysis of sludges and deposits
in lubricating systems ~ere discussed, with actual cases, by
Wiberley and. Rather (164). Small amounts of furfural in oil
were determined by Javes (70)'by a colorimetric method based
on reaction with 2,4-dinitrophenylhydrazine on filter paper.
Malyugina and Korshunov (98) used the polarograph to deter
mine furfural, claiming a relative error of 3%.

A multicolumn countercurrent molecular still was described
by Madorsky (94). The chromaticities and daylight transmit
tances of petroleum products were studied by Judd et al. (72),
on the basis of which they made recommendations for relocating
the A.S.T.M. Union colorimeter scale to reduce errors in color
grading petroleum products. Roberts and Levin (130), employ
ing a special distillation unit to exclude atmospheric moisture,
determined small amounts of water in oils, greases, and deposits
by azeotropie distillation and titration of the distillate with
Karl Fischer reagent. Hanna and Johnson (55) determined
water in hydrocarbons by extraction with dry ethylene glycol
and titration of the extract with Fischer reagent. Denton et al.
(24) determined tetramethyldiaminodiphenylmethane (inhibitor)
in oils spectrophotometrically after ~action with nitrous acid to
produce yellow p-nitrodimethylaniline; dimethylanilinc inter
feres.

ASPHALT

Mojen (113) determined paraffin in asphaltic products by
adsorbing the sample on fuller's earth, extracting the nonasphaltic
constituents with naphtha, removing resins from the nonasphaltic
constituents with alcohol-ether, and isolating the paraffin by the
Holde procedure.

SPECIALTIES

Layton (85) determined oil in petroleum wax by chilling the
sample with methyl ethyl ketone to _25 0 F., filtering, reacting
an aliquot of the filtrate with sodium bisulfite in a calibrated test
bottle, and observing the volume of oil which separates on centri
fuging. Good agreement with the A.S.T.M. method is claimed.
Dietz et al. (25) determined oil i1il petroleum wax by ultraviolet
absorption after establishing a working curve 'from oil content
determined by the A.S.T.M. method. Results within 0.1 %
oil are claimed for samples containing up to 7%, 0.5 gram of
sample being adequate. Zimmerschied et al. (173) determined
normal alkanes in hydrocarbons of more than 13 carbon atoms by
adduct formation with urea, decomposition of the adduct with
water, and extraction of the liberated hydrocarbon with ether.
Marshall (100) studied the methods for determining melting
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point of wax, explained the reasons for divergences in results,
and concluded that high melting microcrystalline waxes are
subject to viscosity hysteresis at the melting point. Wallin
(159) determined surface-active agents, including sulfonated
petroleum, by reaction with fuchsin, which produces a color
complex soluble in chloroformj the intensity, of- the solution' is
measured instrumentally. Friedel et ol, (37) used infrared ab
sorption analysis to determine qualitative and quantitative
composition of mixtures- of phenol, cresols, xylenols, and ethyl
phenols in mixtures derived from coal hydrogenation oil. Willard
and Wooten (166) determined o-phenylphenol and o-tert-butyl
phenol colorimetrically after formation of their Aristols.

Golumbic (49) applied the Craig countercurrent distribution
technique to the analysis of the complex phenolic mixture ob
tained from coal hydrogenation oil and found partial or complete
separation among members of each group; isomeric phenols
separate in order of decreasing acid strength and a relationship
exists between partition coefficients and ionization constants of
phenols". Treumann and Wall (154) employed infrared absorp
tion to determine 1,2- addition in polymers and copolymers of
butadiene. Francis (35) determined diglycols in monoglycols
by eliminating the latter with periodic acid and distillation, and
oxidizing the diglycols with potassium dichromate, whose excess
he determined polarographically, .

POLLUTION

Hubbard (64) determined benzene and its homologs in air with
sulfuric acid formaldehyde reagent on silica gel, the length of
stain being a measure of concentration. Heros (61) determined
aromatic hydrocarbons in air by absorbing them in cold alcohol
and making ultraviolet absorption measurements, at three
wave lengths, on the solution. Vasserberg (155) determined
hydrocarbons in air by titrating the carbon dioxide produced on
combustion in a portable apparatus. Magill et al. (95), using 1
cubic foot of sample, determined as little as 0.05 p.p.m, of sulfur
in air by a paper spot test based on formation of thallium poly
sulfide by sulfur and thallous acetate upon treatment with
hydrogen sulfide. Gandolfo (43) employed filter paper impreg
nated with ammoniacal zinc nitroprusside to detect and deter
mine small quantities of sulfur dioxide in gases. Kozlyawva
(81) determined small amounts of sulfur dioxide in air colori
metrically with fuchsin-formaldehyde reagent. Katz (75)
employed starch-iodine reagent for continuous determination of
sulfur dioxide in air.

Shepherd (138) detected and determined carbon monoxide in
air colorimetrically by passage over silica gel impregnated
with ammonium molybdate and palladium sulfate, with a
reproducibility of 2 p.p.m, in concentrations up to 100 p.p.m.
The indicator changes from canary yellow through emerald green,
blu"e green, and finally dark blue. Cahen ~nd Letort (14) deter
mined small amounts of carbon monoxide in air by combustion
over platinized glass, absorbing and weighing the carbon dioxide
which is produced.

Foyer (34) and Beersteeher (4) described chemical methods for
determining small amounts of cyanide in air. Martin (102)
determined phenol in water by the red color produced upon
reaction with 4-aminoantipyrene in presence of potassium fluoro
cyanide. Zhitkova and Kut'in (172) determined acetylene in air
by the color produced with a special copper nitrate reagent, whose
preparation they described. Berton (8) employed ultraviolet
absorption to determine minute amounts of furfural in air.
Khlopin and Litvinova (77) determined tetraethyllead in air by
absorption in a castor oil solution of iodine and methyl alcohol,
chemical conversion to the inorganic form, and completion
polarographically.

ELEMENTS

Murray and Plagge (115) determined the metals in gas and
crude oils by ignition with pure silica or alumina and spectro-
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'graphic analysis of the ash. Wrightson (170) determined traces
of iron, nickel, and vanadium in petroleum oils by ashing, dis
solving in potassium bisulfate, and analyzing the aqueous solution
of the mixture by spectrophotometric methods; she employed
2,2'-bipyridine for iron, dimethylglyoxime for nickel, and di
phenylbensidine -for - vanadiumr- Karchmcr: (73) determined
vanadium and titanium in petroleum ash colorimetrically by their
peroxide complexes. Katchenkov (74) reported over 30 ele
mcnts in petroleum ash and related the relative concentrations
of the metals to geological formation and age. Carlson and Gunn
(16) employed the cathode layer principle with added internal
standards in a spectrometric method for determining trace
metals in oils with which the carbon electrodes were impreg
nated. Susan ina (151) determined iron in used oil, colorimetri
cally, aftcr treating its ash with sodium salicylate.

Lescher (88) and Young (171) described a combustion method
for carbon and hydrogen with special provision for controlling
the vaporization of liquid samples. Berret and Poirier (7) de
scribed a modification of the Unterzaucher method for deter
mining oxygen in organic substances and included a special
procedure for freeing the nitrogen of oxygen. Carbon monoxide
was oxidized by passage over silica gel impregnated with iodine
pentoxide and sulfuric acid, and the carbon dioxide was deter
mined gravimetrically. In another modification of the Unter
zaucher method Deinum and Schouten (23) oxidized the carbon
monoxide with mercuric oxide, absorbed the resulting carbon
dioxide in barium hydroxide, and titrated the excess of the latter.
The nitrogen was purified with copper in ammoniacal ammonium
chloride. Maylott and Lewis (104) compared the tel' Meulen,
Liebig, and Unterzaucher methods for oxygen in organic corn
pounds and discussed the limitations of each of these procedures.

Hale et ol. (51), concerned with very low concentrations of
combined nitrogen in petroleum, described a semimicro Kjeldahl
apparatus and procedure in which the ammonia was determined
speetrophotometrically after nesslerization. To determine bro
mine and chlorine in gasoline, Peeherer et ol. (122) decomposed
the ethylene halides with disodium biphenyl, whose preparation
they described. Milner (109) determined fluorine in fluorinated
organic compounds by burning in oxygen and water vapor in a
platinum tube and titrating the liberated hydrogen fluoride.
Simmons and Robertson (142) determined phosphorus in organic
compounds by the molybdiphosphate alkalimetric method, after
conversion into ionized orthophosphate by reaction with liy
driodic acid or complete wet oxidation in the presence of a molyb
denum catalyst.

SULFUR AND ITS COMPOUNDS

Wilson and Straw (16ft) described a rapid method for deter
mining low concentrations of sulfur in products varying from
gasoline to sperm oil. The sample was burned in a rapid current
of air in a vertical tube packed with vanadium pentoxide on
alumina. Kirsten (79) determined sulfur by burning the sample
in a stream of oxygen, reducing the products of combustion to

. hydrogen sulfide in a hydrogen flame, absorbing in alkaline solu
tion, and determining with hypochlorite. The method is also
applicable to inorganic substances by covering them with phos
phorus pentoxide in the combustion step to expel sulfur.

Holeton and Linch (63) described improvements in apparatus
and procedure for determining traces of sulfur in hydrocarbons
by combustion with air in a heated tube. They relate to atomizer
design, absorption of oxides 'of sulfur, and stabilization of the
colloidal barium sulfate for nephelometric determination. Kirsh
enbaum and Grosse (78) extended their isotopic method to in
clude the determination of sulfur, using S3'02 as tracer. Hall
(52) described a polarographic method for determining elementary
sulfur' in petroleum fractions, claiming an accuracy of 2% in
samples that contain up to 100 p.p.m. Berk and Burdick (6)
found that the error in determining sulfur trioxide in the presence
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of sulfur dioxide, by absorption in alkali containing benzyl
alcohol as oxidation inhibitor, is due to traces of copper oxide
which promotes oxidation of sulfur dioxide, and that inhibition
is improved if a small amount of benzaldehyde and p-amino
phenol hydrochloride is added to the absorbing liquid.

Atkin (2) described a colorimetric method for determining
sulfur dioxide in gases resulting from catalytic sulfuric acid
manufacture, based on the reaction between sulfur dioxide and
fuchsin formaldehyde reagent. Price (127) determined sulfuric
acid in refinery "black" acid by its electrical conductivity,
Strafford et al, (149) attributed errors in mercaptan content by
amperometric titration to air dissolved in the reagents. Picon
(124) described a procedure for separating, purifying, and deter
mining thiophene homologs from shale. Goehring et al. (48)
outlined a scheme of analysis for determining individual poly
thionates in a mixture. Haresnape et al. (57) employed chro
matographic adsorption on silica gel to separate organic sulfur com
pounds from each other. Schreiber (135) presented the infrared
spectra of a large number of organic sulfur compounds. Sey
fried (137) reported the progress of American Petroleum In
stitute Project 48, the aim of which is identification and deter
mination of sulfur compounds in crude oil and development of
apparatus and methods to accomplish it.

CATALYSTS

Fast (29) found that during the initial arcing period alkali
in an iron catalyst distills quantitatively from the sample pellet,
and by photographing the spectrum during this period potassium,
sodium, and lithium can be determined without interference
from iron. Free and combined iron in cracking catalysts were
determined colorimetrically with o-phenanthroline by Snyder and
Clark (146) by determining total iron after digestion with hydro
chloric acid and free iron after treating the catalyst with a
neutral copper sulfate solution and removing the excess copper by
displacement with pure aluminum. Vogel (157) determined
metallic iron' in presence of its oxides by dissolving the former
in a solution of bromine in ethyl alcohol. Korzh (80) reported
that sodium may be determined in clays without spectroscopic
apparatus by observing the time required for a sudden increase
in voltage when the sample mixed with calcium sulfate is arced.
Calcium sulfate releases the sodium and disappearance of sodium
lines always occurs at the same arc voltage; with the appearance
of calcium the voltage suddenly increases.

Hofer and Cohn (62) discussed the application of the magnetic
balance to the ferromagnetic phases in Fischer-Tropsch catalysts.
Schmitkons (134) described the application of the Leco carbon
determinator to the determination of carbon on cracking cata
lysts, claiming operating time of 10 minutes and error of less
than 1%. Wilchinsky (165) described a system of analysis for
determining the morphological features of powder particles, the
deductions being made from the manner in which quantitative
composition for a chosen component varies with particle size.
Milberger et al. (105) described a procedure for determining
water in hydrogen chloride with Karl Fischer reagent; C, hydro
carbons did not interfere.

MISCELLANEOUS

Orchin et al. (121) discussed the possibilities of applying a
mixture of high molecular weight hydrocarbons containing
combined hydrogen and combined deuterium to the determina
tion of deuterium in water. Cooper and Medcalf (21) described
an internal electric immersion heater for Engler-type distillations
of many materials, including petroleum distillates, and claimed
reduction in fire hazard and improvement in efficiency. Santora
(133) described an apparatus for determining vapor pressure of
small samples of hydrocarbons and showed good agreement with
the A.S.T.M. Reid vapor pressure method. Matteson (103)
modified the differential vapor pressure thermometer of Menzies
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and used it with a special ebulliometer to determine molecular
weights up to 1000 on as little as 100 mg. of hydrocarbon sample
in approximately 25 minutes; the boiling point of the sample
must be at least 150 0 C. higher than that of the solvent.

Rather et al. (129) discussed the training of chemists for micro
chemical work in the petroleum industry. Levin et al, (90)
described microtechniques for determining pour point of lubricat
ing oil, vapor pressure of gasoline, and titer of fatty acids. Som
mer and Wear (147) described microprocedures for determining
gravity, viscosity, and distillation of petroleum products.

Curtis et al. (22) discussed the problem of measuring evapora
tion rates of solvents and concluded that atmospheric humidity,
nature of surfaces from which liquids are evaporated, chemical
constitution, and thickness of the films are important factors.
A continuous recording refractometer for industrial control was
described by Jones et al: (71), who claimed a sensitivity of 0.00005.
Sankin et al. (132) presented an equation for conversion of re
fractive dispersion to different wave lengths, for hydrocarbon
and nonhydrocarbon liquids. Enverard and Hurley (28) deter
mined surface tension of viscous materials by measuring the
length of an air' bubble of given volume in a horizontal tube of
known diameter. Heigl et al. (60) described a recording Raman
spectrometer for analysis of hydrocarbon mixtures. Braun
et al. (11) gave the Raman spectra of 119 different compounds.
White et al. (163) described a recording infrared spectrometer for
continuous determination of six components in a stream. Hughes
et al. (65) discussed thc application of emission spectroscopy to the
quantitative analysis of samples in a petroleum laboratory.
Freund (36) determined the adhesive properties of mineral oil
lubricant to solid surfaces by determining its behavior under
centrifugation. Majumdar (97) determined carbonaceous adul
terants of graphite, such as charcoal, coke, and coal, by burning
them at about 700 0 C. The graphitic carbon was subsequently
determined by ignition above 900 0 C.
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Pharmaceuticals and Natural Drugs
WAYNE W. IIlI"TY AND MAX M. MARSH, Eli Lilly and c«; Indianapolis, Ind.

TH E past year has seen a considerable increase in the number
of 'foreign publications pertaining to the field of pharmaceu

tical analysis. In addition, the steadily increasing scopes of the
analytical methods employed in -the examination of preparations
of pharmaceutical interest have uncovered avenues of investiga
tion previously not seriously considered from the viewpoint of
drug investigations.

In order to permit better classification of the various procedures
described in this review, two new groups have been established
hormones and related substances, and proteins and amino
acids. The recent increase in interest in hormones, particularly
cortisone, ACTH, and related compounds, appears to warrant
such separation, while the protein and amino acid grouping is an
outgrowth of an increasing number of publications in this cate
gory which tend to overcrowd the general groups.

Again, the authors wish to emphasize that the review presented
here is by no means a critical one in the sense that omissions
signify worthless procedures; it is true, however, that the
publications included are those which, in the authors' opinions,
offer the greatest possibilities for application in the field of analy
sis of pharmaceuticals and natural drugs.

As in the previous annual reviews, 'the methods discussed
have been divided into three broad classes: Chemical Methods,
Physicochemical Methods, and Physical Methods.

CHEMICAL METHODS

ALKAWIDS AND RELATED SUBSTANCES

Chromatographic procedures for the separation of adrenaline
from mixtures and the subsequent elution with dilute acid ha~e
been reported by Bjorling and Hellberg (13), as have identifica
tion and characterizing procedures for alkaloids and other vege
table products by simple color tests (83). Identification tests for
cocaine (12fJ) and cocaine in the presence of procaine and other
aminobenzoic anesthetics (55) have been reported. The deter
mination of codeine in sirups maybe made by precipitating an
extract of the codeine with silicotungstic acid (53). Digitoxin
may be fractionated from seemingly homogenized preparations
by adsorbing on alumina (123)., Epinephrine (15) has been the
subject of a criticalstudy of various oxidation reactions. Organic
bases (45) such as brucine may be titrated with perchloric acid

in dioxane, using modified methyl orange and methyl red in-
dicators. '

Colored products (7) with papaverine, thebaine, acetanilide,
saponin, ephedrine salol, homatropine, and benzidine may be
obtained when these are treated with barium peroxide in sulfuric
acid. According to Wankmuller (159), procaine may be deter
mined by bromination.

A potentiometric titration method for phenobarbital (104)
is described, which the authors claim gives results more accurate
than those obtained with the U.8.P. procedure. Theophylline
(120) may be determined on a semi micro volumetric scale in
mixtures of theobromine, theophylline, and caffeine. Titrations
of organic bases (46) in nonaqueous solvents have proved satis
factory for the determination of pyridine, aniline, benzylamine,
and brucine. Keenan has reported the optical characteristics
of brucine sulfate (78).

Curare alkaloids (134) may be separated by paper chromatog
raphy and then identified by ultraviolet fluorescence or their
color reactions with eerie sulfate. A chemical assay for aconite
(111) involving ether extraction from the crude drug and deter
mination of total alkaloids followed by saponification, acidifica
tion, and final steam distillation of the benzoic and acetic acids
formed from aconitine is reported by Muhlemann and Weil.

An article published by Edmundson and Wilkins (36) suggests
that chlorophyll may be used in -the alkaloidal assay of sola
naceous drugs to prevent emulsification.

ANTIBIOTICS

A modified rapid development technique for the microchroma
tographic assay of various types of penicillin has been published
by Glister and Grainger (50). The problem arising out of the
quantitative interpretation is discussed, and it is indicated how,
by' using developed mixtures of pure penicillin standards, the
results are rendered more representative. A kieselguhr-sodium
citrate (30) buffer partition chromatogram for separation of
various penicillins has been described.

The potassium iodide concentration and its influence in the
iodometric titration of penicillin were discussed by Canback
ei al. (19). A procedure for the determination of penicillin in
penicillin beer which has been saturated with ammonium sulfate
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has been described by Penau et al. (119). The penicillin is ex
tracted with methyl ethyl ketone and then is determined iodo
metrically.

CHEMOTHERAPEUTIC AGENTS

A method for the estimation of the assay value and degree
of substitution of sodium carboxymethylcellulose has been
published by Conner and Eyler (25). The insoluble copper salt
of the cellulose derivative is precipitated, treated, and weighed.
The copper content of the precipitate is then determined iodo
metrically as a measure of the degree of substitution. The
method is not recommended as a routine procedure because of
the length of time involved. Average recoveries of 98% or mote
are claimed. .

Sulfonamide compounds (85) may be titrated with alkali
using thymolphthalein as the indicator. Srinivasan (147)
has described the potentiometric titration of small amounts of
procaine, sulfanilamide, and related compounds by using bromate
bromide reagent. Color tests for the determination of thiouracil
(106) and some of its derivatives utilizing 10% copper sulfate
have been published. It has also been 'reported that thiourea
(61) may be quantitatively oxidized to urea by alkaline peroxide.
The urea may then be determined from the ammonia produced
by action of urease. '

HORMONES AND RELATED SUBSTANCES

Identification tests for synthetic stilbene estrogens (144)
and some color reactions of estrogenic hormones (124 ) have been
described recently. A new color reaction of folliculin (74)
with pyruvaldehyde and sulfuric acid has also appeared in the
literature along with new color reactions for steroids (121).

PROTEINS AND AMINO ACIDS

a-Amino acids quantitatively evolve the ammonia of their
a-amino groups by the action of peri-naphthindan-2,3,4-trione
hydrate and its m-nitro derivative in an aqueous medium at pH
4.7. A simple and rapid semimicromethod (110) for the meas
urement of this evolved ammonia has been described. Amino
acids may be precipitated from aqueous solutions by use of di
benzofuran-2-sulfonic acid (165).

The production of a fluorescent, red pigment tryptochrome
has been described as a sensitive and selective test for free trypto
phan and tryptamine (42).

The estimation of arginase (158) may be made by determining
the urea formed by its action on arginine. Angiotonin (63)
may be separated from crude mixtures by simple chromato
graphic procedures.

METALLIC IONS AND RELATED SUBSTANCES

A method for the volumetric determination of aluminum (131)
in the presence of free acid and iron has been described by
Ringbom. A microdiffusion method for the determination of
calcium has been published (112), in which the calcium is pre
cipitated as the oxalate and then dissolved in sulfuric acid and
oxidized to' carbon dioxide, which is absorbed by an excess of
standard barium hydroxide. Calcium (103) may also be deter
mined by complexation with excess disodium ethylenediamine
tetraacetic acid. The solution is then buffered to pH 10 and the
excess complexing agent is titrated with magnesium chloride
using Eriochrome Black T indicator. Phenolphthalein (161)
may be determined volumetrically by a method based on the
iodination of phenolphthalein in alkaline solution and titration
of the excess iodine with sodium thiosulfate.

What has been described as a new test for chlorine and bromine
has been published by Milton (109). The test involves formation
of cyanogen chloride by the reaction of sodium cyanide and
chlorine to give sodium chloride and cyanogen chloride; the
formation of a quaternary compound by cyanogen chloride and
pyridine, or a derivative and condensation with aromatic amines,
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leads to ring fission and formation of intensely colored dianil
derivatives.

Iodine (167) and bromine (166) in organic compounds may be
determined by Carius iodometric microdetermination. Mercury
(108) may be separated from copper by dissolving the sample
in sulfuric acid and hydrogen peroxide. Mercury is then re
duced to metal with stannous sulfate and distilled as the metal
from the acid solution. A method for the determination of
mercuric chloride with sodium hydroxide has been described by
Silvertri (141). A modification of the sodium fusion method is
the best method for the decomposition of organic compounds into
inorganic ions and the subsequent detection of nitrogen as cya
nide according to Campbell et al. (18).

Total phosphorus in organic phosphates (142) may be quantita
tively converted to ionized orthophosphate by reaction with
hydriodie acid or by destructive oxidation with a nitric, perchloric,
and sulfuric acid mixture. The combustion train method for
the determination of sulfur (66) has been refined by inclusion
of an atomizer in the train, which permits precise control of the
flow rate of the spray into the combustion chamber. Sulfur is
estimated turbidimetrically as suspended barium sulfate. Ac
curacy of 5 to 10% and precision of ±2 p.p.m. in the range of 2
to 100 p.p.m. is claimed.

VITAMINS

A method utilizing chromatographic separation for determining
'ascorbic acid and dehydroascorbic acid has been suggested hy
Mapson and Partridge (97). It has been reported that in al
kaline solution, 1 mole of vitamin B1 (56) reacts with 3 moles of
iodine. After acidification, the residual iodine from an excess
may be titrated with sodium thiosulfate using starch T.S. as the
indicator. In the case of vitamin B, in pharmaceutical products,
extraction of the thiamine hydrochloride is recommended before
reaction with iodine.

A colorimetric method for calciferol (122), which depends upon
the condensation with aldehydes, has been described and is re
ported to be sensitive in the range 250 to 1000 micrograms.
Emmerie (39) has described the chromatographic separation of
tocopherols using aluminum oxide activated at 106-108 0 C. The
solvent consists of one volume of absolute ethyl alcohol plus 99
volumes of light petroleum.

Pankratz and Bandelin (116) have developed a gravimetric
method for determining choline with ammonium reineckate.
Auerbach (6) has published a note referring to a correction of
these techniques for coprecipitated bases present in certain liver
factors which are essentially acetone-insoluble.

GENERAL

Wilbur et al. (nO) have described the technique in which
thiobarbituric acid is used as a reagent to test for the oxidation
of unsaturated fatty acids, Long-chain fatty acids (69) may
be separated by using reverse phase partition chromatography.

Iodine numbers (.153) may be determined by direct titration
with bromine in glacial acetic acid. A color test for fructose
(105), which is believed to have a sensitivity of 0.1 microgram
per milliliter, has been reported. Paper partition chromatog
raphy is the basis for an analytical method for sucrose (34)
which has a utilizable range of 10 to 350 micrograms.

Ketohexoses (151) may be identified by reaction with amino
guanidine sulfate and water to give reddish purple colors. Sen
sitivity appears to be limited to 50 micrograms. Methods for
the determination of essential oils (118) involving distillation
with ethylene glycol have been discussed by Patin and Vigneau.
Sodium formaldehyde sulfoxylate, which is used in some aller
genic extracts to prevent oxidation and discoloration, has been
shown to interfere in the usual steam-distillation technique for the
separation and estimation of phenol (126) which is usually con
tained in these biological materials. This interference may be
removed by adding lead acetate to the distillation chamber.
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The purity of propylene glycol (107) may be determined by
using a test which depends on the critical solution temperature
of propylene glycol and ether. With this test the presence of
0.1 % of dipropylene glycol or similar amounts of water and ethyl
alcohol in propylene glycol can be determined. Pertinent chemi
cal and physical data relating to a series of polyethylene glycols
(139) 200 to 10,000, inclusive, have been assembled and reported
by Shaffer et al. A chromatographic technique for the separation
of sugars (68) and their methylated derivatives has been re
ported which utilizes columns of powdered cellulose. The Karl
Fischer method for the determination of water (76) has been
modified by the addition of bromine which oxidizes the hydriodic
acid formed to iodic acid, which is determined by iodometry.

PHYSICOCHEMICAL METHODS

ALKAWIDS AND RELATED. SUBSTANCES

Fluorometric methods for the determination of adrenaline
'(.4, 37, 136) have been described, with supporting data. Local
anesthetics (148) such as procaine, panthesin, pantocaine, and
nupercaine produce reineckate saJts when they react with am
monium reineckate. The reaction' has been made the basis for
quantitative colorimetric methods for these preparations. This
versatile reagent will also precipitate alkaloids (8) from an
.aqueous solution. The reineckate precipitate is dissolved in
.acetone and absorption at 525 m« determined. The method is
rather nonspecific and quaternary ammonium salts and hetero
-cyclic amines will interfere. Ammonium reineckate reagent may
.also be used for the determination of antihistamines (9). Haley
and Keenan (58) have listed microchemical tests and optical
crystallographic properties of 12 new antihistamines.

Cocaine (129) will produce a strong purple color after nitration
-of the benzene ring. This reaction appears to be specific for
cocaine. Methadone (130) may be determined colorimetrically
with methyl ethyl ketone after nitration of the phenol radicals.
'The possibility of an indirect colorimetric method for the assay
-of ephedrine (168) has been suggested by Wickstrom. This
author reports that ephedrine can be oxidized by periodic acid
.at room temperature to yield 1 mole each of acetaldehyde,
benzaldehyde, and methylamine. It is claimed that the acetal
-dehyde formed may be distilled and determined colorimetrically.

A procedure for the estimation of morphine (115), in which a
.pink to red color is produced in the presence of ammonium hy
-droxide, copper sulfate, and hydrogen peroxide, has been re
.ported. Esters of morphine and apomorphine are said to pro
-duce the same color, while dionine and codeine do not. A
method for the determination of morphine (33) in opium is de
-scribed in detail, in which the calcium extract is employed for a
-eolorimetric determination using iodic acid and ferric chloride.
The maximum absorption is determined at 4700 A. Methods
'have been described for the photometric determination of the
-opium alkaloids (163), codeine, thebaine, and narcotine. These
methods, however, are satisfactory only for pure solutions of the
1respective alkaloids.

A new method of extraction and isolation of the alkaloids of
ipecac (88) has been published, in which the extracted alkaloidal
.salts are adsorbed oa a FlorisiJ column. The alkaloids are then
eluted with ammoniacal alcohol. Neuwald (113) reports that,
contrary to previous reports, Beer's law is obeyed by the color
formed from the Baljet reaction for digitoxin if the measurements
.are made at 500 mu, Kennedy (79) has studied the modified
Bell and Krantz' method as applied to the assay of the three
U.S.P. digitalis glycosides. The picrate reagent in tetraethyl
ammonium hydroxide has been used to assay digoxin and lanato
aide C as well as digitoxin. Optical densities are read at 495 rnu
'instead of 525 mu with increased sensitivity. The accuracy is
reported to be =2%. Bell and Krantz (11) have also studied
this reaction with sodium hydroxide .and tetraethyl ammonium
hydroxide. They verify a maximum absorption peak of 490 to
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495 m« and they believe that the specificity of the reaction has
been underrated because the color developed appears to be due to
a complex of the glycoside and picrate ion rather than to the
picramate ion.

Mixtures of morphine, heroin, codeine, and barbiturates (149)
may be separated by using a chromatographic technique with
FlorisiJ as the adsorbing agent. The adsorbed constituent is
eluted and final determination made colorimetrically. Jindra
and Pohorsky (75) have attempted to discuss the use of ion ex
change resin IR4B for the separation of several alkaloids. A
colorimetric method for the determination of physostigmine (102)
has been described by Masse. Colchicine (94) may be deter
mined oolorimetrically when aldehydes and ketones are absent.
Senna (21) may be evaluated f1uorometrically, while neo-syn
ephrine (5) may be determined colorimetrically in pharmaceutical
products by coupling the drug with diazotized p-nitroaniline in
borax buffer.

Procaine and related compounds (J47) may be determined by
direct titration with potassium bromate solution with a pair of
polarized platinum electrodes. The method is reported to be
simple and rapid and to yield results of high precision and accu
racy. This method may be applicable to the sulfa drugs.

Washburn and Krueger (162) have proposed an infrared absorp
tion procedure for the determination of aspirin, phenacetin, and
caffeine.

ANTIBIOTICS

Fluorometric methods for the determination of aureomycin
(89,137) permit the estimation of 0.1 to 20 micrograms and yield
good correlation with bacteriological assay. Chloromycetin (12,
49) may be determined colorimetrically after reduction, diazotiza
tion, and coupling. A spectrophotometric method for determina
tion of streptomycin (38) based on steam distillation of the mal
tol formed by the alkaline pretreatment of the streptomycin and
the use of ion exchange resin IRC50 (31) to separate the strepto
mycin have been described. Dihydrostreptomycin salts (24)
may be assayed by oxidizing with periodic acid in a Kirk distilla
tion apparatus,collecting the evolved formaldehyde in sodium bi
sulfite, and determining it with chromotropic acid reagent, Both
streptomycin and dihydrostreptomycin (16) are said to give red
colors with l-naphthol and sodium hypobromite.

CHEMOTHERAPEUTIC AGENTS

Gentisic acid (2) forms a blue color when treated with iron per
chloride. This reaction has been made the basis of a quantita
tive assay for this material.

Gentisic acid (145) may also be measured colorimetrically or by
ultraviolet absorption at 320 m«. Sulfonamides (138) may be
determined by thermometric titration with hypochlorite. Thio
semicarbazone (173) may be determined colorimetrically. A
method for the determination of propamidine (154) by means of
pentacyanoammonioferrate has been suggested by Trought et al.
All sulfonamides (86) official in the U. S. Pharmacopeia XIII
may be titrated potentiometrically, using a platinum-calomel
electrode pair. Cooling of the solution with ice is not necessary;
the method appears to be somewhat more precise than the exter
nal starch-iodide indicator procedure.

METALLIC IONS AND RELATED SUBSTANCES

A polarographic method for aluminum based on the reduction
of its eomplex with Pontachrome Violet SWat -0.5 volt versus
the saturated calomel electrode has been reported by Willard and
Dean (171). Phosphoric acid (44) may be determined by an in
direct colorimetric assay.

Micromethods for the determination of potassium (1, 80), said
to be sensitive in the range of 1 to 100 micrograms, have been re
ported.

Cobalt (127) may be detected with triphenylsulfonium bro
mide. Sensitivity is said to be about 0.05 microgram. Citrinin
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has been reported to be a good inorganic analytical reagent for
iron (140). Magnesium (26) may be titrated conductometrically
in the presence of limited amounts of calcium. Sodium (150)
may be determined colorimetrically after precipitation of the
triple salt with uranium and zinc. A micromethod for the de
termination of sulfur (67) by means of the iodine-azide reaction
has been reported by Holter and Levtrup,

HORMONES AND RELATED SUBSTANCES

The identification of estrogens (62) by paper chromatography
and a discussion of the groups involved in the Zimmerman and
Kober reactions (99) have been reported. Estrogenic substances,
(54) in sulfuric acid maybe measured by fiuorometric procedure.
Only a single estrogen in a particular vehicle may be measured.
The method does not distinguish between estrogens. Traces of
ferric ion in the Kober reagent for estrogens (57) increases the
sensitivity. The diluted reagent still exhibits high sensitivity for
.a-estradiol, but not for a-estradio.l. Equilin and equilenin (10)
may be determined in the presence of estrone by reaction with di-
bromoquinonechloroimide, .

Cortisone (125) and related 17,21-dihydroxy-20-ketosteroids
may be determined colorimetrically by a procedure which ap-. '
pears to be specific for this group of steroids.

PROTEINS AND AMINO ACIDS

A rapid micromethod for the estimation of-nonvolatile organic.
matter by dichromate oxidation has been reported by Johnson
(77). Particular reference is made to proteins and carbohy
drates. Cysteine and cystine (82) may be determined by argen
tometric amperometric titration procedures. Tryptophan (51)
is reported to produce a green fluorescence with perchloric acid,
and this reaction has been made the basis for a quantitative esti
mation. Copper salts of lysine (3) may be separated by chroma
tographic procedures and determined colorimetrically with iron
ferrocyanide,

Blackburn and Robson describe a radioactive technique for the
microestimation of a-amino acids (14) and-its application to paper
partition chromatograms.

VITAMINS

Trichloroacetic acid has been recommended as a color reagent
for vitamin A (114). This reaction is reported to be more spe
cific and less sensitive to water; and supposedly has a slower do
crease in color intensity than the antimony trichloride reagent..

An assay which is said to be applicable to impure solutions of
not less than 40 micrograms of 13'2 (41) in 2 ml. has been described
by Fantes et al. The 1312 is hydrolyzed in acid medium to a red
acid which is esterified with octyl alcohol. The color then can be
determined spectrophotometrically. The method does not dif
ferentiate between 1312 and 1312b , and the authors report results
with an error of ±5%. Ganguly (47) has reported a colorimet
ric method for the determination of pteroylglutarnic acid and re
lated compounds in liver extract eoneentrates. Folic acid (160)
may be determined in preparations containing 13 complex vita
mins, liver, and iron; the zinc-amalgam reductive cleavage
method is used. "Then ferrous salts are present, sodium gluco
nate is added to prevent precipitation of ferrous iron.

Various methods for the determination of nicotinic acid (23, 2.'],
71) have been reported in the literature. Ciussa (22) reports
that nicotinic acid and nicotinamide may be determined in the
same solution.

Pantothenic acid (27'), according to Crokaert, may bc deter
mined colorimetrically after hydrolysis to ,B-alanine. Panthonol
and pantothenates (174) yield pantoyl lactone on acid hydrolysis.
The hydroxamic acid formed by the reaction of the lactone with
hydroxylamine exhibits a purple color in the presence of ferric
ions. The authors of this paper have desc'ribed optimum e~ndi
tions for the reaction and color measurement of this product.
They have utilized ion exchange columns to remove interfering
ionic substances in the determination of panthenol. Pantothen-
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ates cannot be isolated in this material and must be measured in
relatively pure solution.

Rutin (128) produces a yellow color with ammonium molyb
date, which is proportional to rutin concentration. The color is
light-stable and differs from thc normal ammonia color.

GENERAL

The condensation with D-l-ribitylamino-2-amino-4,S-dimethyl
benzene to produce riboflavin is utilized as the basis for a flu01'0

metric method of determination of alloxan (152). The effect of
various experimental conditions on rate of formation and yield of
riboflavin is discussed.

A method for the microcstimation of trimethylamine in Cheno
podium vuloaria L. is described by Cromwell (28). The mieroesti
mation of citric acid (164) may be accomplished by modifying the
colorimetric estimation for citric acid by replacing permanganate
with vanadic acid. This gives increased simplicity and speed of
operation and greater freedom from interference by other oxidiz
able substrates. Dihydroxyphenols (172) may be determined colo.
orimetrically by iodination. Pyridine copper sulfate reagent may
be used to determine fumaric acid (100). The reaction with benz
aldehyde to produce intensely yellow colored l-(a-hydroxyben
zyl )-3-benzalindene is used as the basis for a spectrophotometric
method for indene (148).

The modified diphenylamine procedure, which substitutes au
toxidation of glucose in alkaline solution for the usual glucose fer
mentation, has been proposed for the determination of inulin
(92). A semimieromethod for the estimation of lactose (96)
alone and in the presence of other sugars has been described.
Modifications are given for its application to solutions containing
lactose in the presence of glucose and glycogen and in tissue ex
tracts when other contaminating sugars are present. Linolenic
acid (32) may be determined colorimetrically after it has been
oxidized and heated with thiobnrbituric acid; Malic acid (73)
may be determined fluorometricnlly in the presence of succinate,
fumarate, aspartate, butyrate, 01' malonate. Paper chromatog
raphy has been used as technique for the identifieation and esti
mation of purines, pyrimidines, and related substances (.98). A
method based on the fading effect of oxalate on the green ferric
Ferron complex is reported to permit a colorimetric estimation of
oxalate (17). Aft.er bromination,. uracil and cytosine reduce
lithium arsenotungstate uric acid reagent. This has been made
the basis for a colorimetric method for the estimation of uracil and
cytosine (146). Water (59) may be determined in hydrocarbons
by extraction with dry ethylene glycol and subsequent titration
with Karl Fischer reagent. The determination of water (72)
indirectly in vegetable drugs by the Karl Fischer method using
polarized platinum electrodes is also reported.

The Folin colorimetric method for amino acids using 1,2
naphthoquinone-4-sodium sulfonate has been applied to hista
mine (95); this method has also received recognition in the U. S.
Pharmacopeia XIV (155). A comparative assay procedure for
volatile oils (90) has been proposed in which the sample reacts in
tetrahydrofuran with lithium aluminum hydride. Excess lith
ium aluminum hydride is titrated potentiometrically and results
are expressed in millicquivalents of the hydride utilized by the
oi't A titrimetric method for determining functional groups in
pharmaceutical products with lithium aluminum hydride has,
been published by Lin tnr-r et al. (.91).

PHYSICAL METHODS

AJ>KALOIDS AND RF:LATEO SUBSTANCES

Relatively l~~t'e solutions of alkaloids (132) and certain antihis
tamines (101(maybe assayed by spectrophotometric measure
ment of the.absorpfion of ultraviolet radiation. The physical
characterist.icS,'of tl1.e 2-anthraquinone sulfonates of morphine and
codeine (43) may prove-useful as an identification technique.
Simulta~e~hs equations.applied to the optical densities of quinine
and cinchonine' (52)atRl6 .and 348 mi, permit the estimation of
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the amounts of these types of alkaloids present in a given solu
tion. This technique has been successfully applied to extracts of
cinchona bark. Small quantities of methadon (70) may be iden
tified by determining the ultraviolet absorption spectrum of the
methadon base. The optical properties, microchemical reaction,
and x-ray diffraction data for methadon are also reported.

ANTIBIOTICS

Penicillin (48) may be determined by. an ultraviolet absorption
technique after extraction with chloroform from an aqueous solu
tion at pH 2. The polarographic method of analysis for chloro
mycetin in pH 4 buffer has been described by Hess (64). The
method agrees well with bioassay.

CHEMOTHERAPEUTIC AGENTS

Schack and Waxler (133) have reported an ultraviolet spectro
photometric method for the determinatiOli of theophylline and
theobromine.

HORMONES AND RELATED SUBSTANCES

Schneider reports the isolation and spectrophotometric deter
mination of cortisone (135). Progesterone (60) may be separated
by using paper chromatographic techniques with final ultraviolet
measurement as a means of estimating potency. Estrogenic hor
mones (40) may be separated by the use of a suitable neutral sol
vent system in a 24-tfansfer countercurrent distribution instru
ment. The three estrogens may be separately identified by a
physical constant and quantitatively determined.

Infrared spectrophotometry has been the basis of measuring a
estradiol and other estrogenic diols (20). Chromatographic sepa
ration has been utili~ed to permit the determination of back
ground absorption of the components in groups and allows estab
lishment of a base line for concentration measurements. The
diols are esterified with benzenesulfonyl chloride in pyridine to
render them soluble in carbon disulfide prior to infrared measure
ments. .A polarographic method has been developed for the de-
termination of purity in insulin (169). .

I'ROTEINS AND AMINO ACIDS

Larsson (87) has reported a study of the practicability of de
termining amino acids and polypeptides by spectroscopy without
first hydrolyzing. .

VITAMINS

Free vitamin A and esterified vitamin A may be separated by
utilizing an alumina column (35). The alcohol is el~ted with SO-
20 petroleum ether-acetone and the Carr-Price color assay uti
lized to evaluate the sample. Another method for the analysis of
vitamin A (65) by means of chromatography plus spectroscopy
has been reported, which the author believes should supplant the
method of Morton and Stubbs for correcting for interfering sub
stances. Another method for the estimation of vitamin A (93)
in the presence of interfering materials is similar to the Morton
Stubbs correction, except that points selected for -direct reading
are on either side of the wave length of maximum absorption and
are equidistant from it. Still another paper on the determination
of vitamin A (157) in fish liver oils suggests that the potassium
soap micelles formed in saponification absorb vitamin A, making
its extraction difficult. The procedure includes addition of bar
ium chloride to precipitate the soap and to break up the mi
celles. The extraction with chloroform is then only a one-step
process. A study having to do with identification and determi
nation of biochemical substances by shifts in the ultraviolet absorp
tion spectra and the application of this work to the determination
of ascorbic acid and pyridoxine (156) has been reported by 'Vacher
et al.

GENERAL

Infrared data covering 79 curves of sugars and their deriva
tives (84) and of some cellulose derivatives have been reported by
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Kuhn. Spectral range ·is 2 to 15 microns. A very sensitive
colorimetric determination of glucose (117) based on the reduction
of ferricyanide ions has been described by Park and Johnson.
The range of this method is said to be 1 to 9 micrograms of glucose
in 1 to 3 m!. of sample. Halogenated methanes (81) yield, under
certain conditions, when analyzed polarographically wave
heights thatare said to be proportional to the halides. The sol
vent is 2 to 1 methanol-water and the supporting electrolyte is 0.1
111 tetramethylammonium bromide.

Significant trends in pharmaceutical analysis continue to de
velop as the newel' analytical techniques and instruments receive
wider and. wider application. It is evident that infrared spec
trometry is beginning to enjoy quantitative as well as qualitative
utilization on a par with the ultraviolet and visible spectrometric
techniques. Chromatographic procedures continue to improve as
aids in the separation and identification of components of com
plex mixtures. An appreciable number of reports of the use of
anhydrous media in the titration of Lewis acids and bases of
pharmaceutical interest also appeared during the year. A great
many applications of these and other techniques remain to be ex-
plored. .
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Natural and Synthetic Rubbers
NORMAN BEKKEDAHL

National Bureau of Standards, Washington, D. C.

T H IS is the third of a series of review articles to appear in this
journal on analytical methods pertaining to natural and

synthetic rubber. Although the first review (15) covered only
chemical methods, the second (13) was broadened to include
physical testing. The present review covers both, and refers
to articles appearing in the journals for the year ending about
October 1950. Like the previous review, it omits test methods
applied to compounding ingredients and to materials used in the
manufacture of synthetic rubbers. It docs not in general refer
to procedures that are more concerned with problems of funda
mental research than with testing methods. It is also restricted
to procedures which have already been applied to the analysis
and testing of natural or synthetic rubbers, rather than to general
procedures which may find future application in this field.

GENERAL INFORMATION

SURVEYS

Besides the review papers mentioned (13, 15), several other
surveys also appeared within the past year. In a series of review
articles on chemical engineering materials for construction pur
poses Fisher (52) covered the general field of elastomers and
Peters' surveyed (151) that of hard rubber. Both authors
referred chiefly to those properties of the materials which are
important for purposes of construction. Kreuter (103) pre
sented a review and discussion of the testing methods used in the
rubber industry, and included representative recipes for testing
rubber vulcanizates. At the Second Rubber Technology Con
ference held in London, the testing papers of which were reviewed
last year (13), an open discussion was held on the standardization
of methods for measuring tensile strength, hardness, abrasion,
and tear resistance of vulcanized rubber (41). In the latest
"Annual Report of the Progress of Rubber Technology" Drakeley
(45) wrote the chapter which covers .physical and chemical
testing of rubbers and latices. The Fifth Foundation Lecture
of the Institution of Rubber Industry was presented on May 10,
1950, in London by van Rossem (163-165). In his lecture he
discussed the properties of natural rubber as a raw material,
including its variability, and the need for standardization of
methods for evaluating its qualities.

In an exhibition of scientific instruments and equipment the
Institut Francais du Caoutchouc (110) displayed the develop
ments of its technical department for the first time. Included
were the rebound meter, a viscometer equipped with spheres,
a modulometer, an abrasion tester, a consistometer, and a stabil-

ometer. In a "photo story" the Firestone Tire and Rubber Co.
(171) described its .developments in the field of testing, which
included a ring-modulus machine for evaluating modulus charac
teristics of cured rubber samples, a densimeter for measuring the
specific gravity of materials which are plastic at room tempera
ture, a hand-held penetrometer for measuring hardness of cured
rubber' compounds.. a flexometer for measuring heat generation
and fatigue in rubber and rubber-fabric composition during
flexing, and a plastometer which evaluates the plastic flow
characteristics of unvulcanized stocks by extrusion.

BOOKS

Barron (8) published the third edition of his "Modern Syn
thetic Rubbers." Maffei and collaborators (120) prepared a
book in Portuguese on the technology of rubber, which was
based on a series of lectures given under the auspices of thc Sao
Paulo Rubber Manufacturers' Association and the Institute of
Technological Research. It is excellent as a text for purposes of
student training, and contains chapters on the physical and
chemical testing of rubbers and on specifications for rubber
goods which are based on American and British standards.
Houwink (77) published Volume I, General Theory, of the series
on "Elastomers and Plastomers." Rubber Age (177) in late 1949
came out with another revised edition of its popular "Rubber
Red Book."

Dawson and Thomsett (42) prepared in mimeographed form
an "Annotated Comprehensive List of Trade Names of Syn
thetics," which contains an alphabetical listing of substitutes and
extenders for natural rubber, synthetic rubbers, synthetic resins,
and plastics, This comprehensive collection of over 8000 entries
should ease considerably the troublesome problems of dealing
with trade names and also with commercial and technological
terms. Although LeBras and Delalande's new book in French,
"The Chemical Derivatives of Natural Rubber" (107), is not
so closely connected with the testing of natural and synthetic
rubbers, it deserves mention here as the only book of its kind to
describe natural rubber derivatives comprehensively.

STANDARDIZATION

A.S.T.M. Committee D-ll on Rubber and Rubberlike Mate
rials issued its latest book on standards (3), which includes over
100 methods covering all types of testing on rubber products.
A report of the committee (4) lists the various, proposed changes
in the, standards together with some new additions. The
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British Standards Institution (29) revised its 10-year-old bulletin
of standards, B.S.-903, composed of methods for testing vulcan
ized rubber. The new issue has been greatly enlarged to include
synthetic as well as natural rubber. Each method or group of
closely related methods is now in effect a self-contained docu
ment, and is accordingly given a distinctive number appended to
the main number 903. The German Verein Deutscher Ingenieure
(V.D.I.) (209) has issued directions for the formation and appli
cation of rubber parts, and refers to the D.I.N. and V.D.E. speci
fications covering rubber goods.

Definite progress seems to have been made at the September
1949 meeting of the International Organization for Standardiza
tion, Technical Committee 45 on Rubber (31, 79, 155, 185),
which was held at The Hague. Buist (31), Powell (155), and
Scott (185) give considerable detail as to the agreements ob
tained at The Hague in tests on tear, hardness, abrasion, ad
hesion, and aging. , The accomplishments of a later meeting of
the committee held in Akron, Ohio, during October 1950, have
also been enumerated (176). At this meeting the delegates dis
cussed hardness, tension, tear strength, ply adhesion, aging,
abrasion, and flex cracking, as well as the testing of rubber latex,
and the new French system of grading raw rubber.

CHEMICAL ANALYSIS

The old Weber test for the chemical identification of natural
rubber has been redescribed in a somewhat modified form by
Stern (199) because of its increased importance since the intro
duction of synthetic rubbers. Nitsche and Toeldte (146) iden
tify and characterize substances of high molecular weight from
tests on solubility behavior and precipitability in different
groups of solvents under definite conditions: The rates of solu
tion in standard and auxiliary solvents are noted, as well as the
type of precipitate, and whether or not the latter redissolves in
an excess of solvent. Kress (102) and Koch (97), by means of
selective absorption of ultraviolet radiation, were both able to
distinguish between a number of vulcanization accelerators in
master batch stocks. Deribere (43) subjected various rubber
coloring agents to infrared and ultraviolet light, and found some
interesting methods for their identification.

Narayanan (133, 134) describes the procedures used for the
more common quantitative chemical tests on rubber and latex,
and also includes some of the less common tests, such as loss of
weight of crude rubber on washing.

The British Standards Institution describes the quantitative
estimation of free sulfur in rubber by the copper spiral method
(29), in which a strip of copper gauze is placed with the acetone
in the extraction apparatus; the free sulfur is allowed to combine
with the copper to form a sulfide, which is then analyzed for
sulfur content. Mann (123) made an examination of the re
sponse of the copper spiral method to pure sulfur-containing
accelerators and to extracts from vuleanizates, He concluded
that the presence of certain accelerators may lead to error, but
that this error is usually less than that obtained with other
methods.

When using the Grote combustion micromethod for the de
termination of sulfur, Walter (212) prefers a different method for
determining the end point of the titration of the sulfate by means
ofstandard barium chlo'ride. Instead of using the usual internal
visual indicator, he determines the end point by means of a
photometric method. Reznik (160) describes a method for the
microdetermination of sulfur in vulcanized rubber by fusion with
potassium in a sealed capillary. The potassium sulfide is oxi
dized with excess iodate and back-titrated with thiosulfate.
Galloway and Foxton (56) describe two methods for determining
the presence of elemental sulfur in minute quantities, such as in
"blooms," because these methods are not well known in the
rubber industry. In the first method the bloom is treated with
sodium hydroxide and pyridine. The presence of sulfur gives a
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transient blue-green coloration, which is rapidly succeeded, by
an orange-brown color. In the second procedure the bloom is
ground with Schonberg's reagent, benzylimidodi-(p-methoxy
phenyl)-methane, heated to 210°; and treated with a few drops
of benzene. A blue coloration indicates the presence of sulfur.
On addition of a mercuric chloride crystal the color slowly fades,
while the crystal assumes a red or orange tint.

Poulton and Tunnicliffe (154) describe a method for the de
termination of copper in rubber, which is much simpler than
those usually recommended by the standardization organiza
tions. They recommend a careful dry-ashing procedure for the
removal of organic material in place of the wet-oxidation method
because of the saving of time. The influence of iron can he
eliminated by measuring the optical density of the carbamate
complex in solution of carbon tetrachloride before and after
treatment with potassium cyanide, which completely removes
the brown color due to copper alone. If the iron concentration
is not high, the simplified and more rapid procedure is suggested,
in which the copper diethyl dithioearbamate complex is formed
from the sodium compound in an aqueous medium.

Naughton and Frodyma (138) describe a method and appara
tus for the microdetermination of carbon and hydrogen in or
ganic compounds which can be completed in 16 minutes. The
sample is burned in a modified Pregl apparatus, and the water
vapor and the carbon dioxide are collected in a dry ice trap and
a liquid air trap, respectively, After the excess oxygen is pumped
out, these gases are measured manometrically. The accuracy
obtained is claimed to be very good.

A method for the determination of free carbon in cured rubber
stocks-is described by Kolthoff and Gutmacher (101); the sample
is softened in boiling p-dichlorobenzene before treatment with
tert-butylhydroperoxide in the presence of osmium tetroxide. No
difficulties are encountered in filtering the carbon. No correc
tion factor is used. The method has been applied successfully
to GR-S, Butyl rubber, and neoprene.

Hale, Hale, and Jones (65) recommend 'that for determining
the nitrogen content of materials such as natural rubber, where
the nitrogen content is low, and the conventional Kjeldahl
method therefore not convenient, a semimiero digestion tech
nique be used, and the nitrogen content be determined colori
metrically.

Harris, Smith, and Mitchell (68) have modified the Unter
zaucher method for the direct quantitative determination of
oxygen in organic materials. The oxygen is converted into
carbon monoxide, which is.determined quantitatively by means
of a thermal conductivity bridge, giving continuous recordings
of potential during the course of the pyrolysis and conversion
reactions.

Dowden (44) finds that a potentiometric determination of
zinc oxide in rubber is a much simpler procedure than that which
requires an outside indicator to find the end point of the titra
tion. During the potassium ferrocyanide titration a pH meter
is used, with platinum and constantan wires as electrodes.
Poulton and Tarrant (153) use a polarographic method for deter
mining the quantity of zinc in compounded rubber. In their
method the operations are conducted in an acid medium in order
to eliminate inaccuracies due to coprecipitation of zinc by phos
phates originally in the rubber. The new method is applicable
over the complete range within which zinc is likely to occur in
rubber.

Tryon (206) made improvements in the apparatus for the
determination of small quantities of moisture in rubber by the
azeotropic method of distillation, using toluene. His improve
ments not only increase the precision of the method but also
greatly speed up the procedure and make it more convenient for
operation.

Maffei and Outa (121) developed a new method for determin
ing quantitatively the amount of rubber in latex. Potassium
bromate, potassium bromide, and hydrochloric acid are added to
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the aqueous dispersion, and the excess bromine is titrated with
potassium iodide and sodium thiosulfate. The results agree
very well with the coagulation method. This procedure can
also be extended to the analysis of solid rubber by dissolving it
in carbon tetrachloride and then forming an aqueous dispersion
of it with the aid of bentonite.

Lee, Kolthoff, and Johnson (108) describe a method for deter
mining the unsaturation of Butyl rubbers and certain branched
olefins by the use of iodine monochloride. The usual high
results obtained by similar earlier methods, caused by steric
strain and decomposition brought about by the addition of the
reagent, have been corrected by taking into account the slower
addition reaction for the decomposition products.

Schaefer (180) noted visual changes which take place during
chemical reactions involving some of the more common accelera
tors for rubber vulcanization. The accelerator is dissolved in
acetone, copper sulfate solution is added, and the appearance is
then observed by color reaction, crystallization, or precipitation
which will distinguish and identify the accelerator present. It
was found possible to identify most of the accelerators either in
the pure state or in a vulcanizate.

Kendall and Phillips (89) developed a method for determining
the thickness of wax bloom on the surface of vulcanized rubber.
Twists of defatted cotton or wool moistened with light petroleum
are wiped over a known area of surface. The wax bloom is then
extracted from the twists and weighed.

AGING

The oxidation of rubber has been the subject of a review
article by van Amerongen (5). Esch (50) reviewed and dis
cussed aging tests, and gave reasons for the selection of 70° C.
as the most used temperature for conducting these experiments.

For the determination of resistance of rubber to sun checking
the R. T. Vanderbilt Co, (208) recommends the use of tapered
strip test pieces. When these trapezoid strips are held in a
stretched position in a frame it is possible to get an infinite num
ber of different elongations on them between zero and that de
sired. Samples exposed to the sun are observed for the distri
bution, density, and depth of cracking. The extension corre
sponding to maximum cracking can be read off by means of a
template.

Nellen, Dunlap, Glaser, and Landes (140) studied the effect of
atmospheric ozone on tires during storage, and found it to de
pend on various conditions, such as geographical location, tem
perature, type and construction of storehouse, and ventilation.
Their tests were conducted at a number of different locations in
the United States, in which they found the atmosphere to vary
considerably as to ozone concentration,

An ozone aging tester, which is claimed to generate and main
tain a continuous flow of ozone under controlled conditions of
temperature and pressure, has been developed by the G. F.
Bush Associates (83), Princeton, N. J. It is called the GFB
LGL ozonator. A new weatherometer, called Type XW, has
been introduced by the Atlas Electric Devices Co. (173). It is
a completely redesigned and modernized version of the older
model and incorporates many new features.

Blum, Shelton, and Winn (25) studied the results of aging
tests on rubber samples of different thicknesses. Their purpose
was to establish a safe limit of thickness of sample, so that the
chemical reaction and not the diffusion is the limiting factor.
They concluded that the conventional 0.075- to O.OSo-inch thick
ness is frequently too great, especially for the later stages of
oxidation, which are autocatalytic. Shelton and Cox (193) in
vestigated a volumetric oxygen-absorption test for aging natural
rubber and compared it with the conventional air-oven and
oxygen-bomb tests. The effect of cure was found to be very
slight in the case of the oxygen absorption test, somewhat
greater in the oxygen-bomb test, and very pronounced in the
air-oven method.
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Mesrobian and Tobolsky (128) believe that other chemicals
besides oxygen affect the chemical reactions involved in the
aging of rubber. Conventional aging tests do not always corre
late well with practical performance, and supplementary tests
may be required, such as the determination of stress relaxation
by a modified apparatus and technique described in their paper.
Lawrence and Shelton (106) describe applications and their
techniques used in measuring oxygen absorption, and note
various stages of oxygen addition for compounds structurally
related to GR-S. Kuzminski! and co-workers (104) found that
when a rubber is subjected to fatigue under an alternating stress
of constant frequency (250 cycles per minute and amplitude of
50%) in addition to the oxygen treatment the oxidation pro
ceeds at a much more rapid rate.

Scott (186) studied the effects of oxygen and temperature on
the aging of GR-S vulcanizates. He concluded, as did Mesro
bian and Tobolsky (128), that in addition to promoting loss of
tensile strength, oxygen can be the cause of both stiffening and
softening. The former effect is obtained from cross linking, and
the latter from chain scission. Scott (186, 187) found that
above SO° C. increased oxygen favors softening. Oxygen-bomb
tests at 70 ° C. and air-oven aging at 100 ° C. therefore may not
be suitable for simulating natural aging conditions for GR-S
vulcanizates. Undercures were found to be particularly sus
ceptible to softening.

Vacca, Erickson, and Lundberg (207) made aging tests on black
neoprene jackets used for outdoor telephone wire. They found
that there was little change in tensile strength with time, but
that the elongation decreased fairly rapidly. This trend was
true not only for the outdoor aging but also for air-oven aging
"at 70° to 150° C. This loss .of elongation, however, was not
necessarily indicative of short-life service.

Kirchhof (93) analyzed various types of reclaim for hardness,
acetone-solubles, ehloroform-solubles, ash, rubber-hydrocarbon
content, and behavior on air-aging at 100° C. He concluded
that the property which gave him the best indication of the
true value of a reclaim is its aging at 100° C.

Newton and Wake (143) describe an apparatus and special
technique in which they measure the increase in bending modulus
of thin sheets of rubber exposed to air and light. They studied
the effect of different wave lengths of light on light stiffening and
surface crazing, and compared their tests with the conventional
scratch and folding tests of proofing. They concluded that the
modulus test was much more sensitive and would detect changes
long before the other methods. They were able to measure the
stiffening of the rubber samples within one week. Soden and
Wake (196) studied the deterioration of rubber under the influ
ence of dry and moist heat in addition to being subjected to light.
Rubber articles and proofings were exposed to tropical atmos
pheric conditions and the results of these aging tests were com
pared with those obtained from aging in ovens under both moist
and dry conditions. The results of the tests did not place the
rubbers in the same order. It is therefore necessary to expose
the samples to suitable light radiations as a part of any acceler
ated "tropical" test.

Villain (210) studied the action of copper and its derivatives
on the aging of rubber. In his tests he used the Geer oven at
70° C., the oxygen bomb at 20 kg. per sq. cm., oxygen absorption,
and natural aging (S months), using tensile strength as the cri
terion. He concluded that although most copper compounds
are pyro-oxygenic agents and accelerate the aging, copper may
also appear in nondeleterious forms. The same copper com
pound may, of course, have a different effect on different rubbers,
depending on the chemical composition of the compound.

LATEX

Van Gils (62) reviewed the common tests performed on latex
and stressed the necessity for universal standardization in the
procedures. The newest annual issue of the A.S.T.M. standards
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(1) contains for the first time procedures for tests and specifica
tions for concentrated creamed or centrifuged latices. For the
test on mechanical stability of the latex an apparatus is specified
which makes use of a high-speed stirring technique. In the
United States such an apparatus has been designed by the Fire
stone Tire and Rubber Co. and is being produced by the Precision
Scientific Co. (174). In France a similar apparatus was designed
by the Institut Francais du Caoutchouc (126) and is known as
the I.F.C. stabilometer.

The use of the potassium hydroxide number as the sole speci
fication for the chemical stability of latex is strongly objected to
by van Gils (63). He says that there is no correlation between
the potassium hydroxide number and zinc oxide stability test,
and therefore advocates the use ofboth tests "to get the whole
picture. ' Hayes (71) studied the stability of compounded latex
by thickening experiments with zinc oxide, and showed that the
maximum thickening effect takes place when the zinc oxide
concentration is less than 1% of the dry rubber content of the
latex. Gelation tests with sodium silicofluoride indicated that
the curve of the pH VS. zinc oxide concentration is closely related
to that of the viscosity VS. zinc oxide concentration, and he pro
poses a theory to account for the maximum thickening effect.
By successive creaming operations with incremental additions
of ammonium alginate Schmidt and Kelsey (183) were able to
separate Hevea latex into separate fractions, and thus deter
mined a correlation between particle size and alginate concen
tration. Researchers at the Indonesian Rubber Institute (139)
have been able to separate Hevea latex into white and yellow
portions in stable liquid states, each having different properties. .

McMullen (118) developed an apparatus and technique by
which it is possible to extract latex from the tree under completely
aseptic conditions and in the absence of oxygen. He was able
to manipulate a tapping knife inside a steel body so as to pene
trate the latex vessels of the tree under vacuum-tight conditions.
The preparation of latex under sterile conditions such as this
should enable one to study the mechanism of natural coagulation
and also the deterioration of latex under ordinary conditions.

Bachle (6) studied the drying speeds of latex films and con
firmed earlier conclusions that the temperatures should not be
too high because of formation of bubbles in the film, that drying
takes place in two phases, and that drying is slower in the presence
of moisture. He also found that filler content has a decided
effect on the rate of drying. Blevins, Wright, and Leonard
(22) improved the casting of elastomeric test films from latices,
and obtained flaw-free films by casting against a surface of gyp
sum so as to obtain drying from both sides of the film.

McGavack and Bevilacqua (117) studied the absorption of
oxygen by ammonia-preserved latex and showed that the addition
of less than 0.2% of oxygen on the total solids of the latex lowers
the Mooney viscosity of the resulting rubber from 110 to 40
units, with indications of still lower viscosities with further
additions of oxygen. They conclude, therefore, that it is ex
tremely important that the user or seller of latex should clearly
understand to what extent his latex has been exposed to oxygen.

UNVULCANIZED RUBBER

MOLECULAR PROPERTIES

The characteristics of macromolecules' and their size, with
many references to previous articles on the subject, 'have been
the subject of a paper by dePonte (152).

Clement (38) describes an apparatus and osmometric technique
for the determination of high molecular weights and polymolecu
larity of high polymers. The design of his apparatus is such
that the osmotic pressure exerted on the semipermeable mem
brane presses it against a grill, thus eliminating the effect of
ballooning.

The fractionation of natural rubber by means of organic
solvents has been the subject of review and discussion by Belmas
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(16), in which he points out that the knowledge of the nature of
sol and gel fractions has become more precise and that the
molecular weights vary from 9000 to 300,000. Gavoret and
Magat (57, 58) developed a rapid method for the determination
of molecular weights of high polymers to an accuracy of within
10% by means of measuring the precipitation threshold. With
alcohols as a precipitant it was possible to determine the molecu- ,
lar weights of narrow fractions. Leger and Giguere (109)
found that the molecular weight distribution curve for GR-S
by the coacervate method was very similar to that obtained by
fractional precipitation. They observed a sharp peak in the
curves at a value of about 40,000. Cragg and Simkins (40),
by intrinsic viscosity measurements on five fractions of GR-S,
determined the effects of chain length and various solvents on the
viscosity-temperature coefficient. They found the coefficient
to be positive for poorer solvents and slightly negative for the
better ones.

Benedict, Brooks, and Puckett (17) fractionated resin-free
rubber from guayule plants and found it to vary in molecular
weight, depending on the part of the plant from which it was
obtained. As guayule rubber contains from 1 to 2% of rubber
hydrocarbon with molecular weight of from 2000 to 20,000, which
is soluble in acetone, Meeks, Banigan, and Planck (127) report
that the usual method of determination of resins by acetone
extraction gives false results when applied to guayule rubber.

Rochow and Rochow (162) examined the molecules of silicone
rubber by means of the electron microscope technique at 10,000
to 50,000 diameter magnifications, and found their molecular
weights to be of the order of about 300,000. The values ob
tained by this method agree with those by osmometry.

Gehman (60) emphasizes the value of infrared absorption spectra
and x-ray diffraction for determining the molecular structure
such as cis and trans configurations and also crystallization. By
infrared analysis and also by methods of separation by solution,
Schlesinger and Leeper (181, 182) found a single chicle plant
which produced a product consisting of a mixture of caoutchouc
(cis) and gutta (trans) forms of polyisoprene, This observation
disproves the popular belief that a single plant species produces
only either the cis or the trans form of polyisoprene and not
mixtures of the two.

Koch (97) applied spectrographic methods to studies in vul
canization. He was able to follow the chemical transformation
of accelerators to their products in rubber compounds, to identify
sulfur linkages in cross-linked polymers, and to prove the par
ticipation of a·free-radical mechanism in the vulcanization process.
Hauser and Ie Beau (69) used ultramicroscopy by incident light
to study the morphological changes which occur during vulcaniza
tion.

Madorsky (119) pyrolyzed samples of various synthetic rubbers
at temperatures from 350 0 to 450 0 C. and at a pressure of 10-'
mm. of mercury, and separated the products into two solid frac
tions, two liquid fractions, and a gaseous fraction. In this way
he was able to study the mechanism of chain rupture.

Campbell and Allen (36) studied the crystallinity of high poly
mers by direct observation with the polarizing microscope.
Their results check reasonably well with those obtained in dilato
metric studies, and are believed by the authors to be more sensi
tive than those obtained from measurements of x-ray diffraction.
Wiley, Brauer, and Bennett (215) continued their researches on
the refractometric method for the determination of second-order
transition temperatures in high polymers, and by applying good
insulation to their Abbe refractometer they extended the lower
range of temperatures to -120 0 C. Ichimura (80) theorizes
on the cause of the second-order transition of natural rubber as
evidenced by specific heat measurements, while Kikuchi presents
his theories on the crystallization (90) and melting (91) of rubber.
Both authors used data of other observers published several
years previously. Mayo (125) shows that crystallization can
cause changes in results obtained from tests on physical properties
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such as stress-strain, hardness, and compression set. Measure
ments obtained by means of x-ray diffraction are correlated with
the results of the other tests. Fox, Flory, and Marshall (55), in
their studies on the thermodynamics of crystallization in high
polymers, found that the critical elongation for incipient crys
tallisation Tn stretched vulcanized rubber, as determined by
density measurements, is dependent on the temperature. Crys
tallization was found to set in at all elongation well below that
at which the stress-strain curve assumes a steep slope.

The thermodynamics of rubberlike elasticity has been the
subject of discussions by several authors. Ishihara (86) presents
a statistical theory on the network structure of rubberlike elas
ticity. Katz (88) gives a thermodynamic analysis of one
component and two-component elastic systems, and states that
the basic hypothesis of the kinetic theory of rubber elasticity
leads to conclusions which are thermodynamically impossible.
Bartenev (9) gives relationships between thermodynamic proper
ties for the ideal rubber, and states that the analogous equations.
of 'Wiegand, Snyder, James, and Guth, and others are inexact.
Lode (112,113) believes that the theories as developed by Meyer,
Kuhn, Wall, and Treloar do not explain all the phenomena of
rubberlike elasticity and therefore takes a 'new approach to the
subject. Thirion (202) states that there is a close relationship
between the structure of rubbers and mechanical properties, and
believes that in the future research methods involving instru
ments such as x-rays, electron diffraction, and electron micro
scope will playa more important role.

Scott and Magat studied the thermodynamics of solutions of
high polymers. Solvents and polymers were first classified
according to "density of internal energy," which permits a predic
tion of their solution properties (122). When the polymers are
cross-linked, however, the solubility is zero, and a study was
made of the swelling characteristics of the vulcanizates in different
solvents (189).

VISCOSITY

According to Penn (150), most of the variability of rubbers is
caused by the variations in their molecular weights. This
author believes that the Mooney viscosity value can be taken
as an indication of the molecular weight. Eccher (47) describes
a cylindrical rheometer of the Couettc type which is suitable for
the experimental determination of the relationship between the
rate of shear and the shear-stress of rubber and rubber compounds.

Blow and S~hofield (23) point out both the advantages and the
disadvantages of the shearing-disk viscometer, and make measure
ments on the stress-relaxation of unvulcanized rubber by means
of the Mooney instrument. They report that the recovery of
GR-S and natural rubbers as measured by the Mooney viscom
eter correlates fairly well with recovery measurements made on
a parallel-plate plastometer and also obtained from shrinkage
measurements on the rubbers after milling, calendering, and ex-.
truding, Conant, Hall, and Lyons (39) studied the equivalent
effects of time and temperature in the shear-creep and recovery
of elastomers, and set forth an explicit relation for the time
temperature dependence of the viscoelastic phenomena in poly
mers.

Kilbourne, Misner, and Fairchild (.92) studied the plasticity
of various types of reclaimed rubbers as measured by various
methods, such as Williams' parallel-plate, Mooney shearing-disk,
Firestone extruder, laboratory mixing, and factory processing in
Banbury. They concluded that the Mooney instrument gives
the most precise results. Milling actually measures' some
property other than plasticity. No single test can replace both
milling and Mooney measurements, and when these two tests
are used in conjunction with one another the maximum amount
of information is obtainable as to the processibility of reclaimed
rubber.

In the latest standards of the American Society for- Testing
Materials the use of the shearing-disk viscometer is described in
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determining curing characteristics and in evaluating scorch
properties (2). Somerville and Maassen (197) studied scorch
characteriJtics as determined by the Mooney at various tempera
tures, and recommend the use of a higher temperature, 250 0 F.,
as very near thej~al for most. compounds, . Measurements made
below this temperature are too time-consuming, and those made
above this temperature cause the reaction to proceed too rapidly
for proper detection of the scorch.

Glikman, Vladykina, and Perepelova (66) claim that methods
involving capillary flow and rotation are unsuitable for the
determination of apparent viscosity of elastic high-polymer solu
tions, and recommend a method using falling spheres for the
characterization of structural viscosity and thixotropy. Kol
banovskaya and Rebinder (98, 99) measured the viscoelastic
properties of rubber solutions by determining time dependence
of the shearing suspended by a twisted vertical torsion wire in
an outer cylinder containing the rubber solution.

A rotational viscometer manufactured by the Precision Scien
tific Co. (37), Chicago, III., produces consistency curves for vis
cosity instead of single point measurements. It consists of a
rotating sample cup and a stationary bob immersed in it. The
viscous drag on the bob is imposed on a coil spring which is
twisted through an angle measured ona calibrated disk. WiIlen
berg and Fritz (218) designed a new viscometer which is adaptable
to very heavy liquids. It consists of two cylinders connected by
a capillary and two loaded pistons, the liquid being forced either
way through the capillary. Bestul and Belcher (18) studied the
flow behavior of concentrated GR-S rubber solutions, and give
an equation for representing the flow curves which involves
actual shear rate at viscometer wall, shearing strain, and two
constants.

MISCELLANEOUS

Van Rossem and Hoekstra (74, 166) studied the mastication
of natural rubber by several different types of plasticity measure
ments. Plasticized rubber was found to harden slowly. Storing
rubber at elevated temperatures causes hardening for the first
few days, and then a slow softening. Exaggerated mastication
of rubber decreases the tensile properties of a vulcanizate made.
from it. No correlation was found,' however, between the vis
cosity of the rubber before plastication and the modulus after
vulcanization. Blow and Wood (24) studied the mastication
and compounding of natural rubber in an oxygen-free atmosphere,
and confirmed Cotton's and Busse's experiments, which showed
that very little breakdown of rubber takes place in the absence of
oxygen.

Wood and Fanning (219) found that extraction of the resins
from guayule rubber can be accomplished more efficiently if
mastication of the rubber takes place during the extraction.
For this apparatus they made use of an adapted laboratory
internal mixer connected to a continuousextraction apparatus.

The problem of preventing the fingers of a mill-roll operator
from being trapped in the nip of a horizontal two-roll mill be
came of interest to Lunn (114), who made a mathematical and
theoretical study on the safe-working areas of mills. He con
cludes that the safety area increases as roll diameter increases,
but that the absolute safe area is restricted. It can be defined,
providedthatthestopping power-of the brake is known.

A new pyrometer for the measurement of surface temperatures
is provided by the Pyrometer Instrument Co., Bergenfield, N. J.
(172).

EVALUATION AND GRADING

It has long been the view of rubber technologists that natural
rubber should, in addition to its present system of visual grading,
be evaluated according to its intrinsic properties. Recent articles
(64,115,116,163-165,190,198) indicate that a technical system
of classification is even more necessary today because of the in-
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creased competition between the natural and synthetic rubbers.
First to develop and introduce a new system of grading were the
Syndical, des Planteurs de Caoutchouc d'Iridochinb and the
Union des Planteurs de Caoutchouc (201), who began marking
the bales of natural rubber produced in Indochina according to
three classes of plasticity and three classes of the rate of cure
(157, 158, 178). This new system does not interfere with the
usual system of grading by appearance only. The French system
of classification of rubber met with considerable interest and soon
was recommended for trial by rubber growers from all parts of the
Far East (64, 78, 116, 159, 165, 178, 184). At the recent
meeting of the Internat.ional Organization for Standardization,
Technical Committee 45 on Rubber, held in Akron, a resolution
was adopted (176) by the delegates that the French technical
system of grading be applied to the usual market grades of natural
rubber.

An interest in the technical classification of natural rubber
according to intrinsic properties was also expressed by the con
sumers of raw rubber, and the American Society for Testing
Materials introduced a new Subcommittee on Crude Natural
Rubber in its Committee D-ll on Rubber and Rubberlike
Materials (4). This new subcommittee has already had three
meetings (14, 82, 85, 175), and is concentrating its present activi
ties on the quantitative determination of dirt in rubber and the
development of test recipes and methods for evaluating the
physical properties of natural rubber vulcanizates (82).

Newton, Philpott, Smith, and Wren (142) studied the vari
ability of Malayan crude rubber as to Mooney viscosity and
vulcanization characteristics. They found that the visual grades
of ribbed smoked sheet Nos. 1, 2, 3, and 4 differed only slightly
in the properties examined, and could see no technical justifica
tion for downgrading smoked sheet on account of the presence
of bubbles. Rubber quality variations were large from estate to
estate by the system of technical grading but not by visual in
spection.

Fletcher (53) stated that tests' on abrasion, flex-cracking,
cut growth, etc., are important properties for a rubber but are
difficult to measure. He believes that the National Bureau of
Standards strain tester (75) shows a high degree of merit, but
prefers and describes a simplified version of this instrument for
use chiefly on plantations and other out-of-the-way places.
He prefers to conduct tension testing at low elongations where
there is no crystallization in the rubber, and recommends meas
uring the minimum strain and also the time of vulcanization
required to attain this minimum value. Blackwell, Blow, Flet
cher, Mullins, and Wood (20) continued work for the British
Rubber Producers' Research Association on the variability of
natural rubber. They directed their attention, however, to the
processing characteristics of the rubber, which are important
prior to the vulcanization. Uniformity of processing charac
teristics is necessary in ~rder to ensure constant extruder and
calender performances and to maintain constant modulus of the
vulcanizutes. Blackwell, Blow, and Fletcher (19) studied
vulcauizate stiffness for raw rubbers of different characteristics,
different mixing formulas, and different mixing procedures.
They believe that the minimum strain of any rubber at a fixed
compounded viscosity can be calculated from the minimum
strain at any other known compound viscosity.

Gee (59) makes note of the wide differences of opinion as to the
meaning of the "rate of cure." He discusses the arguments for
and against each of the three major methods-viz., time to reach
maximum' modulus, scorch time, and hyperbola parameters.
Although most of the investigators are of the opinion that a single
cure is all that is required to determine a rate of cure, others
(46, 85) believe that at least three times of cure are necessary.
Dunlap, Glaser; and Nel1en (46) used an inclined plane tester to
determine'tlie intrinsic low-stress properties of rubber compounds,
By making a hysteresis loop test at low stresses over a series of
cures, an extremely accurate measure is provided for determining
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the rate and state of cure. They believe that the results from
their tests for hysteresis loss made at low elongations come
closer than those made at high elongations to simulating condi
tions obtained in actual use in many commercial products such
as tires.

VULCANIZATES

STATIC TENSION AND COMPRESSION

The N.B.S. strain tester (75), which measures elongation of
rubberlike materials of virtually motionless specimens at a defi
nite period of time after the application of a predetermined
load, is being manufactured by the G. F. Bush Associates,
Hopewell, N. J. (168). The British Rubber Producers' Research
Association has adopted the use of a strain tester for tension
measurements because it gives more precise results than can be
obtained from modulus testers. The association (28) designed
a simplified version of the N.B.S. strain tester which it believes
will be suitable for the grading of natural rubber and can be more
conveniently adapted for usc on plantations. It uses molded
test pieces, similar to those used for T-50 measurements, and
gives values of strain up to 250% elongation.

The Societe Fenwick and the Institut Francais du Caoutchouc
(195) designed an apparatus, which they call the LF.C. modulom
eter, for the express purpose of determining modulus at 600%
elongation, It can use either dumbbell or ring specimens. A
new and improved universal testing machine, of 60,000 pounds'
capacity, called Baldwin Model 6o-H, is now in production by
the Baldwin Locomotive Works, Philadelphia, Pa. (169). It can
be loaded either in tension or compression by hydraulic means.

Villars (211) designed a high-speed stress-strain machine which
is capable of recording stress-strain values for an elastomer at
elongations up to 270% per millisecond. By means of this instru
ment it is possible, by examining the stress-strain curves, to
determine whether or not a rubber crystallizes upon stretching.

Baxton and Vodden (10) developed an unborided resistance
strain gage which they find useful in an apparatus used for meas
uring static stresses in rubber which take place for several hours
or days. They found that the usual type of gages cause a drift
in the experimental values because of plastic flow of the adhesive
between the gage and its supports.

Thum and Derenbaeh (204) discussed the various factors
which influence the tensile strength of natural and synthetic
rubbers. They found that for short-time tensile measurements
the results differed from JO to 20% between samples stretched
parallel and those stretched perpendicular to the direction of
milling.

Newton (141) pointed out that a fallacious method of compar
ing experimental results was used in an article by Klute (95)
on the effect of die surface irregularities on the results of tensile
tests for vulcanized rubber, Klute (96) took cognizance of New
ton's correction and recalculated his data. In general, however,
the original conclusions of his work were not altered by the
different results.

Beatty and Juve (12) describe an apparatus and technique for
measuring stress relaxation of rubber vulcanizates in compression,
and discuss the effect of temperature, degree of deformation, and
compounding on the relaxation of stress. Their method gives
results with reasonable speed and accuracy. Wilkinson and
Gehman (217) also devised an apparatus for. making similar
measurements. They make use of the expansion of a Sylphon
bellows by ail' pressure to compress small cylindrical test pieces.
As stress in the sample decreases owing' to relaxation, air is
automatically released through a valve so as to maintain the force
at a magnitude just sufficient to keep the sample at a constant
compression strain. Tohara (205) madeoneasurements in an
apparatus of different design, which makes use -of alever, sup
ported on one side by ball bearings and attracted on the other by
an electromagnet, to apply constant compression instantane
ously. The stress is measured by pi1~oelectric crystals.
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Moakes and Pyne (129) studied the properties of silicone
rubbers and came to the conclusion that compression set was the
most valuable and sensitive property for assessing the rate of
vulcanization of the silicone rubbers.

HARDNESS

The measurement of hardness has been the subject of a paper
by Buist (30), who describes the four principal methods used in
industry, British Standards Institution, American Society for
Testing Materials, DVM, and Shore, as using large contact
pressure for hard stocks and low contact pressure for soft stocks.
He developed the Imperial Chemical Industries tester, which
uses constant indentation. The measurements obtained with the
new instrument were found to be linearly related to those obtained
from compression modulus.

Scott (188) reports that the precision of hardness measurements
by indentation under load may be increased by eliminating or
decreasing the friction error of the instrument. This can be
accomplished by the application of gentle vibration, such as
with an electrically operated buzzer. Lubrication of the surface
of the test piece by means of talc also gives further improvement.

ABRASION

Buist (32) states that abrasion resistance is not a specific
property of a rubber, but is dependent on the technique of
measurement. He classifies twenty-one abrasive machines into
four categories. Nearly all machines were developed for a
special eompound, but service life is usually forecast very poorly
from these laboratory tests. It is possible, however, to obtain
improvement in results if an extraction of the test pieces is first
made in ethyl alcohol-toluene azeotrope.

The Goodyear angle abrader, which was designed by the
Goodyear Tire and Rubber Co. primarily' for testing tire tread
compounds', is now being manufactured by Scott Testers, Inc.,
Providence, R. 1. (170). The machine accommodates eight
samples at a time, which are placed against the flat face of a
vitreous alundum grinding wheel that rotates on a vertical-shaft
at 80 r.p.m.

An abrasion machine, the improved Model 140 abrader, has
been developed by the Taber Instrument Corp., North Tona
wanda, N. Y. (84). The new model incorporates a number of
improvements in design but uses the same principles as the older
model.

ADHESION

Borroff and Wake (27) continued their work on the adhesion
between rubber and textiles. Their most recent work concludes
that the strength of a rubber-to-fabric bond is a simple function
of the number of fibers ruptured in breaking the adhesive bond
and of the strength of the individual fibers.

Buist and Naunton (34, 35) criticize the A.S.T.M.method of
testing adhesive bonds as giving values for the total unit strength
and not the bond strength alone. They describe a new and better
method of evaluation in which the bonded unit is tested by im
pact of a falling weight. Kaercher and Blum (87) describe
test methods for the evaluation of comparative bonding strengths
of Butyl rubber to brass. The tensile pull in pounds per square
inch is measured normal to the plane of bonding.

Van Rossem and Vercruijsse (167) modified an older apparatus
and test method for measuring the tackiness of masticated and
compounded rubber mixes. The new apparatus allows for the
application of an ordinary dynamometer, and the separating
force is measured. Its chief use has been the determination of
adhesive strength of rubber flooring with various cements.

TEAR

.Buist and Geldof (33) made an extensive comparison of the
crescent and the Delft methods for measuring tear strength, in
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which they used vulcanizates of different types made from
natural and various synthetic rubbers. Both methods placed
the vulcanizates in the same order. Interlaboratory variations
were somewhat greater with the Delft method, and' they show
that both methods are superior to the angle method. The
authors believe that the property measured should be called
tear strength, and the results should be expressed in load per
unit area. Graves (67), on the other hand, thinks the results
should be in load per unit thickness of specimen, because the load
is not distributed uniformly' over the area. He also criticizes
other statements made in Buist's papers, and says that the angle
test specimen shows excellent discrimination between different
rubber samples. These authors seem to have divergent inter
pretations in the evaluation of tear resistance in elastomers.

DYNAMIC TESTS

The June 1950 issue of the Transactions of the Institution. of the
Rubber Industry is devoted entirely to papers and discussions
on dynamic properties of rubber which were presented at a sym
posium on the use of rubber, as an engineering material. War
ing's contribution (214) was concerned with dynamic testing in
compression, in which he made comparisons between the ICI
electrical compression vibrator and the 1.G. mechanical vibra
tor (Roelig machine). In general, the correlation of hysteresis
data between the two was rather poor. Waring prefers the ICI·
vibrator for measurements involving small amplitudes, but for
larger amplitudes, such as are found in tire service, the 1.G.
instrument gives better results. Mullins (182) designed an
apparatus to demonstrate and overcome the shortcomings of
the forced-vibration technique. The test specimens are sub
jected to repeated cycles of constant alternating sinusoidal deflec
tion, and the transmitted force is continuously recorded. This
gives a complete stress-strain hysteresis loop for steady-state
vibrations. Fletcher and Gent (54) report data on dynamic
modulus and viscosity of bonded rubber test specimens in shear.
Attention is called to the practical importance of the results of this
apparatus and to dynamic properties in general for the use of
rubber as an engineering material.

Hillier (72,78) gives a brief description of a method for measur
ing the propagation and attenuation of longitudinal oscillations
in filaments of rubberlike materials. Results obtained from
measurements made on this apparatus were compared with those
made on an ordinary tension machine, and it was found that
directly comparable values were obtained for the dynamic and
static moduli. Rivlin (161) discusses the equation convention
ally employed for evaluating the elastic and viscous coefficients
in dynamic experiments on rubber where these coefficients
depend on the frequency and amplitude of vibration. A justi
fication of its use for steady state experiments in the 'range of
linear behavior was presented.

Nielsen (144) describes and illustrates two types of dynamic
apparatus in which stresses vary sinusoidally at a rate from sub
audio up to the audio range of frequencies. The first is a torsion
pendulum, from which can be obtained the shear modulus and
a mechanical damping term. The second is a resonance reed
vibrator, data from which can be used to calculate a Young's
modulus of elasticity and mechanical damping for rigid films.
Nolle (147) gives data for the complex dynamic Young's modulus
for natural and various synthetic rubbers in the temperature
range _60 0 to +100° C. and frequency range 0.1 to 106 cycles
per second. His results reveal a strong similarity between vis
coelastic behavior of rubberlike materials and the dielectric
behavior of polar compounds.

Marvin, Fitzgerald, and Ferry (124) developed and de
scribed an apparatus for measuring the dynamic viscosity and
rigidity of soft rubberlike solids in small oscillating deformations.
Their apparatus has two advantages over the more familiar
resonance devices. The amplitudes of motion, which need not
be measured directly, are extremely small and will therefore
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. minimize any nonlinear effects or temperature changes from heat
dissipation, and a continuous range of frequencies spaced as
closely as desired is available without adjusting the masses.
Hopkins (76) describes an apparatus for the determination of
dynamic properties of elastomers in shear at audio frequencies,
and typical values are given for shear modulus and viscosity for
several elastomers, including natural rubber, Butyl, and silicone.

Natta and Baccaredda (135-137) give experimental data on the
ultrasonic velocity and density for -naturaland some synthetic
rubbers and for some of their more common solvents. These
velocities obtained experimentally are compared with those
calculated on the basis of bond velocity and on the radicals which
make up the molecules. The ratio of the experimental to the
calculated values gives a so-called form factor, which can be
used to decide the question of branching and to determine the
positions of polymerization additions such as 1,2; 2,3; or 1,4.

Nielsen, Buchdahl, and Claver (145) describe a recording
torsion pendulum of a new design for the determination of dy
namic properties. Baldwin (7) found it possible to adapt the
Yerzley oscillograph to measure dynamic modulus and internal
viscosity of synthetic rubber compounds, and thus determine the
effects of compounding ingredients, polymer structure, and other
factors. Kolsky (100) investigated the mechanical properties
of materials at very high rates of loading. He describes a method

. of determining the stress-strain relation of materials when the
stresses are applied in the order of 20 microseconds. The results
obtained under these extremely rapid conditions of loading
are very different from those where the forces are applied more
slowly.

Enabnit and Gehman (48) describe a technique for measuring
dynamic properties which can be used for both raw and vulcanized
polymers. Their experiments show that despite variations in
curing rate among polymers there is a definite correlation between
the dynamic properties of a series of raw polymers and those of
vulcanized gum and tread stocks prepared from them. It
therefore appears possible with suitable background to anticipate
fairly well from measurements on the raw polymers the dynamic
properties which can be achieved in a vulcanized compound.
Waring (213) studied dynamic properties as applied to problems
of reinforcement. He found it possible to obtain reproducible
results in dynamic modulus of tread stocks and to estimate the
general level of reinforcements if sufficient ,attention is paid to
the control of factors such as static load, bonding of the test
sample, temperature, temperature history, amplitude of vibration,
and vibration history.

In order to study hysteresis of elastomers -at high deformations
and at fairly high amplitudes, Mooney and Black (130) developed
what they termed a spider hysterometer, which measures energy
loss pel' cycle directly and continuously during operation.
Wilkinson and Gehman (216) modified the original Roelig ma
chine, particularly with respect to photographing instead of paper
tracing the hysteresis loops. They also studied operational vari
ables of the machine, such as duration of test, frequency, and
static and dynamic load, and give data on heat generation,
dynamic modulus, dynamic resilience, and internal friction.
Thirion and Martin (203) made a systematic study on the hys
teresis of rubber under low elongations (0 to 100%) and low
speeds. Because of the low degree of accuracy of the present
lever dynamometers, they designed a piezoelectric quartz dyna
mometer, and took pictures on the screen of a cathode ray oscil
lograph of the extension and retraction curves of the load at
different elongations of rings and dumbbell specimens.

Labbe (105) studied the rebound characteristics of polymer
compounds at various temperatures as low as -75 0 C. by means
of the Goodyear-Healy rebound pendulum apparatus and by
the Bashore resiliometer. The Bashore instrument, with air
as coolant, is to be preferred over the Goodyear-Healy apparatus,
chiefly because of its efficiency and economy of operation.
Boonstra (26) measured impact resilience as a function of tem-

ANALYTICAL CHEMISTRY

perature by means of the Liipke pendulum. He used a special!
accessory electrical apparatus to measure the time of contact
at impact, which was of the order of 3 to 4 milliseconds.

A method has been developed by Story (200) whereby separate
indexes may be obtained for the flex life and heat build-up proper
ties of elastomers. These indexes were found to be independent.
of the state of cure but dependent on the test recipe and the dis
persion of the compounding ingredients. The method may be
used to examine the effect of polymerization variables, com
pounding ingredients and procedures, or ambient temperature,
on these two properties.

LOW TEMPERATURE TESTS

A review was given by Liska (111) of low temperature charac
teristics of rubber elastomers and the methods for testing these
properties. Shaw (192) reviewed many papers and described
many test methods and instruments used in the evaluation of low
temperature properties of rubbers. He classified all methods of
test into only a few categories.

Gehman, Jones, Wilkinson, and Woodford (61) followed the
progressive stiffening of elastomers by measuring the relative
torsional modulus of test strips held up to 2 months at tempera
tures ranging from _20 0 to -60 0 C. They reported that the
general stiffening of the elastomers may be supplemented by the
occurrence of crystallization if the elastomers have sufficient
regularity of molecular structure and. other conditions are favor
able. The percentage of combined sulfur, of course, has a con
trolling influence on the spontaneous stiffening, especially with
natural rubber.

Smith, Hermonat, Haxo, and Meyer (194) describe a retraction
test employing large deformations,' based on the well-known
T-50 test, which can measure the merits of a rubber for low
temperature applications, Data obtained from this test show
a correlation between its results and those of cold-compression
set and hardness after storage; .

Morris, Hollister, and Barrett (131) discuss the significance of
cold-compression set of vulcanizates as regards internal viscosity,
secohd-order transition, and tendency to crystallize. They
show experimentally that the ability of a gasket to maintain a
seal when compressed for extended periods of time at low tem
peratures can be foretold from compression-set tests. Boonstra.
(26) states that impact resilience measurements show minimum
values at temperatures closely related to brittle points.

A brittle-point tester for clastomeric materials has been de
signed by the American Cyanamid Co. and Scott Testers, Inc.
(81), in conformity with the A.8".T.M. specifications. It is an
extremely compact apparatus and operates on a solenoid-acti
vated guillotine principle with a prescribed standard test piece.

MISCELLANEOUS

Saunders (179) measured the birefringence of vulcanizates
elongated under known load, using Nicol prisms and a Babinet
compensator. He produced his vulcanizates by peroxide re
action, used no sulfur, and removed all by-products from the
vulcanizate. He found that the relation between stress and' bire
fringence was linear and reversible up to about 100% strain.

Odynets (149) used an optical method for measuring the di
electric constant and dielectrics suchas ebonite in the centimeter
wave-length range.

Oberto (148) examined rubber vulcanizates under transmitted
polarized light to find optical evidence of the presence of anisot
ropy caused by movements of particles during calendering,
extruding, or molding operations. Using microtome sections of
the rubber a microscope can be used at low magnifications. A
transparent gum compound can be used to study particle orienta
tion, but more details are noticed if a small quantity (1 %) of
carbon black is present.

Blake, Kitchin, and Pratt (21) studied the failures of rubber
insulation caused by soil microorganisms, and described the method
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of microbiological attack on natural and synthetic rubber in
sulation. Some rubber vulcanizates -made from rubbers which
are not attacked by microorganisms may still be subject to elec
trical failures because of attack by microbes on other materials
present in these compounds.

Setchkin (191) describes an apparatus and method for deter
mining the ignition characteristics, such as the flash temperature
and the self-ignition temperature, for plastics and rubbers.

Haworth and Pryer (70, 156) studied staining problems associ
ated with rubber chemicals by exposing them to ultraviolet light
and sunlight, and classified them as coloration, discoloration,
staining by migration, and finger marking.

Beatty and Cornell (11) developed tests for both laboratory
and full-scale equipment to measure the important properties
connected with rubber bearings. These tests are used to measure
the coefficient of friction and the wear.

Endres, Coleman, Pierson, and Sinclair (49) studied the effect
of synthetic elastomers on the properties of petroleum asphalts
and their possible use in road surfaces. The important properties
measured were increase in softening point, decrease in penetra
tion, and improved low-temperature characteristics.

Fainshtein (51) devised a method for the determination of heat
resistance of ebonite, in which a load is applied at the center
of a thin sample of the hard rubber supported by its periphery,
and the temperature is noted at which the center sags.

Kirchhof (94) developed a simple and precise method for deter
mining the so-called relative firmness in different factices. A
small sample of each factide is ground and placed in a test tube
and tapped to settle to constant volume, the volume is noted, the
sample is heated to 150 0 for 30 minutes, and then the contraction
and other distinguishing characteristics are noted.
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WATER ANALYSIS
S. K. LOVE, U. S. Geological Survey, Washington, D. C.

T H I S is the third annual review of analytical procedures
applied to the analysis of water and reported in the tech

nical literature. The first review (53) covered a 5-year period
ended in the fall of 1948 and the second review (54) covered. the
year 1948-49. This review covers papers published during the
past year, plus a few papers published in earlier years which
were not previously included.

Increasing use of instruments in the analysis of water is
apparent. Photometers and spectrophotometers of various
kinds have largely displaced visual observations in colorimetric
analysis. Better instruments, making possible greater precision,
are being placed on the market. Flame photometry is finding
wider application, and, under carefully controlled conditions,
good results are being reported. The new type of. balance,
which weighs at constant load, is gaining favor where speed as
well as accuracy is important.

Several of the analytical procedures to which references are
made relate to the analysis of water-borne industrial wastes.

With the increasing emphasis on the control and abatement of
pollution of natural waters, there is a growing need for methods
of analysis for determining constituents frequently present in
wastes but not ordinarily found in unpolluted waters. Wide
spread interest in this field will undoubtedly result in the publica
tion of an increasing number of papers on the analysis of in
dustrial waste materials.

'CALCIUM AND MAGNESIUM

It appears that separate values for calcium and magnesium
can be obtained by means of the new direct titration method
for hardness. By usc of a suitable indicator, usually ammonium
purpurate, calcium can be determined directly with an accuracy
ordinarily equal to that obtained by the oxalate-permanganate
method in the average laboratory. The direct calcium method
was reported favorably by Marcy (58). Magnesium is cal
culated by difference using the calcium and the total hardness
titration volumes. Walker and Robertson (94) determined
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magnesium by precipitating calcium as the oxalate and titrating
the remaining hardness due to magnesium with a salt of ethylene
diaminetetraacetic acid.

HARDNESS

In the review for 1949 it was pointed out that a new method for
the direct titration of hardness was rapidly gaining favor, but
that very little information about the method had been published.
During 1950 there was a landslide movement toward the adop
tion of the direct method for determining hardness, which was
accompanied by the appearance of a considerable number of
papers in the literature. The method depends on the ability
of the sodium salt of ethylenediaminetetraacetic acid to sequester
calcium and magnesium ions quantitatively.

The outstanding features of the direct colorimetric titration
method are speed, precision, accuracy, and simplicity. The
soap method at its best falls far short of the new method in all
of these characteristics. The colorimetric titration is made by
adding a standard solution of the tetraacetate salt to a measured
volume of sample, usually in a 50- or 100-m!. aliquot, in the pres
ence of a suitable dye, ordinarily eriochrome black T. The color
change representing the end point is sharp, distinct, and re
producible.

Among the papers first describing the new method in detail
were those by Betz and Noll (10), Diehl, Goetz, and Hach (23),
and Diehl (22). Certain ions interfere with the titration, espe
cially iron, copper, and manganese. Directions are given for
removal of the interfering ions or for use of special reagents to
eliminate interference. Other papers by Marcy (57, 58), Betz
and Noll (11), McCrumb (56), Rossum and Villarruz (73), and
Willey and Senger (99) report favorable laboratory experience
with the method. A study by Goetz, Loomis, and Diehl (37)
indicates that the standard tetraacetate solutions are stable to
within 1% over a period of 4 months.

Janssen and Spruitt (47) reported further refinements in the
Clark (soap) procedure by plotting the time that lather remains
unbroken against the volume of soap solution used. The 5
minute period is found by interpolation. The authors stated
that sodium oleate is preferred to sodium stearate.

COPPER, IRON, ZINC, AND LEAD

The dithizone method for determining copper was applied by
Swope, Hattman, and Pellkofer (85) with appropriate modifica
tion for sewage and industrial wastes. Values are read on a
spectro- or filter photometer at 510 mIL. Accuracy of 0.231
p.p.m. of copper in 16 replicas of sewage with standard deviation
of 0.0175 p.p.m. was reported. In another paper, Swope, Jaffe,
and O'Callaghan (87) reported on the determination of metals
in industrial wastes using the o-phenanthroline method for iron
and diethyldithiocarbamate (electrolytic) method for copper.

Gad and Manthey (32) reviewed the thiocyanate method for
total iron in water and gave a procedure for a rapid thiocyanate
nitric acid-pcrmanganate method. The presence of tannates,
humic acids, and other organic compounds in natural waters
has frequently led to difficulty in the determination of iron.
There has been considerable evidence that iron is found in organic
molecules which do not yield the iron quantitatively in the
ordinary procedures of analysis. Bastisse (8) reported new
evidence of complex organic iron molecules in irrigation drainage
waters.

Zinc has been determined polarographically by De Salas
and Graells (21). A sensitivity of 0.5 p.p.m. is reported.

The dithizone method for lead was studied by Buczkowska
u.n using tartaric or citric acid to prevent precipitation of other
metals. No interference was observed up to 10 p.p.m. of iron
and copper, 10 p.p.m. of zinc, and 20 p.p.m. of manganese. As
little as 0.5 p.p.m. of tin produced up to 35% error. The method
is sensitive to 0.01 p.p.m. of lead.
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SODIUM AND POTASSIUM

Although the flame photometer appears to have gained wide
favor in the determination of sodium and potassium, very little
has been published on this application during the past year.
West, Folse, and Montgomery (97) described the Beckman flame
photometer and the use of radiation buffers in the determination
of sodium and potassium. The instrument was also recom
mended for calcium. Connors (19) mentioned the instrument in
a brief paper discussing advances in methods of water analysis.

Mestayer (59) determined sodium by precipitating it as the
complex salt 3U02(OAc)2.Mg(OAc)2.NaOAc.8H20. After cen
trifuging, the precipitate is dissolved in acetic acid, and color
is developed with potassium ferrocyanide. Concentrations of
lithium and strontium over 0.5 p.p.m. interfere, but potassium
up to 4 grams per liter can be tolerated. Potassium was deter
mined by precipitating as cobaltinitrite, dissolving in concen
trated sulfuric acid, and titrating with potassium permanganate.
Cesium, rubidium, and ammonium over 0.2 p.p.m. interfere.

pH, ALKALINITY, AND CARBON DIOXIDE

Additional studies have been made on the calculation of the
various forms of alkalinity from the pH and total alkalinity.
Fahnrieh (27) presented nomographs showing the interrelation
ships and discussed errors made by authors of earlier papers in
arriving at corrections for high concentrations of dissolved
solids. Papp (65) took exception to formulas published by
Tillmans, Kolthoff, Langelier, and others for calculating the pH
of soft waters which are in a "lime-carbon dioxide balance."
He stated that the difference between actual and calculated
pH values increases as the hardness decreases. The errors are
said to be due to failure to take into account the calcium bicar
bonate in solution. Papp developed formulas for calculating
pH for waters of varying degrees of hardness. In another paper
Papp (64) calculated the pH of various concentrations of calcium
bicarbonate solutions free from carbonic acid. He found that
pH = 7.076 + log 2k/2 where k is the chemically bound carbon
dioxide content of the solution in milligrams per liter.

The determination of pH of industrial waste water is often
affected by the nature of the wastes. For leather-tanning wastes
Evlanova (26) recommended the glass electrode or colorimetry
using isoamyl alcohol for extraction of the original color. For
textile plant wastes the glass electrode was preferred, except that
the hydrogen electrode was used for bleaching wastes. For
sulfite paper plant wastes the glass electrode or colorimetry was
recommended.

CHLORIDE

The time-~onored silver nitrate (Mohr) procedure for the
titration of chloride in the presence of potassium chromate
indicator is probably the most widely used and most generally
satisfactory method for ordinary chloride concentrations in water.
For concentrations lower than 10 p.p.m., however, most analysts
evaporate from 100 to 500 m!. to a small volume in order to obtain
accurate results. A method has been developed by Clarke (18)
which eliminates concentration of a large sample for waters
containing less than 10 p.p.m. It is a modification of the method
of Dubsky and Trtilek (24), in which chloride is titrated with
mercuric nitrate in the presence of diphenylcarbazone indicator.
Clarke presented both titrimetric and colorimetric procedures.
An accuracy of "=0.5 p.p.m. for concentrations up to 200 p.p.m.
chloride is reported.

The chlorinity (chloride, bromide, and iodide) of sea water
was determined by Buljan (15) QY the usual silver nitrate method,
but using different indicators including potassium chromate,
sodium arsenate, and fluorescein. Fluorescein gave accurate
results, provided coagulation of silver chloride was prevented.
This can be accomplished by-keeping the chloride concentration
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between 0.066 and 0.053 N, or by adding 2 mJ. of 1% gelatin to
15 mJ. of sea water diluted with 30 ml. of distilled water. Potas
sium chromate.gave some error and sodium arsenate even more.

The use of protective colloids in the argentometric determina
tion of chloride ion was reported by Stalzer (82). Gum arabic,
gelatin, dextrin, and agar agar were used with varying results.

FLUORIDE

According to Ballczo (7), fluoride is readily determined by
removal from water by steam distillation with perchloric acid
and titration of the distillate with thorium nitrate to form a lake
with alizarin. Results are reported to be "excellent" down to
0.1 p.p.m. but subject to increasing error at lower concentra
tions.

A direct, method was reported by Thrun (93) using an aluminum
lake of eriochromecyanine to produce a color change from red to
pink to orange. For high fluoride concentrations distillation is
recommended prior to color development.

A modification of the ferric thiocyanate procedure developed
by Foster (28) was described by Ingols ei al, (45). The pH of the
sample is adjusted to 1.9 to 2.0 with perchloric acid. After addi
tion of ammonium thiocyanate, ferric alum, and zirconium oxy
chloride, the color of the sample is compared with a blank con
taining equal amounts of reagents. Correction is made for sul
fate, which interferes.

A photometric study of interferences in the alizarin method
for fluoride was made by Taras, Cisco, and Garnell (89). They
recommended the use of sodium thiosulfate or ultraviolet irradia
tion to correct for interference due to free chlorine, and hydrogen
peroxide to reduce interference due to manganese.

NITRITE AND NITRATE

The pink color formed by nitrite with resorcinol is the basis of a
method described by Sanchez (76, 77). Chlorides, sulfates,
carbonates, and small amounts of nitrates do not interfere.
Nitrates can be determined by the same method by heating the
sample with sulfuric and hydrochloric acids. Baillie (5) has
given directions for the preparation of a standard curve for deter
mining nitrite with a spectrophotometer at 525 m«,

A photometric study of the phenoldisulfonic acid method for
nitrates was made by Taras (88). He confirmed the generally
acknowledged need for removing chloride if present in more than
very small amounts. Although there is some indication of loss
of nitrate when the evaporated residue is treated with phenol
disulfonic acid, treating the sample with sulfuric acid prior to
evaporation to eliminate the bicarbonate results in greater losses.
Taras concluded that samples should be evaporated without
adjusting the natural alkalinity.

A study of the brucine method for nitrate was made by Gad,
Knetsch, and Schlichting (31). They concluded that best
results are obtained when nitrate (as NzO.) is in the range of 4 to
10 mg. per liter. Aickin and Chernovskaya (2) examined the
Noll method for nitrates to determine best conditions. The
importance of size and nitrate content of the sample and the
need for uniform reaction time were stressed.

A micromethod for nitrates was reported by Leithe (51) using
ferroin indicator and titrating with potassium dichromate after
boiling with ferrous sulfate, sulfuric acid, sodium chloride, and
potassium bicarbonate.

PHOSPHATE

Sulfamic acid was added to molybdate reagent by Greenberg,
Weinberger, and Sawyer (38) to control interference of nitrite
up to 25 p.p.m. in the colorimetric determination of phosphate.
The amount of hexametaphosphate remaining in water after
threshold treatment was determined colorimetrically by Young
and Golledge (101) by the molybdate reaction. Tannins, when
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present, were removed with decolorizing charcoal. Excess
phosphate in boiler water was determined by PetatskiI (67)
by using cation exchange resins.

CHLORINE

Methods for the determination of free chlorine in water were
reviewed by Gad and Schlichting (35). In discussing the inter
ference of iron and manganese in the dimethyl-p-phenylene
diamine and the o-tolidine colorimetric methods, they pointed
out that (a) iron can be fixed with basic sodium phosphate, and
(b) after the chlorine is converted to chloramine the manganese
can be removed by the addition of calcium carbonate. Gad
and Priegnitz (34) also described a procedure for determining
chlorine by use of methyl orange, methyl yellow, or methyl red.
Methyl orange appears to give best results. Iron is reported not
to interfere.

A sensitive colorimetric procedure for determining free chlorine
(or bromine) was reported by Milton (61). It involves the use
of sodium cyanide and pyridine containing a small amount of
benzidene hydrochloride. The reaction produces intensely
colored dianil derivatives. .

A patent was issued to Wallace (95) for a device which will
record high concentrations, or produce audible or visual signals
when predetermined concentrations of chlorine in water are ex
ceeded. Methods for determining the chlorine hydrolysis
products in water were reported by Hermanowicz and Dozanska
(41).

DISSOLVED OXYGEN

Although the Winkler method is generally recognized as the
best method for determining dissolved oxygen, many useful
modifications are constantly being worked out. For determining
low concentrations of dissolved oxygen in degassed water,
Delassus, Devaux, and Montigny (20) have reviewed existing
methods and have reported favorably on two methods for oxygen
in the range of 0.000 to 0.072 mg. per liter. In the upper part
of this range the Perley potentiometric method is preferred. In
the lower part of the range a colorimetric method utilizing the
yellow color developed by o-tolidine with chlorine liberated
from the Winkler reagent is said to give reliable results. An
accuracy of 2% for concentrations below 0.003 mg. per liter is
reported.

