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In Stock for Immediate Shipment—

CENCO-COOLEY ELECTRIC MUFFLE FURNACE

A very convenient ashing furnace for the small laboratory. Wiil
operate continuously at temperatures up to 950° C. and is not harmed
during short intervals at temperatures not exceeding 1050° C.
Overheating is prevented by adjustment of the rheostat. The
pyrometer is of distinet advantage where it is necessary to adjust the
temperature to definite values.

The furnace is strongly constructed with iron end-frames with sup-
porting legs cast integral. The end-pieces are of heavy transite
and the body shell of sheet steel finished in aluminum bronze. The
rectangular muffle is of 5-piece molded construction with parallel

13651TA = Furnace with rheostat for:115ivolts A G o DG it v e s s s e T s
13652A Furnace with rheostat and pyrometer, for 115 volts AC or DC.....

ScIENTIRIC; CoMPANY?

TRADN"ARK
RECGES‘ PAT..OFF

CeENTRAL,S

SCIENTIFIC
INSTRUMENTS

grooves in the top and bottom members in which the heating units
are inserted to form the side walls of the muffie. Additional insula-
tion is provided between the muffle and outer case of the furnace.
The hinged door frame swings from a bracket attached to the furnace
frame. The plug-type door is a thick refractory molding. It is
provided with a 8/s-inch covered peephole and a latch handle.
Dimensions, over all: Height, 15'/4 inches; width, 12 inches;
depth, 121/4 inches. The usnble muffle space measures 3!/2 inches
\vi(ie. 31/2 inches deep by 4 inches high. Power consumption, 700
watts.

cerea ... $33.50
Selial 052,00

LABORATORY
APPARATUS

New York ® Boston ® CHICAGO e Toronto ® San Francisco
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Exchequer Wine Gallon
was a standard measure
when Queen Anne ruled.

STANDARD FOR ANALYSIS

Apparatus of the utmost sensitivity is used for the scientific control
which makes Mallinckrodt Analytical Reagents conform to exacting,
predetermined standards of purity. These chemicals meet, in every
way, the high requirements of the analytical chemist in gravimetric,

gasometric, colorimetric, or titrimetric work.

SEND FOR CATALOGUE OF MALLINCKRODT ANALYTICAL
REAGENTS AND OTHER CHEMICALS FOR LABORATORY USE.

Always Specify Reagents in Manufacturer’s Original Packages

e : MALLINCKRODT CHEMICAL WORKS
NMallinckrodt,

i, ST.LOUIS e PHILADELPHIA e MONTREAL
' CHICAGO o NEW YORK o TORONTO
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® The heating unit of this FH-303-A
Combustion Furnace is heavy—it's 7
gauge Chromel-A. Hence, it will stand
a lot of hard going. This extreme dura-
bility constitutes one factor in economy
of maintenance. Another economy
feature lies in the fact that the heating
unit consists merely of the wire itself.
There is no refractory mounting. The
combustion tube passes directly
through the helical coil which is sur-
Tounded by high-temperature insula-
tion. . . . The furnace shown here is a
relatively new model. Due to its
increased insulation, it heats up in one-
third less time, uses 18% less power,
and has a case temperature 120° F.
cooler (at 2000° F.) than before. The
furnace operates on A.C. through a
small transformer, with temperature
control through a rheostat. For more
information on this FH-303-A, of
minimum maintenance, write to your
dealer or to us. . .. Hoskins Manufac-

turing Company, Detroit, Michigan.

HOSKINS PRODUCTS

ELECTRIC HEAT TREATING FURNACES o » HEATING ELEMENT ALLOYS o o THERMOCOUPLE AND
LEAD WIRE o o PYROMETERS s o WELDING WIRE e e HEAT RESISTANT CASTING‘S s o ENAMELING

FIXTURES o e SPARK PLUG ELECTRODE WIRE e e SPECIAL ALLOYS OF NICKEL e e PROTECTION TUBES
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RESEARCH CHEMIST SAYS:

"B&A Reagents
give me the accuracy
my work
demands/”

. . . A statement typical of those fre-
quently received from men engaged in
both pure and applied chemical research.

