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CENCO-COOLEY INDEXER FURNACE

Every

Crucible
A
Front

Crucible!
HEARTH ROTATES

13615

No more singed hands and scrambled crucibles to remove crucibles from this furnace. Any crucible in the
heating chamber can be brought to the door by turning the numbered indexing wheel. The muffle is cylin-
drical and the circular hearth rotates with the turning of the indexer wheel. This design not only eliminates
awkwardness in handling work to and from the heating chamber, but gives more uniform temperature dis-
tribution and 209, greater crucible capacity than that of usual muffle furnaces of corresponding dimensions.
The pyrometer thermocouple enters the chamber above the center of the hearth, and, when exact determina-
tions of technical characteristics of materials under temperature are to be made, the thermocouple can be
lowered until in intimate contact with the work to
register its exact temperature at all times. The
pyrometer has a double scale calibrated to 1100°
Centigrade and 2000° Fahrenheit.

For 115 volts, A.C. or D.C., with a power con-
sumption of approximately 1300 watts. Dimen-
sions, over all: Height, 15 inches: width, 183/,
inches;  depth, 16!/» inches. Muffle space:
Height, 3 inches; diameter, 7 inches. Width of
door, 41/, inches.

13645
CENCO-COOLEY INDEXER FURNACE

with Rheostat and Pyrometer

$127.50

Interior View of No. 13645 Furnace
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By a strange coinci-
dence both Pyrex
brand Laboratory
Ware and Vycor
brand Glassware were born in
war time. ‘‘Pyrex’” ware was
introduced shortly after the out-
break of World War I—*Vycor”
ware just before the present war
began. Both are products of
Corning Research in Glass.

Together with the new Pyrex

brand Fritted Glassware, re-

cently announced,
they help to assure
the continued inde-
pendence of the
American Laboratory

Today industries, hospitals
and schools can pursue their
laboratory work undeterred,
confident that, because of Corn-
ing Research and Corning facil-
ities, a ready supply of labora-
tory glassware will always be

available.

“PYREX" is a registered trade-mark and indicates manufacture by

CORNING GLASS WORKS *+ CORNING, N. Y.

CUBNING

means
arch in Glass
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Until the chemist Priestley suggested in
1770 that caoutchouc be used to erase
pencil marks, the elastic substance now
known as rubber was regarded merely as a
strange and useless article. Seventy years
later Goodyear discovered the process of
vulcanization, and laid the foundation of
the modern rubber industry.

Today more than 30,000 different arti-
cles are made wholly or in part of rubber,
and new uses are regularly developed. A
brief trip through the Merck plant dis-

MERGK & GO, Inc.
New York . Philadelphia .

India rubber manufacturing on the
banks of the Madeira River, 1875.
Before the era of the great Rubber
plantations, native Indians undertook
the great trouble of penctrating the
Virgin forests to collect the latex. Re-
turning 1o their modest huts they
Started 1o transform it into raw rub-
ber. They poured the liquor over a
stick turned slowly over a fire so that
a ball of raw rubber was formed.

closes many forms of rubber employed in
various operations—visual evidence of the
contributions made to the chemical in-
dustry by the rubber chemist.

Likewise, a visitor to the laboratory of a
progressive rubber chemist will note the
many Reagent Chemicals bearing the
Merck label—proof that Merck has kept
pace by supplying the chemicals essential
for the development of new uses for, and
new forms of, a substance once regarded
merely as a curiosity.

Mo m/ rclurin 7(6// enists

MERCK REAGENTS
USED BY THE

RUBBER CHEMISTS

Acetone Merck Reagent
Barium Chloride Reagent
Chloroform Reagent
Bromine Reagent

Sodium Peroxide Reagent

The guality of Merck Mineral

Acids and Ammonia Water

is in keeping with that of
Merck Reagent Chemicals.

RAHWAY, N.

ik

St. Louis . In CL:UIJJ..«'.' Merck & Co. Ltd., Montreal and Toronto
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Type MU 55 Muffle Fur-
nace at the Cadlifornia
Institute of Technol-
ogy, Pasadena
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When new processes involve
the use of new chemicals, or
chemicals with special characteristics, the
problem often arises as to where these prod-
ucts may be obtained—especially if indica-
tions are that such chemicals will later be
required in fairly substantial quantities.
From small laboratory lots through pilot
plant requirements to quantity production,
the furnishing of such chemicals is a familiar

path to Baker & Adamson. Our facilities and

A Matter of the Strictest Confidence

\ Wi

A

‘\‘!

experience can save you time and money.

You may present your problems to us
knowing that their details will be held in the
strictest confidence. In addition, we can
usually offer helpful assistance on specifica-
tions. From then on, your problem is ours.
You are relieved of details. Your product is
produced in our plant and delivered to your
door, known only by number, if you so desire.

Arrange a conference on your problem to-

day. Write or call nearest office listed below.

Vol. 13, No. 2

SETTING THE PACE CHEMICAL PURITY SINCE 1882

V7 M:T
BAKER & ADAMSON it

Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York fp .s'

Sales Offices: Atlanta « Charlotte (N, C.) « Chicago .
Houston + Kansas City Milwaukee - Minneapolis Newark (N. J.) =« New York
Providence (R. L)}  « St Louis - Utlea (N. Y.)

Pacific Coast Salex Officex: San Francisco » Los Angeles « Pucific Northwest Sales Offices: Wenatchee (Wash.) « Yaklima (Wash,)
In Canada: The Nichols Chemical Company, Limited . Montreal « Toronto « Vancouver

FINE CHEMICALS

LABO RATORY
REAGENTS
+

Baltimore « Bosten « Buffalo Cleveland « Denver « Detroit

Philadelphiz Pittsburgh
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HIGH SPEED PRODUCTION

SCHEDULES

CALL FOR
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THE WIRE

We build a given fumace for
only a single voltage, to
allow the use of the heaviest
possible Chromel wire. For
example, the 110-V wire is
.072" dia., for 110 ond 220
it would be ,045",

INSULATION==

The insulation is 414" thick
all around. The furnace is well
made in all respects. We
don't build a *'cheap” fur-
nace, because o cheap fur-
nace can't be good. Hoskins
Furnaces are cheaper in the
long run,

Hoskins electric laboratory furnaces deliver
the goods, month in and out. Their Chromel
Units are durable—almost beyond belief.
We don't invite you to abuse these furnaces,
but if you must force them through an emer-
gency, you'll see what a good factor of
safety has been built into them. Hoskins
Furnaces are dependable. Write to your
dealer or us. . . . Hoskins Manufacturing
Company, Detroit, Mich.

® When the unit wears out, all you need to
buy is the Chromel wire itself, which
comes as a coil.

® You install the Chromel wire merely by
wrapping it around the grooved muffle.

@ This furnace can be had, equipped with a
small inexpensive pyrometer and couple.

@ The sliding door saves heat. To remove a
crucible you don't need to open the door
all the way.

@ The tumns of the Chromel coil are *‘con-
densed’’ to compensate for heat losses at
the door.

@ These fumaces are available as muffle,
carbon combustion and small crucible
types, good for 1850-2000° F.

ELECTRIC HEAT TREATING FURNACES » « HEATING ELEMENT ALLOYS » » THERMOCOUPLE AND
LEAD WIRE + « PYROMETERS « » WELDING WIRE + + HEAT RESISTANT CASTINGS « « ENAMELING
FIXTURES * + SPARK PLUG ELECTRODE WIRE » » SPECIAL ALLOYS OF NICKEL » » PROTECTION TUBES
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A. H. T. CO. SPECIFICATION

RUBBER STOPPERS HR-108

IN NEW DESIGNS, MADE OF A BLOOMLESS, BLACK, HEAT-RESISTING
COMPOSITION OF SUPERIOR AGING QUALITY

Vertical cross-section of cross-section of

Vertical
Vertical cross-section of HR-108 one-hole stopper, HR-108 two-hole stopper,
HR-108 semi-solid stopper, showing Hough fusiform showing Hough fusiform
showing recessed top. opening. openings.

RUBBER STOPPERS, HR-108, A.H.T. Co. Specification. Incorporating for the first time im-
provements both in composition and in design which add greatly to length of useful life, utility, con-
venience and safety in handling. The stock is, in our opinion, superior to that used in any other stopper
now available. It possesses great elasticity, contains more than 709 of pure virgin gum, contains less
than 0.75%, sulphur and is free from surface sulphur ; no reclaimed rubber is used. The stoppers have
been found in actual use to withstand repeated steam pressure sterilization at 120°C and laboratory bomb
tests indicate a life approximately five times that of the ordinary stopper.

SEMI-SOLID TYPE

The new semi-solid stopper replaces the usual solid plug type. The top is recessed so that the upper half of the stopper
c?inta.ins only sufficient rubber in the walls to permit handling in the usual manner. This new design offers the following
advantages:

Increased depth of seal between stopper and neck of bottle, flask, etc., into which it is compressed ;. the recessed top
permits deeper insertion than the conventional type because the rubber can flow toward the hollow portion with
minimum resistance.

Eliminates popping out or working loose of stoppers after continued compression in use.

Reduces possibility of forming a permanent shoulder which ordinarily occurs when stoppers are compressed for ex-
tended periods. .

Facilitates removal from a tubulature because side walls can be pressed toward the hollow portion to loosen stopper.

Reduces time required for special boring as only half the stopper must be penetrated.

Recessed top forms a well for lubricants such as water, glycerine, ete., when using a cork borer.

Recessed top reduces the weight and therefore reduces the cost per stopper.

ONE-HOLE AND TWO-HOLE TYPES

The design of the one and two-hole types is the result of the invention of A. T. Hough, consulting leather chemist
formerly of Paris, France, who suggested replacing the eylindrical bore of the usual stopper by a fusiform opening with in-
ternal diameter at the center approximately twice as large as the opening visible in either end. These fusiform openings
are provided with funnel tops and 2 mm sealing rims at top and bottom which increase in width as the diameter of the
inserted tube, ete., increases. This new construction offers the following advantages:

Tubing, thermometers, funnel stems, etc., can be inserted much more readily than into conventional stoppers,
but are held firmly by the elastic sealing rims at top and bottom.

Tubing, etc., can be inserted into the fusiform openings with greater safety than into the usual cylindrical openings,
particularly by students.

The funnel tops of the fusiform openings facilitate entrance of tubing, etc.

The fusiform openings permit insertion of much larger tubes than is possible in the usual cylindrical openings. For
example, glass tubes from 6 to 11 mm outside diameter, with unfinished ends, and porcelain funnel stems up to
20 mm diameter can be inserted in properly lubricated stoppers from sizes No. 5 to 8, incl., with comparative
ease and without special boring.

The fusiform openings reduce the weight and therefore reduce the cost per stopper.

HR-108 Stoppers are sold by count and not by weight and, because of the low specific gravity and the new design, include
approximately 259 more stoppers per pound than many brands now in wide use for laboratory work. They are packed in
labeled cartons, containing multiples of a dozen (approx. one pound by weight) of one size, for convenient shelf storage and

for economical purchase. .
Copy of descriptive pamphlet, giving detailed information as to sizes available, prices, etc., sent upon request.

Free samples of HR-108 Rubber Stoppers are available—with some limitations—for trial in organized
laboratories. In requesting same, please state size and style desired.

ARTHUR H. THOMAS COMPANY

RETAIL—WHOLESALE—EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA, U. S. A.
Cable Address, “Balance,” Philadelphia
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Organic Halogen Compounds in Mineral Oils

Detection, Determination, and Identification

M. S. AGRUSS, GEORGE W. AYERS, JrR., AND HANS SCHINDLER
The Pure Oil Company, Chicago, I11.

URING the past fifteen years, and particularly during
the past five years, addition of organic halogen com-
pounds to various types of mineral oils has become a prac-
tice in the petroleum industry. These mixtures include a
wide range of products, such as fireproof cleaning solvents,
cutting oils, break-in oils, and special lubricants. In almost
every case the halogen compound used in the mixture is a
chlorine compound. Methods for the detection, determina-
tion, and identification of the organic halogen compound or
compounds present in mineral oils are therefore necessary in
the examination of such products.

Methods are included in the present paper for (1) the deter-
mination of total halogen (such as chlorine) in an oil, (2) the
determination of the type of halogen compound present—
i. e., whether the chlorine is or is not attached directly to an
aromatic ring—and (3) the possible identification of the
halogen compound present.

Determination of Total Halogen

A number of well-known methods have been advanced
for the determination of halogen in organic compounds or in
mineral oils, but these consume too much time to be used in
ordinary laboratory operations. The following method, in
which the hydrogen chloride formed during combustion of the
mineral oil in a Parr oxygen bomb is absorbed by sodium bi-
carbonate solution (in the bomb), which is in turn titrated
with standard silver nitrate solution by either the Mohr or
Volhard procedure, is rapid and accurate and has given ex-
cellent results over a period of several years.

ProcEDURE. About 20 ml. of distilled water, in which is dis-
solved 0.500 gram of c. p. sodium bicarbonate, are placed in a
Parr oxygen bomb of 400-ml. capacity. From 0.6 to 0.8 gram of
the oil to be tested is placed in the weighed oil cup and the weight
of the charge is determined to the nearest milligram. The cup is
then placed in the bomb, which is previously arranged so that
the iron firing wire (10 cm.) touches the oil sample when the cup is
placed in position. The bomb is tightly closed and oxygen at 30
atmospheres is admitted, after which the ignition is carried out in
the usual manner in a container of cold water. After ignition the
bomb is allowed to cool (10 minutes) and the pressure is released
at a uniform rate such that the operation requires not less than 1
minute. .

The bomb is opened and the inside is examined for traces of
unburned oil and sooty deposit. If either is found, the deter-
mination is discarded. If complete combustion has taken place,
the interior of the bomb, including the oil cup, is rinsed with a
fine jet of distilled water into a 400-ml. beaker. The washings
usually do not exceed 850 ml. To the beaker is added 1 ml.
of 2.5 per cent potassium chromate indicator solution and the
halogen content is determined by titration with 0.05 N silver
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nitrate solution. In order to obtain a sharp end point, it is essen-
tial that the solution be viewed through bright yellow glass dur-
ing the titration with silver nitrate solution. A blank deter-
mination must be carried out, in which 0.500 gram of the c. p.
sodium bicarbonate, dissolved in exactly the same volume of
water used in the beaker during the test, is titrated under the
same conditions as when the sample was used. The halogen
content is calculated in the usual manner after the quantity of
silver nitrate solution used in the blank is subtracted from that
used for the sample.

If the particular halogen present—bromine, chlorine, or iodine—
is unknown, a second sample is burned in the bomb and the
contents are examined by the usual qualitative procedure.

Typical results by the above procedure are shown in Table I.

TaBLE I. DETERMINATION OF TorAL HALOGEN IN LUBRICATING
O1L ;

Halogen
Calculated

Halogen Compound Added Found
% <0

n-Heptyl bromide 0.045 0.044
0.450 0.466

n-Amyl chloride 0.333 0.324
Triphenylmethyl chloride 0.014 0.014
0.142 0.140

Ethylene dichloride 0.069 0.067
0.690 0 695

Benzyl chloride 0.028 0 029
0.280 0.294

o-Dichlorobenzene 0 479 0 470
0.048 0.050

Determination of Type of Halogen Compound
Present

Procedures given in the literature and well-known qualita-
tive organic texts are very indefinite with respect to experi-
mental details for the determination of the type of halogen
compound present. Potassium and sodium hydroxide solu-
tions, both aqueous and alcoholic, have long been suggested
as reagents for this purpose. It has been found that 1 N
alcoholic potassium hydroxide solution when boiled 5 minutes
with the sample does not react with halogen attached to an
aromatic ring except in the case of iodine where a positive
group such as a carboxyl or aldehyde group is in the ortho
position. Practically all other organic halogen compounds
are attacked by the alcoholic potassium hydroxide solution.

Procepure. From 0.1 to 0.2 gram of the halogen compound
or 8 cc. of mineral oil containing a halogen compound is placed
in a 15-cm. (6-inch) test tube with 8 cc. of 1 N alcoholic potas-
sium hydroxide solution (prepared from special potassium hy-
droxide containing not more than 0.002 per cent chlorine and 95
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TasrLe II. ReactiviTy OoF ORGANIC HALOGEN COMPOUNDS
(With 1 N alcoholic potassium hydroxide and saturated silver nitrate
solutions)
Positive Reaction with 1 N Alcoholic KOH
Positive reaction Negative reaction with  Negative Reaction
with alcoholic AgNO; alcoholic AgNOs with 1 N Aleoholic KOH

Isopropyl bromide Acetylene tetrachloride Chlorobenzene
#-Butyl chloride Trichloroethylene Trichlorobenzene

Isobutyl bromide Tetrachloroethane o-Dichlorobenzene
n-Butyl bromide Pentachloroethane a-Chloronaphthalene
n-Amyl chloride Tetrachloroethylene p-Chlorodiphenyl
n-Amyl bromide p-Bromoaniline
Isoamyl bromide Chlorohydroquinone
Isoamyl chloride Bromobenzene

n-Heptyl bromide ¢
Triphenyl methyl chloride
Benzyl chloride p-Dibromobenzene
Benzyl bromide })—Dichlorobenzene
Hexachloroethane odobenzene
p-Phenylphenacyl bro-

mide
Chloroacetal
Dichloropentane
Chlorocyclohexane

Nitrobenzyl bromide
Butadiene tetrabromide
Trichloroacetic acid
Carbon tetrachloride
Iodoform
Ethylene dibromide
Ethylidene bromide
o-Todobenzoie acid

a-Bromonaphthalene
Tetrachloronaphthalene

Slightly positiye reaction
with alcoholic AgNOs

Propylene dichloride
hlorex
f-Phenoxy-g"-chloroethyl
ether 2
Monochloroacetic acid
Methylene chloride
hloroform 2
Ethylene dichloride
1,1,2-Tribromoethane

r cent ethyl aleohol). The test tube is placed in a steam bath
?(?r exactly 5 minutes; then 5 cc. of distilled water are added and
the contents are filtered through Whatman No. 42 filter paper.
The filtrate is acidified with dilute nitric acid; if turbid it is
filtered through sufficient filter paper to give a clear solution.
To this solution is added 0.5 ce. of 0.05 N silver nitrate solution
and it is examined for turbidity due to silver halide. Blank
tests on the reagents are carried out in the same manner. Any
excess of turbidity over that given by a blank test on the reagents
used indicates the presence of organic halogen not attached to
ml; aro)matic ring (except with a few iodine compounds as stated
above).

The results obtained with a number of organic halogen
compounds are shown in Table II. For purposes of com-
parison, results obtained by heating the halogen compound
with a saturated solution of silver nitrate in absolute alcohol
are also included.

The sensitivity of the test for the determination of organic
halogen compounds in mineral oil is shown in Table ITI.

In case the two types of organic halogen compounds are
present in the same sample of mineral oil, the halogen not at-
tached to an aromatic ring may usually be removed from the
oil by continued refluxing with 1 N alcoholic potassium hy-
droxide until the halogen content of the mineral oil decreases
to a constant value, this latter value indicating the amount
of halogen attached directly to an aromatic ring.

Tapre ITII. SexsrriviTy oF TEST FOR HALOGEN IN
Lusricating O1L

(Where halogen is not attached to an aromatic ring)

Compound Minimum Halogen Compound Minimum Halogen
Present Detected by Test Present Detected by Test
Yo %
n-Amyl chloride 0.002 Hexachloroethane 0.005
n-Heptyl bromide 0.002 Trichloroethylene 0.004
Benzyl chloride 0.001 Pentachloroethane 0.004
Chloroform 0.005 Ethylene dichloride 0.004
Carbon tetrachloride 0.005 Monochloroacetic acid  0.002
Triphenylmethyl Trichloroacetic acid 0.003
oride 0.001 Chlorex 0.003

Vol. 13, No. 2

Identification of Halogen Compound Present

Mineral oils containing halogen compounds may be dis-
tilled in vacuo, the halogen compounds usually being con-
cenfrated in one or more of the fractions obtained. Upon
examining the results obtained by the methods mentioned
above and the physical constants of the fractions, the halo-
gen compound present usually is readily identified and a
derivative may be prepared if desired. This examination of
the fractions is time-consuming and may be replaced in many
instances by a simple procedure by which the halogen com-
pound may be extracted from the mineral oil as a thiuronium
salt and identified by means of the corresponding thiuronium
picrate.

Procepure. One hundred grams of mineral oil and 50 cc. of
c. ». benzene are refluxed for 2 hours with 10 cc. of 95 per cent
ethyl alcohol containing 1 gram of thiourea. The alcohol layer
is separated and the oil extracted with 25 cc. of hot 95 per cent
alcohol, after which the two aleohol solutions are combined and
evaporated to dryness on a steam bath. The resulting thiuro-
nium salt is washed with cold hexane to remove traces of oil, then
dissolved in 10 cc. of 95 per cent alcohol, and 1 gram of picric
acid is added. The mixture is heated on the steam bath until
complete solution is attained, then allowed to cool slowly. The
thiuronium picrate is filtered off, washed with 5 ce. of cold 95
per cent alcohol, then repeatedly recrystallized from 95 per cent
alcohol until the melting point becomes constant. Usually
two recrystallizations are sufficient.

Table IV shows the melting points of the thiuronium
picrates obtained by this procedure from several portions of
lubricating oil to which had been added the compounds
listed.

Tasre IV. Mgzuring Pomnts or THivroNIUM PicraTeEs DE-
RIVED FROM HALOGEN CoMPOUNDS IN LUBRICATING O1L
Melting Point of Thiuronium Picrate

Found (picrate
derived from

Halogen Compound Added to Lubri- halogen com- Literature
cating Oil (1% in Each Case) pound in oil) value (1)
240 2C:
n-Amyl chloride 151 154
n-Heptyl bromide : 138 142
Triphenylmethyl chloride 170 5
Ethylene dichloride 259 260
Benzyl chloride 188 188

Since no value for the melting point of s-triphenylmethyl
thiuronium picrate was available in the literature, this com-
pound was prepared by refluxing triphenylmethylchloride
with thiourea in alcoholic solution, followed by addition of
picric acid and recrystallization from alcohol. The melting
point was 172° C. and analysis of the compound indicated 5.4
per cent of sulfur (theoretical, 5.85 per cent).

Literature Cited
(1) Levy, W. J., and Campbell, Neil, J. Chem. Soc., 1939, 1442,

Presexntep before the Division of Petroleum Chemistry at the 100th
Meeting of the American Chemical Society, Detroit, Mich.

Note on Determination of Silica
in Calcined Alumina

J. E. EDWARDS
154, Hillcroft Crescent, Oxhey, Watford, Herts, England

HE determination of traces of silica in calcined alumina

required for the manufacture of aluminum presents a
number of difficulties. The author has found that silica may
be determined in calcined alumina colorimetrically as silico-
molybdate in acid solution and that this method is quicker
and more accurate than the gravimetric method. It may also
be adapted to many estimations of small amounts of silica or
silicon. :



A Rapid Method for Determining Ferric and

Ferrous Iron

JOHN O. PERCIVAL, Merrimac Division of Monsanto Chemical Co., Everett, Mass.

Using precipitated copper as a reducing
agent, determinations of ferrous and ferric
iron are carried out in less than 10 minutes,
with a minimum of equipment and skill,
with common stable reagents, in the pres-
ence of large amounts of cupric, ferrous,
manganous, zingc, nickel, and chromicions,
and with a precision and accuracy of around
3 parts per thousand.

ITH many mills turning to the use of ferric sulfate for

pickling brass and other copper alloys, the need for a
simple rapid method for the determination of ferric ion in the
baths has arisen. (Metals are pickled after high-tempera-
ture annealing to remove the oxide film and to produce a
bright uniform appearance.)

Standard methods are unsatisfactory for this purpose be-
cause mills demand a method so simple and rapid that it can
be carried out beside the bath by regular workmen without
special training and without taking much time from their
other duties. Thus, all methods are eliminated which take
more than 10 minutes, which require laboratory skill, special
apparatus, and unusual or unstable reagents, and which are
expensive or inaccurate in the presence of large amounts of
cupric ion.

The method developed to meet these requirements com-
prises reduction by finely divided copper, removal of the ex-
cess, and titration with standard permanganate.

Metallic copper has been used before for reducing ferric
salts (1, 8-5, 7-9), but in all cases copper with a relatively
small surface area per unit of weight, such as gauze, turnings,
or foil, has been used. This makes the procedures several
times longer than the present one and necessitates reduction
in a boiling solution, which is an undesirable complication in
itself. For example, Hendel (), who made a study of the
time required to reduce various amounts of iron, found 30
minutes’ boiling with 32 sq. cm. of copper gauze was required
to reduce 125 mg. of iron. This quantity, and more, is re-
duced in 2 minutes at room temperature by the method de-
seribed.

No one has previously pointed out that this method is
capable of determining the ferric-ferrous ion ratio in the pres-
ence of large amounts of cupric ion.

Materials

A glass-stoppered 250-cc. flask is preferable. Filtration fa-
cilities are desirable but not essential.

Potassium permanganate, 0.1 N. Commercial anhydrous fer-
ric sulfate (Ferrisul). .

Copper metal precipitated powder (a reagent electrolytic prod-
uct was purchased, 98 per cent of which passed through a 325-
mesh certified Tyier sieve and 84 per cent of which is in the
range 10 to 35 microns as determined by a Wagner turbidimeter).

aOdth(:r reagents used in tests were of ordinary laboratory c. p.
grade.

: Method
Add 50 cc. of water, 15 cc. of 20 per cent sulfuric acid, and a
4-ce. sample of filtered pickle bath to the 250-ce. flask. Titrate

with 0.1 N potassium permanganate, add a slight excess of cor—
per metal precipitated powder (0.1 to 0.2 gram), shake violently
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2 minutes, filter, and titrate again. One half the net titer gives
per cent of ferric sulfate present. For convenience in titration
the size of sample may be adjusted to give a titer of 15 to 25 ce.
There must be an excess of copper present at the end of the
shaking, but an extremely large excess is not recommended in
accurate work. For cases where an error of 1 per cent is not
serious, the filtration may be eliminated by shaking 30 seconds
with 2 cc. of mercury and titrating rapidly.

CALCULATIONS.
1 cc. of 0.1 N KMnO, 0.019993 gram of Fe.(S0,);
0.02 gram of Fe.(SOy); with error of
only 0.035%
0.01519 gram of FeSO,
0.0152 gram of FeSO, with error of
only 0.066%,
% salt = grams of salt in 100 ce. of solution
Ce. of KMnOj for 4 ce. of sample X 25 = cc. of KMnO, for
100 ce. of solution
Net cc. of 0.1 N KMnO; X 25 X 0.02 = cc.of 0.1 N KMnO, X
0.5 = % of Fey(S04);
(Ce. of 0.1 N KMnO,, 1st titer, — Blank) X 25 X 0.0152 =
ce. of 0.1 N KMnO, X 0.38 = 9% of FeSO,

(]

The three different Ferrisul solutions used in testing the
method are designated as I, II, and III. Elaborate precau-
tions or unusual care are not required and were not taken in this
work except where necessary in the two standard procedures
used. Duplicate analyses were made in all cases. The great-
est deviation of the duplicate analyses from their average was
=+(.5 per cent. The average deviation was 0.3 per cent.
(These are percentages of actual value found; in terms of
per cent ferric sulfate they are, for solutions I and II, 0.03
and 0.04 per cent, respectively.) Since this precision is en-
tirely satisfactory for the purpose at hand, no attempt was
made to determine the limits of precision attainable by this
method. All per cent concentrations given are equivalent
to grams of salt per 100 ce. of solution at room temperature.

TapLe I. COMPARISON WITH STANDARD METHODS
Fes(SO4)s Found
Solution I _ Solution IT
% %o
802 method 8.73 3
Cu method 8.72 12.74
SnCla method 25 12.71

CoMPARISON WITH STANDARD METHODS (TABLE I). The
sulfur dioxide reduction was carried out according to a stand-
ardized procedure used here for plant control work.

Add the sample containing about 0.75 gram of ferric sulfate to
200 ce. of distilled water in a 500-cc. flask; raise the pH to point
of precipitation and pass in a rapid stream of sulfur dioxide for
15 seconds. Bring to boil over 5-minute period (must be color-
less) and add 10 cc. of 1 to 1 sulfuric acid. Boil rapidly until
there is no odor of sulfur dioxide, or at least 10 minutes. Cool
and titrate with 0.1 N potassium permanganate. Make blank
correction. About 30 minutes are required.

The stannous chloride reduection and titration using the
Zimmerman-Reinhardt preventive solution followed the
directions of Swift (10). The agreement of the present
method within about 2 parts per thousand with these stand-
ard methods is thus less than experimental error, and shows
that the new method is accurate.

Errecr oF OTHER IoNs. Table I1 shows that large amounts
of ferrous, cupric, manganous, zine, nickel, and chromic ions
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TasrLe II. Errecr or Oraer ToNs
(Ferrisul Solution I1I)

B Fes(SOu)a
Added Salt Found
Yo Yo
e - 8.83
FeS0..TH:0 25 8.86
CuS04.5H:0 25 8.81
MnSO04.2H:0 62 8.78
ZnS04. TH:0 100 8.87
NiSO4. 6H:0 42.5 8.87
Crz&SOa)t 3 8.81
NaCl 25 13.1

do not affect the method outside of experimental error. Chlo-
ride, as would be expected, caused interference.

Discussion

Aside from the simplicity of a copper reduction method, it
has the all-important advantage here of being applicable di-
rectly to brass pickling baths containing large amounts of
cupric ions, which would not be the case with a zinc or stan-
nous chloride reduction. The fact that chloride is not re-
quired as in a mercury (2, 6) or silver (11) reduction makes it
possible to use a simple permanganate titration. The ab-
sence of special apparatus, such as a reductor tube or colori-
metric standards, makes the method particularly suited to
millwork where such equipment could be subjected to careless
handling and breakage. The simple equipment used in this
method is easily replaced without the attention of a trained
chemist.
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The method requires no special skill and the accuracy and
precision of the results show that interference by cuprous
compounds and air oxidation is negligible. The use of pre-
cipitated copper powder so accelerates the reduction that the
method becomes one of the fastest and simplest of analytical
methods, which should recommend its use in other applica-
tions. The precision of the results is consistent with the
technique used and no results were obtained which would
indicate that the method could not be made even more pre-
cise than 3 parts per thousand, if desired, by introducing re-
finements.
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- Volumetric Determination of Iron and
Aluminum in Cement with 8-Hydroxyquinoline

LEO KAMPF, Division of Analyzing and Testing, President of the Borough of Queens, Long Island City, N. Y.

N THE usual procedure (2-10, 11, 14) for the determination

of iron and aluminum with 8-hydroxyquinoline, the acidity

is generally set with acetic acid and ammonium acetate at a

pH close to 7, and an acetic acid solution of the 8-hydroxy-
quinoline is added to precipitate the metals.

Results obtained by this procedure are erratic. While the
gravimetric results are satisfactory, the volumetric results are
consistently low; although the metals are completely precipi-
tated, they do not come down completely as the oxine. This
is due to the fact that the pH for precipitation as the oxine is
the same as for precipitation of these elements as the basic
acetates. Moyer and Remington (12) have shown that iron is
precipitated completely with oxine at a pH of 3.45 to 4.00 and
aluminum at a pH of 5.0. At both these points the basic ace-
tate precipitates. When the metals are ignited to the oxides
the results are satisfactory, but when the oxine precipitate is
weighed, the results are a little low because the basic acetates
are lighter than the oxines. In the volumetric determination
the metal which comes down as the basic acetate is not
determined. The amount of error which this procedure can
cause will depend on the dilution, the temperature, and the
time of heating, all of which favor the formation of the basic
acetate.

To precipitate both iron and aluminum, the pH must be
above 5.0. The addition of tartaric acid prevents the forma-
tion of the basic acetate at this pH, and the metals can then be
precipitated completely as the oxine.

Since divalent iron reacts with only 2 instead of 3 moles of

the oxine, it is necessary to boil the solution with bromine
water before adding the oxine.

Two methods for the titration of the oxine precipitate are
used. The first—to titrate the oxine directly with a bromate
solution before using neocarmine, methyl red, or other dye as
the indicator—is not generally used because the color of the
dye fades gradually and the end point is not sharp (7, 13).
The second method—to add an excess of the bromate and
back-titrate with potassium iodide and thiosulfate—cannot
be used in the titration of the iron oxine because the potassium
iodide also reacts with the ferric ion.

The poor end point with the first method was therefore
studied. It was found that the color produced in this titra-
tion was not reversible. A very small amount of the bro-
mate solution is able to decolorize a large amount of the indi-
cator. Thus, during the titration, the indicator is being used
up by the bromate. To eliminate this it is only necessary to
add more indicator when the solution starts to become de-
colorized. Another reason for the poor end point is that when
methyl red, for example, is used in a weak acid solution, the
color change is from red to orange to green to yellow. The
final transition from green to yellow is very indistinct and it is
easy to overrun the end point by as much as 1 ce. If, how-
ever, the acid concentration is above 15 per cent, the green
color is eliminated and a sharp transition from orange to
yellow will be observed, the red changing to orange just before
the end point is reached. A satisfactory end point can then
be obtained by direct titration with the bromate solution.
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Results obtained with these modifications as shown in
Table I are typical of many similar determinations.

To determine the iron and aluminum volumetrically the
two metals can be precipitated together as the oxine and ti-
trated as indicated above.
volumetrically on a separate portion in the usual way, or de-
termined on the same portion oxidimetrically.

To determine iron and aluminum in the same solution, both
were precipitated with oxine and titrated with the bromate
solution; then the iron was titrated oxidimetrically in the
same solution. The first titration gave satisfactory repro-
ducible results, but the second did not. When the iron was
titrated with potassium permanganate by the Zimmerman-
Reinhardt method, the very high results were due, apparently,
to an oxidation of the oxine. An oxidizing agent with lower
potential (potassium dichromate) gave better results but still
high. The iodometric method, which has a much lower po-
tential, was then tried and, after modification, gave satisfac-
tory results as shown in Table I.

TaBLE [. DETERMINATION OF IRON AND ALUMINUM
Bromate - Thiosulfate :
Sample Metal Present Titration Titration Error
Gram My.
1 AlL:Os 0.0107 0.0108 +0.1
2 AlOs 0.0270 0.0267 ~0.3
3 AlOs 0.0480 0.0480 0.0
5 oo, o0t 00185 Bt B
5 0. ] T —0,
et ; 0.0187 1— 8'}
(i .0362 0.036 b
fan 2 0.0361 —0.1
7 AL:Os 0.0261 0.0267 Z +0.6
FeaOs 0.0196 0,0195 —0.1
8 ALOs 0.0262 0.0259 S —0.3
Fe03 0.0170 0.0173 +0.3
9 AlOs 0.0346 0.0341 —0.5
FesOs 0.0116 s 0.0114 =02
Procedure

Dissolve 0.5 gram of cement in perchloric or hydrochloric acid,
depending on whether the silica is determined by the perchloric
acid or the ammonium chloride method. After removal of the
silica, add an excess of 10 ml. of hydrochloric acid, 2 drops of
methyl red, and 5 ml. of 20 per cent tartaric acid. Make just
alkaline with concentrated ammonium hydroxide and add 1 to 10
hydrochloric acid till a slight red color appears. Add 20 ml. of &
25 per cent solution of ammonium acetate and bring the solution
to a boil. This procedure sets the pH at 5.8; however, it drops
to 5.0 after precipitation, because of the release of hydrogen ions
in the formation of the oxine complex and because the reagent
contains acetic acid. e

Cool slightly and add an excess of the 8-hydroxyquinoline re-
agent (shown by the yellow color of the supernatant liquid).
Prepare the reagent by dissolving 12.5 grams of oxine in 30 ml. of
glacial acetic acid and diluting with water to 1 liter. Let the
precipitate stand 15 to 30 minutes, filter through a coarse filter
paper, such as Whatman 41H, keeping the precipitate at least
1.25 em. (0.5 inch) from the top of the paper because the iron
oxine creeps excessively. Wash with warm water. Wash the
precipitate back into the original beaker with a stream of hot
water and pour 50 ml. of hot 1 to 2 hydrochloric acid over the
filter paper to dissolve the remaining precipitate into the original
beaker. Heat carefully till the precipitates just dissolve. Cool,
add 2 drops of methyl red, and titrate with 0.2 N' bromide-bro-
mate solution. When nearing the apparent end point, add an-
other 2 drops of methyl red, allowing 15 seconds before continu-
ing the titration. Continue adding 2 drops of the indicator and
titrating until the color changes to an orange and then a yellow
within 15 seconds after adding the indicator, For greater ac-
curacy, correct for the amount of bromate used up by the indica-
tor by counting the number of drops of indicator added and de-
termining on a blank the bromate equivalent. Fifteen drops of
0.5 per cent methyl red are decolorized by 0.10 ml. of bromate
solution and 10 to 15 drops of indicator are generally used up in a
titration.

Add a few drops of the oxine and cool to 15° to 20° C. Add
about 6 grams of sodium carbonate and then 20 ml. of 15 per

The iron can then be determined
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TaBLE II. INTERFERENCE
Sample AlOs Present P;0;5 Present Al:O; Found

Gram My. Gram

10 0.0267 5 0.0264

11 0.0267 10 0.0261

12 0.0267 15 0.0257

13 0.0267 20 0.0255

14 0.0267 25 0.0257

cent potassium iodide. After 5 minutes add 10 ce. of concentrated
hydrochloric acid and titrate with 0.02 N thiosulfate, adding
starch when the solution becomes a light yellow. Any color that
develops after this titration should be ignored (this is due to the
decomposition of the potassium iodide which occurs at the high
acidity necessary to keep the iron oxine in solution). The iodo-
metric titration must be run immediately after the bromometric
titration because the iron is reduced on standing,

The bromate solution can be standardized with potassium
iodide and thiosulfate. The thiosulfate can be standardized
against potassium dichromate, or both solutions can be stand-
ardized E; using the above procedure with Bureau of Standards’
Sibley iron ore 27b or standard iron wire.

The interfering elements are large amounts of silica (which
causes slightly lower results), copper (4), cadmium, cobalt, nickel,
zine, titanium, and zirconium. s than 5 mg. of phosphate do
not interfere. Table II shows the interference when more than
5 mg. are present. Magnesium and calcium do not interfere.
The only interfering elements in this list, besides silica, that are
likely to occur in cements are titanium and zirconium.

This method has the following advantages for routine lab-
oratory analysis over the ammonium hydroxide method. It
is free from most of the errors indicated by Hillebrand and
Lundell (7): phosphate ion interference, traces of silica in the
sample and in the reagents (especially ammonia), improper
ignition (aluminum oxide requires 1200° C.), absorption of
moisture by the ignited oxides, ete.

After the iron and aluminum are determined as above, the
calcium can be precipitated at the same pH by the addition of
ammonium oxalate and also determined volumetrically.
Magnesium can then be precipitated by heating to 70° C.,
adding more oxine, then 30 ml. of concentrated ammonium
hydroxide, stirring for 15 minutes, and letting settle 10 min-
utes. It is determined volumetrically in the same manner as
the iron and aluminum. Cements contain up to 1 per cent of
P,0s;. This amount does not interfere with the oxine method
but is carried down in the ammonium hydroxide method.
Consequently, this method, in the presence of this ion, will
give lower results than the A. S. T. M. method (). Samples
7, 8, and 9 are cements with only a trace of PyO;.
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Spectrophotometric and Biological Assay
of Vitamin A in Oils

N. H, COY, H. L, SASSAMAN, AND ARCHIE BLACK
Vitamin Laboratory, E. R. Squibb and Sons, New Brunswick, N. J.

HE discovery in 1928 by Morton and Heilbron (16) that

vitamin A has a characteristic absorption band in the
region 320 to 330 uu has been followed by numerous publica-
tions on the use of this physical fact as a means of quantita-
tive measurement of the amount of vitamin A in oils. Such
literature covers the improvement in experimental technique,
irrelevant absorption, proper solvents, forms of vitamin A,
and, dependent on all these, the correlation of results obtained
by physical tests with biological assay through the proper
conversion factor.

There is now available a wide variety of spectrophotom-
eters and photoelectric photometers used in the physical
assay of vitamin A. The Vitamin Assay Committee of the
American Drug Manufacturers’ Association (1) in 1937 and
again in 1939 made an attempt to correlate results obtained by
such instruments. An examination of these reports reveals a
divergence among the values of extinction coefficients ob-
tained by different instruments on the same oils, attributed
partially to errors in the instruments and partially to the tech-
nique of the operator and experimental conditions.

The question of irrelevant absorption, or the presence in
oils of substances which show ultraviolet absorption, not nec-
essarily selective, in the region of 328 uu is of great impor-
tance in the physical assay of vitamin A. Attempts to correct
for such absorption have involved the application of correc-
tion factors (3, 12, 16) or the suggestion of Hume and Chick
(9), who state that the irrelevant absorption bears no constant
relationship to the amount of vitamin A present, that it is
less for the unsaponifiable fraction than for the oil itself, but
that in oils with large concentrations of vitamin A the error is
insignificant. On the other hand, the problem is further com-
plicated by the question as to whether the ultraviolet absorp-
tion at 328 pu is a measurement of all the substances which
cause vitamin A activity in rats.

There are two aspects to this problem. In the first place Gillam
et al. (6) and Edisbury et al. () report the presence in oils of a
new vitamin, vitamin A, which also has biological activity, but
with ultraviolet absorption maximum at 345 to 350 pp. One
other vitamin in whale liver. oil with absorption maximum at 290
px has been reported by Willstaedt and Jensen (17), and it is
possible that other forms of the vitamin exist. In the second
place, Gray, Hickman, and Brown (6) report that vitamin A in
fish liver oifs is present mainly in the ester form. It is further
implied by Hickman (?) that the esters of vitamin A have a
greater biological activity than the alcohol. This may be due to
the fact that the ester is more stable than the alcohol, as Mead,
Underhill, and Coward (£3) have found.

All these factors influence the value of the conversion fac-
tor. The normal procedure of obtaining the conversion factor
i by direct computation from the £ and biological values of
the pure substance. In the case of vitamin A this procedure
is not logical because of the instability of the vitamin and be-
cause some substances which have biological activity similar
to vitamin A do not have absorption maxima at 328 uu.
The value of 1600 first reported (10) was based not on pure
vitamin A but on the richest concentrate known at the time.
Since that time many values have been reported.

Hume and Chick (9) state that the values vary from 1300
to 2580. Morgan et al. (14) indicate that the factor may not be
the same for cod liver oils as for oils of higher potency. Holmes
and Corbett (8) report on tests made on erystalline vitamin A
values from 1600 to 1800; one test by Darby gaye a value of
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2100. The 1939 report of the A. D. M. A. committee gave con-
version factors ranging from 1920 to 2780. Barthen and Leonard
(2) on tests on U. 55 P, standard oil report a value of 2222; Mead,
Underhill, and Coward (13) report values of 1920 and 2150 for
two esters and, having made the correction factor for the acid
fraction of the ester molecules, compute 2000 as the conversion
factor for vitamin A. Hickman (?), using data obtained mainly
from molecular distillation studies, states that the conversion
factor for the esters of vitamin A is higher than for the alcohol
that each preparation has a characteristic conversion factor, an
that cod liver oils in general have higher factors than most other
fish liver oils.

It would thus seem that, until some of these matters are
further clarified, each laboratory should obtain its own con-
version factors by direct comparison between the E and bio-
logical values of a great variety of oils. Such a procedure has
been adopted in this laboratory.

Experimental Procedure

Prysican. Two instruments, the Hilger vitameter and
the ultraviolet spectrophotometer, were used in the physical
assay of the oils. Experience with the vitameter has shown
that variations in its performance lead to rather inaccurate
results. The vitameter, however, is a simple and speedy
instrument to operate and has been found excellent for
measurements preliminary to the biological and more accurate
physical assays.

The spectrophotometer used was a Judd Lewis ultraviolet

photometer with vanes carefully refinished and reset and the
various units rigidly mounted to the frame of a 10 X 25 cm. (4

X 10 inch) Bausch and Lomb ultraviolet spectro%]mph. The
original mounting of the Judd Lewis photometer has been re-
TasLe I. U. S. P. ReErerence Cop Liver O1L

1% 1% Conversion
0il No. £} ‘om. AE) O, Factorb
Full Bottles
1 1.40 (unsap.) 5 2140
2 1.36 iunsnp.) 0.13 2210

1.49 (whole) 2010

3 1.39 (unsap.) 0.10 2160
1.49 (whole) 2010

4 1.36 (unsap.) 0.13 2210
1.49 (whole) 2010

Partially Filled Bottlese

5 1.24 (unsap.) 2420
6 1.12 (unsap.) 2680
7 1.15 (unsap.) 2610
8 1.17 (unsap.) & 2560
9 1.17 (unsap.) 0.09 2560
1.26 (whole) 2390

10 1.14 (unsap.) 0.12 2630
1.26 (whole) 2390

11 1.24 (unsap.) 0.08 2420
1.32 (whole) 2270

Average conversion factor for unsaponified fraction

bottles
Partially filled bottles

Average conversion factor for whole oil
Full bottles
Partially filled bottles

s E}.Zam. whole — E}?m. unsap.

b Biological value taken as 3000 U. 8. P. { 2
¢ Flushed with carbon dioxide and allowed to stand in refrigerator for
several weeks.

