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SODIUM-the water-splitting metal that Davey discovered in 1807, today
is' a prime industrial and laboratory servant. Our world is surrounded by
products that employ sodium and its compounds in their manufacture. The
sulfa-drugs, fluorescent lighting, and plastics are just a few of these essentials
to modem everyday living.

The variety ofanalytical and industrial uses of sodium compounds demands
chemicals of maximum purity and dependability. Merck & Co., Inc., for
almost four generations, has. set the pace in production of fine laboratory

.chemicals. The Merck label, wlJ!ch conforms to A. C. S. meth~ds of stating
maximum impurities, always has been the chemist's assurance of uniformly
high quality.

M·ERCK
LABORATORY CHEMIC'ALS

MERCK&CO.,Inc. uf(an+c~ffW~~ RAHWAY, N.j.

New York, N. Y. • Philadelphia, Pa.. • St. Louis, Mo. • Chicago, III.· Elkton, Va.

Los Angeles, Calif. • In Canada: MERCK & CO., Ltd., Montreal • Toronto • Valleyfield

Among Important Merck

ReagentSodiumCompounds:

SODIUM SULFIDE REAGENT

SODIUM CITRATE REAGENT

SODIUM HYDROXIDE REAGENT

SODIUM IODIDE REAGEN1I'

SODIUM SULFATE REAGENT

SODIUM BISMUTHATE REAGENT

SODIUM CHLORIDE REAGENT

SODIUM ACETATE REAGENT

SODIUM CARBONATE REAGENT
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THE LINDBERG

VOLUMETRIC CARBON DETERMINATOR

Simple to Use Rapid Accurate

The Lindberg Volumetric Carbon Determinator incorporates new
features in design and construction to yield faster and more accu
rate determinations of carbon in iron, steel, heat resisting steels,
stainless steels, etc. .

The graduated water jacketed burette provides accuracy to within
one point of carbon or better. It is mounted in front of a fluores
cent light to facilitate readings. The contact type absorption
chamber permits complete absorption in two passes. In many
alloy determinations one pass is sufficient.

The leveling bottle has an integral side arm tube for easier meniscus
readings. A leveling device in lower bottle holder is used for ad
justing to zero readings without adding or subtracting liquid from
leveling bottle. Pyrex Glassware is used throughout and stand is
attractively finishf'd in glossy grey baked enamel.

25405 - Lindberg Volumetric Carbon Determinator. Complete
with rubber and glass tubing connections, sulphur trap, carbon
calculator, conversion chart and instructions $195.00

WILL CORPORATION
ROCHESTER 3, N. Y. • NEW YORK 12, N. Y.

BUFFALO APPARATUS CORP., BUFFALO 5, N. Y.

SOUTHERN SCIENTIFIC COMPANY. INC., ATLANTA 3, GA.
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DETERMINE CARBON IN 2/ffllltl1£s
e

With the sample weighed
and loaded the test cycle
involves only:

Start and stop oxygen
supply.

4 Settings of Main Control
Valve.

8 Short Motions of Aspirator
Bottle.

Then you read graduated
Carbon Scale, correct for
temperature and barometric
pressure and you have car
bon to % of ONE POINT.

SIMPLE - STRAIGHTFORWARD - ACCURATE

AND HfITEKPEHSIP'c
.. SULFUR DETERMINATOR

For accurate analyses of metals, coal, coke, etc.

Testing cycle - 2 minutes.

Accuracy to 715 of One Percent.

Applicable ta either Iodate or Alkaline
methods.

MOISTURE TELLER ....
Determines amount of moisture in a test
sample usually within 1 minute and without
the use of charts or log tables. Entirely self
contained and sturdily built. Needs no
technical operator.

Write for descriptive folder to Dept. G
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Choose the Building or Pia Want - 31 Chemical,

Loading and Warehousing Facilities - Available Now! ...

Convertible to the manufacture of fertilizers, paper
products, textiles, chemicals, plastics, metals ~nd
alloys, electrical and electronic equipment, building
milterials, furniture, packing and assembly line oper
ations for foods, beverages and other products.

Good labor markets and transportation.

These plants, which include complete shop and
repair facilities, office buildings and utilities, were
formerly used for production of oleum, nitric acid,
ammonium nitrate, concentration of nitric and sul
phuric acid; guns, pyrotechnics and similar items;
ethylene, carbon-monoxide, phosgene, formalde
hyde, hexamine and chlorinated liquid and gaseous
products; carbonyl iron, paste products; fabricated
wood and textile items; chemical production and
reduction operations.

Present facilities include glass lined, stainless steel,
high chrome iron and steel batching equipment;
mixing tanks, storage for concentrated acid and
other types of chemicals; equipment for nitration
and reduction operations, fractional distillation, and
allied multiple operations. Mechanical conveying
and handling equipment available at most plants.

Over 200,000 acres of agricultural and grazing
land also available for lease.

Rentals will be established by competitive bids. Closing
dates for individual plants may be obtained from the
Division Engineer. Arrangements for inspection of plants
should be made with the Division Engineer having ;uris
diction. Address all requests for complete information
and I/invitation to bid" to the Division Engineer of the
Division in which the plant is located. .

This in/ormation is not intended /01' use as a·basis 0/ negotiations. The
Corps 0/ Engineers reserves the right to reject any or all proposals.

CHIEF OF ENGINEERS. U. S. ARMY, Washington 25, D.C.

CORPS OF ENGINEERS

NORTH ATLANTIC DIVISION
111 East 16th Street

New York 3, New York

SOUTH ATLANTIC DIVISION
50 Whitehall Street
Atlanta 2, Georgia

OHIO RIVER DIVISION
Union Central Annex Building

Cincinnati, Ohio

SOUTHWESTERN DIVISION
1114 Commerce Street

Dallas 2, Texas

GREAT LAKES DIVISION
1660 E. Hyde Park Blvd.

Chicago 15, Illinois

MISSOURI RIVER DIVISION
206 -South 19th Street
Omaha 2, Nebraska

u.s. ARMY
WASHINGTON, D. C.
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Photometers

Klett • • • •

For the most exacting

clarification processes

CELITE* 521
Specially purified,

virtually iron-free

•

THE finest natural filtering medium (specially
selected diatomaceous silica) is processed in

the J.M Laboratory, acid·treated and calcined ...
to produce Celite 521, a pure commercial filter
aid for the most exacting clarification procedures.

Free of soluble iron and other impurities which
might affect filtrate quality,Johns.Manville Celite
521 serves a wide variety of industrial purposes.
It is used exclusively by many makers of distilled
spirits, liquors, cordials, etc., and in the filtration
of chemicals, pharmaceuticals and foods. In each
case clarification is better, speedier and more
economical.

PluJoelecttJc
qltu4. eeIJ
e~

•No. 900-3

No. ao'lO

•

•

Designed for the

rapid and accurate

determinatio.n of

thiamin, riboflavin, and other substances which

fluoresce in solution. The sensitivity and sta

bility are such that it.has been· found particu

larly useful in determining very small amounts

of these substances.

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

•

lO'!=!!!!!!!!!!!!!!!!!!!!!!KLETT SCIENTIFIC PRODUCTS!!!!!!!!!!!!!!!!!!!!!!!!!!!!"'iI Other Special Celite
Filter Aids for laboratory

and commercial use:

Filter.Cel, Laboratory Standard,
for the standardization of filtra·
tion procedure.

Celite Analytical Filter Aid, for
analytical filtrations of the
highest type..

For complete information
write Johns-Manville; 22 East
40th Street, New York 16, N.Y.

Co.Manufacturing

ELECrROPH01WllS APPARATUS • BIO-COLORlMETEllS
GLASS ABSOllPTION CELLS • COLORDaTER NEPHELOM·
Et'ERS • GLASS STANDARDS • D.ETT REAGENTS

Klett
*aea-. u. s. Pat. Off.















The Profession of Analytical Chemist

T WENTY-FIVE years ago. when a chemist with a bachelor's
degree started his professional career, nine times out of ten it

was as an analytical chemist. Actually the more accurate descrip
tion would have been control chemist or possibly a chemical in
tern, or chemist-in-training. A quarter of a century ago the general
idea seemed to be that if the new arrival showed real promise, was
intelligent and mentally resourceful, and indicated a high degree
of manual dexterity in handling laboratory equipment, apparatus,
and devices of one kind or another, he could expect transfer
within a reasonable period of time to the research department.
The analytical lab to all but a few was considered to be a proving
ground, a place for separating the wheat from the chaff, a stepping
stone to something much better, including more money.

There was some foundation in fact for such a plan 25 years ago.
Analytical techniques. then were almost wholly volumetric or
gravimetric, methods in many instances were not too standard
ized, and usually a graduate chemist was required, for the work
demanded more skill and a greater degree of independent judg
ment than could be expected of a laboratory technician.• Indeed,
the laboratory technician was almost unheard of in those days.
The work, however, all too frequently was largely repetitive,
usually long drawn out, tedious, dull, uninteresting, and there
fore uninspiring to the truly professional. There was little to
challenge the really inquiring type of mind that is so characteris
tic of the real researcher, unless he was assigned to research on
new analytical procedures and techniques. Frequently such work
was carried on by the more inquisitive and ambitious simultane
ously with routine analysis.

Today the situation is much different, yet the legend persists
in and out of the profession and particularly in top-flight manage
ment circles of many companies. The advances in the field of
analytical chemistry in the past decade or so have been nothing
short of phenomenal, but few outside the profession are at all
aware of this progress. In that period the field of analytical
chemistry has undergone profound changes, but these changes
have had little publicity and are none too well understood.

The analytical chemist all too frequently still is thought of as
a strictly routine worker, one who is several steps below the re
search chemist and members of the chemical profession generally.
He frequently suffers in prestige and monetary rewards because
of the continued belief in an outmoded tradition.

The widespread introduction of instrumentation has caused a
sharp division in the analytical laboratory between those of pro
fessional and subprofessional training, experience, and ability.
Today thousands of analytical procedures are carried on readily
by laboratory technicians. The true professional is expected to
direct, to administer, and to pioneer research in analytical chem
istry. He is therefore required to be an organic chemist, an in
organic chemist, a physical chemist, and may, at times, be ex
pected to be a biochemist, a metallurgist, a specialist, if you will, in
a dozen or more highly specialized fields. He most certainly must
be somewhat of an expert in electronics-he must be almost as
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much a physicist as physicists themselves. In addition, 'he is
usually expected to be specially skilled in some field within the
profession of analytical chemistry.

What practical steps can be taken to correct the existing errone
ous impression of what the analytical chemist is and does? How
can we best publicize the contributions made by the analytical
chemist to the over-all advancement of the science of chemistry?

The editors offer the following program, with the understand
ing, of course, that it is not an overnight cure-all and is probably
but a partial solution to the problem.

1. Insistence upon a sharp distinct line of demarcation in
title between the professional chemist and the laboratory techni
cian. This is not easy to achieve, for some individuals with pre
fessional degrees fail in the long run to develop the requisite'
originality and leadership required of the professional. Neverthe
less, for the over-all good of the profession, the governing factor
should be the work the individual is doing, not his array of degrees,
or lack of them. Management must be taught to make these dis
tinctions plainer than in the past, through the use of both proper
descriptive work titles and salaries commensurate with the train
ing, experience, and responsibilities demanded of analytical chem
ists.

2. A thorough study by competent analytical cheInists repre
senting industry, fundamental research, and the teaching profes
sion, looking to the promulgation of an ideal curriculum, or ideal
curricula. At present no college or university to our knowledge
specifically trains analysts or grants the master's degree or doctor
ate in analytical chemistry. It is common knowledge that the
field of instruinentation is frequently neglected and in some cases
ignored almost entirely in undergraduate training.

3. The establishment of at least one award for outstanding
original work in the field of analytical cheInistry. In addition,
several awards for postgraduate students are highly desirable.
Such recognition would stimulate and sustain the interest of
young men and women in the field of analytical chemistry.

4. Consideration of ways and means of educating industry
and particularly top-flight management on the true importance
of analytical cheInistry and analytical cheInists. To many non
technically trained executives the analytical department is a
necessary evil, a nuisance that cannot be eliIninated, of course,
but one that is just a dead-weight expense. The analytical chem
ist and his modern techniques in the industrial field make possible
new industries and new processes, protect manufacturers' reputa
tions by guarding the quality of both raw materials and finished
products, frequently make possible the upgrading of old products,
help to eliIninate wastes. The analytical cheInist is the· guardian
of the nation's health and helps to raise health standards. As a
result of this and other contributions to society, the analytical
chemist is a mighty important individual-he is entitled to
greater professional recognition and monetary rewards than fre
quently has been his lot to date.

Six months ago we commented along lines somewhat similar
to those stressed in this editorial and asked for the comments of
our readers. Frankly, the response was more than disappointing
-it was practically nonexistent.

Once more we invite our readers to discuss these and other
problems in the pages of ANALYTICAL CHEMISTRY.
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Determination of Hydrogen in Fluorine~Conta:it1ing

H·alohydrocarbons
J. F. MILLER1, HERSCHEL BuNT, H. B. BASS, AND E. T. McBEE

Department of Chemistry and Pqrdue Research Foundation, Purdue University, Lafayette, Ind.

A rapid and accurate method is delilcEibed for the de~erlllinationof hydrogen
in halohydroearbons containing fluoritle. The sample is pyrolyzed at a tem
perature of 1300 0 C. ·in a platinum tube in an atmosphere. of nitrogen. The
pyrolysis Jfroducts are swept from the plaiinum tube by a stream of nitrogen
and ab80i'~d in distilled wlit.er. The resulting solution is filtered to remove
carbqnaC;e9\ls materiill. IC fluorine is the only halogen present, th~ solution
is boiled and titrafed. lCehlorine is. present in t.he sample, aliquots are taken.
Free chlorine is deterlllined in one aliquot'by reaction with potasllblln iodide,
followed by titration of the liberated iodine with. a thiosulfate.SQlytion. Hy
drogen peroxide is added to the other aliquot, the solution is boil~ fOF 5minutes,
and the total acidity is determined by titration with liltandard .alkali. A cor
rection is made for acidity due to free chlorine, and the hydrogen concentra
tion is calculated from the net acidity.

AN INCREASINC: amount .Qf research Qn the preparati~n

and use of orgamc halo CO,mpo\lnds has been conducted ill

recent years. As a, .r.esult, there '1'1'8$ a need for a procedure by
which the percent!J,ge of nydrogep. in these compounds could be
<letermined. A §~ndlj,rd c()Jliblliition method for the deter
mination of hydrogen is satisfactory for chlorohydrocarbons, but
no reference could be found to a method for determining hydrogen
in fluotine-containing halohydrocarbons. Fluorocarbons were of
interest to the Manhattan District, and it was' especially impor
tant to know the hydrogen content., if any, of such materials pro
duced both in the laboratory and in the plant.

The present method involves thermal decomposition of fluorine
containing compoun$ and depends upon assumptions:

L Dehydrohalogenation of the Sample is complete at tem-
peratures above 1300 0 C., -

2·. Free, fluorine is not liberated as a result of the decomposi-
tion. '

3. Free chlorine, which may be.liberated, will xeact, quantita
tively with potassium iodide to give iodine.

4. Hydrogen fluoride is, absorbed in water to form hydro
fluoric acid, or reacts with glass to form silicon tetrafluoride
which hydroly~ to form hydrofluoric acid.

5. Dilute solutions of hydrochloric acid and hydrofluoric acid
are unaffected by boiling for short intervals. The validity of this
asSumption was demonstrated experimentally.

6. Chlorine dissolved in slightly acidic solutions is reduced to
hydrochloric acid by hydrogen peroxide according to the follow
ing equation:

(1)

REACENTS

Potassiwn Iodide, reagent grade.
Sodiwn Hydroxide, 0.1 N. .
Albline Pyrogallol. Prepared by mixing 7 volumes of a

potassium hydroxide solution containing 600 grams of potassiwn
hydroxide per liter with 2 volwnes of a pyrogallol solution con
taining 300 grams of pyrogallol per liter.

Water. It is necessary to use either freshly boiled redistilled
water or conductivity water, the acidity of which is determined
daily. This acidity should be determined titrimetrically using
phenolphtha,lein as the indicator. Water requiring more than
0.30 mL of standard 0.1 N alka,li per 250 ml. is unsuitable.

1 Pr_nt addr~~, Mell()n Institute of Industrial llesearch, U!1iversity of
Pitf;sburgh, PittabQl"gh, fa.

Two papers Pf8'!8nted in the SympQsium on Fluorine Chemistry, Division of
Industrial and Engineering Chemistry, a.t the llOth Meeting ·of the AMERI

CAN CB.mI1CAL SOCIETY, Chicago, Itl., are printed here (pages Hllto 140).
Other papers ill the symposium appear in the March issue. of Indu.trial and
Enqin.....nll Ch.mi.try.

Nitrogen. The nitrogen must be oxygen.free to avoid c()m
bustion resulting in the cOil.ve~ion of hydrog~n in the s!\on'iple to
water. Purifi<:ation is acc~mplished by p~ing the nitrogen
through a pyrification train comprising alkaline pyrogallol,
sulf~c acid., copper heated to 600 0 C." and anhydrous calcium
chloride.

Sodiwn Thiosulfate, about 0:.1 N. This 'solution is standard
ized against iodine liberated from excess potassium iodide solution
bY' weighed samples of standard potassium dichromate.

APPARATUS

A. diagram of the assembled apparatus is shown in Figure 1.
Decomposition Tube, K. A platinum combustion tube

1.25 cm. (0.5 inch) in inside diameter, and 80 cm. (32 inches) in
over-all length (J. Bishop and Co.), is used. A I2.5-cm. (I-inch)
coil of platinum gauze, M, is placed inside the combustion tube,
which is supported in the furnace, T, by a McDanel high
temperature combustion tuoe, L. The inlet of th~ 'supporting
t~be ~ equip~dwith a grouIJd platinum joint, [.

Furnace,P. A Burell higb.-temperat\lre IIi4S.ter model OTA
2-9 furnace ~ 'used in the work. The furnace is equipped with a.
thermoc,ouple, N, pyrometer, Q, tap transformer, 8, and safety
switch,.R... .

AbsorptioJl 1ra.in, P, Q. A 500-ml. Erlenmeyer 1l.ask equipped
with delivery t\lbe made by sealing I6-mm. Pyrex tubing to 8
rnm. Pyrex tlibing is used for the first absorption vessel. The
second absorption fi.ask is a 250-ml' Erlenmeyer fi.ask with an-inlet
of 8-mm. Pyrex tubing, which must extend below the surface of
the water.

Purification Train, C, D, E, H. The purification train for
removal of oxygen from the nitrogen (cylinder A to which is at-

Ipi='=,,---

Figure 1. Apparatus for Hydroge~Detilrmination
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(2)

Purity

Analysis of Halohydrocarbons

No. of Per Cent Hydrogen
Detns. Theory Found

C.P. 2 0.837 0.833.0.841
Infrared standard 2 0.270 0.271.0.272

Research material, 2 0.775.0.755 a
analyzed by 0.78'" 0.02b
microcombus-
tion method

Research material. 5 0.707 0:719.0.686,
b.p. 168-169° C. 0.750,0.735,

0.757
Research material 3 1.205 1.17,1.15,1.19

Table I.

ously. The tube is then moved into the position described for
the determination.

The technique of handling the decomposition products varies
with the composition of the compound. If fluorine is the only
halogen present, the filtrate is boiled for 5 minutes and the hot
solution titrated with standard alkali to a phenolphthalein end
point. If chlorine is present, alone or with fluorine, the fi~trate is
diluted to 500 ml. in a volumetric flask and two 100-ml. aliquots
are taken; To one aliquot is added 1 ml. of 30% hydrogen per
oxide, after which the solution is boiled for 5 minutes and titrated
while hot with standard sodium hydroxide to a phenolphthalein
end point. The second 100-ml. aliquot is placed in an iodine
flask, aI!.d 10 ml. of 6 N sulfuric acid and 10 ml. of 30% potassium
iodide are added. The solution is shaken and allowed to stand in
the closed container in the dark for 10 to 15 minutes. This solu
tion is then titrated immediately with 0.1 N sodium thiosulfate
to a starch end point. A blank correction should be made for
distilled water and reagents used. This correction should be
applied to all titrations.

Calculations are made by substituting appropriate values in the
following equation:

Dichloro-bis(tri
f1uoromethyl)
benzene

Monochloro-bis
(trifluoromethyl)
benzene

a This procedure.
b Found by Huffman Microanalytical Laboratories. Denver 2, Colo.

DISCUSSION OF RESULTS

Only a few standard materials were available for analysis, but
the results obtained for them show the high accuracy of the
method. Research materials of high purity were also analyzed.
Data obtained are shown in Table I. Since results obtained for
hydrogen are in agreement with those expected, it appears that
assumptions made at the outset are correct. While this procedure
has been applied only to compounds containing less than 2%
hydrogen, it should be applicable to compounds containing a
greater hydrogen percentage.

Sample

Chloroform
Pentadecafluoro

heptane
Polychloro

heptanes

PaESENTED before the Division of Industrial and Engineering Chemistry.
Symposium on Fluorine Chemis'try at 110th Meeting of the AMERICAN
CHEMICAL SOCIETY. Chicago. Ill.

Probable sources of error in this determination are incomplete
decomposition of sample due to excessively rapid volatilization,
inaccurate and infrequent determinations of blanks of water and
reagents, incomplete removal of traces of oxygen from the nitro
gen stream, and possible loss of hydrogen fluoride by etching of
Pyrex apparatus used. The last item may be almost entirely
eliminated by using a platinum delivery tube in the first absorp
tion bottle.
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PROCEDURE

tached gage B), used to purge the apparatus and to carry vapors
to be decomposed into the pyrolysis zone, comprises an alkaline
pyrogallol scrubber, C, a sulfuric acid scrubber, D, a combustion
tube, E, filled with copper gauze, F, and a drying tube, H, filled
with calcium chloride. The combustion tube is heated to 600 ° C.
by a high-temperature furnace, G.

Sample Vial, J. Sample vials are made from Pyrex tubing and
have a shape similar to that shown in Figure 1.

Samples weighing from 0.20 to 0.35 gram are used. The
method of weighing and introducing a particular sample into the
system varies with physical properties. Liquids boiling below
200 0 C. are weighed in vials made by sealing one end of a 5-cm.
length of 7-mm. Pyrex tubing and drawing out the other end into
a fine capillary about 5 cm. long. The vial is weighed and the
sample introduced by heating the vial, dipping the capillary tip
into the sample, and allowing the sample to be drawn into the
capillary as the vial cools. The vial containing the sample
is weighed and the tare deducted to obtain
the weight of the sample. Materials boil
ing above 200° C. are weighed in a platinum
boat.

The combustion tube is moved into the
furnace to a position such that about
15 cm. (6 inches) of the inlet end of the
tube extends from the furnace. Gauze wicks, dipping into
water, are wrapped around each end of the combustion tube
about 2.5 cm. (1 inch) from the furnace. These wicks cool the
exposed ends of the tube and thus permit the use of rubber
connections for attaching the combustion tube to the rest of the
assembly.

When the temperature of the furnace has reached 1300° C., the
system is purged with a rapid stream of purified nitrogen for 5
minutes to expel all .the air. The first absorption vessel, con
taining about 150 ml. of redistilled water, is attached to the com
bustion tube with rubber tUbing; the rate of nitrogen flow is
adjusted so that 30 to 40· bubbles per minute are formed in the
end of the delivery tube. If the ratio of hydrogen to halogen in
the sample is greater than 1, chlorine purified by passing Over
phosphorus (V) oxide is added along with the nitrogen.

The sample is introduced by opening the inlet end of the com
bustion tube, shoving the vial, capillary end first, or the boat con
taining the sample, into the tube to a point about 5 cm. (2 inches)
from the op¢n end, and then quickly closing the tube. The re
mainder of the absorption train is then attached. Low-boiling
samples .are almost completely volatilized by heat flowing back
from the furnace. After no further reaction is noted, as evi
denced by carbonaceous material issuing from the exit end of the
tube, the cooling wick at the inlet end is removed and the com
bustion tube is moved into the furnace at a rate of about 1 cm.
every 5 minutes. After each move, some time is allowed for
lomplete reaction.

If the sample is introduced in a glass vial, care must be taken
to avoid introducing any part of the vial into the furnace, to avoid
sealing the sample. tube before complete removal of the sample,
and to prevent molten glass from adhering to the platinum. If
the sample is introduced in a platinum boat, the tube is even
tually shoved into the furnace as far as possible without burning
the rubber connections. Complete decomposition is ensured by
controlling the rate of evaporation to allow about 30 minutes
for the decomposition of sample boiling below 200° C., and about
45 minutes for samples boiling above 200b C

When vaporization is complete, pyrolysis products are re
moved from the combustion tube by sweeping with nitrogen for
an additional 15 minutes. Then the tube is pushed back into the
furnace to remove condensation products. The absorption
vessels may be removed, detaching the last vessel first and pro
ceeding to the first vessel, which is detached at the combustion
tube. All essential products of pyrolysis usually collect in the
first absorption vessel and the remainder of the train serves only
to absorb excess free chlorine or other volatile products. Carbo
naceous material suspended in the solution in the first absorption
vessel is removed by filtration through a Pyrex fritted-glass
funnel.

While the solution of products is being filtered, preparations
are made for a succeeding determination. The cooling wick at
the end of the combustion tube is removed and the tube posi
tioned in the furnace, so that the exit end is completely inside the
heated zone. If the sample was introduced in a glass vial, the
container is removed. Air is blown through the combustion tube
to burn out any carbonaceous material. Then the position of the
combustion tube is changed to place the inlet end as far inside the
furnace as possible, 'and air is blown through as described previ-
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A method was developed for the decomposition and subsequent analysis of or
ganic compounds containing fluorine and other halogens. Decomposition is
accomplished by reaction with sodiUln in liquid allllllonia in a closed syste:t:n
at rOOIll telllperature. The halogens following the decomposition are present
as halide ions in a system perlllitting deterIllination without further separation.
Halogens, except fluorine, are deterIllined by standard Illethods. The fluorine
is deterIllined as lead chlorofluoride using closely controlled conditions of teIll
perature and chloride-ion concentration. The lllethod is applicable to the rou
tine analysis of solid, liquid, and gaseous substances.

EXTENSIVE investigations in the field of polyhalogenated
organic compounds, especially those containing fluorine,

led to a demand for a rapid routine method for the analysis of
a large number of samples. The analysis of such materials may
be divided into two distinct parts: decomposition of the sample.
and determination of the halide ions.

DECOMPOSITION OF THE ORGANIC COMPOUND

The methods described in the literature for the decomposition
of halogenated organic compounds either give incomplete de
composition of the very stable highly halogenated compounds
or require an undesirable amount of time. Excellent reviews of
the literature are given by Elving and Ligett (1) and by Nichols
and Olsen (4).

The sodium and liquid-ammonia method of Vaughn and
Nieuwland (5) is readily adaptable to routine analysis, but it does
not completely decompose a high percentage of the polyhalo com
pounds. However, results obtained by this method indicated
that it might be possible to obtain complete decomposition using
a higher temperature and longer reaction time. In the method
here proposed, the reaction is conducted at room temperature
and reaction time may be varied according to the ease of de
composition of each particular sample. This is accomplished
by the use of a sealed glass tube as a reaction container.

REAGENTS AND APPARATUS

Reagents. All chemicals employed are reagent grade or the
highest purity obtainable. Reagents should be tested to ensure
absence of halogens.

Reaction Tubes. A 50-em. length of 13- to 14-mm. Pyrex
tubing, st,andard wall thickness,. closed a~ one end with a test
tube seal constitutes the reactlOn contamer. Because of the
high inte~al pressure generated during reaction, tubes should be
free of flaws. ,

Agitation. The apparatus for holding and rotating the reac
tion tubes is shown in Figure 1. The machine consists of a steel
rack made to hold 60 tubes and to rotate slowly (12 r.p.m.). on
an axle in such a manner that the reaction tubes turn end-over
end. A 55-em. (22-inch) length of I/o-inch I.P.S. iron pipe,
closed at one end, is used as a safety shield for the glass tube.
A hole, 0.3 em. (0.12.5 inch) in diameter, is drilled about 2..5
em. (1 inch) from the open end of the pipe to allow for escaping
gases in case of failure of the glass tube. A cotton plug at the
bottom and a short piece of 0.25-inch rubber tubing held in place
by a spring clip at the top p:event the glass tube from .moving
and breaking due to mechamcal shock. A metal plate IS fitted

I Present address, Melloa InStitute of industrial Research, University of
Pittsburgh, Pittsburgh, Pa.
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over the open ends of the iron pipes and fastened to the frame
with bolts and wing nuts.

Safety Equipment. Goggles, face mask, and rubber gloves
are provided for general protection in handling the reaction tubes
and liquid ammonia. An ammonia gas mask should be readily
available.

DECOMPOSITION OF SAMPLE

The lllilnner of weighing samples depends upon the physical
state. Gases and low-boiling liquids «50 0 C.) are weighed in
sealed Pyrex vials, gases being condensed before weighing. The
vials may be made by drawing out both ends of a short length
of 7-mm. Pyrex tubing to a fine capillary and sealing one end.
The sample is introduced into the tared vial by warming the main
body of the vial, and then dipping the unsealed capillary into the
liquid sample at the time the body of the vial is dipped into a
dry ice and alcohol bath. When a sufficient quantity of sample
has entered the tube, the open tip is removed from the main
body of sample, all liquid in the capillary is allowed to flow into
the vial, and the capillary is sealed. The vial is then removed
from the cooling bath, wiped dry, and weighed. Glass-stoppered
Victor Meyer weighing vials, open vials, or small porcelain lnicro
combustion boats are utilized for weighing other than low-boiling
liquids, depending upon volatility and viscosity. Solids are
weighed in either open vials or porcelain boats.