Another modification of the Winkler method for determining
dissolve'd oxygen in deaerated water for concentrations between
0.005 and 0.02 ml. per liter was described by Arnott, McPheat,
and Ling (4). The liberated iodine is extracted with carbon
tetrachloride. Sodium thiosulfate is added in excess and back
titrated with standard iodine solution. Maximum error of 0.002
ml. per liter of oxygen is reported.

Dissatisfaction with the Rideal-Stewart modification of the
Winkler method prompted Cameron (16) to devise a procedure
whereby there are added to a 4-ounce bottle of sample the follow
ing: 0.5 mJ. of a 40% solution of manganese sulfate, and 0.5
mJ. of a solution containing 33% sodium hydroxide, 20% potas
sium iodide, and 0.8% sodium azide. After 10 minutes, 100
ml. are titrated with 0.0125 N sodium thiosulfate.

A titrimetric method for determining dissolved oxygen without
the 'use of iodine-containing reagents was described by Gad
(29). It is a modification of the Leithe procedure using man
ganese chloride, sodium hydroxide, sodium pyrophosphate, and
diphenylamine in sulfuric acid. The final titration is made with
0.01 N ferrous sulfate.

The use of various preservatives including xylene, chloroform,
and mercuric chloride was studied by AIckin and Voronkov (3)
to prevent loss of dissolved oxygen in samples stored under
different conditions. Mercuric chloride was found most effec
tive. Storage in an alkaline condition and at the temperature
at which samples are collected is recommended.
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BIOCHEMICAL OXYGEN DEMAND AND OXYGEN CONSUMED

The B.O.D. test continues to be the subject of intensive study.
Although it is not a precision test and is subject to numerous
errors and misinterpretations, it still appears to be the best single
means of determining the oxygen-consuming potential of water.
One of the difficulties in RO.D. work is agreement in the use
of primary standards. Glucose and glutamic acid have been
recommended by Sawyer et al. (78) as suitable standards.

A review of the fundamental background of biological oxida
tion of industrial water was published by Heukelekian (42).
Attention was given to food, seeding organisms, and environ
mental factors. Ingols (44) reported on a study of the variation
of B.O.D. with time, using the rate of decolorizing of methylene
blue as a possible measure of the reaction. He concluded that
the rate of decolorizing could not be correlated with the RO.D.
of the sample.

Experiences with modifications of the B.O.D. test were re
ported by Mohlman et al. (62). Efforts were made to suppress
nitrification. Pasteurization and reseeding, as well as acidifica
tion ami neutralization, did not appear to depress the normal
B.O.D. of raw sewage or Imhoff tank effluents, but did reduce the
B.O.D. of activated sludge appreciably. Chromium salts re
duced the RO.D. of raw and settled sewage to a very great ex
tent. The depressing effect of chromate ions was also reported
by Placak, Ruchhoft, and Snapp (68). Copper has a similar
effect, but not so pronounced an effect as chromium.

The reseeding of RO.D. bottles at the end of 24 and 48 hours
in the absence of oxygen was reported by Borden and Woodcock
(12) to eliminate interference by toxic materials. In control
tests the reseeding raised the B.O.D. of treated waste to values
approximating those obtained before treatment. The RO.D.'s
of several common organic compounds were reported by Strong,
Shrewsbury, and Hatfield (84). Technique for the RO.D.
determinations at 50% oxygen depletion was described by Rogers
(71). Results of a 6-month study of the Winkler volumetric
procedure were published by Lewin (52).

The merits of using biochemical oxygen demand or oxygen
consumed to measure the strength of sewage and trade wastes
were discussed by Ingols, Hildebrand, and Ridenour (46). The
results obtained from oxygen consumed determinations using the
acid-dichromate method were considered preferable. Graphs
for determining the proper dilution in the B.O.D. test were pre
sented by Wolfe (100), and graphs for determining RO.D. curve
constants were described by Thomas (91).

A review of the permanganate procedure for determining
oxygen consumed with particular reference to inaccuracies was
given by Alciaturi (1). Meyer (60.) compared values obtained
with Pleissner's conversion factors and by Fair's method and
pointed out a lack of agreement with actual observations. The
use of silver as a catalyst in the dichromate reflux method was
suggested by Muers (63).

MISCELLAN EOUS

Hilfiger (43) described a method for determining dissolved
solids in water in Which the sample is passed through ion ex
change resin and the liberated acid, equivalent to the adsorbed
cations, is neutralized with a standard base. The dissolved
solids concentration is calculated as sodium chloride. Metallic
silver in water was determined by Gad and Naumann (33)
by depositing the silver electrolytically and titrating it with
potassium thiocyanate in the presence of ferric alum.

A quantitative colorimetric method for boron was reported
by Hatcher and Wilcox (40). It is based on the reaction of boron
and carmine in concentrated sulfuric acid. It is applicable for all
concentrations of boron found in water. The ordinary con
stituents of water, including nitrites and nitrates, do not inter
fere.

Although scandium is not considered an ordinary constituent
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in water, Beck (9) described a method involving the formation
of cubic crystals having the composition [Co(NHs)6].ScFa.
Color was developed with quinalizarin in isobutyl alcohol.
Infrared spectrophotometric determination of deuterium oxide
in water was reported by Thornton and Condon (92).

An approximate method for the determination of methane was
described by Rossum, Villarruz, and Wade (74), based on the
equilibrium established between methane in solution and the
partial pressure of methane in the vapor above the solution.

In order to determine organic carbon in water, Skopintsev
(81) modified the Krogh and Key method, using a combustion
tube attached to a Kjeldahl flask.

A spectrochemical procedure for the analysis of brines was
reported by Russell (75) to give results within 10%. Spectro
chemical methods for mineral constituents in water were also
described by Jaycox (48).

A system of analysis for small quantities of water was outlined
by Gad and Knetsch (30) using micromethods. Duggan and
Metler (25) devised a field kit for the approximate chemical analy
sis of oil field waters. Directions are given for making the
kit. The corrosion potential of oil field brines is determined by
analysis of water for unstable constituents such as oxygen, carbon
dioxide, alkalinity, etc. Watkins (.96) discussed methods ap
plicable for analysis of brines.

In a discussion of automatic operations in quantitative analysis,
Patterson and Mellon (66) included several methods used in water
analysis, for such determinations as specific conductance and
hardness.

A method was described by Lyne and McLachlan (55) for
determining trichloroethylene in water using pyridine. As
little as 1 p.p.m. could be determined with fair accuracy.
Methods for determining trinitrotoluene and hexanitrodiphenyl
amine in water and industrial wastes were described by Seifert
(80). Riehl and Will (70) discussed precautions to be taken in
the determination of phenols in water and trade wastes using the
Scott modification of the Gibbs-Sanchis method.

Advances in chemical and colorimetric methods in water
analysis were described by Connors (19). The paper was pri
marily concerned with the new procedure for hardness and the
flame photometer method for sodium and potassium.

A review of methods for determining bromine in brines was
presented by Haslam and Moses (39). Phenols were selectively
extracted from industrial waste waters by Riediger (69) by use of
mixtures of esters and ethers of the higher aliphatic alcohols.
Photocolorimetric iodometry was recommended by Kulenok
(49,50) for the determination of chlorine and dissolved oxygen.

The application of electrical conductivity to water analysis
was discussed by Rosenthal (72) and by Wilcox (98). Methods
for the determination of chromium, vanadium, and cyanide in
industrial wastes were described by Swope, Hattman, and Pell
kofer (86).

Studies of changes in chemical composition e1uring storage were
made by Chernovskaya (17) in which he used chloroform, xylene,
ether, and mercuric chloride as "preservatives."

A chromatographic microprocedure was used by BalIczo (6)
for the determination of lithium. Colloidal sulfur in mineral
waters was determined by Garcia-Fernandez (36) by use of an
organic solvent and Cetosol.

A series of procedures for determining sulfur, boron, and
fluoride in thermal waters was published by Schulek and R6zsa
(79). These procedures are rather involved and probably would
not lend themselves to ordinary routine work.

The following books will be of interest to water analysts:
"Examination of Waters and Water Supplies" by Taylor (90);
"Tests for Water Used in Steam Generation" (British Standard)
(13); and "Chemische und physikalisch-ehemische Fragen der
Wasserversorgung" by Stooff (83).
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Wide-Range Instrum'ent for Controlled
Potential Electrolysis.

R. W. LAMPHERE
Oak Ridge National Laboratory, Oak Ridge, Tenn.

CONTROLLED potential electrolysis is a promising method
for analysis, 01' quantitative separation of elements from

solutions. A number of instruments have been designed for
this purpose and are considered in an earlier paper (2). In addi
tion, an article by Ashley (1) gives an excellent survey of the
field and literature to date.

Frequently occasions arise where it is desirable to supply a
current of several amperes or a potential up to 50 Or 100 volts
at the anode of an electrolytic cell-for example, the concentra
tion of reducible ion usually encountered in macro work may in
volve initial currents of a few amperes. In the case of a side
reaction such as gas evolution, much current and also a high

CATHODE

,-----...H"f----..,

10"'''0'OK..M'.

1
I
I
I
1
I
I
I
I
I
1
I

. .... -.J

1 tr.4EG
IOMf"D

BLOWER

---------------------~-y~~~-~!~~~~--------------------- - - - - - j
I
1
1
I
I
I
1
1
I
1
1

,
'I:113V

y: y "0
I t----_i__~__~ +- _i__+-.....--...--...J
I V
L_ - ---)(- }l,_. - - - - - - -- - ----- ----- ---- - - --- - -- - --------

Figure 1. Circuit Diagram

TL 120 to 120, 40-volt ampere isolating transformer
T2. Unit Transformer Co. 0 to 6 transformer
T3. Sola 120-volt, 500-volt ampere constant voltage transformer
T4. 230-volt 2

'/,-ampere
Variac

T5. 115-volt, 5-ampere Variac
L1. 8-henry, 40-ma. choke
L2, L3, L4, L5. 0.16-henry 5-ampere choke
Fl, F2, F3. lO-ampere fuse '
81. Double-pole single-throw 12-ampere switch
82, 87, 88. Double-pole double-throw 3-ampere switch
83,84. Microlimit switch (mounted on TJ,)
85. Normally open push button, spring return
86. Isolantite wafer switch, 1 pole 11 positive
01, 04. 1 mfd., 1000 volts
02. 0.5 mfd., 600 volts
03. 20 mfd., 250 volts
05. 0.1 mfd., 500 volts
06. 500 mfd., 125 volts
07, 08. 1000 mfd., 150 volts
RL 5000, 25-watt wire-wound potentiometer
R2. 2500, 5 watts
R2. 2500, 5 watts
R3. 3000, 5 watts

R4. 5000, 4-watt wire-wound potentiometer
R5, R6, R7, R8, R9, RIO, RH, R12, R13, R14. 2500, 1;' watt, 5%
MI.' 0 to 50 ue: direct current meter, 1200 ohms internal resistance
M2, ~i\f3. 0- to l~JLa. direct current meter, 55 ohms internal resistance
Rect. 1. Selenium rectifiers, 75 !-ta., full wave
Rect. 2. Selenium rectifier, Fansteel V320M
P L1. 120-volt pilot light
P L2. 120-volt neon pilot light
Brown converter
Brown 27-r.p.m. Servo motor
Jl. 4~pin chassis connector socket
J2. J3. Ivpin chassis connector socket
Gear box, 100/1 reduction
R15. 62 ..5 ohms, 1 % precision
R16. 27.8 ohms, 1% precision
R17. 5.10 ohms, 1% precision
RIB. 2.520 ohms, 1% precision
R19. 0.500 ohms, 1% precision
H20. 0.2.50 ohms, 1% precision
H21. 0.0500 ohms. 1% precision
R22. 195 ohms, 1% precision
89A, 89B. Ceramic wafer switch
89C. Microswitch normally open
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Electrodeposition is a promising method of se p a ra t 
ing one e le m e n t at a t ime from a solution containing

. seve r a l e lem e n t s . The method is easily carried out
hy remote control; hcncc i t is particularly suitable
for u se w it h rad ioactive solutions . A closely con
trolled so l u t io n - ca t h o dc potential is desirable in
order to prevent rnore than one elernent front d epos
iting on the ca t h o d e. S everu ] amperes of currcnt
capacity are u sefu l wherc co n ce n t ra t io n s of the dt' 
s i red elernerrt a re high; also, in some cases, to over
r id e the effect of hydrogen e vo l u t io n . Anode po tcn-

anode voltage are required to maintain th e solu tion-cath ode
potentia l. For nona queous studies th e current requi red may be
lo w but the volta ge high owing to the large resistance of th e solu
tio n. For these reasons an instrumen t was built which can sup
ply up to 5 amperes, 100 volts, or 250 volt-amperes. The latter
limita tion simply means the produ ct of curre nt times volt age
cannot exceed 250-for example, at 80 volts th e current should
not exceed 250/ 80 or 3.12 amperes.

POWER SUI'PLY
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t ials of the order of 50 to 100 .volts a re sometimes de
sirable, as in the case of nonaqueous solutions of
high internal resistance. I n such cases the current
reqnirements are usually low. A sirnple rugged
instrurnent was built using s t a n d a r d components
which will deliver up to 100 volts or 250 volt-amperes,
will regulate to 2 m v, over a 12-hour period, and will
operate equally well at either polarity . Such an
instrument will fu lfill practically all rcquirements
fOJ' trace separations and will be useful w hCl'c
sizable quantities are to h e rcmoved front so l u t io n .

The ra nge control Variac, '1'5, is used to sct the upp er limit of
direct current volt age obtainab le from th e regu la tor . Its setting
is roughl y equal to th e direct curre nt anode potentia l. It is
usuall y advisa ble to set this only a little higher than the maxi
mum anode potential expected during th e electr olysis in order to
reduce the voltage per turn on 1'4. This control also is used to
vary the direct curre nt output by hand when it is desired to use
th e machine as a variable voltage power supply. In this case
1'4 is turned to its maximum positi on and the regulating syste m is
shut off.

Figure 2 . Circuit for Measuring Anode Current
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The filter is made symmetrica l, since either side of the output
may be grounded. Chokes are connected in such a way as to
minimiz e leakage flux (by making mutua l inductance of ad jace nt
chokes additive). Otherwise the sensitive balancing circ uit
migh t be disturbed. The capacitances are held to th e values
shown, and a bleeder resistance of 3000 oh ms is connected across
the out put to provide a small enough resistance times capac ity
cons ta nt under all condi tions to prevent hunting. (If th e
resistance times capac ity constant is too large th e output voltage
can only be decreased slowly if cell resistance is high. Thi s
causes '1'4 to overshoot and resul ts in sust ained oscillations.)
The reduction factor of the filter is sufficient to limit ripp le in
anode potential to 2 mv . at 100 volts; hence there is essentia lly
no ripple in soluti on-cathode pote ntial.

The meters M2 and M 3 read anode current and voltage, re
spectively. A range switch with mul tiplier resistors (not shown)
provides ra nges of 5, 10, 50, and 100 volts for M:3. T he curre nt
ranges are 1,5, 10,50, 100, 500, 1000, an d 5000 ma .; the circuit
used for switching in th e appropriate meter shunts is shown in
Figure 2. A rather comp lex arra ngement is used which avoids

As shown in F igure 1, power is drawn from th e 120-volt , 60
cyc le line and goes through the various circuit components in
the following order : Sola constant voltage transformer 1'a,
regulati ng Variac 1'4, range control Variac 1'5, selenium full
wave rectifier Rect. 2, symmetrical LC filter, anode-current meter
1112, a node voltmeter 1113, polarity-reversing switch 88, anode
curren t fuse Fa, and finally to the electrolyt ic cell.

The Sola transforme r prevents ordinary changes in line voltage
fro m affect ing the apparatus and also serves to isolate th e equip
-ment electrica lly from the line. In moun ting a Sola near sensi
tive am plifiers it should be born e in mind that it is a strong
source of magnetic leakage flux. This radiation is emitted much
less strongly in some directions tha n in oth ers; thus, with a little
care it is possible to locate th e uni t in the same cabinet (Figures 3
a nd 4) with the con trol circuit in such a mann er tha t it has no
effect on control.

Th e regulating Variac, '1'4, serves to vary the anode potential
(all potentials are referred to cathode as ground or zero) as
dictated by the control circuit , t hereby holding a consta nt solu
tion -cathode potential in the cell. It is driven by a Brown moto r
(part 76750-3, Brown I nstrumen t Co., Phil adelphia , Pa.)
through a 100 to 1 gea r reduction and frict ion clutch. The
clut ch permi ts a quick initial setting to be made by hand at th e
start of an electrolysis. When seeking balan ce the Variac turns
at a speed that take s 5 minutes to cover its range. This holds
the ra te of change of ano de voltage to 20 volts per minute or less.
T his rate of cha nge is fast enough for any foreseen plating opera
t ion, yet slow enough to permit very close control without hu nt
ing. A 240-volt Variac is used to gain th e smoother control
t ha t results from the grea ter nu mber of turns (600 turn s com
pared to 300 for a similar 120-volt Variac). The brush has some
smoothing cffect , presumab ly because it comes in contact with
more th an one turn at a time, with the result that the jumps in
direct current anode voltage are similar to those from a Variac
with 800 t urns. If we let t> Vp equa l the step in prob e voltage,
R the setting of the range cont rol Variac in volts, and Vp the
probe voltage in volt s, t>Vp = 0.011 RV p millivolt . R is
roughly equal to the anode poten tial ; thus for the wors t con
ceivable condition, R = 100 and VI' = 5 volt s. T hen t>Vp =
5.5 IIlV. A more usual set of condit ions would be H = 20, and
V p = 2, which gives t>Vp = 0.44 mv. In each case regulation

.could not be closer than these limit s.
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errors from current times resistan ce drop in the switc h contacts
and st ill permits the use of commonly availab le components.

R EG ULATING SYSTEM

The heart of the regulating syste m is a standard Brown ampli
fier except for special high imp edan ce input transformer '1'2,
and a Brown converte r (parts 76020-1 and 75829- 1, respectively) .
Voltage is usually supplied to the probe lead from a reference
half-cell and a salt br idge connecting t he reference electrode with
the solution in the elect roly t ic cell. T his is ba lan ced against a
reference voltage set up on poten tiometer s R4 and 86 . M I gives
a coarse voltage reading an d has full scale ra nges of 0.1, 0.5,
l.0, 5.0, and 10.0 volt s. It is common procedure to connect a
potentiometer between the reference electrode and ca thode in
ord er to read the voltage accurately. If th e probe potential
differs from th e reference volta ge, a small curre nt flows through
the conver ter and the input t ran sformer . This current is ampli
fied and causes '1'4 to rotate in a d irec tion that correct s the error .
The circuit responds to a ± l- mv. difference, and the probe cur
ren t is then less than 0.1 ,..a ., a value small enough to prevent
polarization of th e reference electrode. A separate lead , t ha t
carries only the signa l current, connects th e ca thode to the regu
lator chassis and hence the midpoint of the input transformer .

Figure 3. F ront View of Instrument

T his extra lead to the ca thode is clearly necessary to preven t
errors which result from current times resist ance drop. Addi
tional velocity damping has been added to the Brown motor by
feeding direct curre nt from R ect. 2 into th e line phase of the Brown
motor. The antiresona nt circuit prevents 60-cycle alternat ing
current from feeding back through the rectifier. Ordinarily R1
is left at zero , as this gives maximum damping and does not
affect regu la tor sensit ivi ty. To avo id hunting, permissible
amplifier gain is limi ted by respon se t ime divided by filter re
sistan ce times capacity constant . With the components shown
t he full gain of the amp lifier may be safe ly used.

OI'EItATING PItOCEDUItE

The electrolyt ic cell is connected to the instrumen t in the usual
way, and the range control is set a little higher tha n th e maximum

ANALYTICAL CHEMISTRY

anode volta ge expected during the electro lysis. The machine
is turned on and the proper reference potential is esta blished.
Subsequen t operation is complete ly auto ma tic. Operatin g
characteristics ar e the same for either polarity of anode or pro be.

Figure 4 . Rear Vie w with Access Door
R emoved

One such regul ator has been in operat ion a t the Oak Ridge
Nationa l Labora to ry for 2 years; ot hers have been in use at
Massachusetts Inst itute of Techno logy for a shorte r period.
Exper ience with these has shown t ha t drift over a 12-hour period
is less than 1 mv . D rift is independen t of an ode current or
cha nges in anode curre nt . In stantan eous departures from refer
ence potential during t he course of an electr olysis ar e within
±5 mv. How ever, much grea ter fluctuations may occur where
periodic ca thode phenomena a re encounte red . This is dis
cussed in some detail in an earl ier paper (2). These departures
cannot be observ ed unless a fast response inst ru ment such as a
cathode-ra y oscilloscope is used to observe probe potential.

The mac hine has been used as a two-te rmina l regulator to hold
constant ano de potentia l by connecting the probe lead to t he
movable arm of a variab le resistor ' whose ends a re connected to
anode and ca thode. It can also be used as a constant cur rent
source by conn ecting the probe to a sma ll resistance in ser ies
with the cathode lead.
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Qualitative Analysis from Mass Spectra
S. M . ROCK

Consolidated Engineering Corp. , Pasadena, Calif.

Chemical analysis from mass spectromctric data
may be either qualitative or quantitative. The la t
t er has been extensively covered in the literature, but
the rnet.hods used in the former have not been sys
tematically presented. This paper presents several
aids to qualitative analysis and outlines and illus
trates various basic procedures : check of rrraas
intervals to identify fragments and elernerrta; u se of
peak-free regions to establish absence of fragments;
co m p a riso n of peaks with those predicted from nor
mal s t a b le- iso t o pe ratios ; recognition of characterts-

I N' TH E lite ra ture on mas s spect romet ric ana lysis, nu merou s
a rticles have stressed accuracy of quantit ative determinations

and thespeed with which they can be a ttained (6, 7, 10, 12- 16) .
Lit tle has been pu blished, however, regardin g th e exte nsive use
of the instrument in qua litative ana lysis. In this field the mass
spectrometer possesses a considerable advantage over many
chemical methods, in t hat every substance present is automati
cally registe red in the muss spec tru m. T hus, it is not necessary
to ma ke a distinctive tes t for each material to be determined, yet
unexpected components do not escape dete ction .

The threshold of detection of vurious materials and the ease
with which they may be identified vary, depending on severa l
fact ors, including t he concen tration of th e unk nown and t he
identiti es, concent ra tions, and number of ot her materia ls pre sent .
T he simplest cases are those in which each component of interest
has severa l unicomponent peaks-i.e., peak s to which no other
constituents ionize appreciably . A somewhat more difficult
type of problem is the identi fica tion of an unknown, most of
whose pea ks a lso include contributions from ot her materi als in
the mixtu re. Some of th ese prob lems involving overl apping .
spectra can be solved by min or calculations . Others-such as
those involving compa rison to a standard-may often be solved
by inspection of relative peak heights, parti cularl y when only an
indication of presence or absence of imp urity, without identifica
t ion of it , is required. As t he complexity of the mixtu re in
creases, eit her qualitative or quan titative information becomes
more difficult to obtain . Finally, if there are more overl apping
components tha n major peak s, or if va rious calibrating spect ra
are unavailable, t he problem may become imp ossible to solve
complete ly wit hout recourse to ot her methods. This fact de
tracts in no way from the value of the method in the la rge va riety
of problems which fa ll within its scope .

In either th e simple or more complex cases of qua litative mass
spectrometer analysis a ready knowledge of atomic weight s,
struct ural formulas, and normal stable isotope abundance ratios
is essent ial, together with a fam iliarity with the characterist ics
of as many mass spectra as possible.

USE OF FORMULA AND I SOTOPE RATIOS

The peak s to be expected in the mass spectrum can be more or
less predicted from the st ructural formul a. P rediction is limited ;
it is well known that many mate rials exh ibit substantial peak s
which would not be expecte d pu rely from fracture of bonds as
represented in the conventional formula . The peak at mass 29
in isobu tan e is an example ; ot hers are the 57 peak in 3,3-di 
ethylpentane, or the 33 peak in isobutyl alcohol. In spite of the
occurre nce of these anoma lous peaks, requiring rearrangement of
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tic half-mass and metastable-transition groups; and
use of mass spectral compilations such as those
available from A.P.I. Project 44. A table of isotope
contributions of hyd rocarbons through C7 is given .
Peaks are rough ly classified by magnitude and
charted against rrraas in a strrnm ary of the spectra
of 279 compounds. One of the most valuable fea
tures of the mass spectcurn of a mixture is that all
materials present reg iste r ; the method can be r e
li ed on for both positivc and negative infoema tfon ,

and unexpectcd coruponerrts do not escup e dctection.

the molecule (3, 7, 9, 17), much useful infor mation can be ob
taine d by checking mass intervals in the mass spec t rum against
possib le frag ments predi cte d from the st ru ctural formula .

A series of pea ks one uni t apart, for instan ce, usually indica tes
successive removal of hyd rogen atoms, and thus est ablishes the
presence of that element in t he unknown. Pea ks 15 mass units
apart strongly suggest a OH3+ ion . Among the many other
intervals which may yield usefu l information are t he following,
which suggest t he elemen ts or rad ica ls coupled with th em :
14 (N' or OH2); 16 (0); 17 (0 1I); 29 (02H. or OHO ); 32 (S);
35 (01); 41 (03H.) ; 43 (03H7); and 19 (F ). A check of such
int ervals between pea ks or gro ups of peaks in the spectrum of the
unk nowns is one of the first steps in qualitative work .

If the unknown compound ionizes to its parent mass (the mass
comp uted from its formula, using the mass number of the most
ab undant isotope of ea ch element presen t ), the sizes of the one
or two peak s at masses success ively higher than the parent can
in almost every case be predi cted from the known isotope rati os,
on the assumption of ran dom distribu ti on of the heavier ato ms.
The same type of predicti on can be made for ma ny fragments,
a lthough it is then somewhat less certain, becau se of preferential
ioniza tion (2) or formation of peak s requiring rea rrangement <9).
Ev en so, investigation of ratios of peaks 1, 2, or 3 mass un its
above a maj or pea k is usually helpful a t almost any point in th e
spect ru m- for example, the appearance of one chlorine at om in
either a pare n t or fragmented ion will result in peaks 2 ma sses
apa rt in the ra t io of 3 to 1. Thus, 2-chloropropane, pa rent mass
78, shows a peak at m f e 80 which is ab out 1/3of the 78. The
same ratio holds in the fra gment OH3· O· OH · 0 1at mas ses 63 and
65, the heavier pea k being due, of cou rse, to pre sence of heavy
chlor ine. Purely on the basis of t he 80/78 ratio, it is th us
possible to distinguish bet we this compound and its mass
isomer , benzene. For benzene , the 79/78 would be ab out 6.4 %
(6 carbons) and 80/ 78 would be abo ut 0.2% (see Tabl e I ).

OBSERVED CHARACTERISTICS OF MASS SPECTRA

The greatest aid to qua litative ana lysis is a large library of
mass spectra. Most lab oratories have collecte d t he numerous
spectra in which they are most inte rested ; many have made
punch card files for read y reference. No w, an ever growing
accumulation of spec tral data is availab le thro ugh A.P .I. Project
44 (1).

Study of t he numerous availab le patterns yields many useful
generalizations regarding various classes of materi als. Some
observations useful in qu ali tative analysis of organ ic mixtures are
listed below.

1. General. Almost no compounds show peaks above the
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parent peak, except th ose pred ictab le from the heavy isot opes of
elements present .

Many spectra exhibit half-mass peaks (doubly charged ion s)
or metastabl e peaks (4, 5 ).whose distinctive mass, size, and shape
a re very usefu l in identification. Among the helpful half-mass
peak s are the 22 peak in the carbon dioxide spectrum, 20 in argon,
and th e half-mass group between 19 and 21 in the propane and
propene spect ra . . A well-known metastable peak is that at
m / e 31.9 in th e n-butane spect rum. Some of the group s most
distinctive in sha pe, and of large size, occur in th e spec tra of th e
aromatics-at 76 in benzene, 88 to 90 in toluene, an d 58 to 59
in ethylbenzene (see Example 2).

2. Hydrocarbons. Paraffins do not ionize in substantial
a mounts to the parent peaks of lighter paraffins except for heavy
isotope contribut ions-i.e., th e 30, 44, 58, and 72 peak s in mass
spect ra of C. and heavier hydrocarbons are due primarily to
C2H. +, C3H7 +, C4H g +, and C.Hn + ions, respectively, each
containing one C 13 or one D (17) . This fact makes feasible th e
ready dete ction of light paraffins in those of higher molecular
weights. Ligh t olefins or cycloparaffins cannot so readily be de
tec te d amon g heavier compounds of the same type, except for
those 14 un it s below the parent. For example, mass 56 in th e
pen tene spectra (pa rent = 70) is mostly isot ope; 42, however , is
no t .

The isotopic distribu tion in hydrocarbons has been computed
here on the ass umption of random dist ribution of heavy atoms
and no preferentia l ioniza tion. T ab le I shows the distribution
of ions of eac h ato mic constitution (or formula ) at successive
masses, as percentages of the ions of principa l ma ss, (m /e) p.
Principle mass is defined as th at compute d from th e ion form ula
using C = 12 and H = 1. T hus, the fragment C3H7 has principa l
ma ss 43. Relative abunda nces of ions of formula C3H7 appea r
ing at masses 44 = (m/ep + 1) (containing one C13 or one D ),
and 45 = (m/e + 2) (containing 2 C13'S, 1 C13 and 1 D, or 2 D 's)
are given in th e table as 3.26 and 0.04% . T he probab ility of
appearan ce of either C13 or D , or both, was taken into considera-

1. Almost pure Ca H" .
2. Prima rily C. H" with un expect ed impurity sho wing a t masses 138 t o 142

Example 1. Purity Check.
The first example illus trates a
purity check of two closely
fract ionated pine oil samples
(8), for which calibrat ions
were not at the time avail
ab le. Spe c tr a obtained are

#2

#1

NO HIGHER
MASSES
~

156157

NO .HI GH E R MASSES

tion in comput ing Tab le I. T hese factors are useful for many
quantitative as well as qualitative dete rmin ation s, even though
th e assumption of no preferential ionization may sometimes
fail (2) . The ratio used for C13/ C12 was 1.04/98.96, and was
obtained by averaging values from a numb er of repeat ed mass
spectromete r runs of C2 through C. paraffins, using only pa rent
and heavier pea ks for each comp ound. The common value,
0.00015/ 0.99985, was used for D /H (11).

Odd peaks are usually larger than even.
Above C4, th e paren t peak is th e largest peak in th e parent C

group in most hydrocarbon spectra. For example, for hexancs
th e 86 pea k is th e grea test in th e group of peak s between C. +
and C.H14+ (masses from 72 through 86) . For C. and heavier
few peaks appea r in the parent group except th e paren t itself
and, in a few cases, the peak immediately preceding it . Thus

.compounds differ ing 2, 4, etc ., unit s in mass are readi ly recog-
nized- for example, cyclopa raffins or olefins in paraffins, or
diolefins in materials of formula C"H2n 01' CnH2"+2 (see
Figure 1).

Straight-chain hydrocarbons have parent pea ks but, as the
carbon skeleton becomes more highly branched, th e parent peak
decreases. For example, peak 114 is inappreciab le in 2,2,3,3
tetramethylbutane, but of useful size in n-octane (see Exa mple 1).

C4 and C. olefin isomers have very similar spect ra. Begin ning
with C., greater differenc es among isomer pattern s begin to
appear. .

3. Oxygenated Materials. Saturated alcohols, et hers, and
este rs have parent peaks 2 units above those of the para ffin of
nearest parent mass-i-e .g., but an ol is mass 74, n-pen tane 72.
Usually the spectra of oxygenated materials also contain peaks
at odd masses, such as 31 or 45, to which hydrocarbons do not
appreciab ly contribute. They are th us readily detected in the
presence of hydro carb ons.

Aldehydes have the same molecular mass number or parent
peak as hydrocarb ons-s-e.g., pr opane and acet aldehyde both
are of mass 44. - However, peak ra t ios differ considerably, so

that they are readily recognized
when a few essent ially unicom
ponent pea ks are available for
comparison .

Most of th ese observations
may be verified and others
deduced if Figure 1 is closely
studied . Thi s cha rt sum
marizes 279 mass spectra and
indicates roughly th e relative
magnitudes of pattern coeffi
ci e nts . T h e le ge n d in th e
figure explains th e symbols
used. Most of the spectra are '
taken from th e A.P .I. " Catalog
of Mass Spectral Data" (1),
to which reference can be
made for more refined coeffi
cients.

T woexamples are cite d below
t o illust ra te how ths enumer
ated observations and other s
may be applied to yield valu
ab le qualitative information on
the mass spectra of unknown
samples.

UNEXPECTED MATERIAL
PROBABLY HYDROGENATED

TERPENES

138 13 9 1'10 I'll 14,

138

PARENT PEAK c9 PARAFFINS

c9 "ao

"7 "8

"71,8 ',9I II 11,113 114

I II II, 113 114

Schematic M ass Spect ra of Narrow Pine Oil Fractions

X 6

9899 100

98 99100

Figure 2.
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Table I. Isotope Correction Factors for C1 through C1 Hydrocarbons

T hi s table was com pute d on t he assumption of random d istribution of hea vy iso tope s and no pr efer ential ioniza t ion . The C13/C 12 ra t io used was obtaine d hy
a ver aging ra ti os of (parent peak +1)/(pare nt pea k) for nu merous repea t r un s of C, -C, paraffins on the Co nso lidated M odel .21.101 rna" spectrometer.

C I' /C 12 = 0 .0104/0 . 9896
D /H = 0 .0001 5/0 . 99985

Percenta ge of M ono- Pertcentage of Monoisotopi c Per cen tage of Monolsotopi c
isotopic P ea k at ( rn/e)p P eak at (m /e)p Whi ch Appear s Peak at (m/e)p Wh ich Appears

Io n Which Ap pear s at : Ion at : I on at:
F or mulas (m /e)pb (m /e)p + 1 (m /e) p + 2 For mulas (m/e )pb ( rn/e)p + 1 (m /e) + 2 Formula (m/e)p (m/e )p + 1 (m/e)p + 2 ( m/e)p + 3

C 12 1.05% 0 c, 60 5.26% 0 .11 C, 84 7. 36% 0 . 23 0 . 004
C R 13 1.07 1. 6 X 10 - ' % C,R 61 5 . 27 0 .11 C, H 8.1 7 .37 0.23 0.004
CR, 14 1.08 3 .2 X 10 - ' C, H, 62 5 .28 0 .11 C, R, 86 7 . 39 0 . 23 0 .004
CR. 15 1.10 4 .8 X 10 - ' C, H. 63 5 .3 0 0.11 C, H, 87 7 .40 0 . 24 0.004
CR, 16 1.11 6 .4 X 10 - ' C, R, 64 5 .32 0 .11 C, R, 88 7 .42 0 .24 0 .004

C, R . 65 5.33 0 .11 C, R, 89 7 . 43 0 . 24 0 . 004
C. 24 2.10% 0 .01 C. H, 66 5.34 0 .1 2 C,R. 90 7 . 45 0 . 24 0 .004
C, H 25 2 .1 2 0 .01 C, H, 67 5 .36 0 .1 2 C, R , 91 7 .46 0 . 24 0 .004
C , R , 26 2.13 0 .01 C, H. 68 5 . 38 0.1 2 C,R. 92 7.48 0 . 24 0 .004
C,R, 27 2 .1 5 0 .01 C, R, 69 5 .39 0 . 12 C,IIo 93 7 . 49 0 . 24 0 .004
C,R , 28 2 .16 0 .01 C, H.. 70 5 . 40 0.1 2 C, R, o 94 7 . 51 0. 24 0 .004
C,R, 29 2 . 18 0 .01 C,H II 71 5.42 0 .1 2 C, R l1 95 7 . 52 0. 24 0.004
C,R. 30 2 .1 9 0 . 0 1 C. lI" 72 5.44 0 .1 2 C, Hu 96 7 . 54 0 . 24 0 .004

C, RI3 97 7 . 55 0 . 25 0 .005
C. 36 3. 15% 0 .03 C. 72 6 .31% . 0 .17 C,Ru 98 7. 57 0. 25 0.005
C.H 37 3 . 17 0 .03 C. H 73 6 .32 0 .17 C, H" 99 7 . 58 0 .25 0 .005
C. R, 38 3. 18 0 .03 C. lI, 74 6 . 34 0 .17 C,HI8 100 7 .60 0. 25 0.005
C.R , 39 3 . 20 0 .04 C. R . 75 6 .35 0 .17
C . R , 40 3 . 21 0.04 C. R, 76 6.37 0.17
C,R. 41 3 .23 0 .04 CoR , 77 6 .38 0 .17
C .R, 42 3 . 24 0 .04 C. R, 78 6 .40 0 .17
C.R , 43 3 . 26 0 . 04 C. R, 79 6.41 0 .17
C.R. 44 3 . 27 0 . 04 C, I1. 80 6 .43 0 .17

C. lI, 8 1 6 .44 0 .17
C , 48 4 .20% 0 .07 C, I1.. 82 6 .46 0 .18
C , I1 49 4 .22 0.07 C. I111 83 6 .47 0 .1 8
C, R , 50 4 .23 0 .07 C, I1u 84 6.49 0 .1 8
C,R , 51 4 .25 0 .07 C, I1" 85 6. 50 0 .1 8
C, R , 52 4.26 0 .07 C. Ru 86 6 .52 0 .1 8
C,I1, 53 4 . 28 0 .07
C, I1. 54 4 . 29 0 .07
C,R, 55 4 . 31 0 .07
C, R, 56 4 . 32 0.07
C, R , 57 4 . 34 0 .07
C,R .. 58 4 . 35 0 .07

a Chemical formula of monoisotopic io n.
b Principal mi . of ion (C = 12, II = I) .

48

Ace
tone

0 .1
0 .1

39

1. 9
28 .3

1. 3
0. 2

1,4.
Dioxane

1.2

47

4 .2
8 . 6
2 .1

13.1
1.7

T olu
ene

0 . 5
0 . 2
3 . 6
8 . 2

100
""""74.8

5.4

paraffin s, th e ab sence of peaks
between th e expected C groups
attest ing absence of many
possible c o n t a m in a tin g
mat eri als-naphthenes and
aroma tics, to mention only
two.

Spectrum 2 was supposed
to be a comparably pure C9•

The substant ial peak at 128
indi cates a large amount of C,
paraffin, again not high ly
branched, Small excesses over
isotope at 100 and 114 in-
dicate traces of C1 and C8•

The major surprise, however,
was the presence of sub stantial
peaks from 138 to 142. Th ere
is no doubt of th eir pres
ence. From oth er considera
tions (8) th ey are te ntatively
identified as h yd rogen a te d
terp enes.

Thus, valuable information
regarding presence or ab sence
of contaminants was obtained
from mere inspection of th e
record, without recourse to
specific calibrations.

E xamp le 2. Identification of
Unkno wn Solvents . E xample

2 shows th e spectru m of a mixture of organi c liquids. None of
th e compone nts had been identified prior to running the mass
spect rum. The presence of tolu ene was obvious at first glance
at th e spectru m, because of th e distinctive metast able group
around mass 90 and the half-mass peak s at masses 43 through 46.
These are shown in Figure 3, in which th e lower spectrum was
obtained from th e mixture, the upp er from pure calibra ting
tolu ene. The records are from a st anda rd Consolida ted Model
21-102 mass spect romete r, with th ree galvanometer tra ces

3 .3
6 .1

24 .3
18.8

1. 7

. 0 .3
0 . 5

0.4
0 . 2

Cycle
hexan one

87
88
89
90
9 1
92
93

77
80
83

69
70
71

m/e

62
63
64
65
66

97 1.7
98 28 .9
99 2 .0

Sensit iv ities . 29 div ./Il
(n - C,43 = 40 di v./I')

' 0 : 8

27 .8
0.9

Ace.
to ne

1.9

2. 2
2. 3
3.8

0 .8
2 .2
7 .1

100

2.3
0. 2

12 .5 0 . 5 100

1.8 2.5
4 .1 5 . 0

' 0 : 222.4 18.7

6 .9 2 .1 0 . 2
32 . 7 2 .1 0 .7
81.6 0. 2 1.9
12 .2 1. 8 10 . 9

1.2 1.1 . 2 . 4
0 .2 5 . 7 3.0

4 .0

1.7 5 .9
1.9 9 .6
0.7 2 .4
3 .0 1. 2
7 . 5 .

100
---u:5 0 . 4

2. 1 5 . 7

0.1 23. 6

0 :3
1. 1

. 0 :1
0 .1

2 .1 0 .1

Table II. Mass Spectra of Cyclohexanone, Toluene, 1,4-Dioxane, and Acetone
MS . Co nsolida te d M od el 21- 102 Elec t ro n accelerating voltage. 70 volts
M ass range. 28 . 37-99 Ionization chambe r tempera tu re . 2500 C.
El ectron curre nt . 9 pa .

Cycle- Tolu· 1.4-
hexan on e ene Di oxan e

58
59
60
61

50
5 1
52
53
54
55
56
57

37
38
39

40
41
42
43

44
45
46

mi.

28

schema ti cally represented in Figure 2. Spectrum 1 is nearl y
pure CIIl-b (m /e = 156). The peak at m re 157 is du e to
presence of heav y isotope. No st raight-cha in : CIIR" or
CIIR 20 is present . Th e peak at 138 is pro bably a minute im
purity. Peak 128 is slightly greater th an th e peak pr edicted
from isotope coefficients of T abl e I , so th at a trace of C. is present.
The larg e parent peak (m /e = 156) indi cates straight-chain 01'

nearly straight-chain CII's rath er tha n the highly br anched com
pounds. The sample is thus shown to be practi cally pure CII
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masked out, leaving only one showing to facilitate rep rodu ction.
The records on this instrument are taken at a constant speed
regardless of th e peak size, so th at the mass scale (abscissa) is
th e same for all record s. Thus peak s in the tolu ene spectrum
can be dir ectl y compared to those of th e mixture spectrum which
are directly below them.

The 58/ 43 ratio in the mixture spectru m suggeste d that acetone
ra th er than normal or isobutan e was the chief cont rib utor to .
t hese peaks. The peak s at masses 88 and 98 were assumed to
be du e to t wo separate materials, as the 10 uni t mass difference
could not be explained by any common radi cal. The spectra
had been run to mass 150, and no peaks found above mass 98.
Even so, it did not necessarily follow th at peak s 98 and 88 were
the paren t peak s of th e substances remaining to be identifi ed,
for not all mater ials ionize to the paren t mass. Th e initial as
sumption was mad e, however , that these were the molecular
mass nu mbers. .

T he 83 peak was associated with the peak at mass 98 because
of the IS-uni t mass difference usually assoc iated with CH 3 +.
Similarly , the peak at mass 69 was most logically ascribed to the
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remaining peak s were iden tified by th eir relative sizes, as those
of dioxane. Spectra of all four solvents are shown in Table II.

Negligible residuals remain ed after quantitative determination
of th e four components, showing that the const ituents had been
correctly identified.

SUMMARY

The fact th at all materi als present in concentrations ab ove
their threshold of detection automatically indi cate their presence
on the mass spectrum is particularl y useful in establishing the
presence or absence of compounds, whether or not they were
previously anticipa ted.

Of the many devices and techniques used by th e mass spect ros
copist to ext ract quali ta tive information from th e mass spec
tru m, the following have been discussed and some of them illus
trated:

Check of mass interv als to identify fragments and elemen ts
probably present.

m ]e

TOLU ENE

ss 58 65 69 83 88 92

Figure 3. Mass Spectra of Toluene (upper) and Liquid Mixture (lower)
R ecord obta ined on Co nsoli dated Model 21-102 mass spectrometer , witb traces 1,3, a nd 30 maske d off.
Half- mass peaks at 44 to 46 a nd metastable at 90 im mediately ide ntify to luene in mixture. M aj or
peaks con t r ib uted by three otber co mponen ts of mixture are a lso marked.

98

mass 98 material beca use it represented loss of the fragmen t
C. H. + (29) . Similarly , the large peak at 55 was probably du e
to th e mass 98 substance. Th e ratio of peaks 99/98 shows th at
not mor e than 6 carbons were present , so that C7 olefins and
cycloparaffins were elimina ted . Th e small 100/ 98 ra t io (0.5%
as determined on more sensiti ve traces not shown here ) elimi
nated chlorine and sulfur as possib ilities and suggeste d the pres 
ence of oxygen . Comparison with spectra of C6 oxygenated ma
te ria ls identified this material as cyclohexanone.

Th e mass 88 material was now known to contribute to peak 31,
becau se none of the ot her constit uents ionized to th at mass to an
appreciab le exte nt. When aceton e, toluene, and cyclohexanone
cont ributions were subtrac ted from th e mixture spect rum, the

Observation of peak-free regions to establish ab sence of ma
terials contributing to those portions of the record.

Comparison of relative sizes of major peak s and those im
mediately following with those expected from heavy isotopes, to
ascertain probabl e presence or absence of elements with stable
isotopes;

Recognit ion of characterist ic pea k shapes and distin ctive
peak groupings on th e record to identi fy constituents-e.g. ,
metas ta ble and half-m ass peaks.

Use of general knowledge of mass spectra l cha racte ristics of
various classes of compounds to identify types of materials
presen t. The observat ions cited can be supplemented by study
of Figure 1. This tabl e also facilitates th e preliminary screen-
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ing check of the peaks to be identified against a number of mass
spectra.
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Effect of Finite Slit Width on Infrared
Absorption Measurements

A. R. PHILPOTTS, WILLIAM THAIN, AND P. G. SMITH
The Distillers Co ., Ltd., Great Burgh, Epsom, Surrey, England

Extinction co e fficie n t s in the infrared vary with the resolving power-e-Le.; they
d epend on the optical arrangement of a spectrometer and on the slit width used.
This work attempts to find practically and (within the limits of the assumptions
made) theoretically the extent of this variation. Plots of absorption against
concentration for solutions of three h ydrocarbons .wer e made at different slit
settin gs, u sing a Perkin-Elmer Model 128 spec t rometer. The variations in slope
and the deviations from linearity were found to fit (formally at least) the theo
retical explanation given. The magnitude of the effect shows that spec t rosco 
p ists must be very careful when u sing extinction coefficients determined under
optical co n d it ions not identical with those of the analysis. A method of corre
lating data t aken at different s li t settings on the same sp ec t ro m et e r in the s a m e
s t a te of optical a d j us t men t is given. It is hoped that the correction of extinction
coefficients to " i n fin i te resolving power" suggested will enable extinction co
e ffi ci en t rneusrrrernerrts to be used on all spec t romete rs .

EST I MAT IONS by absorption spectrophot ometry arc grea t ly
simplified when deviations from t he Beer-Lambert law are

smaller t ha n experimental error, especially when mul ticomponen t
mixt ures can be analyzed by t he method of solvin g linear simul
t aneous equat ions. The dependence of extinct ion coefficients on
instrumental cond itions (a great difficulty of infrare d spectros 
copy) is also bound up wit h t he applicab ilit y of t he law . Much
work has therefore been devoted to the investigation of devi a
tions.

F ailu res of the law due to the inherent proper ties-e.g., inter
molecular forces, etc.- of the sample in question are t o some ex
tent un avo idable, but it sho uld be possible to correct for or at
least ea lcula te the magnitude of instrumental limitations. These
chiefly concern scat tered radiati on in t he monoehromator an d
t he effect of finit e slit width. Me thods of dealing with the
first have been reported en. Whil e at te ntion (6, 10) has re
cently been drawn to the second, and the general principles
(9, 7) ha ve been laid down, t here has been no discussion of the
magnitude of the errors caused when conventional infrare d
spectromet ers a re used.

The case of the area of absorption bands has been conside red
(8, 11). Whil e this manuscript was in the course of preparation,
applications to ultraviolet problems were published by E ber
hardt (2) .

Wh ether single- or double-beam spectroscopy is employed, the
observed density is always the logarithm of the ratio of incident to
t ransmitted intensity, eae h intensity being integrated over the
pass ba nd of the monochromato r. The error is int roduced by
assuming t hat the density ob tained in this way is identical with
t he t rue density at the centra l wave length. The magnitude of
t he error a t th e maximum of an absorp t ion band depends on t he
relation of the pass band widt h t o the true shape of the band. It
is very difficult t o obtain t he shape of a band at in finit e resolving
power an d the pass band of a mon ochr omator depends on such
indefinit e quantities as image abe rrat ion an d line-up, as well as
the (poss ibly ) calculable geometric slit width, diffr action effect
and image curva ture . ' '

The best method of procedure seems to be :

Calculation of errors in term s of an idealized absorption band
and spect romete r response
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If 10 is constant over the range Xo ±.~ the first term can be
integrated and the expression reduces to'

(1)

r d" x2 x~ d' z3 d' z·e-dmXe+ mZXe-d'msXe+ "'48Xe- m384

d'ob,d. - log ;n f: nexp {- d'm e -"'1 dx

Now exp 1-d 'm e -z';'~

To simplify,

d'ob,d. = d'm. - log (z)

and

From Equation 2 the true density can be calculated for any ob
served value if the ratio, n, is known. The convergence of the
series depends on the magnitudes of both nand d'm. Itwas found
that with n > 1.55 the series did not converge rapidly enough for
densities of practical interest.

The best method of handling the rather formidable expression
proved to be the plotting of the calculated error, 0.4343 log (z),
against the corresponding instrumental density, dobsd. = 0.4343
[d'm - log (z)], for values of n. Some examples are shown in
Figure 1, though in practice. a large scale graph with more n
values was used.

It is believed that even with modern infrared spectrometers n
is rarely less than 1 and often much greater. Table I shows ex
amples of the calculated magnitude of the effect at typical values
ofn.

It can be seen that a Beer's law curve determined when n = 1
will give a nearly straight plot with slope about 15% less than
the true calibration coefficient, while one determined with n =
1.414 will have appreciable curvature.

d' - d' _ I ~ 1 + d'm 2 + d'm(d'm - 1) 4 +
obed. - m og ( 6 n 40 n

d'm(d'm2 - 3d'm + 1) 6 d'm(d'm 3 - 6d'm2 + 7d'm
336 n + 2688

Integrating Equation 1 and using the first five terms in the
expansion

, IJAO + 8d obsd. = - log '2 e-d'dX
8 Xo - 8

This integral can be evaluated only if some relationship be
t~veen d' and Xis known. It has been shown (9) that in solution·
single absorption bands approximate to a simple error function in
shape even at high resolving power. Let us therefore assume
that at infinite resolving power

1 (>- - >.0)'
d"= d'", e- 2 ~'-l-

Expanding the exponentials again; multiplying out, and col
lecting,

exp {- d'm e- z'1 = e-d'm{1 + d~m x2 + d'm(d'8' - 1) x4+

d'm(d'm2 - 3d'm + 1) 6 ~
48 x ...... f

Here d'm is the optical density at the maximum and l is the
quantity which determines the "peakedness" of the band. In
fact, 2l is the width of the band when d' = 0.6064 d'm-i.e., the
distance between the points of inflection-and is used here as a
measure of band width rather than the more conventional width
when d' = 0.5 d'm (the "half band width"). .

X - Xo
let x = -l-'

let n 8 equivalent slit width
= I = band width

JXO+ 8 fAn + 8
d'ob,d. = leg . I~X - log 10 e-d ' dX

Xo - 8 • AO - 8

Evaluation of parameters in this mathematical analysis by
comparison with observed deviation from Beer's law

Assessment of the value of the analysis by comparison of the
parameters with observable quantities

d'obod. = log JAn + 8 I ocix _ log JXO + 8 IdXAn-8 Xo-s

Let the true density (at infinite resolving power) at any wave
length, X, be d'

The .transmission function of a monochromator depends on a
number of calculable and incalculable factors. It is therefore
proposed in this exploratory survey to use the simplest form
(5)-namely, that this function is constant between two limiting
wave lengths (determined by the wave length and slit settings of
the spectrometer) and is zero outside these.

Fi~ure 1. Graphs of Calculated Error [0.4343 log
(z)] against Instrmnental Density {0.4343 [d m 

log (z)] I for Values of n Shown

where 0.4343 d' = d.

0,20

0·05

Suppose the monochromator is set at Xo and passes the wave
band between Xo - 8 and Xo+ 8 where 28 is defined as the "equiva
lent slit width." If the monochromator is used to measure the
optical density of a material with a maximum absorption at An,
the observed value, d'obed.j is then given by

o

0·15 3
a:
a:
w

o
w
~
...J

0·10 ::::>s
«o

MATHEMATICAL ANALYSIS OF IDEAL CASE

The Beer-Lambert law is usually stated in the form

I = 10 lO-d

where 10 = intensity of incident radiation; I = intensity of
transmitted radiation, and d = optical density. (The term
"optical density" is used rather than. "absorbance" because both
logarithmic bases are employed.) This statement is used in the
discussion of experimental data in the next section, but for ease of
manipulation let us use here the natural logarithm, so that

I = I, e-d '
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Broken line, correeted caJibration line

Figure 2. Experim.ental Calibration Lines for 913 Cm..- J

Band of n-l-Decene at Different Slit Widths
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Broken line, corrected calibration line

Figure 3. Experim.ental Calibration Lines for
829 Crn, -r-I Band of p-Diisopropyl Benzene at

Different Slit Widths

Scattered Radiation. If the scattered radiation at Ao is not
absorbed at its true wave lengths by the test substance, the
method of Hogness et ol, gives an accurate correction. It is
necessary therefore to work with the strongest band in the spec
trum of the test substance.

Chemical Effects. To prevent deviations due to intermolec
ular effects, the test substance must be non-polar and inert sol
vents must be used.

Solvents. It is preferable to work in solution, so that the
optical density can be varied by varying the concentration. This
variation means an alteration in the amount of solvent in the
radiation path which will influence the shape of the density
concentration curve unless the solutions are very dilute or the
solvent is completely transparent.

Shape of Band. The absorption band used must have no
obvious asymmetry, in order to give the theory a reasonable test.

These conditions (together with availability of materials) limit
the possible bands to il C-H frequencies in hydrocarbons and the
solvents to cyclohexane and carbon tetrachloride. Cyclohexane
is particularly suitable, because it is completely transparent at
long wave lengths. Measurements were made using the 913 cm.:?
band of n-I-decene, the 829 cm. -r-I band of p-diisopropylbenzene,
and the 720 cm. -r I band ofoctane. Some experiments were car
ried out with the 728 em. -, toluene band, but it proved to be too
narrow (with the resolving power available) to give manageable
valuesofn.

Experimental Procedure. A Perkin-Elmer 12B infrared spec
trometer was used. The attenuator system was found extremely
useful to fulfill the double condition of constancy of slit setting
and constancy of 10• The same rock salt cell (approximately 0.1
mm. thick) was used for all experiments. A series of solutions
was made up in each case and short sections of the spectra were
run alternately with solution and solvent in the cell. Zeros were
taken at the beginning and end of each section with a lithium
fluoride shutter. The scattered radiation correction was found
by observing the fraction of incident radiation passed by the
shutter but not by a strong enough solution to give an appreci
ably flat-topped band. This condition could not be fulfilled
'with cetane, so the correction was assumed to be the same at
720 em. -, as at 728 em, -1, where it was determined with toluene.

The density was calculated as log ~ =~ where B is the dis

tance between trace and zero at the wave length required with the
solvent in the cell, T the distance with solution in the cell, and S
the scattered radiation correction. A mean value for B was ob
tained from readings before and after the measurement of T.

7

n
8

)+ 2688'"
(4)

n-DECENE-I Vjv

456

Calculated Density
Instrumental Density

n - 1 n - 1.414

0.185 0.160
0.258 0.222
0.368 0.315
0.478 0.408
0.550 0.468
0.730 0.617

%
32

Table J.

0.217
0.304
0.434
0.565
0.651
0.869

True Density

SLIT WIDTH (mm)

E1-E1-E1 0·15

0·31'
0-0-0 0·50

o

0·1

0·6

0·7

0·2

0·9

0·8

>
I-

0·5 ~
UJo

0.4<i!
~
l
o,

.0-3 0

The limiting. cases when n is small and when the density is
small are of interest.

When n is small..

d'ob8d. :>< dim - d~m n 2 = dim (1 - ~)

Multiplying by 0.4343 and dividing by the concentration:

Observed calibration coefficient. =

true calibration coefficient X (1 -~) (3)

When d'm is small.

d'ob.d. \ (n
2

n
4.

n
6

n 8 ) t
d 'm - log ,I + d 'm "6 - 40 + 336 - 2688" .. l

I ( n
2

n
4

n
6

n 8 )
= d m 1 - "6 + 40 - 336 + 2688

Multiplying by 0.4343 and dividing by the concentration:

Slope of tangent at origin to observed curve =

(
n2 n 4 n 6

true calibration coefficient X 1 - "6 + 40 - 336

. EXPERIMENTAL VERIFICATION

In order to reduce deviations from the Beer-Lambert law due to
effects other than the one under discussion, car~fui choice of in
strumental conditions and of test substances was required.
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origin of the curves in question with the corrected calibration co
efficient (see Equation 4).

A summary of the results is given as Table II. In. order to show
the consistency of the results and also to demonstrate the curva
ture of the observed plots, the value of observed density divided
by concentration is given for all determinations on cetane in
Figure 5. The variation of observed calibration coefficient with
concentration (and therefore with density) and with slit width is
apparent. The top part of Figure 5 shows how the calibration co
efficient after correction is constant within experimental error.

The values of the standard deviation in Table II are worthy of
note. The high values for the first set of points in the case of p
diisopropylbenzene and of cetane are due to the unsteadiness of
the recorded spectra at maximum amplifier gain. The last set for
these two substances also shows high deviation, since the applied
correction is high which emphasizes errors in determination-a
high value receiving a high correction and a low value a low one.
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Figure 4. Experimental Calihration Lines for 720
Cm. -1 Band of Cetane at Different Slit Widths

Broken line" corrected calihration line

The experimental Beer's law plots at various slit widths are
shown in Figures 2 to 4.

Having obtained a. series of observed densities for one slit
setting, it was possible to find n by applying corrections such as
those in Figure 1. Corrections from curves for different values of
n were applied in turn until, at a particular value of n, the quan-
. dob.d + 0.4343 log (z) . h' . I

trty . C was constant WIt in experimenta

error for all concentrations-i.e., until the corrected density gave a
linear Beer's law plot.

H was found that the straight lines obtained by correcting the
curves obtained at different slit widths for the same substance
had the same gradient, in accordance with the theory. This
"corrected calibration line" is indicated on Figures 2 to 4 as a
broken line. When n is small the experimental plot is linear and
the value of n can be obtained only if the corrected calibration
coefficient has been found using wider slits. In that case the ratio

of experimental to corrected calibr~tioncoefficient is (1 - ~) to

1 by Equation 3. This method was, in fact, used to find the low
value of n for cetane, and the figure is only approximate because
the ratio is nearly unity. The high values of n were determined
approximately by comparing the slopes of the tangents at the

Tahle II. Summary of Results
Corrected Calibration

Slit No. of Coefficient
Width, Observa- Mean Standard

Substance Mm. tiona n (density deviation
per 1%)a

n-l-Decene, 913 0.11 3 qa.1.07
0.'1'107cm.r-i 0.15 16 1.15 0.0016

0.31 17 1.41 0.1109 0.0014
0.50 18 Ca. 1.85

p-Diis'opropyl ben- 0.17 16 1.25 0.2286 0.0079
zene, 829 em. -1 0.26 13 1.50 0.2296 0.0041

0.33 16 Ca. 1.8

Cetane, 720 em. -, 0.26.5 12 Ca. 0.34 0.02034 0.00061
0.80 15 0.85 0.02031 0;00024
1.30 12 1.20 0.02032 0.00026
2.00 12 1.53 0.02032 0.00035

a For n-l.decene and p-diisopropyl benzene, ] % means 1 ml. per 100 ml.
of solution, and for cetane 1 gram per 100 ml. of solution.

Figure 5. Calibration Coefficient
Upper. €onstant calibration coefficient obtained by correcting

observed denRity hefore evaluating coefficient
Lower. Variation of calibration coefficient (observed density/
concentration) with slit width and concentration for 720 CIll. -1

bund of cctane

. MEANING OF OBSERVED VALUES OF n

Having found that the experimental points agree formally with
Equation 1, the physical significance of the parameters found
(d m and n) must be considered. Ideally, the bands should now be
remeasured, using a very high resolving power instrument-e-c.g., a
grating spectrometer-e-and dm and the band width 21 found
directly. As neither the instrument nor the data are available, a
less direct approach must be used.



The area under a density curve for a single band is approxi
mately independent of slit width (7) and the area per unit con
centration is approximately independent of concentration (8).
The area per unit concentration using a fairly narrow slit there
fore gives a measure of the area per unit concentration at infinite

resolving power (10). The area under the curve is vz;;: X height
X l where l is half the distance between the points of infleetion
i.e., half the band width at 0.6064 of maximum height. It follows

density X band width
that the quantity . is constant and approxi-

concentration
mately independent of resolving power. As we already' know

density
----"-.--for the ideal case, the value of the constant from
conoentra.tion
observed data will enable us to find 2l at infinite resolving power.

Four widely distributed points on each of the observed density
concentration curves were taken and the actual band widths at
0.6064 dob,d. were measured. Both the 0.15- and 0.30-mm. slit
width curves for n-1-decene gave 0.69 as the mean of four values
for the constant (in density times wave numbers per 1%). This
implies 6.2 em. -1 for the true band width, 2l. Similarly, the two
runs at 0.17-mm. and 0.26-mm. slit width for p-diisopropyl ben
zene gave 2.8 and 2.9 em. -[ band width, respectively. The lower
value from the narrower slit width data is preferred. Values of
9.6, 11.1, and 12.7 em. -[ were given for the band width of cetane
by the results at 0.265, 0.80, and 1.30 mm. Extrapolation to zero
slit width gives 9.5 em. -1

Multiplying these values of the band width by the values of n
gives the "equivalent slit width" of the spectrometer (by defini
tion). A comparison of these values with the "effective slit
width" (calculated as the sum of the geometrical slit width and
diffraction function from data supplied by the manufacturers of
the spectrometer) is given in Table III.

Although no simple relationship was expected, it can be seen
that the equivalent slit width is roughly the effective slit width
plus a constant. It should be remembered that the low value in
cetane is very approximate and also that the cetane band shows
some signs of asymmetry at high resolving power. It is clear,
however, that the differences in Table III are not real physical
quantities, inasmuch as they do not vary systematically with wave
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length or band width. In addition, they are too
large to be actual aberration of the final image in
the spectrometer. The instrument has resolving
power up to the maker's specifications, so that an
aberration of 0.4 mm. ("" 4 em. -[) at 913 cm.-1

is scarcely feasible.
In view of the approximations involved in the

original premises, it was unlikely that the param
eters deduced would have a real physical signifi
cance. Nevertheless if an experimental relation
ship is established between effective and equivalent
slit widths (or more practically, between n and slit
width in millimeters), results at different slit
widths can be correlated for a particular absorp
tion band.

CONCLUSION

The effect of finite slit width even with instruments of reason
ably high resolving power is to cause large deviations from Beer's
law. Barnes (1) states that organic molecules have absorption
bands of the same order of magnitude as the spectral slit widths
(his value of 10 to 15 em -[ is probably large). The condition
that they are equal implies an error of 15% from the true value of
the calibration coefficient, and (more important) a variation of
3% in calibration coefficient for 10% change in slit width. Be
cause so many infrared spectrometers use the slit width as a
variable in obtainmg an incident intensity independent of wave
length, care must be taken to ensure that the slit width used for a
series of measurements is constant.
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Ouantitative Analysis with Infrared Spectrophotometers
DAVID Z. ROBINSON

Baird Associates, Inc:, Cambridge 38, Mass.

This work was started as part of a program of evaluation of infrared spectro
photornerers for quantitative analysis. It is shown that in addition to errors in
transmission, there are errors due to incorrect reading of the 0 and 100% lines.
Deviations from Beer's law are to be expected whenever the slits are wider than
the width of the absorption band used. The law of additivity of optical density
will not hold if Beer's law does not hold. Double- and single-beam infrared
spectrophotometers are compared for use in quantitative analysis. The pos
sibility of making direct determination of the true 100% line and of eliminating
the spectra of one or rnrn-e of the componerrts of a rnfxt.ure are two special features
of the double-beam spectrophotometer.

T HE purpose of this paper is to give a systematic outline of
some .errors in infrared spectrophotometric analysis. The

explanations deal with double-beam instruments, as well as
single-beam spectrometers.

A number of authors have described quantitative methods in
infrared spectroscopy. Wright (5), Barnes ei al. (1), Heigl et al.
(3), and Brattain et al. (2) have mentioned some of the errors'
involved and have described many techniques. Some of their
results are described in this paper for the sake of completeness,
but the sections calculating Beer'slaw deviations and some of the
calculations of errors are believed to be new.

Chemical analysis by the measurement of infrared transmit
tance is in essence not very different from ordinary colorimetry.
Some special problems occur, such as the narrow absorption
bands, the existence of stray light, and the presence of atmos
pheric absorption which lead to small but important differences.

single-beam spectrometer plus computation gives results equiva
lent to those from a double-beam spectrophotometer, with the
exception that the reference curve has been run at a different
time .• In practice there are many convenient advantages of
double-beam instruments.

BEER'S LAW

All measurements of concentration are based on the fact that
the transmittance of light through a cell containing a number of
molecules is a function 'of the number of molecules in the light
beam. If the light is monochromatic, or approximately so, the
simplest approximation to this function is the Beer-Lambert
law. If we are considering a solution of one component in a non
absorbing solvent, then Beer's law in a slightly changed form can
be expressed by Equation 1

20..-,-...,---,r-,-...,---,-r---r--,--,

-1
e = a (X) d In t(x) (1)

There are two main types of infrared spectrometers. The
single-beam spectrometers measure the energy of the incoming
beam as a function of wave length. Such instruments give an
absorption spectrum which is superimposed on the curve of source
intensity and atmospheric absorption. In some cases the source
intensity changes are approximately compensated by automatic
adjustment of the slit opening. Double-beam spectrophotom
eters compare the light energy going through the sample with the
energy going through a reference cell. Such systems eliminate
the atmospheric bands and the source changes. In principle, a

(2)

where e is the concentration of the component,
a(X) is the absorptivity at this wave length, d
is the thickness, and t(X) is the transmittance
of the sample at the wave length in question.
For most analytical measurements the trans
mittance minimum of a band is used as the
measure of its concentration if the band is
isolated. Every measurement of transmit
tance involves three readings: the energy
transmitted at the minimum, the true 100%
line-i.e., the line of no absorption-and the
true zero' line (accounting for stray light).
The effect of errors in each of these on the er
rors in concentration is discussed separately.100

1 dtc de = tIn t

If we now assume that dt is a constant, say 1%, then the error
in concentration plotted as per cent of amount present can be
computed as a function of concentration. This error in trans
mittance is the top curve of Figures 1 and 2.

ERROR IN MEASUREMENT OF
TRANSMITTANCE

Because the limiting factor in making trans
mittance measurements is usually noise, which
is independent of the amount of energy hit
ting the receiver, if we assume that the error

in transmittance, dt, is a constant independent of t, it is easy to
predict the effect of such an error (see, for example, 1).

By differentiating the logarithm of Equation 1, Equation 2 is

obtained:

TRANSMISSION _

20 40 60 80

PERCENT .TRANSMISSION

Figure 2. Per Cent Error in
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opaque to all wave lengths transmits, but is ideally the energy
transmitted by an object which is perfectly transparent at all
wave lengths except that where the measurement is being made.

In practice, it is impossible to determine the stray light in this
manner. Instead, a material that is transparent in the short
wave-length region and opaque at the spectrometer setting is put
into the beam. This only gives a close lower limit to the stray
light, inasmuch as some of the short wave-length radiation is re
fleeted and all the longer wave-length stray light is absorbed.

By putting a large amount of the material to be measured in
the beam, it will usually absorb completely in the region desired.
However, these thick samples will absorb some of the short wave
length stray light. Often no correction for stray light is made,
other than its removal by a filter of some kind. Any of the above
methods gives a good approximation to the eorrect determination
of the zero line.

The error in eomposition due to an error in the zero line can be
determined by determining the effect on the transmittance and
thus on the concentration.

Stray light is corrected for in praetice by subtracting the
amount of stray light from both 1 and 10 (Equations 1 and 2)

t = 1 - S_ (6)
10 - S

where 1 and 10 have been observed on the chart

If all the error in concentration were due to a constant error in
transmittance, the minimum error would be made when the thick
ness is so adjusted that .the transmittance is lie or 37%. Actu
ally, any transmittance between 20 and 60% would not lead to a
greatly different error. This result is, of course, well known and
is derived merely for comparison with the results that follow.

ERROR IN MEASUREMENT OF 100% LINE

When absorption is being measured,' it is necessary to measure
the original intensity and to make proper allowance for the reflec
tion and scattering losses. In a double-beam instrument the
latter two can be compensated by putting equivalent losses in the
reference beam. Very often a thick plate of rock salt is adequate.
The 100% line is then adjusted with an opaque shutter in one
beam.

20'r-"""'-..--.,...--.-.......--.--r-...,...-r,..,

16
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4 dt [1 1 ]t = 1 - S - 1
0

- S dS (7)
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Figure 3. Probable Per Cent
Error in Concentration .

With 1% error in trans:rni'ttance,
100% line and zero line

If we now assume that the stray light has been estimated as
being zero, the expression can be simplified.

dt 1 - t dS
7 = -t- Y; (8)

By substituting Equation 8 in Equation 2, Equation 9 is ob~
tained.

By substituting Equation 4 in Equation 2, Equation 5 is ob
tained.

de -1 d10

e = lnt 1; (5)

If the assumption that d 10110 = 1% is made, the effect of this
error in the 100% line on concentration can be calculated. The
bottom curve in Figure 1 shows the per cent error in concentra
tion with a 1% error in the 100% line as a function of transmit
tance.

In a single-beam instrument the "base-line" method is often
used. Instead of a true 100% line, a straight line is drawn be
tween two transmittance maxima on each side of the band. The
height of this line at the transmittance minimum is used as the
100% line. A more precise method uses a dummy cell, just as in .
t.he double-beam system.

In both these methods, an error in the setting of the 100% line
is as easy to make as an error in transmittance. It is possible to
calculate the effect of this error in the following way:

Because the relationship between e and t has already been ob
tained, it is only necessary to get the relationship between t and
i;

(9)

BEER'S LAW CHECKS
AT ARROWS

de 1 - t dSc = TTrit 7;
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If the assumption is made that dSI10 1%, then dele can be
computed. The per cent error in concentration for a 1% errol'
in the zero line is given by the bottom curve in Figure 2.

.(3)

(4)

t = 1110

dt -d 10

T = ---y;-

Showing positions of test (arrows) and slit widths used

As might be expected, the error is small at low transmittance,
and approaches the error due to a transmittance error at high
transmittance. Because this measurement is as likely to give
error as a transmittance measurement, it would seem more ad
vantageous to work at slightly lower transmittance than 37%.

ERROR IN ZERO LINE

Every measurement of transmittance requires a determination
of the zero line. This is not usually the point where an object.
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Figure 4.
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The positions tested for deviations are shown with arrows on
Figure 4. They are at the band minimum (0); at the point where
the absorption coefficient is one half that of the maximum (1) and
2, 5, and 8 units away from the minimum.

For testing Beer's law it is necessary to use a number of slit
widths, each at a number of different concentrations. The slit
widthschosen had widths 0.2, 0.4, 0.8, and 1.6 times the band
width and the concentration range used was such as to make the
true transmittance at the band minimum go from 5 to 95%.

The calculations were made by averaging the transmittance
(not the absorption coefficient) at the different band positions
over various slit widths at these various concentrations. .The re
sults are summarized in Figures 5 through 7. In these curves the
logarithm of the calculated transmittance is plotted against the
concentration for the various band positions. If Beer's law held,
all these lines would be straight. When the slit width is 0.4 unit
wide (1/. the band width) there are no appreciable deviations.

As a general conclusion it can be stated that as long as the slit
width is less than the width of the band being studied, and the
transmittance is in the usual range of study,' there should be no
deviations from Beer's law. If, however, the slit widths are
appreciably wider than the band widths, deviations will occur at
lower transmittances.

With a slit 2/othe band width, deviations appear at the point
where the absorption coefficient is varying widely, the half-height
point 1 unit away from the maximum. Although Beer's law still
holds for the band- minimum and far from the minimum, it does
not hold for the side of the band (Figure 5).

With a slit </5 the band width (Figure 6) deviations occur at
the band minimum and 2 units away from it, but the greatest
deyiations still occur at the side of the band. Figure 7 shows the
results for a slit appreciably wider than the band, For low trans
mittance, large deviations are present for 0, 1, and 2 units away
from the band minimum.

For all these slits no deviations occurred when Beer's law was
tested 5 and 8 units away from the minimum. This result was
not surprising, because there were only slight variations in absorp
tion coefficient over the slit. Furthermore, all the curves ap
proached a straight line as the concentration decreased.

Deviations from straight line are occurring. Symbols same as in
Figure 5

2 3
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It is possible to calculate the magnitude of the deviations if a
simplifying assumption is made. It is assumed that the spec
trometer averages the transmittance over a slit width. This as
sumption is not quite correct, because most instruments do not
have square slit functions and therefore take a weighted average
of the transmittance. If a weighting function is used to average
the transmittance, the calculations become much more difficult
and the results are but slightly changed.

Consider the typical band plotted in Figure 4, where the ab
sorption coefficient follows Equation 10.,

If Beer's law held, straight line would go through all points. Dis
tance frOID "'band center" refers to points marked on Figure 4

DEVIATIONS FROM BEER'S LAW

Beer's law is simply a statement that equal path lengths of
absorber will absorb equal fractions of light. This statement
seems so obvious that it is difficult to see why it should not hold
as long as there is no unusual molecular interaction. Beer's law,
however, does assume that the light coming through the cell is
monochromatic. This is, of course, only approximately true.
All spectrometers send a small bundle of wave lengths centered
around the wave-length setting of the instrument. If the slits
are so wide, or the absorption bands so narrow, that there are
rapid changes in absorption coefficient over a slit width, devia
tions will occur.

The error due to a wrong zero is least (but not zero) at high
transmittance and approaches the error due to a 1% transmit
tance error as we approach low transmittance.

For best results the point of minimum error is probably not
37% 'but, instead, differs from instrument to instrument, even
when Beer's law holds. Figure 3 shows a plot of the per cent
error in concentration with a probable error of 1% in zero line,
100% line, and transmittance. The minimum occurs at about
40% transmittance, but any transmittance between 25 and 60%
gives about the same error.

Here A is proportional to the concentration and the width at
half height is arbitrarily defined as 2 units.

A
a = 1 + .,2

(10)
EFFECT OF BEER'S LAW DEVIATIONS ON ACCURACY

Because it is always possible to draw a working curve, plotting.
the transmittance as a function of concentration, how should
Beer's law deviations affect the results? From Figures 6 and 7 it
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Plot of apparent log t vs , concentration for 8. slit 3.2 WiltS wide
(1.6 times t~e oondJlidth). If Beer's law he l.d all the 11MS would
be etra1eht. The ayabo.l s are the Same as in Fig. 5 •
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Doubfe-Beam Analysis Using Cornpensa'tlorr

If, however, neither component obeyed Beer's law at the wave
length observed, there would be no reason for the mixture to
obey the law of additivity of optical density. In fact, if we were
to shine the light through each component separately, the light
going through the first component would have its spectral dis
tribution radically changed. Now when this light goes through
the second component the fraction removed would not be the
same.

USE OF COMPONENT CANCELLATION IN
QUANTITATIVE ANALYSIS

One of the advantages of a double-beam spectrophotometer is
that it enables the operator to eliminate the spectrum of one or
more of the components, by putting the sameamount of the com
ponent in the reference beam.

If a multicomponent mixture is to be analyzed, then in principle
it is possible to cancel out the spectra of each component succes
sively. This procedure enables the analysis to be made without
overlapping bands, Such a procedure is too long for most pur
poses, hut is very useful when small amounts of impurities are to
be determined.

To check this experimentally, some spectra were taken with
the Baird Associates, Inc., double-beam spectrometer. The bot
tom half of the chart in Figure 8 shows a spectrum of a crude
p-cresol sample dissolved in carbon disulfide. The only difference
between its spectrum and the spectrum of a refined p-cresol sam
ple was the shoulder on the 13.5}L band.

For any kind of quantitative analysis it would be obviously
difficult to determine the difference in optical densities between
the shoulder on the side of the band. By canceling out the spec
trum of the pure material it would be easy to determine the im-s
purity.

To do the cancellation most simply it would be best if the
amount of pure material were the same in each cell. If the two
cells differed in thickness, the concentration of the mixtures should
be different.

The thickness of a cell can be determined by observing the
spectrum of an empty cell. Because of interference between the
beam going through the cell and the beam reflected off the inside

The simplest example is that where both components have the
same band. Consider the case described by the top curve of
Figure 7 with the band minimum. The computed results show
that the optical density for a concentration of 1 is 0.263,-whereas
for a concentration of 2 it is 0.484. The optical density of the
sum of two cells each with a concentration of 1 would be a good
deal greater than the actual density observed. This direction of
error is the one expected. Even though the term absorption
coefficient is eliminated, the deviations are not.

There can be cases where Beer's law works for the band mini
mum but not the side of the band (Figure 5). Then when we are
trying to detect concentrations by observing a shoulder on the
side of the band, the law of additivity of optical density would
not hold, even though Beer's law held for the band minimum.

For the additivity law to hold, Beer's law must hold for all but
one of the components, at the wave lengths being studied.

4.0

Figure 8.

for Slit
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LA W OF ADDITIVITY OF OPTICAL DENSITY

The law of additivity of optical density states that the optical
densityClog loll) of a mixture is equal to the sum of the optical
densities of its components. This means that equal absorbing
paths of the same material will always absorb the same fraction of
the incident light. The law of additivity of optical density is
just a corollary of Beer's law.

may be seen that a 1% change in transmittance will lead to a
greater error in concentration whe deviations occur.

Because the deviations occur at lower transmittances, one
might have to work in the.transmittance range above 40% for the
~ost accurate results.

Some authors have made the statement that where Beer's law
-did not hold, the law of additivity of optical densities would still
hold true. It is of interest to examine
the cases where this statement holds.
If Beer's law holds for both compo
nents, then the law of' additivity of
optical density would obviously be ex
pected to hold. Even if Beer's law
held for one component, the additivity

law might still hold. This can be seen
most easily if we consider the two com
ponents separately. After the light
has gone through the first component,
the one obeying Beer's law, its spectral
distribution has not been changed.
Therefore, the second component will
act just as if the first one was not there,
so far as the fraction of light that it

-would remove was concerned.



VOL U M E 23, N O. 2, FEB RU A R Y 1 95 1

of the cell, the spectrum consists of transmittance maxima and
minima (.n. (It is very difficult to obtain the true position of the
maxima and minima with a single-beam spectrophotometer be
cause of the change in source energy with wave .length.) The
thickness of the cells differed by about 15%. The carbon disul
fide solution of the crude material was made 15% weaker than
the solution of the pure p-cresol

The solution of crude p-cresol was placed in the longer cell and
the cell was run against the stronger solution of pure material
placed in the reference beam. The differential spectrum is
shown in the upper part of the chart in Figure 8. The 13.51t band
is clear'and its area or height can be used for quantitative work.
The dip at 6.51t is due to the extra carbon disulfide in the sample
beam, The instrument can follow the ratio of the curves until
both beams absorb essentially all the light coming through.
There is no change in the deviations from Beer's law when one of
the bands is canceled out, because the spectral distribution of
light is still uneven.

SUMMARY OF RESULTS

It is important with either double- or single beam-spectrom
eters to take account of the stray light and the true 100% line.
Errors due to apparent deviations from Beer's law should occur
whenever the slit width is wider than the width of the band being
studied. The law of additivity of optical density will not work
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when Beer's law does not work for all the components in a mix
ture.

Double-beam spectrophotometers have a number of conveni
ences for quantitative work. The use of compensation techniques
to get rid of component spectra and the easy way to obtain a good
100% line are among the advantages.
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Infrared Absorption Spectra of Some Epoxy Compounds
O. D. SHREVE AND M. R. HEETHER, E. 1. du Pont de Nemours & c«, AND

H. B. KNIGHT AND DANIEL SWERN, Eastern Regional Research Laboratory, Philadelphia, Pa.

In speculating on the rnecharrisrrrs of the autoxidation of unsaturated COID
pounds, sOIDe investigators have postulated that various kinds of heterocyclic
oxygen ring COlDpounds are forrned, There is no reliable evidence, however, of
the forrrrat.lon of any type of oxygen ring cornporrnds except oxirane cornpourrds ,
Infrared absorption spectra of a series of pure epoxy COlDpounds frOID 2 to 15
rnrcrons have been obtained and interpreted. Oxirane derivatives of terIDinally
IDonounsaturated COlDpounds show two characteristic absorption bands near
11 and 12 rnfcrorrs; oxirane derivatives of cis IDonounsaturated fatty acids, esters,
and alcohols show a characteristic band at 11.8 to 12 rnicrorrs, whereas those
frOID the trans Isorners show a band at 11.2 to 11.4 rrricrorrsj absorption bands
characteristic of 5- and 6-IDeIDbered carbon-oxygen rings have been noted. The
spectra of the long-chain epoxy acids and alcohols are dependent on physical
state. The spectra are pnirrrarfly intended to serve as reference data in the ap
plication of infrared specf.ropkiotorne'tr-ic rnet.hods to the analyses of autoxidation
mfxt.ures,

I N SPECULATING on the mechanism of the reaction of un
saturated compounds with oxygen, some investigators have

postulated that various kinds of heterocyclic oxygen ring com
pounds are formed. There is no reliable evidence of any type of
heterocyclic oxygen ring compound except oxirane compounds,
which have been isolated from such reactions. Even when oxi
rane compounds are not isolated, they can be determined quanti
tatively in systems involving oxidation of monounsaturated
compounds (11). In the oxidation of polyunsaturated com
pounds, however, conjugated materials, which form early in the
reaction, interfere with the analytical determination of oxirane
compounds. The authors know of no specific analytical method
for detection or quantitative determination of other types of ring
oxygen, especially when present in small quantities and with
other functional groups.

For the qualitative (3), as well as the quantitative or semi
quantitative (1), determination of functional groups, infrared
spectroscopy has recently become a useful tool. Little has been
reported, however, on the spectra of heterocyclic oxygen com

pounds. The few published spectra (2) cover only a limited'
range, and the purity of the compounds is unknown.

Since this paper was submitted, Field, Cole, and Woodford (4)
reported infrared absorption data on eight oxirane compounds.
They concluded that only the 1250 cm.:? (81t) band could be
identified with reasonable certainty as characteristic of the oxi
rane group.

Before infrared spectroscopy. can be used to detect the pres
ence or absence of heterocyclic oxygen ring compounds in oxida
tion reaction mixtures, and in other applications, it is essential to
have reference spectra of pure compounds. This paper, which re
ports an extension of earlier work (7), gives the infrared ab
sorption spectra from 2 to 15 microns of thirteen pure oxirane com
pounds, tetrahydropyran, tetrahydrofuran, and dioxane. The
.spectra are interpreted in the discussion.

EXPERIMENTAL

Spectrophotometer. The spectrophotometer and techniques
used were identical with those described in a previous paper
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strong bands near 10.9 and
11.9 microns are caused by
motions of the oxirane ring,
which vibrates as a unit.

Oxirane Compounds of
Lower Molecular Weight.
Figure 2 shows spectra of four
additional compounds that
contain the oxirane ring in the
terminal position. The origin
of many of the bands can be
deduced from the molecular
structure, in conjunction with
well-known frequency assign- .
ments. All four compounds
show strong bands in the
vicinity of those observed near
11 and 12 microns in the long-

. chain oxirane compounds of
Figure 1. Propylene oxide and
glycidol show these bands
altered in relative intensity but
at nearly the same wave lengths

as do the compounds of Figure 1. In the spectrum of 3,4-epoxy-1-
butene, however, the longer wave-length band of this pair has
undergone a considerable shift, probably as a result of the effect of
the adjacent double bond on the vibration involved. Ambiguity
arises in the spectrum of 1-phenyl-1,2-epoxyethane (styrene
monoxide) because of the possibility that strong bands in this
region are caused by the monosubstituted aromatic ring.
(Styrene, for example, has a strong band at 11 microns.)

Oxirane Derivatives of Long-Chain 9-Monounsaturated Acids.
Esters, and 'Alcohols. From the foregoing discussion, it may be
tentatively concluded that an oxirane ring in the terminal posi
tion in a molecule causes a pair of absorption bands near 11 and
12 microns. Figure 3 shows spectra of the oxirane derivatives
of oleic acid, methyl oleate, and oleyl alcohol; also shown are
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Table 1.

RESULTS AND DISCUSSION

Thermally treated cis-9,lO
epoxystearic acid

Reference Compound

Glycidol
Propylene oxide
3,4-Epoxy-1-butene
1,4-Dioxane
Tetrahydrofuran
Tetrahydropyran
1-Phenyl-1,2-epoxyethane

(styrene oxide)
l,2-Epoxydecane
l,2-Epoxydodecane
l,2-Epoxytetradecane
cis-9,lO-Epoxystearic acid
trans-9,10-Epoxystearic acid
Methyl cis-9,lO-epoxystear-

ate
Methyl trans-9,10 epoxy-

stearate
cis-9,lO-Epoxyoctadecanol
trans-9,lO-Epoxy·octadecanol

n-Decane

(7). The spectra of the liquids were determined in a 0.033-mm.
liquid cell, except the spectrum of glycidol, which was determined
in .a 0.015-mm. cell. The spectra of the solid compounds were
determined on 10% solutions in carbon bisulfide in a 0.115-mm.
cell and also on the solid as Nujol mulls.

Materials Used. The reference compounds employed, some
of their characteristics, and methods of preparation are shown
in Table 1.

Figures 1 to 6 show spectra for the various compounds as
plots of per cent transmission against wave length in microns on
a linear wave-length scale. Wave-length positions of absorption
maxima, read from the original records, are shown on each
curve.

Oxirane Derivatives of
Long-Chain Ole fins. To de
termine the effect of introduc
ing the oxirane ring into a
long-chain compound, spectra
of the oxirane derivatives of
three terminally unsaturated
long-chain olefins (I-decene,
1-dodecene, and l-tetra
decene) were obtained. In
Figure 1 these spectra are
compared with that of a
standard National Bureau of
Standards sample of n-decane
at the same cell thickness.
Bands of medium intensity
near 7.0, 7.9, and 8.8, as well
as two strong bands near 10.9
and 11.9 microns, are present
in the spectra of the three
oxirane derivatives but ab
sent in that of the hydrocar
bon. I-Dodecene and
I-tetradecene, like the satu
rated hydrocarbon, do not
absorb appreciably at these
wave lengths at comparable
sample thickness. Probably
the first three of these bands
are caused by various 0-0
vibration modes, and the two
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Figure 2. Infrared Spectra of SOIne Pure Oxirane COITlpounds of Lower

Molecular Weight

were also used as finely divided
powders dispersed in Nujol
(Figure 4). Although some
minor differences were ex
pected, the marked changes
observed were surprising.

Comparison of Spectra of
Epoxy Acids in the Solid State
and in Solution. In a pre
vious paper (7) it was pointed
out that the long-chain fatty
acids show several common
spectral features, with reference
to both position and general
pattern of absorption maxima.
As implied in the comparison
with stearic acid above, the
spectra of solutions of the two
epoxy acids (Figure 3) ex
hibit all these typical spectral
features, and therefore show
a general resemblance to the
spectra of unmodified fatty
acids. In the spectra of solids
(Figure 4), however, several of
these typical absorption pat
terns have undergone drastic
alteration. The broad absorp-
tion which appears in the 8
rnicron region in the spec

tra of long-chain acids (7) is normal in the spectra of the epoxy
acids in solution (Figure 3), but is replaced in the spectra of the
solids by a series of sharp, well-resolved bands. These are in
tense in the cis-epoxy acid but weak in the trans-epoxy acid. The
broad band near 10.7 microns, typical of acids (7), is normal in the
spectra of solutions; in the spectrum of the cis-epoxy acid in the
solid state, the strong IO.9-micron band probably corresponds to'
this absorption. If so, a substantial shift in wave length, to
gether with a sharpening and increase in intensity (relative to
other bands) has occurred. In the trans-epoxy acid, the weak
ll.l-micron band evidently corresponds to this absorption, indi
cating an even greater shift and a decrease rather than an increase
in intensity. The 13.9-micron band, related to CH. rocking mo
tions in the long-chain acids (7), is also normal in the solution
spectra of the epoxy acids. In the spectra of solids, the absorp
tion of Nujol near this wave length obscures the issue; it is appar
ent, however, that this band in the spectrum of the cis-epoxy
compound is either shifted to a shorter wave length or has been
resolved into a doublet, probably the latter. In the spectrum of
the trans-epoxy acid, this absorption appears as a single band in
the spectra of both solution and solid. The weak band near 3.7
microns, believed to be a branch of the O-H ... 0 "association"
band in the spectra of fatty acids (7), appears to be normal in the
spectra of solutions but is absent in the spectrum of the solid
trans-epoxy acid and nearly absent in that of the cis-epoxy acid.

In addition to the alterations in the various absorption maxima
which are typical of long-chain fatty acids, the 12-micron band
attributed to the oxirane ring in the spectrum of the solution of
the cis-epoxy acid has shifted to 11.8 microns in the spectrum of
the solid and is greatly increased in sharpness and intensity.
A similar increase, together with a shift from 11.2 to about 1l.4
microns, has occurred in the oxirane ring band in the spectrum of
the trans-epoxy acid. In general, the transition from solution to
solid seems to be more marked for the cis- than for the trans
epoxy acid.

Comparison of' Spectra of Epoxy Alcohols in the Solid State
and in Solution. Although the spectra of solution of the two
epoxy alcohols (Figure 3) show all the features common to long-
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'the spectra of the oxirane derivatives of the trans isomers of
these three compounds (elaidic acid, methyl elaidate, and elaidyl
alcohol). The effect of introducing the oxirane group into these
long-chain acids, esters, and alcohols is best illustrated by com
paring (a) the spectrum of each epoxy acid with that of stearic
acid, (b) the spectrum of each epoxy ester with that of methyl
stearate, and (c) the spectrum of each epoxy alcohol with that of
stearyl alcohol (n-octadecanol). The three spectrarequi~ed

for this comparison were discussed in a previous paper (6).
Such a comparison shows that the spectra of the cis-epoxy acid,
ester, and alcohol are qualitatively SImilar to those of stearic
acid, methyl stearate, and n-octadecanol, respectively, except
for a new band near 12 microns in each case. Similarly, the
spectra of the trans-epoxy acid, ester, and alcohol show close
qualitative similarity to those of stearic acid, methyl stearate,
and n-octadecanol, respectively, except for a new band near
1l.2 microns. The 1l.2-micron band in each of the trans oxirane
compounds is somewhat stronger relative to other bands in the.
spectrum than is the. 12-micron band in the corresponding cis
compound. By analogy with the changes caused by introducing
the oxirane ring into the long-chain hydrocarbons, these changes
in the 7-, 7.9-, and 8.8-micron region were expected. Because
C-O linkages are already present in the comparison compounds,
however, such changes are not readily apparent.

On the basis of these observations, together with those noted
in connection with the spectra of Figures 1 and 2, the authors have
tentatively concluded that the oxirane ring in oxirane compounds
.derived from long-chain internally monounsaturated compounds
having the cis configuration at the double bond causes an absorp
tion band near 12 microns. This ring in the corresponding trans
-cornpounds causes a band near 11.2 microns. If the oxirane com
pound is derived from a terminally unsaturated compound, bands

.appear near both these wave lengths.
Effect of Physical State on Spectra of Solid Long-Chain Oxi

.rane Compounds. The spectra shown in Figure 3 for the solid
-oxirane compounds (the epoxy acids and alcohols) were deter
mined on solutions of these compounds in carbon bisulfide. To
.determine their spectra in the solid state, these four compounds'
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maxima, with consequent broadening and decrease of over-all in
.tensity of the observed band.

Differences between spectra of solids and solutions are usually
minor, as compared with those shown here, and the more marked
differences are usually attributable to differences in degree of as
sociation through polar groups. The effect observed in this work,
however, emphasizes the pitfalls that may be encountered in at
tempting to deduce molecular structure from spectra obtained on
compounds in a given physical state on the basis of reference spec
tra obtained on them in a different state.

The authors have evidence that the spectra of some other solid
oxygenated derivatives of the long-chain fatty acids, esters, and
alcohols may depend on physical state. Additional oxygenated
types are being investigated.
. Spectra of Liquid Oxirane Compounds. The marked dif
ferences between spectra of the solid oxirane compounds in solu
tion and in the solid state suggested a similar comparison between
spectra of liquid' compounds in the liquid and the solution state.
Such a comparison was made for 1,2-epoxydecane, propylene
oxide, and cis-methyl-9,10-epoxystearate (from methyl oleate).
Except for a few slight shifts in the position of absorption maxima,
and some changes in width of bands, the spectra of solutions
closely resembled those shown in Figures 1, 2, and 3 for these
compounds in the liquid state.
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Figure 3. Infrared Spectra of Pure Oxirane Derivatives of Long-Chain 9-Mono
unsaturated Acids, Esters, and Alcohols
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chain alcohols, the following
changes are apparent in
spectra of the solids (Figure
4) : As expected, the hy
droxyl stretching band near
2.8 microns in the spectra of
solutions shifts to about 3.0
microns as a result of in
creased hydrogen bonding;
the hydroxyl bending absorp
tion near 9.5 microns, com
mon to long-chain alcohols,
shifts to about 9.3 microns;
and the CH2 rocking absorp
tion at 13.9 microns, as in the
spectrum of the cis-epoxy
acid, is apparently resolved
into a doublet.

In addition to these changes
in the typical long-chain
alcohol absorption bands, a
number of new bands, entirely
absent in spectra of the solu
tions, appear throughout
spectra of the solids beyond
about 8 microns as in the
epoxy acids. The cis oxirane
ring band has shifted from
12 to about 1l.8 microns,
the trans oxirane band has
shifted from 11.2 to about
11.4 microns, and both bands
are sharper and more intense.

Although some of the
marked effects of physical
state on the spectra of the
solid epoxy compounds can be
attributed to formation 01'

breaking of hydrogen bonds
or to dipolar association,
many of the differences can
not be explained on this
basis A similar phenomenon
has been observed by
Richards and Thompson
(6) in spectra of nonpolar hydrocarbons, compared in the
solid and molten state. These workers found that the effect was
more pronounced with long-chain paraffins than with "more rigid
structures" such as the alkyl-substituted benzenes. As in the
present case, many broad bands in the spectra of liquids split into
two or more bands in the spectra of solids and, in general, bands
in the spectra of solids were more numerous and sharper. As
suggested by Richards and Thompson, passage from the liquid (01'

solution) to the solid state may involve changes in the potential
energy functions associated with molecular vibration, and altera
tion in molecular symmetry and ordered arrangement may result
in changes in the selection rules and principles governing the in
frared activity of vibrations.

As noted above, the absorption band attributed to a vibration
of the oxirane ring appears broad and weak in the spectra of solu
tions but sharp and strong in those of solids. This change may be
related, at least in part, to the fact that in the ordered crystal
state all individual groups of a given type probably vibrate in
nearly identical field environments, and therefore absorb at nearly
identical frequencies. The total absorption for all such groups
would be concentrated over a narrow frequency range, producing
a strong sharp band. In the unordered solution (or molten)
state, however, variations in the environment of the individual
groups would cause variations in exact positions of absorption
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Figure 5. Infrared Spectrmll of 'I'herrnutly Pofyrrrerfzed cis-9,lO-Epoxystearic Acid

shifted to about 3 microns and
intensified. In general, how
ever, the over-all effect was less
pronounced than that described
above for the solid epoxy com
pounds.

Effect of Heat on Spectrum
of 9, IO-Epoxystearic Acid.
Thermal polymerization of the
9,1O-epoxystearic acids causes
the disappearance of oxirane
and carboxyl groups and the
formation of secondary hy
droxyl groups' (8). The effect
of such treatment on the spec
trum is seen by comparing the
spectrum of cis-9,10-epoxy
stearic acid (Figure 4) with that
of a sample Which had been
heated for 26 hours at 100 0

(Figure 5). The strong, sharp
oxirane ring band near 11.8
microns and the band presum
ably due to carboxylic O-H
bending near 10.9 microns have
disappeared. A new band at
2.8. microns shows the forma
tion of alcoholic hydroxyl
groups, and the greatly in
creased absorption in the 8-mi
cron region results from an in
crease in ester linkages. The
sharp band structure character
istic of the crystal state has dis
appeared, and the CH2 wag
ging absorption near 13.8 mi
crons appears as a single band
rather than as the doublet ob
served in the spectrum of the
solid.

Other Epoxy Compounds.
Figure 6 shows spectra of some
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Figure 4. Infrared Spectra of Pure Oxirane Derivatives of Long-Chain 9-Mono
unsaturated Acids and Alcohols in the Solid State
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Figure 6. Infrared Spectra of Epoxy Cornporrrrds Containing 5- and 6-Melllbered
Rings

.03 MM. CELL

.03 MM. CELL

n·
'".. ..

N ~

o Oi =:::

:~O40

~ 2 -
II)

~ :~=~ 40
~ 2
~

~:la. 40

20 TETRAHYDROFURAN

21 II 13111141.11 151 11 161 I I 171 11181 1+1911 I IIbl I 111I11 11121 I I 11311 11141 I J 115
WAVELENGTH, MICRONS

Comparison of Spectra of
Stearic Acid and n-Octadeca
nol in the Solid State and
in Solution. Again because of
the marked effect of physical
state on the spectra of the solid
epoxy acids and alcohols, the
spectra of stearic acid and n
octadecanol, previously re
ported as spectra of solu
tions (7), were redetermined
in .the solid state. In both,
the 13.9-micron band became a
doublet, and a few very weak
new bands appeared in the 8
micron region in the spectrum
of stearic acid and in the 10
micron region in the spectrum
of n-octadecanol. The 9.5
micron O-H bending band in
the spectrum of n-octadecanol
became sharper, and the 2.7-mi
cron O-H stretching band was
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epoxy compounds that contain 5- and 6-membered rings. In
addition to strong ether absorption in the 9-micron region,
these compounds show strong bands in the 11- to 12-micron
region. Although additional reference spectra will be required
before generalizing, the common band near 11.4 microns in the
spectra of tetrahydropyran and dioxane is probably characteristic
of the 6-membered heterocyclic oxygen ring in these compounds.
Similarly, the l l-micron band in the tetrahydrofuran spectrum is
probably characteristic of the 5-membered heterocyclic oxygen
ring. The spectra of other compounds that contain similar rings
confirm this assumption, but the purity of these additional com
pounds was not sufficiently certain to justify presentation of their
spectra here.
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Infrared Absorption Spectra of Some Hydroperoxides,
Peroxides, and Related Compounds

O. D. SHREVE AND M. R. HEETHER, E. 1. du Pont de Nemours & Co., Inc., AND

H. B. KNIGHT AND DANIEL SWERN, Eastern Regional Research Laboratory, Philadelphia, Pa,

The formation of peroxidic substances during autoxidation of unsaturated mate
rials derived from. fats and other substances has long been known, but their
structure, quantity, and mechanisms of formation have not been adequately
established. Infrared absorption spectra of a series of pure hydroperoxides,
peroxides, and related compounds from 2 to 15 mi.crons have been obtained and
interpreted. On the basis of empirical analysis of the spectra of the hydro
peroxides and their parent compounds it has been tentatively concluded that the
hydroperoxide group gives rise to a characteristic absorption band near 12 mi
crons. Study of the spectra of peroxides indicates that the peroxide linkage
probably gives rise to a strong absorption band in the 10- to 12-micron region, but
the frequency corresponding to this band is sensitive to changes in the structure
of the groups attached to the peroxide linkage. The spectra are primarily in
tended to serve as reference data in the application of infrared spectrophoto
rnetrfe methods to the analyses of autoxidationrnixtures.

THE formation of peroxidic substances during the reaction
of unsaturated materials with oxygen has been known for a

long time, but the structure of these reaction products, as well
as the mechanism of their formation, has not been completely
established. Originally, it was proposed that all the oxygen
combined directly with the double bond, yielding a product which
was saturated and contained some kind of cyclic peroxide struc
ture (9-13). The recent isolation from oxidized nonconjugated
olefins of pure a-methylene hydroperoxides, in which the double
bond was still intact (7, 17, 18,21), suggested to some investiga
tors that hydroperoxides must be the initial products of oxidation.
Consideration of the high energy requirements for hydroperoxide
formation, however, coupled with the .fact that conjugated com
pounds containing a-methylene groups autoxidize by addition
of oxygen at the double bond, prompted Farmer (14-16) to
suggest that autoxidation of olefins is universally initiated by
addition of oxygen at the double bond of a few molecules only,
forming free radicals. Subsequent reaction occurs by chain
reactions in which the free radicals attack the a-methylene
position. In contrast to this, 'Hilditch and co-workers (2, 20)
have reported that at 20° peroxidation of methyl-oleate occurs
to a large extent at a-methylene groups, whereas at significantly

higher temperatures double bond attack predominates. Bolland
and Hughes (5), however, have reported that in the autoxidation
of the polyolefin, squalene, two of the oxygen atoms form a hydro
peroxide group and the remaining two form an intramolecular
peroxide ring.

These differences in opinion have prompted the authors to
consider the use of a physical method in studying the nature of
the peroxidic substances formed during the initial stage of oxida
tion. The main advantage of a physical method in oxidation
studies would be the possibility of eliminating the need for iso
lating labile substances present only in small amounts.

In a relatively short time, infrared spectroscopy has achieved
marked success in the qualitative and quantitative determination
of oxygen-containing functional groups, in a large number of
both short-chain and long-chain compounds (J, 3, 4, 24, 25).
The literature on organic peroxides, however, is extremely sparse,
and in only a few isolated cases has infrared spectroscopy been
employed in oxidation studies (6, 8, 19, 22). In these investiga
tions, however, no report was made of the use of infrared tech
niques in determining the nature of the peroxidic substances
formed.
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Interpretation of the spectra is given in

EXPERIMENTAL

from 2 to 15 microns.
the discussion.

Spectrophotometer. The spectrophotometer and the technique
for obtaining the spectra have been described (24). All compounds
which were liquid at room temperature were run directly in a

standard Beckman liquid cell.
Tetralin hydroperoxide, a solid,
was run as a 10% solution in
carbon disulfide. Benzoyl
peroxide, whose solubility in
carbon disulfide is compara
tively low, was run as an ap
proximately 4% solution:

Materials Used. Tetralin;
Tetralin hydroperoxide, melt
ing point 54.0-54.5 0

; cumene
hydroperoxide, boiling poin t
65 0 at 0.1 mm. andn'ij 1.5221;
cyclohexene; cyclohexene hy
droperoxide, boiling point
40-41 0 at 0.2 mm. and n 2r?
1.4892; tert- bu ty I hydro
peroxide, boiling point 34.5-35 0

at 13 mm. and n'ij 1.3987; and
di-tert-butyl peroxide, boiling
point 38.3 0 at 51 mm. and n 2J
1.3865, were prepared as de
scribed in a previous publica
tion (23). Cumene (isopropyl
benzene), boiling point 152 0

and n 2r? 1.4910, and tert-butyl
alcohol, boiling point 82 0 at
748 mm. and n 2r? 1.3878, were
obtained by efficient fractional
distillation of the purest com
mercial grades. Benzoyl per
oxide was the purest commer
cial grade and was used as re
ceived. Methyl oleate hydro
peroxide (purity 69%) was sup
plied by C. E. Swift. of the
Southern Regional Research
Laboratory.
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Before it is possible to use infrared spectroscopy as a tool in
determining the constitution and quantity of the various types
of peroxidic substances formed during the autoxidation of
compounds derived from fats and other materials, it is necessary
to have available reference spectra on .pure model compounds.
In this paper are reported the infrared absorption spectra of a
series of pure hydroperoxides, peroxides, and related compounds

.Figure 1. Infrared Spectra of Pure Hydroperoxides and Parent Compounds
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Figure 2. Infrared Spectra of Pure Hydroperoxides and Parent Compounds
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The spectra of the four pure
hydroperoxides studied (tert
butyl hydroperoxide, cyclo
hexene hydroperoxide, Tetralin
hydroperoxide, and cumene hy
droperoxide) and those of the
parent compounds from which
they are derived are shown in
Figures 1 and 2. Figure 3
shows the spectra of two pure
peroxides. Sample form is indi
cated in the lower right-hand
corner and exact wave-length
positions of absorption maxima
are indicated on each curve.

Common Absorption Bands
Attributable to Vibrations of
Hydroperoxide Group. Be
cause of the importance of
hydroperoxides in studies of
oxidation mechanisms, it is of
primary interest to examine
the spectra of Figures 1 and 2
for absorption bands which
might be related to vibrations
of the O-O-H (hydroper
oxide) linkage. All bands in
an infrared spectrum arise from
vibrations of the molecule as a
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In general, the introduction of a substituent into a ring compound
brings about marked changes in the spectrum. Because the
preparation of cyclohexene and Tetralin hydroperoxides involves
the introduction of O-O-H group into a ring, the spectra of these
compounds do not retain many of the 'spectral features charac
teristic of the parent compounds. In the case of cumene hydro
peroxide, however, no new substituent has entered the ring and
most of the spectral features of the parent cumene persist in
the hydroperoxide spectrum, although some wave-length shifts
and changes in intensity are apparent. The following bands
which appear in the cumene spectrum are usually observed at
approximately comparable wave lengths in a variety of mono
substituted aromatic compounds: the strong bands at 13.2 and
14.3 microns associated with the benzenoid structure; sharp
bands near 9.3 and 9.8 microns; two bands near 6.2 and 6.7
microns; the 3.3- and 6.9-micron bands; and the doublet near
7.2 and 7.4 microns. The last bands mentioned are related
to C-H stretching, C-H bending, and methyl group deforma
tion, respectively. The additional sharp band seen in the 9- to 10
micron region (near 9.6) may possibly be related to vibrations
of the isopropyl group in this compound, although a shorter
wave-length range has been assigned to vibrations of this group
(4, 26). All these bands persist in the cumene hydroperoxide
spectrum, if it can be assumed that the 9- and 9.3-micron bands
in the hydroperoxide represent the 9.2- and 9.6-micron bands
shifted to somewhat shorter wave length and that the 6.2-micron
band has merely undergone a decrease in intensity. Thus it
would seem that all but three of the strong bands in the cumene
hydroperoxide spectrum can probably be assigned to various vi
brations of the cumene residue in the molecule. This leaves three
strong bands to account for. Of these three, the two at 7.9 and 8.7
microns (unlike the 12-micron band) are not common to all four
hydroperoxides. This leaves the strong 12-micron band as the
most probable assignment to a vibration involving the peroxide
linkage in the O-O-H group or possibly a bending motion of the
hydroperoxide group as a unit.

