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A nether Important Instrumentation Development by Beckman

Outstanding Features of
the New Beckman Flame
Photometry Attachment

• Sample beaker is supported in a
unique mechanism that swings the
beaker autside the case for easy fill
ing , or swings it back inta pos it ion
below the burner tube. Further, as
the beaker is ra ised inta pos it ion be
low the burner, it autamatica lly t ips
so that sample so lut ion is drown from
lowest point in beaker. Thus, cam
plete analyses can be mode w ith even
e xtremely small samples.

• The atomizer requires on ly abaut 2
ml of sample solution per minute, and
a sample of 1 to 3 ml is ample for
determination of several const ituents.

• Fuel consumption is very low
about 5 cu. ft ./hr. for acetylene . 8
cu. f1./hr. for oxygen, 20 cu . ft ./hr.
for hydrogen.

• The hot flame, caupled w ith the
h igh resolution of the " DU" Spectro
photometer, permits unusually narrow
ba nd w idths t o be used-less than 10
millimicrons for most determinations .
Accuracies af 0 .5% or better are ob 
tainable.
• Sa mple conc entrat ion is u n impor
tant (prov ided it is above th e lower
detectable limitl permitting max i
mum versat ili ty and conven ience in
making ana lyses .

• Although the sensit ivity of most
e lements is improved when t he e le 
me nt s ore in water solut ion, non
o q ueou s sol ut io n s are as eas i ly
handled as wa te r. Even combust ible
so lvents can be used-and in fact ,
arganic sa lvents frequently increa se
sensi t ivity of th e rea d ings.
• Th e a tomize r-burrier, sa mp le-pos i
t ioning device, focusing mirror and
ad justments are a ll un it ized into a
compact, c a st- me t a l hous in g. All
necessa ry regu lators and gauges (ex 
cept standard regulatars on fuel and
o xyg en t a nks ' are conven ientl y
mounted on a separate control ponel.

Write for complete details on Ihi. im
portant new Beckman advancement!

* Greater Compactness
* Higher Accuracy
* Lower Sample Consumption
* MaximumConvenience

Illus t ra t ion a t
righ t show s a tom izer 
bur ner actua l size .

Other important feature. of thi. new Beckman development ore out
lined at right. Be.t of all, this new in.trument i. available at a new
'ow pr ice for equipment of thi. quality. Your neore.t authorized Beck.
mon Instrument dealer will gladly .upply full detail.-or write direct !

To meet the steadily grow ing intere st in flame spectrophoto
metric methods. Beckm an engineers ha ve developed a new Flame
Photometry Attachment that sets great ly advanced standa rds of
co mpact ness. co nvenience, accuracy and simplicity.

Used with the Beck man hD U" Spect rophotom eter and stand
a rd oxy-hydrogen or oxy-ace tylene equipment. it combines the
unusually high accuracy and resolution of the well-known Beck
man hD U" with the conv en iences of flam e spectrophotometric
methods, providing an instrument cap able of the quan titat ive deter
mination of more than 40 elements. including heavy metals and
rare ear ths, as well as the alkali metals.

T he atomizer-burner of th is
new instru ment is much sma ller.
simpler and more trouble-free than
previous designs. Made of Pyrex
with a stra ight. la rge-diam eter , no
ble-m etal ato mizer tube discharging
directly into the flam e. it will spra y
even cloudy or highly concentrated
solutions indefinitely without clog
ging or "drifts".

Factory Service Branches : Chicago - New York - Los An~eles

THE NEW BECKMAN
Flame Photometry Attachment
FOR BECKMAN "DU" SPECTROPHOTOMETERS
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THREE OUTSTANDING VALUES
for ' Your Lab'oratory

Q HANDY Q EFFICIENT Q LOW COST

. $'1.50 eo .

The Fynest Lyne gives a sharp, clear marking on all surfaces: Food
labels, metals, glass, china, cellophane, aluminum, plastics, metal,
foils and painted surfaces. The new 1/18" nib is the answer to 1001
marking jobs where a thin but sure line is needed. With Fynest Lyne
you can mark test tubes and pipettes and other lab equipment as well
as drill bits, files, chisels and other tools-in fact, wherever there is
a small area to be marked YOU NEED FYNEST LYNE.
The new Fynest Lyne has rugged construction; the 4-inch
writing nib which will neither crack nor clog, the self·filling,
non-leakinq features (no valves or gadgets) . . .and there's no
danger of smearing because the ink dries instantly as you
write. AU these features are available to you now in
this amazing new Fynest Lyne marking pen. PLEASE
SPECIFY COLOR . . . . .BLACK.. . .RED . . . .BLUE

No. AC-3Z590
1 pen with 2 oz. ink.

No. AC-3Z590-1 Extra 2 oz. bottles of ink . . . .50 ea .

- $12.00 eo

OUTSTANDING FEATURES
• No chipping or breakage of glassware.
• Economical and sturdy-will last indefinitely.
• Neoprene coated, res istant to many chemicals and oils.
• No warping-no absorbing of liquids.
• AU drainings caught in rust-resistant pan. No mess.

PORTABLE NEOPRENE COATED
DRAINING AND DRYING RACK

(Complete with metal drain pan)
MAY BE USED IN 3 CONVENIENT POSITIONS
1. Lying Down 2. Hung on Wall 3. Standing Upright
NEOPRENE COATED-Heavily and completely coated throughout with chemically
resistant Neoprene.
CAPACITY-Will hold 90 pieces of glassware at one time . Contains 72 pins of 3 '
length and 18 pins of 5" length.
DRAINPAN-Heavy gauge, rust-resistant metal covers entire bottom and back of rack.
CONSTRUCTION-Made entirely of extruded strong steel wire electrically spot
welded throughout.
DIMENSION5-19" high X 181/ 2 " wide X 71/ : deep at base.
We ight 41/ , ilis.

No. AC-39315 with metal drain pan .

THE NEW B & ·L MICRO-LITE
Here is an abundance of illumination for your transparent specimen work-from low power through oil
immersion. Convenient form, compact (only 81/ . X 31/ . in.) and lightweight (just over 2 lbs, including
cord). Uses an ordinary 4Q·watt lamp.
Louvers on the top and bottom keep the temperature comfortably cool. The ball and socket joint, pressure
controlled, permits directing the light in any direction.
The condensing lens is of the buU's-eye type with one surface ground 10 provide evenly diffused illumina
tion. Above this lens is an anti-glare shield completely protecting the user's eyes from stray light.

No. AC-Z7905 With built- in and off switch and 61/ 2 ft. of U.L.
Approved cord . 115-120 V., A.C. or D.C .

Five or more-l0% discount $7.50 eo

ARTHURs.I···
... . " .

& COMPANY

127 WEST HUBBARD STREET CHICAGO 10. ILLINOIS
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ANOTHER MERCK SERVICE
Write Today For Your Free Copy of This

New, Handy Chemical Reference Chart

Prompt Classification of Organic Com
pounds According to Solubility

(easy reference to the 9 basic
solubili ty classes.)

Rapid Calculation of Higher Molecular
Weights for Compounds Containing

C, H, 0, N, S, CI, Br, 1.
(logarithms of multiple elements

in one handy table.)

DESIGNED FOR LABORATORY

AND CLASSROOM USE:

Name .
(P lease P ri n t,)

Business Address .

MERCK & CO., INC.
Rahway, New J ersey, Dept. AN-3

Please send . .. . . . copies of your new Chemical
Formula Calculation Chart.

. City Zone State .

All thi s useful informati on, includ ing
logarithm ta ble a nd la test atomic weights
in one handy chart, folded and punched

to fit your notebook.

Continuing a long tradition of scien tific service, we
are happy to make this latest informational chart
available to the chemical profession and to the many
thousands in its ranks who dep end in their daily
work on the unvarying purity of Merck Laboratory
Chemicals.

MERCK
LABORATORY

CHEMICALS
--- - -- ---- - --- - - - - -,

I
I
I
I
I
I
I
I
I__ _ __ ___ __ ________ J

Other M erck charts available illclude :

* Period ic Chart of the Elements

* Sen sitiv ity of Qualita tive Reactions

* Q ualitative An a lysis Cha rt

'--...,..-1."... ...
'C t , ~::::;!::2S~~¥.:=~.;:;iI:...~IIIIIII..IiiI.......~

Alan'tfacturin,g CI<emists

FORMULA CALCULATIONS

Multiples of Element Weights

Log C/CO, = .43599 Log H,tH.O - .04883

Number Log Number Log Number Log

C 12.01 .0795 H 1.008 .0035 0 16 .2041
C. 24.02 .3806 H, 2.016 .3045 0 ,. 32 .5052
C. 36 .03 •5567 H• 3.024 .4806 O• 48 .6812
C. 48 .04 .6816 H• 4.032 .6055 O• 64 .8062

C. 60.05 .7785 H. 5.040 .7024 O• 80 .9031

C. 72.06 .8577 H. 6.048 .7816 o• 96 .9823
C; 84.07 .9246 H, 7.056 .8486 0, 112 .0492

C. 96.08 •9826 H• 8.0M .9066 O• 128 .1072

C. 108,09 .0338 H• 9.072 .9577 O• 144 .1584

C.. 120.10 .0795 H" 10.08 .0035 0 .. 160 .2041

CII 132.11 .1209 HII 11.09 .0449 N 14.008 .1464

Cit 144.12 .1587 Hit 12.10 .0828 N, 28.02 .4475

CII 156.13 .1935 Hit 13.10 .1173 . N• 42.02 .6235

CII 168.1"4 .2257 HII 14.11 .1495 N• 56.03 .7484

C.. 180.15 •2556 H.. 15.12 .1796 N• 70.04 .8454

C.. 192.16 •2837 H.. 16.13 .2076 N• 84.05 .9245

C" 204 .17 .3100 H" 17.14 .2340 5 32.06 .5060

CII 18.14 .2586 5, 64.12 .8070

CII S 96.18 .9831
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ovens
made by "PRECISION"

available
from Will ...

which is another way

of saying UYour

best buy··

Certain Brands can rely for their fine

reputation not on general claims but on the standing which

chemists themselves have awarded, through long practical ex

perience. In the field of Mechanical Convection, Gravity Con

vection and Vacuum Ovens, the most honored name is Precision

Freas-and Will is proud to distribute these. At the present

moment, our stocks permit prompt delivery of a limited number.

We believe that analytical laboratories will be smart to tcike

advantage of this double protection-a brand that's top in

quality and a delivery situation that is currently favorable.

For Specific Details, see our Catalog
6 or Address Your Inquiry to Dept.

r-----......., AC-3, our nearest office-warehouse.
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glass sto~coc\<.

Here is a boon to all laboratory workers who require pressure stopcocks for

burets, gas sampling and measuring apparatus, etc. For the Universal Stopcock

Adapter is a single size adapter which will convert any glass stopcock up to

and including 4mm. bore to a pressure tight stopcock.

price
Ii st

G23006 A: Stopcock adapter,
Universal, Small, for stopcocks
up to and including4mm. bore.

. each $1.50
in 1 dozen lots: 10% discount
in 2 dozen lots: 15% discount
in 3 dozen lots: 20% discount

Exceptionally strong and rugged with a functionally modern contour, this

new stopcock adapter eliminates the annoyance of leaking stopcocks and the

high cost of special pressure stopcocks. It is manufactured completely of cor

rosion resistant materials. .

detailed description
The adapter consists of an internal adjustable clamp made of corrosion .resist

ant spring bronze, cadmium plated, which grasps the stopcock plug and to

which is fastened an aluminum screw. Fitting around this clamp is an alu

minum barrel which rests against the shell of the stopcock. A beryllium bronze

coil spring fits around the aluminum screw and two aluminum nuts are used to

fix the compression in the spring against the aluminum barrel. An aluminum

washer is used on the smaller sized stopcocks.
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Leader in Performance

No other instrument in this field offers you so
many outstanding features for obtaining complete,
accurate, high-speed chemical analyses.

Leader in Popularity

A RL Production Control Quantometers are
in daily .use in all fields of metal analysis.

ANALYTICAL CHEMISTRY

Representing the most adv anced type of direct-read ing
spec trometer yet developed, this multiple-purpose in
strument provides pen-and-ink recorded analyses of
samples, element by element, almost insta ntaneously.
Th ese graphic records may be made in multip le for
high-speed analytical control.

Th e instrum ent can be designed for many purp oses,
including testing of metal alloys and other inorganic
materials. As many as 25 elements can be measured
with one instrument-up to 20 simultaneously. Individ
ual units are not limited to one type of analysis but can
be designed for diverse and versatile service to meet
the requirements of several major plant problems. Re
sults are comp arable to chemical ana lyses in accuracy.

The latest and most elaborat e unit in the complete
ARL line of spectrochemical equipment, the ARL Pro
duction Control Quantometer offers the modern scien
tist the equi valent of a complete laboratory in one
comp act unit. Manufactured by the world's oldest and
largest producers of direct-reading instruments, the
Quantometer is availab le to help you in your analytical
and production .problems. Write for complete details.

APPLIED RESEARCH LABORATORIES
4336 San Fernando Road , Glendale 4, Californi a

New York, Pitt sburgh, Detroit, Chicago, Los Angeles



VOL U M E 2 3, N O. 3, MAR C H 1 9 5 1 llA

Kimble Culture Tubes No. 45048 and No. 45066 (with screw caP).
Provided with sandblasted spot for marking.

Their long, useful life means low costs for you
Fewer culture tubes are broken than
are retired from use because of etch.
ing and scratching. Tubes that stay
clear provide the longest service
give you the lowest costs.

Kimble Culture Tubes are made of
Kimble NSIA glass-a borosilicate
glass that has higher chemical dura
bility than any other available.

In laboratories across the nation,
tubes of Kimble N51A glass outserve
others by wide margins. They espe
cially resist alkaline and neutral solu
tions, including 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 much
they can save.

You'll find, too, that Kimble Cul
ture Tubes are the lowest-priced
borosilicate tubes on the market. Your
laboratory supply dealer will be glad
to give you complete information
about prices, types and sizes',

•TOLEDO 1, OHIO

Division of Owens-Illinois Glas s Company

KIMBLE GLASS
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for tleVl /1Y
REL/AB~~porotus
.n \.oborotor'l . \onger-
, . , '09 ser",ce,

rnore sat's Y-----

PRECISION-Freas Ovens offer economy through ex 
tra years of flner trouble-free service. Now-while
they last in stock-a few units of the above model
with Sta inless Steel inte rior and exterior, gravity con
vection , full 35- 1800 C. range, genuine warranted
quality throughout. Special Bulletin 1-120 B

PRECISION Water-Still Line gives new reliability

••. years longer, more satisfactory service. No carry

over of impurities, no hard-water problem, faster
ta ke-down, simpler cleaning; rugged construction,

long-lasting heavy block tin lining, stainless steel ex
terior. Units for every use. Bulletin 1·9 10

Your work can he easier, surer, more economical with the
appropriate Precision apparatus-"utility" items to
highly specialized instruments. Whatever your need for
replacement or addition to your laboratory, choose from
our 3,000 proved products •••

••••••••••••••••••••
J>recision Scientific Company

37 37 W CORTlAND STREET-CHICAGO 47

*FINEST Research and Product ion Control Apparatus

I •

NEW YORK PH ILADelPHIA ST. lOUIS HOU STON SAN FRANCISCO
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the most modern laboratory furniture in the world
Moduline, by Aloe, comes in architectural approved
widths and depths so that custom-built laboratory
facilities may be developed from standard Moduline \
units. Notice these details: concealed hinges; baked
steel finishes with stainless steel table tops; Furnished
with or without reagent shelves. Utilities can be top or
splashback mounted. No working space is taken up
with utilities. Each new installation is convincing more
persons that Moduline is the most functional, practical,
laboratory furniture ever designed. Write for special
booklet T·300 and learn how Moduline can help solve ,
your furniture problems.

Special schematic layouts for
laboratories available on request.

1831 0 Ii veSt r e e1 • St. Louis 3, Minouri
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Anotber Important

W SCIeNTIfIC'S \ine .•
Now in HARSHP: CKMAN

The NeW 8E Y ATTACHMENT
fLAME PHOlOMEl~TROPHOTOMETERS

fOR BECKMAN DU SPE

THE NEW BECKMAN
FLAME PHOTOMETRY ATTACHMENT

for the Model DU Sp ectrophotometer sets entire ly new
standards of compactness, convenience, and accuracy.
It features a trouble-free all -pyrex atomizer -burner
which sprays even cloudy or h ighly concentrated
solut ions indefin it ely without clogging. In operation ,
the sample solution is discharged directly into t he
flame through t he large diameter noble-metal atomizing
tube. The flame is supplied by standard oxy -hydrogen
or oxy- acetylene equipment.

The compact, ho t flame coupled with the excellen t
resolution of t he Beckman DU Spectrophotometer
provide a n inst rument capable of t he quant itat ive
determin ation of more t ha n for t y elements, includin g
heavy metals and rare ea rt hs, as well as the alkali
metals.

This new inst rum ent features the high quality char
ac terizing all Beckman instruments, and is availa ble
at a new low price.

H-S9S04-Beckman Flam e P hotometry At tachm ent
for t he M od el D U Spect ro photomet er •• $395.00

ANALYTICAL CHEMISTR Y

Beclcman development

• Greater Compactness
• Higher Accuracy
• Lower Sample Consumption
• Maximum Convenience

OUTSTANDING FEATURES OF
THE NEW BECKMAN

FLAME PHOTOMETRY ATTACHMENT

Small Sample-onl y 1 to 3 ml of
sam p le sol ution r equired per
analysis.
Low Fuel Consumption
a bo ut 8 cubic feet of oxygen per
hour, and 5 cu. ft./hr . of acety
len e or 20 cu. ft./h r. of hydrogen .
Aqueous or Nonaqueous
Solutions- even com b u stible
solve nts may be used . Organic
solvents often increase sensitivity.
Automatic Sample Positioner
protec ts the o perator, is fa st,
convenient, an d precise . The
atomizer- b urner, sample -posi
t ioning devi ce, focu sing mirror
and adj us tments a re a ll unit ized
in to a compact, cast-metal h ous
ing. All nec essary regula tors and
ga uge s (excep t standard regula
tors on fuel and oxy gen t anks)
a re conveni ently mounted on a
separate control panel.

Houston 11, Texas
6622 Supply Row

eles 17, Calif.
Los A

S
n9

' h
Grand Ave.

609 co
. delphia 48, pa.

PhIlo • Swanson SIs.
Jackson '"
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'ESTABUSHED 1897

• Metal construction throughout.

41-536 Teschner-Machlett
Mercury Manometer ••• $45.00

easier adjustment
-less breakage

• U-tube of Pyrex glass with T
joint, easily replaced.

• Vinylite scale graduated 0 to 130
mm.

• Precise scale adjustments by means
of chain device.

• Filter trap prevents dust entering
mercury column .

• Key slot in back for wall mounting.

E.MACHLETT & SON'
@CHlnP

LnJ()mlorY APPARATUS" SUPPLIES" CHEMICALS

220 EAST 23 rd. STREET 1 NE'\N' YORK. IO,·N. Y.

Teschner-Machlett Manometer

mineral. free water ...
quickly, economically

30-867 Deeminizer, 115 volt, 60 cycle A.C.
without cartridge $39.50

30-869 Deeminite cartridge each $ 2.25
In lots of 6 units $11.70
In lots of 12 units .. .. .. .. .. .. $23.00

• Use Instantly • No Plumbing

• Portable • No Installations

• Purity Indicating Meter

• Equal to Triple Distilled Ionic Purity

• Up to 5 gals Hourly Capacity

• Plastic Reservoir • Attractive Design

Here at last is a self-contained unit that is simple
'and easy to operate, requires no fixed connections
but gives you the mineral-free water capacity of
more elaborate installations, at only a fraction of
their cost.

r-1"HE anniversary meeting of th e
AMERICAN CHEMICAL Socnerv next

Septe mber will afford an unusual oppor
tunity for th e members of the D ivision
of Analytical Chemist ry to meet a number
of foreign chemists and also for these
chemists to meet and get acquainted with
us. T he following men have accepted
invitations to take part in th e symposia
which will cont inue throughout the New
York meeting :

C. J. van Nieuwenburg is a grad uate
of the T echnical . University of D elft ,
Ho lland . H e was, for severa l years, a
research chemist in a Du tch glass factory
a nd some tw enty-five 'years ago he was
appointed professor of analyt ica l chemis
try in the University of D elft . He has
recently been int erested in microchemis
try, ' including semimicroqua litative
ana lysis, and for many-years he has been
chairman of the Commission on New
Reagents and Rcaotions of th e Inter
nati onal Unio n. li e will be the speaker
a t t he dinn er of th e Division of Aualvtieal
Chemistry, Heptembcr 4.

Clement Duva l, La Sorbonne, Paris,
will discuss inorgan ic ana lyses ma king usc
of infrared spectra and will also te ll us
about new achi evements in automutic
gravimetry,

R , C. Chirnside from Eng land will dis
cuss the coon lina tion of unalvtical meth
ods in ind ustry .

Fritz Feigl, Ministry of Agriculture,
Rio de Janeiro, Brazil, is already well
known to ana lytical chemists in this
count ry, having spoken at the Summ er
Symposium of our division in 1949. H e
will present a discussion of some phase
of microan alysis.

Wolfgang Kirsten , of Uppsala Univer
sity in Sweden, will also take part. in th e
microchemical symposium.

/\.. numb er of other European chemists
have expressed their intent ion 1..0 he
pr esent, either at this meetin g or at the
Congress the following week. Among
them is G. Schwarzenbach of the Univer
sity of Zurich. He is one of the most
outstanding physical and analytical chem
ists in Switzerland, and his work during
the past six years on complex formation
between meta ls and ethylenediamine
tetraaceti c acid and similar types of
acid s is of great interest to llIla ly t. icaI
chemists.

It is expected that. a numb er of colleges
and universit ies will invite th ese chemists
to give lectures. Th is is a wondorful op
portunity for our stu dents and fuculties to

(Conti nued on page 17'A)

tl't! al,alyst~s

column
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CAl'
The screw cap,
introduced for
the packaging
of chemicals
by Mallinckrodt
in the early 20's.

PROTECTIVE 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
protection hazardous
chemical labels have
precautionary infer
mation onaside panel.

sorns
Shaped for easy
handling. Removal
Of chemicals made
convenient by the
wide mouth and
sloping shoulder.

ANALYTICAL CHEMISTRY

SIDE PAf.JEI.
Introduced by
Mallinckrodt to avoid
label congestion and to
give greater legibility to
the important maximum
limits of impurities.
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FOSTER WHEELER CORP.
165 BROADWAY NEW YORK 6, N. Y.

Qualilied personnel will be invited to New York
at our expense lor interview.

~

&~",

~

Assure Perfect Centering Every Time-:-

Eliminate Causes for Work Hardening.

• Threading Tool Accommodates
All 6 Sizes of Dies.

• Coning Tools Accommodate 3
Sizes of Cutters Each.

Write lor Bulletin 9150

751 Drexel Bldg. Philadelphia 6, Pa.Export Dept.

THE FOSTER WHEELER CORPORATION specializes in the design and
construction of processing plants for the petroleum industry. We are
now expanding our organization fo r the design of processing units for
the chemical industry and invite cpplicctions for employment from sen
ior chem ical engineers capable of directing this activity. Experience
should include the design and/or operation of any of the follow ing
industrial plants: synthe tic ammonia plants including the manufacture of
nitric acid, nitrates and sulpha tes of ammonia; plants for the p roduc
tion and pur ification of olefins and a romatics from hydrocarbon feed
stocks; plants for the synthe sis of alcohols, glycols, detergents, etc .
All replies will be treated in confidence. This is an opportunity for
a few well-qualified engineers to acquire key executive positions and

'sta b le employment in an organization that has been in business for 50
years and is proud of its re p uta tion with its customers and its employees;
Ma il complete resume of qualifications, ind icating salary requirements,
to Personnel Director.

~Wtr®©l1~wrn l]U~~@n~rnrnrn~9n~©O6)
860 EAST 19th STREET. ERIE, PENNSYlVANIA •

LABORATORY & PILOT PLANT HIGH PRESSURE EQUIPMENY ~ .

THE ANALYST'S COLUMN

hear these eminent men and to get ac
quainted with them. It will enable the
visitors to become famili ar with our
laboratories and the research that is now
in progress.

I t is impossible to overestimate the value
of such contacts. Such an arrangement
would also pay the expenses of these
speakers, none or few of whom could
otherwise afford to take extensive tours
in this country, no matter how much th ey
might wish to do so. It is hoped th at a
large number of institutions will coopera te
in arranging such tours.

IT IS surprising and discour aging to note
how many of the chemists who regularly
attend meetings of the Divi sion of
Analytical Chemistry, and who oft en take
part in them, are not listed as memb ers.
In most cases th ey have merely neglected
to pay the modest du es of $1.00 a yea r.
Thi s division should be one of th e larg est
in th e Society, judging by the attendan ce
at it s meetings. By joining th e div ision
a chemist makes it possible to increase
th e number of activities in which it can
par ticipate. An important one is th e
Summer Symposium held in June, at
which some particular field of analytica l
chemist ry is covered by experts in the
field.

T he division also assists in the project
of formation of local analyt ical groups
within different sections. J. K . Owens,
Experiment Station, E. 1. du Pont de
Nemours & Co., Inc., Wilmington, D el.,
is chairman of the Committee on Local
Groups. A numb er of such groups regu
larly hold meetings at which the attend
anc e is high and the discussions are spirited
and helpful.

The division has a number of commit
tees work ing on various proj ect s of inter
est to analytical chemists, such as, for
example, the stand ard ization of micro
chemical appara tus.

Anoth er advantage in being a member
of th e division is the receipt of an advance
copy of th e abstracts of pap ers to be pre
sent ed at meet ings, and of course a
red uction in th e price of th e book con
taining the comple te aostracts of papers
presented before all divisions.

The cha irman of th e Member ship Com
mittee, K. G. Stone, Michigan St ate
College, East Lansing, Mich., would wel
come suggestio ns for reaching thos e
analytical chemist s who are not members
but should be. If m embers would send
him th e names.of their acquaintanc es who
might be interested in joining the divis ion,
they would be doing a favor both to th e
division and to the individuals.

H . H . WILLARD
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A.H .T. CO. SPECI FICATION

MAGNETIC STIRRING APPARATUS
For variable speed stirring action within either closed or open vessels

A

1 .
~

Round or half-round stirring bars,

e ither sealed in Pyrex brand glass

or plastic coated

Separate rheostat for control

at a distance of

approximately 30 inches

9235-R.

FiJ,t. 1. Showi ng gen era l s t ir ri ng in a
stop pe re d flask .

Fig. 2.

Showing s t i rri H~ in elect romet ric ti t ra.tion s
'wi t h a ir a nd ruois t u re exc lude d.

MAGNETIC STIRRING APPARATUS, A.H.T. Co. Specification. A compact, quiet-running
apparatus which ut ilizes a rota ting field of magnet ic force to induce variable speed st irring act ion
with in either closed or open vessels. Stirring is accomp lished by means of small magnetized bar A
01' B, which is placed in th e liquid to be st irred and which is rotated by magnet ie force applied below
the con tainer.

Consist ing of a perm anen t bar magnet attached to the shaft of an electric motor and mounted in
all aluminum housing with flat top 4U inches diameter and 472 inches high . Can be used eit her
on t he table or on a support rod, attached by mean s of a clamp with swivel joint. Any type of vessel
of glass, porcelain or non-m agnetic metal, can be used, i.e., flasks, bea kers, culture dishes, crys talliz
ing dishes, evapora ting dishes, test tubes, weighing bot t les, etc. A ring-type burner is suitable when
stirring at eleva ted temperatures. Sui tab le for any stirring operation which involves 1 ml to 1 liter
of liquids with viscosities up to that of a 50% glycerol solut ion. Part icularly convenient for use in
closed systems.

9235-R. Stirring Apparatus, Magnetic, A.H.T. Co. Specification, as above described, with one ouch magn etized sti r-
ring bars A (small, half-round, plas tic coated ) and B (large, round , glass coated ), Ys inch and 1~ inches
long, respectively ; rheosta t with graduated dial, 8-ft . connecting cord, and directions for usc, bu t without
glass vessel. For 115 volts , 50 or 60 cycles, a.c 38 .50

9235-S. Ditto, bu t with out stirring bars 33.40

9235 -T5. S tir r in g Bars , M a gn e ti zed , Ro und, Gla ss Coated, cous is t ing of a cy lindrical perma ne nt magnet se a led in P y re x brand gla ss ,
Ov erall dime nsions . in ch es . . . . . . .. . . . . . . . . . . . . . . . .. }i X 9 / 32 1% x 78
Each . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. .. . . . . . . . . . . . . . . . .. .. . . .. . . . . . . 2. 65 2 .90

1%
. 2.95

l ~x %

2.90

Stir ri ng Ba rs, M agn et ized , Half-Rou nd, P la stic Coated, consisting of half-round perman ent magnet with bake d on lus t rous
black plas t ic coating which was developed to eliminate acci de ntal breakage of glass-en closed ba rs . T his p las t ic coa ti ng will
withs tand con ti nuo us use in b oilin g water a nd has good ch em ical resist an ce to weak or stroug ac ids a nd alka lies exce pt those
wit h oxid izi ng propert ies such as nit ri o ac id, a lka lin e peroxides, etc .; a lso resistan t t o orga nic so lve nts; ove ra ll width .!1' inch .
overu ll th ickn ess % in ch .
Ove ra ll length . in ches . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----:;'-Ys"'8::;- -::.:.=_=___
Ea ch . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . .. . ... . . . . . .. .. .. . . . . . . . . . 2 . 55

Ditto, Round, P la stic Coated , genera lly simila r to 9235-U , but with cylindrical pe r manent magnet .
Overa ll dim ensions. inches . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . .. . .. . -'-Ys=-='x"o.,;,-I"',, -=-=-::-;,=
Ea ch . 2 .65

9235-U5 .

9 235 -U.

10 % di scou nt ill loi s of 12 or more, 9285 - 7'5 , 9285-U an d 9285 -U5, one si ze or a ssorted .

ARTHUR H. THOMAS COMPANY
RETAI L-WHOLESALE-EXPORT

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

Cable Address "Balance." Phi ladelphia
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Random Thoughts on the Pittsburgh Conference
THE recent Pittsburgh Conference on Analytical

Chemistry and Applied Spectroscopy registered
new highs in attendance, in the number and quality of
the papers, and in the variety of new and interesting
apparatus shown by the exhibitors,

vVe say "well done" to those in the Pittsburgh Section
of the AMERICAN CHEMICAl, SOCIETY and in the Spec
troscopy Society of Pittsburgh responsible for the suc
cess of the conference and particularly the cochairmen,
H, Freiser and J. J. McGovern.

We doubt that the most optimistic analyst in attend
ance at the recent conference would have prophesied
fin years ago that a meeting and exposition of such
magnitude could be staged even in Pittsburgh, billed
modestly on the front. cover of the program as the
"Center of Analytical Chemistry."

In reviewing the progress made and the success
achieved, let us not. forget the early pioneers. "Vith
little more than a rugged individualism and belief in
the importance of analytical chemistry to guide them,
they determined to develop annual conferences in Pitts
burgh that would provide real scientific assistance' to
analysts and focus attention of management on the

, important role of analytical chemistry in research and
production. They have succeeded probably beyond
even their own expectations. Today the Pittsburgh
conferences are self-rooted and firmly established.

Beginning with the very first conference, it has been
a continuing policy to present, in addition to papers of a
strictly 'scientific and technical nature, discussions on
various broad problems of interest to the profession of
analytical chemistry.

A number of such papers featured in the 1951 pro
gram included Robert T. Hall's excellent discourse on
industrial analytical research, D. G. Nicholson's up
to-date report on trends in academic analytical chem
istry, the businesslike paper by J. 'V. Stillman .and
A,'H. Hale of Du Pont on the development of an ef
ficient analytical record system, and the interesting
description of the role of the analytical chemist in in
dustrial health matters by Dohrman H. Byers. These
and other papers of a broad general interest 'Nil! appeal'
in later issues of ANALYTICAL CHEMISTRY.

Hall presents a very pertinent picture of the analy
tical chemist that cannot be stressed too often either to
management or to the young analytical chemist.

"It is apparent," the author states in describing the

Hercules setup, "that these men in the course of their
work, must make a rather wide circle of contacts
within the company. They necessarily gain a consider
able familiaritywith many of the research programs,
process developments, and technical service' activities
of all the company's operating departments. This
group is perhaps one of the best places in the research
organization for acquiring, in a relatively short time,
a reasonably good over-all picture of the company's
technical activities. This situation leads naturally to
a number of possible outlets for the personnel. For
example, one of our men has recently progressed into
the position of chief chemist at one of our largest
plants; others have been transferred to development
groups at the plants-or, in some instances, directly
into production, Saine have moved into supervisory
positions in the research divisions of the various operat
ing departments. A few have gone into sales and into
liaison groups such as sales research,"

Hall in discussing the basic elements necessary for
the successful management of an analytical research
group listed the following:

Anattitude on the part of management which puts analyti
cal research on the samebasis or level as research of any other
type. To state it in another way, the emphasis in every case
should be on research and not on whether it is physical, 01'-

ganio, or analytical. .
Analyticalresearchchemists must be accorded equal status

with research chemists in any other line. They should and
must be considered as full members of the research team and
the opportunities for advancement must be 'equal to those
prevailing in other branches of research.

Hall listed a number of other basic factors which we
will pass over now, as his paper will be published later.
We do want to refer again to one statement of his-;
,"they should and must be considered as full members
of the research team."

One would think that this very basic element would
be thoroughly understood and widely practiced by the
managements of what are generally considered to be
progressive companies, yet we spent more than half an
hour at the conference listening to a young but well
known analyst describe tragic delays that have occurred
in production operations in a plant of importance to
the mobilization effort because this elementary truth
had been ignored either deliberately, or because of sheer
ignorance. Happily, this example we believe now to
be more the exception than the rule.

395



PAPER CHROMATOGRAPHY
Instruments and Techniques'

RALPH H. M;ULLER AND DORIS L. CLEGG

Washington Square College of Arts and Science, New York University, New York 3, N. Y.

These studies are concerned with an attempt to learn more about the phenomena
involved in chromatographic separations in paper. Typical techniques are de
scribed and some new instrumental approaches are presented. It is shown, by
precise semiautomatic methods, how the influence of geometric shape factors
can be determined and predicted. The influence of vapor saturation, tempera
ture, and previous history of the paper is established. It is shown that the mo
tion of liquids through the paper can be predicted accurately by a knowledge of
their surface tension, viscosity, and density. With these techniques, it should
be possible to predict much of the behavior of a given paper with respect to its
suitability for chromatographic work and to extend the methods to the kinetic
behavior of the individual fractions undergoing separation.

T HE use of filter paper as a medium for the separation, identi
fication, and quantitative estimation of organic, inorganic,

and biologically important substances is one of the most active
fields of modern analysis. The intensive research in paper
chromatography is reminiscent of the early triumphs of analytical
spectroscopy. The comparative ease with which microgram
quantities of extremely complex substances can be separated has
accounted for the solution of problems heretofore considered
impossible. The technique is so indispensable and results are
forthcoming with so little expenditure of time and material that
it is not difficult to understand why chromatography is a highly
developed art, about which very little fundamental knowledge is
available.

This series of investigations was undertaken to learn something
about the mechanism of separations in paper media. The diffi
culty in obtaining a coherent picture of the phenomenon may be
appreciated if it is pointed out that the following factors influence
the results:

1. Physical and mechanical properties of the paper
2. Dimensions and geometric shape of the paper
3. Chemical properties of the paper with respect to residual

impurities and moisture
4. Nature of the eluting liquid, its density, surface tension,

and viscosity
5 Temperature at which the separation is effected
6. Vapor saturation and previous history of the paper

In this work an attempt has been made to maintain a balance
between that which will be practical and useful to the chroma
tographer and that which is reasonably fundamental. Although
several quantitative and precise principles have been established
in these studies, none of these is a "constant of nature," because
when one is working with filter paper, it is a system rather than a
definite substance with which one must contend. Although filter
paper of good quality is very carefully treated to remove impuri
ties and is subjected to painstaking care in fabrication, it is never
theless capable of considerable improvement before it exhibits the
best behavior in chromatographic separations. The primary ob
ject of these studies has been to appraise the many factors that
influence the flow of liquids through paper, rather than to devise a
"recipe" whereby consistent and reproducible chromatographic
results can be obtained. This is precisely the information which
has been lacking up to the present time, and enough information
has been accumulated in these studies to enable conduct of fur
ther research in this field in an ordered and logical manner.

1 First of a series of three papers. See pages 403 and 408.
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Although numerous chromatographic separations were made in
the early stages of this research, it soon became apparent that it is
one thing to duplicate another worker's results, but quite another
to devise the proper conditions for a new and untried separation.
In order to obtain quantitative information, it was also necessary
to develop suitable instruments for the purpose, and it soon be
came evident that these must be semiautomatic in order to pro
vide sufficient information in a reasonable length of time. In
numerous instances, the semiautomatic nature of the data record
ing meant the difference between vague inference and accurate
data. This is the case for highly mobile liquids and very fast
papers.

For convenience, the investigation is divided into three parts:
(1) instruments and techniques in paper chromatography, (2)
geometric factors in paper chromatography, and (3) kinetic
studies on the diffusion of liquids through paper.

Despite the relatively large numbers of observations repre- .
sented by these studies, most of the pressing questions of chroma
tography remain uninvestigated and unanswered. What has
been accomplished is a rather complete understanding of paper
formation, the influence of geometric factors, and the kinetics of
solvent motion through paper. The influence of temperature,
vapor saturation, and surface active impurities is also established.
Instrumental developments have provided complete facilities for
conventional chromatography as well as for the special needs of
these studies.

A review of the status of paper chromatography up to Novem
ber 1949 (2) describes the principal techniques and apparatus
commonly used, including numerous conventional inatiumental
aids such as photometers and densitometers.

INSTRUMENTS AND TECIPiQUES

The essential facts of chromatography may be demonstrated
with absurdly simple items-a piece of blackboard chalk, a blotter,
or a disk of filter paper. With very little more elaboration, suc
cessful separations can be effected. To varying degrees, one may
progressively add means for maintaining vapor saturation, con
stant temperature, and ease of manipulation or the simultaneous
treatment of a large number of samples. The same wide range of
facilities may be employed to appraise a finished chromatogram.
In some cases-i.e., in a simple mixtureof dyes-the final pattern
may consist of a beautiful set of colored concentric rings and a.
superficial glance will supply all the available information. In
other cases, the full resources of photometry may be necessary in
order to get any information at all.
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Figure 1. Accessories for Paper C h ro m a t ogr a phy

Some very simple accessories which are useful in prelimina ry
work in this field are shown in Figure l.

In th e upper right, A, is a sta nd for hold ing small Erl enmeyer
flasks and adjustable wooden clips fashioned from clothesp ins.
A filter paper strip containing a spot of sample mixt ure can be in
serted in the flask containing an eluant, so tha t t he lower edge
of the paper is just imm ersed in the liquid . The rate of rise can
be gaged roughly by reference to the coordinates on the rear wall
and th e degree of separa tion can be est imated by inspecti on .

This arra ngement is obviously suited only for rough qualitative
tests. The principal dr awback is th e evaporat ion that occurs at
the neck of the flask. T his can be avoided by using a cork as
support for the strip. If the lower part of the cork is cut away on
one half of a diameter, the st rip may be held to th e vertical section
of cork with a small thumbtack or pushpin.

IlECORDEIl
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elut ion can proceed in an essentially vapor
t ight enclosure. The lid consists of a stout brass
ring, the medi al diameter of which is the same
as the glass dish . It is fastened from the top to
a sheet of polystyrene which is hinged at the
rear to the back wall. The ent ire assembly is
readil y load ed and unloaded and can be cleaned
and set up for a new run in a short time. It is
considerably more stable than a stack of two
dishes or watch glasses as ordinaril y used in th e
Rutter t echnique.

Typical resul ts obtained by this technique are
shown later in this paper.

The device shown in C, Figure 1, is very con
venient for rapid te sts on papers or powdered
adsorbents. .

The baseboard is readil y leveled by means of
the three wing screws, and on it is mounted a
heavy sheet of plate glass under which a pattern
of concentric rings is drawn for the purpose of
centering a filter paper disk. The disk is covered
with another sheet of glass with a hole bored in
its center. Through this, a sample can be ad
mitted, followed by a suitable elut ing liquid.
This arrangement has been recommended (8 ) for

pr eliminary examination of powdered adsorbents such as:alumina,
talc, sugar, and starch.

One of the earliest instruments to be developed in these studies
permits one to photometer the progress of separations continu
ouslyand in microgram quantities. The essentials of this instru-

--I r- 10 ••••• -l 1-+10 ••••• -tol 1+40 •••••

JIOlfOCBROllAtQK

PB01'OJroL'fIPLIER
'lOllS

Figure 2. Instrument for Automatic Photometry of Dye
Mixtures during Developrnerrt of Chromatogram

App aratus for using th e Rutter disk te chnique (7) is shown in
th e upper left of Figure 1, B. There is provision for running two
samples at once; one in th e operating position is shown on the
left and an oth er on the right is illustrated in the stand-by posi
t ion, the better to illustrate the simple construction.

A small crystalli zing dish holds the eluting liquid, and this is
positioned on th e table by thr usti ng it rearward in to a stout
V-shaped block of brass. The Rutter disk with its radial tab is
placed on th e edge of the dish with the tab dipping into the
liquid. As soon as it is in position, the lid is lowered and the

Figure 3. Automatic Photometry of Dye Separation
during Development of Chromatogram

Left. Aniline orange and JIlalaehite green
Center. Congo red and malachite green
Right. Eosin and JIlethylene blue

ment are shown in Figure 2. Complete details of this method
have been published (3, 4), and typical results shown in Figure 3
are reproduced here merely to relate these developments to the
general instrumental approach. Although this instrument was
the first to be described in the literature for dynamic studies in
paper chromatography, it has outlived its usefulness in this
laboratory as a means of obtaining more detailed kinetic informa
tion : For its original purpose, it still possesses considerable
analytical utility in the assay of mixtures.

REFLECTANCE DENSITOMETER

Several investigators have recommended the examination of
paper chromatograms by a densitometer of some sort (1, 2). In
this way one can estimate the intensity of color as a fun ction of
distance along the chromatogram and gain more quantitative
information about the distribution of the various sub stances.
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RUTTER T ECHNIQUE

Two examp les are given to show what can be achieved by the
filter pap er technique first proposed by Rutter (7) . Some of the
refinements just described have been applied to it , but these do
not detract from the beau tiful simplicity of his method .

CHR OMATO GRAM

F ILTER P AP ER DISC

A

I I I I I I
REF LECTOMET ER

RECORDING

A AND 13

A, BAND C

Figu re 5. Rutter Dis k T echnique

A11 r o m pone nts p rc!4ent in o rili{inal sol ution

A

SOLUTION OF A, B, C.

As shown schematically in Figure 5, the Rutter di sk is pre
pared by cutti ng a radial strip into a circular filter paper disk.
The strip is bent at the center so that it :proj ects perpendicular
to th e plan e of the disk. About half of it IB cut off. This is the
disk which is now mounted between the edges of two crystallizing
dishes, as shown in t he upper left.

Consider , first, a case not origina lly desc ribed by Rutter, bu t
for which the technique is well suited. T he lower dish contains
a solut ion of three dyes-red, lavender, an d blue . These happen
to he the constituents of Wright's stain, which is essent iall

flecti ons, whereas most par ts of the chroma togram give uniform
or decreasing reflectance. Mounting operations are best con
ducted at a desk or table, afte r which the drum is eas ily slipped
over the end of the drive sha ft , rotated to the star t line, and
locked in position with a small spanner wrench . No focusing
operations are required because the sample is flood-lighted and
the receiving objective is in fixed focus.

As th e sample drum rotates uniformly, the photocurrent vari es
in proportion to the reflect ivity and this is faithfully reproduced
on the record er chart . As th e latter is also synchronously driven,
there will he a 1 to 1 correspondence along the displacement axis.
There has been no occasion to corre ct any records in terms of self
calibration pencil marks, and strict sync hronism can be relied
upon . One ad van tage of this instrument resides in the fact tha t
it will repeat readings indefinitely without at tent ion. Examples
of its performance are shown in th e following illust rat ions, wherein
the Rutter technique is discussed more fully .

In an optical sense, reflectivity measurements have very limited
use. Reflectance is a very complex function of concent rat ion ;
indeed, no exact relationship is known . Although p rovision is
readily mad e for using a plastic or glass drum and slightly mod i
fying th e optics of t he systcm in order to get transmittancy
valu es, th e present scheme has been retained for it s great utilit y in
respects oth er than concent ra t ion.

As a rule, some commerci al form of photoelectric photometer has
heen used , and an attachment has been provided .whereby the
pap er st rip can be pulled through th e instrument step by step and
its t ransmit tancy measured at convenient intervals. The results
can then be plotted as a fun ction of distance. This is laborious,
and unl ess a large number of measurements are mad e, the results
are unli kely to be worth th e troub le.

For the rap id examination of finished chroma togra ms, the very
simple, complete ly automatic reflectan ce densitometer shown in
Figur e 4 has been asse mbled from readily availab le components .

The mechanical parts, such as th e base pla te , legs, ball-bearing
pedestals, shafting, and gears, were obtained from Servomecha
nisms , Inc. A large a lum inum drum with a flush-mounted ste el
millimeter scale is used as a specimen holder. A smaller drum,
a lso with sca le, is available for 'very small specimens.

Through a five-to -one gear reduction, the scanning drum
is rotated at a uniform rate by th e 1 r .p.m. Bodine synchronous
motor. Gear ratios are readily changed for lower or higher
speeds. A photoelectric pickup unit, which appears in the right
foreground of t he photograph, is the scanning head built by
Times Facsimile, Inc. It consist s of a 6-volt lamp, the light
from which is focused on the periphery of t he drum by a con
densing lens. Light reflected from an extremely small spot of
the illuminated area is picked up by the microscope objective
and brought to a focus on a photocell. The origina l facsimile
scanner contained a special freq uen cy-modulated phototu be,
but for circuit simp licity and ease of matching to a recorder, this
was replac ed by a small ba rrier-lay er photocell, The output
of this cell is connected dir ectly to a lQO-ohm General Radio
potentiometer (vo ltage divider), and th e slider and one end of the
potentiometer are connected through shielded and ground ed
wires to the Brown E lectronik recording potentiometer . Thus
the output of the 'photocell can be vari ed from zero to maximum.

A filter holder (not shown in pho tograph) is mounted over the
lens barrel, and a Corning filter best suited to the photometri c
problem in hand can be inserted a t this point . . The entire
densitometer is fastened to the laboratory wall with the a id of
two pipe flanges and a short nipple. A small constant- voltage
t ransformer and line switch are located next to the densitometer,
The scanning drive motor is provided with a start-s top a nd re
vers ing switch . The ent ire instrument can be set in opera tion
within a few seconds.

Specimens to be scanned are cut from the chroma togram,
if necessary, and wrapped around th e drum, and the ends are
affixed by Scotch tape. By reference to the adjacent millimeter
sca le, st rategic points on the chromatogram can be identified for
la ter corr elat ion with th e densitomete r record.

In some respects, it is more convenient to draw sharp penci l
lines across the chromatogram to locate origina l sample site,
end of the chromatogram, etc., because'the photometer will read
th ese and write sharp inflections on the chart . Too many of these
identifying lines, or their injudicious location , will confuse the
record . An alternative consists in pasting a very narrow st rip
of a luminum foil at the point of identification. As a result of its
high reflectivity, t he a lum inum marker will produce ups ca le de-

F igu l·c ,1. Heflectance Dens i tomet e r [' H' Co,, ", 1.let e,1
C h ."Olll:.l toJ.;"ranls



V O L U M E 2 3, N O. 3, M A R C H I 9 5 1 399

Component8 DCs8tnple progressively e luted by s uitab le solvent

I
I
I
I
I
I
I
.1
I
I
I

I
I
1
I

___ J

r -r--r--,--,- ,
1 I
: I

T HERMOSTAT

REFRACTOMETER~
Sernfa u torrrat.ic Ln s t s-urn e rrt for K inetic

Measurements

T EL ESCOP E -~

PAPER STRIP <,

Figure 7.

REFERENCE

VOLTAGE

HELlP CT

SYNCHRONOUS
TIM.ER

RECORDER

INSTRUMENT FOR K INETIC STUDIES

Most of the equ ipment, so far described, has provided the
chromatographer with more precise and elegant tools for his
work. When attempts were made to introduce a greater degree
of.predictability into chromatographic work, it became apparent
that too lit tle was known abo ut th e motion of solvents th rough
paper. With th is initial ignorance, it would seem hopeless to
attempt to explain the more complex case of th e relative motion
of solutes.

The principa l emphasis in th ese studies is, therefore, on the
establishment of the exact nature of solvent motion .through

affairs is shown ill th e upp er righ t of Figure 6. If a diam etral
strip is now cut from this chromatogra m and measured with the
reflectan ce densitometer, the individual zones are sharpl y de
fined , as shown in th e lower left .

This recording illustrates th e advantage of scanning across a
diameter, because th en the pattern is measured twice and any
lack-of symmetry is at once detected. Indeed, such is th e case in
Figure 6, and th e degree of asymmetry is a measure of th e slight
inhomogeneity of th e paper. Mor e is said about this factor in
th e following paper.

Regardless of which technique is used, th e Rutter disk method
is ext remely useful. When combin ed with the densitometer, it
enables one to evaluate procedures, choice of eluants, etc., in
rapid and exact fashion . In the second variation, wherein dis
tinct zones are produced, one can perform very exact quantitative
determinations by simp ly cutting out the separa te zones with a
pair of scissors, ext ract ing each piece completely with an appro
pri ate solvent, and then measuring th e combined washings in a
spectrophotometer.

The relative motion of solvent and th e various zones as a fun c
tion of time has been established (5), and the radial spread ing of
both solvent and dye follows a square law such that the square of
the radius is dire ctly proportional to elapsed time. These rela
tionships enable one to arrive at a dynamic est imate of RF values.
For this purpose, the automatic reflect ance densitometer measure
ments are ideally suited.

CHROMATOGRAM
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REFL ECTOMETER
RECORDING

Figure 6. R u tte r Disk Technique

The corresponding case for columns has been reported recently
by Nestler and Cassidy (6) in determining the adsorption iso
therms of low molecu lar weight fatty acids on charcoal. Here,
the principle of successive breakthrough can be utilized to obtain
conventional adsorption data.

The more conventional application of the Rutter technique is
illustrated in Figure 6, in which the sample is not in solution but
is deposited in a concentrated spot on the center of the disk, or as
shown here, just below this point on the radial tab.

A suitable eluting liquid is placed in the lower dish and allowed
to rise in the pendant tab. Preferential elution of the dye mix
ture then begins, and eventua lly each component is separated
from its neighbors as a distinct ring. Schematically the st ate of

eosin and meth ylene blue with th e lav ender as an impurity,
though azure blue is oft en added as a third component. As th e
disk is pla ced in position with th e radi al tab dipping into the
solution, liquid will rapidly rise in the strip and th en spread in
circul ar fashion in the main disk. Close inspec tion will revea l
th at pure solvent spreads first, soon to be followed by eosin and
this in turn by a mixture of eosin plus the lavender dye, and the
third or last zone contains all three dyes and, of course, solven t .
After considerable spreading has occurred, the pro cess is stopped
and the paper is removed and air-dried. If ,a diarnetral strip is
cut from this chromatogram and mounted on th e densitometer
drum, the reflectometer record will show a stepwise pattern for
the three respective zones. These are illustrated schematically
and idealized in the upper right of Figure 5.

What has occurred here is that all solutes are adsorb ed on th e
paper and only pure solvent gets through. A point is soon
reached, however, in which the paper becomes saturated in the
least adsorbable component , eosin, and breakthrough occurs.
Presently, the same portions of the pap er become sa tur ated with
lavender dye and this breaks through l but accompanied by more
eosin which is continually supplied by th e reservoir. Ulti 
mately, the most strongly adsorbed methylene blue will also
break through, and for this part of th e paper all three compon ents
will mov e unadsorbed .
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Figure 8.

=

Figure 9. Photograph of Assembly

right and on the bottom. Near th e top a brass pipe connects
the cha mber on th e left wit h the one on the right , and the flow
of constant temperature water through the system is clockwise
as shown. The interi or of the cha mber is a dull black for good
heat exchange and is produ ced by chemical oxidation of the
brass case (immersion in copper carbonate dissolved in ammo
nium hydroxide ). This finish is insoluble in all liquids studied.
Glass windows are moun ted on the front and bac k of the chamber
for viewing the st rip. In use, the entire cha mbe r is brought und er
a head which holds the accessories and then raised into posit ion,
where it is retained by a simple jack.

The head is a wooden frame from which a steel rod descends,
on a thread ed portion of which a sample clamp is mounted. T he
paper strip can be inserted between th e smooth jaws of this
clamp and small setscrews can be tighte ned to retain th e strip.
The paper is held reasonably stra ight by a small brass paper clip

------- - -
Figure 10 . Recorder Trace for Semiautomatic
Determination of Diffusion Rates through Paper

Details of Constant Temperature Vapor-Saturated Chamber
fOI' Holding Paper Strips

For run s of any considerable length, it would be excessively
fatiguing for the operator to keep th e te lescope continuously
focused on the liquid boundary. It was, th erefore, decided to
make th e recording intermittent and, as th e block diagram illus
t rates, a two-positi on cycling ti mer serves to connect th e Helipot
to th e record er once every minute and to hold it in th e writing
position for exac tly 5 seconds . In addition, it flashes a red warn
ing light to the operato r, so that a last-minu te adjustment of the
telescope may be made. Altho ugh this signal is essentially a
" hands-off" warning to the operator, it st ill permi ts him to make
a final correction in te lescope posit ion , provided he stops such
ad justmen ts before th e end of the 5-second interval. Th e 5
second interval is ample for the operator and safely within the
response tim e of th e record er , which is something less th an four
seconds for full-scale deflect ion. As the timer is sync hronously
dri ven, the precision in timing is more than adequate and one has
a constant cross check on the chart, which is also driven by a
synchronous motor.

Figure 7 also indicates that a th ermostat pumps constant
temperature water through th e observation chamber and also
through an Abbe refract ometer.

A more detailed view of th e observa t ion cha mber is shown in
Figure 8.

It is made of heavy sheet brass with the central chamber open
at the top. Large sealed cha mbers, through which constant
te mperature water is pumped at high speed, are at th e left and

paper . This is now certain enough so that fur
th er work may proceed in logical fashi on.

The schematic diagram of Figure 7 shows the
essential fea tures of semiautomatic equipment for
kinetic stud ies of this sort.

A jacketed chamber, held at constant tempera
tur e, holds the paper strip which can be brought
to equilibrium wit h the sa turated vapor of the
liqui d to be invest igated. When thi s state is at
tained, th e liquid in quest ion can be admitted to
the chamber in fixed amount such th at the
pendant strip becomes immersed in it to a fixed
depth . As th e liqu id rises in the st rip, its motion
is followed by the opera tor wit h the traveling
telescope.

I t is a lmost impossible for the operator to fol
low this motion and record the positio n and the
elapsed time with sufficient pr ecision. More cor
rectly stated, one can obtain far more precise
data in a given time if the operator is relieved
of certain det ails during th e run. This was
achieved by coupling the elevat ing knob of th e
traveling telescope with a precision helical poten
tiometer (Helipot). The position of the slider of
the Helipot is, therefore, at all t imes a measure
of th e height of th e te lescope. T he total voltage
imp ressed across the Helipot is chosen from a
reference voltage source of high constancy, and its magnitude can
be chosen so that th e maximum travel of t he telescope will pro
du ce any desired deflection on the graphic record er . Fo r con
ven ience, th e choice is such that one division on the recorder
cha rt (about 0.125 inch ) corresponds exactly to l-rnrn, travel of
th e telescope.

. The Brown E lect roni k recorder used in this work gives full
sca le deflect ion (l00 divisions) for an inpu t signal of 2.5 mv .
T he max ima l travel of the telescope is 72.4 mm . T herefore,
the reference source is adjusted to prov ide enough poten tial to
produce a net recorder deflection of 72.4 divis ions. Fo r good
mechanical reasons, it is undesirable to use a recorder zero cor
respondin g to zero on the chart, because the pen cannot move
below zero, and any negati ve drift in the signals would escape
undetec ted . Therefore, th e voltage reference source provides
a constant reference voltage, with vernier ad justment, to bias the
recorder to an arbitrary "zero" of 20 divisions. Any motion of
the telescope above its base positi on (20 divisions) then causes a
deflection of one chart divis ion per millimete r of t ravel with a
maximum deflection of 92.4 divisions (72.4 + 20). All record ed
data are, t herefore , diminished by 20 to give the net distan ce in
millimeters. This arithmetical chore can be eliminated in a
num ber of ways and this would have to be done if th e instrument
were designed for large scale use.
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Figure 12.

example of continuous tr acking is shown in Figure 12, along with a
plot of the data according to the square law. E ven for such very
fast diffusion, the data arc not greatly inferior to the conventional
rates. A few abrupt discontinuities in the recorder curve can be
seen. These actua lly represent a lag in wrist movement as th e
operat or sought a new grip on the elevation knob, but in no wise
affect the average shape of the curve.

Aided-tracking schemes are well known, especially in military
range-finding equipment , whereby an operator regulat es the
speed of motor drives to keep a cross hair on a target; so, inher
ently, there is no par ticular limit on speed in such cases. Refine
ments of thi s sort were not necessary, and, in any case, completely
automatic scann ing is not only possible but already partly con
structed for extensions of thi s work.

Since th is work was completed , a data pr inter, supp lied by
Taller and Cooper, In c., according to the authors' specificat ions,
has been installed, which grea tly simplifies measurements and
affords a considerably cheaper assembly. This is a five-digit
counter, the inst antaneous reading of whieh is automatically
printed on common paper tape at 15-, 30-, 60-, or 120-second
inte rvals, as desired. A manual button is also provided wit h
which th e count can be printed at any desired time. The use of
th is data printer may be understood by referring to Figures 7 and
9. .

T he coupling between the telescope drive shaft and the Helipot
is removed and the telescope is coupled to the print wheel shaft
through the intermediary of a 1 to 25 st ep-up gear train. T he
print wheels th us assume a value which at all times is propor tional
to the telescope posit ion and can be pr inte d at anyone of th e de
sired intervals. A warning signal for the operator is also provided
by an adva nced position microswitc h on the timing cam. As a
consequence of odd values in the pitch of the telescope drive, no
even or integral correspondence bet ween digit values on the
printer and linear positio n of the te lescope drive was at tempted,
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affixed to its lower end. The paper clips are subj ected to four
rinses with acetone to remove lacqu er and dried over a steam
radiator. I nlet and outlet tubes are provided to circulate vapor.
Before each ru n, tank nitrogen is bubb led th rough a fritted
glass washing bot tle containing the liquid under examination and
then circulated through the chamber holding th e paper strip.
A dropping funn el is also held by the head , from which th e
liquid can be admitted when a ru n is begun. A West on dial
th ermometer is also mounted on the head , but thi s is used only
for rough indi cations of cha mber temperature and will not indi
cate th e degree of regulation maintained by the the rmostat, which
is ab out ±0.02° C. A 4Q-watt tubular incandescent lamp illumi
nates the chamber through th e rear window and its br illiance can
be controlled over a wide range with a Var iac.
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Figure 9 is a photograph of th e assembly showing th ermostat,
refracto meter with it s light source, and the kineti cs apparatus.
The timing mechanism and Brown recorder are not shown.

A typ ical recordin g is shown in Figure 10. Elapsed t ime reads
from right to left, and the pen excursions for each l-minute inter
val can be seen to rise progressively during th e run. The general
parabolic contour is clearly evident, and th e net deflections are
reproduced graphically in Figure 11. In this graph, the net
heights in millimeters are plotted as ordin ates against elapsed
tim e in minutes. In th e second plot, the square of the height is
plot ted against time which, beyond an initial interval, is linear.
As is shown in the following papers, th e individual readin gs can be
recalculated from a general squ are-law equat ion within the pre
cision of measurements, which is ± 0.1O mm.

This instrument enables one to collect diffusion rate data wit h
ease, speed, and good pr ecision. Numerous cases were encoun
tered in which th e rates were so high that th e entire ph enomenon
was over before three l-minute writing intervals had elapsed.
These were handl ed by th e same instrument by simply locking the
automatic timer in th e writing position and moving th e telescope
continuously along the advancing liquid boundary. A typical
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but with the 1 to 25 ratio, each recorded digit corresponds to less
than 0.1 mm. of travel. A simple correction factor is applied to
the final computed slopes.

Aside from redu ced cost, one st riking advantage of th e data
printer over the recording poten tiometer is the fact that one does
no t have to reconvert deflections into numbers-these are printed
a t exact time intervals and can be used dir ectl y to compute slopes
in the quadratic equa t ion.

An alte rnative use of th c data printer has not been used in this
work, but is sui ted for an earlier method (5) , in which the print
wheels are driven continuously by a small synchronous motor at
60 r.p .m. The te lescope is not used for displacement measure
men t , but merely to view the paper , which in this case has a pat
tern of pinpoints of light projected on it, spaced in a square-law
sequen ce. Under these circumstances, the liquid boundary will
cross successive target positions in equa l intervals of time and
these can be printed by the observer to the nearest 0.1 second by
pressing the manual print cont rol bu tton.

Furthe r uses of these instruments are described in succeeding
papers . At this point one may well ask what justifi cation there is
for the usc of relatively elaborate equipment in studying the

motion of liquids and solutes through paper. The autho rs'
experience has more th an justified the time and expense involved
and, ind eed, indi cated th e utility of st ill more elabora te and auto
mati c equipment. With what has been describ ed here, it has
been possible to accumulate an embarrassingly voluminous
amount of data , but in this field, the practi cal applications of
which arc almost wholly empirical and the th eoreti cal aspec ts of
which have been highly speculativ e, there seems to be amp le
room for precise data.
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Physical and Geometric Factors

Figure 1. Strll~ture of Filter Paper

AREA RATIO 0 F
ELLIPS ES BY
P LANIMETER =
1. 993: 1

WIDTH RATIO OF
F EEDER STRIPS

= 2 : I.

PAPER FORMATION

2 mm.

4 m rn ,

RATIO

MAJOR: MINOR AXES

= 1.18 ±, 0. 014 (1.2 %)

I•I
I

with a planimeter and st ood in th e ratio of 1.993 to 1.000. This'
agrees within 0.36% with the ratio of feed strip widths. This be
ha vior is in compl ete accord with the general theory developed in
these st udies for th e rate of flow as a function of dimensional
changes. It is refer red to late r after some addit ional facts are
described . . At present, it seems best to discuss th e implications
of th e above behav ior.

BE CAUSE paper is used in many ways and und er condit ions
in which its shape, texture , and th e admission of liquids

vary greatly, a study of some of these factors would seem to be
the first order of bu siness in elucidating chroma tographic behavior.

With respe ct to struc ture , the average piece of filter paper is
not merely a heterogeneous assembly of cellulose fibers, beca use
in most cases there is a certain degree of orientat ion of the fibers .
This arises from motion through the Fourdrinier ma chin e, in
which the suspension of fibers is felted into a cohesive mat. This
preferred orientation is referred to as paper "formation," and the
axis toward which the fibers tend is referred to as the machine
direction and corresponds to the longitudinal travel of the main
sc ree n of the machine.

F ormation or preferred orientation is readil y demon stra ted and
su sceptible tomeasurement to about 1%by admitting a dilute dy e
solution to th e paper from a very fine capillary. If the delivery
is slow enough to avoid flooding, ellip tical spots will be formed .
Fo r the examples shown in Figure 1, th e ra tio of major to minor
axis is a constant and equals 1.18 ± 0.014 , ind epend ent of the size
of t he ellipse. It is also evident that th e major axes arc all in
clined more or less in the same direction. For a sample of
paper in which this ratio is unity-e-i.e., where circu lar spots are
formed, th ere is no preferred directi on and its chromatographic
behavior would be normal.

Fre quently, one encounters spec ific directions in the lit erature
of chroma tography wherein the author states th at all separations
are bes t conduc ted by elution in a directio n perp endicular to th e
machin e direction . In th e light of th e above facts , this is
eq uivalcnt to saying that the dir ection in which the rate of flow is
the least (a long th e minor axis) is productive of good separations.
Although this is a matter of emp irical observation and a useful
guid e, it by no means follows th at a slower rate is the exclusive
criterion of good separa t ions.

The upper part of Figure 1 shows how th e width of th e feeder
strip ill a Rutter disk influences t.h« ra te of flow. In this case,
t wo feeder strips were cut in the sa me disk , one 2 mm . in width,
the oth er 4 mm . Both feeders were immersed in the same dye
solution and removed simultaneously after a suituhle interval.
The two spots are ellip tica l in shap e, again indi cating appreciab le
paper asymmetry. The respective areas were carefully measured
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Because th e time of exposure was the same in both cases and
the areas stand in the ra tio of 2 to 1, it is evident tha t th e respec
tive volumes of solut ion in the two spots are:

VI ;"albttj

V, 'Ira,b,tj

This is t rue because the area of an ellipse equa ls 'Irab and j
denotes a measure of the free space in the paper which can be
occupi ed by liquid . It is now evident th at in th e given time in
terval twi ce as much solutio n must have passed through th e
larger feeder st rip as through th e smaller st rip. Thus in feed
ing th e large disk with dye solution, we must say th at each strip
provides an accessibility factor which is pr oportion al to its width.

= 2V,
= major axis of ellipse
= minor axis of ellipse
= th ickn ess of paper
= accommodation coefficient

where VI
a
b
t
j

A B c D E

where h = th e vertical rise of liquid in millim eters (or radial
spread in a Rutter disk )

t = time in minutes
D = constant for a given paper and liquid
b = constant and equiva lent to an hot erm

This expression requires some explana tion, in th at its form arises
from the fact that th e squa re-law behavior set s in afte r an initial
time during which th e inrush of liqu id is unordered and cha ot ic.
This is no plausibl e assumpt ion ; it may be observed direct ly in
th e traveling microscope. Exp erimentally, it is also necessar y to
observe h and t at some arbit rary t ime after th e admission of
liquid to th e paper, after which th e mot ion becomes uniform and
follows thi s expression exactly, even for hours for very slow papers.

Und er all condition s obtaining in this work, this empirical
expression is a precise measure of th e results and th e slope factor ,
D, has the dim ensions of a diffusion coefficient . As will be shown
later, D for a given paper can be identified directly with three
pr operties of th e liquid: its surface tension, viscosity, and density.
The obvious limitation of Equation 1 is the fact that it predicts
infini te height of rise in infinite time. An equa tion ha s been de
rived which is not subj ect to this limitation, but it is more awk
ward to use and, for th e limited rang e over which these measure
ments extend, th e two expressions are indi stinguishable. This
point is more fully discussed in a succeedin g paper of this series.

The effect of shap e factors has been studied fairly exhaus tively
with th e various shapes shown in F igure 2. From th ese studies,
it may be said that th e rate of diffusion is ind ependent of dim en
sion and is affected only by a change in dim ension.

For example, if D is determ ined for th e rise of liquid in a nar row
rectangular strip such as A, it will be found to be independent of
the width. To avoid any complications of strict reproducibility
of condit ions, this is best shown by using a strip of the shape shown
in B . Here a rectangular st rip 10 mm . wide is cut to provide two
pend ant strips of respective widths 3 and 5 mm . The rate of rise
in both strips is recorded simulta neously . Because identical
conditions prevail , th e equality of the D va lues may be taken as
ample proof th at the rate is independent of width (Table I).

Consider, now, the case of strip D, in which the rise occurs
initially in a width of 10 mm . and th en abru ptly enters a region
of hal f this width (5 mm .). After an interm ediate zone in which
th e liquid is perceptible swirling about , the rate settles down to a
new value which is higher than before. P lotted resu lts are shown
in Figure 3.

F H

Figure 2 . Shapes Used to Study
Effect of Ceorrret.r!o Factors on R a t e
of Diffu si on of Liquids through Paper DIRECT ION OF FLOW

5

CALC ULAT ED GAIN IN D = 1.4 13
OBSERVE D GAIN IN D = 1.4 29

ERROR = 1.1 %

201612

"""""""""""""v,

84

C A more general treatment shows that th e effect of geometric
factors may be explained complet ely and quantitatively by as
suming th at th e rate of flow is controlled by two factors: (1)
accessibility, as cont rolled by the dim ensions of the feeder , and
(2) capillarity, as controlled by th e dim ensions of th e succeeding
portions of th e sys tem.

This is inv esti gated more exhaustively in th e geometric pat
terns illustrated in Figure 2.

Before any quantitative study of geometric or shape factors
could be made, it was necessary to establish some relationship
between motion of the liquid th rough th e paper and time.
Empirically , one may use the fact that th e squ are of th e distance
(height of rise, or radial spreading) is directly proportional to
time (2 ). This relationship is accura te and reproducible and
provides rates well with in th e experimental pr ecision which, in
itself, is high. Actually, this empirical rule repr esents a special
limiting case of th e genera l law governing flow through the paper ,
and those relationships are discussed in a subsequent paper in this
series.

With more than adequate pr ecision we may write:

h' = Dt - b ( 1)

T IME IN MINUTE S

F ig ure 3. Gain in D iffu sio n R a t e fo r S trip with
Abrupt Dimensional Change
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When R » 1, this reduc es to :

In this and all other vari ations, it may be shown that th e
gain , G, in diffusion rate is predicted by

G = 1 + R'
2R

Table II . Effect of Shape of Strip
S. & S. 598 ST
T y pe D, Fi gure 2
E luant. Ethy l al coh ol -water 84 .6 %
T em per ature 25° C .
n'l," 1.3630

Time, Net Ri se,
Min, Mm. h'

0 0 .0 0 .0
1 3 . 2 10.24
2 12 .0 144 .0
3 18 .5 342 .3
4 23 .7 561. 7
5 28 .2 795 .2
6 31.9 1017 .6
7 35 .6 1267 .4
8 38 . 8 1505 .4
9 42 . 0 1764.0

10 45 .0 202 5 .0
11 47 . 6 2265 .8
12 50 .3 2530.1
13 53. 0 2809.0
14 55 .8 311 3 .6
15 59 . 0 3481. 0
16 61.7 3806 .9
17 64 .3 4134 .5
18 67 .6 4569 .8
19 70 .2 4928 . 0

D 1 = 246 mm .a/min.
D, = 35 1 m m.Vmin,

Table I. Effect of Width of Strip
S. & S. paper 598 YD
3- and 5-m m. rect angular s tri ps , T y pe B, Fi gure 2
T empera ture 25° C.
Eluant. Ethyl al coh ol-water 84.6 %
n'l,"= 1.3630

Time, N et Ri se, Time, Net Rise,
Min. Mm. h' Min. Mm. h'

1 9 .8 96 0 0 .0 000
3 26 . 1 68 1 2 18 .9 357
5 36 . 0 1297 4 31.5 992
7 44 . 1 194 5 6 40 .3 1624
9 50 .6 255 0 8 47 .4 2247

11 56 . 5 3 192 10 53 . 4 2852
13 61.9 38 32 12 58 . 7 3446
15 66 .9 44 76 14 63 .9 4083
17 71.4 5098 16 68. 4 4679

18 72 .0 5184

(3 )
R
2

Time, N et Rise ,
Min. Mm. h'

0 0 .0 0
1 7 .0 49
2 12 .8 164
3 17 .3 299
4 21.3 454
5 24 .9 620
6 28 .5 812
7 31.4 986
8 34 .0 1156
9 36 .6 1340

10 38 .9 1513
11 41.3 1706
12 43.7 19 10
13 45 . 9 210 7
14 47.9 2294
15 50 .2 2520
16 52. 1 2714
17 54 .1 2927
18 55 .9 312 5
19 57 .9 3352
20 59 .8 35 76
21 61.6 3795
22 63.2 3994
23 64.9 4212
24 66 .5 44 22
25 67 .8 4597
26 69 . 5 4830
27 70 .8 5013

D = 203.5 m rn.f/min.

G

WhenRn = 10,

The calculated and observed rates for the example plotted in
Figure 3 are included in th e diagram, and th e data from whi ch
th ese rates are computed are shown in T abl e II.

R eturning to th e simple case represented by A , the question
may be raised about the uniformity with which th e strip is cut.
Mos t chromatograph ers stress th e fact th at th eir shee ts or strips
of paper have been ma chin e-cut. This is undoubtedly mor e con
venient, but how does it affect th e precision with whi ch rate s may
be measured? This work indic ates throughout that changes in
dim ensions are important. Measurements were, therefore,
mad e on st rips of th e same dim ensions of form A , some cut by
machine and others with a pair of scissors . In th e latter, no
par t icular care was taken to preserve the maximum uniformity
other than identical average dim ensions. Typical results are
shown in Tables III and I V.

I +]l' R-----ur- = 5.05 and '2 = 5.00

Hence, for width rati os of 10 or grea te r, th e use of E qua t ion
3 instead of 2 lead s to an error from this approxima tion of 1%
or less.

Table III. Effect of Uniformity of Strip
S. & S. 598 ST
Mach in e-cu t 10-mm. re ct angular strip
Eluant. Ethyl alcohol-water 84.6%
n'l," = 1.3630
T = 25° C.

Diffusion Coefficients
Machine-cut strip D = 20 3.5 mm.a/rnln,

H and-cut strip D = 203.8 mm.Vmln .

Wid th = 3 mm.
D = 314 mm.a/min.

Wid t h = 5 m m.
D = 3 15 mm.'/ mi n.

where R is th e ratio of the greater to th e smaller width.

R = WW/WN

For decreased rate-that is, flow from a narrow to a wider zone-
the new ra te is th e reciprocal of this I /G .

This simple relationship is derivable from th e following con
siderations.

If it is assumed th at th e rate of flow is the sum of two factors,
th e first of which we may call t he capillarity factor and the
second th e accessibility factor, then in the case of the transition
from a wide to a narrow strip, th e capillary factor will be I /R
and the access ibilit y factor will be R.

Hence, th e new rate will be:

The original rate will be governed by conditions wherein both
of th ese factors are uni ty. In other words,

Ww = WN or R = 1

Hence

VI = 1 + 1 = 2

Defining t he gain , G, as G = V,/ VI , we have:

I + R'
G =~ (2)

This unusually close agreement indi cates th at th ere is no detect
ab le difference . Indeed, from what is known about th e influence
of dim ensional changes, one could predict with reasonable cer
tainty that a strip cut on both vertical edges with a seamstress'
pinking shears and thus having un iform serrations would yield
rates identical with a plain rectangle. Actually, at each serration
th e rate would rise, only to fall at the next , and so on. There is a
slight indication in th e data of T abl es III and IV that th e av erage
step-by-step variation in slope in the hand -cut strips is about 1.24
times greater than in the ma chine-cut strips, although the aver
age slopes are identical to within 3 parts in 2000. This is pre-
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Table I V. Effect of Urrifo ...n i t y of S t "il'
8 . & 8. 598 81'
Hand-cut IO-mm . rectang ula r s tr ip
E luant. Eth yl al oohul -wnte r 8~ .fI %

T emperature 25 ° C.
n'li 1.3630

T ime. Net Rise,
M in . :\1Ill . h'

0 0 . 0 0
1 8 .5 72
2 15 . 3 23{
3 20 .5 420
4 2.';. 3 6~0

5 29.2 8,;3
6 32 . 8 1076
7 36 . 0 1296
8 39 . 1 1529
9 ~1.9 1756

10 ~~ .6 1989
11 46 . 7 2181
12 {9 .0 240 1
13 51. 4 264 1
14 53 .1 2820
15 55 . 1 3036
16 56 .9 3238
17 58 .5 3422
18 60 .3 3636
19 61.8 38 20
20 63 . 2 3994
21 64 . 5 4 160
22 65 .8 4330
23 67 .8 4597
24 69.2 4789
25 71. 0 504 1
26 72 . 4 52~2

D = :Wa.8 IUrn. 2/ m in.

A N ALYT ICA L CHE MISTRY

The «use represented by .I , Figu re 2, in whi ch a rectan gul ar
strip of lO-mm. width gruduully tap er s to a ti-mm. width a mi
th i-n once III 01't ~ tapers back to thl' origina l wid th , behaves in a
1 1I ' ( 'di ( : tal>h~ manner . Typicul data lIrl' given in Tuhle V.

A group of three straight lin es resu lt s from t he square-la w plo t.
Wh en the liquid rises beyond t he rectangle in to t he taper , it
speeds lip . Upon leaving the const rict ion, t.he rute decreases.
T he dat.a y ield a va lue for the slower ra te of:

D = 200 mm.v / min.

:111 .1 for th o rate preced ing it of :

D = 2a i mm .s/miu .

(;ain (] is the re!'ore :

Gou,d. = 0.8i

The cnleu la ted gai n, acco rding to Equa t ion 2, is :

Gc,,\c,1. = 0.88

In a nothe r exa mple for t lte sa me shape , J, the d a ta may be
r-xa mi ne d in a nothe r way. The data of Table VI y ie ld t hree
s traight lines, t he respective values of D of wh ich a re :

o, 209 nuu .t /min .
D2 220 mm.v/min.
Do 194 rn m. ! / min .

A~ before, if the ga in, as defin ed a nd cu lculated in Eq uation 2,
is used t.o predict the slowest, rate in te rms of the. rute immed i
:11 r-ly preceding it, then:

D - 206.3 m m .a/mln, D - 237.3 mm. ' / mi n .

Table V. Effe ct of S hape of S t "ip
S. & S. 598 ST
T y pe J. F ig u re 2
E luant. E t hyl a lcolrol - wutvr 84 .6 %
T em perature 25° C.
n'li 1.3630

Time, N et His e ,
Min. l\l m. h'

cisely what would be expected if hand cutting in troduces ra ndo m
dimen sion al changes . Onl y a detail ed least squares computat ion '
would evalu ate this, but would cont ribu te ab solutely nothing to
the main conside ra t ion ; it makes no differen ce in th e over-all
rate.

The cas e represented by C, Fi gure 2, in whi ch a rectan gular
strip terminates at the bo t to m in a p edest al, resolves itself in to
two special cas es, both of whi ch have been covered . If th e
pedestal is complete ly immersed in the liquid, its width has no
influence on the rate of diffusion and it is indistinguishable fro m a
simple rectangle like A . If onl y a portion of the ped est a l is
immer sed, the state of a ffairs is id entical with sha pe J) and th e
augmented rates ar e as shown in F igure 3, depending onlv on the
width ratio, R.

o
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0 .0
0 . 6
9 .8

16 .3
21. 4
25 .9
29. 7
33 .2
36 .9
39 . 8
42 .6
45 . 2
47 .6
50 . 0
52 .3
54 .5
56.3
58 . 3
60 .0
61.7
63 . 6
65 . 2
66 . 7
68 . 3
69 .7
71.1

o
4

96
266
458
671
88 2

1102
1362
1584
181 5
2043
2266
2500
2735
2970
3110
33 99
3600
3807
4045
42 51
4449
4665
48 ,38
505;'5

G oh'd. = 0 .8(j

G c" h'd . = 0 .8S

Table VI. Eft'ee t of S hape of S t r ip

S. & S. 598 ST
T ype J , F igure 2
E lu a n t. E t h yl a lcoh ol - wa ter 8·1.6%
T emperature 25° C.
"'Ii 1.36 aO

T im e, :-<et R i"e,
Min . l\ ( m . h 1

0 0 .0 0
1 6 .0 36
2 12.1 146
3 17 .6 310
4 21. 1 471
5 25 .9 671
6 29 .5 810
7 32 . 9 1082
8 35.8 1282
9 38. 9 1513

10 41.1 1139
11 44 . 6 1989
12 47 .4 224 7
13 50 .5 2550
14 52.5 2756
15 54 .3 2948
16 56 . 1 3147
17 58 .8 34 57
18 60 . 8 36 97
19 62 .5 3906
20 64 . 2 4122
2 1 65 .9 4343 ·
22 67 .2 45 16
23 68 . 21 46 51
24 70 .1 4914
:! ;) 71.6 5 127

/) , = 209 mm.a/m ln .
D, = 226 mm.a/uriu.
D, = In.... m m .a/ m in .

A \-, DI.s = 202 ui m .a/ mi u .

Furthermore , becuu se t he ini tial a nd fina l rates are too fast
and too slow, res pec t ive ly , as a resu lt of t he geome t ry, the ir
mea n value should be identica l with t.hnt for a rectangular st rip :

~ (D, + Do) = 202 nun} per minute in t his example

This is in good agreem ent with the values of D = 203.5 a nd
203.8, pr eviously described for mach ine- a nd hand-cu t rec t angles
of lO-mm. wid th.

Cuse E, ill whi ch n rect angular st rip has two t ria ngular notches
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cut into the edges , is also pr edicta ble, bu t , in thi s case, the special
sha pe requires the gain formula to be modified to:

T able VII. Effec t of Sh a pe of S t r ip
S. &: S. 598 ST
T y pe E . F ig ure 2
Eluant. Ethyl al coh ol -water 84.6%
T emper ature 2.';° C .
n~ 1.3630

Table VIII. Effect of Sh a pe of S t r ip
S. &: S. 598 ST
Type G. F igure 2
E luant. Ethyl alcoh ol -water 84 .6 %
T em perature 25° C.
>1 '\;' - 1.3630

o
15
90

199
316
449
586
734
870

1018
1170
1325
1482
1640
181 5
1963
2125
2285
245 0
2601
2767
29 16
3080
3226
3364
3528
3672
3819
3969
4135
4264
4409
4543
485 8
4999
5141
52 13
5256

Net Ri ae,
Mm.

0 . 0
3 .9
9 .5

14 . 1
17 . 8
21.2
24 .2
27 . 1
29 . 5
3 1.9
34 . 2
36 .4
38 . 5
40 .5
42 .6
44 .3
46 .1
47 .8
49 . 5
51.0
52. 6
M . O
55 .5
56 .8
58 .0
59 . 4
60 .6
6 1. 8
63 .0
64 .3
65.3
66 .4
67 .4
69.7
70 .7
71. 7
72 . 2
72 . 6

D = 162 m m.'/min .

Time,
Min.

o
1
2
3
4
5
6
7
8
9

10
11
12
13
14
16
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

In these tests, there is considerab le un certain ty ab out depth of
immersion and the resul ts have qua litative interest only.

is somewhat larger tha n the average ra te for a rectangular str ip
(D = 204).

SUM M AR Y

The net result of this study of geometric factors is an under
standing of th e dyn ami cs of th e pr ocess from th e purely physical

T he remaining cases- F , G, H , and I-have not been evaluated
In detail for two reasons. Th ese patterns were chosen and
measurement s were made before the theory of th eir behavior had
been worked out. The beha vior of case F is very complex be
cause th e liquid must divi de between two chan nels and reun ite
after leaving them . T he theory has not been deve loped and has
little utili ty because, exp erimentally, the turbulence at each
transition extends over a good part of th e range. Qualita tively,
the resul ts are satisfactory .

T he oth er cases add very little that is useful in comparison with
th e examples th at have been discussed in detail.

For example, in G and H (Tables VIII and I X ) the t riangular
strips yield diffusion rates of:

D I = 271 mm.'/min.
D 2 = 162 mm.t /min.

The considerable difference in rate for base down and ap ex down
is evident. The median value: '

Table IX. Effect of Sh a pe of Strip
S. &: S. 598 ST
T ria ngu la r at rip, a pex down
Type H. Fi gure 2
Eluant. E thyl alco ho l-wa ter 84 .6%
T e mperature 25 ° C.
n'li' ~ 1.3630

The mean of these two va lues is very close to the average valu e
for a rectangular st rip (D = 204) :

12 (D I + D2 ) = 205

(3 )G = I + R
2R

Time. Net Ri se.
Min. M m. h'

0 0 .0 0
I 4 . 1 17
2 10 .1 102
3 14. 5 2 10
4 18 . 6 346
S 22 .2 493
6 25 .3 640
7 28.2 795
8 30.8 949
9 33.4 1116

10 36 .0 1296
11 38.4 1475
12 40.4 1806
13 42 .5 1806
14 44 .8 200 7
15 46 . 7 2181
16 49 .0 2401
17 50.5 25.50
18 52 .8 2788
19 54 .6 2970
20 56 .5 3192
21 58.4 34 11
22 60. 2 3624
23 62 .0 3844
24 63. 7 4058
25 65 .4 4277
26 67 .3 4530
27 68 .6 4706
28 70.2 4928
29 7 1. 7 6141

DI = 228 mm .Vmin,
D, = 182 rnm. Vrnin,

Ti me, Net R iae,
:II in. M rn, h'

0 0 .0 0
1 3.6 13
2 10 .6 112
3 16 .3 266
4 21. 3 454
S 25 .5 65 5
6 29 .7 882
7 33 .5 1122
8 36 .9 1362
9 40 ,5 1640

10 43 .5 1892
11 45 .8 2098
12 49 . 2 2421
13 SI.9 2694
14 54 .3 2948
16 .';6,6 3204
16 59 . 1 3493
17 6 1. 3 3758
18 63.4 4020
19 65 .7 4316
20 67 .7 4583
21 69 .9 4886
22 71. 9 5170

[) = 27 1 mm .a/min,

because the cap illary facto r is uni ty and only the accessibility
factor cha nges. T wo diffusion rates are observed in th is example,
t he data for which are in T able VII :

D2, = 182 mm.t/rnin.
D, = 228 mm.t /min. .

According to E quation 3, the gain is calculated as :

G oaled. = 1.250

The rat io of the above diffusion coefficien ts yields:

Gohsd • = 1.253
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standpoint. The effect of abrupt discontinuities and th e ability
to p redict th em may be th e key to speeding up chromatographic
separations.

Indeed, th e ea rlier technique of recording chromatogra ms during
their development (1) owed its speed and resolution largely to the
use of constricted paraffin channels on the paper. As shown
t here, detectable separations became apparent in 10 or 20 seconds
And complete separations of some binary systems were achieved
in a minute or less.

T he pr esent studies have shown how relative diffusion rates are
predictably affected by shape factors. From both this informa
t ion and th e earlier practical application one .can say that within

th e limits of flooding, geometric or shape factors can be applied to
advantage in speeding up th e chromatographic pro cess.

It now remains to be shown how th e diffusion rate in a given
paper structure is influenced by its previous history and th e physi
cal properties of th e eluting liquid . T his is discussed in the fol
lowing paper.

LITERATURE CITED

(1) MUller , R . R. , and Clegg, D. L., ANAL. CHEM., 21, 1123 (1949).
(2) Ibid., p. 1429.

RECEIVED August 30. 1950.

Kinetic Studies

h = hm

a nd , as shown by Washburn (6) , this should be equal to :

x' roy cos (J

T = 2;7

Diffusion

6 82 4

D'ld

1. Relation between
Coefficient a n cl oylT/cI

F igu re

O'--- - --'-- - ---..l.- - _ .1-_ _ ---J

500

Cl 1000

1500

2000

Several conclusions may be stated at once.

In the Ru t ter disk technique (2, 3, 5) where flow is in a hori
zontal plane, the simple square law is ad equate. Indeed, this
has been found to hold, not only for the motion of solven t, but
for the colored components carried by it (.n.

For the rise in vertical st rips, th e square law will be adequate
for moderate distan ces and elapsed times.

Returning to Equation 2, if we assume that

h
m

= 20y cos (J

rgh

and repres ent thi s by a, th en th e integrated form will be :

ktIn (a - h) = - + In a
T/

(2)

( 1)h2 = Dt - b

~ = ~ (h on - h)
dt T/

where k equals a cons ta nt and it is assumed that th e rate is also
inv ersely proportional to the viscosity.

Now, when dh ldt = o-Le., at infinite time

This is precisely of the form of Equation 1 which is satisfactory
for all data herein reported, and also indicates the respective roles
of surface tension and viscosity .

h.; = 20y cos 9
. rgd

which is the maximum height to which a liquid rises in a cap illary
in infinite tim e.

Washbum also shows that, in horizon ta l capillaries, where th e
gravitational factor is absent , th e rate of capillary flow is given by:

where h = height in millimeters
t = t ime in minutes
b = constant and equivalent to an h~ term
D = constant for a given paper and liquid

A logical explanation of the phenomenon req uired that the rate
of rise should be propo rtional to th e surface tension of the liquid
and inversely proportional to its viscosity. As accurate data be
came available, th is was found to be th e case. It was not pos
sible to ignore th e density of the liqu id, and it becam e evident
th at the diffusion coefficient , D, was proportional to oylT/d.

Now, although Equation 1 represents the data with high pr e
cision, it leads to infini te height a t infini te time, so th at for the
ascent of liquid s in a vertical strip, it must break down for very
large values of t. In all measu rements here reported, th e distance
t raversed was too small to mak e this limitation apparent , and
this equa t ion has been retained for its simplicity and pr ecision (2) .

The following equation eliminates this difficulty, if one as
sumes th at the rate of rise is at all times pr oport ional to the dif
ference between th e height and th e maxim um height attained
when t = 00 . Hence :

THE present study is concerned with the previous history of
th e paper and the physical properties of liqu ids, from which

it is possib le to pr edict relative diffusion coefficients for a given
sys tem.

Previous work (2, 3 ) has shown that all th e data for th e rate of
rise of liquid s can be fitted to an empirical square law well within
th e experimental error. This is of th e form:
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a M p, represen ts mi lli poise.

The lines dr awn th rough the points can be represented in each
case by an equation of th e form:

D = a'Y/ 'ld + b

necessary to get th e inform ation at th e desired te mpera ture.
From th ese the valu es of 'Y/ 'ld were eomputed . The graphs
shown in Figure 1 are th e observed diffusion coefficients D as
measur ed in th e three papers. The upp er or steepes t line is for
601, the next for 598 W, and the lowest for 598 ST . Though not
identified on the graph, the high est value for 'Y/'ld represents
water and the smallest th at for amy l alcohol.

'Yhd

8 .065
5 . 094
2.568
1 .1 65
0 . 678

Surface T ension, Viscosity, and Density Values
'Y. n, Mp.«, d

25° C . 25° C . 25° C.

71 .97 8 .949 0 .997 1
22 . 17 5 .53 1 0. 7868
21 .83 10. 829 0 . 78506
24 . 18 25 . 74 0 0 . 80 64
23 . 40 42 .660 0 .8090

Su bs tance

W ater
Methanol
Ethyl a lco ho l
I-Butanol
Amyl a lcohol

Table I.

The data fit this equation equally well, but it is extremely
awkward for plotting or computing, in that suitable values for a
must be assumed . Not only is this true mathematically for an
equa tion of this sort, but from the nature of a it will be seen tha t
severa l factors cannot be ascertained dir ectly. As in most cases
where surface tension is concerned, 0 is assumed to be zero and
the cos 0 te rm is neglected. The real difficulty is presented by 1' ,

the capillary radius, and it is hard to imagi ne a more complex
case th an th at presented by a mat of cellulose fibers.

That E quation 2 is of suitable form may be shown by assuming
any arbit rary value for th e maximum height, h -«, and plot ting the
data semiloga rithmically . A stra ight line results with the int er
cep t for t = 0 equa l to hm •

No data have been plotted in thi s form , for th e simple reason
that a mu ch more direct and useful corre lation may be obta ined
by rela ting the diffusion coefficient value, D, to 'Y/ 'ld for various
liqu ids and papers .

A recent symposium, published in Discussions of the Faraday
S ociety (1 ), contains a large number of papers devoted to th e dif
fusion of liqu ids through porous media, few of which are direct ly
applicabl e to th ese studies, but which confirm and support the
gene ra l conclusions ar rived at in this study .

TEMPERATURE EFFECTS

In order to measur e the influence of temperature on the di ffu
sion process, many measurements were made at five different

T able II shows th e observed and calculated valu es of D and
the individual and average erro rs.

From these resul ts , it may be seen that one can predict the dif
fusion rates through a given paper to ab out 3 to 6% on the bas is
of litera ture valu es of surface tension, viscosity, and density.
This is very useful an d convenient, but if detailed and exact
measur ements, particularl y of surface tens ion, arc mad e in th e
system at th e time of measur ement, much more accurate va lues
can be obtained.

Of greater significance is the wide ra nge over which this rela
tionship holds, for t he rate for water is ma ny times greater t han
tha t for th e higher alcohols. The rates for ethy l ether and ben
zene were predicted to be high from th eir 'Y/'ld values ; indeed ,
ether is considerably higher th an water , bu t in both cases very
considerable difficulty was encountered in maintaining adequate
vapor saturation, so that no very accurate measures of th eir dif
fusion coefficients were obta inab le.

Table II. Observed and Calculated Diffusion Coefficients
'Yhd D cal cd. D ob .d . Error

and they are, respecti vely :

For 601 D = 238'Y/'ld + 167
For 598 W D = l 63'Y/'ld + 115
For 598 ST D = 97.h / 'ld + 68

1.5

1.4

1.3

1.2

1.1

1.0

100

90

80

70

~d

40

1.000

lId

20 25 30 35

TEMP ERATU RE 0 c.
Figure 2. Effect of Temperature

A. Surface tension of water
B. Reciprocal Vi~C08ity (fluidity) oC water
C. Reciprocal d ensity DC water
D. 'YI 11d of water
• ...,. / 'ld oC water, calculated fro'm dif

CUSiOD rate in paper

A di rect check on th e assumption mad e above is afforded by
the data shown in Figure 1, wherein th e diffusion coefficients, D ,
for t hree different papers have been plotted aga inst 'Y l 'ld for five
different liquids. The papers were Schleicher & Schull , Nos . 601,
598 W, and 598 ST . F rom a great variety of papers, th ese three
were selected primarily on th e bas is of speed of diffusion , 601
being very fast and 598 ST relatively slow, with 598 W inter
mediate. The liquids examined in this case were distill ed water ,
methanol, ethyl alcohol, butyl alcohol, and amyl alcohol. In
this and all other systems, th e liquids were checked repeatedly in a
the rmostated Abbe refractometer . All measurements were made
at 25 ° ± 0.02 ° C.

Th e sur face tension , viscosity , and densit y values were taken
from the In ternational Crit ical T ables as noted in T able 1. As
usual with informa tion from thi s source , eons iderab le eross
plot tin g or computation from empirical equations was frequ ently

%
P a per 598 ST

Water 8 . 065 85 1 851 0 . 00
M ethanol 5 . 09 4 56~ 58 0 2 .93
Ethyl a lco ho l 2 .568 3 17 283 12.00
Butanol 1.165 181 181 0 .00
Am yl a lco hol 0 . 678 134 132 1. 52

A v . 3 .3
P a per 60 1

W a t er 8 . 065 208 6 2086 0 .00
M ethanol 5 . 09·1 1379 1370 0 . 66
E t hy l a lco ho l 2 . 568 778 82 4 5 . 58
B u tano l 1 .1 6.5 444 41 6 6. 73
A myl al coh ol 0 .678 328 328 3 . 53

Av . 3 .3
Paper 598 W

W a t er 8 .065 1427 1427 0 .00
M ethanol 5 .094 944 95 2 0 . 84
E thyl a lcoho l 2 .568 533 46 3 15 .10
Butanol 1 .1 65 305 293 4 .10
Am yl a lco ho l 0 . 678 226 250 9 .60

Av. 5 . 9
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•e

Table V. Composition of Mixtures
Wt .

E t hy l
Viseosit y ,Alcoho l. Surface

% T en sion Mp . Den sity 1'/~d

0 71. 97 8 .9 4 0 .9971 8 . 065
10 47 .5 13 . 2 0 .98043 3 . 648
20 37 . 7 18 .0 0 .9 6639 2 .1 58
30 32 .4 22 . 0 0 .9 6067 1. 54 7
40 29 . 63 23 .7 0 .93148 1. 340
50 27 .9 0 23 .6 0.90985 1. 295
60 26 .60 22.3 0 .88699 1. 344
70 25 .40 20 . 2 0 .86340 1. 452
80 24 .3 17 . 3 0 .839 ll 1. 666
90 23 . 4 14 . 2 0 .81362 2 . 023

100 22 . 03 ll . O 0 .78506 2 .549

The surface tension of the solution was carefully measured by
the capillary rise method. Changes in viscosity and density
were neglected, inasmu ch as the solution is very dilute. A new
value of 'Y/'7d was then computed to see if t he decreased rate of
diffusion could be predicted. The resul t s were very disappoint
ing and as mu ch as 20% in error, although in the righ t direction .
As a routine check on th e surface tension some of the liquid from
the diffusion chamber was remeasur ed after the diffusion run.
Its surface tension had increased, and when this second value of
l' was used to compute 'Y/'7d, th e pr edicted rate was in excellent
agreement with th e observations. This was confirmed for three
different papers and the results are shown in T able VI. The
calculation in each case uses constants in the equat ion which were
obtained from the rates for four alcohols and water (Figure I ).

temp era tu res. Fo r each of these the thermostat was carefully set
for 20 °,25 °,30 °, 35 °, and 40 ° C. At each of th ese temperatures,
the diffusion of pure water was measured. Several other systems
were measured, but the values for wate r are given here because
there seems to be little un certainty ab out the exact values of sur
face tension, viscosity , and densit y over this ra nge of temp era
tures. The observed values are given in T able III and are
plotted in Figure 2.

Table Ill. Effect of Temperature
D cbed . , t,

d 1'/~dMm.'/Min. ° C. l' '" 0.05 ~ . M.P.

696 20 72 .7 5 10 . 050 0 . 99823 7 . 252
770 25 71. 97 8 .937 0. 99707 8 .077
840 30 71 .1 8 8 .0 07 0 . 99567 8 .9 28
891 35 70 . 38 7 .225 0. 99406 9 .799
963 40 69 . [j6 6 .560 0 . 99224 10 . 687

The mann er of plot ting the resul ts in Figure 2 is thought to
emphasize more clearly th e cont ribut ion of each variable. The
abscissas represent temp erature in degrees centigrade and, begin
ning at th e top, are th e viscosity of water, next th e reciprocal vis
cosity or fluidity, and next the recipro cal density. From th ese
three, it is seen that, although sur face tension decreases with
increasing te mperature, the reciprocals of viscosity and density
increase. The net effect , 'Yhd, which is of special interest here,
is seen to rise slightly with increasing temperature and very nearly
linearly. The dots supe rimposed on thi s function are calculated
from the observations of th e ra te of diffusion of water through
th e paper . The agreement is very good; indeed, as shown in
Table IV , they may be computed to about 1%.

Table IV . Calculation of D for Watcr ill 598 ST
From D = 8 .17 1'/~d + 100

7 -

6

---0/4d FOR ETHA NOL -WATER MIXTUR ES

• ~d CALCULATED FROM OeSERVED

DIF FUSION RAT ES IN PAPE R

These results indicate th at although the temp erature coefficient
is small, it can be predicted on the bas is of the temp erature varia
tion of l' / '7d.

ETHYL ALCOHOL-WATER MIXTURES

An addit ional check on the utili ty of 'Y/'7d as a means of pre
dicting diffusion rates in paper was obtained by measuring
several ethyl alcohol-water mixtures over the entire ra nge of
composition . T able V gives th e composition of the various mix
tures ami th e calcula ted values of 'Y/ '7d. These are plotted in
Figure 3, in which th e solid line represents' 'Y/'7d as a function of
composition and the solid dots are 'Y/ '7d values recalculated from
th e measured values of D. The general form of th e curve is fol
lowed faithfully , but th e pr ecision is inferior to those observed for
pure water. The combined results of Figures 1,2, and 3 leave no
doubt th at 'Y /'7d is a reliable index of the diffusion ra tes.

A few additional results ind icate how th e pr ecision of these re
sult s may be greatly affected by minor factors.

When it was decided that a crit ical test of th ese results would
be given by adding a surface tension depressant, some rates were
measured on pure water saturated with caprylic alcohol. This is
notoriously effective and is commonly used to suppress foaming in
aqueous solutions.

40 60 80 100
WEIGHT PE RCENT ET HANOL

Figure 3. Ca lculated Values of 'Y/'7d

5

There is little doubt that, in thi s case, some caprylic alcohol
was adsorbed in th e chamber, or oth erwise lost to the system, and
the correct value of l' is that actu ally exhibited by th e liqu id as it
enters th e paper .

As all compilations of surface tension emphasize, there is con
sidera ble discrepan cy among the values recorded in th e litera-

0 . 6
0 . 3
1. 2
1. 1
1.0

Av. 0.84

%
Er rorD obsd .

696
770
840
891 .
963

D eetcd.

692
768
830
90 1
973

1'/~d

7.252
8.077
8.928
9 .799

10 . 687

1,° C.
20
25
30
35
40
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of time and, although rapid in the beginni ng, severa l days were
required before equilibr ium was attained . I n another inst anc e,
a st rip of paper was clamped bet ween two elect rodes in a com
pletely vapor-ti ght enclosure. The resistan ce of the st rip was
abo ut 1000 megohms initially and reached an equilibrium value
of about 30 megohms in severa l days.

T he results by the two methods were very similar and indica te
that, whereas a steady state for the di ffusion of liquid is attained
after about 30 minutes of vapor pr esaturation , this actually
repr esents about ha lf the total amount of water vapor which the
paper can abso rb fro m the saturated at mosphere.

T his affords st rong evidence that the accommodation of
moisture in th e fiber mass is a compl ex mat ter and bears no sim
ple relationship to th e subsequent diffusion of th e liquid phase
through it . Ma ny more exp eriments would be requ ired to
understand th is phenomenon .

(1) Dis cussions Paraday Soc., 1'\0 . 3, 1948.
(2) Muller , R. H ., and Clegg , D . L ., A N A L. C REM., 21 , 192 (1949).
(3) tua. , p . 1123 .
(4 ) Ibid ., p. 1429.
(5) Rut ter , L ., Nature, 161 , 435 (1948) .
(6) W ashburn , P hys. Rev., 17, 276 (1921) .

T he effects of vapor saturation, pr evious pr epara tion of the
paper, and surface active impu rities might well seem to present
insupera ble difficul ties in this work. Actually, one must recog
nize the compro mise which the chromatographer must make.
T he p roperties of filter paper are not "constants of natu re" but
cha rac terist ics of a complex system. In pract ical work, condi
tions are so chosen that there is a constant interco mparison be
tween solvent and solute motion , and th e vario us factors may be
expected to compensate somewhat;

E nough has been established on the kinetics of solvent motion
to enable one to evaluate different papers. However, as this is
but a par t of the chro matographic technique, the automatic
recording of solvent and solute mot ion should furni sh one with
all the desired information abo ut a given paper.

Semiautomat ic met hods for recording the di ffusion rates of
liqu ids through paper yield values which follow a square law
with high p recision. The diffusion coefficients so obtained are a
simple fun ct ion of 'Y/ 7Jd of the liquid .

This is str ikingly illust ra ted for the bina ry syste m, ethyl
alcohol-water, which obeys th e relat ionship over th e entire com
positi on range.

The positive temperatu re coefficient is completely explained
by the te mperature coefficient of the quantity 'Y/ 7}<l.

As it is known th at both solutes and solvent follow the squ are
law, a knowledge of the laws governing solvent behavior is an
imp ortant , though incompl ete criterion, of chromatographic
separation.

The complete info rmation will be obta ined when the motion
of both solvent and solute are followed simultaneously , and
automat ic methods are in the proc ess of development for this
pu rpose. On the bas is of such met hod s, one may hope to attain
a rapid and distinctive crite rion of papers suited for any chro
matograph ic separation.

Tallie VT

1'h da •
Water

1' /~d , a nd D ceted ., D obsd . , %
Pa per Water Alcohol Mm.' /Min. l\I m .' / l\lin . E rror

601 8 .07 6 . 02 1600 1643 2 .6 2
598 W 8 . 07 3. 82 737 734 0 .41
59881' 8 .07 6 .02 652 65; 0 :76

I n one case a strip of pap er was suspended from one arm of a
chainoma tic balance in a nearly va por-t ight tube saturated with
water vapor . The increase of weight was followed (I S a fun ction

R EPEATED DIF F USION IN SA ME !'APER

I Nf'LUENCE OF VAI'O R SATUR AT ION

In all ch romatographic work, it is essent ial to keep the paper
in all. environment saturated with the vapo r of the eluti ng liqu id.
I n this work, vapor satumtion was very carefully cont rolled;
indeed, this was ind ispensable for securi ng good checks and re
producible results. However , it may be shown that the attain
ment of equilibrium condit ions requires considerable time. T able
VII shows the pr ogressive increase in di ffusion rate as a fun ct ion
of time of saturation. The rate becomes const ant afte r 30
minut es, but the paper of itself continues to absorb vapor for a
much longer time. T wo series of measur ements, the details of
which are not repeated here, confirm this conclusion.

a Rernea sured aft er contac t wit h sys te m .

Pretr eatment of paper, such as washing and dryin g, has been
recommend ed in the lit era tu re of chromatography. In some
inst an ces th e p resence of ul tramiero traces of substances, such as
copper, has pr ofound effects , but usually for chemical reasons.

ture. Furthermore, it is a property notoriously influenced by
~races of imp urities . Because th ere is ample evidence in th is

.'work that 'Y/ 7Jd as comp uted from literature values is a fairly
p recise means of p redi cting diffusion rates, this is it self of great
potential use to the chromatographer . . T he lat te r expe riments
also indicate that consid erable precision can be obtained if one
measures th e surface tension of the liquid after it has been in con
tad with th e system .

An alte rn at ive approach to checking surface act ive substances
is to measure the diffusion rate and then dr y the strip in situ and
repeat the diffusion measurements with more of the same liquid.

.Within limits, this can be repeated indefinitely, although the
physical t exture of the paper may grad ua lly change if t his is don e
too oft en. When this was tried with water, followed by ca reful,
warm-air drying, the rate increased and afte r severa l runs
started to decrease very slightly . The increase was undou btedly
due to the washing out of residual impur ities by the first, and less
by the second ru ns. A small decrease could arise from new im
purities picked up , but much more likely from structural changes
in the fibers or their orientation. Inasmuch as textur e and
ph ysical st ructure have an enormous influence, it is probably too
much to expect to secure a final equilibrium conditio n . These
results are ent irely in accord with some limited observations of
Le Strange in this labora tory. In measurements on the elect ro
lytic conductance of paper strips through which solution s or pur e
liquids were diffusin g, he never failed to observe a st rong wave
of increased conduct ance as th e solvent crossed th e elect rodes.
This always subsided as more liquid came along and, therefore,
ind icated some conducting mater ial in the advancing liquid front.
Obviously , this tec hn ique would respond only to ionic species,
whereas , in genera l, any solute might well alte r the surface ten
sion.



Multiple-Paper Chromatogram
WILLIAM L. PORTER

Eastern. R egional R esearch Laboratory , Phlladelpliia 18, Pa,

A rrret.lrod wa s r equired b y w h ich mtxrures of o rganic a ci ds or alkaloids in serni
Inicroquantitie s co u ld b e resolved into their pure corn porrent s to yield s u ffi ci e n t
anIo u n t s fo r the preparation of d erivatives for identification. A n ew apparatus,
the "Ch romatopaek ," consists of a pack o f Wha t l~la n No. 1 filter p aper s t r ip s
CO nI p r essed between t wo s tai n less s teel pl atcs. The zo ncs obtaincd from Inix
t u res of pure COnI pounds wcrc sep ara ted and yi eldcd up to 10 m g. of e ach co n 
s t i t u e n t. The m cthod lends itself to easy d et ection of zone positions wi t h r esolu
tion equal to t ha t obtained w i t h si ngle sheets o f papcr hut p roducing sern f m icro
q u antities of pu rc m atcrials . This ex ten ds the u scfulness of paper e b rorrra
t o graphy f rorn a s u h ln ic ro q u a li t a t ive tool to a sern lm lcroprepur-at.i ve tool.

S u m nIary of Exper imcn ta l HesuIts Ohtained Us ing C h ro m a to p a cl<

a Mixture of 9.5 ml, of 0 .2 M a ce tic acid. a nd 90.5 ml. of 0.2 M sod iu m a cet a te: p H , 5.6 (5)

Ty pe of Compon ents R an ge of Solven t So lve nt
l\Ii xtu re of M ix tures Co ncentration Spots Fron t Com pos itio n

M g./ml. em. em. RF Part s OT ml.

D yes F uchsin G 5 0 . 3-1.8 28 0 . 04 r-Bu t a no l, 40
M et hy len e blue 5 10 . 6-1 2 . 4 0 . 41 Abs. et hy l a lcoh ol , 10
Crystal v iolet 5 22 .9 -28 .0 0 . 91 'Va t er, 50

Or aanio T arta ri c 5 11. 0-14 . 5 33 . 1 0 .40 5 J / for mic acid, 50
acids

Malic 15 16 . 9-18 .7 0 . 53 I-Penta no\' 50
Succini c 15 20 . 9-24 . 3 0 .68 Ad d nl . a bs. e t hyl a l-

co hol to form one
p hase

T obacco N ornicotine .... 0 .3 -4 . 0 34 .0 0 .06 I-B ut a nol , 85
al ka- N icotine 5 7 . 5-1 9 . 2 0 . 36 Ben zen e . 5
loid s Ni cotyrine 5 21. 5- 31. 1 0. 80 Buffe r" , 30

DISCU S SION

The pr ocedure of placing th e sample on
th e separa te sheets is some
what tedious, but it can beeased
by placing th e sample on the
large sheets of paper (18.25 X
22.5 inches) prior to cutting
the st rips. If precut strips
are available, a microburet
having a mechan ical delivery
atta chment can be used. The
relative inefficiency of th is step
is more than overcome by th e
ease of assemb ly, detection of
zone pos ition, and isolation of
th e pure components which
have been resolved from the
mixture.

In the pr eliminary experi
ments with the organic acids,

water, is carefully added to th e tray and
th e chromatogra m is developed until th e
solvent front has mov ed to just below th e
top of th e pack. At this time, th e pack
is removed, th e plat es are loosened, and
th e filter pap er pack is withdrawn. A
sheet from each side and from th e center
of th e pac k is removed, dr ied, and sprayed
for detection of th e bands. The pack is
cut and th e different zones are isolated.
Th ese fra ctions are eluted and subj ected
to qualitative analysis. No quantitative
analyses hav e been carried out to date, but
several investigations are in progress.

EXPERIM E NT AL

The technique was test ed using dyes,
nonvola tile organ ic ac ids , and tob acco
alkaloids. Chromatopacks consisting of
200 st rips (18 X 2 inches), each containing
the solut e from 0.05 ml. of sample solution,
were assembled , placed in th e glass cylin
der, and developed until the solvent front
had moved in excess of 28 cm. At this
time th e pack was disassemb led and the
test shee ts were removed, dr ied, and
sprayed for dete ction of th e zones.