The vial or boat containing 0.120 to 0.002 gram of sample is
introduced into a reaction tube containing about 5 m!. of an
hydrous ethyl ether. As all materials examined were at least
slightly soluble in ethyl ether, this solvent was used in preference
to others which become solid at the temperature of a dry ice and
alcohol bath. Metallic sodium (0.5 to 1.0 gram), cut in slender
strips or small cubes, is added and the tube is placed in a dry
ice-alcohol bath. Then, liquid ammonia (10 to 15 ml.) is dis
tilled into each tube, after which the charged tube is sealed in
the same manner as a Garius tube and shaken for at least 5 hours
at room temperature. Mter decomposition is complete, the
tubes are removed from the shaker, cooled in a bath of dry ice
and alcohol and opened by applying a pin-point flame to a spot
near the se~l. This allows the slight internal pressure to blow
out an opening and release the pressure. The sealed tip is. ~rst
broken off and placed in a 500-ml. Erlenmeyer flask contammg
about 10 m!. of 95% ethanol, after which the reaction tube is
removed from the bath, wiped dry with a .clean cloth, ~nd in
verted into the Erlenmeyer flask. When VIgorous reactlOn has
ceased the inside of the reaction tube is rinsed several times with
small portions of ethanol and then with hot distilled water, all
washings being transferred to the Erlenmeyer flask. ~he :,"olume
of the washings should not exceed 1.50 m!. If carbolllzatlOn oc
curs during decomposition, the solution is filtered through a fine
Pyrex fritted-glass filtering funne~, Buchner type.. The samples
at this point are ready for determmatlOn of hahde lOns.

DETERMINATION OF HALIDE IONS

The determination of halide ions, other than fluoride, is accom
plished by a modification of the Volhard method, using nitro-
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benzene to coagulate, coat, and remove the silver halide from
the reaction medium rather than filtering. If more than one
halide other than fluoride is present, an indirect method is used
for determination which combines the Volhard method with pre
cipitation, filtration, and weighing of the silver halide.

For the determination of fluoride ion, the precipitation of lead
chlorofluoride by the method of Hawley (2), followed by the.
titration of the redissolved precipitate as suggested by Hoffman
and Lundell (3), offers a rapid procedure. However, early ex
perience indicated that results of this sequence were not con
sistent. Variations in temperature of solution during precipi
tation appeared to exert some influence, and it was noted that low
results were obtained for compounds containing less than 25% or
more than 60% fluorine, while high results were obtained for com
pounds having between about 35 and 55% fluorine.

A study of the variables concerned led to a modified procedure
for the precipitation of lead chlorofluoride. The accuracy of re
sults is greatly influenced by small changes in chloride-ion con
centration of the solution. By carefully controlling the amount
of dilute hydrochloric acid added to the solution before precipi
tation and by maintaining the temperature at 50 ± 10 C., ac
curate results are obtained.

Figure 1. Shaking Machine

the sample is calculated from the ratio of one atom of fluorine
to one atom of chlorine in lead chlorofluoride.
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APPLICABILITY OF THE PROCEDURE

The procedure described for the decomposition and analysis
of polyhalogenated organic compounds is adaptable to the rou
tine analysis of fluorine-containing compounds, including per
fluoro compounds. Complete decomposition was obtained with
all materials investigated, and the fluoride ion determination is
as accurate as other known procedUres and far less time-consum
ing. The time required for a single determination is about 7
hours but, by simultaneously charging a plurality of tubes in late
afternoon, allowing decomposition to occur overnight, and com
pleting the analysis the next day, two analysts can make dupli
cate determinations of 10 to 15 samples per day.

Data showing the results obtained with representative samples
containing fluorine and chlorine are presented in Table II. N~
materials containing bromine and iodine were available as stand
ards, but several research materials were analyzed satisfactorily.
The sample of perfluoroheptane was used as a standard for the
regular checking of the accuracy of the fluorine. determination.
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Analysis of Organic Halogen Compounds
Purity No. of Theory

B.P. Detns. F CI
o C. % %

81.7 10 78.35
2 70.6
4 40.3
2 76.1
2 67.9
2 57.4
2
2

Table II.

Compound

DETERMINATION OF FLUORIDE ION

After decomposition, the solution containing the decom
position products is transferred to a 250-ml. volumetric flask
and diluted to the mark with distilled water. Two 100-ml.
aliquots are transferred, one to a 500-ml. Erlenmeyer flask and
the other to a 400-m!. beaker. The solution in the flask is acidified
with nitric acid, and the halide, other than fluoride, determined
by the modified Volhard method. If the composition of the
sample is known within the limits of 5%, the volume of dilute
hydrocWoric acid (100 m!. of C.P. acid diluted to 1 liter) to be
added to the aliquot for the fluoride ion determination is calcu
lated by referring to Table 1 and correcting for the chloride ion
furnished by the sample. If the composition of the sample is
unknown, a preliminary determination is made assuming 50%
fluorine and a more precise determination is made later from the
ini tial results.

After addition of the required volume of dilute hydrocWoric
acid, the solution is neutralized to a methyl orange end point
with dilute (1 to 3) nitric acid, and 3 drops excess acid are added.
The solution is cooled to 50 ± 10 C., precipitated by addition of
15 m!. of a 10% lead acetate solution containing 80 m!. of glacial
acetic acid per liter, and allowed to stand with frequent stirring
in an ice-water bath at 50 ± 10 C. for 1 hour. The precipitate is
filtered, washed three or four times with cold distilled water, and
dissolved in warm dilute (1 to 3) nitric acid, and the chloride is
titrated by the Volhard method. The percentage of fluorine in

Table I. Volume of Hydrochloric Acid Solution for 0.12
Gram Samples Containing Different Percentages of

Fluorine
Fluorine HCi Fluorine HCI

% MI. % Ml.

5 3 . 80 45 1. 96
10 3.23 50 2.02
15 2.68 55 2.09
20 2.18 60 2.16
25 1. 95 65 2.27
30 1. 77 70 2 . 43
31.5 0 1.73 75 2.59
35 1. 79 80 2.75
40 1. 90 85 2.91

a At 31.5% F, the minimum quantity of chloride ion is required.

Perfluoroheptane
Monochloroperfluoroheptane
Dichloro-bis(trifluoromethy1)-benzene
Perfluorodimethylcyclohexane
Perfluorocyclohexadiene
Monochlorohexafluorobutenes
Tetrachlorotriftuorop'fopane
Tetrachlorotetrafluoropropane
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in Organic Compounds

R. H. KIMBALL AND LEWIS E. TUFTS, Hooker Electrochem.ical Com.pany, Niagara Falls, N. Y.

In the analysis of organic compounds containing
fluorine, or both fluorine and chlorine, the sample is
weighed in a gelatin capsule or glass ampoule, and
heated with metallic potassium in a nickel bomb at
500 0 to 550 0 C. for 2 hours. The bomb is washed out
and the resulting solution is made up to volume.
Half of this solution is titrated for chloride by the
Volhard method. The other half (or less) is analyzed
for fluoride by distillation nd titration with thorium
nitrate. The method is uticularly suitable where
high accuracy is desir~, The bomb method of
decomposition is very co venient and certain, and
the determination of ch' ride is short and simple.
The distillation and titr. ion of fluoride are rather
laborious, and correct i terpretation of the end
point requires some prac ceo The lead chlorofluo
ride method as recently mproved by Donc.van (3)
might be used in the ( ,termination of fluoride,
with some saving in the ti Ie required of the analyst.

I T IS recognized that many
of the methods commonly

employed for the decomposi
tion of organic compounds,
while adequate to bring chlo
rine, bromine, or iodine com
pletely into ionic form, do

. not succeed in 'transforming
organically bound fluorine
quantitatively to fluoride ion.
An excellent summary and
bibliography of the various
decomposition methods which
have heen attempted have
been given, by Elving and
Ligett (5). They employ heat
ing with metallic potassium
in a sealed Pyrex tube at
400 0 C. for 30 minutes. Vari
ous shortcomings of this pro
cedure are mentioned, and the
suggestion is made that better results might be achieved by in
creasing the time and temperature of the decomposition period.

DISCUSSION

It is pointed out by Elving and Ligett (5) that compounds
containing two or three fluorine atoms on a single carbon atom
are particularly resistant to attack. This was corroborated by
the present investigation. Pure benzotrifluoride was not com
pletely decomposed by heating with potassium at 400 0 C., even
when the heating period was extentled to 1.5 hours; the value
obtained for fluorine varied from 37.4 to 38.7%, compared to a
theoretical fluorine content of 39.01 %. The use of higher tem
perature'> and longer heating periods did not improve results,
and led to extensive attack upon the glass tubes, sufficient in
some cases to use up all the excess of potassium.

Tubes made of Corning alkali-resistant glass proved to be more
resistant to attack, allowing the decomposition to be carried out
at 450 0 C. for 2.5 hours. The attack on the glass was reduced,
and some excess potassium was still present at the end. How
ever, several results were obtained as high as 1% fluorine above,
theory, and it seemed possible that fluorine was being extracted

. from the glass.
To overcome these disadvantages, a small nickel bomb was

designed and constructed. This has proved to be a convenient
and satisfactory means of carrying out the decomposition under
sufficiently drastic conditions. The most resistant fluorine com
pounds are quantitatively decomposed by heating in the bomb
with metallic potassium at 500 0 to 550 0 C. for 2 hours in a mufRe
furnace. After suitable chemical treatment, a clear solution is
obtained in which chloride and fluoride ion can be determined by
standard methods.

Titration of cWoride is carried out by the Volhard method.
The determination of fluoride is based on the familiar distillation
method of Willard and Winter, which has been widely used in the
estimation of micro amounts of fluorine (J, 11). The successful
analysis of macro amounts is, -however, a much more exacting
problem. The recovery of 90% of the fluorine can be considered

satisfactory when dealing with
a few parts per million, but
when a compound contain
ing 20 to 80% of fluorine is
being analyzed no such losses
can be tolerated.

The method of titration
with thorium nitrate was
adapted from that of
Rowley and Churchill (to).
Since the completion of
this work, a comparable
degree of accuracy has
been reported by Matuszak
and Brown (9), who include
an excellent bibliography.
The use of silver perchlo
rate follows Eberz, Lamb,
and Lachele (4)

ANALYTICAL PROCEDURE

The sample for analysis is weighed in a gelatin capsule or glass
ampoule, and decomposed by heating with metallic potassium
in a nickel bomb. An aliquot of the resulting solution is titrated
for chloride by the Volhard method. A second aliquot is analyzed
for fluoride by distillation and titration with thorium nitrate.

For convenience, the procedure is divided into three sections:
decomposition of the sample, determination of fluoride, and de
termination of chloride.

DECOMPOSITION OF THE SAMPLE

Apparatus and Reagents. DECOMPOSITION BOMB. Details of
construction are shown in Figure 1.

Before use, the steel parts, C and D, of a new bomb should be
heated up slowly in the mufRe, until they take on a blue oxide
coating. This prevents freezing. The threads and bearing
surfaces between steel and nickel are kept lubricated with grease
and graphite. A high-temperature grease such as Merce
Nordstrom No. 665-S is suitable.

The gasket employed between the polish,ed nickel faces of cover
A and cup B, is a single 3.44-cm. (1.375-inch) circle of .heavy
waterproof cellophane. As the closed bomb is heated, the
differential expansion of nickel and steel increases the pressure
between the nickel faces as the gasket carbonizes, and ensures a
perfect seal, with no tendency for the faces to stick or seize.

After the bomb is charged and assembled to finger tightness,
the steel socket nut, D, is held in a vice or suitable bench jig, and
the inner nut, C, is tightened down well with a 16-inch'wrench.
To open, C is loosened a part turn, and A and B are tapped gently
to break the seal, before C and D are removed. This safely
releases any sma!). pressure which may be present, without danger
of loss.

REFLUX ApPARATUS for decomposition with methanol consists
of a strong Pyrex cylinder resembling a large test tube 5 X 17
em., large enough to hold the nickel bomb cup, B. The cylinder
is closed with a large rubber stopper, bearing a straight 4O-em.
reflux condenser. The cylinder is heated in the steam bath.

ELECTRIC MUFFLE FURNACE, with heat control and tempera
ture indication. The standard laboratory size with inside di
mensions 7.5 X 10.6 X 25 em. (3 X 4.25 X 10 inches) will serve.

REAGENTS. Metallic potassium (Baker's).
Methanol. Four liters of C.P. grade are redistilled, after the

addition of 10 grams of solid caustic, discarding the first and last
500 ml. It should give no test for chloride.
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The titration and the blank are best compared by placing the
two flasks side by side on a white paper in front of a daylight
titration lamp and looking down through the solutions from
above. As the end point is approached, the two flasks are com
pared after the addition of each drop of thorium nitrate. They
will match exactly until the end point is reached, when the faint
pink color produced by the first excess of thorium nitrate will
throw the colors out of balance. The total time for each titra
tion Rhould be held uniform at 10 to 15 minutes. The flocculent
thorium fluoride that settles out after the titration is finished
should have a faint pink color that persists after several hours'
standing.

In exactly the same way, titrate a 10-m!. aliquot of the same
distillate, made up to 50 m!. with water and containing 1 mg. of
fluoride ion. Let A equal the milliliters of thorium nitrate re
quired to titrate 5 mg. of fluoride ion, and B the milliliters re
quired for 1 mg. Then:

A = m!. equivalent to 5 mg. of F- + titration blank
B = m!. equivalent to 1 mg. of F- + titration l:ilank
A - B = m!. equivalent to 4 mg. of F-
(A - B)/4 = m!. equivalent to 1 mg. of F- = C
B - C = m!. equivalent to titration blank

51(A - titration blank) = mg. of F- per m!. of thorium nitrate

If the thorium nitrate solution is standardized directly against
sodium. fluoride without going through the distillation, an ap
preciable error results, which seems to be caused by a small
constant fraction of 0.8% of the fluoride which escapes distilla
tion. This error is avoided by standardizing with the same dis
tillation procedure as used in the determination. It is often
convenient to determine the exact relationship between the
titration of the sodium fluoride solution with and without dis
tillation, and thereafter to use the solution directly for standard
ization, making the necessary correction. An actual comparison
is shown in Table 1.

In practice it is also frequently necessary, when dealing with
smaller quantities of fluorine, to evaporate a larger aliquot of
the distillate to dryness, and to rinse the residue into the small
Erlenmeyer flask and dilute to 50 m!. for titration. Table I,
in which the samples starred were subjected to such an evapora
tion, shows that no error is thereby introduced. Distillation
1 was used to standardize the thorium nitrate, giving 0.2890 mg.
of fluoride ion per m!., and a titration blank of 0.14 m!. to be sub
tracted. By the use of these figures, it was then possible to
distill and titrate from 5 to 100 mg. of fluoride ion with high
precision, as shown by Table 1.

STaNDARDIZATION BY LEAD CHLOROFLUORIDE. This method
depends on the precipitation of lead chlorofluoride under condi
tions where the precipitate should have the correct composition.
The procedure is that usually employed for the preparation of
a lead chlorofluoride wash solution (6).

Table I. Distillation and Recovery of SodiuIll Fluoride

Distillation F- Thorium F- F-
No. Distilled Nitrate Titrated Found Recovery

Mo. MI. Mo. Mo. %
50 17.44 5

17 .45 5
17.44 5
3.60 1

2 25 17.49 5* 5.010 100.2
17.44 5* 4.996 99.9
8.78 2.5 2.495 99.8
8.79 ·2.5 2.498 99.9

3 25 17.45 5* 5.004 100.1
8.77 2.5 2.494 99.8

4 10 7.04 2* 1. 993 99.7

5 5 3.58 1* 0.994 99.4

6 100 17 .48 5 .5.012 100.2

Without distillation 3.65
17.60 5
17.60 5

ST[AM~

Figure 2. Distillation of
Fluoride

Standardization of
Thorium Nitrate Solution.
An ideal standard would
be an inorganic fluoride
of high and exactly known
purity. The preparation
of such a' sample is, how
ever, a difficult and labo
rious process (7, 8). The
authors have therefore used
two different standards,
and concluded from the
close agreement obtained
that the results are suf
ficiently accurate for all
practical purposes.

STaNDaRDIZATION BY
SODIUM FLUORIDE. The
material used was Baker's
C.P. analyzed sodium fluo
ride. Correction was made
for the stated impuriti~s
of insoluble sulfate, sulfite,
chloride, and hydrogen
fl u 0 I' ide. These totaled
0.07%, sorrie of which was
compensated for by the
presence of hydrogen fluoride, so that the fluoride content was
calculated to be that of a sodium fluoride 99.99% pure. The
material was dried in the oven at 140 0 to 150 0 to constant
weight, and a determinate solution made up by weight to
contain exactly 1.0000 gram of fluoride per liter or 1 mg. of
fluoride ion per m!.

A 50-m!. portion containing 50 mg. of fluoride is distilled by
exactly the same procedure to be used bter in the determination.
The thorium nitrate solution is standardized and the titration
blank is determined by titration of this distillate.

Pipet 50 m!. of the standard sodium fluoride solution into the
evolution flask, A, and dilute it to 100 m!. with water. Add 8
to 10 boiling beads and about 0.5 gram of ground glass. This
acts as an abundant source of the necessary silica and greatly
reduces the etching of the flask. Add 5 m!. of 5% sodium bi
carbonate solution to the 500-m!. volumetric flask which serves
as the receiver. Add 1 m!. of 33% silver perchlorate to 25 m!.
of 72% perchloric acid, and pour into A. Set the distilling head
in place.

Meanwhile, the steam generator should have been heated to
boiling. Connect the distilling head to the condenser, and attach
the steam generator. 'While a very slow current of steam passes
through A, evaporate the sample solution over a' strong flame,
until the thermometer in the well reads 128 0 to 132 0 C. Then
hold this temperature in the evolution flask, increase the flow
of steam, and continue the distillation until 440 to 470 m!. of
distillate have been collected, which requires about 0.75 hour.

Shut off the burners, and disconnect the steam delivery tube.
(A T-tube with pinchclamp can be inserted into this line if de
sired.) Detach the condenser and rinse it down into the volu
metric flask. Make the distillate up to the mark with distilled
water and shake thoroughly.

The thorium nitrate solution is now standardized, and the
titration blank is determined by titrating a 50- and a lO-m!. aliquot
of this distillate, containing 5 and 1 mg. of fluoride ion.

Pipet 50 m!. of the distillate into a 125-m!. Erlenmeyer flask.
Pipet in 1 m!. of indicator, and add 0.5 N nitric acid drop by
drop until the yellow acid color of the indicator is barely reached.
Pipet in 1 m!. of buffer solution.

The solution is now titrated with the standard thorium nitrate
solution. It is eEsential to avoid any local excess of thorium
nitrate during the titration, which would cause the precipitated
thorium fluoride to acquire a pink color before the true end
point is reached. To prevent this, the thorium solution is added
dropwise no faster than 5 m!. per minute, with continuo.us
swirling. The end point is the first permanent tinge of pink.
This is best seen by comparison with a blank titration.

The blank is conveniently prepared by diluting a portion of
the standard fluoride solution fivefold. Place 20 m!. (containing
4 mg. of fluoride) in a 125-m!. Erlenmeyer flask, add 30 m!. of
\mter, and 1 m!. each of indicator and buffer solution. Run
in slowly 12.5 ml. of the standard thorium nitrate solution,
which is 1.5 m!. below the equivalent amount. One blank will
serve for several hours before replacement.
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barium sulfate has been precipitated in the presence of the fluoride
or when large amounts of dissolved alumina are present. Ap
preciable amounts of chloride ion should be removed by pre
cipitation with silver solution (12). (In the case of samples 4,
9, and 13 shown in Table II, silver sulfate was used to precipitate
the chloride ion which had been added as barium chloride.)

The effect of the presence of boric acid was not checked, since
the data of Willard and Winter (16) showed it to be similar in
behavior to silicic acid.

The efficiency of the volatilization for a particular sample type
may be checked readily by the collection of a third 100-ml. por
tion of distillate, or by collection of 50-ml. samples in three or
four portions.

In Table II the amount of fluorine found is within ± 1% of
the amount added, except in three cases. This is equal to the
accuracy of the titration of fluorine by the thorium nitrate
method, and the results of the distillation process may be better
than Table II indicates. Values for recovery of fluorine in the
distillate, shown by Eberz, Lamb, and Lachele (6) for the
lengthy and troublesome distillation of Willard and Winter,
are no better than those shown in Table II.
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Spectrophotometric Determination of Fluorine in Glass
M. C. PARRISH, J. H. WIDMYER, A. J. BRUNNER, AND F. R. MATSON

Research Laboratories, Armstrong Cork Company, Lancaster, Pa,

Precision in the determination of fluorine in glass can be attained with the per
oxidized titanium method wheri a spectrophotOlneter or colorimeter is used,
the temperature is controlled, and the volume of the solution is accurately meas
ured. This procedure is directly applicable to boron-free glasses containing up
to 2% fluorine, and can be used for those with higher fluorine content by mixing
them with boron- and fluorine-free glass. If more than 2.5% boron and 0.5%
fluorine occur to/!;t'ther in a glass, the nlethod gives low fluorine values.

COUNTER READING

• 5.0 r------------------..,

Figure 1. ·Calibration Curve for Fluorine at
440 Millimicrons

counter readings when spectropholoID.e1:er is
operated on log density eam

~
1.0

itg
Li 0.5

h.

~u

E5q:

OJ

0.05

30 <0 50 60 10 80 90

Using

Procedure. A 1.0000-gram sample of glass is fused with
3.5 ± 0.1 grams of sodium carbonate. The fused cake is leached
with hot water, filtered with suction, and washed with hot water.
With the exception of fluorine, boron, and the alkalies, the greater
part of the remaining glass constituents are thus separated as
water-insoluble carbonates. To precipitate any remaining

Reagents (all c.p.). Sodium carbonate, solid, anhydrous.
Zinc nitrate solution. Ten grams of zinc oxide are dissolved

in a solution of 180 ml. of water and 20 ml. of concentrated nitric
acid.

Hydrogen peroxide, 6%.
Titanium solution contaiJP,ng 0.001 gram of titanium dioxide

per mI.. Titanium potassium fluoride (3.00 grams) is evaporated
with 100 mI. of 1 N sulfuric acid until fumes of sulfur trioxide
appear. The fuming condition is maintained for 0.5 hour.
Water is added to restore the original volume and the evapora
tion is repeated twice. After cooling, 10 ml. of 1 N sulfuric acid
are added and the solution is diluted to 1 liter.

Sulfuric acid, concentrated.

FLUORIKE occurs in many glasses in amounts ranging
from 0.1 to 12%. Its determination by the Berzelius gravi

metric method as described by Hillebrand (3) and modified by
Groves (2) is a lengthy procedure and the accuracy of the results
is questionable unless extreme care is taken because the final
precipitate, calcium fluoride, is partly soluble in water. Of the
colorimetric methods outlined by Snell (5), only Steiger's per
oxidized titanium procedure is practical when fluorine is present in
greater amounts than a few parts per million. Fahey (1) has
successfully applied his ferron method to rocks and minerals
containing up to 10% fluorine by using an aliquot portion of the
solution of the sample. Steiger's procedure (6) as refined by
Merwin (4) utilized the powerful bleaching action of fluorine on
yellow peroxidized titanium solutions. Beer's law does not
hold, but the fluorine content can be determined from the amount
of bleaching by reference to a calibration curve. Since, in most
cases, the amount of bleaching is slight as determined by visual
comparison, a General Electric recording spectrophotometer was
used in the present work to increase the precision of the colorimet
ric measurements.
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WAVE LENGTH IN MILLIMICRONS
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Spectrographic analysis confirmed the statement that No. 80 con
tained no fluorine. No. 91 is reported as having 5.72% fluorine.
The log densities of ten samples ranging in fluorine content
from 0.05 to 3% were measured to prepare the calibration curve.
The slope of the curve becomes steeper with increasing fluorine
content. This makes the direct determination of more than 2%
fluorine in a glass inaccurate.

The minimum point of the log density curve for a glass solution
containing fluorine (Figure 2) is at' approximately 440 milli
microns. This wave length was therefore chosen for the deter
minant position. Many other types of spectrophotometers or
colorimeters could be used for this determination, provided the
transmission is measured at approximately 440 millimicrons.

Reproducibility. In the preparation of the calibration curve
several points when rech~cked vi'ith freshly made samples and
blanks agreed within 0.003% fluorine. The determination of
fluorine in amounts less than 2% by the method outlined is pre
cise to within 0.01 %. The accuracy is, of course, dependent
upon the reported value of 5.72% for the base glass, No. 91.

An opal glass with a high fluorine content was analyzed twice by
taking portions of the glass equivalent to one fourth and one
tenth, respectively, of the total test sample and mixing them in
the correct proportion with glass 80. The results from the
calibration curve when multiplied by 4· and 10 agreed well
11.40 and 11.50%. By this method, glasses with fluorine con
tents greater than 2% can be analyzed.

Time. The stability of the color of the peroxidized titanium
solutions was tested at 0.5-hour intervals. There was no change
in the log density at 440 millimicrons 1.5 hours after the solu
tions were prepared, but at that time a slight decrease was ob
served for the wave lengths above 510 millimicrons. Therefore,
it would be inadvisable to delay measuring a solution longer than
90 rninutes after it is made up or to use a blank older than that.

Temperature. The solutions were adjusted to 30 0 C. be
fore their colors were measured. With the three samples re
ported in Table T, the temperature was intentionally varied 50
and 10 o. A drop in temperature of 10 0 has no effect on the
determinations. In glasses containing less than 0.2% fluorine,
a rise in temperature of 50 is unimportant, but with greater con-

.centrations increasing the temperature decreases the apparent·
amount of fluorine present. Therefore the calibration curve
should be established for the maximum temperature Ukely to be
encountered in the laboratory.

Dilution. Hillebrand (3, p. 229) in discussing Merwin's
method (.,n says, "the total color of the solutions is not signifi
cantly affected by 10% change of water content". To test this
statement, water was adc;led in I-m!. increments to two solutions
of 100-m!. volume after they had been measured spectrophoto
metrically. It was found that there was a straight-line rela
tionship between dilution and fluorine content. Additions of
even 1% water in excess of the amount specified appreciably af
fected the results. An increase of 10% in the water content re
sulted in fluorine values that were double their true amounts.

Boron. Boron in glasses interferes with the determination of
fluorine by the peroxidized titanium method when more than
0.5% fluorine and 2.5% boron are present, as is shown in Table
II. The effect was most pronounced in the glasses containing
the largest amounts of fluorine. Bureau of Standards glasses 91
(5.72% fluorine) and 93 (12.72% boron) were used to prepare the
test samples.

Fluorine
%

0.23
0.20
0.20
0.18

Deviation
in F
%
2
2

12
12
8

16
22 ,
17.5
34
33.5

F.
%

0.51
0.49
0.44
0.44
0.92
0.84
0.78
1.65
1.32
1.33

Figure 2. I.ogDensity Curve
of a Solution Prepared from.

Glass Containing 0.40%
Fluorine

Effect of B 20a on Analysis of Fluorine
Analyzed

counter reading.

Compounded
B,O. F,
% %
1.0 0.5
2.5 0.5
5.0 0.5

10.0 0.5
'1.0 1.0
2.5 1.0
5.0 1.0
1.0 2.0
2.5 2.0
5.0 2.0

-'.0

Table II.

where R

silica, alumina, and ferric oxide, 20 m!. of zinc nitrate reagent
are added to the filtrate, and the solution is filtered with suction
and washed with hot water. Then 4 m!. of hydrogen peroxide
and 10 m!. of titanium solution are added to the filtrate from
pipets and 3 m!. of sulfuric acid are introduced slowly from a buret.
The volume is adjusted to 100 m!. and the temperature to 30 0 C.
The sample is placed in a l-cm. cell and compared spectrophoto
metrically with a blank prepared from fluorine-free glass.

The spectrophotometer is operated on the log density cam

( log density :i log log t 1..). This setting is used be-
ransmlSSlon

cause a greater difference is thus obtained at most wave lengths
between two fluorine solutions than when either the transmission
or density cam is employed. The cell containing the blank is
put in the sample chamber and the test solution (which is the
lighter of the two in color if it contains fluorine) is placed in the
reference position. The wave-length scale is set at 440 milli
microns and the counter reading is recorded. The fluorine con
tent is then determined from the calibration curve (Figure 1).
The sample must be measured within 1.5 hours after it is pre
pared. The counter reading is proportional to the log density
and may be converted to log density by means of the formula

Log density = 0.5 - 0.03 R

DISCUSSION

Calibration Curve. The end members uSl;d to establish the
curve were National Bureau of Standards glasses 80 and 91.

-O.5~"""------500-'-----L---.-'-oo---...L..--"""'TOO

Table I. Effect of Tem.perature on Apparent Fluorine
Content of Glass Solutions

(Calibration curve prepared at 300 C.)

Temperature Fluorine Temperature
o~ % o~

25 0.16 35
30 0.16 20
35 .0.15 30
25 0.26 40
30 0.25



Determination of Allyl Groups in Polyallyl
Ethers and Esters

HAROLD !VI. BOYD AND J. ROBERT ROACH, General Mills, Inc., Minneapolis, Minn.

Allyl ether and allyl ester groups undergo a quantita
tive reaction with various reagents for the addition
of halogen. In this study it has been found that
allyl acetate, allyl phthalate, and tqallyl glycerol
can be accurately analyzed for'allyl groups by nUIller
ous lUethods-for exaIllple, by the Wijs, rapid Wijs,

RosenIllund and .Kuhnhenn, and broIlline lUethods.
The KaufIllann Illethod gave results which were ap
proxiIllately 10% low. The nUIllber of allyl groups
the degree of substitution-in polyallyl derivatives
can be determined by the saIlle Illethods. The
lUOSt rapid and siIllplest is the rapid Wijs Illethod.