Naturally, we like to hear such comments
. . . because, to combine high purity with an
unusual degree of uniformity in reagents has al-
ways been one of Baker & Adamson's principal
manufacturing objectives. By fulfilling such ex-
acting analytical requirements, Baker & Adamson

Reagents have helped save valuable time for

SETTING THE PACE IN CHEMICAL

thousands of chemists and their
2 organizations.

Accuracy, high quality, uniformity, are
“built” into each Baker & Adamson Reagent
from the start. They are the result of more than
half a century of experience . . . rigidly main-
tained manufacturing standards . . . and the
most improved production methods.

Take this step to be sure of results—USE
BAKER & ADAMSON REAGENTS!

PURITY SINCE 1882 P M{T
’

BAKER & ADAMSON Gzt

Division of GENERAL CHEMICAL COMPANY, 40 Rector St., New York C{p 7 Ly

Sales Offices: Atlanta * Baltimore * Boston * Bridgeport (Conn.) ¢ Buffalo * Charlotte (N.C.) * Chicago * Cleveland
Denver * Detroit * Houston * Kansas City * Milwaukee * Minneapolis * Monroe (La.) * New York ¢ Philadelphia
Pittsburgh * Providence (R.1.) ¢ St. Louis * Utica (N. Y.)

Pacific Coast Sales Offices: San Francisco * Los Angeles
Pacific Northwest Sales Offices: Wenatchee (Wash.) * Yakima (Wash.)

In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver————————
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IMPROYED MODEL
INTERNATIONAL SERUM CENTRIFUGE

73 Litre @ap@dy

NEW FEATURES:

WINDSHIELDED HEAD
AND

WATER COOLED
GUARD

This improved International Serum Centrifuge of 13 litre capacity has a speed of 2,300
r.p.m. with r.c.f. of 2,280 x gravity.

The important features of this new design are the windshielded head and water cooled guard
which permit high speed with a minimum of heating to contents.

The assembling crane, easily detached, facilitates the installation of the head.

The self contained feature is obtained by mounting a powerful adjustable speed motor
with vee belt drive on the supporting frame.

An indicating tachometer is furnished, also a heavy steel floor plate with rubber vibration
dampeners attached.

Special alloy cast steel trunnion cups are furnished for carrying 10-1,000 ml. glass bottles,
10-550 ml. blood plasma glass bottles or metal containers of 1.3 litre capacity.

There is an International for any job.

INTERNATIONAL EQUIPMENT CO.

352 Western Avenue Makers of Fine Centrifuges Boston, Mass.
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Announcing
MICRORADIOGRAPHY

It has long been known that materials offer

a different ratio of absorption to x-rays. The
microradiograph reproduced here is an ex-
ample of this fundamental principle, and it
illustrates the different ratio of absorption
between a protein mixed with a lipoid.

Similar problems in organic analysis may be
solved readily and quickly by microradio-
graphy using the G-E Model XRD X-Ray Dif-
fraction Unit.This new method of investigating
materials opens many new channels for deter-
mining homogeneous structure and the com-
position of organic and inorganic materials.

The G-E XRD Unit is a precision instrument
which provides facilities for both microradio-
graphy and x-ray diffraction investigation. It

embodies the safety, convenience, flexibility,
ease of operation, and adaptability that are
required for effective utilization of the method:s.

Modern, progressive analytical laboratories A NEW METHOD
have been quick to recognize the G-E XRD
Unit as a dependable “problem solver.” If you

have o problem in your laboratory thot ho: . OF STRUCTURE INVESTIGATION NOW

you stumped, or you want more information

about microradiography, why not do this: Use

the convenient coupon to request full infor-  AVVAILABLE WITH THE G-E XRD UNIT

mation about the G-E XRD Unit and its appli-
cation to your problem.

Please send me complete information about the G-E XRD
Unit and its application to analytical problems.

Name

Company.