The individual components of the mix
tures , their concentration, ra nge of spot
movement, and their R» values, as well as
the solvent and spray materials, are
summ arized in T able 1.

Spray
M ix ture

I od ine

Non e needed

Bromoph e
nol blu e

F ig u re 1. Fil
t e r Paper Chro
n la t o p a c k
aftcr R emo val
frorn So lvc n t

C h a m ber

Tahle I.

T HE usefulness of th e papergram technique in the resolut ion
of mixtures of many kinds of materials has been established.

The original technique of Consden et at. (1 ) has been modified in
order to handle smaller and smaller amoun ts of materials (6 ).
However, for pr eparativ e work and for identification experiments,
where known materi als are not.available, these pro cedures are not
satisfactory and modifications such as the "C hromatopile" (3,4 )
have been adopted. I n this laboratory th e Chromatopi le has
proved somewhat inconv enient because of the formation of zones
shaped like " inverted cones," which made it di fficult to separa te
the fract ions, and the operation of detecting th e zones by remov
ing many sheets from the pile was relati vely t edious. As a re
sult , a new technique has been developed which requires the
simplest app ara tu s and lend s itself to easy detection of the zones
and to th eir ultim ate isolation and elution. The setup has been
termed a "Chromatopack."

A photograph of th e Chroma topack is shown in Fig ure 1.

It consists of a pack of long strips of Whatman No. 1 paper (18
X 2 inches or wider ) clamped betw een two sta inless steel plates.
T he strips are cut from th e usual 18.25 X 22.5 inch sheets by
means of a paper cutter. For use, th e sample is placed on a line
2.0 em. from 'one end of each of 100 or more strips, using abo ut
0.01 ml. of solut ion per centimeter of width. A No. 26 hypod ermi c
needle and It 0.5-ml. syringe with th e plunger removed are used to
distri bu te th e same solution. Ten blan k st rips are placed on each
side of the pack of sample st rips. The entire pack is carefully
aligned and placed between the stainless stee l plates, so that th e
end on which th e sample was deposited is about 5 mm. from th e
end of the plates. After t ighte ning the nuts to compress th e
sheets, th e entire assembly is placed upright in a 12 by 24 inch
(30 X 60 cm.) glass cylinder with th e sample end rest ing in a
stainless steel t ray. T he solvent, either th e organ ic phase of th e
equilibrated two-phase solvent 0 1' a one-phase solvent containing
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the organic phase of the two-phase system of Lugg and Overell
(2) contained insufficient formic acid to suppress the ionization of
the organic acids and resulted in tailing and poor resolution.
Addition of enough ethyl alcohol to cause the formation of a
single-phase system produced the results shown in Table I.
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Paper Chromatography of Organic Acids
J. B. STARK, A. E. GOODBAN, AND H. S. OWENS

Western Regional Research Laboratory, Albany, Calif·

The study of the paper chrOluatography of organic acids was undertaken to
provide a simple ITlethod for the rapid identification of organic acids in sugar
beet processing liquors. The use of several developing solvent rrrixt.ures has
been investigated. The RF values for 18 organic acids were rrreusrrred. The
effect on RF values of hydration of paper, water content of solvents, ternperat.ure
of devoloprnemt., and presence of inorganic acids was studied. In rn arry cases
an inversion of RF values was obtained by altering the corrrposdt.iori of the de
veloping solvent. The rnet.laod is suitable for detection of m arry organic
acids or their salts in plant extracts or other biological rrred'ia , The presence
of acid iITlpurities or their production as reaction products rrray he detected.

AN INVESTIGATION under way in this laboratory on
.t\.. changes in composition of sugar-beet processing liquors re
quired a technique suitable for rapid and accurate identification
of organic acids. The detection and identification of amino
acids and other compounds by paper chromatography (3-5,
10, 11) suggested its application. During this work, methods
were published for paper chromatography of acids in the form
of derivatives (2, 6) or labeled with radioisotopes (1). The
authors have studied the behavior of several nonvolatile acids
in various solvent mixtures containing formic or acetic acid
(9). The method discussed here is similar to that of Lugg and
Overell (8, 9) but offers some advantages in identification. It
has been used to identify some of the acids in sugar-beet process
ing liquors and to determine the efficacy of fractionation pro
cedures.

METHOD

The paper sheets, 40 X 57 em., Whatman No.1, were de
veloped by an ascending technique similar to that described by
Williams and Kirby (12). Glass jars, 101/ a X 18 inches, with
glass covers were used to contain the solvent and paper. The
sheets were clipped to a hexagonal rack made from 5-mm. glass
rod. Only one solvent phase was present in the developing tank.
The paper sheets were not humidified, nor was the temperature
of the developing bath controlled; however, the laboratory
temperature averaged about 25 0

:I: 3 0 C. The papers were
spotted with 0.003 to 0.01 ml. of solution 3 em. from the bottom
and 2 em. apart. The standard acid solutions were 0.075 N.
Development time was usually 16 hours, but periods as short as
2 hours were also satisfactory.

Following development, the papers were removed from the
tank and either dried overnight in a hood or for 45 minutes at
100 0 C. in a circulating air oven. Better definition of spots was
usually obtained on papers dried at room temperature; some
acids are volatile or subject to decomposition at higher tempera
tures. Occasionally it was found advisable to hydrate the paper
by exposure to water vapor before drying was finished, to remove
traces of some acidic substances that might be present or formed
on heating the paper and solvent. The position of the acids on
the chromatogram was shown by spraying the dried paper with

either bromocresol green or bromophenol blue, 400 mg. pe~ liter
in 95% alcohol. The indicator solutions were made slightly
alkaline with sodium hydroxide. The acid spots. were yellow
against a blue or purple background. They were circled and the
centers marked. RF values were calculated for the individual
spots.

Many of the solvents contained alcohols, and some esterifica
tion with formic or acetic acid took place. The small amount of
esters present did not appreciably affect the RF values, but the
reduction in acid concentration caused considerable tailing.
This was not serious during a period of a week or two, and if the
solvent was not replaced in this time, a portion was titrated and
make-up acid added. Every month the solvent should be re
placed by fresh solution. The solutions were made up in stock
bottles and the formic or acetic acid was added when the solvent
was placed in the jar. Solvents should be checked for the pres
ence of nonvolatile acids and purified, if necessary, before use.

EFFECT OF CONDITIONS OF EXPERIMENT

Effect of Hydration of Paper, Temperature of Development,
and Water Concentration. A preliminary study was made of
the effects of hydration of the paper, of changes in water concen
tration in the phenol-water-formic' acid system, and of tem
perature during development in solvents F and G. These
results are shown in Table 1. In general, humidification of the
paper has an influence similar to increasing the water concentra
tion of the developer-that is, the RF values of acids such as citric
and aconitic are increased, while those that are high generally
remain practically unchanged. In most cases temperature
changes have only a slight influence. Because of the slight effect
of temperature change and humidification, the chromatographic
papers were not humidified and development was at room tem

perature.
Acid Concentration. Several acids were developed with 75%

phenol and 25% water containing 0.2, 1, and 2% acetic acid.



414 ANALYTICAL CHEMISTRY

Solvents

Table II. R» X 100 for Organic Acids

PCA

ACONITIC

GLYCOI..IC
!';IUt

LACTIC

GF

-r----;'7'----'" SUCCINIC

B
PCA ....... -:'- -::- ...L- _

A

70

50

GLYCOL

ACONITIC lao
LAcnc .!.-_~--~

SUCCINIC

A. Ieo-octune, alcohol, acetone
B. Ohlorofoem, alcohol
F. Benzyl, iS9propyl, tert-butyl alcohols
G. Phenol

Effect of Various Solvents. A good developing solvent for
chromatography of organic acids should give a wide range of
relative movement for the acids being studied, contain some
water or possibly formamide, be stable over a reasonable period,
leave only neutral or slightly acidic substances on the paper if
the spots are to be detected with an acid-base indicator, and
contain no colored residue that will obscure the spots.

Several of the solvents tried may be classed as failures or par
tial failures on this basis. A list of these should be of interest in
preventing duplication of effort.

Figure 1. Inversion of RF Values of Certain Organic
Acids in Various Solvents

Solvents with a high proportion of low-molecular-weight ke
tones or alcohols with water give RF values over a narrow range
near the solvent boundary. Acids developed with equal parts
of isopropyl alcohol, tert-butyl alcohol, and water have Rp values
of 80 or higher. Acetone, water, and acetic acid in the ratio of
13: 5: 3 yield similar chromatograms. A mixture of benzyl and
tert--butyl alcohols without water gives only slight movement.
The addition of water is necessary to produce sufficient movement
for the separation to be useful. In fact, the addition of water to
all developers seems to be necessary, although preliminary ex
periments indicate that the water might be replaced with form
amide in some solvents. Acetone or alcohol must be added to iso
octane (2,2,4--trimethylpentane) or chloroform to permit the
solution of a small amount of water before they can be used to
separate acids in a mixture.

A solution of freshly distilled furfuryl alcohol and water, 8 to 2,
forms very desirable chromatograms, but sufficient decomposi
tion occurs in a day or two to leave a nonvolatile colored residue
on the paper. Solutions of dioxane, acetone, and water, and of
benzene, tert-butyl alcohol, acetone, and water, formed or con
tained nonvolatile acidic fractions that obscured the position of
the test acids on the chromatogram. Solutions of carbon tetra

-chloride, water, and acetic acid, of xylene, water, and acetic acid,
or of dioxane and toluene did not give sufficient movement of
the acids. Collidine-Iutidine-water mixtures did not adequately
separate' the acids: Similarly, n-propyl alcohol, ammonia, and
water, recommended by Hanes and Isherwood (7), did not sepa
rate the acids with which the authors were concerned. The lat
ter solution should be of value in identifying volatile acids, as
the acids are present as the ammonium salts. Their position is
indicated by spraying with ninhydrin. A mixture of phenol and
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Some Factors Affecting RF Value (Rp X 100)
Hydrated Nonhydrated

Solvent GO

Acid

Acids

Table 1.

Aconitic
Adipic
Citric
Fumaric
Glutaric
Glycolic
Lactic
Maleic
Malic
Malonic
Oxalic
Methylene bis-N-pyr-

rolidone carboxylic 87
Pyrrolidone carbox-

ylic 86 86 87 85 86 59 63
Succinic 72 65 68 61 71 72 72
Syr-ingic 94 95 90 91 90 87 84
'I'ricarballylic 59 49 50 42 56 67 65
Trihydroxy glutaric . 25 21 24 14 26 16 24

a Solvent G = phenol, 3 grams; water, 1 ml.: 90% formic acid, 1%.
b Solvent F = isopropyl alcohol, 1 ml.: tert-butyl alcohol, 1 m!.; water,

1 m!.; benzyl alcohol, 3 m\.; 90% formic acid, 2%.
C Phenol, 4 grams; water, 1 ml.; 90% formic acid, 1%.
d Phenol, 7 grams; water,3 ml.: 90% formic acid, 1%.

G

Considerably less tailing and slightly higher RF values were
obtained with 1 or 2% acetic acid. Later experiments using
formic in place of acetic acid to repress ionization yielded still
better chromatograms. The authors have used it exclusively,
but not at the high concentrations of 0.85 to 4.3 M used by Lugg
and Overell (8). They allowed esterification equilibrium to be
reached and used the organic phase for development.

Effect of Inorganic Acids. The interference by inorganic
acids is dependent on their concentration. RF values for hydro
chloric, sulfuric, nitric, and phosphoric acids at 0.05 and 0.1 N
were determined in solvents 13and D (Table II). The inorganic
acids moved about twice as far at 0.1 N as at 0.05 N. Phosphoric
acid moved farther than the other acids, but in no case was tlie
RF greater than 0.1. Inorganic acids tend to complicate chro
matograms of organic acids, because in low concentrations they
obscure those with low RF values and tend to increase the Rp
of some of the others. In high concentrations inorganic acids
may move a distance nearly equal to the solvent front, thereby
ruining the chromatogram.

Aconitic
Adipic
Citric a
Fumaric
Glutaric
Glycolic"
Lactic?
Levulinic
Malic lt

Malonic
Oxalic a
Pyrrolidone carbox

ylic"
Methylene bis-N-

PCA
Succinic a
Syringic
Tartaric
Tricarballylic
Unknown?

Composition of developing solvents:
A iao-octane, 4 rol.; 95% ethyl alcohol, 4 tnl.; acetone, 1 ml.: 90%

formic acid, 1%.
chloroform, 2 m!.; 95% ethyl alcohol, 1 m!.; 90% formic acid, 2%.
chloroform, 1m!.; 95% ethyl alcohol, 1m!.; 90% formic acid, 1%.
n-butyl alcohol, 5 m!.; benzyl alcohol, 5 ml.: water, 1 m!.; 90%

formic acid, 1%.
tert-butyl alcohol, 5 ml.; benzyl alcohol, 15 m\.; water, 2 m!.; 90%

formic acid, 1%.
isopropyl alcohol, 1 ml.: tert-butyl alcohol, 1 m!.; benzyl alcohol, 3

m!.; water, 1 ml., 90% formic acid, 2%.
phenol, 3 grams; water, 1 m\.; 90% formic acid, 1%.

II Acids found in sugar-beet processing liquors.

B
C
D

E

F
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water forms a band of acid extending about one fourth the dis
tance to the solvent front. In spite of this defect, a phenol-water
solution is one of the best developing solvents. To eliminate
obscuring of acids with Rr values less than 0.25, the initial spots
may be made about 10 em. from the bottom of the paper.

Table II gives the composition of several suitable solvent mix
tures and the Rp values for 18 acids in these mixtures. As shown
in the table, the presence of several of these acids in sugar-beet
processing liquors has been confirmed. The advantages of de
veloping separate sheets with two or more solvents are apparent
in Figure 1, where the'movements of five acids are compared in
four solvents. Lactic and succinic acids vary by not more than
five units in any solvent. In separate runs the difference may be
much less. With solvent F the succinic acid spot will be con
sistently higher than that of lactic acid. With solvent G the
positions are inverted. This inversion of Rr is noticed with
several other acids investigated. Two-dimensional chroma
tography first with solvent F and then G does not resolve lactic
and succinic acids as satisfactorily as separate one-dimensional
chromatograms.

When identifying unknown acids it is necessary to compare the
unknown with a known acid on the same paper. Day-to-day vari
ations of R» values may be as much as three or more points from
the mean, but there is only a slight change in the R» for the same
acid in diffeufut spots on a single sheet. Unknown materials
sh('~:" be run in two or more solvent mixtures.

APPLICATION TO PLANT MATERIALS

The following general procedure is recommended in studies of
acids present in plant extracts. The presence of acids in moder-
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ate amounts, 0.5% in dry solids, may be demonstrated by re
moval of cations with an ion exchanger and chromatographing
the solution. To identify acids in lower concentrations, it is
sufficient in many cases to adsorb the acids on an anion exchange
resin, elute with ammonium hydroxide, remove ammonia on a
cation exchanger, concentrate, and chromatograph the solution.
In case one acid is present in a much greater amount than the
others, it may be necessary to remove as much as possible of that
constituent before chromatographing to prevent masking of
other acids. The importance of checking results in more than one
solvent cannot be overemphasized.
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Inlproved Techniques in Paper Chromatography
of Carbohydrates

ALLENE JEANES, C. S. WISE, AND R. J. DIMLER

Northern Regional Research Laboratory, Peoria, Ill.

To provide a basis for the extension of paper chroma
tography to the separation of disaccharides and

.oltgosaeeharrdes, a study was made of 'the inter
relationships among the degree of resolution of the
sugars, their Rp values, and solvent eorrrpoai't.iorr.
In addition, a multiple development technique was
worked out to hnprove the resolution of sugar
mixtures while retaining all the components on the
paper sheet. A self-supporting glass spiral for hold
ing the paper permitted use of sheets of various
widths when ascending rnoverrrerrt of the solvent was
errrpdoyed, while for descending movement a glass
support enabled use of lengths of paper greater than
the height of the container. For detec.tion of ro-

TH E use of paper chromatography for the separation of carbo
hydrates has dealt mainly with monosaccharides. In extend

ing the method to reducing disaccharides and oligosaccharides,
it was found necessary to study a number of new solvent combina
tions and to devise a new multiple development technique in
order to obtain adequate separation of most of the sugars in
volved. The search for suitable solvents was on an empirical
basis at first because insufficient information was available (10,
13) on the interrelationships of the solvent composition, sugar

ducing sugars on the chromatograms, an alkaline
3,5-dinitrosalicylate reagent proved advantageous.
Included in the study were six common mono
saccharides, six reducing disaccharides, and a mix
ture of glucose, maltose, andoligosaccharides ob
tained by the action of malt a-amylase on amylose
and presumably constituting the homologous series
up to a degree of polymerization ofat least ten glucose
units. The relationships established provide a basis
for selecting optimum conditions for the separation
of a wide variety of reducing sugars. The techniques
and apparatus described should prove useful in the
application of paper chromatography to the analysis
of other types of compounds.

structure,and degree of resolution. The present studies of such
relationships provide a more logical basis for selecting the solvents
most likely to give satisfactory separation of a wide variety of
mono-, di-, and oligosaccharides. The multiple development
technique was chosen as the best method that would improve
separations yet maintain all sugar spots on the paper. Because
both descending (Partridge, 13) and ascending (Williams and
Kirby, 16) movement of the solvent have been used extensively,
both techniques were included in this work.
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Table J. Chromatograplric Behavior of Simple Sugars with Various Developing Solutions, Single Development
Solvent Composition and Ratio by Volume Before Separation

Ethyl Acetate- l-Butanol- l-Butanol- FuselOil- FuselOil- Ethyl Acetate- FuselOil t-Butanot
Acetic Acid- Collidine- Collidine- Acetic Acid- Pyridine- Pyridine- Pyridine- Pyridine-

Water (8) Water Water Water Water Water (8) Water Water
3:1:3 3: 1: 1..'; 1: 1: 1 4: 1: 1 3:1:1.5 5:2:5 3:2:1.5 3: 1: 1. 5

Solvent layer. % total by volume 51 85 76 100 84 54 86 97
Running time, hours 8 19 19 22 18 10 15 18
RF values X 100

Fructose 6 8 9 12 11 15 27 28
Glucose 4 s 7 8 8 11 21 23
Maltose 1 1 2 2 2 4 9 12
Cellobiose 1 1 1 2 2 3 8 12

Ra,tio RF maltose X 100 14 22 25 27 27 3,'; 4,'; ,';4
RF glucose

Separation of centers of spots (RF glu-
6 6 7 12 11cose-RF maltose) X 100 3 4 s

Solvent Composition and Ratio by Volume Before Separation
I-Butanol I-Butanol I-Butanol Collidine FuselOil FuselOil I-Butanol Collidine-
Pyridine- Pyridine- Pyridine- Ethyl Alcohol- Pyridine- Pyridine- Pyridine- Pyridine-

Water Water (4) Water Water Water fl 'Vater Water Water
3:1.3:1.,'; 3:2:1.5 3:2:1.5 2:1.5:1 7:7:6 1: 1: 1 1: 1: 1 2:1:1

Solvent layer, % total by volume 100 98 100 100 100 100 100 100
Running time, hours 20 17 19 16 18 22 18 16
RF values X 100

Fructose 32 42 41 37 39 40 56 ,';9
Glucose 26 37 37 32 36 37 53 57
Maltose 16 24 24 21 27 31 45 ,';0
Cellobiose 15 22 22 20 25 29 43 49

Ratio RF maltose 58 64 65 67 76 83 84 88
RF glucose

X 100

Separation of centera of spots (RF glu-
6 9 7cose-RF maltose) X 100 11 13 13 11 9

a Solution similar to that of Edman (7).

MATERIALS AND REAGENTS

Whatman's No. 1 filter paper was used throughout these
studies,

The solvents, which 'were of commercial origin, were distilled
before use. The crude fusel oil, obtained from cereal fermenta
tion, was dried over potassium carbonate and the fraction dis
tilling between 121° and 129° C. was used. This fraction, most
of which distilled between 126° and 129°, is considered to consist
of amyl alcohols (isobutyl carbinol and sec-butyl carbinol), prob
ably with a small amount of isobutyl alcohol. (Some variation
in the composition of this fraction can be expected, depending on
the source of the fusel oil. No change in the RF values of glucose
and maltose occurred, however, when a second sample was used
which gave an incompletely miscible 1: 1: 1 fusel oil-pyridine
water mixture.) The collidine was the symmetrical (oy) type.
Solvent-water mixtures which were incompletely miscible were
shaken mechanically and the organic phase was separated for
use.

The sugars used in these studies were commercial products or
laboratory preparations of high purity. Mixture A in Table II
was obtained by the hydrolysis of potato amylose with malt ex
amylase (6). Although the component oligosaccharides have
not yet been isolated and identified, it seems highly probable
that the mixture is the homologous series of a-l,4-linked poly
mers of glucose.

The reagent for detecting sugar spots is a modification of
Sumner's dinitrosalicylate reagent for quantitative determina
tion of reducing sugars (14). It is an aqueous solution containing
0.5% of 3,5-dinitrosalicylic acid and 4% of sodium hydroxide.
This reagent offers the advantages of being a stable solution,
giving a permanent record of the positions of reducing sugars
as distinct brown spots on a pale yellow background, having a
good degree of specificity for reducing sugars, and being rela
tively unaffected by ionic impurities and contact with metals.
The dextrose in 1 ILl. of 0.1 % solution could be detected with this
reagent on a developed chromatogram. Where higher sensitivity
is required, other reagent combinations, such as those of Hough
(9) and of Trevelyan et al. (15), may be used, sometimes with
some sacrifice of convenience or of freedom from interference by
substances other than reducing sugars. For specific classes of
sugars, such as pentoses or ketoses, and for nonreducing sugars a
number of useful reagents have been described in the literature
[see, for example, the review by Clegg (5), also (9) and (15) J.

APPARATUS

For preliminary runs by the ascending technique (16) a glass
stoppered I-liter graduated cylinder was used with about 20 ml.
of developing solution. The paper (8 X 39 cm.) was held in
cylindrical shape by fastening with thread, instead of with staples

or adhesives, to avoid possible effects of corrosion or of solubility
of adhesive materials in contact with the solvents.

For large sheets of paper in the ascending method, a glass jar
28 em. in diameter and 48 em. high was closed by a glass pie
plate, with the flange ground to fit tightly, and a cover of thin
sheet rubber. A cylinder of heavy corrugated cardboard shielded
the apparatus from drafts and radiation. The filter paper was
held in a spiral similar to that described by Ma and Fontaine (11)
but made of 3-mm. glass rod with the spirals in fixed positions.
The outer turn of the bottom spiral was bent at three points to
provide supporting U-shaped legs. Such a spiral, either of glass
or stainless steel, is particularly effective in preventing the col
lapse of even a very large sheet of wet filter paper.

For descendingchromatography the same kind of jar was used
as for the ascending method. A glass scaffold (Figure 1, a) sup
ported a glass boat, 2.5 X 2.5 X 20 cm., made according to the
method of Atkinson (1) but with the addition of small bumps on
the outside to prevent it from rotating. The ends of the papers
were secured in the boat by a thick glass rod with sealed-on
handle. The length of the filter paper, which was 57 cm. in
these studies, could be increased as desired by coiling the lower
end in a small glass support (Figure I, b).

GENERAL PROCEDURE

The sugar solutions were placed on the starting line on the
paper with an open loop of platinum wire (3) made to deposit
1 ILl. of liquid. By alternate spotting and drying, the amount of
sugar deposited can be increased without increasing the size of
spot. Thus five applications of a 20% solution have given 1 mg.
of sugar in a spot about 3 mm. in diameter. When high concen
trations of sugar are used in the ascending technique, the starting
line should be about 8 em. above the solvent surface instead of the
usual 4 em. This reduces streaking of the spots by ensuring a
slower movement of the solvent by the time it reaches the
original spot of sugar. There is better opportunity, therefore, for
establishment of equilibrium of the sugars between the stationary
and moving phases.

The sheets of paper used in obtaining the data in Tables I and
II by the ascending technique were 36 cm. wide and 46 ern. high.
The solvent was allowed to advance 28 em. past the sugar start
ing line. Equally satisfactory results have been obtained with
larger sheets of paper and greater movement of the solvent front.
The solvent mixture (200 ml.) in the bottom of the jar was re
newed after two developments.

For the descending method, 36 X 57 em. sheets of paper were
spotted with sugar solutions along the 36-cm. side, then split into
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RESULTS

The data in Tables I and II, obtained by the ascending method,
are representative of the results with various solvents and by
both ascending and descending movement of the solvent. The

two 18 X 57 em. pieces. The solvent was allowed to travel 50 em.
beyond the starting line, 40 ml. of fresh solvent being used in the
boat for each run. To simulate more closely the equilibrium
conditions of the ascending experiments, 160 ml. of the solvent
mixture were kept in the bottom of the jar. For routine testing
this additional solvent can be omitted, although with some solvent
combinations, such as the fusel oil-pyridine-water (1:1 :1) mix
ture, the resulting RF values may be substantially lower. The
presence of the aqueous phase of solvent combinations that were
incompletely miscible was found to be unnecessary, if not detri
mental, for obtaining reproducible results in both the ascending
and descending types of chromatography with this apparatus.

J)ISCUSSION

The individual sugars nearly always maintain the same order
on the basis of RF values for the solvent combinations shown in
Tables I and II, as well as for additional solvents used by" the
authors and by other workers (10, 13). The authors' data also
show correlations between chromatographic behavior and struc
tural features such as molecular size, point of linkage between the
components of a disaccharide, and configuration of the glycosidic
carbon atom. These relationships are useful as a basis for judging
what types of sugars are present in a mixture preliminary to
isolating and characterizing the components.

The data in Table II show that for the sugars studied, pentoses
have higher RF values than hexoses, and monosaccharides higher.
than disaccharides. The behavior of mixture A suggests that
the RF value continues to decrease with increased molecular size
in a homologous series of oligosaccharides. The 1,4-linked disac
charides move more rapidly than the corresponding 1,6-linked
disaccharides. Finally, the a-glycosidically linked disaccharides
move more rapidly than the corresponding ~-glycosidicallylinked
compounds, although the differences are very small, as in the case
of maltose and cellobiose. The RF relationship between two
sugars is maintained when they are converted to glycosides.
Thus, glucose has a higher RF value than galactose, while among
the disaccharides the glucoside cellobiose has a higher RF value
than the corresponding galactoside, lactose.

The RF values of the components of mixture A provide some
support for the belief that the mixture contains the homologous
series of a-1,4-linked glucose polymers. An essentially linear

relationship exists between log (~F - 1) and the assumed degree

of polymerization. This type of relationship was demonstrated
by Bates-Smith and Westall (2) for the effect on RF of the number
of like substituent groups on an aromatic nucleus, a series which
can be considered analogous to a homologous series. A poten
tially more useful relationship observed with mixture A is that a
nearly straight line is obtained on plotting the logarithm of the

descending runs differed mainly in requiring a shorter time for a
given distance of solvent travel. In addition, somewhat elon
gated spots often were produced, especially with high concentra
tions of sugar in the spots. This effect caused greater over
lapping of spots in chromatograms of mixtures of sugars having
very similar RF values.

The values in Tables I and II were obtained by placing three
identical sets of sugar spots on a sheet of paper 36 em, wide.
Development of the chromatogram was at 24 ± 1°, with ascent
of the solvent a constant distance of 28 em. beyond the sugar
starting line in each development. The time of solvent travel
showed an average deviation of about 1 hour. The average RF
values and distances of movement of the sugars shown in the
tables were then calculated from the positions of the three spots of
each sugar. The average deviation from the mean was about
0.01 RF unit. Although these data were obtained with single
sugars in the initial spots, essentially the same values were ob
served when mixtures of sugars were chromatogramed.

For Table I the ratios of RF maltose to RF glucose were cal
culated directly from the original data. They differ in some
cases, therefore, from what would be calculated from the rounded
off values of RF given in the table.

The movement of the sugars has been expressed in Table II as
percentage of the distance between the sugar starting line and the
constant limit of travel of the solvent front. For single develop
ment runs, of course, this is the same as the RF value X 100. In
multiple development runs the "movements" cannot be con
sidered analogous to RF values. In calculating the percentage
movement, the total distance of travel of the sugar spot during
the multiple development is divided by the distance of travel of
the solvent during a single development, rather than by the total
or cumulative distance of solvent travel.

( b)(0)

'Figure 1. Apparatus for Descending Paper
Chromatography

a. Support for glass boat
b. Spiral support for lower end of paper

After development of the chromatograms, most of the solvents
listed in Table I were removed satisfactorily from the paper by
drying 15 to 20 minutes in the air draft of the hood or 10 minutes
in an oven at about 100°. The higher temperature should be
avoided as much as possible, particularly in quantitative chro
matography, because of the likelihood of some decomposition of
the sugars when heated in the presence of pyridine or its analogs
(8).

The location of the sugar spots on the dried paper was deter
mined by spraying the paper evenly with the dinitrosalicylate
reagent just heavily enough to wet through the paper. After a
preliminary drying in a hood with the draft on, the paper was
heated for 4 to 5 minutes at about 100° in an oven, preferably
one with a glass door (13). The distances of the estimated centers
of the sugar spots from the starting line then were measured to
the nearest 0.1 em.

For the new technique of multiple development, the dried
paper was returned to the developing apparatus for a repetition
of the passage of the solvent over the paper, this sequence of de
veloping and drying being repeated the desired number of times.
The same solvent composition and direction of travel was used
in each repetition as in the original development. As a guide in
following the progress of the resolution of the spots, a vertical
test strip containing one sample of the sugar mixture can be cut
off from the edge of the paper after each development and sprayed
with the dinitrosalicylate reagent.
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Table II. Movelllent of Mono- and Oligosaccharides for Single and Multiple Developrnerrt with Various Solvents
(Movement expressed as percentage of distance to fixed stopping point of solvent front)

Solvent Composition and Classification
Fusel Oil- Butanol- Butanol- Fusel Oil Fusel Oil

Acetic Acid-Water Pyridine-Water Pyridine-Water Pyridine-Water Pyridine-Water
4:1:1 (0.27)a 3:1:1.5 (0.54) 3:2:1.5 (0.65) 7:7:6 (0.76) 1:1:1 (0.83)

Number of Developments
1 4 1 2 4 1 2 4 1 4

n-Xylose 15 42 33 51 74 47 68 84 49 84
n-Mannose 11 33 27 43 66 41 62 79 42 79
L-Arabinose 13 38 27 43 66 41 62 79 41 79
n-Fructose 11 35 26 42 65 40 61 79 41 79
n-Glucose 8 26 21 36 58 35 56 75 38 75
n-Galactose 7 24 19 32 51 31 50 70 34 72

Maltose 3 9 12 19 33 25 41 60 32 64
Cellobiose 2 8 10 17 30 23 38 56 30 61
Isomaltose 1 6 9 13 24 19 32 48 26 54
Gentiobiose 1 5 8 13 23 19 31 49 26 55
Lactose 1 6 .8 13 23 18 30 47 25 54
Melibiose 1 5 7 12 20 16 27 43 23 51

Mixture Ab containing
22 37 58 35 56 75 39 76DP-1 (glucose) 8 27

DP-2 (maltose) 8 11 19 33 24 41 60 31 64
DP-3 3 6 10 18 17 28 45 26 53
DP-4 5 10 10 19 31 20 42
DP-5 5 12 20 17 32
DP-6 14 27
DP-7 10 23
DP-8 18
DP-9 14
DP-lO 12

1 4

48 82
43 78
41 78
41 78
38 74
35 70

33 64
31 61
27 54
26 54
26 53
24 50

39 76
32 64
26 54
21 43
17 35

30
26
22
18
14

a Solvent classification in terms 01 ratio Rp maltose-RF glucose.
b For components below underlined value in each column spots overlapped too much to permit reliable estimation 01 position of their centers. All or most

of components moved to Borne extent, even highest degree of polymerization component being well above starting line after ODe development with last two sol
vents.

distance of travel of the component sugar spots against the degree
of polymerization. This was true for both single and multiple
development.

Resolving Power of Solvents. The distance separating the
centers of sugar spots on a chromatogram depends on the dif
ference between the R» values of the sugars when a given dis
tance of travel of the solvent front is used. As the solvent com
binations are changed to alter the R F values of a pair of sugars,
the degree of resolution also changes, as shown in Table 1.

The solvents have been arranged here in order of increasing
values of the ratio RF ' maltose-E» glucose. As this ratio in
creases-i.e., the two sugars approach the same rate of movement
on the paper-the resolution, or difference in RF values, of glucose
and fructose or of maltose and glucose increases to a maximum,
then decreases. This occurrence of a maximum in the degree of
separation was observed with other sugar pairs and with a num
ber of solvent combinations in addition to those listed in Table 1.

Classification of solvents on the basis of the ratio RF maltose
Rp glucose proved more satisfactory for bringing out these rela
tionships than did arrangement on the basis of just the RF values
for one sugar. Thus the fusel oil-pyridine-water (l: 1: 1) mix
ture would be expected on the basis of glucose RF value to give
separations identical with those for the Chargaff mixture (.4-) of
f-butanol-pyridine-water (3: 2: 1.5). The observed separations
instead are in line with the present arrangement. The use of the
ratio minimizes possible effects of differences in temperature and
of greater rates of evaporation of some solvent combinations.

The RF value of a sugar can be varied by using different solvent
combinations, as shown in Table 1. The use of ternary mixtures
with variations of proportions is particularly desirable, as has
been suggested also by Jermyn and Isherwood (10). The most
suitable solvent combinations, from the standpoint of obtaining
relatively uniform results, have been those containing an alcohol,
a pyridine-type base, and water.. The use of acidic mixtures,
such as those containing phenol or carboxylic acids, causes excep
tional Rp relationships in a few cases. This may be due to selec
tive changes in the proportions of ring and anomeric sugar iso
mers present. Another complicating factor observed in the use
of carboxylic acid-alcohol combinations was change of composi- .
tion of the solvent during development because of esterification

(see also 8). In the first approach to new problems in the
chromatographic separation of sugars it seems advisable, there
fore, to avoid the use of such acidic solvent combinations until
the inadequacy of the other combinations has been demonstrated.

Only in a very few cases has resolution of certain sugars con
sistently failed in these studies because of the small differences in
RF values with the solvents used. The members of the mannose
arabinose-fructose group and of the isomaltose-gentiobiose-lac
tose group were inseparable. Partial separation to give elon
gated spots occurred with the maltose-cellobiose and the lactose
melibiose pairs. In general, for absolute separation of a pair of
sugars into two distinct spots under the conditions used here,
their distances of movement must differ by about 3% of the
distance between the starting line and the limit of travel of the
solvent front. At least for the separation of some or all combina
tions of mannose, arabinose, and fructose the use of other solvent
mixtures, such as phenol-water (13), apparently would prove
advantageous. 'In addition, specific color sprays can be used to
obtain further evidence of the monosaccharides present.

Multiple Development Technique. The multiple develop
ment technique was devised to gain the advantages of a greater
effective distance of travel of the solvent front while retaining
a shorter length for the paper itself. In addition, all the sugars
remain on the paper and the course of their resolution can be
followed conveniently by spraying test strips, as indicated in
the experimental section. The examples in Table II are typical
of the generally better separations obtained with multiple de
velopment by either the ascending or the descending technique.
In the case of mixture A, values have been omitted when the
spots overlapped too much to allow reasonably accurate locating
of the centers of the spots. These components had moved, how
ever, as indicated by the presence in the developed chromato
gram of a continuous streak down to or above the starting line.

The theoretical distance of separation of two sugars after any
given number of developments depends on the total distance of
travel of each spot. For the derivation of the mathematical
relationships between distance of travel of a sugar and its RF
value, a constant distance of travel, L, of the solvent front beyond
the original starting line each time must be specified. In prac-
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Multiple development causes a flattening of the spots, par
ticularly noticeable with sugars of high RF, because the edge
first reached by the solvent starts moving before the solvent
reaches the farther edge. This behavior, although partly coun
teracted by diffusion, is of benefit in improving the separation of
the edges of spots of component sugars in mixtures. This makes
multiple development particularly desirable when there are
tendencies for the spots to streak because of high sugar concen
trations Or excessive speed of movement of the solvent over the
sugar spots.

Choice of Conditions for Maximum Resolution. . The solvent
combinations used in these studies have given a well-defined
pattern of behavior of a wide variety of sugars. The resulting
relationships of resolution of sugars to the solvent ratio R F

maltose-E» glucose and to the number 'of developments facili
tate the selection of optimum conditions for the chromatographic
study of sugar mixtures.

The first step in the separation of a new mixture is a preliminary
chromatogram. This will give an indication of the complexity of
the mixture and will show the ease of movement of the coin
ponents relative to the range represented by the sugars in Table
II. For this preliminary chromatogram a solvent with an RF
maltose-E» glucose ratio of about 0.65, such as the butanol
pyridine-water mixture (3: 2 :1..5), is particularly suitable, be
cause such solvents are best for the sugars of intermediate ease of
movement but likely to give usable results with both the faster
and slower moving sugars.

The final choice of solvents and number of developments is
based on the relative ease of movement of the components and
the degree of similarity of their RF values (resolving power re
quired). The general pattern of optimum conditions for the
different sugars is brought out in Table III. The experimentally
determined differences in distance of travel of the sugar spots are
shown as a function of the solvent (ratio RF maltose-E» glucose)

used and the number of de
velopments (up to four). The
distances of separation were
calculated by multiplying the
observed distance in centi
meters of separation by 1OO/L,
where L is the constant dis
tance of travel, in centimeters
of the solvent front beyond
the sugar starting line in each
development.

In Table III the best sepa
rations were obtained, in gen
eral, under the conditions
which would be recommended
on the basis of the generaliza
tions presented above (indi
cated by the underlined
values). The few apparent
discrepancies result from
differences that are within the
limits of variability of the runs.

In choosing a solvent, ad
vantage is taken of the fact
that the resolution passes
through a maximum as sol
vents of increasing ratio, Rp

maltose-Rs- glucose, are used.
This maximum occurs at
higher ratio values as the rela
tive ease of movement of the
sugars decreases. Thus, for
best separation of a pair of
chromatographically similar
sugars behaving like the pen-

(2)

(3)

(1)

2 4 1 2
Number of Developments

Butanol- Fusel Oil-
Pyridine-Water Pyridine-Water
3:2:1.5 (0.65) 7:7:6 (0.76)
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Butanol
Pyridine-Water
3:1:1.5 (0.54)b

Table III. Effect of Solvent and Nurnber of Developrrrerrts on Separation of Sugars
(Diatance of separation expressed as percentage of the distance between sugar starting line and the stopping point

of the solvent front)

Solvent Composition and Classification

Mono- and Disaccharides

Xylose-mannose 6 8 s 6 6 5 6
Mannose-arabinose 0 0 0 0 0 0 2
Arabinose-fructose 0 0 1 0 1 0 0
Fructose-glucose "4 6' '7 4 4 4 3
GIucose-galactose 3 "4 '7 '4 6 5 4
Galactose-maltose 8 13 is '7 10 10 3
Maltose-cellobiose 1 2' 3' 2' 3 4 2
Cellobiose-isomaltose 2 4 '6 4" 6' 8 4
Isomaltose-gentiobiose .. 1 0 1 0 '1 -1 0
Gentiobiose-lactose 0 0 0 0 '1 '2 0
Lactose-melibiose 2 2 3 "2 "2 4" 2

Mono- and Oligosaccharides

Xylose-glucose 11 15 16 10 12 9 10
GIu cose-maltose 10 17 25 11 16 15 7
DP-2-DP-3 6 9 15 Ii 13 15 6
DP-3-DP-4 6 "8 Ii 10 14 4
DP-4-DP-5 5 7' 11 i
DP-5-DP-6 6"
DP-6-DP-7 6'
DP-7-DP-8
DP-8-DP-9
DP-9-DP-1O

• Separationa are bdtween centers of spots, values being averages from data obtained by both ascending and
descending methods with single sugars and mixture A of Table II.

Underlined values show solvent classification that would be recommended for best separations on basis of gener
aliaations in text.

b Solvent classifica.tion in terms of ratio Rp maltose-RF glucose.

tice this value is easily held constant by stopping the development
when the solvent front reaches a guide line marked on the paper.

The distance which the spot moves during any development, n,
will be

which is the empirically derived limit, as the two RF values ap
proach each other, of the general relationship

log RFJ - log RF.
nmax. = log (1 - RF.) - log (1 - RFJ)

Although these equations are derived on a theoretical basis, the
experimental values generally were in good enough agreement to
justify using the equations as a basis for predicting the approxi
mate behaviors of the sugars on multiple development.

The distance of separation of the centers. of two sugar spots
reaches a maximum as the number of developments is increased.
The maximum separation occurs in the development before the
one in which the two spots move the same distance. The number
of developments, nm ax . , necessary to give the maximum difference
of separation of two sugars moving at nearly the same rate, RF ,

can be calculated conveniently by the equation

1
nma". = RF - 1

The distance of movement in successive developments becomes
smaller because, as the spot moves away from the starting line,

. the solvent front has a shorter distance to travel between the spot
and the stopping line, so that the spot is acted upon for a shorter
time.

The total distance, I1ft ota l , which a given sugar would move in n
developments is the summation of the distance of travel in each
development. This summation simplifies to
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toses, a solvent with ratio about 0.54 would be used. For sugars
behaving like the oligosaccharides, assumed to be DP 7 and 8 in
mixture A, a solvent ratio of about 0.8 would be preferable.

The selection of a solvent combination is aided by the fact that
nearly the same results are obtained over a moderate range of
solvent ratio RF maltose-R» glucose. This is of particular value
when only one pair of sugars in a mixture have very similar RF

values. The solvent chosen to separate this pair best will gener
ally give very satisfactory separation of the other components of
the mixture.

The use of the multiple development technique will depend on
the approximate RF value of the sugars to be resolved, as maxi

1
mum resolution will be obtained in - - 1 developments. Thus,

RF
when chromatograming pentoselike sugars with solvents of RF
maltose-R» glucose ratio about 0.54, no more than two develop
ments will be profitable. With the oligosaccharides such as DP
7 or 8, on the other hand, multiple development was essential for
separation into distinct spots, the positions and separations of
which are indicated in Tables II and III.
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Separation and Identification of Some Terpenes by a
New Chromatographic Technique

.T. G. KIRCHNER, JOlIN M. MILLEH, AND G. J. KELLER

Bureau of Agricultural and Industrial Chemistry, U. S. Department of Agriculture, Pasadena, Calif.

A chromatographic method for separating terpenes
was developed for the determination of the volatile
flavoring constituents of citrus fruit. This new
technique in organic chromatography has been
introduced by using adsorbent-coated glass strips
in a manner analogous to paper chromatography.
After the mixture had been spotted near one end of
the strip, the chromatogram was developed with the
aid of capillary attraction by dipping in a suitahle
solvent. The solvent was then evaporated from the
strip and the various zones were indicated by spray
ing with suitable reagents. On spraying with a

I 'N THE course of determining the volatile flavoring constitu
ents of citrus fruit, the authors desired to develop a chroma

tographic method for the purification and identification of ter
penes. The small amounts of oil obtainable from the fruit made
this almost imperative, and in addition it was desirable, because
of the nature of the terpenes, to eliminate any form of heat treat
ment.

Although a considerable number of papers (16, 17) have been
published on the chromatography of triterpenes, very little has
been done on the chromatography of the simpler torpenes, pos
sibly because of the lack of a suitable indicating reagent. The
work on the simpler terpenes, and most of the work on the
sesquiterpenes, has been done by arbitrary separation of fractions
of the eluting solvent. Winterstein and Stein (15), Carlsohn and
Muller (3), and Spath and Kainrath (1."3) separated a few of the
simpler terpenes by chromatography.

The advent of paper chromatography has seen a great increase

fluorescein solution and exposing to bromine vapor,
compounds which absorb brornfne faster than the
fluorescein show up as yellow spots on a pink hack
ground. Very unreactive compounds can be located
by spraying with a concentrated sulfuric-nitric acid
Illixture and heating to cause' charring of the com
pounds. The techniqu~ can be applied to other
types of compounds and is a rapid rrierbod of check
ing solvents and adsorbents for use on larger chroma
tographic columns. The term "chrolllatostrip"
has been suggested for application to these adsorb
ent-coated glass strips.

in the use of chromatographic techniques. Applications of
paper chromatography are limited and it was soon evident that
ordinary filter paper was unsuitable for chromatographing ter
penes. Impregnation .of filter paper with various adsorbents has
been used to increase the adsorbing strength of the paper both for
organic chromatography (1, 4,5, 8) and for inorganic analysis
(6, 7), but is limited by the relatively small number of adsorbents
that can be used.

In contrast to paper chromatography, column chromatography
has a distinct disadvantage in work with colorless compounds,
such as the terpenes, because of the difficulty in locating the
zones. Fluorescent compounds can be located with ultraviolet
light and the method of Sease (12) can be used to advantage for
many ultraviolet absorbing compounds. .

The authors desired to combine the advantages of paper and
column chromatography in order to obtain a rapid chromato
graphic method to which zone-indicating. developers could be
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Prepara tion of suitable st rips inv olved careful atten tion to th e
details of prepara t ion. T he major difficulti es were the cracking
of th e adsorbent and a surface th at WII S too soft . T o solve the
difficultie s, th e following pro cedure was used:

be prepared without the addit ion of filte r aid; th is proved de
sirable because the st rips containing Celite were wea ker in ad 
sorptive power th an the strips containing only adsorben t and
binder. Therefore, t he mixture contained 19 gra ms of adsorb
ent , 1 gram of Amioca st arch , and (as fluorescing agent described
la te r ) 0.15 gram of zinc silicate and 0.15 gram of zinc cad mium
sulfide. .

R esolu ti on of Oils

N one
G ood
Go od
N on e
None
Som e resolution
Oils d ecomposed
Slight resolution
Slight resolu t ion
Separation, but oil s dec o mposed
Sepa ration , but oils d ecomposed
Separation, but oi ls decomposed
None
Fair separ ation
Sligh t resolution
Excelle n t

Ad sorben t Coati ng

M a gnesium oxide
Alu mina
Alumin a + si licic ac id
Calc ium hyd roxid e
Starc h
Dica lciurn ph osph ate
Bentonit e
Calc ium carbo nate
M a gnesi um carbonate
F ilt rol
F il t ro l X 202
Filtrol , Neutral E
An cx
Fl orisil
T al c
Silici c acid

Table I. Characteristics of C h ro rna t ost r ip s Made with
Various Absorbents

Physical
Charac te rist ics

of St ri p

Soft
Ex cellen t
Ex cellen t
Soft. cru mbly
Good
Fa ir
Good
Good
Fair
Good
Goo d
Good
Fair
Good
Good
Ex cellent

Chromatostrips which were not dr ied prio r to use in a uniform
fashion exhibited a mar ked difference in RF value (RF = ratio of
distance traveled by a spot to th e distan ce tra veled by the sol
vent). Limonene chro matographed with hexane on st rips dr ied in
a desiccator over phosp horus pentoxide at 65 mm, of mercury for
0.5 hour had an RF of 0.8, whereas this oil had an RF of 0.4 when
dried at 3 mm, of mercury over phosphorus pentoxide for th e
same length of time. Exposure of st rips to atmospheric condi
tions for short periods of time also increased th e RF of some of the
samples. Thus, it was necessary to desicca te th e strips in a
standard mann er and to limi t th e time in which th ey were exposed
to the atmosphere before usc.

The strips were placed in a desicca tor over powdered pota s
sium hydroxide and evacuated to 3 mm . of mercury. (Reasons
for this desiccant are explained later. ) If placed in the desiccator
while still warm from th e oven, th e st rips reached equilibrium in
30 minutes. Before th e strips were removed, it was essential
that the vacuum be broken only with dry air. For this reason ,
a tube packed with Ascarite was used to admit air to the desic
cator. The st rips could not be used afte r exposure to the atmos
phere for periods longer tha n 10 minutes. Following the se pre
cautions, it was possible to obtain reproducible RF valu es.

For th e spot tes t with a sulfuric- nit ric acid mixture, it was
necessary to eliminate the sta rch as a binder because of its reac
tion with th e hot acid mixtu re. Plaster of Paris (20% ) was sub
stituted as t he binding agent. In preparing th ese st rips, a small

The specified amounts of materinl, thoroughly blend ed .while
dry , were mixed wit h 36 m!' of dist illed water in a 25Q-m!. beaker.
The slurry was then heated on a Water bath held at 85 0 C. with
constant sti rring until it thickened ( 1.75 minutes) and was then
held at this temperature for 30 seconds longer with stir ring . T he
bea ker was removed from the bath and 2 to 7 m!' of wate r were
added immediately to form a thin pa ste . The mixtu re was then
spread on glass strips 0.5 by 5.25 inches. (Longer strips can be
used to increase the resolutio n . T wo-dimensional chromatog
raphy has been employed by coa ting sheets of glass and develop
ing in th e same manner as filter paper .) It is necessary to ob
tain a smooth surface both for writ ing an d for ease of detection
of spots; this can be acco mplished by coat ing the glass while it
is held between t wo glas~ guides 0.02 inch higher th an the glass
st rip. The st rips were th en dried in a forced-draft oven at.
105 0 C. for 15 minutes. This procedure resulted in a stri p approxi
mately 0.02 inch thick , with a minimum of cracks and a surface
har d enough to write on with a blunt pen cil, These strips would
not crumble under mild handling.

Lef t . M ixture of fiv e t e rpene » U8 s h o w n by
fluore sce in-bromine t e st

(Feom top to bot t om)
1. a - P inen e
2. LiD10nene
3.. Tcrpinyl acetate
4. a-Terpineol
5. Geraniol
llight. Location o f cinnuDluldehyde with

o-dianis idine reagent

Figure 1. Chromatographs

easi ly applied. The method of Meinh ard and Hall (9) on th e
radial surface chromatography of inorganic ions formed the bas is
of the p resent work. Their method was modified by coat ing the
ad sorbent, mixed with a binder , on suitable glass strips; the st rips
were act ivated and th en developed in a manner similar to paper
strips in tes t tub es as used by Flood (6) and by Rocklan d and
D unn (11). In order to make the method as universally app li
cable as possible, Sease's (12) idea of mixing two fluorescent inor
ganic ma terials-for example, zinc cadmium sulfide and zinc sili
cate-to th e adsorb ent was incorporated advantageously .

Because not all of the terpenes absorb in th e ultraviolet region
and arc thus not adaptable to th e Sease techn ique, and because
reagents were needed to indi cate certain specific functional
group s, it was necessary to develop a new series of tests for locat
ing compounds on the chromatograms.

For thi s new technique, the authors propose th e name "chroma
to strip."

EXPEHI l\IENTA L

Preparation of Strips. Originally th e adsorb en t mixture was
patterned afte r that of Meinhard and Hall (9 ) who used 6.2 grams
of adsorbent , 3.5 grams of Celite, and 0.5 gra m of starch, all of
which were heated wit h 18 m!' of dist illed water until th e st arch
had coagulate d and th e mixtu re had formed a thick paste . The
paste was then t riturated with water to a consiste ncy just thin
enough to spread on the glass st rips . Satisfacto ry strips could
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Vari ous mixtures of group 1
with 2 and 3 were investigated,
and 15% ethy l acetate in hex
ane was selected as one of th e
best solvents for this work.

Adsorbents. Of th e nurn
erous adsorben ts tes ted (Table
I), silicic acid proved to be the
best for terpenes. Merck's
reagent grade, which had been
sifted to pass a lOQ-mesh sieve,
was used in the preparation of
th e strips for the terpene work .

Color Tests. A wide variety
of types of compounds are en
countered in the examination
of terpenes, so that it is neces
sary to have several qualita tive
tests to locate the spo ts formed
on th e chroma tograms. It is
also useful to have, in addition,
a variety of tests for specific
functional groups. The follow
ing tests were worked out and
used in the task of locating
compounds.

Fluorescein-Bromine. The
principle of adding bromine
to unsaturated link ages was
used in locating "a large num
ber of compounds with ethyl
enic-type double bonds.

The completed chromato
gram from which the solven t
had evaporated was sprayed

1. Those th at ca rried all oils
to the top of th e column (et hyl
alcohol, dioxane, dieth yl ether,
acetone, I-nitropropane, py
ridin e, ethy l ace ta te , meth an ol)

2. Those th at did not move
the majo rity of th e oils (hex
ane, petroleum ether, carbon
tetrachloride, carbon disulfide)

3. Those that moved the
oils a reasonable dist ance
(chloroform, benzene)

4. Those t hat interfered
"with th e fluorescein-bromin e
test (tetrahrdrofuran , diaee
tone alcohol, amylene, et hy l
tri ethoxy silane)

+

+

+

+

+

+

+

+

+

+

+

+

+

'+

Su lfur ic
(Concd .)

+ Brow n

+ P ur ple

+ Green

+ Pi nk

+ Yellow

+ Green

+ Brow n

+ Green

+ Brow n

+ Brown

1.5 m!. of fresh solvent. The strip was removed when the solvent.
reached the desired height (10 cm.), and the solvent was allowed
to evaporate from th e strip before the quali ta tive tests were
applied.

Solvents. With silicic acid-coated strips, a search was made
for suitable solvents to be used in chro matographing terpenes.
Th e solvents tried were divided in to four general classes. (Earlier
experiments had shown that the strips could not be placed
directl v in a solvent containing water , because the adsorbe nt

beneath the surface of the
liquid tended to slide off the
glass strip. Sub sequently, this
difficulty was eliminated by
placing the strip on a wad of
cot ton saturated with the sol
vent.) These four classes are
described , togeth er with the
solvents falling in each class, as
follows :

+

+

+

+

+

+

+

+

+

+

F luorescein
Bromi ne

+

+

+

+

Ultra
violet

with Various Zone-Lndicat.ing T ests

Sulfuric
N it ric

(C oncd.)Formu la

Heaetivit y of Co m po u n ds

C II,

C I l, ~.- 6f
~- -,

C II ,

~!~
~I/'c ;::

C II, C II,
~ /

C(C II,J,C
/ ~

.C Il, C IfC lT,O lT

C I I,

C Il .-C:> -c(
~ C II,

o

/----q:~
C 1 I'O I I-~~

0 11

C I I '-C)-~-C I I '
C II ,

C Il ,

C I ,,~-6
-~ "-

1_ 0 - ' C Il,

« ) -CII=C Il C H O

CIl, (CIl,)sCOO H

C lI.

C H,-< ) -b-COOC H.

cJ.
o

CH3~~
~~

Table II.

Co m po und

Li m on eue

P ulegone

Ca mphene

Carvone

Geraniol

a-Pi ne ne

I, B-Cineol

a-T erpineol

p-Cymene

No pol

Cinna ma lde hy de

Method of Chromatography. The sample to be chromate
gra phed was placed as a small dot near the bottom of the strip
and pencil lines were made on the adsorbent to indicate the origi
nal position of the sam ple and the desired length of solvent
travel. Th e strip was then placed in It test tube which contained

n-Caprie acid

qua ntity of the dry mixtu re (enough for two strips) was mixed
with sufficient water to ma ke a thin paste, and was immedia tely
spread on the glass strips. These st rips were dried at 75 0 C.
an d were used as soon as th ey had cooled.

T erpinyl a cetate

Camphor
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poun ds could be detected as
dark spots when viewed un
der ul tr aviolet ligh t (F igure
2). As sugges ted by Sease,
th e source of ultraviol et
ligh t was importan t in view
ing these chromatograms.
Unless ul tra violet ligh t of
short wav e length was used,
no spots were discernible.
A Min eralight (Short wave
Model SL 25:m gave ligh t
of satisfactory wav e length
for this work. T able II
indica tes the types of com
pounds detected by this
means.

o-Dianisidine. Alde
hyd es can be detected as
colored compo unds with 0 

dianisidi ne (14). Cinn am
aldehyde was detected by
spray ing with a solut ion of
o-dianisidine ill glacia l ace
tic acid.

Sulfuric Acid. Certain
compounds resisted all
means of detection because
of th e absence of reactive
groups wit hin the molecule.
T o detect these compounds,
concent rated sulfuric acid
was sprayed on the de
veloped chromatogram.
This reagent was used in
locating 1,S-cineol. T able
II indi ca tes th e color re
actions and types of com
pounds detected by this re
agent.

Special equipment was
needed to spray a reagent

as corrosive as concentrated sulfur ic acid. The spraying was
done with an all-glass sprayer built in the labora tory (Fi gur e 3).
A small stainless steel booth for spraying was constructed to
protect the hood, and th e sprayer was manipulated behind a glass
window.

Bromocresol Green. R amsey and Patterson (10 ) have de
veloped a method for the detection of acids on silica gel columns
by incorporating bromocresol green in the adsorb ent. Acids were
detected on the strips by spraying with a solution of 0.3% bro mo
cresol green in SO% by volume meth anol, to which had been
added 8 drops of 30% sodium hydroxide per 100 ml. The acid
appeared as yellow spots on a green backgr ound.

Sulfuric- Nitric Acid Mixture. Camphor was so unreactive
that it was necessary to develop a special test to indi cate the
location of thi s comp ound . This was acco mplished by spray
ing with concentrated sulfuric acid to which 5% concentrated
nitri c acid had been add ed . The chromatogra ms were th en
heated on a str ip of glass cloth, face down , on top of a hot pla te
which was turned to full heat and registered approximately
500 0 C. After th e acid fumes had ceased coming off, the glass
strip was carefully lifted from the adsorbent and th e latter was
turned over by means of the glass cloth. The compound loca
t ions were observed as black spots on a whi te background .

Chromatography of Te rpenes. Fifty-eight samples of differ
ent commercial oils were chroma tographed with five solvents on
fluorescent silicic acid-coated strips . By this ser ies of tes ts it
was hoped to test th e applicability of the technique and to select

3. IJ-CYIIICn C., 3.')8"Y~ pcdegorae, 8.2'Y~

cinnaD1.ald ehvdc ., 9.1 "y
4 . IJ-Cymcne, 1.4 " mg. ., puleg:one

32.81', ci n natnaldeh ydc 36.4'Y

3· 2

of [J-Cymene, I'ulegone, and Cinnamald ehple a s Shown u n d e r
Ul t r a vio le t Light on Fluorescent Strips
( F eo m left to right)
1. Blank (8()Ot due to lrac c Jo' of

impurity in so tve rr t not re 
moved h y distillation

2 . p -Cymcne , 14:J-y, , )u ) c~onc . 3.3/,.
cfn rmrn a fdeh vd e, 3.3 )'

(Front tOI) to hoUoITl)
1. Il -Cyrncnc
2 . Pulcgone
3. C trmnrnnldehvde

with a solution of 0.Q5% fluorescein in. water. T he st rip was
th en exposed to bron~lIle vap or by blowmg gen tly ac ross the top
of a bottle of bromin e (a large excess of br omin e should be
avoided) . The fluorescein reacted with bromine to form th e red
dye, eosm.

Wherever a material was presen t which could react with bro
min e, such as an ethylenic double bond, th e fluorescein retained
its normal yellow color. Th e location of these comp ounds was
then readily apparent as yellow spots on a pin k bac kground
(Figure 1). Amounts of some material as sma ll as 1 microgram
were detected with certa inty on chro ma tograms with fluorescein
bro mine. T able II reveals the types of compounds which can be
detected .

Cer tain precautions must be observed in performing this test .
Unless sufficient water is present, th e pin k color of eosin does not
develop unif orml y . For this reason , th e dilu te solution of
fluorescein is necessary in ord er to build up th e amount of water
on th e st rip . If desired, a 0.1% solut ion of fluorescein may be
used by first spraying with \\J'l,. re.. The presence of alkali en
han ces the red color, while acid prevents its form ation . Strips
desiccated with ph osphorus pentoxide apparently absorbed
enough acid vap ors to depress the form ati on of th e red color ; thi s
di fficulty was eliminated by using powdered potassium hydroxide
as th e desiccant.

Flu orescence. Sease's (12) meth od of fluorescent columns was
incorporated by adding zinc cadmium sulfide and zinc silicate
to th e mixture of starch and adsor bent pri or to adding th e water.
The dr ied strips gave a brigh t fluorescence; cer ta in types of com-
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Co lor T C:1t

F tuor escein-b ro miue
Fluorescein -b ro mine
Ult rav iole t and flue -

rescei n-brou ii ne
F luorescein- b ro mine
FlU crescein -br om ine
Ul traviole t
F lu or escein-br om ine
Ultr a violet
F luorescein-b rom ine
Ftuoresce iu -b ro mi ne
Co ne d . su lfuric
o-Dia nis id ine
F lu orescei n -b romin e
Br omocresol gree n
Co ne d . su lfu ric -ni t r tc

:17
:17

.j

200 0

l.£l
0 .-1
8 .0

100b
4 .0
1.0
0 . 6
0 . 3
1. 0
4 .0
0 .8

Li mit
of

Sensi 
t i vity, "'Y

thus, RF va lue for limonen e con t rol"

0 . ·\3
0 .4 3
0 . 53
0 .4 8
0 .48
0 . 50
0 .55
0 .67<

0. 60
0 .24
0 .27
0 .48
0 .3 1
0. 50
0 .4 3
0 . 56

C hr"nu. lography o f Prare C o rn p o u rrd s

li p \'a lues

T able HI. P repu ru t ion "f Prrre Co rrrpou nrla

Lirnonene. By fra ction a t.ion fro m grapefr ui t pe el oil
B .p . a t 8 m m. : observe d . 54 ° C. ; lit eratu re . 53. 35 ° C .

a-Pi nene . By fra ct iona t ion of a co m me rc ia l sa m ple
Rp. at 30 rnm . : ob served. 60.5° C . ; lite ra ture, 60.5° C .

P ulegon e , By fra ction from oil of penny ro y a l
B.p . a t i m m .: ob served . 8u.5° to R!l° C . ; litera ture 87.4° C .

Ca m phene. Co m mercial sa m ple . :-'f.p . : observed, 45° to 49° C. ;
li teratu re 49 ° to 52° C.

Ce rvone. Purified by formine H,S a d d it io n product a nd t he n steam
di sti lling. M .p . : obse rv ed . :! I!J° to 224° C .; liter ature, 222° to
224° C.

Gera niol. fly for mi ng CaCI, addi tio n product from com me rcia l
sa m ple a nd t hen stea m di st ill ing

p- Cy m ene. Com m ercia l sample (Para gon)
C ineol. F ra ct ionated fro m oil of C a je p u t (b. p. at 9.5 m m . : o b

se rve d 56.4° C. ; lite ra tu re 54.2 ° C .) , a nd t hen fu rther puri fied hy
recovery from resorcinol ad d it ion pro d uc t.

a -Ter pi neol. R ccrystallised com me rc ia l product from hexane .
rn .p, 34-34.5° C . : lite rature 35 ° C.

Nopol. Fractiona ted , b .p . !J2.(j° C . at 4 mrn . : literature i 10 C. at
I m m ., (18 ° C. a t.5 m m.

T er pinyl a ce ta te . P repare d fro m ",-ter pi neol a nd acetic a nhy d ride
by m ethod of Bo ulez (2 )

Cinna maldohydo. Commercia l sa m ple (P a ra gon) by recover y fro m
sod ium bisu lfite add it ion product

u-Caprie ac id . R ecrystall ized from a ce to ne, m.p. :n -;14 ° C .; liter a 
t u re 31. 3° C .

Cam phor. Sam ple used for mol ecu la r weight deter mina ti on s . rn.p .
178.8° C . ; literature 17S.8 ° C.

IlISClJSSION

By using the technique describe d herein , a sa mple of oil can be
rapidly chromatographed and man y conclusions concernina
purity and adultera t ion can be established at once . Becau se a

for comparing RF valu es. A minimum of five sa mp les in eac h
solven t was run to dete rmin e the Rp value. Sa mples di lu ted
with ethyl alcohol tend to have their position on the ch roma to 
gra m distorted by the alcohol. This phenomenon was not oh
served when hexan e was used as the dilu ent. On some chroma to
grams in which the concentration of the oil was high, th e R» was
high er than on similar ch roma to gra ms with sma ller amounts of
oil. T his was presum ed t o lIPcaused by a dilution of th e ascend 
ing solvent by the sa mple. When th e concentra tio n of th e sa mple
was high , this dilution was appa rent ly enough to cause a chan ge
in the cha rac terist ics of th e solvent. T he resul ts of the sensi
ti vity determin ati ons and til l' l l r of the terpenes in the vari ous
solvents arc given in T able I V.

15% ethyl Co nt ro l,
C hlorc- a ceta t e Iimon en e

form Benzene in hexan e in hexane

0 .9 3 0 . 96 0 .6 6
0 .95 0 .96 0 . 8:1 0 . 50
0 .09 0 .07 0 .4 9 O,!)1

0 .92 0 .9 4 0 . 79 0 .47
0 .05 0 . 05 0 . 21 0 .4 6
0 .07 0 . 04 0 . 4.5 0 .47

0 .8 2
0 . 00
0 . 01

0 . 37
0 .89
0 . 0 1

C a rb on
te t ra 

chloride

T a hle IY.

Hex
a ne

0 .4 1
0 .8:1
0 .01

0 .74
0 .00
n.oo

SCALE

1 INCH

AIR
- fil l ET

Co m po u nd

Lim nnene
a-Pinen e
Pulego ne

Ca m p he ne
Ge ra n iol
Ca r vo ne

p- C v m ene 0. 38 0 . .56 0 . 94 0 . 95
c--T'er pi neol 0 .00 0 .00 0 . 0.', 0 .0:1
Nu pol 0 . 00 0 .00 0 . 11 0 .06
1.8-C ineo l 0 .01 0 .02 0 . 12 0 .06
Cinne ma ldehv de 0 .00 0 . 00 0 . 09 0 .06
'Ter p iny la cet a te 0 .00 0 .00 0 .26 0 . 2,';
n-Capr ic a cid 0 .00 0 .00 0 .07 0 .07
Camp ho r 0 .00 0 00 0 . 28 0 . 22

a Sen s it ivi t y of det ect ion 15'Y wi th su lfu ric - nit r ic a cid .
b Se ns it .ivit y of det ection 30 .,. with sulfur ic- nit r ic a cid .
c Co m po un d run on st r ips wit h plas t er of Paris ins tea d of sta rc h as a bi nd er ;

h as a d ifferen t value .

.030 IN.
-.------oRIFICE

F ig u re a. All -Glass S p rayer for
Corrosive Li,!"id s

125 "L . REAGENT
BOTTLE - -

Fourteen compounds were th en pu rified in thi s lab oratory by
V lI rious techniques. The meth od of purifi cation a nd an indi ca
t ion of the purity of th ese sa mples are given in T abl e III . All
fractiona l distilla t ions were made with a Podbieln iak Hypercal
column . Many di fferen t types of compo unds were selected in
order to indicate the wide range of usefu lness of both the tec hnique
an d the various spo t- indicating reagents.

Each of th e pure samples was ch romnto grnphed on f1u orescent
silicic acid st rips. Fi ve solvent s were used to chn ra cteri ze th e
oil : hexane (boiling poin t 65 ° to 611 0 C.), carbo n tetrachlor ide,
ch loroform, ben zene, and ethy l ncet a te in hexan e ( 15% by vol
urn e ), Sens it ivit y to th e va rious eoJor tests was determined by
measuring th e sa mp le applied to the adsorbent , pure or in a suit
able solven t, from a calib ra ted capillary pipet . (T he ord ina ry
mercu ry piston-type microburet cou ld not be used because the oils
in con tac t wit h the mercury
caused th e mercury to fall out
of th e capillary . A calibra ted
cap illary tube . fit ted with a
syringe to con trol th e column
of liqu id by air displ acemen t
was used. ) The qu antity of
sample applied was reduced
in systematic fashion until t he
ch rom atogram failed to give
t he color test in questi on .
The last detectabl e concen
tratio n was called the sensi
t ivity limit. On each set of
five chromat ogra ms, a cont rol
ch roma togram of limonene
chromatographed with hexan e
WlIS run in ord er to make sur e
the st rips were dried properly
and to afford a referen ce

a variety of sa mples of good purity on which sensitivity and Ry
va lues could be dete rmi ned. Of the 58 sa mples 'chromato
graphed , two were conside red to be sufficien tly pure ; the oth er
56 oils gave chromatograms on which 2 to !) spots were app aren t
when viewed under ultraviolet ligh t and t reated with fluorescein
and hromine.
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large number of te rpene sa mples have been investigated and th e
great majority of them (56 out of 58) have been found impure by
examinat ion of chromatograms in five solvents, mu ch of the
tedious physical and chemica l exa minat ion of th e sa mple can be
elimina ted . The oils examined gave no sign of decomposing or
isomerizing on sili cic ac id . Silicic acid is an excellent adso rb
en t for this work , because it resolves compounds of very simila r
type, as illu strated in Table IV.

The identification of te rpenes should be facilitated by applica
t ion of the principle of characteristic R« values to the chromat o
graphed sa mples. In iden tif ying constit uents of natural products
whe re the amounts of fractions conce rne d may be small, the
volume of materi al necessary t o secu re identifica tion can be sub
stan t ia lly reduced . Amounts of oil as sma ll as 0.5 microgram
have been detecte d. Some of the color tes ts reporte d here have
useful implications for ind icating st ruc ture- for instance, from
Table II it is ev ide n t th at th e fluorescein-bromine test reveals the
po ssibl e presen ce of ethy lenic-typ e double bonds. Other indica
t ions of structure are obtained from a study of T able II, and man y
other tests ca n be app lied which hav e spec ificity for certain types
of structu res.

As a chroma to graphic method aside from the adva ntages to
te rpene chemist ry, man y featu res can be poin ted out.

The chroma tost rip combi nes some of t hc advantages of paper
and column chroma to graphy . It adds t he rapidi ty (a strip may
be run in 0.5 hour) a nd t he ease of spot development of pap er
chromatography t o th e wide ra nge of adsorbents of column
chroma t ography.

The method ca n be used for ra p idly chec king solvents an d
adsorbents for larger columns, because t he results obtained a re
co mpara ble. Although small convent ional columns ca n be used
for the sa me purpose, t he prop osed method is more ra pid inasmuch
as one man ca n easily run a set of 40 strips in a n hour's t ime .

More drastic reagents ca n be applied to locate compounds
t han are permissibl e with paper st rips .

" Wet tails" (irre gu lar flow of solvent up side of paper due to
to uching of the glass wall ) a nd simila r a nnoyances of th e flexible
paper are avoided. .

It is a micro chroma to gra phic method and is mu ch mo re con
venient t ha n a packed column for micro work.

The use of concentrated sulfuric ac id and concentrated su lfu ric
ni t ric acid mixture for eluc idat ing positions of org ani c materi als
on a chro ma togra m eliminates the un cer t ain ty usually associated
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with less d rast ic revealing agents. These reagents have been
used to indicate t races of impuri ties in some te rpenes which were
thought to be pure by reason of ph ysical constants and chromatog
raphy with oth er compound-indica ting tests.

The spray gun used for all of the work excep t for th e su lfuric
acid was an artist 's air brush .

As sho wn by Meinhard and Hall (9), the completed chroma to
grams could be stripped off on Scot ch tap e and pasted on su itable
cards for filing and referen ce purposes. This was not possib le
for st rips sprayed with cold sulfu ric acid, but the chromat ograms
whi ch were hea ted afte r sp raying with acid could be sa ved in th e
same manner.
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Automatic Fraction Collector for Chromatographic
Separations

nONALD F. n uH. S O, ELWYN n, SCIIALL, AN n HO Y L. W IIISTLE H

Purdu .e Un i ne rsl t.y , l A f ay e tte , In d .

A;\IE T HOD has been developed recen tly for th e chromato
graphic separation of sugars on cha rcoal (J ). For applica

tion of the method '1,0 separat ions on a larger sca le , an automatic
a pparatus has been devised which feeds the mixture and th e
developers in success ion to the to p of th e chromatographic
column a nd collects each effluent in sepa ra te receivers. The
device has perf ormed well in th e frac t ionation of hydrolyzut es of
guaran , xylan , and starch , a nd may ha ve genera l applica t ion for
chromatograph ic separa t ions.

As shown in Figures I a nd 2, th e apparatus consist s of con
tainers for the solut ions t o be fed to the column, receivers for th e
effluents , solenoid va lves operat ing in pair s so that when ener
gized one container a nd the corresponding receiver are con nec ted
to the column, a n elect ro nic cont ro l unit , a float chamber , a light
source , a photoelectric unit , and a vacuum pump. The det ai ls

of the control circuit and a list of parts are given in Figure 3.
All the materials are readily available and eas ily assembled . The
uni t ca n be built. for approxim a tely $200, exclusive of lab or .

OI'.:ItATION O F CIItCUIT

The apparatus is readied for ope ra t ion by filling th e containers,
connec t ing the receivers to th e distributor, and inserting a pre
viou sly packed and wetted column. The space in th e tube a bove
t he adsorbent mu st be complete ly full of liquid to ensure a proper
star t.

To initiate t he operating cyc le th e main power swit ch, SW1, is
placed in the "on" position, the reset bu tton, SW2 , is pressed,
and the momentary contact switc h , SW3 , is closed . The opera
tion of the appara t us is fully automat ic from this point. After a
delay of 70 seconds, the first solenoid valve in th e upper bank is
energized , allowing th e solut ion in the first container to fill t he
float cha mber and flow to the top of th e column . At the same
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C h roma tograp hic separa t ion o f m atcrials in s izab le
q uan t i t ies involve s t hc h andlin g o f large a mou nts o f
a dsor bents a nd solvents. I n order t o rcduc c the
labor requi red in s uch a prcparat ive proced u rc, an
elect ro n ically co n t ro llcd a ppara t u s h a s b ccn d e vi sed
to feed d iffe ren t d e velopc rs to a col u rn n and c o llcc t
the e fll uen ts i n separa tc re cc ivers . Essen t ia lly, the
a p paratus co nsis ts o f a pho t o el c c tric sys tcrn, con -

tro ll ed b y a floa t , w h ich opcra t c s s uccessive pa irs of
solenoid va lves through the m e d furn of a step p ing
relay . The d e ve lopers a r e p a s sed through the
co lurnn in s u fficic n t vo hrme and i n pr' opor scq ucnce
t o e ffec t t h e d e s ire d sep a ra t ion . T h e apparatus
has bee n u se d for t h e fractionation o f h yd ro ly z a t c s
of g u a r a n, xy lan, and s t a rch . It m a y have gener a l
application to c h ro matogr a p h ic sep ara t io ns .

F igur e 2 . Schemat ic A r r a ngelnen t of Co m ponen ts of
Au torna t .ie F ract ion C o ll ect o r

A . AS lli ru lor h o t t le s
II . V5-2 s o le noid ve lves , Skin ner C h u c k C o .
C . Photo c ell u n it , D ctc ct-O-Ra y Cor p.
I) . F loat cha .nhcr ., 59 X 200 nUll. ; flo at, s t a i n less a t ee f , 2- i n c b

d hllllctcr X 3 i nchcs~ w. II. N ichols o n and Co.
E. L te b t. s o u rce, I 5-watt
F. Co lu m n
G.. C o n trol uni t
II. E ffl uen t d iKtrihutor, eee Fi~urc 4 fo r d etails
J. V5-0 solcn o id vu fvo, S k inner C h uck Co.
K. E fll u c n t r eceivers
L , V UCU U llt p unt l)
hI . Air vent

Alth ough th e described apparatus has four containers a nd four
receivers, th e number may be increased by t he addition of
solenoid valves in pa irs . These pair s of valv es are connected
to successive positions of the ste pping relay in t he man ner sho wn
in the circuit diagram. At th e sa me time, th e number of suc
cessive positions in which the power relay, R" is energized must
he increased by the number of pair s of va lves added. The
ot her modifications includ e t he addit ion of containers , receive rs,
and connec tion s to the effluent dist ributor.

The ap paratus will cease to operate in the case of in terru ption
of the current, supply or enorgizat ion of t he ste pping relay for
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F igure 1. A u t o ma t ic F rac t io n Co llect o r

ti me, the first solenoid val ve of the lower ha nk is energ ized, con
nect ing the first receiver to the effluent d istri bu tor and ap plying
vacuu m to the bot tom of the column . Thus th e solution in the
first container passes through the colum n and is collected in th e
corresponding receiver . When a ll t his solution has been applied
to th e column, th e float d rops and cuts off th e light beam . This
init iates th e switc hing cycle, which consists of turning off th e
ligh t source , dc-encrg iaing t he first pair of solenoid va lves, ener
gizing the next pa ir of va lves, and t urning on the light source
after the float has risen to th e top of the float chamber.

The solution in the second container is applied to th e column
and th e effluent is collect ed in t he second receiver . When the
float aga in inte rrupts the ligh t beam, the switc hing cyc le is re
pea ted. The apparatus ceases operation when a ll the solution
in the last container has passed through th e column. I t is not
required that all containers be used du ring eac h ru n, bu t only
th a t the developers be placed in successive containers. If , for
example, only the first three containers arc u t ilized for a par ticu
la r run , the apparatus will cease operation 120 seconds af ter all
of the third solution has been fed to th e column.

Control of the light source in th e manner descr ibed is desirable
in ord er to prevent t he oper ation of th e photoelectric cell during
t he t ime that t he float is rising . Thus any bobbing or t ilt ing of
the float in this perio d will not reactivate the circuit .
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more than 120 seconds. In the latte r case , a safety device con
sisting of a delay relay, D" and a power relay, RI , will opera te to
interrupt th e current supply, th ereby avoiding damage to th e
stepp ing relay which is ra ted for a maximum energization period
of 5 minu tes. Thi s safety device will operate if th e light beam

Figure 4 . Details of
Eilluent Distributor

is not restored within 120 seconds of the beginning of each
switc hing cycle because of failure of th e lamp filament, of th e
pho toelectri c syste m, or of the float to rise.

APPLICATION OF APPARATUS

The data necessary for the fra ctionation of a large amount of
sugar mixture are obtain ed by a prelimin ary small scale experi-

ment using a 44 X 265 111m. column of adsorbent . The weight of
material which can be adsorbed and the volume of each of the
developers required for the fra ctionation are det ermined. The
large scale separa ti on is carried out with a column which must
have a ra tio of length to area at least equa l to th at of th e small
test column. When this condit ion is met, the larger column
is operated on th e basis of th e ra tio of its volume to tha t of th e
test column. The weight of ma terial which can be adsorbed is
equal to th e weight determined for th e tes t column multiplied
by the adsorbent volume ratio. This same ra tio determines
the volume of each developer required.

For use with th e app aratu s, glass tubes ranging from 64 X
565 mm . to 80 X H20mm. fulfill th e required conditions of length
and area.
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Stable Internal Standard Flame
Photometer-Correction

In th e ar ticle on "Stable Internal Standard Flame Pho tom
ete r" [Fox, C. L. , Jr., A N AL. C H E M. , 23, 13i (1951) ] th ere is a
misprint in Table II, Working Standards for Photometer. Th e
heading for th e first column should be Ml .yl.



New Type of Chromatographic Column
JOHN M. l\HLLER AND J. G . KIRCIINEH

Fru i t and Vegetable Chemistry Luborurory, Pa sadena .j, Calif.

In the course of iuvestigation s on the vo latile flavor 
ing co n s t i t uen ts of citrus fruits , it hccurnc n ecessary
to elrromntogeuph cer t a in fractions in quurrtf ties
large enough to p erform additional t e s t s. To a c 
compltsh this a chromatog raphic co lu m n was d e
velo ped which wa s sel f-su p por t in g and w a s therc
fore not e rrerrm b ered b y a co n t a in ing e nvelo pe.
The coturn n for which the rrarrr e " ch r o ln a t o b a r"
has b een s u ggested , was made from a d esired ad
so r b e n t and plaster of Paris. After d ev oloprnen t ,

t h e lo c a t io u of the resolved zone s could b e easily
determined by s p r a yi n g on the aid es of the column
a suitable reagen t, w hich could be scraped off before
recovery of the resolved eornpounds , A device is
described for distributing solverrt to the colullln for
d evelopment. The operation of thc column was
derrrorrst.rut.ed with so m e tcrpcncs. This new chro
rnu togr-apbie devicc has luauy advantage s over con
ventional chromatographic co lu lllns, in addition to
the conveniencc of locat ing resolved zones.
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F igure 1. Apparatu s fo r Dcvelop ing C h ro m a to b a r

METHOD OF CH ROMATOGRAPHY

Columns have been made of silicic acid , a lum ina, magnesium
oxide, Anex, and Fil t rol. T he bars are rigid, mai ntain their shape,
and can be handl ed with out break ing.

These rigid columns arc used for chroma tog raphy in much th e
same way as the chro matos t rips, but some precautions and special
techniques are necessar y ,

so that approxima tely 6 inches of th c rod extend from the head
of the mold and 0.125 inch from th e base.

According to th e adsorbent being used, various methods of
drying or acti vating can be employed . Wit h silicic acid columns,
the bar is placed in a forced-draft oven at 75° C. for at least 8
hour s. After drying, the column is cooled and stored in a desic
cator over potassium hydroxide at 3-mm. vacuum.

I N THE course of work on the isolat ion and identificat ion of t he
volatile flavoring constit uents of cit rus jui ces, it became

necessary to use chroma tographic proc edures for thc separation of
certa in te rpe nes, T he usc of th e adso rbe nt-packed glass t ubes
comm on in chromatog raphy on th c colorless tc rpencs was diffi
cult, because suitable methods for locating t hese compounds on a
developed column were not ava ilab le. Arbi trary cutting of th e
column, locati on by fluorcscence, ext rusion from th e glass en
velope and brush ing on of an indica ting reagent (.4), and detect ion
by means of st rongly fluorescent columns accord ing to the method
of Sease (3) fell short of satisfy ing t he need for a more convenient
and accurate method . As par t of the solution to th is prob lem, th e
"c hrornatos t rip" method of Kirchner et al. (J ) was developed .

Although this method was successful in th e isolation and identi
fication of colorless materia ls, a column of larger d imensions was
needed so that larger quan ti ties of material could be chromate
graphed and recovered from th e column for furth er confirmatory
tests. Paper chromatographic methods have been applied to t he
isolation of lar ger quantit ies by Mitchell and Haskins (2) . It
appeared likely that t he principles and techniques of the chro
matostrip could be applied to th e making of a larger column,
which would be free of a containing glass envelope and t he conse
qu ent disadvan tages of columns packed in glass tu bes.

This paper describ es the prepara tion of a rigid, self-contained
column, and its applicat ion to t he sepa ration of some terp enes.
The nam e "c hromatobar" is proposed for this type of column.

The column is made from a mixture of a suitable adsorbent
with calcium sulfate hemih ydra te (plaster of Pari s ).

P REPARATION OF COLUMN

Fo r a column I inch square by 10 inches long (2.5 X 25 cm.),
18 gram s of calcium sulfate hemihydra te and 72 grams of th e
desired adsorbent a re weighed into a bottle and sha ken vigorously
un til thoroughly blended. The mixt ure is t hen poured into a
beak er, 135 ml. of water are added all at once, and thi s mixture
is st irred vigorously and poured into a previously prepar ed mold .
The amount of water to be added to a batch of mixture must bc
determined empirically for each different lot of an adsorbe nt and
each different adso rbent. The fina l slurry should be just liquid
enough to pour eas ily . The above...mentioned quan ti ty of water
is for a silicic ac id adsorbent. The tim e between thc addit ion of
water and pouring of the slur ry into th e mold must be kept to a
minimum (30 seconds), as the slurry sets very rapidly. Aft er
approximately 5 minut es, th e ba r ca n be removed from the mold.
T he mold consists of a piece of metal form ed in to th e sha pe of
the column desired. A glass rod loca ted in th e cente r of the bar
lengthwise must be used to give ad ded strengt h to th e column .
For the preparation of 1 X 1 X 10 inch columns, a piece of metal
10 inches long lind 3 inches wide is bent to form a trough 1 inch
wide, 1 inch dee p, an d 10 inches long. T hc ends of thc tro ugh ar c
made from st iff cardboard cut to a l -inch square with a hole in
the center to hold the glass rod . The tro ugh is lined with waxed
pap cr and th e glass rod is inser ted thro ugh the holes in the end s,

428
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T he column is removed from the desiccator , the ent ire sur face
is lightly rub bed with fine san dpa per to rem ov e irr egularities,
an d t he column is then placed bet ween two blocks of wood whose
end surfaces are smoo th and perpendi cula r to their sides . With a
piece of sandpaper stretched across a straight surface, th e end
of th e ba r is sanded lightly, using the bloeks of wood as guides,
until a smoo th surface at right angles to the sides of the bar is
obtained . The end of th e ba r is first wet with about 1 ml. of the
solvent an d the ma teria l to be chromatographed is placed on th e
end of the bar by sprea ding evenly from a pipet. Dilu te solutions
of t he materials to be chrornatogruphed should be used to en
sure even distribu tion across th e surface of the bar . T he bar
wit h the material to be ohro matogra phed is th en rea dy for use.

The solvent is poured do wn th e sides of th e cylinder until a
suita ble amount is present, but is not allowed to overflow the
sides of the distr ibutor. The solvent rising th rough th e solvent
distributor and the column by capillary attraction advances up
"the column in an even manner . When th e solvent has reached
the desired level, the ba r is remov ed and examined by an y of the
techniques availabl e for detecting the compounds chromate
graphed . If necessar y, it ca n be returned to a new solv ent for
fur ther development after the det ecting reagent has been scraped
off. Figure 1 is a drawing of the asse mbly used for the chromatog
raphy.

SEI'AUATION OF SOME TERPE NES

The column is develop ed by mean s of a solven t dist ributo r.
T his distributor consists of a 2-inch section of glass t ubing of
suitable size (2 inches for a l- inch bar), which is indented in three
places at the bo ttom to allow free access of solvent and has t hre e
glass hooks at the to p for convenience in removing it from the
containing vesse l. About half of the t ube is filled with the same
mixture of ca lcium sulfate hemihyd rate and adsorb ent used in th e
ba r to form a solid base and dr ied as in the prepara tion of the bar .
Loose, easi ly packed ma teria l (such as calcium sulfate) is placed
on the surface of t his plaster plug and very ligh tly firmed with a
wooden rod . The solvent distributor is placed in the bottom of a
cylinder and t he column is gently but firmly pressed into the
ca ke of loose materia l on t he dist ributor. The column is
held firmly in place with slight pressure by means of a clamp on
th e glass rod in the cente r of the column. A small tamping rod
is t hen used to press down th e loose material aro und the ba r and
brush away any excess.

The rigid , envelope-free colum n was designed to overcome one
of the disadvantages of the column pa cked in glass-i.e., the di f
ficulty of locating colorless compounds without previous extru sion
of the column. Large quantities of material can be isolated from
this column, and colorless compounds can be det ected by the
techn iques of paper or chromatostrip chroma tog raphy. The
squa re bars a re very convenient for locating bands, because each
of th e four sides can be used for spraying a different reagen t . In
one experiment, citral was chroma tographed and sprayed with
fluorescein-bromine on one side and with o-diani sidine on th e oth er
side . By this means th e posit ion of the aldehyd e with et hy lenic
bond s was determined an d it was thus differentiated from other
aldehydes present as impuri ties . T he surface of th e bar can be
easi ly scra ped free of the sprayed materia l and the produ ct re
covered without the presence of interfering substances .

Use of the chroma tobar elimina tes the task of pa cking a satis
factory column in glass t ubes-a particularly difficult tas k when
columns of large size are desired . The columns used in the illus-

DISCUSSION

The column can be used to sepa rate materials in suflicient qua n
tities to be examined by ot her means. The separations described
were made on silicic acid (80 mesh or smaller) colum ns of 1
squa re-inch eross section and 10 inches long. Because the
analogy to th e chromatostr ips is very close, numerous strips
should be run to permit selection of the best adsorbe nt and solvent
condit ions for the desired separation .

In on e experimen t, 100 mg. of a crude pr epar ation of iso
eugeno l were dissolved in 1 ml. of ethyl acetate and applied to t he
column. The column was develop ed with 15% ethyl acetate in
hexane. Approximately 125 ml. of solv ent were requi red to de
velop a l -square-ineh column 10 inches long. The tim e of de
velopment for such a column was abo ut 4 hours. Figure 2 is a
photograph of the result ing column, showing t he six dist inct
bands that were formed . The column in thi s instan ce was mad e
with 0.075% zinc cadmi um sulfide and 0.075% zinc silicate in
corpo ra ted in the adso rbe nt (3) and th e bands were th en visible
in ult raviolet light.

I n a second exper iment, 17 mg. of a- pinene , 10 mg. of a 
terpineol, and 10 mg. of terpinyl ace ta te in 1 ml. of hexane were
added to the bar and develop ed with 15% ethy l acetate in hex
ane. F igure 3 is a photograph of the resulting column af ter it
had been sprayed with fluorescein an d treated with bromin e
vapor (1) . The thre e compo unds are visible as bands of ye llow
on a pink background.

When a mixture of limonene, a-terpineol, and terp inyl ace tate
was chromatographed on a chromatostrip, it ap peared that these
three compounds ·were sepa rable with 15% ethyl acet ate in
hexane. How ever , when a mixtu re of 20 mg. of limon ene, 20 mg.
a-terpineol, and 20 mg. of terpinyl ace tate was chromutographed
on a column with 15% ethy l acetate in hexane, good separa t ion of
limon ene and terpinyl acetate was not ob tained . As expe riments
showed that a-terpineol and terpinyl acetate do not mov e when
chroma tographed with hexane whereas limonene is moved to an
RFvalue of 0.4 , the above mixture of compounds was placed on
a column and developed with hexan e until the solvent had trav
eled 2/6 of the column. The bar was then transferred to an
other solvent distributor and the development finished with 15%
ethyl ace tate in hexane. Thisresulted in a good separation of the
three components, as shown in Figure 4.
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trations for this paper were 1 square inch in cross section; columns
2 and 4 inches squ are have been made without difficulty. When
shaved with a knif e, these columns show no evidence of nonuni
formity in packing. •

By use of th e capillary-asce nt meth od ofsolvent travelcombined
with the rigid characterist ics of th c column, it is a matter of small
concern to tr an sfer th e bar from one solvent to anoth er . A pre
liminary exam ina t ion of th e position of the band s can be made by
spraying an appropriate reagent on the column, scraping the
reagen t off the sides, and then returning the bar to that solvent or
a new solvent combination for furt her development . This is a
distinct advantage over a packed chromatographic column, where
fur th er development is impossible once th e column has been rL'
moved from the glass tube. Although conventional chromato
graphic borosilicate glass tubes can be used for fluorescent
chromatography with th e longer wave-length ultraviolet light ,
the shorter ray s (230 to 290 mil ) needed for excita tion of th e zinc
silicate are absorbed by this glass . Therefore, th is method is par
ticularly adaptable to the use of the ability of compounds to ,ab
sorb ultra violet light , because columns mad e fluorescent with zinc
cadmium sulfide and zinc silicate can be observed without being
removed from th e solvent and without interference due to ab
sorption of th e short wave-length ult ravio let light by a glass en-
velope. '

A number of developed column s have been examined for uni
formity of the bands through th e interior of th e column . Suc
cessive small layers have been removed from th e surface and the
new surface examined by spray ing or by observation in ultraviolet
light. The zones have been found to be uni form throughout the
cross sectio n of the column. The zones have been more uni form

A NAL YTI CAL C H E M I S T R Y

th an have th e zones of columns packed in glass, because th e sol
vent in th ese columns tends to travel more rapidly along th e glass
surfaces tha n through th e adsorbent . Occasionally a column will
crac k in a direction perpendi cula r to th e support ing glass rod
during the drying period. This defect can be remedied by gently
pressing th e ba r together ; columns with such crac ks have been
used with out any effect on the movemen t of solvent or com
pounds.

Round ba rs have been made with thin plastic casings as molds ;
however, t he square bars are more convenient for applying color
developing reagent s' by means of sprays. Solvents containing
water have been used to develop columns ; although they impar t
fragility to the column, such columns can be successfully handled.
These columns can he accurately cut with a coping saw and areas
of interest removed and extracted with suita ble solvents .
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Compound Types in Gasoline by Mass Spectrometer
Analysis

H. A. BUO WN, T he A tlantic Refinin g Co ., Philadelphia , Po:

ANUMBE R of laboratories throughout this country use com
mercial mode l mass spectrometers to obtain high precision

analyses on a wide variety of organic compound mixtur es (6, 7,
10, 12, 14). Notable success has been achieved in the field of
hydrocarbon analysis , where very small samples containing up
to thirty components can be analyzed in 1 or 2 man-hours (2, 3,
16). In view of the speed, accuracy, and sma ll samp le require
ments of th ese methods it appeared highly desirable to extend th e
scope of the mass spectrometer to compound-type analysis of
complex liquid hydrocarbon mixtures such as gasolines. A study
of thi s possibility has resulted in a quick and accurate spectro
metric method, which appears to be a worth-while addition to
num erous other procedures previou sly described (5, 8, 9, 11, 15).

This method ha s been applied to some 500 samples, and th e
resulting data have been used to eva lua te laboratory and pilot
plant products, commercial grade gasolines, and solvents over a
period of 2 years. Analytical data are obtained on total paraffins,
total cycloparaffins and /or mono-ol efins, aromatics, and th e
group designated as th e "coda" type-namely, cyclomono-ol efins,
diolefins, and acetylenes .

Calculat ion of aromatics with unsatura ted side chains has not
been evaluated here, although their concentration is easily est i
mated . Normally such compo unds are absent but, if present,
appear in relat ively small and constant amounts. In the case
of some catalytically cracked gasolines, for instan ce, such com
pounds constitute 6% of all ar omatics.

This method reports the calculation of total aromatics only,
although av erage sensitivit y data and 10 minutes' additional cal-

culation time are all that is needed to resolve aromatics accord
ing to molecular weight.

. Mono-o lefins are differentiated from cycloparaffins by an auxil
iary pro cedure, such as bromine number or nitrosat ion (1). Ac
curacy achieved is found to be "= 1% for aromatics and "= 2%
for "coda" compounds in all types of mixtur es. Other compo
nents are determined within "=2% in wide boiling mixtures but
only within "=4% in mixt ure s of 15 0 C. or less range. Ca libra
tion data pr esented here can probab ly be used dir ectl y by oth er

T able I. N u m.er ical S u m.m.a ry o f Co m.pou n ds S t u d ied
N umber of Isomer s St ud ied

Cy clo-
No. of Ali ph a ti c olefi ne,
Ca rbon Alipha t ic Cyclo- mono- d ien ee. Aro-
Atoms par affins pa raffi ns olefi ne acetylen es rna t ics

4 2 3 2
5 3 1 5 3
6 5 2 11 2 1
7 9. 7 3 2 1
8 18 21 5 2 4
9 10 4 2 8

10 1 4 1 14
11 0 0 0 1
12 1 0 2 1
13 1 0 0 1
14 1 1 1 3
15 0 0
16 2 1

Total 53 40 34 11 34

T ota l 172
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pounds numerically summarized in Table I. The list includes
most of the C.-Cs paraffins, aromatics through C.'s, and a num-
ber of higher molecular weight and olefinic compounds.

Comparison of the various spectra showed that ions which ap-
pear at mfe" ratios 43, 57, 71, 85, and 99 were generally most
abundant in paraffins. Similarly, relatively large peaks at 41,55,
69, 83, and 97 appeared to be characteristic of cycloparaffins and
mono-olefine, whereas ions at masses 67, .68, 81, 82, 95, and' 96
are contributed generally by cyclo-olefins, diolefins, and acetyl-
enes. Aromatic fragments were found at mfe" values of 77,78,
79, 91, 92, 105, 106, 119, 120, 133, and 134.

When the peaks in each group listed above are mathematically
combined and treated as one, it is found that pattern coefficients
of combined peaks are similar for compounds of the same type

Table II. Mass Spectra Patterns of Some Aliphatic
Paraffins

No.
of

Car-
bon 2:41/ 2:53/ '1;67/ '1;77/ '1;69/

Atoms Compound '1;43 '1;43 2:43 '1;43 '1;71

% % % % %
4 Isobutane 37.0
4 n-Butane 29.0

Av. 33.0

5 Isopentane 46.5 1.5 0.22 0 3.3
5 n-Pentane 38.0 1.0 0.09 0 10.0
5 Neopentane 36.7 1.4 0 0 0

Av. 40.4 1.3 0.16 9 6.7

6 n-Hexane 41.5 1.5 0.10 . 0.04 6.6
6 2-Methylpentane 27.5 1.3 0.16 0.02 2.0
6 3-Methylpentane 51.0 2.5 0.18 0.06 9.0
6 2,2-Dimethylbutane 25.5 1.7 0.14 0.01 0.90
6 2,3-Dimethylbutane 31.8 1.8 0.25 0.03 3.5

"Av. 35.5 1.8 0.17 0.03 4.4

7 n-Heptane 31.0 1.3 0.14 0.05 1.7
7 2-Methylhexane 25.0 1.4 0.17 0.08 2.4
7 3-Methylhexane 30.0 1.7 0.24 0.06 2.1
7 3-Ethylpentane 27.5 1.9 0.32 0.06 1.9
7 2,2-Dimethylpentane 24.0 1.4 0.24 0.05 4.7
7 2,3-Dimethylpentane 38.0 2.2 0.33 0.08 5.1
7 2,4-Dimethylpentane 25.0 1.2 0.31 0.05 13.0
7 3,3-Dimethylpentane 18.1 1.7 0.26 0.07 1.5
7 2,2,3-Trimethylbutane 31.0 1.7 0.43 0.07 9.5

Av. 27.7 1.6 0.27 0.06 4.7

8 n-Octane 24.8 1.3 0.23 .0.08 2.5
8 2-Methylheptane 25.3 1.4 0.34 0.17 4.7
8 3-Methylheptane 25.5 1.6 0.33 0.13 5.3
8 4-Methylheptane 24.2 1.4 0.37 0.12 3.0
8 3 Ethylhexane 22.5 1.7 0.43 0.14 6.4
8 2,2-Dimethylhexane 23.5 1.5 0.48 0.20 12.5
8 2,3-Dimethylhexane 28.0 1.7 0.62 0.21 3.3
8 2,4-Dimethylhexane 22.7 1.3 0.43 0.14 6.8
8 2.5-Dimethylhexane 23.6 1.4 0.11 ,0.05 3.8
8 3,3-Dimethylhexane 18.8 1.4 0.48 0.12 4.2
8 3,4-Dimethylhexane 34.0 2.0 0.55 0.26 8.2
8 2.2,3-Trimethylpen-

tane 29.5 1.8 0.59 0.20 24.0
8 2,2,4-Trimethylpen-

tane 25.0 1.3 0.73 0.26 19.0
8 2,3,3-Trimethylpen-

tane 22.0 1.6 0.56 0.14 5.2
8 2,3,4-T'rimethylpen-

tane 23.0 1.6 0.52 0.15 2.5
8 2,2,3,3-Tetramethyl-

butane 24.7 2.4 0.71 0.18 24.3
8 2-Methyl-3-ethylpen-

tane 28.9 1.8 0.63 0.16 7.7
8 3-Methyl-3-ethylpen-

tane 18.5 1.7 0.48 0.08 8.5
Av. 24.7 1.6 0.48 0.16 8.4

9 n-Nonane 24.0 1.4 0.32 0.13 5.0
9 3,3-Diethylpentane 27.0 2.1 1.0 0.20 23.0
9 2,2,3-Trimethylhexane 25.2 1.7 0.66 0.06 14.6
9 2,2.4-Trimethylhexane 20.0 1.5 0.46 0.13 6.0
9 2,2.5-Trrmethylhexane 22.0 1.4 0.33 0.16 7.5
9 2,3,3-'I'rimethylhexane 26.2 1.4 0.63 0.40 17.8
9 3,3,4.Trimethylhexane 27.8 1.8 0.70 0.40 5.7
9 2,2,3,3-Tet.ramat.hyl.,

pentane 22.0 1.5 0.61 0.15 9.0
9 2,2,3,4-Tetrarnethyl-

pentane 24.5 1.6 0.67 0.15 18.0
9 2,3,3,4-'I'etramethyl-

pentane 26.5 1.4 0.69 0.15 24.5
Av. 23.7 1.6 0.58 0.15 13.3

10 n-Decane 24.2 1.6 0.54 0.08 7.4
10 Hydrogenated triiso-

bu tylene 24.3 1.0 0.90 0.19 30.7
16 n-Hexadecane 29.8 2.2 2.4 3.0 17.9

12-14 a-Paraffins 27.1 1.5 2.4 0.30 15.4
15-17 a-Paraffins 26.9 1.5 2.6 0.41 16.1
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0 D. N-HEXANE (SERIAL NO.9) SUBMITTED TO A.P.I.
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Figure 1. Sensitivity of ~43 in Mass Spectra of 2-Methyl
pentane and n-Hexane

2-Methylpentane
• Without temperature control
• With teznpeeat.uee control

n-Hcxane
A Without tCDlpcrature control
o With temperature control
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The determination of compound types in gasoline
fractions has been the object of considerable at
tention by petroleum chemists during the past 25
years. Numerous methods have been developed
based on chemical reactions and physical constant
data which are, in general, chaructecized by the need
for skilled analysts and rather time-consuming
laboratory measurements. In view of the frequently
demonstrated ability of instrumental analysis to
accomplish what conventional methods cannot,
mass spectral data were studied to determine if
such data properly used could supplant or supple':'
ment other methods of type analysis. Results of
the study consist of a mass spectrometric method
which is quick and reasonably accurate, and requires
only 0.001 m!' of sample. Hydrocarbon types are
determined, except for cycloparaffins and mono
olefins which are grouped. These latter compounds
may then be resolved by chemical analysis, such as
nitrosation or bromination. The method can
probably be used directly by other mass spect.rorrr
eter users. In addition, its principle can be ex
tended to obtain type analysis of higher boiling
petroleum fractions and mixtures of nonhydrocar
bon compounds.

26

28
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METHOD OF ANALYSIS

.The applicability of the mass spectrometer to type analysis
was determined by a study of mass spectra for the C,-CI G com-

mass spectrometer users as, in general, these data agree well with
those published under A.P.I. Research Project No. 44 (see Fig
ure 1). Extension of this method to kerosene and furnace oil
fractions has been' limited chiefly by the difficulty of obtaining a
representative vapor phase sample. It is possible that this could
be overcome, however, by the use of a heated inlet system.
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2:43/
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1.9
1.6
1.9
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4.0
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9.4
9.4
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108"
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Mass Spectra Patterns of Some Mono-olefins

Compound

Isobutene
1-Butene
2-Butene

Av.

1-Pentene
2-Pentene
2-Methyl-1-butene
2-Methyl-2-butene
3-Methyl-1-butene

Av.

I-Hexene
trans-2-Hexene
trans-3-Hexene
2,3-Dimethyl-1-bu-

tene .
3,3-Dimethyl-1-bu-

tene
2-Methyl-1-pentene
2-Methyl-2-pentene
3-Methyl-1-pentene
cis-3-Methyl-2-pen-

tene
4-Methyl-1-pentene
cis-4-Methyl-2-pen

tene
Av.

L-Heptene
4,4-Dimethyl-1-pen

tene
2,3,3-Trimethyl-1

butene
Av.

I-Octene
2-0ctene
trans-4-0ctene
2,4,4-Trimethyl-1-

pentene
2,4,4-Trimethyl-2-

pentene

I-Nonene
Nonenee
I-Decene

1-Dodecene
Triisobutylene

I-Tetradecene
I-Hexadecene

.)

.5

.5

.5
5

7
7

4
4
4

6
6
Ii
6

6

6
6
6
6

6
6

8
8
8
8

8

9
9
10

12
12

14
16

Table IV.
No.
of

Car
bon

Atoms

tween molecular weight groups, average coefficients have been
calculated corresponding with c, to C. hydrocarbons as shown in
Table VII. These are values estimated on the basis that mix
tures of a given molecular weight consist of molecules, approxi
mately 80% of which correspond to the measured molecular
weight and 20% are divided between the next lower and higher
homologs. Thus Cg coefficients are weighted as 10% C7's, 80%
Cg's, and 10% C.'s. This scheme has been found adequate for
both narrow and wide boiling mixtures, although it is less suitable
for the latter type of mixture. Coefficients are essentially inde
pendent of filament and operating conditions; only in the case
of ~1/2:43 paraffin patterns was any effect noticed. Here a 7%
change occurred when the magnet current was changed from 0.56
to 0.70 ampere.
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3.6
17.8
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%
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2.3

.4
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0.90
1.0
0.90

1.2

1.6

0.80

1.3

1.3

1.3

1.2
1.2

1.3
1.3
1.0

1.6

3.8

4.0

4.9

5.05

35.2

5.0

4.3

5.1

4.8

5.1
10.5

2:67/
2:41

%
3.5
6.0
4.4
5.2

12.3
36.7

10.1

10.8

10.9

10.3

10.2

12.3

10.5

16 ..5

13.3

14.9

20.5

20.0
58.9
34.2

5.5

6.6

34.4
45.0
32.5
37.0

5.4
13.8

33.2
40.1
34.8

6.9

4.9

4.3

7.7

7.8

6.4

6.6
6.2

5.6

5.7

4.9

5.3

5.9

5.4

3.6

5.5

5.0

5.8

4.3

4.3
4.2
5.6

5.1

4.3

9.8
6.6
5.5
5.5

6.1

6.4

.5.6

5.4
05.2

4.9
6.5
5.7

3.9

.6.0

2:53/
2:41

%
4.6
6.7
9.5
7.0

4.9
5.8

26.2

105.1

16.4

16.4

14.4

15.8
12.3

5.7
7.8

11.2

12.7

15.0

12.9

9.7

11.4

10.9

5.6

12.05

12.8

13.9

11.9
19.5
14.4

24.3

94.7
9.1

13.7
7.1

2:43/
2:41

%
9.2

14.8
18.8
16.8

15.8
15.6

23.0
8.2
5.6

13.7

20.0

22.4

24.0

16.2

153.0

Compound

5 Cyclopentane
6 Methylcyclopentane
6 Cyclohexane

Av.

7 Methylcyclohexane
7 Et.hylcyclopent.ane
7 1,1-Dimethylcyclo-

pentane
7 cis-1,2-Dimethylcy-

elopentene
7 trans-1,2-Dimethyl-

cyclopentane
7 cis-1,3-Dimethylcy

clopentane
7 trans-1,3-Dimethylcy-

clopentane
Av.

8 1,1-Dimethylcyclo-
hexane

8 cis-1,2-Dimet,hylcy
clohexane

8 trans-1,2-Dimethylcy
clohexane

8 cis-1,3-Dimethylcy
clohexane

8 lrans-l,3-DiInethylcy
clohexane

8· cis-1,4-Dimethylcy
clohexane

8 trans-1,4-Dimethylcy-
olohexane

8 1-Methyl-1-ethyl cy-
clopentane

8 cis-1-Methyl-2-ethyl
cyclopentane

8 trans-1-Methyl-2-ethyl
cvclopentane

8 cis-1-Methyl-3-ethyl
cyclopentane

8 trans-1-Methyl-3-ethyl
cyclopentane

8 Isopropylcyclopentane
8 n-Propylcyclopentane
8 1,1,2-Trimethylcyclo-

pentane
8 1,1,3-Trimethylcyclo-

pentane
8 cis,ciB,cis-l,2,3. Tri

methyleyclopen
tane

8 cis,cis,trans-l,2,3-Tri
metbvlcyclopentane

8 cis,trans,cis-l,2,3-Tri-
met.hylcyclopente.ne

8 cis,cis,trans-l,2,4-Tri
metbylcyclopentane

8 ds.trans,cis-l,2,4-Tri-
methylcyclopentane
Av.

9 Isobutylcyclopentane
9 Isopropyleyclohexane
9 n-Propvlcyclohexene
9 1,1,3-Trimethylcyclo-

hexane

10 trans-Butylcyclohex-
ane

10 sec-Butylcyclohexane
10 Isobutylcyclohexane
10 n-Butylcyclohexane

14 p-Di-tert-butylcyclo-
hexane

Table III. Mass Spectra Patterns of SOIne Cycloparaffins

No.
of

Car
bon

Atoms

a Not included in average.

but show marked differences for dissimilar compounds. Further
more, sensitivities of these peaks are found to be directly related
to molecular weight. These properties make it possible, then,
to consider complex mixtures as consisting of only four compo
nents which may be resolved with four simultaneous equations.

Similarity of pattern coefficients for. compounds of the same
type is demonstrated in Tables II to VI, inclusive. Paraffin
coefficients in Table II are based on either 2:43 or 2:71, where
~3 denotes the sum of peaks at masses 43, 57, 71, and 85' and
2:71 the sum of 71, 85, and 99. (Other sigma values shown in
the tables are defined in Table VII.) These patterns are essen
tially the same, although a slight shift occurs with an increase in
the number of carbon atoms in a molecule, and this same obser
vation applies to other compound types listed in Tables III to
VI. To compensate for the pattern difference which exists be-

Analysis of a sample requires accurate sensitivity in addition
to pattern coefficient data. Because it is not feasible to run a
large number of calibrations with each unknown sample it ap
peared necessary to relate sensitivities with a standard such as n
butane. A study of this possibility showed combined peak sen
sitivities to be directly related to that of n-butane at mass 43
irrespective of filament and operating conditions. Figure I,
for instance, shows the sensitivity of 2:43 for n-hexane and 2
methylpentane observed for twelve different filaments. Similar
plots for as many compounds as possible were used to obtain the
average curves in Figures 2 to 8, inclusive, which show that sensi
tivities vary directly with molecular weight. These curves and
daily n-butane sensitivities are used in computing mixtures.
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PROCEDURE AND CALCULATION

mercury-sealed sintered disks (13) and Teflon cut
off valves. This modification minimized hydro
carbon sorption in the inlet system and made pos
sible the analysis of normally liquid hydrocarbons
found in the gasoline boiling range.
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Figure 3. Sensitivity of 2:71in Mass Spectra of Aliphatic
Paraffins
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A sample to be analyzed is first stripped of C.
and lighter compounds in a low temperature dis
tillation column to minimize sampling errors, which
occur on introduction of liquids containing volatile
compounds to the mass spectrometer. The dis
tillation bottoms are introduced to the spectrom
eter inlet system, using the microburet technique
of Taylor and Young (13). The observed sample
pressure and density are then used to calculate an
average molecular weight which serves as a guide
in selecting pattern coefficients from Table VII,
and a bromine number is obtained to indicate the
.concentration of olefins.