DISCUSSION

Table I. Comparison of Iodine Values Obtained on Known
Compounds

Allyl Allyl Triallyl
Method Phthalate Acetate Glycerol

From the iodine values obtained on pure known compounds
it is apparent that numerous methods can be used for deter
mining the number of allyl groups in a polyallyl ether or ester.
Of these, the simplest and most rapid (4 minutes) is the rapid
Wijs method, which in all instances gave iodine values less than
1% lower than the theoretical value. The ordinary Wijs method
gave slightly lower values, but this is not surprising since Mc
Cutcheon (5) found that the iodine values of ethyllinoleate and
methyllinolenate, obtained by the Wijs method, were 162.4 and
257.3 as compared to the theoretical values of 164.7 and 260.5.

ses were first carried out on known compounds. For this
study highly purified samples of allyl acetate, allyl phthalate (the
diester), and triallyl glycerol were prepared. The results of a
study of five different analytical methods on these three com
pounds are tabulated in Table 1.

The analyses of the allyl derivatives should be performed as
soon as the substances have been prepared, although inhibitors
such as hydroquinone can be added in order to decrease poly
merization. Storing in the cold under an inert atmosphere such
as nitrogen or carbon dioxide likewise decreases polymerization.
Samples of triallyl glycerol showed a decrease of 2 to 4 units in
iodine values (three different analytical methods) upon standing
for 2 days at room temperature in the absence of inhibitors.

Skell and Radlove (9) observed that methyl ricinoleate and
methyl ricinelaidate gave theoretical iodine values by the Wijs
method but gave high values by the rapid Wijs method, whereas
methyl o-propionylricinoleate behaved normally. They con
cluded that this anomalous effect is due to the presence of the
free hydroxyl group. Consequently it was of considerable inter
est to note that a sample of a,al-dlallyl glycerol, prepared from
glycerol dichlorohydrin and allyl alcohol, gave iodine values of
291.3 and 292.0 by the rapid Wijs method as compared to a
theoretical value of 295.1. Likewise it can be observed from the
results in Table II that the presence of free hydroxyl groups in
partially allylated allyl sucrose and allyl starch offers no diffi
culties in analysis.

352.0,352.6

355.4,355.7

354·.i;siH.0.
319.6,326.9

358.3

252.1,251.2
251. 7,251. 8
249.7,251.0
252.3,252.0
249.2,248.3
251. 0,249.0
225.3,227.4

253.8

207.5,209.6
207.8,208.4
204.0,205.0
205.5,204.0
204.0,203.0
208.0,207.0
181.1,182.8

206.1

I-hour bromine method
2-hour b,romine meth od
3-hour bromine method
Rapid Wijs
I-hour Wijs
Rosenmund and Kuhnhenn
Ka.ufmann
Theoretical iodine number

EXPERIMENTAL RESULTS

In order to determine the validity of the various analytical
procedures for determination of unmturated groups, the analy-

11\ ETHERIFICATION and esterrfication of polyhydric
alcohols, tae degree of reaction or the degree of substitution

may be ascertained by a Zeisel determination for the ether
groups or a saponification equivalent for the esters. With the
increasing interest in polyallyl ethers and polyallyl esters, a more
convenient method of analysis for degree of substitution is highly
desirable.

The purpose of this work was to determine the applicability of
various known methods for the determination of unsaturation
to the analysis of allyl ethers and ailyl esters, and to establish a
reliable method for the determination of the degree of substitution
of polyallyl derivatives.

REAGENTS AND GENERAL PROCEDURE

In all cases approximately O.I-gram samples were used, and
with the relatively volatile allyl acetate it was necessary to have
the reaction flasks containing 10 m!. of chloroform cooled in a
refrigerator in order to eliminate loss of sample.

Rapid Wijs. The usual Wijs reagents were prepared while
the mercuric acetate catalyst was prepared and the analyses were
carried out according to the procedure of Hoffman and Green
(S).

One-Hour Wijs. The reagents were prepared and the
analyses were carried out as outlined in "Officia,l and Tentative
Methods of Analysis" (1).

Kaufmann. An approximately 0.1 N bromine solution in
methanol which had been saturated with sodium bromide was
prepared and the analyses were made acco'rding to the directions
of Kaufmann and Hartwig (4).

Rosenmund and Kuhnhenn. The pyridine sulfate dibromide
solution was prepared and the analyses were made according'
to the procedure of Rosenmund and Kuhnhenn (8).

Bromine Method. A 0.5 N solution of bromine in chloro
form (10 mt.) was added to a cold flask containing a O.I-gram
sample dissolved in 10 m!. of chloroform. The flasks were
placed in a refrigerator at approximately 4 ° and after approxi,
mately 10 minutes the stoppers were sealed with a few milliliters
of potassium iodide solution and the flasks were allowed to stand
at 4 ° for the d'~sired time. If the sealing is carried out before
the flasks and contents have completely cooled, the potassium
iodide solution will he drawn into the reaction flask.

CHEMICALS

Allyl acetate was prepared and purified according to known
, methods; boiling point 105°, nb50 = 1.4015.

Allyl phthalate was prepared and purified according to known
methods; boiling point 126 ° at 0.7 mm., nb'° = 1.5169.

Allyl sucrose was prepared according to the procedure of
Nichols and Yanovsky (7), with slight modifications.

Allyl starch was prepared by the procedure of Nichols and co
workers (6), with a few modifications.

Triallyl glycerol was prepared according to the method of
Nichols and Yanovsky (7); n bOO = 1.4501.
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preclu•.,n ten successive l-cc, portions of . the' vanadyl solution
were added from a calibrated microburet to 50 cc. of the support
ing electrolyte, the diffusion current was measured after each ad
dition, and the measurements were averaged to compute the
result. The precision attainable is illustrated by the typical
data in Table II, which were obtained in the analysis of the Mo
W-Or-V steel 134,
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The data in Table II demonstrate that a precision of about
0,5% (in terms of the average deviation from the mean) can be
obtained under optimum conditions when special care is exer
cised in measuring the diffusion current and residual current.
When measurements are made from recorded polarograms, as in
routine analytical practice, results as precise as those in Table II
cannot be expected, The precision also decreases, of course,
when the concentration of vanadium~i.e., the diffusion current
is very small, and the correction for the residual current is corre
spondingly large.

Vanadium
%

1.133
1.142.
1.148
1.133
1.129
1.133
1.135
1.117
1.132
1.127
1.133

=0.005
Av.

Av. deviation

id (Corrected)
M iC'roo,mperes

0.152
0.306
0.451
0.580
0.716
0.845
0.972
1.070
1.205
1.310

Table II. Typical Data Obtained in Analysis ofMo~W~Cr-V
Steel 134

0.967-gram sample, electrolyzed 1.5 hours with 3 amperes, and residual
solution finally diluted to 100 cc.· Initial volume of supporting electrolyte =
49.86 cc. Diffusion current measured at -0,25 volt V8. the saturated calo
mel electrode, and corrected for the residual current (0.037 microampere).
Temperature = 25.00° C. m 2 /'t''' =·2.490 rng.va sec. ~l/'

Sample Solution
Added

Ce.
1.00
2.00
3.00
4.00
5.00
6.00
7'.00
8.00
9.00

10.00

Polarographic Analysis of Mixtures of Maleic and
Fumaric Acids

BENJ. WARSHOWSKY, PHILIP J. ELVING, AND JOYCE MANDEL, Publicker Industries, Inc., Philadelphia, Pa.

A polarQgraphic study has been m.ade of {um.aric and
Illaleic acids, and a Illethod is described for the
sim.ultaneous polarographic determ.ination of the
two acids or their salts. Mixtures of the m.aleate
and fUlllarate ions are analyzed by COlllparing the
tmrrent readings -at three applied potentials to
those of a standard solution of the two ions at the
sam.e potentials, using an amm.onium hydroxide
am.m.onium. chloride buffer solution of pH 8.2 as the
supporting electrolyte. In the presence of interfer
ing substances maleate and fum.arate can be sepa
rated by precipitation of their barium salts in
alcoholic solution; the precipitate is soluble in the
base solution used.

As PART of a general program of examination of available
and possible methods for the determination of 1,3-butadiene

the reaction of butadiene with maleic anhydride was exten
sively investigated. It is possible to remove butadiene from
gaseous mixtures containing appreciable amounts of it by' absorp
tion in molten maleic anhydride and determination of the de
crease in volume. However, for a number of reasons, this
method cannot be advantageously applied to the determination' of
tr.aces of butadiene in gaseous mixtures or in the presence of sub
stanees of appreciable phYsical solubility in molten maleic anhy
dride except by the use of rather elaborate apparatuS and tech
nique. A possible method for butadiene in gaseous mixtures
would consist of passing a measured. volume of gas through a
known weight of molten maleic anhydride and then determining
either the tetrahydrophthalic anhydride formed by the reaction
of the maleic anhydride with the butadiene or the. maleic anhy
dride which had not reacted. The unreacted maleic anhydride
could be determined by dissolving the final reaction mixture in

water, converting the anhydrides to acids, .and deterrriining the
maleic acid polarographically. The original sample of maleic
anhydride could have been assayed for maleic acid content in the
same manner.

In connection with this method it was decided to investigate the
polarographic behavior of maleic acid. Since fumaric acid might
possibly be present and there are no satisfactory chemical pro
cedures for differentiating between these two isomeric cis-trans
unsaturated dicarboxylic acids, it was also decided to study the
polarographic behavior of fumaric acid. Of additional interest
was the fact that the polarographic method for the simultaneous
determination of maleic and fumaric acids in mixtures was found
to be deficient (1).

Previously suggested methods for the analysis of mixtures· of
maleic and fumaric acids include, in addition to the use of polar
ography, differential neutralimetric titration based on the differ
ence in magnitude of the primary io:p.ization process for the two
acids, the slight solubility in water of fumaric acid compared to
maleic, and the formation of different esters.

Various methods for the polarographic determination of maleic
and fumaric acids in mixtures have been described in .the litera
ture. VopiCka (13) reported obtaining two distinct polarographic
waves for maleic and fumaric acids in mixtures by polarographmg
the sodium salts of the acids in solutions which were 0.1 N in
potassium chloride and 0.5 to 1 N in sodium acetate. When this
procedure was attempted with a solution containing approxi
mately 10- 4 gram per inl. of maleic and fumaric acids, no separa
tion of the polarographic waves was obtained. Semerano and
Rao (12) found that in exactly neutral or, at most, slightly alka
line solution the waves due to maleic and fumaric acids can be
resolved. They suggest using the calcium salts in ·an unbuf
fered medium of 0.5 N ammonium chloride for the determination
of maleic acid in the presence of fumaric. Since maleic and
fumario acids show similar polarographic behavior in acid solu
tions (3), this medium is also unsatisfactory in that the resulting
pH of the solution is approximately that of ammonium chloride
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4.50
4.48
4.42
4.47.

4.41 (4.30)
4.34 (4.26)
4.56 (4.34)

c.oncentration
j\1icroamperes/

mole X 103

Table II. Effect of pH and Concentration on Diffusion Current at 25 0 C.
~ Maleic. Acid Fumaric Acid---------~

Diffusion
current

Diffusion
Diffusion current Diffusion

pH Concentration current concentration Concentration current

G./ml. X 10' Moles X 10'
M icroamperes/

Microamperes mole X·I0' G./ml. X 10' . Moles X 10' Microamperes

Individual Acids
6.8 7.53 6.49 2.98 4.59 7.78 6.70 3.01

30.1 26.0 11.88 4.57 31.2 26.8 12.01
8.2 7.53 6.49 2.60 4.01 '.78 6.70 2.96

30.1 26.0 10.8 4.11 .2 26.8 11.99

Mixtures of Maleic and Fumaric Acids
8.2 7.53 6.49 2.50 3.85 7.78 6.70 2.96 (2.88)

7.53 6.49 2.65 4.09 15.6 13.4 5.80 (5.71)
15. , 13.0 5.13 3.95 7.78 6.70 3.07 (2.91)
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W. X H m X 100
!I. X S

CALCULATIONS

weight of maleic or fumaric acid in 'mg, in the
standard

true wave height of maleic or fumaric acid in the
standard

true wave height of maleic or fumaric acid in the
sample

weight of sample polarographed in mg.S

H,

% by weight of maleic or fumaric acid

where W.

by subtracting the corresponding differences of the scale readings
of the base solution, at the same applied potentials, from' the ob
served wave heights of the maleate and fumarate ions. These
are compared to the true wave heights of a standard solution of II

mixture of baril.lm maleate and barium fumarate. For best
results, the concentration of the standard should approximate
that of the sample under observation, which should be of ·the
order of 10-4 M.

The presence of anions other than maleate or fumarate in the
barium precipitate such as' oxa:rate or sulfate is immaterial, pro
vided that they are not polarographically reducible in the range
of -1.1 to -1.8 volts.

From the agreement of the ratios of diffusion current to con
centration for the two acids alone and in mi~ures, an accuracy
of 2 to 3 relative % is apparently obtainable: Typical results for
mixtures .of the two acids, based on samples given to two different
analysts as unknown solutions of the acids, are shown in Table II.

gen wave appears in ammonium hydroxide-ammonium chloride
solutions at about -1.7 volts with respect to the saturated calo
mel electrode, it was found in the present work that the hydrogen
wave appears in the ammonium hydroxide-ammonium chloride
buffer solution of pH 8.2 at -1.80 volts. If the concentrations
of the two acids differ considerably, it is advisable to plot the
complete curve, since the potential specified for the spot reading
on the plateau between the maleate and fumarate current steps
may be slightly displaced from the value given.

The current increment· obtained for the fumarate current-step
must, for precise work, be increased by an amount 0.033 times
the maleate current increment. This correction is based on the
electrocapillary curve (Table I) which indicates a drop time of
4.57 seconds at -1.460 volts and 3:42 seconds at -1.775 volts;
the nature of the correction is discussed by Kolthoff (4). The
correction factor is the ratio of the one-sixth roots of the drop
times at the two. potentials measured. The magnitude of this
correction can be seen in Table II where the values in parentheses
are the uncorrected diffusion currents. However, in actual ana
lytical work, the corrections need not be applied if the standard
llolution used is of the same order of concentration as the un- .
known.

In the presence of substances which are polarographically re
ducible in the same potential range as the maleate or fumarate
ions, the following procedure, which is adapted from that de
scribed by Milas and Walsh (5), should be used to separate the
maleate and fumarate ions from interfering substances.

A sample. containing a total of approximately 0.10 to 0.15
gram of the maleic and fumaric acid-s is' neutralized with an ap
proximately 0.35 N barium hydroxide solution using phenol
phthalein as an indicator, and then an equivalent amount of
barium chloride solution is added. The barium salts of the acids
are quantitatively precipitated by the addition of 4 volumes of
95% ethanol to. the mixture. After standing one hour the pre
cipitate is filtered under suction onto a coarse sintered-glass
crucible, and washed several times with small portions of 80%
ethanol. The precipitate is dissolved directly in the crucible by
adding approXimately 0.2 N hydrochloric acid and stirring until
solution is complete. The solution is collected in the filtering
flask by applying gentle suction and the crucible is washed several
times with the dilute hydrochloric acid solution. The combined
solution and washings are neutralized to phenolphthalein with
concentrated ammonium hydroxide, quantitatively transferred
to a 100-ml. volumetric flask, and diluted to the mark with dis
tilled water. A 10-ml. aliquot of this solution is transferred to
another 100-ml. volumetric flask and diluted to volume with the
ammonium hydroxide-ammonium chloride base solution of pH
8.2. The resulting solution is then examined polarographically
in the manner described at a constant temperature--e.g., 25 0 C

The maleate and fumarate ion concentrations C(Ln be deter
mined by calculating the observed wave heights which are ob
tained by noting the current or galvanometer scale readings at
applied potentials of -1.175, -1.460, and -1.775 volts. The
difference between the readings of the first and second points
gives the observed wave heigl!t due to maleate ion; the difference
between the readings of the second and third points is due to the
presence of fumarate ion. The true wave heights are obtained





]66 ANALYTICAL CHEMISTRY

where M is the number average molp.cular weight of the fractions
and- \7]) is the intrinsic viscosity as determined with the concen
tnltion of solute in grams per 100 cc of solution.

This relationship has been confirmed by R. H. Ewart, H. C.
Tingey, andM.Wales of these laboratories, who obtained ['I] =
4.9, X 10-' MO.67, and also by Scott and Magat (14), who ob
tained ['11 = 5.5 >< 10- 4 MO.G7. The form of this expression is not
unexpected in view of much previ6us work (1,5,7,9,10, 13,17).

EXPERIM'ENTAL

Membranes. Perhaps the most important and difficult factor
in the measurement of osmotic pressure is the nature and use of
the membrane. Membranes used with hfgh molecular·substances
should have the following characteristics:

Their permeability should be such that impurities of low molec
ular weight will easily diffuse through them, yet no part of the
"'olute being measured should pass.

The membrane should be inert 'and insoluble in the solvent
be'ing used.

The membrane should not be extensible and should not change
its shape, wrinkle, or buckle during the measurements.

In practice four types of membranes have been most satisfac
tory for nonaqueous solvents: cellophane regenerated but un
dried (18), cellophane sw'ollen with sodium' hydroxide or zinc
chloride solutions (8, 15), coll~dion reduced by denitration to cel
lulose (11), and Zsigmondy Ultracell(t "fine" and "finest". The
latter is made of cellulose and gelatin and was form.erly distributed
through Pfaltz and Bauer, Inc., Empire State Bldg., New York,
N.Y.

In these experiments nonwaterproofed cellophane 1 mil thick
swollen with 57'to 64% solutions of zinc chloride was used. After
swelling, the membranes are washed in a mixture of 0.5 volume
triethylene glycol and 0.5 volume of water. The membranes may
then be placed in air without becoming dry and impermeable.

The membmnes are graded according to thickness as follows:

made from 30 grams of PVA and 100 cc. of cold water, heated and
strained. The brand of polyvinyl alcohol preferred is Solvar
5/7, made by the Shawinigan Products Corp., Empire State
Bldg., New York, N. Y. PYA is allowed to come in contact with
both the inside and outside of the end of the tube. A piece of the
membrane moist with triethyleneglycol is laid flat on'a,piece of
paper and the wet tube pressed on it. The tube IS then Inverted
and held in place for about an hour. More PVA is then put around
the joint with the end of a length of wire and the osmometer
is clamped right-side up and the cement is allowed to dry for at
leastl6 hours and finally baked 15 minutes at 100° C. just before
filling. Failure to bake the membranes and cement may cause
them to shrink and change shape during the measurements.

Water will be removed during the baking, but the triethylene
glycol remains and enables the membranes to stay permeable.
The triethyleneglycol is subsequently washed out in the solvent.
Membranes sealed ouin this way may be used several times in suc
cession; provided they are not allowed to become dry.

Because of the nature of the cement, polar solvents are not
recommended. However, some measurements have been made
in methyl ethyl ketone. No osmotic effects have ever been ob
served with Solvar 5/7 polyvinyl alcohol in benzene.

Filling,the Osmometers. About 35 cc. of a 1% solution of the
polymer whose molecular weight is to be measured are madeJup
and diluted so as to obtain four or five lO-cc. solutions at various
concentrations between 0 and 1%. The solution is poured into
the osmometer bottom and allowed to overflow into the cup of
the mercury seal. By means of a rubber tube connected to the
top of the capillary, solution from the cup of the mercury seal is
sucked up through the partially opened ground-glass point to the
desired place and the osmometer halves are connected. After the
cup is rinsed, mercury is poured into the mercury seal and the os
mometer is inserted in a glass cylinder containing solvent.

The cylinder is placed in a 30° C constant-temperature bath
and allowed to come to temperature equilibrium. The level of
the meniscus in the capillary is then adjusted to whatever posi'
tion is required. Pressure readings are made by a cathetometer
and are corrected for the capillary rise of the solution in each os
mometer.

Calculations. The relationship between tne osmotic pressure,
?r(dynes per sq. em.), and the concentration, C (grams per cc.),
may be conveniently expressed without any significant inaccuracy
by the relation:

a is the cross-sectional area of the glass capillary
A is the area ofthe membrane
t is the time in hours
SolSt are the positions of the meniscus of benzene at time

zero and time t

These values of the "permeability constant" compare with 100
to 300 for some reduced collodion films and with 70 to 250 for
Zsigmondy mtracella fine. Drying the membranes reduces their
permeability to about a tenth of the above. Depending on the
grade of membranes used, polymers of from 10,000 to 100,000
average molecular weight show erratic osmotic pressures because
of diffusion of low molecular weight material through the mem
brane. In general; grade 3 films were too permeable for any p.x
eept the highest molecular weight, while films less than 2.5 mils
thick were used on one occasion down to 10.000 molecular weight.

Sodium hydroxide is now preferred as a swelling agent, since
regulation of conc'entnition is less critical than' with, zinc chloride.
The present method of membrane preparation is to staple No. 300
Sylvania Corp. cellophane to a wire frame and soak overnight in
a 40% sodium.hydr(}xide solution. The membranes are then
washed for 2 hours under running water and finally soaked for 3
hours in 50% by volume triethylene glycol solution. They are
then' smoothed out on a glass plate, covered with filter paper, and
allowed' to stand overnight. This swelling procedure increases
the thicknessfl'om 0'.0008 to about 0.003 inch (0.002 to 0.0075
em;)

Sealing on the Membranes. The membranes are sealed to the
open bottom, of the osmometers with a polyvinyl alcohol cement

provided, the polymer concentration is, in general, of the order of
0.010 gram per cm.- 3 or less. Huggins (6) in a more general
treatment gives constant b the value:

Reproducibility of Results. Forone fraction of GR-S·the os
motic pressure was taken three times with different membranes
of the same permeability, the solutions being made up each time

(1)

(2)

(4)

(5)

(3)~ = RT X l. + b'C",
C", g M

RT/g 8.477 X 104 T
M = (hIC",)o (hICw ) 0

/j = , b'
dl(RTIg)

b = _I, (~- 1-'1)
Vld,' 2

(VI is molal volume of solvent; d l and d. are densities of solvent
and polymer, respectively; g is acceleration of gravity; and R,
the gas constant, is 8.31 X 107 dyne cm.p.er mole degree). The
calculated values of Huggins' constant, 1:'-1; are given in Table 1.

The measured quantities are the osmotic height,h (cm.) and
the weight concentration, C", (grams of solute per gram of sol
vent). In terms of these:

Values of the reduced osmotic height, (hiC",). are -plotted
against the weight concentration and the plot is extrapolated lin
early to zero concentration to obtain (hIC.,)o and the slope, b'.

The number average molecular weight of the polymer, M, and
the constant, b, are then calculated from:

Average "Permeability
Constant" for Benzene,

poX IDS

16
29
65

Thickness,'
Mils

2,5-3
3-4

'4-5.5

alnSolSt
At

Grade

1
2
3

whereP
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Derivatives of Diphenylamine as Oxidation-Reduction
Indicators in Alkaline Solution

HOBART H. WILLARD AND GLORIA D. MANALOl, Department oj Chemistry, University oj Michigan, Ann Arbor, Mich.

The properties of various diphenylaInine derivatives
as indicators for the titration' of ferricyanide with
vanadyl sulfate in alkaline medium were investi
gated and about fifteen were'found useful. Diphenyl
amine sulfonic acid and ~:-a~inodiphenylamine
sulfonic acid-4 were found satisfactory for the titra
tion (j·f arsenite with hypobromite in alkaline solu
tion. Trivalent arsenic, antimony, ;lnd chromium,
and hydrazine sulfate were oxidized with excess of
ferricyanideand the excess was titrated hack with
vanadyl sulfate. The end point was determined with
various diphenYlamine derivatives, the most desir-

'1 N MANY oxidation-reduction reactions the strength and
therefore the utility of an oxidizing or reducing agent depend

on the concentration of the hydrogen ion in the solution.
Although most of these reactions take place in acid medium, the
number of those possible in alkaline medium is considerable.

Potassium ferricyanide is a relatively powerful oxidizmg agent
in alkaline medium and this oxidant has been employed in the
oxidation of sugars, salts of metals like arsenic, antimony, tin,
chromium, cobalt, manganese, cerium, and thallium; vanadyl
sulfate; and sulfur-containing compounds (2, 4, 5,9,21,24). In
these reactions and other succeeding experiments with ferricya
nide, the ferrocyanide thus formed was measured by titration with
permanganate (2,4,5,23), or ceric sulfatlJ (1) in acid medium or
lOdometrically (10). Where direct titrations were made the end
point was determine(l. potentiometrically (20, 26, 28, '29, 30)

The hypohalites Rre strong oxidants in alkaline solution.
Hypochlorite is a powerful oxidizing agent, is of special advantage
in oxidations carried out in neutral or slightly alkaline solution,
and is fairly stable. Hypobromite reacts faste.r than the hypo
chlorite, although it is very unstable. A solution with its proper
ties can be prodqced by adding bromide to a hypochlorite solu
tion. Hypohalites were first used by Fenton (11,12) and Foster
(13, 1-4) in the oxidation of urea, ammonium salts; guanidine,
oxamide,' and other nitrogen-containing compounds. Willard
and Cake (31) determined sulfur in steel and in sulfides by absorb
ing hydrogen sulfide in alkaline solutions (2.5 N sodium hvdrox-

I Present address, Pateros, Rizal, Philippine Islands..

,.ble of which are diphenylamine sulfonic acid, 2
carboxy - 2' - methoxydiphenylamine, 2 - carboxy - 2 ' 
methyldiphenylamine, 2-carboxydiphenylamine,
2,2'-di~rhoxydiphenyla:n:iine, 2-carboxy-2'-bromo
diphenylamine, and 2-carboxy-3'-ethoxydiphenyl
amine. Direct titration of solutions of thiosulfate,
thiocyanate, and trivalent antimony were performed
wilh hypobromite in all.aline medium; using di
phenylamine sulfonic acid and 2-aminodiphenyl
am\ne sulfonic acid-4 as indicat.ors. The first five 0 f
the above diphenylamine derivatives are especially
recOlnmendel,l iv alkaline solution.

ide with hypobromite or 4 N alkali with hypochlorite). The ex
cess of oxidant was determined iodometrically.

Among the miscellaneous oxidants are alkaline copper tartrate
and ammoniacal copper sulfate, which were employed by Britton
and K6nigstein (3) in the estimation of hydroxylamine and hy
drazine. For organic compounds, Conant and co-workers (8)
effected oxidation with tungsticyanide and molybdicyanide.
Titrations made between potassium iodate and vanadyl sulfate
(25) in alkaline medium have been reported. Phosphate was
found to catalyze the reaction. Fresno and Mairlot reported
several experiments using vanadyl sulfate as a reducing agent in
stroogly alkaline solutions. They reduced solutions of chromate
(15), gold (17), permanganate, ferricyanide (19), copper, and silver
(18) at temperatures of 50° to 70° C. In all experiments the end
point was determined potentiometrically. In a 13 to 18% sodium
hydroxide solution a mixture of ferricyanide and chromate can be
titrated with vanadyl sulfate and two breaks in the curve were
observed (16).

The indicators which have been used in alkaline medium are
relatively few compared with those in acid medium. In the titra
tion of hydrosulfite with ferricyanide (7) in alkaline solution, a.
10% solution of ferrous sulfate was used and the end point taken
when the dark blue color of the ferrous ferricyanide changed to
yellow. Ionescu and Vargolici (22) in their titration of ferri
cyanide with sugar solutions added picric acid as indicator.
Methylene blue was also suggested for this titration. In the
oxidation of sulfides and hydrosulfites in solutions of about pH .
9A with ferricyanide, Charlot (6) tried ferrous dimethylglyoxime
indicator.
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Table II. Diphenylallline Derivatives as Indicators in Titration of Substances in Alkaline Solution

(Excess ferricyanide added a'nd back-titrated with vanadyl salt)

Substances Determined
Arsenite b

Indicator

Antimonitea

Ob- Devia-
ta.inedd tion 6

Mg. Mg.

Ob
tainedd

Mg.

Devia
tion 6

Mg.

Chromic Sulfate b

Ob- Devia-
taiJ;ledd tioD. e

Mg. Mg.

Hydrazine Sulfate b

Ob- Devia-
tainedd tion8

Mg. Mg.

Hydrogen Pei'oxidec

Ob- Devia-
tainedd tion e I

Mg. Mg.

o +++
o +++
o ++
o ++++

+0.05. ++

22.0

21.8

27.·5
32.7

33.2

+
+

+++
+

+++

+++
++,+

+++
T+

o

o

o

-0.1

+0.1
o

+0.1
+0.1

50.9

50.4

50.5
43.2

40.0

57.6

43.3

+ 55.7

+++ 43.2

++++
+++

++
+++

++++
++

-0.2
o
o

+0.4

-0.6

+0.2

-0.7

;-0.7

i86.7

208.7

157.4

226.4
171.1

155.9

202.41

201.5

o

+++
-0.1 ++++

++++
++++
++++

+
+
+

+0.2
+0.5

o

-0.7

+0.7

+0.8
+0.8

75.9

112.4
104.3

112.2

121.1

103.8

121.9

104.6

104.6

+++
+++

++

-0.1

-0.1
+0.7124.9

147.4

124.0

Diphenylamine
sulfonic aeidu

2-Carboxy-2'-methoxy
diphenylamine

2,2'-Dicarboxydiphenyl
amine

2-Carboxydiphenylamine
2-Carboxy-2'-methyldi

phenylamine
2-Garboxy-3 '-ethoxydi

phenylamine
4-Aminodiphenylamine

sulfonic acid-2
2-Carboxy-4"chlorodi

phenylamine
2-Carboxy-3'-bromodi

phenylamine
2-Carboxy-2'-bromodi

phenylamine
a Standard obtained by titration with KMnO. in acid solution.
b Standard, actual weight of substance taken fQr analysis.
C Standard obtained by p<;>tentiometric titration under the same conditions.
d Substance obtained from experiment. Value is average of replicate determinations.
8 DeViation from standard: - ex·perimental value lower, "+ higher .than standard.
I Number of plus signs indicates increasing desirability of each indicator in titrations concerned, minus sign indicates that indicator is not recommended.
o Indicator oxidized to green form in acid solution before using. .

d

+++
+++

Minus sign

+0.3
-0.1

Devia
tion C

"'fg.