2180 == 1.4%
2550 = 3%

2010 = 0%
2350 = 29
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Tasre II. Cop Liver OiLs
1 1% U.8.P. XI Conversion
Oil No. El %’m. AElzém. (Biological) Factor
Units per gram
1872 (unsap.) 0.75 0.25 2050 2730
(whole) 1.00 2050
1891 (unsap.) 1.10 0.26 3100 2820
(whole) 1.36 2280
1870 (unsap.) 0.76 0.07 2300 3030
whole) 0.83 2770
1885 (unsap.) 0.87 0.08 2400 2760
(whole) 0.95 2530
1847 (unsap.) 0.75 0.10 2400 3200
(whole) 0.85 2820
1838 (unsap.) 0.63 0.256 1800 2860
(whole) 0.88 2050
1859 (unsap.) 0.84 i 2000 2380
1857 (unsap.) 0.66 0.18 2300 3490
(whole) 0.84 2740
1928 (unsap.) 0.64 0.06 1650 2580
(whole) 0.70 2360
1667 (unsap.) 0.66 0.06 1800 2730
whole) 0.72 2500
1850 (unsap.) 2.33 0.42 6000 2570
gwholg) 2.76 2190
1833 (unsap.) 0.77 0.08 2250 2920
§whole) 0.85 2650
1697 (unsap.) 0.87 0.04 2050 2360
2wholg) 0.91 2250
1699 (unsap.) 0.82 0.09 2150 2620
. Ewholle,) 0.91 2360
1903 (unsap. 0.70 0.09 1700 2430
Ewholg)) 0.79 2150
1879 (unsap.) 0.80 o 2150 2690
1978 (unsap. 0.84 0.10 2150 2560
gwholg)) 0.94 2290
1987 (unsap. 0.68 0.18 1600 2350
gwhollg)) 0.86 1860
2013 (unsap. 0.57 0.09 1550 2720
(wholle))) 0.66 2350
2004 (unsap.) 0.55 0.03 1400 2550
(wholg) 0.58 2410
2021 (unsap.) 0.78 0.02 2100 2700
(wholg) 0.80 2620
2022 (unsap. 0.82 0.11 2000 2440
(wholg)) 0.93 2150
Average conversion factor for unsaponifiable fraction 2700 = 8%
Avemge conversion factor for whole oil 2370 = 9‘/’;

& E}%m whole — E}Z‘m unsap. One per cent refers to concentration of
whole oil before saponification.

placed by a more rigid and better aligned single unit mounting
designed by the Squibb staff. In this mounting all the photom-
eter units, including the source, are attached to the same unit.
With such a mounting it has been the experience in this labora-
tory that in the 8 months of use, once the new photometer setup
had been brought into adjustment (usin% approximately thirty
plates), the only subsequent adjustments have been incidental to
the removal and sharpening of the electrodes as they have worn
away with use. On replacement of the electrodes a single plate
taken varying the height of the arc was sufficient to reset the
source.

The light source used was a tungsten-steel spark. On each
assay plate one exposure with both apertures fully open and no
absorbing cells in position was made as an adjustment check on
the equality in intensity of the two beams. The density scale
of the lower sector of the photometer was calibrated by comparing
values found with solutions of potassium chromate and potassium
nitrate with the values recorded in literature. Such concentra-
tions were used as would include the entire scale. All absorption
maxima of these absorbing salts were used. Such calibration was
checked on the average after every ten glates had been exposed.

Eastman spectroscopic plates No. IT O were used. Exposures
with such plates, using Bausch & Lomb 1-cm. cells and slit width
of 0.03 mm., varied from 2 to 10 seconds. Plates were developed
for 5 minutes (at 20° C.) in Eastman D19 developer, washed and
fixed for 15 minutes, then washed in running water for at least 30
minutes.

The actual procedure in the assay of any oil was to weigh out
directly into a 100-ml. flask a quantity of the fresh oil accurate
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to a 0.1 mg. This was then diluted with isopropanol and a vitam-
eter reading was taken. Dilutions that would give a match at
a density reading of between 0.50 and 0.95 were used. A similar
concentration was then placed in one of the photometer cells with
isopropanol in the compensating cell, and a plate was taken vary-
ing the aperture of the density scale from 0.15 to 0.95 by steps of
0.05. On such a plate it was possible to read the match point
at 328 up to 0.05 density readings and also to plot the absorption
curve of the oil. When such a density reading was obtained the
value of 2 ?m. was calculated from Beer’s law and a second plate
was taken. On this second plate two or three concentrations
were used, each covering from six to nine exposures. The test
solution was thus exposed to the ultraviolet light for not more
than 1.5 minutes.

Tests made for deterioration of the oils due to irradiation from
the source when the cells were in their normal position with re-
spect to the source and the aperture was fully open indicated that
for exposures up to 3 minutes the decrease in the E value was well
within the error of the instrument. A second weighing was also
made and a third plate taken with two or three concentrations.
If the extinction coefficients computed from the plates agreed
to within 5 per cent for the different weighings no further data
were taken; if not, a third weighing was made and plate exposed.

Plates, when dry, were placed on a well-illuminated viewing
stand and examined visually with a jeweler’s loop for density
match {)oints at 328 pu. If there was doubt about any matc

int, the plate was projected on a sereen using a Bausch & Lomb

alopticon projector and the projected image was examined for
the match point.

With the lower potency oils assays were made on both the whole
oil and the unsaponifiable fraction. Two methods of saponifica-
tion were used—one, that suggested by the Vitamin Assay Com-
mittee of the A. D. M. A. of 1937 (1) with the additional procedure
that the ether was evaporated under carbon dioxide, and the
other a modified form of this procedure by which in the process
of saponification and extraction of 1 gram of oil larger amounts
of ether, alcohol, and water were used than in the first procedure.

Following this procedure, an accurate determination on a
cod liver oil can be made in about 6 hours and on an oil of
higher potency in 4 hours.

Brovogican. The U. S. P. XI procedure was followed in all
cases. A master curve was used as an aid in interpreting the
results and to increase the accuracy. Precautions were taken
in the biological assay to avoid the use of U. S. P. reference oil
which had been exposed to air or had been stored in partially
filled bottles any appreciable length of time.

Fresh bottles of the oil, as distributed by the U.S. Pharma-
copeeia Vitamin Committee, were taken at intervals of 2 to 3
months, and subdivided into three or five small vials which were
thoroughly flushed, sealed, and stored in a refrigerator. These
small vials were then consumed in periods not exceeding 2 to 3
weeks. These vials and various diluted solutions which were
used in the tests were always thoroughly flushed with carbon di-
oxide after being opened and then returned to the refrigerator.
Fresh dilutions were prepared weekly.

Results

In Table I values obtained for the U. S. P. reference cod are
tabulated. Each E value recorded represents an average
value obtained by following the procedure outlined above for
the assay of cod liver oils. In some cases more than two
saponifications were made. In Tables II to IV the results
for a series of oils are recorded. The conversion factors were
obtained by dividing the biological value by the E value.
The average conversion factors for the various types of oils
and the average per cent errors were calculated.

Many absorption curves of the oils have been plotted.
For the oils of higher potency the curves are fairly symmetri-
cal about a pronounced peak around 328 uu. In some of these
there is evidence of a “flat” in the curve at 310 and 340 to
350 pu. A comparison of the curyes of the whole oils and un-
saponifiable fractions of cods is interesting. In both cases
there is a pronounced peak at approximately 328 pu, also
evidence of a flat at 310 and 340 to 350 up, but the curves for
the whole oils are more irregular, showing evidence of selec-
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TasLe III. Tuna anp Havmeur Liver O1vs
1l% U.8. P. XI Conversion
No. 1 cm. (Biological) Factor
Units per gram
Tuna Liver Oil
1959 58 120,000 2070
1902 12 26,000 2170
1897 34 80,000 2350
1909 49 75,000 1530
1623 56 145,000 2590
1741 12 30,000 2500
1016 23 55,600 2420
1917 26 55,300 2130
2016 55 110,000 2000
2023 44 92,000 2090
Average conversion factor 2180 = 10%

2260 = 99% (omitting 1909)
Halibut Liver Oil

1617 67 150,000 2240
1619 33 70,000 2120
1863 56 140,000 2500
1860 41 110,000 2680
1936 46 100,000 2180
1937 105,000 2100
1914 26 61,700 2380
1915 18 42,400 2360
1692 31 62,000 2000
1988 26 56,000 2150
1989 37 80,000 2160
1990 93 202,000 2170

Average conversion factor 2250 = 69,

tive absorption in the region 260 to 280 pu, and the curves
as a whole are higher than those for the unsaponifiable frac-
tions.

Discussion of Results

An examination of Table I reveals the fact that the Z values
listed for the U. S. P. reference cod liver oil vary over a con-
siderable range from the higher consistent values for the as-
says on full bottles to the lower varied values on bottles which
were only partially filled and were handled as indicated
above. A similar falling off of the E values for this reference
oil was reported by McFarlan (11).

There has been no evidence that any loss of vitamin A has
occurred in the original bottles of U.S. P. reference samples
as determined by repeated physical tests and biological as-
says. Whether or not the decrease in the F values which oc-
cur in the U, S. P. reference oil after standing for some time in
partially filled bottles is also accompanied by a decrease in
vitamin A activity has not been determined but is not be-
lieved to affect the interpretation of the biological assays,
since the use of such oil has been avoided.

In Table II are listed the conversion factors for 22 cod liver
oils as obtained by direct computation of the biological and
physical values for the individual oils. The average of the
unsaponifiable fraction for these oils is 2700 and that for the
whole 0ils 2370. Conversion factors for oils of higher potency—
tuna, halibut, and other fish liver oils—are listed in Tables
IIT and IV, giving average values of 2260, 2250, and 2270,
respectively.

It would appear that the conversion factors of the cod liver
oils or at least a part of them were higher than that of the
U. 8. P. reference cod liver oil or samples of the more highly
active tuna, halibut, and other fish oils which were studied.
These differences cannot be explained by variations in the
instrument, since the various oils have been run as received
in the laboratories. Different oils were run concurrently
and results should be comparable. Furthermore, the instru-
ment was calibrated at frequent intervals with standard in-
organic solutions. Neither is it considered that these dif-
ferences are due to the loss of the vitamin in the process of
saponification, since two methods of saponification were used
and results agree to within 5 per cent. Moreover, the values
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for the whole oils themselves are greater than those for the
other oils.

There is no explanation at the present time for the higher
conversion factor, but the inference might be made that there
are present in cod liver oils, in proportions greater than in
oils of higher potency, substances which have biological ac-
tivity similar to that of vitamin A but do not have maximum
ultraviolet absorption at 328 uu. Further work on this point
is in progress.

Summary

The details of a spectrophotometric method of assay of
vitamin A in fish liver oils and the results of the biological
and physical assay of 53 such oils are recorded. In all cases
assays were made on fresh oils and all biological assays were
made on the whole oils.

The average conversion factors computed from the meas-
urements on 22 cod liver oils yield values of 2700 and 2370 for
the unsaponifiable fractions and whole oils, respectively.

The average conversion factors for oils of higher potency
are 2260 for tuna liver oils, 2250 for halibut liver oils, and
2270 for miscellaneous oils as listed, giving an average of 2260
for these oils of higher potency.

Studies on the U. S. P. reference standard have shown that
the £ value gradually decreases when the oil remains in
partially filled bottles, even though they have been flushed
with carbon dioxide and stored in a refrigerator.

Tasre IV. MisceLuaNeous O1Ls

1% U. 8. P. XI Conversion
No. Type of Oil 1 cm. (Biological) Factor
Units per gram
1839 Pollack 3.8 10, 500 2760
1878 Pollack 4.5 9,5 2110
1899 Pollack 3.7 8, .}00 2300
1948 Pollack 3.5 7, 800 2230
1977 Pollack 4.2 O 200 2430
1934 Shark 56 135,000 2410
1044 Shark 57 109,000 1910
1979 Sword 28 67,000 2390
2019 Shark 109 206,000 1890
Average conversion factor 2270 = 9%
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Polarographic Determination of Nickel and

Cobalt

Simultaneous Determination in Presence of Iron, Copper, Chromium, and
Manganese, and Determination of Small Amounts of Nickel in

Cobalt Compounds

JAMES J. LINGANE AND HERBERT KERLINGER
Department of Chemistry, University of California, Berkeley, Calif.

HE purpose of this paper is to describe conditions under

which nickel and cobalt can be determined simultane-
ously by the polarographic technique with the dropping mer-
cury electrode (2). Heretofore an ammoniacal supporting
electrolyte has been recommended for the simultaneus polaro-
graphic determination of nickel and cobalt (5, 8, 9). How-
ever, the degree of separation of the two waves in ammoniacal
medium is none too good, and accurate determination of the
nickel is not possible when a large amount of cobalt is pres-
ent (compare curve 2, Figure 1). The authors have found
that an excellent separation of the nickel and cobalt waves is
obtained in supporting electrolytes containing thiocyanate or
pyridine. The use of these supporting electrolytes makes
possible the rapid determination of small amounts of nickel
present as an impurity in cobalt compounds, and greatly
improves the simultaneous determination of nickel and co-
balt in iron products (steel).

Apparatus and Experimental Technique

The usual polarographic technique was employed, using a
Heyrovsky-Shikata type of polarograph for the automatic photo-
graEhic recording of the polarograms (1, ). The H-type of cell,
with a permanent external calomel electrode as anode, and the
arrangement of the dropping electrode described by Lingane and
Laitinen (4) were used for most of the measurements. Air was
displaced from the cell solutions with nitrogen; the commercial
tanked gas proved to be sufficiently pure for the present purpose.
All measurements were made with the cell in a water thermostat
at 25° C.

Comparison of Nickel-Cobalt Waves in Various
Supporting Electrolytes

The polarogram in Figure 1 shows the waves obtained with
a mixture of 0.001 M nickel chloride and 0.002 M cobalt
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chloride in different supporting electrolytes. Each solution
contained 0.01 per cent gelatin as a maximum suppressor
(2). The half-wave potentials of nickel and cobalt in these
media are listed in Table I.

TasLe I. HA1rr-WAVE PoTENTIALS OF NICKEL AND COBALT IN
DIFFERENT SUPPORTING ELECTROLYTES

(Half-wave potentials in volts with respect to the saturated calomel electrode
at 25° C.)

Supporting Bz
Electrolyte Ni Co Difference
1 N KCl —~1.1 -1.2 0.1
1 N NH.Cl-1 N NH,OH -1.12 -1.30 0.18
1 N KCIl + 0.5 M pyridine -~0,78 —=1.07 0.29
1 N KCNS -0.70 —1.03 0.33

In a non-complex-forming supporting electrolyte the half-
wave potentials of nickel and cobalt are so close together that
a mixture of the two produces only a single wave, as shown
by curve 1 in Figure 1. The coalescence of the waves in a non-
complex-forming supporting electrolyte is further favored by
the fact that the reduction of the aquo nickel and aquo
cobaltous ions is irreversible, and the waves have an ab-
normally small slope.

In ammoniacal medium the difference between the half-
wave potentials of the complex nickel and cobalt ammonio
ions is large enough so that a double wave is obtained, as
shown by curve 2 in Figure 1. However, the waves are still
not sufficiently separate to allow an accurate measurement
of their individual heights, especially if the concentrations of
nickel and cobalt are disproportionate.

In pyridine or thiocyanate supporting electrolytes the half-
wave potentials of both the nickel and the cobalt are shifted
markedly to a more positive value but the nickel wave is
shifted more than that of the cobalt; hence, in such solutions
an excellent separation of the two waves is obtained, as shown
by curves 3 and 4 in Figure 1. The complex ions formed in
pyridine and thiocyanate solutions are reduced reversibly, as
is evidenced by the normal slopes of the waves. Further-
more, the half-wave potentials in pyridine or thiocyanate
solutions are about what one would expect from the ordinary
standard potentials of nickel and cobalt combined with a
reasonable estimate of the dissociation constants of the com-
plex ions. This matter will be discussed in a later paper.

It will be noted from Figure 1 that the wave of cobalt in
pyridine solution has a very prominent maximum, in spite of
the presence of gelatin, but the diffusion current following the
maximum is well defined. The authors attempted to sup-
press the cobalt maximum in 0.5 M pyridine by increasing
the concentration of gelatin, with the results shown in Figure
2. The small nickel maximum is easily eliminated with only
0.01 per cent gelatin, but the cobalt maximum is not sup-
pressed even with 0.05 per cent gelatin.

The cobalt maximum in pyridine solution in the presence
of 0.05 per cent gelatin is not obtained when the concentra-
tion of pyridine is smaller than about 0.2 or 0.3 M (Figure
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Ficure 2. INFLUENCE OF GELATIN CONCENTRATION ON
NickerL AND CoBAur MAXIMA IN PYRIDINE SOLUTION

0.002 M NiCls and 0.002 M CoCliin 1 ¥ KCl containing 0.5 M pyri-
dine. Concentrations of gelatin: (1) none, (2) 0.01, (3) 0.02, (4)
0.05 per cent

3). With concentrations of pyridine less than about 0.2 or
0.3 M the double nickel-cobalt wave is very well defined with
no maxima, but with increasing concentration of pyridine
the cobalt maximum appears and it increases with increasing
pyridine concentration.
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cent gelatin, Concentrations of pyridine: (1) 0.05, (2) 0.1,
(3) 0.5, () 1 M

FIGURE 3.

When a pyridinium salt is also present in the pyridine solu-
tion, the cobalt maximum is even larger than it was in the fore-
going experiments in the absence of the pyridinium ion.
This is shown by curve 1 in Figure 4, obtained with a mixture
of nickel and cobalt in 0.5 M pyridine containing 0.5 M pyri-
dinium chloride as supporting electrolyte. However, in the
presence of pyridinium ion the cobalt maximum is easily
suppressed by 0.05 per cent gelatin or even less, as shown by
curve 2.

It will be noted from Figure 4 that the final current rise
occurred at a more positive potential in the presence of pyri-
dinium ion. This final current rise at —1.4 volts is due to the
reductionsof the pyridine, which has been investigated by
Shikata and Tachi (6). The reduction potential of the pyri-
dine is shifted to a more positive value in the presence of
pyridinium salt, owing to the decrease in pH resulting from
the buffering effect of the pyridinium ion. However, even
in the presence of an equivalent concentration of pyridinium
ion, the reduction potential of the pyridine is more negative
than that of the cobalt-pyridine complex and does not inter-
fere with the wave of the latter.

The authors have also made a detailed investigation of the
nickel and cobalt waves in supporting electrolytes contain-
ing thiocyanate, in which medium the waves are slightly more
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separated than in pyridine solutions (compare Table I),
When only nickel is to be determined in neutral solutions, or
for the determination of small amounts of nickel in cobalt
salts, thiocyanate serves very well as supporting electrolyte.
However, a thiocyanate supporting electrolyte is not very suit-
able for the simultaneous determination of both nickel and
cobalt, because in such solutions the diffusion current of the
cobalt is not well defined and shows peculiar irregularities, es-
pecially in acid solutions or in the presence of ammonium
salts. These are the most likely conditions in a practical
analysis. For these reasons the use of thiocyanate support-
ing electrolytes cannot be recommended for the simultaneous
determination of nickel and cobalt. :

Simultaneous Determination of Nickel and Cobalt
in Presence of Iron, Chromium, Manganese, and
Copper

Ferric iron is reduced at a potential considerably more
positive than the calomel zero, and hence its diffusion cur-
rent interferes with the waves of practically all other metal
ions when it is present in large excess. The authors have
found that precipitation as hydrous ferric oxide in pyridine
solution affords an excellent separation of relatively large
quantities of iron from nickel, cobalt, and copper. Pyridine is
a very weak base (K, = 1.4 X 1079 and a solution contain-
ing equal concentrations of pyridinium ion and pyridine has
a pH of about 5.2. At this pH the precipitation of ferric
hydroxide and its separation from nickel and cobalt are
quantitatively complete.

The outstanding advantage in the use of pyridine is that
the precipitation of the iron can be made at a lower pH than
when ammonia is used, and hence the possibility of coprecipita-
tion of nickel, cobalt, and copper is greatly lessened.

The separation of small quantities of nickel and cobalt
from a relatively large amount of iron by the pyridine method
is demonstrated by the polarogram in Figure 5, which was
obtained under conditions that simulate the determination of
small amounts of nickel and cobalt in steel.
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Ficure 4. INFLUENCE oF GELATIN oN Co-

BALT MAXIMUM IN PYRIDINE SOLUTIONS IN
> PRESENCE OF A PYRIDINIUM SALT

1. 0.002 M NiCl: and 0,002 M CoClzin 0.5 M pyri-
dinium chloride plus 0.5 M pyridine
2. Repeated after adding 0.05 per cent gelatin

Curve 1 was obtained with a solution prepared by diluting
5.00 ml. of 0.01 M nickel chloride, 5.00 ml. of 0,01 M cobalt
chloride, 2.0 ml. of 12 N hydrochloric acid, 5.0 ml. of pure pyridine
(ca. 13 M), and 5 ml. of 0.2 per cent gelatin to 100 ml. in a volu-
metric flask. Hence this solution was 5 X 10~ M in respect to
both nickel and cobalt (about 3 mg. of each metal per 100 ml.),
0.24 N in pyridinium chloride, 0.4 M in pyridine, 0.01 per cent
in gelatin, and had a pH of about 5.4. Curve 2 was obtained
with a solution prepared in the same way except that 0.3 gram of
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iron (as ferric chloride) was added before the addition of the
pyridine. The composition of this solution would correspond to
about 1 per cent each of nickel and cobalt in a steel. It was not
necessary to filter off the precipitated ferric hydroxide; it was
simply allowed to settle for a few minutes and a 25-ml. sample

of the clear supernatant solution was taken with a pipet and.

transferred to the polarographic cell for determination of the
nickel and cobalt.

The heights of the nickel and cobalt waves were exactly
the same after the precipitation of the ferric hydroxide as in
the absence of iron, which demonstrates that there was no
appreciable coprecipitation of these metals with the iron
under these conditions.

For the determination of nickel and/or cobalt in steel a 0.3-
to 0.5-gram sample is dissolved in about 5 ml. of concentrated
hydrociloric acid in a small beaker, and after addition of a few
drops of concentrated nitric acid to oxidize the iron, the solution
is evaporated to incipient dryness. The residue is dissolved in 2
ml. of concentrated hydrochloric acid, and transferred to a 100-
ml. volumetric flask with 50 to 75 ml. of water. Then 5 ml. of
pure pyridine are added, followed by sufficient gelatin solution
to give a concentration of 0.01 per cent, and the mixture is made
up to the mark and shaken thoroughly. After allowing a few
minutes for the ferric hydroxide to settle, a sample of the clear
supernatant solution is transferred with a pipet to the polaro-
graphic cell and the polarogram is obtained. The dropping elec-
trode is calibrated with known amounts of nickel and cobz_zl_t, or
with a standard steel sample, under exactly the same conditions.
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FIGURE 5. SEPARATION OF NICKEL
AND CoBALT FROM IRON IN PYRIDINE
SoLurioN

In the absence of iron, chromic ion is not precipitated in a
pyridinium chloride-pyridine solution of pH 5.4, and the
chromic-pyridine complex that is formed is reduced to the
chromous state with a half-wave potential of —0.95 vol.t 8.
the saturated calomel electrode. However, when consider-
ably more ferric iron than chromium was present the chro-
mium was completely coprecipitated with the ferric hydrox-
ide, and the supernatant solution did not show the chrommyn
wave. Hence, moderate amounts of chromium in steel will
not interfere with the determination of cobalt and nickel.

Manganous ion in pyridine solution is not reduced below
the potential at which pyridine itself is reduced; hence,
manganese does not interfere with the nickel-cobalt deter-
mination. o

Copper in pyridine solution shows two waves, very similar
to the double waves obtained in ammoniacal medium (7),
with half-wave potentials of +0.05 and —0.25 volt vs. the
saturated calomel electrode (compare Figure 6). The first
wave is due to the reduction of the cupric-pyridine complex
to the cuprous-pyridine complex, and the second to the reduc-
tion of the cuprous complex to the metal (see Figure 6). The
copper waves are sufficiently far in advance of the nickel and
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cobalt waves so that copper does not interfere with the nickel-
cobalt determination when its concentration is about the
same as (or smaller than) the concentrations of the nickel
and cobalt. This is demonstrated by the polarogram in
Figure 6 obtained with equal concentrations of copper, nickel,
and cobalt in a pyridine solution.
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Ficure 6. SmMUuLTANEOUS DETER-
MINATION OF CopPER, NICKEL, AND
CoBArr 1IN PyYRIDINE SOLUTION

0.001 M CuS04, 0.001 M NiCls, and 0.001

M CoClz in 0.13 M pyridinium perchlorate

plus 0.13 M pyridine containing 0.02 per
cent gelatin

When the concentration of copper is not more than about
ten or twenty times that of the nickel and/or cobalt, its dif-
fusion current can be balanced out, and the nickel and cobalt
determined, by the “compensation method” (3). When a
larger excess of copper is present, the bulk of it must be re-
moved before nickel and cobalt can be determined. In such
a case it is not necessary to remove the copper completely,
but only to reduce its concentration to the same order of
magnitude as the concentration of the nickel and cobalt.

Determination of Small Amounts of Nickel in
Cobalt Compounds

The use of pyridine or thiocyanate supporting electrolytes
makes possible the rapid and accurate determination of small
amounts of nickel present as an impurity in cobalt and co-
balt compounds. This is illustrated in Figure 7.

Curve 1 in this polarogram was obtained from a solution pre-
ared by dissolving a 3.00-gram sample of reagent quality co-
galt sulfate heptahydrate in about 50 ml. of water in a 100-ml.
volumetric flask, adding 2 ml. of 12 N hydrochloric acid, 5 ml of
pure pyridine, and 5 ml. of 0.2 per cent gelatin, and diluting to
100ml. A 75.0-ml. portion of this solution was used for obtaining
curve 1, which shows a well-defined wave of the nickel impurity.
After the first curve was obtained, 4.00 ml. of 2 9.24 X 102 M
nickel chloride solution were added to the solution in the cell and
curve 2 was recorded. The diffusion current of the nickel is
directly proportional to its concentration, and hence from the
increase in the height of the nickel wave resulting from the addi-
tion of the standard nickel solution the original concentration of
nickel can be easily computed.

Let V = original volume of solution in cell

v = volume of standard nickel solution added

C; = original molar concentration of nickel

Caw. = molar concentration of standard nickel solution

7, = original diffusion current of nickel

Az = increase in diffusion current resulting from stand-

ard addition
AC = increase in concentration due to standard addition
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We then have the following relations

Cx — % (1)
and
Al v
AC'= E = v aT vCﬂl.d- (2)
or
e o DV 4 v)
k Oin (3)
Therefore,
ks i;UCsm.
4w TR @

In the present e
1.98 microamperes,
0.24 X 10732 M.
was

riment, 7, = 1.97 microamperes, Az
= 75.0 ml.,, v = 4.00 ml, and Csa.
Therefore the original concentration of nickel

0. o 197 X 4 X 9.24 X 107
15 1.98 X 79

= 4.65 X 10~* M

This corresponds to 0.091 per cent of nickel, or 0.44 per cent
of nickel sulfate heptahydrate, in the original sample of cobaltous
sulfate heptahydrate.

This result is believed to be accurate to about =3 per cent,
and is at least as accurate as the determination of this small
amount of nickel would be by the classical dimethylglyoxime
procedure. Furthermore, the polarographic method is more
rapid and less troublesome' than the dimethylglyoxime
method.
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Figure 7. DETERMINATION OF

Nicker Impurity IN COBALTOUS
SULFATE

It will be noted from Figure 7 that in the presence of a
large excess of cobalt the reduction of cobalt begins before the
diffusion current of the nickel has become entirely constant.
For this reason it is necessary to use a standardized technique
for measuring the nickel diffusion current. The authors have
found that reliable and consistent results are obtained when
the wave height of the original solution and the wave height
after addition of the standard nickel solution are both meas-
ured at the same potential as shown in Figure 7. In the pres-
ent case the optimum potential for this measurement is 0.10
to 0.12 volt beyond the half-wave potential. Correction for
the “residual current” is made by extrapolation as indicated
by the dotted lines.
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For maximum precision the amount of standard nickel solu-
tion added should be sufficient just about to double the height
of the original nickel wave. After a little experience with a
given capillary, the amount to add can be readily estimated
from the height of the original wave. Furthermore, in rou-
tine applications of this method, with the same capillary and
with all other conditions constant, the calibration by addi-
tion of standard nickel solution would have to be made only
once, and in subsequent analyses the concentration of nickel
could be read directly from the height of the original nickel
wave.

The application of this method to other cobalt compounds
will be obvious. For determining nickel in metallic cobalt,
cobalt oxide, ete., a sample of the material would be dissolved
in hydrochloric acid, excess pyridine added, and then the
foregoing procedure followed. Incidentally, the removal of
nickel from cobaltous chloride by recrystallization from
water is very ineffective. Only 35 per cent of the original
amount of nickel (0.15 per cent) present in a sample of co-
baltous chloride was removed by two recrystallizations.

The foregoing procedure can also be used for the rapid de-
termination of small amounts of copper, either alone or si-
multaneously with nickel, in cobalt compounds.

Summary

In supporting electrolytes containing pyridine or thiocya-
nate the half-wave potential of nickel is 0.3 volt more positive
than that of cobalt, and the excellent separation of the two
waves permits the simultaneous determination of both
metals. The use of a supporting electrolyte containing pyri-
dine is preferable to one containing thiocyanate, because with
the latter the diffusion current of cobalt shows peculiar
irregularities, especially in acid solutions or in the presence
of ammonium salts.

A sharp separation of ferric iron from small amounts of
nickel, cobalt, and copper by precipitation as hydrous ferric
oxide is obtained with a supporting electrolyte of pH equal
to about 5.4 containing equal concentrations of pyridine and
a pyridinium salt. Nickel and cobalt are not coprecipitated
with the hydrous ferric oxide under these conditions, and the
method is well suited to the simultaneous determination of
nickel and cobalt in steel. Moderate amounts of chromium
in steel are completely coprecipitated with the hydrous ferric
oxide, and hence do not interfere with the determination of
nickel and cobalt. Manganese and small amounts of copper
do not interfere with the nickel-cobalt determination. Cop-
per gives a double wave at +-0.05 and —0.25 volt vs. the satu-
rated calomel electrode in pyridine solutions, and when pres-
ent in large excess the bulk of it must be removed prior to the
nickel-cobalt determination.

Small amounts of nickel impurity in cobalt compounds can
be rapidly and accurately determined in a supporting elec-
trolyte containing pyridine or thiocyanate.
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Colorimetric Determination of Phosphorus
in Iron Ore

HOBART H. WILLARD AND E. JOHN CENTERY, University of Michigan, Ann Arbor, Mich.

OLORIMETRIC methods have been described for the
determination of phosphorus in iron and steel.

Zinzadze (5) described a method for determining phosphorus
in the presence of silica, iron, and nitrates, but because of the
sensitive nature of the molybdenum blue and the time necessary
to develop it, it does not seem applicable to iron ore. Murray
and Ashley (3) and Bogatzki (1) described methods for the de-
termination of phosphorus in iron and steel by converting it into
a yellow complex phosphovanadomolybdate, which according
to Misson (2), who first suggested this method, has the formula
(NH4),PO4.Nﬁ4VOs.16NIOO.. The color is very stable and
undergoes no appreciable color change after 14 days. Murray
and Ashley (3) used the Pulfrich photometer and worked at 430
my. They found, however, that high silica interfered with the
detgrmination, because of the formation of yellow silicomolybdic
acid.

Of all the methods

e studied this modification

dl 100 EJ) of Misson’s method
/@ 80 = seemed the most promis-

| }S ing, but it has two seri-

/ i 0 ~ ous objections: (1) Iron

| 6 E ores are usually high in

"'/ S silica as compared to

40 > irons and steels, and

1 <C therefore the formation of

| 20 Q@ silicomolybdic acid would

\_/ | ~ interfere seriously; (2)

= NS the iron content of ores

350 45?500 600 varies considerably more
than that of irons and

Wl e NeT i steels, and since ferric
FIGURE 1. TRANSMITTANCE chloride shows a large
CURVES absorption of light at 430

1. Ferric perchlorate

he interference of
2. Ferric chloride mp,  the

iron would be serious.
The method which is de-

scribed here eliminates both of these difficulties.

Expcrimcntal

In attempting to determine phosphorus by mcasurir_1g the
intensity of a reduced solution of molybdenum blue, it was
found that the color which had once been developed could not
be diluted, since its intensity depended on the pH, and that a
variation in the concentration of stannous chloride added as a
reducing agent caused a change in the color. Moreover, con-
siderable time was required for the maximum color to develop.
For these reasons this method was abandoned.

It was necessary to find a reagent which would com-
pletely remove the silica and would also remove the yellow
color of ferric iron. The hydrochloric acid solution of the ore
was therefore evaporated with perchloric acid, which dehy-
drated the silica and rendered it easily filtered (4). The re-
sulting ferric perchloric solution is practically colorless and
at the same time the acidity of the solution is correct for the
formation of the yellow complex.

Apparatus

A Coleman Model 10 regional spectrophotometer was used to
measure the amount of monochromatic light transmitted through

1 Present address, Oliver Iron Mining Company, Hibbing, Minn.

8l

the yellow solution. The width of the spectral band used was
30 myu. A blank containing iron but no phosphorus was first
g}aced in the path of the light and the instrument was balanced.
his was then replaced by the sample and the percentage of
light transmitted as compared to the blank was measured.
It was necessary to allow the lamp to warm up for 10 minutes
before making any measurements.

The effect of perchloric acid in removing the yellow color
characteristic of ferric chloride is shown in Figure 1, in which
curve 2 shows the transmittance for ferric chloride solutions
and curve 1 for ferric perchlorate. It will be noted that con-
version of iron into perchlorate has moved the region of maxi-
mum transmittance into the ultraviolet and this colorless
solution now offers no interference in measuring the trans-
mittance of the yellow phosphovanadomolybdate complex.

The nearer the ultraviolet region is approached the more
interference by iron can be expected. On the other hand, if
550 mpu is approached a difference in the concentration of
phosphorus makes very little difference in the percentage of
light transmitted, as shown by Figure 2. Therefore, 450
my Was chosen as the correct wave length because it is as near
to the ultraviolet as possible without interference from the iron
content.

Effect of Varying the Concentration of Perchloric
Acid

Past a certain minimum the maximum color was developed
at a low acid concentration. If more than 13 ml. of perchloric
acid was used the color did not develop a full maximum.
Less than that amount allowed the formation of a precipitate
on the addition of ammonium molybdate.

The amounts of ammonium vanadate and ammonium
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0.243 per cent
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molybdate were always in excess of the calculated values for
a 0.500-gram sample high in phosphorus.

Reagents

AxyoNtoMm VanapaTe SorutioN. To 2.350 grams of am-
monium metavanadate dissolved in 500 ml. of hot distilled water
add 20 ml. of 1 to 1 nitric acid and dilute to 1 liter.

Amvontum MovnyepaTE SonutioN. Dissolve 50 grams of
molybdic acid in a mixture of 200 ml. of distilled water and 40
ml. of concentrated ammonium hydroxide. Filter the solution,
boil the filtrate 20 minutes, and dilute to 500 ml.

TasLe I. Dara UseEp IN PLOTTING TRANSMITTANCE-
CONCENTRATION CURVE

Phosphorus,
Sample Per Cent

SLP standard, OIMC?2, National

Transmittance
at 450 mu

Bureau of Standards 0.019 90.6
11 R, OIMC? 0.030 87.0
28 Cargo, OIMCb 0.035 84.4
114 8, OIMC? 0.049 78.3
WH standard, OIMC, and other

laboratories 0.0705 70.5
Soudan standard, OIMC, and other

laboratories 0.118 57.1
39 MB, OIMC 0.149 50.8
03 MB, OIMC 0,196 40.2
29 MB, OIMC 0.224 35.9
52 MB, OIMC 0,243 34.4

a Oliver Iron Mining Co., Hibbing, Minn,
5 Samples checked at OIMC for soluble and insoluble phosphorus.

Procedure

Weigh out a 0.5-gram sample of iron ore, place it in a 150-ml.
beaker, add 10 ml. of concentrated hydrochloric acid, and heat
the covered solution on a hot plate until the ore is dissolved. It
may be necessary to add more hydrochloric acid. When the ore
is in solution, evaporate the solution almost to dryness (do not
bake), and add 13 ml. of 70 to 72 per cent c. p. perchloric acid.
Boil the mixture on the hot plate until the dark ferric solution has
changed to a straw yellow color. This usually takes 4 or 5 min-
utes, and at this point the sample should be fuming strongly. (If
a Méker burner is used instead of a hot plate, the time required
to reach fumes of perchloric acid can be reduced to 2 or 3 min-
utes.) Cool the solution slightly and add from a pipet 10 ml. of
ammonium vanadate solution. Boil for about 30 seconds to re-
move any chlorine present, remove the beaker from the hot

late, and place it in a pan of cold water until it can be held in the

and. Wash off the cover glass and sides of the beaker with a
little distilled water and filter the solution into a 100-ml. volu-
metric flask. Wash the beaker and paper with 15 ml. of am-
monium molybdate solution, added from a small graduate, shake
thoroughly until the precipitate that first forms is dissolved, and
dilute to the mark. Shake the flask thoroughly and allow it to
cool either by standing or by immersion in water until it is at ap-
proximately room temperature.

Place the sample in a Coleman spectrophotometer, measure
the transmittance at 450 mu compared to the blank, and from
the curve read off the percentage of phosphorus. If the ore does
not, dissolve too slowly, the entire procedure may be completed
in half an hour.

The blank is made by weighing out 0.255 gram of pure iron
wire and running it exactly as the regular sample was run.

Figure 3 is the curve obtained by applying this method to
ten ores in which the phosphorus had been carefully deter-
mined by a standard method, and Table I shows the data
from which it was constructed.

Since the concentration of a solution is proportional to the
logarithm of the intensity of the transmitted light, the loga-
rithm of the transmittance at 450 mpu is plotted against the
concentration of phosphorus. The curve passes almost
through the 100 per cent transmittance point, which indicates
that the blank is theoretically correct.

Precautions

The evaporation with perchloric acid should not be carried
beyond the color change because acid will be lost by evapora-
tion and if the acidity of the solution is too low the precipitate
first formed on the addition of ammonium molybdate will not
dissolve on shaking.
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After the development of the color the solution should be
allowed to stand at least 4 minutes before measuring the per
cent of transmittance.

If chlorine is not boiled off, it has a tendency to dissolve the
filter paper and also causes variations in the intensity of the
developed color.

Stannous chloride cannot be used to hasten the solution of
the ore in hydrochloric acid because it causes a turbidity.

Reasonable care should be taken that no organic matter
comes in contact with the boiling concentrated perchloric
acid during the evaporation. ;

Tasre II. Precision oF METHOD
Transmittance

at 450 mp Deviation
%o %
‘WH standard 70.2 _(l)g
70.4 —0.1
71.4 1.1
70.6 0.1
70.2 —-0.3
70.7 0.2
71.3 . 0.8
Av. 70.5
SLP standard 90.6 0
90.8 0.2
91.0 0.4
91.0 0.4
89.8 —0.8
90.5 —0.1
Av. 90.6

Precision of the Method

Of the ten samples used in constructing the curve, two are
selected to show the precision of the method (Table IT). By
the method of least squares the average deviation for the
‘WH samples is calculated to be approximately 0.6 and that
of the SLP samples 0.35. The two deviations are typical of
all samples run.

On examining Figure 3 it is seen that for a sample low
in phosphorus 1 per cent in transmittance corresponds to
0.002 per cent of phosphorus, and for a sample high in phos-
phorus 1 per cent transmittance corresponds to approxi-
mately 0.006 per cent of phosphorus. Thus for the WH
standard the deviation would be, for high phosphorus, 0.006 X
0.6 = 0.0036 per cent phosphorus, and for low phosphorus,
0.002 X 0.6 = 0.0012 per cent phosphorus. The average is
0.0024. For the SLP standard the corresponding values are
0.0021 and 0.0007 per cent, the average being 0.0014 per cent.
The average for both samples is, in round numbers, 0.002 per
cent. This precision is about the same as that obtained by
usual methods.

Summary

The colorimetric determination of phosphorus in iron ore
by the phosphovanadomolybdate method has been greatly
improved by converting the iron to colorless ferric perchlorate.
‘This not only removes interfering silica but shortens the time
required, and makes possible the use of the more favorable
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wave length of 450 mp. The transmittance at this wave
length is determined and from a standard curve the percent-
age of phosphorus is calculated.
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Basic Sulfates of Iron and Aluminum
in Analytical Separations

J. G. FAIRCHILD, U. S. Geological Survey, Washington, D. C,

S DESCRIBED in a previous paper (3), a solution of
ferric sulfate was used to form a basic ferrie alum with
potassium which was thereby separated from cesium. In a
similar manner, after the addition of potassium sulfate an
excess of iron can be separated from divalent metals, which
are then determined by the usual methods. In this procedure
a basic sulfate of iron and potassium is formed at a definite
pH and at steam bath temperature, 90° C. The precipitation
of iron is nearly complete, while divalent metals remain in
solution. A small part of any aluminum present is also
precipitated.

Mellor (?) mentions as products of the hydrolysis of ferric
alum a few basic sulfates of iron and potassium which vary in
composition and are microcrystalline. Krueger (5) obtains a
basic sulfate of iron and ammonium in separating iron from
cobalt, nickel, zinc, and manganese. He fails to consider the

resence of aluminum and completes the separation of iron as a
gssic acetate. Ardagh and Bongard (1) obtain good separations
of nickel and zinc from iron and aluminum in a small yolume of
solution containing a little hydrochloric acid and 5 grams of am-
monium chloride, to which strong ammonia is added in excess.
Noyes and Bray (9) separate 2 to 50 mg. of nickel or zine from 100
mg. of iron very satisfactorily by the above procedure, but with
co%alt 1 mg. in 50 is caught in the precipitate of iron. This
separation is troublesome and requires repetition, especially when
excessive quantities of iron and aluminum are present. Lundell
and Kno“f}es (6) find that nickel onl{ may be satisfactorily sepa-
rated by the Blum method in a single precipitation. The writer
has observed that the separation from aluminum is by far the
more uncertain, Nickel only can be separated in a faintly acid
solution containing ammonium sulfate. : ]

Aluminum, like iron, forms a basic sulfate with potassium. A
patent on basic alum has been issued to Fleischer (4), who heats
a solution of alum above 60° C. in a continuous system. Titan-
jum forms no double sulfate, as tested by experiment. According
to Mellor (8) magnesium, zinc, or manganese may enter the basic
sulfate molecule, which resembles alunite in composition but
contains the same proportion of potassium sulfate as ordmarf’
alum. Cobalt also forms a double sulfate with aluminum. Al-
uminum may be separated from beryllium by this method sat-
isfactorily without the use of ammonium sulfate. Britton (2)
obtains a 90 per cent separation of aluminum from beryllium as
potassium alum.

Procedure

Treat a slightly acid solution of ferric sulfate, free from fluoride,
chloride, amf nitrate, with potassium acid sulfate and partially
neutralize with dilute ammonia until a precipitate begins to per-
sist. Heat this solution for several hours in a flask lowered di-
rectly into the steam bath; a dense, microcrystalline, orange-red
precipitate is produced. Potassium sulfate yields a less soluble
precipitate than the ammonium salt. The presence of titanium or
phosphate renders subsequent filtration slow and the filtrate
yellow with too much iron. In such a case, further .neutrahze.: the
filtrate and repeat the hydrolysis. About 5 mg. of iron remain in
solution. If appreciable quantities of titanium are present, first
hydrolyze at 0.1 N acidity. Proceed in like manner for phosphate
after adding titanium sulfate. ;
DETERMINATION OF ZINC AND NickeL. Place the solution of
iron and zine sulfate in a 500-ml. Kjeldahl flask, add potassium

acid sulfate equal in weight to the ferric oxide probably present,
dilute to 300 ml., and slowly add dilute ammonia until a slight
permanent precipitate remains, Place a small funnel in the neck
of the flask and heat to 90° C. in the steam bath for at least 4
hours, or overnight. Hydrolysis with a wired-in stopper yields a
more granular basic sulfate. Filter while hot. The filtrate should
be colorless and have a pH close to 2.8, just yellow to thymol
blue. Evaporate the filtrate and wash water to 150 ml. Filter
off any precipitate of iron, add methyl orange, and neutralize
until the color just remains red, at a pH of 3.1, which is about
right for the precipitation of zine sulfide. Transfer the solution
to an Erlenmeyer flask, add 2 ml. of 5 per cent mercuric chloride
solution, and precipitate zinc and mercury with hydrogen sulfide.
Ignite the filtered and washed sulfides and weigh as zine oxide in
the usual way. If cobalt or nickel was originally present the pre-
cipitation of zinc may require repetition.