Coefficients selected from Table VII are used
to set up four simultaneous equations to calculate
total paraffins, total cycloparaffins and/or mono
olefins, aromatics, and the coda group. The
solution to the simultaneous equations based
on combined peaks :M3; 2:41, 2:67, and 2:77,
gives peak heights from which partial pressures
may. be calculated using sensitivities obtained

from Figures 2 to 8. A check calculation may be obtained by

Table VI. Mass Spectra of Some Cyelo-olefms, Diolefins,
and Acetylenes

No.
of

Car-
bon M1/ 2:.43/ 2:69/ 2:71/ 2:.77/

Atoms Compound 2:67 2:67 2:67 2:67 2:67

% % % % %
6 Cyclohexene 35.4 1.1 2.5 0.2 11.5
7 3-Methyl-1-cyclo-

hexene 30.0 0.5 2.3 0.0 8.8

5 2-Methyl-1,3-buta-
diene 23.6 0.8 2.7 0.0 0.0

6 l,5-Hexadiene 115 0.7 0.2 0.0 4.6
8 2,5-Dimethylhexa-

diene 101 5.5 6.9 0.3 6.9

6 1-Hexyne 62.2 45.4 0.3 0.0 3.7
7 1-Heptyne 86.4 24.6 2.1 1.6 5.1
8 1-0ctyne 80.4 55.1 13.2 4.0 6.3
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Figure 2. Sensitivity of 2:43in Mass Spectra of Aliphatic
Paraffins
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Tab~e V. Mass Spectra Patterns of Some Aromatics
No.
of

Car-
bon 2:~1/ 2:'13/ 2:53/ 2:67/ 2:69/

Atoms Compound 2:77 2:77 2:77 2:.77 2:77
% % % % %

6 Benzene 0.04 0 0.70 0 0
7 Toluene 1. 18 1.4 0.70 0.06 0.01
8 1,2-Dirnethylbenzene 1.17 0.19 1.9 0.05 0
8 1.3-Dirnethylbenzene 1.19 0.18 2.0 0.04 0
8 l,4-Dirnethylbenzene 1.02 0.22 2.2 0.04 0
8 Ethylbenzene 1.0 0.19 0.86 0.03 0

9 1,2,3-Trimethylbenzene 2.2 0.50 2.2 0.20 0.09
9 1,2,4-Trimethylbenzene 2.3 0.40 2.2 0.20 0.07
9 1,3,5-Trimethylbenzene 2.2 0.30 2.2 0'.20 0.04
9 1-Methyl-2-ethylbenzene 1.3 0.30 1.5 0.08 0.02
9 1-Methyl-3-ethylbenzene 1.4 0.30 1.6 0.08 0.03
9 L-Methyl-e-ethylbensene 1.3 0.30 1.5 0.08 0.04
9 Isopropylbenzene 2.2 0.30 1.0 0.04 0.03
9 n-Propylbenzene 1.6 0.12 0.47 0.07 0.07

10 1.2-Dimethyl-3-ethylbenzene 3.7 0.50 1.9 0.30 0.10
10 l,2-Dimethyl-4-ethylbenzene 3 ..5 0.50 1.9 0.40 0.10
10 1,3-Dimethyl-2-ethylbenzene 3.4 0.50 1.8 0.30 0.09
10 1,3-Dimethyl-4-ethylbenzene 3.4 0.40 1.8 0.30 0.08
10 l,3-Dimethyl-5-ethylbenzene 3.,5 0.40 2.0 0.40 0.10
10 1,4-Dimethyl-2-ethylbenzene 3.5 0.50 1.9 0.30 0.20
10 l,2-Diethylbenzene 3.0 0.47 1.3 0.29 0.26
10 1,3-Diethylbenzene 3.0 0.45 1.3 0.28 0.55
10 l,4-Diethylbenzene 2.7 0.35 1.2 0.2,5 0.21
10 1-Methyl-4-isopropylbenzene 5.3 0.92 1.4 0.27 0.13
10 n-Butylbenzene 2.5 0.28 0.51 0.04 0.01
10 Isobutylbenzene 5.1 7.3. 0.49 0.10 0.02
10 sec-Butylbenzene 2.2 0.10 0.73 0.05 0.04
10 tert-Butylbenzene 10.0 0.75 0.80 0.08 0.24

14 l,2-Diisopropylbenzene 8.0 3.5 1.2 0.27 0.35
14 l,3-DiiBopropylbenzene 6.7 11.2 1.1 0.15 0.15
14 1,4-DiiBopropylbenzene 6.3 8.1 1.1 0.22 0.13

C.-Ca paraffins and aromatics (Figures 2 to 5, 8) are based on
numerous calibration standards and appear to be representative.
Co's and olefin sensitivities, on the other hand, are considered
adequate but less reliable, owing to the lack of pure compounds,
particularly the coda type.

A Consolidated mass spectrometer Model No. 21-101, equipped
with temperature control and deflector plates, was used with the
sample introduction system modified by replacing stopcocks with
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Table IX. Analysis of a Gasoline'
(Volume per cent)

Fraction Fraction Fraction
123

Gasoline (C, Cut) (C7 Cut) (C7 Cut) Bottoms

Com
posite

Analysis
(Based

on
Compn.

of
Various
Frac
tions)

0.4

-0.3

Diff.

0.9
-1.0

M.S.

37.2

}43.0

0.4

19.4
1OD.O

36.3

~~:~144'0
0.0
0.0
0.0

19.7
100.0

Known

Analysis of Mixture Containing
Hydrocarbons

Volume %Hydrocarbon
Type

Aliphatic paraffins
Cycloparaffins
Mono-olefins
Cyclo-olefins
Diolefins
Acetylenes
Aromatics

Total vol. %

Table VIII.

ACCURACY OF METHOD

Data presented in Tables VIII, IX, and X show results obtained
for various samples. A synthetic sample containing seventy-six
C.-C I • hydrocarbons and blended so as to have an average molecu
lar weight corresponding to a Cs was analyzed to within 0.2 to
1.0 of the correct volume per cent, as shown in Table VIII. .

The original sample and the distillation bottoms of a gasoline
were analyzed on the mass spectrometer before and after removal
of olefins by nitrosation, and the olefins were determined by dif-

subtracting contributions of other types at ~53 and considering
the residual peak as due to coda compounds. Two simultaneous
equations based on ~69 and ~71 are used for a check of paraffins
and the cycloparaffin-mono-olefin group. Normally average
values from the two independent calculations are used to obtain
the final analysis. Further details of the calculation are illus
trated at the end of the discussion.

Table VII. Mass Spectra Patterns of Hydrocarbons
(Mass Spectrometer Operating Conditions. With or without temperature
control. Ionizing voltage = 50 or 70 volts. Magnet current = 0.70

ampere)

Aliphatic par-
affine 43.4 58.5 45.0 42.3 36.7 46.9

Cycloparaffins 19.8 8.3 28.4 29.2 23.8 21.1
Mono-olefine 17.0 28.5 15.9 10.6 12.5 16.2
CYclo-OlefinS}
Diolefins 6.6 2.7 9.1 7.9 6.2 .5.0
Acetylenes
Aromatics 13.2 2.0 1.6 10.0 20.8 10.8

100.0 100.0 100.0 100.0 100.0 100.0

Aromatics
2:41/2:77 2:43/2:77 2:53/2:77 2:67/2:77 2:69/2:77 2:71/2:77

6.0 0.04 0.0 0.7 0.0 0.0 0.0
6.5 0.6 0.7 0.7 0.03 0.0 0.17
7.0 1.2 1.4 0.7 0.06 0.01 0.34
7 . .5 1.2 0.7 1.2 0.05 0.0 0.21
8.0 1.2 0.4 1.7 0.04 0.0 0.08
8.5 1.6 0.3 1.6 0.07 0.03 0.05
9.0 2.0 0.3 1.5 0.10 0.05 0.03

/
2

1/MASS SPECTROMETEROPERATING COHDI!!!!!!!

2 WITH OR WITHOUT TEMPERATURE CONTROlt 17 VIONIZING VOLTAGE.50 OR 70 VOLTI
22 MAGNETIC CUIUlENTa0. TO AIlI..a. V /17/[7CD"

I

/V 1/L/
I) ~V

II t> ~./
[../.

I

1/ V V
Vlh

I
t> k:P 1->1/

./ --
/'V/V

./
V

~V
V

80

V V i>1/ ./ L-
8

V ~ V L-
./ '---40

.... J....-::: V
z

0 10 20 50 ~ 50 60 ro 80 ~ I~ 110 IW I~ l~ ~

SENSITIVITY OF NcBUTANE AT MASS 43

Figure 4. Sensitivity of ~41 in Mass Spectra of
Cycloparaffins

% Olefine (total)
M.S. 23.6 31.2 25.0 18.5 18.7
Bromine No. 23.1 31.2 22.1 17 ..5 15.8
Silica gel 28.4 23.5 22.2

Olefine in original and bottoms samples were obtained by difference as
determined by IURSS spectrometer analysis of samples with and without ole
fins (olefine removed by nitrosation). Composition of fractions 1 to 3 is
based on mass spectrometer analyses of silica gel cuts of each sample.

ference (Table IX). The olefin content of C. and C7 fractions
1 to 3, however, is based on mass spectrometer analysis of silica
gel fractions, because the difference method noted above is not
applicable to narrow boiling fractions (Table X, Sources of Er
ror). Probable accuracy of the method is indicated by close
agreement between the mass spectrometer olefin determinations
and those by bromine number and silica gel percolation. Com
parison of the direct analysis for the composite sample with that
calculated from the composition ~f the various fractions shows

Masses
Sum of
Peaks

2:41
2:43
2:53
2:67
2:69
2:71
2:77

No. of
Carbon Aliphatic ParaffinsAtoms in

Molecule 2:41/2:43 a 2:53/2:43 2:67/2:43 2:77/2:43 2:69/2:71

% % % % %
6.0 38.0 1.7 0.17 0.03 4.4
6.5 34.2 1.6 0.23 0.05 4.8
7.0 30.3 1.6 0.29 0.07 5.1
7.5 28.4 1.6 0.38 0.11 6.8
8.0 26.6 1.6 0.47 0.15 8.5
8.5 26.1 1.6 0.52 0.15 10.8
9.0 25.6 1.6 0.58 0.15 13.0

Cycloparaffins
2:43/2:41 2:53/2:41 2:67/2:41 2:77/2:41 2:71/2:69

6.0 16.8 6.7 5.2 1.1 10.2
6.5 15.5 6.4 7.8 1.0 9.9
7.0 14.2 6.2 10.3 0.9 9.6
7.5 14.6 5.8 12.9 1.1 9.6
8.0 15.0 5.4 15.3 1.2 9.6
8.5 15.0 5.3 24.3 1.3 9.6
9.0 15.1 .5.2 32.9 1.3 9.6

Mono-olefins
2:43/2:41 2:.53/2:41 2:67/2:41 2:77/2:41 2:71/2:69

6.0 10.7 6.6 2.4 0.32 4.6
6.5 15.0 6.0 2.9 0.46 5.1
7.0 19.2 5.4 3.4 0.59 5.5
7.5 28.1 6.3 4.7 1.12 7.5
8.0 37.0 7.1 5.8 1.66 9.4
8.5 43.5 7.2 7.4 1.46 11.4
9.0 50.0 7.3 8.9 1.25 13.4

Cyclo-olefins, Diolefine, Acetylenes
2:41/2:67 2:43/2:67 2:69/2:67 2:71/2:67 2:7'UE67

6.0 32 10 1.0 0.0 4
6.5 34 HI 1.3 1 5
7.0 35 10 1.5 1 5
7.5 55 12 14 2 7
8.0 75 13 25 2 8
8.5
9.0

41; 55, 69, and 83
43, 57, 71, and 85
53 and 54
67, 68, 81, 82, 95, and 96
69, 83, and 97
71, 85, and 99 .
77, 78, 79, 91, 92, 105, 106, 119,

120, 133, 134, etc.

a For mixtures run at a magnet current of 0.56 ampere, 2:41/2:43 pat
terns are corrected by a factor of 0.934.
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Table X. Analysis of Close Boiling Point Mixtures

Av. No. Aliphatic
Mixture Carbon Paraffins Cvcloparaffi ns Aromatics

No. Atoms Known" M.S. Known" M.S. Known" M.S.
] 6 82.2 77.8 8.8 12.5 9.0 9.7
2 6 85.5 81. 9 9.8 13.4 4.7 4.7
3 6 81.6 75.6 13.9 19.8 4.6 4.6
4 6 72.9 69.6 26.9 30.2 0.2 0.2
5 6 2.2 3.4 94.1 93.7 3.7 2.9
6 6.5 73.6 69.9 24.4 28.1 2.0 2.0

7 7 100 98.5 0.0 i .s . 0.0 0.0
8 7 77.4 75.0 22.6 24.9 0.0 0.1
9 7 61. 5 68.6 .38.5 31. 4 0.0 0.0

10 7 65.2 66.5 23.2 22.5 11. 6 11.0

II 7.5 45.1 44 ..5 16.8 17.0 37.9 38.5
J2 7.5 7.2 1.4 92.8 98.6 0.0 0.0
13 7.5 23.8 20.5 14.5 15.8 61.7 63.7
14 7.5 45.9 43.9 36.1 37.4 18.0 18.7
is 7.5 51.1 54.3 43.8 40.6 5.1 5.1

16 8 13.7 9.2 86.3 90.8 0.0 0.0
17 8 65.9 65.8 34.1 34.2 0.0 0.0
18 8 31.4 26.1 68.6 73.9 0.0 0.0
19 8 63.7 62.8 36.3 37.1 0.0 0.1
20 8 68.3 7.5.6 31.7 24.4 0.0 0.0

A serious source of error results from the lack of calibration com
pounds of the olefinic type, particularly the cyclomono-olefins,
for which sensitivity data are the least reliable of all compounds.
Determination of these compounds is undoubtedly the most in
accurate part of the analysis on a relative basis, although the error
is reduced somewhat by use of the check calculation provided.

Deviation in the sensitivities and pattern coefficients of com
pounds with the same molecular weight is a major source of error.
Such errors are most marked in the case of narrow 'boiling mix
tures, because, otherwise, cancellation of errors takes place due
to the presence of a large number of compounds. Data in Table
XI of sensitivity deviations for C.-Cs paraffins show that the
sensitivities of most compounds are of the same order of magni
tude, although exceptions to .this rule occur at ~71 for n-hexane,
2,4-dimethylpentane, 3-methylpentane, 2,2,3-trimethyJpentane,
and 2,2,4-trimethylpentane and at 2:69 for the propyl and tri
methylcyclopentanes, Pattern coefficients are essentially con
stant except for 4-methyl-l-pentene, 2,4,4-trimethyl-l-pentene
(Table IV), coda compounds in general, and the::!:67 /2:41 pat
terns observed for cycloparaffins (Table III). Because this last
pattern is vital for an accurate analysis of coda compounds, the
presence of cycloparaffins reduces the accuracy of this determina
tion.

10 20 30 40 eo 60 70 80 90 100 110 120 130 140 150
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Figure 7. Sensitivity of 2:69 in Mass Spectra of
Mono-olefins

a Known composition determined by ootn ple t.e resolution of compounds
in mixture.
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fairly good agreement. The rather large discrepancy in the
aromatic values is probably a sampling error and not due to the
method of calculation, because reliable results are generally ob
tained for this compound type.

Analysis of several narrow boiling paraffin-aromatic mixtures
is shown in Table X along with the "known" composition, which
actually is that based on an accurate determination of all the
compounds in the mixture. Such analyses, in general, agree
within ='=4% in the case of paraffins and ='=0.5% for aromatics,
although paraffins appear systematically low in the compound
type method. These samples, however, were calculated some
time before the present method of analysis was devised and such
systematic errors are believed to be no longer present.

Figure 5. Sensitivity of 2:69 in Mass Spectra of
Cycloparaffins
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Figure 6. Sensitivity of 2:41 in Mass Spectra of
Mono-olefins
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The presence of such compounds in catalytically cracked gasoline
has been definitely established, however, by analyses such as
reported in Table IX.

Resolution of mono-olefins and cycloparaffins is based on bro
mine number or nitrosation and is consequently subject to the
limitations of these methods. According to a recent article by
Dinneen et al. (..0 nitrosation is more reliable than bromination,
as olefins determined by the latter method may be systematically

'high. Because mono-olefins are calculated as the difference be
tween olefins determined chemically and the .coda compounds of
the mass spectrometer analysis, validity of the chemical deter
mination is of prime importance. Of lesser concern than the
mono-olefin value itself is the effect that this determination has
on the selection of pattern coefficients to be used in calculations

Deviation of Sensitivity for C,-C. Paraffins
Maximum % Deviation of Av,

Sensitivity Curve from Pure
Compound

2:71 = 1041
"1:,77 = 2287

mfe " Peak Height m/.+ Peak Height

41 1920 91 607
43 2349 92 179
53 176 95 3.8
54 102 96 14,0
55 1356 97 215
57 1491 99 65.5
67 111 105 602
68 104 106 193
69 577 119 81.4
71 572 120 182
77 136 133 0.6
78 171 134 56.4
79 79
81 19.9 147 0
82 172 148 0
83 560
85 403

42

MASS SPECTROMETER OPERATING CONDITIONS' /
TEMPERATURE CONTROL WITHDEFLECTION PLATES

/IONIZING VOLTAGE II 70 VOLTS

MAGNETIC CURRENT" 0.70 AMPS.
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2. Calculation of "2. values (figures in parentheses represent
mfe" values).

(41) (55) (69) (83)
2:41 = 1920 + 1356 + 577 + 560

= 4413

Similarly,
~43 = 4815 ~67 = 425
~53 ~ 278 ~69 ~ 1352

(see calculations 3b and 3c), as these vary somewhat with the
ratio of cycloparaffin to mono-olefin.
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Figure 8. Sensitivity of "2.77 in Mass Speetra of
ArOIuaties with Saturated Side Chains

CALCULATIONS

1. A gasoline sample of 57.3-micron pressure was scanned from
mass 32 to 186 at a magnet current of 0.70 ampere. Peaks in
the mass spectra necessary for the calculation were:

3a. A molecular weight determination based on the micro
buret technique (13, 17) indicated that eight carbon atoms per
molecule should be used in calculations.

b. A bromine number indicated approximately 25% olefin
material. The selection of pattern coefficients for the cyclo
paraffin-mono-olefin group was based on a 50-50 distribution of
these two types ofcompounds. (Had the bromine number indi
cated 0% olefins, for instance, coefficients corresponding to cyclo
paraffins only would have been used.)

c. Using the coefficients shown in Table VI1 and the mass
spectra of the mixture, four simultaneous equations were set as

, follows:

0.266 P + 1.000&C.P. + 0.75 Coda + 0.012 A 4413
1.00 P + 0.26 O&C.P. + 0.13 Coda + 0.004 A = 4815
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2

Cvclopentane
Methyleyclopent.ane
Cyclohexane

Metbvlcyclohexane
Ethylcyclopentene
1, I-Dimethylcyc1opentane
cis-l,2-Dimethylcyclopentane
trans-l ,2- Dimethyloyclopeutane
ciB-l,3-Dimethylcyc1opentane
tranB-l,3-Dimethylcyclopentane

1,I-Dimethylcyc1ohexane

ciB-l,2-Dimethylcyclohexane
trans-l.2-Dimethylcyclohexane

ciB-l,3-Dimethylcyclohexane
trans-l,3-Dimethylcyclohexane
ciB-l,4-Dimethylcyclohexane
tr.an s- l ,4. D ime t hy]cy cloh exa ne

I-Mcthyl-l-ethylcyc1opentane

ciB-I-Methyl-2-ethylcyclopentane
trans-l-Methyl-2-ethylcyc1opentane
cis-l-Methyl-3-ethylcyc1opentane
trans-l-Methyl-3-ethylcyclopentane

Isopropyleyclopentane
n-Propylcycloperrtane

1,1,2-'I'rimethylcyclopentane
1,1,3-T'rimethylcyclopentane

cis.cis ,cis-I.2,3-Tj-imet.hyl-
cyclopentane

cis,cis,trans-l,2.3-Tr-imethyl
cyclopentane

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

cis,cis,trans-l,2,4-Trimet.hyl
cvclopentane

cis.trans,cis-l,2.4-Trimethyl
cycloperita ne

Isopentane
n-Pentane

n-Hexane
2-Methylpent~tne
3-Methylpentane
2,2-Dimethylbutane
2,3-Dimethylbutane

n-Heptane
2-Methylhexane
3-Methylhexane
3-Ethylpentane
2,2-Dimethylpentane
2,3-Dimethylpentane
2,4-Dimethylpentane ,
3,3-Dimethylpentane
2,2,3-Trimethylbutane

n-Octane
2-Methylheptane
3-Methylheptane
4-Methylheptane
2,3-Dimethylhexane
2,4-Dimethylhexane
2,5-Dimethylhexane
3,3-Dimethylhexane
3,4-Dimethylhexane
2,2,3-Trimethylpentane
2,2,4-Trimethylpentane
2,3,3-Trimethylpentane
2,3,4-T'rimethylpentane

Compound

Isobutane
a-Butene

Table XI.
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0.0047 P + 0.105 O&C.P. + 1.00 Coda + 0.0004 A = 425
0.0015 P + 0.014 O&C.P. + 0.08 Coda + 1.00 A = 2287
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b. The coda type compounds are next checked by calculating a
residual ~53: .

3293 X 0.063 
2230 X 0.017

On a routine basis precalculated inverse solutions are used to
solve such equations. These inverses reduce the analysis time
and also enable a calculator to employ various combinations of
coefficients for a single sample. This latter procedure is followed
whenever a partial calculation indicates that a cycloparaffiu
mono-olefin distribution other than that being used is applicable.
Choice of pattern coefficients is limited to five cycloparaffin
mono-olefin ratios-namely, 0, 0.33, 1.0, 3.0, and co.

~53 = 278, ~(~.53) = 278 - 3942 X 0.016

= -30

The negative residual indicates the absence of coda type
compounds. Had a positive answer been obtained, the residual
peak would have been converted to a partial pressure, using a
sensitivity value 37.8, which is estimated by the equation,

4. Check Calculations.
a. The paraffins and mono-olefins are further checked by

means of two 'simultaneous equations based on ~69 and ~71.
To do this, contributions of other types must be removed-for
example:

Ali- Cyeloparaf-
phatic fins and/or
Paraf- Mono-

fins olefine Coda Aromaties
Partial pressure

Method 1 20.8 27.2 0.4 12.7
Method 2 17.6 22.2 0.0
Mean 19.2 24.7 0.2 12.7

Mole to volume factor
(Figure 9) 1.63 1.47 1.43 1.28

Volume 31.3 36.3 0.3 16.3:l: - 84.2
Volume % 37.2 43.0 0.4 19.4:l: 100.0

CONCLUSION

Gasoline distillates and petroleum solvents may be analyzed
according to compound type on a Consolidated Model 21-101
mass spectrometer equipped with a modified inlet system.
Constituent compounds, such as aliphatic paraffins; cyeloparaf
fins and/or mono-olefins; cyclo-olefins, diolefins, and/or acety
lenes; and aromatics are determined within "'4%. Mono
olefins are determined by bromine number or nitrosation. Three
man-hours are required for a complete analysis and it is believed
the data presented here can be used directly by other users of
mass spectrometers.

Sensitivity of ~53 = 0.4 (sensitivity of n-butane at mass 43) + 8

5. Normally, samples are reported in terms of volume per
cent. The final calculation would therefore be outlined:

20.8

27.2
0.4

12.7

Partial
Pressure, fJ.Sensit.ivity"

190 (Figure 2)

.59 X 0.25 - 2230 X 0.00

.59 X 0.002 - 2230 X 0.0008

1352
1337
1041
1039

3942

Solution

1352, ~(~69)

1041, ~(~71)

Aliphatic paraffins
Mono-olefins and/or

cvcloparaffina 3293 121 (Figures 4,6)
Coda 59 1501>
Aromatics 2230 176 c (Figure 8)

U Based on n-butane sensitivity of 74.5 at mass 43.
b Sensitivity of ~67 coda value is estimated by equation: sensitivity

0.85 X sensitivity ~77 of aromatics. This equation represents an approxi
mation of sensitivities observed for compounds in Table VI. It has no
known theoretical significance and was selected for convenience only.

C The sensitivity of "1:.77 for the aromatics is determined graphically by
using a value for the average number of carbon atoms which is 0.4 unit
higher than the average determined. In this case, therefore, the senait.ivitv
of 176 was that obtained for 8.0 + 0.4 Or 8.4 carbon atoms per molecule.
Basis for this procedure lies in the empirical observation that the mean
molecular weights of aromatics in a number of gasoline blends were consist
ently higher than the rest of the sample. In many cases, however, this cor
rection may not be justified and should be checked when applied to a number
of samples from the same source.

Equations.
0.085 P + 1.000&C.P. 1337
1.00 P + 0.095 O&C.P. 1039

~69

~71

ACKNOWLEDGMENT

The author wishes to thank W. S. Young for helpful advice
given during the progress of this work, and Frances Galbraith,
Vilma Manganaro, Betty Hollis, and G. L. Martin for compiling
the extensive mass spectral data. The help of Joseph Colucci,
P. J. Contino, and Joseph Spontak in carrying out the experi
mental program is also gratefully acknowledged.

LITERATURE CITED

(1) Bond, G. R., Jr., IND. ENG. CHEM., ANAL. ED., 18, 692 (1946).
(2) Brewer, A. K., and Dibeler, V. H., J. Research Natl. Bur.

Standard8, 35, 125 (1945).
(3) Brown, R. A., Taylor, R. C., Melpolder, F. W., and Young,

W. S.; ANAL. CHEM., 20, 5 (1948).
(4) Dinneen, G. U., Smith, J. R., and Ball, J. S., Petroleum Refiner,

29, No.5, 129 (1950).
(5) Faragher, W. F., Morrell, J. C., and Levine, I. M., IND. ENG.

CHEM.• ANAL. ED., 2, 18 (1930).
(6) Gifford, A. P., Rock, S. M .• and Comaford, D. J., ANAL. CHEM.,

21, 1026 (1949).
(7) Johnsen, S. E. J., Ibid., 19, 305 (1947).
(8) Kurtz, S. S., Jr., and Headington, C. E., IND. ENG. CHEM.,

ANAL. ED., 9, 21 (1937).
(9) Kurtz, S. S., Jr., Mills, I. W., Martin, C. C., Harvey, W. T.,

and Lipkin, M. R., ANAL. CHEM., 19, 175 (1947).
(10) Langer, Alois, and Fox, R. E., Ibid., 21, 1032 (1949).
(11) Mair, O. J., J. Rcsearch Na.tl. Bur. Standards, 34, 435 (1945).
(12) Taylor, R. C.. Brown, R. A., Young, W. S., and Headington,

C. E., ANAL. CHEM., 20, 396 (1948).
(13) Taylor, R. C., and Young, W. S., IND. ENG. CHEM., ANAL. ED.,

17, 811 (1945).
(14) Thomas, B. W., and Seyfried, W. D., ANAL. CHEM., 21, 1022

(1949).
(15) Thomas, C. L., Bloch, H. S., and Hoekstra, IND. ENG. CHEM.,

ANAL. ED., 10, 153 (1938).
(16) Washburn, H. W., Wiley, H. F., Rock, S. M., and Berry, C. E.,

Ibi.d., 17, 74 (1945).
(17) Young, W. S.• and Taylor, R. C., ANAL. CHEM., 19, 13., (947).

RECEIVED May 12, 1950. Presented before the Division of Analyt.ical
Chemistry at the 117th Meeting of the AMERICAN CHEMICAL SOCIETY. Hous
ton, Tex.

I.

Partial
Pressure,

".

17.6
22.2

14..

Sensitivity

52.5 (Figure 3)
56.8 (Figure 5)

921
12,,9

• 10
NO. OF CARBON ATOMS

Mol. to Volume Factors for C4 to C 12
Hydrocarbons .

Figure 9.

I

II
I I II II

// I; I
hIII / /

If;,'1/ /
IS /1//; /

! / /; 'I /
La

~/AVI I
.In~ / Is

.. /

~/
II

VI
I

/,Vj,/ )1
JrllVI !Y~

I
II; rlh I
II; f1 V
III

II
0.

Selution

Paraffins
Olefins - eyeloparaffins

"~
<:l:..•
~
>
o
~

..i
o
::IE



Analysis of Solids with the Mass Spectrometer
J. G. GORMAN, E . .T. .TONES, AND .T. A. HIPPLE

National Bureau of Standards, Washington, D. C.

Although the mass spectrometer has been strikingly successful in recent years
in the analysis of mixtures of gases and vapors, there has been no parallel success
in the routine analysis of solids. This is because the most versatile source, the
high frequency spark, has been too erratic for the conventional mass spectro
metric method. The aim in the present work was to develop a method whereby
the spark source could be used in an instrument employing electrical recording.
A method of compensating for fluctuations in the source is illustrated in the
determination of the nickel and chromium content of six stainless steels. The
results agree nicely with the composition determined chemically. This initial
success makes it evident that the mass spectrometer should find wide applica
tion in the Irrrrrredfate future in the routine, rapid analysis of solids.

Figure 1. Mass Spectrum of Stainless Steel
Sample Obtained from Spark Source

Retrace of original pen-and-ink recording

STAINLESS STEEL
SAMPLE X3380

7/24/50

two isotopes was increased by simultaneously focusing and meas
uring the ions corresponding to the two isotopes on separate col
lectors; their electronic circuit then measured the ratio of these
two currents rather than the intensity of each separately. Thus,
the accuracy obtainable with the gas-type source was improved.
This principle was then employed in the Consolidated-Nier
instrument, which was designed to measure isotopic ratios in
gases and vapors.

The isotope-ratio method must be revised in the application to
general analysis, because a complete spectrum is required and it is
not feasible to have a separate collector for each mass. It, is
most convenient for this work to have a single exit slit and ion
collector and sweep the various successive masses across this e,tit
slit. In the authors' work, a monitoring collector placed at the
entrance to the magnetic analyzer provides a measure of the ions
of all masses that enter the analyzer. The magnetic field is then
varied and the ions of various masses are scanned across the exit
slit of the magnetic analyzer. The currents are amplified and the

48 --MASS60 56 52
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T HE striking success attained with the mass spectrometer in
recent years in analyzing complex gas mixtures has quickened

interest in the possible application to the analysis of solids.
Dempster (1,3) has illustrated the determination of traces with

his precision mass spectrograph, which had been developed for the
measurement of packing fractions. However, the photographic
method has inherent limitations in accuracy, convenience, speed,
linearity, and range of concentrations that may be covered on one
exposure. In addition, the sensitivity of the photographic plate
decreases for heavier masses. Some of these limitations are dis
cussed by Dempster, and it is possibly these limitations that led
him to conclude that this application will be slow in developing,
and to stress the comparison with optical spectroscopy where
"fifty years elapsed before optical spectrographs were applied to
any extent in industry." This comparison is also stressed by
Inghram (5). A mass spectrograph for analyzing solids was con
structed by Shaw and Rail (7), using the conventional photo
graphic plate as detector, but apparently little application has
been made to analysis, possibly because of the limitations just
mentioned.

Many of these limitations are removed by the use of electrical
in place of photographic detection, as in the mass spectrometer
for gases. A mass spectrometer of the conventional type re
quires a "quiet source" which produces an ion beam of very
constant intensity. For some very specialized problems in
analyzing solids, such sources are available. Hickam (4) has
described a method of determining impurities in copper by com
pletely vaporizing the sample in a furnace closely adjacent to the
ionization region and integrating the ion current at selected
masses until the sample is exhausted. This method, although
sensitive, is very limited in application.

The best available source for solids is generally accepted to be
the vacuum spark source (5, 7). Its very erratic nature has pre
viously limited its application almost entirely to photographic
detection-i.e., the mass spectrograph rather than the mass
spectrometer. In this paper is described a successful method of
using the spark source with the mass spectrometer, in which the
accuracy attained with chemically analyzed samples of stainless
steels is comparable with that for gases and vapors on the con
ventional instrument. The results compare favorably with the
best that has been done with the optical spectrograph.

PRINCIPLE OF THE METHOD

After it has been decided that the most generally useful method
would be the use of the spark source with electrical detection, the
problem is to devise some means for compensating for the wild
fluctuations in the current from the spark. The use of the "iso
tope-ratio" circuit of Nier, Ney, and Inghram (6) suggests itself.
In their application, the effect of the source fluctuations was
minimized and the precision of the determination of the ratio of

438



VOL U M E 2 3, N O. 3, MAR C H 1 9 5 I 439

ANALYTICAL METHOD

1.50
1.00
0.89

Ionization
Factor

Composition,
%

2.97 "" 0.05
70.1 "" 0.1
25.6 "" 0.3

1.33

Determined
Chemically

38.5
100.0
22.1

4.2
100.0
36.6

changed, a new clean disk was
used to avoid contamination from
the previous sample. Experience
has shown that the analysis is
not critically dependent on the
position of the rod relative to the
disk, and for analytical work it
would usually be more conven
ient to spark between two rods of
the same material. The average
monitor current obtained from
this source was about 5 X 10-11

ampere, and the average ion cur
rent at the final collector for the
largest peak was about 5 X 10-12

ampere. The recorder system
showed adequate precision for the
larger peaks, but because of its
limited amplification, the repro-
ducibility of the smaller peaks
was poor. For this reason, a
galvanometer and manual ratio
potentiometer were used for the

analyses reported here. The addition of an amplifier to the
recorder should permit automatic recording with the desired pre
cision on all peaks.

As in optical spectroscopy, an internal standard is required
i.e., the absolute amount of an individual component is not deter
mined but only its concentration relative to other components
present. For convenience, the authors have referred everything
to iron in the following presentation.

The first step is to calibrate the instrument by means of a
sample whose composition is known. Possibly the clearest
explanation of the analytical procedure would be provided by
tracing through this procedure with an illustrative example.
This is done with the aid of Table I for the relative concentration
of iron, nickel, and chromium. The trace components are not
determined in this presentation, the purpose of which is to
demonstrate the effectiveness of this new technique. The
measurement of the trace elements appears to be a simple exten
sion of the principles presented here. The means of doing this
are at hand, but the curtailment of this project in the immediate
future makes it desirable to make the present incomplete results
generally available.

In making this analysis, mass 52 was used for chromium, mass
56 for iron, and mass 58 for nickel. In column 3 of Table I, the
relative ion currents at these masses are indicated. It is known
that iron has an isotope at mass 58 which is 0.3% of 56. This
correction to the mass 58 peak is made and the relative peak
height due to Ni68 is shown in column 4. In column 5, the data
are adjusted to account for the fact that chromium and iron each
have four stable isotopes and nickel has five. Although mass 56
is used as a measure of the amount of iron present, the iron pres
ent at other mass numbers must also be considered. From tables
of isotopic abundance, it is determined that Fe66 accounts for
only 91.6% of the iron present in the sample, the rest being Fe6 <,
Fe 67, and Fe68• Similarly, 01'62 accounts for only 83.7% of the
chromium in the sample, the rest being 01'60, 01'63, and 01'64.

Therefore, the figure 56.6 in column 4 for chromium becomes
(100/83.7) 56.6, and for iron (100/91.6)100. Nickel is similarly
adjusted and these three revised values are normalized to Fe =
100 and entered in column 5. This column now gives the relative
numbers of atoms of chromium, iron, and nickel in the ion beam
received at the ion collector. Using the values of the atomic
weights, the relative concentration by weight in the beam is ob
tained in column 6. This is not necessarily the same as the dis
tribution of components in the sample, because the efficiency of
creating ions in the source varies with the different elements in
the sample. Likewise, the ions may be sorted preferentially by
the analyzer. The factor by which the relative concentration of a
component in the sample must be multiplied to give the corre
sponding relative concentration in the beam is called the ioniza
tion factor. These factors are here determined by comparison
with the composition of the sample determined chemically.
The chemical determinations are shown in column 7. The ioniza
tion factors given in column 8 are obtained by dividing the figures
in column 6 by the corresponding ones in column 7.

57.8
100.0
19.7

6.4
100.0
32.6

Relative Concentration
In In

beam sample

6.9
100.0
31.0

62.0
100.0
18.7

6.3
100.0
23.0

56.6
100.0
13.9

Overlapping Isotope
isotope abundance

Determination of Composition of Sample X3522
Relative Ion Current

Corrected for

56.6
100.0
14.2

Relative
Ion

Current

Relative
Ion

Currentv

Calculation of Ionization,Factors Using Sample X3534
Relative Ion Current

Corrected for Relative
Overlapping Isotope Concentra-

isotope abundance tion in Beam

6.3 "" 0.1
100.0 "" 0.1
23.3 "" 0.3

Table II.

Mass
Used

52
56
58

Mass
Used

52
56
58

Table I.

• Mean value and average deviation of 5 runs.

Element

Chromium
Iron
Nickel

Element

Chromium
Iron
Nickel
Other

pen-and-ink recorder records the ratios of the various types of
ions emerging from the analyzer to the current measured by the
monitoring electrode. Because the monitoring collector receives
an ion current composed of all masses, and the final ion collector
receives the current corresponding to only one mass at a time,
the two collectors will receive currents that tend to fluctuate in
the same manner-e-i.e., in the manner in which the source is
fluctuating.

The appearance of the spectrum obtained in this way is illus
trated in Figure 1. This sample is a stainless steel and the
major components are immediately evident. The record has the
same appearance as that from the gas analyzer. In fact, the
same compensating method used here could also be applied to the
mass spectrometers for analyzing mixtures of gases and vapors
and for measuring isotopic ratios.

THE INSTRUMENT

The instrument will be described in greater detail in another
article and the analytical method is emphasized here.

A mass spectrograph of the Dempster type (2) was available
for this work. In this instrument, the ions undergo a deflection
of 90 0 in an electrostatic field and are then bent 180 0 in a mag
netic field. The electrostatic deflection is necessary because of the
wide distribution in energy of the ions emerging from the spark
source. The electrostatic deflectors allow only those ions in a
narrow energy band to enter the magnetic analyzer; this is neces
sary for proper focusing at the exit slit. The basic form of this
instrument was retained, but considerable modifications were
made to the various components.

The electrostatic deflection was changed to 45 0 in order that an
electron multiplier could be placed at the exit slit; in the older
arrangement the region around the ion receiver was crowded by
the proximity of the ion source. The electron multiplier has not
yet been used, although it is ready for mounting on the unit.
This will be valuable in the study of trace components, but was
not necessary in demonstrating the practicability of this analyti
cal method. A sliding vacuum valve was inserted between the
ion source and the rest of the instrument, so that the spark elec
trodes could be changed without losing vacuum in the entire
system. A new housing was constructed for the region at which
the ions approach the magnet to permit the proper mounting and
positioning of the monitoring electrode. The analyzer housing
was revised to allow for the insertion of a rotating fluxmeter into
the magnet gap in order that the ions reaching the final collector
could be identified according to their masses. The assembly in
the region of the ion receiver was modified so that a slit and ion
collector could be substituted for the photographic plate.

The source is the one described by Shaw and RaIl (7). In place
of the Tesla coil, the spark is powered by an interrupted oscillator
substituted several years ago by R. H. Britten. This oscillator
operates at about 1 megacycle and is turned on for an interval of
200 microseconds 60 times per second. The spark takes place
between a rod and a disk. In the authors' work, the sample was
machined to the form of a rod with a diameter of 0.025 inch, while
the disk was made from tantalum. Each time the sample was
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Table III. Su:m:mary of Analyses of Stainless Steel Samples

RECEIVED September 9, 1950.

ANALYSIS ('Yo)

Other
Elements
Chemical,

%
1.1
3.4
3.2
4.8
3.4
1.3

M.S., %"

61.8 = 0.4
68.6 = 0.3
82.8"" 0.3
85.5 '" 0.3
84.0'" 0.1
70.1 = 0.1

Iron

/0

with no significant change in the
analysis. Sample X3380 was
checked in this way because of
its deviation from the chemical
determination for chromium.
This check run gave 18.9%
chromium, as contrasted with
19.3% in Table III. Further
more, this check run was made
with both rod and disk in the
spark source fabricated from
sample X3380. In all previous
runs, the disk was made of
tantalum and the rod was formed
from the sample.

The data of Table III are
plotted in Figures 2 and 3 to illustrate the linearity of the cali
bration curve and the nice check in most cases with the chemical
determination. Perfect agreement between the mass spectromet
ric and the chemical methods would be indicated by the measure
ment falling on the 45 0 line in these figures. The vertical line at
each point indicates the range in which the measurements fell.

15 20 25
Figure 3. Co:mparison with Che:mical

Determination of Nickel

CONCLUSION

The results are better than it had been anticipated would be
possible with a spark source. The interpretation is very easy
because of the simplicity of the spectrum. The results that have
been presented were taken over a period of 5 weeks, and there was
no apparent shift in calibration during this period. The linearity
as regards concentration is an attractive feature which eases the
calibration problem. The changing of the sample is time
consuming in the present arrangement, but with an arrangement
designed specially for analytical work it would be possible to
interchange samples in a few minutes.
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Although the method has been illustrated here with metallic
samples, for which it is particularly well suited, nonmetallic
samples have been studied photographically with the spark
source in several mass spectrographs. These studies indicate
that analyses with the present method should be feasible, al
though possibly less accurate. The successful results on the
stainless steel samples indicate that the mass spectrometer should
have a wide field of application in the quantitative analysis of
solids.

Chemical,
%

61.6
69.8
83.0
85.5
84.3
70.0

20 25

ANALYSIS (%)
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CHEMICAL

5
Figure 2. COlDparison with Che:mical

Determination of Chromiu:m

o
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20

25

Chromium Nickel
Chemical, Chemical,

Sample % M.S., %" % M.S., %"

X3534 23.7 23.4 "= 0.4 13.6 13.7 "= 0.5
X3380 18.2 19.3 "= 0.3 8.6 8.7 =0.2
X3275 13.4 13.7 = 0.2 0.37 0.25 = 0.01
X3532 9.1 9.1 "= 0.2 0.57 0.56 = 0.02
X3533 5.5 5.5 "= 0.1 6.8 7.1 "= 0.1
X3.522 2.95 2.97 "= 0.05 25.7 25.6 = 0.3

4 Mean value and average deviation of 4 or 5 Tuns.

10

15

The ionization factors that have been determined may now be
used to analyze a sample. This is illustrated for sample X3522
in Table II. The first six columns are the exact parallel of the
corresponding ones in Table I. However, the ionization factors
listed in Table I may now be used to obtain the relative concen
tration of chromium, iron, and nickel in the sample (column 7)
from the measured concentration in the beam (column 6). The
desired analysis for X3522 has now been attained. For conven
ient eomparison with the chemical determination, the result is
expressed in percentage in column 8. The chemical analysis of
1.33% for the other components is assumed to be correct. This
assumption is necessary only because the development of the
mass spectrometric method was incomplete at the writing of this
manuscript.

For routine analyses, the steps outlined above can be shortened.
Once the correction for overlapping isotope is made to the relative
ion current (Table I), an over-all calibration factor for each ele
ment can be obtained by dividing the ion current by the relative
concentration determined chemically. Then in Table II, the
relative concentration in the sample (column 7) would be ob
tained directly by dividing the figure of column 4 by this calibra
tion factor.

Six stainless steel samples covering convenient concentration
ranges were made available for this work by the bureau's chem
istry division. The samples had been prepared and the chemical
compositions determined by the Uddeholms Aktiebolag in Hag
fors, Sweden. If sample X3534 is used for calibration, the other
five can be analyzed. Actually, the ionization factors were chosen
so that a good fit on all the samples was obtained, still assuming
the calibration to be linear with concentration. This makes a
very slight change in the calibration obtained with X3534 (Table
1). The only ionization factor affected is chromium which be
comes 1.53 instead of 1.50.

The data are summarized in Table III and compared with the
chemical determination. To illustrate the reproducibility of the
mass spectroscopic results, the average deviations from the mean
of four or five determinations in each case are shown. The
sample was not removed from the instrument between these runs,
but on several other runs the sample was removed between runs



Spectrophotometric Determination of Total
Phthalic Anhydride

In Alkyd Resins and Other Phthalate Esters

O. D. SHREVE AND M. R. HEETHER

Marshall Laboratory, E. I, du. Pont de Nemours & Co., Inc., Philadelphia, Po:

The standard Kappolruefer procedure for the determination of total phthalic
anhydride in alkyd resins and other phthalate esters cannot be applied in the
presence of esters of other polycarboxylic acids, rrrarry unsaponifiable resins, and
other rrurterjals used in the formulation of rnodeen surface coatings. The work
described was undertaken with a view to fulfilling the widespread need for a
rrrore specific and generally applicable lllethod for this type of detcrrnfnatforr.
A new rrret.lrod based on ultraviolet absorption spectrophotollletry and possess
ing a rnu.ch wider range of application than the Kappehneier rnet.hod was de
veloped. Accurate results are rapidly obtained frotn a single absorption meas
ru-ernerrt at 276 miL on an acidified aqueous solution of the usual Kappelllleier
precipitate. The met.hod should prove especially useful in laboratories con
cerned with the analysis of surface coatings and related rna ter-iafs.

Figure 1. Ultraviolet Absorption Spectrum of
Potassrum Phthalate Monoalcoholate

_ In distilled water, phthalate ion 0.0469 graIn. per liter
___ In aqueous 0.1 N hydrochloric acid, phthalic acid 0.0500

geaen per liter

In the present investigation the ultraviolet spectrophotometric
method has been shown to yield excellent results in determination
of the phthalic content of alkyd resins and other phthalate esters,
alone or in the presence of a variety of esters of other polybasic
acids, including those studied by Swann (6). It has also been
successfully applied to this type of determination in the presence
of other coating materials that interfere with the Kappelmeier
procedure.
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T H E well known Kappelmeier method (3) and its various
modifications have for many years represented the most

satisfactory means for estimating the total phthalic acid (or an
hydride) content of alkyd resins and other phthalate esters.
Unfortunately, however, this method fails completely in the
presence of any material that is insoluble in anhydrous alcoholic
alkali" or that yields a saponification product insoluble in this
medium. Because such materials include monomeric and poly
meric esters of practically all other polycarboxylic acids, un
saponifiable or partially saponifiable resins, pigments, etc., this
limitation represents a serious handicap in the analysis of paints,
varnishes, and other types of coating materials. The need for a
more specific method for phthalic as well as generally improved
techniques in the analysis of present-day coating materials has'
been emphasized in several recent publications (2, 5, 6).

When the Kappelmeier precipitate contains only potassium
phthalate and completely water-insoluble material, the phthalic
content can sometimes be estimated by weighing the dried residue
after aqueous extraction of the precipitate. It is also possible in
some cases to obtain an approximate estimate by heating the
precipitate containing the phthalic as the monoalcoholate to con
stant weight at elevated temperature and assuming the weight loss
to be due to volatilization of the alcohol of crystallization. These
procedures, however, have obvious limitations and fall far short
of filling the need for a more specific and reliable method for the
phthalic determination.

Swann in a recent publication (6) has described methods for
determining phthalic, sebacic, fumaric, maleic, succinic, and
adipic acids in alkyd resins. His procedure for phthalic acid is
the only published method claimed'to be directly applicable in the
presence of other dibasic acids. The method requires preliminary
isolation of the dibasic acids as dry solids by acidification and
evaporation of the dissolved Kappelmeier precipitate; phthalic
acid is then precipitated as the lead salt from glacial acetic acid.
While this method is useful, it is time-consuming and suffers from
the disadvantages inherent in procedures involving precipitation
of lead salts. By comparison, the ultraviolet spectrophotometric
method is much more rapid and generally satisfactory, Swann's
methods for the other dibasic acids mentioned above probably
represent the best now available, although more recent studies
(4) suggest the application of partition chromatography to this
general problem.

441
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Table I. Absorptivity of Potassium Acid Phthalate in
0.1 N Hydrochloric Acid at 276 mil

BASIS OF SPECTROPHOTOMETRIC METHOD

Phthalic acid and its esters show strong absorption in the ultra
violet region of the spectrum, this absorption arising from elec
tronic transitions accompanying resonance in the aromatic ring
present. In some types of mixtures it should be possible to deter
mine the phthalate ester content by direct absorption measure
ments on a solution of the mixture in a suitable ultraviolet trans
parent solvent. In the case of paint vehicles and other types of
coating materials, however, such a procedure would be impracti
cal, because the organic solvents, oils, and other materials usually
present would almost invariably interfere. Fortunately, how
ever, application of the Kappelmeier saponification procedure fol
lowed by aqueous extraction of the precipitate obtained offers a
simple and effective means for completely eliminating this diffi
culty in most cases and greatly minimizing the probability of in
terference in all cases. This is true because relatively few of
those materials likely to appear in the Kappelmeier precipitate
possess the simultaneous properties of water solubility and strong
ultraviolet absorption under the conditions selected for the
phthalic acid determination.

Figure 1 shows the ultraviolet absorption spectrum of aqueous
potassium phthalate monoalcoholate (distilled water being used
in the reference cell) and that of the same compound in 0.1 N
hydrochloric acid, with 0.1 N hydrochloric acid in the reference
cell. "Absorptivity" in Figure 1 is equivalent to specific ex
tinction coefficient in the older nomenclature-i.e., absorptivity

eter housed in a constant temperature room maintained at
25 0 'C. Matched fused silica absorption cells I cm. in length were
used.

Calibration Standards. Baker's C.P. potassium acid phthalate
and Eastman a-phthalic acid (purified by recrystallization) gave
identical results in the calibration procedure described below
(ap = 7.73 under the conditions employed).

Polycarboxylic Acids and Esters. The polycarboxylic acids
used in preparing the synthetic acid mixtures were the purest
commercial grades obtainable. With the exception of phthalic
acid, they were used without further purification.

The alkyd resin used was an oil-modified glyceryl phthalate
type especially prepared for this investigation. The monomeric
phthalate esters and dibutyl maleate were the purest obtainable
commercial grades. The adipate and sebacate polyesters were
commercially available plasticizing resins. The various mono
meric saturated esters were pure samples kindly supplied by H. B.
Knight of the Eastern Regional Research Laboratory. The
polystyrene and polyvinyl chloride-acetate samples were com
mercial grades and the styrenated alkyd was synthesized for the
purpose.

(1)
A

a p = C
p

ANALYTICAL PROCEDURE

Calibration. Calibration consists of determining the ab
sorptivity (specific extinction coefficient) of pure phthalic acid in
approximately 0.1 N hydrochloric acid at 276 mil on the spectro
photometer. Because potassium acid phthalate is obtainable in
a high state of purity, the acidified solution of this salt is a con
venient standard.

Weigh accurately about 0.12 gram of pure potassium acid
phthalate into a calibrated l-Iiter volumetric flask, dissolve, add
10 ml. of concentrated hydrochloric acid, and dilute to the mark
with distilled water. Measure 50 ml. of this solution from a
buret into a 100-m!. volumetric flask and dilute to the mark with
approximately 0.1 N hydrochloric acid (prepared by diluting 10
m!. of concentrated hydrochloric acid to 1 liter with distilled
water). Measure the absorbance (optical density) at 276 m«
against 0.1 N hydrochloric acid (10 ml, of concentrated hydro
chloric acid per liter) as blank, using matched 1-cm. silica or
quartz absorption cells. Repeat the measurement wit'h the
hydrochloric acid solution in the cell previously used for the
sample, and sample solution in the cell previously used as blank.
Average the measurements to obtain the absorbance, A, and cal
culate the absorptivity of phthalic acid, ap , from the formula:

Absorptivity

7.84
7.76
7.73
7.74
7.76

Concn.,
G./L. Phthalic Acid

0.0246
0.0344
0.0492
0.0640
0.0836

The adherence of phthalic acid (as acidified potassium acid
phthalate) to Beer's law is demonstrated by the data of Table 1.

MATERIALS AND APPARATUS

Spectrophotometer. All absorption measurements were made
using a Beckman Model DU quartz ultraviolet spectrophotom-

where Cp is concentration expressed as grams per liter of phthalic
acid (not salt) present in the final diluted solution.

One calibration suffices for all subsequent analyses unless con
ditions are changed.

Procedure for Analysis of Samples. Accurately weigh into
suitable reflux flasks three samples of the paint vehicle or other
phthalate-containing material, using a sample size expected to
yield the equivalent of about 0.1 gram of phthalic acid on saponi
fication. Add 5 m!. of benzene and 35 ml, of 1 N absolute alco
holic potassium hydroxide to each flask, attach to a reflux con
denser, and reflux 1.5 hours.

From this point on follow the standard A.S.T.M. procedure (1),
or other approved procedure, for isolating and drying the pre
cipitate, which will contain the phthalic as dipotassium phtha
late or the monoalcoholate (depending on the drying procedure
used), together with any other materials present which are in
soluble in the saponification medium. Unless the salt of an inter
fering acid is present (see below), the precipitate need not be
weighed. .

Extract the soluble salts thoroughly from one of the three
precipitates by passing about 200 m!. of distilled water through
the crucible with suction. To the aqueous extract in the suction
flask, add 10 ml. of concentrated hydrochloric acid. If sebacic
acid or other slightly soluble acidic material is present, a precipi
tate or cloudiness may appear at this point. If the acidified
solution is perfectly clear, transfer with rinsing to a I-liter
volumetric flask and dilute to the mark with distilled water; if,
however, even a slight cloudiness is evident in the acidified extract
in the suction flask, filter the entire solution with suction through
No. 42 Whatman filter paper on a Buchner funnel, wash the
residue with about 100 m!. of distilled water, transfer the com
bined filtrate and washings to the l-liter volumetric flask, and
dilute to the mark with distilled water. After thorough mixing,
introduce from a buret a 50-m!. aliquot of the diluted extract into
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a 100-m!. volumetric flask and dilute to the mark with 0.1 N
hydrochloric acid (10 m!' of concentrated hydrochloric acid per
liter). Measure the absorbance at 276 m« against a 0.1 N
hydrochloric acid blank, using the technique specified under
calibration above.

solution in each case should be such that not more than a fourfold
final dilution is required.

If a mixture is being analyzed, the per cent phthalic anhydride
calculated from Formula 3 can, of course, be converted to equiva
lent phthalate ester content by applying the appropriate factor.

Use of Alcohol for Final Dilution. When filtration of the
acidified extract is necessary, small amounts of insoluble matter
may pass through the filter in some cases. An apparently clear
acidified extract may sometimes contain very small amounts of
suspended matter not readily detected. The presence of such
material will cause error in the absorbance measurement due to
scattering of the ultraviolet radiation. The difficulty can usually
be eliminated by using 0.1 N hydrochloric acid in absolute syn
thetic methanol, or a spectroscopic grade of ethyl alcohol, in the
final dilution of the aqueous aliquot taken. In fact, users of the
method may wish to adopt the use of alcohol at this point as con
stant standard practice, in order to minimize the possibility of
scattered radiation error. When alcohol is used, the potassium
biphthalate solution and blank used for calibration as well as the
blank used in the sample measurement must be adjusted to the
.solvent composition present in the sample solution.

Presence of Interfering Acids. The method cannot be directly
applied in the presence of acids showing strong ultraviolet ab
sorption at 276 mu under the conditions of the analysis. How
ever, in the presence of one interfering acid, which exhibits only
moderate absorption at this wave length, such as maleic or fu
maric, accurate results can be obtained as follows:

Determine the absorptivitiy, ai, of a pure sample of the inter
fering acid (suitably diluted in 0,1 N hydrochloric acid) at 276
mu; then apply the method exactly as outlined above, but cal

culate C p from the following
pair of simultaneous equations
rather than from Equation 2:

(3)

(2)
AC p =
a p

where W is sample weight and S is fractional solids content of the
original sample if a volatile solvent was present.

Average the three values obtained.
If the absorbance of the final diluted extract from the first

sample lies outside the 0.35 to 0.45 range, calculate the approxi
mate phthalic acid concentration from Equation 2. With this
knowledge at hand, extract the other two precipitates (filtering
after acidification if necessary), and adjust the volume to which
the extract is diluted or the aliquot taken for final dilution or both,
so as to obtain absorbance values in the desired range. In
order to minimize dilution error, the volume of the original

where A is the measured absorbance and a p is the absorptivity
value for pure phthalic acid as determined in the calibration pro
cedure above.

Calculate the per cent of total phthalic anhydride in the solid
portion of the original sample from the following formula:

. .

at P A = 89.]6 Cp X aliquot factor
/0 . ·W X S

For maximum accuracy, the absorbance of the final solution
measured should fall in the vicinity of 0.4 absorbance unit.

If the absorbance lies between 0.35 and 0.45, dissolve the other
two Kappelmeier precipitates and proceed exactly as in the case
of the first. Calculate the phthalic acid concentration in grams
per liter, C p, of each of the final diluted solutions from the
formula:

Table n. Analysis of Synthetic Acid Mixtures (1)
apCp + aiCi A (4)

COIn position of Mixture Phthalic Found, Wt. % Error,
Phthalic. wt. % Succinic. wt. % 1 2 Av. % B

1 5.74 94.26 5.80 5.90 5.85 +0.11 FpCp + r.c, I (5)
2 25.82 74.18 25.83 25.75 25.79 -0.03
3 51.47 48.53 51.55 51.63 51.59 +0.12

where a,p, cu, and A have been4 75.91 24.09 76.10 76.04 76.07 +0.16
5 95.60 4.40 95.38 95.46 . '95.42 +0.18 previously defined; C, is the

Adipic concentration . of interfering
acid in the final solution

1 5.12 94.88 5.22 5.36 .5.29 +0.17 measured; Fp and Fi are the2 27.49 72.051 27.29 27.33 27.31 -0.. 18
3 050.21 49.79

~U~
50.19 50.24 +0.03 factors which convert phthalic

4 75.46 24.054 75.27 75.22 -0.24 acid and interfering acid, re-s 94.72 5.28 94.44 94.60 94.052 -0.20 spectively, to their potassium
Sebacio salt equivalents as they occur

1 6.43 93.057 6.6.5 6.53 6.059 +0.16 in the Kappelmeier precipitate;
2 26.14 73.86 26.40 26.22 26.31 +0.17 B is the weight of the Kappel-
3 050.56 49.44 50;27 050.35 50.31 -0.25 meier precipitate; and f is the
4 74.92 205.08 74.6.5 74.69 74.67 -0.205 aliquot factor involved in the05 96.47 3.53 96.28 96.12 96.20 -0.27

procedure.
Itaconic

1 5.79 94.21 05.62 05.67 5.65 -0.14 The above pair of equations
2 25.33 74.67 25.44 25.53 205.49 +0.16 assumes complete solubility of3 052.66 47.34 052.66 052,77 52,72 +0.06
4 75.10 24.90 75.00 74.90 74.95 -0.105 the interfering acid on aeidifi-05 95.28 4.72 95.07 9.5.03 95.05 -0.23

Maleic
cation of the dissolved potas-
sium salts.

1 97.79 2.21 97.78 97.90 97.84 +0.005
2 92.73 7.27 92.62 92.46 92.54 -0.19
3 84.86 105.14 84.81 84.69 84.75 -0.11 RESULTS AND DISCUSSION

Fumaric
Before the method was ap-

1 98.02 1.98 98.40 98.24 98.32 +0.30
2 93.71 6.29 93.56 93.74 93.65 -0,06 plied to esters, it was evaluated
3 85.17 14.83 84.79 84.79 84.79 -0.38 on synthetic mixtures of

phthalic acid with various other
polycarboxylic acids. All anal-

Table III. Analysis of Phthalate Esters yses were made in the pres-
Phthalic Anhydride, % Phthalic Anhydride. % ence of approximately 0.1 N(Kappelmeier Method) (Spectrophotometric Method) Error, hydrochloric acid, the techniqueSample 1 2 Av. 1 2 Av. %

1 Oil-modified alkyd resin 305.85 35.95 35.90 35.98 36.06 36.04 +0.14 being identical with that de-
2 Dimethyl phthalate 75.48 7.5.62 75.55 75.60 75.60 75.60 +0.005 scribed above for the aqueous
3 Dibutyl phthalate 53.24 053.18 53.21 53.17 53.21 53.19 -0.02
4 Dioctyl phthalate 38.40- 38.42 38.41 38.57 38.81 38.69 +0.28 extracts of the Kappelmeier

precipitates. In the case of
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salt is obviated and the prob
ability of error due to small
amounts of unsuspected ma
terials which may appear in this
precipitate is minimized. Fur
thermore, the method is free
from the so-called "carbonate
error," characteristic of the
Kappelmeier procedure, be
cause potassium carbonate does
not interfere. It will probably
be possible to eliminate or
greatly shorten the drying time
required for the Kappelmeier
precipitate, although the dry
ing step is included at present
before extracting with water.

The value of Ui (absorptivity
of maleic acid) used in calculat
ing results on the phthalate
maleate mixtures (Table IV)
was obtained by saponifying
dibutyl maleate under the con
ditions of the analytical pro
cedure, dissolving and acidify-
ing a weighed sample of the
precipitated salt, and measur

ing the absorbance after suitable dilution. Measurement of a,
in this manner, rather than on a solution of pure maleic acid,
minimizes the possibility of error which may rise from isomeri
zation of some maleic to fumaric in the saponification process.
Such error should be small, as the absorptivity values for maleic
and fumaric acids at 276 mu are low and do not differ greatly.

Results on the phthalic-maleic acid mixtures (Table II) indicate
no apparent decrease in accuracy up to 15% maleic. Mixtures
containing larger proportions of maleic can be analyzed, but ac
curacy will decrease with increasing maleic content. In general,
maleic acid as such is seldom used in large amounts in finishes;
furthermore, when present it is often "adducted" to drying oils,
rosin, etc., in which case little if any potassium maleate will ap
pear in the Kappelmeier precipitate.

As indicated in Tables V and VI, the method is not limited to
ester mixtures. The Kappelmeier precipitate from a styrenated
alkyd resin or an alkyd-polystyrene blend always contains poly
styrene; that from a phthalate plasticized vinyl resin contains a
mass of vinyl degradation products and potassium chloride. In
the case 0'£ the styrene types the phthalic can be estimated by a
modification of the Kappelmeier method; such an estimate in the
presence of vinyl resins, however, is very difficult to obtain by
conventional methods. In either case reliable results are rapidly
obtained by the new method.

The various acids thus far studied include most of the types
likely to be encountered in analysis of finishes. In addition to
those for which analytical data are given, the authors have meas
ured the absorption of diglycolic, oxalic, tartaric, and citric acids.
These measurements indicate that none of these will cause seri
ous interference. Although only three acids in the saturated di
basic series have been studied (those more commonly used in
finishes), it is safe to predict that saturated dibasic acids as a
class will not interfere. Most aromatic polycarboxylio acids will
interfere seriously, because they appear in the Kappelmeier pre
cipitate and absorb strongly in the ultraviolet. Although few
aromatic polycarboxylic acids other than o-phthalio are as yet
widely used in finishes, such acids as terephthalie, isophthalic, and
methylene disalicylic may occasionally be encountered. Tere
phthalic acid can be largely removed owing to its very low water
solubility, but the low concentration remaining will still cause in
terference. Other types of interfering materials will occasionally
be encountered and separation of these may be required.

Error

Error

-0.16
-0.29

+0.2713.7113.5713.8513.44"

Analysis of Vinyl Resin-Phthalate Ester Blends

P.A. P.A. Found, %
Present, (Spectrophotometric)

% 1 2 Av.

Analysis of a Styrenated Alkyd and Alkyd-
. Polystyrene Blends

P A P.A. Found; %
Pre~e~t, (Spectrophotometric)

% 1 2 Av.

Table IV. Analysis of Synthetic Ester Mixtures (1)
P.A. Found, %

P.A, (Spectrophotometric) Error.
Present, %" 1 2 Av. %

1 34.20 34.01 34.19 34.10=00 .. 1107
2 25,14 25.12 24,82 24.97
3 18.61 18.55 18.29 18.42 -0.19
4 8,57 8.10 8,31 8.21 +0.36
5 2.07 2.40 2.18 2.29 +0.22

1 33.71 33.71 33.51 33.61 -0.10
2 23.82 23.51 23.68 23,60 -0.22
3 17.94 18.29 17.95 18.12 +0.18
4 7.76 7.99 7.85 7,92 +0.16
5 3.16 3.27 3 ..57 3.42 +0.26

1 68.21 68.72 68,51 68.62 +0.41
2 52.42 52.42 52.20 52.31 =8:M
3 39.86 39.76 39.86 39,81
4 21.32 21.30 21.04 21.17 -0,15
5 5.27 5.51 5.31 5.41 +0.14

1 68.26 67.91 68.11 68.01 -0.2.5
2 51.51 51.66 51.42 51..54 +0,03
3 35.92 35.86 35.72 35.79 -0.13
4 21.98 21.60 21.94 21.77 -0.21
5 6.04 5.76 5.99 5.88 -0.16

1 71.74 71.79 71.60 71.69 -0.05
2 65.41 65.33 65.07 65.20 -0.21
3 60.82 60.94 61. 24 61. 09 +0.27

1 67.15 67.15 67.33 67.24 +0.09
2 54. 12 54.40 , 54.24 54.32 + 0,22
3 36.54 36.42 36.24 36.33 -0.21
4 20.82 20.91 21. 08 21. 00 +0.18
5 4.93 5.19 5.32 5.26 +0.33

G Calculated from phthalic anhydride content of phthalate ester present as determined by Kappelmeier method.

Dimethyl fhthalate +
dimethy succinate

Dimethyl phthalate +
dibutyl maleate

Dimethyl phthalate +
dimethyl sebacate

Sample

Oil-modified alkyd +
adipate polyester

Dimethyl phthalate +
dimethyl adipate

Oil-modified alkyd +
aebacate polyester

Sample
Oil-modified alkyd+ polystyrene

1 26.70" 26.39 26.69 26.54
2 29.80" 29.91 29.71 29.51

Styrenate~alkyd 29.37 b 27.64 27.95 27.79

• Calculated from phthalic anhydride content of alkyd as determined
by Kappelmeier method.

b Synthetic value.

Table VI.

Sample
Polyvinyl chloride

acetate + dibutyl
phthalate

Polyvinyl chloride
acetate + dioctyl
phthalate 9.54" 9.15 9.33 9.24 -0.30
• Calculated from phthalic anhydride content of phthalate ester present

as determined by Kappelmeier method.

mixtures containing slightly soluble acids such as sebacic, the
solutions were clarified when necessary, before making the ab
sorbance measurements. Equations 4 and 5 were used in calculat
ing results on the phthalic-fumaric and phthalic-maleic mixtures.
Results on the acid mixtures studied are given in Table II. Table
III shows the results obtained on an oil-modified alkyd resin and
three monomeric phthalate esters. Table IV gives results for
mixtures of phthalate esters with those of other polycarboxylic
acids. Tables V and VI illustrate the applicability of the method
to samples containing styrene and vinyl resins.

Table V.

It is evident from the data that accuracy and precision are
good in all cases. While the chief advantage of the method is
realized when it is applied to mixtures that cannot be analyzed
by the Kappelmeier procedure, it also offers some advantages
over the latter procedure in the case of a straight alkyd resin or
other straight phthalate ester. The somewhat controversial
question as to the best weighing form of the precipitated phthalate
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In the case of complete unknowns, the original sample and/or
the aqueous extract from the Kappelmeier precipitate must, of
course, be examined qualitatively before the method can be ap
plied with confidence. In such cases the complete ultraviolet
spectrum of the extract, together with various chemical tests for
interfering materials likely to be present, will indicate whether
the method is directly applicable or whether suitable modifications
should be sought. The authors have found infrared absorption
spectroscopic examination of the original sample and the precipi
tated salts from saponification (as a Nujol mull) to be very use
ful in this connection. Stafford et al, (5) have suggested the use
of the infrared spectra of the dibenzyl amides of the dibasic acids
as a means of determining what dibasic acids are present.

Although the method was primarily developed for use in the

analysis of surface coatings, it should have useful applioationsin
other fields.
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Residual Monomer in Polystyrene
Spectrophotometric Analysis

J. E. NEWELL, United States Rubber Co., Passaic, N. J.

The absorption near 250 mIL of a mixture of styrene and poly
styrene can be resolved by simple mathematics into the absorp
tion of the styrene and that of polystyrene. However, to
give significant results, two conditions must be met. The optical
interference of impurities other than styrene must be low enough

Figure 1. Ultraviolet Absorption
Spectrum of Commercial

Polystyrene
Curve 1. Before purification
Curve 2. After precipitation in alcohol
Curve 3. Difference between curves

and 2

251, 282, and 291 mIL, interference by other materials is likely to
be much less at 251 mIL than at the other wave lengths. In addi
tion, the low concentration of polymer solution necessary for ab
sorption measurements at 251 mIL is likely to cause less error from
light scattering than the more highly concentrated solutions re
quired for absorption measurements at longer wave lengths.
This paper presents a spectrophotometric method of analysis of
styrene in polystyrene by absorption measurements in the 251
mIL region. As in the methods of Owens (7), and McGovern
et al. (5), multiple wave length determinations show the pres
ence of interfering substances.

260260 270

WAVELENGTH. MIJ

250

0.2

1,0

,.
>
inz
'"
Q 0.6

...J

~
;::
2; 0.'

A rapid method for the determination of monomeric
styrene in polystyrene is described. Styrene absorbs
ultraviolet radiation of wave lengths from 250 to
260 mil, 40 to 100 tim.es as intensely as polystyrene.
Determination of small amounts of monomer in
polymer, 0.1 to 2.00/'0, with precision and accuracy
suitable for routine analysis, has been accomplished
by absorption spectrophotometry. The method is
most accurate in the absence of impurities other than
styrene monomer. The presence of significant
amounts of interfering substances is made evident
by poor agreement of calculations for monomer from
absorption measurements at three wave lengths.

T HE pronounced effect of residual monomer on the physical
properties and molding characteristics of commercial poly

styrene makes the determination of residual monomer in the
polymer important.

On account of the tenacious retention of styrene by polysty
rene, especially by large particles, the usual determination of total
volatile matter by treatment with heat and vacuum often gives
low results. In a single determination, the frozen benzene tech
nique of Lewis and Mayo (.n removed the styrene quantitatively
but left in its place a few tenths of a per cent of benzene. Because
of the difficulty in removing the styrene from its polymer in a
state suitable for titration or precipitation, the methods of Kolt
hoff and Bovey (3), or Bond (1), are not easily applied to the
determination of monomer in polymer.

Styrene absorbs ultraviolet radiation of wave lengths of 282
and 291 ffiJl, whereas polystyrene has only general absorption in
this region of the spectrum. Owens (7) made use of this dif
ference to analyze monomer in partially polymerized styrene,
using a medium quartz spectrograph. McGovern, Grim, and
Teach' (5) adapted this method to a spectrophotometer and in
vestigated variables affecting the analysis.

At a wave length of 251 mIL, styrene absorbs ultraviolet ra
diation 15 times as intensely as it does at 282 mIL, and 25 times as
intensely as at 291 mIL. At this wave length it also has 100
times the absorption of polystyrene. Therefore conditions are
favorable for the determination of small amounts of styrene in
polystyrene by absorption measurements in this spectral region.
Owing to the relative intensities with which styrene absorbs at
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from which

solvent, the optical density,
OD, of the solution will be

OJ) = (lOO-X) WE +
100 p

X
100 WE m (1)

2.5

s 1.5
;::
cz;::.
><w

(,) 1.0
G::
e
W
Q.

'"
0.5

Molecular
Weight·

950,000

590,000

540,000

370,000

170,000

Catalyst

X = 100 ( E - E p
) (2)

. Em - Ep

where E, Ep and Em are the
specific extinction coefficients of the sample, monomer-free poly
mer, and monomer, respectively.

EXPERIMENTAL

In the investigation to find whether the absorption spectrum of
polystyrene was dependent upon any variables of the polymeriza
tion reaction, and in the measurementof the coefficient, E p , five
samples of polystyrene were used. The methods of preparation
of these polymers are summarized in Table 1. Each of these
polymers was made monomer-free by repeated solution in chloro
form and precipitation as a very fine filament by extrusion
through a O.4-mm. capillary into alcohol. In order to avoid loss
of the low-molecular-weight fraction of the polymer, the volume of
alcohol was always at least ten times that of the chloroform solu
tion. Each polymer was finally vacuum dried for 16 hours.

Accurately weighed samples of approximately 0.12 gram of each
polymer were dissolved in C.P. chloroform and the solutions were
diluted to 250 ml. in volumetric flasks. The optical densities of
these solutions at 250, 255, and 260 m!' were measured. A Beck
man spectrophotometer was used, with l.OO-cm. silica cells and a
slit width of 0.9 mm. at 250 m!' and 0.8 mm.iat 255 and 260 ms.
The specific extinction coefficients were calculated in the usual
way; concentrations were in grams per liter. By calibration with
a mercury vapor lamp, the wave-length scale of the spectrophotom
eter was known to be accurate to ± 0.1 mu.

The ultraviolet absorption spectra of the six polystyrenes were
almost identical. There were reproducible small differences
which were probably due to variations in degree of light scatter
ing by the polymer solutions, or perhaps absorption of ultra
violet radiation by terminal groups in the polymer molecules.
However, for purposes of this analysis, the.spectrum of polysty
rene may be considered constant. A summary of ten deter-

None

None

0.3% biacetyl

0.3% sodium pereulfate

Not known
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Table I. Preparation of Polystyrene Samples
Monomer Polymerization

Sample Preparation Conditions

A Crystallized Heated in vacuo

B Distilled Standing at room temperature

C. Fractionally distilled Ultraviolet irradiated

D Commercial, not purified Emulsion, heat

E Commercial Commer~ial polymer

a From intrinsic viscosity measurements (2).

that no significant error results. Secondly, the absorption spec
trum of polystyrene must be constant-that is, independent of
molecular weight, conditions of polymerization, catalyst, or other
variables.

In Figure 1 the absorption spectrum of a solution of commer
cial polystyrene is shown to be a composite of the spectra of pure
polystyrene and styrene. Curve 1 is the absorption spectrum of a
commercial polystyrene solution in chloroform. Curve 2 is the
spectrum of an equal concentration of the same polymer, puri
fied by precipitation from chloroform solution with alcohol.
Curve 3 is the difference between curves 1 and 2. Within experi
mental error, curve 3 is the absorption spectrum of the impurities
removed in the purification process, and is identical to the ab
sorption spectrum for styrene which is shown in Figure 2. Al
though there are, no doubt, small quantities of dimer, trimer,
ethylbenzene, and other impurities in the polymer, their con
centration and absorption are so low that the major ultraviolet
absorbing impurity is monomer. This is in accord with the re
ports of other workers (5, 6). Identification of the styrene as
the major impurity has been accomplished for several samples of
commercial polystyrene from each of three major manufacturers,
even for samples with as little as 0.1% residual monomer.

If the complete absorption spectrum of the sample solution is
not measured, and the calculation of per cent monomer is made
from absorbance measurements taken at a single .wave length,
all radiation-absorbing impurities are expressed as' styrene-an
assumption that may not always be justified. To retain rapidity
of analysis, and also make known the presence or absence of other
impurities, it is advisable to take absorbance measurements at
several wave lengths. The absence of interference is indicated
by the apparent per cent monomer being independent of the wave
length at which the absorption measurement is made. When an
interfering substance is present, the difference between its ab
sorption spectrum and that of styrene is criti-
cal in causing poor relative agreements in the
values for monomer content derived from
multiple absorption readings. Additional
factors affecting the disagreement and ac
curacy are the concentration and intensity
of absorption of the foreign material.

The wave length region most suitable for
absorption measurements is from 250 to 260
mu inasmuch as the chloroform solvent ab
sorbs increasingly at shorter wave lengths
and styrene becomes transparent rapidly
at longer wave lengths. Fortunately, the
location of the absorption maxima for sty
rene and polystyrene makes this region par
ticularlyfavorable. In the method described,
three wave lengths were used, 250, 255, and
260 m«.

WAVELENGTH. MjJ

Figure 3. Ultraviolet Absorption
Spectrum of Monmner-Free

Polystyrene

THEORY

If a sample of polystyrene weighing W
grams containing X% residual monomer is
dissolved in 1 liter of optically transparent

250 . 260 270 280 290

WAVELENGTH. MjJ

Figure 2. Ultraviolet Absorption
Spectrum of Styrene Monomer

250 260 270 280 290
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of Extinction Coefficients
Polystyrenes

Wave Length, MI'

Table II. Smnmary

Highest value
Lowest value
Average value
Standard deviation

250
1.38
1.29
1.34
0.030

255
1.84
1.77
1.80
0.024

for Six

260
2.16
2.08
2.12
0.024

Several experimental polymers and eight commercial polymers
have been analyzed with the spectrophotometer. The results of
some of these analyses are shown in Table V. Sample weights
were approximately 0.12 gram, and solution volume was 250
ml. The commercial samples were from three manufacturers
(letters A, B, and 0 in the sample designation), and were in the
form of beads, clear cubes, or opaque chips.

DISCUSSION OF RESULTS

The. results in Table IV indicate that in the absence of inter
fering impurities the absolute accuracy of the method is approxi
mately ± 0.03%, and the absolute precision is about ± 0.02%.
The analytical results for some commercial samples are less ac-
curate and precise. .

In Table V, the results for the duplicate determinations of
monomer in samples A-2 and 0-2 are in poor agreement. In
these two cases the polymer sample was in the form of coarse
chips or cubes, and the variation in monomer in the particles was
great enough that the 0.12-gram sample did not represent the
whole material under examination. No doubt better agreement
of duplicate determinations could have been achieved by dis
solving much larger amounts of polymer, and diluting aliquots to
suitable concentrations. 'On the other hand, by using smaller
sample weights (minimum 1. mg.) and correspondingly small
solution volumes (minimum 3 mI.), it is possible to determine the
styrene content in individual polymer chips when the distribution
of monomer among the different particles is of interest.

The results for monomer content for the experimental poly
mer, and for A-I, B-1, B-2, and B-4 agree so well at the three wave
lengths that it is likely that the values in the average column are
accurate. On the other hand, the results for A-2, B-3, 0-1, and
0-2 indicate the presence of interfering material. In these
cases, the percentages of monomer are high. These results may
still be significant when it is considered that the lowest per cent
shown for each represents its maximum possible monomer con
tent-for example, samples B-3 and 0-1 have monomer contents
of 0.11 % or less, and 0.17% or less, respectively. This informa
tion may be sufficient for some purposes in quality control.

Styrene,
Em
136
116
87

Wave Length,
MI'

250.0
255.0
260.0

Table IV. Per Cent Monomer in Synthetic Mixture of
Purified Polystyrene and Styrene

Actual Wave Length, MI'
Styrene, % 250.0 255.0 260.0 Average Error

0.00 0.02 0.02 0.02 0.02 +0.02
0.14 0.15 0.16 0.17 0.16 +0.02

. 0.28 0.29 0.30 0.29 0.29 +0.01
0.56 0.56 0.57 0.56 0.56 0.00

Av. +0.01

Table V. Per Cent Monomcr in Various Polystyrenes
Wave Length, MI'

Sample 250.0 255.0 260.0 Average
Experimental 0.31 0.34 0.31 0.32

A-I 0.75 0.80 0.77 0.77

A-2 1.04 1.00 0.94 0.99
1.18 1.13 1.07 1.13

B-1 0.80 0.80 0.79 0.80
0.79 0.81 0.77 0.79

B-2 0.42 0.42 0.40 0.41
0.45 0.44 0.42 0.44

B-3 0.16 0.12 0.09 0.13
0.19 0.15 0.11 0.15

B-4 0.09 0.10 0.10 0.10

C-l 0.20 0.18 0.15 0.18
0.22 0.19 0.17 0.19

C-2 1.05 1.04 1.00 1.03
1.58 1.57 1.54 1.56

Table III. Specific Extinction Coefficients of Polystyrene
and Styrene

Polystyrene,
Ep

1.34
1.80
2.12·

minations of the extinction coefficients at 250, 255, and 260 mu is
given in Table II.

The standard deviations of the extinction coefficients, when ex
pressed as equivalent monomer content, are 0.02% at 250 and
255 mu and 0.03% at 260 mu. The absorption spectrum of
monomer-free polystyrene is shown in Figure 3.

The sample of styrene used in the determination of the specific
extinction coefficient, Em, was distilled at 50 0 O. under 20-mm.
vacuum. Only the mid-fraction was used. The absorption
spectrum of styrene in chloroform solution is given in Figure 2.
The specific extinction coefficients of polystyrene and styrene
from 250 to 260 m« are given in Table III.

When the numerical values for E; and Em are substituted in
Equation 2, the following equations result:

At 250 mu % styrene = 0.743 (E250 - 1.34) (3)
At 255 mu % styrene = 0.876 (E255 - 1.80) (4)
At 260 m"" % styrene = 1.178 (E260 - 2.12) (5)

The purification process for polystyrene removes quantita
tively the monomer and other alcohol-soluble impurities. The
spectrophotometric analysis of mixtures of purified polymer and
known amounts of monomer does not prove the accuracy of this
method in the presence of interfering impurities. However, it
does show the precision to be expected, and the accuracy in the
absence of interferences.

A weighed sample of a purified polymer was dissolved in
chloroform, and aliquots were mixed with varying amounts of a
O.OO751-gram-per-liter styrene solution. The per cent styrene
was calculated on total solute. The results of spectrophoto
metric analysis of the solutions and calculation of results using
Equations 3 to 5 are shown in Table IV.

SUMMARY

The spectrophotometric method of analysis of polystyrene for
residual monomer has several advantages, and some limitations.
No treatment of sample other than solution is required. The
method is rapid, and has precision and accuracy suitable for qual
ity control. However, the method is limited to polymers which
have no pigments or dyes. Agreement of results at multiple
wave lengths shows when interfering materials are present. In
the presence of interference, only maximum monomer content
can be determined.
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Spectrophotometric Determination
of Nickel in Calcium Metal
Using 1,2-Cyclohexanedionedioxime

RAYMOND C. FERGUSON AND CHARLES V. BANKS, Iowa State College, Ames, Iowa

In the course of searching for a method that would
be satisfactory for the routine determination of
nickel in calcium metal containing more than trace
amounts of iron, the possibility of using the vic
dioximes was investigated. The reactions of 1,2
cyclohexanedionedioxime (nioxime) and 1,2-cyclo
heptanedionedioxime (heptoxime) with nickel in
the presence of an oxidizing agent in alkaline solu
tion are similar to the reaction of dfmet.hylgfyoxtme
in that, in each case, unstable, reddish-brown colors

APPROXIMATELY 125 papers published since 1900 have
1'\.. dealt with the colorimetric, photometric, or spectrophoto
metric determination of nickel. Hydrogen sulfide (10), potas
sium thiocarbonate (13), and ammonia (4) are inorganic reagents
which have been proposed. Organic reagents have proved to be
more sensitive, and the majority of the colorimetric methods sug
gested for the determination of nickel were based on its reactions
with such compounds. Various authors have investigated the
sodium salt of diethyl-dithioearbamate (2), potassium dithio
oxalate (7), 8-hydroxyquinoline (18), triethanolamine (11), for
maldoxime (8), and 3-nitrososalicyclic acid (20).

The most widely used reagents for nickel have been the vic
dioximes-e-i.e., compounds containing the group -C(=NOH)
C(=NOH)-, which reacts selectively with nickel and other
transition group metals. The gravimetric procedures involving
these reagents are well known (6), and recently Voter and Banks
have discussed the use of some water-soluble dioximes (24).

Colorimetric procedures employing the vic-dioximes are also
widely used. The American Society for Testing Materials pro
cedure employs a-furildioxime; the nickel complex is formed in
aqueous solution and is extracted into o-dichlorobenzene for the
colorimetric comparison or measurement (3).

The reaction of nickel with dimethylglyoxime in the presence of
powerful oxidizing agents in strongly basic solutions has been
studied and used widely since its value as a means of quantita
tively determining nickel was pointed out by Rollet (22). While
the intensely colored (reddish-brown) complex is potentially an
excellent colorimetric form, its instability and the drastic condi
tions for its formation are disadvantageous. Although over sixty
published papers have discussed Rollet's method and recent
spectrophotometric investigations have suggested improvements
(9, 17), the exact nature of the reaction is still unknown. Conse
quently, the method is largely empirical, and a closely standard
ized procedure must be used (9). A similar reaction with a

furildioxime has been reported, but the complex was too unstable
for quantitative work (16). Johnson and Simmons (12) recently
reported the same type of reaction for nioxime (1,2-eyclohexane
dionedioxime). They preferred to stabilize the nickelous nioxime
complex with gum arabic, however; and they used the latter
form for a photometric method of determination.

Because the vic-dioximes offered a number of good possibilities,
an examination of the colorimetric properties of their nickel
complexes was undertaken.

APPARATUS

Constant wave-length measurements of the solutions were
made with a Beckman quartz photoelectric spectrophotometer,
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are produced having absorption spectra which are
very similar. However, the red inner eorrrpbex com
pound of nickel(II) with 1,2-cyclohexanedionedi
oxime can be stabilized with gum arabic, is insensi
tive to pH changes, absorbs most strongly at 550
mIL, and conforms to Beer's law. The applicability
of this method to the spectrophotometric determina
tion of nickel has been established. The effects of
diverse ions are discussed and the rnethod is applied
to the deterrnination of nickel in calcium metal.

Model DU. The wave-length studies were made with a Cary
automatic recording photoelectric spectrophotometer, ModeJ 12.
Matched sets of 5.00o-cm. and l.OOo-cm. Corex cells were used
for the solutions and blanks. Corrections for slight differences in
the transmittancies of the cells were made whenever necessary.

The pH measurements were made with Beckman Model H-2
and Model M pH meters.

REAGENTS

Bromine water, saturated.
Calcium chloride solution. A solution of the reagent-grade salt

was treated with nioxime and activated charcoal to remove
traces of iron and nickel.

Diammonium citrate solution, 20%.
Dimethylglyoxime solution, 1% in 95% ethyl alcohol.
Gum arabic solution, 10%.
Heptoxime (1,2-cycloheptanedionedioxime, Hach Chemical

Co., Ames, Iowa) solution, 0.47%.
Nickel solution. A stock solution was prepared from Mond

nickel dissolved in aqua regia. Appropriate dilutions were used
as the standard nickel solutions for the preparation of calibration
curves.

Nioxime (1,2-cyclohexanedionedioxime) solution, 0.8%.
. Reagent-grade chemicals were used throughout the work.
Further purification was carried out whenever necessary. The
acids and bases used were the c. P. grade ordinarily used in the
analytical laboratory.

COWR REACTIONS

Preliminary experiments with the reaction of nickel with
dimethylglyoxime, using bromine water as the oxidizing agent,
confirmed the reported instability of the oxidized complex.
Typical absorption spectra obtained for the complexes which de
velop in ammoniacal solutions (pH 11.3) are given in Figure 1.
Curves 1 and 2 were obtained 10 and 60 minutes after mixing,
respectively. Sets of curves obtained at lo-minute intervals were
nearly identical to those previously reported in the literature
(14, 17, 19).

Attempts to improve the stability of the oxidized complex were
not uniformly successful. The addition of sodium hydroxide, as
recommended by Makepeace and Craft (14), increased the rate of
fading. Makepeace and Craft attributed this behavior to impuri
ties in the reagents, and recommended special precautions for the
preparation of the solutions to be used. More recent papers,
notably that of Furman and McDuffie (9), have suggested fur
ther modifications which reportedly produce more stable products.
Investigation of these reactions is to be treated in later work.

Because heptoxime and nioxime (24) have certain advantages
over dimethylglyoxime, it was of interest to study their reactions
with nickel in the presence of oxidizing agents. Both heptoxime
and nioxime produced reddish-brown complexes nearly identical
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to the dimethylglyoxime complexes. When they reacted with
nickel in the presence of bromine water and ammonium hydroxide,
the three vic-dioximes produced absorption spectra which were
very nearly superimposable throughout the visible range. Be
«ause the heptoxime and nioxime complexes were also unstable
under these conditions, the new reagents appeared to produce no
improvement in Rollet's method.

3 and 4 of Figure 2. The suspensions contained I and 4 ml, of
gum arabic solution, respectively, and were at pH 9. The ab
sorbancies of these solutions continued to increase until they
reached the value obtained for solution l.

The results in basic solutions were more variable, undoubtedly
because of the retardation of color development. The optimum
pH range was from pH 4 to 6, although the complex could he

700650.600500 550
Wavelength, mJl

450400350

1.5

0.5

&
.2 1.0

Absorption Spectra of Nicl,el Dioxbme Solutions

3. Nickel nioxirne, atabdlfaed wit:h gUIII aeebfc at. 10 and 60 nUDut.el!
4. I nd. each of 0.8% nioxirne nnd 10% guJD arahic solutions diluted

to 100 JDl.

Figure 1.
154 -y of nickel per 100 mI.
Cary instrutncnt, using 5.O-cm.. cells
I. 2. Oxidized dimethylglyoximc complex at 10 and 60 minutes, re

spectively

On the other hand, the formation of nickelous nioxime in the
presence of gum arabic, according to the procedure of Johnson and'
Simmons (12), produced a highly colored, stable suspension.
This red complex was the form selected for further spectrophoto
metric investigation.

COWRIMETRIC PROPERTIES OF NICKELOUS NI0XIME

Absorption Spectrum. A pronounced maximum in the ab
sorption spectra of the suspensions (curve ,3, Figure 1) occurred
at 550 mil. The wave length of the maximum was confirmed for
a range of concentrations of nickel, using both the Cary and the
Beckman spectrophotometers.

The reagents did not absorb appreciably in the visible region,
as is shown by curve 4 of Figure 1. Excess nioxime had no
effect on the color intensity, 10 ml. of the reagent producing
r.he same intensity as 1 ml,

Stability. Although gum arabic stabilized the colored system,
excess reagent retarded the rate of color development. Curves
I and 2 of Figure 2 show the absorbancy at 550 mil as a function
of time for suspensions containing, respectively, 1 and 4 ml. of
10% gum arabic solution in a 100-ml..final volume. The solu
tiona were at pH 5. The absorbancies of both suspensions be
carne identical within 24 hours, and they remained constant for
at least a week.

Effect of pH. The retardation of color development was
much more pronounced in basic solutions, as indicated by curves

developed satisfactorily from pH 3 to 10. The color develop
ment in acidic solutions was essentially complete iJ:l 1 hour.
Longer periods were necessary for suspensions prepared under
basic conditions.

Calibration Data. The optimum range of concentrations was
obtained directly from Figure 3, in which the percentage trans
mittancy was plotted as a function of the logarithm of concen
tration. This method is similar to that suggested by Ringbom
(21), in which percentage absorptaney was plotted against the
logarithm of concentration. In this type of plot, the range of
maximum accuracy falls between 20 and 60% transmittancy.
Thus, the optimum range was 2 to i micrograms of nickel per
milliliter when l.OOo-cm.cells were used, or 0.5 to 1.4 micrograms
per milliliter in 5.000-cm. cells.' The relative accuracy at a
particular concentration can be determined from the slope of the
curve (21).

Conformity to Beer's law was confirmed by applying the statis
tical treatment recommended by Mandel (15). The absorbancie»
of duplicate, sets of suspensions, ranging from 0.1 to 1.4 micro
grams of nickel per milliliter, were determined at 550 mil. ThO'
least squares line, total variability, experimental error, and de
parture from linearity were calculated. The variance ratio,
F = l.41 with nl = 12 and 1'1-2 = 14, proved to be much smaller
than the value given by the F"table (23), in which F (5%) = 2.53;
therefore, there was no significant departure from linearity in the
range studied.
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Figure 2. Stability of Nickelous Nioxime Suspensions

154 'Y of nickel per 100 IIlI.
Beekeosm instruDl.ent, using Lu-cm, cells. Volume of 10% guDl. arabic
solution:

1,3. I mI.

2,4. 4 mI.
1,2. pH 5
3,4. pH 9

The least squares line and the experimental points were plotted
in Figure 4. The standard deviation of (5) absorbancy for a single
analysis was 0.0049. "Confidence limits" at the 99% level were
calculated from this standard deviation and Student's t-table
(23).

Interferences. The Cary instrument was used to determine
the effect of diverse ions on the absorbancies in the region of 550
mIL. Those ions which produced absorbancies outside of the
confidence limits were treated as interferences.

Anions which did not interfere when present in concentrations
1000 times the nickel concentration were the acetate, arsenite,
borate, bromate, bromide, carbonate, chlorate, chloride, citrate,
dichromate, ferricyanide, fluoride, iodide, mandelate, molybdate,
nitrate, nitrite, perchlorate, phosphate, silicate, sulfate, thiocya
nate, thiosulfate, tungstate, and vanadate ions. Ferrocyanide,
cyanide, and ethylenediamine tetraacetate ions prevented the
formation of the color. Potassium iodate produced results which
were 10% low. Hexanitratocerate formed a precipitate at the
pH of the determination. The oxalate ion produced acloudiness
in the presence of gum arabic. The permanganate ion absorbed
appreciably at 550 mIL and had to be absent.

The cations which did not interfere when the ratio of the ion to
nickel was 1000 to 1 were the ammonium, sodium, potassium,
beryllium, magnesium, calcium, strontium, barium, lanthanum,
hydroxylammonium, manganous, zinc, cadmium, mercuric,
aluminum, and plumbous ions. Several cations precipitated at

the pH of the determination-e.g., titanium, zirconium, hafnium,
vanadyl, ferric, stannous, and stannic. The colored chromic ion
absorbed somewhat at 550 mIL and could be present in a ratio of
no more than 50 to 1. The ferrous, cobaltous, and cupric ions
reacted with nioxime to produce highly colored complexes which
interfered.

Curve 3 of Figure 5 was obtained for a solution of the ferrous
nioxime complex formed under acidic conditions. The interfer
ence was minimized by oxidizing the iron to the ferric state and
complexing it with diammonium citrate. The absorption spec
trum of the citrate complex has been given as curve 4 of Figure 5.
Curves for nickelous nioxime (curve 1) and for Rollet's complex
(curve 2) have been included for comparison. The slight inter
ference due to ferric citrate can be further reduced by the use of a
suitable blank.

The ferric citrate complex was slowly decomposed and the iron
was reduced by excess nioxime. Therefore, a moderate excess of
citrate is desirable. If the absorbancy measurements are to be
made within an hour or two after mixing, 3 ml. of 20% diammo
nium citrate solution in 100 ml. of suspension are the upper limit
permissible, as citrate has a retarding effect on the color develop
ment.

High concentrations of electrolytes caused the results to be con
sistently low. This manifestation of the diverse ion effect was
eliminated by preparingthe calibration suspensions at the ionic
strength expected in the determinations.
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Table I. Nickel in Calcium Solutfons''
Nickel Taken, Iron Added, Nickel Found,

'Y Mg. 'Y

15 14
31 31
46 45
62 62
77 79
20 I~O 20
~ 1.0 ~
~ 1.0 M
80 1.0 79

100 1.0 99

a Each solution contained 1.0 gram of calcium.

DETERMINATION OF NICKEL IN CALCIUM METAL

Abbey (1) has applied Rollet's method to the determination of
traces of nickel in high purity calcium and magnesium metals.
He was able to make the absorbancy measurements at 445 mIL be
cause the iron concentration was so low that absorption by ferric
citrate was negligible. Because the amount of iron in the metal is
often many times that found in Abbey's samples, the absorbancies
should generally be measured at 530 mIL. Reference to curves I
and 2 of Figure 5 indicates that the absorbancy indexes at the
lower peak of the oxidized complex and at the nickelous nioxime
peak are nearly the same. Therefore, the loss in sensitivity in
changing to the newer method is small.

Calibration Curve. Solutions containing 1 gram of calcium
and known amounts of nickel were prepared by adding the
standard nickel solution to appropriate volumes of the calcium
chloride solution, These solutions, in 100-m!. volumetric flasks,
were treated with 1 m!' of 20% diammonium citrate solution,
1 ml. of 10% gum arabic solution, and 1 ml. of 0.8% nioxime
solution. The contents of the flasks were mixed after each addi
tion and after dilution to volume. A blank solution was prepared
in the same manner, omitting the nickel and the nioxime. In
1 to 2 hours the absorbancy measurements were made in 5.000
em. cells, at 550 mIL and a 5 mIL nominal band width. The con
centration range ~as 10 to 150 micrograms of nickel per 100 ml.

Calcium solutions containing known amounts of nickel and iron
were analyzed to check the accuracy of the method. Table I
gives the results obtained for a series of these solutions.

Recommended Procedure. Place 50 ml. of water in a 400
ml. beaker, and carefully add a weighed sample of 2 grams of
small calcium particles. When the reaction is complete, add
5 ml. of concentrated hydrochloric acid and 1 ml. of concentrated
nitric acid, and heat to dissolve the hydroxide and to oxidize any
iron. Cool and add 2 ml. of 20% diammonium citrate, then ad
just the solution to pH 4 to 6 with ammonium hydroxide. Rinse
the solution into a 100-ml. volumetric flask, dilute to the mark,
and mix. Pipet 50 ml, of this dilution into another 100-ml. flask,
retaining the remainder for the blank. Add 1 m!' of 10% gum
arabic solution to each flask, and mix well. Add 1 mI. of 0.8%
nioxime solution to the first aliquot only, dilute both solutions to
the mark, and mix well. Measure the absorbancy of the colored
aliquot against the blank after an hour. The wave-length setting
should be 550 mIL.

700650600
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Figure 5. Absorption Spectra of Complexes of Iron
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Obtained with Cary instrum.ent, using 5.o-cln. cells 154 'Y of nickel prescnt
1. Nickelous nioxime 154 'Y or nickel pr~sent 3. Ferrous nioxime.. 500 'Y of iron

4. Ferric citrate, 2000 'Yof iron

~
u
c:
o
~o.s
«

2
go



v 0 L.U M E 23, NO.3, MA RCHI 95 1

The range of nickel concentration chosen will depend upon the
cell thickness to be used. The order of addition of the reagents is
not critical, provided that the nioxime is added last.

DISCUSSION

The nickelous nioxime method appears to have several advan
tages over the conventional dimethylglyoxime colorimetric proce
dure. The gum arabic suspensions are much more stable, al
though the maximum intensity is not reached immediately.
The drastic conditions of Rollet's method cause most cations to
precipitate, but the milder conditions of the new method permit
the direct determination of nickel in the presence of several of .
·these ions.

Although comparison of curves 1 and 2 of Figure 5 would indi
cate that Rollet's method is much more sensitive, the absorption
of ferric citrate is usually so great that the smaller maximum at
530 ml' is used instead of the intense maximum at 443 m«. The
absorbaney index of nickelous nioxime at 550 mu is of the same
order as that of Rollet's complex at 530 IDI'. On this basis, the
sensitivities of the two methods are comparable.

The nickelous nioxime method has the great advantage of
simplicity. It requires few preliminary separations and elimi
nates the extractions required in some procedures. The accuracy
and reproducibility are sufficient for the purposes of trace
analysis.
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Spectrophotometric Determination of Cerium(IY)
A. I. MEDALIA AND B; J. BYRNE

~rookhavenNational Laboratory, Upton, Long Island, N. Y.

It was desired to study the behavior of solutions of
cerium at as low concentrations as could be conveni
ently determined. It appeared likely that the sensi
tivity of an existing colorimetric method, based on
the yellow color of cerium(IV), could be improved by
working in the ultraviolet. Cerium(IV) was found
to show an absorption maximum at approximately
320 m'I" with a rnolur extinction coefficient of 5.58 X
10 3, in 1 N sulfuric acid. A photoDletric sensitivity

T H E familiar yellow color of the eerie ion in acid medium has
been made the basis for a colorimetric procedure, in which

cerous ion is oxidized with persulfate in boiling 1 N sulfuric acid
with silver ion as a catalyst (8). If the intensity of the yellow
color is determined visually, the sensitivity is approximately
10 micrograms of cerium per square centimeter, while the photo
metric sensitivity with a blue filter is 0.5 microgram (8). A
spectrophotometric study in the visible range (2) has established
that the absorption of eerie sulfate increases continuously up to 480
mil (the lower limit of the study), so that as pointedout by
Sandell (8), increased sensitivity would be expected to result
from use of monochromatic violet light. Since completion of the
present work, Freedman .and Hume (1) have shown that the
maximum absorption occurs in the neighborhood of 315 mu,
and have reported on work in which cerium was oxidized by a
modification of the procedure of Sandell.rand measurements were
made at 315 mu,

of 0.025 mrcrogeam can thus be realized. In the de
terrrririatfon of cerfum by oxidation with persulfate,
it is Irnpor-tarrt not to t.ake too large an amount of
persulfate or of amrnonrum ion, because both resid
ual persulfate, and nitrate ion foerned by oxidation
of arrrrrrorriurn ion, absorb appreciably at 320 lOlL.

A specrrophotoruetrte procedure for the deterrnbaa
tion of traces of eerfurn Irnproves sensitivity twenty
fold over the previous colorimetric procedure.

ABSORPTION SPECTRUM OF CERIC ION

The absorption spectrum of a solution of eerie sulfate (1.92
X 10-6 M) in 1 N sulfuric acid, obtained with a Cary recording
spectrophotometer (lO.O-cm. cell), is shown in Figure 1. The
maximum, which is fairly broad, occurs at approximately 320
ms, The molar extinction coefficient is 5.58 X 103, permitting
a photometric sensitivity of 0.025 microgram of cerium. The
effect of acid strength on the location and height of the maximum
is slight, over the range 0.1 to 6 N sulfuric acid.

DEVELOPMENT OF PROCEDURE

It was first attempted to determine cerium according to the
procedure of Sandell (8), with the modification that the absorp
tion was measured at 320 mu, using a Beckman D U spectrophotom
eter with a l-orn. silica cell. In this procedure, 10 ml. of solu
tion are made 1 N in sulfuric acid, and 0.2 gram of ammonium
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persullate and 0.5 mg. of silver nitrate are added; the solution
is boiled for 5 minutes, cooled, and diluted to 10 ml., and the
transmittance is then measured. This procedure gave erratic
results when the measurements were made at 320 mJ.L. Further
study revealed two principal sources of error: absorption of light
at. 320 mJ.L by any persulfate remaining after boiling, and absorp
tion by the nitrate ion formed by oxidation of the ammonium
ion by persulfate. An absorption spectrum of 0.0010 M am
monium persulfate in 1 N sulfuric acid, measured in the Hl-cm.
cell of the Cary spectrophotometer, with 1 N sulfuric acid as the
blank, is shown in Figure 2, A. The absorption increases con
tinuously as the wave length is decreased; this is also seen from
the curves of Figure 2, Band C, which were obtained with 0.010
and 0.10 M persulfate, respectively. An absorption spectrum
of potassium nitrate is shown in Figure 3; the location of the
maximum at 301.5 mu has been established previously (5, 9).

~ .8

I-

~ .6
;:
~ .4

1.0

240 260 280 300 320 340
WAVELENGTH (m,,)

360 380 400

.Figure 1. Absorption .Speeteurn of CerrurnffV) in 1 N
Sulfuric Acid

Both of the above sources of error can be made negligible by
using one tenth the amount of persulfate recommended by
Sandell (8). While satisfactory results are obtained with this
amount of ammonium persulfate, it is evident that potassium
persulfate is to be preferred.

The solutions after oxidation are stable for 10 to 20 minutes,
if water of good quality is used throughout; with water containing
traces of organic matter, rapid fading has been found.

340320280 300
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Absorption Spectrum of Potassium
Nitrate (0.0101 M)
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dilutions a solution 1.11 X 10-4 M in cerous ion, in 1 N sulfuric
acid; aliquots of this solution were treated by the above pro
cedure, and the extinctions were measured in a 1-cm. cell with a
Beckman DU spectrophotometer (hydrogen lamp, 0.34-mm. slit
width).

Extinction
(320 mu)

0.640
0.648
0.598
0.660
0.640
0.666

AgNO"
Mg.

0.50
0.12
None
2.50
0.50
0.50

Table I. Recommended Procedure with Varying Amounts
of Silver Nitrate and Potassium Persulfate

[All with 155 'Y Ce(III), boiled 10 min.]

K,S,O"
Mg.

24
24
24
24
6.0

96

Recommended Procedure. The amount of cerium taken
should be between 0.04 and 0.20 mg. for maximum accuracy
(although as little as 0.003 mg. can be detected), in 10 m!. of
1 N sulfuric acid in a 30-m!. beaker. To this solution are added
0.5 mg. of silver nitrate (0.2 m!. of a 0.25% solution) and 24 mg.
of potassium persulfate (1.0 m!. of a 2.4% solution). A small
silicon carbide chip is added to promote even boiling, the beaker
is covered, and the solution is boiled for 5 to 10 minutes, with ad
dition of water if necessary to maintain a volume of 6 to 10 m!.
The beaker is then placed in cold (15 0

) water for 5 minutes, and
the solution is transferred to a lo-m!. volumetric flask and made
up to volume. The extinction is measured at 320 m)' in a silica
cell, and the concentration of cerium is determined from a cali
bration curve.

RESULTS OBTAINED WITH RECOMMENDED PROCEDURE

•Construction of Calibration Curve. To 5.00 ml, of eerie sul
fate (0.0888 N) 0.1 N hydrogen peroxide was added until the
solution was colorless. From this was prepared by successive

The results are shown in Figure 4. Beer's law is followed closely
over the range studied; the extrapolated blank (0.003) is virtually
negligible. Similar curves obtained at wave lengths other than
320 mJ.L are also shown in Figure 4; Beer's law is followed at these
wave lengths also, although the sensitivity is, of course, not as
great.

Variations in Recommended Procedure. TIME OF BOILING.
Measured extinctions of solutions initially 1.11 X 10-4 M in
cerous sulfate, oxidized according to the above procedure with
various times of boiling, are shown in Figure 5. Satisfactory
results are found with between 5 and 35 minutes of boiling.

AMOUNTS OF PERSULFATE AND SILVER NITRATE. The effects
of variations in the amounts of these ingredients are shown in
Table I.

Satisfactory results are obtained with the recommended
amounts of silver and persulfate, or with as little as one fourth
these amounts. .
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a Calculated from extinction at 301 rnu corrected for blank.

Table III. Oxidation of Amrnorrhrm Ion to Nitrate Ion
in Presence of Cerrurn

Table II. Oxidation of AIlllllOnimTI Ion to Nitrate Ion in
Absence of Ceeitrrn

(Solutions boiled 10 minutes, then made up to 10 mI.)

257 ml'

0.3
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CONCENTRATION OF CERIUM TAKEN (MX 10')

Figure 4. Extinction vs. Concentration
of Cerfurn Taken in Recollllllended Pro-

cedure'

With the recommended amount of. potassium persulfate, and
2 M ammonium ion (addedas ammonium sulfate), the amount
of nitrate apparently formed is greater than would correspond
stoichiometrically to the amount of persulfate taken. The
significance of this is not clear at. present.

4.2
0.4
0.0
3.2

NO,
Formed,

M X 10'·

Extinction
(320 mn)

0.640
0.643
0.870
0.665
0.635
0.837

Cerium

Cerous
Cerie
Cerous
Cerous
Cerous
Cerie

200
20
2

200

NH,+,
M X 102

(All solutions 1 N in sulfuric acid, with 0.50 mg. of AgNO" 24 mg. of K,S20.,
and 155 'Y of cerous or eerie cerium. Solutions boiled 10 minutes, then made

up to 10 ml.)

NO.
Formed,

M X 102•

K,S,O., NH, + AgNO" Extinction
M X 10' M X 10' Mg. H,SO, (320 mu)

8.9b 0.054
8.9 1'7:8 0.50 .. 0.079 1.8
8.9 17.8 0.50 1 N 0.017 0.2
8.9 17.8 1 N 0.008 0.0

U~C U~C g:~g l'N g:g5~ 8:1
0.89 1.78 .. 1 N 0.004 0.0
0.89 200. 0.50 1 N 0.054 1.2
0.89 20. 0.50 1 N 0.005 0.1

• Calculated from extinction at 301 m!" corrected for blank (boiled with
out ammonium sulfate).

b Unboiled; extinction due to persulfate.
C These amounts correspond to 20 mg. of ammonium persulfate (equiva

lent to 24 mg. of potassium persulfate).

,
30

•
•

•

Extinction at 320 Ill!, vs. Tfme of Boiling

EFFECT OF METAL IONS

A number of metal ions, of such a nature as
would be expected either to occur with cerium in
nature or to interfere with the cerium deter
mination, have been studied according to thefollow
ing plan. First, the absorption spectra of solutions
of C;P. compounds in 1 N sulfuric acid were de
termined in the ultraviolet, with the Cary instru
ment (10-cm.· cell). The extinction coefficients at
320 mu were calculated; ·and on this basis various

:=!~"
5 10 15 20 25

TIME OF BOILING (MINUTES)

Figure 5.

0.556
0.574

0.552
0.563

0.556
0.562

In the presence of 155 micrograms of cerium(III), the extent
of formation of nitrate is severalfold higher than in the absence
of cerium. Thus, with the recommended amount of persulfate,
the initial presence of 0.2' M ammonium ion causes a significant

error in the cerium determination, although
the corresponding blank (Table II) is negligible.
However, with 0.02 M ammonium ion, which

.is slightly greater than the amount of am
monium ion present in 20 mg. of ammonium
persulfate (corresponding to the recommended
amount of potassium persulfate), no error is found.
When cerium is present initially in the quadri
valent rather than the trivalent state, the amount
of nitrate formed (from 2 M ammonium ion). is
considerably greater than in the absence of cerium;
this indicates that the cerium acts here principally
as a catalyst rather than by. an induced reaction.

Extinction

0.684
0.920

0.642
0.653
0.707

0.634
0.641

0.639
0.661

0.653
0.758

0.636
0.660

0.675
0.980

320m!, 340m!,

0.640 0.550
0.639 0.550
0.676 0.556

Amount
Taken,

M

1.11 X 10-'
1.0 X 10-2
1.0 X 10-'

320 mIl 340 mIl 270 mIl

4.83 X 10' 4.11 X 10' 2.26 X 10'
2.8 X 101

Compound
Taken

C.2(SO,), alone
CuSO,·5H,0

Q Ferric sulfate ta.ken for determination of extinction coefficient; ferrous sulfate usedin
analytical procedure. .

Table IV. Interference by Various Metals in Deterrnbnatfon of Ceriulll
[All extinction coefficients are those of individual compounds; extinctions are those of
indicated mixtures with 1.11 X 10-' M cerium(III) carried through recommended pro-

cedure with 20 mg. of (NH,),S20.]

Molar Extinction Coefficient,
E, Sq. Cm./Millimole

EFFECT OF AMMONIUM ION

Oxidation of ammonium ion to nitrogen and nitrate ion by
persulfate in the presence of silver ion (at 25 0 C.) has been re
ported by. Marshall and subsequent workers (3, 4, 6, 7, 10).
Results obtained under the conditions of the present procedure
are given in Tables II and III.

From the data of Table II it is seen that the persulfate-am
monia reaction leads to the formation of much more nitrate in
initially neutral solution than in 1 N sulfuric acid; this effect
of acid is in agreement with the observations of Marshall and
Inglis (7). In 1 N acid, the nitrate formed from ammonium
persulfate in the amount used by Sandell (8) is sufficient to give a
significant extinction at 320 mu even in the absence of cerium.