ThiosulfateO

49.2

67.4.

Ob
tainedb

Mg.

++-0.2

Thiocyanatea

23.4

Ob- Devia-
tained b tioD C

Mg. Mg.
d

++++

Direct Titrations with HypobrOInite
Substances Titrated

mined also by oxidation with permanganate in hydrochloric and
sulfuric acid solutions and this value taken as standard. Potas
sium ferricyanide was titrated directly at 70° to 80° C. in the
presence of 3 N sodium hydroxide with hydrogen peroxide and the
end point was determined with the indicator. For a check a po
tentiometric titration under the same conditions was carried out
and the values obtained were taken as standard.

The use of an excess of hypobromite is not reliable unless the
measurement of the excess includes the decomposition products
of the hypobromite. Hence, experiments with hypobromite were
limited to direct titration of the substances to be determined.
For standards of comparison the po,tentiometric values obtained
under the same conditions were used.

Results are shown in Tables II and III. The maximum devia
tion of the results of replicate determinations from the averag,~

value was ±3parts per thousand.
It was observed in the experiments using 2,2'-dicarboxydiphen

ylamine that when there was only a slight excess of the oxidant
present, the red. oxidized form of the indicator was not vivid
enough to show a distinct end point. Detection of the color
transition ,was difficult, especially with chromium, in which the
yellow color of the' chromate interfered seriously. Cooling of the
chromate solution diminished the intensity of the yellow color.
Precipitation of chromate as barium chromate was not advan
tageous.

In the determination of hydrogen peroxide where the ferricya
nide was titrated directly with the peroxide, the correction blanks
of the indicators were taken into consideration. The end point
in these titrations was not so sharp as ill the reaction between

+0.2

Devia
tion C

Mg.

Antimonitea

Table III.

224.2

Ob
tained&

Mg.
Indica'tor

Diphenylamine
sulfonic acide

2-Aminodiphenylamine
sulfonic acid-4

° Standard obtained by potentiometric titration under the same conditions.
b Substance obtained from experiment. Value is average of replicate determinations.
C Deviation from standard: - experimental value lower, + higher than standard.
d Number of plus signs indicates increasing desirability of each indicator in titrations concerned.

indicates that indicator is not recommended.
• hidicator oxidized to green.form in acid solution before using.

METHOD OF TITRATION

indicator end point coincided
with the' potentiometric. ~he

thiocyanate was completely oxi-
dized to cyanate and sulfate in
one step, sulfide to sulfate, and
thiosulfate to sulfate. Sinooth
curves were obtained. Further
investigation, however, elimi
nated cyanide and sulfide which
did not give reasonable precision
in the·results. When titrated di
rectly with hypobromite in the
presence of the indicator, both
exhibited a sluggish reaction
and apparently atmospheric
oxygen affects them, especially the sulfide.

Formaldehyde, acetone; methyl alcohol, glycol, glycerol, dex
trose, etc., were oxidized with ferricyanide, hypobromite, and
hypochlorite in about 3 N sodium hydroxide. The reaction of
these organic compounds is purely empirical. Parallel experi
ments using the three oxidants showed that while ferricyanide
was good for a certain compound, hypobromite was better fot
another and hypochlorite acted on still another. The relative sus
ceptibility pf each material to the oxidants was rather difficult to
predict. In the dfrect titration of ferricyanide in dilute sodium
carbonate medium with dextrose solutions the end point was de
termined with diphenylamine sulfonic acid and methylene blue
indicators. The preliminary trials indicated that the optimum
conditions were a temperature of about 90 0 C. and just a slight
alkalinity.

Solutions of arsenic, antimony, and chromium in their lower
state of oxidation and hydrazine sulfate were treated with excess
of ferricyanide in the presence of about 3 N sodium hydroxide.
The mixture was, heated to about 85 ° to 90" C., then cooled, and
saturated with oxygen-free nitrogen gas, and the excess of the oxi
dant was titrated back with vanadyl sulfate. The end point was
detected with the indicator. Blanks were carried out to elimi
nate variations in the reaction due to slightdifferences in alkali cop
centrations and the indicator correction. For, comparison, the
actual weights of arsenite, hydrazine, sulfate, and chromic. sulfate
(obtained by reducing potassium dichromate in acid solution)
taken for analysis were used as standards. Antimony was deter-









Determination of Bismuth, Copper, and Lead
in Aluminum Alloys

GEORGE NORWITZ, SAMUEL GREENBERG, AND FREDA BACHTIGER
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An accurate lllethod is presented for the deterlllination of bisllluth, copper, and
lead in alulllinulll alloys, which is llluch shorter than the lllethod of the Alullli
num COlllpany of Alllerica, since it eliminates a double hydrogen sulfide separa
tion and two ignitions. The proposed procedure depends upon the insolubility
of the bisllluth in hydrochloric acid. Bisllluth is deterlllined colorillletrically
as the iodide after precipitation as the oxychloride and the copper and lead are
deterlllined electrolytically frolll a nitric acid solution.

I N RECENT years aluminum alloys containing copper, bis
muth, and lead have become increasingly important, espe

cially in the manufa.cture of screw products (1). The method
commonly used for the determination of copper, bismuth, and
lead in these alloys is that of the Aluminum Company of America
(3). This procedure, although accurate, is long and complicated,
involving two hydrogen sulfide precipitations and two ignitions.
An investigation was conducted for the purpose of developing a
shorter method for the analysis of copper, bismuth, and lead in
aluminum alloys.

Among the methods tried was the separation of bismuth from
copper and lead by means of pyrogallol (16). The authors found
it unsatisfactory because complete quantitative precipitation of
bismuth was not obtained. The separation of lead as lead sulfate
followed by a manganese dioxide precipitation, using potassium
permanganate and manganous sulfate, to separate the bismuth
from the copper (14) was also tried and found inaccurate, prob
ably because of incomplete separation of the bismuth sulfate
from the lead sulfate (18). Using the same separations as out
IFned in the proposed method the thiourea colorimetric procedure
(8,9) was tried instead of the bismuth iodide (7). It offered no
special advantage and was consequently abandoned.

The method described in this paper was finally adopted as the
most practical and workable procedure. It was found t6 be as ac
curate as the method of the Aluminum Company of America and
it requires only one half the amount of work. Advantage is
taken of the fact that the bismuth is insoluble in (1 to 1) hydro
chloric acid (4, 10, 17). The bismutp. is determined colorimetri
·cally as the iodide after precipitation as the oxychloride, and the
copper and lead are plated out simultaneously in a nitric acid
:solution.

This proposed method has been primarily designed for com
mercial aluminum alloys of c'opper, lead, and bismuth. These itl
.LOys usually contain 3.5 to 6% copper, 0.2 to 0.6% lead, and 0.2 to
0.6% bismuth. The procedure, however, might be adapted for
the analysis of other percentages of these elements in aluminum
alloys.

PROCEDURE

Dissolve a 2-gram sample in a 400-mL beaker with 50 mL of hy
·Jrochloric acid (1 to 1) without applying heat. Immediately after
the reaction ceases add 50 mL of distilled water and filter through a
No. 40 Whatman filter paper, collecting the filtrate in a 600-mI.
beaker. Wash with hot water. Dissolve the precipitate back into
·the original"400-mL beaker with 40 ml. of hot nitric acid (1 to 1) and
wash with hot water. Add 1 mL of ferric nitrate solution (1 %) and
then ammonium hydroxide until the solution is just turbid. If the
.end point is overstepped make the solution acid again with nitric
.acid and again add ammonium hydroxide. Add 1 ml. of hydro
-chloric acid (1 to 1), dilute to 250 to 300 ml. with hot water, and let
;stand on a steam bath for 45 minutes. While the bismuth oxychlo
:ride is coagulating add 40 ml. of concentrated nitric acid and several
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glass beads to the first filtrate and boil downto a volume of about 5
ml. Filter the oxychloride precipitate through a No. 44 Whatman
filter paper into the boiled down filtrate. Swab the beaker and
wash precipitate with hot water. Dissolve the precipita;te with
40 mI. of hot nitric acid (1 to 1) into a I-liter volumetnc flask.
Dilute to about 500 mL with cold water and add 4 ml. of sulfurous
acid (l part of saturated sulfurous acid solution to 3 parts of wa
ter) and 10 mI. of potassium iodide solution (20%). (For very
accurate work fresh potassium iodide solution and fresh sulfurous
acid should be used, since slightly inaccurate results were. ob
tained when these solutions were more than 2 days old.) DIlute
to the 1000-m!. mark and read the bismuth colorimetrically. The
authors used a Klett-Summerson colorimeter (test tube model),
filter No. 42.

To the combined filtrates containing the copper and lead add
30 ml. of concentrated nitric acid and boil down to a volume of
about 10 ml. Add 15 mL more of nitric acid and repeat the opera
tion. Immediately add 10 ml. of concentrated nitric a~id !!,nd
dilute to about 50 ml. with hot water. Transfer the solutIOn mto
a 200-mI. tall-form electrolytic beaker and electrolyze for 30 min
utes at 2 amperes, using a platinum gauze anode and cathode.
Add 2 ml. of sulfuric acid (1 to 1) and electrolyze for 30 minutes
longer. Remove the electrodes and wash them first with water
and then with alcohol. Dry the cathode in an oven at 100 0 to
105 0 C. for about 5 minutes and weigh as metallic copper as
soon as cool. Dry the anode for 30 minutes at 210 0 C. and weigh
as lead dioxide, which hIlS a calculated factor of 0.866.

A working curve for bismuth can be drawn up by using a stand
ard bismuth solution. This solution is best obtained by dissolv
ing 0.4000 gram of metallic bismuth in 20 ml. of nitric acid (1 to
1), transferring to a 2-liter volumetric flask, and diluting to the
2-liter mark. Appropriate amounts of this standard solution are
measured out into I-liter flasks and then 40 mI. of nitric acid (1
to 1) and 5 mI. hydrochloric acid (1 to 100) are added. (Since the
method calls for a 2-gram sample, 10 ml. of this solution are
equivalent to 0.10% of bismuth.) The solution is diluted to
about 500 mI., sulfurous acid and potassium iodide solution are
added, and the bismuth is read as usual.

DISCUSSION

Analysis of many filtrates from the hydrochloric acid-insoluble
material showed that bismuth is insoluble in hydrochloric acid
(1 to 1), but that copper and lead are partially soluble. In the
case of the lIS standard (5.11 % copper and 0.48% lead) 0.2 to
0.3% copper and 0.2 to 0.3% lead were found to have gone into
solution. This solubility of copper and lead obviously eliminated
the possibility of discarding the hydrochloric acid filtrate.

In order to check the colorimetric method for bismuth three
curves were made. The first curve was drawn up by using alu
minum samples of known bismuth content; the second, by using
high-copper aluminum alloys to which had been added weighed
amounts of metallic bismuth. In order to maintain similar con
ditions known amounts of lead nitrate were added to the solution
obtained by dissolving the insoluble hydrochloric acid residue in
nitric acid. It was found impracticable to add metallic lead at the
very outset, since' the undissolved metallic lead in the residue
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In the work of Faragher, Morrell, and Levine, olefins and aro
matics were removed by a procedure which involved treating with
91 % sulfuric acid, redistilling to remove polymers, and finally
treating with 98% acid to remove any remaining olefins or aro
matics. This gave total olefin plus aromatic. Aromatics were
determined by nitration after removal of olefins by treating with
sulfur monochloride and redistilling. Olefins were then deter
mined by difference between the per cent total olefin plus aromatic
and the per cent aromatic. The sulfur monochloride reaction for
the separation of olefins did not prove to be too satisfactory in
practice because of the variation in reactivity of the olefins, and
because sulfur monochloride also has a tendency to react with
nonolefinic constituents.

Kurtz and Headington (18) used a modification of the Faragher,
Morrell, and Levine acid-treating procedure for the determina
tion of total olefins plus aromatics, but depended entirely upon
physical properties for determining the composition of the olefin
aromatic mixture and of the paraffin-naphthene mixture. The
analysis of the olefin-aromatic fraction was based upon density
and refractivity intercept (n - d/2) of the unsaturates calcu
lated from the difference in physical properties of the respective
cuts before and after removal of the unsaturates. ("Unsatu
rates" in this paper means those hydrocarbons which are not
saturated-i.e., olefins and aromatics.) The method is not
suitable in the presence of conjugated diolefins and a procedure
for their removal with maleic anhydride was provided. The
samples examined at that time seldom contained more than 3 to
4% of such conjugated diolefin. The method is not suitable for
aromatics in higher boiling ranges (above 175 0 C.) where dicyclic
aromatics often begin to appear, nor for naphthenes in the higher
boiling fractions (above 175 0 C.) where dicyclic naphthenes are
often present. In spite of these deficiencies the method proved
very useful in routine use, but was very time-consuming and re
quired highly trained laboratory personnel.

Thomas, Bloch, and Hoekstra (25) presented a procedure for
gasoline analysis which depended for the olefin determination on
bromide-bromate type of bromine titration. In spite of the vari
able reactivity of olefins with halogen, the bromide-bromate titra
tion as used by them was shown to be reasonably accurate, and
additional work by various laboratories has improved this type
of titration (2, 9,17).

Bates, Rose, Kurtz, and Mills (5) reported composition data
on a number of cracked gasolines by a procedure, publication of
which was held up because of the war, and which has been super
seded by the method presented in this paper. The analytical
method used by Bates, Rose, Kurtz, and Mills involved acid
treating to determine total olefin plus aromatic, and bromide
bromate titration to determine olefins. The details of the pro
cedures then used differ from those now recommended, but the
authors feel that the application of present methods to the samples
studied by Bates et al. would lead to the same general conclusions
concerning composition of these samples.

PRINCIPLE OF PRESENT METHOD

This paper is restricted to a specific procedure recommended
for the analysis of full-range gasoline samples having end points
not over 225 0 C. (437 0 F.). Although this procedure can be
modified in special cases, no attempt is made in this paper to dis
cuss such modifications.

The first step in the analysis of the gasoline is the fractionation
of the sample into cuts. It is necessary to divide the gasoline
into cuts, since the distribution of various types of hydrocarbons
throughout the boiling range is, in general, not uniform. For
example, in the case of olefins, it is necessary to estimate a moiecu
lar weight for the olefin present in order to convert bromine
number to peT' cent olefin (3). This can be done with a reasonable
degree ofaccuracy for a cut of 25 0 C. boiling range; whereas such
an estimate for a full boiling range gasoline would be relatively in-

ANALYTICAL CHEMISTRY

Table I. Fractions Used for Gasoline Analysis
Cut Points

Cut No. OF. o C.

1 Initial- 50 Initial-lO
2 50-115 10-46.1
3 115-150 46.1-65.6
4 15D-205 65.6-96.1
5 205-251 96.1-121. 7
6 251-302 121.7-150
7 302-347 150-175
8 347-392 175-200

Bottoms 392-end 20D-end

accurate. Similarly, in estimating specific dispersion of aromatics
a much better estimate can be made for a 25 0 C. cut than on the
whole gasoline. The cuts recommended in Table I are of approxi
mately 25 0 C. boiling range, and the cut points are so chosen that
the aromatics of specific molecular weights fall into separate.cuts.
It is important in analyzing the saturate fractions by means of
physical properties to remember that the use of average proper
ties is justified only where the boiling range of the cut is suffi
ciently broad, so that a considerable number of isomers in each
class of hydrocarbons will probably be presen~. This is true with
cuts of the breadth recommended in this paper.

1. The volume per cent of unsaturated hydrocarbons is de
termined by acid-treating with a mixture of 30% by weight of
phosphorus pentoxide and 70% by weight of 95 to 96% (1.84
specific gravity) sulfuric acid. The acid treatment is carried out
at ice temperature under controlled conditions. The method has
been shown to give correct volumetric absorption over a wide
range of olefin and aromatic concentrations (Table II). It has
also been established that this procedure does not leave an ole
finic polymer residue or affect paraffins or naphthenes, as has been
the case with previous methods using sulfuric acid alone (16,
28).

2. Olefinic unsaturates are determined by an improved bro
mide-bromate titration. The method used is satisfactory for
most olefins, although it is known to give high results on highly
branched olefins, such as those found in polymer gasoline. In
the case of conjugated diolefins, approximately 15% of the second
double bond reacts with bromine so that conjugated diolefins
react essentially as mono-olefins. The authors believe that no halo
gen titration method will be satisfactory for all classes of olefins,
but that the procedure used is a good compromise.

3. The aromatic content of each cut is calculated from spe-

Table II. Deterlllination of Olefini<; Plus Arolllatic
Hydrocarbons by Sulfuric Acid-Phosphorus Pentoxide

Absorption on Known Blends
Vol. %

Vol. % Unsaturate
Sat- VOl. % Vol. % by Acid Devia-

Blend urateG Olefin b Aromatic C Absorption tioD

10-MI. Sample

Q 100 0 0 0 0
21 92 4 4 9 +1
13 80.5 19.5 0 20.5 +1
14 80 0 20 20 0
R 79 0 21 20 -1
S 62 0 38 38 0

11 60 40 0 41 +1
10 60 20 20 41.5 +1;5
12 60 0 40 40 0
W 50 25 25 49 -1

7 40.5 40 19.5 60 +0.5
6 40.5 20 39.5 60 +0.5.
9 40 0 60 60.5 +0.5
T 37 0 63 63.5 +0.5
2 20 40 40 79 -1
1 20 20 60 80 0
5 20 0 80 80 0
U 20 0 80 81 +1

20 4 4 92 98 +2

5-MI. Sample

8 40 60 0 61 +1
4 20 80 0 81.5 +1.5
3 20 60 20 80.5 +0.5:x 15 85 0 83 -2

19 4 92 4 95 -1

a Saturated hydrocarbon fractions from straight-run gasoline or alkyllite.
b Olefin blends of cyclohexene. diisobutylene, and caprylene.
C Aromatic blends of toluene and xylene or benzene and et~ylbenzene.
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where B represents bromine number, and M is the molecular
weight of the olefins in the cut under consideration. The average
molecular weight for the olefins in each cut is obtained from the
following table:

For cut 2, the sample should be weighed into the flask to avoid
volatility loss. For the other cuts, the sample may be measured
out by pipet and the corresponding weight calculated from the
density of the cut.

The equation used to calculate olefins from bromine number is
as follows:

paraffins are described in this section. More than one method is
described for determination of per cent aromatics and per cent
olefins. The combination of these methods into a cross check
procedure is described below.

ORSAT ANALYSIS. The olefins in cut 1 are determined by ab
sorption by the standard method used in the gas laboratory (23).
The remainder of the sample consists of paraffinic hydrocarbons.
No other analytical tests are performed upon this cut.

BROMINE NUMBER. The bromine number is determined on
each cut by the bromide-bromate procedure described in A.S.T.M.
emergency method ES-45a (2, 17), except that the amount of
sample is chosen according to the approximate bromine number:

The recommended equation actually calculates weight per
cent olefins. Since the density of the oletins is usually close to
the average density of the cut, for fractions of 20° to 30 0 C. boil
ing range it is possible to use volume per cent and weight per cent
interchangeably, with an accuracy sufficient for this type of
analysis.

SPECIFIC DISPERSION. Specific dispersions at 20 0 C. are ob
tained on cuts 3 to 8, providing the olefin content is less than
40% as determined by bromine number. Specific dispersion as
used in this laboratory is the difference between the H F and He
refractive indices divided by the density.

Although the Pulfrich and Bausch & Lomb precision refrac
tometers are the preferred instruments for measurement of dis
persion, the Abbe-type refractometer was used in this work be
cause it is at present mOre generally available. It has proved
satisfactory when used carefully. With the latter instrument,
the dispersion is calculated from the refractive index and the
drum reading at the position where the prisms are set for com
pensation. This drum reading should be the average of eight
readings, four for each of the two positions of complete color
elimination. On each side of the drum, two settings are made by
approaching from the red and two settings from the blue. Each
operator should check hiInself on pure compounds of known dis
persion.

If no instrument is available, .specific dispersion may be calcu
lated by the method of Lipkin and Martin (21) from density,
refractive index for D line of sodium, and mid-boiling point of the
cut. Such a calculated dispersion also serves as a cross check on
the measured dispersion. Table III shows a comparison of the
calculated and e~perimental specific dispersion of the fractions
of gasoline G. The agreement is within experimental error of the
dispersion measurement.

Aromatics are calculated from specific dispersion, ~, and bro
minenumber,B, by Grosse and Wackher's (13) method as follows:

(1)

Size of Sample, Gram.

3.0-5.0
2.0-3.0
1.0-2.0

Molecular Weight of Olefin.

70
80
91

104
118
133
149
166

BXM
% olefins = ----r6O

Bromine No.

0-20
20-100

More than 100

Cut No.
2
3
4
5
6
7
8

Bottoms

cific dispersion and bromine number, using essentially the pro
cedure described by Grosse andWackher (13).

4. A cross check of the data obtained in paragraphs 1, 2, and
3 is obtained by adding the olefins as determined in paragraph
2 to the aromatics as determined in paragraph 3, and comparing
with the sum of the olefins plus aromatics as determined in para
graph 1 If the hydrocarbon analysis is correct, these two
values will agree within 2 to 3%.

5. If the values obtained in paragraph 4 do not agree within
3%, the olefins are determined by the nitrogen tetrox;ide method
of Bond (6). The olefins determined in this manner are then
subtracted from the olefins plus aromatics as determined by acid
treatment, and the difference is taken as per cent aromatics.

This procedure classifies indene, styrene, and other molecules
containing both olefinic double bonds and aromatic rings, as
olefins. Furthermore, this type of olefin removal is equally satis
factory for mono-olefins, nonconjugated diolefins, and conjugated
diolefins.

6. The saturate fraction remaining after removal of olefin
and aromatic by acid treating is analyzed for paraffin and naph
thene by means of physical properties. Specifically a graph of
refractivity intercept V8. density (Figure 1) is used. This graph
is based on the properties of average paraffins and average mono
cyclic naphthenes up to a density which corresponds to a boiling
point of about 180 0 C. At this point an empirical adjustment is
made to allow for increasing amounts of dicyclic naphthene.

A check on complete removal of the aromatics and olefins is
obtained by comparing average boiling point estimated from
Figure 1 with mid-boiling point of the cut. If the estimated
boiling point is more than 10 0 higher than the mid-boiling point,
the analysis should be checked.

7. The time and manpower requirements for this type of
analysis on a routine basis are as follows:

Total elapsed time for stabilization and distillation, 24 hours.
Man-hours per sample, exclusive of distillation, if N 20 4 treat

ment is not required, 10 hours.
Additional man-hours required for each cut which is examined

by N20. treatment, assuming that two cuts are handled simul
taneously by one operator, are 1 to 2 hours.

DETAILS OF ANALYTICAL METHOD

Distillation of Sample into Cuts. The samples analyzed in
this work were first stabilized and subsequently fractionated.

STABILIZATION. The stabilizer used in this work has a 2
gallon still pot and is equipped with a fractionating column of
25-mm. inside diameter glass tubing packed to a height of 50
em. (20 inches) with 3/32-inch stainless steel helices. The column
is insulated with glass wool and is maintained in an adiabatic
condition by a liquid-cooled metal jacket. Heat is supplied to the
pot by means of an immersion heater controlled by a variable
transformer adjusted to give the proper boiling rate. A con
ventional dephlegmator is used to remove product. The reflux
ratio is controlled by a solenoid-operated pivotal funnel actuated
by a timing device.

A measured volume of sample, 1200 to 1500 cc., was c.harged
to the stabilizer. Reflux ratio was 10 to 1 and take-off rate was
4 cc. per minute. Cut 1 indicated in Table I was collected at dry
ice temperature, and its volume was measured and corrected
to the temperature of the charge. The loss, 2% or less, was
calculated as part of cut 1

DISTILLATION. The still used in this work is rated at 40 theo
retical plates at total reflux. It has a still pot which will take a
maximum charge of approximately 1 liter, and is equipped with
an adiabatically wound stainless steel column 48 inches long and
0.5 inch in internal diameter which is packed with 3/32 inch stain
less steel helices. Heat is supplied to the pot by an immersion
heater controlled by a variable transformer. The still head is
equipped with a pivotal funnel reflux control actuated by a timing
device.

A measured volume of stabilizer bottoms, approximately 1
liter, was charged to the still. This. still was operated at 10 to 1
reflux ratio with a take-off rate of 1 cc. per minute. Cut points
were as indicated in Table 1. Volumes of cuts were measured
and corrected to the temperature of the charge. Distillation loss,
2% or less, was calculated and the volumes of the cuts were cor
rected to a no-loss basis.

In general, the authors recommend that this type of analysis
be carried out with a still having at least 25 theoretical plates
at total reflux and that a reflux ratio of at least 10 to 1 be used.
They furthermore recommend that, if the loss is greater than
3% of the charge, another distillation should be made.

Analytical Data and Methods. The data necessary for
analysis of the fraction for olefins, aromatics, naphthenes, and
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Figure 2. Scheme of Analysis for Cuts 2 and Higher

Per cent naphthenes and per cent paraffins are obtained from
the refractivity intercept (n - d/2) and density (Figure 1) on the
saturated hydrocarbon portion remaining after acid treatment
of each cut. n is refractive index at 20 0 C. for the D line of
sodium and d is density at 20° C. Table IV gives the data neces
sary for the construction of Figure 1.

The refractivity intercept method gives satisfactory results
in the gasoline boiling range on cuts which are of sufficiently wide
boiling range to contain several isomers of the naphthenic and
paraffinic constituents.

The lower part of the naphthene line in the vicinity of 0.75
density has been adjusted to agree with the average properties
for methylcyclopentane and the isomers of dimethylcyclopentane.
Cyclopentane itself has not, up to the present time, been found to
be an important constituent of natural or cracked gasolines.
Cyclohexane has properties which are out of line in regard to both

Table V. Comparison 0 Calculated (20) and Experi
nlental Refractive Indices on Paraffin-Naphthene Portions

of Cuts from Blend G

Differ
ence

-0.0004
0.0010

-0.0004
0.0003
0.0006
0.0015
0.0009

1.3744
1. 3956
1.4070
1.4182
1.4254
1.4343
1.4422

Calculated
n~

1.3748
1.3946
1.4074
1.4179
1.4248
1. 4328
1.4413

Experimental
nbod;O

0.6602
0.7072
0.7285
0.7512
0.7649
0.7827
0.7992

Mid-Boiling
Point, 0 C.

56
81

109
136
162
188

210 (estimated)

density' and refractive index (as can be seen
for density on Figure 2, page 1173 of Ward,
Kurtz, and Fulweiler, 30). Properties of methyl-
cyclohexane are in reasonable agreement with
the naphthene line of Figure 1. For cuts rich in
cyclohexane, Figure 1 will give slightly high
values for per cent naphthene. For such
cuts, a more accurate value for per cent naph
thene can be obtained from per cent carbon
and hydrogen, determined, for example, by the
method of Hinden and Grosse (14-).

Dicyclic naphthenes have been shown by
A.P.I. Project 6 (24-) to occur in straight-run
fractions at boiling points as low as 146.7 0 C.
The authors' experience indicates that negligible
quantities of dicyclic naphthenes occur below
175 0 C. The naphthene line in Figure 1 has
been adjusted to permit an approximate analysis
of the cuts boiling above 175 0 C., assuming
that some dicyclic naphthenes are present.

The per cent naphthenes and per cent paraffins
are corrected to the original cut by multiplying:
by the percentage of saturated hydrocarbons in
the original cut as determined by acid absorption.

The average boiling point of each saturated fraction is esti
mated from refractivity intercept and density using Figure 1.
If this estimated boiling point is more than 10 0 C. higher than
the mid-boiling point of the original cut, incomplete removal of
aromatics or olefins is indicated and the density and refractive
mdex are checked. If necessary, an additional acid treatment
is run and the properties are redetermined on this raffinate.

Cut

3
4
5
6
7
8

Bottoms

greal.r than 40%
'Yo Olefin (I)

'l'o Olefin (4)

% Naphthene

'lIo Olefin +
Aromatic (3)

'lIo Aromatic (2)

§
+

Assume (3) Correct.

Proportionate Deviation

Between (if and (2).

Table IV. Coordinates for Construction of Figure 1
Coordinates" for Construction of % Naphthene Lines

Volume
Solid Lines Dotted Line

% d
d

d
d

d
d

n-- n-- n - -
Naphthene 2 2 2

0 0.63 1. 04410 0.749 1.04600 0.773 1.04640
10 0.64 1. 04315 0.755 1.04548 0.780 1.04580
20 0.65 1.04217 0.760 1.04500 0.786 1.04526
30 0.66 1.04120 0.766 1. 04442 0.792 1.04464
40 0.67 1.04024 0.771 1. 04390 0.799 1. 04412
50 0.68 1.03929 0.776 1.04336 0.805 1. 04358
60 0.69 1.03830 0.782 1.04284 0.811 1.04290
70 0.70 1. 03737 0.787 1. 04234 0.818 1.04240
80 0.71 1.03638 0.793 1. 04180 0.824 1. 04188
90 0.72 1.03540 0.798 1.04130 0.830 1.04130

100 0.73 1.03450 0.804 1.04080 0.837 1.04072

Boiling Coordinates" for Construction of Boiling Point Lines

Point, d
d

d
d

n -- n- 2o C. 2

50 0.65 1.04396 0.73 1.03536
60 0.66 1.04428 0.74 1.03552
70 0.67 1.04444 0.74 1.03668
80 0.68 1.04456 0.75 1.03662
90 0.69 "1.04462 0.75 1. 03776

100 0.70 1.04462 0.76 1.03764
110 0.71 1. 04452 0.76 1. 03868
120 0.72 1.04432 0.77 1.03846
130 0.72 1.04528 0.77 1. 03948
140 0.73 1.04494 0.78 1.03932
150 0.74 1.04466 0.78 1.04022
160 0.74 1.04538 0.79 1.04010
170 0.75 1. 04502 0.79 1.04096
180 0.75 1.04570 0.80 1.04090
190 0.76 1.04532 0.81 1.04092
200 0.76 1. 04582 0.82 1.04080

ad = density a.t 20° C. and n = refractive index for D line of sodium at
20° C.