Because of the complications incident to ring substitution, the
assignment of the 12-micron band to a vibration of the hydro
peroxide group in cyclohexene hydroperoxide and Tetralin
hydroperoxide is less certain. However, in. view of the above
arguments for the probable reliability of the assignment in the
cases of teTt-butyl and cumene hydroperoxides, together with the
fact that the band does appear in all four cases, the authors have
tentatively concluded that the presence of the hydroperoxide
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whole, and it is not strictly
correct to think in terms 'of
vibrations of a particular link
age within the molecule.
Nevertheless, it is a well-known
empirically established fact
that many functional groups
and specific structural units do
give rise to bands whose fre
quencies are substantially in
dependent of the structure of
the remainder of the molecule.
One band whose wave-length
position can almost always be
relied on to remain nearly con
stant with change in molecular
structure is that due to O-H
stretching vibration. As ex
pected, all four hydroperoxides
exhibit this band near 2.8
microns. Comparison with
the teTt-butyl alcohol spec-
trum indicates no appreciable
difference between the hydro-'
peroxidic and the alcoholic
O-H stretching frequency. Dilution with carbon disulfide
shifts the O-H absorption maximum to shorter wave length
in both cases, indicating considerable hydrogen bonding in the
condensed state.

In attempting to select an absorption band that might be
attributed to vibrations within the hydroperoxide group, or
vibrations of that group moving as a unit, it seems best to con
sider first the spectrum of teTt-butyl hydroperoxide in relation
to that of its parent compound, teTt-butyl alcohol. These com
pounds differ only in the substitution of O-O-H for O-H in
the molecule, and their spectra are less complex than those of the
other compounds of Figures 1 and 2. The following bands which
appear in both spectra can be assigned with reasonable certainty
as indicated: a band' near 2.8 microns due to O-H stretching;
bands near 3.3 and 6.8 microns due to C-H stretching and bend
-ing respectively; a band near 7.3 microns related to symmetrical
deformation vibrations of the methyl groups (3, 26); and two
bands at 8 and 8.4 microns related to vibrations of the iert
butyl structure (4, 26). The two bands at 9.8 and 13.4 microns
are of uncertain origin, but both are present in both spectra. Thus,
the only marked consequence of replacing O-H by O-O-H
in this case is the disappearance of the strong band at 11 microns

"-(possibly related to OH bending motions in the -C--OH struc-
/

ture) and the appearance of two new bands, a weak one near
11.3 and a strong one near 11.8 microns. From this it is con
cluded that if a band exists between 2 and 15 microns (other than
the O-H stretching band) which can be attributed to a vibration
within the hydroperoxide group (or of that group moving as a
unit), the 11.3- and 11.8-micron bands represent the only pos
sibilities. Because bands arising from vibrations of oxygenated
groups are usually strong, the strong 11.8-micron band is the
most likely choice.

Having thus established a limited spectral region as a definite
possibility, it is now of interest to examine the spectra of the
remaining three hydroperoxides in relation to those of their parent
compounds in the vicinity of 11.8 microns. On so doing it is
found that each of the three does indeed exhibit an absorption
band near 12 microns which is absent in the corresponding
parent compound.

The argument for assigning the band near 12 microns to a
vibration of the O-O-H group is strengthened on further con
sideration of the cumene and cumene hydroperoxide spectra.
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group in an organic molecule gives rise to an absorption band in
the vicinity of 12 microns.

Aside from the assignments already mentioned, no further
interpretation of the complex cyclohexene and Tetralin hydro
peroxide spectra will be attempted. One interesting feature
of the cyclohexene hydroperoxide spectrum, however, should be
noted. While the 6-micron C = C stretching band in the cyclo
hexene spectrum is only moderately strong, the intensity of this
absorption in cyclohexene hydroperoxide has been greatly en
hanced. The change in molecular symmetry resulting from
substitution of the O-O-H group on a carbon adjacent to the
double bond has evidently brought about a marked increase in
the infrared activity of this vibration.

Included in Figure 3 is an absorption curve run on methyl
oleate hydroperoxide (purity 69%). The broad absorption near
11.7 microns represents a considerable increase over that ob
served in the spectrum of a sample of pure methyl oleate. Some
of this increased absorption probably arises from the hydro
peroxide groups present, but conclusions on this point must
await the availability of a pure sample of methyl oleate hydro
peroxide, which the authors are now attempting to prepare.
The failure to observe a stronger increase in absorption in the
12-micron region than was actually obtained might seem sur
prising. It has been observed, however, in studies (24, 25) of
other oxygenated long-chain compounds containing oxirane and
hydroxy groups, that in the liquid or solution state the absorp
tion bands attributable to these oxygen-containing groups are
broad and weak, whereas in the solid state they are sharp and
intense. This suggests that infrared spectra of mixtures of
oxidation products 'b~ determined at low temperatures in the
solid state to bring out bands which are broad and weak in the
liquid state. The strong O-H stretching band near 2.8 microns
arises from hydroperoxidic hydroxyl and other types of hy
droxyl groups present in this complex mixture. The strong band
at 10.36 microns (not present in methyl oleate) is characteristic
of trans-octadecenoic acids and esters, thus indicating that geo
metric isomers may be formed under the oxidizing conditions
employed in preparing this mixture from methyl oleate.

PEROXIDES

Only two pure peroxides were available for study at the time
of this report. Their spectra are shown in Figure 3.

Di-rerr-Butyl Peroxide. The spectrum of this compound
bears a strong over-all resemblance to those of tert-butyl alcohol
and tel·t-butyl hydroperoxide. From the discussion of the latter
two spectra it will be clear that all bands in the di-tert-butyl
peroxide spectrum can probably be attributed to vibrations of
the alkyl residues, with the exception of the strong band near
11.4 microns and the very weak band at 11 microns. Thus by
reasoning similar to that employed in the analysis of the tert
butyl hydroperoxide spectrum it may be concluded that the 11.4
micron band is the only band that could possibly be related
to vibrations of the peroxide linkage in this molecule.

Benzoyl Peroxide. Although, in view of the above, this com
pound might have been expected to show an absorption band
near 11.4 microns, no such band is present. In the benzoyl
peroxide spectrum only three strong bands occur in the longer
wave-length region. That at 14.3 microns is related to vibra
tions of the phenyl ring (4, 26) and that at 8 microns is very likely
related to a C-O stretching vibration (4, 24-26). If, therefore,
any band is assignable. at the present time to a vibration of the
peroxide linkage, the 10-micron band represents the most prob
able choice. Thus if the highly tentative assignment of the 11.4
micron band in di-tert-butyl peroxide and the lO-micron band in
benzoyl peroxide to a vibration of the 0-0 linkage is correct in
both cases, the vibration frequency involved must be sensitive to
changes in the structure of the two groups attached to the 0-0
linkage. Although the authors have not yet studied additional
pure peroxides, infrared spectra of several additional peroxides
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(some claimed to be pure and others of uncertain purity) are
included in a commercially available catalog of spectra. Ex
amination of these spectra reveals the interesting fact that those
containing aryl groups attached to the peroxide linkage (phthaloyl
peroxide, p-chlorobenzoyl peroxide, and benzaldehyde peroxide)
all show a strong band near 10 microns in common with that ob
served in benzoyl peroxide. Two acyl-type peroxides in this file
show common absorption near 9.4 microns. Several others con
'taining widely variable substituent groups show no common band
that could be attributed to a vibration of the peroxide linkage.

From these observations, it seems likely that absorption due
to the peroxide linkage will vary widely with the nature of the
attached groups. In view of the existence of a common band
(10 microns) in the four aryl peroxides mentioned above, how
ever, it may be possible to assign a fairly narrow wave-length
range to this type of vibration in each of several classes of per
oxides whose individual members are closely related.

COMMENTS AND CONCLUSIONS

The potentialities of the infrared method as applied to any
type of chemical problem cannot be assessed until spectra of
appropriate pure compounds are available for reference. Thus
the spectra presented here should be useful in connection with the
possible application of this method to a wide variety of problems
involving peroxides and hydroperoxides. When sufficient
reference spectra of this type are available, it may be possible
to distinguish various types of peroxide compounds involved
in oxidation and other studies and to determine one type in the
presence of others by this physical method of analysis.

ACKNOWLEDGMENT

The authors are grateful to R. E. Koos of the Eastern Regional
Research Laboratory for the preparation and analysis of some of
the reference compounds, and to C. E. Swift of the Southern
Regional Research Laboratory for the methyl oleate hydro
peroxide (purity 69%).

LITERATURE CITED

(1) Anderson. J. A., and Seyfried, W. D., ANAL. CHEM., 20, 998
(1948).

(2) Atherton, D., and Hilditch, T. P., J. Chem, Soc., 1944, 105.
(3) Barnes, R. B., Gore, R. C., Liddel, U., and Williams, V. Z., "In

frared Spectroscopy," New York, Reinhold Publishing Corp.,
1944.'

(4) Barnes, R. B., Gore, R. C., Stafford, R. W., and Williams, V. Z.,
ANAL. CHEM., 20, 402 (1948).

(5) Bolland, J. L., and Hughes, H., J. Chern, Soc., 1949, 492.
(6) Cole, J. 0., and Field, J. E., Ind. Eng. Chem., 39, 174 (1947).
(7) Criegee, R., Pilz, H., and Flygare, H., Ber., 72,1799 (1939).
(8) Dugan, L. R., Beadle, B. W., and Henick, A. S., J. Am. Oil

Chemists' Soc., 26, 681 (1949).
(9) Engler, C., Ber., 33, 1090 (1900).

(10) Ibid., p. 1097.
(11) Ibid., p. 1109.
(12) Engler, C., and Weissberg, J., Ibid., 31, 3046 (1898).
(13) Engler, C., and Wild, W., Ibid., 30,1669 (1897).
(14) Farmer, E. H., J. Soc. Chem, Ind., 66, 86 (1947).
(15) Farmer, E. H., Trans. Faraday Soc., 42, 228 (1946).
(16) Farmer, E. H., Trans. Inst. Rubber Ind., 21,122 (1945),
(17) Farmer, E. H., and Sundralingam, A., J. Chem, Soc., 1942,121.
(18) Farmer, E. H., and Sutton, D. A., Ibid., 1943, 119.
(19) Gamble, D. L., and Barnett, C. E., Ind. Eng. Chem, , 32, 375

(1940).
(20) Gunstone, }C. D., and Hilditch, T. P., J. Chem. Soc., 1945,836.
(21) Hock, H., and Schrader, 0., Naturwissenschajten, 24, 159 (1936).
(22) Honn, F. J., Bezman, 1. 1., and Daubert, B. F., J. Am. Chern,

Soc., 71, 812 (1949).
(23) Knight, H. B., and Swern, D., J. Am. Oil Chemists' Soc., 26, 366

(1949).
(24) Shreve, O. D., Heether, M. R., Knight, H. B., and Swern, D.,

ANAL. CHEM., 22. 1498(1950).
(25) Ibid., 23, 277 (1951).
(26) Thompson, H. W., J. Chern:Soc., 1948, 328.

RECEIVED May 19, 1950. Presented before the Division of Organic Chem
istry at the 177th Meeting of the AMERICAN CHEMICAL SOCIETY, Philadel
phia. Pa. Report of a study in which certain phases were carried on under
the Research and Marketing Act of 1946. Paper VII in the series "Reac
tions of Fatty Materials with Oxygen." Paper VI is (25).



Xylene Cyanole FF, Redox Indicator
HAZEI_ M. TOMLINSON, OTTO T. AEPLF, AND HELEN M. EBERT2

Temple University, Philadelphia, Pa.

In searching for a redox indicator giving a pronounced color change at the
equivalence point in determinations of certain metallic ions with ferrocyanide,
one of the dyes added to the conventional indicators was xylene cyanole FF.
This dye was found to be a suitable redox indicator for titrations of arsenite,
ferrocyanide; and ferrous ions with ceric sulfate. The values thus obtained
were in excellent agreement with those determined potentiometrically as well
as with better known indicators. Attempts were then made to determine the
transition and oxidation potentials over a range of acid concentrations.

.XYLENE cyanole FF, a dye of the triphenyl carbinol type, is
_ well known through its use in modified methyl orange indi
cator (6). Weinberg (12), who patented a method forits manu
facture, stated that reducing agents transformed the dyestuff into
the leucoform. Brahmajirao (2) has reported that it is oxidized
irreversibly by potassium dichromate and is unsuitable for the
determination of ferrous ion by this oxidant.

1.5 M in hydrochloric acid were found to yield almost identical
values. In these titrations also, the blanks did not exceed 0.01 ml.
of 0.05 N eerie sulfate.

Table II. Comparison of Xylene Cyanole FF with Other
Indicators in Mohr's Salt Titrations with Ceric Sulfate

Table I. Comparison of Xylene Cyanole FF with Other'
lnd.icators in Potassirrm Ferrocyanide Trtrations . with

Ceric Sulfate

EXPERIMJ<;NTA L

The authors (1) have found that xylene cyanole FF serves as
well as does ferroin in the standardization of eerie sulfate with
arsenious acid based on the method of Gleu (5). In four such
analyses using ferroin indicator, the normality of a eerie sulfate
solution was 0.05783 ± 0.00001; in four similar titrations in
which xylene cyanole FF indicator was used, the average value of
the normality of this same eerie sulfate solution was 0.05782 ±

0.00001.
Also, the results obtained in titrations of ferrocyanide ions

with eerie sulfate using either eriogreen or erioglaucine, of the
same general type as xylene cyanole FF, as well as the more
widely recognized redox indicators, diphenylamine and sodium
diphenylamine sulfonate, are in excellent agreement with those in
which this indicator was used. This is clearly shown in Table I,
in which reported values are average values of two determinations;
no deviation exceeded 0.6 part per thousand.

The comparison of xylene cyan ole FF with three other redox
indicators used in the titrations of Mohr's salt with eerie sulfate
according to the method of Furman and Wallace (4.) was made.
Table II shows that the indicator gives values in agreement with
the other indicators the authors employed; duplicate determina
tions agreed within 0.2 part per thousand.

Table III likewise shows that the deviation in the results ob
tained by the potentiometric method and those involving the
visual end point using xylene cyanole FF are within the limits of
experimental error.

Titrations of approximately 0.05 N potassium ferrocyanide
containing 2 ml. of concentrated sulfuric acid and 1 to 50 drops of
indicator, and with final volumes of 95 to 100 mI., required blanks
of less than 0.01ri11. of ceric sulfate. In titrations involving the
same reagents, concentrations up' to 4 1J1 in sulfuric acid arid up to

1 Present address. Pennsylvania Salt Mfg. Co., Philadelphia, Pa.
2 Present address, Franklin Inst.itute Laboratories for Research and De4

velop ment., Philadelphia, Pa.

Table III. Cornpartson of Analyses of Ferrocyanide and
Mohr's Salt Solutions with Ceric Sulfate, Using Poten

tiometric Method and Xylene Cyanole FF Indicator
Method

0.04954
0.05069
0.04788

0.04964
0.05070
0.04788

Mohr's Salt Solution, N

0.04831
0.04831
0.04831
0.04829

Xylene cyanole FF Potentiometric

Indicator

Xylene cyanole FFa
Eriogreen"
Erioglaucine?
Ferroin e

a 5 drops of indicator-o.l %.
b 3 drops of indicator-0.025 N.

Reagent, N

Potassium ferrocyanide, soln. 1
Potassium ferrocyanide, soln, 2
Mohr's salt soln.

Knopf (8) has reported that the transition potential of xylene
cyanole FF is +0.71 volt. It was the authors' plan to redetermine
the transition potential and to determine the formal oxidation
potential according to the method of Walden, Hammett, and
Chapman (11) in the case of 1,1O-phenanthroline-ferrous complex
(f0). The values which they obtained, as revised by Hume and
Kolthoff (7), were duplicated by the authors (3). In the titrations
in which xylene cyan ole FF was used, potentials which drifted
with time and with accompanying color changes were observed.
Changes in indicator and in acid concentration were ineffective in
eliminating these drifts. To produce a more pronounced dif
ferential curve without introducing a highly colored system, the
ferrous-ferric sulfate system in 1 M sulfuric acid was replaced by
the ferrocyanide-ferricyanide system in 0.01 M sulfuric acid.
This system exhibits the lowest oxidation potential of those re
ductants readily available and convenient. Also a saturated
calomel electrode replaced the quinhydrone electrode of Walden
and his co-workers when the concentration of sulfuric acid was
0.01 1J{, since the latter was found somewhat insensitive to
changes in the potential of the accompanying half-cell.

All chemicals used except the xylene cyanole FF were of reagent
grade. This dye had been found (1) unchanged after adsorption
by activated alumina from an ethylalcohol solution and conse
quent extraction with water. Five milliliters of 0.004 M aqueous
solution of dye were present in 100 ml. of the solution used for the
titration in each case. The 0.01 M eerie sulfate solution used as
oxidant was prepared by dilution of a portion of 0.05 M stock
solution; sufficient sulfuric acid was added in the process of dilu
tion to give the desired acidity in each case. The 0.002 M potas
sium ferrocyanide solution was passed through a Walden reductor
immediately before use.

Potassium Ferrocyanide, N

0.04943
0.04940
0.04942
0.04949
0.04943

Indicator

Xylene cyanole FF
Eriogreen '
Erioglaucine
Diphenylamine
Sodium diphenylamine sulfonate
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The electrometric apparatus included a student potentiometer,
standard Weston cell, and galvanometer of moderately high sensi
tivity. A reference electrode was prepared for each titration cor
responding to the acid concentration of the solution containing
the indicator. The half-cells were immersed in a bath held at
2.5 0

±'0.1 0 C. Calibrated burets and a universal pH indicator
assembly were used.

Inasmuch as continued addition of eerie sulfate,acid by prep
aration, should progressively increase the hydrogen concentration
of the solution being titrated, the pH of this half-cell was meas
ured at the several critical potentials being determined. This was
done by completing a separate titration only to the desired poten
tial, removing a portion of the solution in the half-cell, and then
measuring its pH instrumentally.

The solution for titration which contained potassium ferrocy
anide, xylene cyanole FF, and water had a deep blue color with
cherry tints. As eerie sulfate solution was added, the cherry color
became predominant just past the equivalence point of the oxida
tion of potassium ferrocyanide to potassium ferricyanide. Blue
tints, always present in the cherry, turned to olive, then to gold
near the oxidation potential of xylene cyanole FF. However, the
red color masked this visual end point. The mixture of red and
gold then blended into a bright orange which persisted until, near
the end of the titration, the solution became clouded with a fine
grained, white precipitate. This compound has been identified
(.4) as potassium ccrous ferrocyanide. Immediately after the pre
dominance of the red color in the solution, constant voltages
could not be obtained. With the appearance of the orange color,
however, the voltages again became constant. All color changes
were gradual; there was no sharp visual end point.

In order to establish the range for possible study of the effect of
changes in acid concentration upon the oxidation potential of the
indicator, titrations were first carried out in solutions 11.1 and 2 M
with respect to sulfuric acid. In the former, suggestions of a dif
ferential curve were indicated but, in the latter, curves with only
one point of inflection were obtained. Accordingly, determina
tions were attempted in 0.2.5, 0.50, 0.75, and 1.00 M acid. The
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transition potentials obtained at these acidities were 1.02, 0.96,
0.97, and 0.98 volt, respectively, while the indicated irreversible
oxidation potentials of the indicator were 1.08, 1.11, 1.10, and 1.11
volts.

Potentials were measured using both platinum and gold elec
trodes according to the standard of reproducibility of Michaelis
(.9). Values agreed within 10 to 20 mv.

CONCLUSIONS

Xylene eyanole FF has been found to compare favorably with
the more widely used organic redox indicators in the titrations of
Mohr's salt and arsenious acid with 0.05 II{ eerie sulfate as well as
in titrations of ferrocyanide in solutions up to 4 M in sulfuric acid
or 1.5 M in hydrochloric acid with the same oxidant. An attempt
was 'made to determine both transition and formal oxidation
potentials of the indicator in sulfuric acid solutions.
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Distribution and Type of Sulfur Compounds in
Straight-Run Naphthas

.1. H. HALE, C . .1. THOMPSON, M. G. BAI{KEH, H. M. SMITH, AN,D.1. S. BALL

Pet.roleu.m. Experiment Station, Bu.reau. of Mines, Bartlesville, Okla., and
Pet.roleu.m. & Oil-Shale Experiment Station, Laramie, Wyo.

TH IS report, which is the first concerning the work of Ameri
can Petroleum Institute Research Project 48A on the

separation and identification of sulfur compounds in crude oil, is in
the nature of a survey to determine the types of sulfur compounds
that may be expected to be found in naphthas from high-sulfur
crude oils.

The distribution of free sulfur, hydrogen sulfide, mercaptans
(thiols), disulfides, two types of sulfides having different activi
ties, and residual (less reactive) sulfur compounds has been deter
mined for naphthas, 482 0 F. (250 0 C.) end point, from 17 typical
high-sulfur crude oils of the United States and Middle East. The
naphthas included straight-run distillates produced in the labora
tory from a number of crude oils by distillation both at atmos
pheric pressure and at very low pressures (0.5 to 2.0 mill. of mer
cury), so that comparative data were obtained showing the effect
of heating to the temperatures attained in the ordinary distilla
tion of naphtha. The results indicate a wide range in the propor
tion of the different types of sulfur compounds. However, many
of the oils or naphthas can tain predominan tly sulfides and mercap-

tans, while relatively few contain appreciable quantities of di
sulfides. Two are characterized by large quantities of free sulfur.
Although many changes in the sulfur compounds present may
occur during distillation, the most obvious and interesting one is
the almost universal decrease in the content of that unreactive
sulfur group called "residual sulfur," in the naphthas produced at
atmospheric pressure as compared to those obtained at reduced
pressure. In general, this reduction in residual sulfur shows up as
sulfide sulfur in the distillate made at atmospheric pressure.

AI'PARATUS

The apparatus used in the study is shown in Figure 1. Its
operation and construction are conventional. Light distillates
and hydrogen sulfide were collected in the liquid air trap, from
whence, at the completion of the experiment, the hydrogen sulfide
was vaporized by warming to roomtemperature, The liberat~d

hydrogen sulfide was precipitated as cadmium sulfide and the
quantity of sulfur was determined by direct weighing in some
cases, but iodometrically in most of the experiments.
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Table II. Additional Crude Oils Selected for Study

Table I.

Field

Heidelberg
Oregon Basin
Hawkins
Kirkuk
Wasson
Wilmington
Agha Jari
Rangely
Deep River

Original Selection of Crude Oils
State or Sulfur, Identification
Country Wt. % No.

Mississippi 3.75 (2)
Wyoming 3.25(3)
Texas 2.41 (5)
Iraq 1. 93 (9)
Texas 1. 85 (10)
California 1. 39 (12)
Iran 1. 36 (13)
Colorado 0.76 (16)
Michigan 0.58 .(17)

Group

Hydrogen sulfide
Free sulfur

Mercaptans
Disulfides

Sulfides I

Sulfides II

Residual sulfur

Method of Determination

Titration with silver nitrate
Removal with mercury and determination 'of

difference in sulfur content
Titration with silver nitrate
Reduction with zinc and acetic acid followed

by titration with silver nitrate
Extraction with mercurous nitrate and de

termination of difference in sulfur content
Extraction with mercuric nitrate and deter

mination of difference in sulfur content
Sulfur compounds remaining after complete

procedure has been carried out

LIQUID AIR

TO VACUUM PUMP

& DRY ICE

THERMOWELL

.illBERl.

In considering these group sulfur analyses it should be re
membered that the method is limited to materials of the gasoline
boiling range, as its development showed the reagent to be less
reactive to materials of higher molecula~ weight. The develop
ment of methods suitable for the higher boiling ranges, and the
consequent analysis of the compounds now reported as residual sul
fur, are some of the most important and pressing problems before
the project. Sulfides I are commonly considered to be aliphatic
and cyclic sulfides, whereas sulfides II are aromatic sulfides and
thiophenes. However, some of the aliphatic sulfides, especially
those of higher molecular weight, show incomplete removal as
sulfides I and are probably removed as sulfides II. There is little
evidence of the presence (5) of thiophenes in straight-run dis
tillates.

In addition to the group sulfur analyses, a number of other
properties were determined, such as density, bromine number, and
acid absorption for the distillates from all crude oils investigated.

r
~T..
1

(1)
(4)
(6)
(7)
(8)

(ll)
(14)
(15)

Identification
No.

4.99
2.79
2.17
2.01
1. 95
1. 5.5
1.36
0.88

Sulfur,
Wt. %State

PROCEDURE

California
Texas
Texas

. Texas
Wyoming
Arkansas
Oklahoma
California

Field

Santa Maria
Valley

Yates
Goldsmith
Slaughter
Elk Basin
Schuler
Velma
Midway-Sunset

Distillations at Atmospheric Pressure. In this series of distilla
tions the first cut was made at a vapor temperature in the column
of 212 0 F. (100 0 C.), and thereafter at every 122 0 F. (50 0 C.) rise
in vapor temperature until 482 0 F. (250 0 C.) was reached, and at
this point the distillation was stopped. A distillation rate of 5 to 6
m!. per minute was maintained.

Distillations at Reduced Pressure. In this series of distillations
it was intended to produce fractions comparable in weight per cent
recovered to those from the atmospheric distilla-
tion. To this end, the pressure was reduced ill
the distillation system until it was as low as was
commensurate with the desired distillation rate
approximately 15 to 20 mm. of mercury. After
removal of the light ends at room temperature by 
this process, the pressure was reduced to about
1 mm. of mercury, and heat was applied until a
suitable distillation rate-5 to 6 m!. per minute
was reached. The distillation was then con
tinued, taking weight per cent cuts as closely
as possible equivalent to those taken in the pre
vious distillation at atmospheric pressure. .That
this was accomplished with a reasonable de
gree of success is indicated in Figure 2, where
A.S.T.M. D-86 distillation analyses for cut 2

1both atmospheric and vacuum, are plotted ana
compared for two of the crude oils. In both
distillations, nitrogen was bubbled at a slow
rate through the crude oil throughout the
operation, and in all recovered fractions an
attempt was made to maintain them in a nitro
gen atmosphere until analyses were completed.

Approximately half of the crude oils studied
were distilled by both atmospheric and vacuum
distillation. For the remaining crude oils
studied, only the vacuum distillation proce
dure was used, and separate fractions were
not taken, but only a complete naphtha cut
up to a temperature that would correspond to
482 0 F. (250 0 C.) at atmospheric pressure was
obtained.

CRUDE OILS STUDIED All dimensions In centimeters
unless noted

The crude oils studied in this work are given
in Tables I and II; Table I shows those crude
oils that were distilled by both the atmospheric
and vacuum procedures, while Table II shows
those that were distilled to give a complete
naphtha cut under reduced pressure.

The distillates were analyzed according to
the method developed by' Ball (1), and the
following sulfur groups were determined accord
ing to the general method of procedure
indicated.

LIQUID AIR

Figure 1. All-Glass Still for Operation at Atmospheric or Reduced
Pressure
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The purpose of this research was to gain knowledge
of the distrihution of the types of sulfur compounds
in crude petroleum and the effect of temperature on
this distribution. It was found that the types of
sulfur. compounds present in the distillates differ
considerably, depending on both the crude oil
source and distillation temperature. Sulfur com
pounds that are not reactive in the scheme of
analysis used ("residual sulfur") are predominant
and hence little is known of their composition,

except that they are changed by heat to more re
active types. The presence of elemental sulfur was
established in certain crude oils. The variation in
types of sulfur compounds present calls for different
methods of refinery processing. The effect of heat
in changing types of compounds present is signifi
carrt', and presence of elemental sulfur is also of
importance to refi';ers. Researchwise the data aided
in selection of crude oils and indicated effects of
heat and limitations of analytical procedures.

Per Cent Sulfur (Based on Total Sulfur) Present as Constituent Indicated in
"Vacuum" Distillates

These data are available from the authors to those who may be
interested. .

DISCUSSION OF DATA ON VACUUM DISTILLATES

Table III presents data for the 482 0 F. (250 0 C.) end-point.
naphtha obtained by distillation of these oils at reduced pressure.
For certain of the oils (those where fractions were taken), the data
have been obtained by computation from the information for the
component fractions. In the case of the other oils, the data were
obtained directly on a full-range naphtha cut. It is believed,
however, that the data from both sources are comparable. The

0.0
0.0
0.0
0.3
0.0

0.0
0.0
0.0
0.0
0.1
0.1
1.2
0.4
0.0
0.0

34.6
42.5

Ele
mental

S

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.2
0.0

0.0
0.0
0.0
0.0
0.0

0.2
0.3
0.0
1.3
0.5

0.0
1.0
3.4
0.0
7.2
7.4
9.2
0.7
5.5

22.5
6.9
8.4

100

R-S-S-R

wide variation in relative amounts of sulfur-compound types
among these naphthas is better seen from Figure 3. The lower
part of the figure depicts the total sulfur content of each naphtha,
and the upper part presents the distribution in terms of the per
centage of the various sulfur types within each naphtha. The
data shown in Figure 3 are from the analysis of the distillates only,
and of these only the distillate from Yates crude oil showed the
presence of hydrogen sulfide. However, at least traces of hydro
gen sulfide were found in the material caught in the cold traps in
virtually all of the vacuum distillations, and Goldsmith and
Yates, and to a lesser extent Elk Basin, crude oils yielded copious

amounts of hydrogen sulfide. Because of the
higher temperatures involved, all atmospheric dis
tillations produced measurable amounts of hydro
gen sulfide, both in the cold trap and in the dis
tillate.

Some general interpretations may be drawn from
these data, but the .investigations are not far
enough along to permit many conclusions. In
general, at a temperature in the vicinity of 200 0

to 250 0 F. (90 0 to 1200 C.) sulfur compounds
which are nonreactive to the reagents used in the
group analysis appear in the distillate, and their
concentration increases rapidly until, in the
vicinity of 400 0 to 500 0 F. (200 0 to 250 0 C.), this
residual sulfur constitutes from 20 to 80% of the
total sulfur compounds present.

The remaining sulfur compounds (aside from
the "residual sulfur") in these distillates produced
under vacuum may be used to typify the crude oils
from which they were prepared as regards the dis
tribution of sulfur types within the sulfur content
of" the crude oil. One' point of view is to consider
the sulfides designated as I and II as one group and

the mercaptans and disulfides
(because the latter may very
probably have originated from
the mercaptans) as another
group. If the percentage of
each of these groups relative to
their sum is calculated for each
distillate, data such as those in
Table IV will result. A study
of the table shows that the dis
tillate from Deep River, Mich.,
is unique in that the sulfur com
pounds contained are almost :
entirely of the mercaptan
disulfide group, whereas at the
other extreme, naphthas from
the Schuler, Velma, Hawkins,
Wilmington, Heidelberg, Santa
Maria, and Rangely crude oils
contain very small quantities of

0.0
0.3
0.0
1.7
0.3

0.2
0.6
8.5
0.2

11.3
15.3
10.8
1.1
7'.9

45.9
7.5

10.6
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Figure 2.

Table Ill.

Sulfur
Field in Fraotion, Residual R-S-R R-S-R

No. and Name Wt. Sulfur II I

(2) Heidelberg 0.523 80.3 11.7 7.8
(5) Hawkins 0.377 73.8 14.6 11.1

(16) Rangely 0.271 72.0 20.3 7.7
(3) Oregon Basin 1.048 68.2 13.5 15.0

(12) Wilmington 0.387 66.7 19.9 12.7
(1$) Midway-SUD-

set 0.385 66.5 26,0 7.3
(11) Schuler 0.313 66.4 22.7 9.3
(l3) Agha Jari 0.353 65.7 9.6 12.8

(1) Santa Maria 2.014 58.2 35.5 6.1
(8) Elk Basin 0.725 54.9 25.1 1.4

(10) Wasson 0.857 52.6 13.0 11.6
(7) Slaughter 1.020 48.8 22.5 7.5

(14) Velma 0.554 43.9 41.5 12.4
(9) Kirkuk 0.368 41.0 24.7 20.9

(17) Deep River 0.231 28.6 3.0 0.0
(4) Yates 1.297 20.5 20.1 9.2
(6) Goldsmith 0.729 17.3 11.6 9.6
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Figure 3. Group Sulfur Analyses of Naphthas from Vacuum Distillations

1.1

total sulfur present in the form of the two groups under considera
tion. These crude oils include all those from West Texas, as well
as those from Elk Basin and Agha Jari. The other crude oils which

were studied in this program-namely" Kirkuk
and Oregon Basin-fall between the second and
third groups of crude oils.

Other peculiarities, of course, are evident-for
example, the Yates and Goldsmith crude oils, even
under vacuum distillation, yielded distillates that
contained large quantities of free sulfur. In fact,
in the case of the Goldsmith crude oil the neck of
the condenser was stopped with a deposit of free
sulfur.

In view of the widespread belief (3, 4) that sulfur
in petroleum distillates originates only from the
oxidation of hydrogen sulfide by air, the occurrence
of elemental sulfur in low-temperature distillates
from Goldsmith crude oil was checked in a separate
experiment.

Special precautions were taken to ensure the ex
clusion of all air, either dissolved in the oil or enter
ing by leaks. No gas was used to assist the distilla
tion. The crude oil was admitted slowly through
the top of the column into the center of a packed
section under a pressure of less than 2 mm. of mer
cury. This method of charging removed all dis
solved gases (air) and light hydrocarbons volatile
at room temperature at the pressure used. After the
crude oil had been charged in this manner nitrogen '
was admitted to the vapor space (did not bubble
through the oil), so that the cold traps could be emp
tied. The charge line was then removed and re
placed with a thermowell. the apparatus was evacu-

Relationship of Total Sulfur in Atmospheric and Vacuum,
Fractions
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16- RANGELY
17- DEEP RIVER

the mercaptan-disulfide group and large quantities of sulfides. Be
tween these extremes there are several crude oils in which the mer
captan-disulfide group ranges from one third to one half of the

Figure 4.
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ated to 1 mm, of mercury pressure, and the charge was heated.
When the vapor temperature reached 30° C. (corresponding to a
pot temperature, estimated from previous experiments, of 60° C.),
the capacity of the cold trap was reached and it was necessary to
halt the distillation and momentarily to repressure the system with
nitrogen as described above while the cold traps were emptied.
With the light distillate removed, a vacuum of 0.1 mm. was ob
tained and the distillation continued without further interruption.

As in two previous distillations of this crude oil, the first appear-

ance of cloudiness in the condensate occurred at a vapor tempera
ture of 100.6° C. Soon a yellow substance appeared in the vapor
line and condenser. At the end of the distillation this material
was removed, freed of oil, and recrystallized from carbon disulfide.
The crystals appeared to be a mixture of monoclinic and rhombic
forms and had a melting point of 115.6° C. comparing with
114.5 0 C. for monoclinic sulfur. The naphtha fractions responded
heavily positive to the usual test for elemental sulfur and hydro
gen sulfide.
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Figure 5. Group Sulfur Analyses from Various Crude Oil Distillates
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Per Cent Sulfur (Based on Total Sulfur) Present as Constituent Indicated
in "Atlllospheric" Distillates
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quantities of sulfides I and II. In almost all cases, as illustrated
by the data for Heidelberg naphtha, sulfide II increases; how
ever, for naphtha from Wasson and Kirkuk crude oils the in
crease is very definitely in that material which has been desig
nated as sulfide I, as the Wasson data show.

This relationship between residual sulfur and total sulfides is
shown graphically in Figure 6. In Figure 6, curve A, the increase
in the percentage of total sulfide is shown as a function of the de
crease in the percentage of residual sulfur for "each of the dis
tillates under consideration. It can be seen that it approximates 8.'

complete balance. If the hydrogen sulfide which was evolved as a
gas and' not dissolved in the distillate is taken into consideration,
an almost perfect correlation results.

The primary purpose of this paper is to present data showing
the distribution of sulfur compounds from distillates produced
under ordinary atmospheric conditions and under conditions of
minimum decomposition, and to point out one or two of the im
portant changes that are brought about by the relatively small
change in temperature between reduced pressure and atmospheric
pressure distillation of crude oils.

In any investigation of sulfur compounds or sulfur types in
petroleum, one of the most pernicious difficulties encountered is

the matter of analysis, and
that statement applies to the
work here reported. The Ball
procedure used in these analy
ses is reasonably satisfactory
on low-boiling fractions, but is
inadequate on higher boiling
fractions, as indicated by the

.in c re a se in resi d u a I sulfur.
Further studies and better
analytical methods should re
solve some of the questions
raised by the present work.

R-S-H

2.4
2.2
1.8
1.6
1.3
9.1

18.0
6.3

44.5

RSH + RSSR Sulfides I + II

95.8 4.2

48.0 52.0
47.3 52.7
41:1 58.9
40.0 60.0
34.7 65.3
33.0 67.0

22.7 77.3

9.5 90.5

4.8 95.2
3.2 96.8
2.4 97.6
2.3 97.7
1.0 99.0
0.5 99.5
0.0 100.0

Schuler
Velma
Wilmington
Hawkins
Heidelherg
Santa Maria
Rangely

Kirkuk

Deep River

Wasson .
Goldsmith
Elk Basin
Slaughter
Agha Jan
Yates

Oregon Basin

Crude Oil

Table V.

Table IV. Relationship between Mercaptan Disulfides
and Sulfides Groups in Distillates from Various Crude Oils

Wt. % of Total

There appears to be no doubt that elemental sulfur appears in
vacuum distillates from Goldsmith crude oil at vapor tempera
tures slightly above 100 0 C. at 0.1 mm. pressure. Birch and
Norris (2) observed elemental sulfur at 120 0 C. during distilla
tion of crude oil. Whether this is caused by elemental sulfur
dissolved in the oil, or by decomposition of thermally labile sulfur
complexes is not known.

DISCUSSION OF COMPARATIVE DATA FROM 'ATMOSPHERIC
AND VACUUM DISTILLATIONS

The first observation to be made is that there is a slight but
apparently consistent diffe;ence in the amount of total sulfur
contained in distillates produced at reduced pressure and at atmos
pheric pressure. The total sulfur, as shown in Figure 4, is always
slightly higher for the distillate produced at reduced pressure.
No reason. for this is advanced at present, as all the factors have
not been evaluated.

Table V shows the distribution of the sulfur compounds in
naphthas produced at atmospheric pressure for nine of the same
crude oils for which data were obtained under reduced pressure
conditions as given in Table III. Figure 5 presents graphically
the results obtained from the group sulfur analyses of the frac
tions from two of these crude oils, both at reduced pressure and
at atmospheric pressure. In this figure, the shaded areas are
proportional to the percentage of sulfur in the form designated by
the shading assigned to that sulfur group. In this chart an area 1
unit on the vertical axis by 50 units on the horizontal is representa
tive of 0.5% of the crude oil on a weight basis. In the light of the
discussion above, it should be remembered that the areas and
their form are not exact but the best average that could be as
signed with the data available and hence conclusions based on
minor variations are 'not warranted. Probably the most obvious
fact to be noted from these figures and the data from the table is
the change in "residual sulfur." There is almost always a de
crease in the residual sulfur present in atmospheric fractions, that
is more or less compensated by a corresponding increase in the

Sulfur in
Field Fraction, Residual R-S-R R-8-R

No. and Name Wt. % Sulfur II I

(2) Heidelberg 0.453 53.4 30.5 8.2
(5) Hawkins 0.322 41.9 33.2 19.9

(16) Rangely 0.220 61.8 31.4 4.1
(3) Oregon Basin 0.932 62.6 11.5 13.0

(12) Wilmington 0.377 40.3 41.4 13.3
(13) Agha Jan 0.331 57.7 10.9 13.6
(10) Wasson 0.799 10.6 6.5 56.2

(9) Kirkuk 0.320 23.1 23.8 35.3
(17) Deep River 0.227 19.4 0.0 0.4
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Determination of Purity and Water Content of Xanthates
and Oithiocarbamates

Use of Iodine Reagents

A. L. LINCH

Miscellaneous Intermediates Area Laboratory, Chambers Works, E. 1. du Pont de Nemours & Co., Inc., Deepwater, N. J.

Evaluation and developrnerrt of suitable modifica
tions of rnet.hods available for analysis of sodium
and porassturn xanthates and drtbdocarbam.ates were
required to detormfne accurately the yield, effective
ness of purification procedures, degree of hydration,
and final purity of crystalline products isolated. A
reliable, rapid method for water deterrnbnatfori in
crystalline xanthates and ditbdocarbarrrate deriva
tives by titration with Karl Fischer reagent was de
veloped. Iodine titration of xanthates in an aqueous
barfurn chloride sys'tern gave reliable analyses,
whereas drthtocarbamate salts required alcohol solu-

ARAPID, reliable, and accurate method of determining
water content was required to obtain a materials balance

in the analysis of xanthates and dithiocarbamates. The widely
employed Dean and Stark procedure (9, 18) for the estimation
of water by azeotropic distillation with a hydrocarbon entraining
agent suffers several serious disadvantages with respect to time
required, failure to remove water completely from some hydrates,
large sample requirements, and thermal decomposition of many
xanthate and dithiocarbamate derivatives. Although the Karl
Fischer reagent has been proposed for the rapid determination
of xanthate purity directly (15, page 401), no reference to its
application for the determination of water in these compounds
was found. The ease with which iodine is reduced by thiol
derivatives, unreacted amines used in the production of dithio
carbamates, by-products and decomposition products such
as trithiocarbonates, thiosulfates, and sulfides was expected
to interfere with the Fischer titration.

Of the methods proposed for determination of xanthate and
dithiocarbamate purity, direct titration with standard iodine
solution offered the most promise as a rapid and accurate pro
cedure, if interferences from by-products and decomposition
products could be controlled (2-5, 7, 13, 14). In the authors'
experience, titration with heavy metal salts (iron, nickel, lead,
copper, or zinc) was not entirely satisfactory, owing to formation
of basic salts and coprecipitation (1,8,16). Improved accuracy
obtained by isolation and determination of the metal content
of the insoluble copper salts not only entailed laborious and
time-consuming operations, but also failed to separate dithio-

tions for best results. The unexpected selective re
action of Fischer reagent with water without oxida
tion of the active thiol group in either xanthates or
drtbdocarbarnates, and the negligible error intro
duced by arnirres and decomposjtiou products, indi
cate wide application to other oxidation-sensitive
m atertals. Although suitable for xanthate purfty
analysis, the Iodornet.rte titration procedure can be
applied with certainty only to relatively pure di
t.hiocarbarnate salts, and used only to supplement
the rrtore specific gravlrnetj-io deterrnrnatfon of the
thiuralll disulfide derived f'rorn the iodine oxidation.

carbarnates from impurities (6, 10, 11). Quantitative decom
position of sodium or potassium ethyl xanthate with acid wad
not generally applicable to other xanthates or to dithiocar
bamates (12). Estimation of purity by sulfur analysis (Parr
bomb) was likewise time-consuming and subject to errors in
troduced by by-products, especially sulfides and disulfides.
Gravimetric determination of the insoluble disulfldes (dixan
thogens and thiuram disulfides) from iodine oxidation required
more time than direct titration, but good results could be ob
tained when conditions for quantitative recovery were developed.

KARL FISCHER MOISTURE DETERMINATION

The determination of water by direct titration in chloroform
with Karl Fischer reagent required no specialized technique to
obtain accurate results rapidly with a visual end point, when the
usual precautions to exclude atmospheric moisture were ob
served.

Reagents. Karl Fischer reagent. Dissolve 404 ml. of €.P.
pyridine in 1000 ml. of anhydrous methanol and add 127 grams of
iodine crystals. When dissolved, chill in ice and add 100 grams of
sulfur dioxide as a gas under the surface of the liquid. Standard
ize against standard water solution in methanol (15, page 65).

Chloroform, C.P. reagent.
Procedure. Measure 25 ml. of chloroform into a dry 125-mJ.

Erlenmeyer flask (assembly described on page 72 of 15 is recom
mended for this determination), add Karl Fischer reagent drop
wise through a two-hole stopper until a definite visual end point is
reached (2 to 3 ml.) with vigorous swirling to wash down sides of
the flask, and quickly add 0.5 to 5 grams of sample weighed to
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%H20 =

m!. of Fischer reagent X factor (as grams of H 20 per m!.) X 100
sample weight

three decimal places. Samples containing more than 10% mois
ture should be reduced to 0.5 to 1.0 gram in size, while less than
1% moisture requires a 4.D- to 5.D-gram sample for accuracy.

'Titrate to a permanent end point with constant swirling.
Calculation

Discussion. The average accuracy of ± 1% was not affected by
the presence of such reactive amines as diethanolamine and
ethylenediamine (Table I). Although the relative accuracy of
the method applied to dibutylamine, ethylenediamine, a-pipe
coline, and monoethylaniline was not determined, direct titra
tion results and addition of these amines to the corresponding
dithiocarbamate derivatives indicated no interferences. How
ever; titration of diethanolamine to which known amounts of
water were added has shown that the Fischer reagent can be
applied to water analysis of amines which react with iodine, as
well as xanthates and dithiocarbamates (Table I).

Not only has the determination of' water added in known
amounts to dithiocarbamates fallen within the useful limits of
accuracy, but a majority of the sums of purity by sulfur analysis
and water content by Fischer titration (material accounted for)
for 39 xanthate (Table II) and dithiocarbamate (Table III)
determinations were within the range 98 to 101%. Because
many of these compounds were relatively unstable, were con
verted appreciably to disulfide derivatives by atmospheric oxida-

Table II. Analysis of Xanthates
Structure

Purity. %ROCSK (Na)

~
Iodine Sulfur Relative

No. titration anal. error, %
1 K methyl 9i.4 96.8 +0.6
2 K ethyl 92.i 93.5 -0.9

95.2 96.3 -1.1
3 Na ethyl 89.i 89.6 +0.1
4 K n-propyl 100 99.5 +0.5
5 Na n-propyl '80.0 i7.8 +2.8

i2.8 i3.6 -1.1
9i.4 99.6 -1.6

6 K isopropyl 9i .3 96.5 +0.8
t K n-butyl 94.1 95.6 -1.6
8 K sec-butyl 92.6 90.6 +2.2

With BaCI, 89.0
99:3

-1.8
9 K isoamyl 95.3 -4.0"

10 K l,3-dimethylbutyl 96.4 98.0 -1.6
11 K 1-methyl-n-amyl i9. i 81.i -2.5
12 K octvl i6.7 78.2 -1.9
13 K cyclopentyl 96.4 96.7 -0.3
14 . K cyclobexyl 79.0 80.6 -2.0
15 K allyl 93.1 100 -6.9
16 K methallyl 99.3 99.2 +0.1

With BaCh 97.i
87:4

-1.5
17 K Il-ethoxyethyl 91.5 +4.i

With BaCh 8i .3 -1.1

a Contains water-insoluble oil.

m!. of 0.1 N iodine X factor X mo!. wt. X 0.1
sample weight

99:5
100.8
97.0
82.9
99.2
84.7
96.8

103.5
101.9
98.3
94.1

Materials
Balance,
% Iodine

Purity + H20

99.8
9i.5
97.2
99.5

100.5
100
94.2

100
99.4
98.2
98.5

IODOMETRIC DETERMINATION OF XANTHATE PURITY

% purity

Satisfactory determination of xanthate purity by conventional
titration of an aqueous solution with standard aqueous iodine
has been obtained in the absence of more than traces of by
products and decomposition products such as sulfites, thio
sulfates, .sulfides, and thiocarbonates, which were easily detected
and results modified accordingly. Better accuracy was attained,
at 'the expense of time consumed, by pretreatment with barium
chloride.

tion, and were difficult to separate from by-products, calculation
of purity from total sulfur content contributed a majority of the
deviations from 100%. Sodium thiosulfate, a xanthate de
composition product, introduced 5 to 10% (of the amount
present) positiveerror, but sulfites did not produce high results.
Sulfide contamination of crystalline xanthates and dithiocar
bamates was not sufficient to require ah evaluation of its effect
on accuracy.

Reagents. Aqueous iodine, 0.1 N (450 grams of potassium
iodide plus 230 grams of iodine diluted to 18 liters).

Barium chloride, 10% (10 grams dissolved in distilled water and
diluted to 100 ml.).

Starch indicator solution, 10 grams of corn starch (Argo)
heated in 2 liters of water to boiling. Let stand overnight and
decant off the clear supernatant solution.

Procedure.· Dissolve a l-gram sample weighed to three decimal
places in 50 ml. of distilled water, add 5 ml. of barium chloride
solution, stir thoroughly, and let stand 2 hours. Then add 150 m!.
of distilled water and titrate with 0.1 N aqueous iodine almost to
an end point, add 5 ml. of starch indicator solution, and finish the
titration to a permanent blue or red end point (color somewhat de
pendent on the nature of the xanthate).

Calculation

These xanthates were crystallized from the alcohol from which
they were synthesized, but, with one or two exceptions, received
no special purification. Most of the samples were stored several
weeks to more than a year before analysis. Several were titrated
in an alcohol system, but in every case an unreasonably high
value was obtained. Titration with copper or nickel salts also
gave high results.

Discussion. The rapid iodometric method for the estimation of
the purity of sodium or potassium xanthate derivatives in aqueous

medium in the presence of barium
chloride has shown ± 1% average ac
curacy, which is better than can be
realized from calculation of purity from
total sulfur content (Table II). Suit
able conditions were not found for the
suppression of interference from sulfides
and thiocarbonates by precipitation
with lead in the presence of tartrates.
Therefore, the longer method of Grete
(6, 10) must be used for samples con
taminated with these impurities. Com
bination of total sulfur analysis, and
iodine titration directly and in the
presence of barium chloride, yielded
reasonably reliable data on the sulfite
and dixanthogen content of a sample,
inasmuch as the difference in iodometric
titrations was produced by sulfites and
the "excess" purity by total sulfur was
derived from the disulfide derivative
which did not titrate. Therefore, in
Table II positive errors were interpreted

6.8

4.2
4.2

17.3
6.2
2.8
5.7
3.7
4.2

Fischer
Titration,

% H20

2.4
4.8
2.0
9.8
0.5

20.0
21.4
2.6
2.1
4.1
5.9

-2.9
Nil
Nil

+1.0

~2:5
-2.6

+13.8
+i.2

+14.1

Relative
Error,

%

41.6

Water
Found,

%
l.i
l.i

10.1.
15.3
33.6
0.65
0.63

11.8
18. ,5
41.3
38.9
41.4

41. 2

CHCI,
Methanol

CHCIa

CHCIa
CH,OH

Accuracy of Moisture Deterrrrlrratton
(Direct titration, visual end point)

Water
Added".,

%
None
None
10.4
15.3
33.6
None
None
12.1
19.0
36.3
36.3
36.3

Table I.

a Includes water present in initial sample.

Compound Solvent

Sodium dHil-hydroxyethyl)di- Methanol
thiocarbamate CHCIa

Methanol

Sodium thiosulfate

Diethanolamine

Back-titration
Sodium sulfite (66)-sodium sul

fate (34) mixture
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+31.3"

+3:3
:":0:3
+8.2

+13.1

+88b

Relative
Error,

%

Method for Detecting
End Point

20

14.5
16.0

12.8

Inside yellow Spot plate
color. no starch

starch solution
Solvent for

Iodine

"Impurity" Added
Compound %

None
Diethanolamine 16.7
None
a-Pipecoline
None
Monoethylaniline 18.5
None
Dibutylamine

Table V. Effect of Impurities on Accuracy
(Dithiocarbamate purity by titration wit.h iodine)

Purity
~'ound,

%
98.3

129
78.3
81.0
76.5
76.3
94.5

102.2
106.9
72.0

135.1

Derivative

Materials
Balance,
% Iodine

Purity + H 20

100.2
100.5
97.1
99.8
98.2
93.8
97.2
90.9

100
98.4
94.1

101.2
99.3
94.0
97.7
98.4

101.5
98.2

101. 2

None
Ethylenediamine

a 16.3 calculated as diethanolarnine.
b 18.8 calculated as ethylenediamine.

Solvent for
Sample

Ethyl alcohol (2B)

Disodium ethylene-bis

Sodium diamyl

Sodium bis(,9-hydroxy-
ethyl)

Sodium a-methylpenta
methylene

Sodium phenylethyl

Table IV. Effect of Titration Technique on Accurac)'
(Dithiocarbamate purity by titration with iodine. Sodium phenylethyl

dithiocarbamate)

CONCLUSIONS

Application of the Karl Fischer titration for the determina
tion of water to the analysis of xanthates and dithiocarbamates
has furnished an improved method for the rapid and accurate
determination of water of hydration as well as extraneous water,
with a relative accuracy of ='= 1%. Most alcohols and amines

Ethyl alcohol (2B) 75.2 76.5
Aqueous 75.0 76.3

Water Aqueous 78.6 79.5

Purity by sulfur determination (corrected for 2.8% water insoluble disul
fide derivative) = 77.0

Gravimetric purity (calculated from weights of disulfide produced by
iodine oxidation) = 75.1

for which compensating techniques have
not been developed; therefore, its use
for purposes other than a quick approxi
mation (±2% under favorable condi
tions), or to ·furnish auxiliary data, can
not be recommended. Conditions which
permit titration of xanthate samples
containing sulfites were not applicable,
and the elimination of sulfides by selec
tive lead precipitation was not successful.
However, the iodometric method ap
peared to be as accurate as titration
with heavy metal reagents, and applied
to crystallized dithiocarbamates, more
accurate than purity by sulfur analysis
(Table III). Titration results lower
than sulfur purity were corrected by
gravimetric determination of the water
insoluble thiuram disulfide content. Al
though reliable results were obtained in
some cases by titration of an alcoholic
dithiocarbamate solution with aqueous
iodine (Table IV), in general the use of

alcoholic iodine titrant was found necessary to avoid non
stoichiometric relationships encountered in some aqueous systems.

Reactive amines (diethanolamine, ethylenediamine) introduced
errors considerably greater than the equivalent amount present
(calculated as amine), and relatively "inert" amines, such as
dibutylamine, yield small, but significant; error. A few (mono
ethylanilineand pipecoline) exert a negligible effect. Probably
the most accurate method for determination of purity is the
gravimetric procedure based on oxidation to the water-insoluble
thiuram disulfide (Table IV).

Analysis of Dithiocarbamates

Purity, % Fischer
Iodine Relative Titra-
ti tra- Er-ror. tion,
tiona Sulfur % % H 20

78.5 +0.6 21.2
78.5 +1..5 20.8

.74.8 0.0 22.3
76.5 -0.1 23.4
83.0 -3.6 18.2
92.6 -5.2' 6.0
94.9 -0.4 2.7
87.1 -11.5 13.8
99.4 -1.1 1. 7
80.1 -4.M 21.9
78.5 -2.2 17.3

100.3 -0.1 1.0
85.7 +0.2 13.4
77.0 -2.6 22.0
90.1 -0.1 7.7
70.0 - 1. 6 29.5
70.6 +2.0 29.5
83.6 +2.2 12.8
84.4 +2.3 1l.9

76.7

73.8
75.3
76.7
93.4
95.2
86.9
97.4
75.8
75.9

100.2
84.0

Nitrogen

Table III.

Structure
R2N-C-S Na. ~

Dimethyl

Diethyl
79: 7.
74.8
76.4
80.0
87.8
94.. 5
77.1
98.3
76.5
76.8

100.2
85.9
75.0

93.1 90.0
68.7 . 68.9
69.6 72.0

15 Piperazyl 80.3 85.4
16 Piperazylene 86.5 86.3

U Alcohol solution titrated with alcoholic iodine.
• Purity by nickel ion titration = 75.3%.
c Sample contains 7.0% insoluble material.
d Sample contains 2.8% insoluble disulfide; therefore, corrected error = 0.7%.
e Piperidinium salt.

3 Diisopropyl
4 Di-n-butyl
.5 Diarnyl
6 Dioctvl
7 Bis (2-hydroxyethyl)
8 Phenylethyl
9 Pentamethylene

10 Pentamethylene e
II a-Pipecoline
12 -v-Pipeccline
13 2-Pyrimidyl C,H,OH
14 Ethvlene-bis

No.

Reagents. Ethyl alcohol, Formula 2B. Alcoholic iodine, 0.1 N
in 2B alcohol.

Procedure. Dissolve a l-gram sample weighed to three decimal
places in 150 ml.of 89 to 90% ethyl alcohol (insoluble matter in
dicates presence of the thiuram derivative), and titrate to the
first appearance of a bright yellow color which persists at least 1
minute at the end point. The end point can be confirmed by spot
test in starch solution on a white spot plate. The color is fugitive,
however, and with some dithiocarbamates requires overt.itration
for a definite test.

Calculation

o/t:
. ml. of 0.1 N iodine X factor X mol. wt. X 0.1

O purity = .. sample weight

Good confirmatory results have been obtained by titrating in an
aqueous system, filtering off the insoluble thiuram disulfide deriv
ative on a tared 'Gooch crucible, washing carefully with water,
and weighing after drying to constant weight at 80° C.

Calculation

% purity =
wt. of thiuram disulfide X mol. wt. of dithiocarbamate X 200

sample weight X mol. wt. of thiuram disulfide

Test for Sulfides. Dissolve approximately 0.1 gram of sample
in 10 mi. of cold water, and add a few drops of a 2% aqueous solu
tion of sodium nitroprusside. Immediate appearance of. an in
tense red-violet color indicates presence of appreciable quantities
of sulfides which will interfere with iodometric analysis.

These dithiocarbamate derivatives were crystallized from
water, but, with the exception of 13 to 16, received no further
purification treatment. Samples 4 to 6 represent commercial
materials.

Discussion. The iodometric analysis of water-soluble dithio
carbamate derivatives has encountered several sources of error

as sulfite (corrected by barium chloride) and negative errors
as dixanthogen contamination.

IODOMETRIC DETERMINATION OF D1THIOCARBAMATE PURITY

The best conditions for determination of dithiocarbamate
purity required titration of an alcohol solution of the sample with
standard alcoholic iodine reagent. The appearance of a bright
yellow color in the absence of starch indicator provided the most
satisfactory end point which, in most cases, could be verified by
starch solution as an outside indicator. However, the starch
iodine blue color faded very quickly, and required practice to
locate the correct end point. Barium chloride employed in
xanthate titrations could not be used to suppress impurities, as
the partial precipitation of insoluble barium dithiocarbamates
introduced serious errors.
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from which these compounds are synthesized did not react with
the reagent, and decomposition products such as thiosulfate and
sulfitesintroduced only minor errors.

Titration of aqueous sodium and potassium alkyl xanthates
with aqueous iodine in the presence of barium chloride yielded
results more rapidly and of a higher order of accuracy in the
absence of sulfides and thiocarbonates than purity calculated
from total sulfur content or titration with a heavy metal salt
reagent.

The iodometric procedure for the estimation of dithiocarbamate
purity can be recommended only as a rapid approximate method,
or as a source of auxiliary information, except in cases where
interferences are known to be absent. However, reliable data
can be obtained from most crystallized products, and valuable
information relative to degree of oxidation to the thiurarn
disulfide derivatives can be estimated.
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Extraction and Purification of Nordihydroguaiaretic Acid
JOHN O. PAGE, Agricultural & Mechanical College of Texas, College Station, Tex.

It was desirable to work out an accurate method for
the quantitative determination ofnordihydroguaia
retic acid in creosote bush (Larrea divaricata).
Isopropyl ether or isopropyl ether-carbon tetra
chloride rrrixtrrres, rendered peroxide-free by a pre
Iimfnary washing with aqueous sodrum bisulfite
solution, quantitatively extract the nordihydro
guaiaretic acid from the creosote bush leafy mate
rial. The solvents ,are distilled and recovered. Ex
tractions of the tarry residues with boiling distilled
water quantitatively separate crude nordihydro
guaiaretic acid (melting point, 176-180° C.) from
the tarry or resinous residues. Yields of 2.14 to

T HE phytochemical study of creosote bush (Larrea dioaricata)
was made by Waller (37, 38), who obtained nordihydro

guaiaretic acid from this plant. Waller extracted the crude
chemical with 95% ethyl alcohol and then recrystallized the
nordihydroguaiaretic acid from hot dilute aqueous acetic acid
or from sodium bisulfite solutions. In an attempt to separate
the pure phenol from a large quantity of the plant extract by steam
distillation, Waller (37) obtained impure crystals which were
suspended in the water above the settled plant extract. He then
found that water itself did not separate the pure nordihydro
guaiaretic acid from the plant extract (or tar), and consequently
used aqueous acetic acid or sodium bisulfite solutions to purify
the chemical.

The extraction of nordihydroguaiaretic acid is the subject of
seven patents (1, 9-14) and one publication (8); the antioxidant
properties of this chemical have been substantiated and demon
strated in twenty-three publications (11-5, 15, 16, 18-25, 27-35).
The first of these patents (10) disclosed the process by means of
which 2.50 to 2.66% yields of "90 to 100%" pure nordihydro
guaiaretic acid were obtained from the creosote bush.

The creosote bush is first extracted with an aqueous solution ,
containing, usually, 5% sodium hydroxide and 2 or 2.5% of so-

2.350/0 of the crude were obtained from large samples
of fresh green, machine-threshed, creosote bush.
The percentage of nordihydroguaiaretic acid in the
crude was not determined, but several methods were
tried in order to evaluate the purity of crude nordi
hydroguaiaretic acid with accuracy. Methods of
purification are given. Nordihydroguaiaretic acid is
principally useful as a food antioxidant. It is sepa
ratedfrom creosotewith some impurities and weighed
in the crude forrn , The resulting data are proxirnute
assay recoveries, as the purity of the crude m aterfal,
that was separated and recovered by this met.hod,
was not determined.

dium hydrosulfite (Na2S20,). This alkaline extract is then acidi
fied with concentrated hydrochloric acid solution, after which step
a yellow-brown viscous, curdy, solid crude material separates both
,at the top of the acidified extraction liquor and at the bottom of
the tank: This is industrial practice in separating the crude nor
dihydroguaiaretic acid from the creosote bush material.

This crude curdy material is purified by various means, includ
ing the method first described in a United States patent (10)
viz., the crude curdy nordihydroguaiaretic acid sludge may be
dissolved in an aqueous-alcoholic solution or medium. The nor
dihydroguaiaretie (together with some impurities) may be taken
out or dissolved out of the aqueous-alcoholic environment with a
water-immiscible solvent such as diethyl ether or isopropyl ether.
The diethyl ether or isopropyl etber thus serves as a convenient
solvent for the nordihydroguaiaretic acid (and associated impuri
ties) and as a preliminary step before purification of the acid.

A patent (11) claims that diethyl ether or isopropyl ether may
be used to obtain a crude extract, containing nordihydroguaiaretic
acid, from. creosote bush. However, it discloses no useful means
or devices which can be employed to translate or convert the
hazardous laboratory procedure of extraction with isopropyl
ether into a useful art.

The purposes of the present work are to gain accurate quan
titative data on the amount of nordihydroguaiaretic acid present
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A quantity, such as 2400 grams, of the threshed creosote bush
is lowered into a tankful of the cool, sodium bisulfite-washed,
solvent mixture, in a closed fine-mesh steel basket. After extrac
tion periods up to 4.5 hours, the extracted sample is withdrawn
from the solvent solution, drained, and then placed in a tank con-

in the creosote bush, starting with significant quantities of the
creosote bush as samples, and if possible, to improve the method
of extraction by lowering the present cost of extraction and puri
fication of this chemical.

Water solutions containing 0.5% of the sodium sulfonates of
cresylic acid quantitatively extracted the chemical from the
creosote bush, but, in taking the chemical out of its water solu
tion with cresylic acid, some emulsion phase was formed. This
method of extraction was abandoned, although the quantity
of emulsion phase was reduced by the use of calcium chloride
at low concentrations. Extractions with cyclohexanol-water
and isopropyl alcohol-water solutions were productive only of
low yields in a colloidal state. Treatment with hot aqueous
sodium bisulfite solutions did not dissolve any nordihydroguaia
retic acid from the creosote bush material. However, isopropyl
ether or isopropyl ether-carbon tetrachloride mixtures quantita
tively extract the nordihydroguaiaretic acid from the cresote
bush leafy material.

Earlier work by the writer (26) had shown that the nordihydro
guaiaretic acid (melting point 184--1850 C.) is destroyed quanti
tatively when solutions in 95% ethyl alcohol, U.S.P. diethyl ether,
or isopropyl ether are permitted to stand overnight or for 2 or 3
days. This difficulty disappeared entirely when the solvents were
purified and redistilled. The 95% ethyl alcohol was first treated
with silver oxide, then redistilled, while the diethyl ether and
isopropyl ether were treated with dilute sulfuric acid-potassium
permanganate solutions before redistillation. It is probable
that aldehydes and peroxides, apparently present in the un
purified 95% ethyl alcohol and in the unpurified ethers, respec
tively, accounted for the total destruction of the nordihydro
guaiaretic acid.

With this experience in mind, the practice was established of
washing the isopropyl ether-carbon tetrachloride mixture with a
dilute aqueous solution of sodium bisulfite, leaving the mixture
wetted with the sodium bisulfite solution. The preliminary
washing with dilute aqueous sodium bisulfite solution was always
performed, even though the fresh isopropyl ether yields no evi
dence of the presence of peroxides when tested for free iodine
with acidified potassium iodide solution. However, upon stand
ing for some time in contact with air, there is evidence of per
oxide formation in the isopropyl ether or the mixtures of iso
propyl ether with carbon tetrachloride. For example, after
several weeks' standing, 150 ml. of an isopropyl ether-carbon
tetrachloride mixture liberated iodine equivalent to 0.45 ml. of
0.0525 N sodium thiosulfate solution. Another sample of this
same mixture was washed with a small volume of 1% sodium
bisulfite solution, and then the mixed solvents were washed
several times with distilled water. When so treated this mix
ture no longer liberated any iodine from acidified solutions of
potassium iodide, indicating freedom from peroxides.

a Boiling H20 extractions.

PURITY OF CRUDE NORDIHYDROGUAIARETIC ACID

The product, which is quantitatively separated from the
tar by means of boiling water, and having melting points noted
in Table I, is termed crude nordihydroguaiaretic acid.

Acetylation of a sample of the crude material, melting point
177-181 0 C., with a considerable excess of acetyl chloride, pro
duced a weight of acetyl derivative including the nordihydro-

98.8 2.35

G. %
56.9 1.34

Total Crude
NDGA

235.3 2.14

108.1 2.30

taining another portion of the cool,
.sodium bisulfite-washed, isopropyl ether
carbon tetrachloride solvent. The
second extraction ensures quantitative
recovery of the chemical from the plant
material.

The solvents are distil1edand recovered.
Repeated extractions of the tarry resi

dues with boiling hot distilled water
l

in
which the nordihydroguaiaretic acid is
sparingly soluble, separate the chemical
quantitatively from the tarry or resinous
residues. The pH of the distilled water
used was about 4.5, and there never was
the slightest evidence of oxidation of the
impure nordihydroguaiaretic acid with
the boiling distilled water.

In obtaining 235.3 grams of crude nordihydroguaiaretic acid
from 10,982 grams of the fresh, green machine-threshed creosote
Lush (Table I), 76 extractions of the tarry residues were made,
each with 3 liters of boiling hot distilled water. The tar, after
the solvents had been distilled off ("First Solvent Tank", Table
I), was extracted 55 times, yielding 167.0 grams (1.52%) of the
crude nordihydroguaiaretic acid, melting point 176-180 0 C.
The last four or five extractions yielded virtually none, giving
proof that the extraction was complete and quantitative. The
tar from the "Second Solvent Tank," Table I, was extracted
fifteen times, yielding 36.2 grams (0.33%) of the crude material,
melting point 175-179 0 C. The last five extractions of this tar
yielded no nordihydroguaiaretic acid, and were thus superfluous,
except to ensure quantitative recovery.

In obtaining the yields of the crude material, the crude crys
talline chemical was collected by filtering the cool aqueous solu
tions using filter cloths, then dried to constant weight and
weighed.

The nordihydroguaiaretic acid (both colloidal and dissolved)
was recovered from the combined aqueous filtrate liquors by
extraction with sodium bisulfite-washed isopropyl ether; 5
gallon bottles were employed for separatory funnels. In each
extraction, over 4 gallons of the aqueous filtrate liquor were
shaken thoroughly with 1.5 to 2.0 liters of the washed isopropyl
ether. This quantity of isopropyl ether was used for two or
three extractions. The spent, extracted aqueous solution gave
no red. color with strong aqueous sodium hydroxide solution,
thus indicating the absence of nordihydroguaiaretic acid and
some other phenols from the extracted aqueous solutions. The
extraction of the aqueous filtrate liquors with isopropyl ether
has only analytical significance.

The isopropyl ether, used to extract the aqueous filtrate liquors,
is distilled and recovered. The resulting tarry residue is ex
tracted with boiling distilled water until the last one or two ex
tractions (3 liters of boiling water per extraction) yield no crude
nordihydroguaiaretic acid. Obviously these water extractions
dissolve more of the impurities associated with the nordihydro
guaiaretic acid, because the impurities were concentrated by
means of extractions with the isopropyl ether.

A summary of the results obtained by extractions of the
creosote bush samples, employing quantitative technique in the
recoveries of the crude material, is shown in Table 1.

All melting points were taken with a calibrated Fisher-Johns
melting point apparatus.

The yield of crude nordihydroguaiaretie acid from the old, dry,
hand-threshed sample is lower than from the fresh, green, ma
chine-threshed samples.

%

175-179 0.74

178-182 0.58

170-175 0.29

None?

175-179 0.33

172-178 0.16

162-169 0,13

176-180 1.52

1'77-180 1. 56

177-181 1.48

Yield of Crude Nordihydroguaiaretic Acid
First Solvent Second Solvent Aqueous Filtrate

Tank Tank Liquor

~'C':' % ~.C':' % ~'6':'
177-181 1.34

G.
4,225

10,982

4,700

4,200

Table I.

Sample

Old, dry
Fresh, green rna

ehine-threshed
Fresh green, ma

chine-threshed
Fresh green, ma

chine-threshed
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185-186
184-186
183-185

2.5
1.8

67.6

Yield of Re- Melting Point
crystallized Recrystallized
NDGA. G. NDGA, 0 C.

2.7 184.5-186
1.8 185-186

Crystallization
Solvent

2.5% phenol
O.9~ n-amyl alcohol
1. 0-n> redistilled n-butyl al

cohol
5.5% n-propyl alcohol
Redistilled 95 % ethyl alcohol

10.0
125.0
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PURIFICATION OF NORDIHYDROGUAlARETIC ACID

The crude nordihydroguaiaretic acid may be purified by simple
recrystallization from the following hot solvents or solvent
mixtures: redistilled 95% ethyl alcohol, n-butyl alcohol, n
butyl alcohol-water, glycerol-water, teTt-butyl alcohol-water,
phenol-water, n-amyl alcohol-water, n-propyl alcohol-water,
and acetic acid-water. In most cases, the -hot solution was
filtered through cotton or paper before being cooled, with re
sulting separation of the purified nordihydroguaiaretic acid.

The nordihydroguaiaretic acid, melting point 184-185 0 C.,
may be obtained also by forming the tetraacetate from the
crude material with acetyl chloride, separating the reaction by
products, then purifying an alcoholic solution of the tetraacetate
ester with activated carbon, and, finally, hydrolyzing thetetraace
tate with 2% hydrochloric acid and ethyl alcohol. The method
of hydrolysis is described by Waller (37).

In Table II are shown some of the results obtained in the
purification of the crude nordihydroguaiaretic acid by recrys
tallization from various solvents.

guaiaretic acid tetraacetate, which indicated an apparent sample
purity of 99.5%. This value undoubtedly is high, probably be
cause of the presence, as impurities, of small amounts of other
acetylatable chemicals, such as catechol, tannins, and fiavanol
or isoflavanol pigments (17).

Waller (37) observed that a 1% solution of bromine in chloro
form reacted with nordihydroguaiaretic acid, with the evolution
of hydrogen bromide gas and the formation of a brick-red bro
mination product. Attempts were made to adapt the U. S.
Pharmacopoeia phenol assay procedure (36), which employs the
0.1 N bromine or Koppeschaar's solution, for quantitative deter
mination. In this assay procedure (36), an excess of bromine
quantitatively converts the phenol to the 2,4,6-tribromophenol.
However, the reaction between the nordihydroguaiaretic acid
and the bromine is not stoichiometric.

Working with samples of crude nordihydroguaiaretic acid,
melting point 176-180 0 C., spectrophotometric data were ob
tained using the Lundberg and Halvorson (21) modification of
the Emmerie and Engel (7) iron bipyridine method, which in
dicated an apparent sample purity of 92%. Although, as Lund
berg and Halvorson (21) state, the reaction is almost completely
lacking in specificity, the method described by these authors
gives data which are a useful indication of the apparent purity
of the sample in terms of nordihydroguaiaretic acid present.
Samples available in 1945 melted at 177-180° C.

A spectrophotometric method has been reported (6).

Table II. Purification of Crude Nordihydroguaiaretic Acid
Starting Quantity

Crude NDGA,
M.P. 176-1800 C.,

G.
10.0
5.0

10.0



·Sp·ectrophotometric Study of the Platinum(IV)-Tin(lI)
Chloride System

GILBERT H. AYRES AND ALBERT S. MEYER, JR.

The University of Texas, Austin, Tex.

This paper is part of a general study of the analytical
reactions of the platinmn rrret.ala, Although titri
rnet.rlc and coloriInetric rnothods have been reported
for the deter-mtriatfon of phrttrrurn, the only gener
ally accepted rneuhods now in use are gravtmetrtc.
In addition to their usual lill1itations, the existing
rriet.hods have little selectivity' and require extensive
separations prior to their ap~lication. The yellow
color developed by the reaction of tin(II) chloride and
platinmn(IV) chloride in hydrochloric acid solution
was studied both in. the original aqueous solution
and in extractions by organic solvents. The aqueous
solutions were found to be stable, reproducible to
±0.1%, and, over a reasonable range, independent of
reagent concentration. For the rnet.hod used, the
optfrmrm concentration is frolll 3 to 25 p.p.ll1. of
platfrurm, Over this range the rrrinfrrrum relative

ONLY two colorimetric methods for platinum have found
much application; the tin(II) chloride method is superior

to the potassium iodide method because of more rapid color de
velopment and greater selectivity (7, 11, 13).

The reaction of tin(II) chloride with platinum(IV) was first,
reported by Wohler (15), who found that platinum(IV) in hydro
chloric acid solution, when treated with tin(II) chloride gave a,
blood-red color that was extractable with ether. He considered
the color to be due to colloidal platinum, analogous to the "purple
of Cassius" formed when gold chloride is similarly treated (16).
Later authors have attributed the color to platinum(II) (6), or to
chloroplatinous acid (12, 14). The method has been applied to
the estimation of small amounts of platinum filtered from air in
the vicinity of platinum works (6), and to the determination of
small amounts of platinum in nitric acid (2). Poluektov and
Spivak (10) determined platinum "in ores containing 0.03 to 0.1
gram of platinum per tonj the developed color was extracted into
ethyl acetate. Sandell ~11) studied the method photoelectri
cally, using a blue filter, and showed that the system conformed
to Beer's law in the concentration range investigated (up to Z
p.p.m.); he found strong interference from palladium, and lesser
interference from ruthenium, gold, and iron. Wolbling (17)
found that if the solution was first made ammoniacal, and then
acidified to about 1 molar before addition of tin(II) chloride, the
palladium color was not extracted, while the platinum color was
not appreciably affected. Hopkins (5) states that the tin(II)
chloride test for platinum must be carried out in the absence of
organic matter; the original reference (8) indicates that inter
ference is due to the yellow color formed when the sample is
treated with aqua regia, rather than to the organic matter per se.

lt was the purpose of the present investigation to make a de
tailed spectrophotometric study of the platinum(IV)-tin(II)
chloride color system, both in aqueous solution and in organic
solvent extracts; to establish optimum conditions for color forma
tion; to evaluate the photometric accuracy; to determine the
nature and extent of interferences, and methods for their elimina
tion; and to attempt to elucidate the chemistry of the color-form
ing reaction.

APPARATUS

Transmittancy measurements were made with a Beckman
Model DU spectrophotometer, using matched l.OOo-cm. cells.
The instrument was operated at constant sensitivity, using slit
widths of the order of 0.02 to 0.1 mm., corresponding to nominal
band widths of about 1 to 4 millimicrons.
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analysis error is less than 10/". By rneaaurtrig solu
tions containing 50 to 60 pvp.rn, of pfatfrrurn against a
50 p.pan , sturrdard, the analysis error ll1ay be re
duced to 0.1 %. The color is almost quantitatively
extracted into amyl acetate, and has essentially iden
tical spectral characteristics as in the aqueous solu
tion. The color fades rapidly, but may be stabilized
for at least an hour by addition of 1% resorcinol.
The extracted colors are reproducible only to about
±0.5% absolute tranSll1ittancy. A' study was m ade
of possible interference by rrrarry cations and COIll

rrrori reagent anions; in general, the spectropho
'torrretn-ie rnet.hod shows greater tolerance than
geavlrneta-ic rrref.ho-ds. The rriet.hod, without loss of
accuracy, saves t.irne in deterInination of plati
nUIn and perrnfts use of less rigorous preltmfrrary
separations; it is applicable to low concentrations.

For preparation and gravimetric analysis of the standard plati
num solution, weighings were made on an assay balance having a
sensitivity of 0.002 mg., using weights that had been calibrated
directly against National Bureau of Standards certified weights.
Calibrated volumetric ware was used throughout. .

REAGENTS

Grade 1 platinum thermocouple wire, specified as 99.99% pure,
was used for preparation of the standard platinum solution.

Tin(II) chloride solution, 1.0 molar in tin(II) chloride and 3.5
molar in hydrochloric acid, was prepared from AMERICAN CHEMl
CAL SOCIETY reagent grade tin(II) chloride dihydrate. After the
salt was dissolved in hydrochloric acid and diluted to volume, the
clear solution was separated by decantation from the small
amount of residue, and stored under a layer of xylene to protect
against atmospheric oxidation. .

Stock solutions used for the study of interfering metals con
tained 1 mg. of metal per m!. All chemicals were A.C.S. reagent
grade, except compounds of the platinum metals, which were
Eimer and Amend C.P. materials. Solutions of copper(II),
cobalt(II), nickel(II), chromium(III), palladium(II), rhodium
(III), iridium(IV), and ruthenium(III) were prepared from their
chlorides. IronfH) solution was prepared from ferrous ammo
nium sulfate hexahydrate; tellurium(IV) was prepared by dis
solving the dioxide in sulfuric acid. Gold(III) solution was made
from chloroauric acid monohydrate. Osmium(IV), as chloro
osmate, was prepared from the pure tetroxide. For testing anion
interference, chloride, bromide, and sulfate were used in the form
of their alkali salts; because of the high concentrations necessary
to show any interference, these were added in the form of weighed
amounts of the solid salts. Perchlorate was added in the form of
accurately measured volumes of perchloric acid.

Baker and Adamson purified isoamyl acetate was used for the
extractions; 1% resorcinol was added to this solvent, to stabilize
the extracted color.

EXPERIMENTAL

Preparation of Standard Platinum Solution. Exactly 1 gram
of grade 1 platinum thermocouple wire (99.99% pure) was dis
solved in aqua regia, evaporated almost to dryness, taken up
with 20 m!. of 1 to 1 hydrochloric acid, and again evaporated to
sirupy consistency. The hydrochloric acid treatment was re
peated three times to remove all nitric acid and to destroy any
nitrosoplatinic acid. After final evaporation, the material was
transferred to a l-Iiter volumetric flask, 10 m!. of concentrated
hydrochloric acid were added, and the solution was diluted to,
volume, giving a concentration of 1 mg. of platinum per ml,
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Various inorganic and organic reducing agents were added,
both before and after extraction, to test for stabilizing effect.
These included sulfurous acid, crystals of tin(ll) chloride, hy
droxylamine hydrochloride, formic acid, oxalic acid, and resorci
nol. Sulfurous acid formed a pale yellow precipitate in the or
ganic layer. All the other reagents gave some increase in color
stability, but only resorcinol gave a stability suitable for quantita
tive measurement of transmittancy. When amyl acetate con
taining 1% resorcinol was used as the extractant, the solutions
were found to give constant transmittancy readings for at least
an hour, the color stability increasing as the platinum concentra
tion decreased.

The concentration of the solution was checked by preciJ?itating
the platinum from 25-mI. aliquots with formic acid, finally Igniting
and weighing as platinum (3, p. 290). The results of triplicate
analyses were as follows:

Sample No. 1 2 3 Mean

Platinum found, mg. 25.07 25.16 25.20 25.14
Deviation, % 0.28 0.08 0.24 0.20

The slightly high results are believed to be due to silica, be
cause the flask in which the platinum was dissolved was slightly
etched. .

Color Development and Measurement. The desired volume
of standard platinum solution was transferred to. a I~O-ml.
volumetric flask, 10 mI. of concentrated hydrochloric acid, 25
ml. of 20% ammonium chloride solution, and 20 ml. of 1.0 ~olar
tin(ll) chloride solution were added, and the mixture was diluted
to volume. A blank was prepared from identical amounts of
reagents. A portion of the developed solu~ion was used for
transmittancy measurements. Another portion was extracted
with an equal volume of amyl acetate; an amyl acetate blank
was prepared by extracting the aqueous blank.

The aqueous solutions had a transmittancy of approximately
100% in the range of 1000 to 650 mIL; a minimum transmittancy
was found at 403 mIL, and a sharp maximum at 355 mIL· A
second minimum was located at about 310 mIL, but below 325
mIL the absorption of the blank was so great as to render this mini
mum unsuitable for use. The spectral characteristics of the amyl
acetate extract were almost identical with those of the aqueous
solution, except that the minimum was displaced to 398 mIL·

Curves of transmittancy versus wave length for the aqueous solu
tions of various concentrations are shown in Figure 1.
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Stability of Color. The color developed so rapidly in the
aqueous solution that it was impossible to obtain readings before
complete development was attained. To test the stability
of the color, solutions containing 1, 10, and 30 p.p.m. (mg. per
liter) of platinum were developed by the above procedure;
these concentrations more than covered the optimum concen
tration range. Transmittancy measurements at "403 mIL were
taken immediately and at intervals over a period of 5 days.
The aqueous solutions showed no change in transmittancy over
this period. Upon storage for several weeks, considerable fading
occurred; apparently the fading was caused by atmospheric oxi
dation, for the addition of more tin(II) chloride restored the color.
Although the color in amyl acetate appeared to be stable while in
contact with the aqueous solution, after separation of the phases
was made it faded too rapidly for measurement. The color in
ethyl acetate was somewhat more stable than in amyl acetate,
but even this showed rapid fading. This was found to be due to
atmospheric oxidation of the tin(II) chloride, and was more rapid
in amyl acetate than in ethyl acetate because of the lower solu
bility of tin(II) chloride in the former.
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Optimum Reagent Concentrations. Using a constant amount
of platinum (10 p.p.m. in the final solution, which is about in
the middle of the optimum concentration range), solutions were
developed with reagent concentrations varying within wide
limits. Transmittancies of both the aqueous and the extracted'
solutions were measured over the range 450 to 345 mIL (to detect
any possible shift in the minimum). The hydrochloric acid pro
duced little change in the -transmittancy, provided that the
amount added was greater than about 6 mI. of concentrated acid
per 100 ml. of final solution. Below this amount, with decreasing
hydrochloric acid concentration the transmittancy of the aqueous
solution decreased rapidly and that of the organic layer increased
somewhat less rapidly. Tin(ll) chloride reagent used in amounts
from 5 to 30 ml. gave nearly constant transmittancies in both
phases. If palladium is present and 10 m!. of concentrated hy
drochloric acid are used, at least 20 mI. of tin(II) chloride should
be added to prevent extraction of the palladium color into the
organic solvent. With increasing concentration of hydrochloric
acid, larger amounts of tin(II) chloride are necessary to prevent
palladium interference. Ammonium chloride was added to pre
vent cloudiness in the extracted layers; 25 mI. of 20% solution
were adequate. The transmittancy of the solutions was not
influenced by the addition of ammonium chloride up to 30 ml.

On the basis of the results of these tests, the procedure described
under "Color Development" was adopted; the final solution was
about 2 molar in hydrochloric acid, 1 molar in ammonium chlo
ride, and 0.2 molar in tin(II) chloride. The transmittancy of a
portion of the aqueous solution was measured. A measured
volume of the aqueous solution was extracted with an equal vol
ume of amyl acetate (containing 1% resorcinol) by shaking for 1
minute; the organic layer was separated and dried for 5 minutes
over silica gel, and its transmittancy was measured, the blank
consisting of a similar extract of the aqueous blank. Both the
aqueous and the organic solutions showed a small increase in
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Table II. Extraction Efficiency
Original concentration of

platinum (aqueous), p.p.m.

Aqueous solution used, ml.

Amyl acetate used, ml,

Transmittancy of aqueous
layer, %

Concentration of platinum in
aqueous layer, p.p.rn,

Concentration of platinum in
amyl acetate layer (calcd.) ,
p.p.rn.

Ratio of pla tinum ccncantra
tion in aqueous layer-amyl
acetate layer

Platinum extracted from
equal volumes, %

The following experiments were performed to test the possibil
ity of increasing the flexibility of the method by extracting the
color from large volumes of aqueous solution into relatively small
volumes of organic solvent, so that the method would be applica
ble to determination of minute absolute amounts of platinum.

A lo-m!. portion of solution containing 10 p.p.m. of platinum
was extracted with 10 ml. of amyl acetate, and the transmittancy
of the extract was measured. Another Io-ml. portion of the same
solution was diluted to 50 ml. with the blank solution, and the
diluted solution was extracted with 10 ml. of amyl acetate; a

Table I. Transrnittancies of Platinurn(IV)-Tin(lI)
Chloride Solutions

Concentration of platinum, p.p.m, 1 2 5 10 15 25

% transmittancy of aqueous solu-
tionat403ml' 91.7 82.7 62.3 38.3 23.8 9.2

% transmittancy of amyl acetate
solution at Ssx mn 92.8 84.3 64.4 39.5 24.2 9.7

thetransmittancies of both the aqueous solution and the organic
extract were measured over the range of 325 to 650 ms. Minimum
transmittancy occurred at 403 ml£ for the aqueous solutions, and
at 398 mu for the amyl acetate solutions. The transmittancies
act these wave lengths are shown in Table 1. The data for the
aqueous solutions are shown in Figure 2, in which per cent ab
sorptancy (100 - % transmittancy) is plotted against log con
centration.

The concentration can be extended to higher values, with an in
crease in accuracy, by the differential method (1, 4), in which the
transmittance of a sample is compared with the transmittance of
a reference standard of slightly lower concentration instead of the
customary blank solution. Aqueous solutions containing 55 to
100 p.p.m. of platinum were compared against a reference stand
ard containing 50 p.p.m. of platinum, the measurements being

.made over a wave-length range around 403 1D+L- The plot of per
cent absorptance (at 403 mu) against log concentration is shown
in Figure 3. The transmittance ratios showed deviation from
Beer's law when the sample solution was more concentrated
than about 70 p.p.m.; above this concentration the position of
minimum transmittancy shifted slightly in the direction of longer
wave lengths.

Extraction Efficiency. In order to determine the extraction
efficiency, color-developed samples containing 100 and 250
p.p.m. of platinum were prepared. One portion of each solution
was extracted with an equal volume of amyl acetate; another
portion of each solution was extracted with only one fifth of its
own volume of amyl acetate. The platinum remaining in the
aqueous layer was determined spectrophotometrically at 403 mu;
the color density in the organic solvent was too great for direct
measurement, and -was obtained by difference. The extraction
coefficient was calculated on the assumption that no. volume
changes occurred in either of the phases. The results are shown
in Table II.
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With the organic extracts, the most careful attempts to repro
duce conditions indicated larger indeterminate errors than for the
aqueous solutions; the reproducibility for the extracts was about
0.5% absolute transmittancy. Larger errors may be introduced
through instability of the resorcinol in the amyl acetate extract
ant. 'When freshly prepared the solution was pale yellow, and
gradually changed to a red tint on standing; once started, this
change accelerated rapidly, and serious errors resulted if the mix
ture was prepared more than one week in advance. By simul
taneous preparation of samples and blank with fresh solution, no
interference from this source was encountered.

Effect of Temperature. The transmittancy of a color-de
veloped sample containing 10 p.p.m. of platinum was measured
over the range 20° to 50° C. With increasing temperature, the
transmittancy increased at a rate of 0.07% absolute transmit
tancy per 1°C.; the effect was completely reversible.

Effect of Platinum Concentration. Solutions containing a
final concentration of platinum from 1 to 25 p.p.m., in suitable
increments, were developed by the standardized procedure, and
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transmittancy with increase in temperature; hence they were
allowed to stand in the spectrophotometer for 10 minutes to
reach thermal equilibrium before transmittancy readings were
made. Stable readings were obtained after this equilibration
period'.

Reproducibility. Samples of the same concentration gave
transmittancy readings, on the aqueous solution, which seldom
differed by more than 0.1%. To attain this precision, it was
found advisable to clean the absorption cells with chromic acid
cleaning mixture at least daily; a l-minute treatment with the
cold cleaning mixture was satisfactory. Solutions heated to
boiling and cooled after color development but before dilution
to final volume were reproducible to 0.1%transmittancy. How
ever, if the solutions were boiled for several minutes, the final
solutions showed a decrease of about 1% absolute transmittancy.

Leutwein (9) has shown that dilute solutions of the platinum
metals stored in glass bott.les underwent a significant change in
concentration. This effect was confirmed by the authors; dilute
platinum solutions (0.001 M) which had been stored for several
weeks (in borosilicate glass-stoppered bottles), then color de
veloped by the standardized procedure, had transmittancies cor
responding to 1 to 2% relative decrease in platinum concentra
tion. For this reason, solutions freshly diluted from the stock
standard solution were used for calibration data.
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erate interference; the color was developed in the usual way.
The object of these tests was to determine the concentration of
the added substance which would give interference corresponding
to 1% relative error on the concentration of platinum. At this
concentration a relative error of 1% corresponds to 0.4% absolute
transmittancy; because the experimental error is relatively large
with respect to 0.4% transmittancy, the diverse ions were added
in amounts that would give absolute transmittancy changes of 1%
or more. Readings were made on solutions of at least three con
centrations of interfering ion, and' the value for 0.4% absolute
transmittancy difference was obtained graphically from a plot of
t.he change in transmittancy against concentration of interfering
agent. The interference graphs are shown in Figures 4 and 5.
Copper, iron, cobalt, nickel, and all the anions gave relatively
small interferences and were not plotted.

The platinum solutions to which other platinum metals were
added underwent rather rapid initial changes in color after the
addition of the tin(lI) reagent; therefore, transmittancy meas
urements on the aqueous color were not made until equilibrium
was attained-i.e., when there was no further change ~ transmit
tancy at 403 mu, This usually required about 30 minutes, but
in some cases required about an hour. Because of the rapid ini
tial color change of the aqueous solution, a portion of the solution
was extracted immediately, for measurement of the organic ex-'
tract. In the case of gold, the interference in the extracted phase
seemed to be due largely to coprccipitation of platinum; because
this might change with time, portions of the platinum-gold mix
ture were extracted immediately. In all other cases of the diverse
ions studied, the final aqueous colors were stable, hence were
extracted when convenient, usually after about 4 hours.

The concentrations of the diverse ions required to produce a

Table IV. Effect of Diverse Ions
(All solutions contained 10 p.p, m, of platinum)

Aqueous Solution Organic Extract
Concn., % Concn., %

p.p.m., for relative p.:.p.m., for relative
Interfering 1% relative to 1 ':70 relative to
Substance error platinum error platinum

Osmium (IV) 1.5 15 '>50 >500
Iridium(IV) 4.8 48 11 110
Ruthenium(III) 1. 4 14 40 400
Rhodium(III) 0.8 8 0.1 I
Palladium(II) 0.4 4 2.3 23
Gold(III)a 0.5 5 0.7 7
TelluriumrfV)« 0.3 3 0.1 I
Chromium(III) 10 100 90 900
Nickel(II) 40 400 > 200
Iron(II) 2 X 10' 2 X 10'
Cobalt(II) 2 X 10' 2 X 10'
Copper(II) 2 X 10' 2 X 10'
Nitrate >6 X 10' >2 X 10'
Perchlorate > 2 X 10'
Sulfate > 2 X 10'
Bromide >2 X 10'

a All substances produced a decrease in transmittancy, except that·in only
the extracted phase gold and tellurium produced an increase.

In test solution 1: 1 5: 1 5: 1 10: 1 10: I
In blank 1: 1 1: 1 5: 1 5: 1 10: 1

Transmittancy of organic extract, % 37.7 34.2 35.8 33.0 33.4

Table III. Concentration by Extraction
Ratio of Aqueous Volume

to Organic Volume

similar blank was prepared simultaneously; the transmittancy
of the organic extract was measured. The above process was
repeated, using aqueous-organic ratios of 10 to 1. The transmit
tancies at 398 mIL are shown in Table III.

Effect of Diverse Ions. 'The following were the observed re
actions of the platinum metals when a test solution containing
1 mg. of metal was treated with 5 ml. of concentrated hydro
chloric acid and 5 ml. of tin(II) chloride and diluted to 25 ml.,
giving a final concentration of 40 p.p.m. of metal.

PLATINUM. The test solution was very pale yellow; on addi
tion of tin(II) chloride an intense yellow-orange color developed,
reaching its maximum intensity with less than 1 ml. of the re
agent. The colored material was completely extractible into
ether, ethyl acetate, or amyl acetate. Aqueous and organic solu
tions left in contact showed no apparent change over 12 days.
Addition of 5 grams of ammonium chloride before the addition of
tin(II) produced no immediate precipitation of ammonium
chloroplatinate even in solutions containing up to 200 p.p.m. of
platinum; solutions containing 20 p.p.m, gave a slight precipitate
after 24 to 48 hours; the precipitate dissolved slowly after the
addition of tin(II) chloride.

OSMIUM. The test solution was amber; no change was ob
served on adding the reagents. There was no evidence of extrac
tion.

IRIDIUM. The test solution was orange; on addition of the
tin(II) chloride, the color changed to pale yellow. Part of the
colored material was extractable, giving a pale yellow color to the
organic solvent. The solutions were stable for at least 12 hours.

RUTHENIUM. On addition of tin(lI) chloride to the dark
orange solution, the color changed to pale blue. Within about
12 hours the color had changed to pale yellow. There was no evi
dence of extraction into ether, ethyl acetate, or amyl acetate.

RHODIUM. The test solution was light red in color. Addition
of the reagents produced a light yellow color. On standing, the
solution slowly turned to a deep raspberry red. Both the yellow
and the red solutions extracted to give a pale yellowish green
solution in ether or the esters. The extracted solution was stable
for at least 12 hours. No apparent differences were produced by
adding ammonium chloride.

PALLADIUM. The test solution was light orange. An intense
red-orange color developed with the first few drops of tin(II)
chloride; on further addition of the reagent, the color changed to
yellowish green, then to nearly black, and finally to dark olive
green. The color partly extracted into ether or the acetates to
give a red color to the organic layer and leave a green aqueous
layer. Both colors were unstable, the organic solution turning to
a lighter color and the aqueous solution turning reddish brown
within 12 hours. The addition of ammonium chloride was with
out apparent effect.

A further study showed that the amount of palladium extracted
depended upon both the concentration of hydrochloric acid and
the concentration of tin(lI) chloride. Using the same amount of
palladium as before, but only one fourth as much hydrochloric
acid, addition of tin(II) gave an intense yellow color, a large
amount of which was extractable. As more tin(lI) reagent was
added, the color changed to emerald green, then to dark blue
green, and finally to olive green; further addition of tin(II)
chloride produced no further changes. The final olive-green ma
terial was extractable only to a slight extent. This material is
possibly the colloidal metal; in a dialysis test there was no evi
dence that it passed through a collodion membrane.

Chloroform, carbon tetrachloride, and xylene were without
effect in all the extraction tests.

The metallic ions selected for detailed study of interference were
osmium(IV), iridium(IV), ruthenium(III), rhodium(III), pal
ladium(II), gold(III), iron(II), cobalt(II), nickel(II), copper(II),
chromium(III), and tellurium(IV). Anions included were bro
mide, sulfate, nitrate, and perchlorate. The diverse ions were
added, individually, to solutions containing 10 p.p.m. of platinum
(in the final solution), in amounts expected to give at least mod-
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transmittancy difference corresponding to 1% relative error in
measuring 10 p.p.m. of platinum are shown in Table IV.

By the differential method (measurement against a. reference
standard instead of a blank), the range can be extended to higher
cdhcentrations; by this method the accuracy can be increased
(1). From Figure 3 it can be shown that at 60 p.p.m, the relative
error is only 0.5% per 1% absolute photometric error, or a rela
tive error of 0.1 % for a precision of 0.2% absolute in reading the
transmittancy; at about 85 p.p.m., the relative error is about
2.7% per 1% absolute photometric error, which is the same as the
accuracy attainable in the range of 5 to 20 p.p.m, when samples
are measured against a blank solution. The range could not be
extended to much higher concentrations, inasmuch as 50 p.p.m.
of platinum is approaching the limit of color density of a reference
standard which can be balanced in the instrument used. No
attempt was made to apply the differential method to organic
extracts, because the stability of the extracted solutions decreased
with increasing platinum concentration.

Although in general the aqueous solutions proved to be superior
to the extracted solutions for measurement, the extraction pro
cedure provides a method of concentrating the material being
determined. The high distribution coefficient of the colored

DISCUSSION

The platinum(IV)-tin(II) chloride color system conforms to
Beer's law up to a concentration of at least 30 p.p.m. of platinum
when samples are measured against a reagent blank. In the dif
ferential method, using 50 p.p.m. as the reference standard, the
system follows Beer's law up to about 70 p.p.m. Deviations
from the law at higher concentrations appear to be due at least
in part to a shift in the position of minimum transmittancy
toward longer wave lengths. In the calibration curve, Figure 2,
per cent absorptancy (100 - % transmittancy) at 403 miL for
the aqueous solutions is plotted against log concentration. Refer
ence to Table I shows that a similar plot of the organic extracts
would be almost coincident with the curve of Figure 2; hence the
following considerations would apply equally well to either phase.
The inflection point in the curve occurs at 63% absorptancy, and
the slope of the curve at this point corresponds to a relative error
of 2.7% per 1% absolute photometric error, in conformity with
derivations from Beer's law (1). For a precision of 0.2% abso
lute transmittancy (aqueous solutions), the minimum relative
error is therefore 0.5%; a precision of 0.5% absolute transmit
tancy in measuring the organic extracts corresponds to a mini
mum relative error of 1.4%. Minimum error occurs at about 10
p.p.m. of platinum, although the error is not appreciably greater
in the range of 5 to 20 p.p.m.; in order to keep the relative error
within 1%, for aqueous solutions the concentration range must
be within the limits 3 to 25 p.p.m. of platinum.

system between organic solvent and aqueous solution enhances
the applicability of this method. A large number offactors may
influence the intensity of the extracted color and cause transmit
tancy variations when the relative volumes of the two phases are
varied; two factors of considerable importance are the distribu
tion coefficients of colored species and of reagents, and the mutual
solubilities of the two phases-e-i.e., changes in volumes of the
layers on mixing. The reagent concentrations in the aqueous
phase were selected on two criteria: first, that slight changes in
reagent concentrations produce little change in transmittancy;
and second, when possible the reagent concentrations were made
high to decrease the solubility of the organic solvent and to mini
mize the reagent distribution effects. It is possible, of course, to
correct for volume changes in the organic layer by carefully
separating the two phases and diluting the organic' solution to
definite volume; this would require additional time, and when
the extraction is used, to concentrate the color into a small volume
would be impractical.

At the reagent concentrations selected, the transmittancies of
the developed solutions (either aqueous or organic phase) are not
sensitive to small changes in amounts of reagents; errors of as
much as 1 ml. in measuring the hydrochloric acid, tin(II) chlo
ride, or ammonium chloride were without effect on the transmit
tancy. The data of Table III show the effect of changing the
ratio of aqueous to organic phase on the transmittancy of the
organic extract; both the sample and the blank were affected.
These results indicate that a separate standard curve is required
for each volume ratio that would be used; otherwise considerable
error would be introduced. In cases where only a small amount
of platinum is present, or the volume of the solution is large, the
extraction method may prove advantageous. Approximately 3
nil. of solution are required to fill the absorption cells used; the
colored material may therefore be extracted with as little as 5 ml.
of amyl acetate. From a volume of 25 ml. of aqueous solution,
the platinum can be concentrated by a factor of five by such an
extraction.

The interference by palladium in the amyl acetate extract is
unique, in that interference increased up to a concentration of
about 5 p.p.m., after which it remained constant up to concentra
tions of 50 p.p.m. or greater. For determination of platinum in
the presence of small amounts of palladium, interference from the
latter could be prevented by the use of a calibration curve for
platinum solutions to which palladium had been added in an
amount greater than 5 p.p.m.; addition of at least 5 p.p.m. of
palladium to the unknown platinum sample would ensure meas
urements on the plateau of the palladium interference, and refer
ence to the special calibration curve would cancel the effect of the
palladium. A simpler alternative would be the addition of at
least 5 p.p.m. of palladium to both the sample and the blank solu
tion. These procedures would be subject to some error, because
the extracted color of palladium is very sensitive to reagent con
centrations.

Table IV shows that the extracted solutions have more selec
tivity than the aqueous solutions, for the amount of interfering
substance to produce a: given relative error. With the exception
of rhodium, and to a degree tellurium, extraction increased the
tolerance of the platinum system for the other substances. It is
unfortunate that the greatest improvement by extraction is fl r
those substances which are most easily separated from platinum
namely, osmium and ruthenium; these elements are separated,
by volatilization as their tetroxides, from the other platinum
metals. For platinum determination in the presence of rhodium,
however, use of the aqueous solution rather than the organic ex
·tract is indicated; this would probably be the case even in the
presence of palladium, because palladium is more easily separated
from platinum than is rhodium.

The tolerances for palladium, rhodium, gold, and tellurium
leave much to be desired. However, for a given relative error in
the platinum determination, the spectrophotometri-: method
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does not require as complete a separation from these elements as
is necessary for gravimetric determination. The spectrophoto
metric method offers an especially advantageous means for deter
mining platinum in the presence of the more base metals of the
acid hydrogen sulfide group; determination of platinum through
the sulfide (3, p. 289) requires absence of all other elements that
are precipitated with hydrogen sulfide in acid solution.

Wohler and Spengel (16) suggested that the color produced in
the reaction of platinum(IV) with tin(II) chloride was due to
colloidal platinum. This suggestion is probably erroneous, in
view of the fact that the colored material readily passes through
semipermeable membranes such as collodion. Further evidence
that the colored species is not the colloidal metal is shown by the
rapid and complete extraction into organic solvents. The color
has been attributed also to platinum(II) (6). However, the
authors found that when the platinum(IV) chloride solution
(dilute chloroplatinic acid) was evaporated to fumes with sulfuric
acid to expel hydrochloric acid, and the sulfuric acid solution was
treated with tin(II) sulfate, no color developed. Simple reduc
tion to platinum(II), therefore, cannot account for the color re
action. Furthermore, addition of hydrochloric acid to the color
less platinum and tin sulfate solution immediately produced an
intense yellow color. It appears, therefore, that chloride ion is
one of the requisites for color formation.

The color is not due to chloroplatinous acid, as has becn claimed
(12, Ln. A solution containing 10 p.p.m. of platinum as chloro
platinous acid (potassium chloroplatinite in 10% hydrochloric
acid solution, prepared so as to prevent any possible atmospheric
oxidation) was essentially colorless. Upon the addition of tin(II)
chloride to this solution, an immediate yellow color developed,
comparable in intensity with that produced from 10 p.p.m. of
platinum(IV). A solution containing 1000 p.p.m. of platinum
as chloroplatinoue acid had a color intensity comparable to that
produced by 10 p.p.m. of platinum(IV) in the tin(II) reaction.
The spectral curve (transmittancy versus wave length) of thc
1000 p.p.m. solution of chloroplatinous acid was of the same
general shape, below 420 mu, as the curve for the solutions from
the platinum(IV)-tin(II) chloride reaction (Figure 1), except
that the maximum occurred at 360 mu (instead of 353 mu), and
the minimum occurred at 390 me (instead of 403 mu): in addi-
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tion, the chloroplatinous acid had another minimum at 475 mI"

It is obvious, therefore, that the color is not due simply to chioro
platinous acid, but in some way involves the tin. A further
study of the chemistry of the reaction process is under way in
this laboratory, and will be made the subject of a later report.
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Spectrophotometric Determination of Molybdenum with
Phenylhydrazine Hydrochloride

GILBERT H. AYRES AND BARTHOLOMEW L. TUFFLY

The University of Texas, Austin, Tex.

TH E most widely used photometric method for the determina
tion of molybdenum is based upon the amber to orange color

produced by treatment with thiocyanate and a reducing agent,
usually tin(II) chloride; ordinarily, the colored complex is ex
tracted into butyl acetate for the color measurement (10). The
color intensity is dependent upon a number of variables (6); one
of the serious disadvantages of the method is fading of the color,
and the rather rigid control necessary to minimize this effect.
By using water-acetone solutions and tin(II) chloride reduction,
Grimaldi and Wells (.4) eliminated the extraction procedure, and
found the acetone to exert a stabilizing effect on the color. Re
cently, Ellis and Olson (2) used acetone as the reducing agent,
and found that this increased both the color stability and the
sensitivity; extraction into organic solvents was not recom
mended.

Among the several other color reactions of molybdenum that
have been observed, it appeared that the reaction with phenylhy-

drazine might prove useful for photometric analysis. Spiegel
and Maass (9) observed that molybdates in acid solution reacted
with phenylhydrazine to produce a blood-red color or a red pre
cipitate. The reaction was later studied by Montignie (8), and
reported to be specific for molybdenum; color formation was
said to involve the oxidation, by molybdate, of the phenylhydra
zine to a diazonium salt, which then coupled with the excess
phenylhydrazine and molybdate. The method has been used as
a spot test for molybdenum (3), but appears not to have been
studied for application to quantitative spectrophotometric
analysis. It was the purpose of this investigation to study the
molybdenum-phenylhydrazine reaction to establish the best con
ditions for color development, to evaluate the optimum range and
the accuracy of the photometric process, to determine the nature
and extent of interference from diverse ions, and to test the
applicability of the method to the spectrophotometric determina
tion of molybdenum in steel.
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This investigation was undertaken to study the red
color system produced when acid solutions of molyb
denum(VI) are treated with phenylhydrazine hydro
chloride, with a view to its application to the spec
trophotometric determination of molybdenum in
steel. The red color is produced by treating molyb-'
denum(VI) with an excess of phenylhydrazine hydro
chloride, in' 50% acetic acid solution. The color
develops rapidly in hot solution, and is repro
ducible and stable. The 'optimum concentration
range is from 2 to 10 p-pvm , lron(IlI) may be

tolerated up to a 20 to 1 weight ratio to molyb
denum; for higher ratios, iron interference is
eliminated by selective reduction. The usual alloy
ing elements do not interfere. The method has
been tested by analyzing Bureau of Standards steels,
one of high and one of low molybdenum content.
The method is simple, rapid, and accurate; it is ap
plicable in steel analysis without change in usual
dissolution procedures. It has the advantage over
thiocyanate method that no extraction into organic
solvents is involved and color is not subject to fading.

o4~0n-0n--L--:4;;;5hO:;---..L---;,,*n--.l--rln--.l---;6rl.00

WAVE LENGTH, mil

Figure 1. Spectral Curves for Molybdenum with
Phenylhydrazine Hydrochloride

Effect of Acids. Reproducible results were not obtained with
hydrochloric acid or sulfuric acid, and the effect of increasing the
acid concentration was a decrease of color intensity. When
acetic acid was used, it was found that increasing the acid con
centration increased the color intensity-i.e., decreased the
transmittancy-up to 50% acid (by volume). above which the

precision. Satisfactory results were obtained with phenyl-'
hydrazine hydrochloride; hence this reagent was adopted for use.
For work of high accuracy, it is advisable to use blanks prepared
concurrently with samples; for routine work, blanks should be
not more than 8 hours old.

Figure 2 shows the influence of varying amounts of phenylhy
drazine hydrochloride (same amount in both sample and blank)
on the transmittancy of solutions containing 5 p.p.m, of molyb
denum; with 10 p.p.m., minimum transmittancy was reached
also with 1 gram of reagent. In order to provide an adequate
amount of reagent to ensure full development of amounts of
molybdenum in the high portion of the working range, the use of
l.5 grams of phenylhydrazine hydrochloride per 100 m!. of final
solution was adopted for the standard procedure. When l.5
grams of phenylhydrazine hydrochloride were used for color de
velopment, the amount of the reagent in the blank could be varied
within the limits of 1 to 2 grams without influencing the measured
transmittancy.
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I-Figure 1 shows the spectral curves for solutions containing

from 1 to 10 p.p.m, of molybdenum, developed by the standard
ized procedure described below. In the concentration range
studied, the system conforms to Beer's law.