FeSO,·7H,0 or
Fe,(SO,),· 6.3 X 10' 3.3 X 10' 5.8 X 10' 2.0 X 10-'

1.0 X 10-'

K,CrsO, 6.3 X 10' 1.2 X 10' 2.0 X 10' 6.9 X 10-8

3.3 X 10-'
1.3 X 10-'

KMnO, 1.5 X 10' 1.2 X~lO' 2.4 X 10' 1.0 X 10'-'
4.0 X 10-'

NH,VO, 3.2 X 10' 1.9 X 10' 2.0 X 10-'
1.0 X 10-:-'

VO,SO,·3H,0 1.2 X 102 2.3 X 101 1.0 X 10' LOX 10-'
1.0 X 10-'

Th(NO,),·4H,0 1.6 X 10' 1.2 X 101 1.0 X 10' 1.0 X 10-'
1.0 X 10-'

KNO. 3.0 1.9 1.0 X 10-'
1.0 X 10-'
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was higher than expected on the basis of its extinction coefficient:
with manganese. on the other hand, less interference was found
than expected .
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Figure 6. Ahsorption Spectr-a of Various Compounds in
Ultraviolet

.4

The molar extinction coefficients at 320 mit of the majority
of the compounds of Table TV are of the order of 10% of that of
cerium(IV). For this reason Reparations must be made from
a larger number of elements than if the color of the cerium(TV)
's measured in the violet portion of the visible spectrum. On the
'Other band, the interference due to copper, particularly at 340
~. is so slight that it is possihle to determine cerium accurately
in a strong blue solution. The interference found with iron

amounta of each substance were taken. together with a known
amount of cerium(III), for analysis according to the above
procedure with ammonium persulfate (20 mg.) as reagent.
With many metals it WaR evident from the absorption curves
that the interference could be greatly reduced. at comparatively
slight cost in sensitivity of cerium determination, by working at
340 rather than 320 mit. The results are given in Table IV and
Figures 6 and 7. Data for potnssium nitrate are also included.

Spectrophotometric Determination of 8-0uinolinol
And Some of Its Halogenated Derivatives

W. T. HASKINS AND GEORGE W. LUTTERMOSER

Natio~l Institutes of Health, Public Health Service, Bethesda 14, Md.

I N CONNECTION with a study of the mode of action of the
iodine-containing 8-quinolinol compounds used for the trea 1.

ment. of amebiasis, it was desired to estimate quantities of the
order of a fraction of a milligram of the drugs and their partially
or completely dehalogenated derivatives. Other investigators
(1,2.4.7, to, 12) and the authors (9) have studied the absorp
tion, distribution, and excretion of these iodinat.ed compounds
heretofore by determining the amount of iodine present in the
biological materials by chemical or tracer techniques. However,
it may not. always be assumed that the iodine measured in this
way iR still hound to the 8-quinolinol nucleus, for it. may have been
removed by some meta.buli« pI'OC('SS and subsequently transferred
to some other moiety. Thus it becomes desirable to determine
not. only the iodine associated with the drug but also the quantitv
of 8-quinolinol present.

Published methods for the determination of 8-quinolinol de
pend on titration ior gravimetric precipitation with bromine
(ii, 7,8, 11) and hence are not applicable to derivatives which are
.already substitutod in the .5 and 7 positions. Fresenius (6) has

described a spectrophotometric method for the determination of
5-chloro-7-iodo-8-quinolinol by measuring t.he color developed in
glacial acetic acid in the presence of ferric iron. However, this
method suffers because of its extreme sensitivity to the water con
tent of the solvent. Grabbe (7) stated that. a colorimetric method
was employed for the estimation of small amounts of 8-quinolinol
using ferric chloride in aqueous solution, but gave no details.

It was recognized that the intense green color of the complex
formed by 8-quinolinols with ferric iron offered a sensitive and
relatively specific method for their determination by spectro
photometry, provided a suitable solvent were available. It was
found that methyl Cellosolve (2-methoxyethanol) was satisfac
tory for the purpose, as it is a good solvent for 8-quinolinol, 5
chloro-8-quinolinol, 5-chloro-7-iodo-8-quinolinol (vioform ), 5,7
diiodo-8-quinolinol (diiodoquin), and their iron complexes. The
color produced by the iron complexes ill this solvent, which is not
hygroscopic, is insensitive to small changes in water content.
Methyl Cellosolve is not suitable for t.he determination of 8
quinolinol-fi-sulfonie acid or 7-iodo-8-quinolinol-5-flulfonic acid .
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In connection with a study of the mode of action of
iodine-containing 8-quinolinol compounds (5,7
diiodo-8-quinolinol and 5-chloro-7-iodo-quinolinol)
used for the treatment of amebiasis, it was desired
to determine quantities of the order of a fraction
of a milligram of the drugs and their partially or
completely dehalogenated derivatives occurring in
the urine of experimental animals. ' By employing
the intense green color of the complex formed by 8
qninolinols with ferric iron and the selection of
methyl Cellosolve (2-methoxyethanol) as a solvent,
a spectrophotometric method was developed which

is applicable to the determination of 8-quinolinol,
5-chloro-8-quinolinol, 5-chloro-7-iodo-8-quinolinol,
and 5,7-diiodo-8-quinolinol in amounts of 0.05 to
0.50 mg. A procedure for the separation and deter
mination of the components of mixtures of 8
quinolinol with anyone of its halogenated deriva
tives and application to the analysis of urine con
taining these compounds in both the free and con
.iligated states is given. This method offers a sirrrple
rapid rnethod for the estirnation of 8-quinolinol
compounds in urine and, with rnodifications, could
be applied to many other types of materials.

CD S-QUINOLINOL

® 5~CHLORO-S-QUINOLlNOL

@ 5-CHLORO-7-IOOo-S-QUINOLlNOL

® 5.7-01l000-S-0UINOLlNOL

0.10

0.9

O.S

0,7

0.6

0 0.5

0.4

0,3

0.2

0.1

tired at 650 mIL using as a blank a solution of 0.5 rnl. of ferric
«hloride reagent diluted to 5 m!. with methyl Cellosolve.

Calibration curves (Figure 2) were prepared for each of the 8
quinolinol compounds having a satisfactory solubility in methyl
Cellosolve. All were straight lines passing through the origin,
with the exception of the curve for 8-quinolinol which deviates
from a straight line at concentrations greater than 0.35 mg. In
practice, D values greater than 0.6 were avoided by reducing the
volume of the aliquot or increasing the dilution of the sample.
This served to ensure a proper coneentration of iron and to in
crease the precision of the measurement by using the lower por
tion of the logarithmic scale of the Beckman spectrophotometer.

Figure 2. Optical Density vs. Concentration
of 8-Quinolinol-Iron Complexes
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Figure 1. Optical Density vs. Wave Length
Quinolinol-Iron Cornplexes

Concent.ration. 0.25 DIg. of compound and 0.5 109. of iroD per 5 m).
of solution. I-ern. cuvet:te

o 0.4

because of their insolubility. In the procedure a considerable
excess of iron over the theoretical ratio of 1 mole of iron to 3 moles
of 8-quinolinol compound was used in order to ensure the maxi
mum depth of color. It was found that acid concentrations be
low pH 1 destroyed or diminished the intensity of the color.
When developed as described, the color was stable for several
hours and showed little change over a 24-hour period when
stored at room temperature in a stoppered container. The
curves relating optical density, D, and wave length of incident
light for the 8-quinolinol-iron complexes are given in Figure 1.

The maximum optical density was found to occur at 650 mIL for
r-ach of the compounds, indicating that halogen substituents have
no measurable effect on the shade of the color.

METHOD

The reagents required are commercial grade methyl Cello
solve and an aqueous solution of ferric chloride containing 1
gram of ferric iron and I ml, of concentrated hydrochloric acid
per liter.

The 8-quinolinol compound was dissolved in methyl Cellosolve
bv warming, if necessary, and diluted with the same solvent to
avolurne such that a l-ml. aliquot contained 0.05 to 0.50 mg. of
the compound. The aliquot was prpetted into a lQ-ml. graduated
cvlinder, 0.5 ml. of the ferric chloride reagent was added, and the
volume was adjusted to 5 ml, with methyl Cellosolve, The tube
was stoppered and the contents were mixed by inverting the
cylinder several times. The pH of this solution as measured with
a glass electrode was 1.6 to 1.8 for all the 8-quinolinol compounds
measured over the concentration range specified. The solution
was transferred to a l-orn. cuvette and the optical density meas-

An interesting relationship was noted when the calibration
curves were plotted with the concentration expressed in micro
moles instead of milligrams (Figure 3). The lines lie very close
together, showing that the amount of color produced is primarily
a function of the amount of the 8-quinolinol moiety present; the
kind or number of the halogen substituents has only a minor effect.
I t was also found possible to analyze a mixture of 8-quinolinol
with anyone of its halogenated derivatives by measuring the
optical density of the iron complex of the mixture, separating the
halogenated compound, measuring its optical density, and sub
tracting the latter from the former to give the optical density
equivalent to the amount of 8-quinolinol present in the mixture.

The 8-quinolinol W!tS separated from its halogenated deriva
tives by pouring the methyl Cellosolve solution of the iron com
plex of the mixture after the optical density had been determined
into 25 m!. of 1 N hydrochloric acid and extracting with five 5
ml. portions of ethylene dichloride. Under these conditions the
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The butanol extract was centrifuged and filtered to break the
emulsions and the solution was evaporated in vacuo, or by a cur
rent of air, at room temperature. The residue was taken up in
5 ml. of methyl Cellosolve, transferred to a lo-m!. volumetric
flask, and diluted to volume with the same solvent. An aliquot
of appropriate volume, as determined by trial, was transferred
to a lo-m!. graduated cylinder and diluted to 4 m!., 0.5 m!. of
ferric chloride reagent was added, and the volume was adjusted
to 5 ml. with methyl Cellosolve.

No green color appeared on addition of the reagent, but within
a few minutes a color change was apparent, as the acidic reagent
caused hydrolysis of the conjugate with concurrent formation of
the 8-quinolinol-iron complex. The rate of hydrolysis was fol
lowed by observing the change of optical density with time at
650 mIL. A typical curve, given in Figure 4, shows that the
hydrolysis is virtually complete in 8 hours. For routine estima
tions it was unnecessary to follow the course of the hydrolysis.
The solutions were allowed to stand at room temperature for 8
hours and then read; in fact, check determinations at 8 and 18
hours showed that there was no significant difference in the reading
when the solutions were made up in the late afternoon and read
the next morning. The hydrolyzed solution may also be analyzed
for the presence of a mixture, as previously described.

0.2

Blank runs were made on urine from rabbits receiving the
same diet but no 8-quinolinol compounds, and in no case was a
green color produced by the residues from the extractions, thus
eliminating any need for control blanks.

ill 8-QUINOLINOL
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halogenated compound was quantitatively extracted, leaving the
8-quinolinol in the aqueous phase. The ethylene dichloride was
evaporated at room temperature by a current of air and the resi
due was taken up in a small amount of methyl Cellosolve, 0.5 m!.
of ferric chloride reagent was added, and the volume was adjusted
to 5 ml. as before. The optical density of this solution sub
tracted from the optical density of the mixture is the optical
density of the 8-quinolinol present in the mixture. If desired, the
8-quinolinol may be recovered from the aqueous hydrochloric
acid solution by making it alkaline with sodium bicarbonate and
extracting with several small portions of ethylene dichloride.

Figure 3. Optical Density es, Concentration
of 8-Quinolinol Cornplexes

Lscen, cuvette

A mixture of 0.100 mg. of 8-quinolinol and 0.175 mg. of 5,7
diiodo-8-quinolinol when analyzed as described gave D 0.372 for
the mixture and D 0.167 for the diiodo compound. Subtracting,
the optical density for 8-quinolinol was 0.205 or 0.102 mg. as read
from the calibration curve, in good agreement with the theory.

Application to Urine Samples. The urine from rabbits re
ceiving 8-quinolinol compounds orally was analyzed as follows:

The pH of the specimen was determined and, if it was below 7,
sodium bicarbonate was added until a slightly alkaline reaction
was obtained. A 5O-m!. aliquot was extracted with five lo-m!.
portions of ethylene dichloride, and the combined extracts were
centrifuged to break the emulsions which usually formed. The
clarified ethylene dichloride was filtered and evaporated to dry
ness with a current of air. The residue was dissolved in methyl
Cellosolve and the determination carried out as described in the
method. In the case of dosage with halogenated 8-quinolinols,
it was also carried through the procedure for the determination
of mixtures. These results gave the quantity of 8-quinolinol
compounds present in the free state in the urine.

It has been shown by other investigators (3, 7, 12, 13) that 8
quinolinols occur in the urine as conjugates with sulfuric and
glucuronic acids. These conjugates were not extracted by ethyl
ene dichloride and gave no color with iron because the hydroxyl
group was blocked. Hydrolysis of the urine samples with various
concentrations of hydrochloric acid, both at room temperature
and at 100° C. was unsatisfactory because of incomplete hydroly
sis at low temperature and partial dehalogenation accompanied
by an apparent disappearance of varying amounts of the 8
quinolinol nucleus at high temperatures and acid concentrations.
These difficulties were circumvented by extracting the same
sample used for the estimation of the free 8-quinolinol compounds
with butanol, At least 8 extractions with 25 m!. of butanol each
were required because of the relatively low solubility of the conju
gates. It was found advisable to work up the la~t extract
separately, in order to be sure that all the material had been
extracted from the sample.
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Boiling Point, °C. Density, d;5 Refractive Index, n~
Observed Literature Observed Literature Observed Literature

56.13 56.10 (15) 0.7840 0.7840 (16) 1.3560 1.3556 (16)
0.7849 (7) 1. 3566 (14)

61.26 61.15 (17) 1.4787 1.4799 (13, 17) 1.4430 1.4429".40 (10)

Physical Properties of Materials Used

index, density, and viscosity, the optimum combination of ac
curacy and convenience would be had.

Chilled samples were transferred to the pycnometers which,
after 20 minutes in the constant temperature bath, were removed;
the overflows were quickly wiped; the pycnometers were chilled
slightly, wiped thoroughly, allowed to come to room tempera
ture, and weighed. The balance weights were calibrated against

Viscosity at 25 0 C.,
Centipoise

0.542 0.5799"0 (7)

0.299 0.3072 (7)

0.530 0.534 (7)

Observed Literature

DETERMINATION OF PHYSICAL PROPERTIES

Refractive indexes, densities, and viscosities were determined
at 25 0 ± 0.1 0 C. The temperature was controlled in a water
bath equipped with an agitator and a circulating pump, by means
of a mercury thermoregulator and an electric relay. The tem
perature was measured with a certified National Bureau of Stand
ards thermometer.

Refractive Index. Refractive indexes were determined under
sodium D light with a Spencer Abbe refractometer which has an
acknowledged precision of ±0.0002 unit. However, through the
use of a standardized procedure by a single individual, it ap
peared that somewhat better precision could be realized. The

instrument was standardized by
means of a glass crystal of known
refractive index. Freshly dis
tilled water was used as a
secondary standard. In addi
tion daily cross checks were
made of the refractive indexes
of acetone, chloroform, and
methyl isobutyl ketone.

In order to minimize evapora
tion of the volatile solvents while
transferring samples to the
refractometer, all samples were

chilled in ice water prior to loading. Constant controlled tem
peratures were established in approximately 1 minute. Tests
showed thatat this constant temperature samples in the refractom
eter did not change composition for 3 minutes. Therefore no
error was introduced by allowing sufficient time for the chilled
samples to attain the controlled temperature.

Density. Densities were determined by means of 10-ml. cap
type pycnometers (Ace Glass Co., Catalog 40-5475).

MATERIALS

The materials used in the present work were dried over Drierite
and then distilled at a reflux ratio of 25 to 1 in a packed column
containing the equivalent of 33 plates. The acetone was ob
tained as a 70% middle cut from Baker's chemically pure product.
The methyl isobutyl ketone was also obtained as a 70% middle
cut from a special product of Carbide and Carbon Chemicals
Corp., which was reported 99.5% pure. The chloroform was
obtained as a 60% cut from Baker's chemically pure product
after rejecting a 30% forecut to ensure complete elimination of the
ethyl alcohol stabilizer.

Acetone and methyl isobutyl ketone absorb moisture from the
air. They were stored in tightly stoppered bottles and were dis
tilled every 3 to 4 weeks. Chloroform decomposes in the presence
of light and air, liberating hydrochloric acid and phosgene. It
was, therefore, stored in tightly stoppered brown bottles, and
fresh material was distilled every 2 weeks. Daily checks of the
refractive indexes of all materials were made.

The physical properties of the materials used, as determined in
this investigation, are given in Table I and are compared to what
appear to be the most reliable literature values. Boiling points
were also determined.

1. 3937 1. 3959"'0 (7)0.7960 0.7960 (9)

Table I.

115.91 115.8 (3)

The lhniting factor in the accuracy of phase equilib
ria data is often the Inethod of analysis, especially
for ternary systems, This work was undertaken to
provide accurate rnerbods of analysis for deterInining
the binary and ternary vapor-liquid equilibria of the
acetone-chloroforIn-Inethyl isobutyl ketone systern ,
Accurate physical meuhods of analysis are presented
for the binary and ternary rntxrures of acetone,
chjoroforrn, and rnet.hyl isobutyl ketone. Analyses
of ternary rnixttrres require measurernent of any two
of the three physical properties: refractive index,
density, and viscosity; by rncasuj-tng all three prop
erties a weighted average of the points of intersec
tion on a triangular composinion grid can be used
to detenmfue the composition. The data presented
can be used to determine the COInposition of mix
tures of acetone, ehforoforrn, and methyl isobutyl
ketone with average accuracy of about 0.25 rnole %.

Acetone

Chloroform
Methyl

Isobutyl
Ketone

The analytical data presented in this paper serve as a means of
determining the composition of mixtures of acetone, chloroform,
and methyl isobutyl ketone. Although chemical methods of
analysis were considered, no practical chemical method for dif
ferentiating acetone from methyl isobutyl ketone was known,
and furthermore the determination of chloroform (11) was time
consuming and gave erratic results in the presence of acetone.
Consequently, physical methods of analysis were investigated
and after inspection of the differences of the physical properties of
acetone, chloroform, and methyl isobutyl ketone, it was con
cluded that by the use of the three physical properties, refractive

I Present address, Hoffmann-La Roche, Inc., Nutley 10, N J.
'Present address, American Cyanamid Co., Stamford, Conn.

THE determination of reliable vapor-liquid equilibria data and
other phase equilibria data requires accurate analyses of the

phases coexisting at equilibrium, and the results of the most care
ful experimental technique may be completely vitiated by inade
quate analytical methods. Both chemical and physical methods
of analysis have been used for this purpose, depending on the
preferences of the investigator and the suitability of the method.
If a chemical method of analysis is to be used, it is necessary to
determine whether the methods suitable for the pure components
are applicable to mixtures of two or more components. The
most commonly used physical methods of analysis are refractive
index, density, viscosity, boiling point or vapor pressure, optical
density, and freezing point.

459
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.020',--------------------,a standard 10-gram weight. Room temperature was always
less than 25 ° C. so that the liquid never overflowed the capillary.

The pycnometers were calibrated with freshly distilled water
having a density of 0.9971 gram per ml. at 25° C. Buoyancy
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Figure 3. Viscosity Deviation frorn Ideality,
Systern Acetone-Methyl Isohutyl Ketone at

25° C.
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BULB

RUBBER
STOPPER

in drawing the liquid into the capillary to the etched mark by the
application of suction.

A sample to be analyzed was placed in the constant tempera
ture bath for 10 minutes. The loading pipet was then quickly
inserted into the test tube, as shown in Figure 1. The pipet
was filled by applying pressure to the bulb. The carefully meas-

Figure 1. Loading Device for
Viscorneuer

IDEAL MOL FRACTION CHLOROFORM
o ~ M M M a M ~ M U ~
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Uefractive Index Deviation from
Syatem Acetone-Clrloroform at
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corrections were not applied, inasmuch as they were only sig
nificant in the fourth place and cancel out when the density-com
position curve is calibrated on the same basis. Densities were
determined with a precision of "=0.0002 gram per ml,

Viscosity. Viscosities were determined by means of Cannon
Fenske-Ostwald viscometers 'designed for liquids of 0.3 to 1.5
centistokes (2). A loading pipet, as shown in Figure 1, was

Paeamcrer, Dl.ole fraction Jnethyl isobutyl ketone in chloroform.
acetone-free basis

1.00.90.80.20.1 0.4 o.s 0.6 .0.7

MOL FRACTION ACETONE

Figure 4. TernaryUefractive Index Calibration, System
Acetone-Chioroforlll-Methyl Isobutyl Ketone at 25° C.

o This Inveatfgatfon
• Rosanoff and Ea.ely (10)

made which delivered 3.13 "= 0.01 m!' at 25° C. The loading
pipet gave better reproducibility and was.more convenient than
the usual method of loading Ostwald viscometers, which consists



VOL U M E 2 3, N O. 3, MAR CHI 9 5 1 461

Table II. Physical Property Calibration of Binary Systems

Chloroform-Methyl Isobutyl Ketone System

Chloroform
Mole Fraction

104:5
104 . .'\
106.0
108.8
111.7
112.6
112.8
109.4
101.3

109.7
117.2
117.6
122.4
127.3

143.5

155:7
156.5
163.8

179:5

109:3
120.0
141.4
156.4
167.6
174.8
181. J
183.0
184.6

Viscosity at
25 0 C.,
Seconds

0.7924

0.7906

Density,
d25

4

1.4451

1.'3'7·86

1.3245
1.2892
1. 2524
1.2067

1.1442
1.0971
1. 0875
1.0220
0.9776
0.9144
0.8840
0.8621
0.8265

1.3640 0.8486
0.8639

1.3730 0.9194
1.3760 0.9418
1.3850 1.0137
1.3862 1. 0223
1. 3941 1.0775
1.3978 1. 1130
1. 3992 1.1255
1.4110 1. 2166
1. 4151 1. 2499

1. 3219
1.4250 1.3298
1.4327 1. 3929
1. 4385 1. 4419

1.3808
1. 3841

1.3867
1. 3891
1. 3916

1.4406
1.4390
1.4362
1.4340
1.4325
1.4299
1.4273
1.4244
1.4207
1.4197
1.4162
1.4157
1.4107
1.4073
1.4026
1.4003
1. 3987
1.3960

Refractive
Index.
nb5

Acetone-Chloroform System

Acetone-Methyl Isobutyl Ketone System

1.3600
1.3650
1. 3651
1. 3681
1.3713
1.3718
1.3787

0.9140
0.8932
0.8185
0.7869
0.6892
0.6769
0.5979
0.5507
0.5327
0.4008
0.3517'
0.2455
0.2329
0.1359
0.0603
0.9630
0.9233
0.8196
0.6793
0.5520
0.4960
0.3737
0.2H12
0.0555

0.9323
0.8350
0.8344
0.7731
0.7067
0.6923
0.5275
0 ..5077
0.4615
0.3.5!l0
0.3526
0.2689
0.1842
0.0872

0.96.57
0.9429
0.8979
0.8652
0.8390
0.7985
0.7544
0.6975
0.6386
0.6143
0.5473
0.5333
0.4321
0.3617
0.2445
0.1858
0.1420
0.0662
0.9291
0.8640
0.7252
0.6114
0.4970
0.3916
0.2352
0.1599
0.0813

Acetone
Mole Fraction

ured sample was then transferred to the viscometer, in which the
pipet fitted snugly, thereby minimizing evaporation losses.
Both arms of the viscometer were stoppered for 5 minutes til
allow the liquid to reach the bath temperature. By the applica
tion of air pressure, the liquid was forced into the capillary slightly
above the etched mark. The;viscosity in seconds was then meas
ured in the usual manner by means of a precision electric timer
having O.l-second divisions.

Triplicate determinations within 0.2 second were usually ob
tained. This corresponds to a precision of 0.2 to 0.1% of the vis
cosity for the mixtures encountered in this investigation. Large
deviations in the triplicate readings indicated foreign obstructions
in the capillary; these determinations were repeated.

Paeametee, mole fraction methyl isobutyl ketone in
chlorofortn, acetone-free 'basis

MOL FRACTION ACETONE

Figure 5. Ternary Density Calibration, System
Acetone-Chloroform-Methyl Isobutyl Ketone

at 25 0 C.

In addition to obstructions in the capillary, other sources of
error inherent in all Ostwald-type viscometers are loading errors
and errors which result from a kinetic energy effect. The load
ing error in this investigation was approximately 0.01 mi. which
corresponds to an error of 0.01 % of the observed value, according
to the equation given by Cannon and Fenske (2). Kinetic energy
corrections for the viscometers used in this investigation were
negligible. Therefore, determinations made with any two viscom
eters are related through the viscometer constants, K, of the in
struments.

The viscometers were calibrated with freshly distilled water.
The viscometer which was selected as standard had a K value of
0.003647 centipoise X cubic em. per second X gram which was
calculated from the equation:

(2)

K=~ (1)

where
J.t = viscosity of water at 25 0 C. = 0.8939 centipoise.
d = density of water at 25 0 C. = 0.99707 gram per m!.
t = time of efflux = 245.8 seconds.

Viscosities determined in this investigation have been recorded
in seconds, but can be converted to absolute units by means of
the equation

BINARY MIXTURES

Refractive indexes, densities, and viscosities of synthetic mix
tures of the three binary systems, acetone-chloroform, acetone
methyl isobutyl ketone, and chloroform-methyl isobutyl ketone
were determined. The data are given in Table II.

In order to improve the precision of the refractive index against
composition curve for the acetone-chloroform system without ex.
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Table III. Physical Property Calibrations of Ternary
Mixtures of System Acetone-Chloroform-Methyl Isobutyl

Ketone

110

190r-------'------~~---------_,

<Ii
o
::: 140

TERNARY MIXTURES

Various methods of analyzing ternary mixtures by physical
means have been used (1, 4, 5, 12). The physical properties and
the best manner of determining and representing the calibration
data are unique for each system.

The measurement of two physical properties of a ternary mix
ture is theoretically sufficient to determine its composition. In
addition to the degree of precision of the measurements and the
differences of the physical properties of the pure components,
the ultimate analytical accuracy depends on the relation be
tween the lines of constant values of the different physical prop
erties on a triangular composition grid. The maximum ac
curacy is obtained when these contour lines cross each other at
right angles.

In order to improve the reliability of the analyses of ternary
mixtures of acetone-chloroform-methyl isobutyl ketone, three
physical properties, refractive index, density, and viscosity, were
used. The following advantages can thereby be gained over
previous methods based on only two physical properties:

Paenmetee, mole fraction m.ethyl isobutyl ketone in chloroforrn,
aeetone-feee basis

100

,.
....
0;

8
'"s

o 0.1 0.2 0.3 0.4 0.5 0.6 0:7 0.8 0.9 1.0

MOL FRACTION ACETONE

Figure 6. Ternary Viscosity Calibration, System
Acetone-Chloroform-Methyl Isobutyl Ketone at 25° C.

130

as Hatschek (6) has observed, "There are no mixtures which
follow a linear law, in whatever way the concentration is ex
pressed."

Viscosity
at 25° C .•

Seconds
Density.

d 25
4

0.9056. 0.8477 1.3645 10.5.4
0.8018 0.91.54 1. 3736 107.4
0.6484 1.0125 1. 3870 112.3
0.4994 1.1034 1. 3993 117.0
0.3487 1. 1918 1.4115 120.1
0.2021 1.2732 1.4223 119.9
0.1095 1. 3223 1. 4292 118.1
0.000 1. 3792 1. 4362 114.1

0.9104 0.8383 1.3640 105.7
0.8018 0.9002 1. 3729 108.9
0.7010 0.9560 1. 3812 112.8
0.5003 1. 0614 1.3967 120.8
0.3495 1.1353 1.4076 126.6
0.2027 1.2036 1.4177 130.4
0.1017 1.2484 1.42'12 131.0
0.000 1. 2926 1.4303 129.4

0.9085 0.8324 1. 3637 106.5
0.8030 0.8853 1. 3720 1l0.3
0.6413 0.9612 1.3842 117.5
0.4866 . 1.0299 1.3950 125.0
0.3514 1.0846 1.4042 131.9
0.1988 1.1434 1.4136 138.8
0.1013 1.1787 1.4192 142.3
0.000 1. 2159 1. 4248 144.0

0.9024 0.8276 1. 3637 107.5
0.8036 0.8688 1. 3712 111. 7
0.6497 0.9289 1. 3819 119.5
0.5011 0.9814 1. 3914 128.3
0.3532 1.0307 1.4003 137.5
0.1992 1.0777 1.4090 147.0
0.0993 1.1059 1. 4142 153.2
0.000 1.1335 1. 4189 157.7

0.9003 0.8209 1.3633 108.6
0.8008 0.8549 1.3704 113.4
0.6553 0.9007 1.3800 121. 3
0.4992 0.9451 1.3891 131.4
0.3480 0.9843 1. 3974 142.0
0.2017 1.0190 1.4048 152.6
0.0997 1.0412 1. 4095 160.6
0.000 1.0620 1.4138 167.7
0.9089 0.8110 1.3626 108.7
0.8013 0.8399 1.3696 114.5
0.6535 0.8763 1.3788 123.9
0.5038 0.9088 1.3868 134.2
0.3.500 0.9392 1. 3942 145.8
0.2002 0.96.59 1.4010 157.9
0.0953 0.9829 1.4053 166.8
0.000 0.9980 1.4089 174.6
0.8876 0.8092 1. 3636 110.5
0.7578 0.8348 1.3715 118.6
0.5123 0.8764 1.3843 136.0
0.6534 0.8537 1.3773 126.0
0.3525 0.8997 1.3916 148.5
0.2058 0.9188 1. 3975 160.8
0.1016 0.9310 1.4012 169.8
0.000 0.9427 1.4047 179.0
0.8986 0.7991 1.3624 110.7
0.8055 0.8119 1.3679 116.8
0.4989 0.8464 1.3830 139.7
0.2060 0.8722 1.3940 164.1
0.1979 1.3942

182:20.000 0.8872 1.4005

0.9080 0.7917 1.3616
1i8:70.7984 0.7995 1.3677

0.5007 0.8173 1.3811 142.4
0.2036 0.8313 1.3912 166.5
0.000 0.8390 1.3968 184.3

Acetone
in Mixture,

Mole Fraction

(Parameter. mole fraction methyl isobutyl ketone in chloroform. acetone-
, free basis)

Refractive
Index.

nbsParameter

0.7035

0.2924

0.4004

0.5040

0.1009

0.6071

0.1983

0.9055

0.8073

cessive enlargement of the graph, a deviation plot similar to that
used by Rosanoff and Easely (10) was constructed. The devia
tions of the actual composition from the ideal composition cal-

. culated for the given refractive index, assuming this property to
be additive on a mole fraction basis, were plotted against the
ideal composition in Figure 2. To use the deviation plot, the
ideal composition is calculated arithmetically to the desired de
gree of precision and the small correction factor determined from
the deviation plot is applied to obtain the actual composition.
The refractive index calibration for the acetone-chloroform sys
tem agrees very well with that obtained by Rosanoff and Easely
(10), whose data are also plotted in Figure 2.

A similar plot of the mole fraction deviations of the viscosities
of the acetone-methyl isobutyl ketone system is shown in Figure
3. The deviations of this system from ideality are small, but
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composition of mixtures of acetone, chloroform, and methyl iso
butyl ketone during an investigation of the ternary vapor-liquid
equilibria for this system (8).
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ACETONE

The weighted average of more than one point of intersec
tion on the ternary composition grid can be used to determine the
composition.

2. Large accidental analytical errors can be avoided.
In order to develop the physical-property diagram of the ter

nary system, different methyl isobutyl ketone-chloroform mix
tures were prepared, to which increasing quantities of acetone
were added. The refractive index, density, and viscosity of each
resulting mixture were measured. Results are given in Table III.

A family of curves was obtained for each of the three physical
properties against acetone concentration for constant values of
the parameter, the mole fraction of methyl isobutyl ketone in the
mixture on an acetone-free basis. These curves are shown in
Figures 4, 5, and 6. Figure 7 was obtained by cross plotting
these curves at constant values of the refractive index, density,
and viscosity. This figure is primarily illustrative, and for the
utilization of the present data a triangular diagram 18 inches along
a side was used to present a readable grid containing lines of con
stant refractive index at intervals of 0.001 unit and lines of con
stant viscosity at intervals of 1 second. The lines of constant
density were not drawn because they were straight lines and were
readily obtainable by means of a straight edge passing through
the proper terminal values.

This diagram represented the compositions of the original
synthetic mixtures with a maximum deviation of 0.6 mole % and
an average deviation of about 0.25 mole % for the lines of
constant refractive index and viscosity. The average deviation
of these data from the lines of constant den-
sity was about 0.1 mole %. These figures CHLOROFORM

correspond approximately to the preci
sion of the measurements and are a good
indication of the accuracy of the analyses
obtainable by this method.

The diagram was used to determine the

VISCOSITY IN SECONDS

Figure 7. Physical Properties vs. Cornposjttorr, Syatem Acetone-Chloroforlll~MethyllsobutylKetone at 25 0 C.

Base grid, Dlole per cent



Determination of Nitric Oxide and Nitrogen Tetroxide
in Admixture

GERALD C. WHITNACK, CLIFFORD J. HOLFORD, E. ST. CLAIR GANTZ, AND G. B. L. SMITH

Analytical Chemistry Branch, U. S. NfJval Ordnance Test Station, Inyokern, Calif.

In connection with a phase study of the system
nitric oxide-nitrogen tetroxide, it was necessary to
develop a precise procedure for the analysis of such
mixtures. The data reported show that the pro
cedure, as developed, is precise for nitric oxide,
nitrogen tetroxide, and their admixtures. When a
mixture of nitric oxide and nitrogen dioxide is ab
sorbed in 95% sulfuric acid, nitric acid and nitrosyl
sulfuric acid are formed. Total nitrogen in the
solution is determined by means of a nitrometer and
nitrosyl nitrogen by titration with a solution of po-

N UME R OUS methods for the determination of nitric oxide
and nitrogen dioxide have been reported (3, 8-11, 13).

The precisions that have been established in these methods are
questionable because of the doubtful purity of the nitric oxide
and nitrogen dioxide used.

Many investigators have used the nitrometer for determination
(2, 13) of total nitrogen and titration with a solution of potassium
permanganate (12) for "nitrosyl" nitrogen in solutions of nitric
acid and nitrosyl sulfuric acid in concentrated sulfuric acid.
Probably Milligan (11), who used these methods in determining
nitric oxide and nitrogen dioxide in the quantitative determina
tion of the reduction products of nitric acid, employed the best
technique. However, he was interested in gaseous mixtures of
nitrogen dioxide, nitric oxide, nitrous oxide, hydrazine, and
other nitrogen-containing gases, and presented meager data on
known mixtures of pure nitric oxide and pure nitrogen dioxide.

It was necessary to find a system with which the gases or their
mixture would react quantitatively, and one which would be
susceptible to a differential analysis that would give the purity
of the gases or the composition of their mixture with a precision
of 99.0% recovery or better; therefore, the "combined" methods
of Milligan were thoroughly investigated with pure nitric oxide
and pure nitrogen tetroxide.

The present report describes in detail the construction and

Lassi"m permanganate. A recovery of 99.8% was
obtained for pure nitrogen tetroxide; 99.8% for pure
nitric oxide; and for synthetic mixtures containing
4, to 10% nitric oxide the recoveries were 99.1 % for
nitric oxide, 99.8% for nitrogen tetroxide, and 99.5%
for total nitrogen. A system, free from air and
water, for absorbing the gases and including a special
chamber for breaking ampoules containing the
samples is described.. The method is applicable
to the assay of nitric oxide, nitrogen tetroxide, and
mixtures containing up to 50 mole % of nitric oxide.

operation of equipment applicable for the precise and convenient
determination of nitric oxide and nitrogen tetroxide in admixture.

MATERIALS AND AI'I'ARATUS

Materials. Pure nitrogen tetroxide was prepared by the
method of Whittaker, Sprague, and Skolnik (16), which is a modi
fication of the method used ny Giauque and Kemp (5). The
purified material froze to a colorless solid, melting point -11.20°
C., and contained 0.024 ± 0.01% water (method of Whitnack
and Holford, 15) and 0.15 ± 0.12% nitric oxide (x established after
the precision of the method being reported was determined).

Pure nitric oxide was prepared by adding a saturated solution
of sodium nitrite to a 35% solution of sulfuric acid saturated with
iron(II) sulfate. "The gas was purified by a modified version
(16) of the method used by Johnston and Giauque (7). Upon
infrared analysis, no other oxides of nitrogen were detected, but
about 0.2% of inert material was indicated by the method being
reported upon.

In the first absorber, gil to 96% C.P. sulfuric acid was used:
in the second absorber the same acid was used, and 2 mI. of 70%
C.P. nitric acid were added for every 100 mI. of sulfuric acid.

Eastman Kodak reagent grade diphenylamine dissolved in
C.P. concentrated sulfuric acid and a 35% solution of sulfuric
acid saturated with iron(II) sulfate were used as indicators for
possible loss of nitrogen oxides.

The "oxsorbent" of the Burrell Technical Supply Co. was used
to remove oxygen from the nitrogen and indicating Drierit.e for
removal of water.

L

K

Figure 1.

.4.. Mercury pressure gage
B. Oxsorberrt vessel
C. U-tube (drying)
D. Gas Iruree
E. Pettersson cornpen~ationmanometer
F. Breaking chamher
G. Plunger

Assembled Apparatus

H. T stopper with ho<>k
I. Glass coils
J, K, Gas washing boUle.
L. Friucd cylinders
M. Wasb boUle (diphenylanline)
N. Wash bOUle [iron(lI) sulfate]
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To ascertain the precision and reliability of the individual
methods, several experiments were made with pure nitrogen
tetroxide and pure nitric oxide. The results in Table I indicate

(I)

(2)

(;~ )

DATA

2N*, X + ~~. Y = (3.285)X +
(1.642)Y

NO Y (I.071)Y (1st absorber)
2N

2~~O Z (1.428)Z (2nd absorber)

Purity of Nitrogen Tetroxide
Found Recovered

Mg. %
792.6 99.8

1058.1 99.8
892.7 100.0

1029.2 99.9
885.0 99.7
941.3 100.0

1043.7 99.7

NO + NO., ' N.Oa

NO absorbed

NO absorbed

NO. absorbed

Table I.
Added

Mg.

794.1
1059.7
892.7

1029.8
887.7
941.3

1046.8

Average, x = 99.8%
Standard deviation, 8 = 0.13% absolute
Standard deviation of mean (of 7), 8m = 0.049% absolute
Confidence range, 99.8 = 0.12%
x - true value = -O.:l ± 0.05% absolute

Let

N.Oa + 2HaSO, 2S0.(OH) (NO.) + H.O

2NO + HNO, + 3H.SO. 3S0.(OH) (NO.) +
2H.O (alternate for Equations 2 and 3) (4 )

A = total nitrogen (first absorber)
B = "nitrosyl" nitrogen (first absorber)
X = nitrogen in NO. absorbed
Y = nitrogen in N.O, absorbed (Equations 2 and 3)
Z = "nitrosyl" nitrogen (second absorber, Equation

4)
A = X + Y and B = (0.5) X + YThen

Therefore

dissolve in 1 mi. of 90% sulfuric acid at 18 0 C. and 760 mm. of
nitric oxide pressure. The correction for the solubility of nitric
oxide, then, is 0.58 ml. when 25-ml. aliquots and 5 m!' of wash
acid are used. The differenee between this value at 18 0 C. and
at 0 0 C. (S.T.P.) is negligible. The true volume of nitric oxide
produced from the 25-mJ. aliquot of sample is then the measured
volume eorrected to S.T.P. plus the solubility correction factor of
0.58ml.

NITROGEN AS NITROSYL SULFURIC ACID (First absorber). The
amount of nitrosyl nitrogen is determined by titration with a
solution of potassium permanganate. A 25-mJ. aliquot of the
absorption medium in the first absorption vessel is added to a
measured excess volume of standard 0.1 N (0.03 to 0.05 N when
determining pure nitric oxide) potassium permanganate (ca. 40
mt.) that has been diluted to about 500 mt. with water. The
aliquot should be added slowly with eonstant stirring, and the tip
of the pipet must be kept just under the surface of the liquid to
prevent any loss of nitrosyl sulfuric acid through air oxidation.
These conditions were found best for sharpness of the end point
and prevented loss of nitric oxide, which would occur if the acid
were diluted and titrated directly. The iron(II) sulfate solu
tion is added from a buret until the permanganate that remains
is used up and an excess of iron(II) sulfate is present. The ex
cess iron(II) sulfate is then back-titrated with permanganate.
A blank determination on a 25-mJ. portion of the sulfuric acid
(95 to 96%) is made in the same manner. The difference be
tween the sample and blank represents the permanganate used
by the sample.

NITROGEN AS NITROSYL SULFURIC ACID (second absorber).
Aliquots of the absorption medium (25 ml.) are analyzed as in
the first absorber.

Calculations. Based upon the following equations represent
ing the reactions that occur in the absorbers, the percentages of
nitric oxide and nitrogen tetroxide are calculated according to
Milligan (J 1).

2NO. + H.SO. SO.(OH)(NO.) + HNO,

PROCEDURE

Absorption of Gases. NITROGEN TETROXIDE OR NITRIC
OXIDE-NITROGEN TETROXIDE MIXTURES. A small ampoule,
containing 0.5 to 1.0 gram of sample, is weighed and placed in
the breaking chamber. The T stopper~J{, holding the plunger
is then put in place and sealed with DeKhotinsky cement. The
system including the breaking chamber is swept out with a
stream of dry nitrogen for 0.5 hour. The first absorption vessel
is filled with 200 ml. of 95% sulfuric acid and the second with
200 ml. of the sulfuric acid containing a small amount of nitric
acid. The vessels are then connected to the apparatus, the con
nections are sealed with de Khotinsky cement, and the entire
system is freed of air and water vapor by a stream of dry nitrogen.
Complete removal can be assumed after 4 hours. A Dewar flask,
containing a dry ice-alcohol mixture, is placed around the lower
half of the breaking chamber, to lower the rate of transfer of the
gases after the ampoule is broken. The plunger is removed from
the glass hook, using two bar magnets, and allowed to fall,
breaking the ampoule.

When the pressure in the system lowers sufficiently, dry nitro
gen is admitted so that the gases can be completely transferred
from the breaking chamber to the absorption vessels. (The dry
ice-alcohol bath cannot be kept around the breaking chamber
continuously, or the nitric oxide-nitrogen tetroxide mixture will
freeze.) AB the pressure within the system falls, the pressure
of the entering nitrogen is increased in order to maintain a con
stant rate of flow through the system. Absorption of the oxides
may be assumed to be complete I hour after the last visible trace
of nitrogen dioxide has left the breaking chamber. If the indi
cating solutions at the end of the system show loss of nitrogen
oxides, the determination should be discarded A slow rate of
absorption will prevent loss of the oxides of nitrogen. Usually
crystals of nitrosyl sulfuric acid form on the inside of the entrance
tube of the first absorber. These are dissolved in the acid medium
near the end of the operation by shutting off the flow of nitrogen
and alternately heating and then cooling the breaking chamber
with the dry ice-alcohol mixture.

NITRIC OXIDE. The procedure is the same as for nitric oxide
nitrogen tetroxide mixtures, except that the sulfuric acid con
taining a small amount of nitric acid is used in both absorbers.
The absorption media in both vessels are analyzed only for
"nitrosyl" nitrogen, using the more dilute solution of potassium
permanganate.

Analysis of Absorption Media. TOTAL NITROGEN (First ab
sorber). i\ 25-ml. pipet is used to deliver an aliquot of the ab
sorption medium from the first absorption vessel into the nitrom
eter cup. The solution in the cup is then drawn into the reaction
bulb without allowing air to enter the vessel. The cup is washed
with two 2.5-m!. portions of the diluted sulfuric acid, and the
mixture is vigorously shaken. The shaking should be continued
for a minute after action seems to have ceased. The reaction
vessel is connected to the buret and the nitric oxide liberated
by the reaction is carefully measured. The total volume of
measured gas is then eorrected to standard temperature and
pressure.

The gas produced by the reaction in the nitrometer is nitric
oxide, Tower (1.n has shown that 0.0193 ml. of nitric oxide will

Dilute sulfuric acid for use in the nitrometer was prepared by
diluting 100 ml, of 95 to 96% C.P. sulfuric acid with 243 ml, of
distilled water. C.P. redistilled mercury was used in the nitrom
eter.

Potassium perrnanganate, 0.1 N and 0.03 to 0.05 N.
Iron(II) sulfate, 0.2 N containing 50 ml. of 96% sulfuric acid

per liter.
Apparatus. Paired, calibrated lOG-mi. and 25-ml. pipets.
A Du Pont nitrometer without the compensating tube.
The reaction system is shown in Figure 1. A mercury pres

sure gage is at A. B contains oxsorbent for removal of oxygen
from the nitrogen and C is a U-tube filled with indicating Drier
ite. D is a lOG-m!. water-jacketed buret graduated in 0.1
ml. for admission of nitric oxide. E is a Pettersson improved
form compensator manometer (1) with compensator tube and
check valve for adjusting the nitric oxide in the buret to atmos
pheric pressure. The breaking chamber, F, is a 6 X 1 inch
borosilicate glass tube fitted with a 5 X 1 inch hollow T29/42
stopper. The glass plunger, G, is suspended from a glass hook
inside the stopper and is filled with about 20 grams of iron filings.
Glass coils, I, with TlO/30 joints are placed in the apparatus for
flexibility. The absorption vessels, J and K, are Corning borosili
cate glass tall-form gas washing bottles of 25Q-ml. capacity fitted
with T29/42 glass stoppers to which are attached coarse fritted
cylinders 12 mm. in diameter. M is a small washing bottle con
taining the solution of diphenylamine, and N contains the
iron(II) sulfate solution. All glass connections, except the ab
sorbing vessel stoppers, are sealed with de Khotinsky cement.
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Table .IV. Nitric Oxide in Purified Nitrogen Tetroxide

Table III. Recovery ofNitric Oxide and Nitrogen Tetroxide
froIn Known Mixtures

Recovery (NO + N,O.)

%
99.5
98.2

100.4
100.2
99.0

100.1

Sample
Grams

1.1256
0.5861
0.3103
0.3356
0.3334
0.1579

Table V. Analyses of Laboratory SaInples of Mixed Nitrio
Oxide and Nitrogen Tetroxide

Nitric Oxide Nitrogen Tetroxide
Found Found

% %
2.2 97.3
8.8 89.4

12.3 88.1
15.4 84.8
20.7 78.3
24.9 75.2

LITERATURE CITED

(1) "Burrell Gas Analysis Apparatus and Manual for Gas An
alysts." Cat. 80, p. 31, Pittsburgh, Pa., Burrell Technical
Supply Co., 1950. .

DISCUSSION

In the early phase of the development work with nitrogen
tetroxide, a few experiments were made using but one absorber.
As the results obtained were unsatisfactory, two absorbers were
used in the rest of the work and the indicating solutions were
used at the end of the system. Very careful control of the rate
of transfer of the gases from the breaking chamber to the ab
sorbers is necessary, and for this reason the dry ice-alcohol bath
is used. With improvement in technique in handling the gases,
only rarely was any nitric oxide found in the second absorber.

The purity established for the nitric oxide and nitrogen
tetroxide was used in determining the precision of the method
for the synthetic mixtures. In this process a definite amount
of nitric oxide was slowly added from the buret to the system
after the ampoule containing nitrogen tetroxide had been broken.
A dry ice-alcohol bath was used to slow the rate of transfer of the
gases over into the absorbers.

The authors found, in agreement with Milligan (11), that the
use of 88% sulfuric acid for the reaction in the nitrometer gave
satisfactory results.

For ease in detecting the end point of the titration, when using
0.1 N solutions of potassium permanganate, dilution with 500
ml, of water was most satisfactory. With the more dilute potas
sium permanganate solution only 200 ml. of water were used.
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Several samples of purified nitrogen tetroxide were analyzed
for nitric oxide by the method described. The results in Table
IV indicated an average value of 0.15% nitric oxide. However,
a confidence range of 0.15 ± 0.12% indicates that this amount
of nitric oxide is probably meaningless.

Laboratory samples of liquid mixtures of pure nitric oxide
and pure nitrogen tetroxide were analyzed by the method de
scribed. The results in Table V establish a range of 2 to 25% nitric
oxide in the liquid mixtures and indicate total recovery per
centages within the precision established for the method.

The indexes of precision used in the statistical analysis of data
presented in the tables are as follows:

Standard deviation (estimate) S = V~(x - x)'!(n - 1)
Standard deviation of mean of n, Sm = S!yn
Confidence range (fiducial limits) = X ± tSm

In the above
x = mean of n observations of x
t = Student's "t" (.n for the significance level desired and

n - 1 degrees of freedom. For the 1 in 20 significance
level and means of 7 (6 degrees of freedom) tis 2.45.

N
%

99.5

0.16 (abs.)

0.07 (abs.)
99.5 =0.19

NO,

%
99.8

0.32 (abs.)

0.085 (abs.)
99.8 = 0.39

Nitric Oxide Found
Mg. %
1.5 0.19
1.6 0.15
0.0 0.00
0.0 0.00
0.6 0.06
3.1 0.30
2.8 0.32

NO

%
99.1

0.42 (abs.)

0.19 (abs.)
99.1 = 0.53

Added Found Recovery
Mg. Mg. %

NO 100.8 99.4 98.6
NO, 1011.1 1007.0 99.6
N 354.7 352.8 99.5

NO 110.4 109.6 99.3
NO, 1112.8 1105.6 99.4
N 390.1 387.6 99.4

NO 92.0 90.7 98.6
NO, 985.6 985.2 100.0
N 342.9 342.1 99.8

NO 49.0 48.7 99.4
NO, 1043.3 1038.2 99.5
N 340.4 338.6 99.5

NO 51.1 50.9 99.6
NO, 1131.5 1126.1 99.5
N 368.2 366.4 99.5

Nitrogen Tetroxide
Added

Mg.

794.1
1059.7
892.7
941.3

1029.8
1046.8
887.7

Average, x = 0.15%
Standard deviation, 8 = 0.13% abs.
Standard deviation of mean (of 7), Sm = Q.05%
Confidence range (fiducial limits) x = t8m = 0.15% = 0.12%

Av., x
Standard deviation, 8
Standard deviation of mean

(of 5)
Confidence range

that the determination of total nitrogen by means of the nitrom
eter has a precision, shown by a standard deviation obtained
from seven values, of about 1.5 parts per thousand with pure
nitrogen tetroxide samples. The results in Table II indicate
that the determination of nitrogen as 'nitrosyl sulfuric acid by
titration with potassium permanganate has a precision, shown by
a standard deviation obtained from six values, of about 4 parts
per thousand with pure nitric oxide. (The same precision was
established for the determination with potassium permanganate
of the nitrogen tetroxide samples in Table 1.)

Table II. Purity of Nitric Oxide (6)
Added Found Recovered

Mg. Mg. %
59.8 59.5 99.5
53.4 53.5 100.2
56.8 56.5 99.5
54.4 54 . 2 99.6
86.0 85.4 99.3
85.4 85.6 100.2

Average, x = 99.7%
Standard deviation, 8 ~ 0.39% absolute
Standard deviation of mean (of 6), 8m = 0.16% absolute
Confidence range, 99.7 = 0.41%
x - true value = -0.3 = 0.16% absolute

The precision and reliability of the "combined" method for
nitric oxide and nitrogen tetroxide were established with syn
thetic mixtures of pure nitric oxide and pure nitrogen tetroxide.
The results in Table III indicate that the method has a precision,
shown by a standard deviation obtained from five values, of
about 4 parts per thousand for nitric oxide, 3 parts per thousand
for nitrogen tetroxide, and 1.5 parts per thousand for total nitro
gen. On the basis of these results a confidence range of 99.5 ±

0.19% may be expected for total nitrogen recovery on samples
of nitric oxide and nitrogen tetroxide in admixture.
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Determination of Citric and d-Isocitric Acids
CHESTER A. HARGREAVES, II, MARJORIE D. ABRAHAMS, AND HUBERT BRADFORD VICKERY

Connecticut Agricultural Experiment Station, New Haven, Conn.

d-Isocitric acid is one of the components of the series
of enzymatic reactions generally referred to as the
tricarboxylic acid cycle of Krebs, a mechanism that
is frequently advanced as the explanation of respira
tion in living cells. The substance is thus probably
widely, if not universally, distributed, and it is
known to occur in substantial quantities in the
leaves of certain plants. The Krebs and Eggleston
method of determining isocitric acid depends upon
the ~se of aconitase, which converts a definite pro
portion of the isocitric acid to citric acid, which is
in turn oxidized and brominated to pentabromo-

SE VE RAL fundamentally different methods for the determina
tion of d-isocitric acid have been described (6, 8, 10). Of

these, the method of Krebs and Eggleston, which depends upon
the conversion of d-isocitric acid to citric acid by the enzyme
aconitase, has advantages that commend it for use in the study of
organic acid metabolism in plant tissues. Under the action of this
enzyme, an equilibrium is established such that the ratio of citric
cis-aconitic-d-isocitric acids at 38 0 C. is 89.5-3.9-6.6% (3, 5).
Accordingly, it suffices to determine citric acid before and after,
treatment of samples with the enzyme; from the increase in
citric acid, the sum of isocitric and cis-aconitic acids can be calcu
lated. Because cis-aconitic acid does not appear to be present in
significant quantities in the plant tissues with which the authors
have been concerned, the method may be used for the determina
tion of isocitric acid in them.

In the course of a study of the Krebs and Eggleston (6) method
for isocitric acid, a number of observations have been made that
throw light upon certain of the hitherto imperfectly understood
details of the pentabromoacetone procedure for the determination
of citric acid. As a result, modifications have been made of the
method of Pucher, Vickery, and Leavenworth (15) of determining
citric acid which increase both its convenience and accuracy.

That the earlier titrimetric (12, 15) and colorimetric (1.4-)
methods leave something to be desired is obvious from a number
of papers that describe modifications of one or another of the pro
cedures (4, 6, 9, 17, 19-21). The critical points appear to be the
acidity at which the oxidation is conducted, the rate of addition of
the permanganate, the temperature, the time allowed for the
oxidation, and the precise nature of the oxidizing agent. Under
the conditions described by Pucher, Vickery, and Leavenworth,
the yield of pentabromoacetone was close to 90% of theory.
Goldberg and Bernheim (4) showed that the yield is a function of
the acidity at which the oxidation is carried out, ranging from
about 90% in 1 N sulfuric acid to about 105%, owing to the
formation of some hexabromoacetone, in 9 N acid, but diminish-

acetone. It has now been found that if metaphos
phoric acid is present during the oxidation of citric
acid, the conversion can be made essentially quanti
tative and that considerable latitude is then per
missible in the conditions, such as acidity, time,
temperature, etc., which it has hitherto been
necessary to control with care. A marked improve
ment in the perrtabromoacatone method of deter
mining citric acid and, accordingly, of isocitric acid
has thus been effected, the precision being now of
the order of I to 2%. The way is thus opened for the
study of the metabolism of isocitric acid in plants.

ing at still higher acidities. Approximately quantitative results
were obtained in 4 to 5 N acid. Similar observations were made
by Taussky and Shorr (19) as well as in the present work.

It was noted, in the course of oxidations of solutions of citric
acid carried out after treatment of mixtures of citric and isocitric
acids with aconitase and subsequent deproteinization with meta
phosphoric acid, that the recoveries of citric acid as pentabrorno
acetone were invariably close to 98% of theory. This was true
even when the acidity was 1 N or somewhat less, conditions that
led to only 89% recovery with the usual oxidation procedure be
fore treatment with aconitase. Furthermore, the appearance of
these solutions during oxidation differed, inasmuch as there was
no development of turbidity nor formation of a brownish color
owing to the separation of manganese dioxide; the color of the
clear solution remained that of permanganatc. More careful ob
servation of the oxidation at high acidities showed that the solu
tions also remained clear at or above an acidity of about 4 N.

The difference in behavior between solutions before and after
the treatment with aconitase was traced to the presence of meta
phosphoric acid. This reagent appears to form complex com
pounds such that, if it is present, no precipitation of manganese
dioxide takes place. The system is therefore homogeneous during
the oxidation reaction and the end result is the formation of penta
bromoacetone in essentially quantitative yield. The desirability
of a homogeneous system is also illustrated by the behavior of
solutions oxidized at high acidity, which likewise give high yields.

Accordingly, the .conditions under which the oxidation and
bromination are carried out were modified by adding a sufficient
amount of metaphosphoric acid to prevent the separation of man
ganese dioxide. It was then found that a system had been de
veloped that was no longer sensitive to a number of the conditions,
the rigid control of which had been regarded as essential by some
workers with this method. As is clear from Table I, there was
very little effect if the rate of addition of the permanganate were
varied over a wide range; on the contrary, it seemed desirable to
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Table I. Yield of Pentabromoacetone from Citric Acid

~ One variable was examined at a time in each group of tests. Except in
first group. oxidation mixture was not stirred after addition of perrnan
ganate.

The other important modification of the original titrimetric
method is the use of the Sendroy silver iodate procedure (18) for
the determination of the bromide liberated by the sodium sulfide.
(For the suggestion of this technique, the authors are indebted to
the late G. W. Pucher, who, at the time of his death, was engaged
in preliminary tests of the applicability of the Sendroy method.)
This change contributes greatly to the convenience and precision
of the titration and makes it possible to extend the scale of the
method to the microgram range if desired.

REAGENTS

Sulfuric acid, 18 N (15); potassium permanganate, 1.5 N (15);
potassium bromide, 1 M (15); phosphoric acid, 0.85 M and 0.085
M(18).

Phosphoric acid, 2.0 M. 136 ml. of concentrated phosphoric
acid (specific gravity 1.7) made to 1000 m!. with water.

Nitric acid, 1.0 N . . 32 m!. of concentrated nitric acid (specific
gravity 1.42) made to 500 m!.; 0.05 N obtained by twentyfold
dilution.

Sodium thiosulfate, 0.1 N stock solution. 24.82 grams of
pentahydrate made to 1000 m!. with water and 5 m!. of chIoro-

form added; 0.01 N reagent obtained by tenfold dilution of stock
solution and standardized against 0.01 N potassium iodate daily.

Potassium iodate, 0.1 N. 3.5569 grams of dried salt made to
1000 ml. with water; 0.01 N obtained by tenfold dilution.

Potassium chloride, 12.5 millimoles per liter. 0.9319 gram of
dried salt made to 1000 m!. with 0.085 M phosphoric acid.

Sodium sulfide, 4% solution of the nonahydrate made in 250
m!. Jots and kept refrigerated when not in use; stable for a few
weeks.

Metaphosphoric acid, 20%. 20 grams of analytical reagent
grade in 100 m!. of water prepared at room temperature and kept
refrigerated.

Phosphate buffer, pH 7.4, 0.1 M, prepared according to Clark
(2).

Hydrogen peroxide, 3%. Commercial solution kept re
frigerated.

Petroleum ether, boiling point 30° to 60° C. Analytical
reagent grade.

Sodium or potassium iodide, 10%. Prepared in 150-m!. quanti
ties as needed and kept refrigerated; discarded when iodine can
be detected by a test with starch indicator.

Silver iodate. Prepared as dry powder according to directions
of Sendroy (18) and stored in amber glass-stoppered bottle in
desiccator.

Starch indicator. Prepared according to Peters and Van Slyke
(11).

Filter paper, chloride-free. 9-cm. Whatman No.3 washed
completely free from chloride with boiling water, dried, and
stored in a closed container.

Frozen beef heart. A fresh beef heart is trimmed of fat, cut
into three or four pieces, and stored in a deep freeze unit. The
necessary quantity of tissue is obtained by shredding the frozen
muscle on a household grater; the aconitase remains active for
several months.

PROCEDURE

Preparation of Solution. Extracts suitable for the determina
tion of citric acid in plant tissues are prepared as directed by
Pucher, Wakeman, and Vickery (16). To suitable aliquots, 2
m!. of 18 N sulfuric acid are added and the solution, diluted to
about 20 ml., is boiled for 5 minutes. After being cooled and
filtered (most conveniently through a Gooch crucible into a
beaker placed in a vacuum apparatus), 1 ml, of 20% metaphos
phoric acid is added and the solution is diluted to 35 -ml. and
oxidized. Animal tissue extracts are deproteinized with 20%
metaphosphoric acid according to the procedure of Krebs and
Eggleston (6) and treated similarly, save that additional meta
phosphoric acid is not needed.

Oxidation and Bromination. To the solution at a temperature
not exceeding 22 ° C. are added 2 rnl. of potassium bromide and 5
m!. of potassium permanganate; after about 10 minutes without
stirring, the temperature is brought to about 10° C. by means of
an ice bath, and the color is discharged by the rapid dropwise
addition of ice-cold hydrogen peroxide with stirring. The solu
tion is transferred to a 125-m!. pear-shaped separatory funnel and
the beaker is rinsed with several small portions of petroleum ether
totaling approximately 25 m!. .

Great difficulty has been experienced in obtaining 125-ml.
separatory funnels' suitable for this operation. Funnels with out
let tubes of 8-mm. inside diameter and about 70 mm. long are re
quired so that the aqueous phase will drain freely. It is usually
essential to grind the stoppers to a perfect fit with the finest
abrasive, if errors from the loss of petroleum ether are to be
avoided. A trace of high grade grease is used for the stopcock but
not for the stopper.

Isolation and Dehalogenation of Pentabromoacetone. The
separatory funnel is shaken vigorously for at least 30 seconds.
Stubborn emulsions occasionally formed with animal tissue ex
tracts can be broken by the addition of a few drops of 2% aqueous
solution of turkey red oi!. The aqueous phase is drawn off quan
titatively (a second extraction is unnecessary) and the ether is
washed four times with 3-m!. portions of water to remove all
halide ion. The pentabromoacetone is then decomposed by
shaking the ether briefly with two successive 3-m!. portions of
sodium sulfide, the colored solution being drained each time into a
25-m!. volumetric flask. The ether is washed with 2-m!. portions
of water until no further color is removed, two washings being
usually sufficient. The washings are drained into the same flask
and 2 ml. of 2.0 M phosphoric acid are added. The solution is
then boiled gently on a hot plate for 5 to 6 minutes. A few tiny
chips of quartz previously extracted with acid and thoroughly
washed are added just before heating the solution (not before add
ing the acid!) in order to facilitate smooth boiling. The flask if!
then cooled, exactly 5.00 ml. of 12.5 millimoles per liter of potas
sium chloride are added, and the solution is made to volume.

5
45
90

o
0.4
'0.6
1.0
2.0

7
30
45
60
90

600

I
3
5

10
15
30
60

0.5
1.0
1.5
2.0
3:0
5.0
8.0

10.0
14.0

0.5
I
2
3

3-4
18-19
33-35
45-50

Volume of 20% metaphosphoric acid, m!. (stir.
ring not necessary)

Variable Studied

Time of addition of 5 m!. of KMnO•. seconds
(solution stirred, metaphosphoric acid absent)

Concentration of H 2S04 during oxidation. nor
mality (metaphosphoric acid added)

Time of addition of 5 ml, KMnO•. seconds (1.0
ml. of metaphosphoric acid added)

(After oxidation with permanganate in presence of bromide. expressed as per.
centage of theoryO)

No. of Yield,
Detns. %

18 88.8
25 94.1

4 99.5

18 88.8
2 96.2
2 97.4
4 98.2
2 98.4

42 98.0
2 97.4
2 97.8
2 97.6
2 97.6
2 98.2

2 94.8
1 98.8
2 98.7
3 98.3
2 98.3
2 114.5
2 90.2

2 96.4
2 98.0
2 98.0
2 98.2
I 100.6
2 102.2
2 106.8
2 103.2
2 64.0

4 98.2
10 97.9
24 98.0

4 98.3

1 97.6
2 97.8
2 89.8
2 75.5

Time allowed for oxidation to proceed, minutes
(metapbosphcric acid added)

Quantity of citric acid taken, mg. (metaphos
phoric acid added)

Temperature during oxidation, 0 C.

add an excess all at once from a rapid pipet, and stirring was not
necessary. Constant recoveries of 98% were obtained at acidities
from 1 N to 2 N, so that only approximate adjustment of the
acidity is essential; at higher acidities, the formation of hexabro
moacetone appears to be increasingly stimulated. The time re
quired for the reaction may be varied from 3 to 15 minutes, the
quantity of citric acid present is immaterial within reasonable
limits, and the temperature may be at any convenient point be
low 20° C., although it should not be allowed to exceed this more
than a degree or so. On the other hand, in the absence of meta
phosphoric acid, the extent of the reaction is greatly affected by
the rate of addition of the permanganate.
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Table II. Recovery of Bromide from Pentabromoacetone
and of Citric Acid"

" Average value 98.0% of theoretical yield of pentabromoacetone was used
to compute citric acid found. Standard deviation is calculated for 42 deter
minations.

DISCUSSION

Sendroy has shown that if the iodate ion concentration is less
than 3 millimoles per liter, the application of a correction for the
solubility of silver iodate is desirable. To avoid the necessity of
employing solubility curves, the conditions in the present proce
dure have been adjusted so that the solution never contains less
than 2.5 millimoles of iodate per liter. The preliminary experi-

Titration of Halide. The contents of the flask are poured with
out rinsing into a 50-m!. conical flask which contains 0.25 gram of
dry silver iodate previously measured into it with a glass spoon
made for the purpose. The flask is stoppered and shaken on a
platform shaking machine for 5 minutes and the suspension is
poured through a dry chloride-free filter paper in a funne!.
Suitable aliquots of the clear filtrate (usually 2 or 5 m!.) are at
once pipetted into 100-m!. test tubes and 2 drops of 0.085 M
phosphoric acid and 1 m!. of 10% sodium or potassium iodide are
added. After approximately 5 minutes, the liberated iodine is
titrated with 0.01 N thiosulfate by the customary technique, using
starch as indicator. It is standard practice to titrate three ali
quota.

Recovery
%

100.00
99.65

100.5.<;

100.0n

5
4
8

17

Citric Acid
Taken

Mg.

2.056
1.977
1.439

ments of Pucher showed that the solubility correction could be
neglected under these conditions. Accordingly, 2.5 millimoles per
liter of potassium chloride are added to the solution after the
hydrogen sulfide is expelled. The titration of this chloride along
with any halide in the reagents furnishes the blank subtracted
from all determinations.

Table II shows a summary of a series of experiments on the re
covery of citric acid over the range 0.5 to 3.2 mg. However, even
smaller quantities can be determined if the potassium chloride is
omitted and corrections for the solubility of silver iodate as esti
mated by Sendroy are included in the calculations. The mean
recovery of bromide from the pentabromoacetone was 98.04% of
theory with a standard deviation of =0.315 or 0.32%. If this
figure is employed in the calculation as shown in the equations,
the mean recovery of citric acid is quantitative.

That the recovery of pentabromoacetone is not affected by sub
stances present in the extract of the heart muscle employed as the
source of aconitase is evident from the data in Table III. These
tests were carried out on the supernatant fluid obtained after in
cubating samples of heart muscle in the course of the determina
tion of tissue blanks. No additional metaphosphoric acid was
added. The recovery of pentabromoacetone was 98.14% of
theory with a standard deviation for 17 experiments of =0.43, a
result indistinguishable from that in Table II. The recovery of
citric acid was also quantitative.

The tissue blank needs to be determined only occasionally; it is
small and remains constant during the period that the heart is
usable. The true blank arising from the muscle tissue is the dif
ference between the tissue blank and the blank on the sodium sul
fide solution. In practice, this difference may be employed in find
ing the tissue blank when a new solution of sodium sulfide is pre
pared.

DETERMINATION OF ISOCITRIC ACID

Procedure. Extracts of plant tissues prepared as described by
Pucher, Wakeman, and Vickery (16) contain an excess of alkali
and acid is required in addition to the phosphate buffer of pH 7.4
to adjust the reaction correctly. A suitable aliquot of the extract
is transferred to a 30-m!. beaker together with 5 m!. of pH 7.4
phosphate buffer solution. Roughly 1 gram of grated frozen heart
muscle tissue is added and stirred into suspension with a rod, and
the mixture is titrated to pH 7.4 with 0.05 N nitric acid using a
glass electrode. The volume of nitric acid required is noted.

A similar aliquot of the extract is transferred to a 4o-m!.
graduated centrifuge tube, and 5 m!. of phosphate buffer and the
amount of 0.05 N nitric acid determined as above are added; 1
gram of heart muscle tissue is stirred in and the volume is made to
15 m!. with water. After the suspension has been thoroughly
mixed, the tube is stoppered with a plug of cotton and is incu
bated at 38 0 to 40 0 C. for 1 hour. To the warm suspension, 8 to
10 m!. of 20% metaphosphoric acid are added, and the solution is
cooled to room temperature, adjusted to a volume of exactly 25
m!. with water, and centrifuged. A tissue blank is treated like
wise, water being substituted for the extract, and lO-m!. aliquots
are taken for oxidation.

The clear deproteinized solution is decanted and a suitable ali
quot (10 or 5 m!.) is taken for the determination of citric acid by
the procedure described, save that it is not necessary to add fur
ther metaphosphoric acid nor to boil and filter the solution after
the addition of the 18 N sulfuric acid .

Table III. Recovery of Bromrde froIn Perrtabrornoacetone
Obtained by Oxidation of Citric Acid in Presence of Bro

mide and Heart Muscle Extractives
No. of Bromide • Citric Acid
Detns. Found Found

% Mg.

98.03 2.0S6
97.65 1.970
98.45 1.447

Av. 98.14
"'0.43

Recovery
%

100.32
100.51
99.91

100. OS
99.81
99.44
99.91
99.86

100.15

99.99
"'0.31

Citric Acid
Found

Mg.

3.242
2.157
2.104
2.094
2.052
1.071
1.052
1.045
0.527

No. of Bromide
Detns, Found

%
4 98.30
9 98.13
7 98.01
6 98.03
2 97.83
2 97.48
5 97.93
3 97.88
4 98.24

42 Av. 98.036
"'0.315

Citric Acid
Taken

Mg.

3.213
2.154
2.106
2.093
2.056
1.077
1.053
1.047
0.5265

= mg. of citric acid per 25 ml, (4)

The factor 0.980 represents the average percentage recovery of
pentabromoacetone and is supported by the data in Table II. It
rests upon 42 determinations which had a coefficient of variation
of 0.32%. The factor 0.9606 is one fifth of the molecular weight
of citric acid (as pentabromoacetone gives 5 equivalents of
bromide) divided by 40, the ratio of 25 m!. to a liter. Ordinarily,
citric acid will be computed in milligrams by Equation 4; how
ever, Equation 3 is required to give the data used for the computa
tion of isocitric acid described in a later paragraph. The final re
sult is expressed in terms of the tissue by using the factor for the
aliquot of the tissue extract originally taken.

A blank determination on each lot of sodium sulfide solution
must be run. Six milliliters of sodium sulfide, 5 m!. of water, 2
ml, of 2 M phosphoric acid, and a few tiny quartz chips in a 25
m!. volumetric flask are boiled on the hot plate to expel hydrogen
sulfide and carried through the subsequent procedure as de
scribed. The blank titration obtained includes the value for the
added potassium chloride as well as any halide in the reagent, and
four or more individual titrations are made and averaged.

Calculation. The citric acid equivalent to the titration value
is obtained from the following equations:

Titration value X normality factor X 1000
. - 6 X. m!. of aliquot

= millimoles of iodate (or bromide) per liter (l)

Millimoles found - millimoies in blank = net millimoles of
iodate (or bromide) per liter (2)

Net millimoles of iodate per liter
5 X 40 X 0.980

= millimoles of citric acid per 25 ml. (3)

Net millimoles of iodate per liter X 0.9606
-- 0.980
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Calculation. The net millimoles per liter of iodate (or bromide)
are computed by deducting the tissue blank or, otherwise, the
sum of the blank on the sodium sulfide and the true blank arising
from the heart tissue, from the millimoles per liter found by titra
tion. Due allowance is made if the tissue blank represents an
aliquot different from that used for the determination. The
number of millimoles of citric acid per 25 ml. is then obtained
from Equation 3. As has been pointed out by Krebs and Eggle
ston, if this quantity is denoted by X and if Y is the quantity of
citric acid in an identical aliquot of the extract before treatment
with aconitase and, further,if Z is the combined quantity of d
isocitric and cis-aconitic acid present originally in the aliquot, one
may set up the equation

or

Y + Z = X + 0.11 X
0.89

(5)

crystallization of the anhydride from moist ethyl acetate and
chloroform as described by Krebs and Eggleston.

Analysis of Mixtures of Citric and Isocitric Acid. To illustrate
the accuracy of the methods, Table V shows the results of deter
minations made upon three mixtures of citric and isocitric acid ..
These were single determinations, but were calculated from the
results of triplicate titration of aliquots.

Table V. Recovery of Citric and d-Isocitric Acid from
Mixtures

Citric Isocitric
Citric Acid Isocitric AcidAcid Acid

Taken Taken Found Found
Mg. Mg. Mg. % Mg. %

0.6455 1.013 0.646 100.1 1.01 99.7
0.4303 1. 351 0.432 100.4 1.35 99.9
0.8606 0.6753 0.863 100.3 0.670 99.2

Z =~ - Y
0.89

This equation depends upon the equilibrium relationship
among citric, cis-aconitic, and d-isocitric acid in the presence of
aconitase. Table IV summarizes a number of observations of the
proportion of citric acid present when citric, cis-aconitic, or d
isocitric acids were individually allowed to reach equilibrium in
the presence of the enzyme. The average is 88.9 ='= 0.55%. Thus
the total acidity from these three acids, after equilibration, is
made up of citric acid and a quantity of d-isocitric and cis
aconitic acid together equal to 11/89ths of the citric acid found.

Table IV. Proportion of Citric Acid Present after Equili
bration of Citric, cis-Aconitic, and d-Isocitric Acids with

Heart Muscle Aconitase
No. of Equilibrium Standard

Substrate Detns, Concentration Deviation
%

Citric acid 32 89.27 =0.59
d-Isocitric acid 24 88.71 =0.42
cis-Aconitic acid 4 88.64 =0.32

60 88.93 =0.55

If cis-aconitic acid is neglected in the calculation, the values of
X and Y in Equation 5 may be expressed in milligrams-that is,
the citric acid is calculated from Equation 4 rather than from
Equation 3.

Determination of Citric Acid at Equilibrium in Presence of
Aconitase. In order to obtain support for the results of Krebs and
Eggleston (3, 5) on the position of the equilibrium in the presence
of aconitase, carefully purified specimens of each of the acids were
prepared and samples were treated with heart muscle as de
scribed; citric acid was then determined. The results are sum
marized in Table IV.

The citric acid employed was prepared by dehydrating analyti
cal reagent material. Titration indicated a purity of 100%.
d-Isocitric acid was purified by recrystallization of the lactone
(13) from chloroform. The lactone was prepared from the di
methyl ester isolated from Bryophyllum leaves and melted at
156 0 to 157 0 C. Hydrolysis of specimens of lactone on the steam
bath in the presence of a small excess of 0.1 N sodium hydroxide
for 15 minutes opened the lactone ring and back-titration indi
cated a purity of 100%. It was observed, however, that satis
factory standard solutions of isocitrate could not be obtained by
alkaline hydrolysis of specimens of the dimethyl ester. Although
titration data indicated high or complete purity, such solutions
gave low yields of citric acid after incubation with aconitase.
This anomaly has not been explained.

cis-Aconitic acid anhydride was prepared according to An-.
schiitz and Bertram (1) and obtained in large crystals of melting
point 82 0 C., several degrees higher than was recorded by Mala
chowski and Maslowski (7). Nevertheless, in spite of many re
crystallizations from benzene, the anhydride still retained an im
purity. A satisfactory specimen of the free acid was secured by

Analysis of Plant Tissues. The results of duplicate determina
tions of citric acid in 11 samples of tobacco leaf and 10 samples of
Bryophyllum leaf were subjected to statistical analysis to obtain
an estimate of the precision of the method. The citric acid con
tent ranged from 6 to 111 me. per 100 grams of dry tissue. The
standard deviation of a single determination was computed from
the 21 differences between duplicates as 0.60 me. per 100 grams.
Because of the wide range of the citric acid content of the sam
ples, the expression of the error of a single determination as a per
centage of the mean has no great significance; however, the value
was ='=1.2%.

A similar analysis of a group of 15 pairs of duplicate determina
tions of isocitric acid in samples of Bryophyllum leaf gave the
standard deviation of a single determination as 2.8 me. per 100
grams of dry weight. These samples were relatively constant in
isocitric acid content, the range being from 131 to 176 me. per 100
grams. The error of a single determination was ± 1.7% of the
mean.
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Volumetric Determination of Thorium by High
Frequency'Titrimetry

W. J. BLAEDEL AND H. V. MALMSTADT, University of Wisconsin, Madison, Wis.

This investigation was undertaken to illustrate how
conventional analytical procedures may be simpli
fied or shortened by use of high frequency titra
tion. An indirect volumetric method for the de
termination of thorium using high frequency
titrimetry is described. Oxalic acid and thorium
nitrate standard solutions are used. The end point
is sharp, stoichiometric, and reproducible to a few

EX CE LLE NT reviews have been written on methods of
analysis for thorium (4, 7). The conclusion of some of the

writers (7) is that volumetric methods for the determination of
thorium are either involved or inaccurate. As a result, the more
accurate but time-consuming gravimetric procedures (9, 11) are
usually used. Another difficulty of these gravimetric proce
dures is their lack of specificity; thus, careful and complete
separation from many interferences is required prior to deter
mination.

A good volumetric procedure for the determination of thorium
is therefore desirable. This is particularly true of a volumetric
procedure which possesses greater specificity than the accepted
gravimetric ones, because the rigor of time- and effort-consuming
separations might be reduced,

Many stable substances react to form insoluble precipitates or
undissociated complexes with thorium, but most of these sub
stances cannot be used to determine thorium volumetrically be
cause no good means exist to locate the end points for the reac
tions.

Recently, a high frequency instrument has been described which
is adequate for carrying out most types of titrations with high
precision (1). The titration vessel containing the solution to be
titrated is placed in, the field of a high frequency oscillator, and
changes in frequency of the oscillator are measured as the titra
tion proceeds. A plot of frequency against volume of standard
solution gives a titration curve with a break in it at the end point,
much like a conductometric titration curve. The advantage of
this procedure for establishing the end point is that no chemical
indicators, electrodes, or physical contact of any sort with the
solution are required. With such a procedure, any substance
which reacts quantitatively with a sought-for substance could
conceivably be used to determine it.

This work describes the investigation of several reagents for the
titration of thorium. The use' of oxalate as a volumetric reagent
is given in detail. A study of interferences shows that some
elements which interfere quantitatively in the gravimetric deter
mination of thorium are tolerable in small but appreciable
amounts in the volumetric procedure using high frequency
titration. Separation procedures to remove such interferences
are in some cases shorter than the accepted gravimetric ones.

CONDITIONS FOR TITRATION

Search for Reactants. A survey of the literature (7) indicated
that fluoride, iodate, ferrocyanide, and oxalate might be suitable
reagents for the volumetric determination of thorium. In addi
tion, tartrate and citrate were studied because these are known to
complex heavy metal ions. Hydroxide was avoided because of
its tendency to coprecipitate other ions.
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hundredths of a milliliter of 0.025 M thorium ni
trate. Some substances such as titanium and zir
conium, which interfere quantitatively in gravi
metric methods, may be present in small amounts
without causing appreciable error. Thorium anal
yses may be carried out in a shorter time than by
conventional methods, especially in the presence of
certain interferences.

The titration of fluoride with thorium nitrate has been used
extensively (6, 10, 12) as has the reverse titration (3). The
authors' work indicated that fluoride might be a suitable reagent
for the high frequency titration. However, titrations of fluoride
with standard thorium, using the conditions of Rowley and
Churchill (10), gave titration curves with extreme curvature in
the region of the equivalence point. It was impossible to locate
the end point on precisely these curves. The curvature was not
eliminated by varying conditions, such as acidity and thorium
concentration, nor by titration of thorium with fluoride in the
reverse manner.

This curvature is interpreted to mean that more than one
thorium fluoride complex exists at the equivalence point corre
sponding to formation of thorium tetrafluoride. The end point is
not sharp because the reaction between fluoride and thorium
probably does not proceed according to a single equation. This
interpretation is supported by observations of other workers.
Dodgen and Rollefson (3) state that thorium and fluoride form
several complex ions in dilute solutions. Clifford (2) found that
the end point formed by using alizarin red as an indicator for the
titration of fluoride with thorium is. not sharp, but gradual. In
any case, this reaction is definitely not useful for high frequency
titrations,

The titration curves for thorium in acid solution with citrate,
tartrate, citric acid, and tartaric acid exhibited no sharp end
points and were badly curved.

Titration of thorium with iodate indicated that iodate might
be a useful reactant. However, there was enough curvature in
the region of the end point to interfere with precise location.
This was probably due to the fact that thorium iodate is not very
insoluble.

Ferrocyanide was entirely unsatisfactory, for it gave no breaks
in the region of the equivalence point.

Sodium oxalate gave excellent titration curves with sharp end
points which were reproducible under a variety of conditions. On
this basis, a titration procedure for thorium involving standard
oxalic acid was worked out.

Reagents. Reagent grade sodium oxalate was dried and used
as a primary standard to prepare 0.05 M solution. This solution
was checked within 0.1% against Acculute 0.1 N potassium
permanganate (Sargent & Co.). Oxalic acid solution (0.05 M) was
prepared from reagent grade oxalic acid and standardized against
the standard permanganate.

Thorium nitrate solutions (0.025 M) were prepared by dis
solving Baker's reagent grade thorium nitrate in water containing
0.2 to 5 ml. of 6 M nitric acid per liter to prevent hydrolysis.
These solutions were standardized according to the usual gravi
metric procedure (11), in which the thorium was precipitated as
.the oxalate and ignited to the oxide for weighing.

Direct Titration of Thorium with Standard Oxalate. Standard
0.025 M thorium nitrate (25-ml. portions) was titrated directly
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Figure 1. Titration of 25 Ml. of 0.04972 M
Oxalic Acid with 0.02466 M Thorium

Nitrate

end pi , obs, Z5.18 mi.
'tbeor. Z5.20 mi.

theoretical end points. The discrepancy was bad in the sulfate
solution, amounting to about 10%.

Using the thorium chloride solution, the conditions of titration
did not have much effect on the discrepancy-for instance, boil
ing the solution after adding a major part of the standard oxalic
acid in the cold, or adding the major part of the oxalic acid to the
solution of thorium chloride at boiling temperature, and then
completing the titration at room temperature, gave the same 1%
discrepancy observed' when the whole titration was carried out at
room temperature.

The attempt to carry out this direct titration was' abandoned
after these experiments. The direct titration of thorium with
standard oxalic acid could probably be performed with an error
of the order of 0.5% by proper selection of conditions and simple
application of corrections. For higher accuracy, the indirect
method described in the next section must be used. The meas
ures used to reduce the error were not exhausted. A more thor
ough study might result in an elimination of the discrepancy and
lead to a simple, direct procedure for titrating thorium with
standard oxalic acid.

Indirect Titration of Thorium Solutions. On the basis of the
work of Gooch and Kobayashi (5), the high frequency method
was used to follow the titration of aliquots of standard oxalic acid
with standard thorium nitrate. The end points were sharp and
agreed excellently with theoretical ones calculated from the
standard concentrations, as shown in Table I. Conditions, such
as speed of titration and presence of various inert salts, were not
critical. Acidity was not critical for larger sample sizes (about
15 ml. or more of thorium nitrate}. However, for smaller sample
sizes (5 ml. of thorium nitrate) it was necessary to make the solu
tion about 0.01 M in nitric acid. Titration at much lower or
higher acidities resulted in extreme curvature and obliteration of
the end point; however, this was no disadvantage in the indirect
titration procedure described below. A typical titration curve
is shown in Figure 1. The procedure adopted consisted of adding
the thorium nitrate to an excess of standard oxalic acid. The
excess oxalic acid was then determined by high frequency titra
tion with standard thorium nitrate without removing the precipi
tate.

For any indirect titration, it is an advantage to know how
much reagent to add in order that only a moderate excess be
present. In the indirect titration of thorium, a simple and rapid
method was found (3) for estimating the proper amount of stand
ard oxalic acid to add to a particular sample. When oxalic acid

with standard 0.05 M sodium oxalate in end-point volumes of
about 125 ml. The end point was sharp and reproducible within a
few tenths of a per cent (0.02 to 0.05 ml.), but the observed vol
ume of thorium nitrate required was about 1% (0,25 to 0.30 ml.)
below the theoretical.

This was in accord with the findings of Gooch and Kobayashi
(5), who worked out a procedure for the volumetric determination
of thorium in which the thorium sample and excess oxalic acid
were mixed; the thorium oxalate was removed, and then standard
permanganate was used to determine either the excess oxalic acid
left in solution, or the oxalate on redissolution of the precipitate.
These authors found that when the oxalic acid was added to the
thorium, observed values of the thorium were low by about 1%'
The reverse procedure of adding thorium to the oxalic acid gave
results accurate within 0.1%.

Rider and Mellon (8) have also studied the oxalate precipitation
process in connection with the indirect colorimetric determination
of thorium. Excess standard oxalate was added to precipitate
the thorium. The excess oxalate was determined indirectly after
removal of the precipitate by adding excess standard permanga
nate and determining the excess permanganate colorimetrically.
Rider and Mellon concluded that the order of addition of thorium
and oxalate had no effect on the accuracy, providing there was
always excess oxalate at the end of the precipitation process.
These findings are not necessarily in contradiction to those de
scribed above, for the procedure of Rider and Mellon was empiri
cal and the stoichiometry among thorium, oxalate, and perrnan
ganate was not investigated.

In the determination of thorium, the addition of the thorium
sample to the standard oxalate was considered more cumbersome
than the direct titration of the thorium sample with standard
oxalate. For this reason, conditions were varied for the direct
titration in an attempt to reduce or eliminate the 1%discrepancy
between the theoretical and observed end points. The discrep
ancy could be varied but not satisfactorily eliminated, using the
measures which follow.

First, the acidity at the end point was systematically reduced
by partial neutralization of the excess acid in the thorium nitrate
solution. As the pH at the end point increased, the observed end
point still came too soon and deviated increasingly from the
equivalence point. This was presumed a result of the precipita
tion of basic thorium salts.

The acidity at the end point could not be increased while using
sodium oxalate as a titrating agent. When the pH fell below 3,
the sharpness of the end point was reduced owing to combination
of oxalate with the free acid which was present. With oxalic acid
as a standard agent, this difficulty was eliminated. For pH
values from 1.2 to 3.2 at the end point, the discrepancy remained
constant at 1% when oxalic acid was used as the standard solu
tion. This indicated that the discrepancy was not simply due to
formation of basic salts.

The constancy of the discrepancy with widely varying acidity
led to the hope that an end point correction might be applied, if
the pH were regulated between 1.2 and 3.2. However, titration
of different-sized samples of thorium showed variation of the dis
crepancy, but the variation did not seem to be proportional to the
thorium content.

The authors believe that the discrepancy resulted from an
irreversible coprecipitation of thorium on the thorium oxalate,
possibly as thorium nitrate. In such a case, it seemed that intro
duction of various anions other than nitrate might have some
effect on the magnitude of the discrepancy. Aliquots (lOO-ml.) of
the standard thorium nitrate were converted to other salts such as
thorium chloride, thorium perchlorate, and thorium sulfate by
precipitating the hydroxide with ammonia, washing, dissolving
the hydroxide in a 10% excess of the appropriate acid, and making
the solution up to 100 ml. in a volumetric flask. Titration of
25-ml. portions of the resulting thorium solutions with standard'
oxalic acid still showed differences between the observed ann
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Table I. Titration of Oxalic Acid with Tboelrrm Nitrate
Solutions

(Aliquots of 0.04972 M oxalic acid were titrated at room temperature with
0.02466 M thorium nitrate containing 0.002 M nitric acid in an end-point

volume of 125 ml.)

Vol. Thorium Nitrate Used, MI.
Determination Observed Theoretical Error

resulting sample was then analyzed by adding it to a 25-ml.
aliquot of 0.04972 M oxalic acid and titrating the excess oxalic
acid with standard 0.02457 M thorium nitrate. Both positive
and negative ion interferences were studied; the results are
shown in Table III. The table is self-explanatory, except for
the case of scandium. Here, the only obtainable preparation was
a scandium-yttrium mixture as the oxides, with an average atomic
weight of 70 for the metals.

1 25.18 25.20 -0.02
2 25.57 25.55 +0.02
3 25.53 25.52 +0.01
4 25.25 25.26 -0.01
5 25.31 25.31 0:00
6 to.18 10.20 -0.02
7 to. 10 10.08 +0.02
8 5.12 5.10 +0.02

Table II. VolulDe of 0.05 M Oxalic Acid Necessary to Pro
duce Permanent Precipitate on Addition to 0.025 M

Tbortum Nitrate

(Various aliquots of thorium nitrate were diluted with water and titrated
with oxalic acid. Volumes half way to the equivalence point were about 50

ml. in all casea.)

Vol. of 0.05 M Oxalic Acid, Ml.

IZ

2

3

2 "1 6 8 10
ML. STANDARD THORIUM NITRATE:

o

Figure 2. Effect of Zirconium on VolulDetric
Determination of Thorium

Conditions. 20-mJ. portions of 0.02457 M thorium nitrate were
mixed with small portions of 0.0025 M zrOC". These portions were
then added to 25 n>1. of 0.04972 M oxalic acid and back-titrated with

0.02457 M thoriuIIl nitrate

o~--.:::r__,",\--------------..,

Any cation which complexes or precipitates oxalate may theo
retically interfere, as may any anion which reacts with thorium
Also, coprecipitable anions or cations which form soluble thorium
or oxalate salts may theoretically interfere. The modes of these
interferences may be radically different. .

Lanthanum, as representative of the rare earths, interferes
quantitatively, as do scandium and yttrium. A single, sharp
end point, similar to that in Figure I, is obtained in titrations of

Added to produce Equivalent to 0.5
precipitate of thorium present

No ppt. 0.5
No ppt. 1 .o

2.5 2.0
4 4.0
8 8.0

14 16.0

I
2
3
4
5
6

Determination

was added to thorium nitrate, the first perceptible and permanent
precipitate formed when about one half the equivalent quantity
uf oxalate was added, within a milliliter or two, regardless of the
size of the thorium sample above a certain minimum, as shown in
Table II. An aliquot of the thorium nitrate sample was used in
this way to determine roughly the equivalent amount of standard
oxalic acid, and this aliquot was then rejected. A second aliquot
of the thorium nitrate sample was then measured for exact titra
tion, and added to 5 to 10 ml, more than the equivalent amount of
oxalic acid in the titration vessel. The back titration was then
carried out with standard 0.025 M thorium nitrate.

There are several advantages of this procedure over many
accepted indirect ones:

1. A rapid test indicates the amount of oxalic acid required
for a proper excess.

2. The thorium oxalate precipitate need not be filtered off be
fore back-titration.

3. The procedure is strictly stoichiometric. This means that
time-consuming gravimetric standardization of
the thorium nitrate is not necessary, for oxalic
acid may be used as a primary or secondary
standard.

End Points in Back-Titration, MI.
Mole Zr per

Curve Mole Th Observed Theoretical Error

1 0 5.27 5.27 0.00
2 0.005 5.29 ' 5.27 0.02
.3 0.010 5.28 5.27 0.01
4 0.020 5 ~o 5.27 0.03

Table III. Interferences in VolulDetric Deterrnfnatfon of ThoriulD
Nitrate

-0.3
-0.15
'" 1.6

-0.0015
-0.0007
=0.005

0.4922
0.4922
0.4922
0.4922

0.4907
0.4915

0.491 = 0.005

0.10
0.20
0.20
0.20

Interference

(Interferences were added to 20-ml. aliquots of 0.02461 M or 0.02457 M thorium nitrate.
The samples thus prepared were added to 25-ml. aliquots of 0.04972 M oxalic acid and the

excess oxalic acid was titrated with 0.02457 M thorium nitrate.)

Moles of Inter- Moles of Thorium in Sample X 10'
ference per Mole ...-Error--

of Thorium Found Theoretical Mole %
0.005 0.4910 0.4914 -0.0004 -0.10
0.010 0.4912 0.4914 -0.0002 -0.05
0.015 0.4929 0.4914 +0.0015 +0.30
0.020 0.4909 0.4914 -0.0005 -0.10
0.025 0.4917 0.4922 -0.0005 -0.10
0.050 0.4934 0.4922 +0.0012 +0.25
0.100 0.492 =0.006 0.4922 =0.006 =1.2
0.067 0.5155 0.4922 +0.0233 +4.fi

0.034 0.5045 0.4922 +0.0123 +2.5
0.5 0.4915 0.4922 -0.0007 -0.15
1.0 0.4917 0.4922 -0.0005 -0.10
0.5 0.4917 0.4922 -0.0005 -0.10
1.0 0.4910 0.4922 -0.0012 -0.25
2.0 0.4915 0.4922 -0.0007 -0.15

Zirconium oxychloride

Acetate as HOAc

Phosphate as phosphoric
acid

Tartrate as NaKC,H,O.
Fluoride as KF

Titanium dioxide in H,SO,

Lanthanum Bullate
Scandium and yttrium

oxides in HCI
Sulfate as H,BO,

INTERFERENCES

The analysis of thorium ores is usually pre
ceded by lengthy separation steps in which the
thorium is precipitated and separated as several
different compounds to remove interferences.
Electrolysis in a mercury cathode cell removes
many common interferences such as iron, bismuth,
lead, silver, and mercury (8). The iodate process
is among the best for removal of rare earths, but
zirconium and titanium tend to come through
with thorium (7). These, however, are removed
in the oxalate precipitation. Scandium appears
to come through both of these procedures (7).
Since these substances interfere quantitatively in
the gravimetric determination, they must be
removed quantitatively.

To study the effect of a particular interference,
a known quantity was added to a 20-mJ. aliquot
of 0.02461 or 0.02457 M thorium nitrate. The
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mixtures of these substances and thorium. The end point ap
parently corresponds to the sum of these substances.

Zirconium interferes, but not quantitatively. It introduces a
curvature into the titration curve, particularly in the region of the
thorium equivalence point. When small, this curvature does not
seem to introduce systematic error in location of the end point,
but rather interferes with its precise location. In order to estab
lish the end point in the presence of such curvature, it is neces
sary to draw the curve over a greater range than when curvature
is absent (compare curves 1 and 4 in Figure 2). Considerable
amounts of zirconium up to about 2 mole % of the thorium pres
ent are tolerable before the error in location of the thorium
equivalence point exceeds a few tenths of a per cent. For larger
amounts of zirconium, systematic error seems to appear. Titra
tion curves are shown in Figure 2.

4

4 6 8 10 IZ
ML. STANDARD THORIUM NITRATE:,

Figure 3. Effect of Phosphate on Volu-
rnetj-ic Deterrnfnatfon of 'I'horturn

Conditions. Si:rn.ilar to those in Figure 2. Curves
1 and 2. 0.1 and 0.2 .mole of phosphate per rnole
of Th, respectively; observed end points in back
titrations, 5.33 and 5.30 mf., respectively. Theo-

retical end points, 5.27 rol.

The interference of titanium is similar to that of zirconium, but
higher levels seem tolerable. Titanium up to about 5 mole % of
the thorium present is tolerable before the error exceeds a few
tenths of a per cent. As the amount of titanium increases above
this, location of the end point not only becomes more uncertain
because of curvature of the titration curve, but systematic error
seems to appear. This behavior of zirconium and titanium is
supported by the observations of Rider and Mellon (8).

Fluoride in fairly large amounts introduces a curvature into the
titration curve that makes it impossible to locate the end point.

Sulfate is tolerable up to equimolar amounts compared to
thorium, with an error less than a few tenths of a per cent. In
quantities larger than this, results for thorium become too low,
indicating coprecipitation. Acetate is similar to sulfate, but
even larger amounts are tolerable. This property is not ex
hibited by chloride, nitrate, iodide, and perchlorate; large ex
cesses of these are tolerable without interference.

The behavior of phosphate, which precipitated thorium in acid
solution, was unforeseen. The titration curves in Figure 3 show
breaks in the region corresponding to the thorium equivalence
point. These breaks, while definite, are not great. In this sense,
phosphate should be classed as an interference. The second
breaks apparently correspond to reaction of the phosphate with
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Table IV. Removal of Interferences in Yohrrne'trte
Deterrnrna'tion of T'hor-irrrn

(Conditions for separations are as described in text, except that oxalate pre-
cipitafions were omitted in determinations I to 4.)

Mole of Interfer-
ence per Mole Mole of Thorium in Sample X 10'

Deter- of Thorium ___Error
mination La Zr Ti Theoretical Found Mole %

1 0.4890 0.4880 -0.0010 -0.2
2 0.4890 0.4885 -0.0005 -0.1
3 1.0 0.4890 0.4900 +0.0010 +0.2
4 1.0 0.4890 0.4885 -0.0005 -0.1
5 1.0 0.4890 0.4875 -0.0015 -0.3
6 0.5 0.4 0.4890 0.4875 -0.0015 -0.3
7 1.0 0.8 0.4880 -0.0010 -0.2

thorium, and seem quite sharp. There may be potentialities in
the use of this reagent to titrate thorium in the presence of rare
earths, for phosphates of the latter are soluble at acidities existing
at the end points in Figure 3. This subject is being investigated
further. Tartrate is similar to phosphate, except that neither of
the two breaks is sharp.

This study of interferences is not intended to be complete; its
purpose is to show how different interferences behave. The be
havior of potential interferences cannot be safely predicted and
must be examined experimentally before the volumetric method is
used in their presence.

Removal of Interferences. Because appreciable quantities of
many kinds of ions are tolerable, the oxalate titration in certain
cases allows simplification of existing separation procedures (9).
This is illustrated by the following analyses, which involve two
oxalate precipitations and two iodate precipitations, followed by a
hydroxide metathesis before titration. Analyses in the presence
of various interferences are summarized in Table IV. The time
required for duplicate determinations, including separation and
titration, is only about 4 hours. The saving in time over accepted
separation procedures (9) arises chiefly through the use of the
centrifuge instead of filtration, and in the elimination of time
consurning measures required for complete separation or con
stancy of composition of the desired precipitates.

The determinations summarized in Table IV were performed as
follows: The sample, containing about 0.5 millimole of thorium
and an indeterminate amount of acid, was put into a 50-m!. cen
trifuge tube and neutralized with concentrated ammonia to the
point of precipitation of hydroxides. The acidity was adjusted by
adding 0.5 ml, of concentrated nitric acid followed by 3.5 grams
of oxalic acid dihydrate. The use of one motor-driven stirrer (1
mm. diameter borosilicate glass rod) for each sample was a great
aid in adding reagents and stirring up precipitates. The volume
at this point was about 40 m!. The solution was brought to in
cipient boiling after addition of the oxalic acid, and the tube and
contents were cooled to room temperature in an ice bath before
centrifugation. Settling was not complete when the heating was
omitted. After centrifugation at about 2700 r.p.m. for 2 minutes,
the supernatant was removed and the precipitate was washed with
35 m!. of 2% oxalic acid containing 0.1 % nitric acid. The wash
liquid was removed by centrifugation. After solution of the
oxalate precipitate in 10.0 m!. of concentrated nitric acid, 10 m!.
of water and 3.5 grams of oxalic acid were added. The acidity
was adjusted by adding an amount of concentrated ammonia
equivalent to 9.5 m!. of the concentrated nitric acid. To prevent
loss by spattering owing to boiling on neutralization, the tube
was held immersed in a beaker of ice and the ammonia was added
in small portions. After cooling to room temperature, the oxalate
precipitate was centrifuged and washed.

The oxalate in the washed precipitate was not destroyed by a
time-consuming calcination (9) before precipitating the iodate.
Instead, the oxalates were dissolved in 20 m!. of concentrated
nitric acid. Then 20 m!. of water and 3 grams of solid potassium
iodate were added. (The amount of potassium iodate was not
critical; it was added with a small measuring spoon. This was
also true of the solid oxalic acid.) After cooling in an ice bath to
room temperature, the mixture was centrifuged, the supernatant
was removed, and the precipitate was washed with 35 m!. of
iodate wash solution containing 8 grams of potassium iodate and
50 ml. of concentrated nitric acid per liter. The washed iodates
were dissolved in 25 m!. of concentrated nitric acid and 20 m!. of
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water, heated almost to boiling. The iodate was reprecipitated by
adding 3 grams of potassium iodate, and was cooled, centrifuged,
and washed.

The iodate was metathesized to the hydroxide by stirring with
35 m!. of 1 M ammonia, centrifugation, and removal of the
supernatant. The bulk of the hydroxide was transferred to a
measured excess of standard 0.05 M oxalic acid in the titration
vesse!. The centrifuge tube and stirring rod were washed with 3
to 4 drops of concentrated nitric acid and as much water as was
necessary to effect quantitative transfer. The titration vessel was
then inserted in the oscillator, a few minutes were allowed to
reach equilibrium, and the titration was then completed with
0.025 M standard thorium nitrate. Metathesis of the hydroxide to
the oxalate in the titration vessel appeared rapid and quantita
tive. In some cases the iodate was introduced to the titration
vessel without metathesis to the hydroxide first, but the titration
of the iodate was not always as satisfactory as that of the hy
droxide.
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Cold-Surface Collection of Volatile Atmospheric
Contaminants

R. D. CADLE, MYRA ROLSTON, AND P. L. MAGILL

Stanford Research Institute, Stanford, Calif.

The analysis of corrtamtrrated atmospheres is often
corrrplrcated by the low concentrations involved.
However, condensation on cold surfaces can often
be used to concentrate volatile rnuter-inla, The
samplrng of volatile atrnospherfo corrtarnfnarrts by
cold-trap techniques was studied in order to deter
rnirre the efficiency of such methods and to develop
Jmprovedequtpmerrt, Forrnaldehyde at concentra
tions in air of a fraction of a part per mfflton was
collected with about 80% efficiency at liquid nitro-

D URI NG the course of an investigation of air pollution in the
Los Angeles area it became evident that cold-trap tech

niques would be extremely valuable for the collection from the air
or' certain volatile contaminants such as aldehydes, ketones, and
organic acids. The condensation of volatile contaminants by
drawing them over cold surfaces is a well-known technique, but
surprisingly little is known about the efficiency of such methods,
particularly for the recovery of substances present in air at frac
tions of a part per million. Goldman and Dalla Valle (1) have
discussed the efficiency of a dry ice-acetone trap for the collection
of water vapor and bromine at relatively high concentrations.

The work described herein consisted of a study of the effect on
the efficiency of cold-trap collection devices of changes in design,
of the use of liquid nitrogen as well as dry ice as the cooling agent,
and of the use of glass and metal packing in the traps. Efficien
cies were determined for the collection of sulfur dioxide, formalde
hyde, and benzene. The vapor pressure of sulfur dioxide at the
boiling point of liquid nitrogen is about 3 X 10-13 mm. of mer
cury and that of benzene is about I X 10-18 mm. of mercury.
These values were estimated by extrapolation from data pre
sented by Lange (2) using the equation 10gIO P mm . of Hg =

- 52r23 A + B. Thus, the collection efficiency of these sub-

gen temperatures using rneual packing in the traps.
Without packing, only 50% efficiency was achieved.
Sirntlar results were obtained with low concentra
tions of benzene and sulfur dioxide. A convenient
cold-trap syatem was developed consisting of a dry
ice-cooled coil followed by a liquid nftrogen.-eooled,
rnetaf-paoked V-tube. The results of this work have
been very helpful in studying the cOJDposition of
SlUOg in Los Angeles County and should be applicable
to rnarry air pollution problems,

stances at the concentration used in this investigation (greater
than 0.1 p.p.m.) was limited by the apparatus rather than by the
vapor pressure.

APPARATUS I

A cold-trap train which was used extensively in the Los Angeles
area is shown diagrammatically in Figure 1. Figure 2 is a photo
graph of this apparatus mounted on the chamber in which the
contaminated atmospheres were prepared.

The apparatus consisted of three I-liter glass Dewar flasks
mounted one above the other in a cascade system. Below the
flasks was a more conventional trap consisting of an inlet tube ex
tending nearly to the bottom of an outer tube. This lowest trap
was about 35 ern. long and 3 em. in diameter. The three flasks
and the bottom trap were connected in series by means of bal1
and-socket glass joints. Air was drawn between the walls of the
flasks, through the bottom trap, through a wet-test gas meter, and
finally through a vacuum pump. The Dewar flasks were filled
with dry ice-isopropyl alcohol mixtures to cool the air passing be
tween the walls. The outer surfaces of the Dewar flasks were in
sulated by placing them in boxes or cans and filling the remaining
space with glass wool. The fourth and lowest trap was cooled by
immersing it in a I-liter Dewar flask containing either a dry ice
isopropyl alcohol mixture or liquid nitrogen.
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INSULATING SOXES

CONDENSING TRAPS MADE FROM
I LITER DEWAR SLANKS

60

91

Schematic Drawing of Cascade
Cold-Trap Device

53.3

80.8

Figure 1.

nitrogen-cooled trap during
the I-hour sampling periocjs\
During thawing, the escapi~

oxygen carried with' it a part,
of the contaminants which
were collected. The amounf
of formaldehyde lost in this
manner was determined 11.\'
passing the gases that escaped
on thawing through a series 0'
two fritted-glass bubblers con
taining a 1% sodium bisulfite
solution, then analyzing this
solution by the chromotropic
acid method. With the un
packed trap system, 6% of the
formaldehyde in the air sampled
was lost from the traps during
this gas blowoff in each of thf·

two trials. When steel washers were used as packing, 0.5% w~~

lost in each of two tests.
Oxygen condensation was prevented during one run by main

taining the interior of the liquid nitrogen trap at 0.5 atmosphere
pressure with the aid of stopcocks on each side of the trap. Tho
formaldehyde recovery dropped to 53%, making such an arrange
ment undesirable.

89.0

89.0

Benzene, 12-Cubic Foot Samples
Theor. Pvp.m, by wt. Recovery

p.p.m. in in air, detd. by cold
air by cold traps traps, %

.13

6.1

8.5.79

Recovery by
cold traps, %

52 . .10

0.092

0.073,0.0.13

0.185

o 196. 0.195

0.172

0.139,0.106

0.284

0.230,0.246

Pip.m, by wt. P.p.m. by wt.
in air, detd. by in air, detd.

bubbler by cold trap
sampling recovery

Collection Efficiency of Various Modifications of Cascade-Type Cold-Trap
System"

Formaldehyde, 20-Cubic Foot Samples

Table I.

Operating Conditions

No packing
Glass-bead packing in

last trap

Stainless steel-washer
packing in last trap

Glass-bead packing in
last trap, operated at
0.,'; atm. pressure

Dry ice-isopropyl alco
hol coolant used for
all 4 traps 0.102 0.024 24

c Except where otherwise indicated, coolant in the 3 Dewar-type flasks was dry ice-isopropyl alcohol and the 4th
trap was cooled by liquid nitrogen. Sampling rate in all eases was 20 cubic feet per hour.

EXPERIMENTAL

The collection efficiency of this cold-trap train for formalde
hyde and benzene vapor was determined under various operating
conditions.

Known concentrations of formaldehyde (0.1 to 0.3 p.p.m, by
weight) in air were prepared in a chamber of 10 cubic meters in
volume, through which air was moving at a rate of 5 cubic meters
per minute. This chamber has been described in detail in other
reports from this laboratory (4, 6). Formaldehyde vapor, pre
pared by dripping a dilute solution from a motor-driven hypoder
mic syringe into a hot flask, was mixed with the air stream before
it entered the chamber. Ail a check on the amount of formalde
hyde in the chamber atmosphere the air was drawn through two
fritted-glass bubblers in series which contained a 1% sodium bi
sulfite solution. Previous work in this laboratory has shown this
sampling method to be almost 100% efficient for the collection of
formaldehyde. The formaldehyde recovered by both bubblers
and freeze-out train was measured by the chromotropic acid
method described by MacFadyen (3). In all experiments the
sampling rate through the freeze-out train was approximately 20
cubic feet per hour, and sampling was continued for about I
hour.

Benzene (about 90 p.p.m, by weight) was vaporized in the air
stream entering the test chamber; the concentration of benzene in
the chamber was estimated from the rate of vaporization and the
rate of air flow through the chamber. The amount of benzene re
tained by the traps was determined by measuring the optical
density at, 254 mil of an aliquot of the combined solution collected
and the washings. The benzene was completely soluble in the
water which was simultaneously collected. This relatively high
concentration of benzene was used to provide a measurable ab
sorption at 254 mil.

The results are shown in Table 1. Glass beads in the last trap
increased the efficiency from 50 to about 65% and the use of
metal packing (9-mm. diameter, stainless-steel washers) increased
the recoveries to about 80%. It is probable that the low collec
tion efficiency of the unpacked train was due partly to the forma
tion of a fine mist that was not retained by the walls of the traps.
The visible mist disappeared when either glass or metal packing
was used.

In an attempt to increase the efficiency of the apparatus with
out the use of packing, an electrostatic precipitator was built
into a trap, immersed in liquid nitrogen, and placed at the end of
the train. This precipitator trap collected a considerable quan
tity of organic material, but this material had been chemically
changed by the electrical discharge. (This was shown by the
yellow-brown color which developed in place of the usual purple
in the chromotropic acid-formaldehyde analysis; also, the ultra
violet absorption curve of the condensate from a benzene-con
taminated atmosphere was quite different from the absorption
curve of benzene, showing stronger absorption in the 230 to 250
mil range.)

Several milliliters of liquid oxygen accumulated in the liquid

One test was made in which the dry ice-isopropyl alcohol mix
ture was used throughout (replacing liquid nitrogen in the last
trap). Only 24% of the formaldehyde was retained by the
traps, 20% in the first three traps, and 4% in the last. Accord
ingly, in the experiments which follow, liquid nitrogen was used
as coolant for the fourth trap; the use of dry ice-isopropyl alcohol
was continued in the three Dewar-type traps.

APPARATUsn

The preceding apparatus was bulky and therefore difficult tu
use for field sampling. Consequently, a freeze-out system of
quite different design was built (Figure 3).

This system consisted essentially of two parts; the first was a
dry ice-cooled trap, the main function of which was to remove
water from the air, and the second was a liquid nitrogen-cooled
trap. The dry ice trap consisted of an 8-foot coil of 18-mm. out
side diameter borosilicate glass tubing which was immersed in a
dry ice-isopropyl alcohol mixture in a l-gallon, wide-mouthed
Dewar flask. This coil afforded approximately the same area of
cooled surface for condensation as did the three Dewar traps of
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Table III. Efficieney of Individual Traps in Second Type
of System

Table II. Efficiency of Second Type of Cold-Trap System
for Formaldehyde, Benzene, and Sulfur Dioxide Collection
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Recovery by
Cold Traps , %

79, 77
64
86
93

Co ncent ra t ion of
Co ntaminant ,
P. p .m. by Wt.