Another method which indicates complete or incomplete re
moval of aromatics and olefins, from the data already obtained
on the raffinate fraction, is the calculation of refractive index
by the method of Lipkin and Martin (20). If the calculated re
fractive index is more than 0.0015 lower than the experimental
refractive index, there is probably some aromatic or olefin re
maining in the fraction. Table V shows agreement of the calcu
lated and experimental refractive indices on the acid-treated
fractions of gasoline G.

Method of Analysis. The gasoline to be analyzcd is distilled
into fractions as described above. An outline of the procedure
used in the analysis of the fractions is shown in Figure 2.

Cut 1, which consists of C. and lighter hydrocarbons, contains
only paraffins and olefins. The cut is analyzed for olefin content
by Orsat analysis.

Cut 2 also contains only olefins and paraffins and is analyzed
for olefin content by acid absorption and bromine number. If
olefin by bromine number does not agree with the acid-treat value
within 3%, the acid treatment should be checked. In case the
two values,still disagree, the acid-treat value is considered to be
correct. The procedures should be followed carefully to avoid
undue voiatility losses.

The remaining cuts are analyzed by the procedure shown in
Figure 2. Olefin content is determined from bromine number.
If olefin content is less than 40%, aromatics are determined by
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Table VIII. Analyses of Salllples E, F, and G (G
50% E + 50% F)

number, specific dispersion, and acid absorption is not expected
to give satisfactory results since the specific dispersion method
is unreliable in this range. If the bromine number is less than
5, the per cent olefin is calculated from bromine number and per
cent aromatic is the difference between this value and the total
unsaturates by acid absorption. If the bromine number is greater
than 5, the nitrogen tetroxide method must be used for olefin
determination.

Specification of a change of procedure above a particular olefin
content, such as 40%, is of course somewhat arbitrary. This
particular point was chosen for several reasons:

Uncertainty in bromine titration method for the determination
of per cent olefin becomes more serious with high concentra
tions. With certain types of olefins (such as occur in polymer
gasoline), it is believed that results 10 to 20% too high may be
obtained; and if 40% of such olefin were present in the cut, this
would correspond to an error of 4 to 8% on the cut.

The uncertainty in the olefin correction which has to be applied
to the specific dispersion method for the determination of aro-

Gasoline E
% Olefin % Aromatic

Cut from from Specific Sum of Olefin Acid Differ-
No. Bromine No. Dispersion and Aromatic Absorption ence

3 9 0 9 10 -1
4 14 3 17 18 -1
5 10 23 33 33 0
6 8 38 46 49 -3
7 4 54 58 58 0
8 3 (59)a (62)a 53 (+9)G

Gasoline F
%

Aro-
% Aromatic Sum of % matic

from Olefin Acid Olefin by
Specific and Absorp- by Differ-

Dispersion Aromatic tion N,O, ence
3 61 0 61 54 54 0
4 63 0 63 52 51 1
5 91 0 91 88 84 4
6 74 6 80 60 50 10
7 44 18 62 58 33 25
8 66 16 82 74 40 34

Gasoline G
% Aromatic Sum of %

from Olefin Acid Olefin
Specific and Absorp- Differ- by

Dispersion Aromatic tion ence N,O,

3 20 0 21 24 - 3
4 27 1 28 30 - 2
5 74 4 78 67 +10 58
6 25 30 55 56 - 1 is'7 24 40 64 58 + 6
8 34 35 69 64 + 5 26
" High probably because of dicylic aromatics.

matics is of the order of ± 1 dispersion unit at 40% olefin concen
tration.

At concentrations above 40% olefin, some difficulty has occa
sionally been encountered in obtaining good physical properties
on the saturated fraction remaining after acid treatment when
nitrogen tetroxide is not used.

The authors believe that specification of 40% olefin as the
concentration above which the nitrogen tetroxide should always
be used is conservative, and that future experience may prove
many types of samples containing more than 40% olefin can

Table IX. Cross .Check of Olefins and Arolllatics with
Total Unsaturates

G
56.7
of.

88
116
132
167
206
238
262
287
316
340
379
400
426

98

15
43
2.2
8.7
0.035

F
60.0
of.

88
115
136
175
216
236
255
279
310
346
378
406
434

98

10
94
4.0
9.5
0.041

OF.
86

110
126
152
186
219
256
290
318
348
378
396
412

98

20
6
0.6
9.2
0.032

Inspection tests
E

54.6A.P.I. Gravity

Engler distillation
Initial
5
10
20
30
40
50
60
70
80
90
95
End point
Recovery, %

Color (Saybolt)
Ou gums, mg.
A.S.T.M. gums. mg.
R.v.p., 100 0 F., pounds per square inch
Sulfur wsight·%

Table x. Analyses of Salllples E, F, and G (G 50% E + 50% F)
A. Per Cent Composition_of Cuts

Olefins Aromatics

Gasoline G G
Cut E F Calcd. Determined Difference E F Calcd. Determined Difference

1 32 39 37 33 -4 0 0 0 0
2 15 31 21 22 +1 0 0 0 0
3 10} 54

a
} 19} 24 } +5} 0 0 0 0 :":i4 15 12& 51 a 78& 2648& 29 44& +3 -4 3 1 2 1

5 10 84a 65 58" -7 23 4 9 10 +1
6 9 50" 27 25 -2 40 10 27 31 +4
7 4 33 a 16 18" +2 54 25 42 40 -2
8 3 40" 23 26 a +3 50 34 41 38 -3

Bottoms 2 47 a 23 26 a +3 41 18 30 27 -3

Paraffins Naphthenes

1 68 61 63 67 +4 0 0 0 0
2 85 69 79 78 -1 0 0 0 0
3 90 46 81 76 -5 0 0 0 0
4 45 29 40 39 -1 37 19 32 31 -1
5 27 7 12 15 +3 40 5 14 17 +3
6 21 25 23 22 -1 30 15 23 22 -1
7 14 20 17 18 +1 28 22 25 24 -1
8 8 10 9 8 -1 39 16 27 28 +1

Bottoms 7 10 8 8 0 51 25 39 39 0

B. Total Cut Yield

G
E F Calcd. Determined Difference
% % % % %

1 5.3 11.7 8.5 7.1 -1.4
2 12.8 7.0 9.9 12.3 +2.4
3 8.8 2.2 5.5 5.8 + .3
4 12.6 5.2 8.9 9.3 + .4
5 10.8 30.4 20.6 18.9 -1.7
6 12.8 9.5 11.2 11.5 + .3
7 11.8 8.6 10.2 11.9 +1.7
8 13.9 15.6 14.8 12.1 -2.7

Bottoms 11.2 9.8 10.5 11.1 + .6

a Olefins determined by N,O, treatment. b Average for cuts 3 to 5, weighted according to volumes of cuts.
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RESULTS

be satisfactorily analyzed without nitrogen tetroxide treatment.
The percentage of olefins, aromati«s, naphthenes, and paraf
fins in each cut is multiplied by the ratio of the cut volume to the
total volume, and the values for each hydrocarbon type are
summed to obtain the analysis on the whole gasoline.

Example of Caltulation. Table VI gives the detailed analysis
of gasoline G and the tabulation sheets used in analysis of this
cut. The physical property and analytical data are shown in
Table VI,A, the calculation of olefins and aromatics are shown
in Table VI,B, and the calculation of paraffins and naphthenes
and the total analysis in Table VI,C.

As examples of the calculations involved in this analytical
method, cuts 6 and 7 are followed in detail in Table VII.

In this work three samples were analyzed as follows:

E. Catalytically cracked gasoline.
F. -A blend of thermally cracked and polymer gasoline.
G. A 50-50 mixture of samples E and F.

The catalytically cracked sample was selected as a sample
rather low in olefin content which could be analyzed satisfac
torily without the use of the nitrogen tetroxide treatment. Blend
F was chosen as a sample rich in olefin which would require
nitrogen tetroxide treatment. This sample consisted of a poly
mer gasoline blended with thermally cracked gasoline because
it was known that it is difficult to obtain an accurate bromine
titration on the olefins in polymer gasoline. It was thought that
by including 50% polymer gasoline in the high olefin blend a
very severe test of the proposed method would be provided.

Samples E, F, and G were all analyzed for per cent olefin, per
cent aromatic, per cent paraffin, and per cent naphthene. The
composition of sample G, which is a 50-50 mixture of samples E
and F, was then calculated from the analysis of the two com
ponents, and this calculated analysis compared with the experi
mentally determined analysis of the blend, sample G.

Table VIn gives inspection tests on the three samples. Table
IX shows the cross check between olefins plus aromatics and
total unsaturates for gasolines E, F, and G, respectively. These
tables show the value of the nitrogen tetroxide treatment when
a satisfactory cross check has not been obtained.

Table X,A shows the composition of each cut of gasolines E, F,
and G and compares determined composition of G with the cal
culated values, using the yield figures shown in Table X,B.

Table XI presents a similar comparison for the. over-all com
position of each gasoline. The agreement between calculated and
determined composition is within 2% for each component.

The agreement of the above analyses is particularly significant
since every cut in sample F (except cuts 1 arid 2) required the
use Qf the nitrogen tetroxide treatment, none of the cuts in sample
E required nitrogen treatment, and only part of the cuts in
sample G required nitrogen tetroxide treatment. The agree
ment of the analytical results, in spite of the use of nonidentical
methods in the case of the three samples, indicates that all the
procedures involved are reasonably accurate.

With regard to analysis of individual cuts, it will be seen that
out 5, sample F, contained 84% of olefin, which is mainly iso
octenes. The olefin content of cut 5 of blend G is 7% different
from what might be anticipated from the composition.of the two

Table XI. -Analyses of Sa:rnples E, F, and
50% E + 50% F)

Per Cent Composition of Whole Samples
G

components. The authors attribute this to the difficulty of ob
taining identical cuts in several distillations and also probably
to azeotropic effects. If the composition of a blend of cuts 3, 4,
and 5 is calculated, the percentage of olefin in this cut of blend
G agrees within 4% with what is predicted from the composition
of the components. In general, the agreement between the com
position of the blend as found by direct analysis, and the com
position as predicted by calculation· from the composition of the
components, is within 2% of being correct. A considerable num
ber of samples have been run by the procedure shown in this
paper and it has been found satisfactory for routine use. In the
majority of cases, it has not been necessary to use the nitrogen
tetroxide treatment. The nitrogen tetroxide treatment, how
ever, is extremely important as a means of getting out of trouble
when there is apparent discrepancy in the analysis as carried out
by the bromine number and specific dispersion.
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Difference
-1.0
-0.7
-1. 7
+1.4
+0.3

G(G

Determined
31.1
17.9
49.0
31.7
19.3

Calcd.
32.1
18.6
50.7
30.3
19.0

F
54.5
11.5
66.0
23.3
10.7

E
9.9

25.9
35.8
37.2
27.0

Olefiris
Aromatics
Olefins + aromatics
Paraffins
Naphthenes



Calculation of Weight Per Cent Ring and Number of
Rings per Molecule for Aromatics

M. R. LIPKIN AND C. C. MARTIN, Sun Oil Company, Norwood, Pa.

Per cent ring and average nUIllber of rings per Illolecule for Illixtures of alkyl
aroIllatic hydrocarbons are deterIllined frOIll density and density coefficient,
which Illay be derived froIll Illid-boiling point and density. The Illethods have
been found accurate, on pure compound data, within 3% ring and 0.1 ring per
Illolecule. Aromatics with naphthenic or olefinic side chains cause some inter
ference but are usually not present in sufficient concentration to affect signifi
cantly the accuracy of the methods for petroleuIll fractions boiling below 400° C.

Relation of Density and Density Coefficient to Structure

T HIS paper continues the general investigation in this labora
tory of the temperature coefficient of density for hydrocar

bons, and the relation of this physical property to other physical
properties and to hydrocarbon structure. A series of papers on
the temperature coefficient of density has now been presented.
This particular paper is concerned with methods for the analysis
of aromatics for number of rings per molecule and for proportion
of ring and side chain.

The first paper in the density coefficient series related this
property to molecular weight-a single curve was found appli
cable to nearly all hydrocarbons. Recently Griswold and Chew
(6) have developed separate relationships for the different classes
of hydrocarbons. For practical purposes, there is little difference
between the relationships except for benzene and toluene. Since
toluene and especially benzene are usually present in small con
centrations in petroleum products, the general correlation (11) is
satisfactory for most purposes. The small differences in density
coefficient between hydrocarbon classes do not affect the later
correlations in this series because the temperature coefficient of
density is not determined experimentally, but is derived from
approximate molecular weight in both the derivation and applica
tion of these correlations.

By plotting density coefficient against density, there was de
veloped a hydrocarbon class "map" which showed linear rela
tionships for paraffins and for naphthene rings without side chains.
A similar hydrocarbon class "map" was developed by plotting the
temperature coefficient of density against refractive index. Using
these maps, it was possible to develop methods for determining
the proportion of ring and chain in mixtures of paraffins and
naphthenes (14), and an equation relating density, refractive in-

RING-CHAIN ANALYSIS

1.15

dex for the D line of sodium, and the temperature coefficient of
density (12). This equation permits the calculation of the refrac
tive index of paraffin-naphthene mixtures with an accuracy nearly
that of the Abbe-type refractometer. When aromatics or olefins
are present, the calculated refractive index is lower than the ex
perimental value, and the specific dispersion is a linear function
of the difference (13).

The hydrocarbon class map obtained on plotting density
against the temperature coefficient of density is the basis for the
two methods of analysis developed in this paper: analysis of aro
matics for proportion of ring and chain and for number of rings
per molecule.

Derivation. The first method, analysis of aromatics for pro
portion of ring and chain, is similar to the method of ring-chain
analysis developed for naphthenes. Per cent ring is defined as 100
times the number of ring carbon atoms divided by the total num
ber of carbon atoms. The metli.od was developed from the
hydrocarbon cJass map shown in Figure 1. In this figure, aro
matics with no side chain are shown in addition to the paraffin
and naphthene ring lines shown in a previous paper (14). A
noncondensed aromatic ring line is drawn through the points for
benzene and diphenyl, and a condensed aromatic ring line branch
ing from this line is drawn through the points for naphthalene
and phenanthrene. The addition of side chain to an aromatic
ring causes the properties to approach those of a paraffin of in
finite molecular weight, and the distance of approach is approxi
mately proportional to the percentage of chain.

There are few aromatics without side chain on which reliable
densities are reported in the liquid state, because
the melting points of these compounds are so
far above room temperature. (Anthracene and
the terphenyls are among those aromatics on
which no liquid densities are available.) The
d€nsities of the high-melting aromatics used in
Figure 1 were corrected to 20°, using the correla
tion of Lipkin and Kurtz (11).

As shown in Figure 1, there is a difference
between the 100% ring lines for the condensed
and noncondensed aromatics. Since the polycyclic
aromatics in petroleum may be of either type,
naphthalene or diphenyl, three graphs have been
derived: Figure 2 for the condensed type aromat
ics, Figure 3 for the noncondensed type, and
Figure 4 for the average mixture assuming an
equal distribution of the condense_d and non
condensed types. (Noncondensed polycyclic
aromatics include all aromatics containing two
or more phenyl groups joined together by a

o
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1 After this manuscript was sub
mitted, a paper entitled "Separation
and Determination of Aromatics
from High-Boiling Petroleum Frac
tions by Adsorption", by M. R. Lip
kin, W. A. Hoffecker, C. C. Martin,
and R. E. Ledley was prepared for
presentation before the Division of
Petroleum Chemistry at the Atlantic
City A.e.S. Meeting, April 1947.
This paper describes the complete
separation of aroIn:atic concentrate E

from cracked as well as straigllt
run petroleum products using silica
gel.

1. Where only monocyclic aromat
ics are present, either Figure 2, 3, or 4
may be used, because they are identical
for monocyclics.

2. For cracked petroleum
products, where polycyclic aro
matics are present, Figure 2 is
recommended because meager
information on hand indicates
that the condensed type of
aromatic predominates.
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Figure 5.

by the silica gel methods of Mail' and Forziati (15, 16)1. Solvent
extraction is a less satisfactory method for obtaining a quantita
tive separation of the aromatics.

In the gasoline boiling range, again where oletins are absent,
it is possible to remove aromatics quantitatively and determine

them volumetrically by acid treatment
(1), and to calculate the properties of the
aromatics from the volume per cent
aromatics, the density and mid-boiling
point of the original material, and the
density ot the raffinate remaining after
acid treatment.

For the analysis of petroleum prod
ucts, it is desirable to have some knowl
edge of the type of aromatic present,
since this method is dependent on the de
gree of condensation of the aromatic.
The selection of the proper graph to be
used is made on the following basis:

o
-0.1

o
o
o
o

3.0

Deviations do not differ from
those shown above

0.1
0.1
0.1
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Weight % Ring
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a For monocyclics all graphs give the same results ..

Figure 4. Rings per Molecule and Weight Per Cent Ring
for Mixtures of Condensed and Noncondensed Ring

Aro:m.atics

mid-boiling point (Mills, Hirschler, and Kurtz, 19).
that only two physical properties are necessary,
boiling point.

The aromatic material usually occurs mixed with other hydro
carbon types, such as paraffins, naphthenes, and oletins. There
are two methods of obtaining physical properties on the aromatic
material: (1) by determination on aromatics which have been
separated from other hydrocarbon types; (2) by calculation from
the properties of the sample before and after removal of the aro
matics, in which case the aromatics are not recovered.

Where oletins are absent, as in straight-run petroleum products,
the aromatics can be separated from the other hydrocarbon types

Table IV.

Monocyclic
Condensed dicyclic
Noncondensed di cyclic
Condensed tricyclic
N oncondensed tricyclic

Average by class

Condensed ,.J·4c1ic
Noncondensed dicyclic
Condensed tricyclic
N oncondensed tricyclic

Table V.

No. of
Approximate 50% Weight Differ- Rings

Boiling B.P., % ence, per Differ-
Fractions Range, 0 C. • C. d~o n'j," RingG % Moleculeb ence

East Texss straight-run A 90--180 146 0.8625 1. 4943 69 8 0.9
Hydrogenated A 128 0.7754 1. 4272 77 0.9

East Texas straight-run B 180--260 232 0.9231 1.5330 67 2 1.4
Hydrogenated B 210 0.8394 1.4576 69 1.5

East Texas straight-run C 260--390 329 0.9744 1.5601 66 6 2.1
HydrogenatedC' 307 0.8943 1.484,1 72 2.4

Catalytic cracked D 310--400 1.0856 80 3 3.1
HydrogenatedDO.9330 1. 5008 83 3.3

a Weight per cent ring of hydrogenated fractions calculated with estimated accuracy of 8% ring by method of
Lipkin, Martin, and Kurtz (14).

b Rings per molecule of hydrogenated fractions calculated with estimated accuracy of 0.2 ring by method of
Vlugter, Waterman, and Van Westen (22).

c 50% boiling point could not be obtained by Engler distillation and molecular weights were estimated from
viscosities at 100· and 210· F., using method of Hirschier (7). Fractiol} D: vis.", = 109.2 and vis,•• = 5.37 cs.
Hydrogenated fraction D: vis... = 14.0 and vis"o = 2.74c8.



183 ANALYTICAL CHEMISTRY

o
o
o
o

-0.1
o
0.1

1.0
1.0
1.0
1.0
1.2
1.2

0,9
1.0
1.1
1.4

350

1
1
1

1-2

1
1
1
1

1-2
1-2

Rings per IHolecule
The- Differ-
orya Calcd. C ence

-5
o

-3
-2

-7
-2

2

fact that the noncondensed
and condensed aromatic ring
lines (Figure 1) become more
widely separated.

Figure 5 shows that there is
little systematic. rie vi a ti on
throughout the molecular
weight range. The difference
between calculated and theo
retical per cent ring, averaged
for each group of isomers, is
plotted against number of chain
carbon atoms for monocyclic
aromatics.

Table V shows an example of
the accuracy of this method
of analysis for three fractions
of aromatics boiling from 90 0 to
390 0 C. separated from East
Texas straight.run, and a 310°
to 400 0 C. aromatic fraction
from catalytically cracked
stock. A comparison is made

of the per cent ring determined on the
aromatic extracts and the per cent
naphthene ring determined by the
method of Lipkin, Martin, and
Kurtz (14) on the aromatic extracts
after hydrogenation. The average dif
ference is 5%.

Table VI demonstrates an analysis
obtained on the aromatics in several
gasoline fractions without recovery of
these aromatics. The density of the
aromatic is calculated from the density
before and after acid treatment and
the volume per cent aromatics, as
suming volume per cent additivity of
density. In the boiling range where
only monocyclic aromatics can exist,
the per cent ring from aromatic
analysis and per cent ring calculated
from molecular weight agree very
closely.

Figure 6 demonstrates an applica
tion of this method of analysis to
narrow-boiling aromatic fractions
from East Texas crude boiling be
low 350 0 C. The graph shows the
percentage of ring decreasing through

the monocyclic and dicyclic boiling ranges, and increasing in
the boiling range where dicyclic aromatics begin to appear.
There are sharp increases in the amount of ring at certain boil
ing points, but in this particular example the boiling points were
corrected from about 9-mm. pressure and are not sufficiently ac
curate to warrant drawing conclusions as to the individual
aromatics present.

Limitation of Method. This method has been developed for
aromatics with paraffin side chains. In petroleum, aromatics
containing a naphthene ring or olefin double bond in the same
molecule interfere with this method of analysis.

Tables VII to X show the deviations in per cent ring for the
available data on these mixed-type aromatics. In general, a
naphthene ring in the aromatic molecule causes low results, and
an olefin double bond causes high results for per cent ring. The
theoretical per cent ring as used in this paper includes both aro
matic and naphthenic carbon atoms by definition.

The following is an attempt to evaluate a few of the trends
shown by mixed-type aromatic molecules. Table VII shows that
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Mixed Straight-Run Crudes

96-121 0.7561 1.4186 9 0.7453 1.4135 86 81
121-150 0.7721 1.4305 16 0.7528 1. 4192 75 75
150-175 0.7914 1.4411 16 0.7765 1. 4296 67 64
175-200 0.8037 1.4469 14 0.7923 1. 4377 60 58
200-218 0.8232 1.4571 15 0.8086 1. 4453 54-100 65
218-225 0.8165 1.4520 .9 0.8084 1. 4458 50-100 59

University Crude

125-150 0.7687 1.4259 6 0.7631 1.4230 75 68
150-175 0.7905 1.4410 15 0.7759 1. 4298 67 65
175-200 0.8050 1. 4483 14 0.7924 1. 4391 60 62
200~225 0.8129 1. 4515 6 0.8048 1,4457 54-100 78

Results. Pure compound data on 299 unsubstituted aromatics
and alkyl aromatics ranging from one to three rings per molecule
show an average deviation of 3% .ring as shown in Table IV,A.
The reeommended graphs were used for the condensed and non
condensed polycyclics.

Table IV, E, shows the results which are obtained by the' use of
the average graph (Figure 4) instead of the recommended graphs.
Using the average graph, the calculated percentage of ring is too
high for the condensed type of aromatic and too low for the non
condensed type by about 5% for dicyclics and 10% for tricyclics.
The increasing error, as number of rings increases, is Ollf' t.n t.he

3. For straight-run petroleum products, where polycyclic
aromatics are present,Figure 4 is recommended for the present
because it is believed that both condensed and noncondensed
aromatics may be present.

4. Where only monocyclic and noncondensed polycyclic
aromatics are present, Figure 3 should be used. Present informa
tion does not indicate that any petroleum product normally
found in the refinery contains a predominance of noncondensed
polycyclic aromatics.

'oJ Deterrnined from moleCUlar weight of aromatics which can be present in boiling range of each fraction.
b A.S.T.M. Method D875-46T (1).
C From calculated properties of material removed by acid treat. Molecular weight is calculated by method of

Mills, Hirschler, and Kurtz (19) from mid-boiling point of cut and density of aromatic. Density of aromatic is
calculated from density before and after acid treatment and volume renloved by acid treatment, assuming volume
per cen t addi tivi ty.
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Formula

Table VII. Deviations of Pure COD1pound Data

Weight % Ring No. of Rings
Calcd. Calcd.

Calcd. theoretical Calcd. theoretical Formula

Weight % Ring
Calcd. 

Cal,cd. theoretical

No. of Rings
Calcd. 

Calcd. theoretical

CuH" 78 -13 1.6 -0.4

C12H16 72 -11 1.6 -0.4
C13 H18 67 -10 1.6 -0.4
C"H" 61 -10 1.6 -0.4
CuH" 62 - 9 1.6 -0.4

C..H.. 30 - 6 1.4 -0.6

Aromatics Condensed with Naphthene Rings, Dicyclics Aromatics Condensed with Naphthene Rings, Tricyclics

-0.5

-0.4

-0.7

-0.4

-0.8

-0.3

-0.2

-0.2

2.5

2.6

2.3

2.6

2.2

1.7

1.8

1.8

-10

- 1

-21

-23

- 1

- 7

- 8

- 7

90

79

99

67

77

99

93

92

C,H,

Aromatics Condensed with Cyclo-olefins

OJ
O·/')
~i!~

OJ

-0.4

-0.5

-0.3

-0.. 5

-0.6

-0.6

1.5

1..6

1.5

1.7

1.4

1.4

- 5

- 8

-14

-10

- 7

- 6

26

86

92

81

24

22

CuH"

01-1
~V

cc
C

ro~·V,i
Cco/

Ethyl tetralin
Propyl tetralin
Butyl tetralin
ert-Butyl tetralin

cve"
co/~'

C.

CuLe

"
C.
I

(O~/c-C2I

lV If

a naphthene ring or a cyclo-olefin condensed with the aromatic
nucleus causes results roughly 10 and 5% too low, respectively.
Table VIII shows that the deviations of the noncondensed aro
matic naphthenes and aromatic-cyclo-olefins are about twice as
large as for the corresponding condensed compounds. Table IX
shows that the erfect of a double bond in a two-carbon chain
attached to a benzene nucleus is +10% ring, and that the devia
tion decreases with increasing molecular weight. Table X shows'
that the effect of two double 'bonds in the side chain is about
twice as great as one double bond.

The deviation of these mixed-type molecules is usually about
10 to 15%, and the maximum deviation shown in these tables is
about 25%. Assuming 12% to be the average deviation, it
would be necessary for these compounds to be present in more
than 25% concentration to cause as much as 3% deviation, which
is the average deviation for aromatics with paraffinic side chains.

There are practically no aromatic-olefins or aromatic-naph
thenes which are likely to be present in petroleum fractions boil
ing below 175 0 C. In the kerosene boiling range, Mail' and Streiff
(17) and Rossini (20) have shown the presence of mixed aro
matics such as tetralins and phenyl cyclopentane. In the lube
oil range, Mail', Willingham, and Streiff (18) have shown that
most of the aromatic molecules contain naphthene rings. There
fore, this method of analysis is limited to petroleum fractions
boiling below 400 0 C.

Table VIII. Deviation of Pure COD1pound Data
Weight % Ring No. of Rings

Calcd. - Caled. -
Formula Calcd. theoretical Calcd. theoretical

Noncondensed Aromatic Naphthenes

( )-<J C,HIO 87 -13 1.3 -0.7

()-0 CloH12 82 -18 1.4 -0.6

0-<=1 CuHu 73 -27 1.3 -0.7

« )-C>C12Hl' 74 -26 1.5 -0.5

Noncondensed Aromatic Cyclo-olefins

0-<1 Cn H l 2 93 - 7 7 -0.3

« )-OCI2H14 90 -10 1.8 -0.2

« )-C)CI2Hu 85 -15 1.7 -0.3

( )-C-OC13H,' 77 -15 1.7 -0.3
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Deviation of Aromatics Containing Two Olefinic Double Bonds in
Side Chains

Deviation of Aromatics Containing One Olefinic Double Bond in
Side Chains .

If there is a predominance of aromatic-naphthene or aromatic
olefin in a petroleum fraction, the per cent ring analysis may be
checked by a method independent of the presence of the naph
thenic ring or the olefinic double bond. This method consists of
completely hydrogenating the aromatic concentrate and deter
mining per cent naphthene ring by the method of Lipkin, Martin,
and Kurtz (1..0.

The per cent ring analysis of aromatic extracts from straight
run and catalytic products has been checked by the procedure
described above as shown in Table V. These fractions boil be
tween 90 0 and 400 0 C., and the analyses by the two methods are
in good agreement. This agreement indicates that the per cent
ring method will give satisfactory results on petroleum fractions
boiling below 400 0 c.

ANALYSIS OF NUMBER OF RINGS PER MOLECULE

Derivation. The second method, analysis of aromatics for
number of rings per molecule, is also based on the hydrocarbon
map shown in Figure I, and uses the same physical properties as
required in the analysis for per cent ring.

In deriving Figure 2 for analysis of condensed ring aromatics
and Figure 3 for analysis of noncondensed ring aromatics, three
lines were drawn from the limiting paraffin point through the
data for mono-, di-, and tricyclics. By interpolating between
these radial lines, it is possible to determine the average number
of rings per molecule. In Figures 2 and 3, the monocyclic lines
are of course identical; the condensed dicyclic line differs by 0.1
ring from the noncondensed dicyclic line; and the tricyclic lines
are identical because there were insufficient data to warrant draw-

0.1
0.3
0.3
0.3
0.4
0.7

0.2

o
-0.4
-0.2

+0.1
+0.2
+0.2
+0.2
+0.1
+0.1
+0.1
+0.2
+0.1
+0.1
+0.1

o
-0.1

+0.2
+0.2
+0.1
-0.1
-0.1
-0.1

o
o

+0.1
o

Calcd. 
theoretical

Caled. 
theoretical

No. of Riugs

ing separate lines for condensed and non
condensed aromatics.

The average graph, Figure 4, was
derived assuming an equal distribution
of condensed and noncondensed types.
Results obtained from the average graph
cannot differ by more than 0.05 ring from
those obtained on Figures 2 and 3.