(Please attach fo, or write on, your company letterhead}

) GENERAL ELECTRIC X-RAY CORPORATION

2012 JACKSON BOULEVYARD CHICAGO, ILLINOIS,
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PRECISION
SPECIFIC GRAVITY BALANCE

FOR USE WITH BOTH LIQUIDS AND SOLIDS
NOW MADE IN U. §S. A.

1954.

BALANCE, SPECIFIC GRAVITY, PRECISION, for both liquids and solids. This is a superior
balance, reading definitely to the fourth decimal place up to 2.1 with an accuracy within *0.0001.
Planes are of agate, with central and lateral knife edges of tempered steel; in addition, the beam is fur-
nished with nine tempered steel knife edges, each numbered for suspension of rider weights with ac-
curate and reproducible placement.

Equipment for liquids consists of Rumann plummet with an absolute weight of 32 grams, displacing
10 grams of distilled water at 15°C; double compartment glass jar, 150 mm high; thermometer, range
0 to 30°C in 1° divisions, with bent stem and hook for convenient hanging in the slot on the side of the
jar; set of five rider weights, two of 10 grams and one each of 1.00, 0.10 and 0.01 gram; and Rumann
counterpoise, weight 32 grams, for adjustment of the equilibrium position of the balance without the
plummet. . -

Equipment for solids consists of perforated glass pan, with platinum suspension wires; cylindrical
glass jar, 160 X 80 mm; and nickel plated platform for weights, but does not include the analytical
balance weights shown in illustration.

1954. Balance, Specific Gravity, Precision, as above described, complete with equipment for both liquids and

solids, in polished hardwood case, with detailed directionsforuse ........ ... ... ... i, 65.00
CodezWord iz s Ry Batt e ai e S S S e Apoiq
" Replacements Code
Word

1055. Ruinslg%l’s Plummet, only, for above Balance. Absolute weight 32 grams; volume displaces 10 grams distilled water at
.............................................................................................. Apown

1056, Set of Riders, only, for above Balance, consisting of two 10 gram size and one each of 1,00, 0.1 and 0.01 gram sizes,
Per Bet O Ve i e e I e e e e e il aa e e e 2.00 Appmh
1956-A. Counterpoise, only, for above Balance, welght 32 Brams. ... .cuieiiinis it ssets s e .70 Appoc
1957. Rumann’s Thermometer, only, for above Balance. Bent and with hook to fit over side of jar; range 0t030° C in 1°. 5.00 Apqae
1958. Jar, only, for liquids, for above Balance. With double compartment. ... uiee .ot inr e tens s rsasnanensasnn 3.00 Aproa
1959. Jar; only; for solids, for'above Balance 1080 X 80 mm o i e o e .90 Aprru
1959-A. Perforated Glass Pan, for golids, complete with platinum suspension wires; forabove Balance ......o.v'eennnnsens 3:25 Apruo

Prices subject to change without notice.

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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Chromate Corrosion Inhibitors in
Bimetallic Systems

Compared by a Scoring Method Based on Visual Observations

MARC DARRIN, Mutual Chemical Company of America, Baltimore, Md.

Increasing amounts of water being used for air
conditioning, washing, cooling, and condensing
raise a problem in many localities in respect to
water supply and sewage disposal. Present practice
is tending toward recirculating systems to save the
water and the use of corrosion inhibitors to save
the systems. It is well known that the corrosion of
many metals is greatly reduced by the presence of
sodium chromate or sodium bichromate (3, 4), but
there are almost no data in the literature showing
the relative efficiency of these chemicals for the re-
tardation of bimetallic corrosion in ordinary recir-
culating water systems.

Comparisons are presented in this report for
iron, galvanized iron, tinned iron, copper, brass,
and aluminum, both alone and in contact with
each other. The corrosion of these metals in vari-
ous water systems was greatly retarded or com-
pletely inhibited by sodium chromate at the con-
centrations indicated. For some combinations
sodium bichromate was equally satisfactory, but
in general it was not so efficient as the chromate.
In addition to prolonging the life of equipment,
the formation of slimes may be avoided.