0 .362,0.362
2 .8
186
169

P er centa ge of Total P ercentage 'of T otal
Fo rmalde h yd e Colle cte d F ormaldehyde

8 10
57 72
14 18

Sample Siz e,
Cub ic F eet

13
12

6
13

Contamina nt

Fo rmaldehy de
Sulfur d ioxide
Be nze ne

Traps

DISCUSSION OF RESULTS

The resul ts of this investigation indi cate th at fairly efficient
collection of many volatile conta minants from contamin ated
atmospheres can be achieved by the use of a simple cold-sur face
condensa tion sys tem. The presence of proper packing, such as
the stee l washers, considerably increase d the efficiency . Prob
ably th e most importan t fun ction of this packing was to increase
the surface on which th e volatile material could condense , thus
decreasing the amount of condensation on nuclei in the air. This
would p revent the form ation of fogs which could escape from the
traps.

D ry ice
F irs t li quid n itrogen
Second liq uid n itrogen

hydroxide solution. In both the cold trap con
densate and washings, and th e bubbler solutions,
measurement of sulfur dioxide content was made
by oxidizing th e sulfite to sulfate with hydrogen
peroxide and analyzing the sulfate turbidimet
rically afte r the addition of barium chloride, as
in the method described by Sheen et al. (5) . In
all cases th e sampling rate was 20 cubic feet per
hour. After each sample was taken and th e con
densate was allowed to th aw an d was removed
from th e traps, both th e spira l t rap and th e
packing in th e liquid nitrogen trap were washed
with three aliquo ts of distill ed water , and th e
washings were added to th e condensate for
ana lysis. A total of ab out 150 m!. of condensate
and washings was obtained by thi s procedure.

The results of these test s are given in Table II.
Becau se of the probability th at additional

contaminant could be collecte d by using addi
tional traps in the t ra in , a second washer-filled,
liquid ni trogen- cooled U-tube was placed afte r
t he first, and the resulting series of three traps
was used to collect form aldehyd e. The con
densate and washings from each trap were
analyzed separately, and th e rec·overies were

compared with recoveries obta ined by bubbler sampling. The
results are shown in T abl e III-.

Figure 3. Simplified Cold-Trap Device

F igure 2. Cascade Cold-Trap Device
!\I OUDt cd on sfde of churnber in which contantinunts d ispersed

EXPERIMENTA L

The efficiency of this cold-trap t rain was determined by using it
to sample atmospheres, prepared as previously describ ed, contain
ing know n amounts of formaldehyde and benzene vapors. The
collect ion efficiency for sulfur dioxide was also found by metering
this gas into t he air stream entering the test cha mber, and then
sampling the resulting atmosp here. As with formaldehyd e, t he
sulfur dioxide concentration in the chamber was checked by
parallel sampling through two fritted-glass bubblers in series. In
the case of sulfur dioxide, the bub blers contained a 0.1 N sodiu m

Apparatus I. T he liquid nitrogen trap consisted of a If-t ube im
mersed in liquid nitr ogen in a 9.ua rt D ewar flask. The two arms
of the V-tube were of greatly different size; th e arm on the inlet
side lI'as35-mm. outsi de-diameter glass tubing, and the outlet arm
was 8-mm. outside-diameter t ubing; t he over-all length was 30
em. The top of the larg e arm was connected to the spira l of the
preceding t rap by a ground-glass joint. The wide arm of the
liquid nit rogen t rap was filled with 9-mm. diam eter stainless-stee l
washers. T he use of a If-tube greatly simplified both the intro
d uction of the packing material and the washing of it at t he end of
a sampling period. Air sam ples drawn through this system passed
next through a gas meter and then through a vacuum pump.



Determination of Lithium in Rocks
Fluorometric Method

CHA RLES E. WHiTEl, MARY H. F LETC HE H2, AN D JOE PARKS
East ern Experiment: Sta t ion, Bureau of M ines, College Park, Md.

T he g ravime t r ic m enhod in gcncral use fo r t he d e
te rminatio n of li thium is ted io us, a nd the final
weig hed product often co n tains o t hcr alkali m etals.
A Huorornea rt c m et.hod was d eveloped t o s hor ten the
t imc required fo r the analysis a n d to assu re that the
final d ctcrmina tion is for lithium a lone. This pro
ccd u rc is b a sed on the co m p lex formed between
lithium and 8-hydroxyquinoline. Thc fluores cence
is d e vel oped in a slightly a lk a linc so l u t ion of 95%
a lco h ol and m e asurernent is .m ud e on a photoelec
tric fluorome ter. Se p a ration fro m the ore is ca r r ie d ,

THE difficaltles inherent in the gra vimet ric determination of
lithium in minera ls have been reviewed by Kallmann (5 )

and by Fletcher (2 ). In nearly all meth ods previously reported
for this determination, pa rtial separations from the ot her alkalies
are made and a correct ion factor is used to compensate for th e
sodium and potassium remaining with the lithium; or very careful
separu tions are made and the final residue is weighed as a pure
lit hium sa lt . However , even after a suppo sedly "complete
separut ion," as in the sulfate gravimetric met hod, the final
lithium sulfa te residue contains traces of calcium and magnes ium

' as well as some sodium and potassium, Xeedless to say, it would
be far better to be ab le to det ermine th e lith ium directly instead
of having to depend on the complete separation of all other ions.

In an effort to develop a direct method for the determination
of lithium, a group of compounds was studied with the hope of
finding a specific colorimet ric or liuorom etric reagent . Inasmuch
as Ii thium has been frequently described as an interference in
reactions involving beryllium , attention was directed to tho se
compounds (chiefly th e hydroxyanthraquinon es) tha t had been
reported (8) to give eit her direct color or fluorescence responses
with beryllium. None of these compounds was found sensit ive
enough to serve for quantitative purposes; but oxine (8-hyd roxy
qui noline) formed an intensely fluorescing chelate complex with
'lit hium and appeared to be the best reagent available.

Oxine will give a quantitative response with as lit t le as 5
micrograms of lithium oxide in 25 ml. of solut ion and does not
form a fluorescent substance with either sodium or potassium ,
Lithium may be determined with this reagent to an accuracy of
1 part in 1000 in solutions th at conta in no other cat ions. Appreci
abl e quan ti ties of sodium decrease the intensity of the fluorescence
of the Iithium-oxine complex; th erefore, a par tial separation of
th e sodium is necessary. The adva nta ges of using the oxine
reaction for the determination of lithium are that a direct quanti
tative det ermination may be made without a complete separa
tion of the other alka lies or the use of correct ion factors; and
at th e same time, greater accuracy is achieved in shorter ti me
th an is possible with th e sulfate gravimetri c det ermination.

R EAGENTS AN D APPA RATUS

Alcohol. Red istilled 95% ethy l alcohol was used for the
preparation of all solutions in th e fluorometric pr ocedure. Com
mercial a lcohol contains a highly fluorescent subs tance but
redistillation from an all-glass still gives a nonfluorescent re~gent,
that should be stored in glass-stoppered bottles. When 95%

1 Present. address, University of Maryland, College Park . Md.
• Present address , U. S. Geo logi cal Survey, Washington, D. C.

out b y the wet m ethod or h y the distillation pro
ced u re. Sod i u m and pota ssium a re removed b y
a lcoh o l a n d e t her , h u t corn p lete se pa ra t io n is not
n ecessary . Com par is o n o f a nalyzed sarrrp les sh o ws
excellen t a greement wi t h s pectrogra p h ic a n d g ravi
m etric m ethods . The fluoromctric m cthod is m ore
r apid than t he gravlrnetr-lo and p roduces morc con
elusive results. An o t her u seful application is in
the preparatio n of sta n d a rd Htlri urn so i ll ti-:ms from
r eagcnt quality sa l ts when a known s tan d a rd is
a vailable. In this case no sep a ra t io n s arc n ece ssary.

alcohol is mentioned in this paper, it refers to this redis tilled
product.

Absolute redistilled alcohol was used for separa tions of sodium
and potassium.

Standard Lith ium Solution. LlTHIU~1 CARBONATE. Reagent
grade lithium carbonate was recrystallized twice from hot water
according to th e directions of Caley and E lving (1). T his was
analyzed by the sulfate meth od, and the value obtained was used
as th e lithium conte nt. Spectrographic analysis showed that thi s
sample contained less th an 0.01% sodium oxide .

STOCK SOLUTION. A quan tity of the puri fied lithium. car
bonate equiva lent to 250 mg. of lithium oxide was dissolved in a
sma ll amount of dilute hydrochloric acid . T his solut ion was
evaporated to dryn ess, and one dr op of concentrated hyd rochloric
acid was added. The lithium chloride was dissolved in 95% ~ :"r'

cohol and made up to 250 ml. with alcohol. One milliliter .pf
th is solution was equivalent to 1 mg. of lith ium oxide.

WORKING SOLUTION. The stock solut ion was dilu ted 1 to 10
with 95% alcohol afte r adjustment of the alka linity. A pr e
determined amo unt of 0.01 N potassium hyd roxide in alcohol
was add ed to 10 ml. of th e stock solution and th e mixture wus,
dilut ed to 100 ml. with 95% alcohol. One milliliter of th is solu
t ion was equivalent to 1 microgram of lithium oxide . T he solu
tion may be diluted further if desired.

As indicators cann ot be added to the solut ions that are used for
fluorometric work , t he amoun t of potassium hydr oxide requ ired
for adj ustment of the alka linity was determined by titrat ion of a
separate aliquot . For th is, 10 ml. of th e stock solution were
mixed with 10 ml. of water and t it rated to th e methyl ora nge end'
poin t with 0.01 N potassium hydroxide in alcohol. The amount
of potassium hydroxide used in this ti tr a tion was th e "prede
termined amo unt" of potassium hydroxide add ed to th e working.
solution. In many cases, th e lithium chloride solut ion will show
the correct acidity with methyl orange and it will not be neces-
sary to add base. '

Ether, absolute diethyl ether.
Reagent. A composition solution, 50 rill. of Solution A added

to 25 ml. of Solut ion B, mus t be mixed fresh eac h day.
SOLUTION A. Oxine (8-hydroxyquinoline), 85 mg. dissolved

in 250 ml. of 95% alcohol.
SOLUTION B. Alkaline acetate solution, 0.315 gram of potas

sium hydroxide and 0.20 gram of anhydrous potassium aceta te
dissolved in 250 ml. of water.

Potassium hydroxide, 0.01 N in alcohol, 0.28 gram of potas
sium hydroxide dissolved in 500 ml. of 95% alcohol.

Methyl Orange Indicator.
Sensitive Fluorometer. T he fluorometer used in this in

vest igation has been described (.4). Corning filter No. 3486 was
used with the blue-sensitive phototube of th e Beckm an spectro
photometer; however, Corning filters No . 3387 and No . 3780
also were satisfactory as secondary filters.

PROCEDURE

A 1- to 3-gram sample was decomposed , and the mixed alka lies
were isolated from th e other constituents by either the Flet cher
(2) volatiliza tion procedure or the Kallmann (5) method. In

478
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Fluoro
metric

4.95 a

1.46 b

1.04 b

1.06a

0.68 a

0.17"

Deterrrrinutfon of Lithfurn Oxide
Li20 in LbO Deviation,

Aliquot, 'Y Found, 'Y 'Y

57.7 56.7 1.0
.33.0 32.0 1.0
37.5 39 .0 1. 5
22.0 23.0 1.0

Table II.

Sample

1
2
3
4

Sample Analyses by Four Laboratories

Lithium ore 4.89
lli~m~ 1.~ l.n 1.0 I.W
Lithium ore 1.10 0.92 1. 30 1.11
Lithium ore 1.10 0.92 1. 30 1. 11
Lithium ore 0.58 0.65 0.87 1.63
Lithium ore 0.13 0.15 0.32 0.38

a Separation using distillation method of Fletcher (2).
b Separation using method of Kallmann (5).

CHARACTERISTICS OF FLUORESCENCE

When exposed to ultraviolet light, mixtures of lithium and
oxine produce a greenish fluorescence in weakly alkaline alcoholic
solutions. The wave length of the band of emitted light covers
the range of 4900 to 5700 A. and the intensity of the fluorescence

Table I. Deterrnfnatfon of Lrthium Oxide i<n Analyzed
Salllpies

Lithium Oxide, %

EXPERIMENTAL RESULTS

Four rock samples, analyzed for lithium at four different
laboratories, were analyzed by the fluorometric method at the
Bureau of Mines. These results are compared in Table I.

NOTES ON THE PROCEDURE

Pipets should be used for measuring volumes. If burets are
desired, a silicone lubricant should be used on the stopcock, as
ordinary stopcock grease is fluorescent.

Each batch of distilled alcohol should be tested for fluorescence
with a visual comparator of the type previously described (3).

the magnesium ion did not constitute an interference, and the
fluorometric measurements could be made directly on the diluted
solutions after addition of the reagent. However, when a dilu
tion of less than 1 to 5 was made, sodium fluoride was added to
suppress the interference of magnesium as indicated below.

For the final quantitative determination, 0.5, 1.0, 1.5, 2.0, and
2.5 ml. of the diluted sample solution were transferred to 25-ml.
volumetric flasks; 3 ml. of oxine reagent was added to each, and
the mixtures were diluted to 25 ml. with 95% alcohol. For
samples requiring sodium fluoride, 1 ml. of 95% alcohol saturated
with sodium fluoride was added to each flask. The fluorescence
was measured, and the readings were interpolated from a stand
ard curve. This curve was prepared from similar quantities of
the standard solution and was made anew for each batch of re
agent mixture, A typical working curve is shown in Figure 1.

The first value for each rock was obtained by spectrographic
analysis and the other three by gravimetric procedures. These

. data show that the fluorometric method produces results similar
to those of the spectrographic method and within the range of the
standard procedures. As a further check, synthetic samples
were prepared to contain known amounts of lithium, and were
analyzed by the fluorometric method. Typical results are in
dicated in Table II. Synthetic samples 1 and 2 were duplicates
and contained the equivalent of 0.175 gram potassium oxide,
0.144 gram sodium oxide, 0.03 gram magnesia, 0.05 gram
of calcium oxide, 0.01 gram of ferric oxide, 0.01 gram of alumina,
0.001 gram of lead oxide, 0.001 gram of zinc, 0.001 gram of
manganese oxide, and 0.2065 gram of lithium oxide. Sample
3 contained the above, but only 0.025 gram of lithium oxide.
Sample 4 contained lithium oxide and magnesium oxide only.
Aliquots of these were analyzed for the lithium oxide content.

6010

t>
V

V
V

V
/
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V
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Figure 1. Standard Curve for Fluorescence of
Lithiulll with 8-Hydroxyquinoline

FLUOROMETRIC DETERMINATION

The alkalinity of the alcoholic lithium solution was adjusted
to duplicate that of the standard. Again, indicators could not
be added to the solutions used for the fluorometric measurements,
eo a 5-ml. aliquot of the sample solution was diluted to 15 ml.
with water and titrated to the methyl orange end point with 0.01 N
potassium hydroxide in alcohol. Five times this amount of
potassium hydroxide was added to a 25-ml. aliquot of the sample
solutlon and the mixture was made up to 50 ml. with 95% alcohol
in a volumetric flask.

A sample solution that contained about 10 micrograms of
lithium oxide per milliliter was found convenient for the fluoro
metric determination. Hence, the approximate concentration
.range of the sample was evaluated to determine whether or not
further dilution was necessary. To accomplish this, 3 ml. of the
-oxine reagent were added to 0.1 ml. of the adjusted sample solu
tion in a 25-ml. glass-stoppered volumetric flask (or glass-stop
pered graduated cylinders) and the mixture was made up to
volume with.95% alcohol. The solution was thoroughly mixed
and the fluorescence measured. The final sample solution was
then prepared by further dilution of the adjusted solution if it
proved necessary. When the dilution required was 1 to 5 or more,

After the isolation of the alkalies, the lithium was separated
from the bulk of the other alkalies by the Palkin alcohol-ether
method, as described by Scott (7). The mixed salts were dis
solved in a minimum of water (less than 2 ml. if possible), and 1
drop of concentrated hydrochloric acid was added. Twenty
h. 'Ililiters of absolute alcohol and 60 ml. of absolute ether were
3,(1 jed with swirling, and the mixture was allowed to stand for 5
minutes with occasional mixing. The solution was then filtered
by suction and the precipitate was washed well with a 1 to 5
mixture of alcohol and ether. The lithium-bearing filtrate was
evaporated to dryness on a steam bath. When the sodium and
potassium precipitate was extremely large-i.e., when more than
2ml. of water was required to dissolve the mixed alkalies-a
second separation was made. The lithium residue was dissolved
in 10 ml. of absolute alcohol, and 50 ml. of ether were added with
swirling. One drop of concentrated hydrochloric acid was then
added, and the mixture was set aside and swirled occasionally.
At the end of 0.5 hour the solution was filtered with suction and
the filtrate was evaporated to dryness. One drop of concentrated
hydrochloric acid was added to the lithium chloride residue, which
was then dissolved in 95% alcohol and made up to 100 ml. in a
glass-stoppered volumetric flask. This solution was used for the
fluorometric determination after adjustment of its alkalinity and
proper dilution.
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either case, calcium was removed as the oxalate, and after excess
oxalate was destroyed with aqua regia, any zinc or traces of
magnesium were separated with oxine. For this step, the mixed
alkali chlorides or perchlorates were dissolved in a small amount
of water, and 2 ml. of a 5% oxine solution in acetic acid were
added; this solution was made alkaline with ammonium hy
droxide, heated, and allowed to stand. At the end of 2 hours, the
solution was filtered and the precipitate was washed with dilute
ammonium hydroxide. The filtrate was then evaporated to dry
ness with aqua regia, followed by nitric and perchloric acids to
destroy organic matter. If the Fletcher (2) method is used, mag
nesium is not distilled; therefore if zinc is absent the oxine sepa
ration is unnecessary.
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oxide in 25 rnls will cause a positive enol' in a lithium determina
tion. Experiments showed that an ammonium hydroxide
ammonium carbonate separation left intolerable amounts of
magnesium oxide in solution. The oxine separation often leaves
as much as 100 micrograms of magnesium oxide in solution;
but with the dilution technique recommended, this amount of
magnesium oxide will not interfere if the solution obtained after
adjustment of neutrality is diluted at least 1 to 5. This technique
overcomes the magnesium interference whenever the original
sample contains 10 mg. or more of lithium oxide.

Low-grade samples that require a final dilution of less than 1
to 5 are likely to contain amounts of magnesium oxide greater
than 0.3 microgram in the aliquot used for the f1uorometric
deterniination of lithium oxide. However, addition reagents
may be used for these samples to overcome the magnesium
interference.

Several addition reagents such as the fluoride, oxalate, borate,
and hexametaphosphate ions were tried to test their efficiencv
in suppressing the magnesium fluorescence. Oxalate had no
effect upon the fluorescence of either magnesium or lithium; borate
caused a slight decrease in the fluorescence of magnesium but had
no effect upon lithium; the hexametaphosphate caused a de
crease in the fluorescence of both magnesium and lithium;
sodium fluoride greatly suppressed the fluorescenoe of magnesium
and had very little effect upon that of lithium, provided some
magnesium was present. The fluoride, therefore, appeared to
be the best suppressant. Typical results obtained through the
use of fluoride ions are presented in Table III. In the first
four figures of Table III it will be noted that sodium fluoride did
not repress the lower aliquots sufficiently but repressed the upper
ones too much. The readings of Iour or five aliquots are neces
sary for a good average.

The addition of alkali reduces the fluorescence of the mag
nesium-oxine complex much more than that of lithium. There
fore, when this method is used to determine microgram quantities

Table Ill. Effect of Fluoride Ion on Fluorescence of
Lithium-Oxine Corrrplex in Presence of Magnesium

zinGc,MgO remaining in solution after oxine separation of magnesium and

Effect of Alkali on LithiUln-8-Hydroxy
quinoline' Fluorescence
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Figure 2.

The presence of even very small amounts of water caused a
marked decrease in the intensity of the fluorescence; therefore,
the water content must be .controlled carefully. If the aqueous
content of the alcohol is disregarded, water is added only in the
reagent mixture. All glassware must be dry and rinsed with'
alcohol before use.

The oxine concentration likewise affects the intensity of the
fluorescence. This is illustrated in Figure 3. Although there is
some latitude in the oxine concentration that will give consistent
results, 2.0 ml. of the 0.034% oxine solution were chosen as the
optimum quantity for the range of lithium determined.

The fluorescence intensity is stable to ordinary laboratory light
and to normal laboratory temperature changes.
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is a' function of the concentration of the lithium. The fluores
cence develops to a maximum almost instantly and remains stable
for several days in stoppered flasks.

The intensityof the fluorescence varies with changes in hydrogen
ion concentration,. and, as these are alkaline solutions, large
amounts of carbon dioxide or acid fumes in the laboratory will
affect the fluorescence if the solutions are exposed to air for long
periods. Alkalinity is controlled by adjustment of the neu
trality of the sample and by the addition of definite quantities
of potassium hydroxide and potassium acetate in the reagent.
The effect of alkali on the fluorescence is indicated in Figure 2.
The fluorescence increases sharply with an increase in alkalinity
and then decreases to a rather constant value. This region of
stability was selected as the best alkalinity at which to work,
even though it did not represent the point of maximuni fluores
cence.

EFFECT OF OTHER IONS

Sodium ions in concentrations up to 1.0 mg. of sodium chloride
in ,25ml. caused no fluorescence with the oxine reagent.

As much as 1.0 mg. of sodium chloride caused little change in
the readings on 10 or 30 micrograms of lithium oxide. Over 0.1
mg. caused a decrease in the 50-microgram sample. This is
illustrated in Figure 4.

As the amount of sodium chloride left in the solution after the
separation described is far less than this amount, it causes no
difficulty. In the early stages of development of this procedure,
sodium hydroxide was used in place of potassium hydroxide in the
reagent, and ·the results were equally as good as when potassium
hydroxide was used.

Potassium ions. up to a concentration of 1.0 mg. of potassium
chloride in 25 ml.had no effect upon the fluorescence of lithium
solutions. This is illustrated in Figure 5.
. Magnesium. Oxine is a very sensitive fluorometric reagent
for magnesium, and as little as 0.3 microgram of magnesium
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of magnesium, the pH of the solutions should be much closer to
the neutral point than is required for lithium determinations.
The intensity of the fluorescence of the magnesium-exine
complex decreases rapidly on standing, in contrast to that of the
lithium oxine complex, which is very stable. The measurement
of the fluorescence of the magnesium-oxide complex was used to
determine the amounts of magnesium left in solution after an
oxine separation. The results so obtained checked very closely
those obtained spectrographical1y on the same sample.. The
fluorometric method found 1 microgram of magnesium oxide per
ml., as compared to 0.9 microgram per ml. found with the spec
trograph. If the disti11ation method of separation is used, mag
nesium is effectively eliminated.

Calcium. Calcium oxide in amounts as large as 30 micrograms
in 25 ml. had little or no effect upon the fluorescence of lithium
solutions. Greater quantities caused a steady increase in the
intensity of the fluorescence, but the increases were not suf
ficiently great to allow for a method for the accurate determina
tion of calcium. The quantity of calcium left in solution after
the oxalate separation amounted to about 0.3 mg. of calcium
oxide. With the dilution technique, therefore, calcium does not
constitute an interference. In fact, as much as one tenth of
the original sample could be used before calcium would cause
any appreciable error in the determination of lithium.
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to remove the hydrochloric acid. Both amyl alcohol and n
butyl alcohol formed highly fluorescent substances on heating
in the presence of the lithium chloride. If the solution was taken
nearly to dryness, a tar was formed, and at 70· the n-butyl
alcohol turned brown. It was found that by reducing the pres
sure and keeping the temperature below 50· C., the hydrochloric
acid could be removed without formation of these objectionable
materials. However, the process was too time-consuming for
practical analysis. Ninety-five per cent ethyl alcohol as a separa
tion solvent did not produce consistent results. The ether
alcohol separation, as outlined by Scott (7), gave exceJlent results.
In this method, it was found that if less than 2 mJ. of water were
required to dissolve the initial precipitate, a second precipitation
was not necessary.

COMPOUNDS TESTED AS REAGENTS

The compounds tested for color or fluorescence reactions wit.h
lithium were: 1,4-,1,8-, and 1,5-dihydroxyanthraquinones, 1,2
5,8-tetrahydroxyanthraquinone, l-amino-4-hydroxyanthraqui
none; p - nitroazoresorcinol, 2 - naphthylamine, cochineal,
1-amino-2-naphthal-4-sulfonic acid, p-nitrobenzeneazoresorcinol,
morin, and quercetin. None of these proved sensitive enough for
either qualitative or quantitative reagents for lithium.

. SEPARATION OF LITHIUM

Several solvents were investigated for the separation of lithium
chloride from the chlorides of sodium and potassium. After
extraction with the solvent, it was necessary to heat the mixture

Zinc. Merritt (6) has shown that oxine is a very sensitive
quantitative reagent for zinc. It is necessary.. therefore, that
the zinc be removed as far as possible.

Experiments showed that on starting with 0.046 gram of zinc,
about 400 micrograms remained in solution after a hydrogen
sulfide precipitation; after precipitation of 0.046 gram of zinc
with oxine only 73 micrograms remained in solution. Tests
also showed that if residues from these separations were made
up to 100 ml. with alcohol, aliqucts of the solution from the
hydrogen sulfide separation greater than 0.2 mJ. would disturb
the lithium determination; more than 1 ml. of the solution
from the oxine separation could be tolerated. In an actual
determination not over 0.3 ml. of the sample solution would be
used; therefore, oxine provides a safe separation. The amount
of zinc left in solution by the hydrogen sulfide separation is much
greater than the solubility product would indicate. This may
be due to colloidal zinc sulfide passing through the filter; how
ever, usual care was used in this procedure.
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Figure 4. Effect of
Sodium Chloride
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Figure 5. Effect of
Potassium Chloride
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Determination of Nitrate in Plant
Material-Correction

In the paper "Determination of Nitrate in Plant Material" by
C. M. Johnson and Albert Ulrich [ANAL. CHEM., 22, 1526--9
(1950)], the following; errors in statistical terminology appear:

In Table I and also in Table II, footnote b should read, (J" =

~
~(X - X)2

standard deviation = , instead of (J" = standard
n - 1

deviation = ~~ =. ~. The remainder of the footnote is correct.

In Table III, footnote d, a portion should read, C.L. = mean ±

t ..in, rather than C.L. = mean ±tvn. The remainder of the

footnote is correct. All calculations were based on the correct
formulas and are correct.

C. M. JOHNSON



Determination of Sodium and Potassium in Lithium
Metal by Flame Photometer
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eter; and to show the errors introduced by the relatively large
amount of lithium sulfate which is present in the solution.

500 1000 2000 3000 4000 5000 6000 1000

Figure 1. Effect of Lithrum Sulfate on Determination of
SodiuD1 and Potassrurn

APPARATUS

The Perkin-Elmer Model 52A flame photometer was fitted with
the propane burner, and Pyrofax gas was used as fuel. Potas
sium was measured with the red-sensitive (No. 918) phototube
and sodium with the blue-sensitive (No. 1P37). Constant volt
age was maintained by means of a Raytheon voltage regulator in
the circuit between the line supply and the instrument.

An hour's warm-up, including 15 minutes with the burner lit, was
allowed before making determinations, in order to attain maxi
mum stability in operation.

PROCEDURE

Calibration. As the standard curves were not straight lines,
with the departure from linearity more marked at higher concen
trations, it was necessary to plot sufficient values to obtain
accurate working curves. The points taken for the ranges used
in this work were as follows, for both the sodium and the potas
siumj

oto 2 p.p.m. 0.10,0.20,0.50,1.40,·1.70,2.00
oto 10 p.p.m, 2.0,4.0,5.0,6.0,8.0, 10.0
oto 50 p.p.m, 5.0, 10.0, 15.0,20.0,25.0,30.0.35.0,40.0.45.0.50.0

sp.p.m)
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REAGENTS

Sulfuric acid, reagent grade.
Methyl red, 0.1 % alcoholic solution.
Stock Solution. Reagent grade sodium chloride and potassium

chloride were dried at 1100 C. for several hours. Then 2.5418
grams of the sodium chloride were dissolved in distilled water
and made up to 1 liter, giving a concentration of 1000 p.p.m. in
sodium. A 1000 p.p.m. potassium solution is obtained by weigh
ing out 1.9069 grams of potassium chloride, dissolving, and bring
ing to a volume of 1 liter.

Standard solutions were made from the stock solutions by
appropriate dilution with distilled water.

The unusual properties of H'tbiurn rnet.al have caused
the recent interest in its use in moralfuegy, Sodrurn
and porassirrm are the chief Irnpuvifies usually
found in lithiuD1 rnetal , In the course of work on
the refining of lithiuD1 a rapid and accurate method
was required for dcterrrrinfng very srnal] arrrourrts
of these corrtarnfnants. The Harrre photornerer
proved satisfactory for the analyses. It was possible
to deter-mfrre as little as 0.001% of both sodfum and
potassium. No separations were necessary, because
the small negative error due to the presence of
lithium could be dealt with by rnearrs of a correction
curve. The analyses could be easily corrrplcted
within 2 hours. The production of Irtbdurn of high
purity for use in light alloys is of importance in
metallurgy. In certain light alloys containing lith
ium the tolerance for sodium is very low and Ht.hrum
;s considered to be the major source of this elernent.
The rnotbod could be modified for the deterrrrlrratfon
of sodium and potassturn in such alloys.

D UR I NG the course of an investigation into the refin'ing of
lithium metal, at the Mines Branch (8), it was required

to determine sodium in the range of 1% to as low as 0.001 %
and potassium to less than 0.01 %.

Bills et a!. (3) discuss the errors inherent in the classical gravi
metric separation of sodium and potassium, which tend to give
high false values for sodium when this element is present in very
email amounts. Lindsay, Braithwaite, andD'Amico(5),using
alcoholic magnesium uranyl acetate, found it possible to estimate
sodium oxide in the order of 0.01 % in the presence of up to twice
the concentration of potassium or lithium salts. In the present
investigation, however, lithium would be present in up to 100,000
times the concentration of sodium. Caley, Brown, and Price
(.n showed serious interference by lithium and potassium in the
determination of sodium by the triple acetate procedure, lithium
interfering slightly more than potassium.

For the past two years, a Perkin-Elmer Model52A flame photom
eter has been employed in these laboratories for alkali deter
minations, and the possibility of extending the use of this instru
ment to cover the above-mentioned ranges was considered.
The manufacturer's literature (7) shows an interference by 1000
p.p.m. of lithium of 1 p.p.m. for potassium and 3 p.p.m. for
sodium, in the propane flame. In the case of sodium it is not
specified whether this interference is for the red-sensitive or the
blue-sensitive photocell. In the authors' experience, commercial
lithium salts and commercial lithium metal both may contain
appreciable quantities of sodium and potassium, and might
account for this positive error.

It has been found by Berry, Chappell, and Barnes (1), and
confirmed by Parks, Johnson, and Lykken (6) and Bills et at.
(2), that the presence of large concentrations of foreign salts
produces negative errors with filter-type flame photometers
(Perkin-Elmer Model 18). Working at low ranges, however,
Bills et a!. (2) experienced less interference, and found that by thc
use of correction curves compensating factors could be applied.

The purpose of this paper is to demonstrate that a rapid and
reasonably accurate determination of small amounts of sodium
and potassium in lithium metal is possible with the flame photom-
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Effect of Lithium on Determination of Sodium and Potassium

Sodium and Potassium in Lithium Metal
Sodium Potassium
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K
%

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.007
0.006

;-1. 1
-2.6
-4.2

-'0'.19
-0.39
-0.64
-1.00

+0.01
+0.03
+0.05

+'0'.03
+0.03

Error
P.p.m.

NetK
Mg.
0.12
0.16
0.13
0.09
0.10
0.13
0.20
0.12
0.12

2.05
3.85
5.60
9.24

0.73
1.23

0.49
0.63
0.90

9.1
22.6
36.0

K
recovered

P.p.m.

Blank
Mg.
Nil
Nil
Nil
Nil

. Nil
Nil
Nil
Nil
Nil

K
detd.
Mg.
0.12
0.16
0.13
0.09
0.10
0.13
0.20
0.12
0.12

0.50
1.00

io.o
25.0
40.0

2.0
4.0
6.0

10.0

The values for the blanks were
constant.

From the data in Table II
it will be seen that sodium and
potassium, in the order of
0.01 %, can be determined in
lithium metal with an accuracy
of within 10%, the error in all
eases being on the positive
side. As the limit of detec
tion by the flame photom
eter for both sodium and
potassium is about 0.02 p.p.m.,
the rela ti ve error will i n
crease with diminishing
amounts of the element being
determined.

In the 0 to 2 p.p.m. range
complete recoveries of added
elements were achieved, while
in the higher ranges suppres
sion, amounting to about 10%
for potassium and 7% for
sodium, was' experienced.
Figure 1 demonstrates that
this negative error increases
with increasing concentration
of interferent, although in this
work there was a tendency
for the percentage error to

level off at about 6000 p.p.m. of lithium.
The greater accuracy in the 0 to 2 p.p.m. range is in agreement.

with the recommendation of Bills et al. (2), " .... for minimum
interference from foreign solutes, flame photometers should be
operated at the lowest possible range."

The suppression in the higher ranges generally confirms
the findings of others (1, 2, 6). In this study, however, the
amount of interference was less. This may be due to differences
between the Perkin-Elmer Model 18, used in earlier work, and the
52A model as employed in this laboratory. The 52A is fitted
with a monochromator. Furthermore, sodium is preferably
determined with a blue-sensitive (IP37) photocell, which is more
sensitive to the sodium flame than the 918 and is also practically
insensitive to the propane lithium flame.

In consideration of the data in Table II, where essentially the
same percentage error was encountered from 2 to 40 p.p.m., it is
suggested that correction curves such as those shown in Figure 1
may be constructed and adjustments made to the values as read
from the photometer. This procedure should yield results
accurate to 2% of the amount present.

K added
P.p.m.

0.35
0.125
0.25
0.50

Potassim

Pho
tometer

range
Pip.m,

0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2
0-2

Na
%

0.54
0.54
0.13
0.13
0.001
0.001
0.003
0.003
0.002

Net
Na
Mg.

12.2
16.5

3.71
2.33
0.020
0.025
0.09
0.05
0.04

Table I.

Table II.

Sample

EFFECT OF LITHIUM SULFATE

Known amounts of sodium and potassium were added' to
analyzed samples and the recoveries were determined in the
appropriate ranges. The results are given in Table II. To
measure the effect of varying the lithium concentration, 25 p.p.m.
each of sodium and potassium were assayed in the presence of
from 100 to 7000 p.p.m. .of lithium, the higher value being equiv
alent to 5.54% lithium sulfate. These findings are plotted in
Figure 1.

Sodium
'Na K present

(by flame Na Na (by flame
Li Range photometer) added recovered Error photometer)

P.p.m. P.p.m. P.p.m. P.p.m. Pcp.m. P.p.m. Ptp.rn,

6943 0-2 0.18
0: i25 C).6911 0-2 0.18 0.30 0.35

6873 0-2 0.18 0.25 0.45 +0.02 0.35
6804 0-2 .0.18 0.50 0.73 +0.05 0.35
3161 0-2 0.08

0:50 o:in +'0'.'03
0.20

3131 0-2 0.08 0.20
3102 0-2 0.08 1.00 1.10 +0.02 0.20
4777 0-2 0.17

-C).22
0.24

4729 0-10 0.17 2.0 1. 95 0.24
4681 0-10 0.17 4.0 3.85 -0.32 0.24
4633 0-10 0.17 6.0 5.70 -0.47 0.24
4538 0-10 0.17 10.0 9.20 -0.97 0.24
4212 0-2 0.12

10:0 9:5 -0.'6
0.23

4170 0-50 0.12 0.23
4107 0-50 0.12 25.0 23.6 -1.5 0.23
4036 0-50 0.12 40.0 37.2 -2.9 0.23

While it was possible to have 2 p.p.m. read 100 on the meter,
for both elements practically full gain was required. Therefore,
in the 0 to 2 p.p.m. range, 80 was taken as the upper limit in
order to allow for the small adjustments which are necessary
during the course of several analyses. For the 0 to 10 and 0 to
50 ranges, the 100 reading was taken as the top of the curve.
The zero point in all cases was set against distilled water.

Sampling. The lithium metal was sampled by the procedure
of Rogers and Viens (8). Portions weighing from 1.5 to 4.0
grams were cut with a sharp steel chisel and placed in tared
weighing bottles, all under an atmosphere of argon. The samples
were allowed to come to room temperature, and were weighed.
The lithium was transferred to the surface of ice (made from dis
tilled water) in stainless steel beakers. The reaction was smooth
and quiet. The resulting solutions were neutralized to methyl
red with sulfuric acid, transferred to 50Q-ml. borosilicate glass
volumetric flasks, and brought to volume with distilled water.
Precautions to avoid contamination, as outlined by Bills et al. (2),
were observed. Blanks containing the same amounts of ice,
methyl red, sulfuric acid, and distilled water were prepared at the
time of sampling.

Analytical Procedure. Determine the lowest range in which
the unknown may be analyzed. Then set the zero point with
distilled water, and the top of the curve with the standard solu
tion, after which take a reading of the unknown; this gives a
close approximation of the true value. To obtain the final figure
for the sample, take the average of several readings, each time
checking the calibration points immediately below and above on
the reference curve.

III, crude lithium

Pho
Sample tometer Na
Weight range detd. Blank

Mg. Prp.m: Mg. Mg.
2278.1 0-50 12.2 0.02
3078.2 0-50 16.5 0.02

50-9, partially refined 2791.3 0-10 3.73 0.02
lithium 1831.1 0-10 2.35 0.02

50-10, refined lithium 2077 . 4 0-2 0.040 0.02
2623.7 0-2 0.045 0.02

50-8, refined lithium 3652.1 0-2 0.11 0.02
IV,refinedlithiuma 1677.6 0-2 0.07 0.02
V.refinedlithiuma 2106.1 0-2 0.06 0.02

a Commercial product guaranteed less than 0.005% Na.

RESULTS AND DISCUSSION

Table I gives some typical analyses of crude and refined lithium.
Good precision is indicated by the agreement of duplicates.

RECEIVEDMa.y 13,1950. Published with permission of the Director General,
Scientific Services, Department of Mines and Technical Surveys, Ottawa,
Canada.



Estimation of Nicotinic Acid in Tissues by the
Cyanogen Bromide Reaction

HAROLD C. GOLDTHORPE AND DORIS TIPPIT

University of Utah, Salt Lake City, Utah

A rrirmber of procedures for esttmutfng nicotinic acid
by the use of cyanogen brorrride were found to
suffer frorn interfering colors, instability, and in
sensitiveness. A study of the factors influencing the
cyanogen brorrride procedures developed various con
ditions that Improved the estfmutfon , The reagent
is best prepared from crystalline cyanogen bromrde.
The teIllperature of the reaction rmrst not go above
40 0 C. for 5 rrrirrutes or .250 C. for 30 rrrirrutes of reac
tion t.ime, The pH of the Ille"diuIll is very critical,
as color developmerrt falls off very rapidly on either
side of pH 4.9 to 5.3. The reaction is best conducted
in the dark. When p-IllethylaIllinophenol is used
as the aIlline, the chromogen produced is very stable
over 4 hours. The procedure described, if carefully
followed, is rnore selective and precise than other
cyanogen brorrride methods which have been applied
to anfnaal tissues for estimation of nicotinic acid.

(3). However, cyanogen bromide reagents prepared this way
must be of slightly different compositions and therefore more
difficult to buffer to the same pH. Roggen's procedure (10) of
making the reagent was also tried, but constant readings could
not be obtained. In agreement with Bandier and Hald (2), the
preferred reagent was found to be a solution Ofcrystalline cyano
gen bromide, Eastman's No. 919, in water.

EFFECT OFTEMPE~ATURE. The effect of temperature on the
cyanogen bromide reaction was found to be important (Pigure 1).
Most methods (2, 5, 6) allow this reaction to take place at a
temperature of 75 0 to 80 0 C. The color which quickly developed
at 75 0 C. decreased rapidly thereafter, and only when the tempera
ture was not allowed to go above 40 0 C. was the greatest color
obtained. Continuing the study, it was found that the maximum
color developed if the reactants were allowed to react at 25 0 C. for
30 minutes.

A great part of the inconsistency obtained by the published

50,------ ...

..Z"./'.f'ecf 0.1'...Tempers/ape
0../7 Cl\T..Br .JfeElc!..ro..l'2

Duplicate sets of tubes were prepared over the pH range; one
tube at each pH was used for pH meaaueemenu and the other for
color development. Transmittance of one tube was plotted

against pH oC the other
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Figure 2. Effect of pH on Reac:J;ion
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Figure 1. Effect of Ternperat.ure on Reaction
In each case from. a series of tubes one was removed every
:minute, the color developed, and per cent trans:rnittance

deteemfned

I N PREPARING for a study of the effect of individual amino
acid deficiencies, intake of all other dietary constituents being

maintained at normal levels by forced feeding, chemical methods
of estimation of nicotinic acid were sought which could be applied
to the analysis of tissues. It was found that the published meth
ods of colorimetric analysis suffered from interfering colors,
instability, or insensitiveness. An improved modification of the
cyanogen bromide metho-I has now been developed, which
largely overcomes these di. eulties,

EXPERIMENTAL

Bandier and Hald's modification of the cyanogen bromide reac
tion (1, 2) was used as a basis for this study, primarily because
they claim greater stability of the chromogen produced with p
methylaminophenol sulfate than when other amines are used, and
also because the color development is completed in an aqueous
medium.. However, it was hard to obtain consistent results.
Using a Coleman Universal spectrophotometer, concentration
curves were prepared by the original method. The galvanometer
readings obtained within anyone set of determinations checked
fairly well, but the values obtained in different sets using the
same nicotinic acid concentrations did not check. In other
words, the K values obtained were not constant.. The normal
greenish-yellow color which should have developed was often
masked by a reddish-brown color. Because the procedure did
not give duplicable results on known nicotinic acid solutions, a
study of the factors involved in this reaction was undertaken.

Cyanogen Bromide Reaction. EFFECTOFPURITY OFCYANOGEN
BROMIDE. The cyanogen bromide reagent as generally used is
made by adding cold 10% sodium cyanide to a cold saturated
bromine solution until the solution is just colorless. The authors
found that this procedure does not give a reproducible reagent.
Apparently the eye is not sensitive enough to detect when all the
bromine has been combined. Some "colorless" reagents de
veloped an amethyst color on addition of the amine. This was
responsible for off-color in the final reading and was thought to be
due to a trace of free bromine which oxidizes the amine to a
colored derivative. Adding a 'slight excess of sodium cyanide
when preparing the reagent is clai~ed to overcome this defect
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60

Color developed according 'to procedure that did not give
int.ensity finally achieved by IDethod described in text

Figure 4. Fading of Chromogen
3 DlL of buffer, " lUI. of cyanogen broJDide reagent, and 14 m.I. ofp
Dlethylatninophenol sulfate in 0.1 N sulfuric acid. Ohrornogen

developed in darkness for 80 rnrmatee and then left in light

centration varies from 0.4 to 2.4% in different procedures (2,.9).
The best color development was found when 4 ml. of a 4% cyano
gen bromide reagent were made to a total volume of 10 ml. with
the buffered solution of the unknown. This corresponds to a
1.6% concentration (Figure 3).

EFFECT OF LIGHT. When the reaction of cyanogen bromide
was allowed to proceed in indirect daylight, the color was only
94% of that produced in the dark.

Reaction with Aromatic Amine. The chromogens produced by
different amines vary in their stability to light. Martinek et al.
(8) state that the color produced using aniline reaches a maximum
in 5 minutes and then rapidly fades, whereas orthoform (methyl
m-amino-p-oxybenzoate) also reaches a maximum development of
color in 5 minutes but is stable for about 15 minutes.

Harris and Raymond (5) and Kodicek (6) used p-aminoaceto
phenone as the amine. Their spectrophotometric readings had
to be made within 15 minutes and their chromogens were not
exposed to light.

The authors substantiated Bandier's claim that the chromogen
produced using p-methylaminophenol sulfate is stable to light
(1, 2). They left the tubes out in diffuse daylight for 24 hours
with only very slight fading (Figure 4). The development of full
color is relatively slow with this amine, taking about 80 minutes
to reach full value. There was a slight increase in color intensity
when the reaction proceeded in the dark. Allowing both the
cyanogen bromide and amine reactions to proceed in the dark
increased the color intensity 5.2%. There was also a slight in
crease in color intensity when the amine reaction proceeded at
15 0 C. Above pH 2 an off-color developed, but this was pre
vented when the amine reacted in a solution of pH 1.0. The
amine reagent was therefore dissolved in 0.1 N sulfuric acid.

The p-methylaminophenol sulfate obtained on the market
sometimes has a slight pink color in solution or develops one on
standing 2 to 3 hours at room temperature. The impurity re
sponsible was removed from the amine by washing with alcohol.

Preparation of Tissue Extracts for 'Analysis. In view of the
effect of the factors mentioned above, a procedure has been de
veloped for analysis of biological tissues and fluids.

Pepsin was used as a means of hydrolysis in preference to
Bandier and Hald's (1,2) alkali treatment or Dann and Handler's
(3) acid treatment. This was done because the pepsin hydrolyzate
could be used for the determination of other vitamins. Highly
colored digests were avoided, so that color interference in the
hydrolyzate was at a minimum.

A volatile solvent such as acetone was not used, for extraction
of the nicotinic acid from the hydrolyzate, as large errors could re
sult from evaporation of acetone.

One to 5 grams of minced tissue were placed in a 25Q..mJ.
Erlenmeyer flask. To this were added 0.5 gram of pepsin and
50 mJ. of 0.1 N hydrochloric acid and the mixture was allowed to
digest at a temperature of 37 0 C. in an incubator for 24 hours.
This acid-pepsin digest was adjusted with 5 mJ. of 1 N sodium
hydroxide to a pH of approximately 5.2, quantitatively trans
ferred to a loo-mJ. glass-stoppered volumetric flask, made up to
volume, and well mixed. Ten-milliliter aliquots were used for the
determinations.

METHOD

Reagents. Hydrochloric acid, 0.1 Nand 1.0 N.
Sodium hydroxide, 1.0 N.
Zinc sulfate, 10%.
McIlvaine's buffer was prepared by making 15.2 grams of di

sodium hydrogen phosphate and 9.75 grams of citric acid (HaCo
H597'~20) to 1000 ml. with water, checking on pH meter, and:
adjusting to the correct pH of5.25.· .

Cyanogen bromide, 4.0%. It is best to use crystalline cyanogen.

Of the reagents investigated for precipitation of the larger pro
tein-split products, only zinc sulfate was satisfactory, as clear
centrifugates were obtained en and no loss of nicotinic acid re
sulted from its use. The zinc sulfate is added to the hydrolyzate
after alkaline hydrolysis of the nicotinic acid derivatives and sub
sequent partial neutralization.
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methods appears to be due to the use of high temperatures, which
cause loss of color. The tubes are not always in the water bath
for the same time, and as this reaction is very sensitive to tem
perature, different values for the same nicotinic acid concentra
tion are obtained. This can be avoided by using a temperature
of 25 0 C. and allowing longer time for the reaction.

EFFECT OFr-H, The pH of the medium in which the cyanogen
bromide reacts is very critical. In various procedures this reac
tion is carried out at pH from 4.3 to 7.5 (6, 8, 9). In these studies
it was found that the pH range must be kept between 4.9 and 5.3
for maximum color development. On either side of these values
color development rapidly declines (Figure 2). Because the
reaction of the p-aminophenol sulfate with the cyanogen bromide
nicotinic acid complex requires a low pH, it was found impossible
to combine the two reactions as recommended by Melnick and
Field (9) in the case of aniline.

To control pH at this point phosphate-citric acid buffers were
used (7): one of pH 5.25 for solutions containing protein-split
products and one of pH 4.9 for pure aqueous solutions. The
buffer must be so chosen that the pH is about 5.1 when the buf
fered solution of the sample and the cyanogen bromide reagent
are added together. The control of pH is important for sensi
tivity and intensity of color development.
. EFFECT OF CYANOGEN BROMIDE CONCENTRATION. The sensi
tivity of the reaction is also dependent to some extent on the con
centration of cyanogen bromide used in the reaction. This con-
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M - 99.75
Standard deviation 1.31

a Factor for conversion of nicotinamide to nicotinic acid.
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'Table I. Nicotinic Acid Recoveries front Egg Albuntin
Digests

Nicotinic Acid Nicotinic Acid in Aliquot
Added Found Found Recovery

'Y 'Y 'Y 'Y %
250 245.8 3 2.95 98.3
250 245.8 3 2.95 98.3
500 493.7 6 5.90 98.7
500 495.8 6 5.95 99.2

.625 626.7 7.5 7.52 100.2
'625 626.7 7.5 7.52 100.2
750 766.7 9 9.2 102.2
750 747.5 9 8.97 99.7

1l0oo 995.9 12 11.95 99.6
1000 1000.0 12 12.00 100.0
[250 1262.5 15 15.15 101.0
1250 1241. 7 15 14.9 99.3
a250 1275.0 15' 15.3 102.0

M - 99.9
Standard deviation 1.2

bromide. The solution is stable for months when kept in a re
frigerator..

p-Methylaminophenol sulfate, 5% solution in 0.1 N sulfuric
acid, is purified by washing solid amine with ethyl alcohol.

Dibasic sodium phosphate, 10%.
Citric acid solution, 10%.
Pepsin, U.S.P.
Procedure. Two lO-ml. aliquots from the acid-pepsin digest

are transferred to two 25-m!. volumetric flasks, and 6 ml. of N
sodium hydroxide are added. This makes the digest solution 0.38
N alkali in strength, with a pH of about 12. The flask and its
contents are now heated in a boiling water bath at 96 0 C. (approxi
mately the boiling point at this elevation) for 1 hour. This hy
drolyzes the nicotinamide diphosphopyridine nucleotide and
triphosphopyridine nucleotide into nicotinic acid.

The values thus obtained are total nicotinic acid in the oxidized
form; reduced nicotinic acid is not determined by cyanogen
bromide method (12). After heating, excess alkalinity is partially
neutralized by adding 5 m!. of 1 N hydrochloric acid. The re
maining alkali is now utilized together with zinc sulfate for the
precipitation of the protein-split products produced by pepsin
action.

To the partially neutralized alkaline digest 2 ml. of 10% zinc
sulfate are added, the volume is made up to 25 mI., mixed well,
allowed to stand 10 minutes, and centrifuged, and the supernatant
liquid is decanted. This is used for the analysis and must have a
pH of 7.0 to 7.2 for a successful precipitation with zinc sulfate.

For color development 25 X 200 mm ..test tubes are used,
graduated at 25 ml. From each of the centrifugates sets of tubes
are set up as shown:

CNBr Amine
Tube Al~Lot. B~~r, R"M~~nt, R'K1f~nt, ~12'

1 0 3 4 14 4
2 0 3 4 14 4
3 3 0 0 0 22
4 3 0 0 0 22
5 3 3 4 14 1
6 3 3 4 14 1
7 334 0 0

Tubes 1 and 2 are controls on the reagents;' tubes 3 and 4 are
controls on the color in the aliquot. The authors have not found
any color to develop between unknown substances in the digest
and the amine reagent (5). Tubes 5 and 6 are for the analysis,
while tube 7 is set up to control the pH before the cyanogen

78
(73-84)

Singal s
et al.

v/o-

77
(63-87)

86
(81-92)

Presenta
Method
. v/«.

24

270

24

60-72 62 52
(55-73) (39-62)

90

135 56
(53-61)

270

45-55 172 143
(159-183) (123-171)

60-72 146 137
(138-152) (132-144)

91-94 157

135
(130-173)

148
(147-156)

270 144 175
(127-157) (151-191)

24 115
(98-122)

60-72 144 95
(98-123) (79-106)

91-94 87

135
(80-92)

110
(107-114)

270 87
(77-112)

270 132
(112-151)

90 114

135
uos-nsi

92
(70-109)

270 80
(47-120)

Age of
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Days
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54
(40-62)

a Sprague-Dawley strain of rate.
b Dann and Handler CNBr procedure (8), Vanderbilt strain of rats.
e Singal .1 al. microbiological values (Hi), Wistar strain of rats.

Leg

Abdominal

Muscle
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Abdominal

(Comparison with values obtained by other chemical and microbiological
procedures)

Dann and Handler
Authors? Original b
analysis report

v/«. v/s,
159

(148-176)

Kidney cortex

Heart

Liver

RECOVERY EXPERIMENTS

Recoveries of nicotinic acid added to egg albumin are shown in
Table I, and added nicotinamide recoveries from egg albumin and
tissue digests are shown in Table II. The range of nicotinic acid
recovery was from 98.3 to 102.2% with a mean of 99.9% and a
standard deviation of 1.2%. The range of nicotinamide recover
ies was from 97.6 to 101.8% with a mean of 99.75% and a standard
deviation of 1.31%. As shown in the last line in Table II,

Kidney cortex

Kidney whole

ANALYTICAL CHEMISTRY

Table III. Nicotinic Acid Values in Male Rat Tissues

bromide is added to tubes 5 and 6. If the pH is higher than 5.1 in
tube 7 as determined by a glass electrode pH meter, a drop or two
of 10% citric acid solution is added to tubes 5 and 6; if below 5.1,
a drop or two of 10% dibasic sodium phosphate solution is
added. '

After pH correction, the cyanogen bromide is added to the tubes
and is allowed to react in the dark for 30 minutes at 25 0 C.
The tubes are then cooled to 10 0 to 15 0 C. and 14 m!. of cooled 5%
p-methylaminophenol sulfate reagent are added. The samples
are made up to volume and the tubes are allowed to stand in the
dark at'lO 0 to 15 0 C. for 80 minutes.

Density readings are taken, a Coleman Universal spectropho
tometer being used and set at a wave length of 410 mIL. Distilled
water is used as a reference sample in setting the machine. For
calculation, the average density reading of tubes 1 and 2 is added
to that of tubes 3 and 4 and the sum is subtracted from the
average density reading of assay tubes 5 and 6. The values ob
tained are converted into nicotinic acid values either by use of a
concentration reference curve or by calculation from a K value de
termined from known amounts of the acid carried through the
procedure.

As nicotinic acid may be present in the pepsin preparations used,
an analysis should be carried out on the material and a proper
correction made if necessary. None was found in the Merck'!
pepsin preparations used in these studies.

Amide Re-
Amide oovered as Amide as Nicotinic Acid·

Added X Nicotinic in Aliquot Recovery
1.008" Acid Found of Amide

'Y 'Y 'Y 'Y %
1260 1241.7 15.12 14.9 98.5
1260 1245.9 15.12 14.95 98.9
1260 1262.5 15.12 15.15 100.2
1260 1233.4 . 15.12 14.8 97.9

630 615 7.56 7.30 97.6
630 642 7.56 7.7 101.8
630 634.7 7.56 7.62 100.8
630 629.2 7.56 7.55 100.0
945 945.9 11.35 11.36 100.1
37.8 37.8 0.45 0.45 100.0

880 893 10.58 10.72 101.4

Rat kidney
Rat heart
Rat liver
Beef liver

Egg albumin

Tissue

Rat liver

Niacin 250
. Amide 630
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recoveries were good where both nicotinamide and nicotinic acid
were added.

In Table III acomparison is made of values for aliquots of the
same rat tissues, usingfhe present procedure and that of Dann
and Handler (3). For additional comparison the values origi
nally reported by Dann and Handler (3) are given, as well as those
obtained by Singal et al. (12) using a microbiological procedure
(13).

It is the finding of this laboratory that many factors enter into
the amounts of nicotinic acid and its derivatives which are found
in tissues. Age, the amount of tryptophan in the diet, and the
strain of rat must be considered when comparing values reported
from different laboratories'. When the Dann and Handler
method and the present procedure were used on the same tissues,
higher values were obtained by the latter. The microbiological
procedure would be expected to give higher values, as the values
obtained by the cyanogen bromide procedures do not include any
reduced diphosphopyridine nucleotide present in tissues. The
cyanogen bromide reaction does not take place where the iY.

carbon in nicotinic acid is substituted (1,n. In spite of this, the
values of Singal et al. fall in the same range.

Excellent recoveries of nicotinic acid in egg albumin digest were
obtained when only 3 micrograms were present (Table I). In
other recovery experiments values on the order of 1 microgram of
nicotinic acid per final aliquot were determined quantitatively
with an accuracy of 98%. Table II shows that 0.45 microgram of
nicotinamide added per aliquot was quantitatively recovered.
These recoveries show the applicability of the procedure for the
accurate determination of small amounts of nicotinic acid and its
derivatives. Trigonelline was not converted into nicotinic acid
by this procedure (11). Nicotinuric acid was not tried. Nico
tinic acid has been estimated in various ingredients of a rat's diet.
Dextrin gave no nicotinic acid, zein contained 791 micrograms per
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100 grams, while celluflour contained 825 micrograms per 100
grams. Using a diphosphopyridine nucleotide preparation ob
tained from the Schwarz Laboratories, New York, which was
rated at a 60% diphosphopyridine nucleotide content, the
authors found values of 58.2 and 59.1%. The procedure as de
scribed appears applicable, therefore, to the accurate determina
tion of nicotinic acid plus diphosphopyridine nucleotide in a
wide variety of plant and animal products.
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Stable Isotope Dilution Method
for Nicotinic Acid, Determination

N. R. TRENNER, R. W. WALKER, BYRON ARISON, AND CAROL TRUMBAUER

Merck & Co., Inc., Rahway, N. J.

The application of the isotope dilution technique to
the deterIllination of nicotinic acid was developed
because it became necessary to assay accurately for
tbe nicotinic acid content of crude products known
to contain substantial amourrts of other compourids
containing pyridine rings, and because a review of
the literature revealed the existence of no analytical
Illethod which would not be seriously affected by the
presence of such Impurf ties. A stable Isotopedflu-

E VE R since the discovery.f.z) of the vitamin activity of nico
tinic acid in 1937, there has been considerable interest in

methods for 'its determination, especially in complex mixtures.
As a result there has appeared in the literature a relatively large
number of papers describing such assay methods. No attempt
is made here to review these methods, as adequate bibliographies
are available in a number of places (1,3).

In general, these methods of determination may be divided into
two types, microbiological and chemical. Microbiological meth
ods are characterized by relatively good specificity, but are most
difficult to carry out with any high degree of precision. A great
many papers have been written describing chemical methods of
assay, but in every case the fundamental reaction involved is the

tion rnet.hod is described in which deuteronicotinic
acid is used as the tracer and its dilution is deter
Illined by infrared spectropbotornctry, The Illethod
provides an absolute assay for nicotinic acid Incorn-.
plex nrixt.ures, and has the general significance for
analytical cherntst.ry of further illustrating the Irrr
portance of the isotope dilution principle in the de
velopmen t of specific (absolute) assay rnet.hods, a
field which has betm neglected in the past.

same-that is, the Konig reaction (7, 8) in which the pyridine ring
is opened by reaction with cyanogen bromide to give a product
which is capable of further reaction with a primary or secondary
amine to give a yellow colored product, the amount of which may
be determined spectrcphotometrically. Because many pyridine
ring-containing substances will give this same reaction, such a.
method cannot be very specific and this fact is amply borne out by
experience (2). Under these circumstances and because the ma
terials for which assays were required were known to contain.
closely related pyridine-ring compounds (6-methyl nicotinic acid),
the authors again (11) turned to the method of isotope dilution as,
one which would not be subject to any of the above disadvan
tages.
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A detailed discussion of the general nature of the authors' par
ticular methods of application of the stable isotope dilution princi
ple has been presented elsewhere (10, 11). Briefly, the present
method of assay is based upon the addition of a known amount
of deuteronicotinic acid to a known amount of the sample to be
assayed, followed by esterification of the whole mixture and qual
itative isolation of a pure specimen of the mixed (isotopically)
methyl nicotinates. The analysis is completed by determination
of the ratio of methyl protionicotinate to methyl deuteronicotin
ate in the isolated specimen by direct infrared spectrophotometry.
In the course of developing this assay procedure, the solubility
properties of nicotinic acid were so unfavorable that no suitable
solvent could be found in which the necessary infrared spectro
photometric measurements could be made. Attention was then
turned to the methyl ester as possessing more favorable solu
bility properties. This proved to be the case and it was found
that an additional advantage accrued through its use in that it
could be more readily purified than the acid, a property vital to
the ultimate reliability of any isotope dilution assay (10). The
low melting point of methyl nicotinate, moreover, proved a sensi
tive criterion of purity of the isolated specimen on which the
spectrophotometric measurement of isotope dilution was made.

The method of isotope dilution, when applied for the purpose of
chemical analysis, suffers from the disadvantage that it is neces
sary to isolate qualitatively a pure specimen of the substance for
which assay is required. Generally, this can seldom be achieved
with less than approximately 1 mg. of the sought substance. As
.a consequence, the method becomes progressively more difficult
to apply to solid specimens which contain only small amounts of
the compound for which assay is sought, unless some simple and
:selective process is known whereby the latter may be concen
trated in relatively pure form. In many instances, therefore,
the application of the isotope dilution method will not be prac
tical as a general analytical method for everyday use. It will,
nevertheless, be the method of choice when it is of paramount im
portance to obtain a completely reliable assay or when it is essen
tial to check the reliability of some other more convenient but
less certain assay method. In other words, the need for reliabil
ity must be sufficiently great to justify the additional expenditure
in time and effort which may be required in order to achieve isola
tion at the necessary level. Thus, modern micromanipulation
techniques are of considerable value in rendering more feasible
the achievement of the desired microscale isolations.

PREPARATION OF DEUTERONICOTINIC ACID AND ITS METHYL
ESTER

Deuterization of nicotinic acid was effected by direct exchange
using deuterosulfuric acid similar to that used with benzene (5).

Deuterosulfuric acid (80%) was prepared in an all-glass, water
cooled apparatus equipped with a magnetic stirrer, by the addi-

tion of the required amount of sulfur trioxide (Baker and Adam
son SuIfan B) to 99.8% deuterium oxide (Stuart Oxygen Co.).

Four grams of pure nicotinic acid and 25 ml. of 80 weight %
pure deuterosulfuric acid in pure deuterium oxide were heated
at 300 0 C. in a sealed Carius tube for 90 to 120 hours. After
cooling to room temperature, the Carius tube was opened, the
contents were transferred with water washing to a 250-ml.
Erlenmeyer flask immersed in an ice bath, and 60 ml, of 30%
sodium hydroxide solution were added slowly with stirring.
Finally, the pH was adjusted to between 2 and 3 and the aqueous
solution was extracted continuously for 24 hours with 200 ml.
of ethyl acetate. After evaporation of the ethyl acetate extract
to dryness, the residue was picked up in a minimum volume of
boiling water, charcoaled lightly to remove color, filtered hot,
and allowed to crystallize on cooling. Recrystallization was ef
fected by solution in a minimum volume of hot absolute ethyl
alcohol, hot filtration, and cooling. .

In this manner an 83% yield of deuteronicotinic acid was ob
tained. The deuteronicotinic acid was characterized by the fol
lowing properties: observed melting point 234 0 to 235.5 0 C.;
melting point of nicotinic acid 234 0 to 236 0 C; composition of
CaH2D30 2N, analytically calculated: carbon, 57.2, nitrogen,
11.1; composition found: carbon, 57.6, nitrogen, 11.3; ultra
violet absorption spectrum in 95% ethyl alcohol: pure nicotinic
acid, molecular extinction coefficient, EM, 2900 at 2630 A.;
deuteronicotinic acid, EM 2920 at 2630 A.

The atom per cent of deuterium was determined by combus
tion of the deuteronicotinic acid to water, the deuterium content
of which was determined by the falling drop method (6) .• The
results indicated that the deuteronicotinic acid contained 54.7 ±

3 atom % of deuterium as the average of two determinations.
For three atoms of deuterium in nicotinic acid, the atom per cent
would be 60; thus, on the average, three quarters of the total
number of nonexchangeable hydrogens have been exchanged in the
tracer material, which proved sufficient to give the analytically
required discriminatory properties in the infrared absorption
spectra of the two isotopic analogs.

The preparation of the methyl ester was carried out by treat
ing each gram of deuteronicotinic acid with 10 mi. of methanol
and 1.5 ml. of fuming sulfuric acid (20% free sulfur trioxide) fol
lowed by refluxing on a steam bath for 1 hour. After transferring
the reaction mixture to a separatory funnel and adding 20 m!'
of a standard neutralizing reagent (115 mi. of 6N ammonium
hydroxide and 60 grams of ammonium sulfate in a 200-m!. total
volume), the whole was twice extracted with two lOO-m!. portions
of petroleum ether. The petroleum ether extracts, after com
bination, were concentrated to about 20 mi. or less, charcoaled
with about 0.5 gram of Darco G60, and filtered and washed with
a little petroleum ether; the total volume of the filtrate did not
exceed 28 mi. On chilling the petroleum ether filtrate to 0 0 C.
for 2 hours, white crystals formed which were isolated by cold
filtration and dried in vacuo at room temI;Jerature for 0.5 hour.
The melting point should be 41 0 to 42 C. If the melting
point is lower, the crystallization procedure should be repeated.

In this manner a 70% yield of pure methyl ester was obtained.
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Figure 1. Methyl Nicotinate in Carbon Disulfide Solution
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Figure 2. Methyl Trideuteronicotinate in Carbon Disulfide Solution
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18.0

Deutero Component, %

'Solutions of known composition. The transmittance values were
always determined in terms of a 0% line set with the lithium fluo
ride filter in the incident beam to minimize scattered radiation
effects.

The actual palibration curve was established by successively
filling the unknowns cell (0.10 mm. in length) with carbon disul
fide solutions of fixed total concentration (50 mg. per m!.), but of

. various known ratios of methyl protionicotinate and methyl
deuteronicotinate, and determining their apparent absorbance
relative to the benzene-filled reference cell (0.20 rom. in length).
The data are given in Table 1. The carbon disulfide solutions
were always made up by weighing on a microbalance a known
amount of the sample to be examined in a glass-stoppered Erlen
meyer microflask (about 2- to 3-m!. volume) to eliminate sublima
tion of the relatively volatile methyl nicotinates; then the re
quired volume of carbon disulfide was added from a 1-m!. micro
buret calibrated in 0.001 m!. in order to give a solution of stand
ard concentration-that is, 50 mg. per m!. of solvent. Solution
was effected in the stoppered flask and could be checked for cor
rect amount of solvent by back-weighing if necessary. The
solution was introduced into the unknown cell by means of a
hypodermic syringe; the cell was placed in the spectrometer
and its transmission was measured under the spectrometer set
tings indicated earlier. Immediately the unknown cell was re
placed by the benzene-filled reference cell and its transmittance
was also determined. This was repeated alternately until a satis
factorily constant transmission ratio (transmittance), within
0.006 unit, is obtained.

33.6
45.4
59.8
68.5

In addition to the melting point, the product was characterized by
its ultraviolet absorption and was found to give results identical
to those observed with an authentic sample of pure methyl nico
tinate-EM 3020 at 2630 A.

SPECTROPHOTOMETRIC OETERMINATION OF ISOTOPIC
OILUTION

A superficial comparison of the spectra in Figures 1 and 2 re
veals a situation almost ideal for the spectrophotometric deter
mination of the individual isotopic analogs in mixtures of the two.
The introduction of deuterium into the pyridine ring of methyl
nicotinate profoundly changes its infrared absorption spectrum.
Particular attention is called to 8.95,9.75, 12.10, 13.50, and 14.27
mu bands of the protio analog and to the 4.50, 7.37, 8.12, 9.22,
and 11.21 mu bands of the deutero analog, anyone of which could
be used to determine the ratio of methyl protionicotinate to
methyl deuteronicotinate in a mixture of the two. The authors
found the 13.50 mu band of methyl protionicotinate, a region in
which the deutero analog is transparent, the most favorable for
analytical use and consequently all subsequent work was carried
out at this wave length.

The spectrophotometric techniques used in this work have been
improved over those reported in the authors' earlier publication
(11). As in the earlier work, a carefully calibrated (9) Model
12A Perkin-Elmer infrared spectrometer was used. All meas
urements were carried out with the instrument set at 13.50 mu;
the global' was operated with a power input of 125 'watts, an am
plifier gain corresponding to 1 microvolt full scale on the stand
ard Brown recorder chart, and slits of 0.900 mm. A sealed
liquid cell with rock salt windows of O.lO-mm. path length was
used for the unknowns solution. For a reference state the
authors found the use of a 0.20-mm. cell containing pure liquid
benzene best.

Table 1. Calibration Data for Methyl Protionicotinate
Methyl Deuteronicotinate Mixtures

Absorbance, 13.50 mu
(Av. of 2 Detns.)

-0.074
+0.004
+0.102
+0.16%

Such a system had close to the same transmittance at 13.50 mu
as the O.lO-mm. cell when it is filled with a carbon disulfide solu
tion at a total concentration of 50 mg. per m!. of a 50 to 50 mixture
of methyl protionicotinate and methyl deuteronicotinate. The
chief advantage of such a reference state is its complete re
producibility over long periods of time in contrast with a stand
ard solution (50 mg. per m!. of a 50 to 50 mixture of the two iso
topic nicotinates in carbon disulfide), which may change its con
centration on storage and. handling. Any changes in the con
stants of the reference cell employed in this work were guarded
against by daily check of its apparent transmittance, when filled
with benzene, relative to a selected 16-mesh wire screen. In sim
ilar manner the benzene-filled unknowns cell was checked against
the benzene-filled reference cell. This checking procedure, based
on a stable standard, benzene, constitutes in effect it check of the
reliability of the established calibration curve; it was found en
tirely satisfactory over the long period of time during which this
technique was tested by repeated calibration-curve, checks with

Generally only two such cell interchanges are required to es
tablish a satisfactory ratio from which the deutero-protio com
position of an unknown can be evaluated by means of the calibra
tion curve or the calibration equation.

Beer's law is followed closely; the data in Table I may be rep
resented by the following straight-line equation:

. log R = d = 0.680 PT - 0.305 (1)

where R is the ratio of the transmission of the unknown solution to
the transmission of the benzene reference standard, d is the ab
sorbance, and PT is the per cent of the deutero component in the
sample under analysis.

In order to preserve maximum precision in an isotope dilution
assay, it is desirable to add an amount of tracer to the unknown
as nearly equivalent as possible to the amount of substance whose
assay is .sought (10, 11); thus, it is not essential to extend the cali
bration much beyond the composition limits' given in Table I.
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COMPUTATION OF RESULTS

Table II presents data illustrating the reproducibility of infrared
spectrophotometric measurements as a function of time. All
measurements were' made with 9 standard mixture containing

Like ,any isotope dilution assay, and as described in detail in an
earlier paper (11), the desired numerical result is computed from
the following equation:

ISOTOPE DILUTION ASSAY PROCEDURE

A specimen of the sample to be assayed is weighed out exactly
(W.); the size of the sample is such that it will contain roughly
100 mg. of nicotinic acid, to which are added about 100 mg.
(exact weight W T) of the deuteronicotinic acid tracer. The mix
ture is placed in a small (2- to 3-ml.) round-bottomed flask, 1.5
ml. of methanol and 0.3 ml. fuming (20% free sulfur trioxide)
sulfuric acid are added, and the whole is refluxed for 1 hour on the
.steam bath. After transferring the crude methyl nicotinates
to a 25-ml. glass-stoppered cylinder (graduated), containing 4
ml. of the standard neutralizing reagent (115 ml. of 6 N ammo
nium hydroxide and 60 grams of ammonium sulfate in a 200-m!.
total volume), 15 to 20 ml. of petroleum ether are added and the
whole is brought to equilibrium by vigorous shaking. After
separation of the phases, a second 15- to 25-m!. portion of petro
leum ether is added and the extraction is repeated. The corn
bined petroleum ether extracts are evaporated to about 5 ml. or
less. Fifty milligrams of Darco G-60 are added, the solution is
filtered, and the charcoal is washed with a little petroleum ether,
keeping the total filtrate volume below 7 ml. (evaporate if neces
sary). The methyl nicotinates are crystallized by chilling to 0°
C. for 2 hours, filtering cold, and drying under vacuum at room
temperature for 0.5 hour. The melting point must be sharp at
41 ° to 42° C.; if it is lower, the crystallization procedure must be
repeated.

When a satisfactorily pure specimen has been isolated, as
judged by melting point, the per cent of the deutero component in
the sample, PT, is determined spectrophotometrically. This pro
cedure works well with the kinds of specimens the authors have
assayed. In special cases a modified isolation procedure may be
required because of the nature of the specimen to be assayed, but
the petroleum ether extraction step seems very effective in sepa
rating methyl nicotinate from other substances. Operating
with the quantities indicated, yields varying between 50 and 100
mg. were obtained. In preparing the carbon disulfide solutions
for infrared measurement, a 25.0-mg. portion was generally
weighed out and dissolved in 0.500 ml. of the solvent. Thus, all
the quantities are sufficiently large to render all manipulations
comfortable. If smaller samples are used, the problem can easily
be met through the use of microabsorption cells which are BOW

available from the Perkin-Elmer Corp. These cells may be ob
tained with a path length of 3 mm. which makes possible the use
of solutions of only 1 mg. per rnl. concentration and, moreover,
less than 0.1 ml. of solution is required to fill them. Thus, sam
ples as small as 0.1 mg. may be analyzed for tracer dilution; this
would reduce the required sample size by at least a factor of 100,
relative to the amounts the authors used.

+0.4
-0.9

0.0
+0.4

44.8
48.7
33.7
60.6

Ovei--atl Reproducibility
PT, Found Deviation

Table III.
PT, As Made Up

44.4
49.6
33.7
60.2

DISCUSSION

The general factors which play a role in the spectrophotomet
ric-isotope dilution assay technique described herein have been
discussed in earlier publications (10, 11). Some of the generali
ties, only envisaged thea, have now been successfully reduced to
practice, a justification of the broad scope claimed for this ap
proach to the analysis of specific organic entities in complex
media.
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Table IV. Analysis of Crude Nicotinic Acids
Sample Nicotinic Acid, Wt. % (F)

1 48.4.49.5
2 36.0,34.5
3 42.3,42.7
4 44.2,43.6
5 72.7.72.7,71.4
6 66.2,66.5
7 52.3,53.7
8 61.9,64.3,64.3,64.0
9 66.2,64.1

The authors wish to express their sincere thanks to R. N. Boos
and his colleagues for the ultimate analyses and to L. J. Wissow
for his help in preparing some of the pyridine carboxylic acids
used in this investigation.
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45.2% methyl deuteronicotinate and 54.8% methyl protionico
tinate.

Table III presents data illustrating the reliability of the over
.all assay procedure including isolation. Known mixtures were
assayed as though they were unknowns with results as in Table III.

'The data in Table III clearly reveal the absence in the isola
tion procedure of any significant degree of fractionation of the
isotopic analogs.

Table IV presents a complete summary of the results obtained
using the techniques 'described herein with actual unknowns.

All these results led the authors to. evaluate the average preci
sion as at least ± 1%; inasmuch as precision and reliability are
equal (11), the authors believe that the assays are within ± 1% of
the absolute amount of nicotinic acid in the unknowns studied.

(2)

SpectrophotoUletric Reproducibility
PT Deviation

44.9 -0.3
44.9 -0.3
45.5 +0.3
45.0 -0.2
45.3 +0.1
45.2 0.0

Av.45.1 "'0.2

Date

12-22-49
12-23-49
1-3-50
1-17-50
1-20-50
2-2-50

F = WT (1 - PT) X 100
W. PT

= weight per cent of nicotinic acid in sample
= per cent of deutero component in sample
= weight in milligrams of sample taken
= weight in milligrams of tracer added to W.

Table II.

where F
PT
W.
WT



Tris(hydroxymethyl)aminomethane as an Acidimetric
Standard

JOHN H. FOSSUM, PETER C. MARKUNAS, AND JOHN A. RIDDICK

Commercial Solvents Corp., Terre Haute, Ind.

The need for a good acidimetric standard suggested
investigation of the properties of tris(hydroxy
methyl)aminomethane. It was prepared in a state
of high purity with constant composition. Its hy
groscopicity was comparahle to that of potassium
hydrogen phthalate; neither it nor its solutions
adsorb carbon dioxide from the air; it can be dried
by heating at 100° to 103° C.; its solutions are stable
under all investigated conditions of standardization;
the pH of its equivalence point is 4.7; and p-sulfo
o-methoxybenzeneazodimethyl-l':'naphthylamine is
the best indicator. for determining the equivalence
point. Tris(hydroxymethyl)aminomethane has
many properties of an ideal primary standard. It is
easily obtained, purified, dried, and preserved in a
pure state, .has low hygroscopicity and relatively
high equivalent weight, undergoes stoichiometric
reaction, and has a negligible indicator blank.

T HE RE is an apparent need for a good primary-type standard
for the standardization of dilute solutions of strong acids.

Most substances now in use fail to meet the requirements of a
good standard because they have a low equivalent weight, are
difficult to prepare and maintain in a high state of purity, or are
hydrates or hygroscopic. The purpose of this paper is to suggest
the use of tris(hydroxymethyl)aminomethane for the standardi
zation of dilute solutions of strong acids.

To establish a material as a primary standard, the work of
several independent workers or groups is required. By suggest

. ing the use of tris(hydroxymethyl)aminomethane as a standard
for strong acids, the authors hope to create sufficient interest so
that the material will be further tested by methods other than
those' presented in this paper. For this reason the methods used
in the present investigation are described in some detail. Typi
cal data are presented to indicate the accuracy obtained by the
authors.

EQUIPMENT

Volumetric 50-ml. buret, calibrated by National Bureau of
Standards.

pH Meter, Leeds and Northrup No. 7661-A1 assembly.

REAGENTS

Hydrochloric Acid Solution, 0.1 N, prepared from reagent grade
concentrated hydrochloric acid.

Sodium Hydroxide, 0.1 N, prepared from a filtered 50% solu
tion of C.P. sodium hydroxide.

Tris(hydroxymethyl)aminomethane, purified as described
below.

Potassium Hydrogen Phthalate, National Bureau of Stand
ards standard sample 84c, effective neutralizing power 100.05%.

Sodium Carbonate, purified by the method of Waldbauer,
McCann, and Tuleen (5).

p-Sulfo-a:-Methoxybenzeneazodimethyl-l-Naphthylamine Indi
cator Solution. Triturate 100 mg. of the indicator in a mortar
with 2.59 ml. of 0.1 N sodium hydroxide solution and dilute to
100 ml. with boiled distilled water.

Ethyl Orange Indicator Solution. Dissolve 100 mg. of the
indicator in 100 ml. of boiled distilled water.

Mixed Indicator. Mix in equal parts 100 mg. of bromocresol
green triturated in a mortar with 1.45 ml. of 0.1 N sodium hy-
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droxide and diluted to 100 ml; with boiled distilled water, and
100 mg. of alizarin red S (sodium alizarin sulfonate) dissolved in
100 ml. of boiled distilled water.

Reference Buffer Solution of pH 4.70 for colorimetric deter
mination of end point. Mix 50 ml. of 0.1 N potassium hydrogen
phthalate solution, 13.1 ml. of 0.1 N sodium hydroxide solution,
3 drops of the appropriate indicator solution or 6 drops of the
mixed indicator, and 25 ml. of boiled distilled water.

PURIFICATION OF TRIS(HYDROXYMETHYL)AMINOMETHANE

Dissolve 1200 grams of tris(hydroxymethyl)aminomethane
in 2400 ml. of distilled water in a 4-liter beaker by heating the
mixture to 60° C. Add 50 grams of Norite and keep the mixture
at 50° to 60° C. for 30 minutes with constant stirring. Filter
the mixture, while hot,through a fritted-glass filter funnel of
fine porosity, containing a 0.6-cm. (0.25-inch) mat of filter pulp,
into a 4'liter suction flask to remove the Norite. Repeat the
treatment. The filtrate should be nearly colorless.

Transfer the solution to a 4'liter beaker, add 2 or 3 glass beads
to prevent bumping, cover with a ribbed watch glass, and con
centrate, at a slow boil, to a volume of about 1300 ml. Equip
two 4-liter beakers with mechanical stirrers and add 2000 ml. of
purified methanol to each. Add half of the concentrated solu
tion to each portion of methanol by pouring the solution slowly
down the side of the beaker. Continuously stir the methanol
during this addition and during the crystallization period. Allow
the mixture to cool for about 30 minutes, then place the beakers
in an ice-salt-water slurry and cool the mixture to 3° to 4° C.
Remove the mother liquor by filtration through a fritted-glass
filter funnel of coarse porosity. Wash the product once on the
filter by slurrying with cold methanol and remove the surplus
methanol by rapid suction.

Recrystallize twice more, using the same technique but omitting
the Norite treatment. For the second recrystallization, dis
solve the amine in 1000 ml. of redistilled water, concentrate to 8
total volume of 1000 ml., and pour into 3000 ml. of methanol.
For the third recrystallization, dissolve the amine in 800 ml. of
redistilled water, concentrate to a total volume of 800 mI., and
pour into 2500 ml. of purified methanol. Wash the product ob
tained from the third recrystallization in the funnel by slurrying
twice with cold methanol. Air-dry the final product between
several sheets of filter paper. .

Grind the air-dried product to pass a 50-mesh screen. Place
the screened amine in Petri dishes to a depth of 0.6 cm. and dry
in a vacuum oven for 12 hours at 60° C. at not more than 10 to 15
mm. pressure, or, preferably, in a vacuum desiccator over 'phos
phorus pentoxide for 24 to 36 hours at not over 5-mm. pressure,
maintaining the vacuum during the entire drying period. The
dried tris(hydroxymethyl)aminomethane melts at 171.1° ±

0.2° C. (corrected) when heated at a rate of 6° C. per minute.
The methanol used in purification of the tris(hydroxymethyl)

aminomethane in this investigation was Commercial Solvents
Corp. commercial grade methanol purified by distillation through
a 25-plate Penn State type column at a reflux ratio of about 1 to
1.

The water used for the second and third recrystallizations was
distilled from alkaline permanganate. The water still was pro
videdwith an adequate spray trap.

COMPARISON OF STANDARDS

Tris(hydroxymethyl)aminomethane was compared with two
commonly used standards (2), sodium hydroxide solution and so
dium carbonate; by standardizing a hydrochloric acid solution
with each.

. The sodium hydroxide solution was standardized potentio
metrically with potassium hydrogen phthalate, National Bureau
of Standards standard sample 84c. The hydrochlor.c ac'd solu
tion was standardized with the standard sodium hydroxide solu
tion potentiometrically, and with sodium carbonate according to
the method of Kolthoff and Sandell (.4). ,

The standardization with tris(hydroxymethyl)aminomethane
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Table II. Purity of Tris(hydroxyrnethyl)arninomethane
as Deterrnined with Several Iridlcators

99.9.;
.99.9.',

99.99
99,9.\
99,98
99.94

Analysis,
%

Table lIT. Stability of Tris(hydroxyrnethyl)arninorneth_
ane at 103 0 C.

(Sample weight 2.0150 grams)

Hii~~i:g Weight Loss
Sample No. Hours Mg. %.-

2 0.8 0.040
4 1.5 0.074
6 2 3 0.114
8 2.5 0.124

10 3.2 0.159
o
2
4
6
8

10

HYGROSCOPICITY

The hygroscopicities were determined for tris(hydroxymethyl)
aminomethane and several materials commonly used as stand
ards. The' sample of tris(hydroxymethyl)aminomethane was
the same material used for the titrimetric studies.

Mallinckrodt's primary standard grade potassium hydrogen
phthalate and A.C.S. reagent grade potassium chloride were re
crystallized twice from conductivity-type water. The salts
were dried, ground to pass a 50-mesh screen, redried in an oven
overnight at 1050 C., and stored in a vacuum desiccator over
phosphorus pentoxide in vacuo until ready for use.

Mallinckrodt's primary standard grade benzoic acid was re
crystallized twice from neutral 95% ethyl alcohol which had re
cently been fractionally distilled. It was dried, ground to pass
a 50-mesh screen, redried, and stored in a vacuum desiccator
over phosphorus pentoxide in vacuo until ready to use.

The hygroscopicities were determined at 25 0 ± 0.5 0 C. in desic
cators containing a salt in contact with its saturated solution as
described in the International Critical Tables (3).

The sample containers used for determining the hygroscopici
ties (30 X 50 mm. weighing bottles of 30-mJ. capacity) were thor
oughly cleaned, dried, and placed overnight in the desiccator con
taining the appropriate humidity. During all periods of ex
posure in the humidity chambers, the covers of the weighing
bottles were placed in a manner to permit circulation of air in the
sample container. The weighing bottles were removed from the
desiccator, immediately stoppered, allowed to stand in air 10 ± 1
minutes, and weighed. Approximately l-gram samples of the
materials being studied were placed in the weighing bottles, and
spread to a uniform thickness. The weighing bottles were

Table IV. Stability of Tris(hydroxyrilethyl)arninorneth
ane at no o C.

A sample of tris(hydroxymethyl)aminomethane was kept on
the laboratory shelf for 2 years in a screw-cap jar firmly closed
with a metal cap containing a plastic-impregnated liner. At the
end of the test period there was no detectable change in com
position.

Three portions of the amine were stored in a desiccator for 3
days over phosphorus pentoxide, and weighed each day. No
change in weight was detected.

Portions of the amine, heated in a laboratory drying oven at
1030 C. for five 2-hour periods, were weighed at the end of each
heating period. A large sample was treated in the same manner
and analyzed potentiometrically with hydrochloric acid after
each heating period. Typical results are given in Table III.

Duplicate titrations were run only on the O-hour and 1O-hour
material of sample 4. As the analysis indicates the purity re
mained constant, the loss of weight may be due to partial vola
tilization of the compound.

A sample was heated at 110 0 C. for 10 hours, weighed, and
analyzed. The material after heating was a light cream color
speckled with small brown spots.

The data in Table III indicate that the amine can be dried
for 2 to 4 hours at 100 0 to 103 0 C.

0.10076

0.00002

Mixed
Indicator.

%
99.96
99.93
99.93

Hydrochloric Acid. N

0·W072

0.00002

0.10075 0.10093 0.10080
0.10075 0.10084 0.10072
O. 10068 O. 10084 0 . 10073
0.10071 0.10088 0.10076
0.10071 0.10093 0.10077

0.10088

0.10088

0.00003

0.10127
0.10126
0.10129
0.10130
0.10131
0.10131

0.10129

0.000017

Table I. Standardization of Solutions
HKC,H,O, NaOH Na,CO, (CH,OHlaCNH,

Sodium
Hydroxide. N

Ethyl
Potentio- SMN· Orange

metrically, Indicator, Indicator,
% % %

99.92 b 99.95 99.98
100.00 99.92 100.04
99.99 99.97 99.94
99.96 100.00 100.02
99.95 99.91 99.97

Mean 99.96 99.95 99.99 99.94

a p-Sulfo-o-methoxybenzeneazodimethyl-l-naphthylamine.
b Calculated from data in Table 1.

Standard

was carried out by the following procedure: Approximately 0.5
gram of the amine was accurately weighed into a 250-mJ. tall
form beaker. The sample was dissolved in 50 mJ. of recently
boiled distilled water and titrated potentiometrically with the
hydrochloric acid solution. •

The results of standardizations are given in Table 1.
The pH at the equivalence point of tris(hydroxymethyl)

aminomethane and hydrochloric acid under the conditions of
standardization was determined mathematically and graphically
to- be 4.70. The neutralization curve of the amine and hydro
chloric acid shows a clean sharp break at the equivalence point.

All standard solutions were corrected for change in volume
due to temperature change.

SELECTION OF INDICATORS

Several indicators whose pH range included the equivalence
point of the titration were selected for test. The indicators were
screened by adding a few drops of their solution to a solution of
the amine, and titrating potentiometrically with hydrochloric
acid. Three indicators, p-sulfo-o-methoxybenzeneazodimethyl
1-naphthylamine, ethyl orange, and a mixed indicator consisting
of equal parts of 0.1 % solutions of bromocresol green and sodium
alizarin sulfonate, gave a distinctive color at a pH of 4.70.

The three indicators selected from the screening tests were
evaluated as follows:

Tris(hydroxymethyl)aminomethane (0.5 gram) was accurately
weighed into a 250-mJ. Erlenmeyer flask and dissolved in 50 mJ.
of recently boiled distilled water. Three drops of the indicator
solution (6 drops of the mixed indicator) were added and the
amine was titrated with standard hydrochloric acid. The end
point of the titration was determined by matching with the color
of the reference buffer solution. The strength of the standard
acid was 0.10072 N (Table I).

The results given in Table II were obtained.

p-Sulfo-o-methoxybenzeneazodime.thyl-1-naphthylamine is pre
ferred because it gives the sharpest color change at the equiva
lence point and because it gives good warning as the end point
is approached.

Mean

Mean dey.

THERMAL STABILITY

The stability of tris(hydroxymethyl)aminomethane was deter
mined at room and at elevated temperatures.

Heating Period.
Hours

o
10

Weight of Sample,
Grams

2.0409
2.0237

Analysis,
%

99.9,5
98.82
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CONCLUSION

Tris(hydroxymethyl)aminomethane fulfills many of the re
quirements of a good standard. It is commercially available at
a moderate price; it can be prepared in a high state of purity with

stoppered and weighed, then placed in the proper desiccator, and
placed in the thermostat. These bottles were weighed daily for
10 days, using the technique described for taring the weighing
bottles. Representative data are shown in Table V.

The hygroscopicity tests were carried out in May, during which
time the air temperature and humidity varied widely. The ad
sorbed moisture on the weighing bottles is the cause of the major
error in the low adsorption range. Errors as high as 0.5 mg. on
unfilled weighing bottles were not uncommon when these bottles
were weighed on days of widely varying humidity. .

The hygroscopicity of tris(hydroxymethyl)aminomethane
compares favorably with that of the common primary standards
which were tested over all humidity ranges that might be en
countered in laboratory work.

a Average of 3 determinations.
b Average of 2 determinations.

Hygroscopicity of Several Standards
(lO-day tests)

Gain in Weight, %
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constant composition; and it has a favorable equivalent weight,
121.136. The amine is nonhygroscopic at usual laboratory
-humidities and compares favorably in this respect with potas
sium hydrogen phthalate. Tris(hydroxymethyl)aminomethane
and solutions of this salt do not adsorb carbon dioxide from the
air. It can be used directly as a primary standard for strong
acid solutions by a simple and rapid procedure. Solutions of the
amine are stable under all investigated conditions of standardiza
tion. The equivalence point can be easily detected either po
tentiometrically or by use of the proper indicator.

Tris(hydroxymethyl)aminomethane has the disadvantage that
it cannot be heated above 100 0 C. indiscriminately. It is a weak
base and has the inherent disadvantage of this class of com
pounds as primary standards. Its dissociation constant has been
reported recently by Bates and Pinching (1) as 1.202 X 10--6 at
25 0 C. This value is comparable to that of potassium hydrogen'
phthalate, which is 3.9·X 10-6 at 18 0 C.

0.08
0.13
0.14
0.47

0.00
0.00
0.00

. 0.01

Potassium
hydrogen Benzoic Potassium

phthalate b acid chloride

0.06
0.07
0.17
0.20

0.19
0.17
0.19
0.27

Tris(hydroxymethyl)
aminomethane?

Table V.

Relative
Humidity,

%
31
51
71.2
91

Determination of n-Paraffins in Gasoline, Oils, and
ParaffinWaxes

WOLFGANG LEITHEl, Carl Borschweg 1, Linz, Austria

Cb.errricul processes with hydrocarbons of various
boiling ranges (gasoline, oils, waxes) frequently re
quire knowledge of their contents of n-paraffins and
isoparaffins, which has required tedious or expensive
experfmerrtsj an easily workable chemfcal rnenhod
for providing this Iriforrrrat.iori fil.ls a definite need in
hydrocarbon analysis. The rnenhod described in
this paper is based on a airrrple chernteal reaction
with antimony pentachloride, followed by an in
direct determination of the n-paraffins wbich bave
not been affected by this reagent, while the iso
paraffins are converted into insoluble tarry matter.
An accuracy of about 3 to 6% of total sample rn ay be

reached. The JUethod applies also to other sub
stances such as olefins, alcohols, fatty acids, etc.,
after they have been converted to hydrocarbons by
usual JUethods. There are rnariy possibilities of
applying this strnpfe and cheap analytical rneuhod in
scientific and cOlllJUercial hydrocarbon processes,
as in rnost cases the contents of branched or rror-mal
hydrocarbon chains in the sou.rce JUaterial, in the
Irrteemedtates, and in the final products reflects
largely on the efficacy of the process and on the qual-.
ity of the products. It is boped, therefore, that
petrochemist.ry will draw considerable advantages
frorn this new JUethod.

T H E commercial value of hydrocarbon mixtures sometimes
depends largely on their contents of straight carbon chains.

In some cases, such as the preparation of detergents, unbranched
hydrocarbons in the source material are preferred; on the other
hand, n-paraffins in motor gasolines are harmful because of their
low octane rating.

In spite of the considerable importance of this special an
alytical question, no simple chemical method of general applica
bility fOT the determination of straight-chain' paraffins in hydro-

1 Present address, Oeaterreiohisehe Stiekstoffwerke Aktiengesellsehaft,
Linz , Austria.

carbon mixtures has been known, as there is but little difference
in the chemical properties of n-paraffins and isoparaffins. This
analytical field is chiefly covered by physical methods, such as
the application of infrared absorption spectroscopy (1).

Some years ago Schaarschmidt and Marder (3) found a differ
ence in the reaction rate of n-paraffins and isoparaffins with
antimony pentachloride, and they based a rough and qualitative
method for distinguishing n-paraffins from isoparaffins on this
fact. Under tlie conditions outlined by these authors a quantita
tive distinction and separation of n-paraffins in hydrocarbon
mixtures of various molecular weight are not possible. This
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CALCULATION

The n-paraffill content of the sample is calculated by the rule
of mixtures from the density of the carbon tetrachloride solution
obtained by the procedure described above

d ( . t ) grams of CCl, -+ grams of paraffin (1)
mix ure = vol.' of CCI. + vol, of paraffin

dparaff. equals the density of the n-paraffin of the sample in
carbon tetrachloride solution. This value has been shown to be
about 1% lower than the density of the pure hydrocarbons with
out a solvent. The values of the n-paraffins calculated from the
density of their solutions in carbon tetrachloride are listed in
Table 1. The value to be used for the calculation of the n
paraffin content by Formula 2 as dparaff. must correspond with
the mean boiling point of the sample.

The volume of· carbon tetrachloride has been fixed as 30 ml,

whereas, n-paraffins of lower molecular weight may be affected
by too great an excess of this reagent. If nothing is known about
the approximate n-paraffin content of the sample, 1.5 to 2 grams
are weighed out and the determination is repeated with the
proper amount of the sample according to the result of the
first determination.

A convenient and sufficiently accurate form of density bottle
is a 25-m!. volumetric flask sealed with a glass stopper, and about
4 mm. in diameter at the neck. These flasks are easily filled and
emptied by introducing a glass capillary tube in order to dis
charge the air.

X 100
grams of sample weight

(2)

0'1 ffins ' 30 (d OOlo - d,olution)
/0 n-para s =

. dsolutioD _ 1
dparaff.
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Table I. Calculated Values of n-Paraffins
Boiling Point, ° C.

760 15 0.5 d"o C. (in
n-Paraflin mm, Hg mm. Hg mm, Hg CCI, Solution)

C,H" 69 0.650
C,HI6 98 0.675
CsH" 126 0.695
c.H,. 150 0.709
CIOH" 173 ·so 0.720
CuH" 194 '40 0.730
C12H" 215 93 0.740
C"H" 234 113 55 0.748
C"H.. 253 128 70 0.755
C16H" 271 142 84 0.760
Cl.H.. 288 155 96 0.764
C17H3I 303 168 108 0.767
C18H" 317 180 118 0.770
C"H.. 330 190 128 0.773
CtoH .. 345 203 140 0.775
C2IH" 235 170 0.781
C"H" 252 190 0.785
C30H.. 294 225 0.795

objective could be reached by modifying the reaction conditions
and by applying a physical method for the determination of the
n-paraffins which remain unchanged during this chemical re
action.

The reactivity of antimony pentachloride with hydrocarbons
was decreased by applying carbon tetrachloride as a diluent,
choosing concentration, reaction temperature, and time in such
a way that isoparaffins react completely in the carbon tetra
chloride solution, but n-paraffins remain practically unchanged.

As the separation of the unaffected n-paraffins from the carbon
tetrachloride by distillation is impracticable in samples of lower
boiling range, a physical method for the analysis of binary
mixtures of n-paraffins and carbon tetrachloride based on" the
widely differing densities of both substances was outlined. The
mixture is placed in a density bottle, and the n-paraffin content
may be calculated from the density of the mixture by the mixture
rule, using an adaptation of a pycnometric fat determination
method (2).

APPARATUS

A 50-m!. bulb flask is attached to a Liebig condenser by a
ground joint. A small calcium chloride tube is placed at the top
of the condenser.

PROCEDURE

Weigh out such an amount of sample that about 0.7 to 1.0 gram
of isoparaffins or naphthenes is present. "

Add exactly 5 ml. of pure carbon tetrachloride with a pipet,
dissolve completely, and add immediately 5 mi. of pure antimony
pentachloride from a small graduated cylinder. Attach the con
denser and cool by placing the flask in ice water for. a short time,
in case a vigorous reaction starts. Place the flask in a water bath
at 40 0 C. and maintain at this temperature for 3 hours. If after 1
hour no reaction, indicated by a dark color and deposit of tarry
matter, has taken place, add a small drop of vaseline oil, which
contains no n-paraffins but may act as a starter, and heat 2 more
hours at 40 0 C.

After 3 hours take the flask from the oondenser, add exactly 25
ml, of carbon tetrachloride by a pipet, shake gently, and pour the
carbon tetrachloride layer as completely as possible into a small
separatory funnel, but avoid inclusion of the tarry matter.

Shake the carbon tetrachloride solution with 100 ml. of a mix
ture of 2 volumes of concentrated hydrochloric acid and 1 volume
of water vigorously for about 1 to 2 minutes.

Place a small pledget of cotton in the dry stem of the separatory
funnel and run the lower layer, which now contains only carbon
tetrachloride and the unchanged hydrocarbons, into a 25-m!.
density bottle. Place the density bottle in a water bath at ex
actly 20· ± 0.2 0 C. for half an hour, adjust to the mark, and
weigh.

NOTES

It is necessary to keep these conditions of concentration, time,
and temperature, which have been proved by many tests, be
cause some isoparaffins need an excess of antimony pentachloride,

.Table II. Tests
% n-Paraffins

Substance Sample, G. Calcd, Found Diff.
Pure n-paraffins

n-Heptane 1 100 100 0
n-Heptane 2.5 100 100 0
n-Heptane 4 100 99 '-1
n-Nonane 2 100 100 0
n-Hexadecane 1 100 102 +2
n-Hexadecane 3 100 100 0
n-Eicosane 2 100· 100 0
Cyclohexane 3 100 100 0

Pure isoparaffiue, naphthenes, and olefin.
Hexadecene O. 7 0 2 +2
Deealin 0.8 0 2 +2
3-Methylheptane 0.8 0 3 +3
Vaseline oil 1 0 2 +2
Deealin + 3-methylheptane

+ iso-octane 0.6 0 3 +3.
Mixtures

n-Heptane + 3-methylheptane 11 10 -1
26 22 -4
50 43 -7
85 80 -5

n-Heptane + Decalin 65 66 +1
n-Heptane + Decalin + iso-octane 49 53 +4

65 66 +1
n-Heptane + Deealin + 3-methylheptane + 25 25 0

iso-octane 25 19- -6
26 "22 -4
86 81 -5

n-Hexadecane + 3-methylheptane 59 59 0
90 92 +2

n-Hexadecane + Decalin 11 17 +6
56 58 +2
89 90 +1

n-Hexadecane + hexadecene 58 57 -1
14 18 +4

n-Eicosane + vaseline oil 12 12 0
1'3 17 +4
97 94- -3
95 94 -1

n- Eieosane + synthetic ieoparaffsn 28 28 0
52 56 +4
59 63 +4
93 97 +4
96 98 +2
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Pipets adjusted with water have "to be adjusted to the actual
delivery of 25 and 5 m!. of carbon tetrachloride.

DISCUSSION

This procedure is applicable to gasolines (mixtures of paraffins
and naphthenes) from about six carbon atoms in the molecule,
to oils and paraffin waxes if they are soluble in carbon tetra
chloride at 20 0 C.

The following hydrocarbons are stable against antimony penta
chloride: all saturated hydrocarbons containing only

C
I

CH 3- , -CH2- , and C-G-C
I
C

groups, such as n-paraffins, cyclohexane, and compounds with
quaternary carbon atoms such as 2,2-dimethylbutane. Thus,
the true n-paraffin content of a hydrocarbon mixture is found
by this method only if the other hydrocarbons listed in this
group are absent; otherwise, their percentage is included in the
n-paraffin content.

The following hydrocarbons react with antimony pentachlo
ride to form products which are insoluble in carbon tetrachloride:
compounds with a tertiary carbon atom such as isoparaffins,
substituted cycloparaffins (naphthenes), and olefins.

Aromatic compounds and oxygenated compounds react with
antimony pentachloride to form products which are partially
soluble in carbon tetrachloride; thus they interfere with this
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method if present in considerable amounts, and must be removed
before antimony pentachloride is applied, by treatment with'
sulfuric acid according to weli-known procedures.

This method is not restricted to mixtures of paraffins and naph
thenes, but applies also to olefins, alcohols, ketones, aldehydes,
fatty acids, etc., after these compounds have been transformed
into paraffins by adequate hydrogenation.

The accuracy of this method varies with the molecular weight
of the sample; in oils and paraffin waxes the average absolute
error is about 2 to 4% of the total sample and in gasolines the

, error is sometimes greater (3 to 6%), as may be learned from the
data in Table II. It is probable that by a further study of the
individual reaction rates of hydrocarbons with antimony penta
chloride and by slight modifications of the procedure this range of
errors may be narrowed. .
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Infrared, Analysis of Five C1oAromatics
JOHN A. PERRY I

Monsanto Chemical cs., Texas ,City, Tex.

The need for a means of analyzing mixtures of five
C IO aromatics led to the method presented, which
was designed to be rapid and aecurute, and to have
maximum simplicity of execution. No dilution of
standards or of samples was required in either
calibration or analysis. Measurements of cell
length and absorbancy were, eliminated by the con
dition of normalization and the use of reference
wave lengths, respectively. The accuracy is shown

to compare favorably with similar reported work,
the error being 0.5% absolute over the whole per
centage range. An infrared normalized multi
component analysis of hydrocarbon liquids can be
set up under the following restrictions, each of which
materially simplifies performance of the analYl'is:
assumption of validity of Beer's law, no dilution of
standards or samples, and no knowledge of the
length or absorbancy of the rock salt cell.

HYDROCARBONS

Sources and given purities of the hydrocarbons used were as
follows:

APPARATUS

A Perkin-Elmer MOdel 12C spectrometer equipped with It
Model 51 breaker-amplifier and Brown recorder was used.

DEFINITIONS

The following terms and meanings are used in this paper:

10
A = log r = Ked

I NT EREST in the composition of isomeric butyl and diethyl
benzene mixtures boiling between 165 0 and 190 0 C. led to the

development of a method for determining the composition of
such mixtures.. The analysis was set up using the ultraviolet
region, but was found inadequate for complete determination
of the individual isomers (7). A mass spectrometric determina
tion (5) of traces .of the C,o isomers in ethylbenzene has been
reported, but determination of concentrations of the individual
isomers was not indicated. No analysis of these mixtures by
Raman spectrometry has been reported, although it has been
indicated as a possible approach (4). Fractionation is not a
sufficiently powerful tool to permit easy separation of the isomers,
and no rapid and accurate chemical methods have been found in
the literature. Resort was therefore made to infrared spectro
photometry; about 45 minutes are required to obtain results
having an average absolute error of 0.5%.

1 Present address, College of Chemistry and Physics, Louisiana State
University, Baton Rouge, La.

Compound

o-Diethvlbenzene
m-Diethylbenzene
o-Dietbvlbeneene
Isobutylbenzene
sec-Butylbenzene

Purity,
Mole %

99 ,9.5 ± 0.03
99:93 ± 0.04
99.93 ±, 0.02
99.87 ± 0.09
99 minimum

Source

National Bureau of Standards
N at.ional Bureau of Standards
National Bureau of Standards
National Bureau of Standards
Phillips Petroleum Co.
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PROCEDURE

where
A = absorbancy (analytical absorbancy indicates an absorb

ancy at an analytical wave length; reference absorb
ancy, an absorbancy at a reference wave length) (8,
10)

K absorbaney coefficient
c concentration
d cell length
10 intensity of incident radiation
I intensity of transmitted radiation

Absolute error = (% known) - (% found)

R I
. (% known) - (% found)

e ative error = (% known)

Wave Lengths, Slit Widths, and
Analytical

Shutters Used

By means of these techniques, the eight absorbancies used in
this analysis could be accurately obtained in about 20 minutes.

Absorbancy Coefficients. Absorbancy coefficients of the
diethylbenzene isomers, sec-butylbenzene, and isobutylbenzene
were obtained by measuring absorbancies of these compounds
without dilution by solvents. Wave-length settings were always
approached from shorter wave lengths, and slit widths approached
from smaller slit widths. Occasional negative figures were pro
duced in the subtraction of the reference absorbancies, and these
were handled identically in the calculations, with preservation of
sign. The relative values of the coefficients are given in Table II.

lation of the interacting gain and balance controls. However.
this identity is not necessary; it is only necessary that the
pen fall accurately on infinity (log l/zero), and this can be
achieved with only a rather coarse adjustment of the balance
control. With the shutter in the beam, and after deflection of
the pen by the test signal as has been indicated, the ruling for
infinite absorbancy is placed directly under the pen by a manual
lateral shifting of the metal scale. Placement of the pen within
the 0.125-inch (0.6-cm.) lateral range available to the metal
scale can be easily accomplished.

The deflection for 10 was made to fall somewhat short of full
scale, and the reading from the log liN scale was subtracted from
the corresponding reading for I:

log III - log 1/1 0 = log loll

Shutter

LiF
LiF
Glass
LiF
Glass

0.368
0.440
0.255
0.368
0.255

Slit
width,
mm.

Reference

9.78 0.130

x, Po

10.53
11.40
8.79

10.53
8.79

Shutter

LiF
LiF
Glass
LiF
Glass

0.375
0.450
0.262
0.330
0.255

Slit
width,
mm.A, Po

10.65
11.54
8.92

10.00
8 ..56

Substance

o-Dimet.hylbenzene
m-Diethylbenzene
p-Diethylbenzene
sec-Butylbensene
Isobutylbensene
~ec-Butylbenzene(to

track monochromator)

Table I.

Table II. Relative Values of Absorhancy Coefficients
Wave-
Length

Combine-
tions for
Absorb- Iso- sec- o- m- p-

aney butyl- Butyl- Diethyl- Diethyl- Diethyl-
Figures, JL benzene benzene benzene benzene benzene

8.56-8.79 0.870 0.031 0.002 0.215 -0.063
10.00-10.53 -0.068 0.529 -0.083 0.053 0.003
10.65-10.53 -0.074- -0.142 0.395 -0.021 -0.013
11.54-11.40 -0.079 6.004 0.056 0.591 0.064
8.92-8.79 0.244 0.023 0.071 0.020 0.760

ANALYSIS

Samples were also measured without dilution, by the same
procedure in which the absorbancy coefficients were obtained.

The method of Crout (2) was used in calculations. Results
for one sample could be calculated in 10 to 15 minutes.

All results were normalized; this not only canceled out changes
in cell length but allowed cells of any length to be used so long
as prohibitively high (roughly, over 1.1) absorbancies did not
OCCUI'. Analysis of synthetics and independence of results from
cell length are shown in Table III. Because the cell length need
not be known during calibration or analysis, it should be chosen
to have the maximum permissible length, so as to improve deter
mination of the smaller coefficients and absorbancies. The cell
length should not change while absorbancy coefficients are being
obtained. Although this constancy was not checked by actual
measurement, it is strongly implied by the analytical results in
Table III. Precision and accuracy of the method are shown in
Table IV.

Table III. Analyses of Synthetics, Weight Per Cent

K Fa Fb K Fa K Fa K Fa K Fa Fb

22.222.1 21.8 47.046.1 0.0 0.0 21.521.2 13.5 14.2 13.7

23.6 23.3 23.5 31.8 31.4 33.8 33.2 15.5 16.0 17.6 17.7 18.0

22.4 22.8 22.8 0.0 0.9 36.6 36.2 7.5 8.1 9.1 9.9 9.8

11.2 11.4 11.6 0.0 1.0 11.3 11.2 16.6 16.2 18.3 17.5 18.7

20.5 19.8 20.2 21.2 20.0 18.3 19.3 38.9 38.5 41.4 40.7 40.0

Iecbutylbensene
see-Butylben

zene
e-Diethylben

zene
m-Diethylben

zene
p-Diethylben-

zene .
K. Known.
F. Found.
a 0.100-mm. cell used.
b 0.203-mm. cell used.

Selection of Absorbance Bands, Slit Widths, and Shutters.
To secure good intercomparison of spectral position and band
absorbency, spectra of all hydrocarbons to be included in the
analysis were superimposed on the same chart. Because the
analysis was intended to apply equally well to all percentage
ranges, absorbance bands were selected which have about equal
absorbancy. Of secondary importance was the fact that the
bands show only slight mutual interference, although this is
desirable.

Careful scanning of the pure hydrocarbons established the
wave lengths of the selected analytical bands to better than 0.004
micron. The 9.78-micron band of sec-butylbenzene was used as a
means of subsequently tracking the wave-length shift of the mono
chromator with temperature. Three wave lengths, characterized
by low absorbancy for all components and by relative nearness
to the analytical' wave lengths, were also selected to furnish
reference absorbancies to be subtracted from relevant nearby
analyticalabsorbancies, thereby accurately canceling out the
absorbanceof the cell.

Slit widths were used which would furnish at the selected wave
lengths thermocouple signals of approximately 3 microvolts,
which were sufficient to eliminate error from noise with the instru
ment at hand. This was considered preferable to retention of
smaller slit widths.