The method of interpolation between
mono-, di-, and tricyclic lines is based
on equal increments along a constant
density coefficient (A) line. This system
was developed by calculating properties
of hypothetical mixtures of benzene and
naphthalene, and benzene and diphenyl
assuming volume per cent additivity
of densities.

Results. Pure compound data for the
299 unsubstituted aromatics and alkyl
aromatics in Table IV show an average
deviation of 0.1 ring per molecule.

Figure 5 shows that there is little
systematic deviation throughout the
molecular weight range. The difference
between the calculated and theoretical
values for number of rings per mole
ellie, averaged for each group of isomers,
is plotted against number of chain
carbon atoms for the monocyclic aro
matics.

Table V demonstrates the accuracy of
this method for several aromatic fractions
separated from petroleum. Number of
rings per molecule obtained on the
aromatic extract is compared with
number of rings per mol~cule obtained
on the completely hydrogenated sample
by the method of Vlugter, Waterman,
and Van Westen (22). The analyses

by both methods agree within 0.1 ring per molecule on the lower
boiling fractions. The analyses of the two fractions· boiling
above 260 0 C. show slightly larger deviations which are probably
due to the presence of some naphthene ring in the aromatic
molecules.

The method of Vlugter, Waterman, and Van Westen, which
depends on Lorentz-Lorenz specific refraction and molecular
weight is reported to be accurate within 0.2 naphthene ring per
molecule (10). This reported accuracy has been confirmed on
pure hydrocarbon data in this laboratory. Deanesly and Carle
ton (3) have reported a correlation of specific refraction against
carbon-hydrogen ratio which is somewhat different from the
correlation of Vlugter et al. (22), and which will give slightly
different results for number of rings per molecule.

Table VI demonstrates the accuracy of this method using the
calculated properties for the aromatics in straight-run gasoline
fractions. In the boiling range where only monocyclic aromatics
can be present, the values obtained by this method do not deviate
more than 0.1 ring per molecule from the theo~etical value.
In the boiling range where dicyclics may be present, the number
of rings per molecule obtained by this method is considerably
higher than one ring.

Figure 6 shows the application of this method to narrow-boiling
fractions of aromatics extracted from East Texas crude boiling
up to 350 0 C. Through the monocyclic range, the method shows
1.0 ring per molecule, and from there, the number of rings in
creases steadily through the boiling range. AB in the per cent
ring analysis, there are marked increases in number of rings per
molecule at certain points in the dicyclic range. At the boiling

No. of Rings

Caled.

1.1
1.3"
1.3"
1.3'"
1.4'"
1.7

2.2

2.0
1.6a

1.8

3.1
3.0

2.2 a
2.2 a

2.1
1.9
1.8
1.9a
2.0
2.0

Caled.

1.1
1.2a

1.2a
1.2a

1.1 a
1.1
1.1
1.2
1.1
1.1
1.1
1.0
0.9

8
19
16
16
20
16

3

11
10

9
8
6
7
4
7
4
1
2

-1
-2

6
8
6

-2
-3
-1
-1
-1

6
1

o
-4
-2

Caled.
theoretical

Weight % Riug
Calcd. 

theoreticalCalcd.

75
79a

70 a

66a

66a
59

43

Weight % Ring

92 a
88a

81
44
40
39a

34
31

96
87

31
24a

24

Caled.

86
77 a

69 a

62 a

56a

53
47
47
36
23
24
18
10

No. of
Carbons in No. of
Side Chains Isomers Formula

3 1 C.H.
4 7 C,.H,.
5 4 CuHu
6 2 C12H14,
7 2 CU H16
8 1 CU H 18

18 1 CaoHu:

No. of
Carbons
in Side No. of
Chains Isomers Formula

2 1 C.H.
3 5 C,Hto
4 12 ClOHI.
5 13 CIlH..
6 6 CuHJS
7 1 CU R l 8

8 1 C14H2o
9 1 C"H..

13 1 CI.H,.
21 1 C"H..
22 1 C..H"
26 1 enRoll
44 1 C••H..

2 2 C14HI.
3 2 CuRu:
4 1 C16H16

14 1 C..H,.
16 1 C..H,.
18 2 C••H..
22 1 C..H"
26 1 C..H..

2 C••H I •

3 C"H"

22 1 C32Hso
26 2 C36Hli8
28 1 CaSH62

a Averages.

a Averages.

Nucleus

Phenyl

Tahle IX.

Nucleus

Phenyl

2 phenyls

2 phenyls

Naphthyl

3 phenyls

Table X.







Colorimetric Determination of Red lead (Minium).
MELVIN H. SWANN. Paint and Chemical Laboratory, Aberdeen Proving Ground, Md.

iVIany unsuccessful attempts have been made to determine red lead in mixed
paint pigments. Results are difficult to duplicate in the analysis of comIllercial
red lead by recognized Illethods. These analyses can now be made quickly and
accurately by a siIllple colorimetric procedure.

T HE Diehl-Topf, Figg, Schaeffer, and other methods for
analysis of red lead are to a great extent applicable to un

mixed red lead but not to mixed pigments containing red lead.
These methods depend on the liberation of iodine by red lead or on
the reduction of red lead by hydrogen peroxide, oxalic acid, arseni
ous oxide, etc., and thus ·can be used only in the absence of sub
stances other than oxides of lead that liberate iodine or reduce
peroxides under the conditions of the analysis. In the iodomet
ric methods, light causes the liberation of iodine in excess of the
anticipated amount when analysis of mixed pigments is attempted.
This effect is seemingly increased when lead chromate pig
ment is present. In attempting to analyze mixed pigment the
necessary filtration is an additional source of error.

Red lead, mixed or unmixed, has been successfully determined
by a simple colorimetric procedure in which the decomposition
of lead tetraacetate by sufficient water to reduce the acidity of
the final solution to 0.2 N or less, results in a clear yellow to red
colloidal suspension of insoluble lead dioxide. The following
equations describe the reaction:

Pb30 4 -'- 4CH3COOH = Pb(CH3COO)A + 2PbO + 2H,O

Pb(CH3COO)4 + 2H,O = PbO, + 4CH3COOH

for several hours at 125 0 C. under full vacuum and a sample con
taining not less than 0.2 gram of red lead is weighed into a pre
dried 50-m!. centrifuge tube having a constricted neck. Exactly
20 m!. of glacial acetic acid are added from a precision buret.
The tube is quickly stoppered with a rubber stopper and shaken
for a few minutes at room temperature, then placed in a water
bath at 60 0 C. The stopper is loosened momentarily to release
pressure and the tube is vigorously shaken every few minutes.
It is removed from the bath after 15 minutes, then centrifuged
until the solution is clear and can be drawn off. The clear liquid
is transferred to a microburet by means of a pipet and exactly
1 m!. is drawn off into a 600-m!. beaker. Then 20 m!. of absolute
ethyl alcohol are added quickly from l£ graduate, the. mixture is
swirled for 1 second, and 200 m!. of distilled water are added
immediately with constant and rapid stirring. Speed of addition
of alcohol and water, respectively, is very important at this
point. Alcohol prevents cloudiness which may appear when
small amou,nts of red lead are present.

The colored solution is then transferred to a 250-m!. volumetric
flask, diluted to volume with water, and compared on the electro
photometer at once. Fading will begin in 10 or 15 minutes and
is accelerated by a delay in adding water to the aliquot following
addition of alcoho!. If the color formed is faint a larger aliquot
may be used from the buret, provided 5 m!. of alcohol are added
for each 0.25 m!. of aliquot used. Per cent of red lead is calcu
lated from a graph orepared from standards as outlined above.

DISCUSSION

It is notable that accuracy increases as the red lead content of
the aliquot taken approaches 50 mg. Results are reproducible
to 0.05% when the aliquot contains 30 to 60 mg. of Pb304.

ACCURACY METHOD

Apigment mixture duplicating the minimum requirements of
U. S. Army specification 3-181, O. D. enamel, was prepared from
pigments predried at 125 0 C. under vacuum. This mixture
contained precisely 17% red lead bS weight. Baker's analyzed
C.P. powder, analyzing 99.9% red lead was used..The approxi
mate composition of the mixture was as follows: lead chromate
35%, red lead 17%, zinc oxide 8%, extenders and tinting pig
ments (magnesium silicate, carbon, etc.) 40%.

Triplicate samples weighing exactly 2, 3, and 4 grams were
taken and the analysis proceeded according to the method given
for mixed pigments. Results are as charted.

This method is specific, since red lead is the only compound
used as a paint pigment that is completely soluble in glacial acetic
acid and develops color when diluted under the conditions given.
Litharge is soluble under the conditions but remains in solution
when diluted. Lead dioxide is insoluble in glacial aliletic acid.
To attempt to separate red lead from mixed pigments with glacial
acetic acid and determine the total lead in the extraction would
require correction for any litharge present. In the analysis of
extracted pigments, some loss of red lead must be anticipated,
since it is a highly reactive pigment and readily forms lead soaps
with fatty acids of the vehicle. The unreacted red lead in the
pigment would vary with the type of pigment and vehicle.

Red Lead
%

17.25
16.75
17.0
17.0
16.87
17.0
17.05
17.0
17.05

Colorimetric
Readings

7.6,7.6,7.5
7.4, 7.4.7.4
16.2,16.1,16.2
11 .8, 11 .8, 11 . 7
11.7,11.8,11.7
24.9,24.9,25.0
16.2.16.2,16.3
16.0,16.2,16.2
33.5,33.6,33.6

Aliquot Used
MI.

1
1
2
1
1
2
1
1
2

Weight of Sample
Grams

2
2
2
3
3
3
4
4
4

ANALYTICAL PROCEDURE

The analytical procedure varies slightly, depending on whether
red lead under analysis is isolated or mixed with other pigments.
Both methods are given, since the establishing of color standards
is identical with the analysis of the isolated red lead.

For Red Lead (Uwnixed). The red lead powder is dried for
several hours at 125 0 C. under full vacuum and 0.5 gram is
weighed to 4th decimal accuracy into a predried 125-m!. glass
stoppered flask. Exactly 20 m!. of fresh, glacial acetic acid are
added from a precision buret, and the flask is quickly stoppered
and swirled at room temperature for a few minutes until the
lumps are finely divided. A small strip of paper is inserted at one
side of the stopper and the flask is placed in a water bath at 60 0 C.
and swirled every few minutes until red lead has completely dis
solved. Vigorous shaking of the tightly stoppered flask may be
necessary to effect solution. When cooled, the solution should be
clear. If a slight cloudiness or dark coloratiOn appears, condi
tions or materials have not been anhydrous.

This red lead solution is transferred to a microburet and an
exact aliquot of not less than 0.25 m!. and not more than 3.0 m!.
is drawn off into a 600-m!. beaker. Without delay, 5 m!. of ab
solute alcohol lor each 0.25 m!. of aliquot are added from a gradu
ate and the mixture is quickly swirled for 2 or 3 seconds. About
225 m!. of cool distilled water are quickly added from a graduate
with immediate and rapid stirring. Color will develop at once.
If any appreciable color appears when the alcohol is added, water
is present in either the alcohol or the acetic acid and erroneous re
sults will be obtained. The solution is next transferred to a 250
m!. volumetric flask, brought to volume with water, and compared
to colored standards containing known amounts of red lead, de
veloped by the same procedure. The color comparison should be
made immediately and the use of Fisher electrophotometer with
green light filter is recommended. A graph developed in this
way is a straight line if the logarithmic scale of the instrument is
used. This graph should be prepared by following the procedure
through with exactly 0.5 gram of red lead of known high purity,
'99% or higher, and developing colored standards by drawing off
-a series of aliquots ranging from 0.25 to 3.0 m!.

For Mixed Pigments Containing Red Lead. The pigment is
extracted from the wet paint by the usual centrifuge method,
except that anhydrous ethyl ether (technical) is used as the ex
traction solvent.

The finely ground and sifted pigment (100-mesh sieve) is dried

191



Determination of Calcium by Potentiometric Titration'
NORBERT URI

Chemical Laboratories, Hebrew Univ~rsity, Jerusalem, Palestine

A new Illethod is proposed for the deterIllination of caleiuIll by potentiOIlletric
titration. The Illethod is based on the precipitation of calciuIll ions by potas
SiUIll Ouoride solution and the use of the oxidation-reduction potential of ferric
ferrous ion as an indicator for the deterlllination of the equivalence point. The
estiIllation is carried out in a 50% alcoholic solution saturated with sodiuIll chlo
ride. The Illethod can be used to determine the SUIll ofcalciuIll and magnesiuIll.

Riedel de Haen. The potentiometric cell may be indicated as
follows:

Figure 1. PotentioIlletric Titrations

1. 50 lDl. of 0.05 M calciulD chloride with 1 M pot88siulD fluoride~
AE/AV maximum. obtained at 5.025 lDI. of potassium. fluoride

2. 50 lDl. of 0.05 M CalciUlD chloride and 0.05 M magnesiulD chloride.
with 1 M potassiUln fluoride. AE/AV lDaxim.um obtained at 12.4.
lDl. of pot88sium fluoride

Solvent 50% ethyl alcoholaaturated with sodium chloride

The calcium chloride solution was kept in a Pyrex beaker cov
ered with an ebonite block which could be fixed in a thermostat.
The measurements were in general carried out at a temperature
of 0 0 C. The ebonite block contained a number of holes for a
stirrer, electrode, and electrolytic bridge and for the introduction
of the solutions and addition of titrant solution from a lO-ml.
microburet divided into 0.01 mi. The bright platinum electrode
had the form of a square of I sq. em. area and when not in use was
kept immersed in distilled water. The e.m.f. of the cell was
measured with a Hellige Roehrenpotentiometer. This apparatus
is based on the following principle:

The potential to be measured is applied to the grid' of a triode
valve, and causes a change in the anode current. This change
is measured by means of a dial-galvanometer. Thus it is possible
to read directly (in millivolts) the value of the potential applied
to the grid. As the accuracy is reduced when more than 200
mv. are applied to the grid, the apparatus possesses an arrange
ment whereby back e.m.f.'s of 200, 400, 600, 800. 1000 mv., re
spectively, can be applied. These back e.m.f.'s are obtained
from a series of resistances connected to a special standard cell ill

CURVE 1 4.0

CU/lVE 2 7.5

Hg

5.2
13.5

~.O

12.5

KCI, Hg,CI,
(satd.)
reference
electrode

Kel (satd.)
agar-agar
bridge

4.4 4.b 4.8
'l.5 10.5 11.5

Ml. OF 1M-KF

4.2
8.5

- ~

"""-
~

\ ,

\
I

!

:
\

\\
~

Sample
solution

-220

Pt

~

Z -140

W

-20

+20

V'l
I-
--' -bOo
>
::j -100

-180

EXPERIMENTAL

All substances used were Schering-Kahlbaum products (puriss.
or for analysis) except ferrous chloride which was obtained from

Table I. PotentiOinetric Titration of 50 Ml. of 0.05 M
Calciulll Chloride with M PotassiuIll Chloride
(Solvent 91% by volume ethyl alcohol saturated with Na cn

M KF, Ml. E, mv. AE/AV

0,00 +146
0.50 +148
2.50 +148
3.50 +146
405U +125
4.~ +m} ~

4.90 +82}
525

4.98 +40}
600

5.06 -s}
500

5.14 -48}
5.22 -60 150

No satisfactory potentiometric method for the determination
of calcium can, be found in the literature. Most methods

are based on the use of third-class electrodes such as Ag/Ag.C.O./
CaC.O./Ca ++, Pb/PbC.O./CaC,O./Ca H, and Ag/Ag.PO./
Ca3(PO.h/Ca H (1).

The method proposed.here for the estimation of calcium was
originally suggested by Treadwell (2) some 15 years ago for the
determination of mixtures of magnesium and aluminum. It is
based on the fact· that ferric but not ferrous ion forms a stable
complex with fluoride. If a solution of calcium chloride contain
ing ferrous and a small quantity of ferric ion is titrated with
potassium fluoride, the fluoride added is first precipitated as
calcium fluoride. At the, end point, the Fe+++ is converted to
FeF6---, causing an abrupt drop in the oxidation-reduction
potential measured by means of a bright platinum electrode im
mersed in the solution. It is not practicable to work in a purely
aqueous solution, owing to the considerable solubility of calcium
fluoride and it is probably for this reason that the method, though
allowing the rapid determination of calcium, has not been sug
gested so far. Accurate results were, however, obtained by work
ing in a .50% ethyl alcohol solution saturated with sodium
chloride. The method can also be applied to the estimation of the
sum of calcium and magnesium (a separate estimation of the two
in a mixture was not practicable under the working conditions),
and thus by the additional determination of one of the compo
,nents by usual analytical methods, the proposed potentiometric
method may be used to ascertain the amount of both calcium and
magnesium, an important fact considering the analytical im
portance of solutions of these ions. In the determination of the
sum of calcium and magnesium the potential drop is less distinct
than in the case of pure calcium chloride solutions, but the error
never exceeds ± 1%. This disadvantage is partly offset by the
ease and speed of the determination, since ordinarily in this
separation many difficulties have to be overcome.
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Miller and McBee (7) have reported a pyrolysis method for the
determination of carbon in halocarbons. Fluorine was removed
from the gas stream by reaction with quartz to form silicon tetra·
fluoride, which was absorbed on alumina contained in the combus
tion tube. The alumina was maintained between 625 0 and
650 0 C.

Hubbard and Henne (3) had previously determined fluorine in
organic compounds by quantitatively absorbing the silicon tetra
fluoride formed in this manner in water and then determining the
fluoride present in the aqueous solution.

Since fluorine can be quantitatively converted to silicon tetra
fluoride, and this compound can be quantitatively absorbed by the
alumina, it should be possible to determine the fluorine by weigh
ing an absorption tube filled with alumina on which silicon tetra
fluoride is absorbed. The alumina has to be used at an elevated
temperature to prevent absorption of some of the carbon dioxide.
Since silver is used to remove all chlorine quantitatively in the
usual carbon and hydrogen determinations, i~ should also be pos
sible to determine the chlorine content of a halocarbon sample by
weighing an absorption tube filled with silver. If bromine is
present in the compound, it would also react with the silver.
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Table I.
Compound

FChC-CF,Cl
(Freon-1l3)

Av.

C8F16
(Perfluorodimethyl

cyclohexane)

Av.

Analysis of Standard Halocarbons
By Analysis Theoretical

0/0 C % Cl % F % C % .Cl % F

12.76 55.60 30.69
12.83 56.45 31.90
13.19 56.47 29.96
13.16 57.36 32.40
12.92 56.49 30.18
12.97 56.47 31.03 12.80 56.80 30.40

"=0.16 ""0.36 "=0.90

24.1 72.2
23.8 73.8
24.0 73.5
24.0 73.3
23.5 74.6
23.7 74:0
24.0 72.2
n.9 n.4 U.O ~.o

"=0.17 ""0.6.
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4-mm. lengths and packed as tightly as possible. The 295 0 C.
f~rnace, E, 21 em. long, covers the absorption tube containing the
SlIver.

The silicon tetrafluoride absorption tube which contains alu
mina, sodium fluoride, and Drierite is attached to the silver
conta!ning tube. rr:he furnace, F, which covers this absorption
tube, IS 17 em. long; It actually consists of two 175 0 C. thermostatic
sleeves. The alumina is placed only in the section of the absorption
tube covered by the furnace and must be dried in a stream of oxy
gen at 175 0 to 180 0 C. for 4 hours before the packing of the tube is
completed with sodium fluoride and Drierite. The sodium fluo
ride is principally used .to separate the Drierite from the !tot region
near the furnace, but WIll also remove any hydrogen fluoride which
may have passed through the alumina. If the alumina is per
mItted to ex~en.d out of the furnace, there is danger of absorption
of carbon dIOx1~e by the alumina. The indicating Drierite is
placed m .the eXl t end of the tube to. absorb any moisture which
m3:Y ~e ~1Ven off by the alumi.na during the combustion. The
Dnente IS placed at the end of the tube which is most conven
ientlyopened, as it must be replaced after about four determina
tions, while the alumina is not exhausted before 20 to 25 deter
minations have been made.

The carbon dioxide ab~01:pti<?n tube, G, containing Ascarite
and a small amount of Dnente, IS connected to the tube contain
in~ t~e ~lumina. A safety tube, K, containing Ascarite and
9nente IS attached at the end of the train.

All connections are glass to glass held in place by heavy-walled
paraffin-impregnated rubber capillary.tubing.

A 20- to 30-mg. sample is weighed in a Pyrex capillary tube if
the sample is a liquid or a low-melting solid. Other solids are
:.veighed in a platinum microboat: The capillaries are prepared
m the laboratory from Pyrex tubing 3.5 rnm. in outside diameter
a~d, except for a slight variation, are made like the usual weighing
mICrocapIllaries. Inste!?"~ of a str~ight capillary, a hook is formed
at the closed end to faCIlitate theIr removal from the combustion
tube.

D
G F E

A

Figure 1. Combustion Train

EQUIPMENT AND MATERIALS

Quartz combustion tube, 69 cm, long, 11 mm. in outside diam
eter (7 mm. in inside diameter). Side arm, 6 mm. in outside di
ameter (2 mm. in inside diameter), attached about 4 cm. from the
large end of the tube. Capillary tip, 3.5 cm. long, 3.5 mm. in
outside diameter (2 mm. in inside diameter).

Combustion tube filling, 6 rolls of platinum gauze, 3.5 cm. long.
Crushed quartz.

Two soft-glass carbon and hydrogen absorption tubes, 31 em.
long. One soft-glass carbon and hydrogen absorption tube, 20 cm.
long. Two Fisher microcombustion furnaces. Furnace, 175
180 0 C., 17 cm. long. Furnace, 175-180 0 C., 7 cm. long.
Furnace, 295 0 C., 21 cm. long. Roll of iron wire gauze, 7 cm.long.
Oxygen purification train.

PROCEDURE

The oxygen purification train and pressure regulator, A, Fig
ure 1, is set up as in the ordinary carbon and hydrogen train.
The combustion tube, B, is filled WIth alternating zones of
crushed quartz and platinum gauze, spaced so that a roll of plati
num is at the entrance of the high-temperature furnace as well as
at the junction between the high-temperature furnace, C, and
the 175< C. furnace, D, 7 cm. long, which surrounds the exit end
of the combustion tube. The other four rolls of platinum are dis
tributed. evenly throughout the section of the combustion tube
whicbis in the high-temperature furnace. The platinum serves
as a combustion' cat'tlyst, and the quartz by reaction with the
fluorine forms silicon tetrafluoride which is absorbed, or otherwise
retained, in <tn absorption tube containing activated alumina
(indicating type) at 175 0 C. The 175 0 C. furnace covering the
exit end of the combustion tube is used to provide a temperature
gra.dientto protect. the rubber connection between the combustion
tube 3,nd t.he absorption tUbe, which contains the silver wire.

Attached to the combustion tube is a soft-glass absorption
tube, 31 cm. long, which contains clean silver wire cut into 2- to

The absorption tubes are weighed and connected to the train
in proper order about 10 minutes before the sample is mtroduced
so as ~o allow the furnaces to heat the absorption tubes tocon~
stant temperature.

The section of the combustion tube which is to contain the
sample is wrapped with a piece of moist chamois to cool this sec
tion before introduction of the sample. The tip of the capillary
is scratched with a file and inserted into the end of the combus
tion tube, then broken by applying pressure with a microspatula.
The .combustion tube is then stoppered immediately. These pre
cautIOns are necessary because many fluorine-containing halo
carbon samples are extremely volatile.

After removal of the wet chamois, '" very IOlv flame from' a
microburner, H, placed about 7.5 cm. (3 inches) below and 2.5
om. (1 in~h) behind the section containing ~he sample, vaporizes
the orgamc compound. The burner IS gradually moved lorward
un~il all the sa!?ple has been vaporized from the capillary or boat.
Tile gauze, J, IS then moved into place over the capillary and is
heated directly with the microburner with the maximum flame
possible. The flame and gauze, are gradually moved towards the
fu,rnace. Alter the sample has been p-?mpletely vaporized, 20
mmutes are allowed for thorough sweepmg through with oxygen
flowing at 10 m!. per minute.

After c?mbustion is complete, the absorption tubes are re
moved, WIped, and allowed to cool for about 20 minutes befor"
weighing. The weight gamed by the silver-containing tube repre
sents the actual weIght of the chlorine. When both chlorine and
bromine are present, the weight gained by the silver tube repre
sents the sum of chlorine and bromine. Presumablv these com
bined silver halides could be extracted from the surface of the
silver wire and be determined individually if necessary.

The weight gained by t)::te alumina-containing tube represents
the weight of silicon tetrafluoride and the,per cent fluorine is. cal
culated from the weight of silicon tetrafluoride obtained. If hy-
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The silver' wire used for chlorine and bromine absorption does
not absorb any fluorine-containing compound. When com
pounds containing only carbon and fluorine are analyzed, there
is no change in the weight of the silver-containing tube.

Since silver wire has a relatively small surface area, the silver
containing absorption tube has to be repacked after about four
00mbustions. If very finely divided silver could be deposited on
a porous medium (to permit an adequate oxygen flow), this dif
ficulty could be obviated.

It was found that alumina would absorb silicon tetrafluoride at
room temperature but would then also absorb from 25 to 75%
of the carbon dioxide. A temperature of 175 0 to 180 0 C. was
used because two Fisher microthermostatic sleeves were the only
small furnaces available. It is probably advisable to make a
more complete s'tudy of the temperature dependence of the rela
tive absorption of silicon tetrafluoride and carbon dioxide by
alumina. .

Alumina, removed from a quartz absorption tube which had
been used at 650 0 C., was examined roentgenographically (8).
The contents of the tube were divided into three sections, the
middle and the two ends. A sample of the alumina before use
for silicon tetrafluoride absorption was also examined. The
original alumina was found to consist of a-Al20 a. H 20 and a
small amount of anhydrous -y-Al20 a. The section at the entry
of the tube contained anhydrous -y-Al20 a and a small amount
of a-AlzOa. H20; the other two sections contained anhy
drous -y-Al.Oa only. While the center section was in the hottest
part of the furnace, the temperatures in the two end sections were
approximately the same. The alumina was dried in a stream of
oxygen at 650 0 C. for 24 hours before being used. Although it
was impossible to identify an x-ray pattern of a known fluorine
or silicon compound on the alumina after the silicon tetrafluoride
absorption, there was a slight change in the -y-AlzOa pattern.

Miller and McBee (7) had found that a temperature in excess
of 600 0 C. was required for complete absorption of the silicon
tetrafluoride by their sample of alumina, while apparently all the
silicon tetrafluoride was absorbed by this sample of alumina at
175 0 C. The temperature for a quantitative reaction of alumina
and silicon tetrafluoride appears to be related to the surface condi
tion of the alumina. A possible mechanism for the reaction is:

2H.O + SiF4 = SiO. + 4HF

6HF + Al,Oa = 2AIFa + 3H20

Only a small amount of water (from the partially hydrated
alumina) would be required initially, a.s more water would
be formed during the course of the reaction. Probably a
complex aluminum fluosilicate would be formed rather than
aluminum fluoride and silica. The Drierite in the' end of the
alumina absorption tube was actually used up more rapidly
than the alumina. This may substantiate the ,mechanism sug
gested above. That this reaction may be due to adsorption on the
surface of the alumina without such chemical reactions is sug
gested by the Fresenius method (10) for fluoride determination
in inorganic compounds, in which silicon tetrafluoride is absorbed
on pumice.

RESULTS

Samples of carefully purified and fractionated perfluorodi
methylcyclohexane (the isomeric mixture), CsF 16, and Freon-U3,
C.ClaF3, were analyzed by this method (Table I). The perfluoro
dimethylcyclohexane samples were analyzed at the lower tempera
ture (925 0 to 950 0 C,) and thus the results may not be truly indi
cative of the fluorine analyses which can be obtained by this
method. but do indicate the reproducibility of the method.

Freon-U3 (1,1,2-Trichlorotrifluoroethane). The unsaturated
compounds, acid chlorides and fluorides, hydrogen fluoride and
hydrogen chloride, usually found in commercial Freon-1l3 are
removed by refluxing with an aqueous potassium permanganate
solution for 3 or 4 days. The Freon layer is neutral at the same
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time that it is free of unsaturates. A test for completeness of
removal of the unsaturates is to warm a mixture of 2 volumes of
Freon, 1 volume of acetone, and 2 or 3 drops of aqueous perman
ganate solution. If any impurities remain, a brown color de-_
velops quickly. When this test is negative, the Freon is separated
from the aqueous layer. It was then fractionated in a column
(packed with lh6 inch nickel helices), with 40 theoretical plates.
The material used had boiling point 47.8 0 C., freezing point
-36.40 0 C.

Perfluorodimethylcyclohexane. After fractionation in the
same column as was used for the Freon, the material used had a
boiling range of 101.6 0 to 102.1 0 C. The boiling points of the
ortho, meta, and para isomers are 102.1-102.4°. 101.7°, and
100.5 0 C., respectively.

A large number of other halocarbons have also been analyzed.
Results for a representative group are given in Table II, together
with any other pertinent data available. These compounds were
prepared by a group under the supervision of W. T. Miller,
S.A.M. Laboratories, Carbide and Carbon Chemicals Corpora
tion, New York, N. Y. The compounds 'containing carbon,
fluorine, and chlorine were fractionated in a column with 60 theo
retical plates; ,those containing bromine, in a column with 10
theoretical plates.

It must be strongly emphasized that the spread of values in
successive determinations is undoubtedly due to changes in ex
perimental technique. It was necessary to analyze compounds
and to develop the method simultaneously in order to complete
the analyses before the closing date of the laboratory.

Some additional work is necessary to determine the ideal con
ditions of combustion. However, these will not be much different
from the conditions here reported. Additional work is also indi
cated for the mechanism of absorption of silicon tetrafluoride by
alumina, the ideal temperature of absorption, and the effects of
variations in the surface of the alumina.