A concentration of 5 p.p.m. of molybdenum is about in the
middle of the optimum concentration range; a constant amount
of molybdenum, 5 p.p.m., was therefore used in testing the influ
ence of various factors on the color intensity.

Molybdenum Oxidation State Required. Molybdate solu
tions which were reduced with tin (II) chloride gave no color
when treated with the phenylhydrazine reagent. Oxidation
state +6 (molybdate) is required for the color reaction.

Phenylhydrazine Reagent. Use of the phenylhydrazine base
was not satisfactory on account of the ease with which the liquid
oxidized to give yellow to brown colored oxidation products;
photometric results were not precise when the free base was used.
The same difficulty was experienced with a sample of phenyl
hydrazine acetate which contained some free base; the product
recrystallized from ether gave a considerable improvement of

EXPERIMENTAL

Spectral Characteristics. Solutions of several concentrations
of molybdenum were color-developed with phenylhydrazine
hydrochloride in acid solution at elevated temperature, and the
transmittancy was measured at frequent wave-length intervals
over the range 375 to 700 mil. The curves of transmittancy ver
sus wave length had a minimum at 505 mu.: This wave length
was used for making transmittancy measurements in studying the
influence of various factors on the color; a moderate wave
length region on either side of 505 mil was scanned to detect any
possible shift in the position of minimum transmittancy.

APPARATUS

Transmittancy measurements were made with a Beckman
Model DU spectrophotometer, using matched l.OOo-cm. cells.
The instrument was operated at constant sensitivity, using slit
widths corresponding to band widths of about 2 to 4 millimicrons.

Calibrated weights and calibrated volumetric ware were used
throughout.

REAGENTS

Ammonium heptamolybdate tetrahydrate, (NH4)6M07024.
4H20, was used for the preparation of standard molybdenum
solution. Computed on the assay of 80.5% molybdenum tri
oxide (theoretical, 81.4% Mo03 ) , 9.315 grams of ammonium
heptamolybdate tetrahydrate were dissolved in water containing
10 ml. of concentrated ammonium hydroxide and diluted to
500.0 m!.; the solution contained exactly 10 grams of molyb
denum per liter. Working standards were prepared by quantita
tive dilution of the stock solution.

Eastman's phenylhydrazine hydrochloride was used in the
final procedure; phenylhydrazine acetate and also the phenyl
hydrazine base were used in some of the preliminary testing.

Glacial acetic acid, and the salts used in the study of inter
ferences, were analytical reagent grade.

National Bureau of Standards steels No. 153, 8.39% molyb
denum, and No. 139,0.178% molybdenum, were used in testing
the application of the method.
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Table I. Rate of Color Development
(5 p.p.m, of molybdenum; 1.5 grams of phenylhydrazine hydrochloride per

100 mi. of 50% acetic acid; transmittancies at 505 Il}/L)

At Room Temperature At Boiling Temperature
% trans- % trans-

Time, min. mittancy Time, min. mittancy

0 99.8 0 99.8
10 78.0 1 36.8
20 61.3 2 35.5
30 55.3 3 35.0
60 47.7 4 35.0

100 45.2 5 35.0
150 42.3 10 34.9
200 39.2 15 35.0
250 37.5
300 36.7
350 35.2
390 35.0
450 35.0

within the limits 34.8 and 35.3%. The average deviation was
0.12%, and the standard deviation was 0.17% absolute trans
mittancy.

Effect of Diverse Ions. For application of the method to the
analysis of molybdenum in steel, the possible interference from
a number of metals must be considered. The other elements
'most commonly met in such samples are iron, chromium, man
ganese, nickel, cobalt, vanadium, and tungsten. For studying
interference effects, these elements were used in the oxidation
state that would be present in the solution after various dissolu
tion procedures-namely,' iron(III), chromium(IlI or VI),
manganese(II), nickel(II), cobalt(II), vanadium(V), and tung
sten(VI). By the use of phenylhydrazine hydrochloride as the
color-developing reagent, some of the elements of high oxidation
state are reduced-e.g., chromium(VI) to chromium(III).

5 P.P.M. OF MOLY8DENUM +
1.5 G. OF PHENYLHYDRAZINE

HYDROCHLORIDE PER 100 ML.
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Effect of Acetic Acid Concentration on
Transmittancy at 505 ml"'
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In order to establish the tolerance of the molybdenum system
for another element, solutions containing 5 p.p.m. of molybdenum
and added increments of the foreign element were developed and
measured in the usual way.· The tolerance was taken as the
largest amount of foreign element that would give a transmittancy
within 0.4% of that of the molybdenum alone. The tolerances
are given in Table II.

Removal of Iro~(III) Interference. Interference of iron(III)
deserves special mention, because the principal application
of the method would be the determination of molybdenum in
steel. As shown in Table II, iron (III) does not interfere when
the ratio of iron to molybdenum is less than 20 to 1; hence,
for steels containing more than 5% molybdenum, removal of
iron(III) is unnecessary. For low-molybdenum steels, however,
removal of at least a considerable part of the iron(III) would be

. required. Because iron(II) can be tolerated in very large
amounts, the obvious procedure is to reduce iron(III) to iron(II).
However, the spectrophotometric determination requires molyb
denum in the oxidation state +6. The problem, therefore, is to
reduce the iron(III) without also reducing the molybdenum(VI).
On the basis of the standard redox potentials of the systems in
volved (7), it would appear that the reduction of iron(Ill) to
iron(lI) with a Jones reductor, for example, would be difficult to
accomplish without simultaneous reduction _of molybdenum(VI)
to molybdenum(Ill). On the other hand, if the reduction
of iron(III) is very rapid in comparison with the rate of reduction
of molybdenum(VI), it might still be possible to reduce moderate
to large amounts of iron(IlI) without reducing small amounts of
molybdenumt Vl ), by using a Jones reductor and a high flow rate.
[Although reduction of molybdenumt Vl ) to molybdenumflIl)

5 P.P.M. OF MOLYBDENUM

IN 50% ACETIC ACID

color intensity remained constant (Figure 3). Replicate samples
gave good reproducibility.

Rate of Color Formation. The characteristic red color de
veloped very slowly at room temperature, but formed very
rapidly at the boiling point, as shown in Table 1.

Stability of Color. Color-developed samples gave constant
transmittancies over a period of 2 to 3 weeks, if compared with a
blank of the same age. On longer standing, a dark scum
separated in both blank and sample.

Temperature Coefficient of Transmittancy. Over the tem
perature range of 20 0 to 30 0 C. the transmittancy was constant;
from 30 0 to 40 0 C. the transmittancy increased at an average
rate of 0.08% (absolute) per 1 0 C.
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GRAMS PHENYLHYDRAZINE HYDROCHLORIDE PER 100 ML.

Figure 2. Effect of Phenylhydrazine Hydro
chloride Concentration on Transmittancy at

505 ml"'

Reproducibility. In 24 replicate determinations, made over a
period of several weeks, the transmittancy of solutions containing
.5 p.p.m. of molybdenum averaged 35.0%, all results being

Standardized Procedure. An aliquot of the working standard
solution, or sample for analysis, to give the desired final concen
tration of molybdenum (optimum range, 2 to 10 p.p.m.) was
added to 50 ml. of 50% acetic acid solution. After 1.5 grams of
phenylhydrazine hydrochloride had been added, the mixture was
boiled for 5 minutes. The cooled solution was transferred to a
100-mi. volumetric flask, 25 ml. of glacial acetic acid were added,
and the solution was diluted to volume with water. Blank
solutions prepared by the same method were usable for a period
of about 8 hours. The transmittancy at 505 mu was measured
at room temperature (about 25 0 C.).
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Sample 153,
Co-Mo-W Steel, %

8.39
4.14
0.107
8.45
1. 58
2.04
0.219
0.099

0.002
0.867
0.089

Table IV. Steels Tested
Sample 139,

Cr-Ni-Mo Steel (N.E. 8637), %
0.179
0.549
0.563

0
STANDARD CURVE
MOLYBDENUM

PHENYLHYDRAZINE

ACE TIC ACID /
/

Y
/

Y..
./'

Molybdenum
Chromium
Nickel
Cobalt
Tungsten
Vanadium
Manganese
Copper

o
I 2 3 4 5 6 8 10

CONCENTRATION OF Mo, p.p.m.

Figure 4. Calibration Curve

Iron(III) interference can be eliminated also by reduction with
sulfur dioxide in acid solution; after excess sulfur dioxide has
been boiled out, the color is developed in the usual way. In the
authors' experience, this procedure is somewhat longer than the
Jones reductor method. Removal of iron(III) by multiple pre
cipitation of the hydrous oxide was too tedious to be practical,
and the molybdenumfound was always too low.

Assay of Molybdenum(VI) Oxide. An accurately weighed
sample of reagent grade molybdenum(VI) oxide was dissolved in
ammonium hydroxide and made to known volume. Several
aliquots of the solution were developed by the standardized
procedure, the transmittancy was measured, and the molybdenum
concentration was read from the calibration curve. The molyb
denum, calculated as MoO" was found to be 100%. The assay
given by the manufacturer was 99.95% MoO,.

Determination of Molybdenum in Steel. The National
Bureau of Standards steels used, and the certified analyses for
alloying metals, are shown in Table IV.

reduced even by very slow passage through the reductor, it is
clearly shown that at least with small amounts of molybdenum
the amount of reduction is markedly influenced by the rate of
flow of the solution through the reductor.
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with a Jones reductor is a standard procedure for the titri
metric determination of molybdenum (10), the operating direc
tions for this method do not specify any conditions of flow rate.]

For testing this procedure, a Jones reductor was prepared in a
50-ml. buret, using a 3Q-cm. column of amalgamated 20-mesh
zinc. Samples of the molybdenum standard containing 0.5 mg.
of molybdenum(VI) (to give a final concentration of 5 p.p.m. for
spectrophotometric measurement) in 1 M hydrochloric acid were
passed through the reductor at various flow rates, and the effluent
solution was treated for color development by the standardized
procedure. In a second series of experiments, the solutions con
tained 0.5 mg. of molybdenum(YI) and 250 mg. of iron(III) in
1 M hydrochloric acid (5 p.p.m. of molybdenum and 2500 p.p.m.
of iron in the final solution for color measurement). After pass
ing through the reductor, the molybdenum color was developed
and measured. In a third series of tests using molybdenum
only, the solution from the reductor was delivered under ferric
alum solution, and the iron(II) equivalent to the reduced molyb
denum was titrated with 0.00250 N potassium permanganate
solution.

The results of the reduction tests, summarized in Table Ill,
show that when the flow rate is at least 0.5 ml. per second, inter
ference from iron(III) can be eliminated in the spectrophoto
metric determination of molybdenum. The third experiment
(ferric alum method) showed that at the high flow rates about 4%
(0.02 mg.) of the molybdenum was reduced; because only the
molybdenum(VI) develops the red color on treatment with
phenylhydrazine hydrochloride, a reduction of 4% of the molyb
denum present should be detectable in the spectrophotometric
method as an absolute difference of about 1.5% transmittancy
(see Discussion). The failure of the spectrophotometric measure
ment to show any reduction in these cases, and much less reduc
tion at the slower flo~ rates, is 'due to the ease 'with which the
reduced molybdenum is reoxidized at the boiling temperature
during the color development procedure. This explanation was
confirmed by using the effluent solutions from low flow rates,
either molybdenum alone or molybdenum-iron mixtures, and
subjecting them to a longer boiling period, and in some cases also
aeration with a stream of compressed air. The color intensity
increased, the transmittancy approaching 35.0%, the value for a
fully developed sample of 5 p.p.m. of molybdenum.

In interpreting the results of the ferric alum titrimetric method,
it should be noted that the sample contained only 0.5 mg. of
molybdenum; although only about 50% of the molybdenum was

Table III. Effect of Flow Rate through Jones Reductor
(AI.I solutions, 0.5 mg. of molybdenum)

Table II. Effect of Foreign Elemerrts
(All solutions, 5 p.p.m, of molybdenum)

Element Added Tolerance, P.P..M.

Iron(III) 100
Iron(II) >3 X 10'
Chromium(III) 100
Manganese(II) >5' X 10'
Nickel(II) >5 X 10'
Cobalt(II) 100
Vanadium(V), as metavanadate 4
Tungsten(VI) a, as tungstate 20

a Tungsten produced an increase in transmittancy; all others gave a de
crease in transmittancy.

37.2 6:0 3'7'.0 5:4
36.6 4.3 36.5 4.0
35.5 1.4 35.7 1.9

3'4'.9
35.5 1.4

0 35.0 0
35.0 0 35.0 0

Flow Rate,
Ml./Sec.

0.01
0.05
0.1
0.2
0.25
0.33
0.5
1.0

Experiment I,
Molybdenum Only
% trans- % Mo
mittancy reduced

Experiment 2,
250 Mg. of Iron(III)

Added
':70 trans- % Mo
mittancy reduced

Experiment 3.
Molybdenum Only

Ferric Alum
Method,
% Mo

Reduced

51
50
30

19

3.8
3.6

The steel samples were dissolved in aqua regia, and repeatedly'
evaporated with hydrochloric acid to remove nitric acid. In the
analysis of the low-molybdenum steel, sample 139, the solution
was passed rapidly through Jones reductor to reduce iron(III),
and the color was developed in the usual way. From the
measured transmittancy, the molybdenum content was deter
mined by reference to the calibration curve. The results are
shown in Table V. Analysis of the high-molybdenum steel,
sample 153, did not require the removal of iron(III). After dis
solving and making up to volume, two aliquots of each sample, of
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Table VI. Analysis of Standard Steel 153

Av.
Av. deviation

Certified analysis by N.B.S.
Range of results, N.B.S.·analysts
Av, deviation, N .B.S. analysts

such volume as would give a final concentration in the optimum
range, were developed and measured in the usual way. Table VI
gives the results of ten determinations, each involving measure
ment of two aliquots of the sample solution.

DISCUSSION

The calibration curve for the proposed method is shown in
Figure 4, in which per cent absorptancy (100 - %transmittancy)
is plotted against log concentration. The maximum attainable
photometric accuracy, evaluated from the slope of the curve, is
2.9% relative error per 1% absolute photometric error, conform
ing closely to derivations from Beer's law (1); for an absolute
photometric error of 0.2%, the relative analysis error is therefore
0.6%. Maximum accuracy occurs at about 5 p.p.m. of molyb
denum, although the accuracy is essentially as good in the range
of 2 to 10 p.p.m. The range can be extended to higher concentra
tions, with an increase in accuracy, by measuring transmittancy
ratios (1,5).

Detn. No.

2

3

4

5

7

8

9

10

Sample Wt., G.

0.1052

0.1904

0.1081

0.2193

0.1231

0.1149

0. 2090

0.1051

0.1123

0.1637

Mo Found, %
8.37
8.35
8.33
8.33
8.35
8.36
8.22
8.23
8.33
8.33
8.29
8.29
8.36
8.38
8.26
8.26
8.52
8.51
8.38
8.37

8.34
0.05 = 0.65%

8.39
8.35-8.45
0.4 = 0.48%
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merits (except vanadium .if present in amounts nearly equal to
the amount of molybdenum) are without interference. Phos
phate, up to at least 1000 p.p.m. as phosphoric acid, did not inter
fere.

RECEIVEDJune 13, 1950. Condensed from a thesis submitted by Bartholo
mew L. Tuflly to the Graduate School of the University of Texas in partial
fulfillment of the requirements for the degree of master of arts, 19.50.

Analysis of Standard Steel 139
Sample Wt., G. Mo Found, %

0.2971 0.169
0.3229 0.174
0.3639 0.208a

0.2980 0.156
0.3398 0.167
1.000 0.168

0.167
0.005 = 3.0%

0.178
o.172-{) .180.
0.002 = 1.1 %

Table V.
Detn. No.

1
2
3
4
5
6

Av.
Av. deviation'

Certified analysis by N.B.S.
Range of results, N.B.S. analysts
Av. deviation, N.B.S. analysts

It Not included in average.

In comparison with the widely used method with tin(II) chlo
ride and thiocyanate, the proposed method has the advantage of
greater color stability, and requires no extraction procedure.
The sensitivity is comparable to the tin(II) chloride method and
to the method of Grimaldi and Wells en, although not quite as
high as that of the method of Ellis and Olson (2). In the analysis
of molybdenum in steels, no interference from iron(III) is encoun
tered unless the ratio of iron to molybdenum exceeds about 20 to
1; the proposed method is therefore especially useful for the
analysis of high-molybdenum steels. The usual alloying ele-

Spectrophotometric Studies on Refined Sugars in Solution
F. W. ZERBAN, LOUIS SATTLER, AND JAMES MARTIN

New York Sugar Trade Laboratory, Neu: York, N. Y.

PET ERS and Phelps, of the National Bureau of Standards,
were the first to devise a method for the determination of the

color of sugars and sugar products, based on strictly scientific
principles. The results of these investigations, which were
presented at eight meetings of the AMERICAN CHEMICAL SOCIETY
between 1921 and 1925, have not been published in extenso,
but Peters and Phelps (9) did present the detailed description of
an improved method of preparation and clarification of solutions

. for color determinations and a discussion of spectrophotometric
data, including ratios of absorbancy indexes under various
conditions. They concluded from their results that the nega
tive logarithm of the transmittancy for I-em. thickness and a
concentration of 1 gram of dry substance in 1 mJ. of solution
("absorbancy index," a) measured at. wave length 560 m«, is
equivalent, colorimetrically, to the integral absorption over the
visible spectrum' under the same conditions of thickness and

concentration, and that therefore the measurement of the ab
sorbancy. at that wave length is sufficient for determining the
color concentration of the sample without going through the
entire spectrum between 400 and 700 mu. If desired, the various
types·of col~ring matters may be grouped and differentiated by
means of the absorption (Q) ratios for selected wave lengths.

In a later publication, Peters and Phelps (8) showed that by
interpolation between -log t for the wave lengths 546 rnu and 578
mu, the -log t for 560 mu may be calculated 'with sufficient pre
cision for all ordinary purposes. Brewster and Phelps (2)
continued the earlier studies and revised the existing methods
of preparing the solutions and certain other details of the ma
nipulation. In addition, Brewster (t) described a simplified
apparatus for technical use.

Since that time important advance; have been made in the
determination of the color of many types of materials, and color
is now defined as follows (7): "Color consists of the characteristics
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Peters and Phelps found years ago that the absorb
ancy index at wave length 560 mil of sugars and sugar
products in solution is equivalent, colorimetrically,
to the sum total absorption over the visible range,
but the experimental data leading to this conclusion
have not heen published. As a check, the transmit
tancyof60%solutions, filtered throughCelite analyti
cal filter aid, of 76 different refined sugars was meas
ured at 20 points from 325 to 825 mil. The plotted
transmittancy curves were smooth but with widely
differing slopes. The transmittancy curves of the
unfiltered solutions were also plotted, but the results
have no physical significance. The brightness,
purity, and dominant wave length were computed

of light other than spatial and temporal inhomogeneities; light
being that aspect of radiant energy of which the human observer
is aware through the visual sensations which arise from the stimu
lation of the retina of the eye." The specifications of color as thus
defined and approved by the American Standards Association
and the National Bureau of Standards read as follows (7):

Purpose. To recognize and recommend a basic method for the
specification of color, and to facilitate its popular interpretation.

Provisions. (1) The spectrophotometer shall be recognized as
the basic instrument in the fundamental characterization of color.
(2) Color specifications computed from spectrophotometric data
shall be found by means of the standard observer and coordinate
system adopted in 1931 by the International Commission on Il
lumination. In the absence of a special reason for adopting some
other iIIuminant in reducing spectrophotometric data, standard
ICI IIluminant C, representative of average daylight, shall be
used. The basic specifications of color shall consist of the tristim
ulus value, Y, and the trichromatic coefficients, or they shall
consist of the tristimulus value, Y, and the dominant wave length
and purity.

The remaining two paragraphs of the specifications refer to
colorimetry by the Munsell system, which is based on the tri
chromatic system (Y, x, and y).

The above specifications express the color as perceived by the
eye of the standard observer under the specified conditions of
illumination. Whenever this condition is not fulfilled, the term
"color" should not be used, to avoid misunderstanding.

For the reasons indicated, it appeared desirable to check the
conclusions of Peters and Phelps by an independent investigation,
beginning with refined sugars, and extending it later to other
sugar products.

Seventy-six samples of refined sugars were collected, represent
ing all types of such sugars-viz., tablets, coarse, medium, fine,
extra fine, and special granulated produced by the refiners in the
United States and Canada, as well as confectioners' sugars and
off-shore granulated. Solutions of approximately 60° Brix by
refractometer were prepared and filtered with specially purified
Celite analytical filter aid, as described previously (10). Spe
cially prepared asbestos had been recommended by Peters and
Phelps (9) and by Brewster and Phelps (2), but the present au
thors have shown (10) that the use of Celite is justified because as
bestos, Celite, and silica gel all act selectively, and the results with
asbestos are difficult to reproduce by different workers, because
they depend on the porosity of the mat, which varies with the size
distribution of the fibers and the pressure applied in the prepara
tion of the mat. These difficulties are largely overcome by the
Celite method of the writers. Some form of kieselguhr is now
preferred by most of the workers in the field.

The transmittancies of both the unfiltered and the filtered solu
tions. were measured at twenty points between 325 and 825 mil
with the Coleman Universal spectrophotometer in 5-cm. cells,
which is the greatest thickness provided for with this instrument.
Greater precision would have been obtained with the use of
longer cells.
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from the transmittancies of the filtered solutions,
and a statistical analysis showed a correlation coef
ficient of 0.9958 between those three combined and
the transmittancy, determined under the same con
ditions at 560 mil. Consequently, the corresponding
absorbancy index at that wave length gives a measure
of the color of the sugar within the limit of error of
transmittancy measurements. Ahsorbancy indexes
at any other wave length give erroneous color values.
It is concluded that the color of a solution of refined
sugar, as perceived by the eye, can he determined by
measuring the absorbancy index at a single wave
length, 560 Illll, but that detes-mfnattons at any other
wave length give incorrect results as to actual color.

FILTERED SOLUTIONS

The color of these solutions was determined by the method of
the American Standards Association (7) by determining the
trichromatic coefficients according to the selected ordinate
method of Hardy (6) for Illuminant C, and expressing the results
in the monochromatic system. This same method had been
used with excellent success by the Java Sugar Experiment Sta
tion (,0 for determining the color of solid refined sugars by re
flectance measurements. It was found that ten selected ordi
nates were sufficient because the transmittancy curves of refined
sugars are as shown in Figure 1 for three examples. It was neces
sary, however, to use transmittancies calculated to lO-cm.
thickness at a concentration of 1 gram in 1 ml. of solution,
because the brightness (luminance) values on the basis of l-cm.
thickness were too close to 100.

The method of calculating the trichromatic coefficients is
illustrated in Table I for sugar 11.

Table I. Calculation of Trichromatic Coefficients by
Selected Ordinate Method of Hardy, with Ten Ordinates

Red Primary Green Primary Blue Primary
Selected T, Selected T, Selected T,

wave 10 cm., wave 10 em., wave 10 cm.,
length 1 g./l ml. length 1 g./1 m!. length 1 g./l m!.

435.5 70.0 489.4 84.5 422.2 64.5
461.2 78.0 .515.1 88.5 432.0 68.7
544.2 91.6 529.8 90.2 438.6 70.8
564.0 93.4 541.4 91.4 444.4 72.8
577.3 94.1 551. 7 92.4 450.2 74.8
588.7 94.8 561.9 93.2 455.9 75.1
599 ..5 95.2 572 . .1 93.8 462.0 78.3
610.8 95.5 584.8 94.5 468.8 79.7
624.0 96.0 600.7 95.2· 477.8 82.0
646.2 96.1 627.1 96.0 49.1.3 85.4

Total 904.7 919.7 752.1
Factors 0.09804 0.10000 0.11812
Products 88.70 91.97 88.84
Trichromatic

coefficients ' 0.3291 0.3297 0.3412

The transmittancies found for each of the selected wave
lengths for each of the three primaries are entered, and added
for each primary. The sums are multiplied by the factors shown.
Because the green primary of the International Commission on
Illumination coincides with the visibility curve for the standard
observer, the sum of the transmittancies for the green primary,
multiplied by 0.1, gives directly the brightness of the sample.
The factors for the red and blue primaries have been computed
by Hardy from the tristimulus values and relative energy values
for IIIuminant C. The trichromatic coefficients are then cal
culated by expressing the products of the sums and factors as
fractions of unity.
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To evaluate the stimulus that the eye of the standard observer used this graphical method for the determination of dominant

accepts as equivalent to the trichromatic coefficients under wave length and excitation purity from the chromaticity diagram,

illumination with Illuminant C, the intersection of the trichro- but have preferred the more exact computational method (3).
matic coefficients of the sample for the red and green primaries The brightness, purity, and dominant wave length thus found
is located on the chromaticity diagram (6) and a line is drawn for each filtered sample are shown in columns 2, 3, and 4 of Table
from the zero purity point (trichromatic coefficient for the red II. The absorbancy indexes, a, are given in columns 5, 6, and 7
primary 0.3101, for the green primary 0.3163) through this inter- of the same table for wave lengths 560, 420, and 720 mIL. The
section to the outer contour curve (100 purity). This second samples are arranged in the table in ascending order of a at 560
intersection indicates directly the dominant wave length. The mIL· A comparison between columns 2 and 5 shows that the
excitation purity is the percentage ratio of the distance between brightness decreases almost exactly in the same order as the
the zero point and the first intersection to the distance between absorbancy index at wave length 560 m}.! increases, whereas there
the zero point and the outer contour curve. The calculation of is no such relationship between the absorbancy index for 420
the brightness has already been described. The writers have not mIL, at the blue end, and the brightness. It was therefore de-

Table II. Filtered Solutions in Order of Increasing Absorbancy Index at Wave Length 560 Ill}.!

Dominant T, 560. 60 Brix, 5 Cm. Q. Q. R,

Bright- Wave a. a, a, Calcd., Color 420 m!, 720 ill!, Gillett

No. ness Purity Length 560 mu 420 mu 720 ill!, Found Eq.3 Gillett .560 m!, 560 m!, 560 m!,

45 98.8 4.0 573.9 0.00022 0.00536 0.00000 99.8 100.3 0.00675 24.36 0.00 30.68
14 98.4 5.4 572.8 0.00035 0.00638 0.00000 99.7 100.1 0.00822 23.89 0.00 23.49
39 98.4 5.1 573.3 0.00044 0.00737 0.00000 99.6 100.2 0.01285 16.75 0.00 29.21
51 98.1 4.7 574.1 0.00066 0.00670 0.00000 99.4 100.0 0.01213 10.15 0.00 18.38
70 96.2 8.1 575.0 0.00079 0.00742 0.00000 99.3 99.4 0.01293 9.39 0.00 16.37
28 97.0 8.0 574.4 0.00097 0.01135 0.00000 99.1 99.8 0.01724 11. 70 0.00 17.77
24 96.9 7.9 574.3 0.00106 0.01439 0.00000 99.1 99.7 0.01073 13.58 0.00 10.12
17 96.4 5.8 575.2 0.00123 0.00841 0.00009 98.9 99.2 0.00456 6.84 0.07 3.71
29 96.4 6.1 574.4 0.00128 0.00931 0.00000 98.9 99.2 0.01581 7.27 0.00 12.35
15 96.4 6.9 573.4 0.00132 0.01169 0.00000 98.8 99.2 0.01513 8.86 0.00 11.46
71 96.2 8.1 575.3 0.00132 0.01169 0.00000 98.8 99.4 0.01669 8.86 0.00 12.64
43 96.4 4.1 .573.0 0.00146 0.00773 0.00000 98.7 98.8 0.01262 5.29 0.00 8.64
56 95.5 5.6 574.4 0.00191 0.00904 0.00017 98.3 98.6 0.01994 4.73 0.09 10.44

2 94.8 9.6 574.1 0.00195 0.01367 0.00052 98.3 98.6 0.01626 7.01 0.27 8.24
18 94.7 10.4 574.1 0.00195 0.01707 0.00000 98.3 98.6 0.01064 8.75 0.00 5.4&
6 94.6 7.4 573.7 0.00209 0.01238 0.00110 98.2 98.2 0.01364 5.92 0.53 6.53

41 94.4 7.8 574.& 0.00209 0.01249 0.00031 98.2 98.2 0.01332 5:98 0.15 6.37
16 93.9 9.7 573.6 0.00237 0.01568 0.00031 97.9 98.0 0.02227 6.62 0.13 9.4(}
72 93.9 10.1 575.0 0.00241 0.01568 0.00000 97.9 98.2 0.02253 6.51 0.00 9.35
52 93.9 9.6 575.4 0.00250 0.01481 0.00000 97.8 98.2 0.01724 5.92 0.00 6.90
21 93.0 14:6 574.2 0.00255 0.02240 0.00022 97.8 98.1 0.01962 8.79 0.09 7.69
73 93.5 11.4 575.3 0.00255 0.01759 0.00000 97.8 98.2 0.02801 6.90 0.00 10.98
60 92.8 12.1 574.8 0.00278 0.01193 0.00000 97.6 97.8 0.02548 4.29 0.00 9.17
47 92.2 17.5 574.2 0.00283 0.02890 0.00000 97.5 98.0 0.03072 10.21 0.00 10.86
67 92.4 11.9 575.4 0.00301 0.01858 0.00000 97.4 97.6 0.02146 6.17 0.00 7.13

11 92.0 11.8 573.9 0.00311 0.01972 0.00150 97.3 97.2 0.02273 6.34 0.48 7.31
44 92.0 12.5 574.5 0.00'311 0.01945 0.00000 97.3 97.3 0.02111 6.25 0.00 6.79
55 92.3 10.9 573.7 0.00311 0.01778 0.00000 97.3 97.2 0.01705 5.72 0.00 5.48
46 91.6 13.9 575.1 0.00315 0.02097 0.00000 97.2 97.3 0.02772 6.66 0.00 8.8(}
37 92.0 9.0 573.3 0.00325 0.01599 0.00164 97.2 96.8 0.01319 4.92 0.50 4.06
50 91.3 16.3 575.1 0.00329 0.02464 0.00000 91.1 97.4 0.02953 7.49 0.00 8.98
12 91.5 11.2 574.9 0.00339 0.01824 0.00159 97.0 .96.9 0.02538 5.38 0.47 7.49
34 88.5 17.8 .577.3 0.00348 0.02882 0.00048 97.0 96.1 0.02718 8.28 0.14 7.81
40 91.3 11.9 576.7 0.00372 0.01884 0.00000 96.7 97.0 0.02264 5.06 0.00 6.09
32 90.4 14.8 574.1 0.00372 0.02495 0.00000 96.7 96.6 0.02155 6.71 0.00 5.79
7 90.3 13.5 574.2 0.00376 0.02277 0.00141 96.7 96.4 0.03309 6.06 0.38 8.8(}

31 90.9 12.9 574.4 0.00376 0.02219 0.00013 96.7 96.7 0.02167 5.90 0.03 5.7&
68 90.5 14.5 ,574.7 0.00376 0.02396 0.00079 96.7 96.7 0.03147 6.37 0.21 8.37
69 90.3 12.9 .57,5.4 0.00376 0.02190 0.00000 96.7 96.4 0.02641 5.82 0.00 7.02

36 90.1 15.4 ,574.1 0.00386 0.02557 0.00057 96.6 96.5 0.02060 6.62 0.1,5 5.·34
38 89.6 17.6 ,574.1 0.00405 0.03080 0.00013 96.5 96.4 0.02304 7.60 0.03 5.69
35 89.4 19.9 ,574.6 0.00410 0.03372 0.00000 96.4 96.6 0.03258 8.22 0.00 7.77
23 89.9 12.8 573.6 0.00414 0.02154 0.00017 96.4 96.0 0.02261 5.20 0.04 5.46
57 89.5 18.0 575.1 0.00419 0.02924 0.00000 96.3 96.5 0.03908 6.97 0.00 9.33
49 88.5 22.1 573.6 0.00458 0.04179 0.00000 96.0 96.3 0.03720 9.12 0.00 8.12
19 88.3 18.0 574.8 0.00482 0.02757 0.00026 95.8 95.8 0.02218 5.72 0.05 4.60
27 87.6 19.0 575.6 0.00482 0.03054 0.00075 . 95.8 95.6 0.02680 6.34 0.16 .5.56
22 88.3 13.7 574.7 0.00487 0.02366 0.'00083 95.8 95.3 0.01647 4.86 0.17 3.38

3 88.3 12.7 573.1 0.00496 0.02636 0.00057 95.7 95.0 0.03220 .5.31 0.11 6.49
13 88.5 12.9 575.1 0.00496 0.02219 0.00057 95.7 9,5.3 0.02791 4.47 0.11 5.63
25 87.5 17 .8 574.8 0.00521 0.02933 0.00101 95.5 95.3 0.03151 5.63 0.19 6.05

8 86.7 20.2 574.3 0.00531 0.03298 0.00191 95.4 95.0 0.04310 6.21 0.36 8.12
33 86.6 21.2 574.7 0.00540 0.03726 0.00066 95.3 95.1 0.03633 6.90 0.12 6.73
61 86.3 24.0 575.3 0.00540 0.'03675 0.00022 95.3 9,5.3 0.02770 6.81 0.04 5.13
62 86.8 18.7 574.8 0.00540 0.03270 0.00114 9,5.3 95.0 0.03501 6.06 0.21 6.48
84 85.7 22.0 575.0 0.00595 0.04023 0.00000 94.8 94.7 0.03765 6.76 0.00 6.33
81 85.2 21.2 575.5 0.00615 0.03615 0.00137 94.7 94.4 0.03981 5.88 0.22 6.47
53 85.0 21.0 575.1 0.00620 0.03546 0.00119 94.6 94.2 0.04855. 5.72 0.19 7.83
83 84.0 22.6 575.5 0.00670 0.03936 0.00173 94.2 93.8 0.04499 .5.87 0.26 6.72
74 84.0 23.2 575.5 0.00675 0.04012 0.00052 94.2 93.9 0.04654 5.94 0.08 6.90
48 80.7 28.2 575.9 0.00680 0.04881 0.00110 94.1 92.5 0.05738 7.18 0.16 8.44
63 82.9 23.4 575.0 0.00726 0.04237 0.00141 93.8 93.2 0.04,558 5.84 0.19 6.28
58 82.3 24.4 575.2 0.00757 0.04012 0.00223 93.5 93.0 0.04267 ,5.30 0.29 ,5.64
82 81.0 19.9 ,57.5.2 0.00820 0.03536 0.00101 93.0 91. 7 0.03679 4.31 0.12 4.49

1 80.4 2,5.,5 576.3 0.00846 0.04353 0.002,5,5 92.8 92.1 0.0,5399 .5.1,5 0.30 6.38
59 85.2 24.9 575.4 0.008.51 0.0404,5 0.00101 92.7 94.8 0.08391 4.75 0.12 9.86
66 80.7 28.4 572.0 0.00851 0.06819 0.00101 92.7 92.2 0.06987 8.01 0.12 8.21
20 80.6 29.9 ,57.5.6 0.00851 0.054,52 0.00061 92.7 92.6 0.03808 6.41 0.07 4.,58
26 78.6 29.8 .575.3 0.00931 0.05331 0.00092 92.1 91.4 0.04161 5.73 0.10 4.36
54 78.5 27.6 ,575.7 0.00947 0.04802 0.00022 91.9 91.1 0.05516 ,5.07 0.02 5.83
9 68.7 ,53.8 .575.7 • 0.0141,5 0.09872 0.00292 88.2 88.3 0.12182 6.98 0.21 8.61

.64 ,50.1 48.8 ,575.9 0.02865 0.11739 0.01062 77.,5 76.7 0.0820,5 4.10 0.37 2.86
42 48.6 63.1 578.2 0.02959 0.10132 0.00783 76.9 77.7 0.09843 3.42 0.26 3.33
6,5 49.0 54.2 ,576.7 0.02976 0.13872 0.00809 76.8 76.8 0.09235 4.66 0.27 3.10
30 43.,5 ,58.1 578.2 0.03478 0.13188 0.00958 73.4 74.1 0.06521 3.79 0.28 1.88
8,5 3,5.5 61.3 .076.2 0.04342 0.16576 0.01972 68.0 69.5 0.07515 3.82 0.45 1.73
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ences are, on the whole, well within the limit of error of transmit
tancy measurements in the high range, mostly above 90%.

If the transmittancy at 560 mIL, 5 em., 60° Brix, is correlated
only with brightness and purity, leaving out the dominant wave
length, the equation becomes:

T 560, 5 cm., 60 Brix = 0.5925 brightness +
0.1184 purity + 41.3235 (4)

in which case the correlation coefficient is 0.9957, again nearly
the same as when all three variables of the monochromatic
analysis are used. If the purity is omitted as criterion, and only
brightness and dominant wave length are considered, the correla
tion coefficient drpps to 0.9936, and for the brightness alone to
0.9933.

The conclusion to be drawn from the data is that the absorb
ancy index of the filtered solution, determined at wave length
560 mIL, is equivalent to the color of a white sugar in solution,
as originally found by Peters and Phelps. Measurements at
any other individual wave length give only absorption values,
not color values. Peters and Phelps have explained this fact
by the observation that the absorption curves, reduced to unit
color concentration, of all the white sugars studied by them cross
at wave length about 560 mIL. Toward the blue end of the
spectrum all the absorbancy indexes rise to different heights,
depending on the samples, while toward the red end of the
spectrum they fall, also to different values. These rises and falls
are expressed numerically by the ratios of the absorbancy index
at any wave length other than 560 mIL to t.hat at 560 mIL. Wave
length 420 mIL, at the extreme blue end of the visible spectrum,
and wave length 720 mIL, just beyond its red end, were chosen to
calculate these Q-ratios, which are shown in columns 11 and 12
of Table II. It is seen that the Q-ratios for 420/560 vary from
3.42 to as high as 24,36, and those for 720/560 from 0.00 to 0.50.
This explains why the absorbancy indexes for 420 mIL do not vary
in the same order as those for 560 mIL. They are not a measure
of color, but merely of absorption at 420 mu, The same is true
of any other wave length except 560 mIL.

A further study of the Q-ratios shows that, as those for 420/
560 rise, those for 720/560 fall in a strikingly regular way, as is
seen in Table III.

90

80

>- 70
vz
<{

60I:::
"i
'" 50z
<{

'"l-
I- 40z
w
V

'" 30w ,"530.

a, 560 mIL = 0.169128 - 0.00084 brightness -
0.00021 purity - 0.00015 dominant wave length (1)

The correlation coefficient between the absorbancy index at
560 mIL and the monochromatic analysis is 0.9927.

Because the dominant wave length (column 4) varies only a
few units around 575 mIL, it was felt that this criterion might be
omitted. Under this condition the following formula was ob
tained for the filtered solutions:

505
WAVE LENGTH, ml'

Figure 1. Teanamrt.tancy Curves of Three Refined Sugars

cided to make a statistical analysis of the relation between the
absorbancy index at,560 mIL, and the color analysis as presented
by brightness, purity, and dominant wave length. Irving
Lorge, of Teachers College, Columbia University, kindly offered
to have this statistical analysis made 'with modern machines.
The equation derived from the experimental data is as follows,
for the filtered solutions:

a, '560 mIL = 0.083091 - 0.00084 brightness - 0.00022 purity (2)
Table III. CornpnrIson of Q-Ratios 420/560 with Q-Ratios

720/560

Column 10 of Table II, marked Color Gillett, gives the results
of the method of Gillett, Meads, and Holven (5) for determining
the color of white sugars by measuring the absorbancy index of the
unfiltered solution at 420 and 720 mIL, and deducting twice the
latter value from once the former value. The figures thus cal
culated have been placed in Table II to permit direotoomparison
with the color values found by the measurements 'upon the fil
tered solutions. This color Gillett places the samples in an .
order different from that based on the monochromatic analysis of
the entire transmittancy curve, or that based on the absorbancy
index at 560 mIL. This was to be expected, because as is shown
by the results obtained with the unfiltered solutions (Table V),
the absorbaneyindex at 420 mIL is very high as compared with
that at 720 mu, so that the final color value of Gillett will be
roughly comparable to the absorbancy index at 420 mIL of the
filtered solution, but very much higher, and in an entirely different
order of sequence, than the color as expressed either by the

The correlation coefficient in this case is 0.9925, only a shade
lower than when the entire monochromatic analysis is taken
into account.

Considering that the absorbancy indexes are logarithms, a
better correlation should be expected between the transmittancies
observed at 560 mIL and the monochromatic analysis. The cal
culations made by Lorge bore out this expectation. The trans
mittancies found for the 5-cm. cell had to. be corrected to exactly
60.00° refractometric Brix (0.7719 gram of dry substance in 1
ml.) because the filtered solutions had a higher Brix, 61 ° to 62°,
due to evaporation during the filtration. The corrected ob
served transmittancies at 560 rna are shown in column 8 of
Table II.

These values were compared statistically with the results of
the monochromatic analyses, yielding the following equation:

T 560, 5 cm., 60 Brix = 0.5938 brightness + 0.1149 purity +
0.0901 dominant wave length - 10.5107 (3)

with a correlation coefficient of 0.9958, which, from a statistical
viewpoint, is much better than that for Equation 1. The trans
mittancies calculated from the monochromatic analysis, according
to this equation, are shown in column 9 of Table II. The differ
ences between the found and calculated values average 0.39%
transmittancy, and exceed 1% in only three cases. These differ-

Q:Ratios 420/560

3.00-3.99
4.00-4,99
5.00-5.99
6.00-6,99
7.00-7.99
8.00-8.99
9.00 and above

Average Q-Ratios 720/560

0.33
0.19
0,15
0.12
0.09
0.05
0.00
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Unfiltered Solutions in Order of Increasing Absorbaricy Index at Wave
Length 560 m!'

absorbancy index at 560 m« or by the monochromatic analysis
of the transmittancy curve. This is well illustrated in column
13 of Table II, which shows the ratios of the color Gillett to the

UNFILTERED SOLUTIONS

In order to obtain the
necessary values of the color
Gillett, transmittancy meas
urements were made upon the
unfiltered solutions through
out the spectral range, and
the color was expressed in the
monochromatic system of
brightness, purity, and
dominant wave length. These
values have, however, no spe
cific physical significance be
cause they represent the sum
total effect of the absorption
by the coloring matter plus
turbidity, and the scattering
and reflectance effects of the
particles causing turbidity.
The results are shown in Table
V, which is arranged III the
same manner as Table II, ex
cept that columns 10 and 13
are omitted.

Despite the disturbing effects
caused by the turbidity, the
absorbancy index at 560 m!'
increases in roughly the same
order as the brightness de
creases. Lorge has estab
lished, in the same manner
as for the filtered solutions.

Q. Q.
420 mu 720 In"
560 m" 560 m"

4.33 0.53
2.32 0.49
3.63 0.28
2.96 0.54
3.81 0.47
4.32 0.23
4.23 0.51
2.88 0.67
2.56 0.36
3.10 0.49
3.27 0.54
2.89 0.38
2.98 0.60
2.56 0.49

2.93 0.35
3.65 0.40
3.71 0.48
3.14 0.50
2.86 0.39
3.32 0.38
2.73 0.57
3.21 0.38
3.03 0.35
2.04 0.77
3.10 0.36
4.33 0.33
2.96 0.49
3.23 0.38

3.15 0.31
2.65 0.59
3.75 0.28
2.44 0.66
3.50 0.45
3.54 0.40
3.07 0.58
4.27 0.33
2.24 0.60
2.95 0.60
2.11 0.74
3.11 0.44
2.78 0.46
2.87 0.44

2.84 0.51
3.67 0.42
3.36 0.31
2.89 0.45
3.04 0.50
2.82 0.46
4.10 0.44
3.41 0.27
3.35 0.55
2.62 0:53
2.37 0.54
2.43 0.43
2.66 0.58
2.84 0.43

2.98 0.51
2.34 0.66
2.27 0.62
2.54 0.52
3.00 0.48
3.00 0.54
2.68 0.55
3.07 0.53
3.07 0.42
2.60 0.50
2.72 0.50
3.35 0.53
2.86 0.49
3.23 0.43
3.59 0.48
2.60. 0.52
2.41 0.60
2.54 0.57
2.01 0.56
1.87 0.62

absorbancy indexes for 560 m!' of the filtered solution. These
ratios in condensed form are compared in Table IV with the
Q-ratios 420/560 for the filtered solutions._

The two ratios increase in a similar fashion, showing that the
color Gillett varies roughly in the same order as the absorbancy
index of the filtered solution at 420 m«,

It appears from the figures in Table IV that, if the ratios of
the color Gillett to the absorbancy index at wave length 560
ill!, of the filtered solution of different samples are equal among
themselves, the Q-ratios 420/560 should also be approximately
equal, and in that case the color Gillett would be proportional to
the absorbancy index of the filtered solution at 560 m«. Such a
condition may be expected when refined sugars are produced by

the same refining process from
raws of similar types, and in
this case the simple and rapid
method of Gillett, Meads, and
Holven is of distinct practical
value, but the result should
not be called color. The
writers (11) fell into the same
error when they devised a
meth ad for computing the
"color" and turbidity of raw
and refined sugars from the
transmittancy and Tyndall
beam intensity of unfiltered
solutions, measured at 529 m«
with the Pulfrich photometer
because the absolute turbidity
of the standard block was
known only at that wave
length. It is now intended to
repeat the earlier work on a
spectrophotometric basis.

96.4
95.6
95.1
94.2
94.1
94.1
94.0
94.0
94.0
93.8
93.6
93.6
93.5
93.4

93.4
93.3
93.3
93,2
93.1
92.9
92.8
92.1
92.1
92.1
91.9
91.9
91.4
90.7

90.6
90.5
90.4
90.3
90,0
90.0
89.9
89.4
89.3
89.2
88.9
88.9
88.6
88.3

88.3
88.2
88.1
86.9
86.5
86.5
86.2
86.2
86.0
85.8
85.6
85.4
84.8
84.7

84.4
83.7
83.0
83.0
82.2
82.0
81.0
80.7
80.4
79.3
78.7
76.2
76.2
73.0
66.3
57.1
54.6
41.1
39.6
34.0

Caled.,
Found Eq.7

99.7
97.2
96'.6
94.4
96.8
95.5
96.8
95.4
93.2
96.0
95.6
93.9
95.7
93.5

94.0
94.5
96.3
95.0
94.4
94.0
93.5
92.7
92.3
92.8
91.5
93.8
92.1
88.2

90.5
90.6
89.9
88.3
90.5
90.1
91.1
90.2
87.5
88.8
89.9
88.5
89.2
86.2

89.3
88.2
87.0
85.3
85.0
86.6
86.9
85.0
84.7
84.9
83.6
83.4
82.7
83.2

83.1
81.2
79.8
79.3
80.1
80.1
78.5
79.7
79.2
74.0
75.5
77 .1
75.1
70.7
64.9
57.3
57.0
41.4
44.1
42.8

T. 560. 60 Brix.
5 Cm.

a,
720 ill"
0.00218
0.00250
0.00155
0.00362
0.00325
0.00159
0.00353
0.00467
0.00250
0.00353
0.00400
0.00283
0.00453
0.00376

0.00269
0.00315
0.00376
0.00395
0.00315
0.00315
0.00487
0.00353
0.00320
o 00721
0.00343
0.00311
0.00492
0.00419

0.00343
0.00660
0.00325
0.00757
0.00531
0.00472
0.00696
0.00424
0.00773
0.00768.
0.00980
0.00585
0.00625
0.00620

0.00721
0.00595
0.00434
0.00706
0.00820
0.00752
0.00731
0.00726
0.00931
0.00915
0.00942
0.00768
0.01079
0.00804

0.00975
0.01319
0.01302
0.01090
0.01068
0.01203
0.01290
0.01284
0.01002
0.01319
0.01349
0.01618
0.01512
0.01518
0.02197
0.03270
0.04089
0.05719
0.05867
0.07352

a.
420 ill"
0.01777
0.01175
0.02034
0.01986
0.02612
0.02959
0.02924
0.02007
0.01785
0.02219
0.02426
0.02147
0.02270
0.01965

0.02262
0.02857
0.02907
0.02495
0.02299
0.02741
0.02306
0.02959
0.02807
0.01898
0.02950
0.04123
0.02978
0.03556

0.03487
0.02967
0.04283
0.02807
0.04134
0.04202
0.03696
0.05406
0.02865
0.03809
0.02782 
0.04123
0.03788
0.04012

0.03990
0.05171
0.04776
0.04559
0.04949
0.04724
0.06861
0.05719
0.05670
0.04510
0.04145
0.04306
0.04949
0.05287

0.05670
0.04698
0.04750
0.05331
0.06635
0.06716
0.06345
0.07423
0.07520·
0.06799
0.07352
0.10223
0.08762
0.11427
0.16576
0.16383
0.16383
0.17959
0.20969
0.22219

a.
560 ill"

0.00410
0.00506
0.00560
0.00670
0.00685
0.00685
0.00691
0.00696
0.00696
0.00716
0.00742
0.00742
0.00762
0.00768

0.00773
0.00783
0.00783
0.00794
0.00804
0.00825
0.00846
0.00921
0.00926
0.00931
0.009:;3
0.00953
0.01007
0.01101

0.01107
0.01118
0.01141
0.01152
0.01181
0.01186
0.01203
0.01267
0.01278
0.01290
0.01319
0.01325
0.01361
0.01397

0.01403
0.01409
0.01421
0.01580
0.01630
0.01637
0.01675
0.01675
0.01694
0.01720
0.01752
0.01772
0.01858
0.01864

0.01904
0.02007
0.02090
0.02097
0.02211
0.02240
0.02366
0.02419
0.02449
0.02612
0.02700
0.03054
0.03063
0.03536
0.04622
0.06308
0.06799
0.10000
0.10410
0.11871

Dominant
Wave

Length

574.8
575.6
576.0
576.1
575.0
576.0
575.0
575.4
576.9
575.0
575.1
576.1
574.8
576.1

575.7
575.7
574.4
575.1
575.3
575.7
575.5
575.7
576.0
574.9
576.4
575.4
575.5
577.5

576.1
575.4
576.6
576.5
575.7
576.0
574.8
575.8
576.3
575.8
574.1
576.0
575.1
576.8

574.5
576.1
576.6
576.4
576.4
575.0
575.6
576.4
576.5
575.7
576.0
576.8
576.1
576.2

576.2
576.1
576.6
572.4
576.7
576.4
576.4
576.0
576.0
578.5
577.4
574.7
576.7
578.5
579.5
579.7
577.9
584.1
583.1
581.6

Purity

7.5
5.2

11.9
8.6

15.1
16.1
16.8
10.7
9.4

11.6
13.0
11.4
11.4
10.0

11.1
16.0
15.9
12.9
11. 9
14.9
11.6
15.4
14.2
7.6

15.6
21.7
14.5
18.8

18.6
13.8
22.5
10.7
21.0
21.6
17.3
26.2
13.1
19.4
11.4
21.0
18.3
19.6

17.3
26.7
23.9
21.6
24.3
20.4
33.2
29.1
26.0
22.2
18.7
26.5
23.2
25.6

26.3
20.6
20.3
26.5
31.6
33.3
28.6
34.9
33.6
32.1
33.9
36.2
41.0
53.7
69.2
64.8
56.0
58.8
69.3
58.5

Q-Ratio 420/560

3.00-3.99
4.00-4.99
5.00-5.99
6.00-6.99
7.00-7.99
8.00-8.99
9.00 and above

90.3
88.8
87.1
84.9
84.3
84.4
83.9
84.3
84.6
84.0
83.3
83.4
83.2
83.1

82.7
82.3
82.1
82.4
82.3
81.7
81.4
79.7
80.1
80.0
79.3
79.0
78.5
76.0

76.4
76.3
75.7
76.0
74.9
74.8
74.7
73.3
73.8
73.0
72.9
72.6
72.3
71.3

71.3
70.9
70.9
68.5
67.4
67.6
66.2
66.1
66.3
66.1
65.8
65.3
63-.5
63.8

63.5
61.9
61.0
60'.4
58.7
57.7
56.5
55.7
55.4
53.4
52.8
48.6
48.8
43.0
32.5
22.6
20.3
10.0
9.1
6.5

Bright
ness

Table V.

" From column 13, Table II.

No.

18
45
52
43
21
69
19
24
39
15
2

29
6

51

28
16
32
55
71
44
41
72
31
17
40
62
56
34

73
22
33
70
47
35
38
63
37
11
14
50
12
46

60
81
57
68

7

q
58
20
27
23
61
13
82

49
36
67
25
83

8
84
53
54
26
74
66
48
59

9
42
64
30
65
8,';

Table IV. Comparrson of Q-Ratios for Filtered Solutions
Av, Ratio of Color Gillett to
Absorbency Index at 560 m,,"

2.31
5.81
6.26
7.27
8.74
8.72

19.22



VOL U ME 23, N O. 2, FEB R U A R Y 1 95 1

equations for the relation between the absorbancy index at
560mu on the one hand, and the brightness, purity, and dominant
wave length on the other. The equation corresponding to
Equation 1 is:

a, 560 rnu = -0.00114 brightness -0.00047 purity + 0.00380
dominant wave length - 2.08193 (5)

If the dominant wave length is again omitted, the equation is:

a, 560 mu = -0.00140 brightness -0.00043 purity + 0.12477 (6)

Table VI. Comparison of Q-Ratios for Unfiltered Solutions
Q-RatioB 420/560 Av. Q-Ratios 720/560

1.87-2.49' 0.61
2.50-2.99 0.50
3.00-3.49 0.44
3.50-3.99 0.41
4.00-4.99 0.40

The correlation coefficient for Equation 5 is 0.9622, and for
Equation 6 it is 0.9468; both figures, as expected, are consider
ably lower than for the corresponding Equations 1 and 2 for
filtered solutions.

For reasons explained previously, equations were established
correlating the monochromatic analysis with the transmittancies
for 560 me, 5 cm., 60 Brix, rather than with the corresponding
absorbancy indexes. This gave the following formulas:

T 560, 5 cm., 50.Brix = 0.6622 brightness + 0.1683 purity
1.4832 dominant wa~e length + 891.2300 (7)

T 560, 5 em., 60 Brix = 0.7619 brightness +
0.1509 purity + 30.0402 (8)

The correlation coefficient for Equation 7 is 0.9860, much higher
than for Equation 5, but much lower than for Equation 3.
Similarly, the correlation coefficient for Equation 8 is 0.9792,
much higher than for Equation 6, but much lower than for Equa
tion 4.. If the purity is omitted as a criterion, and only brightness
and dominant wave length are considered, the correlation co
efficient is 0.9839, and for the brightness alone it drops to 0.9776.

The transmittancies at 560 m« for the 5-cm. cell and 60 Brix
are shown in column 8, and those calculated from Equation 7
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in column 9 of Table V. As expected, the discrepancies are
much greater than for the filtered solutions, averaging 1.55%
transmittancy, with a maximum of 8.8%,. proving that turbid
solutions .are not suitable for color determinations because the
transmittancy is affected by the scattering and reflectance effects
of the turbidity particles.

The absorbancy indexes for wave length 420 m,u (column 6)
are again in an order entirely different from that of the absorbaucy
indexes at 560 m« (column 5). This is well shown by the Q.
ratios for 420/560 (column ~O), and also in Table VI, which gives
a comparison, in condensed form, with the Q-ratlos 720/560
(column 11).

The range of the Q-ratios 420/560 is numerically very much
lower than for the filtered solutions (Table III), and conversely
the range of those for 720/560 is considerably higher, because
of the effect of the turbidity. The Q-ratios for 720/560 again
changein the reverse order as those for 420/560, but the lowest
average ratio for 720/560 (0040) is considerably higher than the
highest average Q-ratio for the filtered solutions (0.33).
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Spectrophotometric Analysis of. Accelerator-Rubber Mixtures
K. E. KRESS, Firestone Tire and Rubber Co., Akron, Ohio

R ECENT trends have emphasized use of physical or instru
mental methods as auxiliary or alternative methods for es

tablished chemical procedures. The ultraviolet spectrophotom
eter offers a sensitive, accurate, and particularly rapid method of
analysis well adapted to control of many organic rubber com
pounding ingredients, especially where available chemical meth
ods may be inadequate, or complex and time-consuming.

The application of ultraviolet spectroscopy to analysis of syn
thetic elastomers (25) and determination of their antioxidant con
tent (4) has been described. However, relatively little has been
clone with the organic accelerators, those important compound
ing ingredients essential for obtaining rapid vulcanization and op
timum strength in most rubber stocks.

Some early work with ultraviolet spectroscopy in determining
the degree of accelerator combination with rubber on vulcaniza
tion, and the effect of cure on the structure of accelerators, has

been reported (10). An investigation of the transformation
which tetramethylthiuram disulfide undergoes during the vul
canization process has been carried out following the spectro
graphic technique (19). More recently (20) the ultraviolet spec
tral absorption curves of several commercially important rubber
accelerators have been interpreted in the light of their known
chemical structure, or the spectral curves were considered as aguide
in confirming the mole~ularstructure of the accelerators. Though
some quantitative absorption data were reported, no rigorous in
vestigation of the quantitative aspects of accelerator absorption
has been undertaken, the emphasis heretofore being on the quali
tative data of the spectral curve. Most of the published quanti
tative work concerned purified accelerators, and no consideration
was made of mixed accelerators or of such compounds when com
bined with rubber.

For this investigation it was deemed advisable to select a few
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a Wave length of maximum absorption for accelerator listed. Above data obtained with two differ
ent weighings on two different dates, using same sample of accelerator of commercial purity.
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availability at moderate cost, in a,

grade suitable for spectral analysis
without further purification, also favored
its selection. The main disadvantages
of chloroform are relatively high vola
tility and toxicity. When solution is
completed on short standing in stop
pered flasks and spectral data are re
'corded rapidly, the high volatility need
cause no concern. Most organic spec
tral solvents are toxic to some extent,
and in any case ventilation must be
provided to reduce this factor to a safe
level.

The lower limit. of transparency of
C.P.- chloroform is near 244 rnu which
was found satisfactory for all accelera
tors examined, because their ultraviolet
absorption maxima were all located well
above this limit in chloroform.

The effect of different solvents on
selectivity (number and type of maxima)
and intensity of spectral absorption is
an important factor in selection of a
solvent for spectral analysis. Presence
of a strongly absorbing and fairly sharp
maximum, preferably in the longer wave

length region of the ultraviolet (where narrow slit widths can
be used with optimum sensitivity, and interfering absorption is
usually lower) are points to .be sought.

Because of good transparency to ultraviolet light, coupled with
high solubility for the alkaline pigment, the spectral curves of di
o-tolylguanidine in chloroform, ethyl ether, and aqueous 1% hy
drochloric acid were obtained and are illustrated in Figure 1.
Differences are noted in both selectivity or curve shape and in-
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51.4
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Av.

Di-c-tolylguanidine

2-Mercaptothiazoline
(thiazoline-2-thiol)

Tetramethylthiuram disulfide
[bis (dimethylthiocarbamyl)
disulfide] Av.

Benaothlasyldisulfide

Tetramethy{thiuram monosul
fide

[bis (dimethylthiocar
bamyl)sulfide I

Diphenylguanidine

Specific Extinction Coefficients at Wave Lengths of Maximum
Absorption for Various Accelerators
Chemical 252 258 274

Name mJL mu mIL

Mercaptobenzothiazole 4.5.4 33.8 . 9.6
(2.thiazolethiol) 47.9 35.6 11.6

Av.46.7 10.6

41.0 45.2 61.1
42.7 47.0 63.0

46.162.1a

49.1 106.0
49.3 104.8

Table I.

DPG

DOTG

Methyl Tuads
Thiurarn M
Thiurad
Tuex

Monex
Thionex

Trade
Name

Captax
MBT
Thiotax

Altax
MBTS
Thiofide

2-MT

rubber accelerators representative of the main commercial classes
in use in the rubber industry today. A list of seven such acceler
ators from the thiazole, thiuram, guanidine, and thiazoline
classes is given in Table 1. These accelerators were the regular
commercial grades (18). To check their purity and identity, the
melting points were obtained for comparison with published data.
An additional proof of identity was the color reaction with cobalt
oleate (28) used as detailed by the "Vanderbilt Rubber Hand
book" (27). Observed colors with cobalt oleate were the same as
those reported for the particular type of accelerators involved.
A strong light blue color reaction of 2-mercaptothiazoline was
noted, which has not been previously reported. .

The instrument used in this investigation was the Beckman
Model DU ultraviolet spectrophotometer, whose construction
and optimum conditions of operation have been described in de
tail (5, 8,16,1-7). An experimental calibration of the spectropho
tometer photometric circuit was carried out just prior to this in
vestigation following an established procedure (31). Results
with a potassium acid phthalate standard proved the instrument
in use to be functioning in a manner comparable to the reported
average of a total of 24 other Beckman speetrophotometers ('12,
24).

In operation for quantitative analysis, the sensitivity control
was set near the three turns counterclockwise position within the
recommended range of optimum accuracy and the instrument was
"zeroed" with the slit width mechanism. This gave the mini
mum slit for a setting yielding optimum accuracy and was con
sidered the best balance of slit width and sensitivity setting for
quantitative analysis of accelerator solutions.

Commonly useful solvents for the ultraviolet spectral region
have been given in several publications (1, 6, 22, 23) and desirable
solvent properties have been listed. The following solvents were
investigated: the paraffins' n-heptane, "iso-oetane" (2-methyl
heptane), cyclohexane, and methylcyclohexane; ethyl and
methyl alcohols; diethyl and dioxane ethers; benzene and chloro
form. From this list of solvents, C.P. reagent grade chloroform
was selected as the most promising, primarily because it showed
excellent solubility characteristics for all accelerators and elasto
mers at room temperature. Its nonflammable character and

SOLVENT SELECTION



VOL U -M E 23, NO.2, FEB RU A RY 1 95 1 315

Ultraviolet spectrophotornetrde analysis of mtxt.ures of seven commori organic
accelerators in rubber is described. Chforofoi-m solutions of 10 to 25% accelerator
as a muster batch stock containing a single- or a two-cornporierrt accelerator
were analyzed with a degree of rapidity, accuracy, and preclston believed ade
quate for routine control. Empbneis is placed on ease and adaptability of the
rnenhod for analysis of two-cornponerrt accelerator stocks. Absolute and relative
cornpoaitforis were deteernrned by accepted m arhernattcal procedures.

SPECTRAL ABSORPTION OF MASTER BATCH COMPONENTS

Selectivity. The ultraviolet absorption curves of chloroform
solutions of the seven accelerators described in Table I are illus-

Solutions of mercaptobenzothiazole had essentially the same E
value in methanol (E-152) as in chloroform (E-l54), but charac
ter and wave length of the absorption maximum shifted from a
sharp 329 mu maximum in chloroform to a broader 323 miL maxi
mum in methanol, though general spectral curve shape is other
wise. similar. Differences such as this wave-length shift have
been attributed to the greater polarity of the alcohol (6).

-These data emphasize the need for careful solvent selection,
because different solvents may affect spectral absorption consid
erably, and change of solvent will make necessary a recalibration.
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Figure 3. Thiazole-Type Accelerators in ChloroforIll

The absorption curve of 2-mercaptothiazoline, as illustrated in
Figure 5, resembles that of tetramethylthiuram monosulfide,
though the maximum of 2-mercaptothiazoline (280 mn) is sharper.

Intensity. The intensity of absorption of the seven accelerator
pigments in chloroform is listed in Table 1. An accepted measure

trated in Figures 2, 3, 4, and 5. The guanidine accelerators, DPG
and DOTG of Figure 2, have their absorption maxima near the
lower limit of ultraviolet transparency of chloroform (244 mu ).
The wave length of absorption maxima of diphenylguanidine (258
mu) and di-o-tolylguanidine (252 mu) differ by only 6 mu and
their general character is similar.

The selective absorption of the thiazole accelerators, mercapto
benzothiazole and benzothiazyl disulfide, are illustrated in Figure
3. Two molecules of mereaptobenzothiazole are joined by a di
sulfide linkage to form benzothiazyl disulfide. Their selective
absorption is different, however, the benzothiazyl disulfide maxi
mum being at 274 m« while the unique sharp maximumof mer
captobenzothiazole is positioned at 329 mu. It is of interest to
note that mercaptobenzothiazole minimum absorption at 272 to
274m", is in the range of the benzothiazyl disulfide maximum.

Though the only difference between tetramethylthiuram mono
sulfide and tetramethylthiuram disulfide is one more sulfur atom
in the disulfide linkage of the latter, the spectral curves of Figure
4 are distinctly different.

4020 40 60 80 300· 20
WAVELENGTH (mp)

. Figure 2. Guanidine-Type Accelerators in
ChloroforIll
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tensity of absorption, as measured by the specific extinction coef
ficient, E. Though the selectivity of ether and chloroform solu

. tions is similar, with maximum at 252 to 254 mu, the intensity of
absorption of di-o-tolylguanidine in ethyl ether (E·70.0) is 37%
greater than in chloroform (E-51.0). In the case of 1% hydro
chloric acid, the curve shape' of di-o-tolylguanidine has been
greatly altered ami the E value lowered. The acid solution rep
resents a reaction with the alkaline di-e-tolylguanidine, forming
di-o-tolylguanidine hydrochloride, while chloroform and ethyl
ether form more or less normal solutions.
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for quantitative analysis of materials is the specific extinction
coefficient (6,15,22,29), designated here as E value. This factor
has been determined at the wave length of the most prominent ab
sorption of the accelerators. It is seen that intensity of absorp
tion at the maxima ranges from a high of 154.0 for mercaptobenzo
thiazole at 329 mJ' to a low of 48.2 for tetramethylthiuram disul
fide at 282 mu. Thus, all seven accelerators absorb relatively
strongly at their maxima, which is conducive to determination
in a single-accelerator master batch with good accuracy.

One factor which may affect accuracy, that is not considered
in the data of Table I but would be present in routine control
of accelerator master batches, is the variation in spectral purity
of the accelerators going into the master batch. Some variation
in spectral characteristics may be expected from products of
different suppliers, and for the same product if unstable in storage.
These factors are not fully evaluated in this report and need
further investigation. However, the particular pigments used
here are considered near the average of the commercial acceler
ators available, and it is believed that if the acceptable com
mercial accelerator purity limits are. controlled spectrophoto
metrically, the analysis of master batches will not be adversely
affected by normal differences in accelerator purity any more
than when chemical methods of control are used.

Light Stability: Several factors that may affect the stability of
solutions have been enumerated (1). One of the purposes of
examining solutions prepared at room temperature was to elimi
nate the heating or temperature effect. Light stability was
checked by exposing chloroform solutions of the accelerators,
diluted to a strength suitable for direct spectral comparison,
in clear glass-stoppered flasks to normal changes of daylight
(no direct sunlight) and darkness for 50 hours. The shape
and intensity of the spectral curves were affected in only two
cases. The spectral curves indicate that tetramethylthiuram
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Figure 5. Isoshestic Point of 2-Mercaptothiazoline
and Tetramethylthiuram Monosulfide in

Chloroform

monosulfide may be partially oxidized to tetramethylthiuram
disulfide or decomposes, while the benzothiazyl disulfide clearly
was partially reduced to rnercaptobenzothiazole, resulting in a
158% increase in absorption at 329 m«. One obvious solution
for such fading due to light is to store the solutions in a dark
place, such as a cabinet. A test of this procedure proved that
with as much as 32 hours' standing in the dark, benzothiazyl
disulfide and tetramethylthiuram monosulfide underwent no
appreciable change in curve shape, and drop in intensity of
absorption was of the same order (I to 3%) or less than that for
other accelerators whose solutions were found to be relatively
stable to light.

It is known that pure chloroform is liable to spontaneous de
composition, especially when exposed to light and air. Such
decomposition is prevented toa great extent by the presence of a
small amount of alcohol, and accordingly, chloroform contains
from 0.5 to 1.0% alcohol (2, 9). The reagent grade chloroform
used in this investigation contained approximately 0.75% ethyl
alcohol.

Absorption of Elastomers. The natural rubber or GR-S
polymer content of prepared master batch stock may range from
75 to 90%, more Or less. Natural rubber (smoked sheet) in
chloroform was found to have only weak selective absorption,
with a small shoulder at 270 to 290 illJ' (E-0.25). On the other
hand, GR-S exhibited selective absorption with distinct double
maxima near 262 and 310 mu, but the intensity of absorption
(E-1.62 at 258 me) was relatively weak, as it was for natural
rubber, when compared to the intensity of absorption of acceler
ators in Table I. Further investigation of the GR-S polymer
proved the selective absorption observed here was due to a
combination of the styrene molecule present in the .GR-S (262
mu) (25), and to the phenyl-2-naphthylamine antioxidant (4, 26).

Any absorption other than that of the accelerators in analysis
of a master batch would be termed spectral interference. A
method of correcting mathematically for the absorption of GR-S

...

• MONEX, E-78.6- 282mp

<:> METHYL TUADS. E-48.2-282 mp

40 60 80 300

WAVELENGTH (mp)

Thiuram Sulfide-Type Accelerators in
Chloroform

0.9

0.8

0.7

> 0.6
t-
iii
z
w
£) 0.5
...J
<l
0

t= 0.4Q.
0

0.3

0.2

0.1

200 20

Figure 4.



VOLUME 23, NO.2, FEBRUARY 1951

polymer in determination of phenyl-2-naphthylamine content
(.4), and a description of mathematical methods of eliminating
various types of spectral interference have been published
(22, 30). As investigation showed such corrections were small
with the particular samples of elastomers used here, they were
neglected. However, in certain cases it may be necessary to
apply mathematical corrections for interference in a master
batch analysis.

Table II. Analysis of Single-Accelerator Master Batch
Stocks

Stability of Solutions
Accelerator Time % in Maxi-

and %as % standing, day- % in mum
Elastomer Milled Found hours light dark % drop

Captax in natural 2~ 24.1 2.5 22.4 -1. 7
24.8 24.4 -0.4

Captax in GR-S 10 9.9
10.1

Altax in natural 10 9.6 2 ..5 9.5 -0.1
9.6 9.7 +0.1

Tuads in natural 25 24.2 ='J" 0 change in absorption on
24.1 Ivhour standing in dark

2-MT in GR-S 10 10.5

Dat.a for Precision and Speed of Analysis

Samples placed in 50-m!. Erlenmeyer flasks into which 50 m!. of chloroform
are pipetted. This represents practical technique for routine analysis of
master batches. 10% 2-MT in GR-S gave following percentages: 10.7.9.8.
10.5, 10.4, 10.6, ana 10.2, an average of 10.4% with mean deviation. of
'<'0.3%.

SINGLE-ACCELERATOR MASTER BATCH STOCKS

AIl master batches were mixed on a small laboratory rubber
mill with smooth-faced rolls 2.5 inches in diameter by 6.5 inches
long. The elastomer was first softened by milling, then the pow
dered accelerator was added with continued milling until a homo
geneous stock was obtained.

It was desired to use as small a sample as convenient to facili
tate rapid solution, and to eliminate need for a second dilution,
thereby saving time and solvent, while still obtaining a concen
tration that allows spectrophotometric measurement well within
the limits of the linear optical density range between 0.3 and 1.6.

The disadvantages of handling such small samples have been
enumerated (1). Where the sample is thoroughly mixed in
rubber and weighed as one piece, loss of sample is no concern,
as it may be with weighing of powders. The method of pre
paring master batches by milling in rubber is an excellent ex
ample of factors tending to make a good dispersion and a homo
geneous sample. Weighing errors are of greater importance with
the small sample, but in this case some accuracy was deliberately
sacrified to increase speed of analysis.

Procedure. A 4- to 8-mg. sample was cut from the prepared
master batch stock and weighed accurately to 0.1 mg. with the
10-mg. rider of a double-beam balance. The weighed sample was
transferred to a 100- or 5o-ml. glass-stoppered volumetric flask.
A half hour or so before spectral measurements were to be taken
the flask was filled nearly full with C.P. reagent grade chloroform,
placed in the dark under a laboratory bench, and shaken occa
sionally to speed solution.

Finally, the solution was diluted to volume with chloroform,
shaken thoroughly, then poured directly into the I-em. quartz
sample cell of the spectrophotometer without further dilution.
Optical densities of this solution were recorded at the desired
wave lengths, following the accepted procedure of instrument set
tings outlined earlier. Corrections were applied for cell trans
parency and cell thickness where necessary.

A more practical and entirely satisfactory solution procedure,
eliminating the use of expensive and fragile glass-stoppered equip
ment, was followed in analysis of a 10% 2-mercaptothiazoline
master batch. Here the weighed sample was placed in a 5o-ml.
Erlenmeyer flask, 50 ml. of chloroform were pipetted in, and the
flask was closed with a cork stopper covered with aluminum foil.
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The major part of master batches to be controlled for a rubber
factory will probably be single-accelerator stocks of 10 to 25%
accelerator content. Results of analysis of four different single
pigment master batches are reported in Table II, along with
data on stability of chloroform solutions.

Accuracy. In every case but with 2-mercaptothiazole the
percentages found were a little low, mainly because of loss of
small amounts of accelerator on milling the pigment in the
rubber. However, these differences were always less than 1%
accelerator content with a 25% master batch and no greater than
0.4% for a 10% master batch.

It is clear that the 10% master batch can be analyzed with
greater absolute accuracy than the 25% master batch. This
same principle applies to analysis of two-component pigment
mixtures. A difference of 5% in accelerator content of a pow
dered accelerator mixture will be a difference of only 1% when
the same mixture is analyzed in a 20% master batch stock. Con
sequently, the application of the spectrophotometer to analysis
of rubber master batches with acceptable absolute accuracy is
an easier matter than analysis of two-component powdered
accelerator mixtures. However, the relative accuracy meas
ured as 20 ± 1% or 100 ± 5% would be the same. It is gener
ally believed that relative accuracy is a better standard of
measurement than absolute accuracy (3). In actual analysis
the limits of a master batch would usually be expressed in terms
of absolute accuracy-i-e.g., 20 ± 1% rather than relative accuracy
of 20 ± 5%.

The accuracy required in routine master batch analysis cannot
be made very exacting because these master batches are pre
pared in the factory where precision of weighing is limited.
Analysis to ± 1% of the specified percentage for a 25% master
batch may be considered adequate control, and the spectro
photometer is capable of such accuracy, according to the data of
Table II.

Precision. The two checks of a given sample agree very well in
Table II, the greatest difference being 0.7% for 25% mercapto
benzothiazole master batch. Precision on analysis of six samples
of 10% 2-mercaptothiazoline master batch was excellent. Ex
cepting one sample of 9.8%, the remaining data fell within 0.3%
of the average of 10.5%.

Speed of Analysis. Following the solution procedure outlined
above for the 10% 2-mercaptothiazoline master batch, it is
believed that as many as 100 samples of a single accelerator
master batch could be readily analyzed in an 8-hour day by a
single operator. Any saving in time over chemical methods
must rest in the procedure for sample solution, and in time for
measurement of the data. Weighing of sample and calculations
may be expected to take about the same time for both the chemi
cal and the physical ultraviolet spectrophotometric methods.
When weights of the order of 4 to 8 mg. are used, solution of the
sample can be effected in less than 20 minutes' standing in chloro
form at room temperature. There is no particular need for more
rapid solution, because samples may be weighed or spectral data
recorded while other .samples are dissolving. Shaking would
speed up solution if needed. -

Stability.. The stability of master batch solutions in chloro
form is seen to be adequate for routine analysis when samples are
stored in the dark while solution is being effected, according
to the data of Table II. It would be a preferable precaution
from the standpoint of stability not to add chloroform to the
weighed samples until 20 to 30 minutes before they are to be
analyzed.

ANALYSIS OF TWO-COMPONENT ACCELERAT6R MIXTURES

The usual accelerator master batch contains a single acceler
ator. However, the literature (18) frequently recommends the
use of a secondary accelerator or "activator," usually added in a
smaller amount than the primary accelerator, to modify or acti-
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The ultraviolet spectral curves of the above three mixtures of
two components are illustrated in Figure 6.

Benzothiazyl Disulfide-Diphenylguanidine. The 60% ben
zothiazyl disulfide-40% diphenylguanidine pigment mixture
shows a minor maximum at 266 to 270 ~IL about midway be
tween that of the diphenylguanidine (258 mIL) and benzothiazyl
disulfide (274 mIL) alone. This illustrates the application of the
spectrophotometer to analysis of a mixture where the wave
length of maximum absorption for both components is not very
far apart. Here the maxima are close enough so the overlapping
additive absorption of the two components obscures the original
shape of the single-accelerator curves, yielding the single maxi
mum at 266 to 270 mIL.

It is noted in Table III that the total per cent calculated at the
isosbestic point wave length of 268 mIL agrees very weIl with the
sum of per cent benzothiazyl disulfide and diphenylguanidine
as calculated by equations. Where the total per cent is low,
owing to fading of the benzothiazyl disulfide absorption, the
per cent obtained at the isosbestic point is correspondingly. reo
duced.

The wave lengths chosen for this calculation by the method of
simultaneous equations (11, 13) were those of the maxima at
258 mIL for diphenylguanidine and 274 mIL for benzothiazyl
disulfide. According to the data of Table I, the difference in
Eat 274 mIL is only (62.1 - 53.5) or 8.6 units, while that at 280
mIL is (59 - 44) or 15 units, an increase of 70%. Though the
280 mil wave length might appear to offer better accuracy be
cause of this greater difference, it must be .remembered from the
curves of Figures 2 and 3 that both benzothiazyl disulfide and
diphenylguanidine curves are changing rapidly in absorption
(sloping side of maximum) at 280 mIL, and this is undesirable for
greatest accuracy. The data of Table III show that either cal
culation of percentages at the maxima (258 mIL/274 mIL) or at
258 mIL/280 mIL) would give acceptable results. However, it
seemed preferable to use the simultaneous equations set up at the
maxima of both accelerators at 258 and 274 mIL.

Mixtures

20 4040 60 80 300
WAVELENGTH (mp)

Two-Component Accelerator
in Chloroform

200 ~O

Figure 6.

0.9 ALTAX- 60%).
DPG - 40%

0.8 2-MT - 66.7:>
MONEX- 33.3~ "

0.7
CAPTAX- 50 %)<il
DOTG-50'%;

)- 0.6
l-
Ui
Z
w

0.50

...J«
0
;:: 0.4
Q.

0

0.3

0.2

0.1

vate the action of the accelerator in vulcanization of the stock.
If a rubber product formula calls for such a two-accelerator
mixture, the separate master batches may be combined in the
final stock to obtain the desired acceleration. This may be the
essential procedure in a few cases to prevent preliminary acceler
ator interaction in the master batch while it is in storage. How
ever, a practical saving in labor could be realized where a two
component accelerator master batch is prepared by adding both
accelerators to the same master batch stock. Such a mixture
may present a serious problem in rapid analysis for control
purposes by chemical methods. Presence of one accelerator
may interfere with the chemical determination of the other,
giving thigh or low results. In the absence of such interference,
it would still be necessary to analyze the same master batch
by two different methods for the two-accelerator components.

Spectral methods offer the possibility of determining both
accelerators in a single weighed sample, with a corresponding
saving of time, and with no interference in analysis because of
mixed acceleration.

Possible mixtures of two accelerators according to the litera
ture (18) are: benzothiazyl disulfide acceleration with diphenyl
guanidine activation, and 2-mercaptothiazoline acceleration
with tetramethylthiuram monosulfide activation. Another
choice, to illustrate analysis of mercaptobenzothiazole in a
mixture, was mercaptobenzothiazole and di-o-tolylguanidine,
These particular accelerator mixtures, and percentages used,
were chosen primarily to illustrate certain problems in spectro
photometric analysis of solutions containing two compounds.
It is necessary to investigate these mixed powdered accelerator
compounds prior to any attempt to analyze a master batch
containing them.

The mixtures analyzed in this problem, other than those odd
percentages weighed out directly, were prepared by weighing
from 20 to 40 grams of each powdered accelerator and mixing
them thoroughly by mechanical means until a homogeneous mix
ture was obtained, as shown by close agreement in results of

.analysis for a few portions of the mixture. The procedure fol
lowed was to peIletize the powdered mixture and weigh out from 5
to 20 mg. accurately ona balance sensitive to 0.1 mg. This was
dissolved in 100 ml. of a solvent in a glass-stoppered volumetric
flask, and an aliquot was taken (usuaIly 5 ml.) for dilution to 50
ml. in a second glass-stoppered volumetric flask.

Except where a special study of light stability was being made,
the solutions were shielded from direct light by an inverted cone of
black paper"around the body of the volumetric flask (stem ex
posed).

Isosbestic Points. Data of particular interest in analysis of
mixtures are those recorded at an isosbestic point. Specifically,
this is the term applied to the wave length where the intensity
of absorption (as measured by E) for each component in a mix
ture is the same (1, 6). By plotting the spectral curves on the
same scale of specific extinction coefficient, the wave length at
which their curves cross locates their isosbestic point of equal
absorption intensity. This match point may be used to cal
culate the total per cent of materials present in a mixture, and
ma.y serve as a good quantitative check -on other procedures of
calculation,

The plot of 2-mercaptothiazoline and tetramethylthiuram
monosulfide on the same specific extinction coefficient scale in
Figure 5 illustrates this location of the isosbestic point, which
is 291.5 m« with E-68.0. In this case there is only one curve
crossing and therefore one isosbestic point in the spectral region
examined, but it is not uncommon for curves' to cross at more than
one wave length, though some mixtures may have no isosbestic
point at all.

By plotting the data in a manner similar to that of Figure 5,
the most acceptable isosbestic point of mercaptobenzothiazole
and di-o-tolylguanidine was found to be at 287 mIL with E-14.6,
and that of benzothiazyl disulfide and diphenylguanidine at
268 mIL with E-59.0. The actual use of these isosbeetic. points is
described below.
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Table. Ill. Altax and DPG Accelerator Pigrnen t Mjxture;n
Chlorofortn

Mercaptobenzothiazole-Di-o-tolylguanidine. The mercapto
benzothiazole maximum at 329 m!' is still present in the 50%
mercaptobenzothiaaole-Sujj, di-o-tolylguanidine mixture, but the
di-o-tolylguanidine maximum (252 mu) is obscured by the rising
curve of the more strongly absorbing meroaptobenzothiazole
near the 252 m!' region in Figure 6.

Calculation at 258 nl!' and 274m"

Sample

C
Altax
DPG

Weighed,
% Concn.

60
40

% Found

55.4
42.5
97.9

% Deviation

-4.6
+2.5

Total %
at 268 m"
(Isosbestic)

99.1

tion at 329 m« was relatively stable, whereas di-o-tolylguanidine
absorption apparently faded somewhat in chloroform solution.

The relative per cent composition of a two-component accelera
tor rllixture or a master batch stock can be rapidly determined
without weighing the sample by use of the ratio of absorption
at one wave length relative to that at an isosbestic point. Thus
per cent di-o-tolylguanidine was determined in the di-o-tolyl
guanidine-mercaptobenzothiazole mixture by the ratio of optical
densities at 274 m« and the isosbestic point at 287·NljL. This cali
bration curve showed a linear relationship between concentra
tion and ratio of absorption (varying from 0.79 for 100% mer
captobenzothiazole to 1.88 for all di-o-tolylguanidine), yielding
results even closer to correct di-o-tolylguanidine content of the
powdered accelerator mixture than the data obtained by the
simultaneous equation procedure.

Stability Standing in Daylight Shielded with Black Paper Cone
(Calculations at 258 and 274 mu)

After
Fresh 20-Min.
Solu- Stand- Change, % at 268 mJ-l

tion, % ing, % % Before After

Calculation at 258 me and 280 mJ-l Table IV. Captax and DOTG Accelerator Pigment Mixture
i n Chloroforlll

A
Captax 50
DOTG 50

R-1.312
50 ..5

R-4.16
49.5

94.5

-1.1
-2.2

% Total % DOTG, % by Ratio
Devia- at 287 mu 329/274 274/287

tion (Isosbestic) mu m"

48.9
47.8
96.7

%
Found

Calculations at 252 and 329 m"

Weighed,

Co~cn.Sample
99.1

-6.0
+4.1

54.0
44.1
98.1

60
40

C
. Albax
DPG

The greater the difference in intensity of absorption at the
wave lengths chosen for analysis, the greater the potential
accuracy of spectral methods. Here an opportunity is offered
to analyze a mixture where the maxima are widely separated
but where the difference in the intensity of absorption at one
maximum (252 rnu) might prove inadequate for accurate analysis.
The data of Table I show an average E at 252 m« for mercapto
benzothiazole of 46.7 and for di-o-tolylguanidine of 50.9, which is
only 4.2 units difference.

The possibility presents itself of determining di-o-tolylguani
uine at 274 m!' near the minimum of mercaptobenzothiazole
absorption, instead of at the 252 m« di-o-tolylguanidine maxi
mum, as the difference in E at 274 m!' amounts to 16.9 units, or
fcur times that at 252 ms. The data of Table IV for the mercap
tobenzothiazole--{ji-o-tolylguanidine mixture calculated by simul
taneous equation technique indicate that there is little difference
between equations set up at 252 and 329 rni, or at 274 and 329
mu but the latter have been used in most of the calculations.
The usual results totaled greater than 95%, but low recoveries
for di-o-tolylguanidine were obtained in one series of samples.

As the data of Table I show, di-o-tolylguanidine absorption at
the wave length of mercaptobenzothiazole maximum absorption
(329 mu) is small. It is so low relative to the strong mercapto
benzothiazole absorption that it can be neglected for all practi
cal purposes, and mercaptobenzothiazole may then be determined
rather accurately at 329 m!' without correction for di-o-tolyl
guanidine present. If the mercaptobenzothiazole absorption is
then subtracted from that of di-o-tolylguanidine at 274 m"" the
absolute per cent di-o-tolylguanidine may be readily calculated
by this single approximation. This represents a special case of
calculation by successive approximation (14).

Because there are only two components present, the di-o
tolylguanidine content could be estimated here by difference
from 100%, or by difference from total per cent determined at
the isosbestic point. The data for this procedure of calculation
by difference from 100% are listed in one column of Table IV.
In this case it was the most accurate way to determine di-e
tolylguanidine content, because mercaptobenzothiazole absorp-

Calculations at 274 and 329 m"
A

Captax 50 48.7 -2.3
DOTG 50 46.8 -3.2

95.5 94.5
C

Captax 69.3 67.6 -1.6 R-7.38 R-1.029
DOTG 30.7 25.4 -5.3 27.5 26.4

93.0 94.3 (estimated)
E

Captax 31.8 30.4 -1.4 R-2.35 R-1. 508
DOTG 68.2 61.1 -7.1 66.7 67.5

91.5 90.5

The better accuracy for di-o-tolylguanidine content by this
ratio method might be explained by the fact that any fading of
di-o-tolylguanidine absorption in chloroform at 274 m!' may
also take place proportionally at the isosbestic point of 287 mu.
Therefore, the percentages determined by ratio will not be as
greatly affected when the isosbestic point is used, as when the
274 and 329 m!' absorption is applied in the method of simul
taneous equations. It has been mentioned in the literature (1)
that if something effects a change in curve shape of a solution,
it may still be possible to obtain useful data where there is an
isosbestic point that may be used for the measurement, giving a
point that is more or less independent of the past history of a
solution. .

An absorption ratio at a maximum and minimum of a single
component present in a mixture may be used for calculation of
one component. This technique was applied to the mercapto
be!?-zothiazole--{ji-o-tolylguanidine mixture at 329 mu maximum
and 274 mu minimum of mercaptobenzothiazole. In this case
the variation of ratio with concentration was more complex than
was ratio at an isosbestic point. Though a plot of the relation
ship was not a straight-line function here, a satisfactory calibra
tion curve was set up empirically.

Analysis of specially weighed out mixtures of more and less
than the 50% di-o-tolylguanidine used above indicates that this

26.5 DOTG

60.1 DOTG69.6 DOTG

32.2 DOTG

30.4
61.1
9l.5

Results of Other Methods of Calculation

Successive Difference of % Difference of %
Approximation, Captax from Captax from Total

% 100% at 287 mu

67.8
25.4
93.2

C
Captax
DOTG

E
Captax
DO'j:G

98.399.1

+1.4
-2.8

56.8
39.7
96.5

55.4
42.5
97.9

60
40

C
Altax
DPG
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spectral procedure will detect any appreciable change in acceler
ator content of the mixture and determine the extent of that
change.

More careful shielding of the samples from light, or other
modifications of technique, would doubtless improve the accuracy
for spectral analysis of this pigment mixture. But the degree
of accuracy and precision obtained here would probably prove
to be adequate for control of 10 to 25% mercaptobensothiazole
di-o-tolylguanidine in a master batch.

Table V. 2-MT and Monex Pigment Mixture in
Chloroform

Weighed, % Found % 2-MT by Total
% by E % Ratio 280/ % at

Sample Conen. Value Deviation 291.5 mIL 291.5 mIL

A E-106.6 (Isosbestic)
2-MT 66.7 65.3 -1.4
Monex 33.3 34.7"

B E-I07.9
2-MT 66.7 68.1 +1.4
Monex 33.3 31.9"

E E-I07.2
2-MT 66.7 66.7" 0.0
Monex 33.3 33.3

Av. 2-MT content 65.5
Av. E value of six

samples E-I06.7

Varying Percentages of 2-MT and Monex
G

2-MT 39.7 39.5 -0.2 43 98.2
Monex 60.3 60.5a

H
2-MT 66.7 70.5 +3.8 71 100.0
Monex 33.3 29.5"

I
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thiazoline in the tetramethylthiuram monosulfide, just as a ratio
was used for the di-o-tolylguanidine-mercaptobenzothiazole
mixed accelerators. Percentages obtained graphically by E
value appear more accurate than the ratio data, but both, tech
niques yield acceptable results.

In the case of 2-mercaptothiazoline and tetramethylthiuram
monosulfide, the difference in E value at 280 mIL is 43.8 units
(122.0 - 78.2), while with mercaptobenzothiazole and di-e
tolylguanidine at 274 mIL it was only 16.9 units (27.5 - 10.6).
Consequently, ,the accuracy of analysis of the 2-mercaptothiazo
line-tetramethylthiuram monosulfide mixture is proportionally
greater than that of the di-o-tolylguanidine-mercaptobenzo
thiazole mixture, even though the range of ratio variation for the
2-mercaptothiazoline-tetramethylthiuram monosulfide mixture
(1.15 to 1.79) is smaller than that for the di-o-tolylguanidine
mercaptobenzothiazole (0.79 to 1.88).

Accelerator Identity. In chemical procedures the accelerators
of a certain type, such as diphenylguanidine and di-o-tolylguani
dine of the guanidine class, may be determined in a master batch
by the same chemical method (7). Thus, the possibility exists
of a mixed identity not detected in normal chemical control,
particularly when two-component acceleration is present in a
factory prepared stock. The spectrophotometer is well adapted
to detection and rapid identification of any such mixed master
batches that may occur. A check of the ratio of absorption at
two or three selected wave lengths would serve to determine
rapidly whether the sample being analyzed contains the type
of acceleration specified.

Table VI. Master Batches of Two-Component Accelerator
in Natural Smoked Sheet

Total at Total at
% Components 280 mIL 291.5 mIL

'7B~;~~? % 2-MT by
in Master (E = (E = Ratio 280/291. 5

Batch 106.7) 68.0) on E Absorption

2-MT 13.3 20.2 20.2 13.3 R-l.572; 13.2
Monex 6.7 20.2 20.0 12.8 R-1.562; 12.8
Total zo.o 20.2 20.3 13.1 R-1. 564; 13.0

19.8 19.7

TWO-COMPONENT ACCELERATOR MASTER BATCH STOCKS

The accuracy and precision with which two-component ac
celerator master batches may be analyzed are not so good as
those for the single accelerator master batch, but they appear
to be adequate for control purposes, as illustrated in Table VI.
. The procedure for analysis is the same as for the single-acceler
ator master batch stock. Calculations are made by the same
equations established for two-component powdered accelerator
mixtures. One difference is for the 2-mercaptothiazoline-tetra-

. methylthiuram monosulfide master batch calculated by graphical
methods using the. E value. This technique cannot be used
alone with a master batch without a check point, because a high
or low per cent might mean one of three things. An increase in
total per cent analysis under these conditions could mean an
actual increase in total per cent 2-mercaptothiazoline-tetra
methylthiuram monosulfide, an increase in the 2-mercaptothiazo-

2-MT 69.1 69.2 +0.1 74 98.0
Monex 30.9 30.8a

" % 2-MT found by E value of mixture, and % Monex calculated by dif
ference from 100%.

2-Mercaptothiazoline-Tetramethylt'hiuram Monosulfide. In
the particular case of the' 66.7% 2-mercaptothiazoline and
33.3% tetramethylthiuram monosulfide mixture is a unique, but
entirely practical, possibility of analyzing a two-component
mixture where both accelerators have a single absorption maxi
mum at nearly the same wave length. The small 2 mIL difference
between the maximum of 2-mercaptothiazoline (280 mIL) and
tetramethylthiuram monosulfide (282 mIL) results in a single
strong maximum at 280 mIL for the mixture. However, there is
a wide difference of 43.7 units in intensity of absorption at 280 mIL
for 2-mercaptothiazoline (E-121.9) and tetramethylthiuram
monosulfide (E-78.2) and a method of analysis based on this
difference was devised.

The absorption of 2-mercaptothiazoline and tetramethyl
thiuram monosulfide at 280 mIL is additive, as long as the mixture
complies with Beer's law, so the E value at 280 mIL will rise
progressively from the low of 78.2 for tetramethylthiuram mono
sulfide to a high of 121.9 for 2-mercaptothiazoline as the per cent
2-mercaptothiazoline is increased in the mixture. A straight
line relationship was established by calculations using the above
mentioned upper and lower limits in E value at 280 mIL, and a
calibration curve was plotted. .

Analysis of a 2 to 1 mixture of 2-mercaptothiazoline and tetra
methylthiuram monosulfide using this procedure based on E
value showed relatively good precision and accuracy, with an
average of 65.5% 2-mercaptothiazoline. When specially weighed
out mixtures of low (39.7%) and high (69.2%) 2-mercapto
thiazoline were analyzed using this method, the data obtained
proved this technique satisfactory for determining varying
percentages in the mixture with acceptable accuracy. The isos
bestic point (291.5 mIL) located in Figure 5 is observed to give
near 100% summation of 2-mercaptothiazoline and tetramethyl
thiuram monosulfide concentration in Table V. The absorption
at this point may be used with the ratio technique at the maxi
mum (280 mIL) to determine the relative per cent 2-mercapto-

Accelerator

60% Altax
40% DPG

50% Captax
50% DOTG

% Components
in Master Batch

Altax 12.0
DPG 8.0
Total 2Q.O

Captax 10.0
DOTG 10.0
Total 20.0

% Found
Total % at
Isosbestic

11.0 E 59.0 at 268 mIL
A 8.7

19.7 20.0

11.5
B 8.8

20.3 20.6

10.2 B 14.6 at 287 mIL
A 9.6

'i'9.8 20.7

10.6
10.7
21.3 22.0
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line content in the mixture, or both possibilities together. This
problem can be solved easily enough by calculating the total
per cent at the isosbestic point' (291.5 mu) and determining the
280 m,u absorption of the mixture as before, then calculating the
2-mercaptothiazoline content relative to the isosbestic point
total. A second possible procedure is use of the ratio of Table V
for the 2-mercaptothiazoline content, pertaining to ratio of 280
m", maximum and 291.5 m« isosbestic point.

MATHEMATICS

Beer's law was followed for all the compounds under investiga
tion with acceptable accuracy over an optical density range of
0.3 to 1.6, so direct mathematical treatment could be used with
no need for calibration curves (3, 21).

The per cent of 'an accelerator in a single-component master
batch stock 'may be found by determining the specific extinction
coefficient of the master batch at the wave length selected for
analysis and calculating the proportion of master batch absorp
tion relative to the specific. extinction coefficient of the com
mercial accelerator itself, as given in Table 1. This assumes it
is not necessary to allow for absorption of ultraviolet radiation
by the elastomer present (spectral interference), though this could
be done mathematically by accepted procedures if advisable
(4,22,30).

The more complex mathematics of a multicomponent mixture
can be conveniently classed as determining either absolute or
relative concentrations., The preferred method of calculating
absolute concentration of a two-component mixture is by use
of simultaneous equations set up to represent the absorption
(optical density) at the wave lengths chosen for analysis (11, 13).
The method of determinants is believed to be more direct, rapid,'
and simple than an analytical procedure for solving the set of
simultaneous equations algebraically, even for a two-component
mixture.

The technique using difference in quantitative absorption
(E) at the same wave length is best applied for absolute concen
tration where the maxima of both components are close together
and their E values are appreciably different. Analyzing for
per cent of one component by difference from 100% total is
sometimes useful, but is indirect. A more acceptable and direct
procedure for absolute analysis by difference is to determine
total concentration at the isosbestic point.

The relative per cent composition -of a two-component mix
ture can be rapidly determined by use of the absorption ratio or
by difference in measured absorption. The elimination of
weighing is the great advantage of relative analysis, which is
capable of yielding excellent accuracy as well asspeed. It is
particularly useful where total concentration and sample com
position are definitely known, as with a known two-component
powdered accelerator mixture, where it can be used for very
rapid estimation of relative concentrations. This technique is
limited in analysis of a master batch, because absolute content
of the accelerator in rubber is not determined.

When there is no isosbestic point, an absorption' ratio at a
maximum and minimum or some other wave length of a single
component present may be used. The ratio relationship may
not always be linear, which makes possible calculation by direct
interpolation, but a satisfactory calibration curve can be set up
empirically.

A method for determining relative composition utilizing the
difference in optical densities at selected wave lengths of a two
component mixture has been described (32). Though this offers
advantages with liquid samples, weighing cannot be eliminated
with a solid master batch using this technique where total con
centration must be known or kept constant. Use of a two
coordinate optical density plot as a calibration curve (1S) offers
an entirely graphical procedure particularly useful for cases of
Beer's law failure. Relative analysis by the internal standard
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technique commonly applied in spectroscopic methods does not
appear practical in'master batch analysis for several reasons.

SUMMARY

Different solvents were found to be capable of altering the
spectral absorption of an accelerator in both selectivity (curve
shape) and intensity. Chloroform was chosen as the spectral
solvent most suitable for rapid master batch solution and analy
sis. The photosensitivity 'of certain accelerators in this sol
vent was controlled by shielding solutions from direct daylight,
which reduced fading of ultraviolet absorption to an acceptable
level. There was no evidence of any interaction in chloroform
of mixed accelerators studied.

The spectral absorption of seven different commercial accelera
tors in chloroform was bound to be characteristically different
in selectivity and intensity of absorption. Work with several

"single-accelerator and two-component accelerator master batches,
each presenting a somewhat different problem in analysis,
showed that the spectral method of quantitative analysis was
applicable in every case. Interference by absorption of the
elastomer in the master batch was found to be relatively negligible.
The final analytical procedure proved to be rapid, precise, and
accurate enough for use in routine control of master batch stocks.

The method of simultaneous equations was favored for cal
culation of absolute per cent composition, while a procedure
utilizing ratios of absorption at different wave lengths, one pref
erably at an isosbestic point, rapidly determined the relative
composition of unweighed powdered accelerator mixtures and
master batch stocks.
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Retraction Test for Serviceability of Elastomers at' Low
Te~peratures

O. H. SMITH, W. A. HERMONAT, H. E. HAXO, AND A. W. MEYER

United States Rubber Co., Passaic, N. J.

Elastomer vulcanizates progressively stiffen as the
temperature is lowered. Additional stiffening, due
to crystallization, may occur as exposure to iow tem
peratures i~ prolonged. The available methods of
testing the low temperature flexibility of rubber and
rubberlike materials do not reveal the losses in flexi
bility caused by crystallization except by using pro
longed storage at low temperatures. A retraction
test employing large deformations, which greatly in
creases the rate of crystallization, has been devel
oped. This test rapidly gives a temperature index
correlating with tbe stiffness of elastomer vulcani-

WHE N the temperature is lowered, the flexibility of a polymer
decreases as the second-order transition temperature is

approached, The decrease in flexibility is caused by increased
internal viscosity. This phenomenon is called the retarded elastic
effect or viscoelastic effect. Additional decreased flexibility
may be caused by first-order transition effects (crystallization) in
polymers having a structure of sufficient regularity. When use
fulness of elastomers at low temperatures is evaluated, both
effects should be measured whenever possible.

A retraction test has been developed which rapidly gives a tem
perature index that correlates with the ultimate stiffness of
elastomer vulcanizates at low temperatures. Ultimate stiffness
includes increased modulus due to viscoelastic and first-order
transition effects if present. The large deformation employed
in this test (250% elongation) causes rapid appearance of the
stiffening due to crystaJlization in polymers having a regular
structure. The test is based upun the T-50 test (,-0. Various
similar pieces of apparatus have been designed which yield the
same type of data. Yerzley et al. (8) applied such a test to neo
prene and stated that it was inadequate. More recently, Svetlik
(7) applied a technique to the study of elastomers using only 50%
test elongation. The test described in this paper uses 250%
initial elongation and differs from other tests also in the method
of analyzing the data.

APPARATUS AND TESTING METHOD

The retraction tester consists of an apparatus that permits the
measurement of the elongation of 2-inch T-50 samples (1) (60
gage) at all times during a run. The front view in Figure 1

zates after storage at low temperat.ures, and can be
used to measure the merit for low temperature ap
plications of both crystallizable and noncrystalliz
able elastomers. This test in conjunction with con
ventional (room temperature) tests has been used

• successfully to study the low temperature perform
ance of Hevea, GR-S, Paracril, and polybutadiene
vulcanizates along with vulcanizates of many ex
perimental elastomers. Correlation of results with
cold compression set and hardness after low tem
perature storage has been excellent and substantiates
the usefulness of the test.

shows the holder with the samples inserted; three of the samples
are unstretched and three are stretched ready for insertion in the
cooling bath. Wire leads (piano wire), attached to the samples
by means of hooks, pass through binding posts which permit the
'samples to be anchored at any elongation. Strings attached to
the ends of the wire leads pass over small pulleys at the top of the
instrument. The free ends of the string are attached to small
counterweights. A scale graduated in 0.1 inch is inserted behind
the leads. Attached to the leads are disk-shaped indicators to
enable the length of the sample to be read.

The over-all view in Figure 1 shows the apparatus standing in
an unsilvered Dewar flask which is contained in a wooden frame.
This frame, which was built to act as a convenient stand for the
apparatus and additional insulation, is filled with glass wool and
held in place with a sheet of polyethylene. A window in the
frame permits the reading of a totally immersed thermometer.
The Dewar flask contains a stirrer and a heating element con
nected to the house current through an autotransformer to main
tain a proper heating rate.

The procedure is based upon the background material de
scribed in the following sections. A 2-inch T -50 sample (60-gage)
of the vulcanizate under test is placed in the hooks, stretched
250% (from 2 to 7 inches), and locked in the stretched position by
turning the thumb nut on the binding post. The rack containing
the stretched samples is placed in a methanol bath, which had
been cooled to -70 0 C. by dipping into it dry ice contained in a
cylindrical wire cage. The stretched samples are conditioned for
10 minutes. The thumb nuts are released, allowing the samples
to retract freely. The temperature of the bath is then raised
1 0 C. per minute by means of the heating coil. The length of each
sample is measured at 2 0 intervals. The bath is agitated through
out the test.

The temperatures at which tho sample retracts 10, 30, 50, and
70% of the original elongation are called TRIO, TR30, TR50, and
TR70, respectively. These values give an adequate picture of
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The TRiO value indicate s the low temperature merit of th e
elastomer after a long period of low te mperature storage. This
measurement is influenced by both viscoelastic effects and crystal
lizati on, thereby giving a measure of ultimate stiffness. Hevea
has a TRiO value of -5.0 · C. and GR-S 10 has a TRiO value of
-28.i 0 C. This indicates that upon storage at low temperatures
Hevea would eventually become less flexible than GR-S 10,
especially under static stress. Thus, higher cold compression set
was found for Hevea th an for GR- S 10.

The TRIO value indicat es t he low temperature merit of the
elastomer prior to low temperature storage. In thi s respect, t his
value is similar to the T IO (3) value obtained when using the tor
sion modulus test . Thi s measurement is influenced by visco
elastic effects and very little by crystallizat ion. Because crystal
lization docs influence low temperature properti es greatly , espe
cially after low tempera ture storage, additional criteria such as
TRiOmust be used to obtain a complete picture of the low tem
pera ture behavior of elast omers .

T Ri O

- 28 . i
-5.0

H e ve a f'ro rn

-110 -20 0 ' 20
TEMPERATURE , ·e.

Typ ical R etra ction D a t a on G R-S 10 and
Hevea

TR30

TR50

TR 70
80

x
C)

I-

60...
""'"I-...
'"
l-
X... 110...
'"......

20

Figure 2.

TRI O

Effect of Elonga tion on Retraction Values. The sample is
purposely given a large deformation to indu ce rapid crystal
lization upon cooling. Th e retraction valu es of the Hevea and
GR-S 10 vulcanizates previo usly described were mea sured at
various testing elongations. It was found that increasing the '
testing elongation of Hevea (above 100%) caused a sharp rise
in th e TR70 value, which begins to level off at 200% elonga tion
(see Figu re 3). This rise is caused by the presence of crystalliza
tion during the test. Ncar maximum effect is reached at 250%
testing elongation. In creasing th e testin g elongat ion of GR-S 10
causes the TRiO value to decrease sharply until 200% is reached;
thereafter larger deformations cause little further decrease. The
TRIO values are influenced only slightly by changes in testing
elongat ion.

Because little change in the retraction values occurs on increas
ing the elongat ion above 250%, this elongation was adopted as

( testin g e l ongati on 250~)

Tab le 1. R e tra c t io n Values of G R-S 10 and
Curves in Figll re 1
TRIO TR30 TR50

G R-S 10, 0 C. -45 . 4 - 40. 3 -3.';' 5
H evea , 0 C . - 54 . 2 -29 .0 - 11. 1

Figure 1. R etr a c t ion Ap paratus

L ef t . Sample h old e r
R ig ht . Over-aU view

T he temperature at which this occurs is the TRIO value.

(
65 - 2)

100 1 - i :O _ 2 or 10%

t he low te mpera ture behavior. Ret raction values (TRlO, TR30,
TRSO, TRiO) are computed from th e data by the following
formula :

% retraction = 100 (1 - ~~ == ~:)

where L, = over-all length of sampl e in stretched condition at
start of test, LT = length at observed temperature, and Lo =
length in unstretched condition.

For example, when LT is 6.5 inches at temperature T and th e
sample Wa." st retched from 2 to 7 inches at the sta rt of the test ,
the per cent retr action equals

TYPICAL DATA

Figure 2 contains typical retraction curves of Hevea ·and
GR-S 10 vulcanizates containing 50 parts of carbon black, ac
celera tors, 'and 2 parts of sulfur . GR-S 10 does not crystallize
and thereby yields a smooth retraction curve. However, Hevea
has a strong tendency to crystallize, which causes an irregular
ret raction curve. Th e retract ion values were obtained from these
curves and recorded in Table I. In the remainder of the paper
retraction curves are not given; only the ret raction values arc
presented-th at is, the TRIO, TR30, TR50, and TRiO values.