ANY corrosion processes may be followed by weight
changes, provided precautions are taken to ensure that
corrosion products either remain entirely on the specimens
or are completely removed, without removal of uncorroded
metal. Such data, however, may require interpretation by
corrosion specialists.

For instance, iron may increase in weight because of forma-
tion of rust scales. Aluminum increases in weight, but the ox-
ide film may be protective. In the presence of an oxidizing
passifier such as sodium chromate, Hoar and Evans (1, §) have
noted the formation of a dense inert protective film containing
chromic oxide, Cr;0;. Others have noted the formation of pro-
tective films, such as zinc chromate on galvanized surfaces.
Wilson and Groesbeck (6) have used salt-spray methods for test-
ing corrosion inhibitors in air-conditioning equipment, and report
that chromates and bichromates are the most efficient.

Corrosion tests conducted at this hboratory have revealed
little relationship between weight changes in bimetallic

systems and the practical value of chromate inhibitors.

. Table I gives some weight-change data illustrating how

difficult they are to evaluate even for very simple systems
in the presence of chromates.

Without visual inspection it is not apparent from Table I
that the chromate completely inhibited corrosion. With bi-
metallic systems weight changes have been found to be even
more complex and almost impossible to interpret without vis-
ual data. On the other hand it has been noted that the im-
pression formed on visual examination corresponds in most
instances to practical behavior. This does not apply to cor-
rosion which produces concealed defects such as the inter-
crystalline corrosion of aluminum, the graphitizing of cast
iron, or the caustic embrittlement of steel. Concealed cor-
rosion can be evaluated best by physical measurements, such
as loss of tensile strength, or by microscopic examination.
Depth of penetration methods are also of practical value.

Various electrochemical methods that have been proposed
provide fundamental assistance in studying the mechanism of
corrosion, but require great skill and theoretical knowledge of
the factors influencing corrosion. They are difficult because
of innumerable local potential differences between different
arcas of the same metal, and between corrosion products.
With dissimilar metals in contact in aqueous solutions—which
is common from the practical viewpoint—the situation is par-
ticularly complex, resulting in electrochemical processes which
may either intensify or retard corrosion.

Visual Scoring

This method is based on simple observations and the
weighted scoring of characteristic corrosion criteria, which
may be expressed numerically, and can be duplicated by dif-
ferent observers with a degree of precision satisfactory for
practical purposes. The method may be varied to simulate

TABLE I. WgicHT CHANGE AFTER 6 MONTHS AT 70° F.

Galvanized Tinned

Aluminum Iron ron Iron
Tap water +0.123 —0.849 —0.564 —0.161
500 p. p. m. NaisCrO« -+0.021 +0.012 +0.017 4-0.008
500 p. p. m. Na;CriO7 -4-0.004 +-0.007 —0.015 —0.020
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Ficure 1. CorrosioN TEsTS

various practical conditions. Scoring may be reweighted to
obtain comparisons for different applications.

Illustrative of a way in which corrosion criteria may be
weighted for an air-conditioning system, cloudiness may be
allowed 4 points out of a possible 100. Low scoring for cloudi-
ness is indicated because it may not be harmful. %f a precipi-
tate settles, it may result in some harm and should be %iven a
greater weight. If the precipitate is such that it may clog the
system, a still greater weight is indicated. If the general appear-
ance score is zero, the precipitate and cloudiness scores also will
be close to zero. Other corrosion criteria may be selected and
weighted in a similar manner.

The accompanying data further illustrate the scoring
method. Forty points were allowed for the condition of
each of the metals in contact; 20 points for the corrosion
products in the liquid. The corrosion of each metal was
scored on the basis of five types of observation: discolora-
tion, roughening, pitting, depth of pits, and general corro-
sion. By general corrosion are meant the nature and distribu-
tion of corrosion, the general impression of the observer, and
unclassified factors. Evidence of corrosion in the liquid was
scored in a similar manner based on cloudiness, precipitation,
and general appearance. Under general appearance of the
liquid are included unclassified variables, the nature of the
precipitate, and its probable harmful effect in a recirculating
system.