CON~LUSIONS

A semimicro~ethod for the simultaneous determination of
carbon, fluorine, and chlorine (and bromine) in halocarbons by
combustion is reported.. This method is estimated to give re"Un_
which are at present '"=0.3% in the carbon ,content, '"=0.4% in
the fluorine content, and ='=0.9% in the chlorine (and bromine)
content.
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Table I. Indicator Current as a Function of Electrode Size

and, if an indicator current of more than 60 microamperes had
been obtained during these preliminary adjustments, was rinsed
with 15 m!. of 50% acetic acid.

Titration. Ten milliliters of 50% acetic acid solution and 1 m!.
of 1 formal aqueous potassium bromide were pipetted into the
titration cell. The generating rate selector switch· was set to a
suitable rate and the titration was begun by closing the generat
ing current switch and simultaneously starting a stopwatch.
Immediately the generating current was noted, and, if necessary,
readjusted to the proper value; further adjustment was some
times required during long titrations at high rates of bromine
generation.

Cathode Size
Sq. em.

0.04"
0.8
0.8
2.1
6.5
8.4

14.9

Anode Size
Sq. em.

14.9
14.9
0.8
3.0
8.4
6.5
0.8

Microamperes
Micrograms of

Bromine per Ml.

1.5
4.2
4.2

16.0
21.8
24.3
46.3

a Rotating microelectrode.

Table II. Apparent Resistance of Generator Electrodes

a 0.80 sq. em. cathode and 0.85 sq. em. anode.
b 0.10 sq. em. cathode and 0.85 sq. em. anode.

Apparent Resistance
After 30 seconds After 360 seconds

Ohms

1385",1700 b
388", 498b
203", 317 b

Ohms

1270",1460 b
358", 458b
178", 282b·

Generating Rate
111iCTogramS oj bromine

per second

0.8
4.0

10.0ANODE

GENERATOR

ELECTRODES

ANODE
INDICATOR
ELECTRODES

CATHODE

Rg
~

45 VOLTS

+
R,

1.5 VOLTS
R2-. •

- ..------......../ ..-------------..
S2 CATHODE

Figure 2. Electrical Circuits Employed

51 SPDT, on-off switch
S2 SPST., generating current. switch
Sa Two-gang rotary switch; generating rate selector swit.ch
Rl 300 ohlIls
R, 750hlIls
R, 35,000 ohllls
R, 7000 ohllls
R, 3000 ohlIls
R6 15,000 ohms, variable
R7 3000 oh.rns, variable generating current adjusting resistors
R, 1000 OhIIlS, variable
R9 500 ohmM, se:rnivariable
RIO = 30 ohms, sernivariable
RIl = 15 oh:rns, sernivariable
M J =- 0-100 rnicroalIl.llleter; internal resistance less than 3000 ohms
Mt = O-llnilliaDlDleter;. internal resistance approxirnately 100 ohms

When the indicator current began to rise continuously or
dropped to a negative value, the titration was stopped. The time
of bromine generation, the rate of generation, and the maximum
value of the indicator current were recorded; the indicator cur
rent was allowed 15 to 20 seconds to attain a steady value. If
the indicator currentwas less than 3 microamperes, the generating
rate selector switch was set to 1 microgram per second and the
titration was continued until the indicator current rose continu
ously.

At the end of each titration the end-point correction factor '\"as
determined by noting the indicator current, generating 10 micro
grams of bromine, and again noting the indicator current. Di
vision of the current increase into 10 gave a factor 'lmicrograms
of bromine per microampere of indicator current", whose product
with the value of the indicator current at the end of the titration
gave the end-point correction. .This end-point correction and a
blank correction for the 50% acetic acid being' used were sub
tracted from the product of the generating rate and the time of
generation to give the amount of bromine consumed in the titra
tion.

The solution was drained off and, if an indicator current greater
than 60 microamperes had been obtained, the cell was rinsed with
15 ml. of 50% acetic acid before beginning the next titration.
After the last titration the cell and electrodes were rinsed with 15
m!. of .50% acetic acid and the solvent was drained off. The
stirrer was stopped and switch 8 1 was turned off.

DIS(:USSION

Indicator Electrode System. Typical plots of indicator elec
trode current against bromine concentration, obtained with the
experimental apparatus described above, are shown in Figure 3.

The linear relationship is the same as is obtained with the con
ventional electrode systems employed in amperometric titra
tions-namely, a calomel reference electrode and either a drop
ping mercury electrode or a rotating platinum microelectrode.

In the presence of 0.09 formal bromide ion and at impressed
potential differences of less than 0.36 volt, the current which flows
is proportional to the bromine concentration and independent of
tl1e. applied potentia!. Departures from linearity at large cur
rents result when the voltage drop in the external circuit resist
ance becomes large in relation to the impressed potential; for a
given external resistance an increase in the applied potential
difference increases the length of the linear portion of the curve
without changing the slope. The impressed potential difference
should therefore be as large as possible without being great enough
to cause a significant current (more than 1 microampere) to flow
between the indicator electrodes before the end point is reached.
With the electrolyte used in these experiments (10 mI. of 50%
acetic acid and 1 m!. of aqueous 1 formal potassium bromide) the
upper limit of the potential was approximately 0.36 volt.

As might be expected, the slope of the current vs. bromine curve
is dependent upon the size of the indicator electrodes and espe~

cially that of the cathode (see Table I). Present work has been
limited to systems having a total anode and cathode area of not
over 15 sq. em. because this was the maximum electrode area
that could be immersed conveniently in 11 m!. of solution.. While
greater sensitivity can be obtained by making the cathode larger
the indicator current is unstable if the cathode area is very large
in comparison with the anode area and as a result accurate meas
urement of the bromine concentnttion is difficult. The best
compromise betwee n sensitivity and current stability is appar
ently offered by electrodes of 6 to 9 sq. cm. area each, with the
cathode area 100 to 150% that of the anode. If volumes larger
than 10 m!. are to be titrated, the use of larger electrodes should
lead to an increase in sensitivity.

The arrangement of the indicator electrodes was dictated by the
desire to titrate aliquots of only 10 Ill!. and to generate the bro
mine electrolytically. The most suitable of the experimental
configurations tested (Figure 1) allows the use of reasonably
large indicator electrodes in a spatial ·configuration which gives
adequate· isolation from the generatpr electrodes' and in addition
permits effective stirring. The stirrer is rotated counterclock
wise, viewed from above, so that the flow of solution is from the
generator electrodes toward indicator electrode l.

If the minimum spacings specified were not observed, large
currents were found to flow between the indicator electrodes dur
ing titrations; the direction depended upon the polarities of the
interacting electrodes. These currents should not be confused
with normal, momentary displacements of 5 to 10 microamperes
which occur when the generator current is turned on or off.
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freshly prepared bis(2-chl9roethyl) sulfide solutions which had not
had time to hydrolyze were stoichiometrically equivalent to
hydrolyzed solutions, they reacted so slowly with bromine that
appreciable bromine concentrations were obtained during the
titrations. The corresponding disulfide, trisulfide, and penta
sulfide consume large amounts of bromine and react so slowly
that extreme difficulty is experienced in determining the end
point. As might be expected, the sulfoxide and sulfone do not
react with bromine.

Specificity of Titration
Moles of Mustard Found per
Mole of Compound Titrated

0.998
4.9
7.7

11.6
0.0
0.0

Table IV.

Compound Ti.trated

Mustard, unhydrolyzed
Bis(2-chloroethyl) disulfide
Bis(2-chloroethyl) trisulfide
Bis(2-chloroethyl) pentasulfide
Bis(2-chloroethyl) sulfoxide
Bis (2-chloroethyl) sulfone

standard thiodiglycol solutions [from weighted amounts of bis(2
chloroethyl) sulfide] and in the measurement of the absolute value
of the generating current make the appraisal of the accuracy of the
titration' uncertain, except that it is within 2%.

The results of titrations with several compounds closely re
]ated to thiodiglycol are summarized in Table IV. Although
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Amperometric Methods in the Control of Water
Chlorination

HENRY C. MARKS AND G. L. BANNISTER, with the technical assistance of J. R. GLASSl AND ELAINE HERRIGEL

Wallace and Tiernan Company, Inc., Belleville, N. J.

Using rotating platinUIll electrodes, current-voltage curves have been obtained
for solutions of chloramines and of hypochlorous acid at several pH values. They
are cOIllpared with siJ:uiIar curves for dissolved oxygen. A liIlliting current was
found even at the low chlorine concentrations that exist in drinking. water when
the electrode area was sufficient and other conditions were right. These results
serve as a basis for discussion of the applications and limitation" of·the ampero
Illetric Ille~hods that have been used for both continuous recording and aIllpero
Illetric titration of chlorine residuals, even though the electrodes used have. not
been shown to give a liIlliting current.

T HE determination of "residual" chlorine in water by an elec
trometric method that could be adapted to continuous auto

matic indication and recording has long been recognized as an
important objective by numerous investigators. In several
attempts to use an amperometric method, concentration has
been measured by the amount of current flowing through a cell
containing one polarized electrode. No particular attention has
been paid to the possible existence of a limiting current and there
has been no publication of current-voltag~ curves for hypochlo
rous acid or chloramine.

Rideal and Evans (18) used a polarized electrode consisting of
a pIitinum rod extending axially through a copper tube. The
water flowed through the latter, which was connected through an
ammeter to the platinum and acted as the nonpolarizable elec
trode. Ornstein (17) patented the modification in which the two
.electrodes were separated by a porous diaphragm and the less
noble electrode was immersed in a sample of unchlorinated water.
Wallace (19) perfected a design which provided continuous abrad
ing of the electrode surface' and in which an external source was
used to impress an unvarying voltage of substantial magnitude.
Low electrical resistance and a constant environment for the non
polarizable electrode were added by Marks (15) in a modification
-discussed by Baylis et al. (1).

The amperometric titration (11) of Foulk and Bawden (6) was
applied to the determinatioD. vf dissolved oxygen in water by
Hewson and Rees (7) and Evans and Simmons (5). By the use
or a special electrode and a different reagent Marks and Glass
(16) adapted the method to the determination of chlorine residual
in water.

In order to gain a better understanding of the results obtained
with the direct amperometric method and the amperometric
titration and to define their limitations more clearly, current-

1 Present address t Socony Vacuum Oil Co., Paulsboro, N. J.

voltage curves have been determined employing several types of
electrodes in very dilute solutions of hypochlorous acid and'chlo
ramines.

CURRENT-VOLTAGE CURVES

Dropping MercUlY Electrode. Hypochlorous acid was found to
react too rapidly with mercury to obtain satisfactory curves.
Solutions of chloramines containing 50 to 100 p.p.m. of "avail
able" chlorine gave polarographic waves with apparatus similar
to that shown in Figure I in which the rotating electrode was re
placed by a conventional dropping mercury electrode, the mercury
faIling into a funnel opening and being siphoned off to minimize
contact with the solution. Since the curves have characteristics
very similar to those obtained with the rotating platinum elec
trodes, they are not shown.

Experimental. The rotating platinum microelectrode (9) and
cell are shown in Figure 1. The container was a glass jar approxi
mately 7 cm. in diameter and 9 cm. high, fitted with a rubber
stopper. The platinum electrode was incorporated into the
plunger of a hypodermic syringe as shown. As finished, the ex
posed portion was a circular area 2 mm. in diameter on the sur
face of a projecting knob of glass. The other end of the plunger
was centered in a gear driven at 600 r.p.m. by a laboratory motor
and rotated within the cylinder of the syringe as a close-fitting
bearing. Electrical connection was made by a stationary tube
with sealed-in platinum wire dipping into mercury as indicated.
The anode was "fine" silver wire 0.5 mm. in diameter and 18 em.
long, and the porous anode container was a Coors porcelain thim
ble No. 735, size 1.

The large rotating platinum electrode shown in Figure 2 was
mounted in the syringe plunger and used interchangeably with
the microelectrode in the cell of Figure 1. The electrode was in
the form of a band 0.4 mm. thick, 29 mm. in'outside diameter,
and 11.8 mm. high cemented to the Lucite holder. .Electrical
contact was made by soldering one end of a platinum wire to the





















Recommended Specifications for Analytical
Reagent Chemicals

Benzine (petroleum benzine, petroleum ether), mercuric iodide red, mercuric
oxide red, methyl orange, methyl red, nitric acid fuming, sodium cobaltinitrite,
sodium phosphate dibasic (suitable for buffer solutions), starch soluble (for

iodometry)

EDWARD WICHERS, A. Q. BUTLER, W. D. COLLINS, F. S. EISENHAUER, J. F. FLAGG, R. A. OSBORN, JOSEPH
ROSIN, J. F. llOSS, AND JOHN WOLF

COInrnittee on Analytic~lReagents, AMERICAN CHEMICAL SOCIETY

T HE specifications given below comprise the fourteenth
group to be published by the committee since 1925, and the

second to supplement and amend those appearing in the twelve
earlier publications (i-12), which were contained in the book,
"A.C.S. Analytical Reagents", published in 1941.

The specifications are intended to serve for reagents to be used
in careful analytical work. The limits and tests are based on
published work, on the experience of members of the committee
in the examination of reagent chemicals on the market, and on
studies of the tests made by members of the committee as the
various items were considered. Suggestions for the improvement
of the specifications will be welcomed by the committee.

In all the directions the acids and ammonium hydroxide re
ferred to are of full strength unless dilution is specified; dilution
indicated as (1 + 3) means 1 volume of the reagent VI' strong so
lution with 3 volumes of water; water" means distilled water of
a grade suitable for the test described; reagents used in making
the tests are supposed to be of the grade recommended below or
in previous publications (1-13) from the committee. Directions
for the preparation of the ammonium 'molybdate solution are
given under the test for phosphate in ammonium nitrate (3).
A time of 5 minutes is to be allowed for the appearance of precipi
tates and before observation of color reactions, unless some other
time is specified.

Blank tests must be made on water and all reagents used in
the tests unless the directions provide for elimination of errors
due to impurities. Solutions of samples must be filtered for tests
in which insoluble matter would interfere.

Benzine (PetroleUlll Benzine, PetroleUlll Ether)

Note. Dangerously flammable. Should be kept away from
flame and be stored in a cool place in tight containers.

REQUIR~MENTS

Appearance and Color. To pass test.
Odor. To pass test.,
Boiling Range. 30-65 ° C.
Nonvolatile Matter. Not more than 0.0015%.
Acid. To pass test.
Heavy Oils and Fats (Spot Test). To pass test.

TESTS

Appearance and Odor. Mix the material inthe original con
tainer and pour 10 m!. into a test tube (150 by 20 mm.). The
liquid should be clear and free from suspended matter or sedi
ment. The color should be no more than the color of a standard
prepared by dissolving 0.0025 gram of potassium dichromate in
1 liter of water.

Odor. The odor should not be disagreeable or sulfuretted.
Boiling Range•. Determine by the method of the U. S. Phar

macopoeia using 100 m!. of the benzine. None should distill
below 30 0 C. and not less than 90% should distill between 30 ° and
65°C.
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Nonvolatile Matter. Evaporate 100 m!. at 7D-SO°C. Dry
for 30 minutes at 105 ° C. The weight of the residue should not
exceed 0.0010 gram.

Acid. Thoroughly shake '10 m!. with 5 m!. of water for 2
minutes and allow to separate. The aqueous layer should not
turn blue litmus paper red in 15 seconds.

Heavy Oils and Fats (Spot Test). Pour gradually 10 ml.
onto the center of a clean filter paper. After 30 minutes there
should be no greasy stain visible on the paper and it should
have no disagreeable odor.

Mercuric Iodide, Red (HgI21
REQUIREMENTS

Assay.. Not less than 99% Hgh
Solution in Potassism Iodide Solution. To pass test.
Nonvolatile Matter. Not more than 0.050%.
Foreign Metals (as Pb). Not more than 0.001 %.
Mercurous Mercury (as Hg). Not more than 0.10%.
Soluble Mercury Salts (as Hg). Not more than 0.05%.

TESTS

Assay. Dry about 1 gram over sulfuric acid overnight: Place
0.5 gram of the dried sample in a glass-stoppered Erlenmeyer
flask, and add 30 m!. of hydrochloric acid, 20 m!. of water, and 5
m!. of chloroform. Rotate the flask until the mercuric iodide is
dissolved, then titrate the solution 'with 0.05 molar potassium
iodate until the iodine color is discharged from the aqueous
layer. Stopper the flask, shake well for 30 seconds, then con
tinue the titration, shaking vigorously after each addition of the
potassium iodate until the chloroform is free of iodine color.
1 ml. of 0.05 molar potassium iodate corresponds to 0.02272 gram
of HgI2•

Solution in Potassium Iodide Solution. Dissolve 10 grams of
the sample in a solution of 10 grams of potassium iodide in 100 m!.
of distilled water in a glass-stoppered flask. A complete, or prac
ticallycomplete, solution results. Retain the solution.

Nonvolatile Matter. Add 1 mi. of sulfuric acid to 2 grams of
the sample in a porcelain crucible and ignite gently under a
weU-ventilated hood to constant weight. The weight of the
residue should not exceed 0.0010 gram. Retain the residue.

Foreign Metals.. To the residue obtained in the test for
nonvolatile matter add 1 m!. of hydrochloric acid and evaporate to
dryness on the steam bath. Add 10 m!. of 10% ammonium acetate
solution to the residue, cover the crucible, and heat for 30 min
utes on the steam bath. Filter and wash with20 mi. of water.
Add to the filtrate 2 mi. of N hydrochloric acid and 10 m!. of
hydrogen sulfide water. Any darkening produced is not greater
than is produced in a blank made with a quantity of lead nitrate
corresponding to 0.02 mg: of Pb.

Mercurous Mercury. Add 5 ml. of 0.1 N iodine to the solution
obtained in the test for solution in potassium iodide, and follow
with 3 m!. of N hydrochloric acid. Allow to stand in a dark place
for one hour, agitating every 15 minutes; then titrate the exc~ss
of iodine with 0.1 N sodium thiosulfate, adding starch solutIOn
toward the end. Not more than 0.5 ml. of the 0.1 N iodine
should have been consumed, correction being made for a blank.

Soluble Mercury Salts. Shake 1 gram of the sample with 20
m!. of water for· 2 minutes, and filter. .Dilute 10 ml. of the filtrate
to 30 m!. with water and add 10 m!. of hydrogen sulfide water.









PotassiulTI Carbonate, Anhydrous (2)
REQUIREMENT

Silica and Ammonium Hydroxide Precipitate. Not more than
0.010%.

TEST

Silica and Ammonium Hydroxide Precipitate. Dissolve 10
grams in 100 m!. of water. Cautiously add 12 m!. of sulfuric
acid to 12 ml. of water, cool, add the mixture to the solution of
the sample, and evaporate to strong fuming. Cool, dissolve the
residue in 130 mI. of hot water, and add ammonium hydroxide
until the solution is just alkaline to methyl red. Heat to boiling
and filter, reserving the filtrate for the calcium and magnesium
test. Wash with hot water, rejecting the washings, ignite, and
weigh the precipitate. The weight of the ignited precipitate
should not exceed 0.0010 gram. The precipitate includes some,
but not all, of the silica in the sample.

PotassiulTI Hydroxide (1)
TEST

'Silica and Ammonium Hydroxide Precipitate. Weigh about
10 grams and dissolve in about 100 m!. of water. Cautiously
:add 12 ml. of sulfuric acid to 12 mI. of water, cool, add the mix
·ture to the solution of the sample, aJIld evaporate to strong fum
ing. Cool, dissolve the residue in 130 m!. of hot water, and add
:ammonium' hydroxide until the solution is just alkaline to methyl
..ed. Heat to boiling, filter, wash with hot water, and ignite.
The weight of the ignited precipitate should correspond to not
more than 0.020% of the weight of the sample. The precipitate
includes some, but not all, of the silica in the sample.

PotassiulTI Sulfate (2)
TEST

Nitrogen Compounds. The standard for comparison should
be prepared by starting with a quantity of ammonium chloride
corresponding to 0.015 mg. of nitrogen, to be treated with sodium
hydroxide and aluminum in a volume of 45 ml. exactly as the
sample is treated.

Silver Nitrate (1)
TEST

Free Acid. Dissolve 5 grams in 50 m!. of water, add 5 drops
of bromocresol green (0.04%), and mix well. The solution should
be colored blue, not green or yellow.

SodiulTI Carbonate, Anhydrous (2)
TEST

Ammonium Hydroxide Precipitate. Dissolve 10 grams in 100
nil. of water. Cautiously add 15 m!. of sulfuric acid to 15 mI. of

. water, cool, add the mixture to the solution of the sample, and
evaporate to strong fuming. Cool, dissolve the residue in 130
ml. of hot water, and add ammonium hydroxide until the solution
is just alkaline to methyl red. Heat to boiling and filter, re
serving the filtrate for the calcium and magnesium test. Wash
with hot water, rejecting the washings, ignite, and weigh the
precipitate. The weight of the ignited precipitate should not
exceed 0.0010 gram. The precipitate includes some, but.not all,
of the silica in the sample.

SodiulTI Hydroxide (1)
TEST

Silica and Ammonium Hydroxide Precipitate; Weigh about
10 grams and dissolve in about 100 m!. of water. Cautiously
add 15 ml. of sulfuric acid to 15 mI. of water, cool, add the mix
ture to the solution of the sample, and evaporate to strong fum
ing. Cool, dissolve the residue in 130 m!. of hot water, and add
ammonium hydroxide until the solution is just alkaline to methyl
red. Heat to boiling, filter, and ignite.. The weight of the ig
nited precipitate should correspond to not more than 0.020%
of the weight of the sample. The precipitate includes some, but
not all, of the silica in the sample.

SodiulTI Oxalate (1)
REQUIREMENT

Neutrality. To pass test.

A N A L Y T I CA L C HEM I S TR Y

TEST

Neutrality. Dissolve 2 grams in 200 ml. of w8ter, and add
10.00 mI. of 0.01 N oxalic acid and 0.20 mI. of a 1% solution of
phenolphthalein. Boil the solution in a 'flask of resistant glass
for 10 minutes, passing through it a stream of air free from carbon
dioxide. Cool the solution rarpidly to room temperature while
keeping the flow of carbon dioxide-free air passing through it.
Not less than 9.2 nor more than 10.5 mI. of 0.01 N sodium hy
droxide should be required to match the pink color of a buffer
solution containing 0.20 ml. of a 1% solution of phenolphthalein.
The buffer solution contains in 1 liter 3.1 grams of boric acid
(HsBOs), 3.8 grams of potassium chloride, and 5.90 m!. of N
sodium hydroxide.

SodiulTI Tungstate (12)
TEST

Chloride. Dissolve 1 gram in 20 m!. of water, add 3 ml. of
phosphoric acid, mix well, add 3 m!. of nitric acid, and dilute
to 50 m!. Dilute 10 ml' of this solution to 50 ml. and add 1 ml. of
a 0.1 N solution of silver nitrate. The turbidity should not be
more than is produced by 0.02 mg. of chloride in an equal vol
ume of solution containing the quantities of reagents used in the
test.

Zinc Chloride (5)
REQUIREMENTS

Iron. To pass test (limit about 0.001 %).
Lead. Not more than 0.005%.

TESTS

Ammonia, . Dissolve 1 gram in 50 mI. of water, pour 10 m!.
into 25 m!. of a 10% solution of sodium hydroxide, dilute to
50 m!., and add 2 ml. of Nessler's solution. Any color produced
should not be more than is produced by 0.01 mg. of NHs in an
equal volume of solution containing the quantities of reagents
used in the test.

Iron. Dissolve 2 grams in 45 ml. 6f water, and add 2 mI. of
hydrochloric acid, a few crystals of ammonium persulfate (30 to
50mg.), and 3 mI.of a 30% solution of ammonium thiocyanate.
Any red color produced should not be more than is produced by
0.02 mg. of iron in an equal volume of solution containing the
quantities of reagents used in the test.

Lead. Dissolve 1 gram in 10 ml. of water and a few drops of
nitric acid. .Add ammonium hydroxide dropwise with· constant
stirring until a faint but permanent precipitate is produced,
clear this turbidity with a few drops of dilute nitric acid (1 +10),
and dilute to 50 m!. Add 10 mI. of this solution to 20 m!. of a
10% solution of sodium cyanide, stirring constantly during the
addition. Add 0.2 m!. of a 10% solution of sodium sulfide and
transfer to a Nessler tube. The color produced should not be
more than is produced by 0.01 mg. of lead in an equal volume of
solution containing the quantities of reagents used in the test.

Zinc Oxide (12)
REQUIREMENT

Iron. To pass te~t (limit about 0.001 %)

TEST

Iron. Dissolve 1 gram in a mixture of 5 ml' of hydrochloric
acid and 5 mI. of water. Dilute to 50 mI., and add a few crystals
of ammonium persulfate (30 to 50 mg.) and 3 m!. of a 30% solu
tion of ammonium thiocyanate. Any red color should not be
greater than that produced by 0.01 mg. of iron in an equal vol
ume of solution containing the quantities of reagents used in the
test.

Zinc Sulf;te (7)
REQUIREMENTS

Arsenic. Not more than 0.0001 %.
Iron. To pass test (limit about 0.001 %).

TESTS

Ammonia. Dissolve 1 gram in 25 m!. of water, pour into
25 mI. of a 10% solution of sodium hydroxide, and add 2 ml. of
Nessler's solution. Any color produced should not be more than
is produced by 0.01 mg. of NHa in ali equal volume of solution
containing the quantities of reagents used in the test.

Arsenic. Test 1 gram by the Gutzeit method.
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Iron. Dissolve 2 grams in 45 mL of water, and add 2 ml. of
hydrocWoric acid, a few crystals of ammonium persulfate (30 to
50 mg.), and 3 ml. of a 30% solution of ammonium thiocyanate.
Any red color produced should not be more than is produced by
0.02 mg. of iron in an equal volume of solution containing the
quantities of reagents used in the test.

Specifications Previously Published

(1) Committee on Analytical Reagents, 1nd. Eng. Chem., 17, 756
(1925). .

(2) Ibid., 18, 636, 759 (1926),
(3) Ibid., 19, 645 (1927).
(4) Ibid., 19, 1369 (1927).

(5) Ibid., 20, 979 (1928).
(6) 1m>. ENG. CHEM., ANAL. ED., 1,171 (1929).
(7) Ibid., 2, 351 (1930).
(8) Ibid., 3, 221 (1931).
(9) Ibid., 4, 154 (1932).

(10) Ibid., 4, 347 (1932).
(11) Ibid., 5, 289 (1933).
(12) Ibid., 12, 631 (1940).
(13) Ibid., 16, 281 (1944).

PRESENTED in connection with the report of the Committee on Analytica
Reagents at the 109th Meeting of the AMERICAN CHEMICAL SOCIETY, At
lantic City. N. J.

Preparation of Holocellulose from Nonwoody Plant Material
EMMETT BENNETT, Massachusetts Agricultural Experiment Station, Amherst, Mass.

Table I. Percentage Content of Holocellulose in Plant
Materials and Furfural and Total Nitrogen Retained by

Holocellulose

13.21
13.09
99.1

1.14
0.37

32.5

Corn
stalks

%
78.6

12.23
11.83
96.7

Timothy
Hay
%

75.1

Oat
Straw

%
80.6

13.11
12.78
97.5

Corn
cobs
%

78.9

13.50
12.82
95.0

13.36
12.89
96.5

Ash and moisture-free basis
Kentucky

Blue
Grass

%
73.7

Analyses

Holocellulose"
Furfural

Originalb
Holocellulosec

% recovery
Total nitrogen

Original 2.44 0.34 1. 55 1. 34
HOlocellulose 1. 36 0.11 0.68 0.71
% retained 55.7 32.4 43.9 53.0

a Average deviation for these determinations was =0.7%.
b,C Average of five or six determinations; other determinations were made

in duplicate or triplicat~. -

of alcohol-benzene for 6 hours, then with ether for 1 hour. Fur
fural was determined by the phloroglucinol method. Total
nitrogen was determined by the conventional Kjeldahl method.

The results of the investigation are shown in Table I as the
holocellulose appears to retain a substantial content of ash, which
was not removed by the treatment; weights of holocellulose were
corrected accordingly. The holocellulose fraction in these cases
was not all carbohydrate but contained a relatively high percent
age of the original nitrogen of the plant material.

CONCLUSIONS

The sodium chlorite method used for the preparation of holo
cellulose from wood may be adapted for the same use with non
woody tissue. The older preliminary procedure for this kind of
plant tissue involves 2 to 3 days' time, while the one described
here seems to yield a product of satisfactory color and furfural
content in 2 to 3 hours. However, when the product is obtained
in the manner described, from 30 to 50% of the originalnitrogen
of the plant material may also be included.

LITERATURE CITED

(1) Buston, H.W., Biochem. J., 28. 1028 (1934).
(2) Freeman, R. D., "Wood Chemistry", Chapter 17, edited by L. E.

Wise, New York, Reinhold Publishing Corp., 1944.
(3) Ritter, G. J., and Kurth, E. F., IND. ENG. ClIEM., 25.1250 (1933).
(4) Taylor, M. C., White, J .. F., Vincent, G. P .• and Cunningham,

G. L.,Ibid., 32, 899 (1940).
(5) Wise, L. E., IND. ENG. CHEM., ANAL. ED., 17. 63 (1945).
(6) Wise, L. E., Murphy, Maxine, and D'Addieco, A. A., Paper

Trade J., 122, No.2, 35 (1946).

CONTRIBUTION 608. Massachusetts Agricultural Experiment Station.

HO~OCELLULOSEor· "~kelettsubstanz" represents ~he. en
- tire carbohydrate fractIOn of extracted plant matenal III a
single unit. The need for such a fraction as a source material for
research on cell-wall constituents and need for such a product in
furthering a similar type of research on economic plants of less
woody nature have long been recognized by wood chemists who
have succeeded in making it a reality for wood (2, 3, 5, 6). The
object of this investigation was to determine the adaptability of
methods ·now in use for wood to some other plants.