After removing the greater part of the iron as above, concen-
trate the filtrate and wash water to 300 ml., add methyl orange,
and neutralize the filtrate until faintly red. Add 5 grams of am-
monium sulfate and hydrolyze in steam for at least 4 hours. This
second hydrolysis removes more iron, together with half of any
aluminum present. Ammonium sulfate keeps nickel in solution.
Concentrate the filtrate from aluminum to 150 ml., add 2 grams
of tartaric acid, and precipitate nickel with dimethylglyoxime in
the usual way.

The hydrolysis of ferric sulfate begins at about pH 1.2
and some iron remains in golution at pH 3.4. This figure was
first calculated, then verified after the hydrolysis by direct
determination in a pH meter. As the pH is increased to 3.8
the basic sulfates become slimy and filter slowly. At pH 3.8
the solubility for either iron or aluminum is still about 5 mg.

The hydrolysis of aluminum sulfate begins at about pH
2.8 and is one-half complete at pH 3.1. The solubility at 3.4
in terms of aluminum oxide is increased to 35 mg. in the pres-
ence of 10 grams of ammonium sulfate.

In the analysis of meteorites, stainless steel, and some min-
erals, a few per cent of the divalent metals are present with
large percentages of iron or both iron and aluminum. Numer-
ous quantitative tests were made of the behavior of such com-
binations involving cobalt, nickel, zine, or beryllium.

Literature Cited

(1) Ardagh and Bongard, Ixp. Exc. CHEM., 16, 297 (1924).

(2) Britton, J. Soc. Chem. Ind., 41, 349T (1922).

(3) Fairchild, Am. Mineral., 18, 543 (1933).

(4) Fleischer, A. {to Kalunite Co.), U. 8. Patent 1,958,083 (May 8,
1934). .

(5) Krueger, Z. anal. Chem., 114, 241-8 (1938).

(6) Lundell and Xnowles, J. Am. Chem. Soc., 45, 676 (1923).

(7) Mellor, “Comprehensive Treatise on Inorganic and Theoretical
Chemistry”’, Vol. V, p. 341, New York, Longmans, Green and
Co., 1935.

(8) Ibid., Vol. X1V, pp. 353-4.

(9) Noyes and Bray, “Qualitative Analysis for the Rare Elements”,
p. 393, New York, Macmillan Co., 1927.

PreseNTED before the Division of Physical and Inorganic Chemistry at
the 99th Meeting of the American Chemical Society, Cincinnati, Ohio.
Published by permission of the Director, U. 8. Geological SBurvey.



~ Biometry in the Service of Biological Assay

C. I. BLISS!, Sandusky, Ohio

OME chemists may wonder how biometry, or statistics
applied to biology, is involved in the biological assay of
drug potency. The biometrician or statistician on the other
hand may be equally puzzled that the pharmacologist and
chemist have been willing to work for so long without his
help. Sometimes he is asked to evaluate experimental data
after the laboratory work has been completed and the pos-
sibility of modifying the original technique has passed. This
is no more logical than to hold an analytical chemist respon-
sible for determining the original sugar content of a sirup
which may have partly fermented before it reaches him,
owing to improper preservation. To realize its full possibili-
ties, statistical control must also start from the beginning,
with the original experimental design. Then modern statisti-
cal methods may be expected to give more precise results
with fewer animals and a measure of just how far a given de-
termination should be trusted, whether it oceurs in a routine
assay or in developing a new medicinal product.

For a quantitative approach to biological assay, one must
first adjust himself to an order of variation in the original
measurements far greater than that customary in analytical
chemistry. Because in most cases this variation agrees
closely with the normal curve of error, many advantages are
at once available to the biologist. One distinction must be
emphasized. Consistency with the normal curve of error
does not imply a faulty technique on the part of the experi-
menter or a mistake in his measurements. This is an in-
herent characteristic of many animal populations and the
more carefully the animals are selected and handled and the
more accurately each response is measured, the more nearly
they will adhere to the normal curve of error.

All-or-None Effects of Drugs

The normal curve can be demonstrated most readily from
measurements of the toxicity of the digitalis glucosides to in-
dividual cats by slow intravenous infusion.

In a long series of tests at the Lilly Research Laboratories, a
single worker infused the laboratory standard of digitalis or Digi-
%lusin simultaneously into each of 4 cats until its heart stopped.

he results on 52 of these groups of 4 have been reported recently
by Bliss and Hanson (3). In their group No. 2, for example, the
4 replicated analyscs gave the following lethal doses: 29.6, 25.8,
29.2, and 19.9 cc. per kg. of cat. An analytical chemist might
consider the first and third replicates in satisfactory agreement,
the second questionable, and the fourth probably an error in
analysis. Let us take another set of 4 from the same series, No.
52, for example, where the 4 replicates gave 28.1, 26.2, 22.5, and
34.4 ce. per kg., respectively. Here it would be more difficult to
separate the “goocf’)53 from the “bad” determinations and it is
evident that a rule-of-thumb approach is not of much use. In-
stead we will assume that mistakes in titrating the individual cats
were negligible when compared with the variations in their sus-
ceptibility to the drug and center our attention upon the nature
of this variation. For such a study selected groups of 4 are
clearly less satisfactory than an analysis based upon the entire
series without selection. g

The first question concerns the unit of computation, for
any unit which may be adopted commits us at once to specific
biological assumptions as to the nature of digitalis action.
The better the basis for these assumptions, the greater is the
chance that the computation will lead to a satisfactory con-
clusion. Digitalis acts directly upon heart tissue and in re-
lating the quantity of drug which poisons the heart of each
individual to its gross body weight, it is assumed that the

! Present address, Connecticut Agricultural Experiment Station, New
Haven, Conn.

mass of specific heart tissue is directly proportional to that of
the rest of the animal. For the present data this has proved
to be a valid assumption. However, if the dose in cubic cen-
timeters of extract per kilogram is used directly in arithmetic
units, we assume further that the effect of a given increase in
dosage is constant, regardless of an individual’s inherent sus-
ceptibility or of previous dosage. The weight of pharmaco-
logical evidence shows that to obtain a uniform increment
in effect, the dosage of most drugs must be increased by a
constant proportion or percentage. It is better, therefore,
to base our analysis upon this more likely assumption by
transforming the just-lethal dose for each cat to logarithmic
units. If the assumption is ill-founded, statistical analysis
will disprove it.

Only 4 cats were tested in parallel, although the 52 assays
covered a period of 18 months. More often than not, the
susceptibility of animals to the same sample of drug varies
from one test day to the next. To control these unpredict-
able variations pharmacologists have adopted standard prep-
arations for many drugs with which new samples can be
compared by running both at the same time. If the reaction
of cats to digitalis were to vary similarly, the means of the
groups of 4 animals should vary more than would be ex-
pected from the variation within groups of 4. This possi-
bility has been tested by one of the most flexible and valuable
of all statistical tools, the analysis of variance. The differ-
ences between the log-dose per kilogram for each individual
cat and the general mean for all 52 X 4 or 208 cats are squared
and summed to obtain a total sum of squares which is then
separated into two portions, that due to differences between
the groups of 4 and that arising from variations in suscepti-
bility within these groups. In terms of squared deviations
these sources of variation are additive and we have the sepa-
ration shown in Table I, where the mean square or variance
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between assays is 2.44 times as great as that within assays or
groups of 4, a difference which would not be expected by
chance alone even once in 1000 similar experiments. By
avoiding the larger variation between groups and always
comparing an unknown with a standard upon cats tested in
parallel, it is apparent, that fewer animals will suffice in assay-
ing the potency of an unknown in terms of the laboratory
standard of digitalis for any required degree of precision.
The same principle holds throughout all biological assay.

PARTITION BY ANALYSIS OF VARIANCE OF VARIATIONS
1§ Toxicrry oF Dicrranis To Cats

[In terms of deviations from the mean log-dose in cc. per kg. of cat; data
from Bliss and Hanson (3)]

TasLE 1.

Mean
Degrees of Sum of Square or Variance Standard
Variation Freedom Squares Variance Ratio Deviation
Between assays 51 0.52992 0.010391 2.44 0.10193
Within nssnyay 156 0.66478 0.004261 1 0.06528
Total 207 1.19470

We are now ready to examine the nature of the variation
in susceptibility between cats. The differences between
the group means and the general mean have been multiplied
by the ratio of the standard deviation (= \/mean square)
within assays to that between assays and these corrections
added to or subtracted from each individual measure-
ment to bring all of the determinations to a common
basis. Then they could be studied just as if all 208
cats had been run simultaneously with the same
precision as was obtainable from groups of 4. The
number of cats dying at adjusted doses within each
of 20 equal log-dose intervals has been plotted along
the base of Figure 1 in a block diagram. The smooth
curve drawn through the tops of these blocks is the
computed normal curve of error. It evidently fits
well, as can be shown also by statistical test. The
fact that the variation in susceptibility is symmet-
rical and normal when measured in terms of the
logarithm of the just-lethal dose justifies the original as-
sumption underlying the transformation to logarithms.

By a simple transformation the “frequency distri-
bution” along the base of Figure 1 can also be plotted
as a straight line and in this form it is comparable
to the much larger group of bioassays for-which the
just-lethal dose cannot be measured individually. The
data are converted first to a cumulative form by mov-
ing the block for each dosage interval along the base of
Figure 1 vertically upward until its lower edge is con-
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tiguous with the upper edge of the next preceding block.
They then describe a symmetrical sigmoid curve conforming
to the cumulative normal curve of error which intersects
them. From the intersection of each observed cumulative
number of cats with the sigmoid normal curve in Figure 1,
one could interpolate in abscissal units a log-dose predicted
from the response. Plotting these predicted log-doses against
those observed experimentally should define a straight line
if the data conform to the normal curve.

The same result can be accomplished more easily. Fre-
quencies are changed to the percentage of individuals react-
ing at all dosages up to and including each successive log-
dose. Then these percentages of effect can be transformed
by tables based upon the normal curve to hypothetical “dos-
ages” in units of the standard deviation, such as the “normal
equivalent deviations” of Gaddum (?) or the “probits” of
Bliss (). When these are plotted against the corresponding
observed log-doses, a straight line should result as in the
data replotted in Figure 2 from Figure 1. When the points
fall along a straight line, the mean of the observed log-doses
is the log-LD50 or the log-dose for 5 probits or 50 per cent
kill and the reciprocal of their standard deviation fixes the
slope of the line from which the log-dose can be interpolated
for any required percentage effect or vice versa.

In most assays depending upon an all-or-none reaction,
the just-effective dose cannot be determined for each individ-
ual and separate lots of animals are treated uniformly with
predetermined dosages of drug. The positive reactors in
each lot, expressed as a percentage, include of course those
that would have reacted at all smaller doses. Hence the
initial data are recorded in a cumulative form and the rela-
tion between percentage effect and log-dose of drug is typi-
cally a symmetrical sigmoid curve. A good example has
been reported by Morrell, Chapman, and Allmark (10) on
the therapeutic assay of neoarsphenamine from the incidence
of negative blood smears in the male rat. Six series have
been adjusted for differences in over-all susceptibility, plotted
in Figure 3, and fitted by the cumulative normal curve.
Statistical test shows that these observations agree with the
curve rather better than would be expected by chance. Yet
even the present amount of scatter would inject an appreciable
subjective error in a sigmoid curve drawn through these
points merely by inspection. By transforming percentages to
probits the same data can be plotted as shown in Figure 4
and fitted by the simplest curve of all—a straight line.
Moreover, the reliability of the curve or of the log-LD50 or
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Zone of error, designated by broken lines, shows expected pre-
cision for one of six component series.

of any other point upon it can be estimated for any given odds,
as shown in the diagram by the broken parabolas. Here
they indicate the average limits which would apply to one of
the 6 series, involving 5 lots each of 20 to 25 rats, and would
enclose the true curve in 19 out of 20 determinations (P =
0.05).

Since the biological indicators of drug action vary in an
orderly manner, we can use these curves and the techniques
for their computation to measure relative potency. Two
or more dosages of both standard and unknown are adminis-
tered and the data plotted separately on linear coordinates.
If the unknown produces the same biological effect as the
standard, their respective curves should be parallel within
the limits of the experimental error; if the unknown has the
same potency as the standard, the two parallel lines should
coincide, again within the limits of the experimental error.
When the curves do not coincide but are parallel, the hori-
zontal distance between them, of course, is the same at all
levels of effect and, being a difference on a logarithmic scale
of dosage, measures in logarithms the ratio of their potencies.
By adjusting the concentration of the unknown, its potency
can be made equal to that of the reference standard. Since
the error of the ratio is computed as an integral part of the
assay, the expected variation in this potency will be known.

A convenient example has been given by Miller, Bliss,
and Braun (9) in an assay comparing the relative potency of
digitalis in the frog when injected intramuscularly as com-
pared with standard injection into the lymph sac. Three
doses were administered by each route with the results shown
in Figure 5. The log-ratio of potencies and its standard
error, designated by the symbols M = s,, were 0.319 =
0.043. Changing the route of injection had the same effect,
therefore, as increasing the potency of the solution of digitalis
by 209 = 20 per cent when assayed by the 1-hour method.
The odds are 2 out of 3 that the true potency did not differ
more above or below the estimated value than the standard
error. By successive repetitions of the assay, this precision
could be increased to any point which may be required.

Graded Response

So far, we have been considering only all-or-none effects of
drugs, where a given reaction is either present or absent.
Although perhaps death occurs more frequently than other
end points, the method has been applied to many criteria,
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such as convulsions, systolic standstill of the heart, the pres-
ence of cornified cells in the vaginal epithelium, negative
blood smears, and survival in a therapeutic test. Another
large group of assays depends upon a graded response, where
the extent of the reaction varies with the dose. Examples
are the hypoglycemic response of the rabbit to insulin, the
height of contraction of guinea pig uterine musele to posterior
pituitary extract, the level of serum calcium in the dog
following treatment with parathyroid extract, and the growth
of depleted mice under different dosages of vitamin A.
Since each individual reaction is quantitative rather than
qualitative, it contributes more information per animal than
in the preceding type. The statistical methods suitable for
an estimate of M = s, differ in many respects.

The first problem is to obtain a criterion of graded response
which will plot as a straight line against the logarithm of the
dose. Unlike the all-or-none reaction, no comprehensive
transformation has been discovered as yet that is applicable
to a wide variety of responses. Since the effect that it is
practicable to measure is usually an empirical composite of
several factors, which differ widely from one type of drug to
another, a transformation as general as Gaddum’s N. E. D.
or the probit is relatively improbable. When graded reac-
tions are studied over a wide enough range of dosages, they
tend to flatten out toward a lower limit or floor and toward an
upper limit or ceiling, leading to a sigmoid form. Frequently,
however, an extended central section does not differ appreci-
ably from a straight line or other factors intervene, so that
the curved portion approaching a limit is never reached.
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FIGURE 5.

When dosages are restricted to this central section, the data
can be handled by a flexible statistical procedure known as
factorial analysis, which has been adapted for biological as-
say by Bliss and Marks (4). Factorial analysis not only
tests whether the dosage-response curves for standard and
unknown can be considered as parallel straight lines but
leads directly and easily to an estimate of the log-ratio of
potencies and its error, M = s,,.

Factorial arrangements have the added advantage that
they are usually coupled with designs that screen out im-
portant sources of potential error, leading to unbiased esti-
mates of drug action and marked improvements in precision.
Two statistical techniques contribute to this end. The first
is the balancing of known and suspected variations in sus-
ceptibility between individual animals, litters, days of the
experiment, and other qualitative sources, so that they occur
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equally at all dosages of the standard and the unknown.
Within these restrictions the assignment of dosages to living
material is strictly random, Then when the test has been
completed, factors which are extraneous to the assay can be

segregated from the effect of dosage and from the experimental .

error by the analysis of variance, usually with a marked in-
crease in precision.
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I The second technique is the use of covariance to correct
graded variations in initial or concomitant measurements
from the internal evidence of each assay. In the past thpse
have been adjusted by arbitrary corrections, often involving
unrecognized and doubtful assumptions which sometimes
may even increase the error.

TaBLE II. ANALYSIS OF VARIANCE OF A PARATHYROID ASSAY

[Arranged in five 4 X 4 Latin squares, in terms of the final calecium level
16 hours after injection; data from Bliss and Rose )]

Degrees 5
of Sum of Variance

Cause of Variation Freedom Squares  Mean Square  Ratio
Differences between days 3 0.941 0.314 o
Differences between dogs 19 43.188 2.273 4.49
Unknown »s. standard 1 3.280 3.280 = D*  6.49
Slope of dosage-response curve 1 11.705 11.705 = B* 23.14
Departure from parallelism 1 0,162 0.162 i
Experimental error 54 27.312 0.506 = s* 1

Total 79 6. 588

An eXample of an arbitrary correction is the rise in the serum
calcium of the dog as a criterion for the assay of parathyroid ex-
tract. First segregating the differences between individual dogs,
which can be used repeatedly, Bliss and Rose (5) showed by co-
variance that all the information needed for the assay is con-
tained in the final measurement of serum calcium 16 to 18 hours
after injecting the parathyroid extract and nothing is contributed
by a knowledge of the initial level prior to treatment. Here sta-
tistical analysis has demonstrated that the numbcr of bleedings
and of chemical analyses can be cut in half without any loss of

recision. Another instance is furnished by the assay of vitamin
from the bone ash of rats, where the use of the percentage ash
as the criterion of response requires an unproved assumption as
to the relation between the organic matter and the ash in the bone.
By shifting from the percentage ash to the log-weight of ash for
measuring the activity of vitamin D, Bliss (2) sho‘.ved by co-
variance that the weight of bone lost in ashing contributed neg-
ligibly to the assay and that the estimate of potency was improved
to the same extent as if twice as many rats had been used.

The numerical form of some of these procedures may be illus-
trated by the assay of parathyroid extract from the serum cal-
cium of 20 dogs as recorded 16 hours after injection, each tested
with 2 doses of standard and 2 doses of unknown in a Latin
square design on 4 different days. The analysis of variance is
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given in Table II. To judge the relative importance of each fac-
tor in the assay, we are especially interested in the ratio of its
mean square to that for error. It is evident that the dogs differed
but little in their mean serum calcium on the 4 days of this par-
ticular test, but that precision was improved sugstantially by
segregating the over-all differences between individual dogs.
Since the departure from parallel dosage-response curves for
standard and for unknown had a smaller mean square than the
error, the assay was clearly a valid one, as shown graphically in
Figure 6. The variance ratio shows that the unknown produced
a significantly greater effect than the standard. Its estimated
potency was computed readily from D, B, and s as M = 0.1137
= (.0505 or 130 = 15 per cent.

Many other applications of statistical methods to biological
assay still remain and there are many possibilities yet to be
explored. All the above illustrations have been drawn from
experiments upon laboratory animals, but in the final analysis,
no drug or assay technique can be passed until it has been
checked clinically. Clinical experiments offer opportunities
for improved statistical design and control fully as great as
those conducted in the laboratory. In many cases relatively
small changes in procedure would enable the clinician to
double the reliability of his evidence or to obtain quantita-
tive conclusions from what would otherwise constitute a
roughly qualitative result. Time does not permit a further
examination of this topic.

Characteristics of a Yalid Biological Assay

1. Different samples of the same drug must show the
same relative potencies in biological assay as under clinical
test. Since the products assayed biologically are frequently
complex or impure mixtures, the patient may not react to
the same components as the laboratory test animal. Gold
and Kwit (8), for example, have shown a threefold difference
in the reaction of man to related cardiac glucosides judged
as equipotent when tested in cats and frogs.

2. On the coordinates used for biological assay, the curve
relating response to log-dose should be a straight line and rela-
tively steep when compared with the variation about the
line. Either the curve should have been shown to have a
constant, known slope by repeated test over a considerable
period of time or the slope should be determined as an integral
part of each assay. Assumed relations between dose and
effect are to be avoided.

3. The potency of the unknown or sample should be de-
termined by comparative test with a stable reference standard
and expressed in units of this standard. In a determination
of potency the biological reaction has the same function as a
chemical indicator and biological terms, such as the “cat
unit” for digitalis, have neither the uniformity nor the correct
dimensions for expressing quantity of drug.

4. The living material exposed to different doses of stand-
ard and of unknown must be as nearly equivalent as it can
be made. Potential sources of variation, such as differences
between individuals, litters, dates of treatment, and sexes,
should never coincide or be confounded with differences in
treatment but within these limitations the dosages and
samples must be assigned at random. The analysis of vari-
ance or an equivalent technique should be used to segregate
from the estimate of error the sources of variation that have
been quarantined by the design of the assay. Variations
in an initial measurement, such as the initial blood sugar in
the rabbit insulin assay, or in a concomitant measurement,
such as that of body weight, should be adjusted not by an as-
sumed relation which is sometimes concealed in the defini-
tion of response but rather from the internal evidence of self-
contained experiments by covariance.

5. A determination of potency should always include an
estimate of its error, computed as an integral part of the as-
say. Not only do the assays of different drugs vary widely
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in their average precision—one of those in the British Phar-
macopeeia (6) has limits of 92 to 108 per cent (Staphylococeus
antitoxin), another limits of 37 to 272 per cent (vitamin A)—
but the precision of the assay of a single drug varies from
laboratory to laboratory and from one run to another in the
same laboratory. No assay with an indeterminate error can
be considered satisfactory.
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Determination of Silicon

In Monel Metal, Copper-Silicon Alloys, and Similar Nonferrous Alloys
Containing Silicon '

FREDERICK B. CLARDY, HERMAN R. MAUPIN, AND R. STEVENS GIBBS
Chemical Laboratory, United States Navy Yard, Portsmouth, Va.

IN THE determination of silicon in Monel metal, copper-
silicon alloys, and similar nonferrous alloys containing
silicon, a rapid, accurate method, to replace the longer and
more commonly used methods of dehydration by nitric-sul-
furic acids or hydrochloric acid and potassium chlorate, is
needed for the analysis of a large number of samples. Little
attention appears to have been paid to the use of perchloric
acid for the dehydration of silica in these materials. Willard
and Cake (2) proposed the use of perchloric acid as a dehy-
drating agent in silicon determination. Both they and Fow-
ler (7) have pointed out the disadvantages of nitric, sulfuric,
and hydrochloric acids in the dehydration of silica in steels,
silicates, and some other metals and alloys. These same dis-
advantages (slow evaporation, slow solution of soluble salts,
bumping and spattering of the solution, and the necessity of
recovering silica from filtrates) apply to Monel metal and
other nonferrous alloys containing silicon.

The following procedure, evolved by this laboratory gives
accurate results in from 2 to 3 hours, eliminates the disadvan-
tages of the nitric-sulfuric acid and hydrochloric acid proce-
dures mentioned above, and avoids the bumping that occurs
when the metal is first dissolved in nitric acid and then fumed
with perchloric acid.

Procedure for Monels

Weigh 2 grams of fine drillings into a 400-ml. Pyrex beaker,
add 25 ml. of 70 per cent perchloric acid and 1 ml. of concen-
trated nitric acid, place the beaker on a hot plate, and heat until
solution of metal is complete. Add a few more drops of nitric
acid if necessary to ensure complete solution. Place the beaker
on an extremely hot electric or gas plate and boil the solution for
about 10 minutes to ensure the complete dehydration of silica.
The beaker may be heated over an open gas flame towards the
end of this Period and the contents of the beaker slowly revolved.
Cool slightly, add water, and heat until all soluble salts are dis-
solved, boiling the solution at the end. Filter hot through a
Whatman No. 41H or similar filter paper. Wash 5 times alter-
nately with a solution containing a mixture of 1 per cent nitric
acid and 1 per cent hydrogen peroxide, and with boiling water.

Remove filtrate for the subsequent determination of other ele-
ments and wash the silica residue with hot 10 per cent hydro-
chlorie acid and boiling water alternately 5 times and then with
water until free from acid. Place filter paper in a 30-ml. plati-

num crucible, ignite, cool, and weigh. Volatilize silica with hy-
drofluoric acid plus 3 drops of sulfuric acid, ignite again, cool, and
reweigh. The loss in weight is silica (SiO;). The residue re-
maining in the crucible will consist of traces of nickel, iron, and
titanium. This can be fused with pyrosulfate, dissolved in water,
and added to the filtrate. Some platinum will be introduce
during this fusion and will be subsequently deposited with the
copper and weighed assuch. This has been found to be extremely
small and in routine analysis can be disregarded.

The filtrate from the silicon determination can be used
for the determination of copper, iron, and titanium by the
following procedure:

Boil filtrate strongly to remove free chlorine, and add 1 ml. of
concentrated nitric acid and 5 ml. of concentrated sulfuric acid.
Keep the volume of solution at approximately 300 ml. Electro-
plate copper on the platinum cathode at 0.5 ampere and 3 volts.
After copper is removed, make the solution weakly ammoniacal
and determine iron and titanium in the usual manner. Excess
ammonia will form a precipitate with perchloric acid.

Table I gives results by the three methods for determining
silicon in samples of Monel metal. In each instance the fil-
trates were evaporated to dryness twice to recover silica. No
silica was found in the filtrates from the perchloric-nittic acid
treatment. In the other two cases sufficient silica was found
to make these evaporations necessary.

TABLE I. DETERMINATION OF SILICON
Hydrochloric
Perchlorie- Sulfuric- Acid-Potassium
Nitric Acid Nitric Acid Chloride
%o % o

Sample 1 3.02-3.03 2.99-3.01 3.07-3.10
Sample 2 1.49-1.49 1,50-1.46 1.48-1.46
Sample 3 3.08-3.09 3.04-3.19 3.08-3.12
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Determination of Ascorbic Acid in Citrus
Fruit Juices

ROBERT BALLENTINE
Physiology Laboratory, Princeton University, Princeton, N. J.

HE chemical methods for the determination of ascorbic

acid (vitamin C) have been mainly based on the method
of Tillmans, Hirsch, and Hirsch (§) employing 2,6-dichloro-
phenolindophenol or on some modification of the iodometric
titration. In general the iodometric methods have been sub-
ject to criticism since they lack specificity and a sharp end
point, although Stevens (3) has shown that by employing a
double back-titration in the presence of a high concentration
of hydrogen ions the iodine end point may be made very
sharp. Further, Tauber and Kleiner (4) have demonstrated
that the iodometric method is adequate for the determination
of ascorbic acid in citrus fruit juices, since interfering sub-
stances are absent. However, in common with all iodometric
methods, the reagents employed in Stevens’ method change
their titer with time, requiring frequent standardization, and
the double back-titration increases the volumetric error.

In the method presented here, a direct titration with io-
date in acid-iodide gives an end point comparable in sharp-
ness with that of the above double back-titration method, and
in addition avoids the necessity for frequent standardization.
Only one accurately prepared solution is required, and this is
stable over long periods of time.

In addition to the iodate titration described below, the as-
corbic acid content of the citrus juices was determinéd by the
method of Stevens (3). The juices were also titrated by the

Tapre I. DETERMINATION OF ASCORBIC ACID

+

Mack and Tressler (1) modification of the Tillmans method
(6). The indophenol dye, recrystallized from the Eastman
product, was standardized by the method of Menaker and
Guerrant (2). All the reagents used in the three methods were
referred to a single primary standard solution, 0.1 N potas-
sium iodate.

ReAsGgeENTs. Standard iodate, 0.1 N (0.0167 M), contains
3.567 grams of potassium iodate per liter. For use this stock solu-
tion is diluted to 0.01 .

Potassium iodide, 10 per cent solution fresh daily.

Sulfuric acid, 2 N.

Starch indicator is made fresh daily from improved Lintner’s
soluble starch, using 1 gram per 100 ml. with 2 grams of potas-
sium iodide added.

ProcEpURE. Add to 5 ml. of citrus fruit juice 1 ml. of 10 per
cent potassium iodide and 2 ml. of 2 N sulfuric acid. Titrate the
resulting solution with 0.01 & iodate, adding the reagent drop-
wise near the end point. It is best not to add the starch until very
near the end point.

1 ml of 0.01 N iodate = 0.88 mg. of ascorbic acid.

Results and Discussion

A preliminary comparison of the three methods employed
for the determination of ascorbic acid was carried out on solu-
tions of synthetic, crystalline ascorbic acid (Merck). The re-
sults, presented in Table I, show that the indophenol and the
iodate titration are in agreement, although the absolute
amounts recovered were slightly high. On the other hand,
the double back-titration of Stevens gave slightly low values
for the ascorbic acid content.

Stevens’ i e 5 o .

2 Indophencl Titeation) dodins Litration A odsa Liabicd Analyses on citrus juices are recorded in Table II. The re-

soeoiog Aacarbis T acid sults obtained by the Stevens and iodate methods are com-
Taken  found  Recovery f‘;“}“d Re“’;"er” f‘;‘;’;d Rec‘;’”’ pared with the ascorbic acid content as determined by the
e ot % £ e : Sk Mack and Tressler indophenol titration as a standard. Ste-

1.75 1.81 103.4 1.80 102.8 1.77 101.7 7 ; 3 By ;
2.00 2.09 104.5 1.88 94.0  2.08 103.9 vens’ method gives variable results that differ rather widely
3:00 3.0 103:3 5:90 28:6 397 99.0 from those 'detcrmined by the indophgnol
method, being up to 12 per cent too high.
On the other hand, the ascorbic acid con-
Tapre II.  ANALYSES OF CITRUS JUICES tent as determined by the iodate method

Todate Titration g g Wi 4 :
Stevens' Iodine Titration Difference '1._grec‘s ith that foun.d b) the mdophenol
Difference Difference Sfmm titration. On the basis of these results the
f rom itevens’ . .
Tudophenol indophenl indopheno!  iodine loda'te method.car} be 1ccomme_ndeq fpr
Material Titration titration titration _titration routine determinations of ascorbic acid in
G./100 ml. G./100 ml. Y% G./100 ml. LA % R juices.

fui 7 0.0460 g g 2 i
Lemon juice, 1 0.0460 St ot 0. 0461 0.0 iy The iodate titration has the fo_llowgng

Zs 0 0434 advantages over the double back-titration
Lemon juice, 2 0.0427 0.0465 B . ~ X .

0.0461 8.4 0.0438 2.1 —6.2 method of Stevens: increased accuracy,
Lemon juice, 3 0.0462 0.0460 - 0.5 0.0462 0.0 0.5 stability of reagents, greater simplicity and
Lemon juice, 4 0.0396 0.0397 0.2 0.0392 -1.0 —1.2 rapidity, and more reproducible results.
Lemon juice, 5 0.0416 ggﬁg 8.8 0.0424 1.0 6.4

s 20 0.0419 Literature Cited
Orange juice, 1 0.0416 8%58 0.9 0.0417 0.5 0.4

e 0388 0300 0.0387 : (1) Mack, G. L., and Tressler, D. K., J. Biol.
Sreresduion s 02t Jigse 0.2 00387 0.3 —0.5 Chem., 118, 735 (1937).

YoTe 0390 0.0346 0.0342 (2) Menaker, M. H., and Guerrant, N. B., Ixp.
S S R O 17 00341 0.6 —11 Exo. Cue., Anal. Ed., 10, 25 (1938).
Grapefruit juice, 1 = 0.0424 0.0461 0.0446 Z (3) Stevens, J. W., Ibid., 10, 269 (1938).

e hloas0 1 000470 9.8  0.0442 4.0 ~4.5 (4) Tauber, H., and Kleiner, L. 8., J. Biol, Chem.,
G fruit juice, 2 0.0370 0.0412 0.0372 '108. 563 (1935).
et by 0.0370 0.0416 11.8 0.0378 4 ~09.4 (5) Tillmans, J., Hirsch, P., and Hirsch, W.
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Determination of Bromine Addition Number

KARL UHRIG AND HARRY LEVIN, The Texas Company, Beacon, N. Y.

A method is described for indicating de-
gree of unsaturation quickly, by direct
titration of sample dissolved in chloroform
with a standard solution of bromine in
glacial acetic acid, using the color of the
bromine itself as indicator. It has given
correct results when applied to pure hydro-

SINCE it is practically impossible to separate the nu-
merous components of complex hydrocarbon mixtures,
such as naphtha and gasoline, one must still be content with
an analysis that indicates the proportions of classes of hy-
drocarbons. Methods have been published for analytically
resolving the components of gasoline into four major groups—
unsaturates, aromatics, naphthenes, and paraffins. A good
degree of accuracy is frequently claimed for such methods of
analysis when the latter three classes comprise the gasoline;
much less is claimed when unsaturated hydrocarbons are also
present.

Modern processes for manufacturing gasoline have made
unsaturated hydrocarbons more important than ever before,
and accurate knowledge of degree of unsaturation an urgent
requirement,

The many published methods for determining unsaturation
of oils, etc., fall into two major groups:

1. Those in which the unsaturates are dissolved or chemically
transformed and separated, such as methods involving the use of
mercuric acetate (15), sulfur chloride (2), and sulfuric acid (17).

2. Methods based on reactions with halogen, in which un-
saturates are not separated but merely reacted for titrations.

None of the methods in group 1 is entirely satisfactory.
Brame and Hunter () found the mercuric acetate (15)
method unreliable because different unsaturated hydrocar-
bons react differently with the reagent. The sulfur chloride
method (2) is rather involved for routine use, and procedures
which employ sulfuric acid (17) are particularly unsuited for
modern cracked gasoline because of alkylation reactions which
sulfuric acid may induce (7), causing aromatics and iso-
paraffing, at least, to appear in the analytical result for ole-
fins.

Most methods of group 2 were developed for the analysis
of saponifiable fats and oils and their application to hydro-
carbons meets with very limited success, the magnitude of the
result being influenced to a large extent by the excess of re-
agent, as can be seen from Figures 1 and 2. The Hubl, Ha-
nus, and Wijs procedures are well-known examples of such
methods. Many attempts have been made to devise more
reliable methods for determining unsaturation. Margosches
(12) allows an ethyl alcoholic iodine solution to react with
hydrocarbons in presence of water. However, other investi-
gators (9) report that this method gives values that are too
low. Grosse-Oetringhaus () reviewed and investigated nu-
merous methods and concluded that Kaufmann’s method (8)
is reliable. This method was imvestigated by the present
authors and is discussed below. Kaufmann employs an
excess of bromine solution in methyl alcohol saturated with
sodium bromide and makes no correction for substitution.

The bromine method of Mellhiney (1) gained promi-
nence, apparently because it provided means for distinguish-
ing bromine consumed for addition reactions from that for

carbons of known unsaturation, such as
cyclohexene, diisobutene, triisobutene, etc.,
and reproducible results on unknowns. It
was found that the solvents used in the
analysis are factors affecting the results.

The method may also find utility in fat
analysis.

substitution, the substituted bromine being calculated from
the resultant hydrobromic acid. Evidence has been accu-
mulating, however, which discredits the general suitability
of this procedure. Pure hydrocarbons of known unsaturation
have yielded results for bromine addition number by the
Mecllhiney method which were not only too low but in nu-
merous instances were negative values, indicating that re-
actions other than addition and substitution occurred during
the analysis. Grosse-Oetringhaus (6) concludes that the
Mellhiney method is of value only in those cases where sub-
stitution has not occurred as indicated by the absence of hy-
drobromic acid in the reaction products. The same limita-
tion appears to apply to the other methods mentioned—a
condition probably commonly experienced with saponifiable
fats, but rarely with hydrocarbon mixtures.
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Most methods for determining unsaturation employ an ex-
cess of the halogen, apparently to ensure complete halogena-
tion, the excess being titrated after the reaction period.
Francis (3) seeks to avoid substitution by keeping the excess
of bromine low through controlled addition of sulfuric acid to
his potassium bromide-bromate reagent which upon acidi-
fication liberates bromine.

To study the effect of excessive bromine on bromine addi-
tion number, triisobutene was tested both by Francis’ and
Kaufmann’s methods, using various excesses. The results
of these tests are shown in Table I. Triisobutene was chosen
because its bromine addition number could not be deter-
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mined simply and accurately by methods previously em-
ployed by the authors. _

These results clearly indicate a relationship between ex-
cess, of bromine and magnitude of bromine number. Though
theoretical values are obtainable by such methods, _they
suffer the disadvantage of requiring a series of trial titra-
tions to determine the optimum excess of bromine.

Thomas, Bloch, and Hoekstra (16) have improved the
Francis method by cooling in many steps. However, the
present authors have found even this improved procedure to
yield low results for triisobutene (58 to 62 vs. theoretical 95)
and tetraisobutene (45 to 50 vs. theoretical 71).. These lo_w
values have been confirmed by Lewis and Bradstreet'(l 0) in
their further improvement of the Francis method, which was
published after the present paper had been submitted for pres-
entation at the September, 1940, meeting of the AMERICAN
CHEMICAL SOCIETY. ¢ :

The data shown in Table I caused the authors to investi-
gate the feasibility of titrating with bromine, since by such
means the bromine would never be in excess. I\{orr'ell an.d
Levine (13) described a method based on this principle, ti-
trating in diffused light with bromine solution (4 per cent by
volume in carbon tetrachloride) which has been standardized
against a pure olefin, olefin-free naphtha being recommended
as solvent for the sample.

Normann (14) and Hofmann (6) find the nature of. the
solvent to be an important factor in bromination reactions,
and the present authors find that carbon tetrachloride tex}ds
to retard the reaction and frequently renders the end point
uncertain. Chloroform as solvent for bromine and sample
was not consistently satisfactory; nor was olefin-free naphtha
(A. S. T. M. precipitation naphtha and Kahlbaum’s normal
benzine) an improvement when employed as sample solvent.
The bromine addition number of triisobutene, for example,
could not be obtained with naphtha as sample solvent, though
it was easily determined with chloroform as sample solvent,
the titration in each case being made with a solution of bro-
mine in glacial acetic acid, using bromine color for end point.
The chloroform-glacial acetic acid solvent combination p;oved
very satisfactory, end points being sharp and absorption of
bromine rapid. ;

The question of whether or not substitution occurs in the
proposed method was not directly investigated because of
the intricacy of the problem. However, since Kaufmann’s
and Francis’ methods give bromine numbers which approach
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theoretical addition values as the excess of bromine employed
becomes smaller, and since the proposed method employs no
excess of bromine and yields theoretical values, it seems a jus-
tified conclusion that substitution does not occur.

The following are the details of the method adopted by
the authors.

Apparatus and Reagents

A 10-ml. buret divided in 0.05 ml.,, a 50-ml. buret divided
in 0.1 ml, 25-ml. Erlenmeyer flasks, a 5-ml. pipet, a 1-ml. pi-
get.kdivided in 0.1 ml., and 250-ml. glass-stoppered iodometric

asks.

Bromine (2 per cent by volume) in c. p. glacial acetic acid (keep
in a dark, glass-stoppered bottle), 0.1 N sodium thiosulfate
¢. p. chloroform, 10 per cent potassium iodide solution, and
starch solution.

INFLUENCE oF ExcEss BROMINE ON APPARENT Bro-
MINE AppITioN NUMBER

(Hydrocarbon, triisobutene)

TABLE I.

Size of Excess of Bromine Addition Number
Sample Bromine Found Theoretical
Grams Mg.
Francis’ Method
0.382 121 130
0.382 93 127
0.382 70 119
0.382 64 113 95
0.382 54 103
0.382 8 97
0.382 4 87
0.382 2 77
Kaufmann’s Method
0.151 215 120
0.151 144 117
0.151 77 110 95
0.151 10 99
0.151 0 94
Procedure

Weigh 0.100 to 1.000 gram of sample, depending on the degree
of unsaturation, into a 250-ml. Erlenmeyer flask and to it add
5 ml. of chloroform. Volatile samples are best measured (0.1 to
1.0 ml.) into 5 ml. of chloroform, and the weight of the sample
calculated from its gravity. Titrate the sample directly (no
indicator) with bromine reagent, adding it until a distinct orange-

rellow color is obtained which persists for about 15 seconds.

ith a little experience it is possible to add the bromine solution
rapidly at first and in 0.05-ml. portions toward the end of the ti-
tration.

The end point is obscure with some dark samples. In these
cases, add the bromine reagent slowly, especially when approach-
ing the end point, and add with a glass rod one drop of the chloro-
form solution of the sample to about 1 ml. of potassium iodide—
starch solution kept in the cavity of a spot plate. The appear-
ance of the blue color marks the end lpoint-. This latter procedure
is recommended only for dark samples with which the end point
cannot otherwise be ascertained.

Determine the titer of the bromine reagent by introducing
5 ml. of the bromine solution into 25 ml. of 10 per cent potassium
iodide solution and 5 ml. of c¢. p. chloroform in a 250-ml. iodo-
metric flask, and titrating promptly with 0.1 N thiosulfate in the
usual manner, using starch as indicator toward the end of the
titration.

CALCULATIONS!:
1 ml. of 0.1 N thiosulfate = 7.992 mg. of bromine

Mg. of Br per ml. of Brreagent X ml. of Br reagent consumed X 100

wt. of sample in mg.
= bromine addition number

Precision and Accuracy

The precision and accuracy of the proposed method, ap-
plied in a routine manner, are evidenced by Table II.

Some samples of diisobutene have been encountered where
reproducibility has not been too good—for example, 10 de-
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TasLe II. BroMINE ADDITION NUMBERS
Actual Composition of Samples:
Kahlbaum
normal  Cyclo- Diiso- Triiso- Bromine Addition Number
benzine hexene butene  butene Found Theoretical
100 e P ote 0
100 o e 2 12 0
100 i s 193 et
5 100 S
100 =2 144 143
S S 100
e i 100 93 o0
50 50 ARG R 100 o7
50 50 Wi o 100
50 S 50 R 71 72
50 4 50 Sl 71
50 b 50 43
50 S 458 50 45
50 S L 50 46 47
50 R R 50 46
50 AL 50 46
50 25 25 T 80 84
50 25 25 A2 83
50 N 25 28 61 50
50 VR 25 25 57
25 25 25 25 104 3 107
25 25 25 25 106
Styrene 153 154
Benzene, C. P. 0 0
Toluene, commercial 2-2 0
Xylenes, commercial ) 3-3 0
Triisopropylbenzene, commercial 1-1 0
Oleic acid, c. ». 58 57
Cyclohexane, c. ». 0-0 0
Isopentane, C. ». 0-0 0
Tetraisobutene 69-72 71

terminations on a sample varied from 131 to 142 ps. a theo-
retical bromine addition number of 143. It was found, how-
ever, that if one drop of water was added to the contents of
the flask just before commencing the titration, excellent re-
producibility and improved accuracy were obtained, the same
sample run 10 times yielding results of 139 to 142. The recom-
mendation to add a drop of water is made for this hydrocar-
bon only, as it is generally unnecessary and may prove detri-
mental with some. s

The results presented in Table II indicate that although the
method is primarily intended for hydrocarbons of the gasoline
range, it can successfully be applied to other compounds, such
as fatty acids and aromatic compounds having an olefin link-
age; in the latter the aromatic double bond is not affected.

The possible interference of such substances as sulfur di-
oxide, hydrogen sulfide, acids, or mercaptans, all of which may
conceivably be present in naphthas at some stage of their
processing, can be eliminated by treating the naphtha with
an alkaline lead solution (doctor solution) and filtering prior
to making the bromine number test.

The proposed method was found also to give reproducible
and correct values on finished gasolines, neither the dye nor
the lead (3 ce. of tetraethyllead per gallon, 3.785 liters) inter-
fering.

Tasre III. ComparaTivE BRrROMINE ADDITION NUMBERS BY
Direct TrrratioNn ANpD Mcelumney METHODS ON UNKNOWNS

Bromine Addition Number

Direct Mellhiney
Sample No. titration method
1 95 39
2 140 -5
3 151 24
4 0 0
5 16 5

Other Applications

The authors feel that it may be possible to advance the
proposed method as a rapid substitute for the usual pro-
cedure for iodine value, as it requires only a few minutes,
compared with over an hour. It might thus become a useful
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control method to follow hydrogenation or oxidation (blow-
ing) processes.

In this connection a few experiments were made to com-
pare the indications of unsaturation of fats by the new method
with that by the Wijs method. The results are shown in
Table IV.