To attempt to reduce errors from stray light, a glass shutter was
used for all wave lengths longer than 6.2 microns, and a lithium
fluoride shutter at positions beyond 9.2 microns.

The combinations of analytical and reference wave lengths,
sli] widths, and shutters used are shown in Table I.

Method of Obtaining Absorbancy. The following method
was devised for the Perkin-Elmer system which utilizes a chart
ruled for log liN, incorporates means for putting
test signals into the amplifier, and uses the Brown
recorder. The method must be altered if necessary
for use on systems having different characteristics.

A test signal of 0.1 microvolt was used in con
junction with all readings for absorbancy.: Intro
duction and subsequent removal of the signal im
mediately before each reading tended to ensure
that all readings (or Settings of the pen) were taken
on the same side of true balance,. so that errors
from recorder dead space were minimized.

The ruling of the scale used-log liN-implies
that the full-scale signal should be identically that
of 10 , the incident radiation. Achieving this iden
tity ordinarily requires time-consuming manipu-
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Table IV. Survey of Comparable Analyses
Average Average Average

No. Absolute Relative
Reference Components Error Error
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component analysis of liquids where all components sought total
100% and are generally present in concentrations greater than
3 to 5%, and in which high-absorbancy techniques are not used.
Results are shown in Table IV.

a. Ten-component analysis not included (average absolute error, 0.7%;
average relative error, 16.9%).

COMPARISON OF RESULTS

The recent literature was consulted for analyses of liquid multi
component solutions, in order to obtain a means of judging the
precision' and accuracy of the present analysis. The survey is
not claimed to be complete, but the results are probably represen
tative at this time. of this type of work-namely, infrared multi-

Present method
(9)
(S)
(1) •
(6)

5
2.6
3.6
4
4

0.5
0.5
0.9
0.4
1.0

2.7
1.8
4.3
1.5
4.2
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Colorimetric, Determination of Rhenium
EMIL E. MALOUF AND MERWIN G. WHITE

Kennecott Copper Corp., Utah Copper Division, Garfield, Utah

A rnethod is described for the quantitative colori
rnetric determination of rhenium in samples con
taining as little as 0.1 microgram to 2.5 mg.• of rhe
rrirrm per gram of sample. Determinations of rhe
nium have been made in the presence of 125 IUg.. of
molybdenum in a volume of 25 mI. The rriolybde
num is separated frorn the rhenium as a metalor
ganic compound, formed with ethyl xanthate, and
extracted from a dilute acid solution with an organic

I T BECAME desirable to work out a method for the quantita
tive determination of small amounts of rhenium in the pres

ence of large amounts of molybdenum. A method that would be
faster, and if possible moreaccurate than existing methods, was
sought. A procedure has been developed which not only permits
a quantitative rhenium determination to be made much more
rapidly, but also lends itself to a mass analysis technique.

The new method differs from the older distillation techniques
in that the distillation of rhenium from an acid solution with its
attendant difficultiesis eliminated. The molybdenum, a common
interferring ion in ores and solutions containing rhenium, is sepa
rated from the rhenium as a metalorganic compound, formed with
ethyl xanthate, and extracted from a dilute acid solution with an
organic solvent mixture.

Two other methods of rhenium analysis were previously used.
The method of Hiskey and Meloche (3) was modified by making
an ether extraction to concentrate the rhenium color for easier
color comparisons. A modified Hoffman and Lundell (4) method
was developed at the Chase Brass Laboratory (7). A colorimetric
method for determining rhenium, limited to samples containing
no more than 1 mg. of molybdenum, which was precipitated with
a-benzoinoxime, was developed by Melaven and Whetsel (6).
Geilmann and Bode (1) did considerable work on the colorimetric
method for the determination of rhenium by forming the rhenium
thiocyanate color complex,

As various metallic salts precipitate molybdate ions and not
perrhenate ions, 'separations of molybdenum and rhenium based
on the insolubility of calcium molybdate, barium molybdate, and
lead molybdate were tried, but later abandoned in favor of the

solvent mixture. The rhenium is determined by
forming the rhenium thiocyanate color complex
and measuring the transmittance of the solution
with an electrophotometer. A precision of ±2% has
been obtained over the specified concentration
ranges. The method is readily applicable to the
mass analysis techniques of routine analytical
laboratories, and permits a rapid and accurate
search' for rhenium in minerals.

xanthate method because of its greater efficiency. The use of
xanthate for the separation of molybdenum had been worked out
previously in this laboratory in some detail by Hansen (2) and
Hurd (5).

REAGENTS REQUIRED

Sodium Ethyl Xanthate Solution. Dissolve 40 grams of
xanthate in 60 mJ. of distilled water, filter, and dilute the filtrate
to 100 m!. The water solution of xanthate should be prepared
fresh daily.

Sodium Thiocyanate Solution. Dissolve 200 grams of C.P.
sodium thiocyanate in distilled water and dilute to 1 liter with
distilled water.

Stannous Chloride Solution. Dissolve 350 grams of C.P. stan
nous chloride in 250 m!.of concentrated hydrochloric acid at room
temperature with occasional stirring. Add 250 mJ. of distilled
water and dilute to 1 lifer with 1 to 1 hydrochloric acid. Add a
few pieces of tin to keep the solution reduced.

Ether for Dilution. Place 25 m!. of 1 to 2 hydrochloric acid, 2
mJ. of the sodium thiocyanate solution, and 2 mJ. of the stannous
chloride solution in a 125-mJ. glass-stoppered separatory funnel,
and add 30 mJ. of purified ethyl ether. Shake for 30 seconds and
allow the two resulting layers to separate. Drain off the acid
layer and reserve the ether layer.

Standard Rhenium Solution. Dissolve 0.0775 gram of pure
potassium perrhenate in distilled water, add 25 m!. of 6 N sulfuric

. acid, and dilute to 500 m!. with distilled water. This gives a solu
tion containing 0.10 mg. of rhenium per m!. An O.OI-mg. rhenium
solution may be prepared by a tenfold dilution with 0.3 N sulfuric
acid.

PROCEDURE

Preparation of Standard Curve. Use a solution containing 0.01
mg. of rhenium per ml. Pipet into 250--mJ. beakers 1-, 2-, 5-, and
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Table I. Detennination of Known Amounts of Rhenium
in Presence of Molybdenum

lQ-ml. aliquots, in duplicate, add water to bring volume to 25 mI.,
add 2 or 3 drops of concentrated hydrochloric acid and 15 m!. of
saturated bromine water, and 4 or 5 drops of liquid bromine, and
then proceed exactly as outlined in the analytical procedure after
the addition of bromine.

Prepare the standard curve by plotting the values obtained
against the milligrams of rhenium.

Procedure for Samples Containing More than 5% Molybde
nite. Fuse cautiously 1.250 grams of the sample in a 50-m!.
Armco iron crucible with 5 grams of sodium hydroxide over a gas
burner. After effervescence has ceased, add 5 grams of fresh
sodium peroxide and fuse strongly over a hot gas flame until the
sample is completely decomposed and appears homogeneous.

After fusion, pour the melt onto a clean iron slab (a piece of
boiler plat-e 0.75 inch thick and 6 to 8 inches, 15 to 20 cm., square)
and allow it to harden. Transfer the empty crucible to a 250-ml.
beaker and cover. Transfer the melt to a 400-ml. beaker
and cover. After cooling, fill the crucible with water and
heat for a few minutes, then rinse thoroughly and scrub with a
rubber policeman. Pour the washings and solutions from the
crucible cautiously and slowly into the beaker containing the
melt, with the cover lid pulled back just far enough to allow the
liquid to be poured into the 400-m!. beaker. The total volume
should be about 150 ml. The solution will be brown with a
heavy suspension of iron hydroxide. Heat the solution to boiling,
add a little macerated filter paper pulp, and filter at once through
a Whatman No.3 filter paper, using a Buchner funnel and suc
tion. Wash five times with hot water. Chill the solution in an
ice bath. A small iron precipitate will usually form. Filter and
wash again. Transfer to a 250-m!. volumetric flask, dilute to the
mark with distilledwater, and mix well.

Pipet 25-ml. aliquots of the above solution into 250-m!.
beakers. Neutralize the sample with concentrated hydrochloric
acid and add 3 drops in excess. Add 10 drops of liquid bromine.
Place the sample on a hot plate at low heat and heat without
boiling, until the excess bromine is driven off. Add 5 N sodium
hydroxide solution until the sample is neutralized, and 2 or 3
drops in excess until a pH of 9 to 11 is reached. Transfer to a
glass-stoppered separatory funnel (25Q-m!.) and cool in running
water. When the sample has reached room temperature, add 5 ml.
of the xanthate solution and mix, add 8 ml, of concentrated hydro
chloric acid, shake for 5 seconds, and finally add 50 m!. of 1 to 1
mixture of carbon tetrachloride and benzene. Shake vigorously
for 30 seconds, let stand until separation is complete, asd swirl to
collect all the solvent at the bottom. The water layer should be
colorless or pale pink. The solvent layer will be an intense red
violet color. Draw off the solvent layes and discard it. Add 25
ml. of the solvent mixture, washing off stopper and lip of funnel,
and shake for 15 seconds; again allow the layers to separate.
Draw off the solvent layer. Repeat the extraction with another
25 ml. of solvent. If the solvent layer is not colorless after the
third extraction, make one more extraction.

To the sample solution in the separatory funnel add 10 drops
of liquid bromine and shake vigorously, allow to stand 10 min
utes, add 25 ml. of solvent mixture, shake 20 seconds, and allow the
phases to separate. Draw off and discard the solvent mixture.
The volume should be approximately 80 m!.; add 40 m!. of con
centrated hydrochloric acid or one half the volume of the solution:

Transfer back to the separatory funnel and cool. Add 5 ml. of
the sodium thiocyanate solution and 5 m!. of the stannous
chloride solution. Shake the sample for 10 seconds and allow to
stand 30 minutes.

After standing, add 20 ml, of purified ethyl ether and shake for
20 seconds, allow the phases to separate, and draw the aqueous
layer into a second separatory funne!' Drain the ether layer into a

Sample,

1
2
3
4
5
6
7
8
9

Molybdenum
Present

Mg.

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

Rhenium
Present

Mg.

0.100
0.100
0.100
0.100
0.100
0.030
0.030
0.030
0.030

Rhenium
Found

Mg.

0'.096
0.096
0.094
0.100
0.100
0.030
0.030
0.029
0.029

Error

%
4.0
4.0
6.0
0.0
0.0
0.0
0.0
3.0
3.0

50-m!. volumetric flask. Rinse the first separatory funnel with 15
ml. of ethyl ether and drain into the second separatory funne!'
Add 1 m!. of stannous chloride solution and shake for 15 seconds.
Allow the phases to separate and drain the aqueous layer into the
first separatory funne!'

Add the ether layer to the 50-ml. volumetric flask. Repeat the
extraction with 15 m!. more of ether, adding another milliliter of
stannous chloride solution. After separation discard the aqueous
layer, add the ether layer to the 50-m!. volumetric flask until it is
filled to the calibration mark, and discard the balance, or add
"ether for dilution" as necessity dictates.

Table II. Comparison of Rhenium Determinations
A.

B. Rhenium Found, G./G. of SampleRhenium Found,
Sample G./G. of Sample 1st fusion 2nd fusion 3rd fusion

1 0.00030 0.00031 0.00029 0.00029
0.00030 0.00030 0.00030 0.00030
0.00024 0.00031

2 0.00031 0.00035 0:00033 0.00031
0.00030 0.00035 0.00035 0.00031
0.00032 0.00034

3 0.00026 0.00031 0.00031 0.00032
0.00029 0.00031 0.00031 0.00032
0.00030 0.00032

4 0.00028 0.00031 0.00031 0.00033
0.00025 0.00031 0.00032 0.00032
0.00027 0.000.31

5 0.00028 0.00028 0.00032 0.00030
0.00027 0.00028 0.00031 0.00030
0.00028 0.00030

6 0.00028 0.00032 0.00032 0.00031
0.00026 o 00032 000031 0.00028
0.00028 0.00032

A. Distillation of rhenium from 250-mg. samples of molybdenite.
B. Removal of molybdenum by xanthate method, fusions of 1.250 g. of

molybdenite prepared to 250-m\. volume, 25-m\. aliquots used.

Transfer a portion to an absorption cell of an electrophotometer
and measure the transmittancy or absorbancy at approximately
420mu.

A blank sample may be prepared to set the zero point on the
photometer, but because it checks the ether for dilution, prepared
ether may be used to set the instrument to zero.

Using the value obtained, read from the standard curve the
number of milligrams of rhenium present.

Calculate the percentage of rhenium present.
Procedure for Samples Containing Less than 5% Molyb

denite. Add sufficient nitric acid to cover a sample which may
vary in weight from 10 to 100 grams, depending on the concentra
tion of rhenium present, and digest cautiously with the nitric
acid without boiling. (Extreme caution is used if the sample is
high in sulfides or carbonates.) Samples should contain between
0.02 and 0.15% mg. of rhenium. After the initial reaction is com
pleted add 25 ml. of hydrochloric acid and complete the digestion.
Filter the sample and wash thoroughly.

Place the filtrate and washings on the hot plate and evaporate
down without boiling. Add hydrochloric acid repeatedly in 25
ml. increments until all the nitrates are removed. Usually six ad
ditions are required.

After all the nitrates have been removed from the sample, add
200 ml. of distilled water. Under continuous stirring, dust in
cautiously sodium peroxide, until the sample is basic. Filter and
wash immediately. Add filtrate and washings to a 500-m!. separa
tory funnel, add xanthate solution, and proceed as for samples
containing more than 5% molybdenite.

DISCUSSION

Fusions. Fusions have been successfully made on samples
from 0.25 to 2.5 grams. However, fusions made on 1.250 grams
were easily handled, arid better volume control was gained by
fusing the larger sample and taking aliquot parts after filtration.

More consistent results were obtained by boiling and filtering.
then chilling the filtrate and refiltering before diluting to volume,
The method was designed for samples containing approximately
0.03% rhenium. Larger or smaller aliquots can be taken, de
pending on the amount of rhenium present.
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Following the above procedures, the transmittance was deter
mined on a series of samples containing 0.1 microgram to 2.5 mg.
of rhenium. Aliquot portions were taken of samples high in
rhenium, such that a 5O-m!. ether extraction did not exceed 0.2
mg. of rhenium, thereby keeping the transmittance of the rhenium
complex well within the range of Beer's law. These samples
ranged as high as 125 mg. in molybdenum. It was possible to
determine rhenium on samples containing 250 mg. of molybdenum
but this amount of molybdenum necessitated a double extraction
of the sample, with a corresponding loss in rhenium.

In Table I the results are given of synthetic samples prepared
by using molybdic oxide and potassium perrhenate.

In Table II the comparative, results are given of various
samples, high in molybdenum, which were determined by two
methods: separation of the rhenium from the molybdenum by
distillation, and separation of the rhenium from the molybdenum
by the use of sodium ethyl xanthate.

In Table III the results are given of rhenium determinations
made on samples that contained microgram quantities of rhenium.

nitrates must be.avoided, for in the presence of potassium thio
cyanate and stannous chloride, a yellow coloration is developed
which may be extracted by the ether. The same amount of
neutral salts must be present in the solutions by which the stand
ard curve is prepared, as will be expected in the unknown samples.

If sample solutions contain a blue tinge after filtration, re
duced molybdenum compounds will be found. The melt should
be kept away from the iron crucible after solution with water, to
avoid the reducing action of the iron.

Fusions have been made using sodium hydroxide alone, but the
fusions were very difficult to dissolve and the molybdenum was
strongly reduced. Answers were always erratic. Varying amounts
of sodium peroxide were used, but it seemed necessary to have four
times the sample weight of sodium peroxide present; these
fusions dissolve very readily and completely.

Bromine. Whenever the sample solution had a blue tinge of
reduced molybdenum after the first solvent extraction, results
were highly erratic. Several oxidants were employed, but
bromine when used as outlined in the procedure eliminated the
blue color and the erratic results. Hydrogen peroxide (30%) also
gave excellent results, but was slower and a large excess was
needed.

pH. Erratic results were obtained on samples whose pH was
less than 9 prior to the addition of the sodium ethyl xanthate.
Consistent results were obtained when the solutions were adjusted
to a pH range of 9.0 to 11.0.

Xanthate. Purified sodium ethyl xanthate in a filtered aqueous
solution is more effective than a dry powder. A large excess of
xanthate is needed to remove all the molybdenum from the sam
ple solution, provided the molybdenum is in the highest state of
oxidation. Sodium ethyl 'xanthate will not extract reduced
molybdenum. If reduced molybdenum is present, erratic high re
sults will be obtained. A blue tinge after the xanthate extractions
indicates the presence of reduced molybdenum.

Solvents. It was found that most water-insoluble organic
solvents would extract the molybdenum xanthate complex. Ben
zene was used at first, but it was determined that a 1 to 1 mixture
of carbon tetrachloride and benzene was superior to benzene alone,
as the combination permitted the bottom draining of the material
to be discarded, and thereby minimized the loss of the rhenium
containing solution. The mixture was found superior to carbon
tetrachloride alone, as a more complete removal of the molyb
denum was effected. Chloroform as recommended by Hurd (5)
was tried, but not used, because of its higher volatility.

Stannous chloride. Erratic results were traced to a slight in
stability of the final rhenium complex color. This seems to be
eliminated by addition of 1 ml. of staIUlOUS chloride solution after
each ether extraction of the final sample solution.

All color measurements were made in a Fisher's A. C. electro
photometer, using the microcells as supplied with that instru
ment, and their standard blue filter having a maximum trans
mittancy of 425 mu.

Complete analyses have been made in less than 3 hours with
this method. On a series of molybdenite samples, the rhenium de
termination increased in value equal to added increments of potas
eium perrhenate.'

The only interference studies made have been those where
.sodium selenite has been added to samples and standards. The
selenium is removed along with the molybdenum in the xanthate
separation and has given no trouble. Copper and iron are re
moved by the filtration after fusion.

Work carried out by Hoffman and Lundell (.n shows that the
following elements will be noninterfering in this procedure: ce
rium, cobalt, chromium, gallium, germanium, indium, iridium,
lead, nickel, osmium, ruthenium, thallium, uranium, and vana
·dium (all in 2-mg. quantities). Chromium in large amounts
(40 mg.) imparts a slightly green tint to the ether layer. Plat
inum, rhodium, and tungsten interfere by coloring the ether
layer.

Geilmann and Bode (1) have carried out a very comprehensive
. work on the rhenium thiocyanate complex. They point out that
.any peroxides present in the ether will give low results, that the
:presence of ferric chloride will give erratic results, and that all
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The work was undertaken to study the conditions under which nickel rnay be
dererrntned colorfmetrtcalfy by rrrenrrs of a-furildioxillle, especially as compared
with dirrretbylgfyoxirne or 1,2-cyclohexanedionedioxillle. The nickel-a-furil
dioxillle corrrplex is a usable for-m for doterrrrintug nickel, following extraction of
the colored eorripbex with 1,2-dichlorobenzene. This extractability facilitates
separation of the rrret.al from colored interfering solutions, such as iron or
chromate salts. The pH of the solution rrnrst be regulated, but otherwise the
system has satisfactory colorfmetrfe properties. The general result is a Illethod

. having sorne advantage over the earlier dioxime processes. Its applicability was
shown by the deterlllination of nickel in a rnagnesturn alloy and in National
Bureau of Standards steel No. 13c.

N EARLY a decade ago (.n di(2-furyl)ethanedionedioxime (a
furildioxime) was recommended for the colorimetric deter

mination of nickel in magnesium alloys. Subsequently, the pro
cedure was adopted by the American Society for Testing Materi
als (2). Previously this compound had been investigated for use
as a reagent for spot tests (3) and as a precipitant for the gravi
metric determination of nickel (7, 10). A critical study of the
colorimetric method was started by Mitchell (6) following the ob
servation of certain anomalies in the extraction operation.

The method involves the extraction of the stable nickel(II)
complex with an immiscible organic solvent. The nickel is thus
conveniently separated from many constituents in the sample, ac
companied by the simultaneous formation of a yellow color suit
able for colorimetric measurement.

APPARATUS AND REAGENTS

Transmittancy measurements were made in 1.oo0-cm. cells
with either a General Electric recording spectrophotometer set at
a spectral band width of 10 mit, or with a Beckman D.D. spectro
photometer operating close' to 1 mit band width.

The stock solution of nickel sulfate was prepared by sui table
dilution of a solution analyzed electrolytically for nickel.

The a-furildioxime, prepared by the method of Reed, Banks,
and Diehl (8), had a melting point of 171-171.5° C. Solutions
of the reagent were prepared in 95% ethyl alcohol. Redistilled
technical (95%, Eastman) 1,2-dichlorobenzene was used in the
extractions. Before use, the organic solvent was shaken with a
solution of sodium acetate to remove traces of acidic substances
that might be present. Solutions of chlorides, nitrates, or sul
fates were used in the study of the effect of cations upon the ex
traction process and the color development. Alkali salts were
used to study the effect of various anions. .

Separatory funnels (125-ml. Squibb type) were most convenient
for the extractions.

All pH measurements were made with a Beckman Model M
pH meter.

COLOR REACTION

Effect of Solvent. Nickel (II) forms a complex with a

furildioxime which is insoluble in water and many water-organic
solvent combinations. In a slightly alkaline aqueous solution a
yellow hue develops which rapidly fades as the complex pre
cipitates. The solubility and stability of both the nickel(IIl
and the oxidized nickel complexes were tested in various solvents.
The following solvents with water (1 to 1) did not form suitable
colored systems for nickel(II) a-furildioxime: acetone, dioxane,
ethyl alcohol, ethyl Carbitol, ethyl Cellosolve, isopropyl alcohol,
methanol, and methyl Carbitol. Pyridine forms a yellow solu
tion. Chloroform, 1,2-dichlorobenzene, diethyl ether, and ethyl

1 Present address, Harvard University, Cambridge, Mass.

500

acetate extract the complex from an aqueous solution. Carbon
tetrachloride, n-amyl alcohol, nitromethane, nitropropane, tribu
tylamine, and trichloroethylene do not extract the complex.

The complex in the presence of ammonium hypobromite ap
pears to be stable only in isopropyl alcohol and pyridine solutions.
Oxidation in an alkaline potassium persulfate solution caused a
hue to develop similar to that of the dimethylglyoxime complex,
but the color faded rapidly.

1,2-Dichlorobenzene was -considered to be the best solvent
tested because of its low volatility, nonflammable nature, immis
cibility with water, and density (greater than that of water and of
adequate difference for rapid separation of the layers). Extrac
tions with this solvent required the presence of a small amount of
ethyl alcohol to prevent turbidity in the organic phase.

The nickel(II) complex is unique for its color because nickel di
methylglyoxime and nickel 1,2-cyclohexanedionedioxime form al
most colorless solutions in chloroform or 1,2-dichlorobenzene.
Nickel(II) 1,2-cycloheptanedionedioxime is similar to the o-furil
dioxime complex in that it is very soluble in chloroform, but it is
not as highly colored. One milligram of nickel o-furildioxime
can be readily extracted with 1,2-dichlorobenzene or chloroform,
whereas the dimethylglyoxime (5) and 1,2-cyclohexanEldionediox
ime complexes are not appreciably soluble in these solvents. ' The
extractability of these other complexes will be discussed in another
paper.

Effect of pH. The pH range for optimum color development
occurs from pH 7.5 to 8.3. Below or above this range extraction
is slow and incomplete. This narrow range necessitates the use
of a buffer. Because the 1,2-dichlorobenzene was found to con
tain acidic constituents, the solvent is washed with a slightly
basic solution prior to use. The effect of pH upon the extraction
of nickel a-furildioxime is shown in Table 1.

Table I. Effect of pH upon Extraction of Nickel(Il)
«-F'urfldioxirne with 1,2-Dichlorobenzene

(0.1 mg. of nickel)

pH Recovery, %
6.5 72
7.0 99.
7.5 100
7.7 100
8.1 100
8.3 100·
8.5 99
9.1 78
9.5 23

Volumes. Aqueous phase, 25 ml.; organic solvent, [, ml. Number of
successive extractions, 5.
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5 mi. of 1,2-di- 10 ml, of 1,2-
chlorobenzene dichlorobenzene

% %
100 100
100 100

96 98
96 96

63

Effect of Volume of Aqueous Phase upon Ex
traction Efficiency

Extraction Efficiency
Volume of

Aqueous Phase
MI.

20
60
80

100
150

EXTRACTION PROCESS

Volume of Aqueous Phase. Satisfactory extractions are ob
tained when the volume of 1,2-dichlorobenzene is 5 ml. and the
aqueous solution is between 20 and 75 ml. When the volume of
the aqueous phase is greater than 75 mI., the extraction process
is less efficient. An increase in the volume of the organic solvent
to 10 ml. does not increase the extraction efficiency, as shown in
Table III. The data were obtained by extracting successively
five times with the volume of solvent indicated.

25 0 to 35 0 C. The transmittancy of a solution maintained at
100 0 C. in a water bath for '1 hour remained constant.

Number' of Extractions. From' two to three successive ex
tractions with 5-ml. portions of 1,2-dichlorobenzene are suf
ficient"to remove the nickel complex from the aqueous solution.
Complete removal is readily detected by the absence of color in
the organic solvent.

Reagent Concentration. A volume of 3.5 ml. of a 0.1 %
ethanolic solution of ",-furildioxime is required to extract 0.1
mg. of nickel. As much as 15 ml, of reagent gave no adverse
effect.

Order of Addition of Reagents. Addition of the reagent before
the organic solvent did not impair the efficiency of the extraction,
even if a slight precipitate of nickel a-furildioxime formed in the
aqueous phase. However, less shaking is necessary if the mix
ture is shaken before the precipitate is allowed to form.

Effect of Electrolytes upon Extraction. The effect of the pres
ence of various electrolytes at different concentrations upon the
extraction was studied. No deleterious effect is experienced
when extractions are carried out from solutions 0.05 to 2.5 M
with respect to sodium acetate. Chloride ion up to 3.6 M does
not affect the extraction. In these extractions 2 ml, of 3 M so
dium acetate were added to make the solution pH 7.6 to 7.8.
Nitrate below 2.0 M and sulfate below 0.63 M with 5 ml. of 3 M
sodium acetate present (total volume of aqueous phase = 32 ml.)
allow satisfactory results, but higher concentrations of both ions.
cause "salting-in" effects-Le., the complex is not extracted com
pletely. Addition of 5 ml. more of 3.0 M sodium acetate, or a to
tal of 10 ml., eliminated the salting-in effect.

Extractions from almost saturated solutions of electrolytes are
more difficult to carry out than with dilute solutions because the
small difference in density between the aqueous and 1,2-dichloro
benzene layers causes the phase to separate more slowly. Dilu
tion with water decreases the density of the aqueous phase, so that
the phases separate more quickly. If it is not feasible to increase
the volume of the aqueous phase one may use chloroform, which
has a higher density than 1,2-dichlorobenzene.

Effect of Diverse Ions, In the study of the effect of diverse
ions upon the color development and extraction process, 25 mg.
of diverse ion were tested with 0.1 mg. of nickel(II). In all
cases 5 ml. of 3' M sodium acetate (except in the test for acetate
ion) and sufficient dilute hydrochloric acid or sodium hydroxide
were added to adjust the solution to a pH of approximately 8.1.
The pH was conveniently adjusted visually by addition of 2 drops
of 0.5% ethanolic solution of phenolphthalein and then acid or
base until the color due to the indicator was just perceptible.

Table III.

650 700

Ni mg/so ml.

0.010
0.02.5
0.050
0.100
0.150

Recovery, %
10
56
79
92
99

100
100
100
100

Ni ~~m.
I o.z

Z. 0.5
3 1.0
4 Z.O
5 3.0

FI6URE I
EFFECT OF NICKEL
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Ammonium Ion,
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Effect of Ammonia and Ammonium Ion Concentration.
Ammonia affects the extractability of the nickel (II) complex
in much the same way as it does the precipitation of nickel.
High concentrations of ammonia prevent color formation and
extraction of the nickel. However, small concentrations of
ammonium ion added as ammonium chloride up to 0.225 gram
do not interfere with the extraction. Data in Table II show
the effect of various concentrations of ammonium ion upon the
color development and extraction process. Although a small
amount of ammonia may be used to adjust the pH ofthe aqueous
solution, it is recommended that sodium acetate or dilute sodium
hydroxide be used instead.

Table II. Effect of Arnrnordurn Ion upon Extraction of
Nickel(II) a-Furildioxime with 1,2-Dichlorobenzene

(0.1 mg. of nickel)

Effect of Nickel Concentration. With a 1.000-cm. cell the
transmittancy varies from 87.7% (0.2 p.p.m.) to 13.0% (3.0
p.p.m.) and the system conforms to Beer's law. The wave
length of maximum absorption for the yellow solution occurs at
438 mJl (see Figure 1). The reference cell contained 1,2-dichloro
benzene, but water may be used.

Stability of the Hue. The transmittancy does not change
over a period of 14 days in diffuse light at a temperature from

Volumes. Aqueous phase. 25 mI.; organic solvent, 5 ml. Number of suc
cessive extraetions, 5.
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The pH of colored solutions was adjusted by means of a pH meter.
If 25 mg. of diverse ion did not interfere, it was assumed that
the ion would not interfere under the usual conditions of deter
mination, although this may not hold true if certain combinations
of ions should be present.

The following ions do not interfere with the extraction of nickel
a-furildioxime in concentrations as high as 25 mg. with 0.1 mg. of
nickel(II) present in the aqueous phase of approximately 25 ml.:
acetate, arsenate, arsenite, barium, benzoate, bromide, cadmium,
calcium, chloride, chlorate, dichromate, fluoride, formate, hydro
gen sulfite, iodate, iodide, lactate, lithium, magnesium, molyb
date, nitrate, nitrite, oxalate, orthoborate, orthophosphate, per
sulfate, potassium, pyroborate, salicylate, selenate, sodium,
strontium, sulfate, sulfite; tartrate, thiocyanate, thiosulfate,
tungstate, and vanadate. Lead and uranyl ions form a very
slight precipitate that does not interfere with the extraction.

The following ions, unless complexed, precipitate at the pH of
the extraction: aluminum, antimony, beryllium, bismuth, ce
rium, chlorostannate, chlorostannite, chromium(III), cobalt,
copper, iron(II), iron(III), manganese(II), mercury, thorium, ti
tanium, zinc, and zirconium.

Permanganate interferes by reacting with the reagents. Gold,
silver, platinum, and palladium form yellow solutions with the
reagent. Perchlorate, pyrophosphate, cyanide, periodate, "sul
fide, and citrate prevent extraction of nickel. Silicate, in con
centrations greater than 100 mg., slowly reacts with the ethyl al
cohol to form a precipitate which interferes with the extraction.
The extent of the error caused by the more important interfer
ences is summarized in Table IV.

Table IV. Effect of Diverse Ions
Amount

Ion Added as Amount Errorw Permissible
Mg. % Mg.

Citrate Na,C,H,O, 1.0 -3 <1.0
CN- KCN 1.0 No color formed <1.0

0.2 -31 <0.2
CIO.- KCIO. 25 -35 <25

10 0 >10
10.- KIO. 1.0 No color formed 0
MnO.- KMnO. {5: 0 Reacts with reagent 0
P,O,---- Na.P,O, -5 <6.0

1. 25 0 >1.25
S-- Na,S 0.1 -50 <0.1
Au+++ AuCIa 1.0 +3 <1.0
Pd++++ PdCI. 0.05 +4 <0.05
Pt++++ H,PtCl. 1.0 +5 <1.0
Ag+ AgNO, 5.0 +3 <5.0

a Error in determination of 0.1 mg. of nickel.

Because tartrates are usually present in large concentrations
for the purpose of complexation, extractions were carried out with
large concentrations in the aqueous phase. Two grams of tar
trate (47-ml. volume) caused no error. Benzoate (250 mg.) also
showed no deleterious effect.

Copper present as a tartrate complex interferes by increasing
the absorbancy of the system. The general shape of the absorp
tion curve is not altered. Although copper may be separated
from nickel dimethylglyoxime in chloroform with dilute ammonia
solution (1, 9), attempted removal of the copper ce-furildioxime
complex from the 1,2-dichlorobenzene solution by washing in this
way was only partially successful. The ammonia concentration
must be carefully regulated so that coextraction of the nickel into
the ammonia solution does not occur. To test the effect of wash
ing with ammonia, three 1,2-dichlorobenzene solutions containing
the nickel complex of the same transmittancy were washed with
25 ml. (I to 50), 10 m!. (I to 10), and 25 m!. (1 to 10) of ammonia.
The per cent transmittancy of the original solution was 29.0;
after washing with 25 ml, of ammonia (1 to 50) the transmittancy
was unchanged, but increased to 30.3 and 48.5% upon washing
with 10 m!. (1 to 10) and 25 ml. (1 to 10) of ammonia solution,
respectively. If the copper concentration is high relative to the
nickel, the copper may not be completely removed from the nickel
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with the concentration of ammonia solution used. Therefore,
results are best only when the amount of copper in the sample is
known approximately. For highly accurate work it would be
necessary to separate the copper in some more efficient manner.

.Clean separations of some of the interfering ions which precipi
tate at a relatively low pH are not possible, owing to adsorption
of the nickel on the precipitate.

DETERMINATION OF NICKEL IN ALLOYS

In order to test the reliability of the method, nickel was deter
mined in a steel and a magnesium alloy.

Steel. N.B.S. steel sample No. 13c (containing an average of
0.196% nickel, 0.053% chromium, 0.165% copper, 0.700%
manganese) was treated in the following manner:

A 1.000-gram sample was dissolved in 60 m!. of hydrochloric
acid (1 to 1). After warming slightly to dissolve the metal,
10 ml, of nitric acid (1 to 1) were added, and the solution was
boiled to expel the oxides of nitrogen, diluted to about 200 ml.
with distilled water, cooled, transferred to a 500-m!. volumetric
flask, and diluted to volume with distilled water. To a 25-ml.
aliquot were added 5 m!. of 10% potassium 'sodium tartrate,
10 m!. of 3 M sodium acetate, 6 M sodium hydroxide to adjust
the solution to pH 8.1, and 10 ml. of a 0.1% ethanolic solution
of o-furildioxime. After extraction with 5-m!. portions of acid
free 1,2-dichlorobenzene until the organic layer was colorless,
the organic phase was freed of water droplets by passing through
a pledget of cotton in a funnel and the liquid was diluted to 50
m!. with fresh, acid-free 1,2-dichlorobenzene. The transmittancy
of the solution was measured at 438 m«, and the concentration
of the nickel found from a calibration curve obtained by extrac
tion of known amounts of nickel in a similar manner.

The percentage of nickel found in.the alloy was 0.194 and 0.195,
which is in close agreement with the average value of 0.196 as
indicated by the National Bureau of Standards.

Magnesium Alloy. Nickel was determined in a magnesium
alloy kindly' furnished by the Dow Chemical Co., the percentage
composition being aluminum, 6.35; copper, 0.058; iron, 0.033;
nickel,0.0024; manganese,0.42; silicon, 0.177; and zinc, 2.38.

The sample (1.000 gram) was placed in a 250~ml. conical flask,
25 m!. of water were added, and then hydrochloric acid (1 to 1)
in 5-m!. portions until complete dissolution of the metal. Iron
was oxidized by boiling the solution a few minutes with 5 m!. of
nitric acid (1 to 1). After cooling, 10 ml. of 10% potassium
sodium tartrate, 5 m!. of 3 M sodium acetate, and sufficient 20%
sodium hydroxide to adjust the solution to pH 8.0 were added.
The solution was transferred to a separatory funnel, 15 ml. of
a 0.1 % ethanolic solution of o-furildioxime were added, and the
nickel complex was extracted with 5-ml. portions of acid-free
1,2-dichlorobenzene. The layers of organic solvent were collected
in a separatory funnel, and shaken with 5 to 10 ml. of dilute am
monia solution (1 to 50) to remove copper. The lower layer was
then passed through a pledget of cotton in a funnel into a dry
50-mI. volumetric flask, and diluted to volume with the organic
solvent. The transmittancy of the solution was measured as
described previously.

The percentage of nickel found was 0.0024 and 0.0025, which is
in good agreement with the value 0.0024, as given in the report
accompanying the sample.

DISCUSSION

The main advantage of this method is that nickel is readily sep
arated from colored solutions, such as iron or chromate, which
would interfere in the usual method for determination of nickel
with dimethylglyoxime. Because the complex in 1,2-dichloroben
zene or chloroform is sufficiently colored, it is not necessary to re
extract the nickel into the aqueous phase, as must be done when
either dimethylglyoxime or 1,2-cyclohexanedionedioxime is used
as reagent in the extraction.

The narrow pH range necessitates careful pH regulation during
extraction. The excellent stability of the complex is noteworthy
in comparison with that of oxidized nickel dimethylglyoxime.

Salting-in effects of various electrolytes can be overcome by
addition of sufficient sodium acetate.
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If the amount of copper in a sample is,unknown, it is advisable
to separate the metal before determining the nickel. Small con
centrations may be removed by washing the organic phase with
a dilute solution of ammonia.
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Flow Colorimeter Adapted to Chlorine Analysis
ROLAND C. HAWES, ROBERT R. DAVIS, H. HOWARD CARYl, AND ARNOLD O. BECKMAN

Beckman Instruments, Inc., South Pasadena, Calif.

A How-cell colorimeter finds manifold and increasing applications in industrial
and laboratory chemical processes. The instrument described may be used
with either gas or liquid samples, over a wide range of absorbancies. Optically
it is a dual-beam type, using glass filters for spectral isolation. The simple
line-powered electronic circuit gives meter indications which.are approximately
linear in concentration, and provides extra output for operating a recorder.
The instrument combines accuracy with wide range of concentration measure
ment, simple and stable adjustments, and ruggedness and corrosion resistance
to make it readily applicable to diverse problems. Use on plant streams con
taining chl';rine gas is described.

2.0 I-r---,r--,----r----r-~-_r----r--,_r...,·

path length, the indication may be varied widely by appropriate
.path-length selection up to the lO-cm. limit set for internal cells
by over-all instrument size.

The right-hand ordinate scale of Figure I shows the IO-em. cell
instrument calibration for chlorine in air at atmospheric pressure.
and room temperature. Under these conditions a partial pres
sure of 0.45 mm., or a volume concentration of 0.06% chlorine,
will give I % meter deflection.

From the slope of the curve of absorbancy versus scale reading
it is easy to derive the variation of proportional analytical error
(error in concentration divided by concentration) versus scale
reading or absorbency. This function is shown in Figure 2, for
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FOR several years industry has needed a simple, versatile
colorimeter capable of indicating, recording, or controlling

chemical plant streams which are amenable to direct analysis by
colorimetry. The Beckman Model DUR recording spectropho
tometer has been used in applications where the wide wave-length
range and other advantages resulting from employment of a high
resolution quartz monochromator and automatic standardization
of either gas discharge or tungsten lamp source were required, but
for many purposes a smaller and simpler instrument can meet all
performance requirements.

The Beckman flowcolorimeter is a reliable, compact, alternat
ing current-operated instrument designed for industrial use.
It employs a tungsten lamp source and glass filters for spectral
isolation. A dual-beam arrangement with two phototubes mini
mizes the effect of lamp variations with line voltage. By em
ployment of a novel multivibrator type of amplifier, the indica
tion is made approximately linear with chemical concentration
over a part of the meter scale.

Terminals provide an output suitable to operate a commercial
potentiometer recorder or recorder-controller.

The instrument was designed to meet severe service require
ments, such as are encountered in the analysis of chlorine gas
streams. Provision 'is made for purging the case with clean air,
and construction materials and, finishes have been chosen with
regard to their corrosion-resistant properties.

The instrument can be adapted for operation with any narrow
band filter combination commercially available, from 350 to 1000
mIL. For chlorine gas analysis it is fitted with Corning No. 5860
filters and IP39 phototubes. A typical calibration curve of
absorbancy (optical density) versus meter reading with this com
bination is shown in Figure 1. Concentration is nearly propor-.
tional to deflection over the first half of the scale, with compression
at higher readings giving coverage of the entire concentration
range on a single scale.

Because absorbancy is proportional to both concentration and
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INSTRUMENT DESIGN

Optical System. This system is shown schematically in
Figure 3.

F'igure 3. Schematic Optical Path of C.olorimeter

It consists of a tungsten light source, which is an ordinary 32-cp.
6-volt automobile spotlight lamp, two photocells, and filters for
the selection of the proper band of sample-illuminating radiation.
In addition, a shutter and an adjustable diaphragm are provided
for controlling the light to the photocells for purposes of pre
analysis adjustments. The borosilicate glass condensing lens
compensates for the difference in distances between the two photo
cells and the tungsten lamp,' to improve optical efficiency and
reduce the absorption cell volume.

The filter blocks are large enough to accommodate any stand
ard Corning (1) narrow-band combination filter.

Amplifier. A circuit is used which, as shown in Figure 4,
extends the symmetry of the optical system through the pho
tometer, with the advantages of comparative simplicity of the
power supply for alternating current operation, and freedom
from critical components. In this' circuit two amplifier tubes
are used which conduct current in succession. The "on" time
of one tube is limited by the current of the phototube in the refer

.ence beam, of the other by the phototube in the beam passing
through the absorption cell. The phototubes serve to discharge a
capacitor which determines the time interval each tube conducts.
The circuit will thus be recognized as a variable-duty cycle multi
vibrator oscillator. The meter reading is unaltered by changes in
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an assumed constant reading error of 1%of full scale. Although
this curve has a different shape from that for a conventional
colorimeter or spectrophotometer similarly standardized (2), the
minimum error factor and useful scale ranges are approximately
the same for both instruments.
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Figure 4. Wiring Diagram of Flow Colorimeter
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shown in Figure 5. The cont rols necessary for th e operation of th e
flow colorimeter are few and require only occasiona l adjustment.

The slotted sha ft in the upper right-ha nd corner of th e instru
ment opera tes a metal diaphragm which is ad justable ac ross the
light path to th e reference photocell. T his control is set to zero
the meter with a tra nspa rent material in th e cell, aft er opening
the shutter "in the measurement beam controlled by the upper
left-hand slott ed sha ft . The shutter may th en be closed and the
lower left-hand, elect rical control adjusted to bring th e out put
curre nt to full sca le, corresponding to complete absorption or in
finit e concentration . Alternatively, this control may be set with
the shut ter open to a chosen reading with a calibrat ing sa mple in
the cell, to mak e the instrument approxi mately direct reading in
concentra tion"units at low abso rbancy . The effect of such a
calibra tion is to expan d the curve of Fig ure 1 horizontally, up to
1.5 times.

Figure 6 shows the back of the instrument, where connec tions
ar e made to the flowing sample, to the cooling water for main tain
ing thermal stabi lity, to the source of U 5-volt 50/6o-cycle alter
nating current, and to a recorder or externa l meter where desired .

lamp intensity , as each phototube responds in proportion, chang
ing th e frequency of oscillation but not th e relative conduction
t ime of each amplifier tub e.

In the ult raviolet a chang e in line voltage alte rs not only th e
intensity, but also th e spectral distrib ut ion of th e radiat ion,
causing a true change in th e effective absorbancy of the sample,
which resul ts in a cha nge of meter reading. This error is not
serious, however , and it can be elimina ted if desired by operating
th e colorimeter from a regulating transform er.

F igure 5. Panel View o f Irr st.s-ur rren t
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Figur e 6.

T op View of Instrument with Gasketed Cover Removed

T he operation principle described above explains th e unu sual
form of the calibration curve of F igure 1. T he conduction inter
vals of each tube are inversely proportional to beam intensities
and approximate ly equal, so that no meter cur rent flows when
th ere is no absorpt ion in th e sample cell. T he meter cur rent will

1 -'1'
therefo re be expected to be prop ortional to ---,-, ' where '1' is

1 + 1

sa mple t rans mittancy ( = .1 ~ I ) .
anti og a SOl' rancy

T he adjustable resisto r located betw een the recorder terminals
is for the purpose of setting th e recorder potentia l to a value which
brings th e recorder and meter scales into coincidence.

Mechanical Design. T he two
principal object ives guid ing the choice
of const ruction materials and over-a ll
mechani cal design were resistanc e to
corrosion and ru ggedness. Gasket
and connect ing t ubing ar e made of
saran 0 1' neoprene, resistant finishes
are used on the instru ment case and
par ts , and moving parts are few and
simple. Addit ional features which aid
in preventing corrosion are the com
partmentalized interior which serves
to reduce the diffusion of any gases
tha t might escape from th e abso rption
cell connectio ns, and th e provision for
purging the instrument case with an
inert gas.

To minimize thermal drift within the
cell compartment and to remove thc
heat of the lamp, a cooling coil has
been placed around the lamp housing
a nd on two walls of the cell oompa rt
mcnt . Additio na l corrosion protec
ti on, and a material improvement in
analytical accuracy resul t if th e water
for the coil is th ermostated a few de
grees above maximum room temp era
tu re with the aid of a constant temp era
ture bath and circulat ing pump.

A panel view of th e instrumen t is
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The por t mark ed " non-corrosive- gas inlet " is for purging th e
interior of the instrument of corros ive gases from sample cell or
environment. The outer case of the instrument is gasketed for
fur th er protection against dust and fumes.

F igure 7 is a photograph of the top of the instru ment with cover
removed , which shows mor e clear ly the light traps on the glass
t ubing cell connections, the simple cell clamp, and the internal
dividing walls, as well as the specially tub ulated cylindrical Corex
glass sam ple cell.

TEST RESULTS

Experimental tests of flow colorimeters set up for chlorine
an alysis showed the following results :

Response to line voltage change from 105 to 125 volts : zero
shift, 0.2 % of meter sca le; full sca le shift, 1.0% ; shift with
chlorine-air mixtures in cell approximate ly proportional to scale
reading. These variations were effectively elimina ted by supply
ing alternating current power from a regulating tr ansformer.

Analytical accurac y. The first instrument was ca librated
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against known concentrations of chlorine in air, prepared by
weighing liquid chlorine in glass ampoules, handling mixtures in
glasswar e with phosphoric ac id-lubricated stopcocks. Aft er it
had been in service for over 3 month s on a chlorine-co ntaining
plan t st rea m it was returned for a minor modification . A recheck
of scale ca libration showed no cha nge outside the read ing error of
about 0.5% in concentra tion at mid-scale. This instrument has
been in use for several yea rs, with entirely sa tisfactory results .

Anot her instrument was exte nsively tested in the user 's labora
tory under carefully controlled condit ions, pr elimin ary to indue
trial applicat ion. Satisfactory performa nce was reported , and
th e instrument is being installed in the plant.
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PRECISION COLORIMETRY
Application to Determination of Manganese

IRVING G. YOUNG' AND C. F. HISKEY
Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

To provide a test of the transmittance-ratio approach to colorimetric
measurements, the analytical determination of manganese was studied.
The method developed utilizes periodate oxidation of manganese followed
by a comparison of the unknown with it known solution of high absorbance.
Data are presented which establish the limits of precision and accuracy of
the method when applied to pyrolusite ores. These data show t h a t a
precision of a part in 1000 is easily obtainable. The principles of this
approach are confirmed.

THE use of th e permangan ate ion in th e colorimetric estima
tion of. microquantities of manganese is well known and has

been standard analytical practice for many years (1, 8, 11-13).
Willard and Greathouse (14) found th e necessary conditions for
the quantitative oxida tion t o the heptavalent state. They gave
complete directions for th e colorimet ric det ermination of manga
nese in stee l and showed that permanganate was time stable in solu
tions of widely varying acid and periodate concentrations. A
complete study of th e absorp tion spectrum of thi s sys tem was
made by Mehlig (10 ) who used a recording spectrophoto mete r.
He found tha t the system followed th e absorption law, and th at
th e permang anate ion was stable for at least 2 months in sulfuric,
nitric, and pho sph oric soluti ons. The effect of 56 common ions
was investiga ted, and a few were found to interfere seriously al
though arrangements could bc made to sepa rate them during th e
course of the analysis.

T he purpose of this study was to apply this reaction to t he pre
cise colorimetric determination of manganese. The meth od used
in thi s investi ga tion was one in which a high absorbance reference
standard was compa red with the unkn own. A theoretical basis
for this ap proach has been developed by Hiskey and colleagues
(6, 7) and applied in several instances by Bastian (2, 3, 4) . The
essential feature of thi s approach is that the relative precision of
measurement increases linearl y with th e absorba nce, provided
the standard and unknown are nearl y identical. There is a
further requirement that th e absorp t ion law deviation be small
in spite of th e very high absorbance and the broad pass band

I Presentaddress, U. S. Electric Manufacturing Corp., New York 11, N. Y.

which are requi red in this instance. A precision equivalent to
that of volumetry was found for this system.

APPAItATUS AND REAGENTS

The instrument used was a Model DU Beckm an spectropho
tom et er with Corex cells of l-crn. thickness.

Reagents were concentrated C.P . acids and dry chemicals which
were used without purification.

The sulfuric-phosphoric acid mixture was made by mixing
equal volum es of concentrated sulfuric and 85 % phosphoric.

EXPERIMENTAL

The first stud ies were devoted to determining th e precision
which might be achieved in a prac tical way with th e appara tus
at hand.

T o make these measurements a stock solution of potassium
perrnanganate, free of impurities, was prepared. A l-Iiter
volumetri c flask was made up to ma rk with this solution, 10.00
ml. of water were added from a buret, and the solut ion was thor
oughl y mixed in the flask. The concentration ra t io between the
origin al solution and th e dilu ted solut ion was thus 1.0100.
Using th e more dilu te solution as a standard, the relative trans
mittan ce of the more concentrated solution was measured on the
Beckman spectrophotometer. The instrument was set for maxi
mum sensitivity. The transmittance of th e more dilute solution
was also measured against water. The two solutions were then
diluted in th e same way, and a series of pairs was obtained, the
concentration ratios of which were known, but which were at
different levels of concentration. The transmittance of the
more concentrated was measured against the more dilute and the
latter against water at each level.
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C = concentration of unknown solution in milligrams per liter
W = weight of sample in grams
F = ratio of volume delivered by 50-mJ. pipet to capacity

of l-liter volumetric flask

24:03
24.45
24.62
24.54

24.41
0.19

Slope,
flelA,

(a - 1)

Av.
Av. dev.

Relative
Absorb

ance.
Al

(a - 1)

0.0000
0.0924
0.1914
0.2449
0.3753

0:001
0.005
0.002
0.003

Av. D~v.

metric flask. Dilute to the mark, shake thoroughly, and allow
the insoluble material to settle.

Pipet 50 ml. of the clear supernatant liquid (calibrated pipet)
to a clean 250-ml. beaker. Add 15 ml. of sulfuric-phosphoric acid
mixture, dilute to 150 ml. with water, and add 0.4 gram potas
sium periodate. Bring to a boil and boil gently for 5 minutes.
Keep near boiling temperature for 45 minutes and then allow
to cool. Transfer to a 250-ml. volumetric flask, dilute to the
mark, and mix thoroughly. The solution is now ready for colori- .
metric determination. It is recommended that all dilutions be
made in the same flask. If this is not possible, the appropriate
correction should be applied to the final concentration.

Measure the transmittance of the unknown solution against a
standard solution of manganese or permanganate which has been
treated as described in the preceding paragraph. The trans
mittance measurement is made at 526 mM and at a sensitivity
such that 0.1% transmittance is equivalent to 1 galvanometer
division. Carefully decolorize the colored solution by dropwise
addition of 0.01% hydrogen peroxide, being careful to add no
more than 1 drop in excess. Measure the transmittance of this
solution against the standard manganese solution which has also
been decolorized.

The data are treated as follows:

IdII = transmittance of unknown measured against standard
120/110 = transmittance of unknown measured against standard,

both of which have been decolorized
A = log IdI2 - log 110/120 = corrected absorbance of unknown
Read off the concentration of the unknown corresponding to

A from the calibration curve, or calculate the concentration from
the equation of the calibration curve.

Calculate the percentage of manganese as follows:

C
%Mn = W X F X 40

Remove organic materials
with appropriate solvents.
Rinse the solvent with ace
tone and remove the latter
with water. Place the Corex
cells in the bottom of a beaker
and cover with acid permanga
nate-periodate solution. Heat

over a water bath to 45 0 C. and allow to remain for 1 hour' then
ri~seth.or.oughly.. If a brown film forms on the glass, re~ove
With acidified sodium sulfite solution. This treatment will usu
ally clean the cells so that no film of any kind is left inside or
outside. Dry the outside walls with lintless paper or cloth. Do
not attempt to dry the inside. Carefully inspect the outside
walls each time a reading is made and wipe clean if necessary.

Special attention also had to be paid to all volumetric opera
tions to ensure high precision. No great difficulty was ex
perienced owing to temperature effects. As long as all the dilu
tions are made at the same temperature, high precision is ob
tainable. During the time of transmittance measurement the
solutions should be kept within 2 0 C. of each other.

The above procedure was applied to the analysis of two stand
ard samples of pyrolusite ores which were available. These in
cluded a National Bureau of Standards ore and a Gold Coast ore.
They are ones that had been analyzed repeatedly by the authors
according to the volumetric method of Lingane and Karplus (9)

DETAILS OF EXPERIMENTAL TECHNIQUE

In order to obtain results of the order of precision of 1 part per
1000 a number of details had to be carefully noted. One of the

most important was the condi
tion of the Corex cells. These
had to be free of scratches and
perfectly clean. At the begin
ning of this work, the matter
of cleanliness gave considerable
difficulty until the following
technique was worked out:

.4, 1./1, a fla/ a ~ fle/e

0.109 0.999 1.0047 53 X 10-0

0.223 0.997 1.0047 53 X 10-'
0.447 0.992 1.0080 20 X 10-0

0.884 0.982 1.0089 11 X 10-0

1.300 0.969 1.0106 6 X 10-0

1. 721 0.962 1.0098 2 X 10-0

Mn Soln., fle, Relative Transmittances
Mg./Liter Mg. 1 2 3 4 5 Av.

49.60 1.000 1.000 1.000 1.000 1.000 1.000
51.82 2.22 0.808 0.810 0.807 0.809 0.808 0.808
54.28 ~.68 0.634 0.647 0.651 0.643 0.640 0.644
55.63 6.03 0.566 0.573 0.567 0.571 0.568 0.569
58.81 9.21 0.419 0.417 0.427 0.422 0.422 0.421

Table II. Data for Calibration Curve

The equation of the curve is as follows:

C = 24.41 AI(c< - 1) + 49.60

where
C = concentration of manganese in milligrams per liter
AI(c< - 1) = difference in absorbance between 'solution and

reference standard-49.60 mg. per liter. The absorbance of the
49.60 standard is 2.21.

With the calibration completed and after some preliminary test
ing the following procedure was adopted:

Transfer an accurately weighed sample containing 250 to
300 mg. of manganese to a 250-ml. beaker and carefully add 10
ml. of concentrated hydrochloric acid. Heat for 5 minutes and
then allow to cool. Carefully add 10 ml. of concentrated sulfuric
acid, rinse down the watch glass and beaker, raise the watch
glass and bring the solution to fumes of sulfur trioxide, and fume
for 5 minutes. Allow to cool to room temperature, dilute to
100 ml. with water, and stir until all soluble salts are in solution.
Transfer the contents of the beaker to a calibrated I-liter volu-

Stock 0.1 N potassium permanganate was standardized
against National Bureau of Standards sodium oxalate according
to the procedure of Fowler and Bright (5). Portions of this stand
ardized permanganate solution were weighed into 250-ml.
beakers. Each portion was diluted to 150 mJ. and 15 ml, of the
sulfuric-phosphoric acid mixture and 0.4 gram potassium perio
date were added. The solutions were boiled, cooled, and diluted
to 250 ml. in a volumetric flask. All dilutions were made in a
single flask at the same temperature.

Table I. Precision Obtained with Permanganate System
(a = 1.0100)

In this way a table of data was obtained of transmittance ratios
as a function of the absorbance, AI, of the standard (Table I),

The concentration ratio, c<, was obtained using the relation log
Idl2 = AI(c<-I). From these data it is evident that the precision
of the measurement increases with the absorbance of the standard,
becoming, for the higher values used, better than 1 part per 1000.

The next step involved setting up a calibration curve for the
concentration range from 50 to 60 mg. of manganese per liter.
Bastian, Weberling, and Palilla (,0 have already shown that the
absorption law is followed in this range. The calibration in this
instance was done as follows:

In this way five solutions were prepared ranging in concentra
tion from 49.60 to 58.81 mg. of manganese per liter. The rela
tive transmittance of four of these solutions was then determined
against the one lowest in concentration. Corrections were ap
plied for differences in cell path as indicated by Hiskey (7).
Table II gives the results obtained on five separate occasions.
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Manganese, %

Table III. Analysis 'of National Bureau of Standards Ore
25b and Gold Coast Ore .

with a precision of 1 part per 1000. The results obtained on
these samples are given in Table III.

The data in Table III indicate that a precision of about 1 part
in 2000 is achieved.

The routine volumetric analyses of a group of commercial
pyrolusites are compared with the colorimetric method in Table
IV.

In this comparison portions of the same massive sample that
had been previously ground and sieved were analyzed by the two
methods. There is no systematic variation between the two
methods and in all probability the differences are normal to the
routine analytical operations involved. It is also likely that
traces of colored impurities are not contributing to the absorbance
of the sample since this would cause positive differences between
the colorimetric and volumetric methods.

Av.
a Certificate value.
b Determined volumetrically in course of this research.
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It seems reasonable to conclude, therefore, that manganese de
terminations may be effected by a procedure such as this with a '
precision equal to that of the volumetric methods. In addition,
this method illustrates the high absorbance approach to colorim
etry.
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+0.04
+0.29
-0.26
-0,15
-0.17
+0.13
+0.03
+0.14

Difference

58.31
58.41
58.40
58.36
p8.38
58.37

56 ..53
56.46
56.51
56.50

53.61
52.73
57.12
59.74
54.62
46:04
56.22
45.33

Av.

53.57
52.44
57.38
59.89
54.79
45.91
56.19
45.19

V01u metric Colorimet.nc

56.47 ±0.05b

58.3.5 a

Analysis of Manganese Ores.
(Per cent manganeae}

Volu- Colori-
metric metricOrigin, Supplier

English Hydrate
Synthetic-E. J. Lavine
Synthetic-E. J. Lavino
Morocco-Bowring
Activated-Asbury Graphite
Synthetic-E. J. Lavino
Caucasian-E..J. Lavine
Montana-E. J. Lavine

Table IV.

Ore

N.B.S.25b

Gold Coast

No.

64-44
156-47
157-47
162-47
32-48
72-48

2-49
3-49

Procedure for Collection of Isotopic Nitrogen
W. n. VAUGHAN, W. T. BOYD, D. 1. McCANE, AND G. J. SLOAN

University of Michigan, Ann Arbor, Mich.

ASA result of interest (.15) in a reaction mechanism involving
.t\.. nitrogen in organic molecules it was found profitable to con
sider methods other than the one in common use (11, 12) for the
preparation and collection of N16-enriched nitrogen.

The reaction studied involved a rearrangement (13) of a poly
nitrogen compound into an isomeric substance, by a mechanism
involving group migration or by some other means. In order to
establish the course of the reaction, the extent of N16enrichment
at a specific point in the rearrangement product had to be com
pared with the extent of Nl6 enrichment (2 to 4%) in potassium
nitrite from which the original substance was prepared. The
nitrogen at this point could be obtained as ammonium ion, and
thus the 'reaction of nitrite ion with ammonium ion suggested
itself.

The two equations

intimate that the enrichment in the nitrogen produced from each
reaction should be the same, within limits which may be con
sidered satisfactory for a mechanism study, where the enrich
ment in the nitrite of Reaction 1 and of the ammonium of Reac
tion 2 is the same. Data for reactions of this nature are given in
Table I, where the nitrite and ammonium ions have comparable
enrichments. The nitrite ion was obtained by lead reduction
(15) of enriched potassium nitrate (available from the Eastman
Kodak Co.), and the ammonium ion was obtained by quantitative
reduction of the potassium nitrite (purified as silver nitrite and
reconverted to potassium nitrite with potassium hydroxide) in
potassium hydroxide solution by means of ferrous hydroxide (1).
The ammonia liberated by this reduction was collected in dilute
hydrochloric acid and recovered by evaporation as ammonium
chloride.

KN*O, + NH,Cl -+ KCl + 2H 20 + N*,

KNO, + N*H,Cl -+ KCl + 2H 20 + N*,

(1)

(2)

APPARATUS

Nitrogen Generator. A borosilicate glass flask of convenient
size is fitted with an adapter (see Figure 1). with an inlet tube
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The work was undertaken to develop a convenient
method for direct comparison of N16 enrichment in
nitrite and ammonium ions. The technique re
sembles the Dumas procedure for ultimate nitrogen
analysis, and the procedure bas been worked out in
detail for the reaction, NH.+ + N02- ~ N 2 + 2H~.

Obvious extensions to other nitrogen-producing
reactions, such as selective deamination or the
Dumas combustion, are discussed, and suggestions
for suitable modifications are made. Such adapta-

tions will make possible more extensive oornpazisons
of N16-en r ich ed compounds, particularly of organic
compounds with inorganic sources or inter se, than
are now convenient, because of the requirement
that nitrogen be obtained as ammonium chloride
for analysis, and the procedure should broaden the
field of study by means of tracer N16. The apparatus
is inexpensive and simple to operate, and the limiting
factor of accessibility of a mass spectrmneter should
offer little difficulty.

Pured N. 0.362 0.00 0.362 0.15 0.00
Pure" N, 0.362 0.00 0.362 0.01 0.01
KN*O. 1.32 0.96 2.28/ 1.92" 0.01 0.01
N*H.Clh 1.31 0.95 2.26/ 1.90" 0.01 0.01
N*H.N*O.. 2.26 1.90 2.27; 1.91" 0.01 0.01

4 Consolidated-Nier mass spectrometer, Model 21-201, used for isotope
ratio measurements.

b Calculated from mass 32 peak.
" Calculated from mass 44 peak.
d Highly purified tank nitrogen, compares favorably with other natural

N,.
" Ordinary KNO, + NH.CI.
/ Average value of N16% X 2 - 0.36 (calculated).
" From preceding N"% - 0.36 (calculated).
h Prepared by quantitative reduction of preceding K*NO, (1) .
• Mixture of equivalent.9uantities of K*NO, and N*H.CI.
; Average value of N"'70 in each of the two ions (calculated).

entering its side wall and extending to the bottom of the reaction
flask and an outlet tube attached to the apex of the adapter. (A
5Q-ml.flask is suitable, but smaller equipment is required through
out where samples of less than 0.001 mole are to be used. Corre
sponding adjustment in all values such as gas volumes and pres
sures must be made for operation on a semimicro scale.) This is
the simplest form of equipment and is suitable for the reaction be
tween nitrite ion and ammonium ion, as the latter may be mixed
at room temperature without reaction. "If this. procedure be used
for reactants where reaction occurs immediately upon admixture,
a second type of adapter is suggested (Figure 2), which should
carry in addition a 10/30 T joint to which may be fitted a drop
ping funnel carrying a capillary stopcock sealed to a capillary
10/30 T male joint. The delivery tube of the funnel should be
so constricted that it will remain filled with liquid at all times
and thus not constitute an air pocket.

Collection Apparatus. A standard nitrometer, preferably of
.alkali-resistant glass, of 50- to 100-ml. capacity is used. Both the
inlet and outlet stopcocks are three-way, and the upper or outlet
stopcock is surmounted by a short length of glass tubing. A
10/30 T male joint may be used in'place of a rubber connection to
the conditioning tube (Figure 1). The 50% potassium hydroxide
in the leveling bulb need not be treated with barium oxide as in
the Dumas procedure unless the work is to be done on a semi
micro scale, in which case the solution is prepared as for Dumas
ultimate nitrogen determination (4, 10).

Figure 1. Dlagram of Apparatus

3-WAY STOPCOCK. EXITS FROM
REACTION VESSEL AND FROM TOP
OF'NITROMETER THROUGH BARRELS

3-WAY STOPCOCK

SA MPLE TUBE (110 x 20 mm.)

10/30 l

BULB

MERCURY

NITROMETER

TO MANOMETER - - TO PUMP

+ TUBE~ 10/30 t

(B mm. OR I mm.GAtp.l---

ASCARITE :; CONDITIONING TUBE
r: (IOOx 10 mm)

GLASS WOOL .:.

DEHYDRITE
___ 10/30 T

moisture and residual traces of carbon dioxide. The lower end
contains a few millimeters of Dehydrite, which is separated from
the bulk of the filling of Ascarite by a glass wool plug similar to
those used to hold the entire filling in place (Figure 1).

Pump and Vacuum Gage. An efficient oil pump capable of
rapidly evacuating the system to about 0.1 mm, is satisfactory for
the scale of operation described. It is connected to the cross tube
through the branch carrying the three-way stopcock. A vacuum
gage capable of giving accurate readings in the region 0.01 to 1
rnm, is connected to the cross tube through the other horizontal
arm.

Table I. Isotope Percentages

NH. + + NO.- ......N. + 2H.O
Excess % Nlli Excess

Obsd. Atom % % N16 in % N16 Av. % Av. %
NlliQ in N2 in Nt- Ion in Ion Ot b C02 c

Enrich
ment

Source

Figure 2. .Special Adapter

Sample Tube. A convenient size of tube measures 20 X 110
mm. It is sealed at the top and is sealed to a 1- to 2-mm. bore
capillary stopcock, which in turn carries a 10/30 male T joint, at
the bottom.

Carbon Dioxide Source. Most tank sources of carbon dioxide
are as unsuitable for this procedure as for the Dumas procedure.
A completely air-free source is essential. A modification of
Hershberg's (6) apparatus is suitable for this procedure: pow
dered dry ice in a Dewar bottle closed with a single-holed rubber
stopper through which passes a glass delivery tube in the fozrn
of a T, one arm of which is connected to a mercury-filled pressure
regulator. The bottle should be filled 12 hours prior to expected
use.

Apparatus for Filling Sample Tube (Cross Tubel. A cross tube
made either of ordinary borosilicate glass tubing or of capillary
tubing (stronger, and smaller volume) carries a female
10/30 T joint on the upper and lower branches, and three vacuum
tight stopcocks, one just above the lower T joint, one on one
horizontal branch, and a three-way stopcock on the other horizon
tal branch (Figure 1).

Conditioning Tube. Between the nitrometer and the cross
tube is placed a tube (10 X 100 mm.) which serves to remove

5~

/
TO NITROMETER

19/38 T

-.......10/30 1
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The complete apparatus in position for assembly is shown in
Figure 1. The nitrometer contains mercury to just above the
level of the inlet tube to prevent a back-flow of the potassium
hydroxide solution into the reaction vessel.

PROCEDURE

General. The literature abounds in directions for the Dumas
type of ultimate nitrogen analysis (2-5, 7, 9, 10), and standard
texts on organic micro- or semimicroanalysis include a good dis
cussion (4, 10).

The nitrometer is filled with 50% potassium hydroxide solution
prepared from water which has been recently boiled to render it
reasonably free of nitrogen. Enough of the caustic solution is
used to fill the tube completely and still be just visible in the
leveling bulb. Fresh solution is advised after 10 to 15 determina
tions. Next the carbon dioxide source is tested for purity. The
generator is connected directly to the nitrometer with the collec
tion tube filled and the bulb at desk level. The gas is admitted
to the tube at a rate not to exceed 2 bubbles in 3 seconds. When
the bubbles shrink rapidly to micro size (about 0.2 mm. in diam
eter) and rise in the tube at a uniform rate without overtaking
each other, the source is considered to be air-free. The entire
apparatus is now assembled with the appropriate solution in the
generating flask. Any solvents used in the reaction must have
been rendered reasonably free of nitrogen by boiling and cooling
in a nitrogen-free atmosphere, preferably carbon dioxide. All
T joints should be sealed with Apiezon-W cement, all rubber
connections wired and coated with glyptol resin, and all stopcocks
lubricated with high-vacuum stopcock grease.

Procedure. The method was developed specifically for the
reaction between nitrite ibn and ammonium ion, but modifications
suitable for other nitrogen-producing reactions are suggested.

Any conveniently small sample of ammonium chloride (0.05 to
0.25 gram) and an equivalent quantity of potassium nitrite are
dissolved in about 25 ml. of water (previously boiled and cooled
under carbon dioxide), and the solution is placed in the generating
flask. Carbon dioxide from the previously tested source is now
allowed to flow freely through the solution and flask through the
adapter into the nitrometer tube (drained of solution) in order to
sweep out all atmospheric gases. The stopcocks on the nitrom
eter are so adjusted that the gas passes out of the top without
entering the conditioning tube. The sweeping operation re
quires about 15 minutes. The time will vary somewhat with the
size of the apparatus and the rate of flow of carbon dioxide, and a
few blank determinations should be carried out in order to deter
mine the exact operating conditions.

When a suitable time has elapsed, the inlet stopcock of the
nitrometer is closed, and the potassium hydroxide solution is
drained into the measuring tube until it just reaches the base of
the outlet stopcock barrel, which is then closed. At the same
time the stopcocks on the cross tube are closed. The leveling
bulb is lowered to desk level, and bubbles are admitted to the
nitrometer at the rate of 2 bubbles in 3 seconds. If microbubbles
are not observed, the sweeping process is continued until the
train is free from atmospheric gases. When microbubbles are
obtained, the source of carbon dioxide is shut off, and the inlet
stopcock is gradually opened full, care being taken that the pre
scribed rate of inlet is not exceeded in the process.

The reaction flask is now heated by means of an oil bath or
heating mantle at such a temperature that a steady stream of
bubbles enters the nitrometer, 2 bubbles in 3 seconds. The
volume of nitrogen which can be obtained in this way depends
upon the quantities of nitrite and ammonium ion available, and
formation of the gas falls off after about 60% (15 cc. at 25° from
0.05 gram of ammonium chloride) of the theoretical volume has
been collected. The inlet stopcock is then closed. (A greater
volume can be obtained by continued heating at a temperature
below 90°, but it is generally convenient to discontinue the heat
ing when the evolution of gas at this temperature slows down
appreciably. )

An additional small volume may be obtained (before or after
the extended heating) by opening the stopcock from the carbon
dioxide generator full and then admitting gas from the reaction
vessel to the nitrometer at the usual rate until microbubbles are
obtained. The pressure of carbon dioxide must be sufficiently
great to prevent a suck-back of the nitrometer solution into the
reaction vessel, which might be caused by cooling and consequent
condensation of water vapor with resultant drop in pressure.
When the maximum volume of nitrogen has been obtained, the
inlet stopcock of the nitrometer is closed to the tube, so that the
generator is open to the air.
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A modification of the foregoing procedure will be necessary if
the reactants used to generate nitrogen react immediately upon
mixing.

In place of the simple adapter, a modification (Figure 2) may
be used. As before, all solutions or solvents should be freed of
nitrogen before use. The appropriate solution is placed in the
reaction vessel, which is then brought to the desired temperature
0° to 5 ° for selective deamination (8), for example. The other
solution is placed in the dropping funnel, and the entire apparatus
is swept out with carbon dioxide. After microbubbles have been
obtained, the carbon dioxide is shut off, and the generator is
ready for operation. The inlet stopcock to the nitrometer is
opened full, and the solution in the dropping funnel is run in at
an appropriate rate under a slight positive pressure of carbon
dioxide. If gas is evolved at once, the addition is maintained so
that the usual rate of gas flow is obtained. However, if the
evolution of gas develops slowly on standing or upon heating, the
solutions are mixed according to the conditions required by the
reaction; if possible, the rate of gas flow is governed by the rate of
heating. .

Filling Sample Tubes. The sample tubes should be prepared in
advance. They are first evacuated to as Iowa pressure as possible
by the pump in use with the system. When the nitrometer has
been filled and one is ready to collect the samples for mass
spectrometric analysis, a sample tube is fitted into the cross tube, a
vacuum-tight connection being ensured by use of high-vacuum
stopcock grease on the T joint. All stopcocks on the cross tube
are then opened, and the system thus defined is evacuated to as
low a pressure as possible with an oil pump (0.1 mm. is satisfac
tory). When the best vacuum possible has been attained, the
sample tube stopcock is opened, and the stopcock leading to the
pump is shut off. The system must be vacuum-tight at this
point, as determined by previous tests.

Gas is now admitted to the evacuated system by very cautious
adjustment of the outlet stopcock of the nitrometer until 5 cc. of
gas have passed from the nitrometer tube. The nitrometer is
then closed, and the entire system is re-evacuated. The flushing
with 5 cc. of gas (approximately 100 mm. where the closed system
is 35 cc.), followed by evacuation, is repeated, and in this manner
any possible contamination by residual air is avoided. After the
final flushing, nitrogen is admitted by similarly cautious adjust
ment of the outlet stopcock of the nitrometer until a sufficient
sample for mass-spectrometric analysis is collected; a 5-cc.
sample (atmospheric pressure) is adequate, and less may be used.
If the sample tube is to be stored any length of time before analy
sis, less danger from atmospheric contamination will be encoun
tered the nearer the pressure is to atmospheric. The nitrometer
is then shut off, and the stopcock on the sample tube and all stop
cocks on the cross tube are closed. The sample tube is freed by
admitting air to that tube (not the pump!) through the three-way
stopcock leading to the pump.

Additional samples may be collected by use of additional
sample tubes. When a fresh tube has been seated, the three-way
stopcock is closed to the atmosphere and opened to the cross tube
system. The system is re-evacuated and the stopcocks leading
to the manometer and pump are opened. The sample tube stop
cock is now opened; and once the minimum pressure has been
attained, the pump stopcock is shut off, the drying tube stopcock
is opened, and gas is once more admitted from the nitrometer.
In this manner several samples of the same isotope sample at the
same or different pressures may be collected.

DISCUSSION

Table I summarizes data obtained for Reactions 1 and 2, where
the enrichment of ammonium ion and of nitrite ion should be
identical, because the former was prepared by quantitative reduc
tion of the latter (1). In addition to the data recorded, there was
also observed a significant peak at mass 30 which increased with
time and temperature increase. That it was due to a side reac
tion producing nitric oxide was demonstrated by allowing air to
eater a sample tube after analysis, whereupon a faint brownish
tinge was observable. Other expected impurities, oxygen (which
would imply spurious nitrogen, from the solvents or in leakage) and
carbon dioxide (which would interfere by producing carbon mon
oxide, mass 28 and 29), are present in traces only; the recorded
figures being the upper limits of contamination.
~s an accuracy of better than 1% .is possible in t~e range of

enrichments recorded, It may be undesirable to use enrichments in
which less than 1% excess Nil is present in the ions. For the
range 1 to 4% enrichment the procedure has proved satisfactory'
a.nd mo~ific:ttions of the reacti~n producing the nitrogen are pos~
Sible With little or no change III the method of generating and
collecting the gas.
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Undoubtedly, an equilibrium mixture, or nearly so, of N~s, Ni 9 ,

and N~o is produced, as shown by the excellent agreement of the
measured values of enrichment (2.26%) and excess N'5 (1.90%)
in N*H,N*02 with the values calculated from the corresponding
values for the individual enriched ions (2.27 and 1.91%). The
calculation of the %N15 in the ions is based on the assumption
that an equilibrium mixture is formed:

%N15 (in ion) = 2 X ;O~~ -0.362

where R is the measured ratio for mass 29/mass 28. A slight
variation noted in total N15 enrichment in individually ana
lyzed fractions of nitrogen evolved (up to 75% of the theoretical)
may be a real variation or an artifact, as may the difference re
corded between the values for identically enriched ammonium
and nitrite ions. These variations are at least in the right direc
tion from a qualitative consideration of the relative zero-point
energies of the isotopic ions.

Because the organic chemist interested in reaction mechanisms
involving isotopic nitrogen is generally concerned with a differ
ence in behavior between two very similarly situated nitrogen
atoms, any process for preparing a sample of nitrogen gas from
one without affecting the other should permit use of the general
type of apparatus and procedure herein described. Where nitro
gen gas may be evolved in a chemical reaction, as from two of
three possible nitrogens in the same molecule, the nitrogen may be
liberated and collected in the equipment described, or a suitable
modification.

As a logical modification of the procedure, the use of the Dumas
combustion for the preparation of the nitrogen sample is sug
gested. The danger of contamination with atmospheric gases in
the potash solution (11) is no greater than in the present proce
dure. However, an improperly burned sample of organic com
pound may very well give rise to a fractional percentage of car
bon monoxide. In order to guard against this possibility it is
suggested that there be interposed between the combustion tube
and the nitrometer a small tube filled with an iodine pentoxide
silica preparation (14) (preceded by a little Dehydrite) which will
serve to oxidize any carbon monoxide to carbon dioxide. Nitro
gen collected in this manner should be free from any significant
quantity of carbon monoxide, and the method should be readily
adaptable to micro work.

An attempt to produce nitrogen from a-amino acids by treat
ment with nitrous acid produced nitrogen contaminated with
oxides of nitrogen and carbon monoxide (11). The use of an
iodine pentoxide tube, between the reaction vessel and the nitrom
eter, is suggested for this reaction also.

Generally in isotope studies involving N'5 the nitrogen has
been prepared from Kjeldahl-produced ammonium ion by treat
ment with alkaline sodium hypobromite (11). This procedure is
satisfactory for many purposes; however, if the source of nitrogen
is other than ammonium ion, direct comparisons between source'
and product.may not be feasible without conversion of the source
to ammonium ion, which may not be desirable. However, the
method has several advantages: The enrichment in the sample
for analysis will be about twice that produced in the reactions
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(except the Dumas method) discussed above, the reaction pro
ducing nitrogen is quantitative, and the method is designed for
micro scale operation.

The chief advantages of the present procedures are to be found
in the much wider range of reaction type which may be used to
obtain the nitrogen sample, including the possibility of direct
examination of the enrichment in nitrite ion, and in the greater
simplicity of equipment. All parts of the apparatus except the
cross tube and sample tubes will be found in any organic labora
tory in which analytical procedures are standard practice. The
calculations of percentage enrichment are precisely the same as in
the older method (11). .

Although the experimental application of this procedure to
other reactions producing nitrogen has not been explored, experi
ence with the fundamental operations of generating, collecting,
and preparing samples of nitrogen for mass-spectrometric analy
sis suggests these ideas and suggestions will foster further use of
isotopic nitrogen in mechanism and metabolism studies not
heretofore possible because of the previous requirement that the
nitrogen be available as ammonium chloride.
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Potentiometric Method for Microdetermination of Iron
Extension of Use of Silver Reductor

IBERT C. WELLS', California Institute of Technology, Pasadena 4, Calif.

D UR I NG investigation of another problem it was necessary
to determine iron in amounts of 0.5 mg. or less with an ac

curacy of 0.3% or better. As very precise methods for the
macrodetermination of iron are widely used, few difficulties were
expected in finding a suitable and convenient micromethod, but
a search of the literature revealed no such procedure.

Numerous colorimetric methods have been described-Le., 0

phenanthroline (1, 7,9,14), a,a'-bipyridine (5, 11, 13, 20), thio
cyanate, ferriferrocyanide, and thioglycolate (2, 3, 10, 15, 22).
These methods are applicable for the estimation of a few micro-

1 Present address, State University of New York, Syracuse 10, N. Y.

grams of iron, but the error is usually of the order of 1 to 3%,
and they may be adversely affected by traces of other ions; such
as phosphate.

Volumetric procedures have been reported which are much
more accurate than colorimetric ones, though larger amounts of
iron are required for each determination. The method of Mis
lowitzer and Schaefer (12), involving the reduction of ferric ion
with an excess of titanous chloride and back-titration with
standard potaseium bromate, was found unsatisfactory because
the end points were indefinite and the reaction with potassium
bromate was too slow even at elevated temperatures. Other
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The need arose to determine iron in amounts of 0.5 rng, or less with an accuracy
of 3 parts per thousand or better. A rneuhod was developed by which iron in
amourrts of from 0.27 to 0.5 mg. was determined with an accuracy of 2 parts per
thousand. Ferric iron is reduced by means of a scaled-down Walden silver re
ductor, and the resulting ferrous iron is titrated with sulfatocerate to the
potentiometric end point. The method allows the relatively easy deter
mination of a few tenths of a milligram of iron with an accuracy not possible with
other methods. The procedure should be useful for the accurate determination
of iron in organic rrraterfals such as foodstuffs and proteins.

volumetric methods have been reported (4,19), but their average
errors are greater than 0.3%. A most promising method was
that reported by Edmonds and Birnbaum (6) employing the silver
reductor previously described; it has been applied on a macro
scale by Walden et al. (21). However, the smallest amount of
iron determined by Edmonds and Birnbaum was 0.686 mg. and
their average error was 0.5%. The present report concerns an
improvement and extension of this method to 0.27 mg. of iron,
with a study of the variables that become significant when it is
applied to determinations on so small a scale. Subjective errors
of the method have been reduced by the substitution of a po
tentiometer for an indicator in determination of the end point.
This modification also eliminates the necessity of applying a
blank correction. .

EQUIPMENT

Silver Reductor. The reductor was substantially that de
scribed by Walden et al. (21) with appropriate changes in scale.
Because Smith and Cagle's (18) method of preparing reduced
silver was not practicable, the silver used in these experiments
was prepared by reducing 3 grams of silver nitrate (Baker and
Adamson, analytical reagent) as directed by Walden et al. (21),
and was washed and transferred to the reductor tube; the result
ing 1.9 grams of silver filled the reductor tube to a height of about
8 em.

Beckman Model G pH Meter, together with a saturated
calomel and a platinum extension electrode. The pH meter
serves satisfactorily as a potentiometer.

Microburet. The one described by Shaffer et al. (16) was used.
An acceptable Becton-Dickinson Yale syringe (2 cc.) was cali
brated (16) by measuring the dimensions of the plunger; one
unit of volume delivered from this syringe was 0.8092 ml,

Air-Driven Stirrer (Aero-Mix, No. 58970, Braun Corp., Los
Angeles} Calif.). This stirrer was used to rotate the 50-mI. beaker
in which the titrations were made. It was mounted in the in
verted position with its shaft inserted into the bottom of a large
rubber stopper, which in turn held the beaker snugly in a depres
sion cut in its upper surface. Rotation of the beaker causes
continuous and thorough mixing of the solution, the electrodes
from the potentiometer acting as baffles.

REAGENTS

Sulfatocerate Solution. A stock solution of approximately
0.1 N sulfatoceric acid was prepared from ammonium hexanitra
tocerate (G. Frederick Smith, reagent grade) according to the
directions given by Smith (17). The reagent used for titrations
was prepared each day by diluting 5 mI. of the stock solution to
100 mI. with 0.5 M sulfuric acid. Both solutions were kept in a
dark cupboard while not in use, as the diluted solution deterio
rates in the light (17, page 19).

1 N Hydrochloric Acid. Baker's analyzed and Du Pont C.P.
reagent concentrated hydrochloric acid (specific gravity 1.19,
0.00001 to 0.00002% iron) were used without distillation and
were diluted to 1 N with freshly redistilled water. The speci
fications of the acid suggest that the 25 ml, of this reagent re
quired in the reduction of an iron sample might introduce as much
as 0.6 microgram of iron into the determination. However, blank
determinations failed to detect significant amounts of iron from
this source (see Table I).

0.5 M Sulfuric Acid was prepared by diluting Baker's analyzed
concentrated sulfuric acid (specific gravity 1.84) with redistilled
water.

Standard Iron Solutions. Three such solutions were prepared
--:'Nos. 1 and 2 from Merck's reagent grade iron wire (minimum
iron content 99.8%) and No. 3 from J. T. Baker's iron wire
("for standardizations," iron content 99.7%). After being
thoroughly cleaned and dried, the samples were weighed and
dissolved in a few milliliters of dilute sulfuric acid solution in 1
liter volumetric flasks, the calibration of which had been checked
These solutions were diluted.to the mark with distilled water and
mixed; they contained 0.5116,0.4805, and 0.4373 mg. of iron per
mI.. respectively.

OPERATION OF REDUCTOR

The procedure for using the reductor was essentially that de
scribed by Edmonds and Birnbaum (6). However, before making
each analysis it was found desirable to wash the reductor with
100 ml, of 1 N hydrochloric acid solution in order to remove
traces of hydrogen peroxide (8) which accumulate while the
reductor is not in use. After the iron sample had been placed in
the reductor, the reductor was rinsed with 25 ml, of 1 N hydro
chloric acid solution in 2- to 3-m!. portions, and each portion was
allowed to run into the solution to be titrated before the next
portion was added.

Usually the rate of flow of solution through a freshly prepared
reductor is satisfactorily rapid (10 to 20 ml, per minute) under
gravitational force, but with continued use, the silver particles
pack down and the flow is considerably retarded. A partial
vacuum was employed to increase the rate of flow under these
'conditions, so that an unnecessarily long time was not required
for the reduction. However, the titration value for a given
iron sample was not affected by varying the flow rate of solutions
through the reductor from 1 to 10 ml. per minute.

TITRATION OF SAMPLE

The beaker containing the solution of ferrous iron was placed
in its holder, the electrodes were introduced, and the stirrer was
started. When the voltage had become constant (ca. +400
mv.) addition of the sulfatocerate solution was started, and after
each addition the syringe tip was rinsed with 4 or 5 drops of
1 N hydrochloric acid solution. The change in voltage, AE, per
0.100 unit of sulfatocerate solution was calculated and recorded
after each addition and the voltage at which the maximum
change occurred was taken as the end point. The end point
was found to occur between +650 and +700 mv.; usually AE
per 0.100 unit of sulfatocerate solution was 1000 mv. or greater
and was produced by the addition of 0.002 unit of the titrating
reagent.

REDUCTOR AND TITRATION BLANKS

A blank titration of 25 ml. of 1 N hydrochloric acid solution
which had been passed through the reductor required about
0.020 to 0.030 unit of sulfatocerate solution. Previous in
vestigators have reported that the silver reductor gives no
blank(21) and that the blank found above disappears if ferric
ions are present in the solution (6). Because this blank was vari
able and was presumably due to the occurrence of hydrogen
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Table I. Determ.ination of Total Blank of Procedure-

reductor may be washed with large volumes of 1 N hydrochloric
acid solution and the silver particles suspended in this solvent al
lowed to settle slowly. In'view of these results, it is recom
mended that once the reductor is ready for use air should not be
allowed to come in contact with the silver particles.

peroxide in the effluent solution (8), it was necessary to deter
mine accurately the blank for the whole determination.

This was done by reducing samples of iron of various known
amounts and then titrating them as above. The volume of
sulfatocerate solution required for each sample was then plotted
against the sample size and the linear curve thus obtained was
extrapolated to zero iron concentration. The data obtained from
these determinations are shown in Table 1. From the straight
line which best fits these data it is seen that the volume of sulfa
tocerate solution required at zero iron concentration is 0.0004
unit (0.0003 ml.). This is one fifth of the smallest division of the
microburet, and it was therefore concluded that the over-all blank
was effectively zero. The results obtained with the three stand
ard iron solutions are in excellent agreement. From these data
the average normality of the sulfato cerate solution was calcu
lated; the average deviation from the mean was 0.2% and the
spread of results was 0.8%.

DETERMINATION OF IRON IN BIOWGICAL MATERIALS

Mg. of Iron Used e,
X

0.5085 (Solution 1)

Units' of Cerate
Solution Required,

y

2.424
2.412
2.413
2.408
2.414
2.412
2.424
2.412
2.410
2.420
2.410
2.410
2.424

Uni/,s' of Cerate
Solution Equal
to 1 Mg. of Fe

4.767
4.743
4.745
4.736
4.747
4.743
4.767
4.743
4.739
4.759
4.739
4.739
4.767

0.3051 (Solution 1, 1.446 4.739
diluted 3 to 5) 1. 448 4.746

1.446 4.739
1.456 4.772

The equation of line of best fit calculated by method of least squares i.
Y = 4.751 X + 0.0004.

a In other experiments 0.2707 mg. of iron required 1.282, 1.282, and 1.278
units of cerate solution (only three titrations made, precision 0.14%) and
0.2804 mg. of iron required 1.332, 1.328, 1.336, 1.332. 1.331, and 1.334 units
(precision 0.15%).

b Volume of solution used in a determination was 0.994 ml.
c One unit of volume equals 0.8092 ml.

As the main objective was the determination of iron in biologi
cal materials, it was necessary first to free the iron of the accom
panying organic matter. The most rapid procedure was recog
nized to be a wet-ashing method involving digestion of the
sample with concentrated sulfuric acid and decolorization by hy
drogen peroxide, which was completely removed by fuming.
This procedure was tested by oxidizing a sample of hemoglobin
with 1 ml. of concentrated sulfuric acid and hydrogen peroxide.
The clear, colorless residual solution obtained was diluted to 5
ml. with 1 N hydrochloric acid solution and passed through the
silver reductor in the usual manner. The result of the titration
of the reduced solution indicated that this highly acid solution
containing considerable sulfuric acid had caused the reductor to
cease functioning properly. As an alternative, the dry-ashing
method of Hummel and Willard (9) was adopted and solutions of
iron obtained in this manner from organic materials were found to
be entirely suitable for analysis.

0.4776 (Solution 2)

0.4347 (Solution 3)

2.272 4.757
2.268 4.749
2.272 4.757
2.278 4.770
2.280 4.774
2.272 4.757
2.266 4.745

2.062 4.744
2.068 4.757
2.068 4.757

DISCUSSION

The procedure as outlined has been found to be satisfactory
(average error 0.2%) for the determination of iron in the amounts
indicated. However, attempts to determine 0.2 mg. or less of
iron always resulted in low titration values. Possibly these re
sults arise from the action of the small amount of hydrogen per
oxide formed in the reductor (8) and the passage of the resulting
ferric ions out of the reductor without again being reduced, as dis
cussed by Edmonds and Birnbaum (6).

Throughout this work considerable care had to be used in order
to obtain reductors that operated in a satisfactory manner.
For example, a silver reductor prepared by following the direc
tions of Walden et al. (21) does not necessarily function without
producing an appreciable titration blank. During the work re
ported here and in subsequent analyses fifteen reductors were
prepared, and eight of these performed satisfactorily. Not
only have freshly prepared reductors sometimes failed to function
properly, but those which have stood unused for a day or so
may perform improperly. Gross failure of a reductor may be
recognized by an initially low voltage (Jess than +360 mv.) of the
reduced iron solution and by a change in voltage at the end point
very much less than normal. A malfunctioning reductor gives a
blank attributable to hydrogen peroxide, the formation of which
is catalyzed by the presence of silver chloride (8). Treatments
designed to remove silver chloride from unsatisfactory reductors
by washing with dilute ammonium hydroxide (8) or by reducing
with zinc in the presence of dilute sulfuric acid solution (21) have
failed to improve their performance. Operations designed to re
move occluded air have been more successful-for example, the

Experience obtained in preparing and testing reductors has led
to the adoption of the following precautions for the preparation of
a reductor:

Reagents used must be of analytical grade.
The surface of the copper strips used must be scrupulously

clean.
During the reduction of the silver nitrate solution, stirring

should not be so vigorous that large amounts of air are stirred
into the solution; on the other hand, rapid stirring is essential
because small silver particles are desired. These conditions
are most easily achieved if the volume of the silver nitrate solu
tion is relatively large and the copper strips are suspended well
beneath the surface of the liquid.

Dilute (0.5 M) sulfuric acid should be used for washing the
reduced silver free of copper ions, as sulfuric acid in high concen
tration has a detrimental effect.
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Separation of Iridium from Lead on aMicro Scale
Gravimetric Determination of Iridium

R. R. BAREFOOT, W. J. MCDONNELL, AND F. E. BEAMISH

University of Toronto, Toronto, Ontario, Canada

The work was undertaken as a necessary preparation for a study of the distribu
tion of Iridlum in the fire assay. Irtdium and lead were separated by two meth
ods: Lead rrray be removed as lead phosphate and iridiuDl subsequently de
tcrrnfned by hydrolytic precipitation, or Irtdfum may be deterrnrned in the pres
ence of lead directly by a new organic precipitant, 2-Dlercaptobenzothiazole.
This paper adds to a general scheme of analysis of the six plarinum rnenals ob
tained in fire assays ofores and rnfnerals,

AST UDY of the efficiency of the fire assay of iridium required
the accurate determination of a few milligrams of the noble

metal in a lead button of approximately 30 grams. In the search
for a suitable method to accomplish this, it was found necessary
also to devise a micro scale separation of iridium and lead present
together as their chlorides. The only suitable method in the
literature which could be used for the latter was that outlined
by Gilchrist (3, 4) and Holzer and Zaussinger (6) for the separa
tion of certain noble metals from copper and other base metals.
Shorter micro scale adaptations of their procedures which in
corporated the gravimetric determination of iridium by 2-mer
captobenzothiazole were developed.

SEPARATION BY "COMPLEXING" IRIDIUM WITH NITRITE AND
REMOVAL OF LEAD AS PHOSPHATE

The quantitative separation of 0.1 gram of lead taken as lead
(II) chloride from 0.1 gram of each of palladium and platinum
has been reported (3). The noble metal was held in solution
as a complex nitrite while lead was removed by precipitation by
sodium bicarbonate at pH 8. An analogous method for the
separation of iridium and lead has also been described (8), al
though neither experimental data nor references to other publica
tions were given. An attempt was made to separate small
quantities of lead and iridium 'in this way, but without success.
When a hot solution containing 10 mg. of iridium and 1 mg. of
lead as chlorides and at pH 1 was treated with 0.5 to 1 gram of
sodium nitrite, boiled for 1 minute, and then neutralized with so
dium bicarbonate to pH 8, no lead was precipitated on boiling the
sample or even after standing for 12 hours; under the same condi
tions, lead was easily precipitated from a solution containing
lead chloride only. The pH of the lead-iridium solution was
raised to 12 by the addition of dilute sodium hydroxide solution,
but no lead could be precipitated. The fact that lead remained

in solution in the presence of iridium has not yet been explained.
Similar observations were made when oxalate was used instead
of nitrite. It was found, however, that after iridium had been
complexed by nitrite, lead could be precipitated as lead phos
phate at pH 6.

Reagents. Solutions of sodium chloroiridate (Na2IrClo) were
prepared by a modification of the method described by Hill and
Beamish (5). A weighed amount of spectrographically pure irid
ium sponge was placed in a porcelain boat together with ten
times its weight of analytical grade sodium chloride; the boat
and sample were placed in a silica tube through which a current of
chlorine was passed at the rate of one bubble per second. The
eflluent chlorine was passed through traps containing 6 N hydro
chloric acid. The apparatus was heated in a muflle at 7000 C.
for 18 to 24 hours, after which time the tube was removed from
the furnace and the contents were allowed to cool in an atmos
phere of chlorine. The boat was removed and the contents were
dissolved in 0.1 N hydrochloric acid; dilute hydrochloric acid was
also used to wash out the silica tube. The resulting solution was
filtered through a Whatman No. 42 filter paper into a volumetric
flask; the beaker and filter were washed well with the dilute acid
and the solution was made up to volume. The pH of the stock
solution was 1 or less.

The filter and residue were ignited at 650 0 C., reduced in hy
drogen, and weighed. A blank was determined in a similar man
ner. The contents of the traps were evaporated to a small vol
ume, transferred to a test tube or small Erlenmeyer flask, and
tested for the presence of iridium by the method described by
Pollard (7), which was sensitive to 0.005 mg. of iridium in 0.5 m!.
of solution. In the preparation of a number of standard solu
tions, only once was iridium discovered in the traps; on this
occasion the amount was found by comparison to be 0.01 mg. or
less.

The standard solution was further checked by means of the
procedure outlined by Gilchrist (3), in which the iridium present
III a sample is determined gravimetrically by the precipitation of
hydrated iridium dioxide at pH 6. The presence of iridium in
the filtrate from the hydrated dioxide was ascertained by Pol
lard's method; 0.01 mg. or more of iridium in a filtrate could be de
tected.
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Test of
Hydrolytic
Filtrates

Strong color
No color
No color
No color
Strong color
Trace of color
Trace of color

8
2
3
1
1
2
4

Separation of Lead from Iridium by Phosphate
No. Av. Error
of Iridium Av. of

Detns. Recovered Deviation Average
Mg. Mg. %

10.03 "'0.11 -2
2.50 0
4.95 "'0.02 -1
5.04 +0.8
4.68 -6
4.96 -0.6
4.99 "'0.02 °

tatioJ;l of iridium contained large quantities of sodium
chloride and hence the detection of small quantities of iridium
was difficult.

The filtrates together with the first portion of the washings
were evaporated to dryness on a steam bath and the excess so
dium bromate was destroyed by the addition of hydrochloric acid.
The total residue was. then transferred to a 50-mI. Erlenmeyer
~as~ and evaporate? to dryness. Eight to 10 drops of acid
lithium sulfate solution and 2 or more drops of perchlorie acid
were added, the acids were fumed for a few seconds, and then the
flask was cooled; iridium, if present, imparted a mauve coloration
to the white salt. The smallest amount of metal that could be
detected was 0.01 mg. The presence of iridium in this filtrate
accounted for most of the small error ill the procedure.

Spectrographic examination of some recovered iridium residues
chosen at random showed the presence of only traces of lead when
compared with samples of iridium metal taken through the same
procedure, when the only lead added was that introduced through
the reagents. The results are shown in Table II. The weight
of metal taken is the value obtained on standardizing the solution
by the hydrolytic method described earlier.

The method described above could be used to separate lead
from a group of the platinum metals (including platinum, palla
dium, and rhodium) and not merely from iridium alone. How
ever, it is somewhat laborious and the hydrolytic precipitation
of iridium is subject to a small positive error. This is illustrated
in Table I and is in general confirmed by numerous experiments
in the authors' laboratory with other platinum metals. It was
decided to investigate alternative methods for the separation and
determination of iridium. It was found that 2-mercaptobenzo
thiazole did not precipitate small amounts of lead from an
acetate solution, while iridium was completely precipitated.

Reagents. A standard solution of sodium chloroiridate was
prepared and standardized, using the procedure described.

Technical grade 2-mercaptobenzothiazole was purified by re
crystallization from ethyl alcohol. A dried sample of the puri
fied product melted at 180.5-181.0° C.

Procedure. To a 5-ml. sample of sodium chloroiridate solu
tion (which contained approximately 1 mg. of iridium per ml.)
were added 10 ml, of glacial acetic acid, 1 mI. of a 20% ammo
nium acetate solution, and 25 ml. of water. The solution was
heated almost to boiling and 10 ml. of a freshly prepared 1%
solution of the organic reagent in 95% ethyl alcohol were added,
together with a small piece of ashless filter tablet to minimize

GRAVIMETRIC DETERMINATION OF IRIDIUM WITH
2-MERCAPTOBENZOTHIAZOLE

No organic precipitant for the gravimetric determination of
iridium has been recorded in the literature. Tests made in this
laboratory some years ago on the precipitation of platinum metals
with organic monosulfides (1) showed either partial or no precipi
tation of iridium. However, 2-mercaptobenzothiazole, tested
at the same time, showed promise as a gravimetric reagent for
iridium but because of the pressure of war work this research
was not continued. Since that time this same reagent has been
used by a number of workers for the determination of platinum
metals other than iridium. Pollard used 2-mercaptobenzo
thiazole together with a reductant for the separation only of
rhodium and platinum from iridium in a solution of the three
metals (7).

1
2
3
1
2

Lead
Taken

Mg.

1

Table II.

Iridium
Taken

Mg.

10.28
2.50
5.00
5.00
5.00
4.99
4.99

Test of
Filtrates

No color
No color
No color
No color
Trace
No color
No color

1
2
3
4
5
6
7

Set
No.

Standardization of Solutions of Sodium
Chloroiridate

Metal Metal
Taken Recovered

Mg. Mg.
10.07 10.29
10.07 10.28.
10.07 10.26
2.48 2.50
2.48 2.51
4.96 5.00
4.96 5.00

Al
2
3

Bl
2
3
4

Sample No.

Table I.

The results of the standardization are shown in Table 1.
The fact that the weight of iridium recovered from a hydrolytic
determination is slightly larger than the amount of metal taken
(when microsamples are used) has been noted (5). The results
of an investigation of this problem will be the subject of a forth
coming publication.

Aqueous solutions of lead chloride were prepared by dissolving
weighed quantities of analytical grade lead chloride which had
been dried at 110° C.

Solutions of sodium nitrite, disodium hydrogen phosphate,
ammonium chloride, sodium bromate, and sodium hydrogen
carbonate in water were filtered through a filter paper of close
texture.

Procedure. Samples were prepared by adding 1 mg. of lead
as lead chloride to a known volume of standard (sodium chloro
iridate) solution. The volume of the sample was made up to
20 ml. with water; the pH of the resulting solution was 1 or less.
The sample was heated to near boiling and 5 mI. of a 10% sodium
nitrite solution were added for a sample weight of 10 mg. of irid
ium or less. The sample was boiled for 1 minute and then
neutralized to pH 6 by the addition of 10% solution of sodium
hydrogen carbonate; a 0.01 % solution of bromocresol purple
was used as an external indicator. One milliliter of a 0.1% solu
tion of disodium hydrogen phosphate was added for each milli
gram of lead present and the sample was boiled for 5 minutes.
In order to coagulate the finely divided lead phosphate precipi
tate, 10 ml. of 95% ethyl alcohol and 1 drop of a 0.5% calcium
chloride solution were added to the cool mixture and this was
then placed on a steam bath for 2 to 3 hours.

After the digestion period, the precipitate was filtered out on a
Whatman No. 42 7-cm. filter paper and washed a few times with
1% sodium nitrite solution at pH 6. The filtrate and washings
were set aside and the precipitate was redissolved by passing 2
ml. of 6 N hydrochloric acid through the filter and washing it a
number of times with water. The solution was collected in the
original beaker. The lead was then reprecipitated, using 5 ml.
of sodium nitrite solution but only one half the volume of phos
phate solution. The combined filtrates were acidified with 1 ml.
of 12 N hydrochloric acid and evaporated to near dryness on a
steam bath. Six milliliters of 6 N hydrochloric acid were added
and the mixture was evaporated again to a moist residue. This
procedure was repeated twice. Finally 2 grams of analytical
grade sodium chloride were added to the sample and evaporation
was continued to dryness.

It is important to avoid baking the residue during the fore
going operations. When baking occurs, the subsequent hydro
lytic precipitation of iridium is not efficient and some iridium
appears in the filtrate (Table II, set 1). This may be a colloidal
phenomenon.

The residue from the evaporation was dissolved in water, 5
drops of 6 N hydrochloric acid were added, and the sample was
digested on a steam bath to coagulate the silica. The mixture
was filtered through a Whatman No. 42 filter paper; the beaker
and filter were washed six times with 0.1 N hydrochloric acid.
The iridium was precipitated as hydrated iridium dioxide and
weighed as the metal.

Tests were made at various points in
the procedure for possible losses of
iridium. The final lead precipitate was
redissolved in hydrochloric acid and
tested by fuming with sulfuric and per
chloric acids; the presence of lead did not
decrease the sensitivity of the test, which
was 0.005 mg. of iridium in a volume of
0.5 ml. Only occasionally could any
iridium be detected here. The silica
residue was also leached with hydro
chloric acid and tested; in a few samples
there was a small loss of less than 0.01 mg.
The filtrate from the hydrolytic precipi-



Detennination of Iridium in Presence of Lead with
2-~ercaptobenzothiazole

bumping. The sample was then boiled vigorously for 1 hour;
during this time the iridium separated as a bulky orange precipi
tate. At the end of the hour (or before, if the volume of liquid
in the sample became less than 20 ml.), the cover glass and the
sides of the beaker were washed down with a hot solution 2% in
ammonium acetate and 2% in acetic acid. The final volume of
the liquid was 50 to 70 ml.

The sample was set aside overnight on a steam bath and then
filtered through a Whatman No. 42} 7-cm. filter paper and washed
with 100 mi. or more of hot solution 2% in ammonium acetate
and 2% in acetic acid. After washing, the filter was dried
under a heat lamp to remove the excess moisture and then trans
ferred to a tared crucible. The filter was blackened in a muffle
at 3500 C., heated for 45 minutes at 6500 to 7000 C., cooled
reduced in hydrogen, cooled in hydrogen and nitrogen, and
weighed. Saturated solutions of calcium nitrate were kept in the
desiccator and in the balance case to maintain constant humid
ity. A blank, determined in a similar manner, was subtracted
from the weight of the sample.

The filtrates and washings were checked for the presence of
iridium by evaporation to dryness and digesting with concen
trated sulfuric and nitric acids on a steam bath. The liquid was
transferred to a 5O-ml. borosilicate glass Erlenmeyer flask and
fumed strongly over a burner until colorless. After cooling, 1
or 2 drops of 70% perchloric acid were added and the contents
were reheated until fumes of perchlorie acid appeared. On cool
ing again, a mauve color indicated the presence of iridium, 0.01
mg. of iridium in 0.5 ml. of the solution could be detected.

Qualitative observations showed that precipitation from an
acetic acid solution is incomplete if much mineral acid is present.
It was found that the optimum concentration of either hydro
chloric or nitric acid for complete precipitation by the method
outlined is 0.005 to 0.01 N. The length of time during which
the sample is digested on the steam bath is also important.
Low results were consistently obtained for a digestion time under
15 hours. A few tests were made in which the organic reagent

DETERMINATION OF IRIDIUM IN PRESENCE OF LEAD

Samples containing known quantities of iridium and lead as
their chlorides were treated as described above for the deter
mination of iridium by 2-mercaptobenzothiazole. A number of
the recovered iridium samples were examined spectrographically
for the presence oflead. Only set 11 showed trace contamination
with lead above that introduced through the reagents. The
results from single precipitations are recorded in Table III.
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Test of
Filtrates

Faint color

No color
No color
No color
No color
Faint color

No color
Faint color
No color
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was dissolved in glacial acetic acid; this
solvent offered no advantage over 95%
ethyl alcohol. In determinations made
in the absence of ammonium acetate,
the precipitate was more difficult to re
move from the wall of the beaker.

If the concentration of the hydro
chloric acid in the precipitating medium
was greater than 0.01 N, a preliminary
treatment was carried out in which some
of the acid was neutralized by the
careful addition of dilute sodium hydro
gen carbonate solution. Alternatively,
the sample was evaporated to dryness
on a steam bath, the residue was dis

solved in water, and the resulting solution was filtered. Blank
determinations were made with each increase in the amount of
reagent added. When the sample weight of iridium was in
creased, the weight of 2-mercaptobenzothiazole was correspond
ingly increased. If the sample weight of iridium was larger
than 20 mg., there was increased difficulty in transferring and
washing the bulky precipitate. In these cases the method
offers no advantages over the hydrolytic precipitation of iridium.
The results of the determination of iridium over a range of sample
weights are shown in Table III.

o
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+0.2
-0.4

o

Error
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Average
%
o
o

-0.1
o

-0.2

No. Av.
of Iridium Av.

Detns. Recovered Deviation
Mo. Mo.

4 5.02 ~0.01

3 10.03 ~0.01

4 15.03 ~0.01

2 20.05
1 25.04

'2' -0.01
4.95

3 4.98 ~0.02

2 4.96
~ii"024 4.93

3 4.95 ~0.04

1

1
2
3
7
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Table III.

Set Iridium
No. Taken

Mo.
I 5.02
2 10.03
3 15.05

·4 20.06
s 25.08
6
1 4.95
8 4.95
9 4.95

10 4.95
11 4.95

Cholesterol in Blood Serum
Studies of Microestimation as the Pyridinium Cholesteryl Sulfate

ALBERT E. SOBEL, JERO~EGOOD~AN,AND ~ONTE BLAU
The Jewish Hospital of Brooklyn and The Polytechnic Institute of Brooklyn, Brooklyn, N. Y.

T HE most widely used method for the isolation of small
. amounts of cholesterol in naturally occurring substances prior

to its estimation involves precipitation as the cholesterol digito
nide (3). In 1936, Sobel, Drekter, and Natelson (7) proposed the
isolation of such cholesterol as the pyridinium cholesteryl sulfate
salt. The method they used, however, was relatively cumber
some and required exacting technique, involving the use ofthe
hygroscopic solid pyridine sulfur trioxide as the precipitating
agent.

The purpose of the present investigation was to develop a more
practical procedure for the isolation of cholesterol lI8 this sulfate

salt. It was found, after considerable investigation, that when
small amounts of cholesterol (about 0.1 mg.) are dissolved in 0.5
ml. of carbon tetrachloride, and 0.1 ml. of pyridine and then 0.25
ml. of a saturated solution of cholorosulfonic acid in carbon tetra
chloride are added, at least 97% complete precipitation of the
sulfate occurs in less than a half hour (see Table I), as determined
by the colorimetric estimation of cholesterol remaining in solu
tion. A longer time produced no increase in precipitation.

The reaction involved may be written as

C.H.N
ROH + CISOaH ) ROSOaHC.H.N + C.H.NHCI



VOLUME 23, NO.3, MARCH 1951 517

This investigation was undertaken to provide a
derivative other than the digitonide for the isolation
and determfnatton of small arnourrts of cholesterol
and possihly other sterols. Smafl amounts of
cholesterol may be quantitatively isolated as the
pyridiniulll cholesteryl sulfate. Cholesterol in car
bon tetrachloride and pyridine (5 to 1) is treated

. with chlorosulfonic acid. The precipitate is washed
with petroleum ether and evaluated colortmetrically
by the Liebermann-Burchard reaction. Values of
total cholesterol in blood ser'ujm are aimflae to those

obtained by digitonin. Depending upon the Olethod
of extraction, free cholesterol values are the same as
or less than with digitonin. The new method .ot
only provides an alternative procedure for mtero
esttrnatforr of cholesterol, but Olay serve to eluci
date the various eomhlnatfons in which cholesterol
is present in the lipide extract of blood sezurn, The
derivative rrray be useful in isolating a-sterols fol
lowing removal of tl-sterols with digitonin. In large
scale sterol isolation probterns, it rnay obviate need
for the rrmre expensive digitonin.

Produced by action of 3 ml, of 25 to 1 acetic anhydride-sulfuric
acid m.ix'ture on 1 m.l. of acetic acid solution DC cholesterol and
pyridinium cholesteryl sulfate. Color developed in dark at

25° C., read at 625 IDIl on Colenaan spectrophotometer

25 30. 35 40
TIME (min.)