324 ANALYTI CAL CHEMI STRY

o

o HEYEA

6011020

Hevea 100
Es te r pl as t i ci zer 10
EPC Blac k Vari a bl e
Zin c OxI de 5 . 0
Pa r atlu x 2 . 5
Ste a r I c Ac Id 3 .0
Sul t u r 0 . 7
Honex 2 . 0

-60 '--_..L-_........_-'-_--I.__'---'

o

• - 20
u
o

o....
Cll:
I-

in the cold box and a sub sequent ru n was made. Th e T R i O
determined by this procedure and th e normal procedure is com
pared in Tablc II. If storage at low temperature has increased
the crysta llizat ion in a sample, it s TRiO should be at a high er
tempera ture. Only small changes due to storage were observed .
T he magn it ude of th e change in TR70 due to storage is close to
the accuracy of the test. T herefore, these changes are not con
sidered significant , but they are indi cative of the high degree of
crysta llinity obtained in this test .

LOW T .:M I' EltATURE }' LEXIIJ I LIT Y O F BUT.-\Dl ENF~STYH ENE

l 'OLYM EItS

PARTS CARBON BL ACK

Figure 4 . Effec t of Car bo n Black on TH70
of H e vea Vu le a n izates

T he retraction values for severa l standa rd elastomers are con
ta ined in Table II I. The TRIO values ind icate that Hevea and
Butyl will be the most flexible materials' at low tempera tu res
when no storage is encounte red. Th e order of meri t as described
by TRIO would be polybutadiene (41 0 F . ), GR-I , Hevea , GR-S
10, GR-S (41 0 F .), neoprene, and Parucril. However, if each ma
teri al is stored at low tempera tures to allow crystallization t o take
place, the flexibility of polyb utudiene (·lJ 0 F.), Hevea, and neo
prene would be grea t ly reduced and the order of merit would be
come : GR-S 10, GR-S (4 1 0 F . ), GR-I , polybutadiene (41 0 F .),
Paracril, Hoven, and neoprene as ind ica ted by the TR70 values.
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standard. Many experimental vulcanizates break in the appa
ratus when greater elongations are used. Using 250% elongation
is desirable from t hat standpo int also.

Test ing Hevea Gum Stocks. Thc usc of 250% testi ng elonga
tio n has been found adequate in every case except Hevea gum
vul canizates. Using the standard tes ting pr ocedure of 250%
testing elonga tion for Hevca vulcanizatos containing less than
40 parts of carbon black will give mislead ing results. I n Figure
4 are data showing the effect of both testing elongat ion and con
centration of carbon black on TR70. Using 250% testing
elongat ion for a pure gum Hevea gave a TR70 of - 56.8 0 C.,
wherea s a test ing elongation of 400% gave a T R70 of -1.8 0 C.
Therefore, elongations of 400% should be used for Hevea gum
stocks.

20 ,----,------r----,---..........

Effect of Low Temperature Storage upon TR70. Normally,
compo unded Hevea crystallizes slowly. When the storage tem
pera ture is vari ed from the optimum, - 25 0 C., the crysta lliza tion
may appear more slowly. The same effect occur s in GR-S
elastomers having low styrene content when polymerized at low
temperatures ; th e optimum for such elastomers is close to
_45 0 C. It is also known that the application of st ress to a
sample increases the rate of crystallization. T hc result of th ese
tendencies depends up on the selected storage tempe rature and
degree of stress imposed upon th e sample. Under th e condit ions
of this test crystallizat ion appears rapidly .

T he TRiOof severa lpolybuta diene vulcunizatos made at va ri
ous temperatures has been measured. T able IV conta ins the

%
o
c, %

=> -
:0:..,

:0: 0
=> 0

-' '"o
:>- '"

o
% u..

1.0

2.0

Or----r-.-----,r----r-.--..----r-~3 . 0

qO 80 120
POLYMERIZ AT I ON TEM PE RA TURE. OF.

F ig n re 5. Effect of Polymerization T e m pera t u re 011

TH70 a n d Ex t ent of C rys t a lliza ti o n for Polyhutadiene

Effe e t of S to r a ge at - 55 0 C. upon TH70 o f
Vuleanizates of E las to m ers

T able II.

T ime of Sto rag e

P olymer
Sto rage , T em per ature,

H ours o c. TR70, 0 c.
Hevea 0 -5 .4

71 - 55 - 4 . 0
O R- S 10 0 -29.8 : 20

73 -5f) - 29 . 7 u
D/ S. 90 /10 , 410 F . 0 -30 .4

0

73 - 55 -29 .1 0P olybutadi en e, 41 0 F . 0 - 17 . 0 ,....
73 - 55 - 15. 0 0:::

Poly butndi en c . 77 OF. 0 - 34. 1 t-_ qO
72 - 5!l - 32 .4

It is believed that 250% test ing elongation crea tes a condition
which induces nearly maximum crystallizat ion during th e short
t ime of the test. This was verified by storing the retraction
samples at 250% elongation at - 55 0 C. With out warming them,
th e samples were plun ged to - 70 0 C. in the retraction bath placed
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Table III. Retraction Values of Standard Elastomers
(0 C.)

Rubber TRlO TR30 TR50 TR70

GR-S 10 -45.4 -40.3 -35.5 -28.7
GR-S(41°F.) -45.1 -40.2 -34.8 -27.8
GR-I -54.3 -41.8 -31.9 -23.7
Polybutadiene (4fO F.) -59.9 -41.3 -29.3 -21.8
Paraeril26NS90 -27.5 -22.5 -17.8 -12.0
Hevea -54.2 -29.6 -11.1 -5.0
Neoprene -40.4 -35.2 -24.6 +3.6

. Compounded with 50 parts of blaek using standard euring methods.

vulcanization details. It was found that decreasing the tem
perature of polymerization caused the TR70 to rise (see Figure
5). Decreasing the temperature of polymerization from 122 0 to
0 0 F. raised the TR70from -45.4 °to -8.9 0 C. This change can
be explained by understanding the accompanying structural
changes. Hart and Meyer (5) found by infrared absorption
studies that the temperature of polymerization increased the
structural regularity, as predicted through x-ray analysis by Beu
et al, (2) and through dilatometer work by Lucas (6). Some
dilatom.eter data obtained at the General Laboratories are pre
sented in Figure 5. It may be assumed that the decrease in
volume accompanying low temperature storage is due to crystal
lization and this decrease is a measure of the crystallization. It
can be easily seen that increasing crystallization due to low tem
perature polymerization raises the retraction value TR70.

·20

oj

0....
'".... -30

- 10,---.----,----,,----r---,...---,

PARTS SULFUR

Figure 7. Effect of Sulfur on TR70 of Buta
diene-Styrene Copolymers Made at 41 0 F.

.polybutadiene. These apparent discrepancies can be explained
by determining the crystallization in these polymers. These re
sults are also presented in Figure 6. The addition of 15 parts of
styrene as a comonomer reduces the crystallization to a very low
quantityfor 41 0 F. copolymers. Here the decrease in volume
with storage at -45 0 C. is almost negligible. Reducing crystal
lization 'by introducing a comonomer, styrene, improves the
TR70 despite the rise in second-order transition temperature
which accompanies this procedure .

Usually ultimate stiffness is difficult to measure using ordinary
test methods, because increasing the comonomer not only de
creases the amount of crystallization but also decreases the rate
at which it appears. This effect is exaggerated when the polymer
is in the compounded condition. The cure in these polymers pro
duces large effects upon their low temperature characteristics.

5
1.5
2.00

1.5
OAd

Type Foi-mula
100
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5

Table IV.
Polymer
EPC channel black
Zinc oxide
Paraflux
Stearic acid
Sulfur
MBT.
DPGc

. Cure 45 minutes at 292 0 F.

o Except where otherwise specified.
• Mercaptobenzothiazole.
C Diphenylguanidine.

. d Varied to equalize rate of cure.

IO~--r----r---.----...,....---'T-----'

Figure 7 contains the TR70 values of vulcanizates of butadiene
styrene copolymers made at 41 0 F. with various states of cure.
The compounding formula is contained in Table IV. A sharp
improvement is noted in the low temperature properties, as indi
cated by TR70 values of polybutadiene with increasing cure
However, increasing cure for GR-S (29% styrene) made at 41 0 F.
produces vulcanizates of poorer low temperature flexibility. In
creasing cure reduces crystallization, thereby improving the TR70
of polybutadiene, and also reduces flexibility' owing to the in
creased number of sulfur cross links. Because there is no crystal
lization in GR-S made at 41 0 F., increasing cure produces poorer
TR70 values. The plot of TR70 versus cure will show a mini
mum for a polymer having an intermediate styrene content.
The minimum TR70 indicates the state of cure at which crystal
lization has been arrested. A polymer containing 10 parts of
styrene requires a higher cure than the polymer containing 15
parts of styrene to obtain this minimum.
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Copolymerization of butadiene with comonomers having high
second-order transition temperatures generally results in poly
mers having poorer low temperature properties. Figure 6 con
tains a plot of TR70 against the styrene content in vulcanizates
of butadiene-styrene copolymers made at 41 0 F. The compound
ing formula is presented in Table IV. Figure 6 shows that in
creasing the styrene content to 15 or 20 parts actually improves
the ultimate flexibility of the vulcanizates at low temperatures.
Even a polymer containing 29% styrene has a lower TR70 than

CORRELATION OF TRIO WITH TI'

It was stated above that the TRIO value was a function of the
viscoelastic effect but not of crystallization. The TRIO can
therefore be used as a figure of merit for low temperature flexibil
ity of crystalline elastomers for dynamic applications, or for non
crystalline elastomers under all' low temperature conditions.
This figure of merit will be similar to the T 10 value obtained when
testing low temperature flexibility with a torsion modulus appa
ratus.
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Figure 9. Compression Set VS. TR70

• Butadiene-styrene copolymerso Perbunan
• Hevea (50 parts channel black)o Hevea (gmT»
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Polymer
EPCblack
Zinc oxide •
Paraflux
Stearic acid
Sulfur
MBTb
DPGc
MBTS'
Cure 45 minutes at 292 0 F.

a Used exclusively for polymers containing acrylonitrile.
b Mercaptobenzothiazole.
c Diphenylguanidine,
d Varied to eq ualize cure.
• Mercaptobenzothiazyl disulfide,

TR70 AS A MEASURE OF COMPRESSION SET

Both TR70 and compression set (measured according to Navy
Department Specifications 33-R-9) were measured on a series of
experimental stocks, which contained 15 parts of ester plasticizer
and 40 parts of Philblack 0. It was found that the TR70 could
be used as a index of compression set, because stocks having equal
TR70 values have equal compression set values. Naturally, as
the TR70 values decrease the compression set values also de
crease.

The TRW and Tio values were measured for vulcanizates of
butadiene-isoprene, butadiene-styrene, butadiene-acrylonitrile,
and butadiene-isoprene-acrylonitrile. Because exact knowledge
of the composition of these elastomers is not essential to the un
derstanding of the test, this information has not been included.
Table V contains compounding data. Formula A was used for
butadiene-isoprene and butadiene-styrene, whereas Formula 'B
was used exclusively for polymers containing acrylonitrile. In
Figure 8 is a plot of the TRIO value versus the TlO value of these
vulcanizates. The points form a straight line. The order of
low temperature merit of the polymers given by the TRW is
therefore similar to that given by T lO •

This correlation of TRIO with TlO is more general than is indi
cated in Figure 8. In addition to the polymers mentioned
above, Hevea, polyisoprene, terpolymers of butadiene and iso
prene with styrene, aryl acrylates, and vinylpyridine also have
the same correlation. Variation of sulfur from 1 to 4 parts, addi
tion of plasticizers (ester or hydrocarbon), and changes in carbon
black content do not alter the relationship. It is believed, there
fore, that the TRW can be used reliably as a measure of the low
temperature flexibility of elastomer vulcanizates where low tem
perature storage is not encountered and for noncrystalline vul-
canizates. '

20

•

c

-~O -20 0
TR70, -c.

Compression Set es, TR70Figure 10.

80

60

:II:

o ~O

t....
en

en c.>
"'0
~ ~ 20.... ,
::l[

~ ~ 0 1- ......JL..... ....I'- -l ..J

-60

100r---_----.--~-'=""'_--_

• Butadiene-styrene copolymers
OPerbunan
• Hevea (50 parts channel'black)o Hevea (gum)

CORRELATION OF TR70 WITH HARDENING IN COLD STORAGE

TR70 has also been correlated with hardening in cold storage
(Figures 11 and 12). Both tread stocks containing 50 parts of
easy processing carbon black and 2 parts of sulfur and gasket
stocks containing 15 parts of ester plasticizer, 40 parts of Phil
black 0, and 0.7 parts of sulfur were included in this correlation.

caused by crystallization, which takes place less rapidly at -45 "C.
than at .,..350 e. Under the conditions of the compression
set test, apparently maximum crystalJization was not obtained at
-45 0 e. Hevea stocks therefore, when stored at -45 0 e. for
96 hours, yield compression set values that are too low. If the
storage time of the compression set test were .increased suffi
ciently, the compression set values would eventually rise to the
value indicated by its TR70 in Figure 10. '

If the TR70 pf these stocks is plotted against their compression
set (at -35 0 and _45 0 C.) smooth curves are developed (see
Figures 9 and 10). The retraction test can now be used to esti
mate the compression set of vulcanizates. This function is im
portant, because the retraction test can be performed in 45
minutes. Storage (48 to 96 hours) is necessary when the com
pression set values are measured.

At -35 0 C., but not at -45 0 C., the compression set values of
Hevea stocks lie on the curve. This apparent discrepancy is

-60 -50 -qO -30 -20

TRIO, °C. (RETRACTION)
Figure 8. T, o vs. TRiO of Butadiene-Styrene,
Butadiene-Isoprene, and Butadiene-Acrylonitrile

Vulcanizates

c.>
o
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Hardness after Storage at _35 0 C. vs.
TR70

• Butadiene-isoprene-styrene co- and terPolymers
• Hevea (50 parts channel black)
o Hevea (gum)

Most of the stocks were based on butadiene-styrene copolymers
polymerized at 41 0 and 1~2° F., respectively, and contained vari
ous proportions of styrene. Tread stocks based on Hevea, buta
diene-isoprene copolymers, butadiene-isoprene-styrene terpoly
mer, and a gasket stock containing no black based on Hevea were
included. Durometers were measured at intervals over 12-day
periods at -35 0 and _45 0 C., respectively. Hardness of all the
stocks with the exception of the Hevea stocks correlated fairly
well with TR70 at both -35 0 and -45 0 C.

Hardness of the Hevea stocks did not correlate with TR70 at
either temperature. The smoked sheet tread compound at
tained approximately equivalent hardness at -35 0 and -45 0 C.
The smoked sheet gasket compound was about as hard as the
tread compound when: stored for 12 days at -35 0 C., but when
stored for a similar period at -45 0 C. the gasket compound
hardened very little whereas the tread compound became even
harder than at -35°C.

The difference between the correlation of the Hevea compound
with TR70 at -35 0 C. in the hardness test and the compression
set test discussed previously can be explained by assuming less
crystallization in the hardness test due to the absence of strain
which increases tendency to crystallize. .

• Butadiene-isoprene-styrene co- and terpolyntcrs
• Hevea (SO parts channel black)
o Hevea (gum)
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Determination of Trigonelline in Coffee
R. G. MOORES AND DOROTHY M. GRENINGER, General Foods Corp., Hoboken, N. J.

Trigonelline represents about 5% of the soluble solids
in coffee beverage. It contributes to coffee flavor
and arorua, and rrray have Irnportarrt physiological
properties. An easy and reliable rne.tbod for deter
rnfnfng trigonelline was needed in the study of coffee
cornposittorr and flavor developrnerrt, In the new
rnerhod, trigonelline is purified by chrorrratography
on a solid adsorbent coltrmrr, and is rueasured by
ultraviolet absorption specurophotornet.ry, This
procedure is rrroee reliable and convenient than ear
lier met.hods, The method will be useful in further
studies on the eornposttfon and processing of coffee,
as well as in physiological studies involving closely
related compounds such as nicotinic acid.

THE presence of trigonelline in green coffee was first reported
by Polstorff in 1909 (21), and later verified by Gorter (6).

It is the methylbetaine of nicotinic acid with the structural
formula:

H
I

H-G/'C,,-C_C=O

I II I
H-C~N/C H

O
I
CH a

Trigonelline represents about 5% of the water-soluble portion
of roasted coffee. It has a bitter taste about one fourth that of
caffeine. Trigonelline may be considered the source of pyridine
found in coffee aroma. Hughes and Smith (9) found pyridine
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Spectrophotometric Properties of Trigonelline. Following the
development of satisfactory spectrophotometric methods for
determining chlorogenic acid (17) and caffeine (11) in coffee,
absorption measurements were applied to trigonelline.' Trigonel
line in water solution has a maximum absorption at 264.5 and a
minimum at 240 mil (Figure 1).

Absorbancy of aqueous trigonelline solutions is proportional to
concentration and is constant over a pH range of 4 to 8. Other
substances in coffee have absorption in this region-e.g., caffeine,
chlorogenic acid, proteins, etc. No chemical reagent could be
found that selectively separated trigonelline without itself ab
sorbing light in the same region.

The unsatisfactory results obtained in the use of known color
and precipitation reagents indicated the need for an entirely dif
ferent approach for the purification and estimation of trigonel
line. Several adsorbents, such as Zeokarb H, X-I, clay, Lloyd's
reagent, zeolite, Amberlite IR-100, and· Filtrol, remove trigonel
line 'from pure solution. The first three adsorbents contain solu
ble materials which absorb light at 265 mil and cannot be removed
by any reasonable amount of washing. Both the percolate and
the ammonia eluate from zeolite contain non trigonelline material
which absorbs light at 265 mil. Amberlite IR-I00 can be washed
fairly free of the interfering materials, but elution of the trigonel
line cannot bc made quantitative. With Filtrol, adsorption of
the trigonelline from an alcohol-water solution and elution with
ammonium hydroxide are quantitative (Table I). These solvents
do not remove any material that interferes with spectrophoto
metric measurements.

Standard Trigonelline Samples. Two samples of trigonelline
were used in this work. One sample was prepared by the meth
ylation of nicotinic acid, using the method of Winterstein and
Weinhagen (25). It was identical in ultraviolet absorption and
iodine equivalent with a reference standard obtained from the
S.M.A. Corp., Chagrin Falls, Ohio. The reference standard had
a nitrogen content of 10.27% by' the Dumas method. The
theoretical value is 10.22%. At 264.5 rill', the wave length of

and nicotinic acid among the decomposition products of trigonel
line when it was heated in a sealed tube at 150 0 to 220 0 C.

The structure of trigonelline suggests the possibility of its
demethylation in vivo to nicotinic acid, the antipellagra factor.
However, the physiological properties reported in the literature
are conflicting and lead to no certain conclusions regarding its
dietary role (3,7,14,18).

A reliable analytical procedure for trigonelline is important
because of its contribution to coffee flavor and aroma and its pos
sible biological significance.

ANALYTICAl" PROCEDURES ]<'OR TRIGONELUNE

Several methods for the determination of trigonelline have
been described in the literature (4, 12, 19, 22, 23). Their defi
cicncies are discussed briefly in the following paragraphs.

Precipitation Methods. The trigonelline method of Kottbohm
and Mayer (19) involves precipitation of trigonelline with iodine
from a chlorogenic acid and caffeine-free coffee extract, and
titration of the iodine complex in alcohol with thiosulfate. The
iodine precipitation requires a high concentration of trigonelline
for quantitative results. The' method can be applied only to
green coffee, because the iodi~e salt does not crystallize readily
in the presence of roasted coffee oonstituents.

Methods have been reported for the determination of bismuth
based on the precipitation of alkaloid iodobismuthates (5, 16).
Trigonelline was found to precipitate quantitatively, on an equal
molar basis, with this reagent. This method gave good results
'on green coffee, but satisfactory precipitation could not be ob
tained on roasted coffee.

A modification of the Slotta and Keisserprocedure (23) was
used previously for trigonelline analysis in this laboratory, This
method, which involves a phosphotungstic acid precipitation Of
the trigonelline from a lead-clarified water extract and alkaline
oxidation of the regenerated trigonelline, is inconvenient and is
subject to errors that limit its reliability.

Colorimetric Methods. The measurement of trigonelline would
be simplified by conversion to a soluble colored product, but none
of the conversion techniques tried in this work were quantitative.
Colorimetric methods suggested in the literature for the estima
tion of pyridine ring compounds depend upon the formation of
Schiff's bases from the corresponding glutaconaldehydes (12,
13). However, this reaction cannot be applied directly to the
pentavalent nitrogen i~ trigonelline.

Sarett, Perlzweig, and Levy (20, 22) found that alkaline hy
drolysis of trigonelline in the presence of a source of ammonia
yielded a substance that develops a color with cyanogen bromide
and amines; the trigonelline presumably had been converted to
nicotinic acid. However, they found that this conversion
amounted to only 70%. Recent work by Huff (8) has shown
that the conversion of trigonelline to nicotinic acid is not quantita
tive; under the most favorable conditions the nicotinic acid iso
lated was only 30% of the theoretical yield.

Kodicek and Wang (12) and Fox, McNeil, and Field (4) meas
ured trigonelline by the color of the compound formed when
benzidine or dianisidine is added to the glutaconaldehyde formed
on alkaline hydrolysis.

Preliminary analyses in this laboratory on pure trigonelline
solutions by a slight modification of the dianisidine method were
unsatisfactory. The time for development of maximum color
varied from 14 to 37 minutes. Reproducibility of maximum
readings was poor; when 4 mg. of trigonelline were hydrolyzed,
maximum absorbancy measurements varied from 0.724 to 1.072.
The addition of urea as a buffer in the neutralization did not im
prove reproducibility. With a pH range of 6.35 to 8.47 at the
time of the addition of the color reagents, the highest absorbancy
reading was obtained at pH 8.2. After 24 hours' standing, solu
tions of hydrolyzed trigonelline gave less color with the reagent,
and absorbancy readings were not proportional to concentration.
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a Corrected for nicotinic acid on basis that 100% of total nicotinic acid
was in eluate.

Table I. Recovery of Trigonelline by Adsorption and
Elution from Filtrol

maximum absorption, both samples of trigonelline had an E~ ~m.
of 297.

Sample Description

Pure trigonelline

Mixture of trigonelline, caffeine, and chlorogenic
fcid

Mixture of trigonelline, caffeine, chlorogenio
acid, and nicotinic acid

Pure trigonelline added to green coffee extract

Pure trigonelline added to roasted coffee extract

Trigonelline Recovery
in Eluate by Ultra
violet Absorption,

%
104.0
102.1
100.2

~gg
105.4

101.2
103.2
101.9
99.7
98.4
99.5
97.3

100.0

98.0"
101. 2"

100.8
100.0

98.9
98.9

Remove the filter flask containing the trigonelline-free extract
and wash solutions, and replace it with a clean 25Q.-m!. filter
flask. Elute the adsorbed trigonelline by percolating through
the column 150 ml. of ammonium hydroxide. Transfer the eluate
to a 200-ml. volumetric flask and dilute to volume with water.
The time for the elution shoul~ be about 2~ minutes, making the
total time for adsorption, washing, and elution about 90 minutes.

Measurement of Trigonelline in Green Coffee. Transfer 50
m!. of the eluate to a 100-mI. volumetric flask and dilute to vol
ume. Measure the absorbancy (absorbancy or A. = optical
density) of the diluted eluate at 264.5 and 325 mu. Subtract the
a'bsorbancy at 325 from the absorbancy at 264.5 m« and from this
difference calculate the trigonelline content, using an E~% value
~~ ~

Measurement of Trigonelline in Roasted Coffee. Place 50
ml. of the eluate in a lOQ.-mI. volumetric flask, add 10 ml. of
potassium permanganate solution, mix, and let stand 10 minutes.
Add 3 ml. of sodium sulfite solution with stirring, then 1.5 ml, of
acetic acid, and finally titrate with sulfite solution to the dis
appearance of the manganese dioxide precipitate. Make to
volume and filter through No.5 Whitman paper, discarding the
first portion. Measure the absorbancy at 264.5 mu,

Place a separate 50-ml. aliquot of the eluate in a lOQ.-ml.
volumetric flask, and add about 25 ml. of water and 1 ml. of acetic
acid. Add 5 ml. of zinc acetate solution and mix; then with
swirling add 5 ml. of potassium ferrocyanide solution. Make to
volume and shake thoroughly. After 3 to 5 minutes filter
through a dry folded paper, such as Green's No. 4881/.. Discard
the first 5 to 10 ml. and collect enough to fill an absorption cell.
Measure the absorbancy at 264.5 mu. Subtract this from the
previous absorbancy reading and calculate the trigonelline con
tent using this corrected figure.

ULTRAVIOLET ABSORPTION METHOD FOR TRIGONELLINE

Reagents and Equipment. Ethyl alcohol, 95 and 50% by
volume.

Sulfuric acid, 2% by volume in 95% ethyl alcohol.
Ammonium hydroxide, 3% by volume, 30 ml. of 28.7% am-

monium hydroxide per liter.
Potassium permanganate, 1% by weight in water.
Sodium sulfite, 5% by weight in water.
Potassium ferrocyanide, 106 grams of K4Fe(CN)6.3H20 dis

solved in water and diluted to 1 liter.
Zinc acetate, 219 grams of Zn(C2H30 2)..2H20 and 30 ml. of

glacial acetic acid dissolved in water and diluted to 1 liter.
Acetic acid, C.P. glacial.
Filter paper, Green's fluted No. 4881/ 2 ; 15-cm., Whatman No.

5.
Celite, No. 545, and analytical (Johns-Manville Corp., New

York, N. Y.).
Filtrol, Super Filtrol (Filtrol Corp., Los Angeles, Calif.). Pre

pare adsorption mixture by thoroughly mixing 2 parts of Celite
No. 545 and 1 part of Filtrol.

Extraction and adsorption tubes. Attach 8Q.-mm. lengths of
6-mm. glass tubing to the bottom of 18 X 150 mm. test tubes.

Beckman quartz spectrophotometer, Model DU.
Sample Preparation. Coffee samples are prepared for analysis

by grinding and flaking as for chlorogenic acid (17).
Extraction of Green and Roasted Coffee. Weigh accurately

2 grams of sample and mix with 4 grams of Celite No. 545.
Transfer to an extraction tube containing a glass wool plug and
Celite No. 545 filter bed. Place the extraction tube in a 500-m!.
filter flask connected to a vacuum line. Percolate 200 ml. of
50% ethyl alcohol through the sample at a uniform rate of about
7 ml. per minute, transfer the extract to a' 200-mI. volumetric
flask, and make to volume.

Adsorption and Elution of Trigonelline. Prepare a Filtrol
adsorption column by placing a glass wool plug in the bottom
of the tube and covering with a Celite No. 545 bed about 10
mm. thick. On top of the Celite bed, place about 6 grams of the
2 to 1 Celite-Filtrol mixture. Tap the tube, connect to a 500
ml. filter flask, and apply vacuum to compress the column.
Percolate through the tube 75 ml. of 2 N sulfuric acid in about"
10 minutes.

Transfer 100 ml. of the coffee extract to a 250-ml. separatory
funnel equipped with a rubber stopper or ground-glass joint to fit
the top of the adsorption tube. After the acid wash of the column
is complete, connect to the adsorption tube the separatory funnel
holding the coffee extract. Draw the coffee extract through the
Filtrol column at a uniform rate of about 5 ml. per minute. As
soon as the extract is drawn through, wash the column succes
sively with 50 ml. of 50% ethyl alcohol, 50 ml. of 2% sulfuric
acid in 95% ethyl alcohol, and 50 ml. of 95% ethyl alcohol.
Some liquid should be retained on top of the adsorption column
at all times to avoid channeling. "

DISCUSSION

Sample Preparation of Trigonelline Extraction. The impor
tance of proper sample preparation has been demonstrated in the
current work. Essentially complete cell rupture, as provided
by flaking, is necessary for reliable analysis of plant material such
as coffee. Extraction of trigonelline with 50% ethyl alcohol is
more satisfactory than extraction with 95% ethyl alcohol or
water. Extraction with 95% ethyl alcohol is extremely slow,
while water extracts percolate very slowly through Filtrol
columns.

Adsorption and Elution with Filtrol. Under proper conditions
of percolation, washing, and elution, the Filtrol column can be
used to separate trigonelline quantitatively from caffeine and
chlorogenic acid in pure solutions (Table I). In the concen
trations normally present in coffee extracts, caffeine is adsorbed
on the column but not eluted by the ammonia. Chlorogenic
acid is adsorbed on Filtrol and is eluted with ammonia. How
ever, when the adsorbent is washed with acid before percolation
of the alcohol extract, the adsorption of chlorogenic acid is re
duced, and washing with acid-ethyl alcohol after the percolation
effectively elutes the small amount of chlorogenic acid adhering
to the column. Washing with acid-ethyl alcohol does not re
move the trigonelline, but does remove some of the ammonia
elutable substances present in roasted coffee extracts which ab
sorb light at and below 325 mu,

Hughes and Smith (9) reported that only 1 to 3% of the tri
gonelline loss on roasting could be attributed to nicotinic acid
formation. The present work substantiates their data by finding
little or no nicotinic acid when trigonelline was roasted alone or
in mixtures of coffee constituents. These observations are based
on results 'of alkaline iodine titrations. Nicotinic acid does not
react with iodine under the conditions used for trigonelline analy
sis. Nicotinic acid is adsorbed and eluted along with trigonelline
in the proposed method and has an absorption maximum near
265 m«,

Trigonelline in Green Coffee. The trigonelline content of green
coffee by the spectrophotometric method is about 10% lower
than that obtained by the original Slotta-Neisser procedure
(Table II). The absorption figures have been substantiated by
applying the Slotta-Neisser iodine titration to the ammonia-free
eluates from the Filtrol column. Good agreement between the
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absorption measurements and the iodine titrations indicates bet
ter selectivity in the present isolation technique.

The correction for the absorption reading at 325 mJ.l is used as
the alternative to a blank sample correction (Figure 2). This
measured absorption is apparently caused by light-scattering sub
stances washed from the Filtro1 column. In the present method
the effect of these substances on the absorbancy measurements is
sufficiently constant between 265 and 325 IDJ.l to make feasible
use of the latter reading as a correction for the sample absorbancy
at 264.5 mu. This correction amounts to no more than O.OS'
absorbancy unit.

Absorption measurements on the eluates before and after
treatment with zinc ferrocyanide substantiate further the speci
ficity of the present method for trigonelline in green coffee. This
reagent precipitates trigonelline quantitatively from water solu
tions without interfering with the light absorption at 264.5 m«.
The difference between the total absorption and the absorption
removed from the eluates by zinc ferrocyanide treatment is equal
to the blank (Figure 2), so that the trigonelline content is essen
tially the same when calculated using a blank correction or on the
basis of absorption removed by ferrocyanide treatment (Table
II).

ANALYTICAL CHEMISTRY
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Figure 2. Absorption Curves for Trigonelline in Green
Coffee Extracts

1. After adsorption and elution on Filtro), no treatm.ent.
2. Absorption removed froUl. eluate by perrnsnganate-ferrocyanide

treat.ment.
3. Eluate after permanganate-ferrocyanide treatlDent

gonelline, the presence of other materials in coffee must prevent
this complete degradation of trigonelline during roasting.

A mixture containing chlorogenic acid, sucrose, green coffee
dialyzate, caffeine, and potassium phosphate buffer at pH 5.85
was roasted with and without added trigonelline.

Direct spectral absorbancy readings at 264.5 mu on alcohol ex
tracts of the roasted products indicated only a 10% loss of tri
gonelline on roasting. When the alcohol extracts were carried
through the adsorption-elution with' Filtrol, spectrophotometric
measurements indicated a loss of 68% of the trigonelline. Iodo
metric titration of these Filtrol eluates showed a trigonelline loss
of 69%, which substantiates the ultraviolet measurement.

Because nicotinic acid does not react with iodine under these
conditions, the agreement between the ultraviolet and iodometrie
measurements indicates that little if any trigonelline has been
converted to nicotinic acid during the roasting. The absorbancy
at 264.5 mJ.l in the Filtrol eluates from roasted simulated coffee
extracts containing no trigonelline was negligible, indicating no
interference from the other constituents. High transmittancy
in all the eluates from 285 to 325 mu indicated that no light-scat
tering materials were interfering. It is apparent that when tri
gonelline is roasted pure, or in a mixture of soluble green coffee
constituents, substances are formed which absorb light at 264.5
m«, but these substances are largely separated from the trigonel-
line in the adsorption-elution. .

Direct ultraviolet absorption on the ammonia eluates from FiI
trol columns (Table III) showed an apparent increase in trigonel
line during the roasting of coffee. This apparent increase and the
shape of the absorption curve indicated that the absorbancy of
the roasted coffee eluates was not due entirely to trigonelline and'
that further purification was necessary. Because not all of these
interfering substances absorb at 325 m«, this absorbancy cannot
be used as a correction for roasted samples.

Potassium permanganate has been used as a purification re
agent in methods for determining caffeine in coffee (1, 2, 11, 15).
This reagent in alkaline, neutral, or acid solution was found to
have no effect on the ultraviolet absorption of pure trigonelline.

Table II. Trigonelline Content of Green Coffee"
Spectrophotometric Method

Slotta- Total A. of Total A. As removed
Neisser eluate at minus by

Method, 264.5 mu, blanke, precipita tion«,
% % % %

Santos 1.32 1.22 1. 17
1.33 1.25 1. 21

1.36 1.25 1.25
1. 30 1. 23 1. 23
1. 29 1.22 1.18
1.29 1.22 1. 20

Av. 1,33 1. 29 1,22 1,22

Guatemalan 1,11 1.02 0.98
1,11 1.03 0.99

1.02 0.98
1.(:)2 0.98
1.09 1.05 1.00
1. 09 1,05 0.99

Av. 1,11 1,05 1,01 1.00

Colombian 1.06 1,00 0.95
1.06 1,01 0.96

0.98 0.94
0.99 0.94

(031.14 1.03
1.15 1.03 1.03

Av. 1,06 1,05 0.96 1,03

" All results expressed on dry weight basis.
b Trigonelline calculated from total absorbancy, A., 'of eluate at 264.5

ml' minus absorbancy at 325 mI'.
C Trigonelline calculated from difference between total absorbancy of

eluate and that remaining after zinc ferrocyanide treatment.

Trigonelline in Roasted Coffee. Roasting plant materials
generally increases their chemical complexity and magnifies
analytical difficulties. Coffee is no exception, and extensive
experimental work was required before the spectrophotometric
method could be applied to roasted coffee. Experiments were
designed to study the effect of roasting on trigonelline alone and
in the presence of other coffee constituents, in order to define the

. nontrigonelline materials which absorb light at 264.5 m«,
Heating pure trigonelline with 12% added water in a sealed

glass tube at 180 0 to 187 0 C. for 63 minutes causes a significant
change in its light absorption behavior. The alcohol extract of
the roasted trigonelline has no peak near 265 mu, but has fairly
high absorption in the entire spectral region from 240 to 325 m«.
Iodometric titration directly on the alcohol extract after evapora
tion shows an apparent trigonelline loss of 83%. This alcohol
extract of the roasted trigonelline contains no trigonelline by the
ultraviolet absorption method. Because analyses on roasted
coffee do not show such a drastic change in the nature of the tri-

WAVELENGTH (MILLIMICRONS)
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Permanganate-sulfite treatment of roasted coffee eluates de
creases appreciably the 265 mIL absorbancy and largely eliminates
the discrepancy between the absorbancy curves of the eluate and
pure trigonelline solution.

A zinc ferrocyanide precipitation of trigonelline has been used
to determine the specificity' of the absorbancy of the permanga
nate-sulfite treated eluates. When zinc acetate-potassium ferro
cyanide treatment is applied to roasted coffee eluates, there re
mains some absorbancy in the region 265 to 325 mIL (Figure 3).
The residual absorbancy is the same when this clarification is ap
plied directly to the eluate as to the permanganate-sulfite treated
solution. It is more convenient to use the eluates before per
manganate-sulfite treatment.

Although the interfering material has not been identified, it is
not trigonelline, and the residual absorbancy has been subtracted
as a blank in the trigonelline determination for roasted coffee.
The trigonelline analysis in roasted coffee depends upon the speci
ficity of the Filtrol adsorption and elution, the removal of major
interfering materials by mild oxidation, and selective precipita
tion of the trigonelline.

Table III. Trigonelline Content of Roasted Coffee"

Spectrophotometric Method
Roasting A.
Wt. Loss Total Total removed

Excluding Slot.ta- As at A. by
H20, % Neisser 264..5 minus precipi-
Green Method, mu, blankb, tation e,
Coffee % % % %

Santos 9.2 0.89 1.70 1.15 1.13
0.89 1. 53 1.03 1.16

1.17
1.19

Av. 0.89 1.61 1.09 1.16
Guatemalan 9.8 0.76 1.84 1.16 0.97

0.74 1.84 1.16 0.94
0.94

Av, 0.75 1.84 1.16 0.95
Colombian 10.2 0.72 1. 74 1.12 0.92

0.72 1. 78 1.16 0.92
0.92

Av. 0.72 1. 76 1.14 0.92

a All results expressed on dry weight basis.
b Trigonelline calculated from total absorbancy of eluate at 264.5 mlJ

minus ebsorbancy at 325 illfl'.
C Trigonelline calculated from difference between total absorbancy of

eluate and that remaining after zinc ferrocyanide treatment.

.600r---,----,.-o---r---,----,---.....,

Figure 3. Absorption Curves for Trigonelline in
Roasted Coffee Extracts

1.. Eluate after perntanganate treatntcnt
2. Absorption removed fro:rn perntanganat;e treated eluate

by ferrocyanide treatInent
3. Eluate ef'tee per:rnanganate-ferrocyanide treatment
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Hughes and Smith (9, 10) have reported that trigonelline is
lost during roasting and that the amount lost varies with the time
and temperature of roasting. In the present work the average
decrease in trigonelline for three samples of coffee with an organic
roasting weight loss of 9.7% was 39% by the Slotta-Neisser
method and only 15% by the spectrophotometric method (Table
III). This difference can be explained by the failure of the phos
photungstic acid to precipitate trigonelline completely from
roasted coffee extracts. Apparently some of the products formed
during coffee roasting interfere with this precipitation and also
with precipitation by iodine or iodobismuthate. The spectro
photometric method, in which this interference is not 'a factor,
gives a higher and more accurate measurement of trigonelline in
roasted coffee.



Determination of Penicillin G
Using C1

,3 Isotope as a Tracer

JOHN T. CRAIG, J. B. TINDALL, AND MURRAY SENKUS, Commercial Solvents Corp., Terre Haute, Ind.

A precise rnerbod was developed for the deterrrrtna
tion of penicillin G in relatively Irnpure samples of
pe'nicillin broth and crystalline samples. Labeled
po'tassrum benzylpenicillinate was enriched with
respect to Cl3 at the carbon attached to the benzyl
group. The em-ichmerrt in analytical samples was
deterrnrned by hydrolysis of the penicillin to phenyl
acetic acid, followed by decarboxylation of the acid
to carbon dioxide. The Cl3 content of the gas sample

THRE E chemical and physical methods have been developed
for the determination of penicillin G in penicillin samples.

In the gravimetric method, the material is isolated quantitatively
as the N-ethylpiperidinium salt (10), In one spectroscopic
method the penicillin G content is obtained by measuring its
ultraviolet absorption in solution (,.0, while in another method it
is obtained by measuring the infrared absorption of a crystalline
sample (2).

These three procedures are the most precise methods that are
available for the purpose at hand. However, their utility is
limited, inasmuch as they are confined to relatively pure samples.
In the evaluation of a recovery process, they can be used only for
the analysis of final products, and they have proved to be indis
pensable for this purpose ever since industry started to produce
crystalline penicillin. Obviously, differentiation between penicil
lins in each of the preceding steps is highly desirable, particularly
when attempts are made to separate the penicillins during the
recovery and to control the production of penicillin G in the broth
through the use of precursors or through the selection of molds, .

Several microbiological methods have been described for the
differentiation between penicillins (3, 5, 11) in impure samples.
In this laboratory the Thorn and Johnson method (11) has
proved to be especially useful, inasmuch as it is particularly
suited to the determination of penicillin G in samples ranging in
purity from that found in broth to that in crystalline samples.
The precision of this method is ± 10%.

The method described herein is an isotope dilution method for
the determination of penicillin G, using C13 as a tracer. Ritten
berg and Foster (9) have developed an isotope dilution method
with application to the determination of amino acids through the
URe of N'6 and fatty acids using deuterium.

Labeled penicillin was prepared by using as a precursor in the
fermentation phenylacetamide containing excess C'3 at the amide
group. The method has been applied to the determination of
penicillin G in broth as well as in commercial crystalline samples.

EXPERIMENTAL

Microbiological Preparation of Labeled Benzylpenicillinic Acid.
Eastman Kodak potassium cyanide containing 16 atom % Cl3
was converted to phenylacetonitrile according to the method of
Adams (1), The nitrile was then hydrolyzed to phenylacetamide
as described by Purgotti (7). To a medium suitable for the pro
duction of penicillin G was added 0.04% by weight of the amide.
The mixture was sterilized and inocculated with Penicillium
chrysogenum Wisconsin strain Q~176. The fermentation was al
lowed to proceed at 25° C. in 2-liter Erlenmeyer flasks agitated on
reciprocal shakers. The broth was harvested after 5 days.

To each 3-liter portion of the C'3 filtered broth were added 2
grams of pure potassium benzylpenicillinate in order to reduce the
C13/C12 ratio at the amide carbon to about 4/100, because it was

was deterrntned in a rrrass spectrorneter, The
method of analysis should prove to be of great value
in developing and Improving process for the isolation
of penicillin G. The analysis of a broth is of special
significance in this connection, Inasrrruch as it re
veals the amourrt of penicillin G per unit vohrrne, A
biological assay of broth can be obtained, but these
data cannot be used to calculate the penicillin G con
tent.

calculated that this would be a suitable ratio for the labeled stand
ard,

Isolation of Crystalline Labeled Potassium Benzylpenicillinate.
Crystalline potassium benzylpeniciJIinate was isolated from the
broth by way of crystalline benzylpeniciJIinic acid diisopropyl
etherate, which has been reported by Trenner (12), with some
modification. Any method for the isolation of crystalline benzyl
penicillin from broth could be used at this point.

The etherate was converted to the potassium salt by dissolving
in butyl acetate, then adding dropwise with good agitation 0.5%
aqueous potassium hydroxide until the pH of the aqueous phase
had reached 7.5. The aqueous layer was separated and dried
from the frozen state. Crystallization of the solid product from
n-butyl alcohol according to the method of Wintersteiner (13)
gave 1.8 grams of crystalline potassium benzylpenicillinate, the
labeled standard.

Several 3-liter portions of broth were processed to obtain a large
quantity of labeled potassium benzylpenicillinate, followed by
subsequent recrystallization of the composite material.

Isotope Concentration of Labeled Standard. A mixture con
sisting of about 1 gram of the labeled potassium benzylpenicil
linate and 50 ml. of 4 N sulfuric acid was allowed to reflux for
2 hours. The solution was extracted with ethyl ether. The
extract was distilled to remove the ethyl ether, To the residue
were added 15 ml. of warm petroleum ether to dissolve the crude
phenylacetic acid. The solution was filtered and the filtrate was
cooled to permit the phenylacetic acid to recrystallize. Filtra
tion of the mixture yielded about 0.25 gram of phenylacetic acid
per gram of potassium benzylpenicillinate. The melting point
was checked to assure purity of the acid.

The 0.25 gram of recrystallized phenylacetic acid was then de
carboxylated with quinoline and copper chromite according to
the method of Huggett (6). The carbon dioxide which was
evolved was entrained in nitrogen and the mixture was bubbled
through excess barium hydroxide. The barium carbonate which
formed was isolated under nitrogen, A sample of carbon dioxide
for the mass spectrometer was then isolated from the carbonate
according to the method of Rittenberg (8). The C13/C12 ratio
was found to be 0.0466.

Preparation of Primary Standard. Potassium benzylpenicil
linate was used as the primary standard in the present analytical
method. Use was again made of the isopropyl etherate for the
preparation of potassium benzylpeniciJIinate of the desired
purity. Commercial benzylpenicillin was converted to the
etherate as described by Trenner (12). The crude crystals were
recrystallized several times according to Trenner's method. The
pure etherate was then converted to the potassium salt and re
crystallized as before.

Purity of Labeled Standard. The potassium benzylpenicil
linate content of the labeled standard was determined by the
dilution of 0.25 gram of the material with 1.00 gram of pure
potassium benzylpenicillinate, the primary standard. A carbon
dioxide sample was isolated from the primary standard, the la
beled standard, as well as from a mixture of the two according to
the method described previously. The Cl3/C12 ratios of these
samples were obtained in the mass spectrometer.

ANALYSIS OF PENICILLIN SAMPLES

Analysis of Broth Samples. In the analysis of broth, 0.25
gram of labeled potassium benzylpenicillinate was added to 3

332
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Table I. Penicillin G in Broth Samptes
x = E(B - D) (C + 1)

(D - C) (B + 1)
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Penicillin G as
Potassium Benzylpenicillinate,

G./L. Broth
Electrostat. Electromag.

0.270 0.265
0.238 0.235
0.270 0.270
0.236 0.232
0.207 0.197
0.186 0.184
0.194 0.195
0.283 0.276
0.107 0.106
0.122 0.123

Labeled
Standard

C 130"C "0,Added, Bio-
Sample G./L. assay, (C"O, = 100)

No. Broth /l/M!. El ec trostat. Electromag.

1>9 0.083 550 1.91 (1. 13)a 1. 96 (1. 16)a
83 0.090 458 2.02 (1.10) 2.09 (1.16)

104 0.093 500 1. 96 (1. 11) 2.02 (1.16)
107 0.087 445 2.01 (1.11) 2.07(1.16)
245 0.083 485 2.08(1.12) 2.17 (1.17)
347 0.083 -i58 2.19 (1.15) 2.26(1.20)
393 0.083 540 2.16 (1.15) 2.22(1.20)
431 0.083 458 1. 91 (1.15) 1. 98 (1.19)
440C 0.042 192 2.09 (1.15) 2.16(1.20)
440D 0.042 208 2.01 (1.15) 2.06 (1.20)

a Values in parentheses are C 1302:0 1202 ratios of ordinary C02.

liters of the sample. The mixture was filtered. Crystalline
potassium benzylpenicillinate was isolated from the filtrate
as previously described. The crystalline sample was hydrolyzed
to phenylacetic acid. The acid was purified, then decarboxylated .
to obtain the carbon dioxide sample for assay as described above.

Analysis of Commercial Crystalline Samples. In the analysis
of crystalline penicillin, 0.6 gram of a sample was mixed with
0.2 gram of labeled potassium benzylpenicillinate.. The mixture
was then analyzed according to the procedure described in the
experimental section.

CALCULATION OF RESULTS

Purity of the Labeled Standard. The procedure for the
isolation of carbon dioxide samples from the primary standard,
the labeled standard, as well as from a mixture of the two is
described above. The weight of potassium benzylpenicillinate
in 0.2500 gram of labeled standard was determined by solving
the following equation:

X _ A (D - C) (B + 1)
- (B - D) (C + 1)

where X is the weight of potassium penicillin G in a known weight
oflabeled standard, A is weight of primary standard added, B is the
0 13/0 12 ratio of the labeled standard, C is the 0 13/0 12 ratio of the
ordinary penicillin G, and D is the 0 13/012 ratio of the mixture of
the two. It was found that 0.2500 gram of labeled standard con
tained 0.229 gram of potassium benzylpenicillinate or 91.6% by
weight.

Table n. Penicillin G Crystalline Samples

C"O,:C"O' Potassium Benzylpenicillinate, %
(0 120 2 = 100) by Weight

Code Electro- Electro- Ultra-
No. Electrostat. Electromag. stat. mag. N.E.p.a violet

1 2.03(1.15) 2.08 (1.20) 70 71 67
2 1. 90 ~1.15) 1. 97 (1. 20) 87 85 79 79
3 1.86 1.15) 1.92 (1.20) 93 93 '87 93
4 1. 87 (1.15) 1. 93 (1. 20) 91 91 88
5 1. 97 (1.15) 2.03 (1.20) 77 77

iiJiJ
68

6 1. 79 (1.15) 1.85 ~1.20) 101 100
7 1. 91 (1.15) 1. 97 1.19) 85 84 78

aN-Ethyl piperidinium.

Potassium Benzylpenicillinate in Broth Samples. The amount
of "penicillin G" in broth samples was determined by dilution
of a given amount of sample with a given weight of the labeled
standard. The dilution of penicillin in broth with the labeled
standard and the isolation of potassium benzylpenicillinate
therefrom, as well as the preparation of a carbon dioxide sample
from the crystalline.product, are described above.

The per cent by weight of potassium benzylpenicillinate in the
broth samples was calculated by substituting the known values
in the following formula:

where X is the weight of potassium penicillin G in
the unknown sample, B is the 0 13/012 ratio of the
labeled standard, C is the 0 13/0 12 ratio of ordinary
penicillin G, D is the 0 13/012 ratio of the mixture of
the two, and E is" the weight of labeled standard
added. In one analysis, a broth sample contained
0.270 gram of penicillin as potassium benzylpeni
cillinate per liter.

The penicillin G contents of ten samples of broth
were determined (Table I).

Penicillin G in Crystalline Samples. The peni
cillin G contents of seven crystalline samples were
determined (Table II). Some of these samples

were analyzed by the ultraviolet method (4) as well as by the
N-ethylpiperidinium method (10). These data are included
in the table for comparison.

DISCUSSION

The penicillin G values that were calculated from the electro
magnetic readings were about 1% lower than the values calcu
lated from the electostatic readings. In view of the better agree
ment among the electromagnetic readings on normal carbon
dioxide, it appears likely that these values are more accurate.

In the preparation of penicillin for clinical use, it is necessary
to separate penicillin G from the other penicillins during the re
covery from the broth. The present method of analysis should
prove to be of great value in developing a process for the isolation
of penicillin G. The analysis of a broth is of special significance
in this connection, inasmuch as it reveals the amount of penicillin
G per unit volume. It is recognized that the biological assay of
the broth can be obtained more readily, but these data cannot be
used to calculate the penicillin G content with the same degree of
accuracy.
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Nature of the Cobalt·Thiocyanate Reaction
PHILIP w. WEST AND CHARLES G. DE VRIES!

Louisiana State University, Baton Rouge, La.

The nature of the color produced by cobalt-thiocyanate complexes in the presence
of certain organic solvents has been investigated, to provide a better understand
ingofthis important color system. The complexes [Co(NCS») +and [CO(NCS)6] ---
are formed in mixed solvents. The latter complex is probably responsible for
the formation of the blue color produced in the Vogel test through its selective
attraction of organic molecules. The thiocyanate addenda attract the less polar
organic compounds, causing what is in effect a dehydration of the complex co
balt ion and giving rise to the familiar blue color of anhydrous cobalt compounds.
This study should aid in providing an understanding of the nature of the Vogel
reaction, which is of importance in the detection and determination of cobalt.

ALTHOUGH the reaction of cobalt with thiocyanate ions in
ft the presence of mixed solvents has long been used for the
detection and determination of cobalt, the cause of the resulting
change in color from a pink to a blue solution has remained un
proved and a point of much speculation. This test, named the
Vogel reaction after its originator (21), consists of adding thio
cyanate ions to the solution to be analyzed and then adding a
suitable organic solvent. The formation of a blue color indicates
the presence of cobalt ions. Because of the widespread use of
this reaction it is desirable to gain more knowledge of its exact
nature, thus enabling a logical approach for possible improvement
of its application.

Many modifications of Vogel's original method of testing for
cobalt have been made, including the choice of solvents for color
developer (5-7, 11,20) and ofions for complexing addenda (9, 17).
The use of this reaction as applied to quantitative measurements
has not been overlooked. Not only has cobalt been determined
colorimetrically, but small percentages of water in ethyl alcohol
have been determined accurately employing this color system (3).

According to Mellor (18), the reaction between a concentrated
solution of ammonium thiocyanate and a solution of a cobalt(II)
salt first forms cobalt(II) thiocyanate. This salt is converted to
ammonium cobalt(II) thiocyanate in the presence of excess thio
cyanate ions.

Although a number of theories have been postulated to account
for the blue color, no definite explanation is available. Hill and
Howell (13) proposed that the color change in cobaltous solutions
is due to the dehydration of a cobaltous-hexaquo complex ion.
In strongly acidic medium (concentrated mineral acids) they sug
gest that the color of the solution is transformed to blue conform
ing to the reaction,

[CoCI4(H20)2)-- ~ [CoCI4]-- + 2H.O
Red Blue

This dehydration theory was not accepted by Bassett and
Croucher (.n. They claim that the reasoning of Hill and Howell,
which was based on the comparison of magnesium and cobalt
oxides, is unjustified and that cobalt need not have a coordination
number of 6. Rossi (19) bubbled dry hydrogen chloride through
a 0.1 M aqueous cobaltous chloride hexahydrate solution. The
solution color changed from a pink to a blue. He suggested that
the color is caused by a compound formation of the type,

HCoCl,. nH20

One possible explanation for the change of color upon dehydra
tion may be shown by the equation (8)

2 [Co(H20)6]Cb ~ Co[CoCl 4J + 12H20
Pink Blue

1 Present address, Department of Chemistry, University of Oklahoma,
Norman, Okla.
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Feigl (10) has suggested (very significantly) that the blue color
is probably due to solvation of complex cobalt-thiocyanates such
as K2[C'0(NCS)4], inasmuch as upon dilution the color returns to
pink.

Young and Hall (25) pointed out that the capacity of a solvent
for preventing decomposition of a complex varies inversely as its
dielectric constant and that the complex formed with cobalt and
ammonium thiocyanate is extracted from aqueous solutions by
organic solvents.

Absorptancy curves have been run on solutions of cobalt thio- .
cyanate in nonaqueous solvents. In a nonaqueous solvent, L,
the complex CO(NCS)2L2 is formed (16). The complex [Co
(NCS)]+ is present in aqueous solutions containing an excess of
cobalt, while an excess of thiocyanate produces [Co(NCS)4)-
according to Kiss and Csokan (15).

APPARATUS AND REAGENTS

In the present investigations a Beckman Model DU spectro
photometer was used for all absorptiometric work. The absorp
tion cells were of Corex with a 1.0O-cm.path length.

Analytical reagent grade salts of cobalt nitrate and potassium
thiocyanate were used in the preparation of standard solutions.
The cobalt solutions were standardized by the method of electro
lytic deposition, and the strengths of the thiocyanate solutions
were found by the Volhard titration using standard solutions of
silver nitrate. Absolute ethyl alcohol was used. Potassium
selenocyanate was prepared following the method outlined in
"Inorganic Syntheses" (12).

EXPERIMENTAL

To determine the complexes present in aqueous solutions and
in mixed solvents, both Job's method of continuous variation (22)
and a method employing spectrophotometric titrations (23, 24)
were applied. .

Job's method of determining ionic species by noting the differ
ence in optical density of a system while varying the mole fraction
of components is well known. The coordination number of the
central atom is found by applying his calculation formula,

xr X
Jv =--

1 - z

where N = coordination number, and x = mole fraction of com
piexing ion present at maximum difference in optical density.

The second method, that of spectrophotometric titration, also
gives indication as to the nature of complexes formed in solution.
A number of solutions are prepared containing the same concen
tration 'of the central atom in the coordination sphere. Using
these, a series of solutions is made by adding the complexer in
amounts ranging from 0 to 15 times the concentration of the cen
tral atom present. Optical density measurements are then made
at a distinguishing wave length and the coordination combina
tions are determined from breaks in the slope of the curve of opti-
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The curve varia
tion procedure of Job
was studied at wave
lengths of both 520
and 620 mu, At the
concentrations im-
posed by the condi
tions of the experi
ment it was im
possible to perform
a spectrometric titra-
tion at 620 ml-' in
a que 0 u sm e d i a .
Spectral absorptancy
c ur v es of optical
density versus wave'
lengths for cobalt
thiocyana te-water
solutions were found

to have only one peak, at 510 mu, with no sign of
absorption in the blue region of the spectrum.

Results of the investigations of cobalt and thio
cyanate ions in mixed media (water-ethyl alcohol)
are shown in Figures 3 and 4. A spectrophotomet
ric titration and continuous variation studies,
using a wave length of 510 m«, gave the same re
sults as those obtained with aqueous solutions.
However, when these same observations were
made using a wave length of 620 mu, a new species
was indicated, for both methods gave irrefutable
evidence 'of the formation of a new type of [Co
(NCS)6]--- - ion. That the organic solvent is
not involved stoichiometrically was proved by the
application of both methods, keeping the ratio of
cobalt-thiocyanate constant and varying the
amount of solvent. Ethyl alcohol at more than
forty times the molar concentration of the cobalt
was required before the blue color was produced.

Because the organic solvent neither is present in
the coordination sphere nor enters into the reaction
stoichiometrically, investigations were made as to
the effect of change in dielectric constant on opti
cal density in the blue region of the spectrum. A
study of a series of alcohols used as developers for
the Vogel reaction showed that the blue color
increased as the dielectric constant of the developer
decreased. Sufficient data could not be found in
the literature to correlate the change in optical
density with other physical constants of the de
velopers.
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Figure 1. Specuropfroforrtetn-ie Titration
Water soiution, 0.00885 M Co(lI)
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Figure 2. COlllplexation Shown Using Job's Method
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All solutions used in the dielectric constant studies
had the same concentration of cobalt and thiocyanate ions pres
ent and the molarity of the alcohol was kept constant. To lO-ml.·
volumetric flasks 1 ml. of 0.02 M cobalt nitrate and 5 ml. of 1 M
potassium thiocyanate were added. Enough developer was added
to yield a molarity of,4.28 M and the solutions were made to volume
with distilled water. Optical density measurements were taken
at 620 mu, The results obtained are shown in Table 1.

Absorptancy curves of the cobalt-selenocyanate-water system
were made and a peak was found to be present at 510 mu, In
mixed media a spectral absorptancy peak at 620 m« was ob
served.

cal density versus ratio of complexer concentration to concentra
tion of central atom.

RESULTS

The complexes of cobalt-thiocyanate formed in aqueous media
were found to consist of two species-[Co(NCS)]+ and [Co
(NCS)6]-----with the number of possible water molecules in the
coordination spheres undetermined. Spectrophotometric titra
tion results, shown in Figure 1, dictate this conclusion. Although
the breaks in the curve in Figure 1 are not great, repeated experi
ments have given the same results. Each gave definite breaks at
ratios of 1 to 1 and 1 to 6. (Precision is indicated by the size of
the points.) Fur.ther proof was obtained by continuous variation
studies: A complex of the type [Co(NCS)] + is clearly indicated,
as shown by Figure 2. Moreover, the curve is tilted slightly to
the right, thereby indicating the existence of another complex, one
richer in thiocyanate.

Solution
I
2
3
4
5
6

Table 1.
Developer

Methanol
Ethyl alcohol
a-Propyl alcohol
Isopropyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol

Optical Density
Dielectric Constant

32.6 (1)
25.0 (1)
20.8 (1)
15.7(14)
1.5..5 (14)
3.76 (1)

Optical Density

0.015
0.090
0.503
0.785
0.920
1.16
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Figure 3. Speet.ropdaotorrretr-ie Titration
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constant between isopropyl alcohol and sec-butyl alcohol is 0.2,
the difference in optical density is proportionally much higher in
comparison with the other members of the series. Also, when
considering acetone [e = 19.5 (1); optical density = 1.10] and
dioxane [e = 2.1 (2); optical density = 0.885] not in the series,
there seems to be no relation between their ability as developers
and their dielectric constants.

tert-Butyl alcohol is as effective as acetone as a developer of the
blue color. Because the vapor pressure of tert-butyl alcohol is so
much lower than that of acetone, it seems desirable to investigate
it for use in quantitative tests.

Dielectric constant does play a role in the formation of the
colored complex, but these data suggest that perhaps other fac
tors, including molecular size, also influence a solvent's ability to
produce the Vogel blue.

That this blue color may be associated with the configurations
of the electrons in. the central atom and not directly with the

Figure 4.
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DISCUSSION

It has been shown that the complexes, [Co(NCS)]+ and
[CO(NCS)6]----, exist in both aqueous and mixed solvent systems.
In mixed solvents a blue color forms due, it is believed, to the
selective attraction of nonaqueous molecules by the thiocyanate
of the [C0(NCS)6]--- - complex. This preferential attraction of
the nonaqueous molecules causes, in effect, a dehydration of the co
balt complex and' gives rise to the formation of the familiar blue
color of anhydrous cobalt salts.

A considerable amount of evidence, other than that presented
above, can be cited in support of the theory. Local investiga
tions have shown that a majority of metal thiocyanates can be
extracted from aqueous solutions by means of nonpolar organic
solvents. Such extractions have been utilized in a number of
ways in the isolation of thiocyanate complexes of such metals as
iron, uranium, and molybdenum. Their importance to the present
discussion lies in the emphasis they add to the solubility phenom
ena attributable to the thiocyanate group effect.

Because the color-developing solvents used in
the Vogel reaction are miscible with water, no
phase separation occurs in this case. The attrac
tion between the thiocyanates and the organic sol
vent is still in effect, however, and the coordinated
thiocyanate consequently attracts the organic
molecules to provide an anhydrous atmosphere
around the complex. The observation of Young
and Hall (25) that the blue complex is soluble in
ether lends support to the dehydration theory.
Studies of dielectric effects also support this view.

The evidence submitted here indicates that the
dielectric constant of the 'developing agent of a
chemical series is related to its strength as a color
producing agent in the Vogel test. In the alcohol
series which was studied this strength is roughly in-
versely proportional to its dielectric constant.
The observations indicated that other physical
factors of a solvent also affect its value as a de-
veloper. Although the difference in. dielectric'
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addenda in the coordination sphere is indicated by the absorption
peak at 620 miL in the spectral absorptancy curves for both the
thiocyanate and selenocyanate mixed solvent solutions. Other
addenda such as thiosulfate and cyanate also give blue colors
with cobaltous ions in mixed solvents. Finally, a wide variety
of mixed solvents can be used to develop the blue color, tending
to give credence to the dehydration theory.
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Titrimetry in Glacial Acetic Acid
Scope of Method

PETER C. MARKUNAS AND JOHN A. RIDDICK, Commercial Solvents Corp.; Terre Haute, Ind.

This work was u'ndertaken to investigate the possible
applications and Iirrrit.atfons of titrations in glacial
acetic acid. Over 400 corrrpourrds have been tested.
The analyses of representative groups of compourids
that rnay be titrated in glacial acetic acid are re
ported. The eornpourids include salts of strong
bases and weak acids, salts of weak bases and weak

I

T IT R I ME T R Y in nonaqueous solvents is a relatively un
explored field that offers analytical possibilities comparable

to those of aqueous titrimetry. However, the published in
formation on this subject does not suggest the widespread ap
plicability nor the distinct advantages of this means of analysis.
It is the purpose of this preliminary paper to demonstrate the
usefulness of glacial acetic acid as a solvent and perchloric acid
as titrant for the direct analysis of weak bases and carboxylic
acid salts, and to indicate the general scope of the proposed pro
cedure.

The method used in this study is based upon the observation of
Conant and Hall (2) that many substances which show little or
no basic properties in water behave as strong bases in acetic acid,
and upon the studies of Hall and Werner (.~), who demonstrated
the basic character of carboxylic acid salts in acetic acid, and
showed that perchloric acid is the strongest and most suitable
titrant. Kolthoff and Willman (5) confirmed the basic character
of several inorganic acetates in acetic acid and measured their
basic strength in this solvent. B1umrich and Bandel (1) re
ported that the alkali, alkaline earth; and ammonium salts of
carboxylic acid salts could be titrated in acetic acid, but they
gave no data to support their statement. No systematic study
has been made to apply these observations to the analysis of
either weak bases or to the salts of carboxylic acids. The
authors are making this study.

acids, and organic bases. This study should provide
a simple and rapid rnet.hod for the analysis of car
boxylic acid salts of m any bases and for a large
mrmber of organic bases whose ionization constants
(in water) are 10-12 or greater; it should, therefore,
replace the lengthy and frequently tedious proce
dures now used for the analysis of these cornporm.ds.

The following analytical applications have been made of the
known acid-base relationships in acetic acid: titration of aniline,
pyridine, and other weak organic bases (1), quantitative titration
of amino acids (6), determination of tertiary aliphatic aminesin
the presence of primary and secondary amines (1, 9), determina
tion of basic nitrogen compounds in refined hydrocarbons (10)
and in hydrocarbon oils and coal hydrogenation oils (11); and
determination of amino sulfonamides (8).

This paper presents a summary of the survey analysis of
several hundred compounds. This information will be of use to
many analysts even though the method presented herein was
limited to relatively dry, pure materials and absolute accuracy
and precision remain to be established.

REAGENTS, SOLUTI01'lS, A1'ID APPARATUS

Acetic acid, glacial, A.C.S. grade.
Acetic anhydride, A.C.S. grade.
Perchloric acid, 70 to 72%, A.C.S. grade.
Potassium acid phthalate, primary standard grade.
Perchloric Acid Solution, 0.1 N. The standard acid solution

is prepared by adding 14.5 grams of 70 to 72% perchloric acid to
approximately 900 ml. of glacial acetic arid in a I-liter volu
metric flask, slowly adding, while constantly swirling the flask,
sufficient acetic anhydride to react with the water introduced
with the perchloric acid, and diluting to the mark with acetic
acid. This solution is allowed to stand 24 hours and is stand-
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Table I. Analysis of Carboxylic Acid Salts
Determined Purity, %

ardized with potassium acid phthalate either potentiometrically
or to the crystal violet end point as described in the next section.

Crystal violet indicator, 1 gram of crystal violet dissolved in
100 ml. of acetic acid

Precison-shell titrometer (7) with calomel and glass electrodes
was used for potentiometric titrations.

VOLUME 01 N HCL04 IN AcOH

Titration Curves for Carboxylic
Acid Salts
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A. Lithium. benzoate
B. Sodiu:m. acetate
C. 2-Hydroxyethyltritnethylarnm.ollium dihydrogen
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D. Am.IDonium aeetnte
E. . Po't.asalwm acetate

ever, that use of the indicator method for any particular com
pound should first be tested by trying the potentiometric and
indicator vtitrations simultaneously on the compound to be
analyzed.

Although the precision and accuracy of the method are still
being investigated and will be presented in a subsequent paper,
the present results indicate that this method IS as accurate and
precise as aqueous acidimetric and alkalimetric methods. The
reproducibility for compounds that act as strong bases in glacial
acetic acid for routine type determinations is about 0.2%.

100.01

99.62

99.32
99.22
98.24

99.55
99.02

98.09

Indicator Potentiometric
Chemicals' method method

98.29
98.04
99.64
99.69
99.14
99.36
99.60
99.50
99.46
98.12
99.40
99.17
99.19
99.23

101.7
99.92
98.83
99.62
98_81

Ammonium acetate
Ammonium bensoate
Ammonium citrate
Ammonium salicylate
Sodium acetate
Sodium formate
Sodium citrate
Sodium salicylate
Sodium benzoate
Potassium acetate
Potassium gluconate
Calcium acetate
Calcium formate
Barium acetate
Magnesium acetate
Lithium benzoate
Lithium salicylate
Guanidine acetate b
8-Hydtoxyquinoline benzoate
2-Hydroxyethyltrimethylammonium

dihydrogen citrate' 99.97

a Purchased C.P. chemicals except guanidine acetate.
b Eastman Kodak white label chemicals.

ANALYTICAL PROCEDURES

Potentiometric Method. A sample containing about 3.5
milliequivalents Ofsalt is weighed into a 250-ml. tall-form beaker,
without spout, and dissolved in 30 ml. of acetic acid, and the
mixture is titrated potentiometrically with 0.1 N perchloric
acid in acetic acid. The titration is conducted and the equiva
lent point determined in the same manner as for potentiometric
titration in aqueous solutions.

Indicator Method. A sample the same weight as required for
the potentiometric method is weighed into a 250-ml. Erlenmeyer
flask, dissolved in 30 ml. of acetic acid, warmed if necessary to
effect solution, and cooled. One drop of crystal violet indicator
is added and the solution is titrated with 0.1 N perchloric acid in
acetic acid to a blue-green color.

EXPERIMENTAL

The potentiometric and indicator methods were used in a
comprehensive survey to determine the probable applicability of
nonaqueous titrimetry to different types of compounds. Ma
terials of the highest purity obtainable were used without further
purification. This permitted scanning a large number of com
pounds in a reasonable lengthof time. The results of analysis
of certain salts of some carboxylic acids were selected to illustrate
some phases of the applicability of the method. The analysis
of salts of some carboxylic acids is given in Table 1. A few
typical titration curves of these salts are shown in Figure 1.

In order to correlate results with those of Hall (3), some
organic bases were analyzed by the methods used for the de
termination of carboxylic acid salts. The results are given in
Table II and the potentiometric titration curves .for a few of
these compounds are shown in Figure 2. These data confirm
those of Hall and illustrate the general usefulness of the proposed
method for the estimation of weakly basic amines.

The analytical data presented in Tables I and II are the
average of at least two determinations which agreed at least to
5 parts per thousand.

In one study, the effect of water upon the titration of 2
hydroxyethyltrimethylammonium dihydrogen citrate in glacial
acetic acid was extensively studied. Large amounts of water
gave high results but amounts up to approximately 1.5% of the
original solvent (30 ml.) did not affect the accuracy of the de-
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Those carboxylic acid salts and organic bases which show a
sharp break in the titration curve may be estimated by the more
rapid indicator method with the accuracy and precision obtain
able by the potentiometric method. It is recommended, how-

VOLUME 0.1N HCL04 'IN AcOH

Figure 2. Titration Curves for Organic
Bases

A. Diethylaniline
B. 2-Nonyl-4,4-bis(hydroxYIIlethyl)-2-oxazoline
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Table II. Analysis of Organic Bases by Direct Titration
Determined Purity, %

Indicator Potentiometric
Chemicals method method

compounds they predicted could be analyzed do not react stoichio
metrically; the reason for this is not yet apparent.
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99.36
99.78
99.91

99.94
99.20

100.00

99.17
99.45

99.85

99.41
99.32

Diethylanilinev
8-Hydroxyquinolinea
Diphenvlguanidinev
Anilineb
n-Butylanilinev
Tris(hydroxymethyl)aminomethane c
Benzocaine b
2-Nonyl-4,4-bis(hydroxymethyl)-2-oxazolined

a Eastman Kodak white label chemicals.
b Purchased c. p. chemicals.
e Purified by recrystallization from methanol, m.p, 171.1 0 C.
d Purified by recrystallization from benzene, m.p. 91.2 to 91.6 0 C.

termination. In fact, it is possible to analyze aqueous solutions
of this compound by a slight modification of the method given
herein. (A report on this application is being prepared.)

A study of the results of this survey shows that the method is
applicable to the analysis of salts of strong bases and weak acids,
salts of weak bases and weak acids, and weak organic bases.
The major limitation of the method is the insolubility of some of
the compounds in acetic acid. The authors have found that some

Luminol as aChemiluminescent Indicator
In Acid-Base Titrations with a Dark-Chamber Titrimeter

FREDERIC KENNY AND R. B. KURTZ, Hunter College, New York, N. Y.

Luminol indicator is a new type of acid-base indicator which emits light 'at the
end point. It was developed to make possible acid-base titrations in solutions
having sufficient color to prevent the use of ordinary indicators, and at the same
time avoid the use of a potentiom.etric titration. The indicator, consisting of
Iurnfnof, Iierrrogfobfra, and hydrogen peroxide, errrit.ted light at a pH very close
to the stotohtomet.rtc point in the titration of 0.1 M hydrochloric acid with 0.1 M
soditrm hydroxide. The presence of a highly colored oornpouerrt such as gentian
violet did not interfere with the end point. No indicator error was observed in
the titration of either colorless or colored solutions. This new indicator should
have wide application in titrating a variety of colored solutions.

This indicator emits light above a given pH, as contrasted with
ordinary indicators, which absorb light differently above a given
pU:. Ordinary indicators function alone, whereas luminol, at

AFT ER careful consideration of various ehemiluminescent
materials that might be used as indicators in acid-base

titrations, it was decided to use luminol (5-amino-2,3-dihydro
1,4-phthalazinedione), hydrogen peroxide, and hemoglobin, be
cause this combination is sensitive to small variations in pH. In

'each titration approximately 40 mg. of luminol, 6 ml. of 3% hy
drogen peroxide, and 30 mg. of hemoglobin were used.

Luminol Anion

H202----Hemoglobin

Oxidation + Li ht'
products g

room temperature and in aqueous solution, functions only when
associated with hydrogen peroxide and a catalyst. Ordinary
indicators are not destroyed during the color change, whereas
luminol is consumed at the pH at which light and oxidation occur.
Thus the indicator reaction is irreversible. It lends itself to titra
tion of acid with base. If, however, a base is to be titrated with
acid, a measured excess of acid must be added, followed by back
titration with base. The behavior of the indicator may be sum
marized by the formula in column 1.

It is necessary for the hydroxyl ions to remove protons from
the luminol to form the anion before the reaction producing light
can proceed (20,. 21). The oxidation processes which emit light
do not start until the solution pH is increased to a point close to
the neutral point. This critical pH value is the basis for the
accompanying method of acidimetry. The maximum chemi
luminescence intensity as a function of the molarity of the sodium
hydroxide present (21, 22) shows a sharp maximum at 0.01 to
0.05 M, corresponding to pH values between 12 and 12.7. A
perceptible light appears, however, when sufficient sodium hy
droxide has been added to give a pH in the neighborhood of 7.
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Table I. Volmne of Sodrum Hydroxide Solution
Equivalent to 30.00 Ml. of Hydrochloric Acid

Phenolphthalein as indicator and luminol as a chemiluminescent indicator)

3635343332

A. Using lutninol indicator
B. Using phenolphthalein indicator
C. Using luJDinol indicator 'with hydrogen peroxide omitted

The results of both sets of titrations are shown in Table 1.
When phenolphthalein was used as the indicator, the average

deviation of a single observation obtained was 0.63 part per 1000.
The luminol, however, yielded a precision of 1.25 parts per 1000.

VOLUME OF SODIUM HYDROXIDE SOLUTION ADDED
Figure 1. Titration of Hydrochloric Acid with Sodhrm

Hydroxide

in the presence of the colored component and without the use of
electrical instruments.

EXPERIMENTAL

Approximately O.lM solutions of hydrochloric acid and sodium
hydroxide were prepared. Seven 30.00-ml. portions of the hydro
chloric acid were titrated with the sodium hydroxide, using phe
nolphthalein as the indicator. The end point was taken as the
faintest observable pink color.

Eight 30.00-ml. portions of the hydrochloric acid were then
titrated with the sodium hydroxide, using the luminol indicator,
and carrying out the titrations in the dark-chamber Titrimeter
(13).
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Sodium Deviation
hydroxide, from mean,

ml, mi.'

31.82 0.00
31.75 0.07
31.78 0.04
31.90 0.08
31.80 0.02
31.80 0.02
31.90 0.08
31.80 0.02
31.82 0.04

Luminol

. 0.02

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Mean

Titratien

Phenolphthalein
Sodium Deviation

hydroxide, from mean,
mI. m!.

31.80 0.02
31.82 0.00
31.88 0.06
31.80 0.02
31.86 0.04
31.81 0.01
31.80 0.02

Table II. Volrrme of S~diuD1 Hydroxide Solution
Equivalent to 30.00 Ml. of Hydrochloric Acid
(Luminol indicator in presence of 0.003% gentian violet)

Sodium Deviation
Hydroxide, from Mean,

M!. M!.

31.90 0.08
31.80 0.02
31.89 0.07
31.89 0.07
31.75 0.07
31.89 0.07
31.70 0.12
31.77 0.05
31.68 0.14
31.80 0.02
31.80 0.02
31.90 0.08
31.75 0.07
31.90 0.08
31.82 0.07

Mean 31.82

In the present research this light has been used to mark the end
point of the titration of acid with base.

The catalyst used must be stable in both acid and alkaline
solution. Soluble complex' salts of transition metals such as
cobalt and especially iron in the form of hemin, hemoglobin, or
ferricyanide are examples. Substances like permanganate and
hypochlorite, while bringing about the evolution of light, are
rapidly destroyed, whereas hemoglobin can function for a much"
longer time (21). Theories for the behavior of hemoglobin have
been formulated by a variety of investigators, some of whom
regard it as a peroxidase reaction (1, 5, 11, 14; 17, pp. 268, 295;
18, pp. 249, 252, 268, 274; 21).

The function of hydrogen peroxide is to bring about the oxida
tion of the" anion derived from the luminol. The manner in
which it does this has been the subject of much speculation (2, 5,
21). According to recent ideas, the hydrogen peroxide may
furnish free radicals to the solution (3-5, 9, 10, 16-19), which
when' reacting with the anion of the luminol in the presence of
hemoglobin; produce a series of transient intermediate free radi
cals (2, 5-7, 12, 21) and the evolution of light from the final
diradical (15). These changes may involve the transient forma
tion and immediate dissociation of transannular peroxides (8).

The concentrations of the three components of the indicator
may vary over rather wide limits. For luminol the limits include
0.01 to 1%, for hemoglobin 0.001 to 1%, and for hydrogen per
oxide 0.03 to 1%. In this research these three components were"
respectively, 0.1, 0.1, and 0.3% at the beginning of the titration.

Use and Advantages of Luminol Indicator. There are many
situations in which an acid-base titration cannot be carried out
with ordinary acid-base indicators, because the solution contains
a highly colored component which makes it impossible to observe
the color change of the indicator. Such situations have been
dealt with heretofore either by the use of an instrumental method
or, if feasible, by the prior removal of the colored component.
The use of luminol makes it possible to carry out the titration
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Both indicators yielded a mean of 31.82 ml. of sodium hydroxide
equivalent to 30.00 ml. of hydrochloric acid. Thus the indicator
error was negligible.

In order to study the behavior of the luminol indicator in the
presence of a highly colored component, 14 titrations of the hy
drochloric acid with the sodium hydroxide were carried out, using
the luminol indicator in the presence of gentian violet. The con
centration of gentian violet used-Q.003%-gave the solution an
intense color which made it utterly impossible to observe the end
point of any of the ordinary acid-base indicators.

The results of these titrations, shown in Table II, yield a mean
value for the volume of sodium hydroxide required which is the
same as that required in both titrations shown in Table 1
namely, 31.82 ml. The deviation from the mean, however, is
somewhat larger. Its value-0.07 mI.-corresponds to a pre
cision of 2.13 parts per 1000.

In order to study more carefully titrations in which luminol
indicator is used, and to account, if possible, for the lower pre
cision obtained with luminol as compared with phenolphthalein,
five titrations of hydrochloric acid with sodium hydroxide were
carried out potentiometrically in the presence of the luminol
indicator. A glass indicator electrode, a saturated calomel refer
ence electrode, and a Leeds and Northrup 7660-A vacuum tube
potentiometer were employed. The temperature of the labora
tory was 25° ± 2°C.

The average curve obtained is plotted in Figure 1, A. The
potentiometric titration of the hydrochloric acid with the sodium
hydroxide in the absence of luminol indicator is plotted as B.

The two curves cross very close to the luminol end point. The
more gradual slope of the luminol curve accounts for the lower
precision obtained with this indicator. Work is in progress to
modify the composition of the luminol indicator, so as to give a
curve with a steeper slope, thereby improving the possibility of
obtaining a higher degree of precision. If the titrations employ
ing luminol in both Tables I and II are considered, the over-all
precision obtained is 1.85 parts per 1000. 'Indications at the
present time are that this can be improved upon.

The more gradual slope of A as compared with B is to be ex
pected, in view of the fact that each component of the indicator
functions as a weak electrolyte. Because both luminol and hemo
globin combine with hydrogen ion, the pH values preceding the
stoichiometric point will be higher than otherwise, and because
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these same components supply protons to hydroxyl ions after the
stoichiometric point has been passed, the pH values obtained will
be lower than in the absence of these components. This effect is
further accentuated by the presence of the weak acid hydrogen
peroxide, which supplies protons to hydroxyl ions in the neighbor
hood of the stoichiometric point.

As an aid to further study of the luminol indicator a poteutio
metric titration was carried out using luminol indicator from
which the hydrogen peroxide had been omitted. The results are
plotted as C in Figure 1. Part but not all of the buffering action
of the indicator appears to be caused by the hydrogen peroxide.
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Polarographic Behavior of Organic Compounds
Analysis of Mixtures of Dichloroacetic and Trichloroacetic Acids

PHILIP J. ELVING AND CHING-SIANG TANG

The Pennsylvania State College, State College, Pa.

E LVI NG and Tang (1) reported that in the pH range of 6.8
to lOA and the potential range of 0.4 to -1.9 volts, acetic

and monochloroacetic acids give no polarographic wave, while
trichloroacetic acid gives two waves and dichloroacetic acid gives
one wave; the latter wave is identical in characteristics with the
more negative wave of trichloroacetic acid. The diffusion cur
rents of each of the two waves of trichloroacetic acid and of the
one wave of dichloroacetic acid, when corrected for the effect of
the electrocapillary curve, are identical; the diffusion currents
are directly proportional "to the concentration of the acids. The

waves are due to the successive removal of halogen whereby tri
chloroacetate is converted to dichloroacetate, which can then be
reduced to monochloroacetate.

In the procedure described for analyzing mixtures. of dichloro
acetic and trichloroacetic acids, the latter is determined from the
diffusion current of its first wave, while the dichloroacetic acid
can be measured by deducting the adjusted diffusion current of
the first wave of the trichloroacetic acid from the total diffusion
current of the second wave. The standard series method of cali
bration can be used.
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A means was sought for the determination of tri
chloroacetic and dichloroacetic acids in the presence
of each other and of related compounds. Dichloro
acetate and trichloroacetate, present singly or in
mixture, can be determined simply and rapidly from
the polarogram obtained at pH 8 in buffered solu
tion. The trichloroacetate gives two redqction
waves representing the successive removal of halo
gen to form first dichloroacetate and then mono
chloroacetate; dichloroacetate gives one wave which
is identical in characteristics with the second wave

EXPERIMENTAL WORK

Reagents and Chemicals. All reagents used were of C.P.
quality. Stock standard solutions of trichloroacetic acid (10
millimolar), dichloroacetic acid (10 millimolar), monochloro
acetic acid (1.0 M), and acetic acid (1.0 M) were prepared, and
were standardized by titration with a standard sodium hydroxide
solution, using phenolphthalein as indicator. Double-strength
buffer solution of pH 8.2 was 'prepared by adding concentrated
ammonium hydroxide to a 1.0 M solution of ammonium chloride
until the desired pH was reached; only a few drops per liter are
necessary. When the solution is diluted in use, the electrolyte
content is great enough so that the buffer solution can act as the
base solution.

Apparatus. A calibrated Fisher Elecdropode was used in most
of the work; all measurements were made at 0.2, 0.1, or 0.05
of the galvanometer sensitivity. The deflection of the Elecdro
pode galvanometer scale was calibrated in microamperes by sub
stituting for the polarographic cell Akra-Ohm resistances ranging
from 10,000 to 100,000 ohms. Some current-potential curves
were determined with a Sargent Model XXI polarograph. A
Beckman Model G pH meter was used for the measurement of
pH. All glassware used was borosilicate; all measuring ap
paratus was calibrated.

Table J. Effect of Concentration of Acetic and Monochlo
roacetic Acids on Diffusion Currents of Dichloroacetic and

Trichloroacetic Acids

Sample Taken Trichloroacetic Acid Dichloro-
TCA DCA MCA AA First Wave Second Wave« acetic

Acid
mM mM mM mM ua, mM ua. mM ua, mM

0.100 2.5 0.812 o.oso 0.814 0.101
0.100 .'5.0 0.814 0.100 b
1. 01 .'5.00 8.12 0.99 8.14 1.00
1.01 7.50 8.14 0.99 b
1.01 50.0 8.14 0.99 b
1.01 75.0 b b
2.02 ],;.0 16.30 1. 98 16.31 2.00
2.02 25.0 16.30 1. 98 b
1.01

.'5'00
100 8.12 0.99 8.15 1.00

8:231. 02 1. 00
1. 02 7.50 b b

1: (11
1. 02 100 8.22 1.00
1. 02 1.5.0 8.14 0.99 c 8.20 1.00

TCA. Trichloroacetic acid. MCA. Monochloroacetic acid.
DCA. Dichloroacetic acid. AA. Acetic Acid.

a Diffusion current for second wave corrected ior effect of electrocapillary
curve.

b Beginning of wave due to monochloroacetic acid merged with waves due
to polychloroacetic acids.

C Diffusion current and concentration for second wave of trichloroacetic
acid are not reported, because in a mixture they are obtained by calcula-
tion from data for first wave.

Basis for Procedure. The procedure followed in the polaro
graphic study of trichloroacetic and dichloroacetic acids (1)
was used as the basis for the analytical method. The half-wave
potentials at 25 0

V8. the saturated calomel electrode are -1.57
volts for dichloroacetate, and -0.84 and -1.57 volts for tri
chloroacetate; these are constant over the pH range of 6.8 to
10.4. Optimum waves are obtained in buffer solution of pH 8,
which is 0.5 M in electrolyte. Dissolved oxygen need not be re
moved; the residual current obtained with the base solution is
subtracted from the limiting current obtained for the sample

ANALYTICAL CHEMISTRY

of trlchloroaeetate, Monochloroacetic acid does
not affect the determination unless its molar con
centration is greater than five times that of the di
chloroacetic acid or seventy-five times that of the
trichloroacetic acid. Acetic acid does not interfere.
The' method of polarographic analysis presented is
suitable for the rapid and simple determination of
trichloroacetate and dichloroacetate individually
and in the presence of each other. Substances
polarographically inactive in the potential range
covered do not interfere.

solution. The height of the second wave is corrected for the
effect of the electrocapillary curve in the usual manner (2), the
capillary constants having been measured in the buffer base solu
tion used.

Although the polarographic measurements can be made at any
temperature, some type of constant temperature arrangement is
desirable in order to ensure that the calibration and sample meas
urements are made at the same temperature--e.g., 25 0 C.

Table II. Calibration Data for Dichloroacetic and
Trichloroacetic Acids

Sample Taken First Wave Second Wave·
mM. un, uo,

TCA 0.098 0.80 0.79
0.492 4.04 4.00
0.986 8.11 8.04
1. 97 16.21 16.05

DCA 0.100 0.81
0.500 4.09
1.00 8.20
2.00 16.35

• Diffusion current "for second wave corrected for effect of electrocapillary
curve.

Calibration Procedure. In the experimental work or in cali
bration runs known volumes of the stock solutions of the acids
are pipetted into a 100-ml. calibrated volumetric flask, 50 ml.
of the 1.0 M ammonium chloride-ammonium hydroxide base
solution are added, and the contents are diluted to the mark.
In this way, the resulting solution has known concentrations of
acids and of base solution. The variation in pH of the mixture
from the original buffer solution is negligible. The electrolysis is
performed as subsequently indicated.

ANALYTICAL PROCEDURE

Measure out a sample containing between 15 and 35 mg. of
trichloroacetic acid, and between 1.5 and 25 mg. of dichloroacetic
acid; the amount of monochloroacetic acid should not exceed 50
mg. if dichloroacetic acid is present and 750 mg. if dichloroacetic
acid is absent. Transfer the sample to a 100-m!. calibrated volu
metric flask; add 50 m!. of the 1.0 M ammonium chloride-am
monium hydroxide base solution; carefully adjust to pH 8.2 by
the dropwise addition of concentrated ammonium hydroxide;
and dilute the contents to the mark. Rinse the cell and electrode
several times with the solution to be analyzed. Electrolyze the
solution, using a quiet mercury pool or a saturated calomel as the
reference anode electrode, over the potential range of -0.4 to
-1.9 volts V8. the saturated calomel electrode. If the electro
capillary curve for the base solution is not known, note t, the
drop time, at potentials of -1.3 and -1.8 volts V8. S.C.E. Run a
similar curve on the base solution and correct the sample curve
for the latter curve.

Using the intercept method, determine the diffusion current
for each of the two waves. The diffusion current for the first
wave is used to calculate the amount of trichloroacetic acid pres
ent; the diffusion current used to calculate the dichloroacetic acid
present can be determined from the following relation:



VOL U M E 23, NO.2, FEB RU A R Y 1951 343

%
+6.0

-1.0
+3.2
+1.0

DCA

+1.0
+1.0

0.0
+0.5
-1.0
+0.2

0.0
0.0

-1.0
-1.0
-2.2

0.0
-0.4
-0.5
-1.9

0.0
-0 . .5
-0.5
-0.5

TCA
%

-5.0

Error

mM

DCA

+0.006

-0.001
+0.016
+0.01

acetic acid and seventy-five
times that of the trichloroacetic
acid i for 0.1 millimolar concen
trations of the polychlorinated
acids, the ratios are 2.5 and
75. For 2 millimolar concen
trations of the polychlorinated
acids the ratios are 12.5 and

·75. The presence of more than
a fivefold greater concentration
of monochloroacetic acid will
affect the second wave of tri
chloroacetic acid or the wave
of dichloroacetic acid, because
the beginning of the wave due
to the reduction of mono
chloroaeetic acid merges with
these latter waves. The pres-
ence of more than a seventy
five times greater concentration
of monochloroacetic acid will

affect the first wave of trichloroacetic acid, because the wave due
to monochloroacetic acid merges with the first trichloroacetate
wave.

With a mixture containing only the three chloroacetic acids,
polarographic analysis plus determination of the total acidity by
titration can be used to determine the amount of each acid. The
difference bet~en the total acidity and the sum of the dichloro
acetic and trichloroacetic acids present gives the amount of
monochloroacetic acid. The polarographic reduction of other
polyhalogenated compounds is being studied.

SUMMARY

Based upon their polarographic reduction in buffer solution of
pH 8, dichloroacetate and trichloroacetate can be simply and
rapidly determined when present either separately or in mixture.
Trichloroacetate gives two waves, the second, more negative one,
of which is identical in characteristics with the one wave of di
chloroacetate; the half-wave potentials are -0.84 and -1.57
volts vs. S.C.E. The diffusion currents of all three waves 'are
identical and are proportional to concentration; the diffusion
current constants are 4.64 and 4.63. The analytical results show
an accuracy of 2% or better. Excessive amounts of monoehloro
acetate interfere; acetic acid does not interfere.

mM

TCA

-0.005
-0.005
-0.011

'-0.005

mM

0.106

DCA

0.099
0.516
1.01

0.86

0.80
4.22
8.27

Second Wavea

0.94 lid ,id
First Wave
lid TCA

Analysis of Mixtures of Dichloroacetic and Trichloroacetic AcidsTable III.
Sample Taken
TeA DCA

where lid and tid are the diffusion currents measured after the
first and second wave increments at -1.3 and -1.8 volts re
spectively, and ,t and 2t are the drop times on the limiting cur~ent
portions of the first and second waves, respectively-Le., at
-1.3 and -1.8 volts.

The weights or percentages of the two acids present are calcu
lated as with the standard series technique of measurement.

DATA

The effect of acetic and m~nochloroaceticacids on the diffusion
currents of dichloroacetic and trichloroacetic acids is given in
Table 1.

A typical set of calibration data (concentration vs. diffusion
current) for the two acids is given in Table II; linear relations
are obtained. The diffusion current constants, idICm'!' t'!' , at
25 0 are 4.63 for dichloroacetic acid, and 4.64 and 4.63 for the
first and second waves, respectively, of trichloroacetic acid. The
effect of one acid on the other in mixtures is summarized in'
Table III; blank spaces indicate sufficient merging of the two
waves to make separate measurement of the waves inaccurate.

With low concentration of the acids, no maxima were found;
slight maxima were obtained in most cases with concentration
exceeding 2 millimolar, but were never found to interfere with
measurement of diffusion current.

mM mM ua. mM "a. "a.
0.098 0.100 0.76 0.093 1.57 0.718.m 0.500: 5.0 (4.9)

'0:098 t88 b 1~:~ dUl
0.492 O. 100 4.00 0.487 4 ..56 3 . 76
0.492 0.500 4.00 0.487 7.98 3.76
0.492 1.00 3.95 0.481 11.98 3.71
0.492 2.00 b 21.1 (20.4)
0.986 0.100 8.11 0.986 8.44 7.62 0.82' 0.101 0.00 +0.001'
0.986 0.500 8.08 0.982 11.73 7.60 4.13 0.505 -0.004 +0.005
0.986 1. 00 8.07 0.981 15.8 7.59 8.21 1.00 -0.005 +0.00
0.986 2.00 7.95 0.967 23.9 7.47 16.43 2.01 -0.019 +0.01
1.97 0.10016.2 1.97 16.0 15.2 0.800.099 -0.00 -0.001
1.97 0.500 16.1 1.96 19.2 c 15.1 4.10 0.501 -0.01 +0.001
1.97 1.00 16.1 1.96 23.3 c 15.1 8.201.00 -0.01 0.00
1.97 2.00. 16.1 1.96 31.5 c 15.1 16.4 2.00 -0.01 0.00

a Ratio of sixth roots of drop times was 0.94 for capillary used in making these measurements.
b Waves merged, but total wave IS compared to that expected from calibration runs.

ca; s~i~fb~n~:.~te:ed~adingOn limiting current plateau of second wave is not very steady, but diffusion current

DISCUSSION

Although reference throughout this paper has been to the acids,
at pH 8.2 the concentrations of the undissociated forms of the
acids are negligible and the behavior observed is that of the
anions.

The data obtained in these studies indicate that in samples (1)
where the concentration of trichloroacetic acid is between 1 and
2 millimolar and the dichloroacetic acid is between 0.1 and 2
millimolar, the percentage error is 0 to 2% for each acid; (2)
where the trichloroacetic acid is 0.1 "to 0.5 millimolar and the
dichloroacetic acid exceeds 2 millimolar, the first wave of tri
chloroacetic is not clear; and (3) where the trichloroacetic acid
is less than 0.1 millimolar with any concentration of dichloroace
tic acid, the plateau of the first wave becomes less flat and coin
cides with the second wave.

H the amount of dichloroacetic acid exceeds the amount of tri
chloroacetic acid by a fourfold factor, it would be necessary to add
known amounts of trichloroacetic acid to bring up the concentra
tion in order to obtain optimum results. The real limitation of
the technique described is that for 1 millimolar concentrations of
the polychlorinated acids the molar concentration of the mono
chloroacetic acid should not exceed five times that of the dichloro-
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Correction
Attention has been called to an error in the article entitied

"Principles of Precision Colorimetry. Measuring Maximum
Precision Attainable with Commercial Instruments" [ANAL.
CHEM., 22, 1464 (1950)]. On page 1467 the correct range for the
absorption-spectrum data on the copper(II) ammonium ion is
560 to 760 mIL.

C. F. HrSKEY



Polarographic Determination of Dimethylamine
F. L. ENGLISH

Chambers Works, E. I. du Pont de Nemours & Co., Deepwater, N. J.

A procedure is presented for the determination of dimethylamine in crude liquors
containing, in addition to dimethylamine, amrnorua, moriomet.hylamfne, and
trimethylamine. The sample is treated with nitrous acid which destroys am
monia and most of the monomethylamine, convertsdimethylamine to the nitros
amine, and leaves trimethylamine substantially unaffected. After adjusting
to a pH of 0.8, the nitrosamine is determined polarographically; the error is
about ±l%oftheamountpresent.

APOLAR0 GRAP HIC technique for the estimation of small
, amounts of dimethylamine has been reported by Smales

and Wilson (5) which depends upon conversion to the nitroso
derivative. Their procedure involves a distillation which is un
desirably long for a control method and does not completely elimi
nate interference by mono- and trimethylamine. The authors
have found that the interference by monomethylamine is due to
the by-product formation of some nitromethane during the ni
trous acid treatment. 'The procedure detailed herein eliminates
the distillation as well as interference by the other amines in the
concentrations normally ellcountered in crude reactor samples.

APPARATUS

A Model' XX visible recording polarograph, manufactured by
E. H. Sargent & Co., Chicago, Ill., was used. The polarographic
cells were of the H-shaped type recommended by Lingane and
Laitinen (2), one arm serving for the sample solution and the
other for a saturated calomel cell anode. These cells were
mounted in an air-agitated, vibration-insulated (1) water bath,
thermostatically regulated to 25° ± 0.05° C. The capillary
passed 1.366 mg. of mercury per second and the average drop
time, over the -0.6- to -1.2-volt range and in the supporting
electrolyte, of the analysis was 4.33 seconds, giving an m 2 / 3t'/6

constant of 1.57 mg.2/3 second -1/2.

REAGENTS

Sulfamic Acid (NH2HS03 ) . Dissolve 15 grams in water to
100ml.

Sodium Hydroxide, 30% by weight.
Sodium Hyposulfite. Commonly known as hydrosulfite,

N a2S 20,. High grade commercial material is satisfactory.
Iodine. Approximately 0.2 N, prepared by dissolving 50

grams of potassium iodide and 26 grams of .iodine in 50 ml. of
water and diluting to 1 liter. This solution need not be stand
ardized.

Gelatin. 0.5 gram of Knox's No.1 gelatin dissolved in 50 ml.
of warm, water. This should be freshlyprepared daily.

PROCEDURE

The sample should be in aqueous solution containing 15 to
25% of total bases. Transfer an aliquot, not exceeding 5 ml. and
containing 0.05 to 0.13 gram of dimethylamine, to an 8-inch test
tube, dilute to 5 mI., and set in an ice bath. Add 3.0 ± 0.05
grams of sodium nitrite and 5 ml. of glacial acetic acid, and place
in a water bath at 25° ± 2° C. for 10 minutes. Immerse the
tube to within about 2 inches (5 cm.) of the top in an ice bath and,
while swirling vigorously, add dropwise from a pipet .sufficient
sulfamic acid solution (about 17 mI.) to destroy the excess nitrous
acid as indicated by test with starch-potassium iodide paper.
An excess of sulfamic acid 'will do no harm. Add a drop of
phenolphthalein indicator solution, titrate to neutrality with
the sodium hydroxide solution, and add 0.1 ml. excess. Estab
lishment of the correct alkalinity at this point is vital. Immerse
the tube in a water bath at 60° C. and after it has come to tem
perature add 1.0 ± 0.05 gram of sodium hydrosulfite. Stopper
the tube, invert it several times to dissolve the hydrosulfite com
pletely, return it to the 60° C. bath for 5 minutes, cool to 25° C.,
and dilute to 100 ml. in a volumetric flask. Pipet 10 ml.
into a beaker, add 50 ml. of water, 1 ml. of glacial acetic acid,
and 1 ml. of starch indicator solution, and titrate' to an exact end
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point with the iodine solution to destroy the excess hydrosul
fite. Add 2.5 ml. of concentrated hydrochloric acid and 1 ml. of
gelatin solution, and dilute to 100 ml. in a volumetric flask.

Electrolyze in the customary manner, using an initial potential
of -0.3 volt and a sensitivity setting to give a step height of 100
to 200 mm, The curve is well defined, and, although the top
plateau is inclined at a much greater angle to the horizontal than
is the condenser current line, it is reproducible and accurately
measurable. The final solution is stable and may be retained
even overnight before polarographing.

EXPERIMENTAL

Preparation of Pure..lV,[aterials. Anhydrous mono-, di-, and
trimethylamines of 97 to 99% purity were dissolved in water,
acidified with a slight excess of hydrochloric acid, evaporated
until crystals began to form, cooled slowly to 5° C., filtered,
washed with a mixture of 3 volumes of acetone to 1 of ethyl
alcohol, and dried at 100° C. Further purification of each was
then effected as follows:

Monomethylamine. Crystallized three times from denatured
alcohol (2B formula, 95%,ethyl alcohol plus 0.5% benzene).

Dimethylamine. Crystallized twice from a 1 to 1 by volume
acetone-ethyl alcohol mixture.

. Trimethylamine. Crystallized once from ethyl alcohol and
twice from 1 to 1 acetone-alcohol.

All were washed after each filtration with a mixture of 5 vol
umes of acetone to 1 of alcohol. They were finally dried at
100° C. and stored in paraffin-sealed bottles; they are all somewhat
hygroscopic. These products gave no test for ammonia with
Francois reagent and purities ranging from 99.9 to 100.2% by
chlorine and total base determination, and, in the case of mono
methyl, by the Van Slyke (.4) method. They were used in this
form in the experimental work, not as the free bases.

Ammonia. Analytical reagent grade ammonium chloride was
used without further purification.

Preliminary runs made in tetramethylammonium chloride
showed that the reduction potentials of these amines are too
close together for quantitative separation, which is in agreement
with published data (3). Treatment of dimethylamine with car
bon disulfide and sodium hydroxide to form dimethyldithiocar
bamate produced a solution that yielded two polarographic
waves, one at E l / 2 = -0.77 volt and the other at -1.35 volts.
These were later shown to boil due, respectively, to some reaction
product of carbon disulfide, possibly trithiocarbonate, and to car
bon disulfide itself. A usable wave from dithiocarbamate was not
found, even in the absence of excess carbon disulfide.

Attention was then directed to the reaction with nitrous acid
which destroys ammonia and monomethylamine, forms the
nitroso derivative of dimethylamine, and has been stated not to
react with trimethylamine. Introductory experiments on di
methylamine led to the following observations:

1. Nitrosation in mineral acid is prohibitively slow, but is
rapid in acetic acid.

2. Dimethylnitrosamine is not reduced polarographically in
neutral or alkaline solution but produces a definite wave in acid.
The plateau is not parallel to the condenser current line but in-
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Table II. Calibration Data

(CH,j,NH
Base

Step Height, Mm.Total,
Mg. A B C Av.

10 ..5 21.0 21.0 20.5 20.8
20.9 39.0 39.0 38.0 38.7
41.8 75.5 75.0 75.5 75.3
62.7 109 ..5 . 109.0 109.5 109.3

104.5 183.5 183.5 184.5 183.8

optimum conditions of reduction, I-m!. aliquots of 1111 aqueous
nitromethanc solution were diluted to 25 m!. in 8-inch test tubes,
and various quantities of 5 N sodium hydroxide and solid hydro
sulfite were added, allowed to react for 5 minutes, and diluted
to 100 ml. Ten-milliliter aliquots were then diluted to 75 ml.
and 1 ml. each of acetic acid and starch indicator were added;
the solution was then titrated with iodine solution, acidified with
2 ml. of hydrochloric 'acid, diluted to 100 mI., and electrolyzed
(Table I).

A blank on the reagents gave a step height of 1 mm.
These results show that the alkali concentration is critical and

that a minimum of 1 gram of hydrosulfite is required. Later
experiments showed that the temperature can be raised to 60° C.
without reducing a detectable amount of dimethylnitrosamine.
When ammonia was substituted for caustic soda, the results were
less favorable.

The sodium hydrosulfite must be substantially free of thio
sulfate, because the tetrathionate formed from this impurity
upon titration with iodine produces an interfering polarographic
wave. The quality of the hydrosulfite can be established by
running a blank upon the reagents used in the analysis. Since
thiosulfate is one of the atmospheric oxidation products of hydro
sulfite, the solution after reduction should be diluted to volume,
aliquoted, and titrated with iodine without delay. The final
solution is stable for at least 24 hours. Iodine oxidizes hydro
sulfite to sulfate, not thiosulfate.

Calibration. Calibration data were obtained from purified
dimethylamine hydrochloride by putting it through the analyti
cal procedure previously given in detail. The assays listed in
Table II are the total weights of equivalent base used (not hy
drochloride), only one tenth per 100 ml. of which appears in the
solutions electrolyzed. The runs were made at a sensitivity set
ting of 2-0 (0.172 microampere per mm.) with initial potential
of -0.3 volt and spanpotential of 3.0 volts.

These values plot to a straight line which does not pass through
the origin because they are not corrected for condenser current
rise, about 3 mm.

Ammonia and Trimethylamine. Various mixtures of the puri
fied hydrochlorides were analyzed. The weights shown in
Table III are again the equivalent weights of the bases. The
polarographic conditions were the same as in the calibration.

The first five experiments in this group represent much more
than the normal variation in the composition of crude reactor
samples, and under these conditions the recovery of dimethyl
amine is satisfactory, particularly when a large enough sample
is taken to produce a step height above 100 mm. The remaining

(CH,),NH Found
Mg. % recovery

21.2 101.5
42.3 101.2
62.9 100.3
84.3 100.7

103.6 99.3
20.0 95.8
17.5 83.8
20.8 99.6
14.4 69.4
22.0 105.3
22.3 106.8

38.5
74.5

109.5
146.0
179.0
36.5
32.5
38.0
27.0
'10.0
40.5

500
1000

Analysis of Known Amine Mixtures
Step

Height,
Mm.

Amine Base, Mg.

Table Ill.

(CH,),NH NH, CH,NH, (CH,),N

20.9 10 10 30
41.8 60 40 120
62.7 10 30 120
83.6 80 80 80

104.5 100 100 100
20.9 500
20.9 1000
20.9
20.9
20.9
20.9

Table I. Alkaline Heduction of Nitromethane
Step

Na,S,O., 5 N NaOH, Temp., Approx. Height.
Gram Ml. o C. pH Mm.

0.00 0.00 2" 1'2' . 88
0.25 0.50 25 ' 27
0.50 0.50 2,'; 12 1.5
0.75 0.50 2,'; 12 14
1.00 0.50 2,'; 12 3
1.00 0.20 25 10 5
1.00 0.75 2.5 12+ 32
1.00 1.00 2.) 13+ 73
1.00 0.20 40 10 1
1.00 0.30 40 11 1
1.00 0 ..50 40 12 4
1.00 0.70 40 13 47

clined to it at angles of 30° to 40°, depending upon the height of
the wave and other factors. Change in acid concentration or
substitution of methanol or dimethylformamide for some of the
water as solvent affect the plateau angle but little. The inclined
plateau is, however, reproducible and accurately measurable.

3. Excess nitrous acid must be destroyed before electrolyzing,
since it produces an interfering wave. Sulfamic acid is better
for this purpose than urea and causes no interference.

Study of the nitrosation of dimethylamine revealed that for
complete reaction at. room temperature or below in a reasonable
time, the concentration of acetic acid must be 50% by volume,
or greater, and that at least 2 grams of sodium nitrite are re
quired for 0.1 gram of base. When these conditions were applied
to monomethylamine, a definite wave was unexpectedly ob
tained at Ell' = -0.78 volt; the corresponding value for di
methylamine under the same conditions was -0.94 volt. The
reaction of monomethylamine with nitrous acid is supposed
to produce only methanol, water, and nitrogen. A relatively
stable intermediate compound (nitroso, diazo, etc.) seemed
highly improbable, but to confirm this point, a known weight
of monomethylamine hydrochloride was analyzed by the Van
Slyke method (4); a quantitative recovery of nitrogen was ob
tained. The solution remaining from this determination was
treated with sulfamic acid and polarographed. Again the wave
at Ell' = -0.78 volt was obtained, proving the presence of some
side reaction product and not a nitrogenous intermediate which
would prevent quantitative recovery of elemental nitrogen.
The most likely explanation appeared to be the presence of nitro
methane, formed through a free radical mechanism. To test
this hypothesis, a polarogram was made, under the same condi
tions, of a known sample of nitromethane. A sharply defined
wave was produced at Ell' = -0.79 volt, which was accepted
as sufficient confirmation.

The nitromethane wave is close enough to that of dimethyl
nitrosamine to interfere. Numerous attempts were made to
modify the conditions of nitrosation in such a way that the forma
tion of this by-product would be prevented, but wide variations
in acid type (hydrochloric, formic, propionic) and concentration,
reaction time, and temperature had negligible effect. The
addition of nonaqueous solvents, alcohols, dimethylformamide,
and dioxane did not improve matters. The presence of free
radical suppressors (diphenylamine, phenothiazine; tert-butyl
catechol) had no effect, nor did traces of various metallic salts.
exert any negative catalytic effect. The respective boiling
points of nitromethane and dimethylnitrosamine are about 101 0

and 150° C.; thus, elimination of the former by aeration or
boiling without appreciable loss 'of the latter is impossible.
Extraction also failed because no solvent was found that would
dissolve one and not the other.