In the cases of tallow, castor oil, and blown rapeseed oil,
results by the two methods generally agree, while in others
the difference is large. Hydrogen numbers reported in the
literature (4) were calculated to bromine and compared with
the results of the other two methods; however, hydrogen
numbers were found for only two of the fats tested. The
hydrogen number of linseed oil (== Br 78), which showed
the biggest difference for results obtained by the Wijs and
direct titration methods, checks that obtained by the latter.
The higher results obtained by the Wijs method may be due
to substitution, since the reagent is used in excess. The di-
vergence in the case of castor oil (hydrogen number = Br
50) is unexplained at this writing. Saturation by bromine of
only one double bond of fats containing conjugated double
bonds appears a partial explanation, confirmed by the values
obtained for tung oil whose acids have three conjugated double
bonds with a theoretical bromine addition number of 172.

The experiments on fats were not exhaustive but are be-
lieved sufficient to indicate utility for the proposed method
in the fatty oil industries.

Tasre IV. CompArRATIVE UNSATURATION OF FaArs BY Wus
AND Direct TiTRATION METHODS

Unsaturation Unsaturation by
by Wijs Method Direct Titration Method
Nature of Fat As % Ia As % Brs  As % In As % Bra
Tallow 42 26 44 28
Cottonseed oil 112 71 84 53
Castor oil 90 57 88 55
Lard oil 75 47 67 42
Linseed oil 182 115 123 79
Rapeseed oil 105 66 88 55
Blown rapeseed
oi 63 40 62 39
Blown rapeseed
oi 59 37 61 38
Blown rapeseed
oil 3 62 39 53 33
Tung oil St Shas 89 56
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Aliquant Samples in the Determination

of Fluorides in Mixed Foods

EDWARD J. LARGENT
Kettering Laboratory of Applied Physiology, College of Medicine, University of Cincinnati, Cincinnati, Ohio

N A STUDY of the fluoride content of the normal diet it be-
came necessary to ash total 24-hour mixed food samples,
including solids, semisolids, and liquids that were not true
solutions. (Fluids that were true solutions were collected and
analyzed separately.) Ashing the sample in its entirety was
difficult, fats in the foods causing particular difficulty, and
the time required for drying and ashing the entire sample
was found to be prohibitive. Consequently an attempt was
made to devise a method of macerating the sample, mixing
it to homogeneity, and aliquanting.

Since acid digestion could not be used, mechanical macera-
tion was tried. Grinding and thorough mixing with an elec-
tric food mixer produced such apparent homogeneity as to
justify the attempt to use aliquants.

A series of 27 samples ranging from 900 to 1500 grams and
representing the food intake of an experimental subject on 27
successive days, was ground and mixed, and 300-gram aliquants
were removed, both aliquants and remainders being ashed and
analyzed. The 300-gram sample was usually completel ashed
and ready for analysis after 6 to 12 hours in the muffle furnace.
In the case of the large remainder, 4 to 6 times as much time was
required for drying and ashing.

In Table I the mean value of the results on the aliquants
is compared with that on the remainders. The mean va'lue. of
the results obtained from the aliquants did not diﬂgr glgmﬁ-
cantly from that from the remainders. EspeciS:IIy significant
is the greater coefficient of variability for fluoride values ob-
tained from the remainders. As the latter were bulky, tl_le
greater variability of these results is attributed to the dif-
ficulties inherent in handling and ashing such large samgles.

Since the 4.5 to 7.0 grams of ash (and magnesium oxide)
from 300 grams of food were greater than the amount neces-

Foop MIXER

Ficure 1.
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TasLe I. CoMPARATIVE RESULTS

Coeflicient

No. of Mean Standard of
Samples Fluoride Content Deviation Variability

Micrograms  Micrograms
300-gram aliquants 27 248 9.2 =70 28
Remainders after removal
of 300-gram aliquants 27 249 +13.1 =101 40

sary for distillation, an attempt was made to reduce the size
of the aliquant. Food samples for 25 successive days were
used to compare 150-gram aliquants with 300-gram quanti-
ties. Comparison of the mean value of results obtained by
analysis of the smaller aliquants with that of the large ali-
quants is given in Table II.

No significant differences exist between the mean values
for the results obtained with the two sizes of aliquants. The
means are stable and there is no significant difference be-
tween their coefficients of variability. Therefore, the use of
aliquants of 150 grams or more will yield satisfactory results.

The second series of samples was obtained some time after
the first. Variation in the diet probably explains the lower
mean fluoride content of the second series.

TasrLe II. CoMmpArATIVE RESULTS
(Remainders not analyzed)

Coeflicient

No. of Mean Standard of
Samples Fluoride Content Deviation Variability

Micrograms Micrograms
300-gram aliquants 25 158 6.2 *=46 29
150-gram aliquants 25 161 =6.8 =50 31
Method

The 24-hour food sample after collection in glass jars is ground
in a household electric mixer with grinding attachment &‘i e
1). The wet weight is determined and magnesium peroxide is
added at the rate of 1.0 gram per 100 grams of wet food. (Mag-
nesium peroxide having the lowest fluoride blank obtainable
should be procured.) The magnesium peroxide is mixed with the
food for from 0.5 to 1.5 hours, depending upon the time required
to obtain a homogeneous mixture. Two 150-gram aliquants are
weighed into 200-ml. nickel ev%;;lomting dishes and dried on an
electric hot plate. The fats are driven out by charring on an elec-
tric burner and the sample is then placed in the automatically
controlled electric muffle furnace, set at 570° C. After complete
ashing, the ash is weighed and prepared for distillation.

The fluoride is separated from the ash by distillation with
perchloric acid according to MacIntire and Hammond’s (8) modi-
fication of the method of Willard and Winter (4). Silver sulfate,
as recommended by McClure (2), is added to the ash to prevent
volatilization of the chlorides.

The back-titration method of Dahle, Bonnar, and Wichman
(1) is gmployed from this point on; the unconcentrated distillate
is used.
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Determination of Iron by the Zimmerman-

Reinhardt Method

Effects of Temperature and Determination of Blank

WILLIAM R. CROWELL, WAYNE W. LUKE, AND THOMAS G. MASTIN
University of California, Los Angeles, Calif.

N THE various procedures for determination of iron by the
Zimmerman-Reinhardt method as outlined in standard
texts on analytical chemistry, there seems to be a fairly gen-
eral impression that the treatment with mercuric chloride and
the titration with permanganate are favored by having the
solutions at a low rather than a high temperature, and that
the determination of the blank does not require the presence
of ferric chloride in the solution, although it is one of the end-
point products.

Regarding the mercuric chloride treatment one reads such
statements as “‘cool at least to room temperature”, ‘“‘cool com-
Eletely”, “the temperature should not be over 25° C.”, ete.

oncerning the permanganate titration the instructions vary
from “‘titrate the cool solution” to “dilute with ice-cold distilled
water”. In the matter of the blank the following quotation is
typical: “A blank should be carried out on the reagents used in
the analysis.” In the many articles dealing with the Zimmerman-
Reinhardt method evidently the temperature effects were not
considered worthy of special consideration or comiment, and there
agpcnrs to be no detailed information as to the proper method of
obtaining a blank correction (1-5, 7-10). It is of significance to
note that Meineke has shown that it is possible for the ferric
chloride to be reduced by the mercurous chloride and that the
extent of the reaction depends upon the amount of mercurous
chloride present (6).

It has been the experience of the present authors that
within the range of 10° to 40° C. the results are little affected
by the temperature during the mercuric chloride treatment,
but that during the permanganate titration there is a notice-
able advantage in having the temperature around 30° rather
than 10° C. In work of approximately 0.1 per cent accuracy
the ferric chloride has an effect on the value of the blank by no
means negligible. Tables T and II are offered in support of
these statements.

DEVIATIONS OF ZIMMERMAN-REINHARDT FROM JONES
RepucTtor METHOD

(At different temperatures of addition of mercuric chloride and

TasLe I.

permanganate)
’l‘emf)emture of Temperature of Titration
HgCl: Addition, 10° C. 202:C. 5° C. 30° C. 40° C.
203 MI. of 0.1122 N KMnO4
10 0.05 0.05 0. 0.04 0.05
20 0.04 0.05 0.05 0.05 0.05
25 0.05 0.04 0.04 0.04 0.05
30 0.04 0.03 0.03 0.03 0.06
40 0.04 0.03 0.03 0.04 0.06

Table I shows the effects of the temperature of the solu-
tions during the mercurous chloride precipitation and the
titration with permanganate within the temperature limits of
10° to 40° C. The deviations are the number of milliliters of
0.1122 N permanganate by which the Zimmerman-Reinhardt
method exceeds the Jones reductor method in the titration of
25.00 ml. of approximately 0.17 N ferric chloride solution.
Under the conditions of the experiments the results are ap-
parently little affected by the temperature of the mixture dur-
ing the mercuric chloride treatment, since the deviations at
10° C. are so little different from those at 40° C. If there is
any advantage at all it is probably at the higher temperature.
As for the titration temperature, the deviations do not indi-
cate that there is any advantage in cooling the solution to
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10°, nor does there appear to be any harm in having the tem-
perature as high as 30° C. In the actual titrations, however,
the end points at 30° and 40° were somewhat sharper and did
not fade so rapidly as at the lower temperatures. It is prob-
ably inadvisable to have the titration temperature as high as
40°, as column 6 begins to show a definite trend toward higher
results. In Tables I and II all values are the results of 3 to 5
determinations whose average deviations were not greater
than 0.01 ml.

TasLe II. DETERMINATION OF BLANK
Volume  Volume
Total Volume Volume of Pre- 0f0.1022 N
Experi- Volume of of SnCk of FeCls ventive KMnOq«
ment Temp. Solution Solution Solution Solution Required
S0, Ml Ml M. Ml M.
1 10 500 10 20 25 0.16
2 20 500 10 20 25 0.16
3 40 500 10 20 25 0.16
4 26 500 5 10 25 0.12
5 26 300 5 10 25 0.10
6 26 100 5 10 25 0.09
7 26 500 5 0 25 0.10
8 26 500 5 5 25 0.11
9 26 500 5 20 25 0.16
10 26 500 5 10 10 0.14
11 26 500 5 10 40 0.12

Table 1I shows the effects of temperature, total volume of
solution, and amounts of stannic chloride, preventive solution,
and ferric chloride on the size of the blank for the amounts of
mercurous chloride, mercuric chloride, and hydrochloric acid
that might be present in a typical analysis. The values of the
blank are expressed in milliliters of 0.1022 N permanganate.
The results indicate that under the procedure used the value
of the blank is not affected by temperature (experiments 1, 2,
and 3) nor by the amount of stannic chloride (experiments
3 and 9), but that it does depend upon the volume of the
solution (experiments 4, 5, and 6), the amount of preventive
solution until & certain limit is reached (experiments 4, 10, and
11), and the amount of ferric chloride (experiments 4, 7, 8,
and 9). The important point to observe is the definite effect
of the ferric chloride.

The fact that the Zimmerman-Reinhardt method is slightly
higher than the Jones reductor method, even under optimum
conditions (0.08 per cent), may be due to an inherent differ-
ence between the two methods or to personal factors. Mixer
and Dubois have reported results obtained by the two meth-
ods in which the Zimmerman-Reinhardt method was slightly
lower (0.07 per cent, 6). Barneby’s work indicates that this
method shows no appreciable error (1), while results of Jones
and Jeffrey (4), Harrison and Perkin (2), and Skrabal (9)
show trends that are distinctly high.

Reagents

Preventive solution: 67 grams of manganous sulfate (MnSOy.-
4H:0), 175 ml. of phosphoric acid (s;p. . 1.7), and 133 ml. of
concentrated sulfuric acid in 1 liter of solution. Stannous chlo-
ride: 50 grams of the iron-free dihydrate to 1 liter of solution 2 N
in hydrochloric acid. Mercuric chloride: a saturated solution
containing 5 ml. of 6 N hydrochloric acid in each liter. Ferric
chloride: a 0.1695 N solution 3 N in hydrochloric acid. Potas-
sium permanganate: 0.1122 N and 0.1022 N solutions.
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Procedure

To standardize the ferric chloride solution by the Jones reduc-
tor method, 25.00 ml. of solution were fumed with 10 ml. of con-
centrated sulfuric acid, 150 ml. of water were added, and the

ferric sulfate was dissolved, cooled to room temperature, and -

rinsed through a Jones reductor until the final volume was about
400 ml. Titration with permanganate followed, the end point
taken being the appearance of faint pink which persisted for at
least 30 seconds.

The blank was determined as follows: First, the blank of the
reductor was determined from the difference between the per-
manganate titers at room temperature of two 400-ml. solutions
containing 10 ml. of concentrated sulfuric acid, one of which had
been passed through the reductor and the other had not. The
total blank for the process was obtained by adding this blank
to that obtained on 400 ml. of solution containing 25 ml. of the
iron solution which had been fumed with 10 ml. of concentrated
sulfuric acid. Titrations of reduced iron solutions and blank de-
terminations made with the addition of 25 ml. of preventive solu-
tion produced the same results but yielded more satisfactory end
points.

In the procedure for the Zimmerman-Reinhardt method, which
closely conformed to that of Barneby (1), 25.00 ml. of the ferric
chloride solution were heated to 90° C., and stannous chloride
solution was added until the i/ellow color disappeared, followed
by 2 drops in excess. The solution was adjusted to the desired
temperature and 10 ml. of mercuric chloride at the same tempera-
ture were added with thorough mixing. After about 2 minutes
the resulting solution was washed into a beaker containing about
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400 ml. of water and 25 ml. of preventive solution. The solution
was adjusted to the desired temperature and with thorough stir-
ring titrated with permanganate at an average rate of about 3
seconds per ml. but more slowly toward the end, until a faint
pink was obtained which persisted for 15 to 30 seconds.

The blank was determined as follows: The same volume of
stannous chloride solution as that used in reducing the iron
(approximately 10 ml.) was oxidized with permanganate until
the solution was faintlf]' pink, and 2 drops of stannous chloride
solution were added, followed by 10 ml. of mercuric chloride solu-
tion ‘and, after 2 minutes, 420 ml. of water containing 25 ml. of
preventive solution. Finally 25 ml. of the ferric chloride solu-
tion were introduced, and the solution was allowed to stand 2
minutes (the approximate duration of the titration) and titrated
with permanganate as in the regular determinations. With the
exception of the conditions indicated, the blanks in Table IT were
obtained by essentially the same procedure.
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Distillation of Foaming Solutions under Vacuum

Dean R. Rexford, Plattenstrasse 78, Ziirich 7, Switzerland

DIAGRAM OF APPARATUS

A. Glass bulb connected with rubber tubes, G, and
supported by lever arm, H, by means of wire con-
nected at gooseneck

. Rubber connection and pincheock %

Glass stopcock with lever arm, H, attached by wire

binding. Between H and the stopcock handle are
two small rubber blocks, one at each end of the
handle, making the attachment less rigid and less
liable to break §

. Counterbalance attached by wire to H

. Air intake

. Distillation flask 2

Easily flexible rubber tubing (vacuum)

. Glass lever arm (bent from glass rod)

aw

RaNRY

HIS device for the prevention of excessive foaming

operates on the principle that, in the distillation of foam-
ing solutions under vacuum, a slight decrease in vacuum tem-
porarily arrests bubble formation and destroys built-up foam
masses.

The height of bulb A in respect to the mercury dish is adjusted
so that as the vacuum approaches the point of bubble formation,
the mercury will have been drawn up into A. The weight of the
counterbalance, D, is such that when A is full, or nearly so, the
total wei%xt of the mercury, 4, and attached tubing, G, over-
balances D and pulls the lever arm, H, down, opening stopcock
C, and allowing a small amount of air to enter the system through
opening E. The vacuum of the system is thereby lowered, allow-
ing the mercury to fall in its column out of A. The loss in weight
allows D to raise the empty bulb, 4, and reclose C. The pump,
operating continuously, then raises the vacuum again and the
process is repeated.

The pinchcock, B, aids in regulating the frequency of the opera-
tion by partly cfosing off the A portion of the system from the
main vacuum system of which the distillation flask, F, is a mem-
ber, The partial closure of B makes a lowering of the vacuum in
distillation flask, F, system less quickly felt in the A system, so
that, once down, the bulb tends to remain down longer than if
the connection at B were left clear. If desired, a similar pinch-
cock (not shown) may be placed in the system between C and F
above the side connection leading to A. In this case, an opening
of C produces more quicklﬁr a drop in vacuum in the A system,
allowing the mercury to fall faster out of A, thus raising the fre-
quency of the operation but allowing less air to enter the system

per phase,

Tge final bend in lever arm, H, at the point supporting A should
not be made until the optimum point for the particular apparatus
is found. If the arm from C toward A is too long, & lowering of
that end of the lower arm will produce an undue lowering of the
height of the mercury column in respect to the mercury dish and
the bulb will remain full until the vacuum of the system, measured
in height of mercury, has fallen to a point equal to the new height
of the mercury column. On the other hand, if the arm is too
short, there will be no appreciable lowering of the merc
column and the bulb will seek a point of equilibrium in whic
C will remain partially open and a constant vacuum will be pro-
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duced. The length of H from the central axis of C to the point of
attachment to A in the apparatus is about 14 cm.

The degree of vacuum may be regulated by adjusting the
height of the mercury column—i. e., raising or lowering the mer-
cury dish and/or decreasing the weight, D.

With the apparatus described, evacuated to 12 mm. of
mercury with a glass water pump, it was possible to produce
a fluctuation of vacuum ranging from 5 mm. to several centi-
meters. The same fluctuations could be produced as well at
lower vacuums. The frequency of the operation could be
adjusted from 8 to 20 phases per minute.

Inasmuch as a lowering of vacuum raises the boiling point
of a substance, fluctuation of vacuum in this apparatus will
produce a corresponding fluctuation in the boiling point of the
solvent. The same precaution should be taken with this ap-
paratus as with a manually controlled apparatus—i. e., heat
should be applied to the distillation flask in such a way that,
with the decreases in vacuum, the temperature does not rise

Vol. 13, No. 2

above the decomposition point of the material being treated.
With this apparatus a water bath was used, the temperature
of which was maintained at a point below the decomposition
temperature of the most heat-sensitive substance in the solu-
tion being distilled.

If it is desired to carry on the distillation in the presence of
an inert atmosphere (carbon dioxide was used in this case),
appropriate connections may be made from the gas cylinder
or generator to K.

If desired, capillary tubes may be used in F. With badly
foaming solutions, little advantage was realized, the tubes
tending to “blow up’’ bubbles formed. If an inert gas is used,
gas connections must also be made to the capillary tubes.

The apparatus has been successfully used in the distillation
of water and 50 per cent water—alcohol extracts of animal tis-
sues. The speed of the distillation is approximately the same
as for a carefully controlled manual operation.

New Color Reactions for Cannabis sativa Resin

WILLIAM JOHN BLACKIE, Department of Agriculture, Suva, Fiji

THE recognition of the resinous constituent of Cannabis
sativa (Cannabis indica) has been rendered difficult by
the absence of reliable and specific chemical tests.

A clue to the nature of suspected material can often be
obtained by microscopic examination; the odor developed by
heating the residue of a petroleum ether extract at the tem-
perature of the water bath is also of diagnostic value, provided
the residue is free from lipoid and other materials extracted
with the resin during toxicological investigations.

Beam (1) developed a delicate test, using alcoholic potas-
sium hydroxide, and for many years this test has been of
distinet service to the analyst in the East. Doubt has been
expressed in regard to its specificity, and moreover it has failed
on oceasions with genuine plant material and pharmacopoeia
preparations.

Recently, several new color reactions have been developed,
notably those of Munch (4) and Ghamrawy (3) using p-
dimethylaminobenzaldehyde and (2) Duquénois and Mous-
tapha using vanillin and acetaldehyde in the presence of ethyl
alcohol.

In the Duquénois and Moustapha method the colors are
developed in the presence of hydrochloric acid, and in the
technique of Ghamrawy and of Munch sulfurie acid is used.

In this laboratory, a considerable number of samples of
ganja, charas, and bhang come under observation and it
was considered that an examination of these new methods
would be of distinct service in connection with forensic chemi-
cal work.

The reactions of Ghamrawy, Duquénois and Moustapha,
and Munch were given by fifteen samples of Cannabis sativa
resin examined in this laboratory and appear to be delicate
tests for the resin; definite color reactions are also obtained
with benzaldehyde, o-nitrobenzaldehyde, and salicylaldehyde;
the color is best developed with hydrochloric acid; the
reaction is not obtained with aliphatic aldehydes and there-
fore appears to be specific for aromatic aldehydes of the type
studied; the reaction can be carried out in the presence of
solvents other than ethyl alcohol; the presence of an aromatic
aldehyde group is essential for the reaction as deseribed in
this paper; and finally of 104 substances tested by the tech-
nique, 15 samples of Cannabis sativa resin alone gave the
reaction.

In this paper detection methods only are considered
although it is believed that the test as carried out by the
author using vanillin, salicylaldehyde, and p-dimethylamino-
benzaldehyde could be developed into a quantitative colori-
metric estimation.

The samples of Cannabis sativa resin examined in this
investigation were obtained by the extraction with petroleum
ether of ten separate samples of plant material of Indian
origin and five samples of the crude drug seized by local cus-
tom and police officials. The color changes recorded in Table
I were given by the crude resin, the resin after the passage
through a Tswett chromatographic absorption column of
activated alumina, and the resin after treatment with ac-
tivated carbon.

Experimental

In Table I are recorded color changes using benzaldehyde,
vanillin, o-nitrobenzaldehyde, p-dimethylaminobenzaldehyde,
and salicylaldehyde.

The materials and reagents were tested in the following
manner:

A volume of petroleum ether extract containing 2 mg. of the
resin was either spotted onto a spotting porcelain plate with de-
pressions, or added to a microtest tube and the solvent allowed to
evaporate. A quantity of the aldehyde corresponding to 3 mg.
contained in 0.5 cc. of the solvent was added to the resin and the
material was dissolved by manipulation with a microspatula.
Concentrated hydrochloric acid was then added drop by drop
from a micropipet until maximum color intensity was developed.

The test was carried out also by smearing a minute portion of
the resin on filter paper, adding a small drop each of benzyl
alecohol and benzaldehyde, and developing the color with con-
centrated hydrochloric acid. The reaction under these condi-
tions is very striking and is of value in the examination of stains
and minute quantities of the resin.

Color Changes

In general under the conditions of testing described above
benzaldehyde gave an intense violet color which faded
rapidly. Vanillin gave a persistent green—blue-green colora-
tion and in some cases violet tinges were noted. The blue-
green color faded gradually, but in all cases the color was
clearly perceptible after 20 minutes. o-Nitrobenzaldehyde,
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material with petroleum ether and
other plant products which might
appear in extracts were tested by
the methods described above. The
following substances failed to give
the reactions recorded in Table I.

ALKALOIDS. Atropine, aconitine,
berberine, brucine, caffeine, cinchonine,
codeine, colchicum, cocaine, ecgonine,
homatropine, hydrastine, morphine,
narceine, nicotine, narcotine, papav-
erine, strychnine, theobromine.

EssenTiAL O1Ls. Rosemary, ti-tree,
croton, verbena, vetiver, nutmeg, amyg-
dalus, bay, citronella, lemongrass,
eucalyptus, cajuput, lavender, clove,
chenopodium, sandafwood, turpentine.

Fixep Oirus. Candlenut, tung,
coconut, linseed, mustard dilo, peanut,
cottonseed, castor, sesame, cedarwood,
olive, hydnocarpus.

Alcohol Solvent Reagent Color Persistency Remarks
Methyl alcohol A Violet 1 minute Fades rapidly
B Green-blue green Slow change Perceptible green after 20 minutes
C Littla'change S e Yellow-green precipitate
D Violet red Slow change Cloudy violet after 20 minutes
B Deep green Slow fade Yellow green after 20 minutes
Ethyl aleohol A Violet 3 minutes Fades in 5 minutes
B Deep blue green Slow fading Deep green after 20 minutes
C Brown yellow Slow fading Pale yellow after 20 minutes
D Violet red Slow fading Pink after 20 minutes
E Deep green Slow fading Green after 20 minutes
Isobutyl aleohol A Violet 5 minutes Fades rapidly to slate_
B Green-blue green Slow fading Blue ¥recn after 20 minutes
C Brown yellow 5 minutes Slow {uding to yellow
D Violet red Slow fading Pink after 10 minutes
E Deep green Slow fading Green after 20 minutes
Acetone A Cloudy violet 1 minute Complete fading in 5 minutes
B Cloudy green Slow fading Luiht green after 20 minutes
(o] Cloudy brown 5 minutes Yellow in 15 minutes 5
D Cloudy pink Slow fading Light pink after 20 minutes
E Cloudy green Slow fading Light green after 20 minutes
Benzyl alcohol A Violet 3 minutes Fades to slate in 5 minutes
B Green-blue green Slow fading Green after 20 minutes
C Orange Slow fading Yellow after 20 minutes
D Violet red Slow fading Pink after 20 minutes
E Deep green Slow fading Pink after 20 minutes

Benzaldehyde. B. Vanillin. C. o-Nitrobenzaldehyde. D. p-Dimethylaminobenzaldehyde.

A,
E. BSalicylaldehyde.

Resing.  Gurjun balsam, colophony,
dammar, guiacum, Canada balsam,
derris, kauri gum.

TERPENES AND SESQUITERPENES,
Pinene, cedrene, carvene, camphene,
vetivene, cadinene.

depending on the solvent used, gave light to brown-yellow
colorations which persisted up to 20 minutes. With p-
dimethylaminobenzaldehyde, beautiful violet-red colorations
were developed which faded slowly, the color however being
still perceptible after 20 minutes. With salicylaldehyde a
beautiful emerald green color was developed immediately
and persisted with slow fading for over 20 minutes. The
color faded to a yellow brown in 2 hours. The color changes
were not affected by the addition of acetaldehyde as recorded
by Duquénois and Moustapha.

The reaction did not take place if aliphatic aldehydes re-
placed the aromatic aldehydes. When experiments were
performed using acetaldehyde and formaldehyde in the
manner described, in no case was color developed. Similarly
ketones such as acetone and acctophenone fail to react.
That the reaction requires the presence of a free aromatic
aldehyde group is indicated with salicylaldoxime. When
this oxime is used in place of the free aldehydes recorded
above, no reaction takes place.

Effect of Solvent

The best solvents appeared to be benzyl alcohol and, in
most cases, isobutyl alcohol. Ethyl alcohol gave fair results
with all the aldehydes, but methyl alcohol and acetone were
definitely inferior under the condition of test. This appeared
to be due to either the insolubility of the reaction products in
the solvents named or the cloudiness developed by the excess
acid required to develop the maximum color in these solvents.

Effect of Acid

Neither sulfuric, nitric, nor acetic acid was able to develop
color under the conditions of the test. With methyl alcohol
and acetone as much as 1 cc. of acid was required to develop
the color, whereas with isobutyl and benzyl alcohols 0.3 to
0.4 cc. was sufficient.

Specificity

These reactions, which are similar in type, appear to be
specific for Cannabis sativa resin. Ghamrawy has tested 60
drugs, Munch 107 drugs, and Duquénois and Moustapha
have also recorded the specificity of their technique. In
this investigation several substances extractable from plant

Sucars. Dextrose, levulose, sucrose,

mannose, lactose, galactose.
Uncrassriep.  Meconic  acid, crude opium, citronellol,
citronellal, camghor, ethyl hydnocarpate, salicin, barbitone,
nicotinic acid, phytosterol, carotene, ascorbic acid, abietic acid.

It is considered, therefore, that the reactions recorded in
Table I take place with a constituent or constituents present
in Cannabis sativa resin.  The reactions have not been carried
out as yet with material of known physiological activity, so
thatitis not possible to attribute the reaction to a physiologi-
cally active constituent or constituents.

Sensitivity

Although the color is fleeting, the most sensitive reagent
is benzaldehyde in benzyl alcohol as solvent. A deep
violet color is obtained immediately with amounts of the
order of 0.03 mg. Definite reactions can be obtained with
0.1 mg. using vanillin, p-dimethylaminobenzaldehyde, and
salicylaldehyde in benzyl alcohol. o-Nitrobenzaldehyde does
not appear to be as sensitive as the other aldehydes. The
slow fading in color of the vanillin, p-dimethylaminobenz-
aldehyde, and salicylaldehyde reaction products suggest the
possibility of colorimetric determination, but this point has
not as yet been investigated.

Conclusion

A definite chemical reaction takes place between one or
more active constituents of Indian hemp and certain aromatic
aldehydes dissolved in suitable solvents and in the presence
of concentrated hydrochloric acid. The color changes are
characteristic of the aldebydes and Cannabis saliva resin.
Of the materials tested Cannabis indica resin alone reacted
in the manner described.
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Determination of the Acetyl Group

~ JOHN R. MATCHETT AnND JOSEPH LEVINE
U. S. Bureau of Narcotics Laboratory, Washington, D. C.

HE determination of acetyl content by means of trans-

esterification in ethanol, followed by distillation and
determination of the ethyl acetate so formed, was first de-
scribed by Perkin (3), who employed sulfuric acid to catalyze
the reaction. The original procedure has since been modified
with a view to lessening the decomposition of residues and
driving the reaction to completion, as well as assuring quan-
titative recovery of ethyl acetate.

Sudborou%h and Thomas (5) substituted aromatic sulfonic
acids for sulfuric acid as catalyst, eliminating charring of residues
together with attendant errors due to formation of sulfur dioxide
during distillation. Freudenberg (2) employed an intermittent
refluxing-distillation technique, adding fresh ethanol to the reac-
tion flask after the first ester had been distilled off and repeatin

the refluxing-distillation sequence. Phillips (4) introduced alcoho
vapors into the reaction flask from an external generator during
the distillation. These methods require the accumulation of
considerable volumes of distillate.

4 mm.

. Delier

1-2ml.

DIAGRAM OF APPARATUS

FiGure 1.

The method herein described accomplishes the removal of
ethyl acetate in a minimum volume by distillation through
an efficient fractionating column, arranged for operation
under total reflux with intermittent small volume take-offs.
A nearly constant volume is retained in the reaction chamber,
thereby avoiding concentration of the acid in the solution,
and enhancing the likelihood of recovery of the deacetylated
residue if desired. Advantage is taken of the difference in
boiling points of the ternary azeotrope ethyl acetate-ethanol-
water (b. p. 70.2°) and alcohol (b. p. 78.3°), which is suf-
ficiently large to permit ready quantitative separation. Con-
centrated aqueous hydrochloric acid is used as catalyst in
place of the less readily available aromatic sulfonic acids or

98

the objectionable sulfuric acid. It is equally effective under
the specified conditions and no chloride resulting from the
distillation of either hydrochloric acid itself or ethyl chloride
may be detected in the hydrolyzed distillate.

TasLe I. REesuLts
Vol. of 0.1 N
NaOH

Acetyl
Compound Weight Consumed Found  Caled.
Gram Mi. % %
Diacetyl morphine HCI1 0.8064 37.7 20.10 20.30
Calcium acetate. H:0 0.3250 36.8 48.69 48.84
Aspirin 0.5025 27.8 23.79 23.88
0.7247 40.2 23.85
0.7187 39.8 23.81
0.7243 40.3 23.93
73 0.7118 39.65 23.05
Acetanilide 0.1900 14.0 31.68 31.85
0.2038 14.95 31.54
0.2013 14.95 31.93
0.2015 15.0 32.01
Acetphenetidine 0.2080 11.45 23.67 24.01
0.1897 10.5 23.80
0.2018 11.2 23,87
0.2006 11.1 23.79

The apparatus (Figure 1) used is simple and readily con-
structed, and the procedure involves a minimum number of
operations. By suitable modification, the method can be
adapted to semimicrooperation. The small final volume in the
receiving flask, in contrast to that obtained by other pro-
cedures, permits use of an initially more dilute standard
alkali solution for the saponification of the ethyl acetate,
while retaining a sufficient final concentration to bring about
the saponification. Objections to trans-esterification methods
hitherto published, noted by Clark () on these grounds, are
thus overcome.

Apparatus

A 100-ml. round-bottomed flask, A, fitted with a § 12/30
joint, B, serving as inlet is attached to a 14-mm. tube, C, 55 cm.
in length, packed with 4-mm. single-turn glass helices for 50 cm.
of its engt?x. The condenser, D, is set off the top of this column,
causing the condensate to return to the head of the column
through the 4-mm. U-tube, E, of 1- to 2-ml. capacity. The
take-off, F¥, consists of a tube and stopcock sealed into the lowest
point of the U-tube and passing through a two-holed stopper, G,
to which a 125-ml. Erlenmeyer flask is attached. The tube is
almost long enough to reach the bottom of the latter flask.
Through the second hole of the stopper is a vent protected by a
soda-lime tube. The apparatus may be washed by flushing
through the condenser, removing the wash-liquid through opening
B by means of a tube attached to a suction flask. |

Procedure

O-AceryL. Introduce a suitable samgle (equivalent to 10
to 30 ml of 0.1 N alkali) into A through B, washing it in with a
total of 50 ml. of pure absolute ethanol, Freviously freed from
ester and aldehyde by refluxing and distillation over potassium
hydroxide and aluminum powder. Add 2 ml. of concentrated
aqueous hydrochloric acid and several Carborundum chips to
serve as boiling points. Attach a 125-ml. flask containing an
excess of 0.1 N sodium hydroxide solution to G, with the end
of F extending below the surface of the solution. Immerse the
receivini; flask in an ice bath.

Distill the solution in A as rapidly as possible without flooding
the column, keeping the stopcock in F closed. Drain E through
the stopcock after each of eight 15-minute intervals. Remove
the receiving flask, wash the outside of the tube with 5 ml. of
ethanol, and allow 2 to 3 ml of distillate to wash through the
inside. Reflux the solution 0.5 hour. Cool and titrate the
excess sodium hydroxide with 0.1 N acid, using phenolphthalein
as indicator. Each milliliter of 0.1 N sodium hydroxide consumed
is equivalent to 0.0043 gram of acetyl. A blank run on the alco-
ll:oh shqgld not consume more than 0.1 ml of 0.1 N sodium

ydroxide.
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N-Aceryr. Proceed in the manner described above but use
3 ml. of hydrochloric acid as catalyst and space the take-offs at
intervals of 30 minutes rather than 15.

The velocity of the trans-esterification reaction is, of course,

dependent on the structure of the compound concerned as’

- well as the concentration of acid, and in general is greater for
O-acetyl than for N-acetyl compounds. The time of re-
fluxing and amount of catalyst indicated have been found
suitable for the substances studied. These include acet-
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phenetidine, which reacts with considerable difficulty; hence,
it is presumed that the conditions specified would suffice for
most compounds.
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Mineral Analysis of Biological Materials
Use of the Lundegardh Spectrographic Method

MARY A. GRIGGS, RUTH JOHNSTIN, AND BONNIE E. ELLEDGE
Wellesley College, Wellesley, Mass, '

IN 1929 and 1934 Lundegardh (1, 2) published the details of
an accurate quantitative spectrographic method for the
determination of small quantities of metals by using an air-
acetylene flame into which was sprayed a solution of the sub-
stance under investigation. Since that time, many improve-
ments in the apparatus (4, 10) have simplified the procedure
without affecting the accuracy and reproducibility of the
results. This method of excitation for the production of emis-
sion spectra has been shown to be very dependable, and more-
over it “‘is characterized by a remarkable absence of interac-
tions between the elements in the course of the analysis” (9).
This is true of both anions and cations. The method has
proved to be especially valuable for the analysis of biological
substances of all kinds because, in comparison with chemical
methods, it requires very small amounts of materials, and the
determinations are more rapid and usually of a higher degree
of accuracy.
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In order to make a thorough study of the possible uses of the
Lundegirdh technique, various types of problems have been
investigated. At this time final reports on the special prob-
lems are not being made, but such results are included as are
necessary to show the accuracy and adaptability of the
method.

Apparatus

L

The apparatus consists of three distinet parts: a Lundegirdh
air-acetylene burner and the sprayer through which the solution
is introduced into the flame, a Hilger medium quartz spectro-
graph for photographing the spectra, and a Zeiss spectrum line
photometer for measuring the intensity of the spectral lines.

The burner (11), sprayer, and nozzle (6) are shown diagram-
matically in Figure 1. The inverted position of the sprayer per-
mits the use of as little as 2 ml. of the solution.

The arrangement of the burner and the spectrograph is shown
in Figure 2, In the background are the two manometers that
indicate accurately the air and acetylene pressures, which can be
controlled by slight adjustments of the reducing valves on the
cylinders. The rack at the left is used for draining the sprayers
and the switch box, shown on the table, controls the solenoid
which operates the shutter in front of the slit.

The burner is set up about 45 mm. in front of the slit and ex-
actly in the line of the optical axis of the spectrograph. The in-
tensity of the light entering the slit is greatly increased by the
reflection of the flame from a mirror, which is placed so that the
reflected image is also in the line of the optical axis of the spec-
trograph. Lundegirdh found that the most complete emission
of most elements takes place in the part of the flame 15 mm.
above the top of the inner blue cone (4). For this reason the
height of the burner is adjusted so that this portion of the flame
is directly in front of the slit.

Experimental Procedure

The conditions which produce the maximum intensity of the
lines without too much background are obtained by exposures of
2 minutes with an air pressure of 26,366 kg. per square meter
(37.5 pounds per square inch) and an acetylene pressure of about
26 cm. of water., Compressed air and acetylene are used from
the eylinders as purchased. The slit width is 0.05 mm. and the
length of the slit is only 1 mm., so that forty-two exposures can
be made on each plate.

Eastman plates No. 33 are used. They are developed for 6
minutes in a tank with Eastman high-contrast developer, formula
?49, and fixed for 12 minutes with Eastman acid fixer, formula
-5,

The intensities of the spectral lines are determined by examina-
tion of the plate in the microphotometer. A device for reading
“near the line’” similar to that used on the Lundegirdh photome-
ter (7) has been attached to the Zeiss instrument. The ratio
of the reading of the line to the reading of the background is
called the intensity ratio (3, §) and is used for the construction
of the intensity ratio-concentration curve. The values for the
concentrations are those of four different standard solutions whose
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FiGure 2. SET-UP OF BURNER

spectra are photographed on every plate. Two exposures are
taken of every solution and the average of the two intensity ratios
is used. At three different intervals on the plate, the spectrum
of one of the standards is repeated; this makes it possible to
construct a correction curve if the values show any variations that
might be due to emission conditions or to the plate emulsion.

In Table I the wave lengths and the maximum and mini-
mum concentrations which are suitable for the construction
of the concentration-intensity ratio curves, expressed both
in molarity and in grams per liter of solution, are given for
each of the metals used.

Some typical intensity ratio-concentration curves are
shown in Figure 3.

Accuracy

In order to investigate the accuracy of this method, solu-
tions of known concentrations of a number of the metallic
ions were prepared and the ions then determined by the
Lundegirdh method, using a single plate, with the results
presented in Table II.

Table I. Wave Lexgras aNp CONCENTRATIONS OF METALS
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Preparation of Materials

Since this method demands that the metallic elements be
in solution, the preparation of material for this analysis is a
matter of great importance. In the first place accurately
calibrated volumetric apparatus and chemicals of the highest
purity are essential and have been used throughout this work.
Spectrographic tests were made on concentrated solutions used
in, the preparation of all standard solutions and reagents to
ensure the absence of impurities.

In order to avoid a difficulty frequently encountered in cor-
relating the results of several investigators—namely, the un-
certainty of the moisture content of the initial material—a
study of possible methods of moisture determination has been
made. The following procedures have been adopted:

Solid materials are pulverized, weighed, and dried to constant
weight at 70° C. Those substances which become darkened or
charred at this temperature are spread in thin layers in large flat
weighing bottles and allowed to stand in desiccators over con-
centrated sulfuric acid until the weight is constant. This usually
requires about 72 hours. The samples of liquids such as orange
juice or blood are weighed, and also when possible the volumes
are measured. Thus the final results can always be definitely
expressed in relation to the original material.

Various methods for the actual treatment of the material
have been tried and digestion with nitric acid and Perhydrol
has been found to be very satisfactory. Complete oxidation
of even large quantities of organic material can be accom-
plished in relatively short periods and the residues are readily
soluble in water or in very dilute nitric acid.

The method adopted for all purposes has been to weigh the
material directly into 70-ml. Pyrex test tubes calibrated at 20 ml.
Nitric acid is added and the tubes are then heated in boiling water
until any moisture present, as in orange juice, is nearly evaporated
off. The tubes are then heated in a concentrated sulfuric acid
bath at a temperature between 120° and 140° C. until the solution
is clear. Perhydrol is next added and the tube is carefully heated
over a microburner. If necessary, small additional portions of
nitric acid and Perhydrol are added to decolorize the solution
completely and the solution is finally evaporated nearly to dry-
ness., It can then be diluted to the 20-ml. mark or transferred
to any small volumetric flask and diluted to volume. It may be
used both for the spectrographic determination of the trace
metals and for the various dilutions needed for the more abundant
elements present.

Complete oxidation of organic matter is important because
it has been found that a residue may contain practically all of
the calcium and cannot safely be discarded. Lundegirdh
(8) has shown that the presence of nitric acid of this concen-

Metal Molarity tration.in t:,hgse solutions does not aﬁ'c?ct tl.1e spectx:og.raph.ic
A. Gram/Ll. determinations of the metals. “Sulfuric acid and nitric acid
Calcium 4226.7 0.0000125-0.0001 0.00050-0,0040 at a concentration of 1 mole had no perceivable effect upon
Cobalt 3526.8 0.00025-0.002 0.0147-0.1179 tion.”
Cobs | SO temnoin tmlelin Sl i
ron b 5-0.002 L0153 . ” T 1
N T Oaoossz0tung AR everal other met, ods for the preparation of e materi
Manganese 4030.8 0 ooogggogom 8'8?29%%??25 were studied and abandoned. Dry-ashing at 400° was ac-
g‘}:k:gium §§433 jg 0 88%52,7%880%02 818893:8:8;?6 companied by a loss of about 30 per cent of the total potassium
ilver & 5-0. .002 5 3
odium 3302.3  0.0005-0. 0.0115-0.0920 Z‘i‘:ﬁ;’y asEl\I-ltlg];t?:nwbI;?r f:ﬁﬁi;he‘fﬁlh
molar hydrochloric acid and centrifuging
TasLe II. ComparisoN oF WEIGHTS OF ELements PRESENT witH WEIGHTS or filtering off the organic residue gave
Founp By LunpecArpH METHOD excellent results for the more plentiful
Caleium Copper Iron Magnesium Manganese Potassium  Sodium elements, but could not be used for the
Gram/l. Gram/l. Gram/1L. Gram/l. Gram/lL. Gram/l. Gram/l. trace elements. A similar extraction
Present 0.00301 0.0095 0.0837 0.0365 0.00412 0.0587 0.0690 e
Found 000299  0.0092  0.0822  0.0356  0.00412  0.0383  0.0690 with nitric acid showed repeatedly that
0.00302 0.0092 0.0860 0.0352 0:00408 0.0535 0.0682 the calcium was very largely adsorbed by
0.00206 0.0090 0.0850 0.0341 0.00413 0.0561 0.0674 ths reidie® The st of any Keldahl
Present 0.00140 0.0045 0.0391 0.0170 0.00192 0.0274 0.0322 3 o
d GG ORE DHR O SHR. SR L B e i axtracied Tt
) 0.00135  0.0044  0.0390  0.0158  0.00199  0.0270  0.0333 quanut)lr of sodium extracted from the
Present 0.00060  0.0019  0.0167  0.0073  0.00082  0.0117  0.0138 Pyrex glass (13). ;
Found 0.00057 0.0017 0.9166 0.0065 0.00078 0.0111 0.0123 Since the preparation of various mate-
0.00062 0.0022 0.0181 00081 0.00087 0.0111 0.0134 : § : >
100085 0.0017 0.0166 0.0083 0.00094 0.0091 0.0130 rials for analysis may involvesslight losses

of some of the metals, the possible re-
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covery of such substances, added in known amounts at the
beginning of the experiment, was studied. Table III shows
such results for some metallic ions added to 50-ml. portions
of orange juice.

For a dry material the recovery was tested by adding
0.00023 gram of calcium ion to a 2.4032-gram sample of
butter:beans before wet-ashing. The calcium recovered was
0.00020 gram.