Plant material is usually prepared for the extraction of hemi
celluloses (1) by a laborious procedure requiring several days and
yielding an unsatisfactory product. The method reported here
yields a product known as holocellulose which is almost snow
white, substantially free of lignin, contains nearly all the hemi
celluloses, and can be obtained in a few hours. Such a material
will obviously be of value in cell-wall research. In order to test
the efficiency of established procedures, the percentage of fur
fural retained by the holocellulose and the color of the product
were used as indexes, a nearly white color being desirable. Since
the nitrogen content of grasses is higher than that of wood, the
amount of nitrogen retained in this fraction was determined.

EXPERIMENTAL.

One should become familiar with the toxic nature of sodium
chloride before using it (4), and should perform all work under the
hood. The material used and the determinations made are indi
cated in Table I.

Material passing a 25-mesh screen but retained by the 50-mesh
screen was used in all cases. Holocellulose was determined sub
stantially as outlined by Wise, Murphy, and D'Addieco (6).
To 4 grams of plant material i~ a 250-ml. beaker, 1.2 grams of
sodium chlorite, 8 drops of concentrated acetic acid, and 125 ml.
of distilled water were added and stirred until the chlorite dis
solved. The beaker was then covered with a watch glass and
placed on a steam bath at 80 0 C. for 1 hour with occasional stir
ring. The same amounts of reagents were added to the beaker
every hour for 2 more hours, making a total digestion period of 3
hours. The beaker and contents were cooled to 10 0 C. in ice
water, then filtered through a coarse grade Selas crucible. The
material was now nearly completely white and contained only a
trace of lignin. The residue was washed six times with ice water
and partially dried over calcium chloride in a vacuum desiccator.
Final drying was completed in an oven at 105 0 C. The pH of the
initial and final suspension was approximately 4.3 at 25 0 C.
Samples of holocellulose which were to be subjected to afurfural
determination were filtered through poplin cloth folded as a filter
paper. The dry material was removed from the cloth for analy
sis.

The original or control material was extracted with a solution
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... For Evaporations ... Digestions, Crude Fiber
determinations and Extractions with Soxhlet Apparatus

21A

The improved Sargent hot plate consists of a heavy
cast aluminum base equipped with six solid disc heaters
individually controlled by separate switches (three heat).
The heaters are mounted on porcelain spools and have no
direct contact with the base, thus, cool, safe, manipulation
of the switches is assured. The perforated bottom bailie
plate acts as a heat reflector and eliminates scorching
under the hot plate. The top of the new improved Sargent
hot plate is tapped to accommodate seven support rods
(%-16), used with the crude fiber and soxhlet assemblies.

Overall dimentions: length 28\12", width 5%", height
4".
S·41315-Hot plate, Sargent, electric, for 115 volt AC/DC
circuits, each 85.00
S.41325-Ditto, but for 230 volt AC/DC circuits 85.00

When used with the Crude Fiber Assembly, pictured
below, seven stainless chrome steel rods are screwed
into the top of the hot plate, to form uprights for the
water connector clamps and the condenser support clamps.
.Each position in the assembly is individually controlled
by a three heat switch so that any number of determina
tions, up to six, can be carried on simultaneously, or
progressively.

The glassware for the crude fiber set-up consists of six,
600 ml, high form, Pyrex beakers without pourout, and
six Sargent reflexed hemisphere condensers" designed to
minimize "foaming" by causing the condensation to flow
down the sides of the beaker instead of dropping directly
into the refluxing mixture. The beakers may be removed
from, or replaced on, the hot plate, without disturbing
the condenser system.
S-31870-Crude Fiber Assembly, 6 place, electric, Sargent,
115 volt AC/DC, consisting of one S-413l5 Hot Plate.
Seven Rods \12" x 27-" with %" thread, of stainless chrome
steel. Six S-4705 Beakers, high form, without pourout,

Pyrex, 600 ml. Six Condensers, Sargent, reflexed hemi
sphere. Two Clamps, water connector. Five Clamps, con-
denser support. Rubber tubing 125.00
S-31871-Ditto, but with S-41325 hot plate for 230 volt
AC/DC circuits 125.00

For Soxhlet Assemblies 12 new type, rubber covered
spring clamps are provided, which permit easy one hand
vertical adjustment of the condensers and extractors and
yet insure a firm grip at all times.
S-31765-Extraction Assembly, 6 place, electric, for me
dium and large Soxhlet assemblies, 115 volt AC/DC cir
cuits, consisting of, one S-41315 hot plate, seven rods \12" x
27" with %" thread, of stainless chrome steel, 12 clamps,
new type, Sargent, spring, rubber covered, for medium
and large Soxhlet assemblies. Less glassware 120.00
S·31766-Ditto, but for 230 volt AC/DC circuits 120.00
S.31767-Ditto, but with clamps for small Soxhlet as-
semblies 115 volt AC/Dc.. 120.00
S-31768-Ditto, but with clamps for small Soxhlet as-
semblies 230 volt AC/DC. 120.00

E. H. SARGENT & CO., 155-165 East Superior Street, Chicago 11. Illinois
Michigan Division: 1959 East Jefferson, Detroit 7. Michigan
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The JUNIOR Model 6A is available NOW

at all authorized Coleman Dealers.

Price (less' power supply). $310.00

For full information send for Bulletin 8-211

• The 6A JUNIOR Spectrophotometer

offers today~s technologist an improved design

of the famous /lArmy Clinical Model 6/1- o fficial

with the British and American Army Medical Corps.

Simple ... rugged ... precise ... this true spectro

photometer insures vital research accuracy and

rugged convenience for the busy analytical lab

oratory. Speed and finger-tip control specifically

adapt it to' routine clinical and industrial analysis.

two-diol instrument
~f .:xceptionol accuracy
and convenience.

• Compact, self_contained

• Sturdy
• Sensitive to within 2 mi-

crovolts

• Selection of ranges

• Widely used for .ther
· mocouple measurements

Described in Bulletin 270-A

PRECISION POTENTIOMETER
PORTABLE

••• with the Evelyn·

PHOTOELECTRIC COLORIMETER
Prominent among the characteristics respon

sible for the outstanding performance of the
Evelyn Photoelectric Colorimeter is its notable
simplicity of design. By the reduction of mechan
ical and electrical elements to the minimum con
sistent with sound photometric analysis and by
unsparing effort to achieve in these few elements
the ultimate in long-term reliability, there is real
ized in this instrument an uncommon degree of
dependability.

Proven by practical application during the past
ten years in nearly every phase of chemical ac
tivity, the Evelyn Colorimeter is thoroughly es
tablished as a standard laboratory instrument for
both research and routine control work. A detail
ed discussion of the design of this invaluable an-
alytical tool is available on request. .

Described in Bulletin 460

RUBICON 'COMPANY
Electrical Instrument Makers

·3759 Ridge Avenue. Philadelphia 32, Pa.

gptJtJrlf ·f}ccatattJ ---.

CHEMICAL
ANAlY'SIS
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Principle of t:he
Elecdropode

Met:hod

c 0
u

~ . c;::--
:~ VOLTAGr

The presence of each
particular ion is indicated
by an increase in the cur
rent at a specific voltage.
The extent of the increase
depends upon the concen
tration of the ion.

ANALYTICAL CHEMISTRY

(Reg. U. S. Pac. Off.)

The Standard Instrument
for Conducting Analyses

by the
Dropping Mercury Electrode

Technique

The Fisher Elecdropode can be em-
ployed for rapid qualitative and quanti

tative analyses in both organic and inorganic chemis
try. It is compact; its manipulation is quite simple
and its applications are both numerous and varied.

Analyses are made with the Elecdropode in a few minutes by
making measurements of the currents which result when a series
of potentials are applied to drops of mercury as they fall through
the solution being analyzed..Samples as small as 0.00001
(1/100,000) equivalents per liter can be analyzed.

The dropping mercury technique has been successfully applied
to such analyses as lead in citric acid; copper, lead and zinc in
commercial zinc; copper, nickel and cobalt in steels; elements in
the ash of plant tissue; traces of dyes, lyophilic colloids, fatty

acids and alkaloids-to name only a few.

Fisher Elecdropode, with standard cell, galvanometer, a test
solution and complete instructions. Each, $310.00

Headquarters for Laboratory Equipment

,F~~~b~'~'~~~U~9~1!,I!.I(CO. 0 ElME~ee~;~ ~nd ~t~s~e~,D
2109 Locust St., St. Louis (3), Mo. New York (14), New York

In Canada: Fisher ScientiFic Co., Ltd., 904 St. James Street, Montreal, Quebec



IN-STRUMENTATION
A last bolometer, tuned amplifier, and light-chopper provide the
means for an infrared spectrophotometer: another aid for the analyst

by Ralph H. Muller

A RECORDING infrared spectrometer is It useful instrument in
~ the analytical laboratory for the purposes of identification
nd establishing criteria of purity. Its value is greatly enhanced
rhen it can be extended to the quantitative stage wherein true
pectrophotometric data can be recorded. For this purpose, a

Figure 1

recording analytical infrared spectrophotometer is now offered
by Baird Associates, University Road, Cambridge, Mass. This
instrument is designed for the analysis of gases, liquids, and
solids, and records absorption curves directly over the range of
2 to 16 Inicrons when an NaCI prism is used. The entire spec
trum is recorded in 12 Ininutes and, on the record, 1% absorption
corresponds to 0.05 inch and a wave-length interval of 1 Inicron to
1.25 inches. The precision in absorption is ±0.01 Inicron.

A general view of the instrument is shown in Figure 1. The
essential controls are few in number and support the contention
that the instrument is operable by laboratory technicians. The
disposition of the various units in this view is readily apparent
on comparison with the schematic diagram of Figure 2. Two
beaIlIS from a carefully shielded Globar unit, mounted in a water
cooled housing, are focused by concave Inirrors onto the entrance
slit of the spectrometer along symmetrical optical paths. The
absorption cell is placed in one beam and a compensating cell in
the other. The spectrometer slit is illuIninated alternately by the
two beams by the 10-cycle rotating interrupter.

The spectrometer is of the Littrow type with a 60 0 rock salt
prism of 10-cm. base and 8-cm. height. The bilateral slit in the
collimating system is cam-controlled, varying in width from 0.1
to 2.0 mm. The collimating mirror is spherical concave.!. front
surface aluminized of 75-cm. focal length mounted 4 0 ott axis.
The same mirror refocuses the radiation from the prism onto the
bilateral exit slit' and the emergent radiation is focused on the
bolometer in the form of a reduced image of the exit slit. Two
cams control the width of entrance and exit slits and the change
in wave length is achieved by rotation of the Littrow mirror.

The bolometer, or receiving element, is a platinum ribbon
approximately 7 mm. long, 0.5 mm. wide, and 0.05 micron thick.
The ribbon is coated with evaporated "gold black" by the Pfund
technique. The resistance of the bolometer is about 8 ohIlIS and
the sensitivity is 1 to 2 volts R.M.S. per watt of incident radia
tion under a "chopping" rate of 10 c.p.s. The noise level when
measured at 10 C.p.S. with an amplifier of 5 c.p.s. band width is
about 5 X 10- 9 volt, and drops to about one fifth of this value

Wave NUlDbers, em.-1

Wave Length, Microns

Figure 4
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Figure 2
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INSTRUMENTATION.

Figure 3. High'-Speed Bolometer
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Two amplifiers are provided. The first, a voltage amplifier, is a
four-stage resistance coupled circuit tuned to 10 c.p.s. It has a
gain of about 5 X 107 and an inherent noise level of 5 X 10- 9

volt, the same order of magnitude as the bolometer noise. At
one half of maximum gain the band pass is about 5 c.p.s. A
three-stage 'direct current power amplifier furnishes power for
the 60 c.p.s. output of the voltage amplifier after rectification
by the commutator of the light beam interrupter. This amplifier
has an effective gain of approximately 50 and a noise level of less
than 0.3 volt.

The entire instrument measures 43 inches X 43 inches X 51
inches and weighs 300 pounds. The only utilities required are a
source of llo-volt alternating current 60-cycle, single-phase and
a water supply through 0.25-inch PT.

A typical record taken with this instrument is shown in Figure
4. The chart is 5 by 17.5 inches and shows the absorption of
NH. at 100-mm. pressure in a cell 10 cm. long, recorded from 2 to
16 microns.

when no bolometer current is passing. Provision is' made for
evacuating the bolometer case by means of a mechanical oil pump
to a pressure between 0.01 and 0.1 mm. of mercury. The sensi
tivity is improved and "gas microphonics" or "swish" is greatly
reduced. Figure 3 illustrates the bolometer assembly.

The recording drum rotates synchronously with the rotation
of the wave-length mirror. The amplified bolometer signal drives
a comb-shaped diaphragm near the Globar source in such a way
that it trims the reference beam until it is equal to the sample
beam. The motion of the comb is coupled to the pen drive which
records the transmission of the sample cell.

& COMPANY

Chicago 10, minoi.

The only labora·

tory stirrer com

bining positive

gear drive with

built-in electric

governor, in·

stead of a rheo

stat, for speed

control without

loss of power

at low speeds.

ORDER NOW!

Mo. M-383Sl (left) "Vari·Speed" Stirrer. On semi·circular
cast iron support stand, with 7'2" x 24" nickel·plated rod
and 900 support clamp. Radius of base 6~". Includes

7-'2" x 6~" mounting rod, Xi" chuck, glass

stirring rod 6" long, cord and plug. For llS $40 50
Volts. A. C. or D. c... . . . . . . . . . . . . . . . . . ._-

ARTHUR S.

. ; .
199 W. Hubbard St.

• Increased Torque at Low Speeds Electric Governor for

Speed Control • Built-in Reduction Gears, No Slippage

Speed Unaffected by Voltage Fluctuations • Powerful, Con

tinuous-Duty Motor Rated 1/15 H. P., Underwriters' Approved •

Sturdy Motor With Plus Features • Utmost Mounting Flexibility

No. M-383S6 (right) "Vari·Speed" Stirrer, less base. With
mounting rod >11" x 6 :!4'''i 7,(" chuck; glass stirring rod
6" long, and 6 ft. rubber covered cord

with plug. For llS Volts. A. C. or $34.50
D.C .

In Stock, for Immediate Shipment

VARI-SPEED
STIRRERS

No. M-383S3 (above). "Vari·Speed" Stirrer. On metal base with S~" dia.
rubber disc to prevent sliding of glassware. Rubber feet prevent marring of table
tops. Stirrer height adjustable to place chuck 5.72" to 10>-"2" from base. Dis.
'lance between mounting rod and stirrer rod 4". Includes ~ x

6'4" mounting rod, 7.',;" chuck, glass stirring rod 6" long, cord $40.50
and plug. For llS Volts. A. C. or D. C .
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TEMCO
ELECTRIC FURNACES

With Stepless Control!

Model CEA- Cat. No. 5964- Desi§ned
for continuous operation up to 2000 F.,
"Temcotrol" allows any temperature
from 500 to 2000° F. to be selected and
maintained.

Embedded heating element is made
from special high temperature alloy and
proteclied against damage and deteriora
tion.

Body and door are of cast aluminum
and similar to above model in design.
Furnace weight is 31 lbs. Chamber di
mensions are 4~" W. X 4 U" H. X 6'
D. Supplied complete with double
scale pyrometer. control pane) with neon
signal light and toggle switch, cord and
plug. Power consumption 1.55 KW.
-115 volt, A. C. operation. .
Price $80.00

Model OFE-Cat. No. 5965-For
continuous operation up to 1600°F.
and intermittent operation up
to 1900° F. Synchronous motor
driven "Temcotrol" input control
adjusts heating period from 2% to
98% per minute giving close tem
perature selection.

Furnace ia rigidly constructed
having welded steel frame, trans
ite sides, bottom and top, counter
balanced door on parallel levers.
4~' heavy internal insulation,
bonded aluminum oxide muffle
unit with Ni-Cr alloy heating ele
ment which can be easily replaced.
Furnace weight is 130 lbs. Cham
ber dimensions are 6' W. X 5" H.
X 10' D. Supplied complete with
instrument panel having double
scale pyrometer, signal ligh t.
toggle switch and input control.
Maximum power consumption 2.2
KW. - 115 volt, A. C. operation.

Price $194.00

TEMCO furnaces have low InI

tial cost and are economical to
operate as nearly all the power is
consumed within the heating
chamber. They are fast heating
and ideal for 'general laboratory
uses, heat-treating and small unit
production.

Model GTP-Cat. No. 5963-May be
operated continuously from 500 to 1500° F,
and intermittently to 185(jO F. Tem
perature selected ean be held by moving
control knob to the desired point.

Muffle unit contains heavy gauge wckel
cbromium element embedded in refractory
walls assuring uniform temperatures and
protection against oxidation. When
necessary, entire muffle unit can be quickly
removed and replaced. .

Body and door are one-piece aluminum
castings. Door is counterbalanced and
when open serves as a shelf. Furnace
weight is 15 ~ lbs. Chamber dimensions
are 4" W. X 3~" H. X 3~" D. Sup
plied complete with double-scale pyrom
eter, cord, switch and plug. Power con
sumption 1.2 KW. -115 volt, A. C. opera
tion.
Price $57.50

MODEL OFE

MODel CEA

With a Lindberg Volumetric Carbon Determinator, you
can analyze iron and many different types of steel
quickly, easily and accurately. You can take a read
ing every two minutes and measure to .005% carbon
with each reading!

Extremely rapid g~s absorption is made possible by
the glass-tube-equipped absorption pipette. You get
complete absorption in two passes-for some alloys,
only one is required! Because all glassware is made of
Pyrex you are never faced with the problem of replac
ing parts that will deteriorate when exposed to the
corrosive action of chemical solutions. Positive auto
matic shut-off valves on both the pipette and the
burette insure accurate fool-proof operation.

The lindberg Carbon Determinator is adaptable
for full range use and is designed for operation with
any high temperature combustion tube furnace. See
your laboratory equipment dealer today for prompt
delivery.

LINDBERG
The above furnaces are also available for use on 230 volts, /I. C.

and models GTP and CE/I for D. C. operation at slightly
higher prices.

THE CHEMICAL RUBBER CO.
Scientific Equipment, Analytical Chemicals, Laboratory Supplies

HANDBOOK OF CHEMISTRY AND PHYSICS

lindberg Engineering Co., Chicaga. Manufacturers of furnaces, hat plates

and carban determinators for the modern laboratory.

2310 Superior Ave. • Cleveland 14, Ohio
SOLD EXCLUSIVELY THROUGH LABORATORY EQUIPMENT DEALERS
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COORS PORCELAIN COMPANY
COLDEN, COLORADO

COlnplete InforIDation on Each Reagent
Under each individual reagent, detailed directions are givcn for every metbod
of determination for which that reagent has been reported. These determinations
include all the steps in laboratory procedure necessary to carry them out success
fully, and are arranged most effectively for instant reference. The comprehensive
system of indexing lists every reagent as well as every determination, to put at
your instant command the great range of facts and methods contained in this
en tire reference work.

Just Published!
ORGANIC ANALYTICAL REAGENTS
In Four Volumes By Frank]. Welcher, Ph.D.

Associate Professor of Chemistry, Indiana University

At last every chemist can profit by the great savings of time and
labor made possible by the use of the organic reagents in chemical
analysis. Everyone who has ever carried out any of these methods
knows how greatly they shorten the work and increase its pre
cision. Now the one great step necessary to bring them into gen
eral, everyday use has been taken - by furnishing in one great
reference work all the information on every organic analytical
reagent ever reported in any language.
For each reagent this great work gives its formula. properties, molecular weight,
Beilstein reference, method of preparation (in detail) and full directions for the
detection and determination of every inorganic substance for which that par
ticular reagent has been used. These directions {or conducting tests and analyses
cover each step in the laboratory procedure so"thoroughly that they meet every
need of the chemist who is using a new method for the first time. So complete
is this great reference work that in the future no chemist need look beyond these
pages for any information now known about the organic analytical reagents.

lEe - MARCH. 1941
. State.

Please send me Volume I of "Organic Analytical Rea

gents" for lo-days' free examination, and bill me for

the other three volumes as I receive them.

r---MAIL THIS COUPON--..,
I
I D. Van Nostrand Company. Inc.

250 Fourch Avenue, New York 3. New York
I
I
I
I
I Name.

II Address.

ICity ..
L _

SPECIAL OFFER
Iu order to enable every chemist
to own a set of ORGANIC
ANALYTICAL REAGENTS
the four volumes are being
published on a convenient
series plan. and at special series
prices. Volume I is now ready,
and Volumes II, III and I V
arc in preparation, and will be
published at regular quarterly
intervals. If you order the en
\.ire set now, Volume I will be
shipped ·to you at once, and
billed at the special series price
of $7.00. The other volumes
wiU be shipped and billed 1.0
you as they are published.

PORCELAIN WARECHEMICAL AND

is a characteristic of

WELCH DUO-SEAL
VACUUM-PUMPS

1515 Sedgwick Street, Dept. A., Established 1880, Chicago 10, illinois, U.S.A.

• Fast Pumping at all Pressures
• Continuous Operation

• Dependable Results
• Noiseless Operation

• Large Capacity

Vacuum

0.1 Micron (.0001 mm Hg)

Free Air Capacity
21 Liters Per Minute

Operating Speed
450 R.P.M.

Company

OUR SPECIAL
BOOKLET

Scientific

WRITE FOR
PUMP

W. M. Welch

MODEl 1400-8
Complete

with Motor

Pat. ;-"'T O .

2.3:17,84!J
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No warping - unusu
ally long life - cool
operation permits use
on wood - cool switch
eliminates contact fail
ures and assures easy,
safe handling.

Top
Cat. No. Diam. Watts Price

5590 7" 760* $13.10
5592 7" 1200 14.35
5594 7~" 2000 17.90

*.110 valls only; specify 110 or 220 for .11 other
models.

ANALYTICAL CHEMISTRY

New LaMotte H-C Chlorine Comparator
(For High Chlorine Concentrations

1.0 to 200 ppm. and above)

A special Chlorine
Unit designed for uses
where a high residual
of 1.0 ppm. or more of
chlorine is maintained.
Price, complete with
instructions, $12.50.

The H-C Chlorine
Comparator is one of
a complete new line of LaMotte Chlorine Units. Em
bodies latest approved developments, such as control
of color development, pH, etc., with a new series of
interchangeable 15 mm. chlorine color standards em
bracing the entire useful range. The new LaMotte
o-Tolidine reagent is used with all LaMotte units, and
may be purchased separately, in various package sizes.
Write for descriptive booklet.

LaMotte Roulette Comparator
(Standard Type)

This model was especially designed for accuracy in
making pH determinations. The LaMotte Permanent
Color Standards are contained in a revolving drum
always in place - permitting immediate pH determina
tions, with simplicity and convenience. The set is port
able, operating from any light socket. Highly recom
mended for research and special control work. Range,
any three sets of standards in intervals of 0.2 pH. Ac
curacy 0.1 pH. Complete, f.o.b ..Towson 4, Md., $75.00.
If yolt do not have the LaMotte ABC of pH Control Hand
book, a complimentary copy will be sent lipon reqltest witholit
obligation.

LaMotte Chemical Products Co.
(Originators of Practical Applioation ofpH Control)

Dept. F Towson 4, Md.

GLASS ABSORPTION CELLS • • • •

Sole manufacturer in .. he* United States of fused *
Electrophoresis Cells.

OF FINE QUALITY

mar:le byKlett--_•
Fused in an electric furnace with cement

that is acid, alkali and solvent resistant.

Optical Flat WaIls. Many stock sizes are

available. Special sizes made to order.

Md:e:rs of complete

Ele:ct,ophor~.s;sApPdf4fus

Kkit
_-KLETT SCIENTIFIC PRODUCTS-.......

IQ.ETT-SUfo.Nv'ERSON PHOTOElECTRIC COLORIMETERS •
COLORIMETERS • NEPHB..OMETERS • FlUORIMETERS • 810
COLORIMETERS • COMPARATORS • ElECTROPHORESIS
N'PARATUS • GLASS STANDARDS • GLASS CEU..S •

KI.ffi REAGENTS

MANUFACTURING CO., 177 East 87th Street, New York, N. Y.
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TRADE MARK

REGISTERED u. S. PAT. OFFiCE

PARTICLE SIZE APPARATUS

OFFERS

Accuracy

Ease of Manipulation

V ersati Iity

Rapidity

HEYIDUTY
PRECISION ELECTRIC

HEAT TREATING FURNACES
The sedime~tation principle on which this instrument

operates makes it possibl~ to determine the sub

sieve range, from 325 mesh down to 2 microns.

Elaborate calculations are eliminated by the use of

a graphical solution or a slide rule calculator, both

of which are furnished with the instrument.

Determination may be made on any substance, pro

viding there is a liquid medium available, in wbich

the substarice is insoluble, and a wetting agent that

will disperse the particles.

Write for particulars of Merr Model

1>~·MYERSINc.

... embrace most laboratory and in

dustrial heat treating operations re

quiring temperatures to 25000 F. They

are available in a large range of types

and sizes or custom built to your own

special requirements. Hevi Duty Fur

naces are standard production equip

ment in many national industries. Ask

for detailed bulletins or send us your

specifications.

81 READE STREET, NEW YORK 7, N. Y. HEAT TREATING fUIHACfS _ H1CTaiC EXCLUSIVELY

__....... .....:J!I LWA U ~E E 1.".~W~.~.:.:C::.;O::.:N:..:.:.:I~N:"~~ -:l

LABORATORY
EQUIPMENT

~iii~~~iiiiiiiiiiiii":,ndustrialLaboratory Center Table

SHELDON'S long, continuous, and successful experience:
efficient planning service, and unsurpassed production
facilities combine to provide the utmost in utility and
economy in Laboratory Equipment. Let SHELDON Planning
Engineers help you plan your research and control
Laboratories.

SHELDON'S new Industrial Catalog for Chemical
and Physical Laboratory, X-ray, Metallographic
and Dark Room Fixed Equipment is now on the
press. Reserve your copy today.
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INDEX TO ADVERTISERS

American Platinum Works : :. 28 A
Amersil Co., Inc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 31 A
Atlas Electric Devices Co. . . . . . . . . . . . . . . . . . . . . . . .. 22 A

Baker & Adamson Div.. . . . . . . . . . . . . . . . . . . . . . . . . .. 40 A
Baker Chemical Co., J. T............... 2 A
Bausch & Lomb Optical Co.. . . . . . . . . . . . . . . . . . . . . .. 38 A
Blaisdell PenciJ Co. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 A

Recommended where steam or heavy
duty electric current is not available:
Except for heating these stills are
identical with the steam and electric
models' and contain all. basic features
'such as pre-heating of the raw, cold
inlet water, before it is fed into the
evaporator, venting of dissolved
gases and volatile impurities be-

. fore distillation, con-
1"-------, stant water level, easy

cleaning. The vapors
while passing through
baffle equipped flue
are stripped entirely
of .moisture. solids
and volatile impur
ities, and purity of
distillate is assured. by
confining it within
surfaces coated heav
ily with pure block
tin. Write for Water

See Your Laboratory Supply Dealer Still Bulletin -6-86C.

Shown in position
on still at right is
automatic cut.off
which protects stills
against boiling dry
due to accidental cut
01£ -in water supply.
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The Critical Temperature of Serum

By P. LECOMTE du NOVY. Former Associate
Member of Rockefeller Institute, Formerly Head of
Dept. of Molecular Biophysics at the Pasteur Inst.,
Director of Molecular Serology, University of Paris
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Presents a detailed discussion of an experimental
approach to the subject of immunology which has
been widely used in Europe, and offers his theory of
the coagulation of serum by heat. The book's
purpose is primarily to lay a foundation for organ
izing and correlating the .present knowledge of this
sCience into a unified whole. Will be of great interest
to all biochemists, physical chemists, specialists in
immunology and blood diseases, physicians and
pharmacist~. Contains 89 graphs. and much tabular
data shOWIng the results obtaIned on numerous
series of experiments wi th various types of serum
and plasma. Such properties as sedimentation, ionic
equilibria, interfacial tension, density, conductivity,
viscosity, coagulation, etc., are discussed with
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For chemical purity plus... Specify B&A REAGENTS
In selecting reagents for your laboratory, specify B&A
for chemical purity PLUS product diversity and
availability:

The PURITY ... guaranteed by the. kill, science and
technological developments which General Chemical
Company's Baker &Adamson Division has gained in 6.5
years of "Setting the Pace in Chemical Purity:'

The DiVERSITY ... more than 1,000 purity products
bear the B&A "Shield of Quality:' From them you
can order your every requirement.

The AVAILABILITY . .. extensive stocks of B&A Reagents
are maintained in the Company's own regional dis:
tributing stations from coast to coast. The one serving
your territory can supply your month-to-month needs
swiftly, surely, steadily.

Remember this when you buy laboratory reagents.
Specify B&A for chemical purity PLUS product di
versity and availability-advantages that really count in
operating any laboratory efficiently. Your B&A Tech
nical Serviceman can start special, personalized service
for you today. Phone or write the nearest office below.

• Complere .rocks carried here.

-------- ~O RECTOR STREET, NEW YORK 6, N~ f.-------

Sales and Technical Service Offires: Albany' • Atlanta ' Baltimore • Birmingham' • BoSton' • Bridgeport
Buffalo· • Charlo{[e* • (hicago* • Cleveland * • Denver*' • Detroic* • Housmn • Kansas Cit)'
Los Angeles' • Minneapolis • New York' • Philadelphia' • PittSburgh' • Providence' • St. Louis'

San Francisco' • Seattle • Wenatchee (Wash.) • Yakima (Wash.)
In Wisconsin: General Chemical Wisconsin Corporation. Milwaukee. Wis

In Canada: The Nichols Chemical Company. Limited • Montreal* • Toronto* • Vancouver.

SETTING THE PACE IN CHEMICAL PURITY SINCE 1882

DIVI ION

GENERAL CHEMICAL COMPANy

BAKER & ADAMSON
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