Differential reduction was next explored. In acid solution
with titanous chloride, stannous chloride, or zinc dust, unsatis
factory results were obtained, but in an alkaline medium sodium
hydrosulfite (Na,S,04) was found to reduce nitromethane without
appreciable effect upon dimethylnitrosamine. To establish the
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Table IV. Analysis of Comrr>ercial Samples

Step (CH.),NH FoundAssay, Height.
Sample Gram l\1111. Gram %

H 0.955 161.0 0.0931 9.8
H 0.955 163.0 0.0943 9.9
H 0.955 159.0 0.0920 9.6

J 0.470 169.5 '0.0981 20.9
J 0.470 170 ..5 0.0987 21.0
.J 0.470 167.5 0.0969 20.6

3 0.146 155.5 0.0900 61.6
3 0.146 156.5 0.0905 62.0
3 0.146 155 ..5 0.0900 61.6

D 0.0660 99.0 0.0567 8.5.9
D 0.0660 101.5 0.0572 86.7
D 0.0660 99.0 0.0567 85.9

six experiments are included to indicate the limitation of the
method. In the presence of very large amounts of ammonia
and monomethylamine, the recovery is low, probably because
too much of the nitrous acid is consumed in their decomposition

ANALYTICAL CHEMISTRY

~nd not enough remains for complete nitrosation of the dimethyl
amine. Doubtless, an increase in the amount of nitrite would
improve the recovery, but this point was not studied because it
was beyond the range of the present investigation. High con
centrations of trimethylamine, on the other hand, produce high
results owing to nitrosation of some trimethylamine. No
conditions for the nitrite reaction were found that would prevent
this and still give quantitative reaction with the dimethylamine.

As a final test of the method, numerous samples of commercial
material of widely varying composition were analyzed; typical
results are set forth in Table IV.
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Interferometry in Electrophoresis
L. G. LONGSWORTH

The Rockefeller Institute for Medical Research, New York, N. Y.

The precision of the schlieren methods for the meas
urement of the refractive index changes that occur
in the analysis of protein mixtures by the Tiselius
method is Ihnited by diffraction effects arising at the
schlieren diaphragm. In order to increase the pre
cision with which the analyses can be made, a modi
fication of the Rayleigh interfer~meter, suggested
by Philpot and Cook and by Svensson, has been
adapted, with only minor changes in existing equip
ment, for use in electrophoresis. In routine work a

PH ILPOT and Cook (9) and, independently, Svensson (11,
12) have suggested a modification of the Rayleigh inter

ferometer for the measurement of the refractive index changes at
the boundaries that occur in diffusion, electrophoresis, and sedi
mentation studies. As described below, the modification re
quires a. cylinder lens, and in testing the method for diffusion
measurements (8) it was found that precise results will not be
practicable until an adequately corrected lens of this type is
available. In the case of an electrophoretic analysis, however,
the aberrations of this lens, although distorting somewhat the
boundary "shape," are not a source of error in the measurement
of the difference of refractive index across a boundary.. Even
with the uncorrected lenses now available, a more precise analysis
is possible with this interference method than with the schlieren
procedures in current use.

PROCEDURE

The principle of the method is shown in Figure 1, in which A
is a point source of monochromatic light, L is a lens that forms
an image of this source in the plane at-P, M is a plate with vertical
slits that mask the boundary channel and a neighboring reference
channel, respectively, and C is the cylinder lens, with its axis
horizontal, that focuses the cell (not shown) vertically but does
not affect the horizontal spacing of the Rayleigh fringes, F, that
are formed at P by the vertical slits. If the fluid in the boundary
channel is homogeneous, these fringes are vertical, as shown in
Figure 1. With one or more boundaries in this channel, however,
they are warped, as shown in the photomicrograph of Figure 2, a,

precision of 2 X 10-8 in the relative refractive index
is obtained and, under favorable conditions, 2 X
10-7• This may be compared with the value of about
1 X 10- 6 that characterizes the schlieren procedures.
With the interference method it is possible to work'
with smaller quantities of material, an important
consideration in the study of many biological sub
stances, and at dilutions at which the disturbing
effects of superimposed gradients at the boundaries
are reduced.

into overlapping segments of the complete refractive index
height curve that intersect diagonally the central diffraction enve
lope. Owing to the relatively great length (47 mm.) of the fringe
negative, it was necessary to enlarge it in the four sections shown
here.

Figure 1. Modified Rayleigh Interference
Method

In order to use the new procedure only minor changes in the
electrophoresis equipment of this laboratory (5) are required.
The lens, L, of Figure 1 will be recognized as the conventional
schlieren lens and the plane, P, as that of the schlieren diaphragm
which is replaced by a plate holder (6). Moreover, the cylinder'
lens that is used in the inclined slit method of schlieren observa
tion may also be used at C. Superposition of a vertical slit upon
the illuminated horizontal one that serves as a light source in the
schlieren method reduces this to the "point" source, A. The
conventional mask for the Tiselius cell, which contains a slit in
front of each side of the channel and a flap exposing one side at a
time, is replaced by one with a double slit for each side. One of
these exposes the channel and the other the reference path through
the adjacent thermostat fluid. Apparently, because of the
inhomogeneity of the green line in the spectrum of the H4 lamp,
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fringes are not obtained if the path difference is excessive. Thus
It was necessary to modify the Tiselius cell by including in the
reference path a thickness of glass equal to that of the channel
windows. This was done by fusing glass strips, duplicates of the
channel windows, to the outside wall of each channel. With
water in the newest cell, of fused quartz, the windows of one chan
nel are such that the fringes are straight to within 0.1 of their
horizontal separation, d, of Figure 2, whereas in the case of the
other channel the deviation is 0.3 d. Although this cell was used
in the analyses reported in Table I, the patterns of Figure 2 were
obtained in a borosilicate glass cell in which the deviations from
linearity were somewhat greater. Each slit in the mask, M of
Figure 1, is 1.5 mm. wide and the distance, 0, between their
centers is 6 mm. With an optical distance, b', of 186 cm. from
the mask to the photographic plate the horizontal separation, d of
Figure 2, a, of the Rayleigh fringes is b'>../o or 169 microns.

In a semimicro electrophoresis equipment now under construc
tion in this laboratory the silvered window of a 2 X 10 X 75 mm.
channel reflects the light back through the cell and through an

autocollimating schlieren lens placed between the source and the
cell. Although the juxtaposition of the incident and reflected
light makes it impracticable (9) to use the cylinder lens as shown
in Figure 1, the Philpot-Svensson camera may be adapted (12) to
form the fringes in its focal plane.

The fringe pattern of Figure 2, a, was obtained after electro
phoresis of a human serum, at a total protein concentration of
1.18%, in a 0.1 N sodium diethylbarbiturate buffer of pH 8.6 for
14,500 seconds at 4.77 volts per em, With the vertical fringes
conjugate to the homogeneous column of buffer at the top of the
channel aligned parallel to the comparator axis, and with the
microscope cross hairs focused on a minimum, the reading, H, at
each minimum, i, intersecting the envelope was tabulated.
Although not used in the present investigation, in future work the
alignment will be facilitated if the cell mask includes another pair
of vertical slits, in the path of which a properly oriented glass
plate is placed. A set of vertical fringes is then formed at P,
Figure 1, that is parallel to, but displaced from, the envelope of
those from the boundary channel. This use of a displacing plate
to give an invariant frame of reference on the photographic plate
is analogous to the procedure employed in work with Gouy
fringes (1).

In Figure 3 the reciprocals, 1/ tlH, of the vertical separations
between the minima of Figure 2, a, are plotted as ordinates against
the mean fringe position, H, as abscissas. Owing to the large
number of fringes and the precision with which minima can be
located, such a tabular differentiation reproduces closely the vari
ation of the gradient of refractive index. In fact, the curve of
Figure 3is a tracing of the schlieren scanning photograph that
was recorded in the same experiment, the coordinate scales being

•adjusted with the aid of the constants characteristic of the two
optical systems. Because the area under'each peak of the traced
pattern corresponds closely to the refractive. index difference
determined interferometrically as described below, confirmation
is thereby afforded of the correctness of the exposure and tracing

. procedures used in this laboratory in the interpretation of the
schlieren scanning patterns. However, the slight distortion of
boundary "shape" by the cylinder lens, although scarcely appar
ent on the scale of Figure 3, renders the interference method un
suitable for mobility measurements until corrected lenses are
available.

For an analysis it is unnecessary, however, to prepare the plot
of Figure 3. The position of a minimum in the gradient curve
corresponds to a maximum in the fringe separation and the num
ber, i, of the fringe at which it occurs can be determined by in-

spection of the differences, AH,
or to a fractional part of a
fringe by numerical interpola
tion. For example, the separa
tions, AH, of the 43rd, 44th,
45th, and 46th fringe are 466,
532, and 493 microns, respec
tively, and tlH is thus a maxi
mum in the neighborhood of
the 45th fringe. If these three
values of AH are used to de
termine the constants of a
parabola (10), the value of j at
its apex is 44.6. In Figure 2, a,
tlH, is a maximum at j = 0,
44.6, 50.4,56.7,69.0,92.0, and
102.0, this last interval repre
senting the o-i.e., protein con-
centration boundary. The
positions of these maxima are
indicated by the arrows in Fig
ure 2, a. If all the serum pro
teins have essentially the same
specific refraction; the apparent
composition of this serum is
44.6/92.0 or 48.5% albumin,
6.3% Ur, 6.8% U2-, 13.4% {:J-,

b
Rayleigh

o Reciprocal of fringe separation
- Tracing of schlieren scanning pattern

Heiqht in channel
Electrophoretic Pattern of Human Serrrm at Total Protein Concentration

of 1.2%

a
2. Photomicrographs of Modified

Fringes Obtained on Electrophoresis

a. Hrrmaer serum (1 vol. serUnl + 5 vol. buffer)
b. 0.001 N KCI-o.OOO64 N KI03 boundary

Figure

Figure 3.
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Table I. Apparent Composit.ion of Equimolar Mixtures of
Aspartic and Glutamic Acids
Taken

Apparent Mole % of
Aspartic Acid Found

Descending Rising

Acid concn., CA,
mole/WOO g.

solution

0.04
0.08
0.04
0.08

Buffer salt concn., CB.
equivalent/liter

0.2
0.2
0.1
0.1

51.1
50.7
49.9
45.8

57.8
62.1
62.3
68.3

arises from the greater accuracy with which the minima can be
located as compared with the edges of the relatively coarse dif
fraction patterns that are encountered in using the schlieren
method. The fringe displacement at a boundary such as that of
Figure 2, b, can be measured to within 1 or 2 microns. With d =

169 microns this corresponds to a path difference of 0.01 wave.
With A = 5461, and in a 2.5-cm. channel, 0.01 wave is equal to 2
X 10-7 in the refractive index, n. In Figure 2, b, the arrow indi
cates the position of a boundary across which An = 77 X 10-7,

the fringe displacement here being 60 microns.

"

,
"

- - - - Frorn pattern of descending boundaries
-- From. pattern of rising boundaries

X Oa2 N sodium acetate buffero 0.1 N sodirrm acetate buffer
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APPLICATION

A possible application of the interference method that takes
advantage of its precision is the analysis of mixtures of amino
acids and peptides. Owing to the relatively low equivalent
weight of these solutes, the available theory (7, 13) indicates that
the apparent composition of such a mixture would be expected to
deviate significantly from the true value. The interference
method may, however, permit analyses at such dilutions as to
justify extrapolation of the apparent composition to zero concen
tration of the solute. As an example, an equimolar mixture of
aspartic and glutamic acids has been analyzed at total acid con
centrations of 0.08 and 0.04 moles pel' 1000 grams of solution in a
0.2 and a 0.1 N sodium acetate buffer solvent of pH 4.6. The
results are given in Table I and Figure 4, where account has been
taken of the unequal refractive increment, per mole, of these two
acids. In the 0.1 N buffer at 1°, with a 2.50-cm. path and mer
cury green light, the increment for 0.04 molal glutamic acid is
46.2 fringes, whereas for aspartic acid at the same concentration
It is 40.8 fringes.

As is shown in Figure 4, the results at the two buffer salt con
centrations fall approximately on the same curve if the ratio,
CA/CB, of the acid concentration to that of the buffer salt is
taken as abscissa. At CA = 0.04 an error of 0.1 fringe corre
sponds to one of 0.5% in the apparent composition. Although
the apparent values from the patterns of tlie descending bound
aries are much nearer the true composition than from the rising
boundaries, it is disturbing that neither pattern permits a linear
extrapolation to the true value of 50%. This indicates the need
for a further development of the Dole theory (2) to provide ade
quate extrapolation formulas. In view of the relatively farge
equivalent weights of most proteins, it is clear from Figure 4 that
linear extrapolation of the apparent composition of their mixtures
is probably justified.

1.00.4 0.6

CAleB
Figure 4. Apparent Mole Per Cent of Aspartic
Acid in Equimolal Mixtures of Aspartic and

Glutamic Acids
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The fringes intersecting the envelope in Figure 2, a, for example,
are segments of the complete refractive index-height curve.
Consequently, if the plate is shifted along; the cross axis of the
comparator by a known fraction, say 1/4, of the spacing, d, be
tween the vertical fringes the readings, H', for each minimum are
then the values of H for j + I/.. In this way the data available
for numerical treatment can be increased almost indefinitely
without recourse to photometry or other estimates of optical
density. The fringes afforded by this method thus appear to
have an advantage over the horizontal ones that are obtained
with a Jamin type of interferometer (3).

The precision inherent in the interference method doubtless

and 25.0% l'-globulin. Numerical interpolation for the value of
j at a maximum in the fringe separation is a more objective pro
cedure than the conventional location of a minimum in the
schlieren scanning pattern (.n

The protein concentration of 1.18% represented by Figure 2, a,
is about half of that ordinarily used with the schlieren method.
With the present equipment, in which the cylinder lens of 412
mm. focal length reduces the channel height of 86 to 47 mm.
at the plate, the usual protein concentration of 2% leads to about
40 fringes per mm. conjugate to the sharp albumin boundary.
Although these fringes are clearly defined, the limit of the resolv
ing power of most photographic emulsions is being approached.
Below 1% protein, on the other hand, the density increments at
the globulin boundaries may not stabilize them adequately against
the disturbing effects of convection. For routine work with hu
man serum and plasma a protein concentration of 1 to 2% is,
therefore, suggested.



Colorimetric Determination of 2-Nitro-l, l-bis
(p-Chlorophenyl)alkanes
LAWRENCE R. JONES AND JOHN A. RIDDICK
Commercial Solvents Corp., Terre Haute, Ind.

2~Nitro-l,l-bis(p-chlorophenyl)alkanesare the active constituents of a new
insecticide. This study was undertaken to develop a rnenhorl of analysis for the
arnourrt of insecticide residues in fruits, vegetables, and plant foliage, and in
arrirna! tissues. The colortrnereio rnerbod described will quantitatively deter
m ine the insecticide in arraou.n ts as low as 50 mtcrograrns per sarrrple with an
error of not U10re than 10 rrrioroga-arrrs, The error decreases to 5 rrricrogrums as
the amourrt of insecticide increases to about 100 rrrierograrns, AU10unts as low
as 10 rrriorograrns per snrn ple rnay be detected. This met.hod is specific for nitro
alkanes. It rnay be used for the deterrnfnauion of insecticide residues and for the
study of penetration, tra':"slocation in vegetable tissues, distribution in anfmal
tissues, and excrets in toxicity studies.

D ILAN is the trade-mark used for the insecticide containing 2
parts oftechnicaI2-nitro-l, I-bis(p-chlorophenyl)butane and

1 part of technical 2-nitro-l,1-bis(p-chlorophenyl)propane. Its
technical components have been tested for their insecticidal prop
erties under the following code designations: 2-nitro-l,1-bis(p
chlorophenyl)butane as CS-674A, and 2-nitro-l,1-bis(p-chloro
phenyl)propane as CS-645A. Dilan and each of its com
ponents have been shown to be particularly effective for the con
trol of the Mexican bean beetle.

Infrared and polarographic methods have been developed for the
analysis of Dilan and its components. The infrared method is not
sufficiently sensitive for the determination of Dilan in spray resi
dues or in biological tissues. The polarographic method has the
required sensitivity, but extracted materials from both plant and
animal tissues interfere with the method.

The two principal components of Dilan contain an aliphatic ni
tro group which offers a means of specific characterization from
other commonly used insecticides. Several colorimetric meth
ods have been proposed for the analysis of nitroparaffins (1,2,4,5, .
7). The method developed by Scott and Treon (7) appeared to
offer the best possibility for the precise determination of small
amounts of an aliphatic nitro compound.' A preliminary study
indicated that this method probably could be used as a basis for an
accurate method for Dilan in micro amounts in vegetable and
animal tissues.

The method is based on the fact that a nitro group attached to a
primary or secondary alkane carbon exists in equilibrium with its
tautomeric aci- form: R"CHNO, ~ R,C=NO,H. The equilib
rium is shifted to the right in the presence of an alkali (3). The aci
nitroalkane forms a colored complex with ferric chloride. Lowry
and Magson (6) found that the isomerization of nitrocamphor
took place in nonaqueous media and that 1%of water in ethyl al
cohol solutions would roughly double the speed of reaction. The
work of Scott and Treon (7) indicates that nitroparaffins are quan
titatively changed to the aci- form in aqueous solution.

2-Nitro-l,1-bis(p-chlorophenyl)butane and 2-nitro-l,1-bis(p
chlorophenyl)propane are insoluble in water, but may be handled
conveniently in organic solvents. This method is based on the
formation of the aci-nitroparaffin in organic solvents instead of
water.

EXPERIMENTAL

The factors influencing the formation of the aci- form and the
ferric complex, the intensity of color of the ferric complex, and
stability of the color were studied. It was found that methyl or
ethyl alcohols were satisfactory solvents, provided some water
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was present. Briefly, the procedure used for examining the in
fluence of the several factors was as follows:

An ethyl alcohol (S.D. Formula 3A, anhydrous) solution con
taining 1 mg. of the nitro compound per milliliter was transferred
to a blood sugar tube, and the nitro group was converted to the
aci- form with methanolic sodium hydroxide. The colored
complex was developed by the addition of hydrochloric acid
followed. by ferric chloride solution. The color intensity was
measured on a Beckman Model DU spectrophotometer.

Absorption Spectrum. The determination of spectral-trans
mittance curves showed that the red iron complex resulting from
the reaction of purified and technical 2-nitro-l,1-bis(p-chloro
phenyl)butane and 2-nitro-l,1-bis(p-chlorophenyl)propane, and
Dilan has a maximum absorption at 490 mu. Scott and Treon
(7) found the maximum absorption for the simple nitroparaffins
in aqueous solution under otherwise similar experimental condi
tions to be 500 mu,

Stability of Colored Complex. Pure and technical Dilan were
treated to develop the colored complex. The transmittancy of
each sample was determined at time intervals. The color was
found to be stable for at least one hour.

Scott and Treon (7) found that the simple secondary nitropar
affins reacted with the reagents to produce the colored complex,
which faded rapidly. A sample of 2-nitropropane was tested by
the basic procedure hereinafter described. The color developed
and slowly faded from 4 'to 10% transmittancy within an hour.
It is believed that simple secondary nitroparaffins may be deter
mined in an essentially alcoholic system by reading the transmit
tancy at a fixed time after color development. Apparently, the
simple secondary nitroparaffin colored complex is more stable in
alcoholic solvents than in water. The increased stability of the
secondary 2-nitro-l,1-bis(p-chlorophenyl)alkanes may be due to
the presence of the phenyl groups.

Effect of Water on Colored Complex. When anhydrous
reagents were used, very little of the colored iron complex was
formed. The intensity of the color increased to a maximum as
the amount of water was increased and then decreased. The
optimum amount of water was found to be 2.0 mJ. in 12.5-mJ. to
tal volume. The exact volume of water may be varied from 1.5
to 2.5 mJ. without an appreciable change in the color intensity;
however, the amount of water must be kept constant to obtain the
best accuracy. The effect of water on the color intensity is shown
by the data in Table 1. The optimum amount of water has been
incorporated in the ferric chloride reagent.
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APPARATUS

Soxhlet extractor.
Spectrophotometer, Beckman, Model DU.
Steam bath.
Blood sugar tubes, Lewis-Benedict, graduated at 12.5 and

25 m!. .
Tissue grinder, borosilicate glass, Scientific Glass Apparatus

ce., No. J-361O, or equivalent.
ViTaring Blendor.

Dilan Recovered
Mg. %
0.95 95
0.96 96
0.50 100
0.48 96
0.97 97
1.95 97
9.75 98
3.00 100.
1. 90 95

Dilan Recovered
Mg. %

0.00
0.00
0.48 96
0.49 98
0.050 100
0.97 97
I. 00 100
0.98 98
0.51 102
0.49 98
0~050 lOa
0.09 90
0.042 84
0.050 100
0.050 100
0.052 104

Dilan
Added

Mg.

0.00
0.00
0.50
0.50
0.050
1.00
1.00
1.00
0.50
0.50
0050
0.10
0.050
0.050
0.050
0.050

Sample
G.

100
500
500
500
500
.500
100
100
100
100
100
100
100
100
100
100

Liver
Liver
Liver
Liver
Muscle
Muscle
Fat
Fat
Fat

Table IV. Recovery of Dilan Added to Rabbit Tissue
Type of Weight of Dilan
Tissues Tissue Added

G. Mg.

5.0 1.00
5.0 1.00
5.0 0.50
5.0 0.50
5.0 1.00
5.0 2.00
5.0 10.00
1.0 3.00
0 ..5 2.00

REAGENTS

Ethyl alcohol, anhydrous, S.D. Formula 3A, or anhydrous
methanol.

Ethyl ether, reagent grade.
n-Hexane, Phillips Petroleum Co., commercial grade, re

distilled.
. CS-645A, and the purified compound, CS-645.

C8-.674A, and the purified compound, CS-674.
Dilan standard, prepared from 2.000 parts of purified CS-674

and 1.000 part of purified CS-645. The C8-645 and CS-674
were estimated to be at least 99.0% pure on the basis of partition
chromatographic, infrared, and polarographic analyses and
solubility data. .

Methanolic sodium hydroxide, 0.500 N.
Ferric chloride reagent, 10 grams of ferric chloride FeCI,.

6H,O, dissolved in sufficient water to make 2000.0 m!. of solution
and mixed with 1000.0 ml, of 0.600 N methanolic hydrochloric
acid.

APPLICATION

Determination of Dilan in Plant and Animal Tissues Con':
taining No Fat. The plant and animal tissue containing ap
proximately 0.1 to 2 mg. of Dilan were prepared for analysis by
pulverizing the tissue. The plant tissue was pulped in a Waring

Table III. Recovery of Dilan Added to Green Beans

BASIC PROCEDURE

Preparation of Calibration .Curves, Prepare a solution of
Dilan standard in ethyl alcohol to contain 1 mg. per milliliter.
Use the solution of Dilan in ethyl alcohol immediately, because
the Dilan apparently is not stable in alcoholic solution for an
extended period of time. To five Lewis-Benedict tubes add 0.0,
0.5, 1.0, 2.0, and 3.0 m!., respectively, of the standard Dilan
solution.

Dilute each to 7.0 ml. with ethyl alcohol.
Add 1.0 m!. of the methanolic sodium hydroxide solution,

mix thoroughly, and allow to stand at room temperature for 10
minutes.

Add 3.0 ml, of the ferric chloride reagent.
Dilute to 12.5 m!. with ethyl alcohol and mix.

, Transfer the clear, colored solution to a 1-cm. Corex cell and
read the transmittancy at 490 mu with the spectrophotometer,
using the 0.0 prepared standard as a blank for the 100% trans
mittancy setting of the instrument.

Plot concentration V8. transmittancy on semilog graph paper.
Analysis. Make the analysis in the same manner as described

above, but prepare the sample so that an alcoholic aliquot of 7
m!. or less does not contain more than 3.5 mg. Prepare a blank
for each series of determinations and use it to set the spectro
photometer at 100% transmittancy.

16.0
15.2
16.2
17.0
18.5
19.6
20.5
22.2
24.0
25. I
27.1
28.6
30.5
31.8
32.6
35.8

Transmittancy
%

Transmittancy
%

82.0
30.6
24. I
18.8
17.2
14.2
13.3
14.0
15.8
16.8

Acid vs. Color Transmittancy
Concn. of HCI in

Final Solution
N

0.00
0.004
0.008
0.012
0.016
0.020
0.024
0.028
0.032
0.036
0.040
0.044
0048
0.052
0, 0.56
0.060

Table II.
0.500 N

Acid Added
MI.

1.00
1.10
1-.20
1. 30
1.40
I. 50
1. 60
1. 70
1.80
1.90
2.00
2.10
2.20
2,30
2.40
2.50

Table I. Effect of Water on Color Intensity
Water

in 12.5 Ml. of
Reaction Mixture

Ml.

0.0
0.4
0.6
0.8
1.0
1.6
2.0
2.4
3.0
4.0

Sodium hydroxide and ferric chloride reagents must be made
fresh whenever one or the other of the reagents gives out and a
calibration curve must be run for the new reagents. This pro
cedure assures the maximum accuracy.

Reaction Time and Temperature. It was found that these
factors were not critica!. The reaction proceeds rapidly at room
temperature. A reaction time of 10 minutes was chosen for
convenience.

Transmittancy and Concentration. Calibration curves were
determined for both purified and technical 2-nitro-1,1-bis
(p-chlorophenyl)butane, 2-nitro-1, l,-bis (p-chlorophenyl)propane,
and Dilan by plotting concentration against optical density.
The six materials gave a.straight-line calibration originating at
zero concentration and optical density. The color obeys Beer's
law for amounts to 3.5 mg. of Dilan.

Effect of Acidity on Intensity of Color. One milliliter of 0.500
N methanolic sodium hydroxide solution was added to tubes
containing 2 mg. of Dilan in 5 m!. of methano!. After 10 minutes
varying amounts of 0.500 N methanolic hydrochloric acid were
added. Two milliliters of aqueous ferric chloride solution were
added to each tube, and the transmittancy was determined using
a blank prepared with the same amounts of reagents. The
results are shown in Table II.

The maximum color intensity was obtained in 'an alcoholic'
solution which was 0.004 N with respect to hydrochloric acid.
Scott and Treon (7) found the greatest color intensity when the
concentration of hydrochloric acid was about 0.04 N. An excess
of acid corresponding to 0.008 N in the final solution was chosen
to compensate for small errors that may be made when preparing
or adding the reagents. This small increase in acidity will not
change materially the sensitivity of the method.



VOL U M E 2 3, ,N O. 2, FEB RU A R Y 1 9 5 1

Blendor with or without the aid of a small portion of n-hexane.
The animal tissue was ground in a mortar, or tissue grinder.
Each sample was then extracted for 1 hour with 250 ml. of
n-hexane in a Soxhlet extractor. The extract was transferred
to a beaker, covered with a ribbed watch glass, and evaporated
just to dryness. While still warm, the residue was dissolved
and quantitatively transferred to a Lewis-Benedict tube with a
total volume of alcohol not exceeding 7.0 ml. This solution was
used for analysis by the proposed method. '

If the colored solutions were turbid, they were centrifuged or
filtered prior to the color estimation.

It was found that n-hexane residue contained a small amount of
color that interfered with the determination. Blanks were pre
pared for the 100% transmittancy setting by evaporating 250
ml. of n-hexane in a beaker, dissolving the residue in not more
than 7 mI. of alcohol, and proceeding as directed for preparation
of the calibration curve. This procedure eliminated the error
caused by the solvent residue.

Determination of Dilan in Animal Tissues Containing Fat.
Animal, tissue containing fat yielded a turbid solution that could
not be clarified either by filtering or centrifuging. It was found
that the solution could be clarified by adding 5 ml. of ether after
the addition of the ferric chloride reagent. The solution was
diluted to 25 ml.instead of 12.5 ml. with alcohol. A calibration
curve was prepared for the determination of Dilan in animal
tissues containing fat using the same modification, and blanks
for the 100% transmittancy setting were likewise modified.

RESULTS

An alcoholic solution of Dilan of known concentration was
evenly spaced by dropping on green beans and rabbit tissue. The
beans and rabbit tissue were allowed to stand varying lengths of
time from one hour to one day, and were then analyzed for Dilan

, by the method given above. Typical data are presented in Ta
bles III and IV.

DISCUSSION

An alternative procedure for the recovery of Dilan from green
beans consisted of successively extracting (also called stripping) a
weighed sample of the treated beans with three 100-ml. portions of
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n-hexane in a separatory funnel. By this extraction procedure,
recoveries of Dilan were obtained which were .equal to those ob
tained by the longer described procedure.

Dilan added to animal tissue which was ground with anhydrous
sodium sulfate to ensure dehydration of the tissue could not be re
covered even on prolonged extraction with n-hexane.

The following conclusions were drawn from a study of the re
sultsof analyses of several hundred samples of animal tissue:

There is an average error of +8 micrograms for tissues from
animals used as controls: This error probably is due to a combin
ation of three factors: error in setting the instrument at 100%
transmittancy from day to day, error in reading the transmit- ,
tancy from day to day, error in reading the transmittancy and
calibration curve approaching 100% transmittancy, and differ
ence in extracted color from different tissues and different
amounts of the same type of tissue.

The precision and accuracy of the method decrease rapidly as
the Dilan content of the sample decreases below 50 micrograms.

The authors consider a result less than 50 ± 10 micrograms as
qualitative, and a result of 10 micrograms or less as zero. If 10 to
50 micrograms are found, a larger sample should be used or the re
sult should be reported as less than 50 micrograms.
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Analytical Use of the Formation of the Beryllium-Fluoride
Complex

FRITZ FEIGL AND A. SCHAEFFER
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BerylliuIn ions have such a great tendency to forrn stable eornpfex BeF4- - ions
that berylliuIn nitrate solutions are able to dissolve insoluble fluorides and to
d.ernask; reaction sys'torrrs which are rnasked by fluoride. BerylliuIn silicates
and Inetallic beryllium are transformed into potassium fluoberyllate by fusing
or sintering with potassium hydrogen fluoride. These effects permit essential
simplifications in gravimetric analysis of fluorspar and cryolite, and detection
of phosphate, molybdate, tungstate, iron, and titanium in presence of an excess
of fluoride and of beryllium in mfrrerals, ores, and alloys.

cium fluoride (Equation 1) through formation of complex fluoberyl
late (BeF4 - - ) ions according to Equation 2.

Similar displacement of equilibria is produced by aluminum,
iron, and zirconium ions, due to the formation of complex AIF6---,
FeF6- --, and ZrF 6 - - ions. Boric acid eliminates fluorine ions by
formation of BF4 - ions (2, 11). In addition to 'calcium fluoride,

I T HAS been reported (7) that fluorspar suspended in dilute
acids is completely dissolved upon addition of complex formers

of fluorine: aluminum, iron, zirconium, and beryllium ions, as
well as boric acid. When beryllium nitrate or chloride is' used,
the calcium can be precipitated as oxalate, after solution in acid
and buffering. New experiments have shown that calcium
fluoride, produced by precipitation, is completely dissolved, and

'finely powdered fluorspar is almost completely solubilized even
in the absence of acids, merely by heating with concentrated
solutions of beryllium nitrate. Obviously this is due to the
elimination of fluorine ions from the solution equilibrium of cal-

CaF2(s oli d ) --+ Ca ++ + 2F

4F- + Be++ --+ BeF4 - 

2CaF2 + Be " " --+ BeF4 - - + 2Ca ++

(1)

(2)

(1) +:(2)
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the insoluble fluorides of thorium, cerium, lanthanum, lead, and
magnesium are dissolved by beryllium nitrate in excess. There
fore these fluorides cannot be precipitated from beryllium-con
taining alkali fluoride solutions.

Because the small concentration of fluorine ions in water sus
pensions of acid-resistant fluorides is sufficient to produce fluo
beryllate ions, the same is to be expected from the small fluorine
ion concentration in water solutions of compounds in which
fluorine, owing to complex or principal valence binding, is part
of a stable anion. This really is true, and means that the follow
ing gross reactions are valid:

2AIF&--- + 3Be++ --+ 3BeF,-- + 2AI+++ (3)

Mo02F,-- + Be " " + 2H 20 --+ MoO,-- + BeF,-- + 4H+ (4)

According to Equations 3 and 4, reactions of aluminum and
molybdate ions, which are' masked in the presence of fluoride
ions, occur immediately after addition of a sufficient amount of
beryllium ions (5). The same demasking takes place in the solu
tion of other eompounds of the above type.

The solubilization of insoluble fluorides and the demasking in
solutions of fluorine-containing principal and complex compounds
by beryllium salts are due to the great stability of fluoberyllate
ions. It is therefore remarkable that the color lake reaction of
beryllium with quinalizarin described by Fischer (9) occurs also
in solution of potassium fluoberyllate. All other metals, however,
which form color lakes with quinalizarin, are masked when
present in the form of normal or complex fluorides. Fischer has
used the sintering of beryllium-containing silicates with sodium
silicofluoride, thus transforming metals into fluorides and com
plex fluorides, in order to determine beryllium colorimetrically
through the quinalizarin reaction. The formation of potassium
fluoberyllate can also be obtained by sintering with potassium
hydrofluoride, permitting thus, in combination with the quinali
zarin reaction, a sensitive and specific test for beryllium in
minerals, ores, and alloys. In the following, the analytical use of
the formation of the beryllium-fluoride complex is described.

tated calcium oxalate does not require washing with water, with
its attendant small but inevitable losses. Any ammonium oxalate
retained by calcium oxalate is completely eliminated by calcina
tion. - Adsorbed beryllium salt is harmless, because beryllium
oxide formed by glowing is not attacked by diluted acids.

In order to illustrate this procedure, calcium determinations
were ~arried out with pure natural fluorspar crystals; in amounts
of 0.1 to 0.2 gram the product was dissolved in acid beryllium
nitrate solution without leaving a visible residue.

Fluorspar, G. C:,", G. Ca, % F Calcd., %
0.1068 0.0547 51.23 48.57
0.0941 0.0481 51.11 48.45
0.1048 0.0535 51.06 48.41
0.1007 0.0519 51.54 48.87
0.0994 0.0.511 51.41 48.74

Av. 51.27 48.61

Theoretical 51.33 -18.67

GRAVIMETRIC DETEUMINATION 01<' ALUMINA IN CRYOLITE

The hitherto used procedure for gravimetric determination of
alumina in cryolite (N aaAIF6) consists in fuming the material with
concentrated sulfuric acid, dissolving the residue in water, and
precipitating alumina by a known procedure. The following
method of destroying the complex alumina fluoride and pre
cipitating aluminum oxine according to Berg (1) is much simpler.

Procedure. From 0.1 to 0.2 gram of the fine powdered mineral
is warmed 5 minutes with 5 to 10 ml. of 2 IV hydrochloric acid,
50 ml. of water, and 0.5 to 1.0 gram of beryllium nitrate. Any
residue is considered as gangue and eliminated by filtration. To
the warm filtrate ammonia is added until a small precipitate re-.
mains, which is dissolved by dropwise addition of 2 N acetic acid.
Now 10 to 20 ml. of 2 N ammonium acetate are added, followed
by a 4% solution of oxine (8-quinolinol) in acetic acid, until no
precipitation occurs, and heated to boiling. The aluminum
oxine precipitate is filtered, after standing an hour, through a
filtering crucible, washed with water, dried at 110° to 120° C.,
and weighed.

The results obtained by the analysis of pure cryolite from
Greenland were:

Cryolite, G. Al Oxinate, G. AI, % F Calcd., %
9.1255 0.2746 12.84 54.27
0.1248 0.2733 12.85 ~54 .32
0.0768 0.1664 12.72 53.77
0.1088 0.2379 12.84 54.27
0.0947 0.2070 12.82 54.19

Av. 12.81 54.16

Theoretical 12.85 54.30

When an iron-containing cryolite is analyzed, ferric oxine to
gether with aluminum oxine is precipitated, as shown by a
greenish color of the. precipitate instead of a yellow one. In this
case the iron can be colorimetrically determined in a separate
sample with thiocyanate after demasking with beryllium nitrate.

Strong precipitation _
Slow and incomplete precipitation
Yellow color on heating, nearly colorless on cool

ing; no precipitation
Slow yellow color on heating, colorless on 000'1

'ing
No color, no precipitation

Iu 10 mI.]
l

DETECTION OF PHOSPHATE IN PUESENCE OF LAUGE AMOUNTS
OF ALKALI FLUOUIDE

Bucherer and Meier (3) as well as Neuhaus (10) have reported
that the presence of fluorine ions prevents the complete precipita
tion of (NH,)aP0.,12MoOa. This interference is due to the for
mation of fluomolybdate ions, whereby a precipitation of phos
phate ions by molybdate ions occurs only when all fluoride is
transferred in fluomolybdate ions (Mo02F, --). This must be kept
in mind when phosphate is to be detected in the presence of
fluoride by the molybdate reaction. The following data were ob
tained by heating (at 80° C.) the test solution with 5 m!. of am
monium molybdate solution (5 grams of salt in 100 ml. of water
poured into 35 m!. of nitric acid, d, 1.2).

P,O., NaF,
Mg G.

2 + 0.0
2 + 0.08
2 + 1.0

2 + 1.2

2 + 1.5

GRAVIMETRIC DETERMINATION OF CALCIUM IN FLUORSPAR

The analytical literature does not show whether the above
mentioned solubilization of calcium fluoride by beryllium nitrate
has been considered in the analysis of fluorspar. Since 1941, in
the Laboratories of Mineral Production of the Ministry of Agri
culture, Rio de Janeiro, all fluorspar analyses have been executed
in the following manner:

Procedure. From 0.1 to 0.2 gram of the finely powdered
material is treated with 0.1 N acetic acid for 30 minutes upon a
water bath, and then filtered. The amount of calcium in the fil
trate, determined by precipitation as calcium oxalate, indicates
the "acid-soluble" calcium. The residue together with the filter
paper is dried and calcined and then quantitatively transferred to
a beaker where it is treated with 5 to 10 ml. of 2 N hydrochloric
acid, 50 ml, of water, and 1 to 2 grams of beryllium nitrate. After
heating for about 10 minutes any residue is filtered, dried, and
calcined (insoluble residue). The filtrate from this residue con
tains, besides beryllium fluoride and an excess of beryllium ni
trate, the whole calcium formally bound with fluoride. This
solution is treated with ammonia until a small amount of pre
cipitate remains; then the precipitate is dissolved by dropwise
addition of hot dilute acetic acid and calcium oxalate is precipi
tated and determined in the usual way. The amount of fluoride
corresponding to this calcium value indicates the fluorine con
tent of the material under examination.

Instead of determining calcium by weighing the oxalate or by
titrating the calcium-bound oxalic acid with permanganate, the
following can be recommended:

The precipitated calcium oxalate is filtered after standing
overnight and washed with dilute ammonium oxalate solution.
After drying and calcination to calcium oxide, the latter-which
always contains calcium carbonate-is dissolved in a given
amount of 0.1 N hydrochloric acid, and the excess acid is back
titrated with 0..1 N sodium hydroxide, using methyl orange as
indicator. This procedure has the advantage that the precipi-
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The above data show the danger that considerable amounts of
phosphate may escape the sensitive molybdate test in a 1%
sodium fluoride solution containing 0.02% phosphorus pentoxide.
This danger is particularly great when smaller amounts of phos
phate are to be detected in more concentrated alkali fluoride solu
tions. The masking action of fluoride, interfering with the phos
phate test, can be eliminated by later addition of beryllium
nitrate. Instead of using the nitric acid molybdate solution, a
beryllium-containing molybdate solution can be used. The
latter is especially indicated when phosphates are to be identified
by the molybdate reaction through a spot test on filter paper (6).

DETECTION OF MOLYBDATE AND TUNGSTATE IN PRESENCE
OF ALKALI FLUORIDE

The masking of reactions of molybdate and tungstate ions by
fluorides (..0 has probably found little consideration, because, in
analyzing fluorine-containing material, all fluorine can generally
be eliminated as hydrogen fluoride by fuming with concentrated
sulfuric acid. This troublesome procedure where tungsten
trioxide (and in part also molybdenum trioxide) remain to
gether with insoluble sulfates and must be separated from the
latter can be replaced by the simple demasking of fluorized
molybdenic and tungstic acid. If, therefore, alkali molybdate
and tungstate are to be detected in the presence of much alkali
fluoride, an appropriate reagent for molybdate (or tungstate) is to
be added to the test solution, followed by beryllium nitrate (solid
or in concentrated solution). Different tests for molybdate and
tungstate in fluorine-containing solutions were checked in this
way. The limit of identification was found to be about one half
that in fluorine-free solutions.

DETECTION OF BERYLLIUM IN MINERALS, ORES, AND ALLOYS

The specific colorimetric determination of beryllium described
by Fischer (9) is based on the formation of sodium fluoberyllate
and its reaction with alkaline quinalizarin solution, whereby the
blue quinalizarin lake is formed. The formation of this lake and
its stability toward hypobromite can be used for exact detection
of beryllium in minerals, ores, and alloys. Silicatic or intermetallic
bound beryllium can easily be transformed into potassium fluo
beryllate by heating with potassium hydrogen bifluoride:

BeSiO. + 6HF~ BeF2 + 3H20 + SiF4

Be" + 2HF~ BeF2 + H2°
BeF2 + 2KF~ K 2BeF,

Experiments have shown that the products of fusing and sinter
ing of potassium hydrogen fluoride with magnesium, calcium,
ferric, aluminum, titanium, and zirconium oxides do not react with
ammoniacal quinalizarin solution (50 mg. of quinalizarin in 100
ml, of 10% ammonia solution). It seems therefore that the fol
lowing test is specific.

Procedure. A few milligrams of the material to be tested
(powder or shavings) mixed with a threefold amount of potassium
hydrogen fluoride are fused .and sintered in a platinum spoon for
3 to 4 minutes. After cooling, the mass is treated With 2 m!. of
cold water. After 5 minutes it is filtered or centrifuged. One
drop of the clear supernatant liquid is placed on a spot plate and a
drop of quinalizarin solution is added, In the neighboring depres
sion of the spot plate a blank test is carried out With a drop of
water. If beryllium is present, a blue color or blue precipitate,
according to the amount of beryllium, is visible, whereas the
ammoniacal quinalizarin solution remains unaltered-e-i.e., violet.
If saturated bromine water is added dropwise, only the blank test
is decolorized.

In this way, several beryllium-containing minerals were ex
amined, among others a product of the following composition:
1% BeO, 25% AbO., 24% CaO, 3% MgO, 5% P20" 6% Fe203,

1% Mn203, 7% Si02• The test was always confirmative; the
same was true when examining beryllium-containing alloys. By
the above procedure not all beryllium (together with the other
metals) is transformed into fluoride. By sintering with potas-

353

sium hydrogen fluoride under the given conditions the fluorization
occurs on the surface of the products examined, but because of the
sensitive quinalizarin reaction the amount of potassium fluo
beryllate formed is always sufficient to secure the specific detec
tion of beryllium, even when present in small quantities.

DETECTION OF SMALL AMOUNTS OF IRON OR TITANIUM IN
PRESENCE OF FLUORINE

Because of the decrease of ferric ion concentration when
FeF6 - - - ions are formed, detection of iron by the thiocyanate
test fails in the presence of an excess of fluorine. The same is
true of the delicate iron test with oxine in acetic acid solution.
Therefore, when traces of iron are to be detected in alkali fluoride,
iron(III) should be reduced with hydrogen sulfide to iron(II) and
the latter detected through the color reaction with 1,1'-bipyri
dine (8). The demasking of FeF6 - - - by beryllium chloride or
beryllium sulfate permits identification of iron in fluorides, which
might be the basis for a colorimetric determination.

Procedure. One drop of the test solution is mixed on a spot
plate with some crystals of potassium thiocyanate, followed by
addition of one drop of hydrochloric acid. If, after beryllium
chloride or beryllium sulfate is added, a red or pink 'color is de
veloped, iron is present.

In this way 2.5 micrograms of iron were detectable in presence of
25 mg. of ammonium fluoride.

Instead of the thiocyanate test, the more sensitive oxine test
(green coloring or dark green precipitate) can be used. In this
case a neutral test solution must be acidified with acetic acid, or an
acetic acid solution buffered with alkali acetate, before an acetic
acid solution of oxine is added.

Analogous to the behavior with iron, titanium ions are masked
in the presence of an excess of fluorine, owing to the formation of
TiFe-- ions. Thus the well-known reaction for titanium in acid
solution with hydrogen peroxide (formation of titanium peroxo
compounds) is masked in the presence of fluorine. Here also by
demasking through beryllium nitrate, titanium ions are pro
duced, which form with hydrogen peroxide the yellow Ti02X .- 
ions (X = univalent acid radical). In the form of a spot test, the
peroxide reaction for titanium has a limit of identification of 2
micrograms of titanium in one drop (0.05 m!.). The authors found
that twice this amount can be detected in a saturated solution of
alkali fluorides, when demasking with beryllium nitrate is used.
This corresponds in the case of ammonium fluoride to a ratio of 1
part of titanium to 6100 parts of ammonium fluoride.
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Microdetermination of .Free Formaldehyde
MORRIS TANENBAUM AND CLARK E. BRICKER, Princeton University, Princeton, N. r:

The availahle methods for the determination of
slllall arnourrts of free forrnaldehyde in the presence
of considerahle quantities of various other organic
compounds are either tin~e-coi:lsulllingor lack ac
curacy, specificity, and/or sensitivity. This investi
gation was initiated to rectify this situation. A
sensitive, reproducihle, and rapid spectrophoto
Illetric procedure has been developed for the deter
mfnutfon of free formaldehyde in the presence of
combfned formaldehyde (formals) and of rn arry
organic compounds. Since the procedure used in
volves the time-sensitive reaction of formaldehyde

with phenylhydrazine and potassium ferricyanide,
the optimum conditions have been established for
the development and stabilization of the character
istic red color. The procedure for dete.nnining free
formaldehyde. should be applicable to nearly all
analytical problems where it is necessary to deter
mfne traces of rrncornhirred formaldehyde. This
met.hod should be particularly useful to the plastic
industry, in toxicological work, and in various phases
of btoeherntcal and bacteriological research. Fur
thermore, it affords a simple means of following reac
tions which utilize formaldehyde.

Table I. Effect of Various Oxidants

Potassium ferricyanide showed the greatest promise. A
spectrophotometric comparison of the color produced by ferri
cyanide with that produced by the diazonium salt showed the
two colors to be identical, as demonstrated in Figure 1.

The similarity of reagents recalled to mind a procedure for
formaldehyde suggested by Schryver (11) and later by Desnuelle
and Naudet (5), and thoroughly investigated in this laboratory
by Roberts (10). The previous workers suggested a reaction
with phenylhydrazine hydrochloride, potassium ferricyanide,
and concentrated hydrochloric acid. The work of Roberts
showed that this color, which also had a characteristic absorption
peak at 520 mIL, was much too unstable for accurate work. A
spectrophotometric analysis of the color developed in an acid
medium showed it to be very similar to the color developed
under basic conditions with the exception of a slight absorption
shoulder at 545 mu, A similar experiment utilizing phenyl
hydrazine hydrochloride, p-diazobenzenesulfonic acid, and con
centrated hydrochloric acid also gave a color spectrophotometri-

close control of the time variables during the course of reaction,
solubilities, and other factors prohibited the use of the diazonium
salt in its solid form.

During the preliminary work, the color was greatly intensified
if an attempt was made to determine formaldehyde in absolute
methanol. This action was finally traced by the chromotropic
acid procedure to an oxidation of the methanol to formaldehyde
by the diazonium salt. (This reaction might well be used for the
determination of small amounts of certain diazonium com
pounds.) The knowledge of the oxidizing power of the diazonium
reagent, plus the fact that evolution of a gas was noted im
mediately upon addition of the diazonium reagent and not upon
addition of the sodium 'hydroxide, led to the interesting possi
bility that the color might be due to an oxidation by this reagent,
rather than to any sort of coupling which one might automatically
connect with a color produced by a diazonium compound.

Solutions of standard oxidizing agents were then tried in place
of the diazonium solution. With a ferric sulfate solution, upon
long standing after the addition of the sodium hydroxide, a red
color, visually identical to the color produced by the diazonium
reagent, was formed. The results of thc various oxidizing agents
that were tried are tabulated in Table 1.

&LTHOUGHmany gravimetric methods for the quantitative
~ determination of formaldehyde have been successfully
developed and used, the attempts at colorimetric estimation of
formaldehyde solutions have been limited to the Deniges method
employing Schiff's fuchsin bisulfite reagent (1, 4, 7') and to the
more recent chromotropic acid method, suggested by Eegriwe
(6), adapted as a quantitative procedure by Boyd and Logan (2),
and later improved by Bricker and Johnson (3). The chromo
tropic acid method is sensitive not only to free formaldehyde,
but also to any substance which will yield formaldehyde upon
hydrolysis in concentrated sulfuric acid. However, the only
method previously available for the colorimetric determination
of free formaldehyde in the presence of combined formaldehyde
(in the form of acetals, etc.) was the procedure employing the
Schiff reagent (1) which required the daily preparation of fresh
standards and also a standing period of 6 hours prior to reading
in the colorimeter. It was the obvious need for a more rapid
and satisfactory method for the determination of free formalde
hyde in the presence of combined formaldehyde that prompted
the present investigation.

Pittarelli (9) found that a solution of acetaldehyde when
treated with phenylhydrazine hydrochloride and then with a
mixture of sulfanilic acid and sodium nitrite solutions, followed
by a few milliliters of 25% sodium hydroxide, gave a crimson
coloration. Formaldehyde apparently did not react similarly.
Penzoldt and Fischer (8) reported on a variation of this reaction
by using diazobenzen~sulfonic acid and sodium amalgam as the
reagents and found that several aldehydes gave the crimson
coloration.

In a preliminary study using solutions of phenylhydrazine
hydrochloride, diazo benzenesulfonic acid, and sodium hydroxide
as reagents, the crimson coloration could be 0 btained from several
aliphatic aldehydes whereas ketones -did not give the character
istic color and aromatic aldehydes reacted only slowly. Be
cause the test was extremely sensitive for formaldehyde and the
color formed by formaldehyde was less affected by moderate
manipulation of the variables than the color produced by higher
aldehydes, the authors suspected that further investigation might
yield a sensitive, yet rapid, method for the quantitative estima
tion of micro quantities of free formaldehyde. Although the
method showed great promise, there were fluctuations in the re
producibility that no reasonable amount of control of the several
variables could remedy. These variations were finally traced
directly to the diazo benzene sulfonic acid reagent. This solu
tion undergoes decomposition so rapidly that even under the
most favorable conditions its potency began to diminish 2 to 3
days after its preparation and the solution was completely
useless after a week. The solid diazo compound was more
stable, but within I to 2 months after its preparation it also ex
hibited signs of decomposition. Furthermore, the necessity of

354

Oxidant

Ferric sulfate
Potassium ferricyanide
Silver nitrate
Potassium iodate
Potassium bromate
Pobaasium permanganate

Immediate
Observation

No color
Deep red
No color
Pale red
Pale red
Pale red

After 1 Hour

Deep red
Deep red
No color
Red-orange
Red-orange
Red-orange
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Wo.velength in m~

Figure 1. Photometric Spectra of Characteristic
Formaldehyde Colors

A. Diazoniu:rn :rnethod with acid developtncnt
B. Ferricyanide rnetbod with acid developeaenf
C. DiazoniuDl method with basic development
D.. Ferricyanide naet.hod willi acid development followed by neu

tralization
E. Reeosrrmended ferricyanide rnetbod with hasic develop:rnent

cally identical to the Desnuelle and Naudet color. Furthermore,
when the color was formed according to the acid procedure, and
when the solution was made basic to litmus with sodium hydrox
ide, the absorption band at 545 mIL disappeared; the color was
spectrophotometrically identical to the color developed by the
basic procedure using either p-diazobenzenesulfonic acid or
potassium ferricyanide. These spectra are shown in Figure 1.

Although the procedure described in this paper is not entirely
new, it is a variation which does enable the use of a very sensitive
color reaction for the determination of formaldehyde which has
not heretofore proved completely satisfactory.

EXPERIMENTAL

Reagents. Phenylhydrazine hydrochloride, 7.5% aqueous
solution. Dissolve 3.75 grams of reagent grade solid in warm.
water and filter off any insoluble material.

Potassium ferricyanide, 5% aqueous solution
Sodium hydroxide, 10% aqueous solution
Isopropyl alcohol, reagent grade
Procedure. The sample to be analyzed should not contain

over 15 micrograms of formaldehyde and should not be over 0.6
m!. in volume. Sufficient isopropyl alcohol and water are added
to give a total of 1.0 mi. with an isopropyl alcohol content of 40
to 50%. If solid, a weight sufficient to give a formaldehyde
concentration of 0 to 15 micrograms is dissolved in 1.0 m!. of
50% isopropyl alcohol. The samples are conveniently handled
in 18 X 150 mm. test tubes.

To the sample thus prepared, 0.5 ml. of phenylhydrazine hy
drochloride solution is added and the solution is allowed to
stand 10 ± 1 minute. Then 0.3 rnl. of potassium ferricyanide

Extinction

0.535
0.548
0.560
.0.550
0.532
0.503
0.463

Table II. Reaction Time of Ferricyanide
Time between Addition of

K,Fe(CN)o and NaOH, Min.

1
3
5
7

12
16
20

solution is added and after 5 ± 0.5 minute, 2.0 m!. of the
sodium hydroxide solution are added. After 4 ± 1 minute the
solutions are diluted to approximately 20 m!. in the test tubes,
then transferred to 25-m!. volumetric flasks, and diluted to
volume. The optical densities of the solutions are then meas
ured at 520 mIL against a reagent blank 10 ± 3 minutes after the
initial dilution to 20 m!. The amount of formaldehyde is then
found by comparison with a suitably prepared calibration curve.

DEVJ<:LOPMENT OF METHOD

The dependence of the color development upon the variables of
reagent concentration and standing time between addition of
reagents is striking. A systematic investigation of these vari
ables has been made.

The amounts of the various reagents used are limited by their
solubilitv and by the requirement that a sufficient concentration
be present so that the amount of these reagents reacting with the
formaldehyde will be negligible compared with the total concen
tration. As in all colorimetric work, 'this consideration is neces
sary in order to ensure the validity of the blank.

The upper limit of phenylhydrazine hydrochloride that can be
added is determined by the solubility of this reagent and its
reaction products, The isopropyl alcohol-water solvent is em
ployed to overcome this difficulty. However, even in this sol
vent, use of reagents much in excess of the recommended amounts
will result in the formation of a precipitate. On the other hand,
if either t.he amount of isopropyl alcohol or the strength of the
sodium hydroxide solution is much increased, then the isopropyl
alcohol tends to salt out upon the addition of the sodium hy
droxide. This results in an immiscible layer which extracts a
great deal of the color. Although this immiscible layer dis
appears upon the dilution to 25 mI., experience shows that its
presence is sufficient. to make reproducibility very difficult.

All of the following investigations were performed on I-mi.
samples containing approximately 10 micrograms of formaldehyde
and 40% isopropyl alcohol. Extinctions were read at 520 rnu
against a reagent. blank unless otherwise specified.

The effect of the phenylhydrazine hydrochloride concentration
was studied by employing 0.2, 0.4, 0.6, 0.8, and 1.Q-m!. portions,
respectively, of the 7.5% reagent and otherwise following the
recommended procedure, The extinctions observed were 0.383,
OAll, 0.414, 0.393, and 0.384, respectively. Since the color
produced by 0.4- and O.6-ml. portions of this reagent was prac
tically identical and showed maximum sensitivity, the optimum
concentration of this reagent was taken at 0.5 ml,

The effect of the time interval between the addition of the
phenylhydrazine hydrochloride and the potassium ferricyanide
was studied. Using the recommended amount of the phenyl
hydrazine reagent, the potassium ferricyanide was added after
5, 10, 20, and 30 minutes, respectively. Since 10 minutes pro
duced nearly the maximum extinction with little (less than 2%)
change at 20 or 30 minutes, the procedure' time was set at 10
minutes.

The extinction goes through a maximum as both the concen
tration of phenylhydrazine and its reaction time are increased.
It would seem that the color producing agent must, then, be an
intermediate in the formation of the phenylhydrazone,

The potassium ferricyanide concentration was also studied by
employing 0.1-, 0.2-, 0.3-, 0.4-, and O.5-m!. portions of the 5%
reagent and ,again following the recommended procedure.. The

560520480440
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Table 111. Reaction 'I'irne of Sodtum Hydroxide
Time Elapsed between NaOH

Addition and Dilution, Min. Extinction

measured extinctions were 0.396, 0.485, 0.547, 0.543, and 0.546,
respectively, and clearly show that the volume of this reagent
is not critical above 0.3 mI. However, because the larger
amounts gave an apparently undesirable precipitate, 0.3 ml, of
the potassium ferricyanide solution is recommended.

The effect of the variation of the time between the addition of
the potassium ferricyanide and the addition of the sodium hy
droxide was studied and these results are given in Table II.

From these results it is evident that the optimum reaction time
for the potassium ferricyanide is 5 minutes. This time should
be more closely regulated than the other reaction times, because
the color development goes through a comparatively sharp maxi
mum. Thus a variation of more than ±30 seconds is to be
avoided.

The variation with respect to sodium hydroxide concentration
'was investigated by using 2-ml. volumes of 10, 20, 30, and 40%
sodium hydroxide. Although these extinctions varied only be
tween 0.610 and 0.628 and would indicate that the amount of
sodium hydroxide was not critical, the higher concentrations of
this reagent caused the formation of a second layer. Thus, 10%
sodium hydroxide was chosen as the optimum concentration.

Using the recommended amounts of reagents, the time elapsed
before dilution was studied and the results are given in Table III.

The time of 4 minutes was chosen because the change in ex
tinction with time is slow at this point.

The isopropyl alcohol content of the sample is the final reagent
variable; the sample remains clear throughout the determination
only when it is at least 40% isopropyl alcohol. Although there
is no significant difference between the extinction of samples
with 10 to 50% isopropyl alcohol, it is desirable to keep the sam
ple free from any precipitate. Above 60% isopropyl alcohol,
there is a pronounced decrease in the extinction for a given
amount of formaldehyde. This is possibly due to an oxidation of
appreciable amounts of the alcohol to acetone which interferes
negatively.

The extinction of a blank solution and of a solution containing
10 micrograms of formaldehyde was measured at various times

Table V. Interferences

Stability of Color
Extinction VS. H 20

after the initial dilution to 20 ml. These results, as well as the
difference between the two extinctions, are given in Table IV.

The steady increase in extinction of the blank (and of the
sample at 90 minutes) is due to the fact that the solution slowly
becomes cloudy. Although satisfactory readings can be ob
tained at any time up to 15 minutes after the initial dilution, a
time of 10 minutes was chosen because the color changes only
slowly at this point. Furthermore, this also allows sufficient
time to dilute several samples accurately to 25 ml. and to make
the necessary readings.

It is obvious that the color is not completely stable with time.
There is, however, a very decided improvement over the stability
of the color as formed under acid conditions where the decrease
is approximately 1% per minute.

STABILITY OF REAGENTS

Although the potassium ferricyanide solution changes color
on standing, it seems to retain its full potency indefinitely.
The phenylhydrazine hydrochloride solution slowly darkens and
a brown sediment appears after about a week. After filtration,
this reagent 'continues to give reproducible results. However,
because of the change in color of the reagents, the extinction of
the samples must always be measured against a reagent blank.

APPLICATIONS

Inasmuch as the recommended procedure is very sensitive
(0.055 extinction unit per microgram of formaldehyde), and the
color developed shows linearity with the formaldehyde concentra-

INTERFERENCES

The effect of various compounds upon the formation of the
characteristic color has been investigated. Various weights of
the interfering substances plus known amounts of formaldehyde
were analyzed according to the recommended procedure. The
results are given in Table V. The values under the column
labeled maximum tolerance indicate the quantity of the given
substance which will produce no error in the formaldehyde de
termination. Larger amounts will produce the type of inter
ference given in the last column.

The positive interference from acetaldehyde and isobutyralde
hyde is due to the nonspecificity of the reagents toward aliphatic
aldehydes. However, as can be seen, the sensitivity decreases as
the chain length increases. The only other cases of, positive
interferences are methanol and ethanol. This undoubtedly
arises from the production of formaldehyde and acetaldehyde by
oxidation of the respective alcohols. Similarly, we could ex
pect a positive interference from any other substance which will,
upon potassium ferricyanide oxidation, yield micro amounts of
formaldehyde or larger amounts of other aliphatic aldehydes.

The negative interference of acetone and benzaldehyde is be
lieved to be due to the consumption of the phenylhydrazine,
thus decreasing the effective concentration for action on the
formaldehyde. As for the interference of amines, it is evident
from Table V that the main interference is due to the basic func
tion of the amine, because the hydrochlorides can be tolerated in
amounts approximately 10 times as great. Also, the pH change
explains the interference of phenol and formic acid. It is possible
that careful buffer control might raise the tolerance of these
substances immensely. This has not been investigated.

The above interferences refer only to the quantitative de
termination of formaldehyde. Qualitatively it is possible to de
tect microamounts of formaldehyde in the presence of immense
amounts of substances such as benzaldehyde, acetone, and other

. negatively interfering substances. The only compounds that
will completely prevent formation of the characteristic color are
basic substances. This is in accordance with the suggestion that
the color depends upon the formation of a hydrazone inter
mediate. Substances giving positive interferences will interfere
in the qualitative detection of formaldehyde.

++++

Type
Interference

0.569
0.573
0.574
0.575
0.580
0.595
0.563
0.550
0.548

Sample Sample blank

0.512 0.456
0.511 0.454
0.510 0.452
0.504 0.444
0.501 0.439
0.498 0.434
0.492 0.422
0.511 ~.377

Maximum
Tolerance
Mg./Ml.,

50.0
400.0

0.05
0'.20
0.20
2.5

20.0
2;0

50.0
10.0

>50.0
>50.0

Blank

0.056
0.057
0.058
0.060
0.062
0.064
0.070
0.134

2
3
4
5
8

10
15
20
30

Table IV.

6.5
10
15
20
25
30
40
90

Interfering
Substance

Methanol
Ethanol
Acetaldehyde
Isobutyraldehyde
Benzaldehyde'
Acetone
Ethylamine hydrochloride
Propylamine
Phenol
Formic acid
Pentaerythritol diformal
Pentaerythritol

Time after Dilution,
Min.
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tion up to at least 15 micrograms this method is one of the most
sensitive and useful systems for determining formaldehyde.
Furthermore, although the time required for a single analysis is
about 30 minutes, it is very simple to run four or six determina
tions concurrently in the same amount of time. The accuracy of
the method is well within 2%.

The advantage of the proposed method for determining formal
dehyde is that the reaction is run in essentially neutral and basic
mediums. Since compounds that may hydrolyze to yield formal
dehyde under acid conditions do not interfere, it should afford a
very rapid and sensitive means of determining free formaldehyde
in such materials as phenolic resins, formals, and trioxane. This
method, combined with the chromotropie acid procedure, has
been used to good advantage in a preliminary investigation of the
specific rate constant in the formation of pentaerythritol mono
formal.
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Magnetically Controlled Ouartz Fiber Microbalance
FRANK C. EDWARDS AND ROBERT R. BALDWINI

Institute/or Atomic Research, Iowa State College, Ames, Iowa

The design, simplified techniques of construction,
and uses of an electromagnetically controlled quartz
fiber microbalance are described. The balance is
capable of weighing directly an unbalanced load as
large as 1.2 mg., carrying a counterbalanced load of
100 to 150 rng., and giving a sensitivity of 0.1 micro-

gram per 6 minutes of arc. The one-piece all
quartz balance unit fits into a 25-ml. diameter tube
12 crn , long. The balance may be used under wide
conditions of temperature, pressure, and reagents in
completely closed systems. The balance is con
trolled by an external variable electromagnetic field.

DESIGN OF BALANCE

BEAM FORM. The beam of the balance is of a
braced simple bridge truss design and is constructed
of small quartz rods. . A lightweight beam of
maximum strength is possible using this design.

CENTRAL AXIS. The central axis fiber suspends
the beam between support posts on a rectangular

T
25MM.

1

the theory of such instruments. Emich (3), Stock (10, 11),
and Wiesenberger (13) used Angstrom's idea of electromagnetic
control in their investigations. The authors are particularly
indebted to Johns (5), who constructed several balances of a
design very similar to the one described in this paper. He used
wax or selenium to seal the central axis fiber and pan suspension
bows to the beam.

An electromagnetically compensated quartz fiber balance is
now more practical and versatile because of the use of improved
magnet materials and balance designs. The assembly of the
balance described is simplified through the use of unique con
struction techniques. This balance may be used for conventional
microanalytical uses, but its compact design with external
control makes it particularly useful as a research tool.

The balance described is an equal-arm lever balance in which
the beam is rigidly fastened to a flexible supporting axis fiber.
It is not a true torsion balance, for the force of gravity is only
slightly compensated by the torsion of the support fiber. Mag
netic compensation is employed to oppose the force of gravity.
Every effort has been made to design and construct the balance
in such a manner as to combine the features of a high sensitivity
quartz fiber microbalance and magnetic compensation, which
allows greater load capacity and range of weighings as well as

external control.
Important Parts of Microbalance. A clearer

idea of the principles and terminology involved
may be obtained by reference to the perspective
drawing in Figure 1.

THREAD SUSPENSION

LABOR AT OR Y microbalances, commercially available,
are limited in sensitivity to 1 microgram. A temperature

difference of as little as 0.1 0 C. has been reported by Lindner (7)
to introduce a weighing error of several micrograms, in the case
of a combustion boat and glass pig (total weight of 4 grams).
A change in barometric pressure of a few millimeters will in
troduce errors due to change in buoyancy. A change in the
humidity gives rise to significant variations in the rest point of a
commercial microbalance, for several reasons discussed by Corwin
(2).

Quartz fiber microbalances are not as susceptible to tempera
ture changes, because of the low coefficient of expansion of
quartz. The effects due to changing barometric pressure and
humidity may be eliminated by operating such a balance in a
vacuum. The idea of a microbalance constructed of quartz
fibers is not a new one; the idea of electromagnetic control goes
back to Angstrom in 1895 (1, 3). Reviews of the developments
in these fields have been published by Emich (3) and Gorbach
(4-).

Most significant to the development of the balance described
in this .paper was the work of Steele and Grant (9), who first
constructed a complete balance, of the central knife-edge type,
from fused quartz. Also of significance was the work of Petterson
(8), who improved the design and gave a detailed description of

1 Present address, Central Laboratories. General Foods Corp., Hoboken,
N.J.
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Figure 3. Beam with Cross Arms and
Magnet Ready for Mounting on Frame

pirical adjustment of the current, the number of coil turns, and of
the type of potentiometer needed for any setup must be made.

The use of magnetic compensation has a further advantage.
The long period oscillations, so disconcerting in a commercial
microbalance, or in a torsion balance of the same sensitivity,
are eliminated by a magnetic damping effect which permits
immediate adjustment of the balance.

CONSTRUCTION OF BALANCE

Drawing and Fusing Quartz Fibers. This paper covers only
the design and particular construction techniques essential to
the preparation of the balance described. Further information
on quartz working is given by Strong (12).

With the exception of a micro oxygen torch, little special equip
ment is necessary. It is important to use a sensitive valve system
to regulate the gas and oxygen flow. The micro torch tip may be

~
1-2 CM.-!

END VIEW

d6 t&
,. 7CM. -\

ELECTRICAL REGULATING SYSTEM. The solenoid surrounding
the balance consists of 1000 turns of No. 26 cotton-covered
copper magnet wire. To control the current in the sole
noid, and hence the magnetic field at its center, three variable re
sistances (2500 ohms, 25 ohms, 1 ohm) are placed in series in the
circuit. Direct current is supplied to the circuit from one or more
storage batteries. To measure the current, a fixed 3-ohm resist
ance of No. 32 Copel wire, which has a negligible temperature co
efficient of resistance, is placed in series in the circuit. The IR
drop over this resistance is carefully measured with a Leeds and
Northrup Type K potentiometer. Refinements which may be in
corporated in the electrical system include a reversing switch, to
reverse the current flow in the solenoid, and a milliammeter, to
aid in the adjustment of the potentiometer. A selector switch
may be used to connect several solenoids successively so that sev
eral balances may be controlled with one electrical regulating sys
tem.

ARRJ<JSTMENT SYSTEM. The balance is used as a null instru
ment and so beam rests are placed to limit the swing of the
beam (Figures 1 and 2). This feature of the design is useful for
the following reasons. A very compact design may thereby be
attained. The effective arm length of the balance is more likely
to remain constant. Danger of damaging the baJance through
large accidental swings of the beam is practically eliminated,
and there is decreased danger of tipping the pans and spilling a
sample.

ADJUSTMENT OF SENSITIVITY. A stable, sensitive balance
must have its center of gravity on, or very slightly below, its
central axis fiber. Although during the construction of this
balance every effort is made to maintain a weight symmetry, a
final adjustment is usually necessary. This is accomplished by
fusing bits of quartz to the post at the top of the beam, or to the
capillary below the magnet, until the balance is stable and as
sensitive as is required.

READ'ING SYSTEM. The swing of the beam is observed with a
reading microscope.

The microscope fitted with a cross hair is focused on a pointer
fiber drawn from one end of the beam. With the pan empty or
tared, current is supplied to the coil until the balance swings free
of the beam rests. The pointer fiber is made to coincide with the
cross hair in the field of the microscope. This position is used as a
zero point position, and then as the equilibrium position for any
subsequent weighing. The microscope must remain fixed with
respect to the balance during a series of weighings. The fixed
positions of the pointer fiber, when the balance is riding the beam
rests, are in the field of the microscope, and thus provide a useful
check on the relative orientation of microscope and balance.

quartz framework. This axis fiber is fused to the posts of the
framework and to the beam. No seals except quartz fusions are
used, so that a complete balance unit is an integral piece of
quartz. Balances may be constructed by sealing the suspension
fibers to the beam and the framework with selenium or wax;
however, such balances are less reproducible over periods of time
and are much more affected by temperature changes and chemi
cal reactions than are all-quartz balances.

TERMINAL AXES AND FUSED THREAD SUSPENSIONS. The
terminal axes are placed equidistant from and parallel to the cen
tral axis fiber. Quartz thread suspensions are fused to the termi
nal axes. These bow-shaped suspensions are used to support the
pans of the balance. They must be in the same plane as, or very
slightly below, the central axis fiber.

BEAM MAGNET. A small permanent bar magnet of Alnico or
Cunife is mounted below the midpoint of the balance beam and
perpendicular to its length. This magnet is sealed in a quartz
capillary which in turn is fused to the beam. Use of the newer
magnet materials, with their high ratio of magnet strength to
weight, make a lightweight beam unit possible and magnetic
control more practical. Portions of steel needles may be used,
but they have a greater tendency to lose their magnetism, thus
making numerous calibrations necessary.

QUARTZ ROD FRAME AND BEAM RESTS. The quartz rod
frame is illustrated in Figures 1 and 2. The centrally located
posts are used to support the central axis fiber. Beam rests are
positioned to limit the swing of the beam.

Figure 2. Quartz Balance Frame

EXTERNAL CASEOF BALANCE UNIT. A borosilicate glass tube
25 mm. in diameter and 12 em. long (see Figure 1) encases the en
tire balance assembly. This compact unit may be inserted into
closed systems for use in a variety of research and analytical prob
lems.

PANS. The design of pans is determined by the particular
problem for which the balance is to be used. Pans are conven
iently shaped from platinum foil and welded to platinum wire
hooks. Pans of split mica, suspended on quartz fiber hooks, have
also proved satisfactory in some instances.

Operating Principles. MAGNETIC COMPENSATION FOR WEIGH"
ING. Angstrom's method of magnetic compensation was
briefly this (1):

A small permanent bar magnet was attached to the balance
beam, below and parallel to the length of the beam. The orienta
tion of this magnet and hence the weight lifted by the balance
were controlled by a variable electromagnetic field which was per
pendicular to the magnet. This field was produced by current
flowing in a solenoid, the end of which was below (or above) the
balance magnet. The current passing through the coil was
measured with a sensitive galvanometer. '

A second method of orienting the permanent magnet and the
regulating solenoid was chosen for the balance described in this
paper.

The permanent magnet is mounted below the midpoint of the
beam and perpendicular to its length. Because the field strength,
H, within a long solenoid equals 47r7!I/10 where n is equal to the
number of turns per centimeter of length of the solenoid and I is
the current in amperes, it is apparent that the magnetic field act
ing on the permanent magnet of the balance is affected only by
changes of the current in the solenoid. Furthermore, the moment
of force, tending to produce rotation on a bar magnet placed at
right angles to the lines of a magnetic field, is the product of the
strength of the field and the magnetic moment of the magnet.
The magnetic moment of a permanent magnet is the product of
the pole strength and the distance between the poles; for Alnico
or Cunife magnets this quantity is constant. Hence, the rota
tion of the magnet and correspondingly the weight lifted by the
balance are determined .by, and are directly proportional to, the
currentpassing through the solenoid. A measure of this current

--is obtained by placing a fixed resistance in series with the solenoid.
, The voltage"drop over this resistance, and hence the current
through the solenoid, are measured with high precision using a po-
tentiometer. ;.

If the strength of the permanent magnet is not known, an em-
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made from a short length of quartz tubing, shaped to give a flame
1 to 2 mm. long. .

The quartz fibers from which the balance is constructed are
drawn from quartz rods 4 to 8 mm. in diameter. One may draw a
fiber of size from 10 microns to 1 mm. in diameter using an ordi
nary gas-oxygen laboratory hand torch. Bends in quartz fibers
may be made by holding one end of the fiber on a graphite plate
with a small weight, heating a portion of the fiber with the micro
flame, and then bending the fiber by means of tweezers. When
the micro burner flame is brought in contact with the graphite
plate, water condenses and prevents heating to the temperature
necessary for bending quartz. This disturbing effect is elimi
nated by placing the graphite block on a hot plate, and making
bends and seals either just over the edge of the block; or over a
hole drilled in the surface of the graphite. Quartz fiber construc
tion is easier if the fibers involved are held firmly in position with
small weights before the fusing operations are attempted. Quartz
fibers are cut to the proper size by using a notched pair of scissors
or a tungsten carbide pencil to scratch the fiber before breaking it.

Making Quartz Frame and Beam. The quartz frame upon
which the balance is mounted (Figure 2) is made from 3-mm.
quartz rod. The support posts for the axis fiber and the beam
rests are made from I-mm. rod.

The beam is constructed of quartz fibers and braced as shown
in Figure 3, in order to keep the beam as light as possible and yet
rigid enough to support a total dead weight of 300 to 350 mg.
The fibers used for the beam construction are approximately 0.3
mm. in diameter and weigh 1.5 to 2 mg. per em. of length.

Figure 4. Pulling Axis Fiber from
Central Cross ArUl

Attaching ·Beam Magnet. The Cunife, or Alnico, magnet
sealed in a thin quartz capillary is fused to the beam as in Figure
3. This magnet weighs about 10 mg., is 5 to 7 mm. long, and

'has a diameter of about 0.6 mm. Care in selecting a capillary of
the proper size, and in sealing the magnet in this capillary, is nec
essary to eliminate all play. The position of the magnet below
the beam is fixed to counterbalance the weight of the quartz brac
ing and upper span. This places the center of gravity of the
beam and magnet unit close to the central axis fiber.

Attaching the Three Axes. The three cross arms, correspond
ing to the three knife-edges on an ordinary analytical balance,
and consisting of quartz fibers weighing about 1 mg. per cm.,
are fused to the beam, preparatory to the mounting of the central
suspension fiber and the terminal axes suspension fibers (see Fig
ure 3). Because in a sensitive balance it is essential that these
cross arms lie in the same plane, and be mutually parallel, the fus
ing operation is carried out on a flat block of graphite to ensure
proper alignment.

Mounting the Beam. During the next operations bits of seal
ing wax or selenium are used to hold the balance tight to the
rests, which are bent upward to hold the beam in an approxima
tion to its final position.

Using a carefully adjusted micro flame, quartz threads of the
order of 10 microns in diameter and about 1 em, long are pulled
from the central cross arm as illustrated in Figure 4. The fusion
of these suspension fibers to the support posts of the frame must
be carried out with caution to prevent melting them in two (see
Figure 5). If properly completed, the central axis fiber is se
curely fused to the post. This point of fusion is then carefully
heated until the surface tension of the molten ball of quartz
pulls the slack in the fine suspension fiber into the post. This
same method is used in the mounting of the terminal axes sus
pension fibers.

In using these techniques, fusions directly involving the
delicate 'suspension threads are not required. This makes the
construction considerably easier than if the quartz threads were
drawn in a separate operation and then fused to the larger fibers.
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Unless the central suspension fiber is under considerable
tension, anomalous effects will be observed during operation of
the balance. In order to tighten the central suspension fiber,
and so remove all slack, the following technique is employed.

The frame and balance are oriented with the central axis' fiber
in a vertical position. The balance beam is freed from the beam
rests for these operations. As illustrated in Figure 6, a hook of
quartz fiber is fused to the lower post and a 1- to 2-gram weight is
suspended. The necessary tension is provided by heating the
post to the softening point, allowing the weight to pull down.
The beam rests are now lowered to allow the beam to rock about
1 mm. Because the swing of the beam is to be observed by a
reading microscope, a fine fiber is drawn from a beam end, par
allel to the length of the beam, to serve as a pointer.

Figure 5.. Shrinking Axis Fiber

Magnetization. The permanent magnet may be magnetized
following completion of the above construction. The entire
balance assembly is placed within a borosilicate glass tube 25 mm,
in diameter and about 12 em. long. This unit is placed in a.
magnetic field created by a magnetizing force of at least 4000
ampere-turns per inch ofthe Alnico or Cunife permanent magnet
material. By magnetizing the permanent magnet as a final
step in the balance construction, possible demagnetization re
sulting from heating during the fusing steps is counteracted.

OPERATION OF THE BALANCE

Making a Weighing. The
operation of the balance is
simple.

With the pan empty or tared,
current is supplied to the coil
until the balance is brought to a
zero point, using a reading micro
scope fitted with a cross hair to
focus on the pointer fiber. The
voltage drop across the standard
resistance is measured. Any
change in weight will require a
second adjustment of current,
and thus a second voltage read
ing. The difference between
these readings is directly pro
portional to the regulating cur
rent, which in turn is directly
proportional to the change in
weight.

Calibration of Balance. The
instrument is calibrated by
adding to the pan known stand
ard weights, such as sections of a
weighed length of quartz fiber or

fine platinum wire. A known amount of a suitable salt-e.g.,
potassium chloride solution evaporated to dryness-may also be
used. The method and problems of calibration by these
methods have been described by Kirk et al. (6).

For illustrating the sensitivity of the balance and the linearity
of the relation, weight vs. voltage, calibration data are listed in
Table I and illustrated in Figure 7.
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Table I. Calibration Data
Eyepiece

Potentiom- Scale
Eyepiece eter Sensitivity, Zero Weight,

Weight Scale Reading, Volt per Position, Micro-
Units Position Volt Division Volt grams

0 +4,4 0,14456 0.00016 0.14386 0
-7.4 0.14268

+3.5 0.07095 0.00015 0.07039 87
-6.9 0.06936

2" -7.1 0.01635 0.00014 0.01526 174
+1.7 0.01499

3 -10.9 0.09698 0.00017 0.09505 261
+4.7 0.09431

4 -2.5 0.16520 0.16480 348

5 -12.1 0.24317 0.00016 0.24128 435
+3.3 0.24075

a Direction of current in regulating coil reversed.
b No data obtained.

The standard weights used in this calibration were sections of a
quartz fiber. No special pains were taken in the preparation
of these weights. A length of quartz fiber was weighed and
measured, giving a factor of 0.087 mg. per cm. of length. One
centimeter sections were cut with a razor blade without magnifica
tion. As a result the average agreement of the unit weights is of
the order of 5%. The balance pans were initially tared so the
right pan was lighter. Upon addition of the second we!ght unit,
the right pan became heavier and a reversal of the direction of the
coil current was necessary.
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out without removal of the pans, the balance will "reproduce"
readings to the same limit as the sensitivity of the balance.
However, if frequent manipulation of the pans is necessary
during the experiment, the reproducibility or precision of a
weighing may not be the same as the sensitivity. To illustrate
what can be done, a pan was removed from the balance, placed
on a platinum foil, and then returned to position on the s~spen

sion bow. In a series of eleven measurements the balance re
produced the original reading within the sensitivity limit. How
ever, more drastic manipulations which involve heating the pans
may change the reproducibility as much as a few micrograms.
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Figure 8. Waters of Hydration of
Magnesium Sulfate

Figure 7 clearly represents the linear relation between the
voltage reading and the weight determined.

Operating Precautions. As with any microbalance, the sys
tem should be protected from mechanical shock, and the usual
precautions should be taken against uneven lighting and external
electrostatic or magnetic influence.

PHYSICAL CHARACTERISTICS OF BALANCE

Sensitivity and Reproducibility. The sensitivity of balances
of this type can be'most exactly defined in terms of the weight
required to give a deflection of the balance beam through a defi
nite arc. In this case 6. minutes of arc have been chosen,
which corresponds to a displacement of one division on the eye
piece scale.

In column 4 of Table I the voltage equivalent of this displace
ment. is tabulated over the weight range 0 to 435 micrograms and
is seen to be constant over this range. The sensitivity of this
particular balance is thus about 0.2 microgram per 6 minutes of
arc.

Reproducibility as used here is a function of the particular
operation for which the balance is used. If a reaction is carried
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Linear Relation between Voltage Reading and
Weight Determined

Load Capacity and Weighing Range. The load capacity of
the microbalance-the counterbalanced weight of a sample and
pan-may be as much as 150 mg.

The balance will weigh directly, using the magnetic control
method, an unbalanced weight difference as large as 1.0 to 1.2
mg., if advantage is taken of the reversing of the coil current in
the manner illustrated in the calibration procedure (see Figure
7).

Behavior under Damping. Adjustments and readings may be
made in a few seconds, because of the magnetic damping effect
and the use of the balance as a null instrument.

Temperature Range. The temperature range of the balance
is considerable. Through the use of the special Alnico or
Cunife magnet materials, the balance unit itself may be used
up to 150 0 to 200 0 C. At these temperatures the permanent
magnet loses some of its residual magnetism. Single pan re
actions may be carried out at extremes of temperature if the pan
is suspended in a trap, thus protecting the permanent magnet.

Stability. The balance is Bible to withstand reasonable use
and is mechanically stable. Balances have been known to main
tain their characteristics for a few years.

USES OF BALANCE

The balance may be used as a laboratory microbalance. Be
cause of the nature of its design, the balance has many applica
tions to specific analytical and research problems.

Ash Determinations. Determinations of the metal content
of organometallic compounds, or organic complexes with metals,
may be carried out by direct ignition of the weighed sample on
a platinum balance pan. The residue after such an ignition is
then weighed as the metal (silver, platinum, gold), as the oxide
(ferric, cupric, aluminum, silica, uranium, etc.), or as the sulfate
(sodium, magnesium, barium, manganese, etc.).

Determination of Water in Hydrates. The balance is well
adapted for determination of moisture content, water of hydra
tion and similar studies of an equilibrium nature. These are
run by following the weight changes of a sample on the balance
pan in a closed system. The micro samples required by the fiber
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corresponding to the monohydrate. In like manner at times
C and D baths of partially frozen dioxane and acetophenone,
having temperatures of 8.6 0 and 16.6 0 C., respectively, were
placed around the trap. Breaks corresponding to the formation
of di-· and tetrahydrates were obtained. With a salt of un
determined hydrate composition, a larger number of trap tem-'
peratures would be necessary for a complete hydrate study.
To extend the temperature range, the system, excluding the trap,
can be fitted with jackets through which a heated bath liquid
may be circulated.

Determination of Gas Density. -The balance may be used in
the determination of gas densities by mounting a buoyancy bulb
on one end of the beam.

Reactions in Closed Systems. Reactions may be carried out
on the pans of the microbalance in closed systems under wide
conditions of temperature and pressure and monitored by follow
ing the accompanying weight changes. Any gaseous reagent
tolerated by the all-quartz construction may be used.
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B (ANHYDROUS STATE)
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Figure 9. Experhnental Curve of Waters
of Hydration of Magnesium Sulfate

balance are desirable, because they reach equilibrium much more
quickly than do larger samples. The use of the balance in such
a determination is best shown by an example.

Figure 8 is the well-known graph of the vapor pressure plotted
against water of hydration of the various hydrates of magnesium
sulfate. To illustrate a use of the balance this hydrate system
waft studied in the following way.

A sample of partially hydrated magnesium sulfate was placed
on one pan of the microbalance. The balance was inserted into
a closed system, the temperature of which was fixed near room
temperature. A trap containing water was in the system.
By using appropriate baths, the temperature of this trap was
fixed at values lower than the temperature of the rest of the
system. The vapor pressure of water in the closed system was
thus established by the temperature of the coldest part of the
system, which was the trap. Changing the temperature of the
trap changed the vapor pressure of water in the system.

Changes in the weight of the sample could be interpreted in
terms of hydrate formation, as shown in Figure 9. At time A
on the curve a dry ice-acetone bath was placed around the trap,
and the system was evacuated and closed. A rapid loss of
weight resulted until the anhydrous state was reached. At
time B an ice bath at a temperature of 0 0 C. was placed around
the trap, producing a water vapor pressure of 4.6 mm. inside the
system. The weight of thc sample increased by an amount

Low Temperature Separation of Ethane from
Methane and Air

ROBERT L. SLOBOD, The Atlantic Refining Co., Dallas, Tex.

I N THE literature (2, 3, 6, 7) the separation of ethane from
air or other more volatile substances is generally assumed

to be accomplished in a satisfactory manner by the use
of liquid air or liquid nitrogen. Laboratory tests using high
vacuum apparatus similar to that described by Prescott and
Morrison (6) show, however, that the use of liquid air as a
refrigerant results in a considerable loss of ethane and that even
at the colder temperature produced by liquid nitrogen ethane is
not quantitatively retained in the cold trap. The vapor pressure
of ethane, however, is sufficiently lowered when the temperature
is reduced from the liquid nitrogen boiling point ( -196 0 C.) to
-210 0 C. to enable quantitative separation to be made. Tem
peratures below -196 0 C. can be produced by maintaining liquid
nitrogen at reduced pressure, the lower limit (-210 0 C.) corre
sponding to the triple point where the system has a vapor pressure

of 96.4 mm. en No attempt was made to obtain tempera
tures below -210 0 C. because the formation of solid nitrogen
complicates the procedure below this point. It is obvious,
therefore, that maintaining liquid nitrogen at a reduced pressure
to produce a temperature approaching -210 0 C. offers a possible
means for the quantitative condensation of ethane.

EXPERIMENTAL

The inability of liquid nitrogen at atmospheric pressure
(-195.8 0 C.) to lower the vapor pressure of ethane to an in
significant value is demonstrated by the following experiment.

A known amount of pure dry ethane, approximately 25 cu.
mm., was confined in a glass trap, which was part of an elaborate
high vacuum system in which mercury cutoffs were used in:place
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In geochemical methods of prospecting for oil, gas
samples containing methane, ethane and heavier
hydrocarbons, and air are frequently obtained in
which the ethane and heavier hydrocarbon fraction
must be determined. A method has been developed
using liquid nitrogen at reduced pressure to separate
the ethane quantitatively from the methane and air.
In order to carry out this procedure conveniently, a
special trap has ~ bee'u designed incorporating a low
temperature reservoir containing liquid nitrogen

maintained at reduced pressure. This low tempera
ture source cools a container of liquid nitrogen open
to the atmosphere for easy accessibility. A broader
application in the field of low pressure gas analysis
is suggested by the data obtained showing an Irieom-,
plete recovery of pure ethane from the gas phase
when liquid nitrogen at atmospheric pressure is used
as the refrigerant. Consequently, liquid nitrogen
at reduced pressure is suggested for any separation
of ethane where complete recovery is required.

of stopcocks to avoid contamination or loss in the handling of
small hydrocarbon samples. While the ethane sample was
maintained at approximately -196 ° C. by a liquid nitrogen
bath, the sample was exposed directly to the pumps. Under
these conditions in which the pressure over -the ethane was re
duced to a fraction of a micron by the mercury diffusion pump,
ethane was lost at an appreciable rate, amounting to approxi
mately 14% of the sample in the first 10 minutes of pumping.
Continued pumping over a 25-minute interval showed this loss
to be approximately linear with time, as shown in Figure 1.

3~ 7 5 3.7 No loss
3,7 5 3.7 No loss
3.7 5 3.7 No loss
5,8 2 5.8 No loss
5.8 2 5.8 No loss
5.8 2 5.8 No loss

where P is in millimeters of mercury, T is absolute temperature in
degrees Kelvin, and the log is to the base 10. Assuming this
equation to apply over the temperature range of interest, the
vapor pressure at -196° G. (77° K.) is calculated to be '5.4 X

The central tube, A, is filled with liquid nitrogen, B, which
acts as a bath material and has the advantage of being at atmos
pheric pressure. Additional liquid nitrogen, C, is placed in the
annular space between A and the Dewar flask, D. The annular
space is sealed by a cork, E, providing a closed chamber which is
evacuated through line F. Upon evacuation. through F, the
temperature of liquid nitrogen, C, is reduced to approximately
-208° C. when a vacuum of about 25 to 27 inches of mercury
is maintained. This large bath, of cold liquid nitrogen cools
the liquid nitrogen, B, in tube A to approximately -208° G.
An important feature in this design, leading to' great convenience
in the experimental work, is the fact that the cooling bath, B,
is maintained at atmospheric pressure, but at a temperature
lower than can ordinarily be obtained with liquid nitrogen at this
pressure.

log P = -1050.8/T + 1.75 log T - 0.0134T + 7.102

DISCUSSION

The problem of quantitatively separating ethane by condensa
tion from more volatile constituents is complicated by the fact
that ethane has a small but significant vapor pressure at the
temperature of liquid nitrogen (-195.8 ° C.). The equation
(1) for the vapor pressure of ethane as a function of temperature
is

Table I. Quantitative Retention of Ethane.at -208°C.
Vol. of Pure Ethane Time of Pumping .wi th Vol. of Ethane

at Start Diffusion Pump after Pumping Result
Cu. mm. Min. Cu. mm.

30255 10 15 20
EXPOSURE TO PUMPIN MIN.

Figure 1. Loss of Ethane at Liquid Nitrogen
Temperature ( -196° C.) during Pumping
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Figure 2. i\,pparatus for Producing Lo.w Temperature
Using liquid nitrogen at. reduced pressure

The ability to retain ethane quantitatively in a cold trap as a
result of a lowered vap\lr pressure through the use of a lower
temperature is demonstrated by the results of the following
experiment.

A small volume (3.7 cu. mm.) of pure dry ethane was trans
ferred to the cold trap and cooled to approximately ~208° C.
by using liquid nitrogen at reduced pressure as the refrigerant.
This sample was then exposed to the pumps for three 5-minute
intervals under pumping conditions similar to the previous test.

The quantitative retention of the ethane is shown by Table I,
which also includes additional data confirming this result.

APPARATUS

The apparatus used to obtain the desired temperature of
approximately - 208 ° C. is shown in Figure 2.

VAC.-

ATM-

FREEZING TUBE FILLED
WiiH SUPERCOOLEj A

"'LIQUID NITROGEN
INTRODUOED HERE
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10-2" . This value, although low, is significant in a vacuum
system where the total pressure may easily be only one fifth
of this number. Lowering the temperature of the freezing trap,
therefore, is the obvious solution to prevent loss of ethane.
From the above equation, the calculated vapor pressure of ethane
at -210 0 C. (63 0 K) is 5.3 X 10-'", which is only 0.001 of the
vapor pressure at -196 0 C. Experimental verification of this
significant lowering of the vapor pressure is given in Table I,
where the data show that no loss of ethane was observed when the
condensed hydrocarbon was exposed to the pumps at this low
temperature obtained by maintaining liquid nitrogen at a reduced
pressure of 25 to 27 inches of mercury.

This method (cooling at -210 0 C.) has been used to recover
ethane quantitatively from air mixtures containing small amounts
of methane.

The gas mixture was passed through a coiled glass trap placed
in the refrigerated zone, B (Figure 2). To effect complete re
moval of the condensable fraction, the gases were circulated with
a Toepler pump for at least five passes over the trap. The non
condensed gases (methane and air) were removed by exposing
the system to the pumps. The amount of condensed gas was
determined by warming the trap and pumping the gas into a
measuring pipet identical with that described by Prescott and
Morrison (6). The measured sample was then transferred to a
sample tube by circulating the gas over a 3-mm. glass tube im
mersed in liquid nitrogen at approximately -210 0 C. The gas
was sealed off in the sample tube and then introduced into a
mass spectrometer where the amounts of ethane, methane, and
air were determined.

In all cases the sample was found to be essentially free of
methane. In some instances a few per cent of methane was
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reported, but the amount was comparable with the experimental
error of the determination. It is conceivable that in the presence
of large amounts of methane more of this gas might be present
in the condensed fraction with the ethane. Such contamination
could be reduced by vaporizing the sample and then recondensing
the ethane at -210 0 C., leaving the uncondensed methane to be
pumped off.

Because no other refrigerant is known which can be used to
produce conveniently a temperature of approximately -210 0 C.,
liquid nitrogen at reduced pressure seems to offer a unique
solution to the problem of obtaining simply the conditions needed
for the quantitative recovery of ethane from air and methane.
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Kjeldahl Mic'rodigestions in' Sealed Tubes at 470
0 c.

LAWRENCE M. WHITE AND MARION C. WNG

Western Regional Research Laboratory, Albany, Calif.

Kjeldahl digestions for the Jnicl'odeterrnination of heterocyclic nitrogen were
carried out in heavy-walled, sealed glass tubes at 470 0 C. with concentrated
sulfuric acid and rnercurfc oxide catalyst. At this remperat.ure the digestion
is eornpbere in a fraction of the time usually reoorrrmerrdcd for heterocyclic
compounds. The accuracy and precision of the method are good because there
is no possibility of nitrogen loss due to thermal decorrrposf t.iorr of alllmoniulll
bisulfate or hy bUlllping. The pj-esauee developed within the digestion tubes
is nominal.

I N 1889 Gunning (5) introduced the use of potassium sulfate to
hasten the Kjeldahl digestion by raising the boiling tempera

ture of the digest. Its use has become general. The increased
boiling temperature is especially effective in shortening the time
required to obtain complete nitrogen recovery 'from refractory
compounds. Thus Ogg and Willits (7) showed that the time re
quired for complete digestion of nicotinic acid was approximately
halved for each 10 0 C. the temperature of the digest was raised,
and even with as much as 625 mg. of potassium sulfate per milli
liter of sulfuric acid, they found that a minimum of 3 hours was
required for the complete digestion of this refractory material on
the microscale.

Too high a concentration of potassium sulfate has been shown
to cause nitrogen loss due to thermal decomposition of the am
monium bisulfate formed during the digestion. Therefore, there
is a practical limit to which the digestion time may be shortened
by increasing the boiling temperature' of the digest through the
addition of potassium sulfate.

To avoid the uncertainties incident to use of high concentra
tions of potassium sulfate and the long, tedious digestion required
for refractory materials, the authors digest such samples with sul-

furic acid and mercuric oxide in sealed tubes at 470 0 C. Under
these conditions nitrogen cannot be lost through thermal decom
position of ammonium bisulfate or by bumping. The digestion
requires little attention and it is completed very quickly, A pre
viously described Kjeldahl sealed-tube digestion macromethod
(6), using fuming sulfuric acid and requiring several hours' heat
ing at 330 0 C., does not offer the advantages of speed and con
venience inherent in the method described here.

PROCEDURE

Weigh a 5- to 100mg. sample into a heavy-walled borosilicate
glass Carius tube (9) approximately 7 inches (17.5 cm.) long.
Add 40 mg. of mercuric oxide and 1.5 m!. of concentrated sulfuric
acid and seal the tube with a gas-oxygen torch. Place the sealed
tube in an inclined position on a corrugated aluminum shelf in a
welded steel box constructed to fit closely within a temperature
controlled muffle. furnace. Close the box and insert it into the
muffle heated to 560 0 C. and reset the temperature control to
470 0 C., the desired digestion temperature. (The heat capacity
of the box made it necessary to preheat the muffle to 560 0 C., so
that the sample would quickly come to temperature. Under
these conditions, the shelf that supported the tubes reached 470 0 C.
in approximately 15 minutes.) Heat 15 minutes at 470 0 C.,
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remove the box from the muffle, and allow it to cool slowly or
place it under a multiple-jet air blast to cool it quickly. After
the box reaches room temperature, remove the tube and open it at
room temperature as previously described (9). Dilute the con
tents of the tube with 2 to 3 mI. of water and transfer it to a 50
mI. beaker with 8 to 10 mI. of water. When cool, wash the sam
pIe into the Kjeldahl still containing 8 ml. of a solution of 40%
w./v. sodium hydroxide and 5% w.]», sodium thiosulfate. Dis
till and titrate the ammonia by any standard procedure,

RESULTS

The analyses of National Bureau of Standards cystine and acet
anilide, lysine, a group of heterocyclic nitrogen compounds, and
representative samples requiring reduction before the' Kjeldahl
digestion are presented in Table 1. Many of the compounds
listed have not been reported to be refractory, but they have been
included in this study to show that the method is effective for a
variety of nitrogen-containing rings.

Tryptophan and lysine are among the compounds usually re
garded as being refractory. The results for these amino acids are
in good agreement with theory and with the values previously
found for these samples (11) by routine Kjeldahl microdetermina
tions withextended digestion.

The refractory nature of .niootinic acid is. probably due to the
presence of nitrogen in the heterocyclic pyridine ring. Pyridine
type nitrogen was deternJ.ined satisfactorily by the present method
in nicotinic acid, 2,2'-bipyridine, and 4-pyridylpyridinium dichlo
ride. Compounds containing a variety of other heterocyclic
nitrogen structures were analyzed successfully (see Table I).
Amine and amide nitrogen were also recovered quantitatively.

Clark (2) reported that atropine and quinine required extended
digestion, and Drevon and Roussin (3) found that quinine was
not properly analyzed under their conditions. Nevertheless,
these and the other alkaloids listed in Table I were analyzed with
out difficulty by the method described herein.'

The data for.d-nitroacetanilide andaminopyrine show that this
method cannot. be used .in .place of .the.li'ri~drich.hydriodic acid

Nitrogen content hy routine Kjeldahl micromethod with:
a 110-min. digestion, 15.40% (11).
b 360-min. digestion, 13.70% (11).
c 80-min. digestion, 33.14%.

Analyses of Nitrogen-Containing COInpounds
Nitrogen Content, %

82.8, 78.7
22.2, 24.9
67.3, 74.9
38.7, 34.6

100.0,100.4
86.6, 85.5
99.9,100.3
75.8, 77.4

100.0.100.4
86.6, 93.4

100.1,100.3
89.5, 85.9

100.1,100.1
99.2,100.9

100.5,100.3
99.7, 99.&·

9.42, 8.96
2.53, 2.83
7.66, 8.52
4.40, 3.94

11. 38, 11.43
9.85, 9.73

11.37,11.41
8.63, 8.81

11.38,11.43
9.85,10.63

11.39,11.41
10.18, 9.77

11.39,11.39
11.29,11.48
11.44, 11.41
11. 35,11.33

DISCUSSION

procedure (2, 4, 8) for nitrogen linkages requiring
reduction prior to the usual Kjeldahl digestion.

The data in Table II show that the amounts of
acid and catalyst used are not critical. The
amounts specified in the procedure were chosen so
that the. same reagent dispensers could be used
for this and for the Clark (2, 10) method routinely
used in tins laboratory. The data in this table also
show that the digestion is complete after 7 minutes
of heating at 470 0 C., when mercuric oxide is used
as catalyst, but that 30 minutes are required ill
the absence of catalyst. A 15-nJ.inute digestion
with catalyst was chosen to provide an ample mar
gin of safety.

15

30

a Temperature of shelf that supported tubes.

The relatively high temperature employed,
about 120 0 C. higher than that practicable in the
open flask, permits the rapid and complete diges
tion of refractory compounds without loss of any
free ammonia which might be generated by dis
sociation of ammonium bisulfate. The method
should also be useful for the analysis of volatile
samples or those that form volatile nitrogenous
products during digestion. The complete digestion
of the sample after 30 minutes' heating at 470 0 C.
without catalyst (Table II) suggests that this
method should be useful when other 'constituents
(sodium, potassium, phosphorus, etc.) must be
deternJ.ined in addition to nitrogen.

The sealed-tube method of digestion requires
no new techniques, because the sealing and opening

of the tubes are the same as for the Carius microprocedures and
the distillation is the same as that usually used, except that the
base must be added to the still before the sample. This is re
quired because the carbon dioxide, sulfur dioxide, and other acid
gases formed during the digestion are not driven off.as they are
during the open-flask digestion. Addition of the base to the
still prior to the sample is recommended for the conventional
procedure by Belcher and Godbert (1).

The welded steel box was used to permit the digestion of several
samples at a time and as a safety shield. The corrugated shelf
that supports the tubes was made of aluminum to provide rapid
heat transfer to the tubes and to promote even temperature
throughout the box. In preliminary work the tubes were heated
in 8-inch lengths of 0.5-inch black iron 'pipe provided with two
screw caps and a small vent hole near the top.

Table II. Effect of Length of Digestion and Amorrrrts of
Reagents onReeovery of Nitrogen from Nicotinic Acid
Time Nitrogen Found

Digested Sulfuric Mercuric % of
at 470 0 c.a Acid Oxide % theoretical

Min. MI. Mg.

0.5 13
0.5 0
1.5 40
1.5 0

0.5 13
0.5 0
1.5 40
1. 5 0

0.5 13
0.5 0
1.5 40
1.5 0

0.5 13
0.5 0
1.5 40
1.5 0

Replicates

11.63,11.63.11.60,11.60,11.59
10.34, 10.32, 10.32, 10.31,

10.30,10.30
15.44,15.40,15.39
11.46,11.43,11.42,11.40,11.37
17.92,17.85,17.84
12.21,12.10,12.09,12.05

15.41
11.42
17.87
12.11

Aver
age

11.61
10.32

7.50 7.51 7.53,7 ..51,7 ..50

7.31 7.25 7.26,7.25,7.23

6.31 6.23 6.26,6.22,6.21

4.14 4.14 4.14,4.14,4.14
18.66 11.15 11.16,11.15,11.14

18.17 14.72 14.83,14.76,14.58

13.72 b 13.67 13.68,13.66

9.65 9.56 9.58,9.57,9.52
22.83 22.86 22.91,22.86,22.82

16.46 16.35 16.39,16.33,16.32

33.33 c 33.13 33.20,33.16,33 11,33.03
7.50 7.45 7.49,7.44,7.42

Hi.34a
11.38
17.94
12.23

Theory

11.66
10.36

Amine
Pyridine
Pyridine
Pyridinium

and
pyridine

Indole and
amine

Quinoline
Diazole and

amine
Thiazole.

amine
and
amide

Purine
Quinoline

and I-aaa
bicyclo
octane

Quinoline
and l-aza
bicycle
octane

Indole or
dipyrrole

Indole or
dipyrrole

Nortropane
Nitro and

amide
Pyrazolone

and
amine

Type of
Nitrogen

Amine
Amide

Table I.

Quinidine sulfate

Stryohnine sulfate

Brucine sulfate

Uric acid
Quinine sulf~te

Aminopyrine

Atropine sulfate
4-Nitroacetanilide

dl-Tryptophan

g-Hydroxyquinoline
Histamine dihydrochlo-

ride
Sulfathiazole

Compound

Cystine, N.B.S. No. 143
Acetanilide, N.B.S. No.

141 .
I-Lysine hydrochloride
Nicotinic acid
2,2'-Bipyridine
4-Pyridylpyridinium di-

chloride
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The pressure resulting from t he digestion of the 5- to lO-mg.
samples specified sho uld amount to only a few atmospheres.
That the heavy-wa lled tubes used are amply st rong to withstand
the pressure is demonstrated by the fact that not a single tube
fai led at any time during this invest igation . In order to test th e
tubes fur ther, 5Q-mg. samples of dextrose and 33-mg . samples of
corn oil were digested at tempera tures up to 525 0 C. for severa l
hou rs. This is 55 0 C. above the temperature specified for t he
method and 15 0 C. above the strain point of the glass used. Sam
ples of thi s size at the higher temperature generate very much
more pressure than do the 5- to l Q-mg. samples at the tempera
t ure used in the method. Even und er these extre me conditio ns,
there was still no failure of the tubes.

As a safety pre caution, commercial Carius microtubes should
not be used for this pro cedure and the tubes should come to room
te mpera ture before they are rem oved from the shield and opened.
If desired, the digest ion box can be opened behind a safety glass
. hield , an d t he pressure withi n t he t ubes can be release d before
t hey arc removed from t he box by applying a small, sharp flame
to the tips of the tubes until th ey open as a result of the slight
internal pressu re .

The results obtained with thi s meth od show excellent precision
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and acc uracy, and both working and elapsed times are very favor
able when comp ared with t he long digestion procedures often
recommended for hete rocyclic or refractory nitrogen compounds .

L1TERAT Ult E CITE D

(1) Belcher, R., and God bert, A. L., "Semi-Micro Qua ntita t iv e
Organic Analysis," p. 91, London, Longmans, Gree n and Co.,
1945 .

(2) Clark , E . P., J . A ssoc. Offic, Aur . Chemists , 24, 641 ( l!l4 1).
(3) Drevon, B. , and Roussin , J . pharm; chim., (9) I , 24 (1940) .
(4) Friedrich , A., Kuhaaa, E. , and Schntirch, R ., Z. physiol . Chem.,

216, 68 (1933).
(5) Gunning, J. W. , Z. anal. Chem. , 28, 188 (1889 ).
(6) Levi, T . G., and Gimignani, L., Gazz. chi m. ital., 59, 757 (1929).
(7) Ogg, C. L., and Willits, C. 0., .T. A ssoc. Offic, Aur . Chemiets, 33,

100 (1950).
(8) Secor , G. E.. Long, M. C., Kilpatrick, M. D., a nd White, L. M oo

ius; 33, 872 ( 1950) .
(9) White , L. M.. an d Seco r, G . E ., ANAl.. CHE~I. , 22 , 1047 (1950 ).

(10) White, L. M., and Secor , G. E., Ixn, ENG.CHE~[. , ANAL. E D., 18,
457 (1946 ).

(11) White, L. xr ..Seco r, G . E., a nd Lon g, M. D. C., J . Assoc. om«
Aur . Chemists, 31, 057 (1!).18 ).

R ECEIVlo:n July 2H, 19 50 .

Microscopic .fusion Analysis of Sterols
VICT O R G I LP IN', Yale "Un ivers ity, New Ha ren, Conn .

A. r ecently d e v el oped
m e thod of mic roscopic
identification has b een in
ves t iga te d b y w h ic h
rninute quantities of
s t e rols can b e e asily a n d
rapidly recognized. Al
though there are limita
tions to the m ethod, it
s h o u ld prove a valuable
aid in the field of s tero l
analysi s .

I N RECENT years , considera ble inte rest
has been shown in the identification of

compounds by means of microscopic fusion
methods. Altho ugh all such methods depen d
on the same phenomena, two differing tech
niques have been developed . For conven
ien ce, these may be called the Kofler method ,
in which a hot stage is used (3), and the Me
Crone method, in which a hot sta ge is not
used (1, .4). The latter method has the ad 
VII II rages of greater speed and simplicity. Al
IJlORt all the data on compounds st udied by
the McCrone technique appear as a part of
a large crystallographic program (5 ). It is
the aim of the present study to explore th e possibilities of the
:\teCrone analysis as an independent means of identification of
related compounds. T he sterols are excellent mate rials for this
work, because they melt at moderate te mpera t ures, usually
with out decomposition.

To describe in terference figures where no op tic axis is visible
the following terms have been employed : indefinite-for rela
tively clear figures, from single crystals, whose orientation cannot
be definite ly specified; one brush-for relatively clea r figures in
which one isogyre sweep s the field on rotation of the stage ; dif
fuse-for a conoscopic view consist ing .of superimposed figures,
the result of several crystals in th e field at once.