Tasie III. RecovERY oF METALS ApDED TO ORANGE JUICE
Metal Added Total Metal Added Metal
Average Metal Found Recovered
Gram/l. Gram/l. Gram/l. Gram/l.
8 0.274 0.4365 0,281
Caleium 0.156 0.274 0.4320 0.276
0.274 0.4290 0.273
4.69 7.49 4.88
Potassium 2.61 4.69 7.23 4.62
4.69 7.49 4.88
0.199 0.290 0.180
Magnesium 0.110 0.199 0.290 0.180
0.199 0.299 0.189
0.0230 0.0383 0.0231
Sodium 0.0152 0.0230 0.0375 0.0223
0.0230 0.0356 0.0204
Applications

The plant materials investigated were mainly oranges,
butter beans, and pectinates. Much of the preliminary work
was done on oranges furnished by the Agricultural Experi-
ment Station at Orlando, Fla. Triplicate analyses of one
variety of Temple oranges are given in Table IV. It is of
interest to compare these results with those of Roberts and
Gaddum (12).
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lation of the concentration of these ions in the solutions used.
A series of results for caleium, copper, iron, magnesium,
manganese, potassium, and sodium shows a very satisfactory

recovery of these elements when solu-

TaBre IV. ANALYSIS OF TEMPLE ORANGES
(Grams of metal per liter of juice and pulp)

tions containing known concentrations
are analyzed.
Methods of drying the biological mate-

Calcium Copper Iron  Magnesium Manganese Potassium  Sodium rials are given, followed by a discussion
Gram/I. Gram/l. Gram/L. Gram/l. Gram/l. Gram/l.  Gram/L. of methods of preparation of these sub-
.15 .00046 0.00198 0.112 0.000372 2.00 0.0201 =7 s
0:1% 0:000468 0.00187 0.108 0.000380 2.08 0.0194 stances for analysis. Complete oxidation
0.156 0.000451 0.00209 0.104 0.000377 2.25 0.0218 with nitric acid and Perhydrol at 120°

to 140° C. is recommended. Recovery

This method was also found useful for the analysis of
aquarium and natural sea waters and has been successfully
applied to animal tissues, lenses of rat eyes, bones, and both
whole blood and serum. Rat blood samples ranging from
0.2 to 1.7 grams were quantitatively transferred from the
weighing bottles to the digestion tubes by treatment with
hot nitric acid and distilled water and the usual wet-ashing
procedure was followed. One gram of blood required about
1 ml. of acid and about 20 drops of Perhydrol for complete
oxidation. Table V gives the results of triplicate determina-
tions made on an experimental rat which probably had de-
veloped anemia.

Summary

The Lundegardh air-acetylene burner used for the excita-
tion of the emission spectra of metallic substances in solution
is described, together with the Lundegirdh method of calcu-

TaprLe V. Axavrysis or Rat Broop

(Per cent by weight in whole blood)
ﬁat Weight of

0. Sample Calcium Sodium Iron Potassium
Gram % % e %

7 0.3444 0.00505 0.200 0.0358 0.2065
0.3440 0.00515 0.198 0.0359 0.2045
0.39879 0.00504 0.189 0.0382 0.1855

of metals added to these materials before
the above treatment is excellent.

The wide applicability of the method is evident from its
successful use in the analysis of such substances as oranges,
beans, pectinates, aquarium ‘water, rat lenses, bones, and
blood.
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Determination of Metals in Some Pectinates

Comparison of Photometric and Spectrographic Methods

PHYLLIS AMBLER AND MARY A. GRIGGS
Wellesley College, Wellesley, Mass.

URING certain biological investigations, it became
necessary to determine the metal content of cobalt,
nickel, and bismuth pectinates and of preparations contain-
ing these substances. (The pectinates were obtained from the
Sardik Company and the nickel pectinate gel from Eli Lilly
and Company.) Since a Zeiss-Pulfrich photometer for colori-
metric measurements and the complete spectrographic
equipment for analysis by the Lundegirdh (2, 3, 4) method
were available, these two methods were studied in order to
compare their agreement when used for small quantities of
the materials.

TaBLE I. AvVERAGE PER CBNT MOISTURE IN
PECTINATES
Average
Moisture,
o
70
Nickel pectinate I 7.64
Nickel pectinate 11 7.91
Nickel pectinate I11I 4.53
Nickel pectinate IV 5.52
Nickel pectinate gel 70.28
Cobalt pectinate 9.43
Bismuth pectinate 7.55

Experimental Methods and Results

As it was found possible to dry the materials to constant
weight at 70° C. without any change in appearance, this tem-
perature was used for the determination of moisture.

In general, when the dry material was prepared for analysis
by ashing at 500° C. before treatment with nitric acid, there
was a slight loss of the metals. For this reason and also be-
cause the percentage of total ash was not important, all solu-
tions were prepared by wet-ashing with concentrated nitric
acid at 125° to 145° C. until all organic material was de-
stroyed (7). Most of the acid was then expelled, and after
necessary dilutions were made the solutions were ready for
analysis. :

The Lundegirdh spectrographic method as used in this
study has been described in detail by Griggs, Johnstin, and
Elledge (). The spectrum lines used for nickel and cobalt
were 3524.5 and 3526.8 ﬁ., respectively. The concentration
curves for both the nickel and cobalt were constructed from
standard solutions containing from 0.002 to 0.00025 mole per
liter. The results of these analyses are given in Tables II,
III, and IV. As Lundegirdh found, this method of excitation
does not produce spectrum lines suitable for the determination
of bismuth, so that no spectrographic results could be ob-
tained.

NickgL. The photometric method used by Murray and Ash-
ley (6) for the determination of nickel in steel was chosen for the
analysis of nickel pectinates. The concentration curve was
prepared by the use of solutions containing 0.2560 to 0.0512 mg.
of nickel. To each solution citric acid, saturated bromine water,
ammonia, and dimethyl glyoxime were added before dilution to
the final volume of 100 ml. The nickelic complex solution has a
pale wine color. It was found necessary to take the photometer
readings after 5 minutes had elapsed and to complete them within
the next 5 minutes in order to avoid change in transmission.

Nickel pectinates I and II were found to contain some
silica, which evidently was precipitated when ammonia was
added and adsorbed the colored nickel complex. It was

102

therefore necessary to remove the silica by treatment with
hydrofluorie and sulfuric acids before making the photometric
determinations.

CoBarr. The photometric method developed by MacPherson
and Stewart (5) for the determination of cobalt was adopted.
The concentration curve was prepared by the use of solutions
containing 0.02585 to 0.002585 mg. of cobalt. The cobalt
was oxidized by nitric and hydrochloric acids and a complex
yellow cobaltic compound was formed by the addition of nitroso-
R salt and sodium acetate with careful control of temperature and
gH of the solution, the final volume of which was exactly 25 ml.

ince the color was not permanent, it was necessary to make all
photometer readings at a definite interval (such as 1 hour) after
the addition of the dye. It was also found that the concentra-
tion-transmission curve passed through the origin only when a
blank solution containing all reagents was used in the com-
parison cup instead of water.

BismuTH. For the analysis of bismuth pectinate the colori-
metric method of Rasmussen, Jackerott, and Schou (7) was
adapted for use with the photometer. It had been found that
dilute solutions of bismuth iodide were yellow in color and that
their light absorption was proportional to the concentration of
the bismuth. Filter S47 and 20-mm. cups were used in the
Ehotometer and solutions containing 0.1820 to 0.0455 mg. of

ismuth were prepared for the construction of the concentration
curve. In the case of these solutions as well as solutions of the
pectinate, prepared as described above, it was necessary to re-
move nitric acid by evaporation in order to prevent oxidation of
the iodide. One drop of sulfuric acid and 10 ml. of a 10 per cent

TasLE II. NickeL 1N NICKEL PECTINATES
Nickel Found

: i Weight of Photometric Spectro%x;ﬂ:hic
Nickel Pectinate Sample method met.
Gram % %
I 0.2272 0.22 0.27
0.1994 0.24 0.26
0.2161 0.21 0.27
0.2475 0.19 0.24
Av. 0.22 0.26
11 0.3554 0.27 0.25
0.2653 0.26 0.27
0.1884 0.26 0.25
0.3093 0.27 0.26
0.3256 0.28 0.25
Av. 0.27 0.26
III 0.2299 0.46 0.48
0.2131 0.43 0.41
0.2631 0.44 0.41
0.1693 0.45 0.43
0.2159 0.45 0.44
Av. 0.45 0.43
v 0.2221 0.08 0.68
0.2840 0.68 0.68
0.1603 0.67 0.62
0.1433 0.66 0.65
.0.1822 0.67 0.67
Av. 0.67 0.66
Gel 20.4860 0.0048 0.0041
20,0854 0.0046 0.0043
18.8688 0.0046 0.0044
19.9490 0.0048 0.0039
10.4773 0.0047 0.0045
Av. 0.0047 0.0042
Tasre III. Coarr ix CoBALT PECTINATE
Cobalt Found
Photometrio Spcctro%r:fhic
Weight of Sample method met)

Gram % %
0.2097 0.42 0.36
0.2791 0.41 0.34
0.2111 0.36 Not determined
0.2891 0.37 Not determined

Av. 0.39 0.35
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solution of potassium iodide were then added before diluting
to & volume of 25 ml. The concentration was plotted against
per cent transmission on a semilogarithmic scale; the graph was
a straight line passing through the ordinate at 100 per cent, show-
ing that Beer’s law held for these dilute solutions, and that the
compound was suitable for use in the photometer.

TasLE IV. BismurH IN BisMuTH PECTINATE
Weight of Sample Bismuth Found by Photometric Method

Gram %
0.2155 0.57
0.2660 0.53
0.1801 0.53
0.2540 0.55
0.2834 0.55

Av. 0.55
Conclusions

The photometric methods presented in this paper show ex-
cellent agreement and therefore high precision for the deter-
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mination of very small quantities of nickel, cobalt, and bis-
muth in organic materials. The spectrographic method used
for nickel and cobalt has almost as good agreement and pre-
cision but requires somewhat larger quantities of the mate-
rials. The latter is more rapid, however, if many samples
are to be analyzed. The close agreement of the analyses by
the two methods indicates that the results are very accurate.
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Use of Thorium Nitrate to Distinguish between Pectin and

L
 Certain Gums
E. F. BRYANT, California Fruit Growers Exchange, Research Department, Ontario, Calif.

DENTIFICATION of the individuals commonly grouped
as water-soluble gums is at times difficult, as many of the
substances react alike to the same reagent. Pectin is one of
the most difficult of this group to identify, because it is usually
precipitated by the reagents which also precipitate the other
gums. Differentiating between pectin and other gums (2, 3)
requires more time and labor than a simple precipitation test.
In attempting to carry out work on pectin similar to that
done by Bonner (1) on pectate it was found that precipitation
with thorium nitrate exhibits a novel property of pectin not
shown by the other gums tested.

If the substance under examination is & powder containing
no added materials, such as sugar or acid, it is made up to a
1 per cent aqueous sol. Any admixture should first be ex-
tracted with 50 per cent alcohol, or can be eliminated by dis-
solving the substance and then precipitating with an equal
volume of alcohol. If the sample is a liquid preparation,
the gum should be precipitated as above, so that a pure sol of
known strength can be made.

Irish moss, agar, gum arabic, and karaya gum give no

precipitate with 50 per cent alcohol; gum tragacanth gives
only a slight precipitate; but pectin, quince seed, and locust-
bean gums give good precipitates.

Of the gums listed in Table I, only Irish moss, quince seed,
and pectin give precipitates with thorium nitrate. The pre-
cipitate from Irish moss is stringy and opaque and easily
differentiated, but those from quince seed and pectin are alike,
being of a firm, gelatinous nature. The pectin precipitate is
easily dispersed or in some cases actually dissolves on adding
an excess of the thorium nitrate solution or dilute acetic
acid; the quince-seed precipitate with thorium nitrate is
unaffected by this treatment. If the dilute acetic acid is first
added to the gum sol, the quince seed will yield a firm gel
and the pectin shows only a thickening or very slight gel.

A confirmation of the thorium nitrate test for pectin may
be made with neutral lead acetate. In unacidified sols pectin
and quince seed yield gels, while if acetic acid is added to the
sol before the lead acetate, pectin forms a firm, clear, brittle
gel but quince-seed gum gives only a very weak gel or a vis-
cous sol. This is just the reverse of the thorium nitrate test.

To 10 ml. of the aqueous solution of the gum (1

TasLE I.
NITRATE AND NEUTRAL LEAD ACETATE

Thorium Nitrate
10% solution
d 5 N

REACTIONS OF GUMS AND RELATED SUBSTANCES WITH THORIUM

Neutral Lead Acetate
10% solrug,on

in 100) add 1 ml of 10 per cent thorium nitrate
solution, stir, and allow to stand 2 minutes. If a
gel results, the gum is either pectin or quince-
seed gum. If no gel results it is not pectin.

To differentiate between the two gums: To 10

Material 10% and 5 N 10% and 5 N ml. of the sol add 1 ml. of 5 N acetic acid, then
Used solution acetic acid solution acetic acid 1 ml. of 10 per cent thorium nitrate solution, stir,
Gum arabic a a & . and allow to stand 2 minutes. If no firm gel re-
Locust-bean a a Slight thick- e sults the gum is pectin; if a gel forms it is quince-
gum enmﬁ 2 seed gum.
me ST = 7 To check the reaction, a 10 per cent solution
Trlalisaces Stringy, white  White granu- Cloudy Cloudy of neutral lead acetate is used and the same proce-
precipitate ltnrtprec!pl' dure carried out as for thorium nitrate.
ate
Karaya gum . d St 2 Table I shows the gums tested and the results
Quince-seed Firm opaque Firm gel Fairly firm Very weak gel, ]
gum ge gel a thickening (¢] ned. : :
Pectin Firm, trans- Very hv}'cl;lk gel, Firm, trtansei Fi.]rm. brilme. Literature Cited
en ciear ge.
Agar (0 5in su‘;ﬁ”ﬁ;fg‘ S byt i (1) Bonner, J., Proc. Acad. Sci. Amsterdam, 38, 349,
stead of 350 (1935).
Mi:/lf)l -~ S & -~ (2) Jacobs, M. B., “Chemical Analysis of Foods and
e Food Products”, p. 283, New York, D. Van
tarch s a a e Nostrand Co., 1938.

@ No apparent reaction.

(3) Savini, G., and Gianferrara, 8., Ann. chim. ap-
plicata, 29, 111-15 (1939).




Determination of Oxygen in Tank Hydrogen

HUBERT N. ALYEA, Princeton University, Princeton, N. J.

N RESEARCH employing tank hydrogen it is often de-
sirable to determine the presence of traces of oxygen. A
method is here described for measuring these traces with an
error of less than 10 per cent for oxygen concentrations of
0.05 to 0.20 per cent by volume. While the principle in-
volved is far from new (1), the apparatus shown in the figure
is considerably simpler and more accurate than those pre-
viously described. In principle, the traces of oxygen are
burned with hydrogen on a glowing platinum wire. The
water which forms condenses, thereby effecting a disappear-
ance of three volumes, two of hydrogen and one of oxygen,
for each volume of oxygen originally present.

ArpraraTUs. The whole apparatus is mounted on a wooden
base 37.5 X 25 cm. (15 X 10 inches) with a backboard of the
same dimensions. Bulbs C, D, F, and G are all of 100-ml. ca-

acity. The slanting manometer, E, is of 2-mm. capillary tubing
astened to a 20-cm. length of meter stick, which is inclined to
give a drop of 2 cm. over its 20-cm. length. A capillary stopcock
may be conveniently inserted at E, although this is not essen-
tial. The water jacket surrounding C is made of 50-mm. tubing
and a cork. A rubber stopper, rather than a glass-tungsten
seal, is provided for the ignition vessel, D, so that the platinum
wire can be easily replaced if burned out. Two stout tungsten
lead-in wires are insulated from each other bg a 5-mm. glass
tubing, not shown, which is embedded in the rubber stopper and
extenﬁs up over one wire to the platinum coil. The platinum
spiral is made from No. 28 wire, 20 cm. long.

A scratch is made on BD about 3 em. from B. A and B are
small, two-way capillary stopcocks. Section Al should be bent out
from the board. veling bulb F is set in a 5 X 5cm. (2 X 2
inches) wooden block, hollowed out and filled with plaster of Paris,
so that F may be returned to exactly the same position each time.
The block is fastened to a rod which may be clamped into position.

Bulb @ rests in an ordinary ring. CE is filled with mercury and
D with water. Bulb € and manometer E must be kept clean and
dry at all times.

PrELIMINARY OPERATIONS. The residual air in the ap-
paratus must first be replaced by tank hydrogen. Once this
has been attained the steps in this section may be omitted.

Open passage DBI and raise G until the water nearly reaches
B. Open passage CBI and raise F until the mercury gushes into
BI. Excess mercury mnr be caught in a beaker held at I. At-
tach the hydrogen sample at H, open HAI, and flush out with
the hydrogen. Then turn the cocks to open passages HABC,
filling C with hydrogen. Flush out the residual air in BD by
opening CDB, running in hydrogen by raising F or lowering G, and
finally opening DBAI and CBAI. Both water and mercury will
now be a few centimeters from B, and the tiny volume of gas
between them will be nearly pure hydrogen. Therefore all subse-
quent measurements may omit these preliminary operations.

MAxKING AN ANALYSIS. Open CBAI, and raise ¥ to empty the
gas out of CB until mercury again spills out at /. Open HAI to
flush stopcock; then open HABC and run in the sample to be
analyzed, stopping when the mercury reaches a point near Z on
the manometer. At this point, switch to HAI, and finally close

TasrLe I. CoNsECUTIVE READINGS ON MIXTURES

Com'fosition of Gas by Volume Movement in
Hy,

rogen xygen Manometer Found

%% % Mm. %
99.949 0.051 27 0.054
99.900 0.100 48 0.006
09 .864 0.138 70 0.140
90.937 0.083 30 0.060
99.906 0.094 50 0.100
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stop cocks A and B. Record the position of the mercury on
the manometer scale. Open passage CBD, and run the sample
over into D, stopping when the mercury is a few centimeters
from B. The water level will be well below the platinum wire.
Close B and switch on the electricity, keeping the platinum spiral
heated to a dull red, not white, heat. With hydrogen containing
about 0.05 per cent oxygen 10 seconds are sufficient; for 0.20
per cent oxygen heat for 1 minute, but never any longer. Allow
the gas to cool for 2 minutes, return it to C, stopping the water at
the scratch 3 em. from B, and record the new manometer reading.
The calibration of the manometer can be calculated from its

-~
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slant, but it is simpler to make a direct measurement with em-
pirical mixtures of oxygen and hydrogen.

Table I shows that a movement of the mercury along 1 mm.
of the manometer corresponds to 0.002 per cent of oxygen by

- volume in the sample.
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Tungsten-Nickel and Tungsten-Silver Electrode
Systems in Neutralizations

HAROLD G. DIETRICH AND PAUL J. BENDER
Sterling Chemistry Laboratory, Yale University, New Haven, Conn.

HE bimetallic electrode systems, tungsten-nickel and

tungsten-silver, were examined to ascertain their value
for precise work in neutralizations involving dilute solutions.
Kahlenberg and co-workers (1, 4, 6) have especially recom-
mended tungsten as an indicator electrode for neutralizations,
and among the bimetallic electrode systems suggested by
these investigators for such reactions are tungsten-nickel
and tungsten-silver. After a precise study of the tungsten-
nickel system in neutralizations Furman and Low (3) re-
ported this system of value in titrations of strong acid with
strong base, and wice versa, for solutions 0.1 N and above.
According to their observations nickel undergoes an abrupt
change in potential at a pH about that at which the transition
of methyl orange occurs, but is relatively insensitive in the
region at which phenolphthalein changes.

It is the purpose of the present paper to show that these
characteristics of the nickel electrode make the tungsten-
nickel pair unsuitable for precise work in the titration of solu-
tions as dilute as 0.01 N, and to describe the results of a
detailed study of the tungsten-silver system in neu'graliza—
tions involving solutions the approximate concentrations of
which are between N and 0.001 J.

Materials and Procedure

Solutions of about the normality desired were prepared from
reagents of analytical grade, the alkali solutions being nearly free
of carbonate and the usual precautions being taken to protect
them from atmospheric carbon dioxide. ;

Electrodes were of the following B. & S. wire gages: tungsten,
19; nickel, 8 and 24; silver, 24. After each titration the elec-
trodes were cleaned with sandpafper, then washed with 6 N
nitric acid and several changes of distilled water. Occasional
omission of the nitric acid washing seemed to have no bearing
upon the results. ;

A definite volume, between 15 and 40 ml., of the solution to
be titrated was placed in a closed container and the neutraliza-
tion was carried out at room temperature in an atmosphere of
nitrogen free of carbon dioxide. While the solution was being
stirred by a motor-driven stirrer, the course of the titration was
followed by means of a Leeds & Northrup students’ type poten-
tiometer and accessories. Readings were taken after the e. m. f.
appeared virtually constant. In the neighborhood of the end
point these were recorded after each drop of the solution was
added. The maximum of the A e. m. f./A ml. was taken as the
electrometric end point and compared with end points obtained

cither simultaneously or independently with phenolphthalein, °

methyl orange, or methyl red indicators. The color change for
methyl red was made more distinctive by the presence of methyl-
ene blue. Each of the end-point ratios (ml. of acid per ml. of
base) tabulated in the following section represents the mean of
values derived by three or more titrations. The average deV}a-
tion from this mean is also given for the electrometric end-point
ratios,

In many of the titrations employing the tungsten-silver sys-
tem, the potential of each electrode was checked repeatedly
against a reference electrode, a 0.1 N calomel cell—i. e., after
each addition of reagent in the course of a titration, e. m. f. read-
ings were taken for the systems tungsten-silver, tungsten-calomel,
and silver-calomel.

W —Cal.
J 500 |—
P —_—
- /00 400 —
2 o e
3 <
S S
2 -200 > 300 — [
~ ]
o ~
= 3
-300 200 }—
<P
l l 100 ¥—
16 17 18 /9
cc. 0.1 N NaOH Ag S Cﬂ/.
0 | |
e 17 1% 5

cc. 0.1 N NaOH

Ficure 1. TrtraTioN orF 0.1 N HyprocuLorIC AcID
Using tungsten-silver, tungsten-calomel, and silver-calomel system



106 INDUSTRIAL AND ENGINEERING CHEMISTRY

TaBLE I. TUNGSTEN-NICKEL SYSTEM

(Solution added: NaOH, normahty ap J)roxmmtely that of solution being
titrate

Solution t A
Titrated End-Point Ratios
(Approximate  Methyl Electro- Phenol- Electro-
ormality) orange metrie phthalein metric
M1, acid per ml. base
0.1 N HCI 1.136 1.138 = 0,002 1.131 1.130 = 0.001
0.1 N HaSO04« 1.128 1.120 == 0.004 1.118 1,120 = 0.002
0.01 N HCI Tos 1.062 = 0,003 1.015 1,037 =0.01
0.01 N H:S04 1.069 == 0.003 1,043 1.045 =0.01
TaABLE II. TUNGSTEN-SILVER SYSTEM
Solution Solutlon - :
Titrated ——————End-Point Ratios ————
(Approximate \?pronmate Methyl Phenol- Electro-
I\P rmality) ormality) red phthalein metric
Ml. acid per ml. base
N HCl1 N NaOH 1.162 1.162 =0.001
N H:804 0.7745 0.7741 = 0.0000
0.1 N HCI 0.1 N NaOH 0.8380 0.8388 = 0.0006
0.1 N HsSO4 Sl 0.8204  0.8297 = 0.0006
0.01 N HC! 0.01 N NaOH 1,037 1.041 = 0.00
0.01 N H:S0. 1.060 1.064 = 0.002
0.001 N HCI 0.001 N NaOH 1.007 == 0.002
0.001 N HaSO« 1.088 = 0.002
N NaOH NHCl 1.156 1.156 = 0.001
P N HiSO« 0.7726  0.7726 = 0.0003
0.01 N NaOH 0.0 1 N HCl 1.037 1.043 = 0.001
0.01 N H:S04 1.060 1.063 = 0.001
0.1 N HCI 0 1 N NHOH 0,9431 0.9429 == 0.0003
0.1 N HsS0. 0.6067 0.6070 = 0.0003
0.01 N HCI 0. 01 N NH.0H l 131 1.132 == 0.001
0.01 N H:SO0« 1.685 1.685 = 0.004
N HC:Hi01 "N NaOH 0.7863  0.7863 = 0.0006
0.1 ¥ HC:H:0: 0.1 N NaOH 0.8922 0.8941 = 0.0006
Discussion

The data of Table I confirm the findings of Furman and
Low (3) as to the usefulness of the tungsten-nickel system for
precise titration of solutions of strong acids, the concentrations
of which are 0.1 N, but indicate that the system is of little
value in titrating 0.01 N solutions. Two maxima appear
in the graphs of A e.m. f./A ml. for these titrations. The
first, excellent and fairly reproducible, corresponds to the
methyl orange end point of the titration and, as pointed out
by Furman and Low, represents the neutralization of free
alkali and conversion of carbonate to bicarbonate. The
second and smaller maximum, corresponding to the phenol-
phthalein end point, is not always clearly marked in the ti-
tration of 0.01 N solutions. Its location in graphs for suc-
cessive titrations varies by as much as 3 per cent, and the
acid-base ratios for this maximum in seven titrations show
an average deviation of 1 per cent from the mean. The agree-
ment between the mean values for the electrometric and
phenolphthalein end-point ratios in the titration of 0.01 N
sulfuric acid is, therefore, of little significance.

Results of titrations made with the tungsten-silver system
are given in Table IT. It is evident that this system furnishes
a precise method for titrating a strong acid with a strong base
in solutions as dilute as 0.001 &, and vice versa for solutions
as dilute as 0.01 N. In Figure 1 are shown titration curves
typical of those obtained for a single titration with the elec-
trode pairs, tungsten-silver, tungsten-calomel, and silver-
calomel. In these graphs P marks the point at which phenol-
phthalein changed color. It will be noted that the potential
of the silver electrode passes through a minimum in the
neighborhood of this colorimetric end point. At the inflection
point the maximum change in potential is in the same direc-
tion as that of the tungsten electrode, but comparatively so
small that the tungsten-silver system gives a curve with a
significant “‘break’ even in titrations of 0.001 N solutions.
The extent of this break is enhanced by the passage of ni-
trogen through the solution.

An attempt was made to see whether the tungsten-silver
pair permits the precise titration of solutions of strong acids
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more dilute than 0.001 N. To this end 20-ml. samples of ap-
proximately 0.01 N sulfuric acid and hydrochloric acid, re-
spectively, were added to about 1700 ml. of water, and the
titration was made with 0.01 IV sodium hydroxide. The follow-
ing data indicate that the use of the tungsten-silver system
leads to precise results under the conditions just described:

End-Point Ratio: ML of 0.01 N Acid per M1 of 0.01 N Base

Electrometric Colorimetric
H:S04 0.9786 = 0.001 0.9789
HCl 0.9640 = 0.0002 0.90656

The data of Table II likewise indicate that this system is
suitable for the titration of strong acids with the weak base,
ammonium hydroxide, and for the titration of the weak acid,
acetic acid. Titration curves for the former are similar
to those of Figure 1, with a break not quite so great. Figure
2 is a typical e. m. f.—ml. graph for the titration of acetic acid,
in which the first of two inflection points coincides with the
phenolphthalein end point, P. Graphs for the behavior of the
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Ficure 2. TrrrarioN or N Acetic Acip

Using tungsten-silyer system

silver-calomel and tungsten-calomel pairs during the titration
of acetic acid show that to obtain the greatest change in the
potential of the silver-calomel system one drop (about 0.03
ml.) more of sodium hydroxide solution is required than for
the tungsten-calomel system. Consequently the electro-
metric end point of the tungsten-silver system arises almost
wholly from the behavior of the tungsten electrode; upon
addition of base beyond the electrometric end point, changes
in the potential of the silver electrode offset those of tungsten
to such an extent that two inflection points are observed.
Potentiometric readings were not recorded until apparently
constant. However, it is possible that in these solutions the
electrodes approach equilibrium with extreme slowness and
that the behavior observed is due to the system’s not having
attained equilibrium (2). Titration of acetic acid solutions
less than 0.1 N was not feasible, as the changes in potential
were too gradual to permit precise determination of the end
point. For the same reason it was not possible in the titra-
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TasLe III. ComparisoN or Exp Points
(Solution added: NaOH, approximately 0.01 &)

Solution
Titrated End-Point Ratios
(A}‘Pproximate Hydrogen- Tungsten- Phenol-
ormality) calomel silver phthalein
M1, acid per ml. base
0.01 N H:SO0¢ 1.022 == 0.001 1.021 == 0.002 1.021
0.01 N HCI 0.6918 = 0.0006 0.6926 == 0.0006 0.6906

tion of sodium carbonate (0.5 N) with hydrochloric acid ()
to determine precisely the electrical end point corresponding
to the phenolphthalein end point. At the methyl orange end
point of the carbonate titration, however, the tungsten-silver
system gave a definite, reproducible electrometric end point.

To determine the accuracy, as well as the precision, of the
- tungsten-silver electrode system in titrations of dilute solu-
tions of strong acids, a comparison was made of end-point
ratios obtained by the use of hydrogen-calomel, tungsten-
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silver, and phenolphthalein, respectively. These data ap-
pear in Table III.

Summary

The tungsten-nickel electrode system has not been found
satisfactory in neutralizations involving dilute solutions.
The tungsten-silver system appears to furnish precise and
accurate electrical end points in titrations of strong acids by
strong bases as dilute as 0.001 N, and vice versa for 0.01 N
solutions. In titrations employing more concentrated solu-
tions the system is of value in the neutralization of strong
acids by ammonium hydroxide, of acetic acid by a strong
base, and of sodium carbonate.
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Extraction and Determination of Pyrethrin I
in Ground Pyrethrum Flowers
An Improved Apparatus

JETHRO S. YIP, Division of Plant Nutrition, University of California, Berkeley, Calif.
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Fioure 1. AuxiLiary CONDENSER

MANY of the more reliable methods (7-4) developed in

recent years for the extraction of pyrethrum flowers for
analysis recommend the use of low-boiling-point petroleum
ether (20° to 40° C.) as a solvent, because it can completely
remove the pyrethrins without removing other substances
which will interfere with the method subsequently employed
for the pyrethrin determination, and this solvent may itself
be easily removed with the least amount of heat, so that there
is little chance of loss of the pyrethrins.

A simple and inexpensive modification of an apparatus for
the extraction and determination of pyrethrin I in ground
pyrethrum flowers is proposed. The objects of the changes
are primarily to reduce the loss of petroleum ether used for
extraction and to eliminate transfer of the extracted and sub-
sequently refluxed solution to a larger container for aleohol
removal. Modifications of the condenser amount to insertion
of a cold-water column into each condenser and use, as a re-
ceiving flask, of a 500-cc. Kjeldahl flask with the same size of
interchangeable ground-glass joints as in the rest of the ap-
paratus. Frothing during the evaporation of aleohol is re-
duced and less attention is required. :

The use of a Soxhlet with either an Allihn or a Graham con-
denser, all with ground-glass joints, in a 7- or 8-hour extrac-
tion of ground pyrethrum flowers with low-boiling-point
petroleum ether has heretofore resulted in a 60 to 75 per cent
loss of a 150-ce. volume of solvent used, especially during
warm weather (29.44° C., 85° ., or above) or whenever the
temperature of water used for circulating in condensers is
much above 25° C. This has been due chiefly to inefficient or
insufficient cooling surface in the condenser rather than to
leakage in glass connections.

To remedy the difficulty without increasing the length of the
condenser so as to make the height of the apparatus too great for
convenient handling, a double tube equivalent in length (30 to
42.5 cm., 12 to 17 inches) to the Allihn condenser, and of a di-
ameter to allow a clearance of 2 to 3 mm. at the bulb constrictions,
was constructed (Figure 1). It can be inserted into the condenser
to the bulblike enlargement that acts as a rest point, and then
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Ficure 2. Six ExtracTors IN OPERATION wiTH CON-
DENSER MODIFICATIONS
Single unattached condenser modifier at extreme right

connected to receive the outflow of cold circulating water from the
Allihn condenser before it goes into the next condenser. This
modification has the effect of a double condenser, or a condenser
within a condenser.

According to several published analytical methods (1-4),
the extracted material after complete removal of the solvent
must be refluxed with 0.5 N alcoholic sodium hydroxide and
then, with about 100 cc. of water, transferred to a container
(500- to 800-ce. beaker) large enough to accommodate froth-
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ing, which always takes place during the removal of alcohol
with heat and requires much attention to prevent loss of
sample.

If a 500-cc. Kjeldahl flask, specially made with the same size
of ground-glass joint as that of the Soxhlet and Allihn condenser,
is substituted for a receiving flask in the initial extraction, refluxing
and subsequent removal of the alcohol after the addition of water
may be accomplished without any transfer, by simply heating the
flask with a very low flame in a Kjeldahl digestion rack. Frothing
will still exist in the first minutes of boiling and requires some at-
tention, but this soon diminishes as the removal continues, ac-
companied by a decrease in volume.

Figure 2 shows six complete extractors with the above-men-
tioned modification. Each Kjeldahl flask used as a receiver is
immersed in a water bath (45° to 50° C.) resting on an electric hot
plate, with a slow continuous stream of cold water flowing into
the bath to replenish the loss of water due to evaporation and at
the same time prevent the temperature of the bath from rising
very much above the desired range.

Using the modified apparatus, the loss of ether and volume
required for extraction have been reduced approximately 50
and 33 per cent, respectively. In addition, little attention is
required during the removal of alcohol by heat. These modi-
fications have resulted in greater economy, considerable sav-
ing of time, and elimination of a health hazard in the excessive
escape and possible accumulation of fumes of a highly volatile
solvent.
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New Photoelectric Fluorimeter and Some

Applications

FREDERICK KAVANAGH
New York Botanical Garden, New York, N. Y.

LUORIMETRIC methods of quantitative analysis have

increased in popularity in recent years. These methods
must be used when the substances to be determined are pres-
ent in such small amounts that colorimetric methods cannot
be used, but are limited to substances which fluoresce when
irradiated by light of the proper wave lengths, usually be-
tween 3000 and 4500 A.

Fluorimeters of two general types are in use. One type of
instrument depends on a visual comparison of an unknown
with a standard of fluorescence. When the unaided eye is
used to determine the match of unknown and standard, the
sensitivity of the method is low and decreases with increasing
concentration. The use of an instrument such as the modi-
fied colorimeter of Josephy (?) or a Pulfrich photometer (12)
increases sensitivity and accuracy of match over those
possible by the unaided eye.

The other type of instrument employs a photocell and
galvanometer to measure the fluorescence. Most European

workers use the Cohen (7) fluorimeter, a simple instrument
with a test tube to hold the fluorescing solution. The fluores-
cence is measured by a barrier-layer photoelectric cell and a
high-sensitivity galvanometer which can be used only at
one tenth to one fiftieth the full sensitivity because of fluctua-
tions of lamp intensity (4). In the Hennessy and Cerecedo
(3) modification, a cuvette with rectangular faces holds the
fluorescing solution; and, apparently, the galvanometer can
be used at full sensitivity. Hand (2), however, uses an in-
strument in which a relatively insensitive pointer type of
galvanometer is the measuring instrument. To obtain con-
sistent results with these instruments, the lamp intensity
must remain constant long enough for a measurement to be
made of the unknown and then of the standard.

By measuring the fluorescence of an unknown solution in
terms of a standard of fluorescence, galvanometer drifts and
sudden movements caused by changes in lamp intensity can
be eliminated. If the ratio of the fluorescence of an unknown
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to that of a standard be measured by a two-photocell bal-
anced-circuit, a high-sensitivity galvanometer can be used
at full sensitivity as a null-point indicator; and the range
of concentrations measurable can be changed by changing the
concentration of the standard. An instrument (made by the
Klett Mfg. Co., New York, N. Y.) which incorporated these
features was designed and has been used for a variety of meas-
urements for 2 years in this laboratory. Since no other
fluorimeter, as yet, employs these principles of design, it
seems desirable to describe this one and to indicate how it
has performed in some of the quantitative procedures in which
it has been tested.

The Fluorimeter

The design of the instrument is such that the potentiometer
reading is proportional to the intensity of the fluorescent
light emitted by the unknown solution.

1
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! CUVETTE FOR UNKNOWN
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ARRANGEMENT OF OPTICAL PARTS OF
FLUORIMETER

Fiaure 1.

Ultraviolet or other lines from a type H-4 mercury lamp excite
the fluorescence of the solutions in the cuvettes (Figure 1).
The lines are isolated by glass filters (the lamp filters). The
fluorescent light passes through a face of the cuvette that is
parallel to the ultraviolet light beam, then through anotpcr light
filter (the'photocell filter) to a barrier-layer photocell. T he two
cuvettes are irradiated by the same lamp at the same time;
one holds the unknown soﬁxtion : the other, a standard solution,
usually quinine sulfate. The photocells are arranged in a com-
pensated circuit, so that fluctuations in lamp intensity do not
affect the operation of the instrument. The ratio of the fluo-
rescence of the unknown to that of the standard is indicated by a
built-in potentiometer with a 300-division linear scale.”

A portable mirror-type galvanometer with a sensitivity of
0.004 microampere per division is sufficiently sensitive as a null-
point indicator for most measurements. All the work reported
here was done with a Leeds & Northrup Type R galvanometer
used at a sensitivity of 0.001 microampere per millimeter. By
making the measurements in terms of & standard, all uncertain-
ties caused by fluctuations and drifts of lamp intensity, non-
linear galvanometer scale, and inconstancy of galyanometer
response are eliminated. (Summerson, 9, gives details concerning
the advantages of the two-cell balanced circuit.)

The stancfard must fluoresce more than the unknown. Be-
cause doubling the concentration of the standard halves the
potentiometer reading for a particular unknown solution, the
range and sensitivity of the instrument can l')e‘chax‘lﬁcd by chang-
ing the concentration of the standard. Quinine sulfate U.S. P.,
1 or 2.5 mg. per liter in 0.1 N sulfuric acid, most often served 2s a
standard solution, although glass standards could haye been used.
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Filters for a particular determination must be selected with
reference to the absorption bands of the fluorescent substance,
the concentration range to be measured, and the wave-length
limits of the light emitted by the fluorescing solution. The

. lamp filter must pass lines that are absorbed by the substance

which is to fluoresce. For the determination of small amounts
of material, the lines that excite the fluorescence should be as
near as possible to absorption peaks of the absorption spec-
trum of the fluorescing substance. To obtain & low and re-
producible blank, the photocell filter must absorb those
lines of the mercury arc which are passed by the lamp-filter.
When this condition is satisfied, a small amount of suspended
material in the solution in the cuvette will not affect the re-
sponse of the instrument.

The determination of some substances can be made more spe-
cific by selecting a photocell filter that transmits a band of light not
much wider than the band of fluorescent light. For example,
the Corning 306 filter can be used in determining thiochrome;
but & 306 plus a 430 filter would give a more specific response to
thiochrome if other substances which gave fluorescent light of
wave lengths longer than about 5000 A. were present. The
filters are all Corning Glass Works polished glass filters and are
designated by their Corning numbers. The filters are not neces-
grily of standard thickness, but the thickness is given for each

ter.

By assuming that the intensity of the fluorescent light is
proportional to the amount of the exciting light absorbed by
the unknown solution and that Beer’s law holds for the ab-
sorption, the relation between the potentiometer reading, P,
and the characteristics of the fluorescing substance is given by

P = KI(1 — 107%°%) = KIf )

in which I is the intensity of the exciting line at the lamp end
of the cuvette, « is the specific absorption coefficient of the
substance for the exciting line, ¢ is the concentration of the
fluorescing substance, and & is the length (36 mm.) of the
opening in the mask over the photocell. The dimensions of
the mask determine the volume of the solution from which
the fluorescent light comes and remove the necessity for
using accurately measured volumes of solution in the cu-
vettes. Constant K includes, among other factors, the di-
mensions of the light beam, the area of the mask opening,
the transmission band of the photocell filter, and the spectral
sensitivity of the photocell. For & particular instrument, and
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a given combination of lamp and photocell filters, standard,
and substance to be determined, the variables are P and c.

The relation between P and ach was tested by measuring
solutions of quinine, riboflavin, and ethyl chlorophyllide for
small and large values of acb by varying both ¢ and the value
of a (by changing the wave length of the exciting ling). The
results are given in Figure 2, in which the measurements are
indicated by the points and the curves are the graph of f
against ach. The points are located in the following manner:
The acb is calculated for each concentration of a series of
measurements and a value of f for each concentration is cal-
culated from

7= 5 @

where P,, is the potentiometer reading and f,, is the value of
f for the highest concentration. The agreement between the
calculated and measured values of f is good for a wide range
of concentrations. The concentration, ¢, is expressed as grams

per liter and a= =specific absorption coefficient.

Gad O
mol. wt :

ach = eCb, where e = molecular absorption coefficient and
C = moles per liter; b is expressed as cm,

0.06 |

0.05 |

0.04 L

003 L

002

0.01 L

0 1 1 i
0 001 002 003

ach
Figure 3. f As A FuncrioN oF ach (Equa-
TION 1) WHEN ach Is SmaLL

Fluorescence of the quinine excited by 3660 A. lines,
Potentiometer reading for largest acb (0.8 mg. of qui-
nine sulfate per liter) 266

In some measurements—quinine and thiochrome, for ex-
ample—large values of acb are not usually measured. Is the
agreement as good for small values of ach as for large values,
and is there a range of concentrations through which the rela-
tion between P and acb is linear? The calculated curve
and measured points for a series of concentrations of quinine
sulfate from 0.1 to 0.8 mg. per liter in 0.1 N sulfuric acid are
given in Figure 3. The line is straight for values of ach less
than 0.02 (0.5 mg. of quinine sulfate per liter) and slightly
curved for values up to 0.032, which is the largest that can
be measured with the 1 mg. per liter quinine standard and the
particular lamp and photocell filters used.

Whether the potentiometer-concentration curve will be
nearly straight or strongly curved depends upon the value
of e, the intensity of the exciting lines, the fraction of the
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RANGE oF CONCENTRATIONS OF SUBSTANCES
DETERMINED WITH FLUORIMETER
(“Lower" concentration gives potentiometer reading of approximately 10

with filters and standard indicated. Filters for quinine standard were
lamp, 597; photocell, 306.)

TasLe 1.

Substance Concentration Filters Quinine
Determined Lower Highest Lamp Photocell Standard
Mg. per liter Mg. per liter

Aluminum 0.04 0.9 554 338 1

0.1 6 597 306 1
Chlorophyll 0.03 0.6 585 243 1

0.1 5 597 243 1
Quinine 0.03 0.9 597 306 1
Riboflavin 0.005 0.15 554 351 0.25

0.02 0.6 554 351 1

0.05 2 597 351 2.5
Thiochrome 0.005 0.1 597 306 1

absorbed light emitted as fluorescent light, and the spectral
sensitivity of the photocell. (The intensity, the wave length
of the exciting line, and the spectral sensitivity of the photo-
cell do not have to be the same for the unknown and for the
standard.) The concentration range that can be measured
for a particular set of conditions always lies between zero
and the concentration that gives a potentiometer reading of
300. If the measurable concentration range is large, the po-
tentiometer scale reading-concentration curve will be strongly
curved; if the range is short, the potentiometer—concentration
curve will approach a straight line.

Analyses with the Fluorimeter

Methods for determining thiamin, riboflavin, chlorophyll,
and aluminum have been tested with this fluorimeter to
determine the possibilities of the instrument and the limita-
tions of the methods. The solutions did not necessarily con-
tain accurately measured quantities of the substances and no
attempt was made to establish standard curves. The concen-
tration of the standards, the filters, the upper concentration
of the unknown, and the concentration for which there is a
potentiometer reading of 10 are shown in Table I.

In all the work reported here, the lamp filter for the stand-
ard solutions was a 597 (5.25-mm.) and the photocell filter was
a 306 (3.2-mm.).

TaramiN, Pure thiochrome was dissolved in n-butanol. The
first test with this compensated circuit fluorimeter showed that
thiochrome decomposed rapidly when irradiated by 3660 A.
lines and was about half destroyed in 10 minutes. By using the
following procedure accurate measurements were possible:

With the quinine standard in place, put the cuvette containing
the thiochrome into the instrument and start a stop watch the
moment the cuvette enters the beam of ultraviolet light; at
definite intervals after placing the cuvette in the light beam,
measure the fluorescence, at least four times in the first 2 minutes;
correct the measurements for the fluorescence of the blank;
plot the logarithm of the corrected potentiometer readings
against time on semilog paper; and extrapolate to zero time to
obtain the potentiometer reading of the undecomposed thio-
chrome. These potentiometer readings at zero time for solutions
of different concentrations plotted against the concentration
gave a straight line. If an error of 1 or 2 per cent is of no im-
portance, read the potentiometer as quickly as possible and as-
sume that no decomposition has occurred. The upper limit of
measurement for the thiochrome method for thiamin with this
fluorimeter is about 150 micrograms of thiamin per liter; the
lower limit, about 1 microgram per liter.