Figure 1. Stability of Color

(Determined as cholesterol digitonide or pyridinium cholesteryl sulfate)

Cholesterol
Sample Cholesterol Cholesterol Cholesterol Cholesterol Found/

No. Present Added Calculated Found Calcd
.,/0.1 ml. ., ., ., %

A 1 40.0 40.0 80.0 77.6 97.0
2 51.1 40.0 91.1 90.8 99.6
3 47.0 50.0 97.0 99.0 102.0
4 46.5 50.0 96.5 94.8 98.2
5 37.6 40.0 77.6 77.1 99.4

B 6 39.3 50.0 89.0 88.7 99.7
7 40.0 50.0 90.0 88.5 98.4
8 32.3 50.0 82.3 84.0 102.0

C 9 191 200 391 391 100.0
10 174 200 374 380 101.6

precipitated as the digitonide as did those values based on the
standards. This calibration curve, plotted in optical density
against cholesterol in 1 ml. of acetic acid (up to 0.2 mg. of choles
terol), is a straight line in which 0.1 mg. of cholesterol gives an
optical density reading of 0.50 when treated as described below.
A sample of pyridinium cholesteryl sulfate of unknown purity
was used to obtain a curve which similarly showed adherence to
Beer's law.

In order to ascertain whether the digitonide and sulfate methods
as used in this paper to precipitate cholesterol were suitable for
the quantitative determination of precipitable cholesterol in
blood serum, cholesterol in sera was determined both with and
without the addition of known amounts of pure cholesterol. A
difference in blood cholesterol values corresponding to the added
cholesterol is evidence that precipitable cholesterol has been
quantitatively determined. As seen in Table II, known amounts
of cholesterol added to serum were' quantitatively recovered as
the pyridinium cholesteryl sulfate and cholesterol digitonide.

To test the sulfate method further, the cholesterol in extracts
of saponified (4.) sera was determined as. the pyridinium choles
teryl sulfate, the cholesterol digitonide, and by direct colorimetric
evaluation of the lipide extract (see Table III). The total
cholesterol values obtained by the sulfate method were similar to
the values obtained by the other two methods. Thus, the ap
plicability of the sulfate method to total cholesterol estimation is
indicated.

Table II. Typical Results in Recovery of Known AOlount8
of Cholesterol Added to Sera

A. Cholesterol in serum as digitonide by method of Sobel and Mayer
but reducing all volumes by half,

B. Cholesterol in serum precipitated as pyridinium eholesteryl sulfate.
Results are typical for all methods studied for extracting cholesterol from
serum. (Cholesterol was always added to serum before extraction in 0.1 ml.
of solvent used for extraction. Volume of solvent subsequently added was
correspondingly reduced.

C. Cholesterol in saponified serum precipitated as pyridinium cholesteryJ
sulfate after extraction with petroleum ether.

Table I. Precipitation of Cholesterol as Sulfate
(0.1 mg. used)

Reaction time, min. 5 10 15 20 3
907. 2Cholesterol precipitated, % 81.0 95.0 96.7 97.0

PYR. CHOL. SULFATE

0.40

0.39

0.38

0.37

~... CHOLESTEROL
(!)

9 0.2/

0.20

The rate at which color developed after addition of color reagent
to a solution of pyridinium cholesteryl sulfate in acetic acid was
found to be about the same as that with cholesterol or cholesterol
digitonide in that solvent (see Figure 1). Although it was veri
fied that equivalent amounts of cholesterol and cholesterol digi
tonide give the same intensity of color (8), the color developed on
the pyridinium cholesteryl sulfate was observed to be somewhat
less than that from a corresponding amount of cholesterol or the
digitonide. In all cases, maximum absorption was at 625 mil.

All cholesterol values given in this paper were determined on
the basis of cholesterol standards which were precipitated and
treated in the same manner as the unknowns. However, a cali
bration curve for pure cholesterol (prepared by determining the
color developed on standard solutions of cholesterol in acetic
acid) gave essentially the same values for cholesterol which was

0./9

where R = steryl radical, and may be applicable to hydroxy
sterols other than cholesterol.

The. results obtained in the determination of cholesterol in
blood with this new method were compared with results obtained
with Sobel and Mayer's (8) variation of the Schoenheimer-Sperry
(6) technique, both of which involve precipitation of cholesterol
as the digitonide. This reference method of Sobel and Mayer
was modified so that, by reducing all volumes by half,smaller·
amounts of serum (0.1 ml.) could be used, and a spectrophoto
metric method was devised which could be applied without
change to the colorimetric determination of cholesterol in the
form of the sulfate, the digitonide, or uncombined cholesterol.
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Table V. Cholesterol Determfrred as Sulfate after Extrac
tion in Alcohol-Acetone Mixture Evaporated at High

Temperabure; and as Digitonide
(Values given as ·rlO.l ml. of serum = mg. %)

1 2 3 4
Pyridinium cholesteryl sulfate, heating alcohol-

acetone extract 46.7 40.5 65.2 56.3
Cholesterol digitonide 46.2 43.7 61.8 54.5

The determination of "free" cholesterol as the sulfate is related
to the basic problem of what free cholesterol is. In 1936,
Drekter, Sobel, and Natelson (2) found that values for cholesterol
in blood, determined as the pyridinium cholesteryl sulfate, were
from 18 to 37% of the values obtained as the digitonide, although
cholesterol added to sera was' quantitatively recovered, within
experimental error, as the sulfate. They postulated that free
unesterified cholesterol, precipitated by digitonin, consists of
"loosely bound" and "unbound" cholesterol, only the latter being
precipitable as the sulfate salt.

EXPERIMENTAL

Reagents (all analytical grade). Carbon tetrachloride, If
on addition of redistilled chlorosulfonic acid the acid layer turns
brown, the carbon tetrachloride should be washed with water,
dried over anhydrous sodium sulfate, and redistilled.

Pyridine, redistilled.
Petroleum ether, 30 0to 60°.
Standard solution of cholesterol in carbon tetrachloride, 20 mg.

of cholesterol in 100 m!' (0.5 m!' of carbon tetrachloride contains
100 micrograms of cholesterol).

Alcoholic potassium hydroxide solution, 0.5 N. Dilute 3 m!'
of stock solution (10 grams of potassium hydroxide in 20 m!'
of water) to 50 m!' with aldehyde-free ethyl alcoho!'

Alcohol-acetone mixture, 1 to 1 by volume of 95% ethyl alcohol
and acetone.

Color-developing reagent (prepared freshly before use). Add
concentrated sulfuric acid to ice-cold acetic anhydride in a 1 to 25
ratio and mix well,

Saturated solution of chlorosulfonic acid in carbon tetrachlo
ride. Add sufficient chlorosulfonic acid (redistilled in all-glass
apparatus) to carbon tetrachloride so that, after shaking, a layer
of chlorosulfonic acid remains on the bottom of the solution.
This reagent is stable but should be discarded when a brown color
develops to any appreciable extent. Shake shortly before using
to ensure a saturated solution.

Precipitation of Cholesterol as Pyridinium Cholesteryl Sulfate.
To a solution of cholesterol in 0.5 m!' of carbon tetrachloride in
a 15-m!. centrifuge tube 0.1 m!' of pyridine was added. The
tube was shaken to mix the pyridine and carbon tetrachloride
layers and to wash any pyridine from the tube walls. Then 0.25
m!' of a saturated solution of chlorosulfonic acid in carbon tetra

The estimation of serum cholesterol as the pyridinium eholes
teryl sulfate should be of value:

To study the significance of free versus loosely bound cho
lesterol in health and disease.

To gain further insight into the cholesterol fractions of the
organism.

As a procedure for estimation of total cholesterol in serum fol
lowing saponification.

As a procedure for free cholesterol estimation, when time is an
important factor. The time required for evaporation of the alco
hol-acetone extract is 1 hour and for precipitation 0.5 hour.
The total of 1.5 hours is distinctly less than the time required
for the digitonin precipitation alone.

cholesterol is in some combination. Only 3% of the cholesterol
can be extracted with the same amount of petroleum ether that
will completely extract cholesterol from the same serum pre
viously treated with alcohol (unpublished experiments). Thus,
free cholesterol is not really free in the blood serum, but is defined
as free only by the fact that it is precipitated by digitonin in the
lipide extract. In making this lipide extract, lipide-protein com
binations are broken. It is possible that the combination of
cholesterol with a compound (or compounds) that acts as a
bridge to the protein still exists in the lipide extract. The possi
bility of such combination taking place during the process oflipide
extraction is not excluded. Such combinations may be broken
by digitonin as well as by evaporation of the acetone-alcohol ex
tract at high temperatures (see Table V).

Bills (1) points out the many combinations which cholesterol is
known to enter into in addition to fatty acids and esters. That
loosely bound cholesterol is some such combination and is broken
down by digitonin is suggested by the results of an experiment in
which cholesterol digitonide precipitates were dissolved in pyri
dine (5), the digitonin was precipitated with ether, and the soluble
cholesterol was determined as the sulfate (see Table VI).

The evidence that the sulfate method will quantitatively deter
mine cholesterol as the free alcohol may be summarized as follows:

Results on saponified sera are similar to results by two other
methods (see Table III).

Known amounts of cholesterol added to sera as the free alcohol
are quantitatively recovered with all types of extraction employed
(see Table II).

Following the precipitation of free cholesterol as the digitonide,
the cholesterol in the precipitate can be quantitatively deter
mined as the sulfate after splitting the cholesterol digitonide
(see Table VI).

158
192
192
268
278
283
281
380
833

318

Direct
Evaluation

164
185
192
265
277
278
287
384
835

319

Cholesterol
Digitonide

Av.

1
2

Sample
No.

1
2
3
4
5
6
7
8
9

No.

Table IV. Ratio of Cholesterol Deterrnrned as Pyi-ldfnturn
Cholesteryl Sulfate to Cholesterol from Same Extract

Detormfned as Digitonide
Chol. as Sulfate/Chol.

Method of Extr-action as Digitonide

Drekter et al. 0.18 to 0.37
Petroleum ethera} 0.54 to 0.83
Alcohol-acetone

3 Alcohol-ether 0.59 to 0.71
4 10% H2S04-CCI. 0.52 to 0.84
5 50% H2S04-CC14 0.38 to 0.90

Quantitative recovery of cholesterol added before extraction was obtained
in all cases. All extractions were carried out at room temperature.

a Give identical results with individual bloods. Other methods of extrac
tion not compared on same bloods;

Drekter, Sobel, and Natelson used three methods of extracting
cholesterol from serum (two involving boiling alcohol-ether mix
tures and the third involving extraction of serum dried on paper
with a refluxing 3% solution of pyridine in alcohol), all of which
gave essentially the same results. It appears, however, from the
authors' data, that the ratio of unbound to free cholesterol de
pends on the method of extraction used (see Table IV). Although
the results of these studies indicate a fairly wide range of unbound
to free cholesterol ratios, they suggested that relatively drastic
methods of extracting cholesterol from serum might break the
loosely bound cholesterol combination which Drekter et al. postu
lated.. Thus it might be possible to determine free cholesterol
(digitonin-precipitable) by proper extraction followed by precipi
tation as the pyridinium cholesteryl sulfate. That such extrac
tion methods are likely is indicated in Table V, which compares
the cholesterol precipitated as the digitonide with that precipi
tated as the sulfate after extraction of the cholesterol by an alco
hol-acetone mixture which is evaporated to dryness at high tem
perature.

The problem of the nature of loosely bound cholesterol will
bear further investigation. In blood serum itself most of the

Table III. Cholesterol in Saponified Sera
Determined colorimetrically after precipitation as pyridinium cholesteryl

sulfate and cholesterol digitonide, and directly on lipide extract. Values in
mg./l00 ml. serum)

Pyridinium
Cholesteryl

Sulfate

164
135
188
266
270
271
284
377
843

316



VOL U M E 2 3, N O. 3, MAR C H 1 95 1

chloride was added and the tube was shaken immediately to pre
vent caking of the precipitate which forms at once. The tube
was stoppered and left at room temperature for 20 minutes, dur
ing which time it was shaken once or twice. Then 5 ml. of
petroleum ether were added and the mixture was shaken and then
centrifuged for 10 minutes at 2000 r.p.m. The supernatant
liquid was discarded, the precipitate was washed by shaking with
4 ml. of petroleum ether, and the centrifuging and washing were
repeated. The precipitate was dried in a stream of nitrogen and
dissolved at up to 60 0 C. in 1 ml. of acetic acid, which was added
to wash the walls of the tube. If the acetic acid is not immedi
ately added to the precipitate, the tube should be tightly stop
pered to prevent absorption of moisture from the air. The pre
cipitation mixture diluted to about 6 ml. contains 0.85 ml. of
pyridine and carbon tetrachloride, in which pyridinium cho
lesteryl sulfate is soluble or slightly soluble. The use of more
petroleum ether might therefore increase the 97% precipitation
of cholesterol which is obtained.

Evaluation of Percentage of Cholesterol Precipitated as Sul
fate. In a typical experiment 100 micrograms of cholesterol were
precipitated in triplicate. The combined supernatant liquid
and washings were evaporated to dryness at 40 0 in a stream of
nitrogen. The cholesterol found in the residue (determined
colorimetrically) was 8.6 micrograms or 2.87 micrograms lost in
each tube. Thus the cholesterol precipitated was 97.13 micro
grams per 100 micrograms of sample.

The validity of this method for evaluating losses was estab
lished by evaporating the supernatant fluid and washings of the
reagents mixed in triplicate in the absence of cholesterol. Of
10.0 micrograms of cholesterol added to the resulting residue,
10.0 ± 0.18 micrograms were recovered in replicate estimations.

Cholesterol digitonide was precipitated by the method of Sobel
and Mayer (8), using 0.1 ml. instead of 0.2 ml. of serum and re-
ducing reagent volumes by one half. .

COLORIMETRIC DETERMINATION.

Ten minutes after the color-developing reagent was mixed,
3 ml. of the reagent were added to 1 ml. of acetic acid solution of
pyridinium cholesteryl sulfate, cholesterol digitonide, or pure
cholesterol. The color was allowed to develop at 25 0 in the dark
and after 35 ± 5 minutes was read in a Coleman Universal spec
trophotometer set at 625 mIL with a Coleman PCA filter in place,
using horizontal cuvettes of 5-cm. light path and 2.8-ml. capacity
(9). Readings of unknowns were compared with those of a
standard cholesterol sample containing 100 micrograms of
cholesterol, which was precipitated and treated in the same man
ner as the cholesterol in the unknowns. Color-developing rea
gent only was used as a blank, as the addition of acetic acid did
not alter results. With recalibration of the system, chloroform
may be substituted for acetic acid.

Density readings made for this paper are the average of at least
two determinations.

The precipitate of pyridinium cholesteryl sulfate fluoresces
under ultraviolet light, so that a fluorometric method might re
place the colorimetric method of determining cholesterol in this
precipitate.

SAPONIFICATION OF SERUM

To 0.2 m!. of blood serum in a 6-inch round-bottomed test
tube were added 5 ml. of 0.5 N alcholic potassium hydroxide solu
tion. The tube was shaken and placed in a 45 0 oven for an hour.
After saponification 5 m!. of petroleum ether and 3 ml. of water
were added, and the mixture was shaken in the hand to mix the
layers well. Then 0.5-ml. or 1.0-ml. aliquots of the petroleum
ether were transferred into 15-ml. centrifuge tubes, evaporated
to dryness, and taken up in 0.5 ml. of carbon tetrachloride, 2 ml.
of 1 to 1 alcohol-acetone mixture, or 1 ml. of acetic acid, and the
cholesterol present was determined colorimetrically as the sul
fate, digitonide, or directly without separation from other lipides.

CHOLESTEROL EXTRACTION METHODS

Petroleum Ether Extraction (see Table IV). To 0.1 ml. of
serum was added 0.1 ml. of alcohol and lipides were extracted
with two 2-ml. portions of petroleum ether, which was then
evaporated down. The extract was taken up in carbon tetra
chloride and cholesterol was determined as the sulfate; and in
alcohol-acetone cholesterol was determined as the digitonide.

Alcohol-Acetone and Alcohol-Ether Extractions (see Table
IV). A 1 to 1 alcohol-acetone (8) or 3 to 1 alcohol (8) ether
extract was evaporated down at room temperature and the ex
tract was taken up in carbon tetrachloride for precipitation of the
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sulfate. Precipitation of the digitonide was carried out in
alcohol-acetone.

Sulfuric Acid Extractions (10 and 50%, see Table IV). In a
3-inch test tube 1 ml, of 10% of 50% sulfuric acid and 1 ml. of
carbon tetrachloride were added to 0.1 ml. of serum and the mix
ture was shaken for 20 minutes and centrifuged at 2500 r.p.m. for
20 minutes. The cholesterol in a 0.5-ml. aliquot of the carbon
tetrachloride was determined as the sulfate and, after evaporation
of the carbon tetrachloride, as the digitonide in alcohol-acetone.

Heating Alcohol-Acetone Extract (see Table V). To 0.1 ml.
of serum in a I5-m!. centrifuge tube or 3-inch test tube were
added 2 ml. of alcohol-acetone mixture to precipitate protein.
The tube was shaken and centrifuged at 2000 r.p.m, for 10 min
utes, after which the supernatant liquid was poured off into a
15-ml. centrifuge tube. The protein precipitate was washed
with 1 m!. of alcohol-acetone mixture, and recentrifuged, and the
washed liquid was added to the initial extract. The centrifuge
tube containing the extract was placed in a hot water bath at
60 0 and the bath was heated slowly, so that 45 minutes later the
temperature was 100 0 C. The tubes were allowed to remain in
the 100 0 bath for 15 minutes, after which they were removed
and allowed to cool, and the dried extract was taken up in 0.5
ml. of carbon tetrachloride. Pyridinium cholesteryl sulfate was
precipitated as described above.

Table VI. Cholesterol in Sera
(Determined as sulfate from cholesterol recovered from digitonide precipi
tates, and directly as digitonide, Values given ,,/0.1 ml. of serum = mg. %)

1 2 3
Cholesterol digitonide 72.2 62.6 60.0
Cholesterol from digitonide

determined as sulfate 75.2 59.4 58.6"

o Value from same serum after extraction in 50% H 2S0 4and precipitation
as sulfate was 31.6 with recovery of cholesterol added before extraction of
97.1%.

Determination of Cholesterol in Digitonide Precipitates as
Sulfate. To the dry cholesterol digitonide precipitate from 0.1
ml, of serum 0.3 ml. of pyridine was added. After solution of the
digitonide, 10 ml. of diethyl ether were added. The precipitated
digitonin was redissolved in 0.2 m!. of pyridine after centrifugation
and removal of the ether, and then reprecipitated with 5 ml. of
ether. The tube was centrifuged and the ether extracts were
combined, evaporated down, and taken up in 0.5 ml. of carbon
tetrachloride, and the cholesterol present was determined as the
pyridinium cnolesteryl sulfate.

RECOMMENDED PROCEDURES FOR FREE AND TOTAL
CHOLESTEROL

Total Cholesterol. To 0.05 to 0.1 ml. of blood serum are
added 2.5 m!. of 0.5 N alcoholic potassium hydroxide solution.
The contents of the tube are mixed and heated at about 45 0 for
1 hour. This is followed by addition of 1.5 m!. of water and 2
ml. of petroleum ether, after which the tube is shaken for half a
minute by hand. One milliliter of the petroleum ether layer is
removed and evaporated to dryness. The residue is dissolved
in 0.5 ml. of carbon tetrachloride, cholesterol is precipitated as the
sulfate, and color is developed and evaluated as described above.

Free Cholesterol. Free cholesterol is determined as described
for cholesterol extraction methods, heating alcohol-acetone ex
tract.
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Microdetermination of Chlorine, Bromine, and
Iodine in Organic Compounds

Simplified Gravimetric Method

H. W. SAFFORD AND G. L. STRAGAND, University of Pittsburgh, Pittsburgh, Pa,

A modified gravimetric method has been devised by
which the chlorine, bromine, or iodine content of
organic compounds may be determined quantita
tively on a micro scale. Conventional microanalyti
cal equipment is used. The presence of nitrogen,
sulfur, and certain other elements causes no inter
ference. The sample is burned in an atmosphere of
oxygen using a platinum catalyst, and the halogen
gases formed are absorbed by a silver gauze with the
quantitative formation of the corresponding silver
halides; the resulting gain in weight of the gauze
represents directly the halogen content of the sampie.
In the presence of sulfur, the percentage of the
halogens is calculated after silver sulfate has been
removed from the absorbing silver gauze by water
extraction. Samples with halogen contents ranging
from approximately 10 to 97% have been analyzed
successfully by this method.

THE quantitative microdetermination of chlorine, bromine,
and iodine in organic compounds may be accomplished in a

variety of ways. Reviews of the earlier literature and outlines of
gravimetric and volumetric procedures for the estimation of
these elements can be found in classical textbooks dealing with
quantitative organic microanalysis (14, 15). Excellent discus
sions of later advances in organic microchemistry were published
not long ago (2, 6, 19, 20). Because of certain attendant diffi
culties in many of the earlier analytical schemes, there has been a
relatively recent increase in the number of publications devoted to
new methods and modifications of existing procedures.

Metallic silver has been used for many years as an analytical
reagent in quantitative organic microanalysis. Until recently,
perhaps its major role has been that of a scavenger for removing
interfering elements during the dry combustion of an organic com
pound. Lately, increased attention has been given to the use of
silver as a primary reagent in the microdetermination of certain
elements. As early as 1897, however, a procedure was developed
by Dennstedt in which, during a carbon and hydrogen determina
tion, tiny silver boats filled with molecular silver rested in the
combustion tube to react with halogens and sulfur that might be
in the sample (5). In the presence of oxygen gas, sulfur was pre
sumably fixed by the silver as silver sulfate, while silver halides
were formed directly. Subsequently, the silver boats were
removed from the tube and weighed, and the silver compounds
that had formed were dissolved in dilute potassium cyanide
solution. Sulfate ions in this solution were determined gravi
metrically with barium chloride. The difference between the
weight of the silver boats following combustion and the weight of
the sulfate gave the halogen content of the sample.

Following the original Dennstedt combustion procedure,
Lacourt and co-workers (11-13) caught the single halogens (ex
cept fluorine) on silver gauze heated to 350 0 C. The resulting
silver halides were put into solution, and precipitated as silver
iodide with excess standard potassium iodide solution, and the
potassium iodide not consumed was titrated iodometrically.
These authors claimed that of the halogens, chlorine, bromine,
and iodine, only chlorine could be determined directly from the
gain in weight of the silver gauze through halide formation.
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In an adaptation of the ordinary carbon and hydrogen micro
combustion train, Balis et al. (1) carried out a simultaneous deter
mination of carbon, hydrogen, and chlorine in gaseous organic
compounds. An absorption tube which contained fine silver wire
and electrolytic silver crystals at a temperature of 600 0 C. was
attached to the exit end of the combustion tube. The chlorine
content of a sample was estimated from the direct gain in weight
of this absorption tube during combustion. The tube was said to
require special handling in protecting the formed silver chloride
from the light during cooling and weighing. In certain cases
quantitative results were not obtained and the authors suggested
that the fixing of chlorine by silver is not a simple combination
reaction.

A somewhat similar procedure was used by Teston and Me
Kenna in their simultaneous determination of carbon, fluorine,
and chlorine in halocarbons (18). Chlorine (and bromine, if
present) reacted with silver wire in an absorption tube main
tained at 29~0 C. No interference from fluorine was reported
and the chlorine and bromine analyses seemed accurate within
='=0.9%. However, fluorine compounds containing hydrogen
could not be analyzed since hydrogen fluoride apparently was
formed; it etched the capillary tips of the tube containing the
silver, thereby changing its weight. In addition, the relatively
small surface area of the silver wire required that the absorption
tube be repacked after every four determinations.

Figure 1. Combustion and Absorption Apparatus

For organic compounds containing iodine, Jurecek (8) de
csmposed the sample by catalytic oxidation and passed the com
bustion gases over a boat containing silver dispersed on mag
nesium oxide. The contents of the boat were then dissolved in
dilute nitric acid and the silver iodide that had formed was
filtered and weighed.

Following the Belcher and Spooner empty-tube combustion
technique (3) almost exactly, Korshun and Sheveleva (10) have
reported the analyses of samples containing carbon, hydrogen,
sulfur, and the halogens (except fluorine). Silver ribbon placed
in an absorption tube following the combustion tube, and heated
to 450 0 C., retained the halogens. The limit of accuracy for the
halogen analyses based on the weight gain of the silver was ap
proximately 0.5%. Divided opinions have been expressed
(3, 4, 7, 9, 17) concerning the general applicability of the un
packed- or empty-tube method of combustion. Undoubtedly
further studies should be made to eliminate some of the difficulties
that exist at present.

In view of the researches cited and results of earlier studies in
this laboratory (17), it was believed that a simple, direct gravi
metric method could be devised for the determination of chlorine,
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PROCEDURE

0.23
0.11
0.10
0.04
0.08
0.25
0.22

0.12
0.23
0.13
0.09
0.16
0.06
0.01
0.22
0.05
0.13
0.18
0.01
0.16
0.16
0.03
0.30

0.12
0.23
0.01
0.22
0.21
0.24
0.06
0.32
0.18
0.29
0.08
0.22
0.05
0.10
0.03
0.02
0.27
0.20
0.24

Deviation 0 f
Average from

Theory

folded in, and the completed roll fits the combustion tube with
moderate snugness but not so tightly that it cannot be removed
easily with a platinum wire hook. A typical roll used in this
work was 4.8 em. long, had 3.25 turns, and weighed 4.7 grams.
Before use, each gauze roll is cleaned and conditioned as de
scribed in an earlier publication (17).

The three platinum contacts at DEPG are the familiar ACS
micro stars and are placed end to end so that contact FG extends
about 1 em. from the entrance end of furnace H. Normally a
temperature of 650 0 to 700 0 C. is maintained at E, the hottest
zone of combustion furnace H. During an analysis, the silver
gauze roll is placed with one end at A, the center of absorption
furnace L, while the maximum temperature of this furnace is
held between 400 0 and 425 0 C. in order that the melting points of
the formed silver halides will not be exceeded.

Furnaces Land H are brought to operating temperatures and
a clean, dry, silver-gauze roll is weighed and positioned inside the
combustion tube as indicated previously. A sample of approxi
mately 3 mg. is introduced in platinum boat K and an oxygen
flow rate of from 6 to 8 nil. per minute is established by attaching
a Mariotte bottle at the exit end of the combustion tube and ad
justing the pressure regulator as required. After the desired rate
is attained, the Mariotte bottle is permanently disconnected and
the rate of flow is checked periodically by observing the bubble
counter.

Combustion is carried out with a movable burner, the rate of
vaporization and burning of the sample depending upon the type
of compound analyzed. The usual reburning operation is recom
mended, followed by a 10-minute flushing-out period to permit
all products of pyrolysis to pass the silver gauze.

When combustion is complete, the gauze roll is withdrawn,
transferred to a copper cooling block for 10 minutes, and then

weighed. In the absence of
sulfur, the gain in weight noted
at this point (caused by halide
formation) represents directly
the chlorine, bromine, or iodine
content of the sample. (Analy
ses based on subsequent ex
traction of the silver halides
in various solvents have not
proved satisfactory.)

When both sulfur and one
of these halogens are present,
the gain in weight of the silver
gauze represents sulfate plus
halide. For this case, following
combustion and weighing, the
gauze roll is placed in a beaker
and covered with boiling dis
tilled water for approximately
5 minutes to dissolve and re
move the silver sulfate formed
during combustion. The silver
gauze is removed, washed
thoroughly with distilled water,
alcohol, and ether, dried di
rectly in a standard microre
generating or drying block,
and weighed after cooling.
The loss in weight at this
stage represents the weight of
silver sulfate formed during
the analysis; multiplication of
this weight loss by the factor
0.3081 (SO./Ag2SO.) gives the
weight of sulfate formed origi
nally; this latter quantity
subtracted from the total gain
in weight of the gauze yields
the halogen content of the sub
stance analyzed.

After each analysis it is ad
visable to remove accumulated
silver salts from the silver
gauze. For silver chloride, im
mersion in 10% ammonia
water for '5 minutes is effec
tive, but for silver bromide

% Halogen,
Found

45.16,45.00
57.99,58.20
96.55,96.63
51.16,51.09
20.92
32.11,32.19
36.62,36.73

42.18
43.42
74.84
17.15
21.48
27.54
28.14
27.91
28.09
29.47
31.06
32.61
39.61
73.49
48.89,49.08
21. 75

13.08,12.85
12.01
14.62
17,27, 17.29
22.44
38.96
55.09
71.62
14.58
12.12
13.73
15.91
16.27
21.26
25.65
16.23
16.89,16.89
20.20
29.84,29.88

% Halogen,
Theory

13.00
11.78
14.61
17.50
22.65
39.20
55.03
71.30
14.40
11.83
13.65
16.13
16.22
21.16
25.68
16.21
17.16
20.00
30.10

42.30
43.19
74.71
17.24
21.64
27.48
28.13
28.13
28.14
29.60
31.24
32.60
39.77
73.33
49.02
22.05

45.31
58.21
96.69
51.17
21.00
32.40
36.46

Analysis of Organic Halogen COInpounds

Elements
Present

C, H, Cl
C, H, 0, Cl
C, H, 0, Cl
C, H, 0, Cl
C, H, 0, or
C, H, 0, Cl
C, H, 0, Cl
C, H, N, Cl
C, H, Si, Cl
C, H, 0, N, Cl
C, H, 0, N, Cl
C, H, 0, N, Cl
C, H, 0, N, CI
C, H, 0, N, Cl
C, H, 0, N, Cl
C, H, 0, S, Cl
C, H, 0, S, Cl
C, H, 0, Si, Cl
C, H, 0, Si, Cl

Table I.

Hydrocarbon C,H.CI,I 53.70 53.41,53.52 0.24,
Hydrocarbon C, H, Cl, I 58.10 58.42,58.31 0.27
Not known C,H,O,CI,I 57.02 57.20,57.01 0.09

a All the compounds are research samples except those marked with a superscript b which are standard com
pounds.

b Standard compounds.

Acetylellic bromide C, H, Br
Olefin C, H, Br
Olefin C, H, Br
Steroid ketone C, H, 0, Br
Ester C, H, 0, Br
Ester C, H, 0, Br
Ester C, H, 0, Br
Lactone deriv, C, H, 0, Br
Ester C, H, 0, Br
Ester C, H, 0, Br
Ester C, H, 0, Br

~:~~~~o\ee~~:ic acid b 8: ~: 8: ~~
Bromohydrin o. H, 0, Br
2-Bromothiophene b C, H, S, Br
Porphyrin C, H, 0, N, Br

p-Iododipheny'l b C, H, I
p-Iodotolllene b C, H, I
Iodoform b C, H, I
o-Iodobenzoic acid b C, H, 0, I
Steroid quaternary salt C, H, 0, N, I
Quaternary ammonium compound C, H, 0, N, I
/l-Diketone C, H, 0, S, F, I

Type Compound'

Hydrocarbon
Acid chloride
/l-Chloroanthraquinone b
Ester
o-Chlorobenzoic acid b
Ester
Chlorohydrin
Tar base
Orgenoailicon
Amino acid deriv.
Peptide
Quinoline hydrochloride
Butyryl chloride
Peptide
Peptide
Aromatic sulfonyl chloride
Aromatic sulfonyl chloride
Organosilicon
Organosilicon

bromine, or iodine through the reaction of these elements with
silver to form weighable compounds. It seemed necessary to
ascertain an appropriate temperature for the fixing of all three of
these halogens, since for chlorine alone recommended tempera
tures ranging from 295 0 to 6000 C. had been reported. Also, it
was hoped that any procedure developed would not be too greatly
restricted by the nature of the elements, other than the halogens,
that might be present. A final desirable feature was to be the
use of conventional microanalytical equipment. The method
that evolved from these considerations is described herein.

APPARATUS

The essential features of the combustion and absorption
apparatus are shown in Figure 1. Commercial tank oxygen is
passed directly into a standard ACS pressure regulator (16)
three fourths filled with saturated sodium carbonate solution,
through a drying tube containing anhydrous magnesium per
chlorate, and finally into a bubble counter containing 5% sodium
hydroxide solution (these items of equipment are not shown)
before entering the combustion tube. The latter is a 3-foot (90
em.) length of standard wall Vycor tubing with an outside diam
eter of 13 mm. and a wall thickness of 1.2 mm. Side arm J is
optional. The exit end of the combustion tube normally remains
open to the atmosphere.

In this investigation, Fisher and Sargent micro combustion
furnaces were used interchangeably for furnaces Land H.
However, furnace L might well be of the. standard ACS micro
preheater type, in which case a standard Vycor mierocombustion
tube could be used after cutting off the conventional reduced end.
The distance which the combustion tube protrudes from furnace
L is not critical, except that its shortness will minimize possible
loss from abrasion when the silver gauze roll at M A is introduced
and removed. This metallic silver absorbent is a compact roll
formed from an approximately 5-cm. square of 30-mesh wire
gauze. In its preparation all protruding tips of silver wire are
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and silver iodide the respective solvents are 10% sodium thio
sulfate and 2% potassium cyanide solutions. Potassium cyanide
is the best solvent for all the silver halides. Excess solvent and
reaction products are removed by thorough washing with hot
distilled water, alcohol, and ether. Before being used for another
analysis, the gauze 1'0)) is placed in the combustion tube at
operating temperature while oxygen is passed over it. After 10
minutes the 1'0)) is withdrawn, cooled, and weighed. This pro
cedure of heating and cooling is continued until constant weight
(±5 micrograms) of the roll is established.

DISCUSSION

Table I presents the results of the analyses of various known
compounds for chlorine, bromine, and iodine, together with deter
minations on research materials. The values reported are based
on the gain in weight of the silver gauze 1'0)) through silver
halide formation. Exceptions are the three samples containing
sulfur, for which the halogen contents were calculated by dif
ference after silver sulfate had been removed by water extraction.
Few duplicate values could be given for the chlorine and bromine
analyses because, for the research compounds analyzed, only
single determinations had been requested of the service labora
tory. However, for the large number of compounds investigated
the data indicate that the accuracy of the method is satisfactory
for the determination of chlorine, bromine, and iodine in a variety
of substances without interference from the other elements shown.

When a simultaneous determination of sulfur (17) and chlorine
or bromine is attempted, one of these elements usuaJly is found
quantitatively at the expense of the other. The explanation lies
in the fact that the lowest temperature, 450 0 C., recommended for
the quantitative reaction of sulfur trioxide with the silver gauze
to form silver sulfate is too high for complete retention of either
silver chloride or silver bromide. At this temperature these
compounds will volatilize in part from the roll, since silver
chloride and silver bromide melt at 455 0 and 434 0 C., respectively.
On the other hand, if one wishes to determine chlorine or bromine,
the silver gauze must not be heated beyond, say, 425 0 C., and
this temperature appears to be too low for quantitative absorption
of sulfur trioxide. There should be no difficulty in determining
sulfur and iodine simultaneously, because silver iodide decom
poses at a temperature considerably in excess of 450 0 C.

Nevertheless, sulfur and these halogens can be estimated
accurately in the presence of one another by carrying out two
separate analyses. For the first determination, the silver roll is
maintained at a temperature of 450 0 to 550 0 C. to favor quantita
tive formation of silver sulfate; this compound is then extracted
in boiling water and the sulfur percentage is calculated. The

ANALYTICAL CHEMISTRY

second analysis is carried out with the silver gauze at 400 0 to
425 0 C. Any silve~ sulfate formed is extracted and the weight
loss is converted to a weight of sulfate; the latter quantity when
subtracted from the initial gain in weight of the gauze roll yields
the halogen content quantitatively.

A further possibility for a simultaneous determination would
involve the use of two silver rolls, the first being heated to 400 0

to 425 0 C. to react with all of the halogen and a portion of the
sulfur (sulfur trioxide), and the second 1'0)) being maintained at
approximately 500 0 C. to retain the rest of the sulfur. Thermo
static sleeves similar to those used to heat the lead dioxide react
ant in a carbon and hydrogen determination would be suitable as
furnaces to develop the various temperatures which are required.
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Recommended Specifications for Microchemical Apparatus
Micro-Kjeldahl Nitrogen

C mnm.ittec for t h e S t a n d a r d iza t io n of M ic r o chcm.ica l Ap p a r a t us, Divi sion of Analytical
Chem.istry , AMERICAN C HEM ICAL SOCIETY

AL ST EYERM AHK, Ch airm an , Hoffmann-LaRoche , Inc. , Nu tley, N . ].
H. K. ALBE n, Arth u r H . Thomas Co. , Philadelphia , Pa.
V. A. ALU IS E, Exp eriment Station, Hercules Po wder Co ., W il m ington, Del .
E. ' V. D. HUFFMAN, Huffman ,Wicroan aly tical Laboratories , Denver , Colo.
J. A. KUCK, College of the City of New York , N . Y ., and American Cyanamid Co ., Sta m f ord, Con n.
J. J. MORAN, Kimble Glass, Di vision of Owens-Illinois G lass Co ., Vi nelan d, N . J.
C. O. WI LLITS, Eastern R egional R esearch Laboratory , Philadelphia, Po.

R E COM ME NDE D specifications for microchemical appara
tus used in the carbon -hydrogen, Du mas nitrogen, halogen,

and sulfur determinations (2 ) and the pr oposed program for th e
future (J) have been published. The present paper includes rec
omm endations for the appara tus used in the K jeldah l nit rogen
determination and includes the following:

. Kj eldah l digestion flasks, 10,30,30 (Soltys), and 100 m!.
Micro digest ion ra ck
Manif old for micro digestion rack
Micro-Kjeldah l distillation apparatus, Pregl T ype (Pa rnas

Wagner ); electric steam generator
Micro-Kj eldah l dist illation appara tus (one-piece model)

All recommendations ha ve been mad e only after considerab le
experimental work by members of the committee .

Kj eldahl Digestion Flasks. Specifications for four types of
flasks are recomme nded-IO, 30, 30 (Soltys), and 100 m\. These
are shown in Figures 1, 2,3, and 4.

Micro Digestion Rack. The following specificatio ns ar e
recommended.

The rnicro-K jelda hl digesti on ra ck should be portable and
consist of two parts, t he flask heaters and the manifold support .
T he ra ck should provide for six Kj eldahl flasks, capac ities 10 to
100 m!.

HEATEUS. The source of heat may be either electricity or gas.

17tO.5MM 0 .0.
WALL 1.0 -L3 MM

The heaters must maintain a mixture
of 2 m!. of sulfuric acid plus 1.30
grams of potassium sulfate at its boiling
point (350 ° C.). T he heaters must be .
sufficiently adjus table to provid e for a
mild digestion (low temperature) as
well as dist illation ra tes that will main
tain refluxing of the acid into th e neck
of th e flask. To avo id excessive heating
of th e flask necks, a shield is provided
above th e heaters. The shield shou ld
have circu lar openings not to exceed 26
mm. in diamet er, directly above each
heati ng element . The openings must
be spaced 67 d= 7 mm. on centers. The
rack must be provided with deflectors
mounted under th e burners to prevent
overheating of the bench top.

Gas Heaters. T he burners should
be individually adjustable, with handles
conveni ently located at the front of the
ra ck, and so const ructed th at th ey will
be cool enough to manipulate even
after long periods of operation. T he
burn er must 'produce a nonlu rninous
flame.

Ele ctric Heaters. E lectric heaters
must perform satisfactorily at 100
volts. The controls must be conven
iently located and should not become
too hot to handle on continued op-

tZI.SMM MAX.

BEAD AND POUROUT
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APPROX. I
90MMII

~
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'?>o \ .
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,:>0'<-

APPROX. I SQ.eM
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OPPOSIT E POUROUT

(FOR LABELLING)

Figure 3. 30-MI. (Soltys) Kj eldahl Fla sk
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Fi gure 2. 30-MI.
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eration. Not more than two heaters should be operated from
one set of controls.

MANIFOLD SUPPORT. T his must hold the manifold securely,
and also be adjustable, so that the manifold will support all the
recommen ded sizes of flasks at the proper angle during digestion.

Manifold for Micro Digestion Rack. Figure 5 shows the
recommen ded mani fold . Any of th e four types of Kjeldahl di
gestion flasks may be used with it.

Distillation flask, G "
Filling funnel, H
Condenser tube (glass or silver ), J
Condenser jacket (West type), K
Drain, L

A new type of generator is recommended th at provides closer
cont rol of steam generation th an the usual gas-heated distill ation
flask. Thi s all-glass steam generator, F igure 7A, is a wide
mouthed commercially available resin reaction kettle (Corning
Glass Works, Corning, N. Y. ), Th e interchangeable cover ,
with fiat- ground rim and four ground-glass T sto pper tubulaticns,

Figure 4. 100-M1. Kjeldahl Flask

Micro-Kjeldahl Distillation Apparatus, Pregl Type (Parn as
Wagner). This apparatus, shown in Figures 6 and 7, is composed
of the following parts:

Steam generator (2000-ml. capacity), A
Steam tube, B
Wiring assemb ly, C
Steam trap, D
Tube, E
Connecting tube, F

Figure 6. Miero-Kjeldahl Di stillation Ap p ara t us,
Pregl T ype (Parnas-Wa gner)

zoeo.s MM 0 .0.
WALL 1.0 - 1.S MM

APPROX. I SQ. CM
SA NDBLASTED

AREA
(FOR L ABELL ING)

APPROX.
110 MM

r7
70±Z MM

Zlo r!> MM

520 ±10 MM

Z60tSM M

22-23 MM DIA . HOLES
(22MM MIN.)

PUSH IN SL IGH T LY
TO FOR M REINfORCING BEAD

--W- -cD"

IO:!:IMMO.D
WALL IY4MM

SECTION A-A

Fi~ure 5. Manifold for Micro-Kjeldahl Digestion Rack
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e±o,s MM 0,0.
WALLIMM

ror o.s 101M 0.0.
WALL 1101101

40:!:3MM

J I ) 10MMO.D,APPROX.

I GLAZED
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Figure 7D. Steam Trap

S4±ZMM
WALL 13/4 MM

Figure 7B. Stearn Tube
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LE CLAMP,
o TOP
ESSEL

40 "1 1
" \ 'r I

I I \ . I \ I :suli:~
O.,~ ((1-"- ~- ~ J l ~t"" "'"( - - - - - - "' ONTO VI I 1/ I

I I
I

I I
170tS""M

140! 3 MM

tSMM

\

lIS

CENTER OPENING T
TO ACCOMMODAn:*JOINT~

J OUTER OPENING5.",.
TO ACCOUMODATE~ JOINT

&

120·

Figure 7A. Steam Generator, Micro-Kjeldahl Distillation
Apparatus, Pregl Type (parnas-Wagner)
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is held in place with suitable
clamps, To the center tubulation
is attached the steam tube, Fig
ure 7B, Two of the outer three
tubulations are used for the leads
of the electric heater assembly,
Figure 7C. The remaining tubu
lation is used for a water inlet,
or mounting a glass rod support
for the resistance wire coil. The
resistance of the heating spiral
is about 16 ohms. The rate of steam generation is readily con
trolled by means of a 7.5-ampere variable autotransformer.
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Distillation Flask

obtained with a one-piece model by
many, including members of the com
mittee, the design was studied . The
specifications recommended here are
th e result of this work.

This revised model is used with the
electric steam generator, Figure 7A,
forming a st urdy, compact unit . The
complete apparatus is shown in Fig
ures 8 and 9.

The inner portion of this apparatus
is heated by steam flowing th rough the
system, in cont rast to mainte nance of
the temperature by a vacuum jacket
as in Figure 7G. The steam enters
th rough the vertical tube extending
almost halfway up the outer jacket at
the left , surrounds the distillation flask
proper (inner jacket ), and passes into
the small bent tube near th e top at th e
right (abo ve the sam ple funnel inlet) ,
and then downward through the bent
portion of the tube at the lower end of

T his steam generator is also used with the Kjeldahl distillation
apparatus, one-piece model (Fi gures 8 and 9), described below.

Changes have been made in the conventional designs of the
distillation flask, Figu re 7G, and the condenser tube, F igure
7 J . Th ey include a ball and socket joint connection, which
should belubricate d with stopcock grease and held together with
a suitable clamp, and a West- type condenser.

Kjeldahl Distillation Apparatus. O NE-PIECE MODEL (Figures
8 an d 9). An apparatus of this type, bu t having slightly dif
ferent dimen sions, has been commercially available for some
time (Scientific Glass Appa ratus Co., In c., Bloomfield, N. J.).
The origin of this apparatus is unknown, although attempts have
been made to esta blish it. Because excellent results have been

Figure 8. Micro-Kjeldahl
Di stillation Ap pa r a t us

One-pie c e model

the inner jacket, and up into the cent er portio n or the distillation
flask. The two traps with T-shaped tubes hold back alkali spray.

OPERATION. With both stopcocks open, the sample is in
troduced through the funn el and th e curved tube into the inner
chamber or distillation flask . Th e alkali is added in like mann er,
displacing the acid portion upward. Steam is genera ted with th e
stopcocks on both the sampl e inlet funnel and th e drainage tu be
closed, and the distill ation is allowed to proceed.
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Several methods of cleaning can be used. The following
one has been found satisfactory, particularly when boiling chips
are employed in the digestion:

While steam is being generated and with both stopcocks closed,
the sample inlet funnel is filled with wate r and the t ip of the
condenser immersed in about 100 ml, of water contained in a
beaker. Steam generation is stopped, and stopcock of th e funnel
is opened slowly, being closed before all the water has drained
into the apparatus. Reduced pressure causes water to be sucked
from the beaker into the apparatus, washing it . Th e stopcock
in the drainage tube is opened to empty the liquid which has

collected in the outer jacket, the steam generation is started
again , and the procedure is repeated.
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Boruul-Table Discussion

ANALYTICAL DISTILLATION
Digest of stenographic report of round-table discussion held by Division of
Analytical Chemistry, 118th Meeting, ACS, Chicago, Ill., September 1950

Moderator: ARTHUR ROSE, The Pennsylvania State College, State College, Po,

THE discussion dealt in succession with concentric-tube
columns, effect of nonadiabatic operation, total-reflux dis

tillation, test mixtures, interpretation of distillation curves,
spiral-screen columns, and spinning-tube columns. These
specific items introduced the more general subjects of apparatus,
procedure, testing, and interpretation.

CONCENTRIC-TUBE COLUMNS

R. M. Kennedy of Sun Oil described the small concentric-tube
columns (.·n which are used in the laboratories of his company.
These are used for analysis of complex hydrocarbon mixtures,
using 100ml. samples and analyzing the fractions by infrared pro
cedures. The small sample size saves some time, but the big
saving is in the scale on which over-all research programs can be
executed. The annulus of the columns is about 0.7 mm. and the
H.E.T.P. (height equivalent to a theoretical plate) is about 5 mm.
at total reflux and 60 m!. per hour boilup rate. The holdup is
0.02 to 0.03 m!. per theoretical plate. The efficiency factor is
2500 reciprocal hours which is exceeded only by certain Pod
bielniak columns and by the Rossini rotary concentric-tube
columns. The rate of product removal is 0.3 m!. per hour, and
reflux ratios of up to 200 are used.

It was also brought out that vacuum operation would probably
be difficult with the 0.7-mm. annuli, but that for this purpose
larger annuli (up to 2 or 3 mm.) had been used successfully by
Kuhn. Foster of Standard Oil of Indiana reported difficulty in
maintaining boiJup rate in vacuum distillation with these col
umns. He attributed this to large pressure drop caused by too
small annular spaces. There was some doubt as to whether the
concentric-tube columns would be highly advantageous for dis
tillations requiring a small number of plates and low reflux.
Kennedy felt that the rate of approach to equilibrium was prob
ably slow in concentric-tube columns. Schoenberger of Pod
bielniak, Inc., indicated that the advantageous characteristics of
concentric-tube columns had been definitely confirmed.

NONADIABATIC OPERATION

John R. Bowman of Mellon Institute inquired if it was critical
to maintain the concentric-tube column in an adiabatic condi
tion. The answer was negative. The columns are fitted with
vacuum jackets and operated up to 125 0 C. without external
heaters, and up to 250 0 C. with a suitable heating mantle.
Kennedy stated that data indicated better operation when
columns were operated nonadiabatically.. Weitkamp of Stand
ard Oil of Indiana reported the same experience with other types
of columns. Bowman said this was probably due to occurrence
of thermal rectification (3). The combined effect of thermal
and contact rectification was shown to give improved separation
under nonadiabatic conditions. There was agreement that it
was difficult to secure adiabaticity and to determine its existence
with certainty. C. R. Begeman of Podbielniak, Inc., cited data
at total reflux showing increase of H.E.T.P. with increasing heat
loss.

METAL SCREEN COLUMNS

J. E. Hawkins of the University of Florida pointed out the de
sirable characteristics of Lecky and Ewell (5) spiral-screen col-

umns for vacuum distillation of relatively viscous liquids. One
column with 46 inches of packing, with the spiral screen in the
annular space between 18- and 37-mm. tubes, had an H.E.T.P.
of less than 1 inch, a holdup of 1 m!. per plate, a total pressure
drop of about 2 mm. of mercury when operating at 20 mm., and a
head reflux of 2.5 ml. per minute. With smaller columns,
H.E.T.P. was 0.6 inch, holdup was 0.15 m!. per plate, and pres
sure drop was about 2 mm. of mercury. These columns have
the same H.E.T.P. at 20 mm. of mercury pressure as at atmos
pheric pressure.

Hawkins also recommended the use of 5-mm. diameter,
twisted-screen packing (1) for analytical distillations of small
quantities of material.

SPINNING-TUBE COLUMNS

F. D. Rossini of the Carnegie Institute of Technology de
scribed briefly the rotary concentric-tube distilling column (9)
and its characteristics. He stated that a larger model of this
apparatus was in process of development. The need for main
taining turbulence in the fractionating zone was pointed out;
a rotor 5 inches X 5 feet with an annular space of 1 mm. and
operating at 4000 and 8000 revolutions per minute is necessary.
At the higher speed, and at a throughput of 1 gallon (liquid) per
hour, it is estimated that this apparatus will have a separating
power equivalent to 500 theoretical plates.

TOTAL REFLUX DISTILLATION

Rossini brought up the possibility of an analytical distillation
in which all of the charge is placed in the rectifying section and
brought to equilibrium at total reflux; then, using infrared ex
amination or some other suitable means at various points along
the length of the column, the composition could be determined.
Rossini described the process as it occurs in any fractionating
column as distillation or adsorption; he also described how the
number of theoretical stages in a column might be calculated for
such a case. H. R. Kaiser of Podbielniak, Inc., indicated that an
automatic distillation apparatus operating on this principle was
in an advanced stage of development. It was indicated that the
time required to reach equilibrium was about the same as in
ordinary batch distillation. Begeman stated that experiments
had been made in a 3-foot column with temperature measure
ments every inch to obtain a curve for a six-eomponent hydro
carbon mixture. This was used to calculate a value for total
plates in the column that was in excellent agreement with the
value obtained by conventional means. There are some unex
plained discrepancies in the compositions calculated from such
curves, and it is believed these have to do with holdup distribu
tion. Rossini indicated the need for a better method of deter
mining the composition than measurement of the temperature.

COLUMN TEST MIXTURES

R. F. Marschner of Standard Oil of Indiana pointed out the un
satisfactory situation with regard to rapid testing of columns
with 100 or more theoretical plates. The mixtures used have too
large and too variable a relative volatility, or the methods of
analysis are cumbersome. Marschner suggested the use of iso-
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topic mixtures as test liquids, and indicated that preliminary ex
periments had been successful.

Hawkins suggested a mixture of ethylbenzene and chloroben
zene as an ideal test mixture for columns with up to 80 plates, and
also for tests at both atmospheric and subatmospheric pressures.
Its relative volatility ranges from 1.10 at 760 mm. to about 1.12
at 20 mm. of mercury pressure. The use of an n-heptane
methylcyclohexane mixture at reduced pressures was also sug
gested.

F. E. Williams of Hercules Powder Co. pointed out the lack of
test mixtures composed of compounds other than hydrocarbons.
Rossini felt this was because hydrocarbons were more easily ob
tained in the pure state than other types of compounds.

INTERPRETATION OF DATA

Williams pointed out the complexities of analyzing break cuts
to obtain over-all composition, and the desirability of being able
to calculate composition directly from the boiling point or re
fractive index curves. Schoenberger recommended the use of the
equal-area cut-point method for low temperature distillations,
but also indicated this method had definite limitations. Rossini
observed that from accurate boiling points and vapor pressure
temperature curves it is possible to calculate the boiling point of
an equimolar mixture and thus establish the cut point. The

Bound-Table Discussion

ANALYTICAL CHEMISTRY

additional difficulties which result from the presence of"a third
component during the break were noted.

Hawkins described the calibration of columns with known mix
tures, in order to obtain arbitrary correction factors for locating
cut points and account quantitatively for the material subjected
to analytical distillation.
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Direct Determination of Oxygen in Organic Compounds
Thermal Decomposition Method

Report of round-table discussion held by Division of Analytical
Chem.istry, 118th Meeting, ACS, Chicago, Hl., Septmnber 1950

Moderator: V. A. ALUISE, Experiment Station, Hercules Powder Co., Wilmington, Del.
Panel: H. K. ALBER, Arthur H. Thomas Co., Philadelphia, Pa.

H. S. CONWAY, Research Department, Standard Oil Co. (Indiana), Whiting, Ind.
C. C. HARRIS, Polychemicals Department, E. I. du Pont de Nemours & co., Wilmington, Del.
W. H. JONES, Esso Laboratories, Esso Standard Oil Co. (Louisiana), Baton Rouge, La.
W. H. SMITH, National Bureau of Standards, Washington, D. C.

ALTHOUGH numerous articles have been published on the
.t\.. direct determination of oxygen in organic compounds, up
until the last decade there was no generally used method for this
determination. Hans Meyer (26) in 1938 advanced the follow
ing reasons for this: "The methods ... for the determination of
oxygen are extremely bothersome and not of general applica
bility, so that they are scarcely ever used by anyone besides their
discoverers. "

Walker and Patrick (35) were the first investigators to apply
the principle upon which the thermal decomposition method is
based. They determined oxygen in steel by melting the sample
with graphite and measuring the resulting carbon monoxide with
iodine pentoxide. Schiitze (29) used this principle to determine
oxygen in zinc dust; at the same time (30), he published a general
semimicromethod for determining oxygen in organic compounds.
This is a thermal decomposition method based on the water-gas
reactions.

Shortly after Zimmermann (38) had adapted Schiitze's method
to a micro scale, Unterzaucher (33) made improvements in the
microprocedure which eliminated any blank correction. He
presented an extensive table of remarkably accurate oxygen re
sults on both organic and inorganic compounds.

The excellent review article by Elving and Ligett (11) and the
work of Aluise et al. (4) aroused great interest in the Unterzaucher

method in this country. Various other investigators (5, 7-9, 15,
20, 24, 36) have reported this method as satisfactory, and an
increasing number of laboratories in this country are now using it
routinely.

Essentially, the procedure involves pyrolysis of the sample in a
stream of an inert gas and conversion of all the oxygen in the
pyrolysis products to carbon monoxide over carbon at about
1120 0 C., according to the water-gas reactions. The carbon
monoxide, which is a measure of the oxygen in the sample, may
then be determined in anyone of several ways: by oxidation with
iodine pentoxide and measurement of the products volumetrically
or gravimetrically; by colorimetric measurement; and by ther
mal conductivity measurement.

OXIDATION METHOD

After oxidation of the carbon monoxide with iodine pentoxide,
Schiitze (29, 30) and subsequent investigators (5, 20, 38) weighed
the carbon dioxide formed. Unterzaucher (33) and other workers
(4, 7, 9, 19, 24) determined the liberated iodine titrimetrically
after oxidation to iodate. Korshun (20) weighed both the carbon
dioxide formed and the iodine liberated, and thus claimed to avoid
the necessity of doing duplicate determinations. Deinum and
Schouten (8) reported a procedure in which the carbon monoxide
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is oxidized with red mercuric oxide and the resulting carbon
dioxide is determined titrimetrically. .

Holowchak (16) described a modification in which the carbon
monoxide is oxidized with copper oxide at 300 0 C. After re
moval of water in a dry ice trap, the carbon dioxide in the gaseous
pyrolysis products is trapped by liquid nitrogen and determined
manometrically in a two-way system, one for small amounts and
one for large amounts of carbon dioxide.

In discussing the importance of the direct determination of
oxygen in the petroleum industry, Conway (6) presented data
showing a relative error of 1 to 2% on samples containing over
10% oxygen and a relative error of 5% on samples with lower oxy
gen content. He stressed that experience and painstaking
manipulations are essential to obtain consistent precision and ac
curacy with the Unterzaucher procedure.

Jones (18) discussed the results of the American Petroleum
Institute cooperative program for oxygen analysis being con
ducted by his A.P.I. subcommittee on analysis of oxygenated
compounds. In discussing the Unterzaucher procedure, he
stated the following:

1. Although the participating laboratories reported excellent
precision on several synthetic mixtures, the accuracy varied and
considerable difficulty was experienced in obtaining satisfactorily
low blanks.

2. Based'on experiences reported to date, the analysis by this
procedure appears to be somewhat of an art, and only after re
peated and continuous efforts can any laboratory, trying for the
first time, obtain even partially satisfactory results.

3. Further research on this method is necessary in order to
eliminate some of the uncertainties which are apparently inherent
in the method.

Alber (1) discussed the latest developments in the method by
European chemists. He reported that, from his many discus
sions with investigators abroad, it appears that the Unterzaucher
procedure is most frequently used for determination of oxygen.

Those laboratories using the oxidation method for determining
the carbon monoxide have reported satisfactory results for oxygen
in a variety of materials, such as resins, aliphatic and aromatic
compounds, terpene derivatives, oxygen-containing polymers,
coal, bituminous and petroleum products, and various inorganic
substances. The amount of oxygen in these materials ranged
from a few hundredths per cent to approximately 76%. In
many instances, nitrogen, sulfur, and halogens were also present,
alone or in combination. Most workers did not encounter any
difficulty with compounds containing any of these constituents.
However, Maylott and Lewis (24) reported high results for oxy
gen on compounds containing sulfur, as a result of the formation
of hydrogen sulfide, carbon disulfide; and carbonyl sulfide; the
presence of these compounds was established by the mass spec
trometer. Maylott and Lewis found that carbon disulfide and
carbonyl sulfide, both of which liberate iodine from iodine pen
toxide, are not removed by Ascarite and, therefore, they recom
mend the use of a liquid nitrogen trap for this purpose.

Unterzaucher (3..0 found that substances containing phos
phorus or fluorine give high values and also have a harmful effect
on the combustion tube filling so that any subsequent determina
tions are unsatisfactory. On the other hand, Walton et al. (36),
who determined the carbon monoxide by direct colorimetric
measurement, did not experience any difficulty with phosphorus
containing compounds.

Kuck (21) reported that he was able to obtain satisfactory re
sults on compounds such as acetanilide, but not on compounds
such as benzoic acid. He attributed this to not having a sufficient
length of carbon filling at 1120 0 C. to effect complete reduction of
the carbon dioxide formed by decarboxylation of the benzoic
acid. Harris (14) pointed out that the rate of conversion of car
bon dioxide is not the same as for water. According to Harris
et al. (15), the rate of the steam-carbon reaction is retarded by
adsorbed hydrogen, whereas the rate of the carbon dioxide-car
bon reaetion is reduced by both hydrogen and carbon monoxide.
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Huffman (17) experimented with iodine pentoxide at tempera
tures from 25 0 to 125 0 C. A blank was not obtained at any
temperature in this range. The oxygen recovery, on all samples
analyzed, was low (95 to 96%) at room temperature and ex
tended sweeping was required to carryall of the iodine into the
absorption tube. At 125 0 C. satisfactory results were obtained
on some compounds (acetanilide) and high results were obtained
on others (cholesterol). All samples analyzed gave consistently
satisfactory results at 70 0 to 80 0 C. He attributed the high re
sults at 125 0 C. on certain compounds to reactions of organic
gaseous products with the iodine pentoxide. Huffman also
found that various samples of iodine pentoxide had different
activities.

COLORIMETRIC METHOD

A method for determining small amounts of oxygen in rubbers,
plastics, petroleum products, and other organic materials by
direct colorimetric measurement of the carbon monoxide was
discussed by Smith (32, 36). In this method, interfering sub
stances are removed from the products of pyrolysis by either a
liquid air or potassium hydroxide trap before collection of the gas.
The percentage of carbon monoxide in the collected gas is deter
mined by means of a National Bureau of Standards colorimetric
indicating gel (31). The method has been used successfully on
organic materials containing from 0.01 to 6.3% oxygen.

THERMAL CONDUCTIVITY METHOD

Harris (14) described a modified method (15) for the determina
tion of oxygen by pyrolysis of the sample in a known volume of
helium at a reduced pressure, and circulation of the pyrolysis
products over carbon at 1100 0 C. In this procedure, all but the
most stable carbon oxide complexes are removed from the carbon
by a pre-evacuation. During circulation hydrogen is removed
selectively by diffusion through a heated palladium tube, and the
rate of carbon monoxide formation is followed by recording the
change in thermal conductivity of the gas mixture. When the
conversion to carbon monoxide and removal of hydrogen are com
plete, as shown by attainment of constant potential, the composi
tion of the helium-carbon monoxide binary mixture can then be
obtained from this potential and a calibration curve. The
volume of helium in the binary being known, the amount of oxy
gen in the sample is readily calculated.

APPARATUS AND REAGENTS

Furnace. The unusual high temperature (1120 0 C.) is a severe
requirement and is not fulfilled by the conventional combustion
furnace. Some investigators have constructed their own furnaces
using platinum wire heating elements. Others (9, 24) have used a
Hoskins Type 303A or an Arthur H. Thomas No. 5674 furnace,
both of which utilize base metal heating elements and are avail
able commercially. In order to provide a sufficiently high tem
perature in that portion of the tube passing through the insula
tion at the end of the furnace, Aluise (2) has designed a ring gas
burner for use as an auxiliary source of heat.

Reaction Tube. The reaction tube is usually made of trans
parent quartz. Devitrification of the quartz can be retarded by
maintaining the tube at 700 0 to 800 0 C. when not in use. When
devitrification becomes severe, the affected portion of the tube
can be cut out and replaced by a new section. Aluise (3) found
that Solar Radiation grade quartz, Hanovia Chemical and Manu
facturing Co., has a longer life than ordinary commercial grade
quartz.

Carbon. Two important requirements of this material are an
amorphous structure and a low ash content. It may be prepared
from benzene or acetylene (4, 5, 8). Unterzaucher, who used a
gas black carbon, purified it by treatment with hot dilute hydro
chloric acid. Wyex Compact Black, a pelleted carbon available
from the Arthur H. Thomas Co., has been used by several in
vestigators, both as received or after treatment with hot dilute
hydrochloric acid (3, 4, 9, 15, 24). Before use, it is necessary to
heat the carbon, preferably overnight, at 800 0 to 900° C. This
sinters the carbon and thereby avoids channeling during use in
the reaction tube. Pyrex wool should never be used to hold the
carbon in place during this treatment; contamination of the car
bon by borosilicate glass wool will cause high and erratic blanks.
Quartz wool or platinum gauze is recommended for this purpose.
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The length of the carbon filling is usually 12 to 15 em.; no in
vestigator has shown that a longer carbon filling is necessary.
According to Elving (10) a catalyst consisting of carbon and cop
per appears to have promise for conversion of oxygen to carbon
monoxide at lower temperatures.

Nitrogen. The nitrogen must be essentially free from oxygen
or oxygen-containing constituents, in order to obtain a satisfac
torily low blank. Both Linde high purity, dry nitrogen and Air
Reduction Seaford grade nitrogen have been found satisfactory.
The latter grade contains approximately 1% hydrogen. Accord
ing to the manufacturers' specifications, neither grade contains
more than a few thousandths of 1% of oxygen.

As a precaution, most workers pass the nitrogen through a
purification system. Reduced copper at 400 0 to 500 0 C. is most
commonly used for this purpose, although other reagents have
been reported (5,8,20).

Helium. Helium has been used by some workers (15, 36).
Traces of oxygen are removed with reduced copper at 400 0 C.

Iodine Pentoxide. Three commercial brands found satisfactory
are Baker's C.P., Eimer and Amend, and Merck's. According to
Alber (1), Unterzaucher recrystallized iodine pentoxide from
concentrated nitric acid to exclude water-insoluble constituents.
Huffman (17) prepared this reagent in a granulated form by de
hydration of iodic acid. According to Lamb et al. (22), iodic acid
may be prepared by oxidation of iodine with either nitric or
chloric acids. However, Welton and Drake (37) emphasized that
the iodine pentoxide obtained by dehydration of iodic acid gave
low and consistent blanks only when the latter had been prepared
by the chloric acid method.

Some workers condition the iodine pentoxide by heating it 3 to 8
hours in vacuum at 180 0 C., whereas others heat it in a stream of
dry nitrogen for 24 hours or more at 230 0 to 240 0 C., followed by
40 to 50 hours at 150 0 to 160 0 C. According to Mellor (25), if the
nitrogen is inadequately dried, or if the drying temperature ex
ceeds 250 0 C., the iodine pentoxide may become brown, probably
because of the liberation of iodine.

BLANK VALUE

Considerable time was devoted to discussion of the difficulties
encountered by various workers in obtaining consistently low
blanks. Schiitze (30) reported that the blank was negligible in
his semimicro method. Zimmermann (38) obtained a constant
blank of 0.100 mg. of carbon dioxide (equivalent to 0.27 ml. of
0.02 N sodium thiosulfate) in his micro adaptation of Schiitze's
method. Unterzaucher's (33) improvements in the micromethod
eliminated this blank. Huffman (17) reported that he obtained
no blank with Unterzaucher's procedure. Holowchak (16) re
ported that although he obtained a blank on a fresh filling of car
bon, after several weeks this blank would disappear. Elimination
of the blank by use of the thermal conductivity technique was
reported by Harris et al. (14, 15).

A1uise (3) found that digestion of Wyex Compact Black with
dilute hydrochloric acid and the use of Linde high-purity, dry
nitrogen reduced the blank from approximately 0.5 ml. to a con
sistent value in the order of 0.05 ml, of 0.02 N sodium thiosulfate.
According to Alber (1), Unterzaucher insists that a blank should
not be tolerated even if it is consistently reproducible. However,
other workers have reported favorable results with the thermal
decomposition method using rather large blanks, equivalent in
some cases to as much as 4 mI. of 0.02 N sodium thiosulfate in a
total titration of 33 mi.

Various theories were advanced to explain the high blanks.
Alber (1) reported that the first blank was obtained in Unter
zaucher's laboratory 3 years after introduction of the method.
After investigation, the blank was traced to several of the follow
ing sources: (a) hydrogen and traces of oxygen in the nitrogen,
both of which should be removed in the purification system; (b)
variations exceeding ±5° C. in the cracking furnace temperature
(1120 0 C.); (c) improper cleaning of the quartz reaction tube
(40% hydrogen fluoride is recommended instead of cleaning solu
tion to remove surface impurities); (d) failure to use ash-free
carbon; and (e) impurities in the iodine pentoxide not removed
by recrystallization from water. Unterzaucher also recommends
that paraffin oil be used in the bubble counter instead of sulfuric
acid. The former is said to be adequate for about 500 determina
tions.
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The reduction of the quartz to silicon monoxide by the carbon
at high temperatures has also been advanced as a possible reason
for the high blank which is often encountered (3, 7, 8, 13, 19, 23,
27). Aluise (3) found that raising the temperature from 1120 0 to
1350 0 C. doubled, and sometimes tripled, the blank with a badly
devitrified quartz tube but had only little effect on the blank
with a new quartz tube.

Another reason for high and inconsistent blanks was advanced
by Orning (28). He found that a carbon of the type used in the
thermal decomposition method can store the equivalent of ap
proximately 0.5 mi. of carbon monoxide (0.36 mg. of oxygen) at
about 700 0 C. He stated that if the temperature of the carbon
near the ends of the furnace is 800 0 or 900 0 C., it can strip oxygen
from carbon dioxide and release this oxygen later under varying:
conditions, such as an increase in temperature or a change in the
composition of the gaseous products passing over it. For this
reason, he advised that all of the carbon be maintained at the
same temperature (1120 0 C.). In support of Orning's findings
regarding the retention of carbon monoxide by carbon, Harris
(14) cited the work of Emmett (12). He also suggested the
evacuation of the carbon, in the Unterzaucher procedure, as a
possible means of lowering the blank.

SUMMARY

Most investigators have reported satisfactory results with the
thermal decomposition method for the determination of oxygen,
but they have emphasized that the necessary conditions for carry
ing out the analysis must be carefully observed. Virtually the
only modifications which have been made in the Schutze or
Unterzaucher procedure are: the circulation of the pyrolysis
products, the removal of hydrogen, and the method of determin
ing the carbon monoxide formed. In general, the work reported
to date definitely indicates that the thermal decomposition
method is basically sound and is proving to be of increasing use
fulness in ultimate analysis. The additional information pre
sented at this round-table discussion should prove to be of great.
value to the chemist now using the method as well as to the
chemist who plans to set it up for the first time.
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Apparatus for Microdetermination of Molecular Weights by the Vapor Density Method
JOHN J. HAWKINS AND PAUL ARTHUR, Oklahoma A. and M. College, Stillwater, Okla.

THE method of determining molecular weights described by
Niederl and Nieder! (J) proved accurate for structural work

done in the authors' laboratory on low boiling substances. For
high boiling liquids, however, they found it necessary to design
their own apparatus, because no commercial equipment of this
type was available. The apparatus developed works equally well
for liquids of high and low boiling point and has the added ad
vantage that the techniques involved in its use are much simpler
than those required for other such apparatus. A determination
weighing the sample, assembling and filling the apparatus, and
making the run itself-requires only 10 minutes.

APPARATUS AND PROCEDURE

The principle is the same as that used by Niederl-namely,
the determination of the volume of vapor obtained from a weighed
sample of the unknown, by means of the weight of mercury it dis
places. The apparatus (see illustration) consists essentially of
three parts: tube G, the constant-temperature bath; the vapor
izer, A, B, C, D; .and the mercury dispenser, F, which is used in
filling the vaporizer with mercury.

G is constructed from a 38 X 300 mm. borosilicate glass test
tube by sealing on one side tube to admit a thermometer and a
second side tube for use in attaching a reflux condenser. A three
necked round-bottomed flask has been used with equal success.

Dispenser F is constructed from a borosilicate glass thistle tube
fused to a stopcock, J, to the other side of which is attached a
12/2 standard socket of 2-mm. capillary bore. It is essential
that this last be no larger in diameter, if mercury spillage is to be
avoided.

The vaporizer tube, C, is made from a 15 X 125 mm. boro
silicate glass test tube. The flattening of its top and the offset
position of inlet tube B are essential to prevent the lifting of the
sample tube into B and the trapping of air in C when the ap
paratus is being filled with mercury.

Tube D is a capillary of not more than 2-mm. bore; B is 100
mm. long and must be as near 2-mm. bore as possible, in order
just to admit the sample tube. The bore must be no larger, as
the mercury retained within it during the vaporization of the
sample prevents vapor from reaching the ball joint, A. The top
of D must be a little higher than A; otherwise, when the mercury
dispenser is removed after the apparatus bas been filled with
mercury, air may leak through A and allow the mercury level in
B to fall. .

The preparation of the mercury and the weighing of the sample
in a capillary tube container small enough to pass through Bare
essentially as described by Nieder!' The sample bulblets are
made of ordinary melting point capillary. One end is sealed and
drawn to a slender rod about 3 em, long to serve as handle; the
other end is drawn to a fine capillary 4 to 5 em. long, the bulb

itself being 1 to 3 em. long. The sample is introduced into the
weighed container by warming the bulb, dipping the capillary
tip into the liquid, and cooling to draw liquid into the bulb.
The bulb is set upright, shaken or centrifuged, then reweighed.
Extremely volatile liquids are sealed in by touching a flame mo
mentarily to the capillary tip, which is broken off just before the
bulb is placed in the apparatus. The sample tube is then
dropped through B, and joint A is assembled and clamped with
the usual spring clamp. The stopcock, H, which is lubricated
sparingly (preferably with Dow-Corning silicone grease), re
mains open during the filling operation. The mercury dis
penser, F, is next filled and cleared of all air by flushing mercury
through it into a clean beaker. The dispenser is then attached
to the vaporizer unit at joint E. Stopcock J is opened slowly
and mercury is allowed to flow slowly into the vaporizer unit.

E J n
@==-J~

THERMOMETER
WELL

G

If joint E has not been greased adequately, air will be sucked
into the tube intermittently, making the filling difficult; how
ever, if this condition is detected early enough, the filling can
proceed normally after the joint has been regreased. As the
mercury rises in C the weighing capillary usually moves over to
the side wall and adheres there, but occasionally it may be
necessary to ensure its entrapment at the flattened top by tilting
the apparatus slightly. When the mercury has risen past stop
cock H, the latter is closed. Stopcock J is then closed, the dis
penser is disconnected, and a weigbed vial is placed at E to collect
the expelled mercury.
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Table I. COlDpounds Suitable for Vapor Bath
Compounds B.P., 0 C.

Water 100
Toluene 110
Isoamyl acetate 142
p-Dichlorobenaene 174
Ethylene glycol 197
Methyl salicylate 223
Isoamyl benzoate 262
Diphenylamine 802
Benzyl benzoate 823
n-Butyl phthalate 340

cedure. A suction-flask assembly that connects with ball
joint E via a socket joint is clamped into place. Suction is
applied, stopcock H is opened, and the mercury in the vaporizer
unit is pulled into the suction flask. The constant-temperature
bath is operated during this process so that the sample remains
vaporized and may be evacuated as the mercury is being drawn
off. By successively opening and closing stopcock H, it is pos
sible to flush the vapors of the sample from the vaporizer quan
titatively. If need be, a solvent can be flushed through the
vaporizer by introduction through joint A. The old weighing
capillary may then be removed and the apparatus is ready for the
next run.

After the apparatus is assembled and checked, a liquid of suit
able boiling point (see Table I) is placed in G and heated to boil
ing. This boiling is continued until no more mercury is expelled.
If the temperature tends to climb slowly, a final temperature
may be arbitrarily chosen, provided the flame is removed im
mediately after the reading is taken. When the final tempera
ture is noted, the height of the vertical column of mercury as
measured from the meniscus in the vaporizer to the level of the
orifice of the capillary outlet at E is also recorded.

The usual corrections for the expansion of the mercury and the
air error are made by means of a blank run, using an empty weigh
ing capillary. It has been the practice to run a blank for each
bath liquid used. The average correction per degree change in
temperature can be calculated from one such run and applied in
the way described by Nieder!. Other corrections also are handled
as in Niederl's method.

After completion of the run, the apparatus may be quickly
cleaned out and made ready for the next run by the following pro-

Performance Data
Molecular Weight

Table II.

Theoretical Experimental

(1) Niederl and Nieder!, "Organic Microquantitative Analysis,"
2nd ed., New York, John Wiley & Sons, 1942.
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RESULTS

The excellent performance of this apparatus is illustrated by
the results in Table II, which were obtained by a senior chemistry
student who had had no previous experience with this apparatus.

These results were obtained on samples of 10 to 15 mg. weighed
on a good analytical balance. Although the use of a microbalance
-might nave given closer results in some cases, those given here are
typical of the many determinations run. The capacity of the ap
paratus described is such that larger samples might readily be
used. With water as the liquid used in the vapor bath, an l l-mg.
sample of acetone displaced only one third of the available capac
ity.

Because the primary utility of such an apparatus as this is in the
straightforward and rapid determination of molecular weights,
the vapor bath has been employed throughout. A liquid bath
can be easily substituted, if the boiling and condensation points
of a liquid are desired.

58
79
95

114
153
91

58
78
92

113
150

93

B.P., 0 C.

56.5
80.1

110.8
132.0
212.6
184.4

Sample

Acetone
Benzene
Toluene
Chlorobenzene
Ethyl benzoate
Aniline

Quantitative Determination of Bromine in Terminal Bromodinitromethyl Groups
KARL KLAGER, Aerojet: Engineering Corp., Azusa, Calif,

THE study of compounds with terminal dinitromethyl groups
made it desirable to find a facile laboratory method for their

characterization. Compounds with terminal dinitromethyl
groups are readily brominated in basic solution to form the corre-

sponding bromodinitro derivative. Because the bromodinitro
derivatives are easily prepared and purified, halogen analysis of
these compounds seemed to offer a convenient method for the
quantitative determination of terminal dinitromethyl groups.

N02 + NO,
(OH)- II Br2 I

------+ R-C ---------+ R-C-Br
I I
N02 N02

NO,

R-6-H
I

NO,

Two methods of halogen analysis appeared worthy of con
sideration: treatment of the compound with an alkaline reagent,
followed by titration of the ionic halogen with silver nitrate;
and treatment of the compound with potassium iodide in the
manner reported by Meisenheimer (1) for 2-bromo-2,2-dinitro-l
ethoxyethane, followed by titration of the free iodine with sodium
thiosulfate.

The first method was found unsatisfactory. In order to obtain
the halogen in ionic form, it was necessary to treat the compound
with an alkaline reagent in an organic solvent. Colored solutions
resulted from this operation, which obscured the end point of the
silver nitrate titration.

The reaction of compounds with terminal bromodinitromethyl
groups arid potassium iodide proceeded quantitatively. For
every compound investigated, the amount of iodine formed
corresponded to the theoretical amount of bromine present in the
molecule according to the following equation:

38.75 38.88
39.33

48.86 48.43

52.79 52.72
52.68

40.87 40.83
41.12

Calcd. Found

29.58
29.92

40.11
40.08

31.06
31.29

60.19
59.89

36.85

%Br
Found

29.49

31.10

40.16

60.57

37.17

%Br
Calcd,

Table I. Determination of Bromine
% Dinitromethyl

Group
Compound

NO,

Br-6-CH,CH,COOCH.
I

NO,

NO,

Br-6-CH.CH,COOH
I

NO,
NO,

3 Br-6-CH'OH
I

NO,
NO,

4 Br-6-Br
I
NO,

NO,

[) cH.-6-Br
I

NO,
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The percentage of bromine in a compound may be expressed by
the formula,

79.92 XN X V
2 X 10 X W

where V = milliliters of sodium thiosulfate, N = normality of
sodium thiosulfate solution, and W = sample weight in grams.

The percentage of terminal dinitromethyl groups can be ob
tained readily from the same formula by substituting the formula
weight of the dinitromethyl group, 105.04, for that of bromine,
79.92.

Table I shows the results obtained with this analytical method.

EXPERIMENTAL

General Procedure. To 0.2 to 0.3 gram of the bromodinitro
compound dissolved in 25 ml. of methanol are' added about 2
grams of potassium iodide. Free iodine is liberated at once and
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after a few seconds the mixture is diluted with 25 rnl. of water.
Then the free iodine is titrated with 0.1 N sodium thiosulfate
solution in the usual manner, using starch indicator.

Titration of Dibromodinitromethane and Compounds Having
Basic Amino Groups. Upon reaction of dibromodinitromethane
with potassium iodide, the solution becomes alkaline according to
the following equation: .

N~ N~K

I II
Br-C-Br + 4KI + H.O~ OH + 2KBr + KOH + 21.

I . I
NO. NO.

It is necessary to neutralize the solution with dilute sulfuric acid
to a pH of 6 to 7 before titration with sodium thiosulfate. The
same is true of the titration of compounds containing substituted
amino groups, which cannot yet be tabulated because they are
still classified. A better end point is obtained in neutral solution;
therefore acidification is necessary only in these two cases.
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Analysis by Permanganate Titrations of 8-Quinolinols
JOHN P. PHILLIPS AND F. J. O'HARA
University of Louisville, Louisville, Ky.

% Found
5.07
7.09
7.87

A LTHOUGH a permanganate titration method for determining
metals with 8-quinolinol has been known for a long time (1),

the procedure is stated to be empirical and not sufficiently well in
vestigated to be very useful. Therefore this method has been re
investigated.

By the modifications specified in the experimental procedure
below the reaction can be made to correspond to a feasible equa
tion over a narrow range of conditions if an excess of standard per
manganate is added and back-titrated, after some time has been
allowed for the reaction to be completed, with iodide and thio
sulfate. The equation used for the calculation of the results was
as follows:

5C.H7NO + 16KMnO. + 24H.SO.~

O=COOH
5 I + lOCO. + 16MnSO. + 8K.SO. + 29H.0

y--COOH
N

The average error in the determination of seventeen samples of
pure 8-quinolinol ranging in size from 13.0 to 29.0 mg. was 0.4
mg.; the length of time allowed for the reaction was 15 minutes
and the excess of permanganate about 2 ml. The reaction time
and the amount of excess permanganate must be carefully con
trolled, because the results become progressively higher with
longer times and larger excesses than those stated-for example,
the results are about 10% high when either the time for the reac
tion or the excess of permanganate is doubled. Although this in
dicates that the oxidation proceeds farther than the equation pro
vides for, no limit to the extent of oxidation could be obtained
within the range of conditions usable for practical analysis.
Evidently the determination is empirical, but is stoichiometric
with the equation written when the conditions are controlled as
specified.

The procedure was applied to the analysis of seven synthetic
copper samples with the results shown in Table I.

Presumably, results of the same order of accuracy would be ob-

tained in the determination of other ions quantitatively preci
pitated by 8-quinolinol.

Although this method may be satisfactory for many purposes,
it was found that the similar titration using 8-hydroxyquinaldine
in place of 8-quinolinol was much better, in that the range of con
ditions over which the reaction obeyed the equation

5CloH.NO + 16KMnO. + 24H.S0.~

A-COOH
5 II . I + lOCO. + 16MnSO. + 8K.SO. + 29H.0
H,C~Nf'-COOH

seemed to be unlimited, in spite of the fact that the products in
the equation as written are probably not the true products of the

. reaction.

Table I. Copper Deterrnbaatforr by Permanganate
Titration of 8-Quinolinol

% Cu Present % Found % Cu Present

7.38 7.36 4.84
8.97 9.29 6.90
8.28 8.59 7.67
8.67 8.90

The analysis of seventeen samples of pure 8-hydroxyquinaldine
ranging in size from 13.0 to 31.7 mg. gave values correct to 0.3
mg. or better in every trial, even when the quantity of excess per
manganate and the length of time allowed for the reaction varied
widely. This reaction appears to be truly stoichiometric rather
than empirical, in contrast to the similar reaction of 8-quinolinol.
The procedure was applied to the analysis of prepared magnesium
samples with the results shown in Table II.

EXPERIME~TAL

Reagents. 8-Quinolinol was purified by recrystallization from
alcohol; 8-hydroxyquinaldine was prepared and purified as pre
viously described (2).
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Table II. Magnesium Determination by Permanganate
Titration of 8-Hydroxyquinaldine

Mg Taken, Mg. No. of Runs Mg Found, Mg.

1.22 2 1.24 = 0.01
1. 52 4 1. 52 = 0 .03
1.83 2 1.83 = 0.01
2.28 2 2.23 =0.01
2.44 1 2.42
3.04 2 3.02'" 0.02

Determination of Copper with 8-Quinolinol. A sample con
taining about 5 mg. of cupric ion is taken for analysis, or an
aliquot portion of a larger sample may be used. After precipi
tation of the copper in the usual fashion, the precipitate is fil
tered, washed, and dissolved in approximately 10% sulfuric acid.
To this solution is added a volume of 0.1 N permanganate
amounting to an excess of 0.5 to 2.0 ml. over the theoretical
amount. The solution is allowed to stand for 15 minutes, after
which 0.5 gram of potassium iodide is added and the liberated
iodine is titrated with standard thiosulfate. Accurate results
will not be obtained if the excess of permanganate or the time
allowed for the reaction differs more than slightly from the values
specified; the other conditions of the procedure are not critical.

Determination of Magnesium with 8-Hydroxyquinaldine. A
sample' containing approximately 0.01 to 0.03 gram of magne
sium is precipitated in the usual fashion (2) with 8-hydroxy
quinaldine. The washed precipitate is dissolved in 10% sulfuric
acid and an aliquot portion containing 10 to 30 mg. of 8-hydroxy-
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quinaldine is taken for titration. An excess of from 0.5 to 10
ml. of 0.1 N permanganate is added, and the solution is allowed
to stand 15 minutes or longer before potassium iodide is added
and the iodine liberated is titrated with standard thiosulfate.

CONCLUSIONS .

The permanganate titration methods using either 8-quinolinol
or 8-hydroxyquinaldine are suitable for the determination of
small weights of the metals precipitated by these reagents such as
magnesium and copper, inasmuch as the equivalent weight (for
divalent metals) is only 1/32 of the atomic weight. The results
with 8-hydroxyquinaldine are considerably the more satisfactory,
owing to the greater ease with which this compound is oxidized
to the stoichiometric extent.
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Use of U.S.P. XIV Capsules of Vitamin AReference Standard
STANLEY R. AMES, ROBERT W. LEHMAN, JOHN H. BRINKMAN,

ROBERT FLEISHER, AND EDWARD J. BEAHAN

Research Laboratories, Distillation Products Industries
Division of East.man Kodak Co., Rochester, N. Y. '.

TWO alternative procedures are permitted by the U. S.
Pharmacopeia for the preparation of bioassay feeding solu

tions from capsules of the U:S.P. vitamin A reference standard
(1).

"The capsules are so constructed that when an accurate weight
of a portion of the contents is desired, it is convenient to cut off
the capsule tip and express a portion of the material into a weigh
ing vessel. For use in preparing oil dilutions for biological
assay, quantitatively remove the capsule contents by immersing
the capsule in a measured volume of vegetable oil, and then cut
the capsule with a fine pointed scissors."

Thus, a weighed sample of oil from the capsule may be diluted
to an appropriate concentration, or a capsule may be used in
toto and assumed to supply 250 mg. ( ,;,0.5%) of the reference oil
(10,000 U.S.P. units per gram) to the diluent oil in which it is
immersed. Use of this second alternative procedure may
result in incomplete extraction of oil from the capsule, leading
to errors of considerable magnitude in the preparation of oil
dilutions for biological assay.

Three analysts were assigned the preparation of a series of vita- .
min A feeding solutions for bioassay according to both sets of
U. S. Pharmacopeia directions.

Solutions of approximately 40 U.S.P. units per gram of the
U.S.P. reference standard were prepared in fresh refined cotton
seed oil (Wesson). Test solutions obtained by cutting capsules
under oil were compared with controls obtained by diluting a
weighed amount of reference oil expressed from the capsules.
Test solutions were thoroughly mixed following the specified
procedure, whereas the control solutions were mixed solely by
·vigorous swirling. Final solutions were assayed on a Beckman
spectrophotometer in cyclohexane or colorimetrically by the
Carr-Price reaction, using in both instances a blank containing
an appropriate amount of diluent oil.

Table I. Efficiency of Various Capsule Extracting Methods
Concn. of

Vitamin A,
Method of Method of % of Weighed

Mixing Cutting Capsule Control

Swirling In half, crosswise 61.8
Swirling In half, lengthwise 91.5
Swirling Many pieces 90.7
Stirring rod In half, lengthwise 95.7
Rotary paddle In half, lengthwise 99.7
Rotary paddle Many pieces 99.5

Scissors and forceps were thoroughly rinsed by the diluent oil. Subse
quent rinsing in chloroform yielded a solution which gave no detectable blue
color, on addition of anti.m~:my tric.t;a.l?ride. Tumbling in a mixing machine
was Included under swirling. Mixing procedures were continued for at
least 15 minutes and, in most cases, much longer.

The results of various cutting and mixing procedures given in
Table I show that it is difficult to extract with oil all the vitamin
A from U.S.P. reference standard capsules. Bioassays against
such defective standard solutions will yield results correspond
ingly too high. Rapid movement of the gelatin shell relative to
the diluent oil is necessary to remove the film of reference oil
from the gelatin. Such agitation can be satisfactorily provided
only by using a high-speed rotary paddle stirrer.

It is recommended that the instructions for use of the U.S.P.
vitamin A reference standard be modified to require a procedure
employing a dilution of a weighed sample of the contents of the
U.S.P. standard capsule.
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WITH the increase in the number of microchemical labora
tories in recent years, and of the individual ideas probably

existing in each, the committee felt that there might be a wide
variety of microcheinical apparatus used. Because no data
were available on the extent of such variation, a questionnaire
on the apparatus used in the Dumas determination of nitrogen
was circulated in 1948, requesting such data as size of sample
and description of apparatus parts. It also included a listing of
those pieces of apparatus in use by the analyst which conformed
to recommended specifications (2, 3). Sixty-four laboratories
replied and in many instances reported more than one condition
and type of,equipment, or failed to reply to specific questions.

The committee believes that the information gained through
this questionnaire is of general interest and has prepared the
following summary of the data:

1. Sample Technique
53 used 0 to 5 mg.
34 used 6 to 10 mg.
16 used 11 to 50 mg.

26 used mixing tubes
17 were 61 to 80 mm. long
14 were 9 or more mm. in diameter

12 used a platinum boat
6 were 11 to 15 mm. long
9 were 3.6 to 5 mm, in width

43 used porcelain boats
25 were 11 to 20 mm, in length

2. Carbon Dioxide Source
35 used dry ice,
13 used marble
7 used calcite
3 used carbon dioxide from cylinders
6 used other sources

3. Carbon Dioxide Generators
KIPP

17 used one Kipp generator
13 were according to specifications (3)

3 used two Kipp generators in series
.5 had a mercury trap

DEWAR

18 used 1000-mI. capacity or less
10 used 1000 to 2000 mI.
4 used larger than 2000 mI.

20 reported charge lasting from 0 to 10 days
10 reported 11 to 20 days
2 reported longer than 20 days

29 used safety trap
5 did not use safety trap

CARBON DIOXIDE FROM CYLINDERS

3 used this type

4. Gasometer
23 used gasoIlleter

19 were according to specifications (3)

S. Combustion Tube and Generator Connection
48 used a Z-tube of Pregl type
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6. Combustion Tube

TUBE DIMENSION

46 were according to specifications (3)

TUBE COMPOSITION

18 used quartz
17 used Pyrex 172
29 used Vycor

CONNECTION BETWEEN CARBON DIOXIDE SUPPLY TUBE AND,
COMBUSTION TUBE

50 used a rubber stopper

Is THERE FREQUENCY OF BREAKAGE OF TIP OF COMBUSTION
TUBE ON INSERTION?

8 reported yes
48 reported no

SIZE OF RUBBER TUBING BETWEEN EXIT END OF COMBUSTION
TUBE AND STOPCOCK OR N EEDLE VALVE

42 used tube of outside diameter 7.1 to 11 mm.
39 used tube of inside diameter 1.1 to 2 mm.
16 used 2.1 to 3 mm. inside diameter

Is SHAPE OF TIP OF RECOMMENDED COMBUSTION TUBE (3)
SATISFACTORY?

55 answered yes
2 answered no

DIMENSIONS OF CAPILLARY TIP OF COMBUSTION TUBE

Length
'15 were 26 to 30 mm.
30 were 31 to 35 mm.

Outside diameter
28 were 2.6 to 3 mm.
10 were 3.1 to 3.5 mm.

7. Stopcock or Needle Valve
TYPE

53 used glass stopcock
40 were according to specifications (2, 3)

4 used all-metal valve
2 used Hershberg-Southworth valve (1)

CONNECTION OF NITROMETER TO STOPCOCK OR NEEDLE VALVE

1 used glass seal with cement
3 used T (standard taper) joints
All others used rubber tubing having inside diameter of 1

to 3 mm., and outside diameter of 9 to 11 mm.

8. NitroIlleter
35 used those according to specifications (3)

7 used their own design
43 used stem divisions of 0.01 mI.
45 used manufacturers' calibration values

4 used a water jacket
49 used a special clamp to hold reading lens
15 used a leveling bulb according to specifications (3)

9. Thermometer

61 used thermometers
23 measured temperature in funnel
34 measured temperature alongside stem

40 used thermometers calibrated in 0.1 0 C.
12 used thermometers calibrated in 0.25 0 C. or more
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10. Long Furnace

There were 10 furnaces of individual design and 45 commercial

49 were electrically heated
24 used Nichrome wire

9 used Chromel wire
2 used platinum wire

13 furnaces were less than 18 em. long
24 were 19 to 20 em.
14 were 20 to 25 em.
20 were rectangular
27 were round

20 were heated to 500 0 to 650 0 C.
9 were heated to 6500 to 800 0 C.
9 were heated to less than 500 0 C.

28 furnaces were heated to 5000 to 7000 C. in region adjacent
to sample

27 furnaces had average temperature of 500 0 to 7000 C.

52 furnace temperatures were measured by means of thermo-
couple

.21 measured temperature inside empty furnace
28 measured temperature inside empty combustion tube
12 of furnaces had built-in temperature measuring devices
2 furnaces had automatic temperature control

11. Sample Burner

42 used gas burners
19 used Bunsen burners

34 used gauze around .combustion tube
18 used electric burners

10 were from 61 to 88 mm. long
6 were from 80 to 100 mm. long

12 had Nichrome wire elements

6 were heated to 600 0 to 700 0 C.
11 were heated to 700 0 to 800 0 C.
18 used a thermocouple
36 sample burners were operated manually
15 had motor-driven units
9 were home-made

14 burners were moved at constant rate
16 burners traveled 15 to 100 mm.
14 burners traveled 100 to 150 mm.
18 burners traveled distance in 11 to 20 minutes
11 burners required 21 to 30 minutes
4 burners required 41 to 50 minutes
1 burner required 50 to 60 minutes

13 burned sample once
35 burned sample twice

12. Copper Oxide

34 stored copper oxide in a glass bottle
52 used sieves

27 sieves were from 3 to 6 inches in diameter
27 used 21- to 40-mesh sieves
19 used 81- to 100-mesh sieves
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DDT-Correction
A colorimetric analytical method for DDT [Schechter, Solo

way, Hayes, and Haller, IND. ENG. CHEM., ANAL. ED., 17, 704
(1945); Schechter, Pogorelskin, and Haller, Ibid., 19,51 (1947)]
failed to caution analysts to dry the acetone-extracted cotton
in open air before completion of oven drying to avoid the danger
of explosion. The authors wish to add this precaution, which
applies to any material that can give off an appreciable amount
of combustible vapor.

M. S. SCHECHTER



m-Cresoxyacetic Acid, aSelective Reagent for Zirconium
M. VENKATARAMANIAH AND BH. S. V. RAGHAVA RAO
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0.0976 0.0976
~0:10.0976 0.0975

0.0732 0.0733 +0.1
0.0732 0.0730 -0.2
0.0488 0.0488
0.0488 0.0488

+0:10.0244 0.0245
0.0122 0.0124 +0.2
0.0041 0.0042 +0.1
0.0020 0.0018 -0.2

Table III. Analysis of Zircon

Table II. Separation of Zirconium from Other Elements
(ZrO. taken. 0.0488 gram)

4 Mixture of ceria, lanthana, praeeodymia, and neodymia,
b Single precipitation.
: Residue is slightly colored.

Double precipitation.

m-Cresoxyacetie
Acid Method

Sample, &. ZrO., %
0.1016 65.08
0.0984 65.14
0.0972- 65.01
Mean 65.08

Cupferron Method
sample, g. ZrO, %

0.1034 65.02
0.1145 65.11

Me'a'n 65: 06

Expt.
Impurity Added, Gram ZrO, Found, Difference,

No Gram Mg.

Concentration of Free Acid = 0.20 N HCI

1 NiO 0.8220 0.0487 -0.1
2 BeO 0.4330 0.0488
3 AhO. 0.8420 0.0488• UaO• 0.5110 0.0488
5 MnO 0.1894 0.0488

+0:1'6 CaO 0.2548 0.0489
7 BaO 0.4100 0.0488
8 R.O,· 0.4330 0.0488

+0:1
19A b

Fe.O. 0~8664 0.0489
V,O. 0.2110 0.0492· +0.4

lOBd V,O. 0.2110 0.0488
+0:211 Ab CnO. 0.4346 0.0490·

11 Bd CnO. 0.4346 0.0488
+3:212Ab BnO 0.2380 0.0520

12 Bd BnO 0.2380 0.0488
13 ThO, 0.0980 0.0488

+0:114 ThO, 0.1960 0.0489
15Ab TiO, 0.1143 0.0514 +2.6
15 Bd TiO, 0.1143 0.0489 +0.1

Concentration of free acid = 0.25 N HCI

16 ThO. 0.1960 0.0487 -0.1
17 ThO. 0.1960 0.0486 -0.2
18A! TiO. 0.1143 0.0510 +2.2
18 Bd TiO, 0.1143 0.0486 -0.2
19 Ab SnO 0.2380 0.0515 +2.7
19 Bd BnO 0.2380 0.0486 -0.2

Sample

1
2
3

A voluminous flocculent precipitate results. Continue to boil
for 5 minutes and then set aside. Filter through a Whatman
No. 42 filter, wash first with hot 0.1% solution of the precipitant
in 0.20 N hydrochloric acid, then with water, ignite, and weigh
as ZrO•.

Double Precipitation. In the presence of titanium, stannous
tin, vanadyl or chromium ion, a double precipitation is necessary.
Then do not attempt to wash the precipitate completely. Trans
fer the precipitate and the filter to the original beaker and dis
solve by digesting with 1 to 1 hydrochloric acid on a water bath.
Dilute, then adjust the amount of free acid to about 0.20 N,
and proceed as above.

Separation of Other Impurities. All impurities added in the
form of chlorides or nitrates are calculated to the oxides. Table
II shows the results obtained.

OBSERVATIONS

Thorium 1s not precipitated by the reagent until the free acid
concentration falls below 0.10 N.

When present singly, titanium and stannous tin are not pre
cipitated in acid solutions 0.10 N and stronger, but in the pres
ence of zirconium small quantities are carried down even in
0.25 N free acid. - The separation is, however, complete in a
double precipitation,

Vanadyl and chromium are not precipitated from neutral
solutions, but contaminate the zirconium precipitate even at
0.20 N acid concentration. The amount carried down is so
small that the weight· of zirconia is not significantly higher,

REAGENTS for the determination of zirconium are many, but
few are selective. The best known is mandelic acid, recom

mended by Kumins (2). To this may be added m-cresoxyacetic

acid, O-O-GR2COOR, a reagent that is easily pre-

I
CR,

pared and purified (1). From solutions 0.20 to 0.25 N in hydro
chloric acid, zirconium can be precipitated quantitatively in
the.presence of a number of elements, including thorium. This
paper describes the use of this reagent for the selective precipita
tion of zirconium. The precipitate is voluminous and settles
down quickly.. As little as 2 mg. of zirconium oxide gives a
precipitate large enough for convenient handling.

EXPERIMENTAL

Estimation of Zirconium. A stock solution of pure zirconyl
chloride in 0.1 N hydrochloric acid was standardized by pre
cipitation with cupferron (4). Aliquots of this solution were
estimated with m-cresoxyacetic acid. The results are shown in
Table 1.

Effect of Acid. The reagent precipitates thorium, ferric iron,
titanium, and stannous tin as well as zirconium in neutral or
slightly acid .solution. In a study of the selective precipitation
of zirconium in the presence of these elements, the solubility
of zirconium m-cresoxyacetate in hydrochloric acid was investi
gated by determining the zirconium oxide obtained from standard
solutions in various acid concentrations. It has been observed
that the precipitation of zirconium is quantitative in solutions
up to 0.25 N in hydrochloric acid. Thus a convenient free acid
concentration at which separation can be attempted is 0.20 to
0.25 N.

Composition of Precipitate. Ignition tests with the precipi
tate formed in solution 0.20 N in hydrochloric acid pointed to
the association of one molecule of m-cresoxyacetic acid with each
sirconium atom. These results, which showed variations of
the order of 3% from sample to sample, conformed to the em-

OR
pirical formula O=Z< ,where R represents the m-cres-

R
oxyacetate radical. The precipitate is thus a basic salt of slightly
varying composition which precludes its direct weighing ..

Table I. Determination of Zirconium in Pure Solutions
ZrO, -ZrO,

Expt. Taken, Found, Differenee,
No. Gram Gram Mg.

1
2
3
4.
5
e
7
8
9

10

PROCEDURE

Single Precipitation. To the solution containing not more
than 0.1 gram of zirconium oxide, add the calculated quantity of
2 N hydrochloric acid to give a free acid concentration of 0.20 N
in a total volume of 200 ml, and 10 grams of solid ammonium
nitrate, then dilute to 100 ml, Boil. Add 2 grams of m-cresoxy
acetic acid in 100 ml, of boiling water with continuous stirring.
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but the ignited residue is slightly colored. On a second pre
cipitation the color disappears.

Ferric iron is only partially precipitated in neutral solutions.
Beryllium, aluminum, nickel, calcium, barium, uranyl, and

trivalent rare earths (cerite group) are not precipitated.
Sulfate interferes with the determination of zirconium.

ANALYSIS OF ZIRCON

The method was checked by determining zirconia in a zircon
ore from Travancore, India, which was found on qualitative
analysis to contain silica, titania, and ferric oxide as well as zir
conium. Thorium, aluminum, and the rare earths were not
present in detectable amounts. The ore was fused with borax

AN ALYTICAL CHEMISTRY

(3) and after removal of silica, zirconium was determined by
double precipitation with m-cresoxyacetic acid in b.20 N hydro
chloric acid. The results are shown in Table III. For com':
parison, values obtained with the cupferron method (4) are in
cluded.
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Fluorometric Determination of Renzil
SAMUEL SASS AND JEROME GOLDENSON

Chemical Corps, Technical Camrnand, Arnty Chemical Center, Md.

IN AN investigation of miticides for use in clothing, a method
was required for the determination of small amounts of benzil

impregnated in cloth. Attempts to' find a suitable colorimetric
method for this new effective miticide (1, 2, 7) were unsuccessful
(4). An adaptation of a gravimetric method (5) was found to be
accurate for larger quantities of benzil in pure finish cloth (4), but
impurities which are soluble in ethyl alcohol and insoluble in
dilute hydrochloric acid interfered and the method was not suit
able for trace amounts. Application of ultraviolet absorption
measurements at the strong absorption band of benzil (260 mu)
was limited because of marked interferences in cloth containing
ultraviolet-absorbing material such as certain sizing preservatives.

The condensation reaction (3) of diketones such as benzil and
nitrobenzils with alkylated aminophenols to form blue-red dye
stuffs with yellow-red fluorescence was utilized in the method de
scribed here. In the procedure developed, benzil is determined
photofluorometrically as a condensation product with m-diethyl
aminophenol. It was also observed that very small amounts of
alkylated aminophenols can be detected by condensation with an
excess of benzil.

APPARATUS

Klett photofluorometer, Model 2070, with matched tubes and
filters 597 and 351. Beckman quartz spectrophotometer, Model
CUV, range 220 to 1000 mp, with interchangeable hydrogen dis
charge lamp in housing, power supply unit, and a pair of fused
silica absorption cells JVith borosilicate glass covers.

REAGENTS

Benzil, technical grade material, purified by recrystallization
from 95% ethyl alcohol. Analysis: C,79.9%; H, 4.77% (calcu
lated for benzil, CuH100 2 : C, 79.98%; H, 4.79%).

Reagents for fluorometric method. m-Diethylaminophenol,
recrystallized from 95% ethyl alcohol. Reference solution, 0.0004
gram of fluorescein in 1 liter of water.

Reagents for gravimetric determination. 2,4-Dinitrophenyl
hydrazine solution made by saturating 2 N hydrochloric acid
with 2,4-dinitrophenylhydrazine, 2 N hydrochloric acid, and 95%
ethyl alcohol.

DEVELOPMENT OF FLUOROMETRIC METHOD

Investigations were conducted to determine whether the con
densation reaction (3) could be adapted as a quantitative method
for the estimation of benzil. Exploratory work with several
aminophenols indicated that a compound melting below 100 0 C.
would give the best results. m-Diethylaminophenol (melting
point 78 0 C.) was found to be a satisfactory reagent when con
densed with benzil at 1000 C. for 90 minutes. Two to 4 moles of
the aminophenol are required for each mole of benzil (3). Re-

coveries of 98% and better were obtained on purified samples of
benzil by this method.

Unsized, undyed cotton pure-finish herringbone twill cloth was
impregnated with known quantities of benzil. The miticide was
then extracted with ethyl alcohol and determined by the fluoro
metric method. Recoveries of 97% or better were obtained.
With benzil which had not been impregnated in cloth recoveries of
98% or better were obtained.

Table 1. Cornpazison of Fluorometzie with GraviDletric
and Ultraviolet Absorption Methods for Determination of

. Benzil in Cloth
Benoil, %

Ultraviolet
Sample Fluoro- Gravi- absorption

No. Fixative metric metric measurement

1 Chlorinated paraffin 5.17 5.10 5.35
2 Chlorinated paraffin 5.20 5.02 5.29
3 Chlorinated paraffin 2.15 2.07 2.08
4 Chlorinated paraffin 0.07 0.07
5 Chlorinated paraffin 0.01

7:47
0.01

6 None 7.66 7.61
7 None 0.17 0.19 0.18
8 None 0.25 0.27 0.25
9 None 0.76 0.80 0.78

The results given in Table I were obtained by application of the
following fluorometric method to samples of pilot plant impreg
nated 'cloth. As this cloth did not contain material that would
interfere in the gravimetric or ultraviolet absorption methods,
these methods were used for comparison purposes and are also de
scribed below.

Cut the cloth sample into J-cm. squares' and mix to make more
homogeneous. Place a 3.000- to 5.000-gram sample of cloth
(enough to contain at least 1 mg. of benzil) in the thimble of a
Soxblet extraction apparatus. Extract with 95% ethyl alcohol
for 2 hours. If the extract is turbid, let it stand overnight and
filter. Make up the extract to a known volume in a volumetric
flask with 95% ethyl alcohol, so that a concentration of 0.01 to
0.04 mg. of benzil per ml. is obtained. Using a pipet or micro
buret, accurately measure 1 ml. of the solution into a test tube.
To the same test tube add from a microburet 1 ml. of a 95% ethyl
alcohol solution containing 50 mg. per ml. of m-diethylamino
phenol. Place the test tube over a hot water bath maintained
at 100 0 C. and heat for 90 minutes. (A 3-liter beaker covered by a
Transite board with holes large enough to support a test tube by
the flare serves as an excellent bath when heated on a hot plate.
The water level should be just below the bottom of the tube.)
Wash the melt from the test tube into a 100-ml. volumetric flask
and make up to volume with 95% ethyl alcohol.

Make measurements on a Klett photofluorometer using filters
597 and 351 with a reference solution of 0.0004 gram per liter of
fluorescein. Prepare a curve relating fluorometer reading with



Sizing
Sizing
Nacconal
Naeeonal
Span 80 •
Span 80
Chlorinated paraffin
Chlorinated paraffin
Polyvinyl aleohol
Polyvinyl aleohol
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Table II. FluorOluetricDetermination of Benzil in Cloth
Containing Various Impregnating Agents

Additive Impregnated in Benzil Added' Benzil
2.5 G. Cloth Sample to Sample, Found,

Agent Weight. g. Mg. Mg.

Unknown 0.025 0.024
Unknown 0.025 0.024

0.05 0.025 0.023
0.05 0.025 0.024
0.05 0.025 0.025
0.05 0.025 0.024
0.125 0.025 0.025
0.125 0.025 0.024
0.013 0.025 0.021
0.013 0.025 0.016

benzil concentration, using known solutions treated as described
above, and make the quantitative determination of the unknown
by applying the reading obtained. For best results the calibra
tion curve and unknown samples should be run on the same day,
because the aminophenols tend to darken on standing. Run a
suitable blank under the same conditions with unimpregnated
cloth.

Tests were run using various fixatives, laundering agents, and
emulsifiers which might be used in cloth impregnation 'studies.
Of these materials, chlorinated paraffin gave the least interference
and polyvinyl alcohol gave the greatest. In most cases, compen
sation for interferences could be made by use of suitable
blanks. Results, corrected by use of blanks, of the fluorometric
determination of benzil in the presence of various agents are listed
in Table II.

Gravimetric Method. Recoveries of 97 to 98% were obtained
in the estimation of benzil by a method for the determination of
water-insoluble carbonyl compounds by means of 2,4-dinitro
phenylhydrazine (5). The method used was essentially the same
as described by Iddles et al. with the addition of a 2-hour extrac
tion of the cloth sample with 95% ethyl alcohol, followed by the
precipitation of the benzil compound from an aliquot portion of
the extract.
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Ultraviolet Absorption Method. Ethyl alcohol was used as the
solvent and absorption measurements were made with a Beckman
quartz spectrophotometer. The maximum absorption for benzil
in 95% ethyl alcohol occurs at a wave length of about 260 mu (6).
Absorption readings were made at 260 m}.' and a slit width of 0.5
mm. The Beer-Lambert law holds only approximately for benzil
in 95% ethyl alcohol at this wave length. For this reason it was
necessary to plot a curve of log 10/1 versus concentration. The
cloth samples were extracted with 95% ethyl alcohol and readings
were made on concentrations in the range of 0.003 to 0.015 gram
per liter.

DlSCUSSION

Marked changes in the fluorescence of solutions containing the
fluorescent compound took place with large changes of pH. Solu
tions made alkaline with ammonium or potassium hydroxide
showed a great decrease in fluorescence. However, under the
conditions of the procedure outlined above, only a slight effect due
to small amounts of acidity in the alcohol was noted. Neutraliza
tion of the alcohol eliminated this difficulty.

In all applications of the fluorometric method described here, a
straight-line curve of Klett photofluorometer readings against
milligrams of benzil in concentrations up to 0.03 mg. per m!. was'
obtained.
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Colorimetric Method for Determination of Traces of Carbonyl Compounds
GERALD R. LAPPIN, University of Arizona, Tucson, Ariz.,

AND

LELAND C. CLARK, Fels Research Institute for the Study of Human Development,
Antioch College, Yellow Springs, Ohio

NO,

~ base
R-CH = N-NH-~_~-NO,~

THE addition of a solution of sodium or potassium hydroxide
to an alcoholic solution of a 2,4-dinitrophenylhydrazone pro

duces a very intense wine-red color, presumably due to the forma
tion of the resonating quinoidal ion I. A similar quinoidal ion

NO, 0-
I /

e> - N
R-CH=N-N= _ - '"

I '0

has been suggested for the colored solution formed when base is
added to the phenylhydrazone of a nitroaromatic aldehyde (1).
This color reaction has been made the basis of a very sensitive
method for the estimation of ketosteroids in biological extracts
(2). Herein is reported the extension of the method to th:e.quan
titative determination of traces of aldehydes or ketones in water,
organic solvents, or organic reaction products. The method is
most useful in the range of carbonyl concentration from. 10-4 to

10-6 molar, wherein few if any other methods give reliable re
sults or are of general application.

Absorption spectra were run on alkaline alcoholic solutions of a
number of 2,4-dinitrophenylhydrazones. It was found that the
position of the maximum as well as the value of E m ax . was nearly
independent of the structure of the carbonyl compound (with
exceptions noted below) and were independent of the concentra
tion of base as long as a sufficient excess was present. The colors
formed were relatively stable, although slow fading over a period
of several days was no'ted. Beer's law was obeyed in the con
centration range studied. The value of E m ax . ·determined for a
large number of compounds averaged 2.72 X 104 at 480 mu,

Table I gives more exact values for a number of compounds.
For actual analysis it was found unnecessary to isolate the

phenylhydrazone. If it was prepared in solution, using an excess
of 2,4-dinitrophenylhydrazine, the addition of base converted the
excess reagent to a very light yellow substance, the absorption of
which was corrected for by using a blank determination.