Not all observa tions yield useful data for a ll compo unds- for
example, heating some compounds gives rise to no sublimat ion,
decomposition, or mesomorphs ("liquid crystals" ); in such cases,
observations on heating the solid are omitted. Again , if t he
crys ta llization velocity of t he solidif>,ing melt cha nge wit h tem
pera ture is not reported, it is to be mferred that such change is
slight . Omission of the optic sign and estimate of 2V from inter
ference figure descriptions imp lies that the figures are not sharp
enough for reliable determination of'these properties. All cono
scopic observations were made with a 0.85 num erical aperture
dry objective ; a ll photographs and observations (except refra c
t.ive index) were ma de ..nth crossed Nicols.

CH O LESTERO L

Cooling and Solidification of Melt. The melt supercools
sligh tly. A microcrystalline mass solidifies spontaneously and

1 Present address, Departm ent of C he mistry, Michigan State College,
Eas t Laming, Mich.

moves rapidly into melt. During the cool
ing period, th e crys ta lliza tion velocity ah
ruptly decreases and parallel or curving
blad es an d rods ap pear; meanwhile, th e crys
tal front changes from smooth to serra ted.
On fur th er cooling, th e crystalliza tion velocity
increases slightly . Transverse shrinkage
cracks appear soon af ter compl ete solidifica
tion.

Partially Remelting Solidified Melt ( ltM elt
back"). Blade like crystals grow (Figure 1).

Solidified Preparation. The microcrystal
line solid ofte n shows a herringbone pat tern
(Figure 1). B1adelike crystals show nearl y

parall el ext inct ion, negative elonga tion, low birefr ingence,
and near ly cent ered a.A..or off-center Bz; (optic sign positive,
2V large).

Figure 1. Ch a n ge in C rys t a l Habit during
S oli d ific a t io n of C h o les terol

Mixed Fusion of Compound with Thymol. Blad es and needl es
at boundary show poor profile angles ; one refractive ind ex
equals melt, and one refractiv e index is greater than melt. After
a few minut es, nuclei of a new phase, possib ly an addition com
pound, appear at th e boundary. The blade like crystals of this
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melts to a blu ish mesomorph with
F urther hea ting gives the isotropic
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phase show very low birefringence, positive elongation, and both
refractive indices slight ly grea ter than melt .

CII O LESTERY L ACETATE

Cooling and Solidification of Melt. There is no supercooling.
A fine-grained, uniform, gray mesomorph grows at moderate
crystallization velocity. Pressure ap plied to the cover glass
causes the mesomorph to turn a viv id rust color. Th is, and other
mesomorph colors, can usually be seen equally well with the
naked eye by reflected light . From several nuclei of the solid,
circular spheritos with a smoot h circumfere nce grow at medium
crystalliza tion velocity . As the temperat ure falls, t he crys tal
lization velocity slows to nearly zero, and, at th e same time, the
number of solid nucl ei increases tremendously (Figure 2).

Solidi fied Preparation. The rad iating hairlike crystals in th e
spherites show fair ly low birefringence, parallel extinct ion, nega
tive elongat ion, and a diffuse interferen ce figure.

.Figure 2. S p her ites of Crystalline
C h o bea r e s-y l Acet a te

C II O LEST EU YL l'UOI'JO:-lAT E

Heating the Solid. The solid melts to a bright blue mesomorph
showing white streaks. Furth er heating gives the isotropic
liquid.

Figure 3 . Solidified C h o lest e r yl
Propionate

Round Hpherites-u n~tllhle pol,.",nor,Jh

Cooling and Solidi fication of Melt . Th ere is no supercooling.
A fine-grained, gray-white mesomorph moves with high crys tal
lization velocity. Pressure applied to th e cover glass causes the
mesomorph to turn bright blue, which changes first to bright
green and later to rust color as the prepa ra tion cools. T wo
types of solid soon appear from num erous nuclei : (a) fine
needles, in spherites of an unstable polym orph, showing very low

ANALYTI CAL CHEMISTR Y

Figure 4. Solidified Cholesteryl
Benzoate

birefrin gence and relat ively low crys tallization velocity (Figure 3);
(b) larger areas of narrow blades of the st able polym orph , show
ing relatively higher crystallization velocity and birefringence
than (a) (Figure 3). Strings of small air bubb les arc often evi
dent in (b). The transformation velocity of solid polymorphs
is nil at room temp erature, but the transformation known as
boundary migration (4) gradua lly changes th e appearance of th e
stable polymorph.

Figure 5. Supercooled Mesomorph ~f
Ch o lcstc ry l o-Iodobenzoate Showing Air

Bubbles

Solidified Preparation. Radial needles in the unstable
spherites show parallel extinct ion, negative elongat ion, and a
diffuse interfere nce figure. Crystals of the stable polymorph
show near ly parallel extinction, negative elongation, and a
diffuse inter ference figure.

Mixed Fusio n with Thymol. From the stable polymorph,
stubby, slightly curved teeth grow into the melt. One refrac
tiv e index equn ls melt.: th e other is slightly greater than melt .

H eating the Solid. rt
scattered white streaks.
liquid.

Cooling and Solidificati on of Me lt. There is no supercoo ling.
A fine-grained, whit e mesomorph moves at medium crystalliza
tion velocity across the preparation. Pressure on the cover
slip causes the mesomorph to become a gray color that gradually
changes to bright blue. The solid appears as fairly large bright
areas . T he serra ted crystal front moves at II med ium crystal
lizat ion velocity which increases on cooling. J ust above room
te mperature , t he solidificat ion is rapidl y complete d by the ap
pearance of many. rectangular-shaped nuc lei, which grow rapidly.
Some crys ta ls develop fine shrinkage cracks.
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CII O LESTElt V L ..-I ODOBENZO AT t:

Hea ting th e Solid. It melts to a grayish mesomorph showing
white streamers . Further heat ing gives th e isotropic liquid.

Solidified Preparation. E longated crysta ls show close to 25 0

ext inct ion, and medi um to high birefringence (Figure 4). Almost
all crys ta ls show a centered indefinite interference figure.

Mixed Fusion with Thymol. Spikes and dend rites grow into
the melt. These show approximately parallel extinct ion,
negative elongat ion, poor profile angl es , and low contrast with
the liquid.

whitish border forms at th e int erface. The contrast between
solid and melt is very low.

7-KETOCIIOLESTERYL BENZOATE

He ating and Solid. T he solid melt s to a bluish mesomorph
showing white st ream ers. Furth er heating gives th e isotropic
liquid .

Cooling and Solidification of Melt. The melt supercools
slight ly . A fine-grained, whi te mesomorph slowly covers the
prepara tion. T he crystalline solid, with a fairly smooth front ,
moves with a medium crys ta llizat ion velocity which increases
slight ly on cooling . Just a bove room temperature, severa l
coarse sph erules comp lete the solidifica tion.

Meltback. Broad blades of very low birefringence arc form ed,
int erspersed with a few high ly birefringent needles (Figure 7).
Prominent transverse shrinkage crac ks appeal' soon after solidi
fication.

Solid ified Preparation. Highly birefr ingen t need les sho w
parallel extinction and negat ive elongat ion. The in terference
figure va ries from ind efinite, centere d, to one brush . Low bire
fringent areas all show centered B Xa (optic sign negative, 2E =

39 °, no dispers ion).
Mixed Fusion with Thymol. Sharply point ed, highly bire

fring ent need les a nd stubbier, low birefringent blad es grow at
the melt boundary . T hc needles show 40 ° to 50° profi le an gles,
the blades about GO° to 70°. Xeedles have one refractive index
slightly less than melt , one refractive index greater than melt ,
and a diffuse int erference figure . Blad es sho w both refractive
indi ces slightly less than melt , and a cente red BXa figure.
Both habi ts exhibit parallel ext inction and nega tive elonga tion.

Soli d ified 7- Ketocholes te n I
Ace ta te .

Fig u re 6.

Cooling and Solidification of Melt. A fine-gra ined , white
mesomorph moves slowly across the prepara tion. The meso
morph supercoo ls to room tc mpcrat m e, and does not solidify
when seeded with solid. When t he coverslip is moved th e ap
pearance of the preparation changes to gray with whi te st reamers.
The white streamers , especia lly not iceab lc ncar air bubbles
(Figure 5), show parallel ext inction, positive elongation, and an
indefi nite, cente red interference figure.

7-KETOCIIOLESTEltYL ACETA T E

Cooling and Solidification of Melt. T he melt supercools
slight ly . A smooth continuous crys tal front grows with med ium
crys ta lliza tion velocity which increases on cooling. Spherites
often form (F igure 6).

7(/ll- I IY DHOXYC I IO LESTEHY L HE:-/ZOAT E

Cooling and Solidification of Melt. The prepara tion solidifies
to ILIl isotropic glass.

Fi gure 8. Growi ng Crys ta l F ron t o f
7(,s)- Hy droxycholesteryl Benzoa te

Me ltback. Seeding with the solid and caref ul rehea ting just
below the melting poin t results in slow growth of sheaves of
needles and narrow blad es (F igure 8). T ransverse shrinkage
cracks appear on cooling .

Solidified Preparation. Needles show para llel extinction,
nega tive elongation, one refractive index equal to melt, an d one
refract ive index slight ly great er' t ha n melt.

F ig u re 7. Solid ified Mel tback of 7-Keto
choles teryl Benzoate, S howing Transverse

Sh ri n kage Cracks

Solidified Preparation. Fine hairlike crysta ls show ext remely
low birefringence; the polari zation colors are nearly always dark
gray. The extinction is obl iqu e a t about 45 °.

Mi xed Fusion with Thymol. A smooth gray front wit h a

;- CIIOL E ST EIt Y L M ETII Y L ETIIEIt

Cooling and Solidification of Melt. T he melt supercools to a
viscous liquid. On seeding with solid, fan-shaped sheaves of
needles and laths grow very slowly. The need les gradua lly
coalesce to a fine-grained , smooth fron t.

Solidified Preparation. The original needles show parallel
ext inction, negative elonga tion, and both refractive indices
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greater than melt . In later stages of solidificat ion the solid
exhibits a peculiar character istic herringbone ap pearance
(Figure 9).

Dl CIIOL EST EU YL ETHER

H eating the Solid. The solid melts to a milky mesomorph ,
then al most imm edia tely to the isotropic liquid.

~ \~
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9. G ro wing C rystal F ro n t of
i- Choles t eryl Met hyl E t her

Cooling and Solidification of Melt. There is no supercooling.
A rela tively coarse-grained and highly birefringent mesomorph
forms rapid ly. Solid forms quickly , and the fairly smooth front
moves with medium cryst alli za tion velocity which increases
rapidly on cooling. A microcrystalline mass ofte n completes
the solidification. Com plex shrinkage cracks appear.

Figure 10. So li d ifie d Di eholesteryl E t her

Solidified Preparation. Fair ly large areas of roughly uniform
color show a ropy or ripp led ap pearan ce when rota ted to ext inc
t ion (Figure 10). The in terference figure is usuall y one brush,
or an off-center bisect rix (2V lar ge). :\ few small scattered areas
show uniform parall el ext inction and negative elongation.

Man y sharply pointed needles grow in the boundary, all
showing parallel exti nct ion, nega ti ve elongation, an d a near ly
centered ind efinite interference figure. One refractive index is
slightly greater tha n melt and the other equals melt.

CHOLESTANt;

Cooling and Solidification of Melt. The melt supercools con
siderably. Nu merous nuclei of the stable solid appear, and grow
with a bar ely percep tible crystallization velocity into oval or
lens-shaped areas of narr ow, blad elike crystals. In the melt,
other nuclei of an unstable solid form grow, with a much slower
crystallizat ion velo city, in to round spherites showing concentric

ANALYTICAL CHEMISTRY

Figure 11 . Round S pher ltes o f U n s t a b le
F"rm o f Ch o les t un c Bei n g Transformed

on Con tact w i t h S t a b le F or-m

light and dark rings. When the two polymorphs meet, there is It

very slow trn nsformation (F igure 11).
Solidified Preparation. Smaller nuclei of th e sta ble form show

roughly un iform extinction, parallel to the long axis of th e nucleus.
All views show low contras t with the melt, and a nearly centered
indefinite in terference figure. Some la rge sphcrites have narrow
bladed crystals with 10° extinct ion. T he unstable form shows
all refractive indices slightly grea ter than melt; the fas t ray
is paral lel to the spherite rad ius.

Figure 12. Solidified C h oles t a ne- 3- one
Showing Low Birefringent Un s table
F o r m and High Birefringen t S t a b le

Form .

Mixed Fusion with Thymol. T hym ol marked ly increases the
crystallization velocity of the stable form; fairly ra pid solidifica
t ion ta kes place a t the boundary bet ween the two liqu ids. Very
thin pla telike crystals of t he sta ble form grow in to th e melt.
These all show 90° profiles.

CIIO LE STA NE-3-0:-lE

Cooling and Solidification of Melt. The melt supercools
slightly. A smooth, fine-grai ned solid front of extremely low
birefringence moves with a medium crys tallizat ion velocity which
increases slightly on cooling. Rapid chilling of th e melt leads to
formation of spheritcs of radiating hairlik e crystals.

Meltback. In the melt and in t he solid highly birefring ent
nuclei of a more stable polym orph appear (Figure 12). The
crystallizat ion velocity of the unstable form is mu ch grea ter than
tha t of the stab le form. T he t ransformation velocity slows to
zero a t room te mperature.

Solidified Preparation. H airli ke crystals of the low bire
fringent unstable form have parall el extinction and nega tive
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elongation. Mu ch of the stable polymorph is microcrystalline.
A few larger crystals show 5° extinction, positive elongat ion, and
a diffuse interference figure.

Mixed Fusion with Thymol. The smooth front at the
bounda ry of th e thymol and the unstable form is invisible except
between crossed Nicols. A few tiny rods grow from th e stable
form. These show 19° to 25° extinction, one refractive index
equals melt , and one refractive index is greater than melt. Th e
rods rapidly dissolve in the thymol.

3(fJ),5(a),6(/l)-CIlOLESTANi.'TRIOL

Cooling and Solidification of Melt. The melt sup ercools
slightly. A jagged solid fron t of lathlike crys tals moves with
fairly high crys tallization velocity which increases on cooling.
Shrinkage cracks, usually transverse, appear in the solid.

'/ f '
Figure 13. Growing Crystal Front of

3(fJ),5(a),6(fJ)-Cholestanetriol

Solidified Preparation. Most of the solid, consist ing of broad
crystals of low birefringence, shows parallel extinct ion, positive
elongation, and varying 0 ..4. views. Dispersion is negligible
and th e a .A .p . is normal to the length of the crystal. A
few narrow laths of higher birefringence show parallel ex
tinction, negative elongation, and a one bru sh or centered
indefinite interf erence figure.

Figure 14. 2-Bromocholestane-3-one
Showing Two Stages of Solidification

Mixed Fusion with Thymol. Parallel needles and laths grow
into the melt (Figure 13). All show parall el extinction, and
poorly defined profile angles. Some of the crystals, showing
nega tive elongation (as above), have one refractive index very
slightly less than melt and one refractive index greater than melt.
The other 'crysta ls, showing lower birefringence and positive
elongation (as above) have one refractive index very slightly
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less than melt and one refractive index considerably less than
melt.

2-BROMOCHOLESTANE-S-ONE

Heating the Solid. The solid decomposes slightly if not heated
carefully.

Cooling and Solidification of Melt. Th e melt supercools
considerably. The melt solidifies fairly rapidly into a multitude
of tiny nuclei.

.. ~ i ~

Figure 15. Growing Crystal Front of
~2-Cholestene

Meltback. A profusion of fine needles grows with medium
crys tallization velocity. The needles gradually coalesce to form
a smooth solid fron t . Just abov e room temperature many small
round spherites appea r ahead of this fron t, and complete the
solidification (Figure 14). Transverse shrinkage cracks appear
in the original needles.

Solidified Preparation. All the needles, fine and coarse, show
parall el extinction, negative elongation, and a diffuse in terferen ce
figure.

Mixed Fusion with Thymol. A profusion of needles grows into
the thymol, showing parallel ext inction, negative elongation, a
diffuse interference figure, and eithe r 62° or 124° profiles. One
refractive index is slightly less than melt , and one refractive
index is greater than melt .

ll.'-CHOLESTENE

Cooling and Solidification of Melt. Th e melt supercools to a
viscous liquid at room temperature. On seeding, bladelike
crystals gradually uni te to form a sawtooth front (Figure 15)
which moves with a very low crystallization velocity.

Solidified Preparation. Of several habi ts noti ceabl e at the
crystal front, the following are most common: (a) 90° profiles
showing a centered Bxs; a .A.p. parall el to one of the profile
edges; (b) 73° profiles, th e interferen ce figure showing an O.A .
at the edge of the field; optic sign negative, estimated 2V
equals 80° (from curvature), slight dispersion r greater th an v;
(c) 40° profiles, with an interferen ce figure showing off-center
Bx«. The extinction is close to parallel, bu t difficult to measure,
as the sides of most crystals are not parallel.

Mixed Fusion with Thymol. The larger crystals split up at
the thymol boundary into long spikes with poor profile angles;
most of th ese show parallel ext inction and a centered Bx., but a
few show a centered O.A. The crystallization velocity increases
noti ceably in th e presence of thymol.

ll.'-CHOLESTENE-S-ONE

Cooling and Solidification of Melt. The melt supercools to a
viscous liquid. After 5 to 10 minu tes, numerous scattered
nuclei form, and grow exceedingly slowly into round spheri tes
(Figure 16).
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Solidified Preparation. Very fine to coarse needles radiate
from a common cente r. All needles show parallel extinctiou,
nega tive elongat ion, one refractive index slightly less than melt,
and one refractive index slightly grea ter than melt . Some parts
of the spherites have nearly uniform orientation and a lower bire
fring ence; these areas show a slightly off-center Bx; (optic sign
positive 2E = 84 °), with the a.A .p. parallel to the spherite
radius. Dispersion is slight, r grouter than v. More highly
birefringen t parts of the sphe rites show a diffuse int erference
figure.

2,4-CHO LESTADIENE

Cooling and Solidification of Melt . The melt supercools to a
viscous liquid and must be seeded. A fan of blunt rods spreads
out from the seed ; the crystals get smaller and become inter
laced to form a smoot h fron t that moves at a very low crystal
liza tion velocity. »

Figure 16. S p heri les of /l'- Ch oleslene
3-one G rowing in Mel t

Solidified Preparation. La thl ike crystals show parallel
ext inc tion, and nega tive elonga tion.

Mixed Fusion with Thymol. La ths grow into the melt
(Figure 17). Well-defined profile angles soon round off. The
most frequ ently occurring hab its are as follows : (u ) square
profiles, showing parallel ext inction and centc red indefinite
in terference figure; (b ) 47° or 94° profiles showing parallel ex
tin ction, and off-center a .A . figure; (e) 54° 0 1' 108° showing
bluish disp ersion colors, centered a .A ., optic sign positive, 2V
estimated from curvature equals 80°, moderate dispersion T

greater than v. All views show refracti ve index greater tha n
melt.

p-CIIOLESTANYL 8ENZOATE

Heatin g th e Solid. The solid melts to a metallic gray meso
morph . Furth er hea ting gives the isotropic liquid.

Cooling and Solidification of Melt. There is no supercooling.
A whi te mesomorph appears} portions of this show relatively
high polari zation colors and extinction. The solid grows as
clus ters of long , slightly curv ing blades. The jagged front
moves with medium crystallization velocity which increases on
cooling. Just above room tem perature num erous nuclei appear
an d complete the solidificat ion. During cooling of the solid,
the phenomenon of boundar y migra tion is evident (Figure 18).
The rate of this transformation slows to nearly zero at room
temperature.

Solidified Preparat ion. Blades show approximately parallel
extinction, nega tiv e elongation, and a diffuse interference figure.

Mixed Fusion with Thymol. Short, slightly curv ing, sha rply
pointed spikes grow at the boundary. These show varying
degrees of oblique extinction, one refract ive index near ly equa ls
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melt, and one refractive index is considerably greater tha n melt .
All crystals show a diffuse interferen ce figure.

CII O LESTERY L p-TOLUE NES UL FO:-iAT E

Heating the Solid. The solid melts to a clear liquid if heat ed
carefully. Ex cessive heating produces a dark red decomposition
prod uct.

F igu re 17 . 2,4-Cholestadiene G rowing
i n t o Thymol

Cooling and Solidification of Melt. The melt supercools to an
isotropic glass.

Me ltback. Rapid rehea ting to jus t below the melting poin t
causes complete solidification as a microcrysta lline white solid .
Cau tious hea ting, however, produ ces many fine-grained spherites
of very low birefringence that show concentric ligh t and dark
circles. Many sca t te red nuclei uf a highly birefr ingent poly
morph also appear (Figure 19). These grow slowly at the
expense of the dark form, at higher temperatures, Both the
crys ta lliza tion velocity and transformation ve lor-ity are zero at
room temperature.

F igu re 18 . ,So li d ified I3-Ch olestanyl Ben
zo ate S howing Bounda r y l\1igration

Solidified Prepar ation. Needles of the unst abl e, dark form
show parallel .extinction, nega tive elongation, and a diffuse
interference figure. The nuclei of the st ab le polymorph are
usually microcrystalli ne ; a few relat ive ly elongated crystals
show parallel ext inction and negative elongat ion.

C HA LINASTEROL

Cooling and Solidification of Melt. The melt solidifies to a
glass.

Meltback. On careful reh eating, many whi te nuclei appear .
With continued heating below the melti ng point , many of these
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enlarge in to ragge d spherit es of fibrous, irregular needles and
narrow blades (F igure 20). T he crystallization velocity is zero
a t room tem perature .

Solidified Preparation. Crystals show varying extinction,
from parallel to slightly ob lique, negative elongat ion, one re
fractive index equa l to melt, and one refract ive index slightly
greater tha n melt.

C II A LINASTEn Y L ACETATE

Cooling an d Solidification of Melt. T he melt supe rcools
slightly. Num ero us spherites of coarse, radiating needles appear
du ring the whole solid ifica tion. Man y of these coalesce in to a
fairly smooth crys ta l fron t which moves a t a moderate crysta l
liza tion velocity.

Meltback. Blad es of va ryi ng width grow wit h an irr egular
front. As so lidification proceeds, the b lades break up into
meshed needles (Figure 21), and the front becomes smooth .

Solidified Preparation. Noodles in spheru les ha ve fairly low
birefringen ce, parall el extinc t ion, and some show positive, some
negative elonga tion. T he int erference figure is diffuse. Those
blad es from th e melt ha ck that. show uni form extinction usually
have par a llel ext inct ion, positiv e elongation, G.A. at the edge of
t he field, optic sign positive, 2V lar ge, and G.A .P. at righ t
angles to the length of the blad e. A few blad es exhibit nega t ive
elongation, and a cente red Bz«. .\I any inter ference figur es are
diffuse owing to over lapping blad es.

Mixed Fusion with Th ymol . Thi n short blades with irr egular
profi les and very low birefringence grow into the melt . One
refractive index equa ls m .·It, an d one n-frnct ivc ind ex is slightly
grea ter t ha n melt.

C II A Ll NAS T ER Y L B ENZOAT E

Cooling and Solidification of Melt. A fine-grained white
mesom orph spreads over t he melt . T his gradua lly turns a

Figure 19 . Li ght and Dark Polymorphs
of C h o lesteryl p-Toluenesulfollale

Figure 20. Chaftnaaterol Growing in Melt
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purple color as num erous solid nuclei appear . ~o continuous
crystal fron t forms. .\Iost solid nuclei remai n very sma ll; a
few grow into relatively la rge, leaflike crysta ls with irregul ar
outlines. Dist inctive curv ing shrinkage crac ks appear (Figure
22).

Figure 21. So li d ifie d :\Ielthack of
Chnlfnasferyl Acetate

M eltback. Broad blad es gro w into t he mesom orph . A
st rongly serrated front shows acut e profile angles. After grow
ing a short distance, the blades ap pear to curve sid eways, and the
rest of the melt then solidifies in nu cle i as above . Cracks appear
in t he blades,

Figure 22 . Shrinkage C racks in Soli d i fie d
Chalinaslcryl B errzou t e

Solidified Preparation, Large nuclei do not show u niform
ext inction. They often show G.A . a t edge of field, bu t other
indefinite int erfe rence figur es a-re frequ ently visible. Blades
from the meltback show approximately pa rall el ext inc tion, vary
ing BXa or G.A. conoscopie views, a .: l. l'. normal to long; ax is of
t he blade, optic sign positive, and 21' large.

Mixed Fusion with Thymol. Overlupping th in leaves, with a
smooth profile, form a t th e boundary. T ht-re may a lso be group s
of short , curving needles.

CIIALINASTE({Y L I'IlE:-IYL Unt:TIlA;-iE

Cooling and Solidification of Melt. T he melt solid ifies to a
glass .

Meltback. Before the molt in/.( poin t is reached , the prepara
ti on solidifies as a whi te, microcryst a lline mass . When this solid
is par tially remelted, clear blade 01' wedge-shap ed crysta ls grow
a short distan ce into the melt beforu th e cryata llizat ion velocity
slows to zero as the temperature drops (F igure 23).
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Solidified Preparation. Extinction is not uniform in the large
crystals. Most of them , however, show an O.A . just outside
the field , with a one brush interference figure. One refractive
index is greater than glass , and one refractive index is nearly
equa l to glass.

PORIFERASTEROL

Cooling and Solidification of Melt. The melt supercools
slightl y . Many round spherules form, and coalesce to form a
fair ly smooth fron t which moves with a fairly slow crys talliza
tion velocity . A few spheru les complete the solidification.
Some broad areas develop complex shrinkage cracks (Figure 24).

Figure 23. Chalinasteryl Phenylurethane
Growing in Melt

Meltback. Below the meltin g poin t many nuclei of a more
st ab le polym orph appea r. These nuclei show very low bire
fringence (F igure 24), and grow rapidly. On remeltin g, only
the stable form grows into the melt , as a profusion of roughly
para llel needles, whose medium crystallization velocity increases
on cooling. T ransverse shr inkage crac ks ap pear in the dark
needles. T he transforma tion velocity is zero at room tempera
ture .

Figure 24. Dark S t a h le N u clei of Porifer
a sterol Growin g into Li gh.t Un s t a b le Form

Solidi fied Preparation. The dark s ta ble need les show parallel
ext inction, posit ive elongation , and a nearly centered, indefinite
int erference figure. Fi ne needles in the spheru les of t he unstable
form show parallel extinction, negative elonga t ion, and indefinite
interference figure. Broader areas of th e unstable form usually
show a centered (indefinite) interference figure.

Mixed Fu sion with Thymol. The dark, stable needles grow
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into the melt, but the profile angles a re usu ally poorly defined.
All needles show both refractive indices are grea ter than melt .

PORIFERASTERYL ACETATE

Cooling and Solidi ficati on of Melt. T here is no supercooling.
A slightly serrated front of blades plus a few needles grows with
moderate crystallization velocity which increases slightly on
cooling. A few nuclei usually appea r in the melt to complete
the solidificat ion. A few transverse shrinkage cracks appear in
the broad er crystals.

Fi gure 25. So li d ified Porifcrasteryl Acet a te

Meltback. Larger crystals form, bu t the behavi or is no dif
ferent .

Solidified Preparation. Need les show ext inction var'ying
from 0 to 20° (Figure 25). Most ' needles exhibit parallel ex
t inction an d negative elongation, with an O.A . jus t outside the
field of view and O.A .P. at righ t angles to the long needle axis.
Most blades are not single crystals, and show a diffuse inter
feren ce figure. A few blades show nearly centered O.A ., optic
sign positive, and 2V large.

Mixed Fusion with Thymol. T hin blad es and plates of low
birefr ingence, and thick needles of higher birefringence, show a
vari ety of ang les, of which square an d 105° profi les 'a re most
common. Need les have one refract ive index slightly greater
than melt and one refractive index greater than melt. Pla tes
an d blades have both refractive indi ces slightly greater tha n melt.

PORIFERASTANOL

Cooling an d Solidi ficati on of Melt. The melt supercools
slightly . A slightly serr ated front of need les an d laths moves
with a moderate crys ta llization velocity which increases on
cooling. Coarse tra nsverse or fine longitudinal shrinkage cracks
appear in some parts of the solid.

Figure 26. P o r ife r a s t a n o l Growing in t o
Thymol
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Solidi fied Preparation. Most of the solid consists of laths of
very low -birefringence showing slight ly oblique extinction
(about 5°), posi tive elongation, with variable O.A . views, optic
sign positive, 2£ large, and O.A.P. at righ t angles to the long
needle axis. A few needles show high er birefr ingence, slightly
oblique extinction, and negative elongation.

Figure 27 . Solid ified Poriferastanyl
Acetate '

Mixed Fus ion with Thymol. A finely serra ted fron t grows
into the thymol. After a short t ime the solid-melt boundary is
obscure d by the solidification o'f ma ny sheaves of tiny needles,
which show very low birefringence and parallel extinct ion
(Figure 26).

PORlF ERASTANY L ACJo.'TAT E

Cooling and Solidification of Melt. There is no sup ercooling.
;\ mass of grayish nuclei forms and coalesces to give a serra ted
front composed of sheaves of laths and needles; the medium
crys talliza tion velocity increases slightly on cooling . Four-sided
nuclei form continually in the melt during cooling. Fine longi
t.udina l or coarse trans verse cracks appear in some cryst a ls.

L

F ig ure 28. Laths of StigtnasteroJ with
Shrinkage C r acks

Solidified Preparation. The first solid to 'form is a heterogene
oux mass (Figure 27). The later crys ta ls may be either laths of
low birefringence, with parallel or slightly oblique extinct ion,
positive elongation, and off-center Ex. figure (optic sign positive,
2V la rge) or needles and laths of higher birefringence, showing
parallel extinct ion and negat ive elonga tion.

Mixed Fusion with Thymol. Overlap ping lath s and needles,
' with acute profiles. grow a short dist an ce into the melt. T he
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more highly birefringent needles show both refractive indices
greater than melt.

STIGMASTEROL

Cooling and Solidification of Melt. There is usually no super
cooling. Parallel narrow laths, of low birefringence, grow with
fairly fast crystallization velocity. The crys tal front is not con
tinuous, but consists of noncontig uous laths. The space between
the lath s freezes as an irregular matrix of randomly oriented
small crys ta ls . Prominent tra nsverse shrinkage cracks appear
(F igure 28). Occasionally t here is some supercooling, and
spheru les appear ; in addition, bright patches of an unstable,
more highly birefringent polymorph are seen, but very lit t le of
th is survives to room temperature where the transformation
velocity is rela t ively slow.

Figure 29. S t igmasteryl Acetate Growing
in to T hym o l

Solidified Preparation. Most lath s of the stable form have
parallel extinction and posit ive elonga tion. The interference
figure shows O.A . views of several orientations (optic sign posi
tive, 2V large) and O.A.P. at right angles to t he long crystal
axis. A few la ths show parallel extin ction, negative elonga tion,
and indefinite interference figures.

Mixed Fusion with Thymol. Laths grow in to th e melt show
ing pa ra llel extinc tion, both refractiv e indices greater than melt,
and (a) 73° or 146° profi le angles, negative elongation, and
indefinite interference figures, and (b) square ends, positive
elongation, and indefinite in terference figures. There are also
many crystals with poor pro files .

STIGMASTERYL ACETATE

Cooling and Solidification of Melt. The melt supercools
slightly. A few nuelei form and coalesce to give a continuous ,
slightly serrated front, moving with medium crys t.allization
velocity. A few fine tra nsverse crac ks appeal".

Solidified Preparation. Solid consists of blad es and needles
intersp ersed with fine-grained material of ran dom orientation.
T he mor e frequently occurring blades show very low bire
fring ence, parallel ext inction, posit ive elongation, slightly off
cente r O.A ., optic sign posi tive, 2V abo ut 75 0 (from curvature ),
and O.A .P. a t right angles to th e long crystal axis. Most of the
more highly birefringent need les have parallel extinct ion , nega
tive elonga tion, an d an interferen ce figure which is usua lly in
definite, but occas iona lly may be O.A . at edge of field , and
O.A .P. at right angles to the long needle axis. A few of the
highly birefringent needles show 30 ° extinction.

Mixed Fusion with Thymol. A profusion of overlapping thin
blades and need les grow into the melt (Figure 29). Most of
these exhibit parall el extinction and positive elongation. Pro
file angles of 105° are often visible.
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CAMPESTEROL

Cooling and Solidifi cation of Me lt. The melt supercools
slightly . A few nucl ei coalesce to form a smooth, fine-grained
front, which moves with modera te crys talliza tion velocity . On
cooling fur th er, the crystallization velocity decreases, the fine
crystals grow in to long , narrow la th s of nearly unifo rm width ;
simultaneously the crystal fron t changes from smooth to slightly
serrated. T ran sverse shrinkage cracks appear.

by means of a mixed fusion (4) , it is readily seen that they form
solid solut ions, and are pr obabl y isomorphous.

DISCUSSION

This work clearly reveals both the strength and weakn ess of
fusion analysis as a means of iden tifica tion . The appearance of
some fusions-for example, cholestane-is so remarkabl e that
sub sequ en t recognition is instantaneous, even if the observ er is
ignorant of optical crys ta llography. On the ot her hand, for
compounds which decomp ose mark edly at th e meltin g point,
the method is nearly useless; t his will also be true if the com
pound docs not crys ta llize- clionasterol, for example. Com
pounds which behave like clionaste rol muy sometimes be induced
to crystallize by prolonged hea ting just below the melting point .
Such tr ca tm cnt, however, requires apparatus not used in th e
presen t study. For tunately, the form ation of glasses which will
not crysta llize is ra ther ra re. Isomorphism, as illustr a ted be
tween the aceta tes of cha linustcro l and clionasterol, may also
cause difficulties. This again is a relatively ra re occurrence;
moreover, th e fusion techn ique would identify the unknown as
one of a very few possibili ties.

~:..

Figure 31. Solidified Campesteryl Acetate

Campcstcrol Growing into
Thymol

Figure 30 .

Solidified Preparation. Laths of very low birefringence show
a centered O.A., op tic sign positive, 2V larg e, and O.A.P
normal to th e long axis of the rod. Laths of higher birefr ingcnce
have parall el extinct ion, an d eit her (a) negativ e elongation, with
O.A . at edge of field, and a one bru sh interference figure, or (b)
positiv e elongation, and varying off-cen ter O.A. views.

Mixed Fusion with ·Thymol. Needles and nar row la ths grow
(Figure 30). The profile angles are acu te, bu t arc generally
poorly defined in crystals broad enough to permi t measur ement .
One refracti ve index is slight ly grea ter than melt, and one re
fractive index is greater than melt.

CAi\II ' ES T EHY L AC ET ATE

Cooling and Solidification of Melt. Th ere is some supercool
ing. A few roughly spherulit ic nu clei of radiating blades and
needles uni te to form a slightly serra ted fron t which moves
slowly. Occasional rough spherules form all during cooling of
the melt. Complex fine shrinkage crac ks usually appear in the
broade r crys ta ls.

Meltback. Interlaced blades and needles grow with a sligh tly
serra ted fron t which gradu ally becomes nearly smooth.

Solidi fied Prepara tion. Blades show several views (Figure 31),
of which the following are the most common : (a) parallel ex
tinction, positive elongation, O.A . at edge of field (optic sign
posit ive, 2V large), O.A.P. normal to long crys ta l axis, and (b)
parallel extinction, negative elongation, in terference figure in
definite (probably a slightly off-center Bx. ).

Mixed Fusion with Thymol. A mass of thin overl apping
short blades grow int o the thy mol.

CLIONASTEROL

Cooling and Solidification of Me lt . A fine-grain ed, gray,
barely visible mesomorph spr eads over th e melt. Th e prepara
ti on solidifies to a glass, and it is impossible to cause crystalliza
tion by ordi nary method s.

CLIONASTERYL ACETATE

Behavior on fusion is identical with that shown by chalinasteryl
acetate. If th e two compounds are compared with one another

The usc of compiled fusion data to identify an unk nown pre
sents a small problem. In labora tori es habi tu ally concerne d
with relatively few compounds , there arc no difficulties. Th e
fusions of a few know n compounds are easily memorized, and
unknowns can then be recognized in a few seconds. If the un
known can be any one of hundreds, this meth od becomes im
possible. Punched cards seem to offer the simplest way out of
th is difficulty. A laboratory could card index the gradually
accumula ting fusion data (is) in any one of a number of ways.
The card for each compound should preferably hav e a photo
gra ph of th e fusion at tached, Id en tification of an unknown
from infor mation av ailable in this form should be relatively rapid.
A recen t publica tion (2) has shown how similar data, for crys tal
optics, may bc conveniently indexed on such cards. .
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Determination of Lactose in Biological Materials
M. G. HOROWITZ, H. M. DAVmSON, F. D. HOWARD, AND F. J. REITHEL

University of Oregon, Eugene, Ore.

The deterrnfrratton of lactose in biological lllaterials
is often difficult. The specific problem at hand was
that ofdererrnfntng srnal] changes in lactose concen
tration in llletabolizing rn arrrmary gland Irorrioge-.
nates. No rnerbod in the literature was suffi
ciently sensitive, specific, and convenient. Three
m et.hods were tested. A differential fermentation
rnet.hod , ernployfrrg yeasts was found useful as a
check, but was too crrrnbej-sorrre for routine work.

A rrrarrorrretj-le rriet.hod involving the use of lactase
was satisfactory if certain interfering. substances
were removed, The most rapid and convenient
method is colorillletric. The lack of satisfactory
rnefhods for lactose analysis has Irnpeded progress
and cast doubt upon rnany investigations in the
field of lactose rnctaboltsm ,.' The present paper of
fers details and rno-dificat.iorrs of two rnotbods previ
ously used and one new rnet.hod ,

MANOMETRIC METHOD

Table 1. Determiliation of Lactose

A typical standard curve is illustrated by the values in Table I.
Such values were found to be highly reproducible.

Recovery of lactose from homogenates was excellent if the fol
lowing interfering substances, when present, were' removed:
monosaccharides, maltose, cellobiose, sugar phosphates, and cal
cium and barium ions.

A manifold was used, so that six or more tubes could be handled
atone time.

The tubes were now heated at 55° in a serological water bath
for 30 ± 0.5 minutes and cooled in tap water. Color develop
ment was estimated with a Klett-Summerson photoelectric color
imeter, using the 54 filter. Readings taken 15 minutes after
withdrawal from the water bath were nearly identical with those
made at 2 minutes.

Klett
Reading

J.O
32
87

194
288

Lactose.
Mg.

0.25
0.50
1.00
2.00
3.00

Apparatus and Reagents. A Warburg respirometer was used
to measure the carbon dioxide evolved during fermentation.

Sodium succinate buffer, 0.15 M, pH 4.5.
Sodium azide, 0.06 M.
A suspension of baker's yeast washed five times with distilled

water, 75.mg. per ml, .
Lactase A concentrate (Rohm & Haas).
Procedure. A I5.0-m!. sample of a 10% mammary gland

homogenate was centrifuged and the supernatant was aerated
with nitrogen for several minutes. Three 4.0-ml. aliquots were
taken; one served as a blank, to the second were added 20 mg.
of enzyme, and to the third were added 20 mg. of enzyme and
5.0 mg. of lactose. After dilution to 8.0 ml. each solution was
adjusted to pH 6.8. After incubation for 1 hour at 37° 0.5-ml.
aliquots were taken for analysis.

Principle. In developing this method an attempt was made
to circumvent the difficulties inherent in accurately determining
true sugar reducing power and to avoid dilution attendant upon
deproteinization. Winzler (17) has shown that it is possible to
determine glucose manometrically by yeast fermentation in
the presence of sodium azide. This procedure was used to
determine the glucose produced when lactose was hydrolyzed
in the presen ce of lactase.

In order to achieve complete hydrolysis it was found imperative
to use a lactase-lactose ratio of about 0.5, maintain a pH of 6.8
during incubation, and remove oxygen from the solutions and
incubate in the absence of oxygen.

ST UD IE S in pro~res.s in this laboratory on the mechanism of
lactose synthesis 1ll mammary gland homogenates have

posed problems in the determination of lactose. Others (2, 7)
have expressed the view that methods for determining this sugar
are unsatisfactory when applied to complex mixtures. It is
mandatory to have at hand a method which is specific, sensitive,
and convenient if possible. .

A'review of the literature revealed a number of methods for
determining lactose based on the following: reducing power be
fore and after acid hydrolysis (8, 11), manometric determination
of galactose and/or glucose before and after hydrolysis (14), dif
ferential fermentation (3, 10, 16), paper chromatography (5),
and color reaction with alkali and methylamine (6).

In the authors' hands, as in others' (7), the use of methods
employing acid hydrolysis led to spurious results. Presumably
polysaccharides of low molecular weight are present, which inter
fere. In homogenates containing only glucose and lactose it was
found impractical to remove glucose by yeast adsorption (4) or
fermentation and to determine lactose by the change in reducing
power. Lactose seemed to interfere with the adsorption of glu
cose by yeast, and there were always present small but inconstant
amounts of nonlactose reducing substances after fermentation.
A further complication was introduced by the fact that the con
centrations of lactose involved were so low as to dictate minimum
dilution due to deproteinization procedures. Under such condi
tions all nonsugar reducing substances were difficult to remove
from mammary gland preparations.

Paper chromatography was found to be very useful for quali
tative explorations, but the quantitative methods were deemed
too tedious and exacting in experiments where many determina
tions were to be made. Thus it seemed desirable to test and
adapt other methods to the needs.

COLORIMETRIC METHOD

Principle. Compounds containing the 1,4 glucosidic linkage
react with alkali and methylamine to yield a pink color (1).
Recently it was shown (6) that this can be made the basis of a
quantitative method. The following modification was found to
be much more convenient and somewhat more sensitive.

Reagents. Methylamine hydrochloride, 1.6%. Sodium hy
droxide, 5.4 N.

Procedure. To each of a series of Klett tubes was added
0.3 ml. of reagent made by adding 2 volumes of 1.6% methyl
amine hydrochloride to 1 volume of 5.4 N sodium hydroxide.
The samples containing lactose were added and the volumes
were adjusted to 5.0 ml. with distilled water. Each tube was
fitted with a cork through which passed a section of 7-mm.
outside diameter capillary tubing. Through the test solutions
was bubbled a stream of nitrogen purified by passage over
hot copper. At the end of 10 to 15 minutes the corks were
firmly seated in the tubes, and the capillaries were withdrawn
above the 5-m!. mark and closed off by means of a small clamp.
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213.0
99.7

136.3

205.3
101.8

131.8
ri :0
51.6

78:3
52.9

83.3
81.3
54.2
81.3

91.3
83.3
51.0
80.2

The above results, plus additional analytical data, are sum-
marized in Table III.

It is difficult to assign percentage accuracy, because a great
many analyses showed that this quantity varied markedly with
the absolute and relative levels of the sugars present. Average
deviations were of the order of 3%. However, in several tissue·
analyses where, for example, a 4-m!. sample contained 50 mg. of
glucose and 5 mg. of lactose, the former sugar could be estimated
within 2%, while results for the latter were in error by as much as,

The glucose content was determined by difference. 136.3 mg ..
of lactose X 790 (the reduction equivalent in the initial determi
nation of total reducing power) = 107,500 units. 51.6 mg. of
galactose X 1065 (reduction equivalent in initial heating run) =
55,000. Thus the total reducing power, 276,000 minus 107,500,
minus 55,000, minus 4750 (residual) = 108,500 units due to glu
cose. This divided by the glucose equivalent of the initial run,.
1335 units per mg. = 81.3 mg. of glucose.

Table III. Analysis of Sugar Mixtures
Glucose, Mg. Galactose. Mg. Lactose, Mg.

Initial Found Initial Found Initial Found

and that only those fermentations stated above for each yeast
actually occurred.

As an example, the analysis of a sample containing 80.2 mg. of
glucose, 52.9 mg. of galactose, and 131.8 mg. of lactose in 50 ml.
is described in detai!.

A I-mI. aliquot of the original solution (Solution A) was di
luted to 50 ml. A 1.00-m!. aliquot of the dilute solution was found
to give a reading of 110.5 units. Tne units referred to are the
scale readings on the Klett-Summerson photoelectric colorim
eter which are designated as optical density X 1000. The total
reducing power of Solution A was therefore 110.5 X 50 X 50 =
276,000 units. Reducing equivalents of 0.1 mg. of standard sug
ars were determined simultaneously and found to be: glucose,
133.5 units; galactose,106.5; lactose, 79.0.

A fermentation series was set up in duplicate with each yeast
as previously described. Five milliliter aliquots of Solution A
were used. Yeast blanks included in the set differed only in that
they contained no sugar. After incubation, the samples were di-

o luted to 40- to 5Q-m!.volume (accurately estimated) and the yeasts
were centrifuged down. Aliquots of the supernatant were then
filtered through Whatman No. 50 filter paper until clear. A 0.5
to 1.Q-m!.aliquot was used to determine the reducing power.

In each group of tubes heated were the unknowns, the appro
priate yeast blanks, the copper reagent blanks, and the appropri
ate standard sugars. For best results fermentations were con
ducted in duplicate and reductions were run on each sample in
triplicate.

The samples fermented by S. fragilis and S. carlsberqensis had
been diluted to 40:0 m!. Aliquots of 0.8 mI. showed an average
reducing power (after subtraction of the blanks) of 9.5 units.
9.5 X 500 (dilution) = 4750 units of total residual reducing
power for Solution A.

The samples fermented by S. carlsberqensis had been diluted to
50.0 ml. Aliquots of 1.00 ml. showed an average reducing power
(corrected) of 236 units. 236 X 500 (dilution) = 118,000 units,
which represented reducing power due to lactose plus residual
substances. 118,000 - 4750 = 113,000 units due to lactose.
The reducing equivalent for lactose in this heating run was 830'
units per mg. 113.000 + 830 = 136.3 mg. of lactose.

The samples fermented by S. bayanus had been diluted to 50.lt
m!. Aliquots of 0.50 ml. showed an average reducing power
(corrected) of 177.0 units. 177.0 X 1000 (dilution) = 177,00lt
units which represented lactose, galactose, and residual sub
stances. In this heating run lactose exhibited a reducing equiva
lent of 845 units per mg. and therefore 136.3 mg. X 845 units per
mg. = 115,000 units were due to lactose. 177,ltOO - 115,000 =
62,000 units. This minus 4750 (residual) = 57,000 units due to
galactose. In this heating run galactose exhibited a reducing
equivalent of 1105 units per mg. and therefore 57,000 + 1105 =
51.6 mg. of galactose.

0:55
0.45
0.50
0.50

Lactose
Recovered,

Mg.

17.3
11.24

0'.'50
0.50
0.50
0.50

Homogenate
Analyzed,

Ml.

0.50
0.50
0.50
0.50
0.50
0.50

Table II. Determination of Lactose in Mammary Gland
Homogenates

Lactose Lactose,
Added, Mg./G.

Mg. Tissue

Reagents. Actively growing broth cultures of the yeasts
were centrifuged, washed three times with distilled water, and
suspended in enough water to give a reading of 600 to 800 on
the Klett-Summerson photoelectric colorimeter, using filter No.
54.

To determine reducing power, Somogyi's copper reagent (12)
was used together with Nelson's chromogenic reagent (9). When
necessary, samples were deproteinized with zinc sulfate and
barium hydroxide as described by Somogyi (13).

Procedure. The fermentation of the samples to be analyzed
was conducted in graduated centrifuge tubes. If more than 5
mg. of sugar remained after fermentation, or more than 15 mg.
were initially present, 50-ml. tubes were used. To these tubes
were added 3 ml. of yeast extract solution, the sample, and
enough water to bring the volume to 8 ml. If smaller samples
were analyzed, fermentation was carried out in 15-m!. tubes to
which were added 1.5 m!. of yeast extract, the sample, and water
to a volume of 5 m!. Such tubes were plugged with cotton and
sterilized for 5 minutes at 15 pounds' pressure. The cooled
tubes were inoculated with 2 ml. of the appropriate yeast suspen
sion and incubated.

DIFFERENTIAL FERMENTATION METHOD

Principle. This method is based upon the observation that
S. bayanus (NRRL 966) fermented only glucose, S. carlsbergensis
(NRRL 379) fermented glucose and galactose in a mixture of
these two sugars with lactose, and S. fragilis fermented all three.
Reducing power was determined before and after fermentation
h~· each organism.

Each series of determinations included: yeast blank, glucose
standard, lactase blank, homogenate plus lactase (basal lactose
value), and homogenate and lactase and added lactose (recovery).

Into the body of a Warburg flask were introduced 1.0 ml, of so
dium succinate buffer, 1.0 ml. of sodium azide, and the sample to
be analyzed. A total volume of 3.0 ml. was used. Into the side
arm was pipetted 0.50 m!. of washed yeast suspension. After
temperature and nitrogen equilibration the organisms were
tipped into the body of the flask and readings were taken' until
carbon dioxide evolution ceased, usually about 25 minutes.
Characteristic results are shown in Table II.

Several sugars were tested for interference. Experiments
similar to those above were set up with test solutions containing
sugars at about the same concentration and in addition to lac
tose. Lactose recovery in the presence of sucrose and maltose
was near 1oo%,.but low recoveries were found in the presence of
melibiose, glycogen, xylose, and cellobiose. This phenomenon,
to be described more fully in another communication, is due to
the effect of these sugars on yeast in the presence of azide and is
not due to inhibition of lactase action.

The inoculum for samples from which lactose and one or both
of the other sugars were to be removed consisted of 1 ml. of
S. fragilis suspension and 1 m!. of S. carlsberqensis suspension.
During 48-hour incubation quantitative removal of, amounts of
sugars up to 20 mg. was effected. Two-milliliter inocula of
S. carlsberqensis removed similar amounts Ofglucose and galactose
in 48 ·hours. Similar inocula of S. bayanus were found to remove
glucose quantitatively in 3 to 4 hours, but began to adapt to
galactose if incubated for more than 36 hours. A great many
control experiments showed that small quantities of the three
sugars were fermented completely under the conditions described
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8%. The lower limit of reliability was found at a concentration
of about 8 mg. of lactose per 100 ml. of protein-free filtrate.

The procedure developed for pure sugar solutions was applied
directly to zinc sulfate-barium hydroxide filtrates of mammary
gland homogenates. Among the substances that were frequently
added to homogenates such as adenosine triphosphate, diphospho
pyridine nucleotide, magnesium chloride, succinate, phosphate,'
fructose diphosphate, and creatine, only the last compound was
found to interfere with the sugar determinations.

When galactose was not added the analysis was somewhat
simplified. No galactose could be detected in lactating tissue
and the glucose content was also very low.

Although the glucose content was generally determined by dif
ference, it was found possible to obtain an independent check by
the use of the Tauber-Kleiner method (15).

SUMMARY

Each of the methods investigated is applicable to the deter
mination of lactose in mammary homogenates, and presumably
other similar materials, when glucose and galactose are the only
other sugars present. Each substrate or coenzyme added had to
be treated as a separate variable and appropriate measures taken
to remove each interfering substance not normally present in
mammary gland. When lactose was determined in aliquots of
the same sample with each method, the same result was obtained
within the limits of experimental error.

The colorimetric method is by far the most convenient, but
care must be taken markedly to lower the concentration of re
ducing sugars other than lactose, to remove sugar phosphates,
and to remove calcium and barium ions.

The use of lactase has been found very convenient for analyses
where only glucose, galactose, and lactose are present in tissue
preparations.

The differential fermentation method is much more cumber
Rome and time-consuming but is relatively insensitive to other
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sugars or to sugar phosphates. Its chief value is that of a con
firming method.
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Determination of Oxygen in Zirconium Metal by the Vacuum Fusion Method
J. K. STANLEY, JOAN VON HOENE, AND GEORGE WIENER

Westinghouse Research Laboratories, East Pittsburgh, Par

rrWO methods are generally used for determining the oxygen
- , content of metals: residue methods in which the metals are

removed by some chemical action, leaving unattacked oxides,
carbides, nitrides, etc., which can then be further analyzed
and the oxygen estimated; and reduction methods in which the
oxides are generally reduced by the action of carbon, but some
times by hydrogen, and the gases formed are' analyzed. These
methods determine only the total oxygen.

To date only the residue methods have been used for deter
mining oxygen in zirconium metal. LiJliendahl, Wroughton,
and Gregory en discuss two methods. One method consists of
completely burning the metal to oxide and calculating the oxygen
from the increase in weight. Obviously, one must have a com
plete analysis of the sample for metallics, including hafnium,
and nonmetallics, such as carbon' and nitrogen. The other
method consists of reacting the zirconium with chlorine and
vaporizing the zirconium' tetrachloride. The oxide, carbide,
and possibly nitride, then remain. The carbon and nitrogen
contents must be known.

Read and Zopatti (7) have devised a method of determining

oxygen, which is based on the fact that zirconium and most of
the metallic impurities may be volatilized ,as chlorides upon
treatment with dry hydrogen chloride gas at temperatures as
low as 450 0 C.

The residue methods generally require long times (hours) to
make a single analysis; the procedures are tedious because of
the many manipulations, and in many cases the results are open
to various uncertainties (1-9). In view of these considerations,
it seemed desirable to consider the well developed vacuum
fusion method for determining oxygen in metals. This method is
rapid; the analyses require 15 to 30 minutes for a single deter
mination. The procedure is relatively simple and the analysis
is more positive; the presence of other metals, oxides, carbides,
nitrides, etc., does not interfere.

VACUUM FUSION METHOD

The vacuum fusion method depends upon the reduction of
the oxides by carbon in the fluid metal; the carbon monoxide
formed is converted into carbon dioxide and this is then measured
in terms of its pressure exerted in a calibrated volume. The
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apparatus used has been described by McGeary, Stanley, and
Yensen (5). The vacuum-fusion method was first devised for
determining oxygen in ferrous metals, but can be used for non
ferrous metals as well. The determination of. oxygen in non
ferrous metals is generally done in a molten iron bath contained
in a graphite crucible. In this' way, the iron is saturated with
carbon. The addition of a metal such as zirconium gives a dilute
solution of zirconium in iron. The zirconium oxide can then
react with the carbon:

ZrOz + 3C -+ ZrC + 2CO

When the present work was undertaken, there was some doubt
as to the applicability of the method to the determination of
oxygen in zirconium. However, Prescott (6) and more recently
Kroll and Schlechton (3) have shown that reduction of zirconium
oxide with carbon can take place in vacuum. Walter (9) and
Derge (1) have demonstrated successful methods for the de
termination of oxygen in titanium by vacuum fusion. Similarity
of zirconium oxide and titanium oxide can be expected on the
basis of the positions of titanium and 'zirconium in the periodic
table and from thermodynamic data.

The free energy and equilibrium constant for both the reduction
of titanium oxide and zirconium oxide with carbon were cal
culated and indicate that the reduction of the oxides is pos
sible.

Consider the reaction:

TiOz(s) + 3C(graphite) -+ 2CO(g) + TiC(s)
KA = (Pco)Z (A)

The free energy, i!.FA, at 2173 0 K, is calculated to be -73,675
calories. (The temperature of 1900 0 C. was chosen for the re
reaction because it gave more reliable results than lower tern
peratures.) In making this calculation a linear extrapolation
of the data for titanium carbide and titanium oxide had to be
made from 1800 0 to 2173 0 K. Inasmuch as no transitions
occur, this was believed to introduce only a minor error. The
equivalent equilibrium constant, K A , is 2.82 X 107 at this tem
perature.

Consider the reaction:

ZrOz(s) + 3C(graphite) -+ 2CO(g) + ZrC(s)
KB = (Pco)Z . (B)

The free energy, i!.FB, at 2173 0 K is calculated to be -19,200
calories, and an equilibrium constant, K B , equals 87. The values
for i!.FB and KB were calculated from the data of Prescott (6),
which involved an extrapolation from 2015° to 2173 0 K.

Table I. Typical Results

Re·
Oxygen

by Approximate
action Sample Vacuum Oxygen

Sample Temperature Sn T'ime" Weight Fusion Content b

o C. M'in. Gram % %
1850/1900 10 0.097 0.205 0.16D

10 0.091 0.215 0.16

Add~d
10 0.087 0.225 0.16
10 0.102 0.240 0.16

Added 10 0.078 0.236 0.16
Added 10 0.055 0.226 0.16

2 1050/1900 10 0.072 0.099 0·.089D

Add~d
10 0.092 0.123 0.089
10 0.073 0.179 0.089

Added 10 0.078 0.172 0.089

3 1900
Add~d

10 0.098 0.124 0.13C
10 0.090 0.133 0.13

4 1850/1900 Added 10 0.078 0.286 0.17D
Added 10 0.127 0.220 0.17

5 1900 10 0.080 0.282 0.32C

Add~d
10 0.065 0.292 0.32
10 0.113 0.325 0.32

a Includes time a.t which sample was dropped to time reaction was dis-
. continued-i.e., when gas evolution ceased as measured by thermocouple

vacuum gage.
b Analyses run by chlorine volatilization method (C) discussed by Lillien-

dahl, ~roughton,and Gregory (,0. or w!'re doped samples (D)-I.e.• samples
to which oxygen has been added dehberately and oxygen estimated by
weighing.

ANALYTICAL CHEMISTRY

Because no data are available for zirconium carbide, no inde
pendent check of the experimental results can be made. Sub
sequent experimental results given below, and the methods of
Walter and Derge, qualitatively bear out the thermodynamic
calculations, which indicate that both reactions are strongly
favored to proceed as written.

Procedure. The vacuum fusion apparatus, its manipulation,
and a survey of the results obtainable have been presented (5).
However, certain modifications had to be introduced into the
procedure before reliable and consistent results were possible
on zirconium. This discussion therefore is concerned with the
modifications which were necessary to get reliable data.

The three modifications made in the procedure were:

I. The addition of the zirconium sample must result in a
dilute solution of zirconium in the iron. The required dilution
can be obtained by using small samples (0.05 to 0.10 gram) and
introducing about 15 to 20 grams of iron prior to the first zir
conium samples. Thereafter about 1.5 grams of iron should
be added before each sample is analyzed. Improper dilution of
the zirconium with iron results in obtaining less and less oxygen
on subsequent samples.

2. The reaction temperature should be between 1850 0 and
1950 0 C., preferably on the higher side for consistent results.
Temperatures as low as 1650 0 C. can be used, but in general the
results will be on the low side.

3. The addition of tin in amounts up to 25% appears to facili
tate the reduction of zirconium oxide. Additional amounts up
to 50% tin did not noticeably affect the procedure. It may be
argued that increasing the heating time per sample would give
results comparable to those obtained by the use of tin. How
ever, experiments with longer heating periods than 10 minutes
failed to show any measurable increase in the oxygen content.

The exact role of tin in this connection is not known. Origi
nally Reeve (8) added tin as a flux to lower the melting point of
his charge, but in the authors' case the operations are carried
out at about 1900° C., so that the tin in some way may affect the
fluidity of the molten charge, which may be conducive to more
rapid reaction of the carbon with zirconium oxide.

PREPARATION 01" SAMPLES

The work reported here was carried out with small samples
cut from large pieces of zirconium. As the success of the analy
sis depends upon the proper dilution of the zirconium sample
in a mixture of iron and tin, samples of the order of 0.1 gram were
used, because the apparatus could not easily be adapted to use
greater quantities of iron and tin. The use of such small samples
is no liability if the oxygen is uniformly distributed. If the oxy
gen were heterogeneously distributed in a Iarge section, samples
of 1 to 5 grams would hardly be representative. The nature of the
sample touches on the whole philosophy of sampling. The best
one can do is to take a sufficient number of samples, regardless
of size, until a representative average value of oxygen in a section
is obtained.

The samples used were 'cut to size with a hacksaw and burrs
were filed off, as they have a high oxygen content. After cutting
and filing, the sample was washed in benzene and acetone. If
necessary after cutting, the sample was etched in dilute hvdro-
fluoric acid and washed in acetone. "

One precaution had to be observed in these analyses. In
variably, if the zirconium sample came in touch with the graphite
crucible at about 1900 0 C., as it was introduced into the crucible
for analysis, it immediately wetted the crucible above the molten
iron and no oxygen analysis could be obtained. In order to
avoid this difficulty, samples were wrapped with annealed iron
foil approximately 0.5 X 0.5 inch (1.25 X 1.25 em.) (SAE 1010
steel, 0.0015 inch thick) and weighing about 0.080 gram. The
wrapped sample was then washed in benzene and acetone and
introduced into the molten iron without difficulty, and reliable
results were obtained. Oxygen due to the steel foil.analyzed at
0.025% was equivalent to 0.002% on a J-gram sample and this
was subtracted with the blank, which averaged about 0.004%
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oxygen, based on a I-gram sample, for a 10-minute analysis.
This is higher than normal blanks (0.0005 to 0.001 %), but could
be decreased with longer degassing time. (Four hours at 2000 0 C.
were used in this work.) However, the blank as found is
accurate enough for most samples with high oxygen content.
Oxygen content of the tin used for dilution was found to be
0.007%.

RESULTS

Some typical results and operating conditions are given in
Table 1. The results approximate the oxygen suspected in the
samples prepared by deliberate additions of oxygen or by Lillien
dahl's chlorine method en. The oxygen determined by vacuum
fusion is higher than that estimated by doping-i.e., oxygen is
added deliberately by oxidation and the weight increase is deter
mined; this might be expected if the oxygen content of the
starting material before doping is not accurately known. The
agreement between the vacuum fusion method and the chlorine
method is reasonably good.

The vacuum fusion method is very rapid, as it requires only
about 20 minutes per sample.
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Effect of Temperature on Density and Refractive Index on Organic Compounds of
Various Cox Chart Families

R. R. DREISBACH

The Dow Chemical Co., Midland, Mich.

Griswold (3) demonstrated that the coefficient 0.6 was good for
hydrocarbons where the C value was 0.74 or greater, but that
where the C value was low, as in the case of nonhydrocarbons, the
coefficient of proportionality between nand d might be as low as
0.3.

Dreisbach and Martin tabulated the C values for 98 organic
compounds in 15 Cox chart families. This C value varies from
0.80806 for m-divinylbenzene to 0.31522 for l,2,3-tribromobu
tane. This coefficient is in all cases very close to 0.80 times the C
value and, hence, the variation of refractive index with density
can be represented by:

I N THE author's paper on the Eykman equation (1), it was dem-
onstrated that this empirical equation relates liquid density

and refractive index accurately for a narrow temperature range
around room temperature. Kurtz, Amon, and Sankin en demon
strated that this equation was applicable over a wide range of
temperature. Ward and Kurtz (5, 6) recommended that the em
pirical equation, 1::I.n = 0.6 old, was accurate for hydrocarbons for
small changes of temperature, and a column in the tables (4) dem
onstrated the variation of the value of nD' calculated by this
formula from determined values.

Griswold (3) differentiated the Eykman equation:

Table I •. Refractive Irrdex at 20° C., C Value of Eylunan
Equation, Variation of Refractive Index with Density, and

Ratio of Variation with C Value

that the difference between the two values of 1::I.n is 0.0001 and,
hence, when the value 0.80 is used the·error in iln would be less
than 0.0001.

(I/C)X
(dn/dd)

0.79
0.81
0.82
0.82
0.82
0.83
0.82
0.82
0.82
0.79
0.80
0.79
0.79
0.79
0.82
0.79
0.81
0.81
0.81
0.79
0.81
0.82
0.82
0.79
0.80
0.80
081
0.82
0.80

dn/dd

0.600
0.608
0.510
0.452
0.401
0.331
0.644
0.449
0.665
0.481
0.552
0.374
0.436
0.425
0.506
0.557
0.561
0.499
0.558
0.495
0.558
0.548
0.615
0.480
0.404
0.329
0.264
0.260
0.307

C

0.76093
0.75000
0.62170
0.55211
0.48900
0.40000
0.78880
0.54459
0.80806
0.60854
0.69036
0.47428
0.55346
0.53488
0.61809
0.70009
0.69101
0.61209
0.68425
0.61778
0.68402
0.67055
0.74616
0.60481
0.50377
0.40947
0.32366
0.31522
0.38171

Compound

Hexane? 1. 37500
Bensene" 1. 50110
Chlorobenzene 1 . 52406
o-Dichlorobenzene 1.55145
Bromobenzene 1. 55972
o-Dibromobenzene 1.51101
1-Ethyl-4-vinylbenzene 1.53763
1-Bromo-3-vinylbenzene 1.59268
Divinylbenzene 1.57610
Methyl ethyl ketone 1.37850
n-Octylalcohol 1. 42913
Acetic acid 1.37160
Ethyl acetate 1.37239
Nitropropane 1.40161
Nitrotoluene 1.54662
n-Amyl ether 1. 41195
Phenetole 1 . 50735
p-Chlorophenetole 1.52521
Propionphenone 1.52684
Propionitrile 1. 36635
P-Phenylethyl alcohol 1.53252
Phenol 1. 54178
Aniline 1 . 58545
n-Butyl chloride 1.40211
1,2-DicWoropropane 1.43901
Perchloroethylene 1 . 50534
1,2-Dibromoethane 1.53865
1,2.3-Tribromoethane 1.58597
Carbon tetrachloride 1 . 46005

a Values from (1); all the rest from (2).

(2)

(1)
(n' - 1) 1
(n + 0.4) X d = C

C(n + 0.4)'
lm/ Ad = dn/dd = (n + 0.4)' + 0.84

and obtained:

The relationship of Equation 3 holds at temperatures of 10° C.
up to 50 ° C., at least in every case tested.

Table I records the C value, the refractive index at 20°C.
(n~) from (1, 2), the ds /dd values calculated by means of Equa
tion 2 and the ratio (dn/dd)/C. In every case the ratio of Equa
tion 2 lies between 0.79 and 0.82, except in the case of o-dibromo
benzene, where it is 0.83. When the coefficient 0.80 in Equation
3 is replaced by 0.79 in one case and 0.82 in the other, it is found
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Stannous Chloride-lodine and Zinc-FerrocyanideTitrations
Application of the Dead-Stop End Point

D. F. SWINEHART

University of Oregon, Eugene, Ore.

Ratio

1.008
1.006
1.007
1.009
1.007
1.005
1.008
1.008

l""'1HE dead-stop end-point apparatus of Foulk and Bawden
(6), which they applied to the iodine-thiosulfate and the

iodine-arsenite titrations, has been found to be applicable to
several other titrations (1-4, 8). In this paper the characteristics
of the end points for the stannous chloride-iodine and the zinc
ferrocyanide titrations using this apparatus are described.

STANNOUS CHWRIDE-IODINE TITRATION

A dilute solution of stannous chloride in 0.1 M hydrochloric
acid may be titrated with a dilute iodine solution, using the dead
stop apparatus to detect the end point, if proper precautions are
taken to eliminate atmospheric oxygen from the solutions. Not
only does the presence of oxygen introduce error due to the oxida
tion of stannous ion, but the end point does not function properly
in the presence of oxygen. Ten-milliliter titrations of 0.005 N
stannous chloride with 0.005 N iodine were successfully carried
out by working in an atmosphere of carbon dioxide or purified
nitrogen. The stannous chloride solution was made up in a three
necked flask and the inert gas was bubbled through it for about 2
hours before use. This time was required to stabilize the solution
so that the normality did not change at an appreciable rate. It
was found that carbon dioxide directly from the tank was much
better than nitrogen, even after the latter was purified by bub
bling through alkaline pyrogallol or Fieser's solution (5). Using
nitrogen, the stannous chloride solution never became stable, but
the normality changed at the rate of 2 to 3% per hour even after
long bubbling. After 2 hours' bubbling with carbon dioxide the
solution became so stable that, with continuous bubbling, the
normality did not change appreciably in a day or two.

A sample for titration was removed by pipet and the titration
was carried out in a large test tube while the solution was stirred
with a stream of carbon dioxide. The burets had fine capillary
tips which were immersed in the solution during titration.

With excess stannous chloride in the titration vessel and 50
mv. across the electrodes, the galvanometer (sensitivity 1.7 X
10-8 ampere per mm.) showed its characteristic small, steady de
flection. As iodine was added, near the end point, the galvanom
eter showed small deflections, returning each time to its steady
reading with stirring. A permanent additional deflection indi
cated the end point. The apparatus thus behaves as it does for
the thiosulfate-iodine end point (6).

Duplicate 100ml. titrations agreed to a precision of 1 to 2 parts
per thousand.

ZINC-FERROCYANIDE TITRATION

The apparatus responds in a similar manner to the titration of
zinc ion in dilute sulfuric acid and ammonium sulfate at 60 0 to
80 0 C. A potential of 200 mv. was used across the dead-stop
electrodes. Less than 150 mv. resulted in a less satisfactory and
less sensitive end point. If the solution contains excess zinc, the
galvanometer shows its characteristic small deflection and a
.sharp additional deflection occurs when a trace of excess ferro
cyanide is added. The presence of ammonium sulfate was found
to be necessary in order to get a sharp deflection at the end point.
The reason for this is not apparent. Zinc solutions containing 2
grams of ammonium sulfate and 2 ml. of 6 N sulfuric acid in 100
ml. of solution behaved satisfactorily.

Using a galvanometer with a sensitivity of 1.7 X 10-8 ampere
per mm., the end point of the titration of 0.01 M zinc sulfate with
0.0067 M ferrocyanide is sharp. It is possible to dilute both
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solutions yet another factor of 2 and still obtain a satisfactory
end point. In general, these titrations were reproducible to 1 to 2
parts per thousand. Representative results are shown in Table
1. The precision of results was about the same at all dilutions
down to 0.005 M zinc sulfate and 0.0033 M ferrocyanide.

Several hundred zinc analyses have been carried out in this
laboratory using 0.0067 M ferrocyanide with consistently ex
cellent results. The titration is rapid and no delay is involved
except for the time required to heat the solutions to about 70 0 C.
The end point is sluggish below 60 0 C.

Table I. Representative Results
(Galvanometer sensitivity 1.7 X 10-8 ampere per mm. Potential across

dead-stop electrodes 200 mv. Concentrafions are approximate only)

0.01 M 0.0067 M
ZnSO" Ml. K,Fe(CNlo, MI.

5.00 5.04
5.00 5.03

10.00 10.07
10.00 10.09
15.00 15.10
15.00 15.07
20.00 20.16
20.00 20.15

Av. ratio, 1.007.
Av. deviation from mean, 1 part per thousand.

Attempts to titrate 0.001 M zinc sulfate with 0.00067 M fer
rocyanide using a galvanometer with a sensitivity of 3 X 1O-~

ampere per rnm. were less successful. • The end point is no longer
sharp at these dilutions. The galvanometer deflection sets in
gradually, presumably because of the finite solubility of the
slightly soluble salt, K2Zna [Fe(CN)6J.. Titrations can be carried
out with these solutions with somewhat less precision (3 to 4
parts per thousand) by titrating to an arbitrarily chosen deflec
tion.

Using a meter of sensitivity 1 to 3 X 10-8 ampere per nun.
instead of the galvanometer, 0.1 M zinc sulfate may be titrated
with 0.067 M ferrocyanide. This has the advantage of great
simplicity when a relatively inexpensive and rugged meter is used.
It has obvious advantages over the use of an external indicator
for the detection of the end point. It is easily as good as the end
point using sodium diphenylamine sulfonate, and it does not in
volve the visual judgment of a color change.

Because the stoichiometry of the reaction of zinc with ferro
cyanide has been the subject of previous investigations-e.g., that
by Kolthoff and Pearson (7)-this subject has not been investi
gated here. The advice of these authors that the conditions must
be maintained constant if reproducible results are desired was
followed. Ammonium sulfate was added to the titration mixture
because they advise it, and was later found to be a necessary com
ponent. No study was made of interferences. Presumably the
same interferences may be expected with this method as with
other methods of detecting the end point. Reagent grade chemi
cals and conductivity water were used throughout the work.
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Tetrahydroxy Cobalt(lI) Ion as aQualitative Test for Cobalt
SAUL GORDON AND JAMES M. SCHREYER

University of Kentucky, Lexington, Ky.

WHEN a cobaltous salt solution is added to an excess of satu-
rated sodium or potassium hydroxide solution, the cobaltous

hydroxide that precipitates locally dissolves upon stirring to pro
duce .a deep blue solution which contains tetrahydroxy cobalt(II)
ion (5). In the course of studying the spectrophotometric
properties of this cobaltous complex in strongly alkaline solu
tions, the authors realized that the blue solution formed is specific
enough to be utilized as a confirmatory test for the qualitative
analysis for the cobaltous ion. The formation of this complex ion
may be represented by the following equations:

Co(H20)6++ + 20H-~ CO(OH)2(H20)4 ~ + 2H20

Co(OH).(H20)4 + 20H-~ Co(OHMH20)2-- + 2H20

Reichel (4) suggested the use of the slight solubility of cobal
tous hydroxide in concentrated alkalies for the qualitative separa
tion of small amounts of cobalt from nickel, the latter forming an
insoluble hydroxide. Donath (2) investigated some of the chemi
cal properties of this complex, postulating the presence of a
cobaltite ion, Co02--. Alvarez (1) reported that 1 drop of a 1%
cobalt salt solution produces a pronounced blue color when added
to a boiling solution of potassium or sodium carbonate. Qualita
tive reagents used as tests for cobalt were reviewed by the Inter
national Commission for Reactions and Reagents (6), but the ap
plication of this colored complex of cobalt was not reported. Al
though this reaction has been known for a long time, it has not
been modified for adaptation to any scheme of cation analysis, nor
have its limitations of detection and sensitivity been determined.

EXPERIMENTAL

The schemes most frequently used separate cobalt, nickel, and
very often zinc, as a subgroup of the Group III cations. There
fore, Hogness and Johnson's (3) method of analysis for the zinc
subgroup was modified to include this test for the detection of
cobaltous ion. To determine the usefulness of this test, the
Group III cations-aluminum, chromium, cobalt, iron, manga
nese, nickel, and zinc-were determined in many combinations on
a semimicro scale. The test solutions varied in concentration
from 0.3 to 50 mg. of the metal ions.

After dissolving the cobalt, nickel, and zinc sulfides in 1 ml,
of 6 M hydrochloric acid and 1 ml, of 6 M nitric acid, .heat the
mixture to boiling, and then transfer it to a casserole. With a
stirring rod coalesce the sulfur formed, remove, and discard it.
Then evaporate the solution to dryness. Dissolve the residue in a
buffer solution of 1 ml, of 2 M sodium bisulfate and 2 ml. of
saturated sodium sulfate solution. Divide this solution into two
equal portions, A and B. To portion A add 5 drops of 3 M
ammonium acetate, and pass hydrogen sulfide into the cold
solution for at least 1 minute. Heat in a low flame, gradually
raising the temperature almost to boiling. The appearance
of a white or very light gray precipitate of zinc sulfide indicates
the presence of zinc. Evaporate portion B of the buffer solution
in a casserole, almost to dryness. Cool and add 6 drops of water,
dissolving as much solid as possible. Label this solution C.
Add 4 drops of solution C to 1.5 ml. of saturated sodium hydroxide
solution in a 4-m!. test tube. The formation of a blue precipitate
at the top of the solution indicates the presence of cobalt. Tap
the tube gently to allow the solutions and precipitate to mix.

Centrifuge. A blue supernatant, especially near the upper sur
face of the solution (and usually a blue-tinged precipitate) con
firm the presence of cobalt. This blue test for cobalt is best
seen if compared with an equal amount of water against a white
background. To 1 or 2 drops of the buffer solution C, add 1 drop
of 15 M ammonia solution, 4 drops of water, and 2 drops of di
methylglyoxime reagent. The formation of a red precipitate
indicates the presence of nickel.

DISCUSSION

Any white precipitate formed when the buffer solution is added
to the saturated sodium hydroxide solution is sodium sulfate. A
light green precipitate which might appear at this point is nickel
hydroxide. The blue precipitate formed is either a basic cobaltous
salt or white sodium sulfate colored by the cobaltous hy
droxy complex ion. When the mixture is centrifuged the blue
complex solution is readily discernible. The absence of a blue
solution or a blue-tinged precipitate indicates the absence of
cobalt, within the limits of sensitivity of the test. The reactions
that take place when the buffered solution is added to the satu
rated sodium hydroxide solution, assuming that cobalt, nickel,
and zinc are present, may be represented by the following equa
tions:

Co(H20)6++ + 20H-~ Co(OHMH20)4 ~ + 2H20 (pink)

Co(OHMH20)4 + 20H-~ CO(OH)4(H20)2-- +
2H20 (deep blue)

Ni(H20)6++ +20H-~ Ni(OHMH20)4l +
2H20 (light green)

Zn(H20)4++ + 30H-~ H[Zn(OH)4]- + 3H20 (colorless)

2Na + + HS04- + OH-~ N lIo2S04l + H20 (white)

This blue complex ion of cobalt may be formed in either satu
rated sodium hydroxide or saturated potassium hydroxide solu
tions. The saturated sodium hydroxide solution is more satisfac
tory because of the higher hydroxyl ion concentration, which pro
duces a deeper blue color with the cobaltous ion. If the test is
applied to a solution of cobalt without using the buffer solution,
the sensitivity is about the same. The advantage of using the
evaporated buffer solution is that the white precipitate of sodium
sulfate aids in the centrifugation of any other precipitate present.
and accentuates the blue color of the complex of cobalt. Al
though this method of cobaltous ion detection is suitable for use
on both semimicro and macro scales, it is not satisfactory as a spot
test. For most satisfactory results with this cobalt test, the
hydroxyl ion concentration must be greater than 12 M, which is
not practical in spot test analyses. The test gave satisfactory re
sults in the hands of a class of 126 in elementary qualitative
analysis; 95.3 and 98.4% of them reported successful tests on
their known and unknown Group III solutions, respectively.

SENSITIVITY

The smallest amount of cobalt which may be detected is about
0.05 mg. in 1 drop of solution added to 1.5 mi. of saturated sodium
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hydroxide solution. This quantity is well within the amounts
used in elementary qualitative analysis.

In addition, it is found that 1 mg. of cobalt gives an excellent
test in the presence of 15 mg. of nickel; 5 mg. of cobalt and
50 mg. of nickel cause the formation of a blue-tinged light
green precipitate when analyzed by the above procedure. In
the cases of high concentrations of nickel as compared to cobalt,
the test is best made by comparing the color of the precipitate
with the color of nickel hydroxide free of cobalt, formed with the
same reagents.
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Dark-Chamber Titrimeter for Chemiluminescent Indicator Titrations in Colored Solutions
FREDERIC KENNY AND R. B. KURTZ

Hunter College, New York, N. Y.

Table I. Volume of Cerie Solution Equivalent to 30.00
MJ. of Ferrous Solution at 23° ± 2° C.

Figure 2. Titration Curves Used in Locating
Soitehiometrie Point
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THE instrument described obviates the use of a dark room in
titrations employing a chemiluminescent indicator. It can be

used in a brightly lighted room.
Ferrous solutions, highly

colored with sufficient chromic
ion to preventthe use of the usual
redox indicators, were titrated
with eerie sulfate, using siloxene
indicator. In the absence of
chromic ion, the results were
high by 1.3 parts per .1000. In
the presence of 0.16 M chromic
ion, the error increased to 3.3
parts per 1000. When the in
dicator correction was applied
this error was diminished to
2.0 parts per 1000.

DESIGN OF TITRIMKn;R

The instrument used, shown
in section in Figure 1, is a light
tight box, A, with black in
terior walls, provided with a
stirrer, C, a buret, B, and an
opening, F, for observing the
end point, The opening is so
constructed that no light can
pass into the box when the ob- F-
server's eyes are at the opening.
The stirrermay be either motor-
driven or hand-operated.

SILOXENE INDICATOR

The structure, preparation,
and behavior of the siloxene in
dicator employed have been
described en. The chemistry
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Potenti- Potenti- Dev.
eerie Dev, from ometer Dev. from Ceric Dev, from ometer from

solution, mean, reading, mean, solution, mean, reading, mean.,
ml. ml. . my. mv. ml. ml. my. my.

29.95 0.04 831 17 29.88 0.11 887 11 (3)
29.90 0.01 848 0 29.90 0.07 810 51
29.90 0.01 884 36 30.01 0.04 864 3 (4)29.92 0.01 827 21 30.00 0.03 800 61
29.90 0.01 852 4 30.05 0.02 942 81

Mean 29.91 0.02 848 18 29.97 0.05 861 41

Table II. Vohrme of Ceric Solution Equivalent to 30.00 MI. of Ferrous Solution and
Corresponding PotentioD1eter Readings Using Siloxene Indicator at 23 0 ± 2° C.

In Absence of Chromic Ion In Presence of 0.16 M Chromic Ion

(1) Emeleus, H. J., and Ander
son, J: S., "Modern As
pects of Inorganic Chem
istry," p. 315, New York,
n, Van Nostrand ce.,
1939.

(2) Ephraim, F., "Inorganic
Chemistry," 4th English
ed., p. 834, New York,
Interscience Publishers,
1947.

Kautsky, H., Kolloid Z., 102,
1 (1943).

'Kenny, F., and Kurtz, R. B.,
ANAL. CHEM., 22, 693
(1950).

The eight curves are shown in Figure 2 and the mean curve in
Figure 3. As shown in Table I, the curves of Figure 2 .yield an
average value of 29.87 ml. for the volume of eerie sulfate required
to reach the end point, with an average deviation of ±0.015 ml.,
which corresponds to a precision of 0.50 part per 1000.

In order to test the dark-chamber Titrimeter and compare its
performance with that of the dark room (4), five 30.00-m!. por
tions of the ferrous solution were titrated in the dark chamber
with the eerie solution, using 100 mg. of siloxene indicator. The
results are shown in Table II.

In order to test the effectiveness of the indicator in the presence
of a highly colored component, five 30.00-ml. portions of the fer
rous solution were titrated in the dark chamber with eerie solu
tion, using siloxene indicator. Solutions titrated were 0.16 M
with respect to chromic ion. and had sufficient depth of color
to make the use of any of the ordinary redox indicators utterly
impossible. The results are set forth in Table II.

When chromic ion is absent, the average deviation of a single
observation of 0.02 ml. corresponds to a precision of 0.67 part per
1000. The indicator error-namely, 29.91 minus 29.87 or 0.04 ml.
-is the same as the value previously reported (4) when a dark room
instead of a dark-chamber Titrimeter was used. In the present
work this error corresponds to an accuracy of 1.3 parts per 1000.

When chromic ion is present, the average deviation of a single
observation of 0.05 m!' corresponds to a precision of 1.6 parts per
1000. The indicator error-namely, 29.97 minus 29.87 or 0.10
ml.-corresponds to an error of 3.3 parts per 1000. The accuracy
of this titration could be improved by using siloxene in standardiz
ing the eerie solution or by applying the indicator correction. If
the indicator correction were applied, the accuracy would become
2.0 parts per 1000.

The difference of potential at the end point when the eerie sul
fate was standardized and at the end point when siloxene indicator
was used in the absence of chromic ion-namely, 848 minus 751
or 97 mv.-agrees fairly well with the value of 87 mv. previously
reported (4). When the solution titrated was 0.16 M with re
spect to chromic ion, the difference was 861 minus 75101' 110 mv,

LITERATURE CITED .

with eerie sulfate solution, each drop of eerie sulfate added pro
duced a momentary bright spot. When the stoichiometric point
was reached, the sudden increase of oxidation potential brought
about reactions within the suspended indicator particles which
caused light to come from all parts of the solution and to persist
for a considerable time. This was taken as the end point.

EXPERIMENTAL

Approximately 0.1 M. solutions of ferrous ammonium sulfate
and eerie sulfate were prepared. These solutions were compared
by titrating eight 30.00-m!. portions of the ferrous solution with
the eerie solution, using a gold indicator electrode, a saturated
calomel reference electrode, and a Leeds and Northrup 7660-A
vacuum tube potentiometer at 23 0 ± 2 0 C. Because the curve
for the reaction is symmetrical with respect to the stoichiometric
point, the midpoint of the nearly vertical portion was taken as
the end point.
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of siloxene and its derivatives has been discussed by Kautsky (3),
and brief summaries in English are to be found in some treatise's
on inorganic chemistry (J, 2). In the titration offerrous solution
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Spectrophotometric Analysis of Amithiolone Preparations
GABOR B. LEVY AND DAVID FERGUS

Schenley Laboratories, Inc., Lawrenceburg, Ind.

A MITHIOZONE (proposed generic name for p-acetylamino
l"\.. benzaldehyde thiosemicarbazone) was introduced as an
antitubercular agent by Domagk, Behnisch, Mietzsch, and
Schmidt in 1946 (1). It is gradually finding. wider use (as
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Figure.I. Absorption Spectra
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tion curve of p-aminobenzaldehyde thiosemicarbaaone, which is a
possible hydrolytic product. However, it has not been found by
the authors, by chemical tests, to be present in commercial
preparations. Therefore, in practice, determination of the amithi-

ozone content quantitatively at 3280 A. is recom
mended using the calibration curve shown in Figure 2.
If it is desirable to confirm the identity and ascertain
the absence of impurities-e.g., that of the p-amino
compound-the absorption at a number of additional
spectral points may be determined simultaneously.
As an example, in Table I the relative absorption at 14
wave lengths is shown. It was found that in the
range of 2300 A. the absorption is markedly sensitive
to the presence of impurities, small amounts increas
ing the absorption disproportionately. The small
secondary absorption maximum of amithiozone at
3400 A. is not due to impurity (the p-amino com
pound), because this maximum is shifted to 3500 A.
in benzene while that of the p-amino compound is
at 3420 A.

To analyze the commercial products the procedure
described herewith is used.

On this basis a rapid method for the determination of amithio
zone in powders and tablets was developed. The accuracy of this
technique is enhanced by the fact that some breakdown or hy
drolytic products of the compound show no ultraviolet absorption
at 3280 A. This is represented in Figure 1, where the ultraviolet
absorption of p-acetylaminobenzaldehyde thiosemicarbazone
(Tibione brand' of amithiozone) is shown together with that of p
acetylaminobenzaldehyde and thiosemicarbazide. In the same
table (curve 2) is also included a portion of the ultraviolet absorp-

Tibione, Conteben, and under other trade names) and therefore
a rapid method for its determination is desirable. Wollenberghas
developed several techniques of analysis (3). By one, the com
pound is oxidized and determined volumetrically. The other type
of determination is based on the formation of colored compounds
from breakdown products which can be determined colorimetri
cally, A somewhat greater degree of specificity can be achieved
by determining the unchanged molecule. Therefore, the spectro
photometric method for the determination of thiosemicarbasones,
described by Spinks (2), was investigated. It was found that
amithiozone has a marked absorption in methanol !1t3280 A. and,
at that wave length, Beer's law is valid.

/--_ ...

/
/

-:

oDilution in all surnples to 20 Iiters,

Purity,
%

99.01
99.51
99.74
99.72
99.65
99.15
98.73
99.15
98.52
99.66

99.28%
0.42~
0.42'10

tT =

•

(E3280A.)

0.326
0.081
0.158
0.276
0.451
0.657
0.872
0.986
1
0.981
0.797
0.411
0.062
0.01

E

0.527
0.599
0.521
0.621
0.568
0.535
0.515
0.535
0.594
0.599

Dilution,
mg./l.

70.4/25
63.7/20
69.1/25
65.9/20
75.4/25
57.1/20
69.0/25
57.1/20
63.8/20
63.6/20

Tibione Brand Amitbiozone Tablets

Table II. Replicate Analyses
Amitbiozone Powder

2300
2600
2800
2900
3000
3100
3200
3260
3280
3300
3400
3500
3600
3700

Wave Length,
A.

1
2
3
4
5
6
7
8
9

10

Table I. Relative Absorptioll of AlIlithiozone
(p-Acetylaminobenzylaldehyde thiosemicarbasone)

Relative Spectral Absorption,
(EX)

Tablet weight, Tibione
g. Eo Mg./tablet Mg./100, mg.

1 0.0926 0.426 45.0 48.6
2 0.1007 0.461 48.8 48.5
3 0.0970 0.453 ~8.0 49.5
4 0.0936 0.433 45.8 48.9
5 0.1069 0.500 52.9 49.5
6 0.0965 0.444 47.0 48.7
7 0.1011 0.461 48.8 48.3
8 0.1008 0.468 49.6 49.2
9 0.0991 0.459 48.6 49.0

10 0.0987 0.449 47.6 48.2

X 48.8 mg.
tT 0.46 mg.
• 0.94%

42 3
-r/ml •

Figure 2. Calibration Curve
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Macerate a tablet containing amithiozone with pure synthetic
methanol in a mortar with the pestle. Repeat three times, and
each time decant through a filter into a volumetric flask. In the
case of essentially pure powder dissolve in a corresponding volume
of methanol, omitting maceration. Use enough methanol to have
an approximate concentration of not more than 0.5 mg. per ml.
Make a secondary dilution in methanol, so that a final dilution of
3 ± 1 micrograms per ml. results. Using the same methanol as a
blank, determine the extinction at 20 0 C. at 3280 A., using l-cm,
cells and a Beckman DU or similar instrument.

In Table II two sets of ten replicate results are listed: analyses
of an essentially pure preparation and of a single commercial lot of
tablets. The latter results are corrected for tablet weight.
Similar analyses were performed on experimental and commercial
products of a number of manufacturers,' of both foreign and
domestic manufacture. No evidence of interference was found.
The precision is comparable to other spectrophotometric methods.
The extraction step, required for tablet analysis, reduces pre-

cision somewhat. The technique is recommended for the routine
analysis of amithiozone products.
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Modification of Sanchez Color Test for Nicotine
Application to Nicotine, Nornicotine, and Anabasine

LOUIS FEINSTEIN AND EDWARD T. McCABE
Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, Beltsville, Md.

1N a search of the literature on tobacco alkaloids, it was noted
that Sanchez (3) gave a color test for nicotine using vanillin

and strong hydrochloric acid, the color varying from a rose red to
a deep cherry red, according to the nicotine concentration.
Sanchez's test is not directly a test for nicotine and this note
presents the authors' experience with this test when it is applied
only to nicotine, nornicotine, and anabasine (4). These three
alkaloids are perhaps not the only ones which can be made to give
colors in this test, but Sanchez's test, when correctly applied, can
be used to provide additional information in a study of these three
alkaloids. Anabasine is an isomer of nicotine, both being closely
related physiologically. Both alkaloids are liquids, forming
picrates of melting points 212-213 0 and 223-224 0 C., respectively,
for anabasine and nicotine. Sirupy 85% orthophosphoric acid has
been used because of convenience in place of strong hydrochloric
acid in the Sanchez test.

In experiments with vanillin-phosphoric acid, carefully purified
samples of nicotine and nornicotine failed to give the Sanchez
test, but anabasine (extracted out of Nicotiana glauca) gave a faint
brown-violet color. Further experiments showed that the follow
'ing compounds (all having a six-member ring containing nitrogen)
failed to give a red color with vanillin and phosphoric acid:
anabasine, piperidine, -y-dipyridine, 3-aminopyridine, benzoyl
piperidine, 3-bromopyridine, and acridine. Any change in color
appearing "is toward a yellow or brown-violet. Pyrrol, a com
pound with a simple five-member ring containing nitrogen, gives
an immediate red color in dilute concentration, while carbazole,
where the five-member ring containing nitrogen is bound at each
carbon as part of benzene rings, gives the red-color reaction
slowly (after being stirred 20 to 70 minutes). Pyrrolidine gives'
no color change with vanillin and phosphoric acid. Myosmine
crystals change to red when vanillin-phosphoric acid solution is
dropped upon them. Nicotyrine gives an immediate deep red
color with vanillin and phosphoric acid-solution.

The authors then dehydrogenated nicotine and nornicotine,
using platinum-black prepared by the method of Linstead and
Thomas (1), and found that the dehydrogenated samples gave red
color solutions with vanillin and phosphoric acid: Anabasine
does not give this red color before or after a similar treatment.

The procedure for dehydrogenating and reacting with vanillin
and phosphoric acid is as follows:

A small quantity of the alkaloid is mixed with a quantity of the
platinum-black and heated in a vessel to 170 0 C. for 1.5 hours,
taking care to prevent the alkaloid from evaporating off. After
the sample is cooled, 5 m!. of distilled water are added and the
whole is filtered. To 3 m!. of the filtrate are added 12 m!. of the
vanillin-phosphoric acid solution (0.5 gram of vanillin in 100
m!. of 85% orthophosphoric acid at room temperature) and the
color change is noted.

A somewhat different test is that using Meltzer's reagent, which
is made up of carbon disulfide, ethyl alcohol, and dilute copper
sulfate solution. RazvadovskiI (2) used this reagent to dis
tinguish nicotine from anabasine. Nicotine gives a water-white
solution or slight turbidity with Meltzer's reagent. Anabasine
gives a brown-black solution. This test will also show the presence
of nornicotine, which reacts like anabasine, giving a brown-black
solution. Meltzer's reagent can be used to show the absence of
nornicotine and anabasine in nicotine. The presence of nornico
tine, anabasine, or both in nicotine will cause a blackening of
the reagent solution.

To use the reagent, 5 m!. of carbon disulfide are mixed with
95 m!. of ethyl alcohol and 20 m!. of this mixture are added to
0.05 ml. of alkaloid. After a thorough mixing, 2 drops of 20%
copper sulfate solution are added and the mixture is shaken.
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Reference Standard for Mass Spectrometric Analysis of Nitrogen
SIDNEY SOLOWAY

Division of Nutrition and Physiology,
Public 'Health Research Institute of the City~ofNew York, Inc.; New York, N. Y.
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IN THE course of routine mass spectrometric analyses of
nitrogen variously enriched with N16, it was necessary to

have available at all times a sample of standard nitrogen both
for reference purposes and for sweeping after the analysis of
highly enriched samples. Desirable features of such a standard
would be: (1) constancy of isotopic composition, (2) ease of
preparation, and (3) freedom from oxygen, because it has been
found that oxygen disturbs the emission characteristics of tung
sten filaments.

Table I •. Comparison of Composition of Samples of
Nitrogen Prepared by Various Means

Source No. of N16 Oxygen,
of N, Samples Atom'% Yol. %

Air + Fieser's soln, 4 0.382 0.001 <0.01
Commercial N, 5 0.382 0.001 0.3-0.5
(NH.j,SO. + NaOBr 6 0.382"= 0.001 0.1-0.3

Samples of nitrogen meeting these requirements have been
prepared by the exposure of room air to Fieser's solution (1),
which readily absorbs oxygen.

Fieser's solution is made by adding 2 grams of sodium anthra
quinone J3-sulfonate and 15 grams of sodium dithionite to 20
grams of potassium hydroxide in 100 m!. of water. Five milli
liters of this solution are placed in a 15-m!. bulb equipped with
a stopcock, and the stopcock is then closed. After 2 hours, the
flask is chilled in a dry ice bath and the gas is admitted into
the mass spectrometer. One such exposure to air has been found
sufficient for four or five nitrogen analyses, and the number of
times a given charge of Fieser's solution could be exposed to air
would depend on the care of its preparation, normally four or
five times before a mass 32 peak could be detected.

The atom per cent N16 was calculated from the ratio of masses
28/29 determined directly by the mass spectrometer, using a

system of magnetic scanning. The analytical values were re
producible with a probable error of 0.001 atom %, as shown in
Table 1. The difference of approximately 5% between the
natural abundance of N16 reported herein and that recently
reported by Nier (2) may be attributed to differences in the
scanning technique and in the arrangement of the slits in the ion
gun.

From Table I it can be seen that normal nitrogen samples pre
pared by three methods contain, within the precision of the.
author's instrument, identical abundances of N16. Samples
prepared by the method described herein contain no detectable
oxygen, which is a constant contaminant in samples of tank
nitrogen as well as in samples prepared from ammonium sulfate
(3). The method has proved much more rapid and convenient
in this laboratory than either of the other two methods, both for
sweeping and as a standard. In addition, the simple removal
of oxygen from normal air ensures the absence of any fractiona
tion of the nitrogen isotopes. Whereas no evidence of such
fractionation in either tank nitrogen or ammonium sulfate has
been encountered thus far, the occurrence of such fractionation
in the preparation of these materials may become detectable as
the precision of mass spectrometers increases.
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Electrolytic Determination of Antimony
GEORGE NORWITZ

Laboratory of George Noruiitsa, 3353 Ridge Ave., Philadelphia 32, Pa..

present in the antimonic state. Hydrazine sulfate was found to be
ineffective as an addition agent.

EXPERIMENTAL

Various amounts of pure metallic antimony were dissolved
in 15 ml. of sulfuric acid (97%) by heating on the hot plate, and
the solutions were cooled and diluted to 125 m!. with water.
Ten milliliters of hydrochloric acid (38%) and 10 m!. of hydrogen
peroxide (3%) were added and the solutions were boiled for 10
minutes to destroy the hydrogen peroxide. The solutions were

Determinatio";' of Antimony
Antimony Antimony Antimony

Found Present Found
Gram Gram Gram

THE methods proposed for the electrolytic determination of
antimony at constant current have little to recommend

them. Deposition from acidic solutions has not been successful
because of the difficulty of obtaining adherent deposits and com
plete deposition (6, 7). Deposition from sulfide solutions gives
results that are 1 to 1.5% too high, owing to the occlusion of
oxygen and sulfur compounds (1, 3, 6, 7).

After an investigation of the deposition of antimony from many
different electrolytes, an accurate electrolytic method for deter
mining this element was developed by the author, in which the
antimony is electrolyzed from a sulfuric-hydrochloric acid solu
tion containing hydroxylamine hydrochloride. The latter reagent
has been used for the electrolytic determination of antimony at
controlled potential from a hydrochloric acid solution, but the
methods proposed (2, 5) require careful control of the temperature
as well as potentia!. In the method of the author neither the
temperature nor the potential is critical. For the successful depo
sition of antimony at constant current the antimony must be
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. Table I.
Antimony

Present
Gram

0.1000
0.1000
0.1000
0.2000
0.2000
0.2000

0.1001
0.1002
0.0995
0.2002
0.1996
0.1997

0.3000
0.3000
0.3000
0.4000
0.4000
0.4000

0.2996
0.3005
0.3001
0.4008
0.4010
0.4007
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diluted to 190 ml. and 5 grams of hydroxylamine hydrochloride
were added. The solutions were then electrolyzed for 1 hour,
using platinum gauze cathodes and platinum spiral anodes.
Two amperes (per sq. dm.) were used during the first 15 minutes
and 1 ampere (per sq. dm.) for the last 45 minutes. The elec
trolytes were stirred by air circulation. After the electrolysis the
cathodes were immersed in water and alcohol, dried at
105 0 C. for 3 minutes, cooled, and weighed. The current used
by the author had an impressed voltage of 9 volts. The voltage
across the electrodes was 2.8 volts. The results obtained for anti
mony are shown in Table 1.

DISCUSSION

When metallic antimony is dissolved in sulfuric acid, the anti
mony is in the antimonious state and must be oxidized with.
hydrogen peroxide. There is little danger of losing antimony by
volatilization when the solution is boiled to destroy the hydrogen
peroxide (4).

The amount of sulfuric acid and hydrochloric acid used in the
method is not critical. Good results were obtained using 10 to 20
m!. of sulfuric acid and 5 to 20 ml, of hydrochloric acid. The
exact temperature used during the electrolysis is not important,
Equally good results were obtained using temperatures varying
from room temperature to 80 0 C.

Tests made with hydrogen sulfide after the electrolyses showed
that no detectable amounts of antimony were left undeposited.
It was not feasible to test the deposits for possible occlusion of
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chlorine, hydrogen, and oxygen. However, the fact that excellent
results were obtained indicates that the deposits were very pure.

More than 0.4. gram of antimony should not be determined by
the method; .otherwise high results will be obtained. For in
stance, the result obtained by the author in electrolyzing 0.5000
gram of antimony was 0.5024 gram. In the sulfide method 0.2
gram of antimony is the maximum amount that can be handled
(6).

Copper, cadmium, tin, arsenic, lead, bismuth, and silver inter
fere with the method, and when they are present, preliminary
separations are necessary.
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Versatile Paper Partition Chromatographic Apparatus'
ARNOLD J. SINGER AND LEONAHD KENNER

Am.m-l-denr; Ine., Jerse.y City 6, N. J.

THE past few years have seen the increased use of paper
partition chromatography as both a qualitative and a quanti-

•tative analytical micromethod: Coincident with increasing use of
this method has been improvement of the apparatus in which the
chromatogram is developed. Methods previously introduced

. FIGURE 1.

have embodied the principle of capillary descent (1,2, 6, 8, 10)
and capillary ascent (4, 7, 9, 11). Numerous devices for the
phase of solvent flow separation have been described, but these
provide inadequate space (6, 7), have the paper strips inade
quately supported (3, 9, 11), or have both disadvantages (4, 7).

The authors have constructed a frame for rigid support of the
paper at both ends during the phase of solvent separation by
capillary ascent. The frame has the following advantages in the
use of paper partition chromatography as an analytical or
separatory procedure: Up to 50 one-dimensional chromatographs
can be developed at one time; contamination of the strips by con
tact with each other or the walls of the apparatus is prevented;
there is sufficient vapor space in the apparatus to reduce the effect
of slight fluctuations in room temperature on the rate of flow of
the developing liquid; the depth of the wick end of the paper in
the liquid remains constant; the sample is at a constant distance
on the paper from the solvent; and the paper is supported tightly
and vertically, which eliminates variations in rate of flow due to
slope of the paper strips.

The frame is constructed of 4 X 4 mm. strips of cold-rolled
steel. Two strips 73 cm. long were bent into circles having an in
ternal diameter of 22.5 em. and the ends were brazed together.
These circles were then brazed to the ends of four strips 50 em, long
at 90 0 intervals around the circles. Two 3ocm. lengths of 4-mm.
rod were brazed horizontally on the top ring at 180 0 and two flat
"ears" 3 em. wide, 6.5 em. long, and 2 mm. thick were brazed on
at 90°. Four 3ocm.lengths of rod were brazed horizontally at 90!'
intervals on the bottom ring. The rods were used as stabilizers to
orient the frame in the tank; the ears were used as handles and
hangers. Friction tape was wound around both rings and pierced
by 2-inch (5-cm.) steel pins pointing. toward the center of the
frame. The use of tape is suggested for greater flexibility of the
apparatus. Similar frames of smaller diameter can be made to
telescope within the outer frame. These can be used for ad
ditional strips and the frames can be removed selectively at dif
ferent time intervals.
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The developing tank is a borosilicate glass jar, with handles, ob
tained from A. H. Thomas Co., Philadelphia, Pa. (Catalog No.
6289-A, outside diameter 30.3 cm., inside diameter 29.0 cm.,
height 60 cm.), The handles are 2.5 cm. from the top of the jar
and are formed by indentations of the wall of the jar, These serve
as supports for the frame, which is suspended on them by the
ears, so that no portion of the frame touches the developing
liquid. The top is an ordinary piece of plate glass 12.625 inches
square, which is sealed to the jar with a heavy lubricant to give
an air-tight seal.

For the chromatogram, paper strips are marked at 4.5 and 8.5
em, from the end to be immersed in the developing liquid. The
sample to be chromatographed is applied at the 8.5-cm. mark and
allowed. to dry. The frame is suspended 'from ring stands by its
handles outside the-tank and each strip is pierced first at the lower
or 4.5-cm. mark, stretched taut, and then pierced by the top pin.
With all the strips in position, the frame assembly is lowered into
the tank until supported by the ears. Care must be taken to pre
vent contamination of the strips by the tape while being mounted.
The glass lid is set in position. When the solvent front has ad
vanced sufficiently, the strips may be pulled off the pins selec
tively, or the entire frame may be removed from the tank and
the strips dried, sprayed, and developed while mounted.

ANALYTICAL CHEMISTRY

In practice, this apparatus has greatly facilitated chr~ato

graphic procedures. It is durable and permits the handling-of
large numbers of samples during the solvent separation phase of
paper chromatography.
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Improved5·Mg. Rider for Ainsworth Microchemical Balances
LAWRENCE E. BROWN

Southern Regional Research Laboratory, New Orleans, La,

1RREGULARITIES in the seating of the 5-mg. wire riders,
customarily furnished with older Ainsworth microchemical

balances Types FD and FDI, are an important source of error.
The magnitude of the seating error can be reduced by using a
0.5 mg. rider, but a sacrifice of convenience is entailed by the
lower capacity of the beam. A 5-mg. rider with a low seating
error has been constructed of aluminum foil The essential feature
of this rider is that it has a thin, straight bearing edge and can be
brought to rest in the bottom of the notch of the balance beam
with ease and without undue manipulation of the rider carrier.

The rider is made of pure aluminum foil, 0.0035 to 0.004 inch
thick. After a 2-inch (5-cm.) square of the foil is covered on both
sides with cellulose tape, it is placed on a smooth hard surface
and the eye of the rider is cut with a small sharp cork borer
(No.1) by a single light tap. The foil is then flattened between
two pieces of plate glass and the irregularities in the circumference
of the eye are removed with a 3-mm. conical grinding wheel.

ALUMINUM rOIL

0.0035 -0.004" THICK

\ \

~\Ir' c.e m rn.f o.z
\ \

Figure 1. Foil Hider

The coated foil is then placed on a hard smooth surface, such as
a piece of plate glass. The cutting edge of a rib-backed razor
blade is reduced to a length of 4.8 ± 0.2 mm. and used to cut
the cross bar or bearing edge of the rider. The cutting edge of
the blade is placed symmetrically about 0.5 mm. from the eye
and the cut is made with a single tap on the back of the blade
(Figure 1). Similarly, sharp blades are used to cut the insides
and outsides of the legs, the outside shoulders and the outside
of the eye arc. The most critical points are the inside corners.

The legs should be about l-mm. wide and the angle with the
bearing edge about 100°.

The cellulose tape is removed by soaking the formed rider in
acetone. The legs are trimmed in length until the rider weighs
about 5.1 mg. The final adjustment to exactly 5 mg. is made by
dissolving some of the aluminum by immersion in 0.1 N sodium
hydroxide, which attacks microscopic burrs and imperfections
preferentially. After final cleaning and drying, the rider is
flattened by pressing between pieces of plate glass. It is then
ready for use.

Table J. Standard Deviations of Observations
Observed for Calculated

Pan Arrestment for Rider
and Rider, Alone,

Rider x + u" yb
'Y 'Y

5.mg. wire rider 1.9 1.7
5-mg. foil rider 1.3 1.0
0,5-mg. wire rider 1. 2 0.9

a (x + lJ) = 8 observed 'for pan arrestment and rider. (c) = ;'observed
for pan arrestment alone = 0.8 'Y. n = 30 observations in all cases.

b lJ - 8 calculated for rider seating alone as square root of differences of
squares of (x + y) and (z}.

The performance of the foil rider compared with that of the
riders supplied by the manufacturer, using an Ainsworth Type
FDI microchemical balance, is indicated by the data given in
Table 1. The reading error on the optical lever scale was assumed
to be negligible. The standard deviation reported for the 5-mg.
wire rider is for the best. series of observations attained by the
author after considerable' experimentation in rider seating. Un
less strict care is used in seating, a much larger standard deviation
occurs. The foil rider is adequately seated by a vertical drop of it
from the carrier. Further manipulation, such as touching or
rocking the seated rider with the tip of the carrier, results in lower
precision, The difference found between the standard deviations
of the 5-mg. foil and wire riders is statistically significant at the
95% level. The other standard deviations observed are con
sidered typical and indicate that the 5-mg. foil rider has a seating
error comparable to that of a conventional 0.5-mg. rider.
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Figure 2. Orthographic Projection of Typi
cal Crystal of Xanthotoxin I from Ethy.l

Alcohol

OPTICAL PROPERTIES
Refractive I ndexes (5893 A.; 25 0 C.) . a = 1.698 ± 0.003.

fJ = 1.734 ± 0.006. 'Y = ..1.742 ± 0.006.
Optic Axial Angles (5893-1\.'. ; 25 ° C;) .-·2H~=48412 °. 2V ' = "

43 0 (ca lcd . from fJ and 2H ); 48 0 (ca lcd , from a, fJ, an d -y).
2E = ca. 82 0

•

Di spersion. T > v, very st rong.
Optic Axial Pl ane. 001.
Sign of Do uble Refraction . Negative.
Acute Bisectrix. a = a.
Extinction . Parallel and symmetrical.
Molecular Refraction (R ) (5893 A.; 25 0 C.) . -¢' afJ-y = 1.724.