Caution. Butanol can remove enough grease from an ap-
parently clean stopcock of a separatory funnel to give an appre-
ciable fluorescence, and more fluorescing substance from a What-
man No. 42 filter paper used to remove suspended material than
is contained in some solutions of thiochrome.

RieorLavIN. Riboflavin can be determined either fluori-
metrically or colorimetrically. Supplee, Bender, and Jensen
(10) compared visually the fluorescence of an unknown with a
series of standards containing known amounts of riboflavin.
Josephy (7), using a modified Duboseq-type colorimeter with
sodium fluorescein as a standard, could determine amounts as
small as 0.3 microgram in a 2-ml. sample. The methods using
photoelectric fluorimeters for determining the fluorescence of.
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Ficure 4. CoMpPARISON OF CALIBRATION
CuURrvVES FOR FLUORIMETER AND COLORIMETER
IN DETERMINATION OF RIBOFLAVIN
Lower curve and scale of concentrations are for colorime-
ter (42 filter), Upper curve and scale at top are for

fluorimeter using a 554 laﬁx?p filter and a 351 photocell
ter

riboflavin are more accurate and sensitive than the visual methods

and the results can be corrected for the presence of nonriboflavin

ﬁuoi;wcrn and light-absorbing substances as Hodson and Norris
ave done.

This fluorimeter and a Klett-Summerson colorimeter (9)
equipped with 42 filter have been compared over a wide range of
concentrations of riboflavin dissolved in 66 per cent acetone.
The colorimeter was satisfactory for concentrations between 1
and 20 mg. of riboflavin per liter (Figure 4). The fluorimeter
could be used for concentrations between 0.005 and 2 mg. per
liter (Table I). By the selection of various filters and quinine
standards, several ranges of concentrations could be determined
with the fluorimeter. Measurements could be made by the
fluorimetric method on solutions too dilute to give any response
with the colorimeter. Not only did the fluorimeter determine
smaller amounts of riboflavin than the colorimetgr, but small
amounts of suspended material did not interfere with the deter-
minations as they did with the colorimetric determinations.
_ The riboflavin, or similar substance, produced by several fungi
in solutions in which they had grown, was measured by the
method of Hodson and Norris (5). The results will be pub-
lished elsewhere. ; ;

The corrections of Hodson and Norris for light-absorbing and
nonriboflavin fluorescing substances are most easily applied when
the potentiometer readings are proportional to the concentration
of riboflavin. This condition was satisfied when a 554 (5.2-
mm.) lamp filter was used at concentrations below 0.3 mg. of
riboflavin per liter (Figure 4).

CrroroPHYLL. The fluorescence of chlorophyll has been
used in characterizing it for many years. Zscheile (13) found
most of the fluoreseence of an ether solution of chlorophyll a
and of chlorophyll b to be between 6200 and 7600 ,& _This
fluorescence can be used to determine very small quantities of
chlorophyll. :

A series of dilutions of an unknown mixture of crystalline ethyl
chlorophyllide @ and b prepared by F. M. Schertz was made in
n-butanol and used to determine a calibration curve for the
fluorimeter, A 243 (3.3-mm.) filter, which cuts off wave lengths
less than 6100 A. and transmits freely above 6300 A., was placed
over the photocell that measured the fluorescence of the chloro-
phyll. Results for two lamp filters are given (Table I). The
585 (1.5-mm.) filter transmits the violet and ultraviolet lines of
the mercury arc with little absorption. The lines passed by this
filter excite the fluorescence of chlorophyll to such an extent that
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the highest concentration that can be determined with the 1 mg.
per liter standard is low (0.6 mg. per liter, Table I); and, con-
sequently, the calibration curve is straight. The 597 (5.25-mm.)
lamp filter which passes only the ultraviolet lines excites much
less fluorescence than the 585 filter, with the result that the
highest concentration that can be determined is 5 mg. per liter;
and the calibration curve is strongly curved. The thermocouple
photometer method of Johnston and Weintraub (6) has a sen-
sitivity almost as high as the fluorimetric method but is more
difficult to use and re%uires more time for its operation. Both
the colorimeteric and fluorimetric methods for total chlorophyll
probably give different results for different ratios of chlorophyll
a and b for the same total concentration.

If the chlorophyll solution is treated with dilute sulfuric acid,
there is a rapid decrease in fluorescence to about 70 per cent of
the original value as the result of conversion of chlorophyll into
pheophytins. In quantitative work, the precautions recom-
mended by Mackinney (8) must be observed.

To demonstrate the value of the fluorimetric method, the chloro-
phyll content of one Lemna minor was determined. The plant
(fresh weight 2 mg.) was ground with a few milliliters of n-
butanol, diluted to 20 ml. with n-butanol, and the fluorescence
determined. The potentiometer reading was 39. Reference
to the appropriate calibration curve indicated that the plant con-
tained 6 micrograms of chlorophyll.

Avvaminum.  White (11) has given a review of recent work on
fluorimetric methods applied to inorganic analysis. As an ex-
ample of the application of the instrument to inorganic analysis,
a calibration curve was made for the morin method of determin-
ing aluminum. The method was slightly different from the
one used b{ White and Lowe (12).

To the aluminum in an acetate buffer at pH 4, 1 ml. of aqueous
morin solution (0.75 gram per liter of morin, Eastman) was
added, and the sample was diluted to 25 ml. with the acetate
buffer solution. The results are given in Table I. The calibra-
tion curve for the filter combination 597-306 was straight up to -
0.6 mg. per liter and then curved toward the concentration axis
for higher concentrations. The filter combination 554-338 gives
a linear calibration curve to 0.3 mg. per liter and a slightly curved
one for higher concentrations. The former filter combination
gives about five times the range and the latter filter combina-
tion gives at least three times the sensitivity of the instrument of
White and Lowe. No effort was made to obtain conditions of
maximum sensitivity.

Other Uses for Fluorimeter

The fluorimeter is provided with two photocells, one in
each light beam, which can be connected to the potentiometer
to form a Klett-Summerson type of colorimeter. For this
reason, the potentiometer has the logarithmic scale of that
colorimeter in addition to the linear scale of the fluorimeter.
The colorimeter can be used with the lines in the visible spec-
trum and the 3660 lines of the mercury arc which can be
isolated by glass filters, or the mercury lamp can be replaced
by an incandescent lamp to use the instrument as a color-
imeter of the usual type with filters that isolate narrow spec-
tral regions. The colorimeter has the same linear calibration
curve for substances that follow Beer’s law and the ease of cor-
rection for blanks that is characteristic of the Klett-Summer-
son colorimeter.
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Hydrometer for Turpentine Indicating
Pounds per Gallon

W. C. SMITH, Bureau of Agricultural Chemistry and Engineering, U. S. Department of Agriculture, Washington, D. C.

N COMMERCE turpentine is measured by both volume
and weight. Domestic transactions are based on units
of the standard gallon and the avoirdupois pound; and trans-
portation charges are computed from weight. A lot of tur-
pentine may be subjected to a considerable variation in tem-
perature. While its weight will be affected but slightly by
such changes, its volume will vary with the temperature in
accordance with its coefficient of expansion.

The weight of a known volume of water and other liquids
of unvarying composition at a definite temperature, or the
volume of a known weight when facilities for actual deter-
minations are not available, can be calculated from stand-
ard data, For turpentine and other liquids whose composi-
tion and properties vary it is necessary to determine the
weight of a unit volume before such calculations can be made.

Federal specification LLL-T-791a requires that turpentine
for use by the Government be purchased by volume, the unit
being a gallon of 231 cubic inches at 60° I, or by weight in
units of pounds or hundred pounds, and gives directions for
correcting gallonage to the standard temperature of 60° F.
and for determining the weight of a gallon in pounds. A
gallon of acceptable turpentine must weigh from 7.16 to 7.29
pounds at 60° F. In making volume corrections a coefficient
of 0.000945 per degree Centigrade, or 0.000525 per degree
Fahrenheit, is used. The specific gravity of a sample is de-
termined at 15.5° C./15.5° C. by any method that is accu-
rate within two points in the fourth decimal place, and the
weight of a gallon in pounds is determined by multiplying the
figure thus obtained by 8.33.

Tables are available (1, 8, 4) for converting observed spe-
cific gravity and Baumé readings taken at other tempera-
tures to true values at 60° F. and also tables showing the

pounds per gallon corresponding to
various degrees Baumé and specific
gravities. The change in density
in grams per milliliter of turpen-
tine from 10° to 40° C. is given (1)
as well as the change in weight in
pounds of a gallon of turpentine
from 20° to 110° F. (4).

Specific gravity may be deter-
mined by the pyecnometer or weigh-
ing bottle, the Westphal balance,
and the hydrometer. Baumé gravity
i8 determined with the Baumé hy-
drometer. Because of low cost, port-
ability, and simplicity of operation,
hydrometers commonly are used for
turpentine, and properly used will
give results of accuracy commensu-
rate with that obtained in commer-
cial weighing and gaging of liquids.

A method for weight-volume
conversion of turpentine which will
eliminate or reduce the use of
tables is obviously desirable. A
hydrometer indicating weight in air in pounds per gallon
at 60° F. was not available, although hydrometers for
reading per cent of alcohol and sugar and other special
scales are in common use. An instrument manufacturer
constructed four experimental hydrometers having 5-inch
scales graduated as shown in Figure 1; over-all length, 12
inches; diameter of float chamber, 1 inch; and length of
stem, 7 inches. These instruments, on standardization by the
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WEIGHT IN AIR IN POUNDS PER GALLON AT 60° F.
TIT1

Fiaure 1

TapLe I. WEIGHT IN AIR IN PoUNDS PER GALLON oF TURPENTINE FROM 32° T0 95° F.

Temperature
of Reading,
VR

32 7,261 7.271 7.281 7.290 7.300 7.310
34 7.254 7.264 7.274 7.283 7.293 7.303
36 7.247 7.257 7.267 7.276 7.286 7.298
38 7.249 7.239 7.249 7.259 7.269 7.279
40 7.232 7.242 7.252 7.262 7.272 7.282
42 7.225 7.235 7.245 7.255 7.265 7.274
44 7.218 7.228 7.238 7.247 7.2567 7.267
46 7.210 7.220 7.230 7.240 7.250 7.260
48 7.203 7.213 7.223 7.233 7.243 7,253
50 7.196 7.206 7.216 7.226 7.236 7.248
52 7.189 7.199 7.209 7.219 73229 7.239
54 7.182 7.192 7.202 7.211 7.221 7.231
56 7.174 7.184 7.194 7.204 7.214 7.224
58 7.167 7.177 7.187 7.197 7.207 7.217
60 7.160 7.170 7.180 7.190 7.200 7.210
62 7.152 7.162 7.172 7.182 7.192 7.202
64 7.145 7.155 7.165 7.176 7.185 7.195
66 7.137 7.147 7.157 7.167 7.177 7.187
68 7.130 7.140 7.150 7.160 7.170 7.180
70 7.122 7.132 7.142 7,152 7.162 7.172
72 7.114 7.12 7.134 7.144 7.154 7.164
74 7.107 7.117 7.127 7.137 7.147 7.157
76 7.009 7.109 7.119 7.129 7.139 7.149
78 7.002 7.102 7.112 7.122 7.132 7.142
80 7.084 7.094 7.104 7.114 7.124 7.134
82 7.076 7.088 7.096 7.106 7.116 7.127
84 7.069 7.079 7.089 7.099 7.109 7.119
86 7.061 7.071 7.081 7.092 7.102 7.112
88 7.054 7.064 .074 7.084 7.094 7.104
90 7.046 7.056 7.066 7.078 7.087 7.097
92 7.039 7.049 7.059 7.069 7.079 7.089
94 7.031 7.041 7.051 7.061 .071 7.082
93 7.027 7.037 7.047 7.058 7.068 7.078

7.320 7.330 7.340 7.350 7.3060 7.369 7.379 7.389
7.313 7.323 7.333 7.343 7.353 7.562 7.372 7.382
7.308 7.316 7.325 7.335 7.345 7.365 7.375 7.385
7.289 7.299 7.308 7.318 7.328 7.338 7.348 7.358
7.202 7.302 7.311 7.321 7.331 L3411 7.351 7.361
7.284 7.204 7.304 7.314 7.324 7.334 7.344 7.354
7.277 7.287 7.297 7.307 7.317 7.327 7.337 7.347
7.270 7.280 7.290 7.300 7.310 7.319 7.329 7.339
7.263 7.273 7.283 7.203 7.303 7.302 7.322 7.332
7.256 7.268 7.276 7.286 7.296 7.305 7.315 7.325
7.249 7.259 7.269 7,278 7.288 7.298 7.308 7.318
7.241 7.251 7.261 7.271 7.281 7.291 7.301 7.311
7.234 7.244 7.254 7.264 7,274 7.284 7.294 7.304
7.227 7.237 7.247 7.257 7.267 7.277 7.287 7.207
7.220 7.230 7.240 7.250 7.260 7.270 7.280 7.200
7.212 7.222 7.232 7.242 7.252 7.28 7.272 7.282
7.205 7.215 7.225 7.235 7.245 7.25 7.265 7.275
7.197 7.207 7.217 7.227 7.237 7.247 7.257 7.2067
7.190 7.200 7.210 7.220 7.230 7.240 7.250 7.260
7.182 7.192 7.202 7.212 7.223 7.233 7.243 7.253
7.174 7.185 7.195 7.205 7.215 7.225 7.235 7.245
7.167 7.178 7.188 7.198 7.208 7.218 7.228 7.238
7.159 7.170 7.180 7.190 7.200 7.210 7.220 7.230
7.152 7.162 7.172 7.183 7.103 7.203 7.213 7.223
7.144 7.155 7.165 7.175 7.185 7.195 7.205 7.215
7.137 7.147 7.157 7.187 7.177 7.188 7.198 7.208
7.129 7.140 7.150 7.160 7.170 7.180 7.101 7.201
7.122 7.132 7.142 7.152 7.162 7.173 7.183 7.193
7.114 7.125 7.135 7.145 7.155 7.165 7.175 7.188
7.107 7.117 7.127 7.137 7.148 7.158 7.188 7.178
7.099 7.109 7.120 7.130 7.140 7.150 7.160 T1T15%
7.002 7.102 7.112 7.122 7.132 7.143 7.153 7.163
7.088 7.098 7.108 7.119 7.129 7.139 7.149 7.159
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Fieure 2. READING HYDROMETERS

National Bureau of Standards, were found to require maxi-
mum scale corrections of 0.002. The comparison liquid used
in the standardization was mineral oil, which has a gmface
tension very close to that of turpentine. The coefficient of
cubical expansion of the glass used in the
instruments was stated by the manufac-
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To obtain the true weight in air of turpentine at the standard
temperature of 60° F. from observed readings taken at other
temperatures on a pounds per gallon hydrometer standardized
for 60° F., locate observed reading, by interpolation if necessary,
in horizontal line opposite temperature at which reading was
made, and follow in vertical column to corresponding reading at

» 60°, which is the true weight in air at 60°.

The thermal expansion of destructively distilled or wood
spirits of turpentine has been indicated (1) as about 10 per
cent greater than that of either gum spirits of turpentine or
steam-distilled wood turpentine. It is probable that the ma-
terial produced at that date (1911) differed markedly from
present-day destructively distilled wood turpentine. The
writer has found aromatic hydrocarbons in very old destruc-
tively distilled wood turpentine, the presence of which would
increase the thermal expansion of the turpentine. No data
have been found on the thermal expansion of sulfate wood
turpentine. In order to determine the relative thermal ex-
pansions of the four kinds of turpentine and to test the new
hydrometer, three samples of sulfate wood, three of destruc-
tively distilled wood, two of steam-distilled wood, and two
of gum spirits representing current production were ob-
tained. Readings on both the specific gravity and the
pounds per gallon hydrometer were taken on each sample
at 34° 68° and 95° F. These tests showed that thermal ex-
pansion of turpentine is independent of kind. Therefore, the
tables for specific and Baumé gravity hydrometers (3), and
Table I and Figure 3 may be used for any of the four kinds of
turpentine.

The accuracy of a determination will depend on the ac-
curacy of the hydrometer and thermometer and the care
with which they are used. To obtain the highest degree of
accuracy, both the hydrometer and the thermometer should
be standardized by the National Bureau of Standards.

turer to be 0.000027 per degree Centigrade, (7450
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or 0.000015 per degree Fahrenheit.
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Method of Reading Hydrometers

Fill a clear glass jar or cylinder having a height equal to the
length of the hydrometer and an inside diameter at least 1 inch
greater than the diameter of the hydrometer bulb to within about
2 inches of the top with the turpentine to be tested; place a ther-
mometer in the jar, and set it on a table in a sheltered place.
Carefully immerse the hydrometer in the turpentine to a point
slightly below that to which it naturally sinks and then allow it
to float freely. Be sure the hydrometer is not in contact with the
jar or the thermometer. When the temperature as registered by
the thermometer has become stationary and the turpentine and
the hydrometer are free from air bubbles and are at rest, place
the eye slightly below the plane of the surface of the turpentine
(Figure 2, %eft) and raise the eye slowly until this surface seen as
an ellipse appears to be a straight line (Figure 2, right). Take
the reading of the instrument at the point at which this line cuts
the hydrometer scale (2). The third decimal on the scale must be
determined by interpolating (estimating) from the smallest divi-
sion on the scale. Record the reading of the hydrometer and the
thermometer (first making corrections if instruments have been
standardized). If the temperature of the turpentine is not 60°,
the weight per gallon at 60° and other temperatures may be ob-
tained from Table I or Figure 3.
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An enlargement of Figure 3 on millimeter cross-section paper
may be obtained by writing the Naval Stores Research Division,
Bure:BI (éf Agricultural Chemistry and Engineering, Washing-
ton, F

While hydrometers indicating pounds per gallon are not
at present listed by instrument makers and apparatus supply
firms, a number of instrument makers have indicated that
they can furnish instruments suitable for use with turpentine.

This type of hydrometer of suitable range with accom-
panying tables or graphs should be useful for the weight-
volume conversion of mineral oils and other liquids.
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Rapid Method for Calibration of Flowmeters

HERMAN J. MEURON!, Stanford University, Calif.

T OFTEN becomes necessary to construct and calibrate

a flowmeter or to calibrate a capillary tube for a flowmeter

with interchangeable capillaries in a laboratory where no
calibration apparatus is immediately available.

Under such circumstances the most useful method of cali-
bration for laboratory meters using relatively low pressures
consists of displacement of the gas by a liquid, thus forcing
the gas through the flowmeter. The following advantages are
obtained: simple construction from ordinary laboratory ap-
paratus; precision, accuracy, and rapidity of calibration meas-
urements due to upward displacement of gas; and economy
of calibrating liquid (if other than water is used).

Most methods () displace a liquid, such as water, by the
gas after the gas has passed through the flowmeter. If at
the end of a known time the volume of liquid used is meas-
ured, the volume of gas flowing per unit time can be calcu-
lated. However, in such techniques downward displacement
of liquid tends to create a back pressure which changes the
rate of flow as the head of the liquid changes.

As it was necessary to carry out a number of calibrations,
the following procedure was devised:

An arrangement B and C (Figure 1), giving a constant head
(or any such device%, allows water to run into a calibrated mixing
cylinder of 1- or 2-liter capacity. B may be an inverted 2-liter
bottle with the bottom removed. The stream of water is con-
trolled by means of a stopcock or screw clamp, 4; a stopcock is
more satisfactory. The water displaces the sample of gas in the
cylinder, forcing it through the flowmeter. Since the inlet tube
into the cylinder is bent, there is no splash, and readings are easily
made on the cylinder. When A is adjusted to a convenient
pressure differential, indicated by the liquid in the flowmeter, a
stop watch is started and the level in the cylinder is noted.
This is usually about 200 to 300 ml., so that a large cylinder
calibrated like a graduate of the same size is desirable.

From these measurements the volume per unit time flowing
through the flowmeter can be calcu]ateg.e This operation is
repeated for various pressure differentials of the indicating liquid
in the flowmeter by regulating A. It is convenient to construct
a graph, plotting pressure differential against volume per unit
time.

1 Present address, U. S. Food and Drug Administration, Federal Office
Bldg., San Francisco, Calif.

FLOW METER
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Figure 1

The design of the apparatus permits, with slight modifica-
tion, use of any gas desired.

If water is undesirable as a calibration liquid, mercury or
oil may be substituted, the apparatus being designed so that
there is no loss of liquid.

The dropping mercury method, on a smaller scale than
herein described, is especially adapted to the calibration of
sensitive meters, measuring the continuous flow of small
quantities.
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Carbon Train for Control Analysis

LOUIS SINGER, HOWARD J. STARK, AND JOHN A. KRYNITSKY, Naval Research Laboratory, Anacostia, D. C.

F THE methods now being used for the determination
of carbon in steel, the combustion method has proved
most satisfactory from the point of view of accuracy and gen-
eral applicability. On occasion, however, as for some pur-
poses of control work, greater speed is demanded than that
afforded by the ordinary combustion method. It is the pur-
pose of this paper to show how, by an adaptation of the or-
dinary combustion train, more rapid analyses may be ob-
tained.

Practically all texts of quantitative analysis include dis-
cussion of the ordinary combustion method for carbon in
steel and a description of a carbon train. This being the case,
only those modifications of the train will be discussed which
serve to speed up the analysis.

Modifications of Train

HASTENING THE SWEEPING PROCESS. A large part of the time
taken for an analysis is used in the sweeping process, in which the
gt;seous products formed in the combustion of the sample must

swept out of the combustion tube and absorbed. This sweep-
ing period may be considerably shortened by reducing the volume
through which the gas must be passed. Such volume reduction
is effected by inserting in the exit end of the tube a quartz plug
(4, Figure 1), made by sealing off both ends of a piece of quartz
tubing. The outside diameter of the plug should be only slightly

train described, the quartz plug was 2.34 cm. (0.906 inch) in out-
f(xildp dliln).meter and the inside of the combustion tube was 2.5 cm.
inch).

REMOYAL OF SULFUR GASES AND WATER VAror. Following
the combustion tube is an absorption tube, B, of about 50- to
60-cc. capacity which is attached to the combustion tube b
means of a short ﬁiece of heavy-walled rubber tubing. It is half
filled with 20-mesh zine to remove sulfur gases (1) and the balance
is packed with Anhydrone.

ARRANGEMENT OF TrAIN. Considerable time may be saved
by setting up the carbon train for easy manipulation.” Followin
the three-way stopcock (Figure 2) is a 0.47-cm. (0.188-inch
copper tube, £, rigidly secured by means of a table clamp, F, rod,
G, and clamp holder, H, and extended into and close to the base
of the balance. With this arrangement it is necessary to hold
the balance door only slightly open during weighing, This nar-
row opening does not sensibly affect the weighing.

The copper tube in the balance terminates in a one-hole rubber
stopper, C. The tube extends half way into the stopper, leav-
ing the other half to accommodate the weighed absorber, B. The
combination of copper tube and stopper should be rigid enough
to act as the only support of the weighed absorber. Using this
support, the absorber can be handled with one hand.

A sketch of the weighed absorber, including dimensions, is seen
in Figure 3. Another absorber of the same dimensions, also
filled with Ascarite and Anhydrone, is used as a counterpoise (4,
Figure 2). This counterpoise is necessary, as the effluent gas,
oxygen, exerts an increased buoyant effect on the weighed ab-
sorber (B, Figure 2) over that of air. The absorbers may be

less than the inside diameter of the combustion tube. In the interchanged when the weighed absorber is exhausted. Both
are left unstoppered during the entiré time of an analysis. Weigh-
ing with the absorber open introduces no error,
; ETHOD OF WEIGHING. Since stress is placed upon speed, it
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SET-UP OF CARBON TRAIN

is necessary to use a fast method of weishing; accordingly, the
single deflection method (2) was employed. This method is rapid
ang does not involve a loss in sensitivity as when using a mag-
netic damper. The authors used a chainomatic balance of ordi-
nary sensitivity (0.25 division per 0.1 mg).

Boats aANDp Covers. For combustion of the sample an Alun-
dum boat 8.75 em. (3.5 inches) long, 1.25 cm. (0.5 inch) wide
and 0.78 cm. (0.31 inch) deep is used. The boat is provided
with an Alundum cover to protect the combustion tube from
flying particles of ignited oxide. By eliminating the bedding
material, a more rapid ignition of the sample is obtained, but
it is necessary to use a new boat every third or fourth analysis.
Prior to use, a la(x_-}ge number of boats and covers are burned out
at 900° to 1000° C. for about 0.5 hour in a muffle furnace, and are
then stored in a large desiccator until ready for use.

LoapiNGg THE BoAT FOR ANALYsIS. In the boat is placed a
0.500-gram steel sample together with approximately 0.5 gram
of tin shot, which promotes rapid combustion of the sample.
The combustion tube is kept at a temperature of 1150° to
1200° C., using a furnace with globar heating elements.

PurIFICATION AND METERING OF GAs.  The following devices
are used for the regulation and purification of oxygen: a gas
regulator for the oxygen tank (an Air Reduction Company com-
bination gage and regulator was found very satisfactory); an
ordinary calibrated U-tube gage to measure the gas flow; a soda-
lime tower to remove carbon dioxide; and a tower of Anhydrone
to remove moisture.

It is also advisable to provide the combustion tube with a clear
glass window. A simple and inexpensive device is the glass T-
tube of Fi 4, which fits into the rubber stopper of the com-
bustion tube. A bulb is blown on the glass T-tube, so that the
operator may see the boat in the combustion tube.

Procedure for Analysis

The gas flow from the oxygen cylinder is adjusted so that it
is between 250 and 300 cc. per minute. No further adjustment
of flow is made, except that necessary to maintain the speci-
fied flow rate. At the beginning of a series of determinations
the weighed absorber is set in place on the train in the rubber
stopper (C, Figure 2) and flushed with oxygen for several minutes.
This preliminary flushing is necessary only when the absorption
tube has been allowed to stand in the airfor some time, so that a
preciable diffusion has taken place. When the absorber is to
weighed the three-way stopcock (D, Figure 2) is turned so that
oxy{;en from the combustion tube exhausts into the air; weighing
while a stream of gas is directed into the balance would not be
advisable. The absorber is now taken from the stopper, sus-
pended from the stirrup of the balance, and weighed, It is then
replaced on the train and gas is passed through it by proper ad-
justment of the stopcock.

One-half gram of tin is placed in the boat, the cover is put
in place, and the boat and contents are pushc(i into the combus-
tion tube. The boat is pushed as close as possible to the quartz
plug without at the same time moving it out of the hot zone of
the combustion tube (Figure 1), in order to make rapid flushing
possible. With the temperature of the combustion tube between
1150° and 1200° C. in every case the sample burned rapidly.
Ra.pitli burning is attended by a stream of glowing oxides from the
sample.
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The time that elapses after
introduction of the boat into
the combustion tube, before
rapid ignition sets in, varies
somewhat with the composi-
tion of the steel, the size of the
sample, and its form (shot,
drillings, ete.). In the case of
drillings, for plain carbon
steels, rapid ignition sets in
within 30 seconds after intro-
duction of the sample. Using
the Bureau of Standards sam-
ples, which are millings, be-
tween 30 and 60 seconds
elapse before rapid combus-
tion sets in. Inithe case of
shot, which is the form in
which the control chemist
usually receives the sample
for analysis, a sample of 12- to
14-mesh is suitable. Usually
one minute is necessary to
burn the sample completely
afterignition once starts. At
the end of this time, the tube
must be flushed for 30 seconds. After flushing, the oxygen is
exhausted into the air and the absorber is immediately weighed.

Thus the absorber is ready for weighing 2.5 minutes after in-
troduction of the sample into the combustion tube. The total
time of an analysis will depend on the skill of the operator. How-
ever, using the carbon train described and weighing by single
deflection, an analysis can be made in 4 minutes.

In the manipulation of the train, several features represent a
departure from conventional practice. No attempt is made to
regulate the gas flow during the analysis. The flow rate is set
at the start of a series of analyses and the only change is the path
the gas takes, as controlled by the three-way stopcock (D,
Figure 2). During a combustion, the gas is émssed through the
absorber; while the absorber is being weighed the gas is allowed
to escape into the air. The absorber is at all times kept in the
balance case, which minimizes any error in weighing due to tem-
perature difference between absorber and balance. The ab-
sorber is left umtogPered at all times and weighings are made
as rapidly as possible.

Discussion of Results

Table I contains the results obtained using Bureau of
Standards samples. These include two alloy steels which
are difficult to burn and a cast iron. With the exception of

TasLBE I. DETERMINATION OF CARBON
Bureau of

tan
Sample Certified Carbon Carbon
No. Value Present Found Error
o % %
Plain Carbon Steels
11d 0.202 0.20 0.21 -+0.01
0.202 0.20 0.20 None
0.202 0.20 0.21 +0.01
124 0.418 0.42 0.40 —-0.02
0.418 0.42 - 0.41 —0.01
100 0.617 0.62 0.83 4-0.01
0.617 0.62 0.62 one
130 0.454 0.45 0.45 None
0.454 0.45 0.46 +0.01
72a 0.317 0.32 0.32 one
14b 0.817 0.82 0.81 -0.01
0.817 0.82 0.80 —0.02
72 0.294 0.29 0.30 +0.01
0,204 0.29 0.30 +-0.01
15b 0.101 0.10 0.10 None
0.101 0.10 0.10 None
13¢ 0.573 0.57 0.55 -0.02
0.573 0.57 0.57 None
Alloy Steels
121 SgR 18%,
i 8%) 0.057 0.06 0.07 -+4-0.01
0.057 0.06 0.07 +0.01
126 (Ni 36.4%) 0.034 0.03 0.03 None
0.034 0.03 0.04 +0.01
Cast Iron
5g 2.86 2.86 2.91 +-0.05
2.88 2.86 2.88 +0.02
Av. =0.01
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the cast iron, which showed in one determination an error of
-+0.05 per cent, the greatest error for any determination was
0.02 per cent. Most of the analyses show either an error of
0.01 per cent or no error at all.

The certificate values of the second column are rounded and
listed as percentage of carbon present in column 3. It is
these latter values that are compared with the results ob-
tained, because the magnitude of the weight change in the
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absorber restricts expression of results to two significant
figures.
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Simple Tests to Indicate the Condition of an
Analytical Balance

LEONARD C. KREIDER, Bethel College, North Newton, Kansas

T OFTEN falls to the lot of a teacher of quantitative
analysis or an industrial chemist to determine whether a
balance is in satisfactory weighing condition. This paper
presents a simple and rapid method of balance testing that
is sufficiently exacting for most purposes. The fundamental
principles upon which this brief series of tests is based are well
recognized, but the method of application is believed to be
new. A recent paper (Z) gives valuable additional informa-
tion from the instrument repairman’s point of view.
The following points should be considered:

1. The general condition of the balance must be acceptable.
2. The rest point should be constant for any particular load
when the mass on each of the Fans is equal. i
3. The balance must be of the proper degree of sensitivity.
(Sensitivity is understood in this paper to be numerically equal
to the deflection on the pointer scale caused by the addition of a
1-mg. load to a single pan of the balance.)
i 4.blThe balance must give weighings that are closely repro-
ucible.
5. The balance must have lever arms of nearly equal length.

These points are intimately interrelated—for example, an
imperfect knife-edge may cause the balance to perform poorly
in respect to points 2, 3, and 4.

Point 1 is not readily tested quantitatively, but a careful
inspection will usually suffice.

Make sure that the beam releases, pan rests, rider carrier,
chain weight devices, and other moving parts are in good me-
chanical condition. See that the knife-edges are separated from
their bearing plates by the beam lift to a gap of about 0.1 mm.
and that when the beam lift is released all three knife-edges make
contact with their plates over the whole edge gently and simul-
taneously. This is essential to the life of the edges. Metal parts
well finished and free from corrosion are desirable, but do not
necessarily indicate an accurate balance.

The information sought in points 2 and 3 can be obtained
quantitatively by the following method:

Place the balance on a firm support in a part of & room where a
fairly constant temperature prevails (away from radiators, open
Wing'ows, and other drafts, out of direct sunlight, and removed
from other hot light sources). Level the balance with the set-
screws provided in the base. If the balance has recently been
moved from another location, open the door of the case and allow
at least an hour for the balance to attain room temperature.

After the balance has been brought to the same temperature
as its environment, determine the data required to construct a
table similar to Table I. For this purpose select two sets of
analytical weights, W, and W,. It is convenient, but not neces-
sary, to have tge sets agree within fairly narrow limits. They need
not be calibrated. If two sets of weights are not available, one
can make shift with only one set—for example, if the data at 20
grams’ load are to be determined, one could call the two 10-gram
weights together W, and the 20-gram weight Wa.

Table I records data obtained in applying this method to a
typical student balance. The principle involved is that of
double weighings first devised by Gauss.

TABLE I. DATA FOR STUDENT BALANCE
Average
Weight of Rest Rest Rest Rest Bensitivity,
Wi and Wi Pointa, Pointb,  Point, C Pointe,
(Each) B (A + B)/2 D (B -~ D) .
Grams
0 9.0 9.0 9.0 6.9 2.1
10 9.5 9.1 9.3 7.3 1.8
20 10.2 8.6 9.4 7.2 1.4
50 9.7 9.5 9.6 8.5 1.0
100 9.3 11.1 10.2 10.3 0.8

8 Wi on left pan, Wi on right pan.
b W3 on leit pan, W) on right pan.
¢ Wy on left pan, Wy 4+ 1 mg. on right pan.

Constancy of the values in column C would satisfy point 2.
If the rest point in C should shift by as much as two or three
pointer scale divisions between loads of zero weight and 100
grams’ weight on each pan, the balance would not be accept-
able for determining absolute mass values, but might prove
acceptable for certain types of gravimetric analysis where the
determination of small differences in mass only is required.
The balance tested (Table I), where the rest point shifts 1.2
scale divisions between zero weight and 100 grams’ weight load
on each pan on the basis of a sensitivity of 0.8 at 100 grams’
load, would cause an error of 1.5 mg. in determining a 100-
gram load. This amounts to a deviation of only 0.0015 per
cent, which would be negligible for most work.

It is worth while to test the effect of changing the position
of the masses from the centers of the pans to the edges and see
if the value of the rest point is thereby changed. Defects of
the end knife-edges may sometimes be detected by this
method, whereas they may remain unnoticed when the masses
on the pans are perfectly centered. The point of rest should
also be checked by using swings of small amplitude and then
swings of considerably greater amplitude. Difference between
the two values indicates worn, nonparallel, or otherwise
faulty knife-edges.

If the balance is to be used where the requirements are only
moderately exacting (point 3), the sensitivity (column E)
should have a numerical value of at least 2 and preferably 3
or 4 at zero load on the balance pans. The sensitivity of a
balance should remain nearly constant or should decrease
slowly and regularly with increasing load on the balance
pans. The fall in sensitivity is usually due to a difference in
level between the middle and the end knife-edges, and may be
caused by bending of the beam under the load, by wear of the
knife-edges, or by not sharpening them uniformly. In gen-
eral, it is not safe to use a balance for loads that reduce the
sensitivity to less than 40 per cent of the value with zero load.
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Weights of 90 to 100 grams should be the maximum allowed
on each pan of the balance that is serving as our example.

Point 4 could be determined by again getting the rest point
of the balance with pans empty after securing the data of
Table I. If this checks with the corresponding value in the
table within 0.2 pointer scale division, the balance is satisfac-
tory. If further checks on this point are desired, one can re-
peat the weighings at any pan load.

Point 5 is easily tested as follows:

An object of mass M (a 20-gram weight is convenient) is placed
on the left-hand balance pan and counterbalanced with other
weights from the set and their sum, S, is recorded. M is then
transferred to the right-hand balance Ean and again counter-
balanced with weights from the set and their sum, S’ is recorded.
If L equals the length of the left lever arm and R equals the length
of the right lever arm of the balance, from the principle of the
lever

ML = RS (1)
and
MR = LS’ 2)
If we divide Equation 2 by Equation 1 we get
R/L = \/S8'/S (3)

On developing the quantity under the radical sign in terms of a
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In applying this to the balance, z is always very small as com-
pared to S; so the equation reduces essentially to

w ke

L 28

The upper sign is used where S’ is greater than S and the lower
sign is used when S’ is less than S. In a good balance the R/L
value should be 1.0 = 0.00002. In dealing with comparative

values, as in gravimetric analysis, an R/L value of 1.0 = 0.0002
can be tolerated without appreciable error in the final result.

=1 =+

(5)

In deciding whether a balance is suitable for the work at
hand, one must also know the probable limits of error intro-
duced by factors other than the balance. The balance may
be used without hesitation if it is twice as accurate as the least
accurate of any of the other measurements involved. It is
very probable that more errors in student and commercial
work are due to uncalibrated or poorly calibrated weights than
to inaccurate balances. Moreover, manipulative techniques,
aside from weighing, usually introduce far larger errors than
can be accounted for by the inaccuracy of weighing; and the
percentage of error of many analytical methods, due to such
things as end-point errors, solubility of precipitates, adsorp-
tion, deliquescence, inability to measure volumes accurately,
ete., is far greater than most of us would tolerate in an

series of powers of z and S, where z represents the difference be-
tween S” and S (S’ = S = z), we get the series

I_E._] T 23 x}

T O B T

4)

analytical balance.
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Useful Centrifuge Accessories

C. R. JOHNSON, University of Texas, Austin, Texas, AND

HARVEY MILLER, Quartermaster Laboratory, San Antonio
General Depot, Fort Sam Houston, Texas

HEN reagents are to be purified rapidly and efficiently by crystalliza-

tion, centrifugal draining of the crystals is essential. Unfortunately,
convenient and inexpensive centrifuge accessories for this purpose are
scarce, particularly for crystallizations which must be carried out on a
small laboratory scale. The basket-head type of apparatus is expensive,
cannot easily be made without special equipment, and is not very con-
venient for use with small quantities of material, or in any case where very
high purity is required. Accessories which permit the adaptation of various
sizes of Biichner funnels or Gooch crucibles as baskets are not quite so ex-
pensive, but are unsatisfactory in other respects.

The perforated cup type of accessory, in which both crystals and liquid
are completely enclosed during centrifuging, is especially suitable for small
quantities of material. Made from platinum or gold, such an accessory is
universally useful, but the cost is prohibitive for most laboratories. A
plated apparatus might seem to offer a suitable substitute, but inquiries
indicate that the cost of any practical design is rather high. Accessories of
this type made from the methyl methacrylate resin Lucite are inexpensive
and for many purposes fully as useful as if they were made from one of the
noble metals. Lucite is almost completely insoluble in water solutions of
salts, acids, and dilute alkalies, and in straight-chain hydrocarbons. How-
ever, it cannot be heated much above 70° C. and is soluble in many
organic solvents.

The authors have designed two accessories which may be machined from
stock sizes of Lucite sheet, rod, and tubing to fit standard centrifuge cups.
The inner cup of the small model has 61 holes drilled in a hexagonal pattern
with a No. 70 B. & S. gage drill. The inner cup of the larger model has
interchangeable bottom plates, each with 169 No. 60 or No. 70 holes.

Eight complete accessories were made for $3.50 each, including the cost
of labor and material. This is one eighth the lowest quotation obtained for
a single set made from any suitable combination of base metals, and one
fifteenth the cost of a small basket-head accessory made from manganese
bronze. The economy is even greater, since the Lucite accessories are more
generally useful with water solutions than those made from base metal alloys.

777777777777, 752 E
(o))
|-<— S0mm D. —-"! _*_
N :
N T
E
N £
NN - =~ rrrrr s/ ==
&
?5I’ilil§l¥lilit'§.l§l§l?lil% o ol _.{_
Ao N
—— 55.0mm. D.— N
=533 mml Dl weil N 517
] £
3
)
/ g
% AR
2 =31mm. D~
% 7 f—40mm.D.—~{
% PA +
7 7
:
% ZE
% :
Zine
/ 7z
2
%z
N 7
ZNNANNNNN N 8

p——— 62.5mm.D. ——>1

PR |




Ultraviolet Photometer

Quantitative Measurement of Small Traces of Solvent Vapors in Air

V. F. HANSON, E. I. du Pont de Nemours & Co., Inc., Niagara Falls, N. Y.

An ultraviolet photometer has been de-
veloped for rapidly measuring concentra-
tions of trichloroethylene as low as 10 p. p.
m. and perchloroethylene as low as 0.3 p. p.
m. in air. It is applicable to many toxic
organic vapors in concentrations as low as
0.13 p. p. m. Its operation depends on the
partial opacity of these vapors to ultra-
violet light. It is specific for vapors having
a strong absorption in the 2537 I\ region of
the spectrum (Table I). Special measures
must be taken when mixtures of such sub-
stances are present.

The instrument is portable, direct-read-
ing, and capable of making at least two de-
terminations per minute on substances for
which it has been previously standardized.

Details of principles of operation, con-
struction, and application are given.

HE increasing use of chlorinated solvents, particularly

trichloroethylene and perchloroethylene, in degreasing,
dry cleaning, and extraction has led to an urgent need for a
rapid and reliable analytical method for determining solvent
concentrations in the air in the working areas.

Such an analytical method is needed in studying the
causes of solvent losses for both economic and health hazard
reasons. Results of analyses should be instantly available to
check changes in concentrations during the various opera-
tions. The method should be simple, so that special tech-
nicians are not required, and the equipment should be portable
and sensitive to concentrations as low as 20 parts per million.
Health, insurance, and labor agencies of several states have
requested some of the operators using these solvents to
check their equipment to preclude the possibility of health
hazards arising as a result of excessive solvent losses, which are
generally due to faulty operation or defective equipment.

Methods of Analyses Extant

The following analytical methods have been used with
varying degrees of success:

1. Thermal decomposition of the solvent followed by abqo_rp-
?on and m)easurement of the products of decomposition
4, 8,9, 12

Alcohoiic absorption-colorimetric method (1)

Specific gravity measurements (5)

Refractive index measurement (6, 10)

Weight gained by charcoal absorption (2)

Thermal conductivity (14)

Vapor pressure of condensed solvent (3, 7, 11)

. Flame tests (13)

A critical inspection of these methods indicated that none
fully met the requirements set forth above. Therefore, the
R. & H. Tri-Per-Analyzer was developed to determine micro-
quantities of trichloroethylene and perchloroethylene (known
as “Tri"” and ‘“Per” to the trade) in air.

90 N O3 Ous & b9
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+ It consists of an extremely sensitive and stable ultraviolet
Photometcr with a built-in sampling and standardizing system.

ts operation deI)ends on the partial opacity of solvent vapors to
certain bands of light in the ultraviolet region of the spectrum.
Ease of operation makes it possible for a layman to make a com-
Elete survey of solvent concentrations in an area of a plant in a

alf hour’s time. Concentrations from 10 to 2000 p. p. m. of
trichloroethylene and 0.3 to 500 p. p. m. of perchloroethylene can
be measured, and higher concentrations can be determined by
making slight modifications in the instrument. It is common
practice to make two determinations per minute of trichloro-
ethylene vapor in concentration as low as 10 p. p. m. (by volume)
or as low as 0.3 p. p. m. of perchloroethylene vapor in air. The
analyses are made as rapidly as samples can be pumped through
tll;tla instrument, the results of the analyses being instantly avail-
able,

Tasie 1. SENSITIVITY OF PHOTOMETER
Sensitivity,
per Seale Division
P.p.m.

Mercury 0.0001 (approx.)
Tetraethyllead 0.13

yvlene 0.2
Monochlorobenzene 0.3
Aniline 0.3
Perchloroethylene 0.5

hloroprene 0.5
Toluene 1.0
Benzene 1.2
Vinylacetylene 1.6
Phosgene 5
Acetone 5
Ethylbenzene 5
Pentachloroethane 7
Hydrogen sulfide 8
Trichloroethylene 10
Carbon disulfide 12
Gasoline (Blue Sunoco) 50

Photometer Insensitive to:

Methylene chloride Ethyl aleohol
Carbon tetrachloride Amyl aleohol
Ethylene dichloride Ethyl acetate
Tetrachloroethane Ethyl Cellosolve
Chloroform Methyl Cellosolve
Methyl chloride Dowtherm A
Vinyl chloride Water vapor
Methy! alcohol

While the instrument was developed primarily for tri-
chloroethylene and perchloroethylene, it may be used equally
well on many toxic vapors, but is insensitive to others (Table
I). Ly £
An instrument operating on similar principles has been used
for measuring mercury concentrations in air (15).