PREPARATION OF REAGENTS

Carbonyl-Free Methanol. : To 500 ml. of'o.r. methanol were
added. about 5 grams of 2,4-dinitropheriylhydrazine and a few
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Table I. Position and Values of Emn~. for Various
Corrrporrrrds

PROCEDURE

The unknown or its solution should not be more than 10-3

molar in carbony I. In such dilute solutions the phenylhydrazone
will not precipitate at room temperature. The solution must be
neutral or very weakly acidic to prevent precipitation of potas
sium salts when the base solution is added.

To 1.0 ml. of the unknown or its solution in carbonyl-free
methanol were added 1.0 ml. of the 2,4-dinitrophenylhydrazine
reagent and 1 drop of concentrated hydrochloric acid. The tube
was loosely stoppered and heated in a water bath at 50° for 30
minutes or at 100° C. for 5 minutes. After cooling, 5.0 ml. of the
potassium hydroxide solution were added. The almost black

drops of concentrated hydrochloric acid. After refluxing 2
hours, the methanol was distilled through a short Vigreux
column. If kept tightly stoppered, the methanol remains suit
able for use for several months.

2,4-Dinitrophenylhydrazine Solution. A saturated solution
in carbonyl-free methanol was prepared, using 2,4-dinitrophenyl
hydrazine which had been twice recrystallized from this solvent.
This solution should not be used more than a week or two after
preparation.

Potassium Hydroxide Solution. Ten grams of potassium
hydroxide were dissolved in 20 ml. of distilled water and the
solution was made up to 100 ml. with carbonyl-free methanol.
This solution will keep indefinitely.
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DISCUSSION

The method has been found to be applicable to a large number
of aldehydes and ketones, both aliphatic and aromatic, as well as
to some diketones. The only interfering structures 'so far encoun
tered are nitroaromatic groups and conjugation of the chalcone
type ketones. Compounds containing such groups can still be
determined by using the same compound for standardization.
Accuracy of the order of 2 parts per hundred was obtained in the
range of 5 X 10-6 to 10-' molar carbonyl. Carbonyl concentra
tions as low as 5 X 10-7 molar can be detected qualitatively.

The authors have successfully used the method to determine
carbonyl compounds in water solutions, and organic solvents
such as alcohols, acetic acid, ethers, and ethyl acetate: to the
detection and estimation of small quantities of carbonyl com
pounds formed in certain rearrangement reactions (3, 4); to the
qualitative identification of aldehydes and ketones in an organic
qualitative analysis course (for this purpose the intense color due
to larger concentrations of carbonyl compounds makes it easy to
distinguish visually between trace impurities and a major com
ponent); and to determine the number of carbonyl groups in a
compound of known molecular weight (4).

solution which resulted rapidly cleared to the characteristic wine
red color. A blank determination was made simultaneously using
1.0 ml. of the carbonyl-free methanol in place of the sample.

The optical density of the solution was determined using a
Beckman Model DU spectrophotometer. The instrument was
adjusted for 100% transmittance for the solution from the blank
determination, no further correction for the blank being neces
sary. The measurement was made at 480 mIL and the calcula
tions were made using the average value of Emnx • In later work
the instrument was standardized using acetophenone and a graph
was constructed to allow direct reading of carbonyl' concentra
tion from the observed optical density.

Emax. X 10-'

2.72
2.66
2.71
2.70
5.42
2.71
2.72
2.73
2.70
2.69
2.68
2.70
2.72
2.68
2.70
2.69
2.7.5
5.46

478
476
480
480
480
480
48J
480
480
480
480
480
479
480
480
476
480
480

Maximum.
IIIIJCompound

Acetaldehyde
. Acetone

Acetophenone
Anisaldehyde
Acetylacet.one
Acetthienone
Benzaldehyde
Butyraldehyde
Cinnamaldehvde
Cycl ohexanone
Ovclopentanone
3.5-Dichlorobenzaldehyde
Furfural
9-Hept.adecanone
p- H ydroxyacetophenone
Methyl cyclopropyl ketone
Methyl ethyl ketone
Methyl phenyl diketone

Purification of Methyl Acetate and Ethyl Acetate
CHARLES D. HURD AND JAMES S. STRONG

Northwestern University, Evanston, Ill.

PUR E ethyl acetate is required in some analytical operations,
such as the separation of soluble sodium perchlorate from

insoluble potassium perchlorate (5). Water and ethyl alcohol
are the usual impurities to be anticipated. However, for most
methods in which ethyl acetate is employed in quantitative
analysis, small quantities of water and alcohol are not pro
hibitive.

Themethod of purification which seems to have been generally
adopted (1-5) for both methyl and ethyl acetates is the use of
phosphorus pentoxide. Apparently the use of acetic anhydride
for this purpose has been overlooked. The latter reagent. is
suitable not only for the ordinary ester of 97 to 98% purity
but also for esters containing much higher amounts of alcohol.
An obvious advantage is that the alcohol content becomes con
verted into the desired ester. This method was tested and found
to be suitable. Most of the acetic acid which was formed was
removable by distillation. Then, treatment with anhydrous
potassium carbonate and redistillation gave essentially pure ester.

One liter of ordinary methyl acetate (d~~ 0.9309) was refluxed
for 6 hours with 85 m!. of acetic anhydride, then was distilled

(boiling point 56.0--56.5°) through a Vigreux column. The dis
tillate was shaken with 20 grams of anhydrous potassium car
bonate for about 10 minutes and redistilled. The density of this
material (d~V was 0.9284, comparing with Perkin's (3) value of
0.92825. Careful determination of the saponification equivalent
of this material showed it to have a purity of 99.87 ± 0.02%.
About the same results were obtained if a few drops of sulfuric acid
were added to the acetylation mixture.

A mixture of 1 liter of ethyl acetate (98.01 % purity, as deter
mined by saponification equivalent), 55 ml. of acetic anhydride,
and 6 drops of concentrated sulfuric acid was refluxed for 4 hours,
then processed as above. After treatment with potassium car
bonate and redistillation, the purity of the ethyl acetate was
99.65% as shown by saponification equivalent.
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Figure 2. Crystals of T etrazole from M elt
C rossed N icol.

F igu re 1. C rystals of Tel r a zo le S u b li med onto
Micros cope S lide -,
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CONTRI BUTIONS of c ryst allo gra phic data for t his section should be se nt to
Walter C. Me Cro ne , An al y tical Section . A rmour R esea rch Foun da tion of
Illinois Institute of T echnology , C hicag o 16, Ill .

angles were measured microscopically and are subject to ±-3°
error. This accounts also for the rather ba d agreement be
t ween the obse rved and calculated density.

C R YSTAL ~10RPHOLOGY

Crystal System. T riclinic.
Form and Habit. P lates flattened parallel to and usually lyi ng

on 001, showing the pinacoids, {0011, 101O }, {100}, and occas ion
a lly the prisms, {110 I.

Axia l Rat io. a :b :c = 0.915 :1 :0.687.
Int erfacial Angles (Po lar). 001 A 100 = 86°; 001 A 010 =

57.5 °; 100AOIO = 106 °.
Crystal Angles. 0: = 130 °; {3 = 111°; -y = 63 °.

X-RAY D IFFRACT IO N D AT A
Cell Di mensions. a = 5.00; b = 5,46; c = 3.75.
Fo rm ula Weights per Cell. J.
Formula Weight. 70.06.
D ensity. 1.406 (flotation ); 1.632 (x-ray).

O PTICAL PROPERTIE S
Refractive I ndexes (5893 A. ; 25 ° C.). 0: = 1.388 ±- 0.005.

{3 = 1.595 ±- 0.002. -y = 1.660 ±- 0.002.
Op tic Axia l Angles (5893 A.; 25 ° C.) . 2V = 51° . 2E =

!l0°.
Dispersion. v> r very slight.
Sign of Double Refract ion . Negative.
Acute Bisectrix. Almost ±-001.
Extinction. -yAa = 13 ° on 001.
Mo lecular Refra ct ion (R) (5893 A.; 25 ° C.) . ..:; 0:{3-y = 1.54.

R( calcd. ) = 19.7 (imidine value for N's ). R(obsd. ) = 15.6.
F USION D ATA. Tetrazole melt s without decom positi on at 155.5 °

(equilibrium micro melting point ) and crystallizes with ou t super
cooling to form flat rods with oblique extinction (ca . 15°) and
showing centered EXa figures. Negative, v>r , 2E = 90°.

H
N-N",
II C II
N-~ f'

Tetrazole42.

Structural Form ula for Tetrazole

T ET R AZOLE can be recrysta llized from et hy l ace ta te an d
ot her common organi c solvents, but th e best crysta ls for both

optica l and x-ray studies are obtained by slow sub limation (at
about 50° C.) onto a microscope slide. Characteristic crystals by
sub limation are shown in Fi gure 1; crystals grown from the melt
a rc shown in F igure 2. An orthograph ic pro ject ion of a typica l
crystal of tetrazo le is sho wn in Figure 3. All crystal interfacial
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Analytical Chemistry of the Manhattan Project. Clement .T.
Rodden , Editor-in-Chief. xx + 748 pages . McGraw-Hill
Book Co., Inc" 330 West 42nd St ., New York 18, N. Y.,
1950. Price, $6.75.

Analy tical chem ists have looked forward to the appearance
of thi s- volum e, one of the National Nuclear Energy Series. '
It is an integrated compilation of methods developed in all
the analytical resear ch laboratories of t he Manhattan Project.
The book is di vided into two parts , the first dealing with the
analytical chemist ry of the individual clements studied on t he
project and t he second with special techniques such as elect ro
ly tic, photometric, eleotrometric, spectrochemical, and radio
chemical. I n Part I , approximately 200 pages are devot ed to
ur anium and t horium. The 'analytical chemistry of th ese two
elements is covered very thoroughly. Methods of separation
and determination of both macro and micro qu an ti ties are given
in detail ; selecte d pr ocedures for ore and minera l an alysis are
presented . The other elements are tr eated more briefly. To a
large extent th e determination of traces of th ese elements was
requir ed in the examination of proj ect materials and such methods
make up a considerable portion of this section. Radiochemical
methods are covered only sup erficially , as they ar e treated in
detail elsewhere in th e ser ies.

Alth ough it is sta ted in th e introduction that " the methods
that were developed were in th e majority of cases based on tho se
previo usly published and in many cases were but adaptations
for specific purposes," t he ana lyst will discover mu ch that is
new and interes ti ng. There is hardly anyone concern ed with
the analysis of inorganic ma terials who will not find something
of val ue to him in this book .

E . B. SANDELL

Symposium on Rapid Methods for the Identification of Metals.
84 pages. Ameri can Society for Testing Materials, Phil a
delphia, Pa. Pric e, $1.75.

This pub lication covers the most recent developments in th e
field of ra pid methods for the identification of metals. The
techniques inc luded , some of which have not been described pre
viously, should prove of great va lue especially where the testing
must be done in the field-that is, where the laboratory must be
taken to the sample. Those concerne d with scrap problems,
stocking of various met al products, sorting of vari ous alloy parts,
should find this pu blication of interest and help . The symposium
was spon sored by Committee E-3 on Chemical Analysis of Metals,
Amer ican Society for Testing Materi als.

T he nin e comprehensive papers in the publication and the ir
a uthors a re : " De velopment, Present St ate , and Outlook of Spot
T est Analysis," F . Feigl, Laboratorio da Produ cao Mineral,
Ministe rio da Agricultu ru, Rio de J aneiro, Brazil ; "Electro Spot
T est ing and E lectrography," H. W. Herm ance and H. V. Wadlow,
Bell T elephone Laboratories ; "I nstruments for Rapid Metal
Ident ificat ion," R. R. Webster , Jones & Laughlin Steel Corp. ;
"Separating Alloys by Relative Spot Tests," H . Kirtehik , Genera l
E lectric Co.; " R apid Methods for the Identification of Copp er
Base Alloys," R . P . Nevers, American Brass Co. ; "Rapid Iden
tificat ion of Metal Finishes," A. Lewis and D . R. Evans, Western
Electric Co.; "Examination of Plated and Protective Coatings
by E lectrograp hic Analysis," N . Galitzine and S. E . Q. Ashley,
Genera l E lectric Co.; " Field Test Kit and P rocedure for Use in
Rapid Identification of Some Nickel Alloys and Stainless Steels,"
H . B. Lea, Eastman Kod ak Co.; "Rap id T ests for Identifying
Alloy Ste els," E . C. Kirkham;' University of Utah .

ANALYTICAL CHEMISTRY

The Electron Microscope. V. E. Cossleit. Vlll + 128 pages.
Interscience Pu blishers, Inc., 250 F ifth Ave., New York I,
N . Y. Price, $1.25.

Recently t he literat ure concerning the elect ron microscope
has been expanding rapidly in both theoretical and practical
elementary fields. "T he E lectron Microscope," , by Cosslet t ,
is certainly one of t he better tr eatments from an elementary
viewpoint of this rather technical subject . The E nglish au thor,
a recognized authorit y on this subject, has ad dressed the volume
to a person of reasonable intelligence, bu t with little knowledge
of optics, either ligh t or electron. The book is clearly wri t ten
in a very readable style, and what is most remarkable, without t he
use of a single mathemati cal equa tion, a difficult thing to do on
such a topic.

The au thor takes a very realisti c view of t he subject, leaning
toward conser vatism on controversial points particularly in the
chapte r on future possibili t ies of t he elect ron microscope. Al
though the book is pocket size, the subject is very completely
covered with lit tle unnecessary detail. I nexpensive paper has
been used for the book, except for the excellent reproductio n of a
sma ll collection of repr esentativ e elect ron photomicrographs on a '
good grade of coated stock. An adequate number of line dia
grams are includ ed, but the bibliography is a lmost nonexistent .
The few references that are included , however, lead to a very
comp lete genera l t rea tment of t he sub ject of the electron micro-. .
scope.

This is a well-wri tten elementary book by an authori ty in t he
field of electron opti cs and can be read to advantag e even by an
experienced electron microscopist . '

ERNEST F . F ULLAM

Symposium on Molecular Structure and Spectroscopy
A Symposium on Molecula r Structure and Spectroscopy will be

held at th e Department of Ph ysics, Ohio State University, Col r m
bus, Ohio, June 11 to 15, 1951. There will be discussions of t he
inte rpretation of molecular spectroscopic dat a as well as methods
of obtaining such data , and sessions devoted to phases of spectros
copy of current interest. T he symposium will be sponsored
join t ly by the Graduate School and th e Depart ment of P hysics
and Astronomy at Ohio State Univers ity an d t he Di vision of
Chemical Physics of the American Physical Society.

A dormitory will be availab le for t hose who wish to reside OIl

th e campus during the meeting.
F urther information is ava ilable from Harald H . Nielsen, De

partment of Physics, Ohio State University, Columbus 10, Ohio.

Instrument Society of America. P it t sbur gh Section and
Carn egie Inst it ut e of T echnology. P it t sbur gh , P a .. March
28 and 29. New Je rsey Section. Newa rk , N. r ., April 3

U. S. National Committee of the International Commission
for Uniform Methods of Sugar Analysis. Boston. Mass.,
April 5 and 6

Scientific Apparatus Makers Association. Greenbrier Hotel.
Wh ite Su lphur Springs, W . Va .. April 15 t o 18

Symposium on Molecular Structure and Spectroscopy. Ohio
State University, Columbus, Ohio. June 11 to 15

Fourth Annual Summer Symposium. Washington, D . C .,
June 14 to 15



AIDS FOR THE ANALyST .....
Modified Syrlnge for Extraction with Solven ts of Low Density.

A. 1. Med alia and R. W. Sto enne r, Brookhaven National
Laboratory , Upton, L. 1., N . Y.

M AN Y extraction procedures of valu e in analytica l
1 chemistry use a solvent, such as ethy l or isopropyl ether,
which is less dense than the aq ueous medium from which the
substance in question is being extracted. Because quantitative
sepa ration can genera lly be obtained only by repeated ext raction,
it is necessary to transfer t he aqueous phase back and forth from
one sepa ratory funnel to another, each time wit h rinsing ; 0 1' if
only one separatory funn el is used, to reserve the aqueous phase
in a sepa rate container and transfer it back to th e funn el afte r
removal of the organic phase. During th ese operations the or
gani c ph ase genera lly becomes contamina ted with aqueous
emulsion which clings to the sepa ratory funn el after drainage of
the aqueous phase. T o avoid this cumbersome procedure, vari 
ous assemblages of sopara tory funne ls have been proposed (2),
which , however, are both cumbe rsome and fragil e.

In Figure 1 is sho wn a sim-
ple apparatus by mea ns of
which repeated extractions may
be carried out wit hout transfer
of the denser ph ase ou t of t he
appara tus. The appa ratus con
sists simply of :;L syringe with an
eccentric t ip, to which are sealed
a stopcock and an outlet t ube.
The spherical joint shown in the
figur e may be omitted for the
sa ke of economy; however , its
use gives greater flexibili ty , and
pe rmits extraction with solvents
d enser than water. Sy r i n ges
'with ecce ntric tip are commer
cially av ailabl e in va rious sizes,
and are generally constructed of
boro s i li cate g l a s s . Because
there is some variation in manu
facture, only the more closely
fi t ting sy r i n ges s h o u l d b e Figu re I
se lecte d.

The aqueous solution is in troduced by placing the solution in a
container with a pointed bottom, and then sucking it into the
syringe; rinsings of the container a re then introduced in the same
manner. The aqueous solution may also be pipetted directly into
the open syringe barrel, clamped in a nearly horizontal position,
with care to avoid introduction of this solution into t he capilla ry
t ip during insert ion of the plunger. (If the open syringe barrel
were held vertically, a portion of t he solutio n would enter the
cap illary tip and be lost when the plunger was inserted, as this can
be done only wit h the stopcock open.) The organic solvent is
next sucked in through the outlet tube by drawing out the
plunger. Some air is also drawn in, the stopcock is closed , and
then the syringe is shaken. The plunger will not drop out during
sh aking; if pressure is genera ted by volatilization of the organic
solven t, the plunger is forced out a short distan ce until, according
to the gas law, the volume of the gas space is increased by a factor
of 1 + P, where P is the vap or pressur e of the solvent in at mos
pheres. The syr inge is then held as shown in Figure 1, and afte r
separation of the phases, the lighter phase is forced out through the
outlet t ube. The eccentric tip is kept at the top, so that none of
the organic phase is trapped. The amount of liquid delivered can
be closely controlled; and the organ ic solvent is expelled free from
water. More organic solvent is then sucked in through the de
livery tip, thus rinsing t he contents of the tip back into the

.syringe, and further extraction; are performed as before. Finally ,

the aqueous phase may be forced ou t t hrough the outlet tube and
the syringe rinsed by sucking in water and air, shaking, and again
forcing out th e water.

It may be desirabl e to use th e syringe for extrac tions with
solvents denser th an water- for example, differen t elements ma y
be extracted success ively from t he same solut ion, such as ferr ic
chloride with et her, t hen coppe r carbamate with carbo n tetra
chloride. For extraction wit h dense solvents, the same proce
du re is used as with light solvents, bu t t he outlet tube is turne d
in the opposite dir ection from that shown, and th e whole sy ringe
is inver ted to permi t th e dense solvent to be forced out through
th e out let tube . The portion of th e solut ion (in the dense sol
vent) left in the outlet tube below th e stopcoc k is not lost , as
wit h conventiona l separa tory funnels, but is drawn back into the
syringe when fresh solvent is sucked in.

Exp erimental. As a tes t of the completeness of extraction with
this apparatus, ferri c chloride was ext racted with isopropyl et her,
as recommend ed by Dodson , Forney , and Swift (1 ).

A solut ion of 0.0964 M ferri c chloride in 7.87 N hydro
chloric acid was ana lyzed by reducti on with stannous chloride and
mercuri c chloride, followed by titra tion with eerie sulfate. Ali
quots of 25 ml. were placed in the syr inge and extracted with three
successive portions (20 to 25 ml.) of reagent grad e isopropyl
ether. Dil ut e hydrochloric acid was added to the combined ex
tracts, the ether was boiled off, and the remaining solution was
analyzed as before . T aken, 134.8 mg. of iron ; found, 134.9 mg.
The aqueous phase, combined wit h three rinsings of the syringe
with hydrochloric acid, was tested for ferric iron with thiocyanate.
It was found that less t han 0.01 mg. of iron was present.

To check the sharpness of separa tion of the two phases, a solu
tion of 1.5 grams of cupric chloride dih ydrate in 7.87 N hydro
chloric acid was ext racted once with isoprop vl ether. Water was
added to the ext rac t, the et her was boi led off, and the copper was
determined with diethyldithiocarbamate. Found, 0.02 mg. of
copper.
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RESEARC H carried out und er th e aus pices of th e At omi c En ergy Co m
mission.

Hydrocarbon Absorption by Stopcock Lubricants. M . H . Polley ,
Godfrey L . Cabo t, I nc., Boston, Mass.

I N THE measurement of calorimetric heats of adsorpt ion of hy
drocar bon s on carbon black at 100 0 C. (5 ), mercury cutoffs in

the adsorption appara t us , which were used success fully at room
temperature (J , 6), were rejected because of the appreciable vapor
pressure of mercury a t the high er tempera ture. The use of glass
stopcocks in such a system req uires a lubrican t of low vapor pres
sure, insoluble in hydrocarbon vapor and of good consistency at
both room temperatur e and 100 0 C. Aft er considerable investi
gation of lubricants recommended for use with hydrocarbon
vapors (2, 4), a cellulose acetate grease made by a slight vari ation
of the method of Pear lson (3 ) was found to possess excellent work 
ing characteristics in the presence of hydrocarbons at eleva ted
temperatures.

Preparation of Cellulose Acetate Lubricant. To 45 grams of
200 molecular weight polyethylene glycol 6.0 grams of commer
cial cellulose acetate were added and th e mixture was heated on an
oil bath at 140 0 C. about 25 minutes. Then 0.6 gram of cellulose
acetate was added and heating was continued .until theprepara
t ion washomogeneous . About 29 grams of citric acid , heated on
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Drying Spect rogr aphic Elect rodes Directly on Arc Stand. A. J .
Mi tteldorf, Armour Resear ch Foundation of IlJinois In st itu te
of Technology , Chi cago 16, Ill.

After each elec
trode is preburned,
a measu red quan
t it y (0.1 mI. ) of
wat er sa m p le is
placed in its cup, us
ing a micropipet ,
while the electrode
r e m a i n s i n i t s
c l a m p. A se l f
ignited direct cur
rent arc is t hen di
rected to t he side
o f t he e lec t r o d e
about 2 cm. below
the top of t he cup.
Applied at 12 am
peres for about I
sec o n d , the heat
from the arc is con
ducted to the water
i n t he c u p a n d
causes it to eva po

ra te ra pidly. If this ar c is applied for too long a time, the water
may sput ter out of the cup.

The universal arc-spark stand (A.R. L. Model 2061) is well
suited for drying electrodes by t his techn ique . The electrical
connection normally used for the Petr ey stand serves to support a.
swiveling, clamp, which in turn holds a Icngth of pointed, high pu
ri ty graphi te rod 0.25 inch in diameter. T o dry the water out of
th e cupped elect rode, th e upper electrode is raised about 2 em.
(to prevent arcing to it ) and the side electrode is pivot ed in to t he
position shown in th e diagram. Because t he gap between the
side and main electrodes (about 2 mm.) is shorte r than that be
tween t he up per and main elect rodes , t he arc is struck between
the former two by the Mul tisour ce, After the arc from the side
electrode has dried th e main electrode, the side electrode is swung
away and t he upper electrode is brough t back into position for
arcing th e material and exposing t he spec trogram.

Using thi s scheme for drying elect rodes, calcium and mag
nesium as well as silicon contamina tion has been redu ced to such
an exte nt that th e limiting source of contamination is no w the
electrodes themselves. Even in comm ercial graphite electrodes
of th e highest purity, these elements frequently occur as troub le
some impurities.
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(1) Beebe . R . A.• Polley, M . H ,, Smith. iV. R. , and Wendell, C. B..
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O CCA8 IO N AI' I'¥ a conventiona l l.a-meter A.R. L. spectr o-
gra ph is used to determine t he silicon con tent of specia lly

distill ed water . As the concentration of silicon involved is very
small (less th an 0.0005% ), conta mination, especially from dust in
the air, presents a large problem.

In order to redu ce this contamination a scheme for dry ing
electrodes directl y by an arc on th e arc stand has been devised,
which redu ces to a minimum handling of th e graphi te electrodes
and also th e amount.of time that t he elect rodes are exposed.

vapor pressure, good consist ency at high temperature , and negli
gible hydrocarbon absorption. It was found, however , that at the
end of a 14-hour calorimetric run th ere was a slight breakdown of
the grease, necessit ating th e cleaning and regreasing of the stop
cocks.

160

n -Hcxanc Ab so r b ed on Stopcock
Lubricants at 100 0 C.

Figurc 1.

EXPERIMENTAL (' ROCEOURE AN() lt ESU LT S

In conjunction wit h the sea rch for a suitable stopcock lubri
cant , a sepa ra te tes t ing procedure was adopted to det ermine the
extent of hydrocarbon absorption by th e lubrican t . The ap
para tus employed for this st udy WII S similar to th at developed for
the measurement of heat s of adso rption at, 0 0 C. (J ), using mer
cury cutoffs.
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an oil bath to 190 0 C., were ad ded and the mixtu re was heated a t
190 0 C. for another hour , with frequ ent st irring. The grease was
cooled and dehydrated in a vacuum desiccator . At room te m
perature it became extremely viscous and tacky.

App roximately 0.10 gram of grease was placed in an adsorption
cell and outga ssed at 100 0 C. to free t he sample of occluded air
and moistu re. Because of widely different tempera ture-viscosity
relationships, the exten t of surface and thi ckness of the sample
varied slightly. The dead spac e was determined with helium
and th e sample evac uated once more. T he n-hexane, obtained
from Hu mphrey-Wilkinson, In c., New Haven, Conn., and stated
to be of at least 95 mole % purity , was fur th er pu rified by several
bu lb-to-bulb dist illa t ions. During th e experiment t he adsorp
t ion cell was immersed in a boi ling water bath . Four high
vacuum greases were inv estigated in thi s mann er , including
Apiezon L, D ow-Corn ing silicone, a per fluoro grease (2) supplied
by th e Organi c Chemicals Division of th e Du Pont Co., and the
cellulose acetate lubricant .

The results of the absorption st udy are shown in Figure 1, in
which t he isot herms at 100 0 C. are plot t ed for n-hexane vapor on
t he four sto pcock lubricants. As the sorption process is very
slow, th ese values only approximate the true equilibrium read
ings. Each point was obt a ined after at least 20 minutes' ex
posure. After thi s period , th e rate of pressure drop had decreased
to less t ha n 0.1 % per minu te. It may be seen from th ese iso
therms th at Apiezon L and Dow-Corni ng silicone lubr icants
slowly ab sorb large quantit ies of hydrocarbon va por. The per
fluorocar bon fraction was fairly satisfac tory in t his respect, bu t in
use the stopcock film became st riated within a short time a t 100 0 C.
The cellulose acet ate preparation, on the other hand , has a low
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ELECTRIC

The Sargent electric drying oven was designed
to fill the need of chemists for a dependable,
low-cost, automatically controlled oven with
a long service life. That it has achieved this
objective is evidenced by the fact that thou
sands of these ovens are now in use in labo
ratories all over the world.

DRYING
OVEN .•• • • • •

THE MULTIPLE CHROMEL WIRE HEATING ELEMENTS are arranged to
give even heat distribut{on throughout the entire oven.

THE VENTILATING SYSTEM provides rapid transfer of air through the
oven, which results in an exceptionally fast drying rate.

THE METAL WALLS are lined with y<!" 'T ransite, to prevent excessive heat
loss and the bimetallic thermostat maintains the heat in the oven
to within -+- 10 C. of the desired temperature.

THE OPERATING RANGE is from slightly above room temperature to
200 0 C. (392 0 F.).

ALL CONTROLS-the three heat switch-the thermostat tontrol and the
pilot light-are located on the front panel which is actually the
front of a drawer on which the heating elements are mounted.
By removing two screws at each end of the panel the entire heating
and control systems can be removed from the oven as a single unit.

MAXIMUM POWER CONSUMPTION 850 watts. Dimensions: Outside,
16" x 11~" x 11%". Inside 9" x 11Y<!" x 11y<!" .

5-63995 OVEN, Sargent, Automatic Electric, with Thermostat.
Complete with shelf, thermometer (-10 0 C. to +200 0 C. in 0.1 0

subdivisions), pilot light and cord and plug for standard 115 volt
A.C. or D.C. outlets. Each $40.00
5-64005 Ditto-but for operation from 230 volt A.C. or D.C.
circuits $41.00

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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Standard Key

Instrument

for

Volumetric

Analysis

ANALYTICA L C HEMISTRY

The Fisher Titrimeter* enables great accuracy of

results-rapidly-and with a minimum number of

manipulations. Applicable to a wide range of analy

ses, the Titrirneter's sensitivity is such th at as little

as .02 volts will completely open the magic eye. Direct

readings are made from either a pH or volt scal e,

and the exact end point is unmistakably shown by

th e magic eye.

Fisher T itrirnet er , with Manual of Directions, for

115 volt A..c. $310000

OReg. U.S. Pat . O ff.

Write for Bulletin 3B

FISHER
Headquarters for Laboratory Supplies

SCIENTIFIC
Stocks at:

C ·OMPANY
71 7 Forbes, Pittsburgh (19), Penna.

2109 Locust, St. Louis (3), Mo.
635 Greenwich , New York (14), New York

7722 Woodbury, Silver Spring, Md.
In Canada: Fisher Scientiflc Co., Itd., 904 St. James, Montreal



INSTRUMENTATION
Anewinstrument enables the recording of continuous and accurate curves of
any two interdependent functions that can be converted into d.c. signals

by B .II. ~'i"'er
IIn,1 s. T. Zl!nclle/8/~y

In th e upp er por tion of the diagram, it
can be seen t ha t th e input signa l is chopped
hy a vibrator-converter clement and ap- ,
pears as a.c. at the seconda rv te rmina ls of
th e tran sformer. After considera ble am
plification, the a.c. signa l is applied to one
winding of th e two-phase motor which
drives th e recorder pen in th e appropri
ate dir ection. The motor sha ft is also
coupled to a circular slide- wire, the con
t actor of which is driven in such a dir ec
t ion th at an e.m.I, is picked off to oppose
the primary signa l. When the exac t
value is reached, th e input signa l is cnn
eeled and th e motor stops. The pen has
now at ta ined a position propor tional to
the impressed signal and ha s reached thi s
condit ion und er conventional potentio
metrie practice, a lthough the op eration
has been automatic.

Figure 2. X - Y Recorder

An identical sys te m operates on the sig
nal repr esenting vari abl e Y, and th e cha rt
will move forward or backward in propor- :
tion to its dir ection and magnitude. Th e
maximal excursion is 10 inches a long eit her
axis and therefore the curve may be ac
commoda ted any where within lob squ are
inches of chart space. The input for th e ' ,
X axis is 0 to 10 mv . or greater, a lthough '
th e lower ra nge of 0 to 2.5 mv. is av ailable
on requ est . The range for the Y axis is
o to 10 mv. or greater. The resp ect ive
speeds of response for full scale deflection
ar e 3 and 4 seconds. In both cases suit
able capacitance-resistance networks are
provided in the amplifiers to produce cor-Y Recorder

est. The ana lyst's commenda ble dictum
that "taken and found sha ll agree within
acceptable limits " ofte n leaves unanswered
man y qu estions about what goes on be
tween the initial and final operation. In
a broad sense, a properly designed record
ing system is a means for more compl et e
und erst anding. From this point of view,
it is improper to consider an automatically
recording instrument as the delight of th e
lazy man, or as an iniquitous means of
throwing a good man out of work.

Most recorders have been designed to
record phenomena as a funct ion of elapsed
time. The new Leeds & Northrup Speedo
max G X - Y recorder enables one to record
continuous and accura te curves of an y
two interdepend ent fun ctions which can
be converted into d.c. signa ls. The new
record er contain s t wo speedornax elec
tronic balancing sys tems, enabling one
vari abl e to h e presented on a horiz ontal
axis, the other on a vertical axis. The
simplified diagram in Figure 1 shows how
variable X, admitted to th e input termi
nals in th e form of a d.c . signa l, controls th e
pen movement, and an appropriate signa l
representing variable Y determines th e
chart position.

Figure 1. S intplified Diagram of X

X ...o -+:>>-

INPUT ~=:=;;')1d;LiJ'

T H E ana lytical chcmist is becoming
increasingly addicted to the auto

matic recording of data. Well-establi shed
examples are th e polarograph, recording
spectrophotornet ers for th e visibl e a nd
ultraviol et , x-ray diffraction spectrom
ete rs, single- and double-beam infrared
spectrophotomete rs, and the mass spec
trometer. Countless recording pH meters
and pyrometers a re ca lled upon to supply
information of indirect analytical int erest .
More indirect examples ar e consistomers
and plastometers which record physical
properties as a function of one or more
variables, one of which may be th e chemi
cal composit ion. Much new information
is being acquired about classical gravi
metric procedures by means of differen tial
thermal ana lysis, in which the th erm al
history of a sa mple is automatica lly re
cord ed.

Every branch of analytical chemistry
could be enriched by the automatic re
cording of data. Another way of stating
thi s is to say that if th e speed of response
of t he record er is commensura te with th e
establishment of equilibrium in th e sys
tem, one can obtain an " infinite " number
of measurements over the range of int er-

21 A
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ACCURACY
SPEED

ECONOMY

KERN LK 30

Micro-electrophoresis

Apparatus

Invaluable for your laboratory, to
make accurate quantitative analysis
of exceptionally small amounts (0.4
ml.) of solutions containing high mo
lecular weigh t substan ces, includ
ing solutions of considerable turbid
ity.. . with a standard deviation of
± 1.1% using a 1.5% solution!

{ Accurate

{Rapid

{Easy to operate

{ Compactlyconstructed

{ Versatile

Eliminates long computationsl With
the LK 30, the data are easily evalu
ated and interpreted . . . the complete
analysis within 1% hrs . from .start
to finish!

The LK 30 dimensions are only IS "
x 19" lI; 12"-weighs 53 lbs, All
parts readily accessible. Mirrors
and lenses cannot shift . . . they are
welded' into position to eliminate
recementing nuisanceI

Can be operated by untrained per
sonnel on slight briefing.

DiHusion measurements can also be
taken with the LK 30 by making a
simple adaptation.

Get the lull details about the
Ket'n LK 30 by writing to

INSTRUMENTATION

rect damping to pr event oscillation or
undue slowing of approach. The inp uts
can be derived from stra in gages, th ermo
couples, phototubes, electronic circuits , or
compute r outputs.

A general view of the instrumen t is
shown in Figure 2. A few typical applica
tions are shown in Figure B, The curve
at the top shows th e complete ly automat ic
thermal analysis of a clay sampl e. T he
ordina tes represent the temperature and
th e abscissas th e difference in temp erature
between the clay and some th ermally
indifferent sub stance. Three analytically
significant inflections are apparent in this
curve. A differentia l thermocoup le sup 
plied the X input, and th e Y inpu t was
connected to a thermocoup le which fol
lowed the slowly increasing fur nace tem
perature>.

F ig u re 3. T ypical
App licat ions

The second chart illustrates the auto
matic recording of vacuum tube character
istics, In this example the plate current
plate voltage curves are drawn in for sev
eral fixed grid-cathode voltages, showing
t he typical behavi or of a pen tode.

The third curve illustrates t he cur rent
voltage curve of a selenium rect ifier in the
forward and reverse direction.

The fourth chart, which is drawn from
a metallurgical application, more nearly

(Continued on page 24 A )

ANALYTICAL CHEMISTRY

AVAILABLE

R'EPRINTS
OF

R~

~
g ,,,..n..lifi~.Iffflr'---'-'-

I;uun ,(Jegp~

••••
M~uol

e~

1st REVIEW... #R-4 $0.50
2nd REVIEW #R-14 $0.75
3rd REVIEW #R-20 $0.50
4th REVIEW #R-30 $0.75

iJ,(IUiP~
1st REVIEW #R.13 $0.50
2nd REVIEW #R-19 $0.50
3rd REVIEW #R-28 $0.50

IJ,(IUi (!)~
3rd REVIEW #R-lO $0.50
4th REVIEW #R-15 $0.50
5th REVIEW #R-22 $0.50

,(J~elte~
1st REVIEW #R-16 $1.50
2nd REVIEW #R-24 $1.50
Items R-16 and R-24 $2.50

g~
Absorption and

Extraction #R-26 $0.75
Adsorption #R-27 $0.50
Atmospheric

Pollution #R-21 $0.75
Sulfur #R-31 $0.75
Titanium #R-23 $0.50

Key to year of publication:
1947 - R·l through R·9.
1948 - R·I0 .. R·15.
1949 - R-lS R-21.
1950 - R-22 . . ...

ORDER FROM:

Special PubUcations Dept.
American Chemical Society
1155-16th Street, N.W.
Washington 6, D.C.
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A~004 tool
is £.ASY-TO-US£. ...

save time because they are

accurate and easy to use

Speed is based on ease of operation. Wave lengths are precisely selected

by one d ial. No calculations or adjustments fo r band-pass corrections. Fixed

band-pass means instant reproducibili ty, and p rocedure cal ibrations stay valid

as long as the chemistry rema ins unchanged.

Accuracy is based on simple design. No prisms, no

f ilters, no intri ca te mechanisms to complicate the procedure.

True measurements of transmitted l ight are made w ith the

most simple technique.

23A

Reliability is based on simple construction - no

amplifiers or vacuum tubes which change with time. No

complex mechanisms to wear out or require

attention. Stable, rugged components •.

sound , solid construction mean trouble

free operation year after year.

JUNIOR SPECTROPHOTOMETER.
Mod el 6A. For rapid routine analysis
and control .. . and for re se arch where
on ly spectroche mistry is invo lve d.

WRITE FOR BULLETIN AB-211.

UNIVERSAL SPECTROPHOTOMETER.
Model 14 . A multi - purpose instrument for
Spectrochemistry, Photo - fluorometry, Nephe
lome try ond for Spectro and Electro tit rations.

WRITE FOR BULLETIN AB-212.



AN A LYTICAL CHEMISTRY

The INSTRUMENTATION

B I NOC U LARS · LEI C A CAME RAS AND ACCESSOR I ES

s•• ou r booth at the Western Metal Congress,

Oakland, Calif . March 19-23.

Despite all the good arg ument s in beha lf
of automati c data recording, one may still
ask wheth er th e continuous recorder is
the best solution for all cases . Frequentl y
an auto matic record will be examined and
cert ain portions of it will be read off and
reduced to numbers, for subsequent identi
fication or comp utation. I n such cases,
it would be more convenient to print. the
num erical inform ation directly . A wide
range of equipment for th is purpose is
availab le, but its use has been confined
almost exclusively to commerce and engi
neering . It is not. our purpose to review
alternative means of data record ing, such
as periodic photography of instrument
panel ba nks, wire or magnetic tape record
ing, etc. We shall later describe br iefly
some representa tive pr inting equipment
which has found wide and div ersified use
in industry and commerce. With little
or no auxil iary equipment , th ese devices
can find many uses in the researc h labora
tory of th e analyst. At.t.he outset it should
be emphasized that th e real excuse for the
use of data printers arises primarily from
two situations. I n the first, the value of
data prin ting arises whenever va lues of
one or more vari abl es must be read in very
rapid sequence. The chief difficulty here
is what might be called th e confusion ele
ment . The diametrically opposite case
is afforded when an important measure
ment is to be followed over very long pe
riods and constant personal attendance
would be excessively burdensome. It is
difficult for most of us to extrapolate suf
ficiently to realize the full pot enti alities
of automatic data printing, but once the
range and capabi lities of existing equ ip
ment are understood it will be ap parent
that many new methods may be evolved
with their aid.

Da ta Printers

illustrates th e versati lity of th is instru
ment. Here the chart drive (Y axis) fol
lows th e expansion of a stee l sample as a
function of its temperature ( X axis). The
slope of th e curve is a continuous indi ca
tion of the coefficient of expansion and, in
addition, th e app earance of a definit e
phase transition is record ed. More signifi
cant, however, is the companion curve,
obtained by allowing th e furn ace to cool
slowly. This retraces the curve and ex
hibits the halt poin t during th e phas e
tr ansformation. Heretofore very elabo
rate systems have been requir ed to adapt
conventional recorders to th e simultane
ous delineation of the twovariables.

From th ese few examples th e analyst
may sec how readily a number of inter
relat ed phenom ena of analyti cal impor
tance may be studied in intimate detail and
without at tent ion during th e process.

S CIENTIF IC INSTRUMEN TS

For information, see your Leitz

franchised denler, or write to Dept. AC 106

new

E. LEITZ, Inc., 31>4 Hudson Street, New Yo~k 13, N . Y.

BMe

LE ITZ M I C RO S CO PES

Completely equipped with

f acili t ies for photomicrography.

Metallurgical
Microscope



VOL U M E 2 3, N O. 3, MAR CHI 9 5 1 25A



26A ANALYTICAL CHEMISTRY

Eoch

S 6.00
6.50

11.00
16.50

0,0,011
Longth

8 "
8 "
9 "

17 "

Cabinets,
Cylind ers & Racks,

Miscellaneous
A ccesso ry Equ ipment

Specially Designed
For Paper Partition
C hromat ographic

A nalysis

CHROMATOCAB

Model B250

l'lOREX IlR ASD

Paper Partition
CHROMATOGRAPHY

Equipment

.-11A · - · · · · ·····~:~~:;· · ·;:i:: · : ·:·:~~~~f.*t~lwtt@l;¥glt ,:..

~V{£.y£.'l.

SCIENTIFIC SUPPLY CO., Inc.
221 ATlANTIC AVENUE

JROOIClrN 2, N.r.
MAIN S./02,

Immers ion
Longth

1 "
2 "
414"

1 1 "

GLASS
IMMERSION

HEATERS

S /Jec;u l .04 ;Zf·," fllfd u 'ull u jl ,· ."i ,nntl ,! It)
ordvr ,d" . or ,d,1I..1I1 J/ro u , u l join t ,Of.

• Write for Descriptive Brochure

...............

UNIVERSITY APPARATUS COMPANY

Wollog.

100W-11 5V
250W-115V
600W-1 15V

1200W-230V

These heaters are ideal for oil baths or general
laboratory use . Resistant to most acids, they
have rapid thermal response and uniform heat
ing. Wires are solidly embedded in the glass,
and the top portion of the glass tube rema ins
cool for easy handling or clamping to conta iners.
All heaters are Y2 " in diameter.

Dept. K • 2229 McGee Avenue • Berkeley 3, Calif.

BERKELEY CHROMATOGRAPHY DIY.

•

Plwtoeiec/luc
qlM4 eu
e~

No 900·3

• ••

•

•

Photometers

No. 2070

•

Designed for the rapid and accurate determina
tion of thiamin. riboflavin. and other substances
which fluoresce in solution. The sensitivity
and stability are such that it has been found
particularly useful in determining very small
amounts of these substances.

Klett.

'~~~L
===KlETT SCIENTIfiC PRODUCTS= ==;l

PELECTRO PHO RESIS APPARATU S • BIO·COL O RIMETERS
G LASS ABSORPTIO N CELLS. COLORIMETER NEPHELOM .
ETERS • G LASS STA NDARDS . KLETT REAGENT S

Klett Manufacturing Co.
179 E AST 87 T H ST REET, NEW YO R K, N . Y.



THE CENCO
MEGAVAC PUMP

combines in a single mechanical unit

high ultimate vacuum with high pump-

ing speeds for fractional distillations,

temperature and pressure measure

ments and other laboratory or pilot plant

procedures which require fast initial

evacuation. This unit is proved for de

pendable and trouble-free service. Speed

at 1 micron, 375 ml; vacuum, 0.1 micron

or better. Available with motors for va

rious voltages and frequencies.

Write Dept. E for engineering
Bulletin 10 "High Vacuum Equipment."

COMPANY
Scientific Instruments • Laboratory Supplies

1700 Irving Park Road, Chicago 13
YORK NEWARK BosrON WASHINGTON DETROIT SAN fRANCISCO SANTA ClARA lOS ANGELES TORONTO MONTREAL YANCOUVEl
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weJ,ck "sparkless" LABORATORY STIRRER

Speed Controlled by a Watt Governor, Eliminating

Rheostats, Gears, or Friction-Drive Discs

• • •
Speed Continuously Vari-

able from 200 to 1500 r.p.rn ,

SPARKLESS

Induction Motor

Eliminating the Explosion

Hazard from Brush Contacts

• • •
Thrust Ball Bearings

Insure Long Life, Contin-

uous Running

• • •
Uniform Power Output

•••••
5230. NON-S PAnKING MOTon STIH nE H. T his motor
st irrer is efficient and perfectly cont rolled . Th e motor is of
th e induction type and, having no brushes, elimina tes one of
th e greates t dan gers of explosion found in all other stirrers
when used over such solven ts as et her, alcohol, benzine, ace
tone, etc . Th e motor runs on th e regular 60-cycle, LlO-volt
A.C. circuit , has pra cti call y th e sa me power input at high or
low speeds and will "not bu rn out if s talled . A binding post
is provid ed on t he support rod of th e motor and is th ereb y
elect rica lly connec ted th rou gh th e motor shaft to th e st irre r
so that th e latter ca n serve as th e rota t ing anode in electrolyt ic
a na lysis.

This is not a friction dri ve outfit, . the st irring rod being
direct-connected to th e motor sha ft by means of a chuck
which takes any size shank from 0 to 6.5 mm. and can be
very ti ghtly adjusted with th e fingers. Th e speed of t he
motor is delicately cont ro lled over a range from 200 to 1500
H..P.M. by mean s of a gove rno r con ta ined in th e housing and
acti vated by means of a very positive screw adj ustment. The
speed ra nge is, th erefore, from a minimum as low as ever de
sired up to the maximum speed of th e motor. Whil e th e

No. 5230.

speed is manual ly cont rolled through th e setting of th e ad
j usting screw, th e pa rticular cons t ruct ion of th e gove rnor
makes t his speed control for a given set t ing automatic in that
a decrease of speed (which might be d ue to an increase in vis
cosity of th e liq uid as th e st irring progressed ) brings th e
governo r weights further in , thus reducing th e friction be
tween th e cont ro l surfaces and a uto ma tica lly speeding up th e
motor. The revers e would be true in case th e resistan ce t o
th e st irring were suddenly or gra d ua lly lowered . In a ll ot her
st irre rs employing eit her th e friction disc or th e worm gear
dr ive, th ere is no constancy of speed when va riat ions of th e
line voltage or va ria t ions of th e load occur.

Th e motor sha ft is provided with thrust ball bearings , both
top and bottom . The motor lind gove rno r have no wearing
parts and t he out fit will last for years. By a rra nging th e
angle of the motor shaft t he st irr ing ca n be accomplished in
any posit ion desired. Each, $35.00

5230A . NON-S PAHK ING MOTOH STIlWElL Similar
to No . 5230 but for 220-volt, 60 cycle A.C. circuit. A "s tep
down" t ran sformer from 220 to 110 vo lts is provided in th e
line. Each, $-1-5.00

W. M. WELCH SCIENTIFIC COMPANY
------.,----------------- Established 1880 ---- _

1515 SEDGWICK STREET, DEPT. A CHICAGO 10, ILLINOIS, U. S. A.

I,
Man ulac'urpr s 0' Sci enCitic In s tr umen ts a nd Labora'ory Apparatu s
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Liquid Organic Silicates

Development of a new group of organic silicates which will
remain liquid over an extremely wide temperature range has
been announced by Oronite Chemical Co. These materials
contain silicon-as do the already estab lished and bette r
known silicones- but have different chemical composit ion
and properties. Some of Oronite's silicates are liquid over a
temperature range of - 1000 to more than 7000 F. Among
their possible app lications : heat transfer liquids, lubricants,
surface coatings, and polishes. The fluids can be tailor-made
to achieve maximum efficiency for each job. 1

V:indowl ess Flow Counter

Tracerlub is offering its SC-16 windowless flow counter,
a low-background radia t ion counter designed for operat ion

in either the Geiger or proport ional
regions. The instrument is essentially a
shielded counter tube into which solid
samplesaredirectly inserted and thro ugh
which a constant gas flow is maint ained
to prevent air contamination. The ab
sence of even the thinnest window be
tween the sample and the count ingcham
bel' makes this inst rument part icularly
useful for thedetection and measurement
of alpha-radiation and of weak beta
radiati on,such as that emitted by carbon
14 and sulfur 35. It also permits more

efficient counting of low-activi ty radiat ion from very dilute
samples.

A unique feature is the three-position rotating platform,
which has three recesses for holding sta ndard-size sample
container", such as planchets and brass rings and disks for
filter paper. One posit ion is for sample loading, one for pre
flushing, and the th ird for counting. The platform is ad
vanced one position when a sample is to be changed. The

. measurement of the next sample can begin with no waiting
time because all the air will already have been flushed out
while the sample is located in the intermediat e position .
The end-on tube construction results in 271" geometry, which
is the maximum possible geometrical efficiency for a flat

sample. This fact , combined with the very low background
(16 to 18 counts per minute ) which in part is the result of the
heavy lead shielding, further increases the sensitivi ty of this
flow counter. 2

Safety Goggles

Two completely revised and improved series of safety
goggles- 7000 and 3081 series-have been announced by the

American Optical Co. The
7000 series metal safety
goggles provide maximum
eye protection, along with
rugged const ruction, rigid
saddle bridge, and rein
forcing bar for extra
st rength. Temples now
have brown tubing which
cannot discolor and will
outlast th e life of the tem
ple. A new feature allows
the lenses to be replaced
without removing side

shields. The 3081 series has the same sturdy construction
and the same new design features. Side shields of soft
leather provide comfortable prote ction against heat and
cold, flying particles, and light. Both goggles can be obtained
with clear or Calobar and regular or 6-curve lenses. 3

Double Monochroma tor

The double monochromator offered by the Central Research
Laboratories dissects white light into narrow-band compo
nents of high spectral purity. It furnishes rad iation in any
port ion of th e spectral range from approximately 1400 A. in
the ult raviolet to 25 microns in the infrared . This range is
covered in several overlapping steps by means of interchange
able optica l elements fabricated from glass, quartz , and vari
ous synthetic optical crystals. These optical elements con
sist of aspheric collimator lenses in prefocused interchangeab le
mountings and matched dispersing prisms of the same optical
material as the lenses.

The entrance and exit slits are fixed in position, as are the
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entrance and exit collimators, so that the aperture ratio re
mains constant atf/4.5 over the entire spectral range. Wave
length selection and focusing are accomplished simultaneously
by the straight-line motion of a carriage carrying the curved
center slit, by aligning th e optical axes of the intermediate
collimators with the light path, and by rotating the prisms to
maintain minimum deviati on. An electrically reversible
synchronous motor drive is provided for wave-length control.
Carriage speeds of 0.05, 0.10, 0.20, 0.50, 1.0, and 2.0 mm. per
minute are obtainable.

Two general-purpose opti cal systems are available for this
instrument: a light source mounting and motor-driven chop
per assembly, utilizing a spherical mirror to give a half-size
image of the source on the entr ance slit ; and a detector as
sembly with an adjustable ellipsoidal mirror forming a six
tim es reduced image of the exit slit at a thermocouple or
bolometer detector, and providing a mounting table for the
experimental objects. Special external optical syst ems can
be designed to meet particular requirements. The over-all
dimensions of the instrument housing are : length , 25.5 inches;
width, 15 inches; and height , 13.5 inches. 4

Beaker w ith Handle

Requests for a better means of handling large beakers have
been answered by Corning Glass Works, which announced a

new 3000-ml. borosilicate glass
beaker with a sturdy glass
handle. Because the handle
can be firmly gripped , th e
danger of dropping a beaker of
hot liquid is minimized. The
glass handl e is attached by a
stainless steel band , which also
acts as a protective collar.
Handles and bands are easily
removed and are interchange
able. Chemically sta ble and

resistant to th ermal and physical shock, the handled beaker
has a heavily beaded top rim to prevent chipping. 5

Stainless Steel Hose

Allied Metal Hose Co. has developed a new typ e of stainless
steel hose for use where ext reme temperatures, high corrosiv
ity, or high internal pressures are involved. This flexible,
corrugated metal hose is fabricated from thin -walled tubing
and comes in sizes ranging from 0.25 through 4 inches in
internal diameter. Th e wall thi cknesses range from 0.010
inch in th e 0.25-inch size to 0.035 inch in the 4-inch size.

ANAL YT ICA L CHEMISTRY

This type of hose is made in two patterns having either nor
mal or close pitch. The normal pitch hose has a free flexing
radius from 10 inches in the 0.25-inch size to 41 inches in the
4-inch size. The close pit ch hose has a free flexing radius from
5 inches in the 0.25-inch size to 33 inches in the 4-inch size. 6

Servoscope and Servoboard

Produced by the Servo Corp. of America, the Servoscope is
a precision analyzer for measuring the response of servo

mechanism systems and
components to sinusoi
dally modulat ed corrier
and low-frequency a.c.
signals. The Servoscope
is effective over a con
t inuously variable fre
quency range of 0.1 to
20 cycles per second.
In conjunct ion with a
cathode-ray oscilloscope,

this inst rument may be used to measure the relative am
plitude and phase angle of any a .c, or d.c. servo syste m, servo
component , automati c control, 01' regulator. Primarily de
veloped for feedback cont rol systems, the instrument may
also be used as a sta ble generator of low frequency sine
and square waves. A.c. carrier frequencies of 50 to 800
cycles per second are accepted to produ ce sinusoidally modu
lated suppressed carri er signals.

The Servoboard (see cut) is a set of standard precision me
chanical parts, including gears, shafts, bearings, hangers, and
mounting plates which, when coupled to the necessary motors,
tachometers, synchros, potentiom eters, and amplifiers,
rapidly builds a flexible experimental mechanical assembly of
a servo system, computer, 0 1' regulator. 7

Determining Carbon in Steel

Savings up to 75% in the time required for making deter
minations of carbon in steel are claimed to be possible by the
use of Fisher Scientific Co.'s induction carbon apparatus. A
compact , self-contained unit replaces the furna ce, rheostat,
and external combustion train of conventional apparatus.
The necessary external equipment consists of a cylinder of
oxygen, a carbon dioxide absorption bulb, and a balance.
With the new apparatus, carbon determinations can be made
routinely in 2.5 minutes, as compared with the 10 minutes
frequent ly required when other types of equipment are used ,

The new apparatus employs a quartz sample holder and an
induction-type coil which heats the sample with radio-fro
quencyenergy. Igniti on takes place within 2 minutes. Th e
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assembly includes a platinum-wire catalyst for converting
carbon monoxide to carbon dioxide. The carbon dioxide
formed by the ignition passes through an absorber which re
moves the sulfur dioxide present. The gas then passes
through a carbon dioxide absorbent. Once the sample is
weighed and placed in the quartz heating chamber, the com
bustion cycle is entirely automatic. The apparatus is de
signed to handle the full factor weight of 2.727 grams.

In a series of tests with National Bureau of Standards
.samples, it was found that the accuracy of the results was
±0.005%. The instrument will handle a wide variety of
steel alloys with carbon contents ranging from,0.072 to 5.1%.
It operates on 230 volts and 50- to 60-cyclea.e, 8

Polyethylene Bottles

Designed for heavy-duty use, a 32-ounce unbreakable poly
ethylene bottle in the standard Boston round shape is now
available from the Plax Corp. The new quart-size bottle is
threaded to accommodate standard 38-mm., 430-finish acid
pour-out caps. Thread finishes for other types of standard
closures can be supplied on special order. The range of Bos
ton round bottles offered by the company now comprises 1-,
2-, 4-, 8-, 16-,and 32-ounce sizes. 9

Remote Pipet Control

The development and production of a remote pipet control
have been announced by Nuclear Research and Development,
Inc. Recognizing the need for a device which permits the
remote pipetting of radioactive liquids, NRD has designed
this instrument to perform all the necessary pipet operations
without the necessity of handling the pipet at any stage of its
use. The instrument can be used with pipets ranging from
100 A up to 5 ml. It grasps the pipet and holds the lip
in a tapered receptor. At the handle is a built-in 5-ml. hypo
dermic syringe. The sensitivity of the instrument may be
increased by the use of a smaller syringe with an appropriate
bushing. The device is made almost entirely of aluminum
and weighsabout 0.87 pound. 10

Automatic Titrator

Beckman Instruments has announced the availability of a
new automatic titrator. This instrument not only makes it

possible to run accurate
titrations more rapidly and
conveniently than by man
ual methods, but it also
gives objective, reproduc
ible results that are free of
errors caused by personal
factors. In a series of titra
tions, it is only necessary to
fill the buret, place the
sample in the beaker, and
turn the rest of the opera

tion over to the titrator. Raising the beaker holder into posi
tion automatically starts the stirrer motor and begins the
flow of titrating solution . A special electrical circuit antici
pates the approaching end point and scales down the delivery
of the titrating solution in progressively smaller increments to
assure a highly accurate titration. When the end point is
reached, the flowof titrating solution automatically stops and
a light shows the completion of the titration-all without
further attention froni the operator. Only 1 to 1.5 minutes
are required to complete many routine titrations, and even
titrations to 0.1% accuracy can be completed in 2.5 minutes
or less.

The adjustable holder accommodates beakers from 10 to
400 ml. in capacity, and the instrument may be used with all
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standard burets down to 5 ml. in size. As many as four de
livery units can be accommodated by a single amplifier con
trol unit, thus making a wide choice of titrating solutions
.immediately available. In addition to its use as an auto
matic titrator, the instrument can also serve as an a.c
powered pH meter to give accurate readings over the range of
oto 14 pH. It can also be used to provide voltage readings
over the range of -600 to +1400mv. 11

Density Measurement

A new direct-reading Densitrol has been added to Precision
Thermometer and Instrument Co.'s line of liquid density
measuring instruments. This instrument is of value not only
where periodic checks of liquid density must be made but
where process conditions, such as excessive corrosiveness or
flammability, prevent the drawing of samples from the sys
tem. The instrument operates as a simple by-pass in any
liquid line or vessel. Specific gravity may be read directly.

The instrument uses a totally submerged, chain-weighted
plummet as the measuring element. The plummet is self
centering, operates without friction, and will not stick to the
sides of the chamber. The reading scale is boldly marked
and is read across a single reference line on the plummet.
The length of the scale is 5 inches. Models are available with
or without a thermometer, which is calibrated directly in
terms of temperature correction and is mounted on the cham
ber. Suitable for high or low temperature or vacuum service,
these instruments can be constructed from a wide variety of
materials and are suitable for either clear or opaque liquids.

12

Ultraviolet Light Source

The Hanovia Chemical and Manufacturing Co. offers a
high-pressure quartz lamp as a source of ultraviolet light.

The active length of the mer
cury arc is about 1.5 inches
and it is C-shaped. The lamp
is useful in microscopy, for ab
sorption spectra work, for fluo
rescence analysis, and for illu
minating optical apertures. A
filter may be obtained which
absorbs the short ultraviolet
and visible radiations and
transmits radiations largely at
3660 A. The lamp is con
nected to an ordinary W5- to
125-volt line through a 6-foot
length of electrical wire. Ap

proximately 100 watts are drawn by the burner. The ultra
violet intensity of radiations at 3130A. and shorter, measured
at 20-inch distance, is over 250 microwatts per square cm.
About 3 minutes' time after starting is required for electrical
stabilization and before the burner provides full ultraviolet
intensity. 13

Miniature Ion Exchange Unit

A new and refillable ion exchange unit delivers, from an
ordinary faucet, water equal in chemical quality to the triple
distilled product: Called the Filtr-Ion and manufactured by
La Motte Chemical Products Co., it is a small and low-cost
application of the Monobed ion exchange principle, designed
for small quantity uses where more elaborate equipment would
be impractical. Although the tube is but 8.5 inches long and
1.625 inches in diameter, the Filtr-Ion unit is identical in
chemical action with that of the huge Monobed water-condi
tioning apparatus commonly used .in steam power plants.

The device is essentially a transparent tube filled with
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Amberlite ion exchange resins. It is merely slipped over the
end of a cold water faucet. Small holes in the top cap prevent
excessive flow through the bed of resins. Deionized water is
delivered through a small plastic tube. The unit is not in
tended to remove bacteria or impurities which are not ionized.
AIl water passes through the apparatus, metallic and other
ionic solids are taken out by a mixture of anion and cation
exchangers. Fiberglas filters trap physical impurities.

The Amberlites change color when they become exhausted.
Initially blue-black, the bed of resin turns light yellow in a
gradually descending line as exhaustion progresses. When
the yellow band reaches the bottom, the unit is refilled. Re
fill packages contain enough resin for two complete refillsand
include newfilter elements as well. The quantity of deionized
water delivered willvary with the hardness or mineral content
of the raw water. Normally, up to 10 gallons of laboratory
quality water may be expected from each unit. 14

MAN UFA ( TURERS' LI TERAT,URE

Toxicant. Folder describes Thanite , a toxicant used in
space and residual sprays. A terpene chemical, it not only
kills flies by direct spraying but also acts as repellent against
the stable fly, horn fly, and housefly. AIl little as 1% Thanite
in a 5% DDT household spray gives quick knockdown.
Hercules Powder Co. 15

Wate r Conditioner. Water conditioning equipment em
ploying ion exchange is the subject of an 8-page folder. In
cluded are descriptions of water softeners, hydrogen-zeolite
water treatment, deionizing equipment , and general and
specialized applications of ion exchange. Illinois Water
Treatment Co. 16

Alkyd Resin . A number of suggested paint formulations
utilizing a new fast-drying glyptal alkyd resin are discussed
in folder CDC-187. Glyptal imparts excellent adhesion,
gloss and color retention, chemicaland weather resistance,and
flexibility to a variety of coatings. General Electric Co. 17

Colloidal Graphite. Bulletin 427 describes the use of
colloidal graphite as a parting compound. Because it is
unaffected by temperatures up to 3500° F. in inert atmos
pheres, colloidal graphite is used to prevent sticking, corro
sion, galling, and "freezing" of parts. Acheson Colloids
Corp. 18

Synthetic Tanning Agents. A company bulletin gives the
history of naphthalene-type synthetic tanning agents, the
mechanism of syntan chemistry, and the application of syn
tans in conjunction with chrome and vegetable tannages.
The grades, analyses, and typical uses of synthetic tanning
agents are mentioned. American Cyanamid Co. 19

Refrigeration Oils. A l2-page booklet gives the character
istics and recommended applications for various grades of
refrigeration oils. 'the "floc test" for determining an oil's
suitability under low-temperature conditions is described.
For various grades of oil, tables give technical data on vis
cosity, wax separation point, pour point, and dielectric
strength. Sun OilCo. 20

Hormones. A list of hormones and their wholesale prices
are set forth in data sheet. These hormones include diethyl
stilbestrol dipropionate, testosterone dipropionate, methyl
testosterone, pregnenolone acetate, testosterone acetate ,
progesterone, and estrone. Mann Fine Chemicals, Inc. 21

Synthetic Detergents. Technical Bulletin 5OA-7 discusses
dry mixing with various forms of Ultrawet, having average

ANAL YTI C A L CHEMIST RY

bulk densities between 0.16 and 0.37. Ultrawet SK is a
spray-dried bead form of an alkyl aryl sulfonate, which is
35% active and 65% sodium sulfate. Ultrawet K, a flake
detergent, contains a minimum of 85% alkyl aryl sulfonate;
the balance, sodium sulfate. Atlantic Refining Co. 22

p-Nitrophenyl Phosphate. Bulletin 104 covers the de
tailed procedure for the use of p-nitrophenyl phosphate in
the determination of both acid and alkaline serum phospha
tase. This procedure is said to be an improvement over the
usual methods in that it is faster and uses as little as 0.005
ml, ofserum. Sigma Chemical Co. 23

Cellular Rubber. A 20-page booklet describes the prop
erties of cellular rubber: tensile strength, elongation, heat
and sound insulation value. resistance to oils and chemicals,
influence of heat and aging, toxicity, and others. Sponge
Rubber Products Co. 24

Instruments. An amply illustrated, 82-page booklet dis
cusses instruments of value in research and analysis. Under
the heading of analytical apparatus, the booklet gives details
on robotized polarographs, titrators, and stills. Sections
cover spectrometers, continuous gas analyzers, pyrometers,
electronic indicators, high-vacuum gages, potentiometers,
and other apparatus. Minneapolis-Honeywell Regulator
~. ~

Publication. First issue of new magazine, Labitems, con
tains articles of technical and general interest to laboratory
technicians, engineers, and management . Information about
more than 50 products are included, among them balances,
clamps, vapor pressure bombs, colorimeters, manometers,
cartesian manostats, burets, titrimeters. Emil GreinerCo. 26

Tackiflers. Tackifier resin emulsions for natural and neo
prene rubber latices are the subject of data sheet A39. Also
described are the compounding and handling of tackifier
Iatex adhesives. American Resinous Chemicals Corp. 27

Electronic Parts. A new l3O-page catalog of electronic
parts provides full technical information on all items listed,
in addition to illustrations and drawings of many compo
nents. Sun Radio and Electronics Co. 28

Moisture Tester. A 6-page bulletin discusses midget
moisture tester specifically designed for instantly determin
ing the moisture content of wood, lumber, plaster, and wood
products. The instrument measures moisture by an electri
cal resistance method. Readings in per cent moisture are
taken directly at the touch of a button, with no conversion
tables or long laboratory tests necessary. Tagliabue Instru
ments Division. 29

Peroxygen Compounds. The modification of starches ,
proteins, and gums with peroxygen compounds is the sub
ject of a 16-page data sheet. Practical examples, various
suggestions, and a selection of literature references are con- .
tained in the publication, which also illustrates the principles
of depolymerization of these high molecular weight substances
by means of hydrogen peroxide. Buffalo Electro-Chemical
Co., Inc. 30

Photoelectric Recorder. An illustrated 12-page bulletin
describes Type CE high-speed photoelectric recorder. Con
struction of deflection-type recorder makes it possible to ob
tain a wide range of sensitivities and response characteris
tics. Sensitivities can be obtained as low as 1.0 microam
pere full scale; response periods can be as fast as 0.25 second
for full-scale deflection. Potentiometer-type recorder is also
available. GeneralElectric Co. 31

Analytical Balances. Illustrated booklet gives details on
high-speed analyt ical balance, microanalytical balance, semi
microanalytical balance, and specific gravity balance. Price
list is included. August Sauter N. Y., Inc. 32
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Combustion Tubes
by BUR RELL

aVowin Stock FOR PROMPT DELIVERY

Us e either ZIRCUM tubes containing a high
concentration of zircon or McDANEL tubes
made 'of mullite. Both are especially fired for
high temperature furnaces.

Straight and tapered-end styles in a variety
of lengths and diameters are available for
prompt delivery.

Write for New Bulletin No . 314

• Guaranteed to withstand temperatures
up to 2900° F.

• Dense, v itreous and gas-tight

• Straight and accurately sized

• Smooth inside, easily cleaned

• Free from devitrification

• Not distorted at high temperatures

BURRELL CORPORATION

1942 FIFTH AVENUE· PITTSBURGH 19, PA.
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Ask for Bulletin 2175-8

Type " G"
Mercury Fille r

Tho 5 lb. Delhlehem
Mercury O.IR ..

• With this new comb inat ion of low-priced
equipment you can scientifically purify mer
cury to the most exacting standards. The
Type "Gil Filter removes float ing foreign
matter, the Mercury Oxifler removes dissolved
base metals. Although either can be used
separately, it is recommended that they be
used as a unit for maximum efficiency.

Write Today for Details and Prices

For Small Quantity Mercury Users

This NEW

BETHLEHEM COMBINATION

95 Madison Avenue New York 16, N. y .

Bethlehem Apparatus Company
890 fRONT STREET 0 HELLERTOWN, PA.

PHOTOVOLT CORP.

purifies mercury at lower cost

A truly universal precision instrument

PHOTOVOLT Line-Operated

Electronic pH METER

• for accurate pH read ings in laboratory end factory use
o lor operation with any types and des igns 01 electrodes
• for pH tests , titration, and oxidation-reduction potentials
o with 7 " scale from pH 0 to 14, wllhout reve rse] or switching
o lully stab ilized, lor AC lines 90-275 volb 50-60 cycles
• for continuous operation, also IIdaptable for ftcording
o ..ailable with protective wooden housing lor portability
o lurnished with shielded gla .. electrode, also ava ilable with

shielded compartmenl lor unshielded micro-electrodes

Hermetically sealed ampl iAer lor re liable service in humid atmospheres.
M Inimum grid current for accurat. measurement of non-aqueous samples.

Wrile lor Bullelin 1110 10

AMERICAN INSTRUMENT CO., INC.

Z~k~

• A complete laboratory combin ing highly pre
cise schlieren optics, automatic refrigeration, a
line-voltage-regula ted and curre nt-sta bilized high
voltage power supply, rapid dialysis facilities,
temperature-regula ted water ba th , and control
pa nel ... all in one comp act unit measuring
66 inches by 40 inches by 30 inches deep.

SILVER SPRING, MD.- IN M ETROPO LITAN WA SHiNGTO N, D. C.
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2020 Jericho Turnpike
New Hyde Park. N. Y.

Manufactured

under

License Agreement

with the Western

Electric Company

SERVOTHERM

AND

15 CPS

BOLOMETER

PREAMPLIFIER

Servo Corporation
of America

Fast, sensitive radiation detectors for use

in infrared spectroscopy or heat detection.

SERVOTHERM
THERMISTOR
BOLOMETERhave many app licat ions

in the laboratory and in
the sho p. Chemicals that
are d iffi cult ly soluble tend
to cake up when no t con
ti nuously stirred. These
will readi ly dissol ve when
pla ced in the di ssolving
cone. The cone suspends
the substance in the sol
vent and as freshsolven t is
constantly being bro ught
i n to contac t wit h th e
mate ria l ea rly solutio n is

obtained wi thout man ual

effor t or attention. Con es

con also be used for fil

tering wi th filter paper.

COORS PORCELAIN COMPANY
GOLDEN. COLORADO

It's What Technicians PreFer I

~~~LABORATORY
and PRODUCTION OVENS

An exacling tes ting and produclion
oven that provides ve ry close heat
unifo rmity. Built-in indi catin g te rn
perature controls. Emphasis has
been on heav y construclion . .. even
heat d istr ib ution . .. capacity loads at

high sp eed . . . ability to "stand the
gaff" - even under continuous 24·
hour-a-day usage. Six sizes and
types are ava ilable for the endless
va riety of he at ing, drying, baking
and testing processes .

341 Despatch Building • Minneapolis 14, Minn .

• Guaranteed Heat Ele
ments 2700 to 12,000
Watts

• Ai r Velocity Control

• High Volume Fan

Modol V-15: 19" . 19 " .1 9 "
3.6 KW; MI, . Tom. 500 0 F.

Speedy, Accurate Results

•
Write for Laboratory

Bulletin No. 107

ovens
for all
purposes
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HOEPPLER VISCOSIMETER
PRECISION MODEL

FALLING
BALL

(from O°C to 100°C)

EQUALS
B x (Sb-Sf) x Time
B= Ball Constant

Sb=Sp. gr. of ball
Sf=Sp. gr. of fluid

The Hoeppler Viscosimeter pro
vides a fast and accurate method of
determining the viscosity of gases,
liquids, oils, plastics, syrups, visco us
tars and dark colored liquids. Di
rect reading in centipoises (or cen
tistokes). From 0.01 to 1,000,000
centipoises. Accuracy 0.1 % to
0.5 %. Small sample (30cc) re 
quired. Results consistent and re
producible.

Order direct or from leading lab
oratory supply dealers.

Write todayjor Bulletin HV-303.
Manufactured by FISH-SCHURMA~ CORP.

230 East 45th St., New York 17, N. Y.

VISCOSITY DIRECTLY

IN CENTIPOISES

Hellige Glass Calor
Standards are safely
mounted in unbreak·
able plastic frames.
They are m e r e
convenient and eco
nomical. They never
fade or change.
THEY NEVER FAIL.

LlmA~&

~®~D~£[ID~~~
'lAU (OlOR
STANDARDS

Write for NEW Comparator Catalog No. 600-10

•• II .,

FOR PRECISE

INCOR.POR.ATED

37/8 NORTHERN BLVD.. LONG ISLAND CITY 1. N.V.

HELLIGE

PHOTOVOLT
Line-Operate d Super-Sensitive Electronic

MULTIPLIER - PHOTOMETER MOD. 520-A

PHOTOVOLT CORP.

For the exact measurement
of extremely low light values
down to 1 f 10,000 microlumen.
For

Absorption and flame photometry
Colorimetry through microscopes
Scintillation measurements on crystals
Fluorescence trace analysis
Monochromatic color densitometry
Measuring high densities on micro areas
Light measurements through telescopes

Write for Bulletin #360 to

New York 16, N. Y.95 Madison Avenue
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231 NEW JERSEY R. R. AVE.,
NEWARK 5, N. J .

W e pay highest prices for scrap platinum
and have facili tie s for prompt recovery of
spent platinum and palladium cataly sts .

Sheet, Wire, Tubing" Gouze and Fine Foils.
laboratory Wares of all description.
Stills, Retorts, Electrodes and other Special

Process Equipment to order.

Salts and Solutions.
Platinum Metal Catalysts Concentrated

forms and on carriers.
Palladium, Iridium, Osmium, Rhodium and

Ruthenium.

WE INVITE YOUR INQUIRIES AND WILL
SEND ON REQUEST FOLDERS:

C-20, " Platinum, Gold & Silver for Science, Industry & the Arts "
C-21, "Platinum and Palladium Catalysts".

PRICE

$192.50
WRITE FOR

BULLETIN 3303 C

• ASME cod. h.o.y welded
,t ••l bo iler is U.L. oppro••d.

• D••• lop, lull , t. am pr."ur.
within 20 minutes-starting
with a cold boiler.

• For use with any laboratory
apparatus for which steam is
requ ired.

• Subm.rg.d h.ating .l.m.nls
prov ide excellent heat trans
I.r. Rockwool insulatlon
keeps h.ol inside the bo iler,

• Automatic pressure regulator
del ive rs up 10 30 lbs, Work
ing pr."ur. -1 00 lb,. per
square inch.

LABORATORY SUPPLIES, INC.
Formerly Palo-Myers, Inc.

81 Reade St., New York 1, N. Y.~PALO

From coast to coast, lead ing laboratories
recognize Peterson's reputation for qual
ity furniture for laboratory, and library.
Whatever your requirements may be, ca ll
on Peterson's experts for an economica l
solution to your problems . . . No obliga
tion is incurred .

Disltibutors loeeted throughou t tho Unit.d Stat.,

autoIDatic
steaDl

generator,-

A ,'u il u h le in 4 s izes a c
co rd ing t o ca p ucify .
S m u ll s ize hus 2 g u l.
wu ter cap . , i }1 x 16 "
boiler. Weigh s 140 lbs ,

LEONARD PETERSON II co., INC.

1230 FULLERTON AVENUE ••••• CHICAGO 14 . ILLINOIS
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If your cJealer cannol
supply you, write ler
literature ancJ samples.

SENSITIVE and FAST

FARRAND
THERMOCOUPLES

~~7'IIU

.... . ALCONOX
the accepted fast-acting cleanser keeps
your calibrated glassware intact.

Etching, corroding and weakening of the
glass are eliminated. Alconox is ideal for wash
ing all types of laboratory equipme nt, filte rs,
gl ass , hypo needles, slid es , pipettes , test tubes
and other ins truments and equipment.
SAVE TIME - SAVE LABOR with AL
CONOX. Simply wash and rin se . Alc onox
leaves no streaks or film. It is kind to the skin.
Economical too, a spoonful makes a gallon.

AVAILABLE IN
BOX of 3 lb . . . . . . . . . . . Price $ 1 .95
CARTON (12 x 3 lb.) eo. 18 .00
BAG of 50 lb . lb. .40
BARREL of 300 lb . lb. .37

(Slightly higher on the Pocific Coast)

ALCONOX, INC. Dept. AO
61 Cornelison Avenue Jersey City, N . J.

PYREX
BEAKER
with

NEW

HANDLE

Catalog No. 1010 Bea ker with handle

Eoch $3 .75

Case of 10 . . . . . .. . . . 33 .75

This new "Beaker" made of Pyrex

Brand Glass is available only in. .
3000 ml. capacity.

A s t a in less s t ee l band holds on the

molded glass handle.

Cata log No. 1010 Beaker only-replacement

Eech $2 .6 5

Case of 1 0 . . . .. . . . . . 23.B5

ORDER A CASE TODA Y

Particularly suitab le for thermal measurements of
cho ppe d or mod ulated rad iation at fre q uencies
up to 1 0 cycle s per seco nd .

Characteristics:
Resistance: 6 to 10 ohms.
Targel Area : 1 .1 x ~ mm .
Spectral Range : 0.3 to 25 micro ns with KBr wi ndow
Time Conslanl : A pp rox . 35 milliseco nd s
Absolule Sensilivily: 5 to 10 vo lts/wott
M inimum Delectable Power : 9 x 10 - 11 wetts for

rneesurtng t ime of 1 second

Available Types : Mou nted or Unmounted
Co mpensated or Unco mpenseted
Evecueted end wit h C hercoal Trep
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FOR EXACTING
TECHNICAL APPLICATIONS
VITREOSIL* (vitreous silica)

tubing possesses many

characteristics you seek. A

few of its properties are:

Chemical and catalytic

inertness. Usefulness up to

1000°"( and under ex

treme thermal shock.

Homogeneity and free

dom from metallic impuri

ties. 'Unusua I electrica I

resistivity. Best ultra-violet

transmission (in transmis

sion quality).

VITREOSIL tubing avail

able promptly from

stock in four qualities.

TRANSPARENT 0 SAND SURFACE
GLAZED 0 SATIN SURFACE
Stock sizes tronsporent up to
32 mm. bore, opoque to 41ft"
bore. Avoiloble for prompt
shipment. Lorger diometers
con be supplied on speciol
order.

Can be hod in all
mol lengths.

Send for Bulletin
No.9 for specifica
tions and prices.

THE THERMAL SYNDICATE, LTD.
12 East 46th St0' New York 17, N.Yo

39A

tJ!5!5f!J1lf!J!lIl_
o •• for rapid, accurate preparation
of Volumetric Solutions•
. . . Laboratories requiring speed and accuracy are
using Acculute with excellent res~lts.

ACCULUTE SAVES TIME-Open the ampoule-transfer th e con
tents to a volumetric flask - dilute to volume (1000 mil - your
volumetric solution is prepared.
ACCULUTE 15 RELIABLE - Close control of the special manufac
turing processes insures uniformity of the product. Acculure
do es nor vary in chemical content - you can depend on it .
ACCULUTE 15 ACCURATE- Each ampoule contains the precise
concent ra ted equivalent of the, normality stated on rhe label.
There is no need for subsequent standardization.

Caustic solu tions are supplied in wa x ampoules. others in
chemically resistant glass.

Complete instructions for preparing Acculute solutions are
furnished wirh each unit.

A special bulletin. listing Acculute concentrat es with pr ices
and discounts will be sent on request .

TEST
pHpAPERS

Simple

Rapid '

Accurate

Accutint is simple to use -lust place a strip of the paper in contact
with the substance to be rested and coml'are the color of the exposed
porrion with the master colors on the Vial.

Accutint is rarid-ir gi ves immediate results-no calculations are
necessary - visua color comparison indicates the pH value.

Accutint is accurate - to I pH in the wide range paper and to
0.3 pH in the fraerional range. W ide range papers are recommended
where the pH value is not known to be within the limits of a frac
rional range paper. Fractional range papers are used for greater ac-
curacy aft er the range has been deterrni ned. .
5-65277 ACCUTINT TlST PAPERS. Packed in glass vials, each vial
contains live pads or 100 strips. Color chart and instructions are in·
eluded with each vial. Per ViaL $0.65
Per 72 Vials _ 10% Discount
5-65278 MASTER COLOR CHART. Illustrates color standards and read
ings for every j>H value in each of the ewenty-rhree wide and frac 
tional ranges. Chart helps in the selection of rhe most suitable ranges
or papers fot a specific purpose. Each $1 .00

SARGENT
SCIENTIFIC lABORATORY INSTRUMENTS ' APPARATUS · CHEMICALS
I . H. SARGENT & COMPANY. 4647 W. fOSTU AVE,. CHICAGO 30 .IUINOIS
MICHIGAN DIVISION , 19S9 EAST JEFHISON STRU T. DUlon 7. MICHIGAH
50UTHWE$TUH DI VISION . $ 91 $ 'ULEI STIlET. DALLA S t . UXA$
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MODEL 1900 .. . for boiling,
evaporations and generallabora
tory work ...

Ideal unit fo r a wide variety
of routin e and critical lab or atory uses because of its
w ide temperature ra ng e, ex ce pt io na lly clo se co n
trol - less th an 5 0 F. variation. Fea tu res com
pletely variable control ov er full temp er ature ran ge
from 100 0 to 700 0 F. Co mpact, convenient .. .
plug s into any 110 V. 50 / 60 Cy. circuit . Pl ate size ,
6 " sq uare . Cast aluminum top heat s rapid ly to all
edges. N eon pilot lig ht. Well insula te d and venti
lated. Price, $19.75. Write fo r li ter ature and
nearest dealer 's name.

NEW' 'UTILITY SIZE" HOT PLATE
SAFETY
DESIGN
FUME
HOOD

c. G. Campbell, President
5090 S. Center St., Adrian, Mich.

Also Manufacturers of Wood and Metal Laboratory Equipment

Represontatives
in

Principal Cities

For
Handling

RADIOACTIVE
ISOTOPES

De sign
approved by
Oak Ridge
Institute of
Nuclear
Studies

Air fo ils at hood face allow air to enter without turbulences.
Lo w Velocity . . . o pe rates with less th an half th e CFM of
air needed on a co nven tional type hood.
Ai r current d irected across work ing surfaces rem oves
hea vy gases.
Entire interior of hood is stainless stee l fo r . ea sy decon
tam ina tion.
Steel grating suppo r ts working surface, giving load ca r ry ing
capacity up to 4 00 lbs. per sq . ft.
Equipped with blower switch, w a r n ing light, and " over
load" warning bell.
All service co ntrols o uts ide-no reaching in.

Precision built by "Kewaunee," mak ers of fine Labora
tory Equipme nt, in cluding a ll types of Stainless Steel
Equipment fo r Radioactive L aboratories.

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· K LETT
ards - Glass Cells - Klett Reagents

OF FINE
MADE

BY

QUALITY
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The Safety Control Door permits door opening immedi
ately after steam pressure is released and elim inates acci
denta l burns inflicted from opening hot doors th at use the
convent ional opening device. Acme Inner Door Steri lizers
available wi th or without Safety Control Door.

I new. ·1·· the Safety
- Control Door

STERILIZER
(Pate nted) .

ERROR
M I P

Get this illf ormath 'e bulletin
describing the ueur Model 21
103 Mass Spectrometer. A.rk
for Bulletin CEC-1800-X26.
N o obligation, of course.

A complete, accurate analysis of a
complex chemical mixture can now be
made in minutes instead of hours or
even days with the new Model 21-103
Consolidated Mass Spectromet er.

T he mixture being analyzed may be
composed of organic or inorganic com
pounds. Virtually any gas or liquid
sample may be handled so long as the
individual components in the mixture
exert a minimum vapor pressure of 250
microns at room temperatur e. Trace
impurities constituting as littl e as 0.00 1
mole per cent of the mixture can be
determ ined .

Speed and accuracy of analysis, together
with versatility, make the Model 21
103 Consolidated Analytical Mass
Spectrom eter the ideal instrument for
the chemical industry. Write today for
comp lete info rmation on this new and
improved analytical tool.

KNOWN
COMPOSITION ANALYSIS
MIP t MIP

from

unknown
to

known

Photo courtesy
Inst itut e of Gas Technology

COMPONENT

-in minutes

oe er cen oe er cent oe er cen t

Ethonol 40 .1 39.4 - 0.7

Aceto ne 25.0 24.5 - 0 .5

Propyonaldehyde 16.7 17.2 + 0.5
Isopropyl Ether 2.5 2.8 + 0.3

water 15.7 16.1 + 0.4

Write Dept. K
for our new catalog.

ACME is a top source of
supp ly jo r Autoclaves,
117ater Baths, Incubators,
Automatic Pipette IJ7ash
ers, Sterilizers, Cabin ets,
Shaking Machines, arid
other apparatus and equip
ment.

,........- FEATURES--
• ACME sturdy construc

tion permits 20 Ibs. work
ing pressure.

• From 70 F to 15 Ibs
steam pressure in 20 min
utes (gas heated).

• Exterior of copper or
monel . . . all interiors
monel. ,-

• Immersion type electric
heating elements.

• Electric , gas or indirect
steam heat.

• All sizes available. (All
welded stands) .

ANOTHER
ACME
EXCLUSIVE
FEATURE

ACME equipment is available through all rec
ognized dealers-contact us for quick , service .®

ACME LABORATORY EQUIPMENT COMPANY
I 506 W. 124th St., N. Y. 27, N. Y.

CONSOLIDATED ENGINEERING
Corporation

Analytical l nstruments ~for Science and II/dustry

300 N. Sierra Madre Villa. Pasadena 8, California
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A-4838

Here's a complete line of

laboratory heating equ ipment

. . . designed and built to fit

the exacting standards of

accuracy needed in precise

laboratory work. Accuracy,

rugged construction and de

pendability are built into all

lindberg equipment - from

giant industrial furnaces to the

small hot plates for lab use.

Write for complete details on

specifications, sizes and appli

cations of individual units in the

lindberg laboratory line.

High Frequency

Corbon De'ermina'or

rugged .
accurate .
dependable... .

A-10441

3 HANDY
RACKS

FOR THE LABORATORY

A convenient rack for safely drying laboratory glassware. Made
of strong steel wire, spot welded and completely coated with
chemically-resistant Neoprene. Will not warp or absorb liquids.
Rustproof drain pan catches drippings. Holds 90 pieces of glass
ware at one time. Has 72 pins of 3" length and 18 pins of 5"
length. Loops for wall hanging . Each • •• • • , $12.00

A convenient means of handling culture dishes. Made of heavy
steel wire, spot welded and Neoprene coated. Holder and
dishes may be sterilized together. Dishes are inserted and re
moved through front of holder. Each •• , • •.•• , • ••• ••• $5.75

A-10459
This Neoprene coated funnel support is ad justable without use
of screws, clamps or springs. Made of heavy steel wire, spot
welded and heavily coated with Neoprene. Takes 10ngJ short
and some types of separatory funnels. Dimensions: 25%" X
15%" X 103,4". Adjustable from 4%" height to 13",
Accommodates 12 funnels. Each., •• " ..... ,.,., . .. $9.50

THE CHEMICAL RUBBER CO.
ScIentific Equipment, Analytical Chemicals , Laboratory Supplies

HANDBOOK OF CHEMISTRY AND PHYSICS

2310 Superior Ave. Cleveland 14, Ohio 2440 We.t Hubbard Street
Chicago 12, IIIlnol.
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PHOTOVOLT CORP.

LUMETRON Colorimeter Mod. 450
for Nessler Tubes

A new photoelectric instrument of high accuracy for the
measurement of pale colors and faint turbidities.

• For all analytical colorimetric determinations in which
only a slight coloration can be developed.

• For sanitary examination of drinkable water and for
analysis of water for municipal and industrial purposes.

• For color standa rdization of lightly colored liquids such
as kerosenes, sugar solutions, solvents, varnishes, liquid
waxes, vegetable oil s, beverages, cosmetics.

• Replaces visual color comparison in Nessler tubes.
W,i le ior liler.lure 10

New Yor~ 16, N. Y.95 Madison Ave.

always fresh, always accurate

COLEMAN

~
BUFFER TABLETS

f -; <1.,,,",; ~. '......
rnlrM~.. BUFFER TABLETS . '. )

For full details write for Bulletin AB.205

O .
CONVENIENT .. . fresh dependable buffer at any
time, Coleman Certified Buffer tablets are available
from 2.00 pH to 11.80 pH in steps of 0.20 pH . ..
each tablet makes 100 ml of buffer. W ith Coleman
Buffer tablets you can store a wide ra nge of buffers
in a fraction of the space re quire d for liquids.
PRECISE . . . Coleman Buffer tablets are exactly com
pounded, tes ted and packed in sealed vials ... Certi
fiedto produce buff e rs accu rate to 0.02 pH at all times.
ECONOMICAL ... low initia l cost, and freedom from
spoila ge over periods of time (a s with liquids) make
Colema n Ce rtified Buffe r tablets the economical,
dependable way to use buffers.

Don't throwaway
contaminated mercury • • •

The No. 35 080 me rc u ry oxifie r is a motor driven appara tus for
purify in g con tami na te d mercury in batches up to 25-pou nds.
Opera tion of t his a ppa ratus is sim ple. . T he mercu ry is pou red
th rough a funnel. on the top of the unit . down into the glass
barrel of the apparatus, and t he motor is s tar ted. F or mer
cury with an ordin a ry degr ee of contami nation no fu r ther at
tention is required until comple ti n g t he operatio n . usua lly two
hours . Base m etal impuri ti es are re moved by oxidatio n .
Afte r an hour or so a black powder begins to form on the sur
face of the mercury . Then t he mercury should be filtered .
us ing the No. 35085 filt er . which will remove the bl ack powder
(contamina tion) fro m the mercury . The filter removes dirt ,
oxid e dust . oil . wa ter a nd ac id . Although call ed a filt er.
this u nit actually perfo rms a method of dec antin g.

PURIFY IT IN YOUR OWN LAB 0RA lO RY.

35085
35080

MERCURY OXIFIER. 25-Pound Capacity .
Complete with 115 volt, 60 cycle motor and V-belt
drive as illustrated.
35080 Each $175.00

MERCURY FILTER, 25-Pound Capacity .
Complete as ill ustra ted.
35085 Each $45.00

Five-pound ca pacity mercury ox ilier
(No. 35090-$55.00) and lilter (No . 35095-$15.00)

are a lso available . 76 Varick Street York 13, N. Y.
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PELLET
PRESS

'PA RR

Ask your PARR d ea ler for complete
inf ormation or write to th e fa ctor y
for Spec. No . 28 1I.

One-half inch diameter pellets, up to one-half inch
thick, can be formed from powdered material
in th is hand operated press. Force in excess of
2000 Ibs. can be exerted to operate t he sta inless
steel punch.

Only Taylor Comparators Provide

PERMANENTLY
GUARANTEED

COLOR STANDARDS
pH, CH LO RIN E, PHOSPHATE

for testing

There's no da nger of mechanical inaccuracy when yo u use
Taylor Comparators fo r determining pH, chlorine or
phosphate, because all Taylor liqllid color standards carry an
unlimited guarantee against Jading.

O ne sturdy plastic ~lide h~~se~' ;11 co lo r standards necessary
for anyone de rerrninarion.r-No fragile single standards to
handle! Each complete 'set includes base, slide, reagents
and accessories. The utilityof these sets is high, bu t thei r
cos t is low. ' '

SEE YOUR DEALER FOR TAYLOR SETS--
WRITE DIRECT FOR FREE DATA BOOK

Gives 96 pa ges of helpful technical data on "Modern
pH a nd Chlorine Control" in 34 ba sic manufactu ring
processes. W rite today if this val ua ble reference is not
al ready in your library.

Simply place re
ag ent treated sam 
ple in middle tube
in bas e, move Color
Standard until colors
match and . ..

For 1110re dflailed data, write:

NEW PREPARATIVE
ULTRACENTRIFUGE

• At 40,000 rpm, 144,000 g with 160 - ml load .

• Angle-type rotors run in vacuum chamber.

• Controlled rotor temperatures with
refrigeration.

• Electric drive - self-balancing.

• Automatic controls govern entire fast cycle
of operation. ' "

• Armo r-steel guard and interlocks combine
safety with dependability.

• Selection of rotors (up to 1100 ml) provides
flexibility in use.

SPECIALIZED INSTRUMENTS
CORPORATION

607 O'NEILL AVE. BELMONT, CALIF.~• •
WORLD· WIDEACCEPTANC E
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LABORATORY CONSTRUCTION CO.

Here's the INSIDE STORY on new features
of "Labconco" Electric Kjeldahl Apparatus:

Kansas City, Mo.

12 capacity d igestion a nd d is
ti lla tion unit with 3 heat con
trol a nd ' thermo-water control
for d istillation. One of man y
sizes and mode ls availab le.

3 - Magnetic contactor, operated from digestion
timer (5). Just set the timer and go about your work
your digestions automatically cut off at the proper
moment!

1 and 2 - Branch circuit panels with front removed.
New "pushmatics" prov ide automatic tripping under
overload or short circuit. A flip of the finger resets
them. This new sa fe ty feature is another labconco
"first!"

4 - Magnetic contactor, oper
ated from pushbutton sta tion (6).
Just push a button - off goes all
current to your distillation appa
ratus. Another " Lo bconco" safety
feature!

Continual improvement of prod
uct, quality materials and know
how are responsib le for " l a b
conco" leadership in Kjeldahl
manufacture. Write today for
pictures, prices, users, and com
plete details.

111 5 Holmes St.

Make It Standard Procedure To Make STANDARD Your Source of Supply For All Laboratory Needs

IDEAL FOR USE WITH 2mm and 4mm STOPCOCKS

STOPCOCK ADAPTERS

3. 4. 5.2.1.

For 2mm " Pyrex" Brand STOPCOCKS . . .. . . • . each $1.50
For 4mm " Pyrex" Brand STOPCOCKS . .• .. . . . eeeh $1.50
For 2mm Kimble STOPCOCKS . . . •.... . • . . . . e.ch $1.50

No. 9440A
No. 94 40B
No. 9440C

Only a few seconds are requi red to conve rt a regu lar stop
cock to a PRESSURE TIGHT ST OPC OC K with one of
these clever ly designed ADAPTERS. They are ca refully
machi ned from a ll-aluminum alloy a nd a re neat in a ppear
anc e on the glass ap para tus .

DESCRIPTIO N OF PARTS in th e order in which they
a re ap plied : I ) Split and threaded mem ber with inner ridge
which seats into groove of glass plug . 2) Cylindrica l sleeve
to compress inn er ridge of Pa rt 1 int o groove of p lug . 3)
T ension spring which presses sleeve aga inst s topcock hous
ing . 4) Cont ro l nu t , to vary spring pressure against sleeve.
5) Lock-nut to assure permanen t desired seat ing-pu ll on
p lug.

STAINLESS STEEL LEASHES
FOR LABORATORY GLASSWARE

Here's the efficient wnv to elimina te the
annoyance of lost or m ispl aced glass stoppers
and stopcock plugs! These Stainless Steel
Leashes insure keeping th ese iterns with t he
pieces of glasswar e, 10 which they belong , a t
a ll t imes.

o .:rhe LE ASH E S fit the glass snugly and hold
o • tight ly, yet do not inter fere with the ex-

pansion or cont ra ct ion of th e gluss under
temperat ure chnnges . i\I ade of eorrosion
resist ant sta in less stee l, they are non

rust ing a nd resistant to oils. So long is their
life that they usua lly outl ast t he glassware to
which th ey a re a ttached . It is th en a simple
matt er to transfer them to new glassware.

T o attach, the sma ll spring loop is slipped
over the st opper or stopcock plug an d the
large loop is slipped over the neck of t he
vessel or the she ll of the st opcock. T he five
sizes, liste d below, provi de a ra nge to fit
p ract icnlly every size a nd ty pe of glasswa re .

No. 9455
EXTRA SMALL. . . • . . .. .. per do • . $1.35
SMALL SIZE . ... . . .. .. •. per do• . $1.45
MEDIUM SiZ E. . ... . • .. .. per do • . $1.68
LARGE SiZE per do• . $1.90
EXTRA LARGE pe r do• . $2.10

ASSORTED SiZES per do• . $.111.810 1IIIIJ "'1I!III..~
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5 & 5 No. 289
DRY-DISPERSED, ASH-FREE

Analytical Filter Pulp for Use in Exact

Gravimetric Analyses

Are YOU fully aware of the important

advantages of this superior filter a id?

ANALYTICAL CHEMISTRY

LOOKING FOR 'A
POSITION?

Executives ••• Chemists • • • Chemical Engineers •..
Managers .•• Teachers . .. Sales ••• Research

An effective way to contact prospective em
ployers in the chemical process industries is open
to you through the ' "Employment Informa.tion"
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 with low
cost for your announcements.

Send for rate schedule and a copy of "Here's
Help."

Ask for Bulletin No. 68 and free sample

CARL SCHLEICHER & SCHUELL CO.
116 West 14th St. New York 11, N. Y.

CHEMICAL AND ENGINEERING NEWS
Employment In/ormation

332 West 42nd St. New ,York 18, N. Y.

Improved

ZIMMERLI GAUGE

A ccurate read ings to within 0.1 mm. cun be made wit h this Zimmerli
Gauge which has a runge of 0 to 100 nun . Easily and rapidly filled, it
eliminates th e necessit y of boi ling th e mercury in or der to remo ve a ir.
I t 's always in working condition becau se an y air which muy have ente red
the reference limb is qui ckl y removed . And a sudde n release of vacuum
will not break or harm th e ga uge.

This patented ga uge uses specia l size ind icating and reference limbs,
resulting in th ese " p lus" ad vantages : it frees th e meniscus from th e
forces of cap illa ry a t.truc t ion ... imp roves visibility . . . and resu lts in
negl igibl e erro r.

Ask us to send you Bull etin CE-25 1- j usl ofT the pr ess! It not (JIIly
furn ishes co mplete informati on 011 t his Precision Mo del, but 0 11 th e Utility
Modcl, too.

•••••••

Precision
Model
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Laboratory Supply Center

co~iigiVISCOSITY
As Simply, Quickly, Easily

as Taking Tempera ture Readings
IUse in rob, pran', or both)

Just a flick of the switch, then
read the Brookfield dial , and you
have your viscos ity in centipoises.
The whole operation , includin g
cleaning up, usually takes less th an
a minute.

Suitable for extremely accura te
work with a wide ran ge of mate
rials, both Newtonian and non
Newton ian, the Brookfield viscom
ete r is portab le and plugs in any
A.C. outlet.

Write today for fully illustrated
a-page catalog.

FUSED
- T JOINTS
-SEALS
-TUBING
-CHEMICAL

APPARATUS
-PRECISION

BORE TUBING
-IMMERSION

HEATERS
-ROD
-PIPE
- TRAYS &DISHES

QUARTZ
An extre mely inert ma
terial possessing superior
electrical characteristics,
exceedingly high resist
ance to corrosion, heat
and thermal shock.
Available either tra ns
parentor opaque in many
standard shapes or to
custorners' specifica rions.
Manu /aetureel anel Fabr iea teel

by

American Fused Quartz CO.
DOVER, N . J.

Request our Technical Assistance or Price List

LABORATORY SERVICES
• Vitamin assays
• Mineral determinations including

Auorine and other trace elements of
nutritional importance

• Evaluation of unknown compounds
for ' insecticidal , fungicidal , and
bactericidal properties

• Phenol coefficient determinations
• Food bacteriology
• Fat and oil constants
• Spectrophotometric analyses

Write lor details

WISCONSIN ALUMNI
RESEARCH FOUNDATION

P.O, Box 2059 Madison 1, Wiscons in

INDEX OF REFRACTION LIQUIDS
Valuabl e Aid lor Identification of Mi ncrals and

othe rSolid s bythe Immersion Method o fMicrosco py
Range 1.4 00-1.700, Intervals o f 0 .002, o r as

select ed, Index C erti fied to "'0.0002
Range 1.71 -1.83, Interva ls of 0 .01

Wri te For Price List NcJ-IIC
R . P. CARGILLE

118 Liberl y SlIcel New York 6, N. Y.

FLEXIBLE PLASTIC TUBING
TOPQUALITY, MODERATEL Y PRICED

N alge's Alanol flexible pl astic tubing is
tough, clear and chemically inert. Can be used
for corrosive ch em ica ls, a lc o ho l, food prod.
UCIS, beverages and oils. Sterilizable with
steam, it is mad e of a Vinyl Chloride Com
pound a nd stocked in 3 7 sizes from . 12 0 to
1 inch i.d., . 170 to I ¥s inches o .d. T ern
peratu re range is m inus 35 t o plus 190
d egrees F.

Ask us for prices an d q uantity d iscounts ,
they will show large sav ings over co m peti 
tive products. Sam pl es supplied .

The NALGE Company
623 S. Goodman St ., Ito~h"ster 20, N,Y.

VARNITON PLASTIC PAINT
Reslstanl 10 nearly all Inorganic concenllaled
acids, Ilkllis, Ind Silt solul ions. Non -Film .
mlb le - Requ ires no primer. Shipped vii
P.rcel Post. Wrile lor lilerl lure.

1 p l . can black . $1.85
1 PI. can green $1.95
-4 oz. brush clesn er .35

i.o.b. Burbank, CaliF.
V ARNITON CO.

416 N. Vlrney SI. Burblnk , Cllif .

THE NEW ARISTOCRAT

CENTRIFUGE
The Outstanding Achievement

in a Laboratory Centrifuge
O ne of the most compact centrifuges
ever des igned-bowl, motor, rheostat ,
tachometer a nd timer a re ENCLOSED
in handsome floor model cabinet. All
cont rols and indicators mounted on a
sing le recessed panel in front. It's mod
erate price and economical maintenance
make it the outstanding value of them all

Available in 2 sizes
Write Dept . A for illustrated

INDEX TO ADVERTISERS
Acm e Laboratory Equi pme nt <;:0 : ~~ 1
Alcon ox, I nc 4' h C
Allic d Chemica l & Dye Co rp.. . . . . . . . . . . . . . . . . . . . . . . . . . . t it A
Aloe Co. , A. S , 34'\
American Inst~ument Co ., Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 7 A
Ame~lcan Pl a tinum Wor ks . :.. .. . io,\
Applie d Res ea rch Labora tori es c • • • •• 17 :,\
Au toc la ve E ng inee rs, Inc .
Baker J::Adamso n Prod ucts 4t h g O\'e r
Baker Chemical Co ., J . T 2nd 0\'';\
Bau sch J:: Lomb Opt ical Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I ~ ,\
Beck man Inst ru ments . Inc. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . it A
Bet hlehem Ap par atus Co .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .l~ ,\
Buffalo Ap pa ra t us Co rp ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 :-\.

8i~~~~J~;i~bfiei ·i i·:·.·::.~ ~ :::::::::::::::::::::::::::::;,::,\.~~1
Coleman I ns tru men t.•. In c _3 . A. '-\.
Consolida te d E ng lnee r-i ng Co rp.. . . . . . . . . . . . . . . . . . . . . . . . . 4! ',\
Coors P orc elain Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3., .
Despatch O ven Co .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. :II; .-\.

}<;a stman Kod a k Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2!) A

t:~rh:~~c?c~\ii"t~ g~: : '"; :::::::::::::::::::::::::::::::: ~g :~
f,~s~~~c{yuh~~re~ g~~~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: ~~ :i
General Ch em ical D iv 4th Covcr
Ge nera l Laborator y Sup ply Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 A
G rei ne r Co., E mil , . . 9 A

Harshaw Che m ica l Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 A
Hell ige, In c. ; , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 A

~:~ll~.:';~· i-ii ' : C~.: : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : ~5 ~
Kimbl c G las s Ii iv :'6'A.1J1
Klett !\f(Il:. Co _ . .
Laboratory Cona t r uc t ion Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 .-\

La Pine & Co., Arthur S. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 6 A
Le it z. Iu c. , E. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 24 A
Lindber g Engin eering Co. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 42 A
M achl ett & Son , Eo . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 A
Mallinckrod t C he mic a l ' Vor k>, . . . . . . . . . . . . . . . . . . . . . . . . . ... . 1~ ~
M er ck & Co .. Inc. . .. . . . .. •• .. . . . . . . . . . . . . . . .. . . . . . . . . . . . .
Meyer Scien t ific Su pp ly Co ., Inc. , . . . . . . . . . . . . . . . . . . . . . . . . . 26 A
New York Laboratory Supply Co. Ino . ... .. . . . . . .. .. . . . ..... 43 A
Owens-Ilf inois G lass Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 11 A

37 A
~:~t~;te:~;n~':.~· C~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 44 A
Pet erson & Co. , In c., Leonard , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 A
Ph otovolt Co rp 34 ..1. :36 A :43 A
Precision Sc ien tifi c Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 A
Sargen t J:: Co.• Eo II 19 A :39 A
Schaar & Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 A
Schleic he r & Schuell Co .. Cllr!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 A
Sc ientific G IlL,. ApPll:rllt us ce., Inc 4~ ~
Se rvo Co rp . of .-\merrce , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,') &

Southe rn Scientific Co., Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 A
Specia lize d I ns t ruments Co rp .. . . . . . . . . . . . . . . . . 44 A
Standard Scien t ific Supply Co rp.. . . . . . . . . . . . . . . . . . . . . . . . . . . 45 A
Taylor & Co., W. A.. 44 A
.T her rna l Syndicate. Ltd.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 A
Thcr mo E lect r ic l\lfl!. Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 A
Thonu•., Co., Arthur II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 A
T ors ion Bal an ce Co 3rd Cover
Univers ity Apparatus Co..... . .. . . .. . . .. .. .. .. .. . . . .. . . . . . 26 A
Welch Sc ientific Co ., W. M ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 A
Will Co rp. . .. .. . . . .. . . . . .. . . .. .. . . . . . . . . .. . . . ... .. .. . . . . 8 A

DIRECTORY
Laboratory S u p ply C.en ter . . . . . .. . . . . . . . . . . . . . . • . . . . . . . .. . 47 A

Am eri can FU8ed Quartz Co ., I nc. Phillips-Dru ck er Co.
Ca egille, R . P. Varmton Co.
Nalge Co . Wilk clUl-Anderson C o.

" ' iHCOnl'dn Alumni Reseur ch Foundation



48A ANALY TICAL CHEMISTR ~'

- - - - -t-- ALCOHOL

BERRY PRESERVES

BEVERAGES

BOROSILICATE
CRO WN GLASSi Q

BROMONAPHTHALENE

~ BUTYRIC ACID

~--t- CHEESE PRODUCTS

DISTILLED WATER

--l:7--- t- EGG SOLI DS

~ ETHYlANTRACENE

EXTRA DENSE f LINT

It§?-¢(l --t-- fLINT GLASS

~
,.r- :. ,;;:. flUORINATED HYDROCARB ONS

fRUIT BUTTERS

---t-- HONEY

S HYDROGENATED f ATS

~ ~l IO DINE NUMBER

e~ (fLAXSEED, SOY BEAN)
~V

JELLIES. JAMS
fRUIT PRESERVES

~ MAPLE SYRUP

r
NAPHTHALENE

---+- NYLON

;/

O IL CONTENt

PAPER MILLS
(STA RCH SOLIDS)

~,. PENTANE

- - -+- PLASTICS

TOMATO PRODU CTS

WAXES
(PA RA f f iN, CARNAUBA)

Be sure it's the world's finest Abbe
type refractometer-the B&L !lAbbe-56"!

FIXED.POSITION EYEPIECES- M ou nt ed close together
and inclined, for speed and co mfort.

INTERNAL GLASS SCALE- Pr otected from dirt, corro
sion. Index, 1.30 to 1.71; theoretical accuracy, ± .000 1.

PROTECTIVE H OUSI NG- Streamlined met al, safeg uards
scale and moving parts.

WRIT Efor complete info r mation and a demonstration to
Bausch & Lomb Optical Company, 609-3 St. Paul St.,
Rochester 2, N . Y.

Exclusive B&L advantages save time, cut costs , increase
o p er ato r efficiency and comfort ... in in dustria l qu ali ty
contro l, in research, and in experimentation. Q uick,
positive determination of the percentage of dissolved
so lids in foods. Highest-accuracy identification ' and
testing of transparent and opaque liquids and so lids, by
eith er transmitted or reflected light. Here are a few or"
th e " A bbe-56" features you 'll appreciate in your work.

SPARE PRISM SET-Q uick ly, easily interchanged; ends
" down" time. (O ptio nal)

Bausch &Lomb -56
I~

Refractometer
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S p e Pl / . U p O ,JPra liofl - New desi gn , q u iek 
act i n g d am p e r , sm uot h -a r t in g, o ne -m otio n
rid e r l if te r . immediately ur r-essible co n 
tru l kn ob s speed op e ra tio n.

l..f· s ~ Eve S tr ain -Tapered case d esi gn im 
proves l i gln i n g., focu se s li ght on read in g
area. bea m a n d ind e x, W hi te matte in side
fin ish di ffu ses li ght.

Q uic /. t'r R,·utling s- Lar ge r . easy to see
numera ls 0 11 sc ie n ti fica l ly po siti on ed . cun 
s tun t-e ye -le ve l d ia l und vernie r. A ll au
ju stmc nts m ad e from outsid e o f ca se .

Gr ea /t' r Jr'o rk in g Acce ss - Entire fr on t o f
h al a n ce op e ns, Fu ll wo rki n g a re a ins ta n tly
ur-r-essih le . ~o cramp i n g o f hands while
we i gllin g.

I'rolong ed St'ns ; l i d ly - Le ss kn ife ed ~e

d ull in g. h eurn a r rest a rms a n d beam ph·~ t

o n a co m mo n axi s-no sli d in g: of kn if e
e tlge un hearj n g su r-Iare,

. . . a co m p le tc line of A na lyt ica l Ba lan ces.

." , . , ., ., . lu·fflf·f· SlIf·l, "lfu/,.,'" ""sifl" " • ...lIf·l, f·"...f·
of t#/I"r"tiflf' ... ...lIf·l, ""/u'"f/"IIi1itU ill 1I...f·!

Your Su p p ly Ho us e Sa le sm a n will he gI.Il] to show you

t h e m an y t im e-sa v i n g f eatur es and r e co uun e n d th e

mo del h e s t s u i t ed to vo u r r eq u i r e m e n t s. Fo r f u ll

information ask yo u r Su p p ly H ouse Sa lesm a n or w ri te :

D ivision of

THE TOR S JO N B A LA N (: E C 0 ;\1 P A N Y

Jl aiu Offi ce aiul Fucto ry: Cli ft un , ~e \\C j e rse y e Sales (JIJin 's: Ch il·a ;.::o · Da lla s · Sa il F r- an ci sco
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