R (calcd .) = '57.1. R (obsd.) = 59.2.
F USIOND ATA. Xanthotoxin I melt s at 148 0 C. with some sub

limation and slight decompo sition. When cooled just below its
melt ing point, it crystallizes as highly birefringent rod s. If
cooled rapidly to room temperature, a lower temperature modi
fication, xanthoto xin II, may be obtained , crystallizing as low
birefringent crystals radiating spherulites from a dozen or more
cente rs of nucleati on. This modificat ion , II, is very un stable
and is replaced on rewar ming by the stable and highly bire fringent
modification, xanthoto xin 1. The transformation II .... I is ex
tremely slow below 40 0 C. for the pure compound and increases
with tempera ture until it becomes rapid at 70 0 C. (and above) .
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a. Crys tals oC xa n t h o toxi n I Crom e t hyl
alcoh ol

b. Crystals oCxan th otoxin I from lusion
(crossed N icols)

c. S p her u li tes oC xa n t h o t oxi n II (rig ht)
being rep la ced by xanthotoxin I
(left) (crossed Nicols)

Figure 1. Xanthotoxin

b

Xanthotoxin I41.

c

a .

X-RAYDIFFRACTION D ATA
Cell Dimensions. a = 12.95 A.; b = 15.83 A.; c = 4.86 A.
Formula Weights per Cell. 4.
Formula Weight. 216.
Density. 1.449 (flot ation-centrifugation-densit y b al an c e);

1.440 (x-ray).

Con t r ibut ed by JOHN KRC , Armour Research Fou n d a t ion ,
Illinoi s Institute of Tech nology, C h icago 16, Ill.

S t r uct u ra l For-mufa for Xan t h o tox in

II I-I
C C
/~/ ~

HC-C C CH

H~ ~ 6 ~O
<:» >. e >. >o C 0

I
OCH a

GOOD crystals of xanthotoxin I can be obtained by crystalliza
tion from ethy l alcoho l, although benz yl alcohol is the best

solvent for recrystallization on a microscope slide (Figure l ,a ).
Characterist ic crystals from th e melt are shown in Figure l,b.
Figure 2 is an orthographic projection of a typical crystal of
xanthotoxin I. X anthotoxin is almo st insolub le in cold water and
only 0.1% soluble i~ boil ing water . It is only slight ly soluble in
petroleum ether, freely soluble in chloroform, and less solubl e in
benzene, alcohol, and ether.

Xanthotoxin II can be obtained fair ly readil y on a microscope
slide by thoroughl y melting a pure sample, followed by chilling
on a cold surface. There is no evidence th at modification II can
be formed from solut ion and it is doubtful that such an un stable
form could be crys tallized from solution .

CRYSTAL l\!ORPHOLOGY
Crystal System. Orthorhombic.
Form and Habit. Rods and need les elongate d along c. showing

forms 1100 J, 1001J, /11 0}, and {8011.
Axial Ratio. a tb:« = 0.818 : 1:0.307.
I nterfacial Angles (Po lar). 110 A TIo = 1011/ 2

0
; 110 A!I00 =

39 1/ . o .

801 A801 = 143 o.

Cleavage. Excellent pa rallel to 010 a nd 100.

l
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The transformation I -+ II was not observed. Figure l,c ,
shows crystals of xanthotoxin I (left) replacing spherulites of
xanthotoxin II (right). A solut ion phase transformation II -+ I
can be readily observed at room tempera t ure by surrounding th e
crysta ls with benzyl alcohol in a preparation including both
modifications. This prepa ration is obtained by heati ng one side
of a preparation of modification II and immediately cooling to
slow the transformation to I. In general, modification II trans
form s entirely to I well below th e melting point.
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Enke, Stu t tgar t, 1949. Pr ice, pap er $5.62, linen $6.19.

Analytical procedures arc described in detail for liming ma-
terials, phosphate, potassium, an d nitrogen fert ilizers, fertilizers
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of organic origin, and mixed goods used in Germa ny. The tr eat
ment of phosphates covers basic slag , superphosphate , Rhenania :
phosphate, dicalcium phosph ate, phosphate rock, bone meal, and
new phosph ates ; that of nitroge n materials covers nitrate,
ammonia, an d amide nit rogenous products. Descrip tions of the
various materials, given in appropr iate places, include meth od of
produ ction , grade specificat ions, fineness, ' and chemical com
position shown by ty pical analyses . The sta tus of fertilizer
resear ch in Germany, as of 1948, is discussed, and summarized
da ta on na tional fertilizer consumpt ion and usc arc given. Th e
text closes with a discussion of fert ilizers as a basis of nu tri tional
improvement, in which arc included graphical comparisons of
trends in infant mor tali ty, average life span, and cancer death
rate with the tr end in fertilizer consumption. The au thor has
incorporated in a book of cont rol metho ds sufficient material of
wider interest to afford a brief coverage of German fertiliz er pro
duction, eva luation, an d usc.

J. H. CARO

Symposia Committee
The terms of L. T. Hallett and Beverly L. Clarke on the

Committee on Annu al Symposia have expired , and Louis Gordon,
Syr acuse Univ ersity, and James M. Crowe, ANALYTICAL CHEM
ISTRY, have been appointed in their places. The commit tee
now consists of P. J . E lving, chairman, J . W. Stillma n, Edward
Wichers, I. M. Kolth off, Louis Gordo n, and J . M. Crowe.

Fourth Symposium on Analytical Chemistry
r-rHE four th an nual Sym posium on Modern Meth ods of

Analy ti cal Chemistry was held January 29 to February 1 at
the Louisiana State University, Ba ton Roug e, La. Abstracts of
the pap ers presented arc reproduced here.

Oscillographic Polarography. PAUL DELAHAY, Louisiana State
University .

Methods of Meas urement. Single-sweep meth ods. Mu ltisweep
metho ds

Randles-Sevcik equation
Causes of error

Resistance of the circuit
Capac ity cur rent
Irreversibili ty
Other causes of error (mult isweep met hod)

Applica tions
R outine determinations
Ana lyses in th e micromolar concentration range
Kin etics studies

Usc of platinum microelectrodes
'Comparison with conve ntio nal polarography
Demonstra tions

Nonmagnetic Radiofrequency Mass Spectrometer. W. H.
l3ENNETT, University of Arkansas.

A new kind of mass spectrometer has been developed at the
National Bureau of Standards in which the masses arc separated
by velocity rather tha n magnetic deflect ions of focused beams.
T he principles of th is new kind of mass spectromete r were pre
sente d.

This instrumen t is very differen t from previous instruments in
'several respects. Fi rs t , it is simpler, more rugged, and much less
·expensive. Secondly , it is much more sensitive, giving currents
.at t he collector about 10,000 times as large as those of the more
famili ar instruments. Thirdly, the instrumen t docs not use
slits and because of th is absence of slits the instrument can be
adapted to a grea t. variety of applicat ions where previous in
stru ments could not be used at all.

A number of typical applications where this instru ment enjoys
u niqu e advantages were mentioned.

Recent work on the development of the instrumen t has re
sulte d in an improved understanding of the facto rs determining
the resolution and sensit ivity. Some recent developments in
respect to th e ion sources were presented .

Th e var ious processes which are responsible for background cur
rents were discussed.

Polarographic Behavior of Organic Compounds. PIlI LIP J.
ELVING, Pennsylvania State College.

Principles of measurement and interpretation
E xperiment al ar ran gement and condit ions: appar atus, sample

solut ion
Nature of record obtained : the polar ogram
Significance of fundamental equations : Ilkovie equation and

equation of the wave
Current-controlling processes
Dedu ction from experimental data

Applicability of polarography to organic compounds
Electroactive functional ent it ies : redu cible, oxidizibl e, and

nonrelative group s
Case history: t he' carbonyl group
Effect of subst ituents in the molecule

Cur rent developmen t in organ ic' polar ography
St udy of nature of phenomena involved

1. Buffers, pH, ionic strengt h
2. Reaction and elect rode mechanisms at dropping mercury

elect rode (oscillographic study ) . :
3. Nature of irreversible reactions
4. Oxidative reactions

Use as an investigative too l
1. Applications dependent primarily on id: analysis, reac

tion ra tes, et c.
2. App lications depend en t primarily on Eo.,: st ructure,

redox poten tials, isomerism, etc .
3. App lications dependen t on is, Eo." n, etc . : equilibria ,

hydrogen bondi ng, etc.
Effect of experimental conditio ns (environment)

Concent ration of reactive species
Ionic strength and buffer nature
Nature of solvent
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Polarographic reactivity and reaction mechanisms
Factors in deduction of a reaction mechanism
Case history: fission of carbon-halogen bonds

Analytical applications with ·specific examples
Basic quantitative techniques
Determination of elements
Determination of organic functional groups
Determination of organic compounds
Analysis of biologically significant substances
Amperometric titration
Coulometric titration
Partition polarography
Determination by maximum suppression and by catalytic

waves
Other applications

Reaction rates and kinetic studies
Structure determination
Hydrogen bonding
Synthesis control, detection of reaction intermediates, purifi

cation processes

Microchemistry. A. A. BENEDETTI-PICHLER, Queens College.

Inorganic Microanalysis

Definition. Microtechnique of chemical analysis on an essen
tially smaJler scale than customary.

Physical properties and chemical equilibria are in first approxi
mation not dependent upon absolute quantity. Limits were
briefly discussed.

The sliding scale: centigram, milligram, microgram tech
niques. The units were defined.

Practical applications. Research, industrial applications,
material testing. .

Discussion of microtechniques on centigram and milligram
scales. Work on microscope slide, measuring reagents, heating
and cooling, separation of phases, weighing, titration.

The advantages and limitations of the use of microtechnique
were indicated.

Working with Microgram Quantities

The general technique of working in capillary cones under the
microscope was explained with the use of slides. Examples from
the fields of inorganic and organic microanalysis were mentioned.

Demonstration of the titrations of microgram quantities under
the microscope with the use of a motion picture film.

Brief references to the possibilities for gravimetric and colori
metric determinations on this very small scale.

Microscopy in the Dye Industry. GEORGE L. ROYER, Cal co
Chemical Division, American Cyanamid Co.

Microscopy has been used for many years by the .chemist for
the identification of textile fibers and for the examination of de
fects in fabrics. The advent of color photography has brought
iJ. medium to microscopy which can be used to illustrate many
microscopical phenomena which in black and white would be
meaningless and uninteresting. The dyeing operation for the
application of color. to textiles is an art to which microscopy has
been applied to aid in the advancement of the science of dyeing.
In this presentation two slides were projected on separate screens
at one time, so that comparisons could be seen readily.

First, the use of chemical petrography was illustrated by photo
micrographs of various crystals of intermediates and dyes which
result from microscopical tests used for positive identification.
Polarized light, refractive index, and other optical properties
were shown. The size, shape, and color properties of dyes affect
their preparation and use, and here again the microscope is a
useful tool to determine these properties.

Dyed common textile fibers were shown in cross section to show
the value of the technique for the identification of textile fibers
and for the study of fiber structures. This was followed by physi
cal chemical studies on the application of dyes to wool, cotton, and
rayon, in which the microscope has played an important part in
obtaining a better understanding of the mechanism of dyeing.
These studies have been of value in giving a scientific approach
to dyeing, an art that has been known for ages. Some ancient
fabrics illustrate how dyeing was carried out hundreds of years
ago. In conclusion, some photographs were shown on the tech
niques and apparatus used in these studies and in taking the color
photomicrographs.

Mass Spectrometry. R. BOWLING BARNES, American Optical
Co.

Infrared Spectrometry

Infrared spectroscopy has passed through its first phase, in
which a great deal of fundamental work was done. It is now well
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along into the second phase-the transition from its use under
ideal research conditions to its widespread application under
more practical conditions. Whereas it was for a long time
thought of only as a narrow branch of spectroscopy, it is now
accepted widely as a laboratory tool. .

The past few years have seen a tremendous increase in the use
of infrared in industry for the solution of chemical problems.
One use that has not been so widely publicized as others is its
application to the study of molecular structure. Some work has
been done in this area but the surface has hardly been scratched.

The necessary basis for successful application of infrared spec
troscopy is a knowledge of the absorption spectra of a great many
pure compounds. From these absorption spectra, empirical cor
relations can be made which permit interpretation of the struc
ture of unknown compounds, verification of molecular structures
as derived by chemical means, quick accurate analysis of mixtures,
determination of impurities, measurement of reaction rates, etc.
It is an obvious step to broaden the existing concepts and to sum
marize spectral correlations with a view to establishing a field
of infrared spectroscopy which may be complementary to conven
tional physical and organic analyses.

The theoretical basis of infrared spectroscopy was presented
briefly, along with a discussion of instrumentation and experimen
tal techniques.

A wide variety of applications were then presented, These
include discussions of the use of infrared for the determination of
spectral identity and qualitative purity; and the application of
infrared to qualitative functional group analysis as applied to the
establishment of molecular structure.

Recent Trends in Infrared

In the January issue of ANALYTICAL CHEMISTRY, R. C. Gore
presented a review of the infrared papers published during 1950.
This review contained 354 references. Some of the newer and
more important instruments and techniques covered in the above
review were described, together with their applications to practi
cal problems in analytical chemistry.

Electron Microscopy. ROBERT FISCHER, University of Indi
ana.

Principles and Instruments

Requirements to yield a faithful image
Adequate resolution

1. Limiting factors
2. Significance of resolution

Adequate depth of field
Adequate image contrast

1. Origin of contrast
2. Aids to contrast

Characteristics of a suitable specimen
Thin enough to transmit an appreciable number of electrons
Stable in evacuated chamber
Stable when bombarded by electrons

1. Contamination
2. Decomposition and other alterations

Commercial instruments

Selected Techniques and Applications in Analytical CheInistry

Qualitative identifications
Factors involved in precipitation processes
Particle size determinations
Counting particles
Surface studies

Electrolyses at Controlled Potentials. L. B. ROGERS, Massachu
setts Institute of Technology.

In an ordinary electrolysis, the electrode potential is usually
limited primarily by gas evolution, although it changes some
what with the magnitude of the current passing through the cell.
Thus a separation depends upon one's ability to interpose gas
evolution between the deposition potential for one element and
those for the remaining elements.

Early attempts to separate elements without resorting to limi
tation of the potential by gas evolution employed anodes of
various active metals, dissolution of which provided a characteris
tic potential. This method, however, had a number of serious
drawbacks. Recently, advances in instrumentation have made
automatic control possible, so that the probable number of appli
cations have been increased. As yet, however, the number of
published applications have been few.

The technique of electrolyzing at a controJled potential is useful
not only for electrodeposition but in reactions producing soluble
ions or compounds. Once again, the number of published applica-
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tions is small. Some representative applications from inorganic
and organic chemistry were mentioned.

Organic Reagents. LYNNE MERRITT, University of Indiana.

Formation and Stability of Chelate Compounds

A thorough, quantitative understanding of the factors that". in
fluence the formation and stability of chelate compounds is neces
sary if, in the future, the search for new and more selective organic
reagents for inorganic ions is to be more efficient.

The following factors are probably of importance in the forma
tion of chelate compounds:

Availability of acidic and basic groups in the organic molecule
Correct geometrical relationship of the two above-mentioned

coordinating groups so as to form proper sized ring
Steric hindrance by neighboring groups'
Availability of electron pairs of the coordinating groups for

sharing with the inorganic ion-e-i.e. acid and base strength
Electron affinity of inorganic ion
Size of inorganic ion with respect to distance between coordi-

nating groups '
Spatial arrangement of coordinating groups and spatial require

ments of inorganic ion
Solvent effects
Possibility of .resonance in complex so that additional stability

is gained thereby. Availability of necessary orbitals
The evidence for, and influence of, each of these factors in

chelate formation were briefly reviewed.

Measurement .of Stability and Analytical Applications
of Knowledge

Methods of measuring the relative stability of various inner
complex salts of analytical interest were discussed. These meth
ods include measurements of solubility products, determination
of the pH of incipient or complete precipitation, determination of
the relative number of chelating anions hound by one cation as
a function of pH, rate of exchange determinations, polarographic
half-wave potential determinations, and other means.

Determinations of the crystal structure of analytically impor
tant compounds by x-ray diffraction means lead to much interest
ing information regarding the arrangement of atoms, bond
lengths, etc., in these compounds. The structure determinations
reported thus far in the literature were reviewed. Many inter
esting conclusions can be drawn from the space group determina
tions which are a preliminary phase of a crystal structure deter
mination.

Several applications of the use of organic reagents in inorganic
determinations which depend on a knowledge of relative stabili
ties were given. These include: titrations with end-point de
tection similar to the Mohr method for chloride ion, use of two
reagents to isolate one ion selectively, and several incidental ap
plications.

Colorimetric Analysis. GILBERT H. AYRES, University of Texas.

Fundamentals of Photometric Analysis

Utility of colorimetric methods
Laws 'of spectrophotometry
Methods of color comparison
Objective versus subjective methods
Instrumentation

Sources of radiant energy
Wave length selectors
Photoreceptors
Types of instruments

Method of study of a colorimetric method
Spectral characteristics
Reagent concentration
Order of addition of reagents
Rate of color formation
Stability of color
Temperature coefficient
Effect of pH
Range and accuracy
Sensitivity
Interferences

Determination of formula of colored product
Method of continuous variation
Molar ratio method
Slope ratio method

Evaluation of Accuracy in Photometric Analysis

Historical background
Application of the laws of spectrophotometry
'Methods of plotting photometric data

SQale reading VB. concentration
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Beer's law (straight-line) plots
Log absorbancy VB. concentration
Ringborn method of plotting

The error function
Attainable accuracy
Optimum range
Methods of extending the range

Choice of cell length
Use of different wave lengths
Measurement of transmittance ratios

Scope of absorption spectrometry

Chemical Oscillometry. OLEN A. NANCE, Louisiana State
University.

Review of standard.method» of electrical measurements
Conductometric analysis
Capacitance measurements and the dielectric constant
Pertinent elements of standard circuitry

Oscillometry
Review of published circuits and dab
Discussion of investigations of L.S.U.
Suggested applications and suggestions for future developments

in the field

Pittsburgh Conference on Analytical
Chemistry

The Pittsburgh Conference on Analytical Chemistry and
Applied Spectroscopy will be held in the William Penn Hotel,
Pittsburgh, Pa., March 5 to 7, 1951. On the afternoon of March
5 a full session of the conference will be devoted to a testimonial to
Keivin Burns, a pioneer in the field of emission spectroscopy, who
is retiring after 30 years as astronomer at Allegheny Observatory
of the University of Pittsburgh. The session will be composed of
papers by S. C. Crawford, University of Pittsburgh; 13. H.
Carroll, Eastman Kodak Co.; N. E. Wagman, Allegheny Ob
servatory; G. R. Harrison, Massachusetts Institute of Tech
nology; and W. R. Brode and W. F. Meggers, National Bureau of
Standards. A testimonial dinner will be held in the evening, at
which \V. F. Meggers will preside as toastmaster.

N, Howell Furman, president of the AMERICAN CHEMICAL
SOCIETY, will be a keynote speaker. Walter J. Murphy, editor of
ANALYTICAL CHEMISTRY, Industrial and Engineering Chemistry,
and Chemical and Engineering News, will deliver introductory
remarks. Other addresses will be delivered by M. G. Mellon,
Purdue University, and G. H. Dieke, Johns Hopkins University.

A new feature of the conference will be an 'exhibition of books
published during the past 5 years on analytical chemistry, spec
troscopy, instrumental methods of analysis, and related subjects.
As in past years, there will be an Exposition of Modern Labora
tory Equipment at which about 20 exhibitors will present a com
plete assortment of instruments and apparatus for the analytical
and spectrographic laboratory.

In response to requests, the conference will offer an employ
ment service, with facilities for registration of employers and
candidates for positions. Arrangements have been made for
private conferences. Inquiries about this service should be
directed to A. 13. Steele, MeJlon Institute of Industrial Research,
Pittsburgh 13, Pa.

Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. William Penn Hotel, Pittsburgh, Pa., March
5 to 7, 1951

Fourth Annual Summer Symposium. Washington, D. C.,
June 14 to 15, 1951



AIDS FOR THE ANALyST .....
After the initial setting is made, regulation of the desired current
strength is completely automatic. If the current through the
heater does decrease, owing to an increase in resistance of the
heater circuit or decrease in battery voltage, the voltage across
control resistor R3 becomes smaller than that of the potentiom
eter, and the galvanometer is deflected in such a direction that
more light is reflected from S onto P.C. The resulting increase
in current supplied by the radio tube almost completely com
pensates for the initial decrease in heater current. A heater
current larger than the desired amount causes a similar but op
posite reaction gf the various control elements, resulting in de
creased current output from the radio tube. Hence in either
ease the total heater current remains essentially constant. These
compensations are definite and almost instantaneous.

The range of variation in current which can be controlled by
the device is limited by the maximum output of the radio tube.
The tube used, Type 117L7-GT, has a maximum output of about
50 mao Hence the control potentiometer could be adjusted so
t,hat the initial output of the radio tube is about 25 ma., and the
device would successfully compensate for any changes in the
heater circuit which caused the current supplied by the batteries
either to increase or decrease by about 25 mao The range of con
trol could undoubtedly be extended by the use of a tube with a
greater maximum eurrent output, or by the use of two or more
tubes in parallel.

The sensitivity of the device is affected 'by the nature of
several of its components. Increased sensitivity can be accom
plished by anyone, or any combination of the following: use of a
more intense light source, a more sensitive galvanometer, or a
more sensitive photocell.

In the present setup, the light source consists of a single-element
6-volt incandescent lamp manufactured for use in automobile
headlamps and rated at 30 candle power. The galvanometer is
a Leeds and Northrup, Type R(2500-e). The photocell-is manu-

•factured by' the General Electric 00. and bears the designation
OL-868/PJ-23. An important part of the regulator is the lens,
which is used to focus light from the source onto the galvanometer
mirror in such a manner that the cross section of the beam as it
reaches the photocell is circular and about 2 mm. in diameter.
This allows a very slight movement of the galvanometer coil to
vary the intensity of light falling on the photocell from prae
tically zero to the maximum available. It is possible that greater
sensitivity might be obtained by the use of a needle-type galva
nometer fitted with an opaque vane similar to that used by
Longsworth and Maclnnes [J. Optical Soc. Am., 19,'50 (1929)]
in their regulator.

That part of the heater current supplied by the radio tube is,
in the setup shown, rectified and filtered 60-cyele alternating
current. By means of a cathode ray oscilloscope, the "ripple"
voltage was estimated to be less than 0.5% of the total plate
voltage. Because the control current supplied by the tube is only
a small fraction of the heater current, the error introduced due to
the alternating current component is negligible in the present
work. The use of a better filtered power supply, or a battery
source, for plate voltage might be desirable for certain applica
tions.

When the regulator is connected directly to line current as
shown, the heater circuit wiring is a possible source of electrical
shock, and should be handled with care. This feature can be re
moved by the use of an isolation transformer.

Maintenance of a constant current by this device is dependent
on the constancy of both the voltage of the potentiometer working
battery, W, and the resistance of resistor R3• In the regulator
described, the working battery is a 100-ampere-hour lead storage
cell, which is kept connected to the potentiometer at all times. For
operation over long periods of time, the change in working battery
voltage might necessitate periodic readjustment of the potentiom-

110 v.c

B R2
H

W POT. R3 R1

G
M

Figure 1. Heater and HcgulatOl' Circuit
Diagl'Unl

u. 12-volt lead batt.ery
C. lOO-Infd., ISO-volt capacitor
G. Galvanonl.Cl,er
11. Heater
L. Lens
M. 1\'IiIlialllItletcr
r.c. Photocell
Pot. Potentiometer
Rs, Standard resi!';tor, 1 ullin
/(2. Rheosmt., 30 obms
R2. Control resistor, about 1 ollln
R4~ 2-111egohlll, O.5-watt
R.. ] 200-ohIll. 2-watt
Rs, 12,OOO-ohlll, 2-walt
S. Light source
1'. 117L7-GT radio tube
W. 2-volt lead ccll

Figure 1 is a schematic diagram of the heater circuit and cur
rent regulator.

The current flowing through the heater, H, consists of con
tributions from two sources. Almost all this current is furnished
by the 12-volt batteries, 13, but a small amount, which is auto
matically varied by the other elements of the regulator in such a
manner that the total heater current remains constant, is fur
nished by the electron tube, T. The amount of this additional
current depends on the intensity of light falling on the photocell,
P.C. This light intensity in turn is controlled by the position of
the mirror on galvanometer G, which reflects more or less light
from the source, S, onto the photocell, depending on the deflec
tion of the galvanometer. The deflection of the galvanometer
is fixed initially by adjustment of the potentiometer, Pot., which
balances the potential across the control resistor against a part
of that produced uy the potentiometer working battery, TV.

A Constant Current Regulator. H. W. Patton, Vanderbilt
University, Nashville, Tenn.

rrHE need for maintaining a constant direct current of about 1
ampere in a resistance heater has led to the development of a

regulating device, which, when used in conjunction with lead
storage cells, gives satisfactory compensation for small variations
in current due to changes in circuit resistance or battery voltage.
Except for the galvanometer and potentiometer, which are ordi
narily available in a chemistry laboratory, the regulatorwas con
structed from standard materials, the total cost of which was less
than $10.

393
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eter, Ra is wound from Manganin wire and immersed in oil.
The degree ofregulation made possible by the device is demon
strated by the fact that during the course of 30-minute rURS, the
variation in current has never been found to exceed 1 part in
25,000.

In addition to applications in which precise energy measure
ments are to be made, the regulator is useful for maintaining
constant currents during the calibration of resistances and direct
current meters. It seems 'possible that for the maintenance of
constant current during moving boundary and electrophoresis
experiments, a modified regulator based on the principle described
might be superior to the one used by MacInnes and Longsworth
[Chem. Rev., 11, 189 (1932)].

The simplest way is to rotate the tip against a high-speed Carbo
rundum wheel. If the tip is held lightly, and the grinding is not
hurried, this method yields a satisfactory tip in a minimum of
time. This rough-ground tip may then be fine-ground by lapping
it in a rotating tapered cylinder into which are fed water and.
emery powder, as at Q.

Second Method. Lap out the desired portion of the tip from
the excess glass on the head of the tip by means of a rotating
slotted tube, mounted in a drill press, to which are fed water and
emery. Cement the tip by plaster of Paris to a block of wood and
clamp it to the table of the drill press. For a lap use a piece of
brass tubing of appropriate inside diameter to reduce the tip to
the diameter desired. Run the rotating lap tube, slotted at the
cutting end to admit the grinding compound to the cutting edge,
down over the stem of the bubbler tip and continue lapping, I,
until the tip is lett, as at K. .

Finally polish the tip, if desired, and dissolve the wires with
warm nitric acid,

:

j]

o

M

L

N

p

Q

Tips made in this manner can be finished to the same diam
eter as the capillary tubing to enter any apparatus into which the
tubing alone can be inserted. For very small tips the smaller
area of the seal in the glass between the wires of the spider re
quires a more positive method of fusing the glass around the
wires, and platinum or palladium is more appropriate for the
spider. For holding and spreading the spider wires, it is con
venient to solder them together with gold at the spreading point.

After proceeding-as to H (L to P) fuse the whole end of the tip
until it is nearly spherical, as at P. Then rough-grind the tip to a
slight cone as at R by rotating against a high-speed Carborundum
wheel. (This method, while quick, sometimes breaks the glass.)
Then lap with emery in a slightly tapered tube as at Q until the
diameter has been reduced to the desired size.

The spiders made of palladium have a tendency to be sur
rounded by bubbles in the glass, caused by gas escaping from the
wire at the higher temperature of fusion. The capillary tubes
formed by platinum wire are neater, but a longer time is re
quired to dissolve the wires with aqua regia (4 parts of hydro
chloric acid, 1 part of nitric acid, and 1 part of water). The time
for dissolving the wires is not unduly prolonged unless the wire
has been hardened with i~idium. In this case the tip can be
sealed in a tube of borosilicate glass together with the acid mix
ture (without the 1 part of water) and heated at 110° C.

Tips with 20 and 30 openings
formed by No. 44 B.&S. wire gage
have been made using tubing of
3-mm. outside diameter.

Performance. Flow tests were
made on a 9-mm. tip made from
borosilicate glass capiJIary tubing of
6-mm. outside and l-mm. inside
diameter using 20 strands of No. 36
B.&S. gage copper wire. A pressure
of 24 em. of water was required to
start the flow of air through the tip
when immersed in water at room tem
perature. With a pressure of 35 cm.
of water, air flowed through all the
openings at a rate of 2.2 ml. per
second. Above this the rate of flow
was a linear function of the logarithm

of the pressure up to about 4.5 ml. per second at a pressure of 52
em. of water.

The main difference in the delivery characteristics between the
example used here and the Branham-Sperling tips is in the length
of the capiJIaries produced by the wire. The Branham-Sperling
tips are, in general, more uniform and the length of embedded
wire is shorter. The pressure required to bubble gas through the
tip made as described here is, therefore, greater than those made
previously. This can be decreased by grinding the periphery
away to produce a shorter restricted passage. With care a bubble
can be blown around the center of the spider to decrease the
restricting path and increase diameter of tip head.

K
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Preparation of Bubbler Tips. Charles L. Gordon, National
Bureau of Standards, Washington 25, D. C.

T H E glass bubbler tips described by Branham and Sperling
[J. Research Natl. Bur. Standards, 22, 701-5 (1939)]

are convenient and efficient for dispersing a gas into an
absorbing solution. They are made by sealing a number of fine
copper wires between a cone formed on the end of a glass tube
and a circular glass disk. The ends of the wires are then exposed
by grinding and the wires are dissolved in acid. Their construc
tion is rugged, yet their availability has been limited because of
the difficulty of manufacture. A less exacting method of manu
facture is given here.

Method of Construction. Prepare a spider of copper or palladium
wires of the size chosen for the holes by twisting the desired num
ber of wires together so that about 0.5 inch (1.25 cm.) of untwisted
wire remains as illustrated at A.. Clip off the twisted portion to
reduce the total length to about 1.5 inches. Hold the wires over a
flame momentarily to anneal them, then insert the twisted end
into a jig and clamp it. Splay out the untwisted wires, as shown
at B, to radiate uniformly. Uniform arrangement is best done by
slotting the jig, but arrangement by eye gives a satisfactory
bubbler.

Select a short length (about 2 inches) of capillary tubing of such
bore that it will easily pass over the twisted wires and yet not be
over twice their combined diameter. Heat one end of this tube in
an oxygas flame and flare the opening to 5 to 6 times the diameter
of the twisted portion of wires. Place the inverted spider on a
sheet of brass near the flame. Heat the flared end of the tube
until it is very soft, then quickly push it down over the stem of the
spider onto the fan of wires, as at C. If the glass was hot and soft
enough (and not too large in internal diameter), the spider of
wires will adhere to it, as at D, on lifting the tube. Keep this
assembly warm by holding in the warm blast far out beyond the
end of the flame.

Heat one end of a glass rod until a soft ball of glass forms and be
comes very fluid at the outer surface. Line up the tube held in
one hand with the rod in the other and immediately press them
together, as at E. The soft glass unites with the warm exposed
glass between the spider wires, as at F. Soften the rod back of
the flared head and draw it off, as at G. Soften and paddle (or
marver) the remaining knob of glass to form a flat end over the
spider, as at H, and anneal the whole end in a soft yellow flame.

Finish the bubbler tip by removing the excess peripheral glass,
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Sorgent
EASY FILLING MANOMETER

Sorgent
LARGE VOLUME ASPIRATOR

Sargent's low pressure, large volume
aspirator, made of Pyrex glass, produces a
free air velocity at the intake of 500 feet
per minute under water pressure of ap
proximately 30 to 35 pounds per square
inch. Under these conditions air is trans
ferred at a rate of 20 cubic feet per minute.

if applied to a dosed system the maxi
mum pressure that this pump develops is
about 5 inches of water column. It may
thus be used toexhaust a volume of vapor
from a dosed system in which the develop
ment of substantial negative pressure is not
desired. When applied to the exhaustion of
closed systems it provides satisfactory dis
posal of large volumes of fumes which are
readily soluble or readily condensable, in
cluding the vapors of acids, ammonia, etc.
It may be used for drying in a current of
air at low temperatures and for Kjeldahl
digestions, etc.

This large volume aspirator measures
10 inches high. The water intake is % inch
in diameter, the exhaust is 1 inch in diam
eter, and the air intake will accommodate
% inch LD. tubing.
5-33650 FILTER PUMP - Glass, Large
Capacity, Sargent. Complete with piece of
No. S-73505 rubber tubing % xYs:iC3 inches
and two No. S-73770 damps, Size C, for
connection to faucet $8.50
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5-33650

5-39742

•••••

The Sargent Manometer combines the convenience of manipulation of the standard
closed form with the simplicity of filling of the open type.

The manometer is a U-tube with a fine porosity friued disc in one arm near the
top. To fill, mercury is added to the open arm. Air is exhausted from the arm con
taining the fritted disc. Placed on top of the fritted disc is a shallow layer of mercury
to prevent the return of air into the arm. The mercury will not pass through the
disc under full pressure and maintenance of the necessary vacuum is thus assured.
A constriction at the base minimizes oscillation and protects the disc from impact .
of the mercury column.

Total height, 290 mm; diameter of friued disc, 10 mm ; length of side arms,
35mm.

The manometer is mounted on a finished wood stand provided with sliding
scale graduated in millimeters to facilitate reading of level differences.

5-39742 GAUGE-Vacuum, Mercury, Closed Manometer Form, Fritted Disc Seal ,
PYREX Glass, Sargent. With stand, without mercury. Each $20.50

5-39740 GAUGE-Vacuum, Mercury, Closed Manometer Form, Friued Disc Seal,
PYREX Glass, Sargent. Without stand, without mercury. Each $5.00

SARGENT
SCIENTIFIC LABORATORY INSTRUMENTS· APPARATUS· CHEMICALS
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN

SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS
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Coleman Nepho-Colorimeter
FOR THE EXACT MEASUREMENT OF COLOR, HAZE AND TURBIDITY IN L I Q U I D S

FOR NEPHELOMETRY
Nephelometry is the sc ience of evaluating haze in liq uids b y
measuring its ability co reflect light , this ability being dire ct ly
related co th e co ncentr atio n of the su spended ph ase . T he M odel 9
Nepho -Co lorirneter is an extremely sensitive and highl y precise
instrume nt fo r measuring th is reflec ted (Ty ndall) lig ht. Coleman
Certified Nephe los Standard s perm it expressio n of such me asu re
ments in term s of a fixed , numerical sca le. Data thus becomes
u niv ersally signifi cant and comparable. Repeated preparation of
temporary sta nd ards is eliminated. The linear relation between
ins trument response and T yn da lllig ht intensit y m ak es Nephelos/
Co nce nt ration calibratio ns simp le and exact. Nephelometry is
findi ng increa sing applicat ion in the exam inatio n o f Bio log icals,
Bacterial Suspensions, In dustr ial Warers, Bever ages and Blood Sera .

FOR COLORIMETRY
Ac tuatio n of a sing le switch co nverts th e M o del 9 N epho -Co lo r.
imerer fcom a nep helometer to a p recision co lo rimeter capable
o f co lori m etric m easurements of a precisio n and cerrainry far

above that ord inarily available in filter instrum ent s. Selected
filter s co ver th e visible sp ect rum in six un ifo rm increm ents.
Scrat ch- proof m ounting s ass ure co nt inued u nifo rmi ty. Direct 
reading scales for o ptical densi ty o r pe rce nt transm itt an ce read 
ings ma y beintercha ng ed wi th scales indi vid ually calibra ted fo r
specific analytical method s. Inre rchange abl e ada pters accep t
cuverres rang ing from 25m m de pt h down co capilla ries req uir
ing on ly O.Olml of so lutio n.

FOR TURBIDIMETRY
When the panicles in a liquid su spension are suffic iently co n
cenrrared co interfere substant ially with the tran sm ission o f ligh t,
the amo u nt of sus pend ed m ater ial m ay be me asured by derermin
ing the rransrn irrance of the suspension and relati ng it to panicle
concent ration . Turbidity measurements with the M o del 9 Nepho
Colorimeter are cha rac terized by the ease and speed of direct
deflect ion read ing ant! by the unparalleled precision availab le
from the calib rated potent iometer. Determ ination s ca n be made
with either whi te lig h t or co lo red light.

Wr ite for Bu ll etin AB-215 for ful l information .

Fo r Nephelometry o nly. T he Model 7 Pho ro -Nephelorne rer is capable o f the same
precision in neph elom etr ic measu rements as the Model 9 Nepho -Colorirnerer b ut is
not eq uipped fo r Col orimetric o r Turbidim etric me asu rements by rransmi n ed ligh t.

Write for Bull et in ··AB-214 for full i n f o r m a t i o n .



INST RUM ENTAT I0'N
Characteristic properties and uses of Ihjrite nonohm ic electrical elements
are reviewed , with suggestions of applications in ana lytical investigations

ONnumerous occasions we have
discussed nonohmi c elect rical

clements for the reason tha t man y
of them offer new and unusual ap
plications, either as primary cle
ments, or as mean s for moasu romen f
and control. In this class arc ther
mistors, tran sistors, phot.otruns
istors, and the germanium crys tal
rectifier . Thvrite resistor s arc olde r
than any' of 'these, bu t apparently
the ir measuring and instrument al
possibilities have been neglected or
overlooked, a t. least compared with
their rather extensive industri al
usc. A recen t article by R. P .
T urner [Radio and Television N ews,
45, 50 (J anuary 1951) ] reviews some
of their characteristic proper ties
and uses. ' Ve wish to draw the
a na lyst's attention to this in terest
in g a rtic le and to suggest ways in
whi ch th is information may be use
ful in his work .

T'liyrite R esis tors

, Thyrite is the trade nam e for a
materi al developed by the General
E lect ric Co. It is a cera rniclikc
mass consist ing of silicon ca rbide
a nd a ceramic mixed in various
propor tion s and fired at a te mpera
ture of about 1200° C. The elec
t rical units employing thi s materi al
eonsist of disks to which fla t elec- :
trodes arc' applied , or rods with pig
tail leads. Both variet ies are avail
ab le in va rious sizes and power rat
ings and they are impregn a ted
against humidi ty effects. E lec
t rically, their behavior is nonohmi c
- that is, the current passing
thro ugh the elemen t is not directl y
proportional to the applied poten
t ial. The relationship is expressed
by an equation of the form I = kEn.
The exponen t n vari es between 3.5
and 7.0, depending upon the manu
facturing technique. Although k
is a proportionality constant, it is

evalua ted for practical purposes ·in
amperes a t 1 volt. applied . A Thy
rite resistor differs from some of the
othe r nonohmic devices in that its
ac tion is almost exac tly symmetric.
According to G.E. , recti ficatio n
effects are less tha n 1%. This is
most readily shown by applying
a .c. to the device and displaying the
result an t current on an oscillograph.
If the result an t current is applied
(as an HI drop) to the ver tical
plat es of the oscillograph and the ap
plied poten tial t9 the horizontal
plates, a symmetrical pattern re
sults, showing the rapid exponential
rise in the first quadrant and equal
exponential downward deflection in
the third quadrant.

As migh t be expected .hom the
.nonlinear behavior, the Thyri te
resistor is a good harmonic genera
to r-e-that is, if a sinusoida l poten tial
is applied to it , the resultant cur rent
will contain harmonies of the funda
mental frequency. The odd har
monie s a re fav ored . In some ap 
plications thi s harmonic distortion
is objec tionable and mu st be con
side red. On the othe r hand , it is a
convenient mean s for frequ ency
multiplica ti on.

Turner qu otes the Ge~C1'al Elec
t ric Co. Bull etin G.E.A.-4138B for
typical Thyri te characteristics,
among which may be noted that
Thyrite characteristics do not
cha nge with time and that they ar e
immune to 'p ressu re or vi?ration
effects . They will. respond to d .c.
or to t ra nsients as short as 1 micro
second. There are no polariza tion
effects. The te mpera ture coefficient
of resist an ce is negative and at con
stant voltage it vari es betw een -0.4
and -0.73% over th e rang e 0° t o
100° C. The average Thyrite re
sistor can dissipate about 0.25 watt
per square inch continuously. For
short- time te st s 01' 'under transient
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comIi tions and assuming no time
for radia tion, the temperature will
rise 80° C. for 2000 watt-seconds per
cubic inch of Thyrite. To ' ~void

electrode oxidation 'effects, continu
ous temperatures in excess of 110° C.

. should be av oided, 01' for short
interv als tempera tures in excess of
150° C. Alt hough the impregna
t ion of uni ts rend ers them imm une
to humidi ty effect s. whenever cur
ren ts of less tha n 1 mao are meas
ured , 0 1' when . very high humidity
prevails, special precau tions may be
required to minimize these effects.

H eretofore, the T hyri te resistor
has foun d extensive use as a two-ter
min al voltage regula tor , as a protec
to r aga inst voltage surges, as a
lightning arrestor, as a sensit ive
element. in voltage det ector cir
cuits , and for providing constant
voltage output for va ry ing loads.
In conside ration of its uniqu e char
acterist ics, and the fact th at. it is .
equally iJseful for a .c. or d .c., it may
be seen that it has great potentiali
t ies in other applicat ions .

Use in Vo ltage-Sensitive Brid ge

Let us ' conside r its use in a volt
age-sensiti ve bridge with reversib le
output. If t wo Thyri te resist ors
and t wo ordina ry resistors are con
nected in simple br idge fashion , and
such that the Thyrites are in diago
nally opposite arms, then there is
one, and only one applied voltage at
which t he brid ge will be in balance,
and for which the output of the
bridge is zero, If the pot enti al ap
plied to the bridge is d .c. and its
value is increased above th e balan ce
value, the output will no longer be
zero , and the output te rminals will
have a definite .polarit y. Con
versely , if the applied voltage is de
creased, the bridge will be unbal
an ced again, but the output polar
ity will be revers~d . Similar results
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The
new
~

Metallurgical
Microscope

Completely equipped with

facil ities for photomicrography.

BMe

See our booth at the Western Metal Congress,

Oakland, Cal if. March 19-23.

For informa tion, see your Leitz

franchised dealer, or write to Dept. AC 106

E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y.

LEIT Z M IC RO SCO PES · S C I EN T IFIC I NSTRU M ENTS

BINO .CU LARS • LEI C A CAMERA S AN D AC C ES S O RI ES

ANA LYTICAL CHEMISTRY

INSTRUMENTATION

have been obtained by using incan
descent lamps for two arms of a
bridge, but their range is much
more limited and t hey are likely to
be much more sluggish in response.

If a number of Thyrite resist ors
are connected in series and th e cur
rent through them is derived from a
varying source, t he potential dr ops
across the Thyri te elements will be
sensibly constant because t heir re
sistance decreases with increasing
current. This affords a voltage
divider giving several constant volt
age outputs.

As an output voltage regulator
for either a.c. or d .c., an ordinary re
sist or and a Thyri te resistor are con
nected in series to the unregulated
source , The regulat ed voltage is
obtained from the drop across t he
Th yrite resistor', It is obvious that
power losses will be incurred in th is
procedure and must be taken into
account. The degree of regulation
can be improved, at the expense of
addit ional losses, by cascading sev
eral stages of this sort,

The exact inverse of this process
can be achieved if it is desired to
augment or overemphasize voltage
variations. Once more, two resist
ors are connected in series with the
source, one an ordinary resistor, t he
other Thy rite . The output voltage
is now the drop across the ordinary
resisto r. Th is effect can also be
cascaded to produce large varia
t ions. It can be seen that this
scheme affords an ext remely com
pact and simple system for t he
exaggeration of small unbalance
e.mJ 's . wherever those may be used
effect t he rebalance of an a.c . or
d.c. system,

In elect ronic circuitry, Thyrite
resistors have distin ctive uses. If
one of t hem is used in t he cathode
lead of a t ube, it will provide an
essent ially constant bias voltage for
the tube. Constant output of a
tube can be attained if a Thyrite
resistor is used as the cathode re
sisto r in a cathode-follower circuit.

(Continued on page 26 A )



VOL U M E 23, N O. 2, FEB RU A R Y 1 95 1

CENCO ELECTROANALYZER
rapid analysis

of metals

25A

The Cenco Two-Unit Electroanalyzer saves time in the quantitative
electroanalysis of metals. Independent controls provide current
up to 5 amperes to each or both stations simultaneously.
Meters indicating volts and amperes are mounted with selector
switch on the front panel.

Polystyrene electrode holders resist corrosion, facilitate adjust
ment of electrodes, and provide. effective clamping. This improved
unit is highly recommended for chemical analysis of zinc, base
die casting alloys (ASTM E47-451, copper and lead in aluminum
alloys (Aluminum Research Institute Methods Cu 2-47 and Pb 2-47),
copper in ferrous metals (ASTM E30-451, copper and lead in
brasses (ASTM E36-451. Also available in a six-station model.

Write for descriptive circular 1200

Cfienaal!fJclentifle CfiO/Jnfiau!I
SCIENTIFIC INSTRUMENTS. LABORATORY SUPPLIES

1700 IRVING PARK ROAD, CHICAGO 13, ILLINOIS

'( HICAGO HEW YORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA lOS ANGmS TORONTO MONTREAL VANCOUVER



26A ANA LY TI CAL C HEM ISTR Y

44 Railroad Avenue, Hackensack, New Jers ey

JANKE AIRCRAFT EN G INE TEST EQ UIP MENT CO .

It is one of the cha racterist ics of
the present age t hat great at t en tion
is being given t o the developm ent
and study of new devi ces. There is
no end to th e' degree of elaboration

. which can be mad e of current
theo ry and pract ice,bu t it seems th at
t hese developm ents in the newer
crystal physics-the characteristics
and properties of semiconductors
and nonohmic system- will con
t inue to supply us with extremely
useful devices.

INSTRUMENTATION

Com p uta t.ion u l. Aid»

Alt hough the re are mu ch acclaim
and publicity ubout digital com
puters an d the pr odigious math e
ma ti cal feats whi ch th ey can ac
eomplish, the chemist is still in need
of relat ively simple computationa l
a ids. This is ev ident if one ex
amines t he very simplest expres
sions involvin g chemical phenom
ena . We are constantly con
fronted by express ions involving
squares, root s, logarithms, and re
ciproca ls. To the extent that more
of our ana lytica l procedures are
yielding to inst rumen tal solution,
we are confronted wit h t he neces
sity of eliminat ing the residua l
choro of computat ion. This cannot
be met by a computer which costs
several t ho usand dollars. But to '
t he extent t hat a simple element can
ind icate a logarithm or extract u
square root , this may ue added to an
inst rum ent at small cost an d wit h

, great profit. In passin g, it may be
noted that elements like the Thyri te
resistor and it s relati ves show
promise in th is di rection. Compu
tationwise, t he promise resides in
its nonl inea r behavior. One could
devise countle ss circuit combina
t ions to match a desired mathe
mati cal fun ct ion or pr odu ce un
acce ptable approximation . The ac
t uul solut ion is best achieved by an
applied mathematician or comp ut er
expert, bu t his needs must be sug
gest ed by the che mist. One may
expect. to see considera ble progress
in t h is d irection in th e nen.r futu re ,

I
W rite for furthe r
de tailed information

• Classification by patent
number is an enormous
timesaver.

• intern a l standard insures accu racy

• city gas is used
• no exte rnal current sup p ly re

qui red [or photometer circuit
• 'micro sampl es or con tinuo us flow

operatio n ,

with int e rna l

standa rd for

rep id analys is

o f so diurn,

po tassium and

lithium' .

Special Publications Dept., 'American Chemical Society
,1155 Sixteenth St., N.W., Washington 6, D. C.

CHEMICAL 'ABSTRACTS

to

Volumes 31-40 of

A NEW FLAME P'HOTOMETER

Sencl orclers ancl inquiries to:

COLLrCTIVE NUMERICAL
PATENT INDEX

• Cloth bound, 182 paC)es,
71/2" x 10" overall, 8 eel-

• Index references C)ive vel- umns of listinC)s per paC)e
coverinC) all patents abo

ume, paC)e and location of stracted in CHEMICAL AB.
patent abstract in CHEMI· STRACTS from 1937-46.
CAL ABSTRACTS. inclusive.

PRICE $6.50 POSTPAID

• Contains more t ha n 143,000

entries; classified by eeun

tries in numerical order.



The electrons landed here ...

...

"

.. .."

RECORDING FACTS
••• the scientific function of photography

. . . and the diffraction pattern they left on this plate measures the split
ting of the laminae in a 1000-Angstrom-unit-thick sheet of bent mica
through which they passed,

For industry, electron diffraction patterns are revealing and identifying
oxides on non-ferrous metals, the faint beginnings of corrosion on steel,
scale in distillation equipment, crystal formations in chemical processes
thin films of all kinds.

A hosttof fine instruments that are serving science and industry today
are built around the simplicity, the economy, the easy reproduction, and
the incontrovertibility of photographic recording. We make the special
ized sensitive materials they require-for electron diffraction and elec
tron micrography, for spectrochemistry, for -x-ray diffraction, for mass
spectrography, for work in the infrared and the deep ultraviolet, for auto
radiography with radioisotopes, for capturing tracks of cosmic ra y
primaries in the upper atmosphere and mesons in the great nuclear accel
erators, for analyzing the stuff that distant galaxies are made of. We make
th ese photographic materials in a great variety of mechanical specifica
tions to fit your needs with optimum convenience. If you will write us
what those needs are, we shall be gl ad to make recommendations. East- .
man Kodak Company, Rochester 4, N. Y.
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The Philips Electron Microscope is a proved instru
ment with numerous exclusive features which give it
unm atched operating characteristics.

Through the use of an intermediate lens system, mag
nification is continuously variable from 1,000 to 60,000
diameters.

Electron diffraction patterns can be derived from
selected specific areas of the field by simple and instanta
neous conversion from microscopy to electron diffraction
techniques-without need for re-evacuation , change of
pole shoes, specimen transferral or other inconv eniences.

Full descriptive data and detailed specifications are
available without obligation. You are further invited to

visit our appli cation laboratories to see the Electron Micro
scope in use on your problems-your samples.

The Philips Electron Microscope is completely contained in a
desk type housing with access panels on all sides, facilitat ing
inspection of all internal components. •

PHILIPS DIAMOND JUBILEE

IN CANADA. Philips Indus'rie, Ltd., 1203 f'hilipi Square,Montreal * EXPORT REPRESEHTATIVEc Philips upon CorpOC'Qtlon, 750 Southfulton Avonue,MI. Vernon,N. Y.
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Permits Direct Embedding in Dehydration Chambers

The Aloe modern stainless steel Freezing-Dehydration Apparatus is
designed on the basic principles first outlined by Richard Altmann and
more recently modified by Isadore Gersh. .Although the original Aloe
Freezing-Dehydration Apparatus has proved entirely satisfactory for many
problems, this improved unit incorporates these important new features:
For added convenience in handling the specimen, the vacuum chambers
are now equipped to permit direct embedding. Both .temperature and
vacuum are accurately shown on direct reading gages. Troublesome
glass joints have been replaced by improved flexible vibration proof joints.

Under accurate controls, the new Aloe Freezing-Dehydration Apparatus
permits tissue to be dehydrated and fixed with minimal losses and
alterations. Tissue, after preliminary freezing in isopentane or liquid air,
is placed in one of the vacuum chambers in the refrigerated compartment.
Temperature is adjusted from 0

0 C. to -400 C. and vacuum to 0 .001 rnm
mercury. If desired, the specimen may be embedded directly without
breaking the vacuum. Embedding may also be carried out in some inert
atmosphere such as nitrogen. Sections of embedded materials may be
used for morphological and cytochemical studies by numerous methods .

Jl71580-Freezing-Dehydration Apparatus, complete with vacuum-
dehydration assembly, mechanical and mercury diffusion pumps, resist
ance thermometer, precalibrated vacuum gage, specimen containers,
and built-in embedding system. Each $2,675.00

Control Panel includes g ag es
for vacuum or refr igeration .

Refrigeration Comportment
spec imen a ssembly with cops.

Vacuum Assembly, mechanical·
diffusion pumps , accessories.

Branches : los Angeles, New Orleans, Kansas City, Minneapolis and Washington, D.C.

General Q.ffices: 183 Olive 5t., 5t. louis 3, Mo.

yNApO .McEoA · L•5A •
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VACUUM DISTILLATION PUMP

designed expressly for distillations

CO NVENIENT OIL HESERVOlH .
Not n ecessary to takc ptllllp
apart to quickl y and convcn
ien t1YI.: ~~e'an a n d ch a n ge oil.

FREE AlH CAPAC IT Y
33. 4 liters of fr-ee air per minut e

LAR GE OIL VOLUM E
Protects m echantem f'rorn Cor
rosion and Clogg ing.

EFFICIENT CONTINUED OP
ERATION over long periods.

;. ,1:.

GUARANT EE D VACUUM .02 nun

No . ]4.04H Patent No . 23378,19

This pump is expressly designed for vac uum distill ati on in th e
organic labora tor y. I ts large capacity of 33.4 liters of free air per
minute materially increases th e speed of distillations and th e
simplicity of it s construction insures long life and continuous
operat ion. Oneof the fea tu res of thi s pump that will appeal to
the chemist is t he provision for cleaning and changing th e oil
without taking the pump apart. All that is necessar y is to re
move the t humb scre ws which hold the top plate and if th e
oil has not become too thick with t he impurities from distill ati on
pro cesses, the oil in til e reservo ir may be siphoned out '0 1' it may he
po ured out by tipping the pump. The flushin g oil of low specific
gra vity and low vapor pressure may th en be introdu ced by
placing a rubber tube from t he inlet on the top of th e pump to
the oil container and by t urning th e pump by hand the ~i1 will be
drawn through t he pump and th is may be removed in the sa me
manner as the old oil. T he new oil may then be run into the
pump and the pump is aga in rea dy to opera te. The whole opera
tio n requires only a few minutes.

The large volume of oil which is provided in t his pump dilu tes
t he vapors which are a produ ct of th e distillation and protects th e
mechanism of the pump from corrosion and clogging. This pump

i has been found to be particularly efficient in distill ations requiring
. except ionally long continuous opera tion. The movement it self is
the same movement th a t has been used in almost every large

uni versity in the count ry and has proven highly efficient. Over
for ty of th ese pumps are in operation at the Univers ity of Illin ois
a lone. The addit ion of the large oil reservoir and the grea ter
volume of free air capac ity has increase d the valu e and utility
of th e pump for vacuum distillation purposes. One of t hese
pumps has been utilized in prod uction requiring daily operation
for a period of five year s, continuing to provi de a rapid vacuu m
of less than .02 mm , on thc la rge ca paci ty vac uum sys te m and
has never required dis-mantling, or th e replace ment of any parts.

1404. P UMP ONLY. Not mounted on base. Complete with
grooved pull ey for special " V" belt, supply of oil and
directions for use bu t without belt . Each, $75.00

1404·F. PUMP, Motor-Drtven, Mouuted on cas t iron base
with }4 H .P . mot or , V belt, bel t ti ghtening device, con
necting cord and switc h. For 110 vo lts D .C.

Each, $135.00

1404.(1. PUMP, Motor-Driven . Same as No . HO,tF but for
110 volts A.C . 60 cycles . Each, $105.00

1404-1. PUMP, Motor-Driven. Sa me as No . 140·1,F but for
220 volts A.C. 60 cyc les. Each, $105.00
Correct tubing for connections No. 5518B, 7/ 16 inch
bore, 5/ 16 inch wall.

W. M. WELCH SCIENTIFIC COMPANY
ESTABLISHED '880

1515 Sed gwi(k Street Dept. A Ch i (ago, II l i noi s , U. S. A.
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Carbon Determination

finger. Th e hand firmly supports the enti re weight of the
crucible and tongs because the hand le extends well beyond
finger grips. Selling price, $3.50 each or $37.80 per dozen. 3

The Burrell Corp. has an
nounced a new elect ronic instru
ment known- as the Combust ron,
which makes possible the rapid
and accurate determinati on of
car bon by combustion. It is a
compact , bench-mounted, self
conta ined instrument which comes
fully equipped and ready to plug
into an electr ical out let . This

device employs induct ion heating and incorporates such
featu res as instant heating, visible combust ion, a sturdy
Vycor reaction tu be, and availability in one- or two-tube
models. It requi res 115 or 230 volts and a 60-cycle, single
phase power supply. 4

Freeze Dryer

The Model 203-1, freeze drying unit, manu factured by
F. J . Stokes Machine Co., ilas a rated capacity of 3.6 liters.
It can be used for general research purposes and in the small
scale production of guinea pig complement , cultures, serums,
vitamins, and other biologicals. Drying and freezing are
done in a ta nk at the top of the chamber on an elect rically
heated and thermostati cally contro lled drying shelf. The
equipment includes a Stokes McLeod vacuum gage and
Stokes No. 146 high vacuum pump. A sta inless steel dry
ice condenser finger prevents water vapor from reaching the
vacuum pump . Freezing is observed th rough a sight glass
in the lid of the freezing unit . Model 203-L can also be sup
plied with chemical desiccant in place of the dry ice equip
ment, or with both . 5

Ultrasonic Generators
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Extra-La rge Tongs

Filter Pump

Low Temperature Refrigerator

, The Collins helium cryosta t, a self-contai ned, low-tempera
ture refrigerator, is avai lable from Arthur D. Little, Inc. Th e
unit can maintain any temperature down to - 270° C. with out
auxiliary refrigerants. Th e apparatus permits the liquefac
t ion of eithe r helium or hydrogen at a rate of 4 liters per
hour if liquid nitrogen is used for precooling and 2 liters per
hour without precooling. Th e compressor, dr iven by a 15-hp.
motor, opera tes in four stages and delivers helium at a pres
sure of 225 pounds per square inch. Th e over-all dimensions
of th e compressor are 7.5 X 3.5 X 3.5 feet , and it weighs
1100pounds. 1

For those who work around laboratory furnaces, a product
has been developed by Fisher Scientific Co. for the safe han
dling of sample crucibles. With the new tongs, no longer must
the opera tor's hand be exposed to extre me furnace heat. Th e
tongs are nearly 21 inches long and are made of 18-8 sta inless A newly developed line of ultrasonic genera tors for bio-
steel. Positive control of crucibles is assured by a patented logical, physical, and chemical research has been reported by
handle which provides separate grips for the thumb and one Columbia Technical Corp. Ult rasonic energy at a frequency
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Sethco announces a new
model filter pump known as
Model LSI-lO. Rat ed at 100
gallons per hour, the unit is
equipped with a high-tem pera
ture Lucite filter cylinder and
a stainless steel pump. The
filter pump is highly resista nt
to all electroplat ing and indus
tri al solutions. Liquids up to

, 200° F . may be used. The
filter cylinder holds less than
1 quart of solution, every drop '
of which, says the company

announcement, may be recovered. The filter element is .a
specially processed cotton yarn which is wound around a
stainless steel support ing core. The progress of the filtration
may be watched thro ugh the transparent Lucite cylinder. 2
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of 800 kc. is produced by means of a piezoelectric crystal.
The acoustic power output can be varied fromIl .to 5 watts
per square centimeter and accurately maintained at any
intensity level. The unit is simple to operate in view of its
compact construction. It may be connected to a standard
115-volt a.c , wall socket. The sound emitter is made of
chromium-plated steel and ' completely sealed. It can be

. used for applications under water and in noncorrosive liquids.
Three sizes of emitters with acoustic power outputs of 25,
35, and 50 watts are available . 6

Hand Tachometer

The new Smiths Model A.T.H. 10 dual-range hand tachom-
eter featur es extremely low torque-OAO ounce-inch on the

lowest range. The ranges
are 0 to 1000 and ' 0 to
5000 r.p.m, Each range is
printed on -the dial in a
contrasting color. The re
volving Alnico permanent
magnet inside the drag cup
assures high sensitivity .
Offered by Equipoise Con
trols, Inc ., the instrument

has a guaranteed accuracy of 0.5% over the entire scale
range. The device is provided with a knurled knob for range
selection and a push button on either side for releasing and /or
holding the pointer at the machine speed indication. Packed
in a velvet-lined Fabricoid carrying case, the tachometer is
complete with male and female centers, 3.5-inch extension.
and 6-inch circumference surface measuring disk. 7

.a-Glucuronida se

The Sigma Chemical Co. is producing bacterial p-glucuroni
dase. The supplier states that the enzyme will quantitatively
hydrolyze phenolphthalein glucuronide in a very short time
and at pH 7.0, whereas the optimum pH for mammalian
glucuronidase is 4.5. p-Glucuronidase is available as a pre
pared solution (pH 7.0) or as a dry powder which can be
reconstituted with distilled water to yield a buffered solution
directly. Its stability is good. 8

Crystalline and Plastic Phosphors

Tracerlab has available two phosphorescent materials for
use in scintillation detector units . One is the synthetically
grown hydrocarbon crystal known as stilbene and the other
is a solid plastic phosphor . Stilbene is useful as a universal
phosphor standard for scintillation counter work because it
is nonvolatile and is stable despite fluctuations in the mois-
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ture content of the atmosphere. Precisely formed phosphors
of up to 1 inch in any dimension are readily machined from
the colorless, optically clear, single crystal masses of stilbene .
The violet light emitted by this phosphor has the required
intensity to operate modern counting equipment with high
efficiency. The time constant of stilbene, less than 10- 8

second, is less dependent upon temperature than are most
other phosphors.

While most requirements for luminescent material can be
met by phosphors which are no greater than 1 inch in any
dimension, high efficiency gamma counting , cosmic ray re
search, and fast neutron counting require considerably larger
phosphors. The cost of crystalline phosphors of the necessary
size would be prohibitive. Consequently, Tracerlab has de
veloped an inexpensive luminescent plastic which is easily
molded into a large variety of shapes. It can be molded so
as 'to embed two IP21 photomultiplier tubes operating in
coincidence to reduce multiplier noise background. The
phosphor pulses of this plastic are about one quarter as
large as those of stilbene when viewed with the S9 spectral
response of a 5819 tube. Pulse duration is of the same order
of magnitude as that of the organic crystalline phosphor
less than 10- 8 second. 9

Stainless Steel Dishes

Arthur S. LaPine and Co. offers stainless steel dishes suit
able for use in weighing, crystallization, evaporation, milk

analysis, and grease stability tests .
The large dish is 3.125 inches in
diameter and 0.75 inch in height,
capable of holding approximately 40
grams . The smaller size is 3 inches
in diameter and 0.25 inch in height
and holds approximately 21,grams.
The dishes are of one-piece con
struction. Employing 18-8stainless

steel, they are resistant to most reagents. Their rounded
bottom edge facilitates the removal of foreign matter. Mini
mum trial order: 3 large dishes for $2.75 or 3 small dishes
for $2.00. 10

Pyrometer Equipment

New pyrometer equipment which offers accurate tempera
ture indications , close temperature control of industrial
processes, and protection of furnaces, ovens, and kilns has
been announced by General Electric's Meter and Instrument
Divisions. The complete line consists of flush- or surface
mounted indicators, controllers, and protectors. The instru
ment has a calibrated accuracy within 0.75% of full scale;
A legible 7-inch scale, fitted with an antiglare cover, indicates
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BaHery Eliminator and Charger

solids, 0 to "85%. The instrument permits readings of 1 to
2 units in the fourt h decimal of the refractive index and 0.1
to 0.2% in the case of dry solids. ' 13

Soil-Suspending Starch

National Starch Products, Inc., has developed a starch
product, Nu-Film, which acts as a soil-suspending agent.
The new starch, an acid ester derivative conta ining sodium
carboxylate and sulfonate groups, has demonstrated its soil
suspending ability when used with detergents. "Whiteness
retention tests on unsized cloth have shown that the starch
prevents redeposition of dirt onto textile fibers, particularly"
when compounded with detergents of the alkyl aryl variety.
Besides having properties useful in "he formulation of laundry
starches and household liquid starches, Nu-Film is suitable

The Electronic Inst rument Co., Inc., is now manufacturing
a new Model 1040-K battery eliminator and charger kit.

It features a full-wave
bridge circuit consisting of
4 heavy-duty manganese
copper oxide rectifiers. Its
transformer is variable from
o to 15 volts output. Two
other improvements over
contemporary design are
the meter's ability to meas
ure both current and volt

age output and the double protection of the circuit:
the fused primary and the automatic reset overload device
for the secondary. .This model has a continuous rating of 10
amperes at 5 to 8 volts and an intermittent rating of 20
amperes. Housed in a Hammertone heavy-gage steel cabinet,
this instrument has rubproof control panels and may be wall
mounted or carr ied to the work site. Its dimensions are
10.5 X 7.75 X 8.75 inches. 15

Graphic Calculator

Statisticians in industrial"quality control will welcome 'a"
new desk calculating instrument,"the Merrill RMS slide-disk,"

which simplifies the com
. putation of standard devia
.tions, root-mean-squares,

"and correlation coefficients.
By a .special principle of
graphic calculation, statis-'
tical results are obtained in
a fraction of the time pre-
"viously required and to an

" accuracy of 0.5% or better..
Time savings result from'
the fact that as many as

five mathematical steps are performed in one simple
mechanical operation taking about 2 seconds to complete.
The RMS slide-disk consists of a lO-inch disk that slides and
rotates under a pair of verti cal and horizontal scales on which
a series of right triangles is formed graphically. The inst ru
ment makes use of the Pythagorean theorem (the hypote
nuse of a right triangle is the square root of the sum of the
squares of the sides). The operations of squaring, summing
squares, and square rooting so commonly required in statisti
cal computations are performed simultaneously and with the
ease and rapidity that come from graphical solution. The
slide-disks are "furnished with linear and logarithmic scales
and an instruction manual. All crit ical parts are made of
dimensionally stable Vinylite plastic. Offered by the Graphic
Calculator Co., the instrument sells for $64. 14

Photomicrograph Cameras

A new series of AO Spencer 35-mm. and 4 X 5 inch photo
micrograph cameras has been announced by American Optical

Co; Designed to replace a
line of cameras discontinued
during World War II, these
cameras have a unique re
volving body feature which
permits 3600 rotation of the
camera backs. This elimi
nates the need for a micro
scope with an expensive
circular revolving stage. A
light-tight adapter permits
the photographer to swing
the camera over or away
from the microscope with
out the need for raising or
lowering the camera body or
disturbing the focus of the

microscope. A fine-adjustment stop on the camera arm
assures precise repeat positioning and thus faster operation.
Critically sharp focusing is obtained with a telescopic focus
ing eyepiece equipped with cross-hair reticule. The image
may be viewed in the telescope up to the moment when
the shutter is released. The 4 X 5 inch ground glass has
diagonal transparent st rips across the field which enable a
magnifier to be used to check the quality of the image when
especially critical focusing over the entire plate arm is
essential.

Three models are offered: 4 X 5 inch camera with Uni
versal shutter and telescopic focusing eyepiece; 35-mm. film
camera with Universal shutter and telescopic focusing eye
piece; and 4 X 5 inch camera with Alphax shutter. The 35.,
mm. camera is interchangeable with the 4 X 5 inch body and
is equipped with a compensating lens to accommodate for the
difference in focal length between the two bodies. Holders
are available for 4 X 5 inch plates, films, or film packs. 12

Abbe Refractometer

A new Model G Zeiss Abbe refractometer has been an
nounced by the Scientific Instruments Division of Ercona
Corp., American representati ve for Carl Zeiss Jena products.
While preserving the standard Abbe principle, the Zeiss
works have incorporated such new features as a stationary
reading microscope in place of the former movable magnifier.
The telescope for observing the border line and the reading
microscope are located side by side in an inclined position for
maximum convenience and speed. This arrangement permits
one to check the border line with the right eye and to read
the index value with the left eye without changing position.
The operating drum for setting the border line is placed in a
low position, so that th e operator's hand rests comfortably
on the table during manipulation. The graduated glass
circle carries two scales for nD values 1.3 to 1.7 and for dry

any change in temperature equivalent to 0.1% of full scale.
Immediate control act ion follows. Normal changes in
humidity, ambient temperatu re, and voltage have lit tle or
no effect on the exactness of the control action .

The heart of the indicating instrument is a 3.25-pound
magnet , which provides higher flux density and allows larger
air gaps than are found in conventional instruments. The
indicating device is a millivoltmeter connected to a thermo
couple on the furnace or other "heating equipment. The
Type HP-3 controller provides on-off action of the "final
control element by a "relay, mercury switch, or contactor
through which electric power is supplied to the furnace or
oven. The pyrometer protector; a separate form of the
HP-3 , is usually used in conjunction with and to protect
against possible failure of a separate precision controller . 11



fOT ,warp sizingand finishing cotton and rayon fabrics. It can
beremoved from fabr ics without the use of enzymes . 16

Carboy Tilter

Offered by the General Scientific
Equipment Co., the new GS No. 11
carboy til tel' with pouring spout
assures a safe, fast , and easy method
of pouring acids and other liquids 
from carboys . The manufacturer
states that the soundly functional
design of th is unit saves t ime, effort,
and materials. Long and dependable
service is assured by structural steel

, supporting members which are either
welded or riveted. The air-vent pouring spout permits smooth
flow without spurts or splashes . Made of acid-resistant rubber
and plastic tu bing, the spout has a flow capac ity of 5 gallons
per minute. With air vent pouring spout, the cost of the
carboy tiltel' is $24.95. 17

Conductivity Cells

Armored conductivity cells for the measurement of stro ng
sulfuric acid 'concentrations are announced by Indust rial
Inst ruments, Inc., manufacturers of electrolytic conductivity
control equipment. The new cells are supplied in pairs, one
cell serving as the reference 'and the other as the measuring
cell. The pressure seal has been redesigned to eliminate de
pendence upon glass parts. Designed for pipeline installa
tions, the cells are suitable for line pressures up to 50 pounds
per square inch. The cells are made of herwy-walled boro
silicate glass with platinum electrodes and matched cell
constants of 1.00. Metal parts are made of either steel or
Type 316 stainless steel. 18

/ '

MANUFACTURERS' LITERATURE .

Polarographic Analysis. The Electro-Chemograph, Type
E, for polarographic analysis is the subject of a 16-page pub
lication. The wide applicability of the method and instru
ment is out lined, while illustrations show details of design
and construction. Also described is the new dropp ing
mercury electrode equipment designed for high mechanical ,
stability in the performance of polarographic tests. Leeds
and Northrup Co. 19

Protection against Atomic Energy. An 8-page booklet
describes protective equipment for use in connection with
,work on atomic energy. The publication covers respiratory
protective equipment, air-sampling equipment, venti lation
accessories, protective clothing, materials for contamination
control, automatic artificial respiration instruments, and
oxygen therapy equipment. Mine Safety Appliances Co. 20

Laboratory Safety. Revised edition of 40-page booklet en
titled "Manual of Laboratory Safety" discusses recently de
veloped data, techniques, and equipment. Manual is a useful
supp lement to laboratory safety programs . , Fisher Scientific
Co. 21

Lead. "Lead for Corrosion-Resistant Applications in the
Chemical Process Industries" is.title of well-illustrated 8-page
;bullet in. National Lead Co. 22

.Thermoc,ouple A ccessories. New edition of thermocouple
and pyrometer accessories bulletin lists many additional items

A'NALYTIC:A'L CHEMISTRY

and contains 'new , data ' on ' proper application: and use of
thermocouples. The 56-page bulletin contains well-illustrated
catalog of hundreds of pyrometer supp ly items, including
assembled thermocouples, thermocouple wires, extension
wires, protection tubes, insulators, and ' accessories. Bristol
Co. 23

Kjeldahl Equipment. Bookletdescribesentire lineofKjeldahl
apparatus which has recently been standardized. Models
range from 2-unit to 24-unit digestion and dist illation equip
ment, heated by gas or a wide choice of electrica l devices.
Also described are microdigestion units, as well as extraction
and digestion racks . Precision Scientific Co. 24

Water Treatment. Sodium aluminate treatment of industria '
and municipal water supplies is described in a new booklet
which also discusses the action of sodium alumina te as a water
softener and clarifier. Pamphlet covers treatment of boiler
feed wate r and internal boiler wate r treatment, in additio n to
the prepa ration of sodium aluminate solutions . . Merrimac
Division, Monsa nto Chemical Co. 25

New Chemicals. "Co llective Volume II" is a compilation
of data on several new chemicals which have become avail
able from the company's research laboratories during the
past year. Some of the chemicals covered are: s-substituted
propionitriles, 3-substituted propylarnines, dipropionitriles,
2-nitrodiphenylamine, 2-aminobenzenethiol, Antioxidant
2246, and sodium dicyanamide. American Cyanamid Co. 26

Laboratory Centrifuges . Laboratory centrifuges, draining
chamber inserts, and baskets are the subject of a 4-page
pamph let. One unit, the chemical model cent rifuge, may be
operated contin uously up to the cake capac ity of the basket,
app roximate ly 0.3 liter . Approximate maximum speed is
3600 r.p.m.; with porcelain basket, 2400 'r .p.m. Baskets
are 2.5 inches deep X 5 inches in diameterand on special
order may be obtained without perforations. Eberbach &
Son Co. 27

Aerosols . A special laboratory devoted to the for, "dation
and test ing of aerosol products is described in a 4-pl!"'e bulle
tin . In the laboratory are found the apparatus and gases
needed for the manufacture of aerosol packages, a complete
line of essential oils and synthetic arom ,' .: chemicals, and
mixtures that have been formulated for deodorizing and per
fuming aerosols. Givaudan-Delawanna, Inc. ,28

Vinyl Plastics. "Evaluation of Stabilizers for Vinyl Stockr
Containing Chlorowax 40" reports the results of a laboratory
study of two standard stabilizer formulations. The light
and 'heat stability characterist ics of each are summarized.
Entitled ' "Evaluation of Inert F illers in Vinyl Plastics,"
another lO-page bulletin points out the app lication of
chemicals in plastics processing. Diamond Alkali Co. 29

Resin Modifler. A 12-page booklet discusses use of resin in
Buna N adhesives; resin is a complex mixture of phenols,
phenol ethers, and polyphenols. Hercules Powder Co. 30

Lead Stearates. Two-page bulletin describes lead stearate
No. 50, a high-lead-content heat stabilizer and internal lubri
cant for polyvinyl chloride resins, and lead stearate No. 30,
all-purpose lubricant and stabilizer. ' Witco Chemical Co. '31

Density Measurement . Bulletin W-2 discusses plant pro
duction tool for continuous measurement and control of liquid
density; has accuracy of :1=3% of range or 0.0002 density,
whichever is greater. , Precision Thermometer and Instru
ment Co. ' .a2
Germa n Dru'g Res~arch . German :pharmaceutical patent
applications filed from October 1948 to May 1950, translated
into English, are subject of Bulletin 50. Research Informa
tion Service. ,33
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CAP
The screw cap,
introduced for
the packaging
of chemicals
by Mallinckrodt
in the early 20's.

PROrl:CTIVf SEAL
Assures the
consuming chemist
of factory-packaged
chemicals-of
original purity.

LABEL
White on black
for unmistakable
readability-leaves
no room for reading
errors. For your

. ffi-tect ion hazardous
chemical labels have
precautionary infor
mation onaside panel.

·dB .

BOlTl!:
Shaped for easy
handling. Removal
Of chemicals made
convenient by the
wide mouth and
sloping shoulder.
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SIDE PA~EL

Introduced by
Mallinckrodt to avoid
label congestion and to
give greater legibility to
the important maximum
limits of impurities.

M .W. ~ 24 4 . 3 1

Maximum Limits of Impurities "
Alkali Salts (1\.8 Sulfa.tes) . . . . .0.050 %
Calcium and Strontium Salt;jJ .. ..;fA" .,~

(1\.8 Sulfates) ': ./ ; ..~.15 . %'
Insoluble Matter ;(:';,O.O!O' %
Iron (Fe) ; t ~r O.OOO2%

Other Heavy Metals (1\.8 P c
Nitrate and Chlorate

(aa NO,). " ,
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AND OTHER
APPLICATIONS

FOR
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ENGINEERING lABORATORIES, INC.

Z7Z ' Porler St, Sloulhlon, Mass•

DETERMINATION
OF SULFATE

WRITE
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No. 8000

A TURBIDIMETER
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'Accura te . Foolproof· UnIversal

As Simply, Quickly and Easily
as Taking Temperature Readings
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TEST •STUDY· CONTROL

VISCOSITY

Just a flick of a switch , then read the Brookfield dial,
and you have your viscosity determination in centi
poises . The whole operation, including cleaning up,
usually t akes less than a minute.

Available in a variety of mod els suitable for ex
tremely accurat e work with both N ew t onian and
non -Newtonian materi als, Brookfield Viscom et ers are
portable and plug in any A.C . outlet - can be used in
Lab, Plant or both.

Wri te t oday for fully illustrated catalog showing
Brookfield Viscom eters adaptable to any viscosity
problem from less than one to 32,OOO,OO~ centiP~~

BROOKFIELD COUNTER-RO TA TING l,j 9-
MIXER - Two concen tric, opposit ely rota- " 0~
ting shafts, prop eller equippe d and dri ven by " ~/
two motors, p roduce an annular flow an d up ~

to 48,000 scisso r-like cuts/min u te. En ab le ex- I I ~ j~
cep ti onally fast , effect ive and efficient labo- ,. ~
ratory mixing, Not a "stir rer ." Wr it e for Q .. 7' 0

Br ookfield MIXER bro chure. " .';,-., .;, .,

INCORPORATED

3718 NORTHERN BLVD.. LONG ISLAND CITY I. N.V.
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LABORATORY INDUSTRIES, INC.
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• ATLANTIC CHEMICALS, INC. Orlanda, Florida

CARDINAL PRODUCTS, INC. Durham, No. Carolina

• CAVE AND co. Vancouver, B.C., Canada

CENTRAL SCIENTIFIC CO. Chicago • Bo.ton • los
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Toronto, Canada

• A. J. GRINER CO. Kan.a. City , Missouri

EMIL GREINER CO. New Yorle, New Yorle

• HARSHAW SCIENTIFIC CO. Cleveland • Hous'on •
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• PHJ~~~ & BIRD, INC. Richmond, Va • • Wa.hington

SCHAAR AND COMPANY Chicago, IlIino l.

• SCIENTIFIC GLASS APPARATUS CO. Bloomfield, New
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The RCA E'ectron Microscope, Type EMT

37A

IN MEDICINE (Bacteria 20,OOOX). Bacteria and
viruses can be studied to yield new data on mor
phology and structure.

IN CHEMISTRY (Road Dust 6000X). Extrem ely
useful for studies of particle size, shape, and
distribution.

IN METALLURGY (Stainless Steel 20,OOOX).
Electron micrographs of metal specimens pro
vide clearer representation of structure and
surface detail.

A NEW LOW-COST ELECTRON MICROSCOPE
.. . for industry, medical science, and education

This new RCA Permanent Magnet Electron Microscope,
Type EMT, brings the many advantages of electron mi
croscopy within reach of more laboratories, schools, and
hospitals. The use of Permanent Magnet lenses reduces
bulk and achieves permanent stability of operation. Al 
though the Type EMT costs only one-third as much as
the larger res ea rch model, it fills the major requirements
o f resear ch and co ntrol app licati on. It s special features
are compactness, simplicity, and ease of operation.

RCA's n eui Permanent Magnet Ele ctron Microscope
gi ves direct magnifications to 6000 diameters. A built-in

SCIENTIFIC INSTRUMENTS

RADIO CORPORATION 0' AMERICA

In Canada : RCA VlCTO. (.",pony Limited . Me..."••'

camera makes it possible to obtain useful photo-enlarge
ments to 40,000 diameters. Resolution extends to 100
Angstrom units, which is 20 times as powerful as the light
microscope. Depth of focus extend s to 10 microns, ap
proximately 150 times that of the light microscope. Spec
imen images are viewed on a two-inch d iameter screen.
Specimens are in serted without breaking the vacuu m.

The electron micrographs, appearing abo ve, made with
the n ew Table Mo del EMT, illustrate a fe w typical appli
cations. We'll be glad to send you com plete description
and specijication s. Just write, or use th e coupon.

r-----------------------·
I Scientific Instruments, Dept. N98
I Rad io Corporation of America, Camden, N. J.
I Please send me information on RCA
I Electron Microscope, Type EMT.I Name_ '--- _

I Company _
II Street, _

! City State' _
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• Write for Descriptive Brochure

Cabinets,
Cylinders & RdCks,

Miscelldneous
AccessoryEquipment
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Anslvsis

CHRO MATOCAB
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Paper Partition '
CHROMATOGRAPHY

Equipment

~:-------

From coast to coast, leading laboratories
recognize Peterson's reputation for qual
ity furniture for laboratory, and library.
Whatever your requirements may be, call
on Peterson's experts for an economical
solution to .your problems ... No obliga
tion is incurred.

Distributon locatad throughout the United 5loto.

LEONARD PETERSON & CO" INC,

BERKELEY CHROMATOGRAPHY DIV.
UNIVERSITY APPARATUS COMPANY

Dept. K • 2229 McGee Avenue • Berkeley 3, Calif.

NEW
WATER HARDNESS.

TEST SET

,QlENERALI~ ~ II ~;~I~;?~liI~irli:1;?~vi~ I
320 MARK ETSTREET PATERSO N 3 N J SHERWO O D 2 1123 4

For years,

laboratories

conducting

water hardness

tests have fol

lowed the soap

test method in

volving many

tedious minutes

and subject to

e rrors of both

operator and

method.

Now as the

result of re

search at the

University of Zurich and at Iowa State College, a simple

and accurate test has been developed which not only

cuts the time per test but greatly minimizes the possi

bility of error.

This development so completely outmodes the soap

test that no laboratory making hardness tests can

afford to ign'ore it.

The new method employs the following procedure:

To a 50 ml. sample of water,S drops of indicator and

0 .5 ml. of buffer reagent ore successively added and

mixed. Into this, by means of the automatic burette

provided, the hardness reagent is added and mixed.

At the moment the exact end point is reached the solu

tion changes instantly from a red color to pure blue.

The burette reading in ml. of hardness reagent used is

multiplied by 20 to give the total hardness.

Keep your laboratory methods up to the most

modern standards. Order one of these units now. The

complete set is only $12.00 f.o.b. Paterson, N. J.
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LIGHT WEIGHT
•

COMPACT
•

WELL BALANCED
DESIGN

39A

ELECTRIC CONSTANT
TEMPERATURE BATHS

For Accurate Operation to 100° C. ± lfz oC.

No. 403

Design ed for laboratories requi ring constant temp erature
wit h a hig h d egree of acc uracy . Typical uses. o ther t han for
sero logy, include specific gravity determi nations, con ductiv 
ity tests, physio-chemical and botanical experiments.

FEATU RES-Polis hed 18· 8 stai nless steel through out 
Coiled Nichrome heating elements. su ppo rted in po rc elain
refracto ries, located un de r th e floor of the bath , provide
more un iform distribution of hea t, by heatin g th e entire
floo r area.-This co nstruct ion insures agai nst th e po ssib ility
of burn outs even tho ugh t he bath ru ns dry and permits
easy replacement if ever necessary.

No . 403-Interior size 12 x 12 x 9-Price $165.00

Other sizes range from $110.00 to $275.00.

Send for Cata log

Due to factor expansion we have openings for serera l
more TECHNICA L REPRESENTATIVES-Write ill detail.

PHOTOVOLT
Line-Operated Super-Sensitive Electronic
MULTIPLIER-PHOTOMETER MOD. 520-A

F or the exact measurement
of extremely low light values
down to 1/10,000 microlumen.

For

Absorption spectrophotometry and flame
photometry

Colorimetry through microscopes
Scintillation measurements on crystals
Fluorescence trace analysis
Monochromatic' color densitometry
Measurement of high densities on micro

areas
Light measurements through telescopes

. Wrile for Bulletin #360 to

PHOTOVOLT CORP.
95 Madison Avenue New York 16, N. Y.
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New Movable Table Completes
Line of Laboratory Carts.

Now you can roll 11 square feet of working

space around your laboratory-loaded with

500 pounds of equipment. lock the casters,

and your movable table becomes as solid as

any unit in your laboratory.

Supporting frames are of 11,4 1/ square

tubing, welded into one piece. Table top is

of % 1/ special asbestos lumber, highly com

pressed, treated and polished. ,W ill with

stand acids, alkalies, heat, and shock.

This sturdy table is only one unit in "lab

conco's" complete line of ccrts, Write today,

direct to the manufacturer for pictures, prices,

full details on the carts you need.

Table by "LABCOICO"

No. 1800 . • 26 " x 60 " x 34 "high .. $137.50

No. 1800A . 26 " x 48 " x 34 " high .. $125.00

Also available with top and shelf material of

sheet steel, stainless steel, or bolted laminated

maple. Write for prices.

Movable LaboratoryHeavy

GLASS ABSORPTION CELLS

KLETT

MANUFACTURING CO.
177 EAST 87TH STREET
NEW yORK ..... N. Y.

Complete Electrophoresis Apparatus
SCIENTIFIC APPARATUS

Klett-Summerson Photoelectric Colorimeters 
Colorimeters - Nephelometers - Fluorimeters
Bio-Colorimeters - Comparators - Glass Stand-

ards - Glass Cells - Klett Reagents KLETT

0l FINE
MADE

BY

QUALITY
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95 Madison Avenue New York 16, N. v,

•

•

Price
$500

complete
with ink

WATERPROOF

DRIES INSTANTlY

MARKS GLASS, PORCE.
LAIN OR OTHER SUR·
FACES PERMANENTlY

WRITES SMOOTHLY ON
ANY SURFACE

MARK IT

Scientific Equip ment, Analytical Chemicals, Laboratory Supplies

HANDBOOK OF CHEMISTRY AND PHYSICS

2310 SUPERIOR AVE., CLEVELAND 14, OHIO

with the

THE CHEMICAL RUBBER CO.

C. R. C. LAB MARK
MARKING PEN

Nothing like it for marking bottles, beakers, slides,
flasks or anything in the iaboratory that needs
clear, easy to read identification. Writes smoothly
on any surface. Ink flows instantly and freely ...
dries immediately and it's waterproof. Marking
can be autoclaved. Pen is self-filling ..• leakproof.
Ruggedly constructed of aircraft aluminum and
handsomely finished in baked enamel. Pocket clip
for handy carrying. Writing nib (716" diam.) is
felt with interwoven fibers, and can be extended
to compensate for slight wear as pen is used . Ink
for months of use included with each pen.

A special pen with oil resistant ink for
oil laboratories is available af $6.35.

Type "F it
Mercury Filter

Bethlehem
Mercury Ox iRer

PHOTOVOLT CORP.

PHOTOVOLT Line-Operated

Electronic pH METER

Bethlehem Apparatus Co.
888 FRONT ST. HELLERTOWN, PA.

A truly universal precision instrument

. Fast and Efficiently

With this combination you can scientifically clean mer
cury to the most exacting standards. The type "F"
Filter effectively removes floating impurities and acid
residues. The Oxifier removes dissolved base metals.
Although either can be used separately, it is recom
mended they be used as a unit for maximum efficiency.
Both are available in smaller and larger sizes to meet all
requirements. .

WRITE TODAY FORCOMPLETE DETAILS AND PRICES

• for accurate pH readings in laboratory and factory use
• lor operation with any types and designs 01 electrodes
• for pH tests, titretian, and oxidation·reduction potentials
• with 7" sealo Irom pH 0 to 14, without rever ..1or switching
• lully stabilized, for AC lines 90-275 velts 50-60 cycles
• for continuous operation, also adaptable: for recording
• a.ailable with protecti.e wooden housing lor portability
• furnished with shielded gla" electrode, also a.ailable with

shielded compartment for unshielded mlere-eleetredes

Hormetically sealed amplifoer for reliable service in hum id ·atmospheres.
Minimum grid current for accurate measurement of non-aqueous samples.

Write for Bulletin #110 to
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Yes, since 1945, when the Macbeth Corporation pioneered the first AC
powered, portable pH Meter the Macbeth name has stood for the finest '

in pH Meters.
The Macbeth Model A laboratory pH Meter and the Macbeth Model T
Titration-pH Meter are indispensable instruments for every laboratory.

Both instruments are direct reading, continuously
indicating for quick, easy measurements.
In addition, the Macbeth pH Meter line includes
the Model I Industrial and the Model E Exp10-

sion-Proof pH Meters.
For information on any Macbeth product please

write to the address below.
Macbeth also manufactures the world's foremost

line of critical color matching equipment

. : . . . . .' • •
... :... : .

EBERBACH LABORATORY SHAKERS
The ut.ility box ca rr ier au t he ,. : .
s~ lOwn here is the IIIOSt Yersatil~ 1~~~II::~~l'\~~~I~l(~C~OW~T~ ~lIli t

:~,:e~;~~'~::~d:;~l,~;ne" (evena5ga ll~n ;,oLll~ a:'~l\:~~
clamps S db .ely by the rubber-covered slidirur bar

( . pee s e tween 100 and "00 , '11 ti ,.,. t I .) osc i a Ions p CI'

1111l1U e. nterchangeable ca rr iers for fl sk 'Durahl ' b ' ) d ' as s arc available
( ) III t, a n attractively fini sh ed E ber l» .) 1') .shak • . ' , ~ lac 1 a ior atorv
CIS arc qualit y ma chines. There' . ler I ' J

Our Bulletin 10 . IS (I nea cr ncar yo u ,
,) kers i .O-D Illustrates and describes th e ent ire r ('

S IU ers 111 detail Writ I' III I' a, II .e lor a copy tod ay .
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BULLETIN #804 ON REQUEST

Ena bles critical measurements w hich gene ra lly
ca n not be accom plis hed w ith o rd inary photom
ete rs.

Send Leco Combust ion Tube

Send Leco Zircon Refractory Ware
Catalog

No me .

Posi ti o n .

Co mpa ny ..

City Sta te .________ -.1

CONVENIENT . . . fresh dependable b uffer at any
time , Coleman Certifi ed Buffer tablets are available
from 2.00 pH to 11.80 pH in steps of 0.20 pH . . .
each tablet makes 100 ml of buffe r. W ith Col eman
Buffe r tablets you can stare a wid e rang e of buffe rs
in a fract ion of the sp a ce re q uire d for liquids .

PRECISE . . . Coleman Buffe r ta b le ts a re exa ctly corn 
pounded, te sted and packed in seal ed vial s .. . Cert i
fied to produce buffe rs accurate to 0.02 pH at a ll time s.

ECONOMICAL . . . low initia l cos t, and freedom from
spo ila g e over periods of time (a s with liqu ids) make
Co leman Ce rt ified Buffe r tablet s the economical,
dependable way to use buffe rs.

For full details write for Bulletin AB-20S

D esigned for m easu rement s at very lo w Hghr
levels. T he det ect in g unit is co mprise d o f a
photomult iplie r tub e of exceptiona lly hi gh am pl !
fica tion and regional resp onse . T he co ntrol urur
co ns is ts o f a sta b le battery power supply enabli ng
a wi de r ange o f sensitivi ty selection, linear re
sponse and dark current b alan ce. Arranged fo r
eas y attachment to var io us ins truments .

FARRA D
ELECTRON MULTIPLIER
PHOTOMETER
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PAlQ,..MYERSINc.
81 READE STREET • NEW YORK 7, N.Y.

PAL 0 -TRA~V IS
PARTICLE SIZE APPARATUS

Offers accuracy, ease of manipu
lation, rapidity, versatilityl Op

erates on sedimentation prin
ciple, making it possible to de
termine sub-sieve range From

325 mesh down to 2 microns.
Elaborate calculations eliminated

by use of graphical solution or
slide rule calculator-both Fur

nished with=the instrument. De
termination may be made on
any substance, providing there
is a liquid medium available in
which the substance is insoluble,
and a dispersing agent that will
disperse the particles.

WRITE FOR BULLETIN 1404N·

Now available in new, light weight safety frames and also
in clip-on style.

PARR Glassblower's Goggles have special didymium filtering
lenses which absorb only the objectionable yellow glare
always present in glassworking operations. With these gog
gles, the wearer can clearly see the flame and the distinct
outline of incandescent glass, unobscured by the yellow
sod ium gla re. Case included with each pair.

Ask your PARR Dealer, or write the
facto ry for full information.

PARR
t:Jta~e't'4 GOGGLES

-----Tfor example-
(and quite obviously) the weights and riders.

The highly polished Ainsworth 25-20 Stainless

Steel weights have a smoother surface for re

sistance to contamination and corrosion.

Each individual Ainsworth weight is'

checked against factory standards which are

themselves frequently rechecked by the U.S.

Bureau of Standards. You can depend on

Ainsworth weights be ing with in tolerance and

staying that way longer.

SPECIFY AINSWORTH

Balances and Weights
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LUMETRON
Photoelectric COLORIMETER and FLUORESCENCE METER

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

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

Mod . 402EF for determination of ViI. B, and B,

Also
Colorimeters Den silometers
Reflec tion Meier s Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters

W.rit e 101' Literature P.rompt Delivery

YOUR CALIBRATED
GLASSWARE INTACT
AFTER WASHING

. .. with ALe 0N0X
the accepted fast-acting Cleanser

The ideal clean er fo r laboratory equipment
filters, flasks, hypo needles, slides, co ver g lasses,
pipett es, graduates, test tubes, and other instru
ments and equipment.
You save tim e and labor with ALCONOX. For
with it, you simply wa sh and r inse. T here's no
film or stre aks left. Economical too, a sp oo nful
mak es a ga llo n.

AVAILABLE IN
Box of 3 lb " Price $ 1.9 5
Carton (12 x 3Ib.) ea . 18.00
Bag of 50 lb Ib. .40
Barrel of 300 lb Ib. .37

(Slightl y higher on PaciRe Coa st)

If your dealer cannot supply you,
write for literature and samples

DEPT. AC 2

ALCONOX, INC.
61 Cornelison Ave. Jerse y City 4, N . J .

VITREOSIL * (Vitreous Silica) laboratory ware is a
superior replacement for porcelain and glass and a satis

factory substitute for platinum in many cases. Greater
chemical purity and high resistance to heat shock as

compared to other ceramics and low initicil cost
compared to platinum have led to the universal

adoption of VITREOSIL as a substitute for platinum,
porcelain and other materials in many analytical

and research procedures.

Standard items of VITREOSIL Laboratory Ware
include transparent, glazed and unglazed crucibles,

evaporating dishes, beakers, tubing, etc .

Large stock enables prompt shipment

Write for Technical Bulletins giving full descriptions,
specifications, and prices.

New York 16, N. y .

THE THERMAL SYNDICATE, LTD.
12 East 46th Street New York 17, New York Tel. MU 2-4626

®

PHOTOVOLT CORP.
95 Madison Ave.
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ROYALJBERLIN

Hard Porcelain Filtering Crucibles
and Filtering Tubes

For Regular and Micro Filtration

LOOKING FOR A
POSITION?

•FI LTER

T hese crucibles and tubes are the
original Koenig type. Porous bottom
and crucible are of one piece and
equally heat resistant.

Crucibles are made in three po
rosities of about 6 , 7 and 8 microns.

Filtering tubes in porosity #2 (7
microns). Made for micro filtration
of liq uid s from precipitates by suction.

R. B. Micro Immersion Filter Tube
#0.9886 : $3 .75 .

R. B. Micro Filtering Crucible #0.9974
A-2, 1.2 cc. capacit y, 90 ¢.

R. B. Filtering Crucible #0.9779 A-1,
A -2 and A -3, 25 cc. capacity, $1.25.

Executives Chemists Chemical Engineers . . .
Managers ' Teachers Sales . . . Research

An effective way to contact prospective em
ployers in the chemical process indust ries is open
to you through the "Employment Information"
columns of CHEMICAL AND ENGINEERING NEWS.

Largest circulation of all magazines in the field;
broadest industrial coverage-the weekly news
magazine of the chemical world-and w ith low
cost for your announcements.

Send for rate schedule and a copy of " He re's
Help ."

Available through labo ratory supply dealers or from us.

Bulletin on request. CHEMICAL AND ENGINEERING NEWS
Employment Information

332 West 42nd St. New York 18, N. Y.

• •••

33990
TITRATOR, Complete as illu st rated with meter,
burettes; 4 electrose . gla ss, calomel, platinum and
tungsten ; buffer solutions; saturated KCl; 3 beakers,
50 m!. ; 2 stirring magnets, 1 magnet remover;
insulated ada pt er for platinum electrode ; 6-foot
cord and plug and instruction book.
33990 $330 .00
T ITRATO R STAND ONLY. Same as illustrated
but without accessorie s a nd meters .
33993 .. · $75 .00

New York laboratory Supply Co., Inc.
76 -78 VARICK STREET NEW YORK 13 , N . Y.

Write f or N YLA B Titrator bulletin

OXIDATION - REDUCTION • ACID - BASE
KARL FISCHER • PRECIPITATION METHODS

No other electrometric titration assembly
offers all of the features incorporated in the
NYLAB Titrator. It is a versatile, complete
and rugged apparatus designed for stability
and long life under continuous use. It
has found wide application in both the re
search and analytical laboratory . The Titra
tor stand incorporates a silent motor-driven
magnetic stirrer built into beaker support
and an adjustable height electrode holder
that need not be removed when adding or
removing beakers for it rides on the vertical
support rod of the stand . T he holder can
be raised to accommodate large t all form
beakers and Erlenmeyer flasks. Driving
motor is for 11-5 volt 50/60 cycle line .

••
NYLAB TITRATOR [or

Electrometric Titrations...•••••••••••••••••••••••••••••••••••••••
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•

•No. 900 -3

Klett . . . .
Photometers~

5 & 5 No. 289
DRY- DISPERSED, ASH· FREE

Analy·tical Filter Pulp for Use in Exact
Gravimetric Analyses

Are YOU fully aware of the important
advantages of this superior fllter aid~

Ask for Bulletin No. 68 and free sample

6 LOW PRICE- other de ta ils a n requ est.

CARL SCHLEICHER & SCHUELL CO.

LISTON-FOLD Instrument Co., Inc. Dept. AC

Stamford, Connecticut , U.S.A.

•

~/[a n II fact u ri 11 g CO.
ST R E ET, NE W YORK , N . Y.

ELECTROPHORESIS APPARATUS • BIO-COLORIMETERS j
GLASS A BSORPTION CELLS . COLORIMETER NEPHELOM
ETERS • GLASS STAND ARDS . KLETT REAGENTS

•

No. 2070

_I~~~L

Designed for t h e rapid and accurate deterlTIin a 
tion of thialTIin, r ibofla vin , and oth e r substa nces
which fluoresce i n solu tion. T he sensitiv ity
a n d s tability a re s u ch tha t it has been found
particularly usefu l in d e ter-rrrirr i riq very arrrafl
a rno u rvts of these substances.

r-="~=KlETT SCIENTIFIC PRODUCTS= = =;J

Klett
179 E AS T 8 7T H

New York 11, N. Y.116 West 14th St.

LISTON - FOLB
Ultra- Sensitive D-C AMPLIFIER

1 LOW NOISE LEVEL-approa ches theoreti col Joh nson-Noise
limit within fac to r of 2 or be tter.

you will fine/
a new approach
to perfection
with the

in spectroscopy-optical pyrometry-geophysics
physiology - meteorology - oceanography - seis
mography- nuclear studies - wherever low-level
electrical phenomena are to be stue/ied ane/ recore/ee/-

2 HIGH ZERO STABILITY-0.005 !' V or better per 8 hours, for
pr otracte d acc uracy of critic al obse rva tions.

3 HIG H GAIN-to a ctua te rugged meters and re la ys with frac 
tio nal !' V inputs.

4 HIGH G AIN STABILITY- O.J % or bette r per 8 hours ; 0 .5% or
better for line -volt a ge va ria tions up to 10%.

5 HIG H lINEARITY-output DC, same pola rity as input; linea r to
4V with SOO-ohm loa d; to 14V with infinite - imped a nce
mete r.
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PRECISION POLARIMETER
qua~ to. IUMUi~

to. o. Of asc!

Model No. 70

Here is an excellent instrumen t to use for mucro , or macro and
micro work in research and general polarimet r y. A unique

"micro-devi ce" allows image-field diaphrams of 1, 2, 3 and 6 mm.
apert ure to be introduced by a simple lever action, th ereby elimi
nating light reflections from sample tube walls.

Two novel features are : 1) Simplified zero adj ust ment with
instr uctions engra ved on scale cover. 2) New typ e fricti on
drive. These allow quicker , more convenient readings t ha n ever
before.
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up to 400 mm , length ... detachable lamp arm intercha ngeab le
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as other models ra nging from utility (0.1 0 accuracy) to high
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"Fluorine Chemistry"
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" Ion-Exchange Resins"
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"Unit Operation 3rd Annual Review"
"Unit Operations 4th Annual Review"
"Analytical Chemistry 1st Annual Review"
" A zee tre plc Data" Part II
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"Atmospheric Contamination & Purification"
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" A bsorption & Extraction"
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Analytical Ed., March '47
JACS, November '46
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I&EC, October '48
I&EC, October '49
I&EC, January '48
I&EC, January '49
Analytical Chemistry, Jan. & Feb. '49
Analytical Chemistry, July '49
Analytical Chemistry, Aug. '47 &July '49
I&EC, November '49
I&EC, March, April & May '49
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I&EC, June '50
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I&EC, July '50
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.50
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.75
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lIaa Sixteenth se., N.W. \Vushlngton 6~ D. C.



SOA

Whut's the next step, now that
yo« huve budget-uppr()vul on y()ur
Iab expunsi()n pr()grum?

ANALYTICAL CHEMISTRY

We're getting help trom Humilt()n.
They've ef/uipped some ()f the
finest indust,;ullub()rut(),;es

in the country.

For work·designed laboratory it's H..a.mi.I.t.trn., of course!

If you ore cons idering 2!!Y chon"ge in your loborotorv,
get help from Hamilton. We'll be happy to send you
Hami lton 's newest Research and Control Equipment

Catalog (No . 212-R I, the recently rev ised book of
Standard Speciflcations (Circular AL-82 ) or the name of
the Ham ilton Field Engineer nearest you . Write today.

'Ctnn.p.tuuf
Two R vers, W sconsin



Kimble Culture Tubes No. 45048 and No. 45066 (with screw caP).
Provided with sandblasted spot f or mark ing.

Their long, useful life means low costs for you
Fewer cu lture tubes are broken than
are re tire d from use because of etch 
ing an d scratching. T ubes that stay
clear provide the longest service
give you the lowest cos ts.

Kimble Culture Tubes are made of
Kimble .N51A glass- a borosilicate
glass that has higher chemical dura
bility than all)' other available.

In labo rat o ri es ac ross th e n ati on ,
tubes of Kimb le N5 IA glass outserve
others by wide margins. T hey espe 
cially resis t alkal ine and neutral solu 
tions, inclu ding hot water and steam.

Make tests yourself. Use Kimble
Culture Tubes side by side with any
others available. Match them for clar 
ity, for long life, any way you want.

Your own records will show you how
well these tubes serve ... how mu ch
they can save.

You' ll find , too, th at Kimble Cu I.
ture T ub es are the lo west- priced
borosili cate tubes on the market. Your
lab oratory supply dealer will be glad
to give you complete informa-ti o n
about prices, types and sizes.

•TOLE DO 1, OHIO

D ivision of Owens-Illinois Glass Company

KIMBLE GLASS



~~lUted...many

BUT \TODAY you need
Bausch &Lomb UYears Ahead"

design •••

• You need these exclusive advant ages of the B&L Lab
oratory Microscope to help keep you abreast of the latest
scientific findings and techniques; var ia ble focus con
denser; threadless cell lens mounts; nosepiece with roller
bearing stops; bronze body tube dove-tail slide; patented
le ver fine adjustment. B&L features like these give you th e
finest qu ality images, fas ter, more easily: coarse ad jus t
ment with matched r ack and pinion; substage with full
360 0 ring mount; integral substage illuminator (op-

tional) ; Balcoted optical syst em (optional) to reduce
reflection and flare.

~ the difference in a demonstration
Let your ow n test
prove the smooth
as-silk motion, pre
cise focusing and
illumination co n

trol, world's finest optical system, and time
and effort-saving convenience of a new B&L
Laboratory Microscope.

WRITE for co mplete information and demon
stration to Baus chSc Lomb Optical Company,
609-2 St. P aul St. Rochester 2, New York.

VISIT OUR BOOTHS!
Pittsburgh Conference of Analytical Chem istry

and Applied Spectroscopy
Hotel W illiam Penn, Pittsburgh , Pa ., Mar ch 5, 6, 7, 1951

WBausch &Loml"'7b.............. Microscopes


	Analytical Chemistry February 1951 Vol.23 No.2
	Contents
	Review of Analytical Chemistry
	COATINGS
	Essential Oils and Related Products
	FOOD
	FERROUS METALLURGY
	PETROLEUM
	Pharmaceuticals and Natural Drugs
	Natural and Synthetic Rubbers
	WATER ANALYSIS
	Wide-Range Instrument for Controlled Potential Electrolysis
	Qualitative Analysis from Mass Spectra
	Effect of Finite Slit Width on Infared Absorption Measurements
	Quantative Analysis with Infared Spectrophotometers
	Infrared Absorption Spectra of Some Epoxy Compounds
	Infrared Absorption Spectra of Some Hyroperoxides Peroxides, and Related Compounds
	Xylene Cyanole FF, Redox Indicator
	Distribution and Type of Sulfur Compounds in Straight-Run Naphthas
	Determination of Purity and Water Content of Xanthates and Dithiocarbamates
	Extraction and Purification of Nordihydroguaiaretic Acid
	Spectrophotometric Study of the Platinum(IV)-Tin(II) Chloride System
	Spectrophotometric Determination of Molybdenum with Phenylhydrazine Hydrocloride
	Spectrophotometric Studies on Refined Sugars in Solution
	Spectrophotometric Analysis of Accelerator-Rubber Mixtures
	Retraction Test for Seviceability of Elastomers at Low Temperatures
	Determination of Trigonelline in Coffee
	Determination of Penicillin G
	Nature of the Cobalt-Thiocyanate Reaction
	Titrimetry in Glacial Acetic Acid
	Luminol as a Chemiluminescent Indicator
	Polarographic Behavior of Organic Compounds
	Polarographic determination of Dimethylamine
	Interferometry in Electrophoresis
	Colorimetric determination of 2-Nitro-1,1-bis (p-Chlorophenyl)alkanes
	Analytical Use of the Formation of the Beryllium-Fluoride Complex
	Microdetermination of free Formaldehyde
	Magnetically Controlled Quartz Fiber Microbalance
	Low Temperature Separation of Ethane from Methane and Air
	Kjeldahl Microdigestions in Sealed Tubes at 470  C.
	Microscopic Fusion Analysis of Sterols
	Determination of Lactose in Biological Materials
	NOTES ON ANALYTICAL PROCEDURES
	Determination of Oxygen in Zirconium Metal by the Vacuum Fusion Method
	Effect of Tempearature on Density and Refractive Index on Organic Compounds of Various Cox Chart Families
	Stannous Chloride-Iodine and Zinc-Ferrocyanide Titrations
	Tetrahydroxy Cobalt(II) Ion as a Qualitative Test for Cobalt
	Dark-Chamber Titrimeter for Chemiluminescent Indicator Titrations in Clored Solutions
	Spectrophotometric Analysis of Amithiozone Preparations
	Modification of Sanchez Color Test for Nicotine
	Reference / Standard for mass Spectrometric Analysis of Nitrogen
	Electrolytic Determination of Antimony
	Versatile Paper Partition Chromatographic Apparatus
	Improved 5-Mg. Rider for Ainsworth Microchemical Balances
	CRYSTALLOGRAPHIC DATA
	Xanthotoxin I
	AIDS FOR THE ANALYST