Theory of Operation

All substances absorb light at some region of the spectrum.
If a spectral region exists where a vapor has a high absorption
and the diluent a high transmission, the concentration of the
vapor can be measured in terms of light absorbed. The ideal
instrument would be one using a monochromatic source of
light of wave length corresponding to the maximum absorp-
tion of the vapor and a minimum absorption of the diluent
and a highly sensitive and stable light-measuring deviee
sensitive only to this wave length,

The operation of this analyzer is based on the Beer-Lam-
bert law which states that the light absorption depends on the
distance traversed and the molar concentration of the light
absorbent. Thus, a unit layer of unit concentration absorbs
as much light as a layer of twice the thickness and half the
concentration. The Beer-Lambert law is then

I = I,10-4%=
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Itis thusevident that the photom-
eter must be capable of detecting
changes in light intensity of 0.003
per centin order to detect 10 p. p. m.
of trichloroethylene.

The change in transmitted light
due to the presenceof solvent vapors
is measured by the change in resist-
ance of a sodium photocell whose
peak sensitivity is at about 3000 A.
Instead of measuring the voltage
drop across a fixed resistor in series
with this photocell, a second photo-
cell is used as both a series resistor
and as a means for partially com-
pensating for changes in the light
output from the low-pressure mer-
cury vapor lamp. The photocell
voltage is impressed on the grid of a
battery-operated pentode which
amplifies the changes in photocell
voltage. These changes are in-

FIGURE 1, PHOTOMETER

where I is the intensity of the transmitted light, 7, is the
intensity of the incident light, a is the extinction coefficient
for common logarithms, ¢ is the molar concentration of
the light absorbent, and d is the thickness of the layer
measured in centimeters.

It is very important to note that these relations favor meas-
urements of low concentrations of the light absorbent—i. e.,
there is a greater percentage difference in light absorbed by
small quantities than by larger quantities of absorbent.

The other analytical methods used for measuring small
traces of vapors operate on a linear relationship, and have the
obvious disadvantage for low concentrations of giving the
same incremental differences regardless of concentration.
Thus, while a unit absolute error in a reading at high concen-
trations might result in a low relative error, the same absolute
error at low concentrations would result in a high relative
eITOT.

The following average extinction coefficients were found to
hold for a light consisting of 90 per cent 2537 A. radiation
(extinction coefficients, a, are calculated for log base 10):
trichloroethylene, 1.9; perchloroethylene, 45.

Selecting the following requirements:
Light cell length, d, 15 cm. i
Minimum concentration of tri-

chloroethylene to be detected,
10 p. p. m.
Minimum molar concentration
10~%

—=5— = 445 X 1077 mole per
224 liter

then I = I;107%4  (8)
Log 107 = aca
so that

Log 101—1"= 1.9]X 4.45 X 10-7 X
15 = 1.27 X 10~3

the ratio of light transmitted by

solvent-free air to air containing 10
p. p. m. of trichloroethylene, is ap-

proxinmtelgr%D = 1.00003.

FiGure 2.

dicated on a microammeter in the
plate circuit of the tube. All meas-
urements are made when the light to
the two photocells is equal, to elimi-
nate errors due to changesin battery
voltage and tube characteristics.

R. & H. Tri-Per-Analyzer

The instrument and accessories are self-contained in & carry-
ing case weighing 16 kg. (35 pounds). Figure 1 shows the
instrument set up for use. Figure 2 shows the panels re-
moved from the case.

ANaLyzER Unrr. The analyzer unit is composed of the fol-
lowing elements:

Optical and ILight-Measuring Sysiems. Low-pressure 5-watt
mercury vapor lamp emitting 2537 A. ultraviolet light, lamp
stabilizer networks, 15-cm. sample cell provided with quartz
windows, two General Electric FJ76 sodium phototubes operating
in a bridge network, vacuum tube electrometer with a micro-
ammeter balance indicator, and micrometer “H%)et valve”.

Sampling System. Charcoal absorption tube, porous filter,
sampling pump, and control valve.

The schematic drawing (Figure 3) shows the arrangement
of the equipment.

ErectroMETER BALANCE INpIcaATOR. An RCA32 tube oper-
ating at reduced heater and plate voltage to reduce grid current
and increase stability is mounted near the phototubes. The tube
control leads pass through the partition into the battery com-
partment. Grid bias control and phototube balancing potentiom-

INSTRUMENT WITH PANELS REMOVED FOR INSPECTION
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Since it is impossible to
secure equally balanced
phototubes, special care was
required to stabilize the
ﬂ ultraviolet lamp, which was

e FJ76 found to be extremely sensi-
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ance of each component
being equal to the lamp
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Ficure 3. ScueEmATIC DIAGRAM OF PHOTOMETER

eters with the plate microammeter are mounted in the battery
compartment. A switch is provided to ground the grid to
standardize the electrometer.

The combination of voltage and current control with the com-
pensating reference photocell, integral sample cell, and light valve
and rapid sampling and standardizing systems were all found
necessary to provide the sensitivity and stability to measure
changes in light intensity of less than 0.003 per cent.

OpricAL AND LicuT-MEASURING SysTEMS. After attempting
to use light-splitting, collimating, and optical wedges for in-
creasing and distributing the l}ght to the two photocells, the
simple optical system shown in Figures 2, 3, and 4 was ado 'ted.

ile greater sensitivity could be obtained with a longer light
cell than the 15 cm. used, the decrease in light intensity on the
photocells reduced the instrument stability, more than offsetting
the advantage of increased sensitivity, Space was also consid-
ered an important factor in designing a portable rugged field
instrument. Sl

The light from the 5-watt General Electric sterilization lamp
passes through the light cell (Figure 4) which is mounted on the
mstrument, panel. Light is also transmitted to the reference

hototube through an adjustable slit below the lamp (F‘lgure 2).
he light to the two phototubes is approximately equalized by
agi'usting the light slit on the reference ghotocell: The fine
balance is attained by the voltage divider (* tandardize”, Figure
3) across the phototube battery. This fine balance consists of a
radio potentiometer in series with two fixed resistors to limit the
range of the electrical adjustment. The light is thus balanced
when the voltage drop from the common wire of the phototubes
to the greund is zero. !

The simple micrometer screw proved to be a very satisfactory
method for measuring the light that was absorbed.

In operating the instrument, the two phototubes are first
balanced as described, with solvent-free air in the test chamber
and the “Concentration Index’” set at zero. Then the instru-
ment three-way valve is switched to “Test Air”, and the “Con-
centration Index” micrometer is raised until the original balance
is restored. Thus, by decreasing the area of the shadow cast by
the “Concentration l;:ldex" screw on the phototube, the amount
of light that is absorbed by the test air is compensated for in a
manner that permits very simple measurement. :

One complete turn of the “Concentration Index” dial elevates
the screw 1 mm. The dial, being divided in 100 parts, makes a
change of 0.0031 per cent per dial division on the photocell based
on the ratio of the area of the shadow cast by the screw on the
phototube to the area of the phototube element. ;

Concentrations of various vapors in terms of “Concentration
Index’’ dial divisions are plotteﬁn Figure 5. For convenience,
calibration curves for the trichloroethylene and perchloroethylene
are mounted on the instrument panel.

impedance. These elements
were selected to operate the
lamp at about half the
normal current to minimize
changes in lamp character-
istics with time.

A Sola constant-voltage transformer proved satisfactory for
coxlxtrolling the lamp voltage in spite of normal variations in line
voltage.

SampriNGg SysteM. The successful use of the analyzer de-
pended as much on the sampling system adopted as on the
optical system.

The sample is pumped first through a charcoal tube which re-
moves all traces of solvent vapors. A tube 3.12 ¢m. (1.25 inches)
in inside diameter and 15 e¢m. (6 inches) long was found effective
in reducing solvent concentrations from 600 to less than 1 p. p. m.
After the instrument is balanced at the zero point, the three-way
valve is turned so that the sample by-passes the charcoal tube,
passing through a porous Alfrax filter before it enters the sample
cell. This filter is mounted on the screw top of the filter tuge,
from which it is readily removable for cleaning and inspection.
The frequency of cleaning depends on the type of atmosphere to
which the instrument is subjected. Unless paint spray, oil, or
similar contaminant is encountered, it has been necessary to
clean the cell about three times per year.

FiGUurE 4. DETAILS OF SAMPLING SysTEM



122 INDUSTRIAL AND ENGINEERING CHEMISTRY

500 I T

I. BENZENE
[~ 2. TOLUENE.
3/ANILINE
400} 4MONOCHLOROBENZENE
5. PERCHLORETHYLENE

6. XYLENE

/.

3
<]

A N Py 9
7/3’///
Vi
W
7/

100] 78

200

DAL  DIVISIONS

=~

0 PARTS PER M VOLU!
' 200 400 800 800 1000
s b e e oy
I.CARBON DISULFIDE
2. TRICHLORETHYLENE ¢
3.P£NTA§HLORETHANE

|_aACETONE e
SETHYLBENZENE .
0SGENE /

2

B

o

6.PH:

LAiA

2 v
M
B
5 i
: y// i
o A
e
0 PARTS PER MILLION |BY VOL
200 400 600 800 1000

Figure 5. CaAvBraTION CURVES

Accurate results depend on rapid circulation of the sample
through the instrument. Changing the sample about 20 times
per minute permits frequent checks of the zero point, which is
important for attaining high accuracy at low concentrations giv-
ing up to 10 scale division deflection. Motor-driven pumps were
troublesome because of lubrication; however, a small cotton filter
was effective in keeping the oil from being blown by the pum
into the instrument. It was found necessary to force the sample
through the cell in order to maintain substantially atmospheric
pressure on the sample. Suction of the sample through the cell
was unsatisfactory because of cell pressure variations.

Calibration and Accuracy of Analyzer

The analyzer is periodically checked by adding carefully
measured quantities of liquid solvent fo a 850-liter (30-cubic
foot) fumatorium in which an electric circulating fan is
mounted. After the solvent sample has been thoroughly
mixed with the air, it is passed through the instrument. At
least three readings are made at each concentration, and the
average dial readings are then plotted against the known con-
centrations. Figure 5 shows the calibration curves for the
materials listed in Table I, at 22° C. and 760-mm. pressure.
Unless pressure and temperatures differ greatly from these
values, corrections need not be applied. The instrument is
about 25 times as sensitive to perchloroethylene as to tri-
chloroethylene.

The instrument has been checked six times in the year that
it has been in service, during which it has traveled over 50,000
miles without serious accidents that affected its accuracy.
Except for one occasion when a gummy film was found on the
quartz windows, the recalibration checked the initial calibra-
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tion within 2 scale divisions up to concentrations of 1000
p. p. m. of trichloroethylene.

There is a gradual decrease in instrument sensitivity due to
changes in the spectral output of the lamp. Errors due to
such changes can be minimized by making periodic recalibra-
tions. One or two points on the curve are generally sufficient
to check the calibration.

By taking the average of two or three readings, it is possible
to obtain check results within one scale division on the “Con-
centration Index” dial. The absolute limits of accuracy
vary with concentration according to the Beer-Lambert law.

For the low concentrations of vapors shown on Figure 5 the
calibration curve follows a straight line from 100 to 1000
p. p. m.

Based on a tolerance of one dial division, the limits of
accuracy of the instrument for trichloroethylene and per-
chloroethylene in air free from any other substance listed in
Table I, to which the instrument, is sensitive, will be:

Concentration Limit of Error

of Vapor Trichloroethylene Perchloroethylene

P.p.m, P. p. m. P.p.m.
0-50 *=15 =0.65
50-200 =20 =0,91

200-600 =24 =0,97

The limits of accuracy of the instrument for the other sub-
stances listed would be the differences in concentrations re-
quired to produce one scale division change on the ‘“Concen-
tration Index”.

FieLp Test RepPorRT ON VAPOR CONCENTRATIONS
NEAR DEGREASER
(Solvent used, trichloroethylene.

cleaning metals, steel. Capacity operation, 75%.
p. p. m. by volume)

TasLe IL

Degreaser type, vapor-slush. Use,
Vapor concentrations,

Exhaust System
On Off

Location Machine
P.p.m. P.p.m.
45 em. (18 inches) above left front end Idling 125 200
300 170
250 160
220 125
Av. 224 164
45 cm. (18 inches) above center front Idling 190 170
110 150
125 150
125 1
Av. 128 155
45 em. (18 inches) above right front end Idling 170 150
125 200
125 220
100 240
Av. 128 202
Operator’s nose level Slushing 150 126
150 300
250
220
Av. 150 249
45 em. (18 inches) above left front end Working 388
380
310 .
340
2000
1200
400
875
Av. 674

The charcoal should be changed when the zero cannot be
checked when comparing clean and contaminated air. This
is ordinarily about once in 20 operating hours.

Operation of Analyzer

In making a survey of concentrationsin a working area near
equipment using solvents to which the instrument is sensitive,
as listed in Table I, the following procedure is recommended:

Allow instrument to warm up for 10 to 15 minutes. Turn on

amplifier lever switch. Press lever switch to right, and set meter
pointer to mid-scale (100 on a 200-microampere meter) by ad-
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justing “Bias Control”. Start pump, set valve on “Standard
Air” and “Concentration Index’” on zero. Bring meter to mid-
scale by adjusting light slit for coarse adjustment and “Stand-
ardize” for fine adjustment. After meter reaches equilibrium,
shift valve to “Test Air”. Turn “Concentration Index” dial
until meter returns to mid-scale. Return valve to “Standard
Air” to check zero. Determine concentration by applying
average readings to calibration curves.

The motor-driven pump should not be operated in explosive
atmospheres because of sparking brushes. A hand pump is pro-
vided for such conditions.

Table IT indicates the detailed data that can be obtained
in less than one hour in a survey of the concentrations of tri-
chloroethylene near a degreasing unit. The abnormally high
peaks of concentration would not appear in other analytical
methods listed above, except possibly with the interferometer.

Miscellaneous Applications for Analyzer

In addition to the routine analyses of air for solvent con-
centration, this instrument has many potential applications
because of its sensitivity and speed of response. Some of
these are determination of efficiency of solvent absorbents,
checking efficacy of gas masks, determination of concentra-
tions of certain vapors in gaseous products from chemical
reactions, determination of concentrations of certain flam-
mable vapors, and checking performance of fume-disposal
systems.

- The instrument may be modified to operate continually and
may be adapted for automatic control of chemical processes
or for use with other vapors.

By using selective absorbents, it is possible to determine the
concentration of various components of mixtures of vapors.
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Simply Constructed Color Comparator
RICHARD H. WILHELM, Princeton University, Princeton, N. J.

HE object of a color comparator is to bring color images

from reflecting or luminous surfaces into closely adjacent
fields, thereby enabling the eye to compare the colors with
sensitivity. These instruments are generally constructed
with optical prisms. During the course of a rate study in
which the progress of the process was followed by color
changes, the inexpensive color comparator herein described
was constructed. Its operation depends upon the fact that
curved bars of certain resins will transmit light without ap-
preciable loss through the curved surfaces. Although Plexi-
glas was used, any acrylate or methacrylate resin with similar
optical properties would be equally satisfactory.

D \ /

Ficure 1. PARTS AND AssEMBLY OF COMPARATOR

The component parts and the assembly of the comparator are
shown in Figure 1. Two straight cylindrical rods of resin, 4,
6 inches long and 0.75 inch in diameter, were softened by heating
to about 110° C. and one end of each was bent through an angle
of about 30°. One half of the remaining straight portion of each
rod was removed by milling, leaving flat surfaces, B, as shown.
With a strip of reflecting aluminum foil, C, between them the two
surfaces were cemented together by an adhesive made from some
of the resin dissolved in equal parts of carbon tetrachloride and
chloroform. A strong bond and excellent internal reflection at
the surface of the bond were thus obtained.

To prevent stray light from entering the lateral surfaces of the
instrument, it became necessary to coat these with an opaque
lacquer which still allowed internal reflection to take place. A
coating made from aluminum powder dispersed in the above-
mentioned resin solution was satisfactory. Flat surfaces, per-
pendicular to the resin rod at each point, were ground with fine
emery at D, where the light enters the comparator, and at E,
the eyepiece, where it emerges. A final polisﬁ on these surfaces
was obtained with a finely divided abrasive metal polish.

A small convex lens in a brass tube (not showns)owas fitted to
the eyepiece of the comparator. By focusing this lens upon the
resin surface, F, the two half-circle fields appeared to uni-
formly illuminated with diffused light. In using the comparator
the usual care was taken to provide illumination of equal intensity
upon both colored surfaces.

An angle of 60° between incident light sources was the only
one tried and is not necessarily the maximum practical angle
for a comparator of this type.



Determination of Copper in Plant Materials
Using the Dropping Mercury Electrode

J. FIELDING REED AND RALPH W. CUMMINGS
Department of Agronomy, Cornell University, Ithaca, N. Y.

HE use of the dropping mercury electrode in analysis for

copper has received some attention and should be adapt-
able to the determination of copper in plant material and in
soils. The earlier investigations of Shikata (8), Mandi (8),
and Roncato and Bassani (7) were of a preliminary nature, did
not include limits of copper or of interfering materials, and
were not conclusive. Thanheiser and Maassen (11) reported
the polarograph to be very useful in analysis of steel for cop-
per in the presence of other metals and Hohn (2) in his mono-
graph included an outline for copper determination in brass
and metal alloys. Suchy (10) used the dropping mercury
electrode for simultaneous estimation of copper, bismuth,
lead, and cadmium, and Stout (9) suggested a procedure for
polarographic estimation of copper.

In this investigation the regulating solutions suggested by
the above authors were tried in the presence of any inter-
fering materials that might be present in plant materials and
a method was worked out for the polarographic determination
of copper in plant materials.

Tests of Regulating Solutions

Since ferric iron interferes with the determination of copper,
it must be eliminated quantitatively from solution. This may
be done with inappreciable loss of copper by adding an excess
of ammonium hydroxide to the boiling solution and filtering.
In testing the suitability of the various regulating solutions
for copper, direct polarographic determinations were made of
copper (as copper sulfate pentahydrate) added to these solu-
tions. Then,in addition, copper standards were acidified with
sulfuric acid and carried through the ammonium hydroxide
treatment, the filtrates were evaporated to dryness, and the
residues were taken up in the regulating solutions and polaro-
graphed.

Stout’s solution of ammonium acetate-tartaric acid and
Hohn’s Grundlésung A were eliminated as giving unsatisfac-
tory curves. In neither case could the curves be repeated
with any quantitative precision. Hohn’s Grundlgsung C is
a strongly ammoniacal solution of ammonium chloride con-
taining methyl cellulose as a stabilizing colloid. In order to
pass nitrogen through this solution to free it of oxygen it was
necessary to add caprylic alecohol to prevent foaming over
(6). Although there is some irregularity in the curves pro-
duced in this solution, it is possible to use it for higher con-
centrations of copper. At concentrations below 4 micrograms
of copper per ml. of solution, the curves were unsatisfactory
because the linear spread of the copper “break’ (along the
voltage axis) was so great as to make measurement diffi-
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cult where quantities of copper are small and the wave height
is correspondingly small.

Suchy (10) recommends as a regulating solution a 10 per
cent solution of sodium potassium tartrate. This solution is
alkaline owing to hydrolysis. Other solutions used by Suchy
were acid and alkaline solutions of sodium citrate and sodium
tartrate. All these solutions of Suchy’s were tried with va-
rious copper concentrations. Where the copper solution was
acidified with sulfuric acid, neutralized with an excess of
ammonium hydroxide, filtered, washed, evaporated to dry-
ness, and taken up in the various solutions of Suchy, free am-
monia was liberated on addition of any of the alkaline solutions
and unsatisfactory curves resulted.

The most satisfactory curves were obtained with acid so-
dium citrate (pH 3.8 to 4.2), made by mixing equal quanti-
ties of 0.5 M sodium hydroxide and 0.5 M citric acid. It was
comparatively easy to free this solution of dissolved oxygen,
requiring 10 to 20 minutes of bubbling in pure nitrogen,
whereas the alkaline solutions required 60 to 80 minutes.
Where copper alone was added to the regulating solution and
polarographed (without the acidification, neutralization,
filtration, ete.) there was a tendency toward a slight maxi-
mum. This was overcome by the addition of 1.0 ml. of
0.05 per cent acid fuchsin, CxHyzN3(SO.0Na)., to every 10
ml. of regulating solution.

TasLr I. Basg MIxXTURE

% in % in
Element Plant® Element Plante

Material Material
Mg. Mg,
KCl 10.0 K 1.0 MnSO4 0.2 Mn 0.02
Na:COs 1.0 Na 0.1 NiSO.7H:O0 0.05 Ni 0.005
CaCls 10.0 Ca 1.0 CoCli.6H:O 0.05 Co 0.005
M%’SO‘JHzO 5.0 Mg 0.5 PbCla 0.05 Pb 0.005
HiPO« 2.0P 0.2 CdCL.2HsO 0.05 Cd 0.005
FeClL,6H:0 1.0 Fe 0.1 ZuS0«7H:0 0 03 Zn 0.005
ALCI.12H:O0 0.2 Al 0.02 CuSO.5H:0 0.05 Cu 0.005
8i0; (silicic acid) 20.0 Si 2.0 208 0.05 As  0.005

4 Assuming 1.0-gram plant sample represented in 10-ml. solution.

Interfering Materials

To determine the concentration limits of materials other
than copper which may occur in the plant ash without inter-
fering with the determination of copper, solutions were made
up containing all of those cations or anions that are likely to
appear in an ashed sample. The basic synthetic solution
which approximates plant ash is listed in Table I.

Now a series of solutions was prepared in which each con-
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1, 2, 3. Ashing methods referred to in text. Sensitivity 1/30,
Jrop rate 2.5 seconds, distance betwecn abscissas 0.15 volt

stituent was varied in concentration, holding the other con-
stituents constant. The solutions were then treated with
ammonium hydroxide, filtered, washed, and evaporated to
dryness, the residue was taken up in the acid sodium citrate,
fuchsin was added, and copper was determined polarographi-

cally.
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When the copper concentration was maintained at 5 micro-
grams per ml. (assuming 1.0 gram of plant material ashed and
taken up in 10 ml. of regulating solution, this is equivalent
to 0.005 per cent copper), there was no interference from any
of the materials considered even when present at concen-
trations ten times as great as listed in Table I. From this it
was evident that there would be no interference from any of
these elements at concentrations that greatly exceed their
normal concentration in plant material.

The anode potential was measured against the saturated
calomel half-cell so as to correct the half-wave potential for it.
There was little variation in anode potential and this opera-
tion might well be omitted in routine determinations. In the
regulating solution used, the corrected hali-wave potential for
copper was —0.15 volt.

Ashing Procedure

After the method proved satisfactory for copper determina-
tions in synthetic plant ash, a number of different plant ma-
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terials were ashed in the following ways and copper was de-
termined polarographically by the method used with the
synthetic ash:

1. A wet-ashing procedure involving nitric, sulfuric, and
perchloric acids.

2. Ignition in a muffle furnace at 450° C. for 12 to 16 hours.

3. Addition of nitric acid followed by ignition at 450° C. for
12 to 16 hours, addition of nitric acid again followed by reignition
in-the muffle.

4. Ignition in a muffle furnace at 650° C. for 12 to 16 hours,

To determine the effectiveness of the ashing procedures for
recovery of added copper, 160 micrograms of copper as CuSQ,.-
5H.0 were added to the plant materials and the above ashing
procedures were repeated. In all the dry-ashing trials, sepa-
rate samples after ignition were taken up independently in
hydrochloric and in sulfuric acid. In only the wet-ashing
procedure was added copper recovered. This supports the
conclusions presented by Mitchell (4) with regard to the de-
termination of traces of copper. In Figure 1 are given curves
illustrating the ineffectiveness of two dry-ashing procedures
commonly used. A blank was run on the reagents used in the
wet-ashing procedure to see what part of the “recovered”
copper was in the reagents themselves. The acids carried
through the procedure and taken up in regulating solution
gave 4 micrograms of copper, and the plant material with
unadded copper gave 10 micrograms of copper. These are
small in comparison with the amount added for recovery, 160
micrograms of copper.

Proposed Method

Place 0.5 to 2.0 grams of plant material in a 30-ml. Kjeldahl
flask. Add 5 ml. of concentrated nitric acid, heat until brown
fumes are evolved, add 1 ml. of concentrated sulfuric acid, and
heat until charring begins, all the nitric acid being driven off.
Add 1 to 2 ml. of 60 per cent perchloric acid and continue heat-
ing until the solution is colorless or a pale yellow and the excess
perchloric acid is driven off. Dilute to 15 to 20 ml., heat to boil-
ing, add a slight excess of concentrated ammonium hydroxide
boil for a minute, filter, and wash with slightly ammoniacal
water. Evaporate the filtrate to dryness, take up the residue in
9 ml. of acid sodium citrate (made by mixing equal quantities of
0.5 M sodium hydroxide and 0.5 M citric acid), add 1 ml. of
0.05 per cent acid fuchsin, and determine the copper polaro-
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means that a greater per-

TasLe II. CompArISON OF CoPPER ALONE AND CoPPER PLUS FOREIGN MATERIALS AND centage error is involved
TREATMENT where the wave heights are
Corrected Cu  Wave Height, Corrected Cu small. The limits of the
- Concentration, Cu -+ Inter- Concentration,

Galvanometer Wave Height, Cu Added -+ fering Cu Added + method were from 200 to 0.2
Copper Added  Sensitivity Cu Alone Blank Materials Blank microgram of copper per ml
v/ ml. Mm. v/ml, v/ml. B ER
xpressed on & plant basis, if

Figure 2 200 1/150 50.0 200 50.0 200 h'(p i i
100 17150 26.0 100 25.0 100 the procedure were carried
e LAL00 LS i 1330 s out as outlined, using 1 gram

Figure 3 32 1/30 43.5 32 42.0 32 : :
16 1730 25°0 16 310 't of plant material and taking
8 1/30 12.0 8.3 11.0 8.4 upin 10 ml. of regulating solu-
Figure 4 4 mg 21.0 4.3 2050 44 tion, this would amount to a
0.5 1710 5.5 0.84 5.5 0.87 range of from 0.2 to 0.0002
Figure 5 9.5 i;g 1§.g 8'?3 1513.2 8.23 per cent of copperin the plant.
Blank 1/5 6.0 0.34 5.5 087 The upper limit could be ex-

tended by using a lower gal-
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Fiure 4. CompPARISON OF COPPER ALONE AND COPPER
Prus FOREIGN MATERIALS AND TREATMENT

Sensitivity 1/10, drop rate 2.(5) lsgeon]fl,s, distance between abscissas
.15 volt

-

gmphically. Oxygen is removed from the solution prior to the
etermination by bubbling in pure nitrogen.

Limits of Method

In order to determine the range of copper concentration for
which the method is applicable, synthetic solutions were
again made up which approximated ashed plant materials
and whose composition was the same as that given in Table I.
In this case the copper content of these solutions was varied,
and they were analyzed for copper by the procedure suggested.
The polarograms obtained were compared with others ob-
tained by adding similar concentrations of copper to the
sodium citrate solution, adding fuchsin, and polarographing.
The equipment used in obtaining the current-voltage curves
was the same as that described by the authors in a previous
paper (6). The results of these determinations are indicated
in Figures 2 to 5 and summarized in Table II.

The measurements of wave height were made by the so-
called “intersection point”’ method denoted as method C by
Borcherdt et al. (1). The accuracy, if several measurements
are made and averaged, is about 0.5 mm. This obviously

vanometer sensitivity or by
diluting the solution.

Even in the case of the copper alone the “blank’ was as
high as 0.37 microgram per ml. It is evident that a blank
is necessary for correction purposes and that with a blank of
this magnitude it would not be possible to determine concen-
trations less than this amount. In order to avoid extra
trouble in redistilling water and special purification of re-
agents, it would probably be better to select a 2-gram sample
of plant material where unusually small amounts of copper
are expected.

Plant Materials

To illustrate the effectiveness of the method on plants
somewhat higher in copper, analyses were made of lettuce,
the seeds of which had been pretreated with copper. The
polarograms for these plants are shown in Figure 6. Dry-
ashing methods gave less than 50 per cent of the copper
found by wet-ashing these plants.

Summary

A method for the determination of copper in plant ma-
terials is proposed which involves the use of the dropping mer-
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Sensitivity 1/5, drop rate 2.% slegondls, distance between abscissas
.15 volt
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Fi1gUure 6. CorPER IN LETTUCE

8) Sensitivity 1/30, 0.004% Cu; (2) sensitivity 1/10, 0.003%
u; (3) sensitivity 1/30, 0.500‘7 u. Drop rate 2.5 seconds,
distance between abscissas 0.15 volt

cury electrode. Copper is determined in the presence of all
the constituents ordinarily present in plant ash except those
that are removed by addition of a slight excess of ammonium
hydroxide. No interference is offered by any of the cations
or anions likely to be found in plant ash even when present in
comparatively large quantities.

Copper added to plant materials as copper sulfate could
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not be recovered by any of the dry-ashing methods used. A
wet-ashing procedure was adopted involving final solution in
sulfuric acid.

Limits of the method using a 1-gram sample of plant ma-
terial are from 0.2 per cent or greater to 0.0002 per cent of cop-
per in the plant.
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Systematic Qualitative Organic Microanalysis

Comparative Study of Procedures of Microextraction

WILLIAM G. BATT AND HERBERT K. ALBER
Biochemical Research Foundation of the Franklin Institute, Philadelphia, Penna.

XTRACTION procedures constitute an important step

in the scheme of organic analysis on a micro scale

(1, 2). These procedures are of two types: the removal of an

active ingredient from a heterogeneous mixture and the re-

moval of undesirable material from an impure product. Sepa-

ration of the active principle from a crude drug mixture is an

example of the first type; the preparation of derivatives and
their consequent purification, an example of the second.

In control laboratories, where time is limited, methods
which require less sample and consequently less extraction
time are of distinct advantage, provided that the results are
comparable to those obtained when using conventional ap-
paratus. This investigation includes only methods for ex-
traction of solid substances by heated solvents and excludes
liquid-liquid extraction processes. The merits of a standard
macro-Soxhlet, a semimicro-Soxhlet extractor and representa-
tive microextractors are compared.

Several microextractors, developed in recent years, were
constructed for special investigations. The authors are not
cognizant of any study dealing with the use of an extractor
for general purposes involving the quantitative recovery of
both extractive and residue.

The two types of extraction apparatus are siphoning and
percolating; these may be of simple or complex design.

The macro-Soxhlet, its semimicro counterpart (commercially
listed as “micro” Soxhlet extractor), the Colegrave (7), and the
Wasitzky (21) extractors belong to the siphoning group. Ex-
fractors using the principle of percolation have been developed
ls) Titus and Meloche (20), Gorbach (13), Hetterich (14), and

otta.

Slotta’s extractor (18), which is not described in the literature,
is shown in Figure 4. A glass crucible with sintered-glass bottom
holds the material to be extracted. Crucibles of different porosi-
ties may be substituted to correspond with the particle size of the

substance and surface tension of the solvent. A Dimroth con-
denser reduces the over-all height of the apparatus. The receiv-
ing flask is connected to the extraction chamber by a ground-
glass joint; an apparent disadvantage is the weight of this flask,
approximately 15 grams, which reduces the accuracy when very
small amounts of extracted material are weighed. When solution
is transferred there is always the added risk of accidental loss.
Two glass inserts of 5- and 10-ml. capacity, respectively, together
with a distribution tube, serve for the extraction of small amounts
of liquid.

Because of similarity of design to one or another of the micro-
extractors mentioned, the apparatus of Blount (5), Browning (6),
Fulton (10), Garner (11), and Gettens (12) were not included in
this investigation.

Factors Influencing Extraction

SoLvENTs. Solvents were selected so that volatile and
moderately volatile, low and high boiling, low and high sur-
face tension menstrua were included. A solvent having
special affinity for an extractable material likely to be present
is preferable. The influence of atmospheric moisture on the
solvent is reduced by using drying tubes on top of the con-
densers.

The range of boiling points of solvents tried was between
35° and 100° C. at normal pressure. The boiling point in a
completely enclosed extracting system, or one with a com-
paratively small condenser, may be slightly higher, especially
in the case of a very volatile liquid. Decomposition of natu-
ral products when extracted with common solvents may
oceur if the boiling points, at atmospheric conditions, are
high. These two dangers may be avoided by the application
of reduced pressure in the extraction apparatus (13, 20, 21).

The surface tension is another influence in obtaining a
smooth-running extraction. The range of surface tensions
encountered in common solvents for liquid-air interface, ex-
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CoMpPARISON OF METHODS OF EVAPORATION

Figure 1.
Heating from underneath >
Heating from above, with Chromolox ring
Spontaneous evaporation g
Heating from underneath but removing vapor phase by a jet of air

iSialole

pressed in dynes per cm., includes: ethyl ether 20° C. = 17,
356° C. = 15; ethyl alcohol 20° C. = 22, 70° C. = 18; and
water 20° C. = 73, 100° C. = 59. In the lower range of sur-
face tensions the effect is mainly that of penetrability of the
solid; Lehrecke (16) states that the penetrability of an or-
ganic solvent into a solid is inversely proportional to the sur-
face tension. In the higher range, difficulties with the re-
fluxing liquid are encountered.

SystEms Stupiep. Salicylic acid and kieselguhr extracted
with ether, anthracene and starch extracted with ether, and
sodium chloride and aluminum oxide extracted with water,
were the mixtures and solvents tested in comparing the
macro- and semimicroextractors. Because of mechanical
difficulties, salicylic acid mixed with sand and extracted with
ether, caffeine and barium sulfate extracted with alcohol, and
sodium chloride and sand extracted with water, were used for
comparing the microextractors. The salicylic acid—sand
mixture was not used in the macroapparatus because of the
great variation in bulk, which was appreciable but less notice-
able when used in the smaller extractors.

All the mixtures were tested in various ratios, so as to have
the solid components approximately equal in weight, the
soluble part in excess, and the insoluble portion in excess.
The last mentioned would correspond to the extraction of
material in which the percentage of soluble matter is small
(towards the lower limits of the weighing range of a micro-
chemical balance).

Container for Sample

To compare the merits of the materials from which con-
tainers are commonly constructed, filter paper in the form of
dishes, disks, and thimbles; Alundum thimbles; vessels with
sintered glass bottoms; and platinum as well as Monel metal
containers were studied.

It is very difficult to obtain constant weight on large masses of
filter paper owing to its hygroscopicity. By using standardized
proceSures (15) or certain precautions to prevent access of mois-
ture, the weights of paper thimbles can be reproduced within the
limits of accuracy of either method, but these procedures are very
cumbersome. In the majority of cases, this difficulty in obtain-
ing constant weights of the filter paper used in some extractors
prevented accurate determination of the residue. Even though
the filter paper thimbles were subjected to a preliminary extrac-
tion, fibers were carried over during the extraction proper and
had to be removed by centrifuging—a step that involves two un-
necessary transfers,

Although it was possible to obtain constant weight with filter
thimbles of Alundum, they were unsatisfactory for use with the
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apparatus on hand because of the retention of solvent within the
thimble, which resulted in overflowing. The use of crucibles with
sintered glass bottoms has been advocated in some microextrac-
tors—e. g., Slotta’s and Browning’s (6)—and constancy of weight
has been reported, provided definite weighing conditions are
maintained. From experience with similar apparatus in quan-
titative microanalysis, it can be deduced that the weight con-
stancy will certainly remain within =20 micrograms.

From the analytical viewpoint platinum appears to be the
most satisfactory material for thimbles or dishes, since it is
inert to most solvents, can attain constant weight quickly,
and is readily obtainable in any desired form. A possible
objection is its initial cost, although if it is utilized over &
long period of time the cost is well distributed, for it seldom
needs replacing. Preliminary experiments indicate that
other metals may be substituted, but they lack the general
applicability of platinum.

Porosiry. Conflicting statements have been made re-
garding the suitable porosity of sintered glass plates when
the solvent is removed by gravity. Blount (§) recommends
G, while Browning (6) suggests G;.

Tests conducted in the present investigation, using Jena
products, showed that sintered glass plates of porosity G
were satisfactory for use with alcohol, while Gy filters were
not sufficiently fast if accumulation of solvent was to be
avoided (for porosity gradings see Prausnitz, 17). The
porosities as listed by Ace Glass, Incorporated, would cor-
respond as follows: Jena O toAceA; 1toB; 2toC; 3toD;
and 4 to —.

24 n
R232 n. 1
#16 NICHROME
Ho A,

Figure 2. HINGED CIRCULAR HEATER

The platinum filter dishes of Donau (8), or the Neubauer
filter crucibles, both having a mat between two perforated
platinum surfaces, may be made up by adjusting the thickness
of the mat to suit the conditions of the experiment.

Tmve ReQUIRED ForR CoMpPLETE ExTrAcTiON. The time
required for the exhaustion of the extractable material from
the sample is best determined by successive extractions until
the weight of the last flask substituted shows no further in-
crease.

Another method, frequently used in alkaloidal assaying,
consists of removing a little of the freshly siphoned or per-
colated solution and testing it with the proper reagent until
negative results are obtained.

In order to distribute the solvent evenly upon the surface
of the sample and prevent channeling, Prausnitz (17) con-
structed the ‘licicle crown” condenser tip, which was later
incorporated in Gorbach’s extractor (73). The more effec-
tive distribution of the condensate results in a shorter extrac-
tion time.

Special Procedures and Apparatus Developed

EvVAPORATION OF SOLVENT AFTER ExTrRACTION. To distill off
the solvent and at the same time prevent creeping of the solid
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material, the vapors above the surface of the liquid are removed
by blowing air onto it or by applying heat from the top (1, 4).
In the latter method, a Chromolox resistance ring of 150 watts
(outer diameter 65 mm., inner diameter 25 mm., and 5 mm, thick)
is placed around the upper part of the vessel and gradually lowered

as evaporation proceeds.

A comparison of these methods, with the usual one of heating
from underneath, is presented in Figure 1, corresponding receiving
flasks containing equal amounts of ether and of salicylic acid were
used. The picture, taken with a polaroid screen to remove reflected
highlights, illustrates clearly the advantages and disadvantages
of the methods applied.

Hineep CircurLAr HEATER. The condensation of solvent in
the ground-glass joints of most of the extractors examined not
only resulted in a direct loss, but was also a source of annoyance
because of the suction formed when some of the solvent in the
joints evaporated. To overcome this, Titus and Meloche (20)
warmed the joint of their apparatus by winding resistance wire
around it and heating by passage of an electric current. To
avoid winding all the glass joints, a generally applicable device
was constructed (Figure 2). The outside, circular, hinged elec-
tric heater consists of a hollow cylinder of hardened asbestos ce-
ment, cut in halves in the axial plane and with halves hinged to-
gether. Each half of the cylinder is wound vertically with 300
cm. (10 feet) of No. 26 B. and S. Nichrome wire having a resist-
ance of 2.61 ohms per 30 cm. (1 foot), with one of the hinges serv-
ing as a contact. A slide-wire resistance of 24 ohms and 3.3
amperes is placed in series with the heater, so that the amount of
heat radiated may be controlled. The hinge allows observation
of the rate of boiling and permits the heater to be removed from
the extractor simply by disconnecting one of the contacts leading
to the external wiring.

In experiments using water as a solvent it was extremely diffi-
cult to prevent excessive condensation on the walls of the outer
shell (as in Titus and Meloche’s and Gorbach’s apparatus) and
on the inner walls of the reservoir in Colegrave’s and Wasitzky's
extractors. In one experiment some of the condensed solvent
dripped onto the hot shell of the Gorbach apparatus and cracked
it. The application of the external heater prevented recurrence
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of this trouble and since its introduction boiling and vaporization
fmve appeared to run smoothly and condensation has been regu-
ar.

Modifications of Original Design

Slight modifications were introduced into some of the
original designs for the purpose of facilitating certain ma-
nipulations.

The ground-glass joint of the thimble in Titus and Meloche’s
(20) extractor was reversed—i. e., the lower portion was made the
outside member, so that the filter paper disk would form an up-
right dish and avoid loss of inert material when removed (Figure

Loss of volatile solvent from the original extractor of Colegrave
(7) suggested the introduction of a ground-glass joint at the junc-
tion oﬁhe condenser and the top of the chamber. This modified
aplparatus (Figure 4) was found more satisfactory in preventin
solvent losses. A small glass receiver, placed in the bottom o
the chamber, made unnecessary the transfer of solution for evap-
oration and weighing. A similar device was used for Wasitzky's
extractor (21).

Experimental

The salicylic acid, sodium chloride, and sand used were Merck’s
Blue Label reagents which required no purification, but the an-
thracene and caffeine had to be recrystallized. For precaution-

measures the solid insoluble components, kieselguhr, barium
sulfate, sand, and starch, were previously boiled in some of the
solvent selected for the extraction, so that any solvent-soluble
material would be removed.

The organic solvents, ethyl ether and ethyl alcohol, were dis-
tilled until the boiling point of each was sufficiently constant.
Only those tests for purity (22) were performed which would
yield information about the sol-
vent&operties. The water used
was distilled by means of a labo-
ratory still and protected from
atmospheric carbon dioxide.
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Figure 3. MICROEXTRACTORS

Left. Hetterich type
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TasLe I,
AND MICROEXTRACTORS

(Surface tensions of solvents used, dynes per em.: ethyl ether: 20° C. = 17, 35° C, = 15;
70° C. = 18; water: 20° C. = 73, 100° C. = 59)

ethyl aleohol: 20° C. = 22,

et

Ratio of Volumes
Volume
of whole
chamber

to volume
retained in
Volume retained in extraction

Volume of whole  extraction thimble thimble
chamber to initial  before removal to  before
volume of liquid, initial volume of removal,
Apparatus ml. liquid, ml. ml,
Semimicro-Soxhlet 25:20 = 1,2 8:20 = 0.4 3
Titus and Meloche 125:5 = 25 0.2:5 = 0.04 625
Gorbach *55:2 =28 0.2:2 = 0.1 280
Colegrave (improved) 60:10 = 6 4:10 = 0.4 15
Wasitzky 60:10 = 6 2.5:10 = 0.25 24
Hetteric: 9:1 = 9 0.2:1 =-0.2 45
Slotta 50:20 = 2.5 0.5:20 = 0.03 100

CoMPARISON OF VOLUME MEASUREMENTS IN SEMIMICRO-

the following generalized conclusions may be
drawn.

The greater the ratio of the volume of the
whole chamber to the initial volume of liquid, the
less satisfactory is the extractor for use with high-
boiling solvents with high surface tensions.

The smaller (within practical limits) the ratio
of volume retained in the extraction thimble be-
fore removal to initial volume of liquid, the more
satisfactory the extraction process becomes, with

Contact regard to the quantitative recovery, especially in

Long the case of the extraction of slightly soluble sub-

Vias stances.

Long The value of the ratio of the volume of the whole

Medigm chamber to the volume retained in the extraction
ariable

thimble before removal is dependent upon the

ProcEDURE FOR MicroExTRACTIONS. Each flask, extraction
or weighing, is tared with an object of similar material—i. e., a
Pyrex flask with a Pyrex beaker and objects of soft glass with soft

lass flasks of approximately the same size and shape. The
rex flasks for the macro- and semimicro-Soxhlet extractors are
carefully tested for electrostatic charges (19); otherwise con-
stancy cannot be obtained for the initial weighing. The receiv-
ing vessels for the microapparatus are made of either soft or “Jena
Geriite’ glass. The ingredients for the centigram and milligram
extraction processes are weighed separately to obtain the exact
weight of each component present. The charging tubes with
ground caps (3) are employed for the direct introduction of the
solid constituents and all weighings are made on & microchemical
balance. The weighing flasks, after thorough cleaning and dry-
ing, are placed in the balance case to come to temperature equi-
librium and then weighed under the same conditions as deseribed
below for the extract.

After weighing the sample and flask, the required amount of
solvent is pipetted into the flask and the latter is set in the proper
position, so that movements within the shell are minimized.

The soluble and insoluble materials are placed in the thimble
and gently mixed with a glass rod which is later rinsed with a
little of the solvent. Besides washing off any sample that may
adhere to the rod, the few drops of solvent moisten the sample
and filter paper, thus preventing splashing when the first drop or
two of solvent fall from the condenser tip.

A maximum period of one hour is usually adequate to exhaust
the soluble portion from the mixture in each microextractor.
Only if it is found that insufficient extract (as caleulated from the
(l)):‘igi m:ll sample taken) is obtained should a longer extraction time

> used.

After completion of the extraction the apparatus is dismantled.
Where a very volatile solvent is used, it is advisable to wash off
the tip of the siphon, funnel, or thimble with a few
drops of solvent. The receiving flasks of the ap-

method of removal of solution; for percolation the
differences are not very significant, whereas for the
siphoning method the different values assume importance.

As observed in the extractors of Hetterich and Gorbach,
the volume of the reservoir is so small that when evaporation
takes place and condensate of liquid of higher surface tension
(as water) forms on the inside of the extraction chamber,
very little solvent remains in the reservoir.

Comparison of Macro- and Semimicro-Soxhlet
Apparatus

Table II shows the results obtained when using a semi-
micro-Soxhlet extractor; they are at least equivalent to those
of the conventional macro-Soxhlet extractor. In addition,
however, important advantages are offered by the use of the
smaller apparatus: The period of extraction is shorter, up
to two thirds of the time for moderately soluble substances,
although with a very soluble constituent mixed with an ex-
cess of inert material the time of complete extraction remains
the same for both macro- and semimicroprocedures; less
material is required; less space is occupied; no additional
manipulations are introduced; and the initial cost is very
favorable. Based upon these advantages, the selection of the
semimicro-Soxhlet extractor instead of the macroapparatus
ag the standard for the following investigations is justified.

The accuracy of the macro-Soxhlet extractor, ==1.9 per
cent, was computed from 25 determinations with varying
solvents, mixtures, and ratios of ingredients, and calculated

paratus are removed and evaporation of solvent is
commenced. After apparent dryness is reached,
each flask is put into the drying‘oven for 5 minutes
at a temperature of 5° C. above the boiling point of

TasrLe II. Resurrs OBTAINED WITH MACRO- AND SEMIMICRO-

SoxXHLET EXTRACTORS

2 ks ——Semimi r—
the solvent used. The flasks are then placed in turn -,veigmlﬁfrg:;t;?:tor “'eigshe{n 01;:1 éﬁﬁ)ﬁr“w
for 10 minutes each on a Petri dish and in the balance Components and j Active in- Recoy- Active in- Recov-
case to attain temperature equilibrium, and weighed Solyents Ratio®  Total  gredient £ry, gredient  ery
after 25 minutes from the time of removal from the S Grams  Gram 7o Gram %
oven. All transfers from one place to another are Salicylic acid-kiesel- 1:9 1.0000 0.1000 97.0 0.0200 100.5
made with forceps. KD with ether L anas Bodls02 . B34Y W e
The amount of extract found is compared with the 1.6200 01629  100.0 0.0201 101.5
amount of soluble material taken and the percentage 2.0000  0,2000  96.5 0.0211  99.0
of error of recovery calculated from these figures; Rl L 0ooas 071000 1010 DiOLes. LD
the error is not calculated from the total amount of SBES J"iv ?tc}l]dl:llzloeﬁg%- 1:9 {(l)zgz ghl)fé %8(2; 8 . e
sample taken. 1.1315 0.1132  98.5 X ; &
1.0184 0.1018 102.5 s Z 2.
The details of construction of the micro- _-\ntb{l?cei%e-starch L L a7 o.}ggg 103.0 0.2233 0 8%3 995
s, 4 - = 3 with ether 0519 0. : 7 7 &
extractors usec_l are shown in Figures 3, 4, and 5, e pet e O R Rt
drawn to relative size. o {.0686 0.1069 gg.g g 2570 8 ?257 gg.g
Table I shows the ratios of important ! 1.0004 85000 98.5 0.2004 0.1002 99.0
volume measurements of apparatus and sol- Sodium chloride 19 105 01000 103.0  0.2183 0.0218  99.0
> 3 . 3 7. uminum oxide 4 .1005 100.0 0.2075 2 .
venis }f‘_the extraction process. The value of with water <ve 02068 10,0207  97.5
short” in column 5 corresponds to an average L1 1050 o'ess 16iis  S:2us1 0.0205 102.3
interval of less than 1 minute and “long” to : 1,0100 0.3050 95.0 0,205 0.1013 97 5

about 4 or more minutes. From Table I, and
from experience in many extraction procedures,

@ Parts of active ingredient to parts of inert ingredient.
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Tasre II1.

(Experimental conditions: ratio of active to inert ingredient, 1:1;

CoMPARISON OF MICROEXTRACTORS

extraction time, 1 hour)

Semimicro-Soxhlet Titus and Meloche Gorbach Colegrave (Modified) Wasitzky Hetterich
Components and  Extractable Extractable Extractable | Extractable Extractable Extractable
golvcnt substance Recovery substance Recovery substance Recovery substance Recovery substance Recovery substance Recovery
My. % Mg. % My. % M. % Mg. % Mg. %
Salicylic acid-sand 15.93 102 16.78 94.0 25.26 9415 12,66 103 9.70 106 13.17 99.0
with ether 20.96 100 33.33 98.5 28.97 97.0 19.42 101 11:42 108 9.10 114
24.568 98.5 0.42¢ 64.5 2.140 94.0 0.715 65 3 9.76 98.0
11.94¢ 99.0 88.25¢ 100 - 61.314 99.5 0.91% 98.0
.
Salieylic acid-sand 11.33 100.5 2.97 101
with aleohol 25.03 101 4.43 93.0
Caffeine-barium sul-  26.87 100.5 9.66 102 4.58 104 6.38 99.5 26.53 105 2.64 106
fate with alcohol 15.24 99.0 9.06 102,5 7:42 100 8.99 99.0 21723¢ 101 2.84 96.0
18,54 101 1.062 108 0.61¢ 127d 1,420 1057 1.88b 102.5 1.18% 102.5
vae R 40,94¢ 101 24.37/ 99.5 43.76/ 99.5 51.607 101 10,78/ 99.5
Sodium chloride- 23.83 100 14.02 100 11.63 99.0 9.97 99.5 4.37¢ 92.5
sand with water 21.46 102 10.57 100 9.81 101.5 11.48 103 5.74 74.0
20.16 99.0 1.37b 99.0 2.08b 104¢ 1.53b 101
24 .78/ 101 8.15/ 102 96.51/ 100 . i
a Ratio 1:100. b Ratio 1:50. ¢ Ratio 100:1. ¢ High results probably due to mechanical carrying-over of inert material. ¢ Solution centrifuged and

transferred to fresh receiver. / Ratio 50:1.

¢ Frequent bumping, probably due to shape of receiver.

for the amount extracted. Maximum single deviations from
the theoretical values were +3.3 and —9.0 per cent (one case
each). Average deviations from the mean value were +1.8
and —3.3 per cent. The accuracy of the semimicro-Soxhlet
extractor, =1.85 per cent, was calculated in the same
way from 28 determinations. Maximum single deviations
from the theoretical values were +5.9 and —6.7 per cent
(one case each). Average deviations from the mean value
were +2.1 and —1.7 per cent. Not all the values taken for
this evaluation appear in Table IT,

Microextractors

A further comparison is made between the semi-
microextractor and the various microextractors in
Table III, which is self-explanatory.

Similar experiments have been carried out for the
ratios of active to inert ingredient: 100 to 1, 50 to
1,10 to 1, 1 to 10, 1 to 50, and 1 to 100. On the
basis of these observations, the following general-
ized conclusions can be drawn for each individual
microextractor:

Trrus AND MELOCHE APPARATUS. Satisfactory for
use when the solid components are equally proportioned,
when the soluble material is in excess, and with high-
boiling solvents.

GorBAcH ApparaTUs. Satisfactory for use when
the solid components are equally proportioned, when
the soluble material is in excess, and when the inert
material is not too finely divided. This extractor is
equipped with an “icicle’” distribution crown which

rmits faster extraction. For liquids having a sur-
ace tension near that of water, this apparatus is not
recommended.

CoLEGRAVE ApparaTUs (ORIGINAL AND IMPROVED
Form). Satisfactory for use when the solid components
are equally proportioned, when the soluble portion is
in excess, and when water is the solvent. This ex-
tractor is one of the least expensive to purchase.

WasiTzey ApPARATUS. Satisfactory when the soluble
material is in excess of the inert. In general, this ex-
tractor is similar to the improved Colegrave apparatus
with ground-joint condenser and is superior to the
simple one.

ETTERICH APPARATUS. Satisfactory for use when
the soluble material is in excess and when the solvent is
low boiling, but unsatisfactory in the present form for
use with water as solvent.

From the values in Table III, one can deduce that
the accuracy and precision of the determinations of
the extractin the microextractorsfall within the range
calculated for the macro- and semimicro-Soxhlet ex-
tractors—i. e., =2.0 per cent. Greater errors will
occur as one approaches the unfavorable extremes

for the microextractors studied; this investigation has sug-
gested the limits of practicability and greater variations
should be avoided. An accuracy of 0.75 per cent has been
claimed for some microextractors (9), but will be obtained
only in very special cases. The present investigation has
clearly shown that, in general, =2.0 per cent is a reasonable
accuracy to expect.

The advantages of the microextractors, even over the
semimicroapparatus, may be summarized as: a shorter total
extraction time, the possibility of using smaller amounts of
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Figure 5. MICROEXTRACTORS

Left. Titus and Meloche type
Right. Gorbach type



132 INDUSTRIAL AND ENGINEERING CHEMISTRY

material (limited only by the weighing accuracy of the avail-
able microchemical balance), and the comparative sturdiness
of the apparatus. The less commonly used principle of per-
colation gives better service with respect to general applica-
bility than siphoning (Soxhlet). The apparatus developed
by Titus and Meloche is easier to manipulate than the one
introduced by Gorbach. One feature, however, which'is
seldom applied in any of the known macro- or microextractors
is incorporated in the Gorbach apparatus—namely, the use
of a platinum filter dish as a container for the material to be
extracted. Filter devices of metal permit the highest pre-
cision in weighing and maximum percentage of recovery of
the residual matter without any contamination from the
filtering material.

The weighing of milligram amounts of residue on compara-
tively large filter paper surfaces (extraction thimbles) will
not give reliable results, and the microanalyst has to face
the fact that all extractors of the siphoning type using paper
thimbles are limited to the determination of the extractable
maftter,

The difficulties in weighing the residual material in the
apparatus examined prevented the development of a general
formula for the efficiency of an extraction process and of
numerical terms for the evaluation of the various factors in-
fluencing the extraction.

To accomplish this, a satisfactory microextractor should use the
principle of percolation of the solvent through the sample which
is held in a platinum container provided with a filter layer of
platinum-iridium sponge. The sample should be agitated by
means of hot solvent vapors in order to increase the temperature,
and condensation of the solvent effected by means of a short-stem
water condenser having a device for distributing the refluxed sol-
vent. For convenience the sample container should be attached
to the condenser, with the latter connected to the outer shell by
means of an outside ground joint. The receiver for the extract
should be of low weig%t, preferablly of platinum, and of larger top
surface to allow fast evaporation from the top without loss due to
creeping. Protection from the influence of atmospheric mois-
ture must also be considered. The ratio of solvent volume to
solvent in the thimble should be about 50 to 1, with the ratio of
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chamber volume to initial volume of solvent as small as practical.
A circular hinged heater supglying uniform heat to all sides is
recommended for the proposed extractor.
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Pressure Regulator for Microdetermination of Carbon

HE modified flowmeter E
described here has ===7s
proved satisfactory as a
pressure regulator for micro- )
combustions. The chief ad-
vantages are that it avoids i
the use of a hydrostatic pres- |

sure head and permits a
permanent adjustment of
the pressure to be made, if
desired. It is particularly
suitable for undergraduate
students taking their first
course in analytical chemis-
try, and it has been used in
this laboratory with success
over a period of years.

The regulator is shown in
the accompanying figure. The
oxygen gas enters at A and,
depending uﬁon the height of
mercury in the overflow tube,
B, will exert a certain pressure
on the capillary, D. This
pressure is registered on the
mercury manometer, C, which

and Hydrogen

JOHN E. VANCE
Yale University, New Haven, Conn.

has a paper millimeter scale behind it. The rate of flow through
to the furnace depends upon the size of the capillary as well as
upon the head of mercury. A convenient size for the capillary is
0.2 to 0.3 mm.; this will give a flow of 4 to 6 cc. per minute with
an appropriate pressure.

The cagillary may be drawn out, and the piece of glass tubing
into which it is sealed held in the manometer by means of rubber
tubing. The rate of flow is then measured; the capillary is re-
moved for alteration and the flow remeasured until the proper size
has been found, after which the glass is sealed in place. Once
fixed, there should be no need for change, and since the gas flows
upward through the capillary, it cannot become clogged by for-
eign matter.

If desired, the device may be calibrated by measuring the flow
under a few different pressure heads. The pressure may be
varied by use of the buE), E. The results of such a calibration
are reproducible and, when plotted, may be interpolated to give
an exact gage of the flow for any pressure. This is a convenience
if the sweeping out process at the end of a combustion is to be
hastened. If a single flow is sufficient, there is no need for E
and the overflow tube may be sealed off at the bottom and filled
with the proper amount of mercury.

In operation, the oxygen is permitted to overflow in B at a rate
of about one bubble a second. At this rate of overflow there is no
appreciable variation in the pressure.

st

i
i
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Semimicro- and Micro-Kjeldahl
Steam-Distillation Unit

J. H. BRANT AND D. C. SIEVERS, Tennessee Eastman Corporation, Kingsport, Tenn.

HE steam-distillation of liberated ammonia in the Kjel-
dahl nitrogen determination has been the subject of con-
siderable study.

The well-known apparatus of Parnas and Wagner, utilized
by Pregl (6), is familiar to those concerned with microanaly-
ses. Its chief difficulties lie in its bulkiness and the necessity
for an elaborately constructed vacuum-insulated distilling
chamber.

This latter fault has been eliminated in various ways. Kem-
merer and Hallett (4) used an improved steam-generating unit,
which was only a slight improvement over the original apparatus.
Fife (2) placed a steam chamber between the steam generator and
the distilling chamber. Allen (1) clamped his digestion flask to a
steam generator. Redemann (7) modified Allen’s design and
adapted it to the semimicrodetermination. The one-piece, .all-
%lass apparatus of Kirk (5) was a vast improvement in g::%n

n place of a vacuum-insulated distilling chamber, he 2
steam-jacketed chamber, the steam from which entered the dis-
tilling chamber and effected the distillation.

The apparatus described here is a modified form of the
Kirk apparatus, simpler in construction and made more flexi-
ble by the use of standard taper joints.

The construction of the apparatus is apparent from Figure
1. The volume of the distilling chamber is large enough to
permit vigorous distillation with-
out frothing and mechanical

TABLE I. DETERMINATION OF NITROGEN
(Nitrogen present, 4.087 mg.)

Time of
Distilla- Nitrogen

tion Found Error Deviation from Mean
Min. Myg. Mg. % Mg. %
10 4,085 —0.002 —0.05 =0.000 =0.00
4,082 —0.005 —0.12 —0.003 —0.07
4,088 +0.001 +0.02 +0.003 +0.07
4,082 —0.005 —0.12 —0.003 —0.07
4,090 +0.003 +0.07 +0.005 +0.12
4.080 —0.007 —0.17 —0.005 -0.12
4 4.080 —0.007 —0.17 —0.005 —0.12
4.082 —0.005 —0.12 —0.003 —0.07
4.088 +0.001 +0.02 +0.003 +0.07
4.090 +0.003 +0.07 +0.005 +0.12
Av. 4,085
complete rinsing of the condenser tube. The end of the condenser

tube is then rinsed off with two 3-cc. portions of water and the
flask is removed. The excess of acid is determined by titrating
with standard alkali, using methyl red as the indicator. The
flame is removed before the titration is made. As the generating
flask, F, cools, the residue in A is withdrawn through I. Suc-
cessive rinsings with distilled water, introduced at B, will be re-
moved through I as F continues to cool.

Before using, the apparatus is steamed out thoroughly by dis-
tilling 100 cc. of water through it. Aslong as the flame is kept at
F no sucking back is caused by contact of steam on tube A and
walls of @.

The complete outfit may
be mounted on one ring

movement; of solution into bulb 15 CM. - stand and thus is completely
e B f( p?rgable. %‘%e totﬁl h)eight
. FUNNEL —~ of 95 cm. inches), in-
Operation | 77 cluding the burner, is no
The procedure follows the 77| great inconvenience and is
method given by Harte (3). A 7/ 1 10 MM. compensated for by the
sample, sufficient to yield 2 to 5 mg. 7 : simplicity of design and
of nitrogen, is digested in 2 100-cc. 7 | stability.
Kjeldahl flask with sulfuric acid > K i 143 The water used was dis-
and any of the well-known cata- 2 < 35 tilled off alkaline perman-
lysts. When digestion is complete, Js HOPKINS ganate until it showed no
the sample is cooled, diluted with Y BULB ! ammonia by Nessler's re-
20 cc. of ammonia-free distilled 7.5 CM. DIA D agent. The standard acid
water, and transferred to the dis- ! was prepared from constant-
tilling chamber, 4, by means of J E boiling  hydrochloric acid.

the funnel, B. Both the Kjeldahl

} The standard alkali was pre-

and the funnel are rinsed suc- pared from 50 per cent so-
cessively with three 5-cc. portions of water. 2.5 CM. dium hydroxide and standardized against
Stopcock C is closed and the condenser (AT T Bureau of Standards acid potassium
tube, % is immersed in a known quantity { phthalate.
of atanciard acid in a ﬂ.ﬂ.Sk, E (not ShOWn)- I_l TMM. Performance
Sodium hydroxide (50 per cent) is added [ t—32 MM
to the sample in A through B and the g : To test the performance, a standard
funnel is again rinsed down with three 5-cc. 5 solution of ammonium sulfate was used.
g:sr;ir(;nio (:If; ‘l";iteel;-em'gsﬁ .’:f’: ‘Zi.?f‘f,’ﬁwmfg 2 Table I shows the results obtained by use
caustic froxg the funnel and bulb, 4, to 5IMM. © of this apparatus. Shorter periods of
the distilling chamber, A. e ) time than those recommended give re-
Although the apparatus has been found 2 sults which are in good agreement with
entirely satisfactory as described, a ti -G the theoretical figures
attached to funnel B, extending into bul A X
4, = discussgli by ﬁde?&m (7), repre- T H Literature Cited
sents a possible modification.
tth? (}iStining tube, 4, ‘iis Sow 8b0’altﬁ(;§§‘ LU (1) Ali(ixa.zgm. Exa. Carum., Anal. Ed., 3, 239
ird full. A 200-cc. round-bottome: y EE8 e : ).
F (not shown), containing 100 cc. of am- 2.5 CM. T (2) Fife, Ibid., 8, 316 (1936).
monia-free distilled water, is connected to 7 EA = (3) Harte, Ibid., 7, 432 (1935).
G. A flame is applied to F and the steam @ Kt;’;m;g;sr ??gzl_})auett' Inp. Exg. Crx.,
generated heats the jacket, H, preventing e et
condensation in 4, zind enters Iéhe distill- 2} $ (5) Kirk, P.L., Ibid., Anal. Ed., 8, 223 (1936).
ing chamber through tube I. Thisrequires 40 (6) Pregl, “Quantitative Micro Methods”,
iubOUt 4 minutes’ heating time.d fAﬁ'les }’;;z;;adelphm, P, Blakiston's Son & Co.,
owing the distillation to proceed for :
minutesg, E islowered and thg distillation is F (7) Redemann, IND. Exc. Caex., Anal. Ed.,
continued for another 2 minutes to ensure FiGure 1. APPARATUS 11, 635 (1939).
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McGilvrey Hall at Kent State University

C. F. RUMOLD
Kent State University, Kent, Ohio

F THE five state universities in Ohio, Kent State Uni-
versity is the unit for the northeastern section of the
state. MecGilvrey Hall is its new science building, con-
structed as a joint state and federal project begun late in 1939
and completed by November, 1940, at a cost of $1,153,386.
The building has four floors and is in the shape of an L.
It is placed on the northerly slope of the glacial terminal
moraine in such position that ground entrance is made to
each of the first three floors. It is supported throughout
by a heavy continuous steel skeleton entirely concealed within
the masonry. The walls are of building brick and tile, faced
on the outside with brownish-white glazed brick. The trim-
ming is of native sandstone. The corridor walls have their
lower two fifths faced with brownish glazed tile brick. The
walls and ceilings are of acoustic plaster, and the floors are
of heavy concrete base surfaced with composition slab tiles.
McGilyrey Hall has two wings, A and B. The ceiling-floor
distance throughout each is 12 feet. Except in the end
rooms, the room depth is 24 feet, and the corridors are 10

feet wide. The room partitions are of removable tile or light
wood and plaster to admit of ready changes.

Wing A is 236 feet long and has end parts 74 feet wide and
mid-bays 65 feet wide. It is used by the Chemistry and
Physics Department. The easterly end is connected by a
tunnel to Kent Hall to give access to all the main buildings of
the university. Over the tunnel is a promenade giving open-
air communication to the same buildings.

Wing B, 180 feet long and 65 feet wide, is used by the De-
partments of Biology and Geography. A connecting passage
bridges over the ground floor at the north end and provides
communication at each level between the second, third, and
fourth floors. The ground space under the bridge affords ac-
cess for vehicles from Lincoln Avenue to the loading plat-
forms in the angle made by the back walls of the two wings.

All the plumbing, piping, and conduits are exposed and are
carried in stirrups suspended 2 feet under the ceilings within
the rooms. The heating and ventilating system is of the
univent-in-outer-wall type, operated in conjunction with a
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system of exhaust and blower fans located in a penthouse on
the roof. Heat is supplied by steam from the university’s
central power plant. The lighting is on a liberal scale and is
provided by an indirect system of lamps in white globes,
using alternating current at 115 volts.

Erecrric Power. Both alternating and direct current is
distributed to all parts of the building. The alternating current
is provided by a set of transformers taking energy from the
outside commercial high-tension line and delivering it at 220
and 115 volts to a main panel which distributes current to
unit distributing panels. 'll?'he main distribution panel is of
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the enclosed safety type which permits access to any separate
circuit only after it has been disconnected from its current
sourcet. Bach circuit in the system is protected by an automatic
cutout.

High-tension alternating current may be drawn at the main

. distributing panel and is fed to the electrochemistry laboratory
and to the advanced physics laboratory.

The direct current is furnished by two storage batteries of the
lead accumulator type charged by a motor generator set. One
battery delivers a maximum voltage of 220 volts and the other a
maximum voltage of 110 volts. Each battery delivers current
to the same common distribution panel, from which any de-
sired voltages can be delivered to unit panels in the different
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rooms, permitting wide ranges of voltages and currents to the
terminals on desks and work tables.

DisticLep WaTer. Distilled water is furnished by two com-
pletely automatic Barnstead stills, operated with either steam or
gas, which have capacities of 5 gallons per hour for wing A and
2 gallons per hour for wing B. These stills are located in pent-
houses. he distilled water is distributed by gravity through
aluminum pipes to one point in each laboratory.

HyprogeN SurripB. Hydrogen sulfide is delivered from a
gasometer in the penthouse on the roof of wing A to each hood
compartment in the two freshman chemistry laboratories and
in the qualitative chemistry laboratory through rubber-fabric
pi%s. he gasometer is charged from commercial cylinders.

LEVATOR. The elevator, located in wing A, is an Otis auto-
matic electric type. Access to the carriage 18 had from the
corridor and from the storage room on each floor.

GENERAL FACILITIES. ilternating and direct current, gas,
air pressure at 15 pounds, vacuum, and hot and cold water are
provided at each lecture table, student’s work table, and hood,
and at one or more places along the walls of each laboratory and
lecture room. These facilities are liberal in each of the re-
search rooms.

The compressed air pump and the vacuum g}lmp are operated
by electricity and are completely automatic. The vacuum pump
is protected by a filter against solids and corrosive liquids and
gases,

Wing A has in its central part a Focault pendulum shaft which
permits of a suspension of 80 feet in the clear.

The striking features of the building are the liberality of
the lighting, the large ventilating capacity, the large number
of electrical outlets and of gas cocks, and the easy accessibility
to hot and cold water, and each laboratory and recitation
room has at least one commodious research room and an
ample storage room attached to it and leading directly off
from it.

Physics Laboratories

The freshman, second year, and advanced physics labora-
tories are located on the ground floor of wing A. Each student
work table is equipped with 8 alternating current 115-volt out-
lets, 8 direct current outlets, 16 gas cocks, 8 vacuum cocks,
8 pressure cocks, and a central sink with 4 cold and 2 hot
water faucets. Each laboratory has wall work tables equipped
with the same number of each kind of service as the main
tables.

The freshman physics laboratory and the advanced phys-
ics laboratory each has a darkroom attached and all three
have large apparatus rooms attached. A fully equipped
photography room is attached to the darkroom of the fresh-
man physics laboratory.

The magnetism laboratory is on the second floor of wing
A. It has four work desks of solid masonry without metal,
4 by 6 feet, with Alberene tops 4 inches thick. Electric cur-
rent is available from an independent outlet rising from the
floor alongside each table. These nonmagnetic tables are
built up from the firm ground under the floor. Each student
table in this laboratory is equipped with 2 alternating current
220-volt, 2 alternating current 115-volt, 2 direct current out-
lets, and 2 gas cocks.

General Science Laboratory

The general science laboratory is located on the second
floor of wing A. The student work tables are equipped on
each side with 6 alternating current 115-volt and 6 direct
current outlets, 6 gas cocks, and a central sink with hot and
cold water. A research laboratory and an apparatus storage
room are attached.

Chemistry Laboratories

Each laboratory has liberal hood facilities along the inner
walls and on the work tables. All hoods are provided with
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liberal connections for alternating and direct current, gas,
hydrogen sulfide, distilled water, and hot and cold water,
and with sinks between the hood compartments. One or two
showers in each laboratory are conveniently located for use
in case of accidental catching fire of clothing. The lighting in
the laboratories is on an unusually liberal scale and is bril-
liant, one 200-watt 115-volt Mazda lamp per 83 square feet of
floor surface, approximately throughout. All drawers and
lockers have a master-keyed system of locks for use by the
department when the places are not assigned to students;
also hasps for student use with locks of their own purchase.

Each student table in the two freshman laboratories and in
the qualitative chemistry laboratory has on each side 40
drawers for equipment, giving 960 work places for students in
freshman chemistry and 480 in qualitative chemistry. These
tables are further equipped on each side with 5 alternating
current 115-volt and 5 direct current outlets, 5 pressure out-
lets, 5 cold water taps, 10 gas cocks, and 3 down-draft fume
hoods.

A balance room accommodating 52 balances on 13 tables
is located between the two freshman chemistry laboratories.
The lighting here is brilliant, there being eight 200-watt
Mazda lamps over the 840 square feet of floor surface.

In the organic, quantitative, physical chemistry, biochemis-
try, and pharmacy laboratories each student work table has
on each side 9 drawers with a locker under each for student
equipment, giving 126 places for students in organic chemis-
try, 162 places in quantitative analysis, 72 places in bio-
chemistry, 36 places in pharmacy, and 72 places in physical
chemistry.

Each work table in the organic, quantitative, physical,
biochemistry, and pharmacy laboratories is supplied on each
side with 3 alternating current 115-volt, 3 direct current out-
lets, 3 vacuum taps, 3 pressure taps, 8 cold water taps, 3
steam taps, 6 gas cocks, and 3 down-draft fume hoods.

An ample research room and a storage room are connected
with each of these laboratories. The physical chemistry
room has in addition a darkroom and a large direct current
distributing panel.

The balance room between the two quantitative labora-
tories accommodates 24 balances on 6 tables. The lighting in
this room is supplied by four 200-watt Mazda lamps.

Wing B

Wing B has laboratories and recitation rooms for physi-
ology, comparative anatomy, ecology, general zoology,
general botany, bacteriology, pathology, plant physiology,
geology, and geography. Each laboratory has liberal space
for side-wall cupboards, storage rooms, and research rooms.
The comparative anatomy, ecology, general zoology, gen-
eral botany, and general biology laboratories are equipped
with student work tables designed to have work space on one
side only, to permit all students to face the same direction for
instructional purposes. Each work table is equipped with 24
drawers for student equipment and 6 alternating current 115-
volt outlets. Hot and cold water are available at end sinks.
Additional sinks and work-table spaces are provided along
the walls.

In the physiology laboratory each student table is pro-
vided on each side with 12 lockers and 12 drawers, alternating
current 115-volt and 3 direct current outlets, 12 gas cocks, and
12 pressure taps. Hot and cold water are available at the
end sinks. This laboratory also has a large fume hood and
a large direct current distribution panel.

Bach student work table in the bacteriology laboratory
has 24 drawers on each side, 8 gas cocks, 4 cold water taps,
and 4 electrical outlets.  Hot and cold water are available at.
the end sinks.
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A NEW SEMI-MICRO CENTRIFUGE

COMPLETE ENCLOSURE OF HEAD PROTECTS OPERATORS

A chromium plated aluminum casing !/, inch thick, completely encloses conical
head and motor. There are no externally moving parts . . . there is no possibility
for injury from accidental contact with an exposed, revolving head.

Speeds: 3400 r.p.m. on 110 volt A.C. circuits and 4000 r.p.m. on 110 volt
D.C. circuits . . . complete precipitation in 30 to 120 seconds . . . practical to filter
by simple decantation for routine separations.

The conical head, made of solid aluminum, accommodates 4 shields that carry
4 X /»inch test tubes or 5 ml conical centrifuge tubes. With adapters it can carry
shields for 0.5, 1, 2 and 3 ml standard centrifuge tubes and 10 X 75 mm test tubes.

Quiet, stable and free of vibration. Three solid rubber feet prevent creeping.
Height, 71/» inches; diameter, 9!/, inches; weight, 9/, pounds. An *“on” and
“off” switch is located in the base of the centrifuge.

SARGENT SEMI-MICRO SAFETY CENTRIFUGE
CATALOG NO. S-46797

Complete with four place conical head, 4 shields with rubber cushions to
take 4 X 1/, inch test tubes or 5 ml conical centrifuge tubes, cord and
plug, but without glassware. For operation from 110 volt A.C. or D.C.

CITGHILS Fie i B AGR so pe e  s $34.00
S-46804 Shield. For use with No. 46797 centrifuge. Takes 4 X !/, inch
test tubes or 5 ml conical centrifuge tubes. Each................ . . .65

S-46808 Adapter. Used with No. 46797 semi-micro centrifuge to take
No. 46802 shield which accommodates 0.5, 1, and 2 ml centrifuge tubes
and No. 46803 shields for 3 ml centrifuge tubes and 10 X 75 mm test

tiibest Rache oo e i atnn sl v ol e .25
S-46802 Shield. For 0.5, 1 and 2 ml centrifuge tubes. Each........... .55
S-46803 Shield. For 3 ml centrifuge tubes and 10 X 75 mm test tubes. . . . .60

SAHRGENT

LABORRATORY SUPPLIES
E.H.Sargent ¥ Co.* 155-165 East Superior 5t., Chicago
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INTERNATIONAL
PRT

Bottle Shaking Machines

are well known for the following reasons:

Constructed for large capacities ® Adaptable to containers of vari-
ous sizes and shapes @ Variable speed from 100 to 600 R.P.M. @
Effective dual motion ® Large motor with friction drive @ Massive
base for greater stability.

A motion is produced similar to shaking by hand, but much more rapid

and effective. It is not only reciprocating up and down, but also elliptical

and produces within the container a circulation as well as concussion of the
fluid. More compact construction is obtained by employing a satisfactory
friction drive in place of the conventional belt drive.

@ International Bottle Shaking Machines can also be furnished with an
explosion proof motor for hazardous locations or when volatile materials
are being used.

® ’fr]l’lc Size 2 Shaker can be furnished with a variety of heads including the

ollowing:

4-place to accommodate bottles of 500-1000 ml. capacity as well as
pint and quart size ordinary fruit jars.

6-place (as illustrated)—bottles and jars as above.

24-place for ordinary sputum bottles or one ounce bottles.

10-place for bottles of 500-1000 ml. capacity and pint and quart size
ordinary fruit jars.

12-place for Erlenmeyer flasks of 300-500 ml. capacity.

4-place for 50 ml. round bottom tubes or small flasks up to 150 ml. in
capacity.

Bulletin S Describes Sizes 1 and 2 Shakers
Size 2 S r owit - g
SRR B P L e INTERNATIONAL EQUIPMENT CO.
?"‘! pint and quart size ordinary 352 Western Avenue Boston, Mass., U. S. A
oS - . AL
e Makers of Fine Centrifuges

COMBUSTION FURNACE

for Fast accurate determinations

HE Sobers Vertical Combustion Furnace is designed for speed and

accuracy in the determinations of carbon by the direct combustion
method. It is readily adaptable for other uses such as heat treatment of
small delicate parts in protective atmospheres or for determination of
sulphur with properly selected absorption train. (Operation may be
continuous at 2300°F), or may be operated continuously at 2300°F.
Uses inexpensive hand made crucibles.

Write for Bulletin HD-1040 for complete details

Sobes Verol Caapapiiern on this new economical furnace.
Helght 3435 Diameter 16"

THE CHEMICAL RUBBER COMPANY

WEST 112th ST. AND LOCUST AVENUE - - - CLEVELAND, OHIO
LABORATORY APPARATUS ¢ CHEMICALS « RUBBER GOODS HANDBOOK OF CHEMISTRY AND PHYSICS
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Amperometric Determination of Cobalt

REAGENT — a-Nitroso-3-naphthol
METHOD — Amperometric titration
REFERENCE— Kolthoff and Langer, J. Amer. Chem. Soc., 62, 3172 (1940)

COBAL’F may be determined rapidly and accurately by amperometric
titration with a-nitroso-g-naphthol, using the dropping mercury
electrode as indicator electrode. An accuracy of 0.59, or better is pos-
sible when the quantity of cobalt is of the order of 1 to 20 mg. The titra-
tion is best carried out in an acetate buftfer. Eastman P }28 «-Nitroso-
B-naphthol is of a purity that is suitable for this procedure.
Write for an abstract of the article in which the amperometric

determination of cobalt is described. . . . Eastman Kodak
Company, Chemical Sales Division, Rochester, N. Y.

—There are more than 3300

EASTMAN ORGANIC CHEMICALS

—KODAK

' The FLUOROPHOTOMET

Pat. Applied For

® For the rapid and accurate determination of vitamins
and other substances having distinct advantages over
biological methods of assay. Accuracy to .001 micro-
gram. May be used for micwo-analysis, potentiometric,
titration, oxidation and reduction
potentials.

. ch}l.uoroph.él‘c;‘meur hos been found invaluable in ® The volue of the instrument is greolly enhonced by
the availability of numerous acccessories including lest

the pharmaceutical, dairy, “'w_l' bakisgsYeoth loor. tubes, micro-cuvettes, as well as special filter combina-
rubber, petroleum, and mineral industries and in meta- tions for the determination of specific substonces. Manu-
bolic studies in plants and animols where ropid and factured in U.S.A. by the pioneers in flucrometric mea-
suring instruments,

Write for Booklet |

accurate analyses are essential.

Pfalts & Bauer, Incl. EMPIRE STATE BUILDING, NEW YORK
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Braun Model PC 6-unit Electrolytic Outfit

Use Electrolytic Apparatus
that Meets Today’s Needs

The outstanding features that make Braun Elec-
trolytic Outfits the choice of exacting technical
workers the world over are precisely those which
they would demand if they were to dictate the
specifications themselves, because these outfits
were designed with the requirements of the
busy thoughtful operator foremost in mind.

Consider these important features:

@ Results are uniform and accurate.

® Determinations are made rapidly, saving time in
routine analyses.

® Braun Electrolytic Outfits are easy to operate.
Electrode units rotate independently.

® Electrical systems are designed for maximum con-
venience and efficiency. ¥

® Sturdily and simply constructed. Many units 20
years old and more are still in satisfactory opera-
tion.

® Two models fill every need. Model CB is designed
for heavy routine determinations. Model PC per-
mits independent determinations of various metals
simultaneously. Both models are available in 2,
4 and 6 unit outfits.

For complete information write for Bulletins
B-131 and C-112. Address Dept. 1-2.

BRAUN

CORPORATION

2260 East Fifteenth Street

San Francisco, Calif,
BRAUN-KNECHT-HEIMANN-CO,

Los Angeles, California
Seattle, Washington
SCIENTIFIC SUPPLIES CO.

For All Light Duty Laboratory Heating Jobs [
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DAIGGER

The New Lightweight Champ!
Compact and Rugged

THERMOSTATIC HOT PLATE

by PRECISION

COMPACT—measuring 415" diameter by 2” high.

LIGHTWEIGHT—weighs only 114 lbs.

THERMOSTATIC CONTROL by means of a built-
in bi-metallic thermostat with a handy external
control handle. Specific temperatures may be
reproduced and maintained.

TEI\_/I_(P;IIE‘RATURE RANGE approximately 100 to
550F.

ECONOMICAL—because the current is on only when
the temperature of the Hot Plate drops below
desired setting.

DURABLE HEATING ELEMENT fully enclosed and
fastened to the under side of the cast iron plate.
Sturdy metal case has baked-on crystalline finish,
resisting acids and alkalies.

ANNULAR OPENING permits heating objects larger
than plate.

3075-H Complete with 6 ft. Cord and Plug.
For 110 Volts A.C. only.......... $5.50

3075-] Same as above, but with Support

Rod Clamp. For 110 Volts A.C.

only: i e S e 6.25
3075-K Same as above, but mounted on

heavy cast iron Support Base.
Support Rod. For 110 Volts A.C.

Replacement heating element for all types. 2.75

All types easily incorporated into
apparatus train or setup.

A. DAIGGER & CO.

Laboratory Supplies and Chemicals

159 ‘WEST KINZIE STREET e« CHICAGO
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National
Standards for half
pint to gallon measures
as furnished to the states
by action of Congress in
1836. For over a century these
measures of the National
Bureau of Standards have
remained unchanged,
a guide for ‘the

nation.

FIXED STANDARDS...

Fully dependable as the National Standards for capacity measures
and Mallinckrodt A.R. Chemicals. Analytical accuracy is facili-
tated and made more certain because of their precision. Every
Mallinckrodt Analytical Reagent is made to pre-determined
standards of purity with the most sensitive devices known to

chemical science.

Send for new catalogue of Mallinckrodt Analytical Reagents
and other chemicals for laboratory use. It contains detailed
descriptions of chemicals for every type of analytical work . . .

gravimetric, gasometric, colorimetric or titrimetric.

ALWAYS SPECIFY REAGENTS IN MANUFACTURER'S ORIGINAL PACKAGES

FINE CHEMICALS

et MALLINCKRODT
CHEMICAL WORKS

ST. Louls . CHICAGO . NEW YORK . PHILADELPHIA
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LAMOTTE CHEMICAL
CONTROL SERVICE

LaMotte Block Comparator

This compact LaMotte Outfit greatly facilitates sim-
ple, accurate Hydrogen Ion Measurements.

Portable—Convenient—Inexpensive

Complete with any one set of La Motte Permanent
Color Standards, together with a supply of the corre-
sponding indicator solution and marked test tubes.
[ven with highly colored or turbid solutions determina-
tions can be made with accuracy. Full instructions
accompnné each unit.

omplete, f. o. b. Baltimore, $12.50

LaMotte Range Finding Indicator Solutions

For use in determining approximate pH values of un-
known solutions as a guide to the selection of the proper
single range indicator for accurate pH determination.
In 50, 100 and 500 cc containers. Complete information
on request.

LAMOTTE

CHEMICAL PRODUCTS CO.

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

N s

Now! A

Vi
Ly

HOMOGENIZER!

...Saves Time
and Materials

For liguid batches of 1 to 10 oz.
Merely pour mixture into bowl
and press hand-lever. Homogenizes instantly
—each stroke of hand-lever ejects a jet of com-
pletely emulsified liquid. Provides permanent
suspension for emulsions—no failures, if in-
gredient ratio is sound. In photos at left, note
fine degree of dispersion secured (above) com-
pared to coarseness of same mixture emulsified
with mortar and pestle (below).

Abore—with Hand Homogenizer
Below—uwith mortar and pestle Hundreds of laboratories use the Hand Homo-
genizer because it saves time, avoids material
waste. Portable, easy to operate and clean,
strongly built of molded aluminum, with stain-
less steel piston. 10!/: in. high, 12 oz. bowl.
Only $4.95 complete—order direct or from your
laboratory supply house (satisfaction guaran-
teed)—or write for further details.

International Emulsifiers, Inc,
Dept. C7, 2409 Surrey Court, Chicago, Il

Grbornatioral,

HAND HOMOGENIZER

.. COORS PORCELAIN COMPANY
COLDEN, COLORADO
CHEMICAL AND SCIENTIFIC PORCELAIN WARE

WANTED!/

Revised to Jan. 1, 1941

Back Journals of the
American Chemical Society

JOURNAL OF THE AMERICAN
CHEMICAL SOCIETY

Vol. 61, No. 3 @ .50 each

CHEMICAL ABSTRACTS
33, No. 5 @ .50 each

INDUSTRIAL AND ENGINEERING
CHEMISTRY

Industrial Edition

Vol. 1, No. 1 @ .75 each
1, Nos. 2, 7 @ .50 each

Address all packages to the American Chemical Society,
20th and Northampton Streets, Easton, Pa., and pay trans-
portation charges. Express collect packages will be refused.
Be certain that your name and address appear thereon.
Also send memorandum to Charles L. Parsons, Business
Manager, Mills Building, Washington, D. C. Journals
must be received in good condition. This offer supersedes
all previous ones and is subject to withdrawal without notice.
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HUPPERT
LABORATORY
FURNACES

®
Accurate—Sturdy
Outstanding Values

L ]
Model illustrated

$377.50

COMPLETE

Three heat ranges. High, 900°-1500° F. Medium,
400°-900° F. Low, 0°-400° F.

securing exact duplication of results.

Interior dimensions, 414" x 334" x 415"
dimensions, 8” x 11" x 11",
A.C., orD. C. (Special voltages, dimensions or tem-
perature ranges to order.)

Huppert Furnaces are ruggedly built for heavy duty
service, with stainless steel housing and with no ex-
posed contacts.

WRITE FOR FREE CATALOG

KHHUPPERT

‘Chicago, IlL

1603 S. Michigan Ave.,

—SUPER PRESSURE—
& Catalytic Hydrogenation
EQUIPMENT

OUR needs for apparatus employing high

pressures and temperatures for the investiga-
tion of catalytic chemical reactions and other
phenomena can be met successfully by Aminco
technicians. A special shop department is main-
tained for producing designs in high-strength
materials for all phases of superpressure tech-
nique, on a laboratory or semi-works scale.

R
Ever since the inception of
superpressure technique,
Aminco has maintained the
leading position in this field.
It built the first high-pressure 4
lﬂboralory agparatus m the ™
., and has since kept -'
nbreast of the latest develop-
ments in this modern tech-
nique.

The bomb shaker illustrated
was designed Aminco for
the synthetic hydrogenation o,
organic substances.

Write for Catalog 406P

AMERICAN INSTRUMENT CO.

ANALYTICAL EDITION 17

Large, accurate |
Pyrometer aids in definite temperature control and in

Overall |
Operates on 110 volts, |

8010 GEORGIA AVENUE + SILVER SPRING, MARYLAND

Hydrofluoric

F()R etching and frosting electric light bulbs
and other glass products, for cleaning stainless steels,
for bleaching straw, and for many other industrial pur-

poses, hydrofluoric acid possesses many advantages.

Particularly valuable to the industrial user is the
high grade hydrofluoric acid made by Pennsylvania
Salt Manufacturing Company, who purchased the
facilities of Sterling Products Company, Easton, Pa.,
a year or so ago.

Meeting the
hydrofiuoric acid is available in five strengths for
, 48%, 52%, 60% and 80%.
there is supplied 71-75% acid.
Shipment of hydrofluoric acid is in rubber drums for

most exacting requirements, this
domestic users—30%
Also, for export,
strengths under 60%. Stronger grades of the acid
are packed in steel containers.

For complete information applicable to your prob-
lems, write to Pennsylvania Salt Manufacturing Co.,
Widener Bldg., Philadelphia, Pa.—New York . Chi-
cago - St. Louis - Pittsburgh - Tacoma - Wyandotte.

PENNSYLVANIA SALT

M AN F TURING C PANY
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Simple, rapid and reliable means for quantitative measure-
ments of the various B complexes as well as Vitamins A and C—by
transmittance, fluorescence, or both—are provided by the Coleman
Universal Spectrophotometer. The broad applicability of this new
instrument in speeding or simplifying analytical procedures, coupled
with a price that brings it within reach of any serious chemist, makes
the Coleman Model 11 a development you can’t afford to overlook.

U V llluminator
for Fluorescent Materials

This accessory fits into place on the

NN\

The Universal permits dial-selection of a monochromatic lightband

NN

approximately 35 mmu. wide, anywhere within the 300-800 mmu. é Spectrophotometer panel, automati-
range. The self-contained galvanometer may either be read directly é cally lines up to accurately project a
3 S SRUE 3 % beam of filtered ultra-violet light di-
in percent transmission, or used as a null device in a novel potentio- 7 recily into the sample. Fluorescence
metric circuit, practically eliminating galvanometer and cell errors. é values are measured and compared as é
F 1 Setils b he Univ 1S h ? easily and accurately as those for g
or complete details about the Universal Spectrophotometer, ask % monochromatic light transmission. 7
for Bulletin 204. z Z
V77"

COLEMAN ELECTRIC CO., INC.

324 MADISON ST. « MAYWO0OD, ILL.

UNIVERSAL

AN H ELECTROMETER
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