The weightings employed in this report, shown in Table
II, are arbitrary but logical and illustrate a practical applica-
tion. Different weightings, however, are used for different
applications. For instance, different weightings are indicated
for an automobile cooling system than for an air washer. If
discoloration or slimes are unimportant they may be disre-
garded. For some purposes the entire liquid score is disre-
garded. The scoring procedure in this laboratory is for the
observers to check all of the descriptive terms on a report
form. These data are assembled and weightings assigned
according to the particular purpose of the corrosion project.

Vol. 13, No. 11

The nature of the scoring method is such, however, that or-
dinary changes in weightings seldom result in important
changes in the relative corrosion order. Of course the same
weightings must be used in comparing corrosion scores.

A general idea of the protection efficiency may be obtained
from the sum of the liquid and metal corrosion scores, but for
many purposes it is best to consider them separately. In a
bimetallic system, 100 represents perfect inhibition; with
single metals, 60 indicates complete protection. A limitation
of this method is that it does not afford a numerical com-
parison between monometallic systems and bimetallic sys-
tems, except under special conditions. There are technical
difficulties in making comparisons between these systems due
to differences in the nature of the initial corrosion centers or
pits. The corrosion trend in monometallic systems is slower
in developing. This was particularly evident with aluminum
and to a lesser extent with zine. For aluminum in tap water,
the corrosion scores were better after 18 months than after
6 months. These changes appear to be due to the initial
formation of many corrosion centers which are heavily
weighted, because in most systems even small pits are an indi-
cation of the start of severe corrosion. It happens, however,
that these initial pits, instead of deepening, either spread
until they join to form a fairly uniform and resistive surface

TasLe II. WEIGHTINGS
For Condition of Metal

None (3), slight (2), moderate (1),
considerable (0)

None (4), sli?ht 83), moderate (2),
considerable (0

Discoloration

Roughening

Pitting None (9), slight (6), moderate (3),
considerable (0)
Depth of pits None (12), shallow (9), moderate (6),

deep (3), verﬁr deep (0)
None (12), slight (9), moderate (6),
considerable (3), very bad (0)

General corrosion

For Condition of Liquid

None (4), slight 83), moderate (2),
considerable (0

None (8), ali;fbt 5), moderate (2),
considerable (0

Good (8), fair (6), poor (4), bad (2),
very bad (0)

Cloudiness
Precipitate

General appearance

or change in light reflection so as to become invisible except
under special illumination and low magnification. The
procedure employed in this report is limited to corrosion cri-
teria which can be seen by unaided visual inspection.

It has also been found, when inhibitors are absent, that
oxygen is so rapidly consumed as to cause corrosion to de-
pend on the rate at which additional oxygen is obtained from
the air, thus making numerical comparisons between some
uninhibited systems meaningless—beyond the general ob-
servation that it is very severe as compared to inhibited
systems. Irrespective of the explanation, a study of about a
thousand corrosion record sheets indicates that technical
difficulties in making numerical comparisons are very much
less when inhibitors are present. The corrosion scores of
all inhibited systems are given in Table ITI. Scores are also
given for uninhibited bimetallic systems for purposes of general
comparison, although they may be only approximately cor-
rect because of variations in oxygen deficiency. Corrosion
scores have not been assigned to monometallic systems in tap
water, but it can be seen from Figures 1, 2, and 3 that cor-
rosion was severe in comparison with the inhibited systems.
If numerical comparisons are desired between these systems
g different procedure is indicated, involving aeration; but
this is beyond the purpose of the present investigation which is
to evaluate the protective efficiency of chromate inhibitors.
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F1Gure 2. CorrosioN TESTS

Experimental Data

Testing conditions which are not specified were identical
for all specimens. “Tap water” refers to Baltimore city
water. ‘“Chromate” and “bichromate’ refer to solutions of
sodium chromate, Na,CrOs, and sodium bichromate, Na,-
Cr,07.2H,0, at concentrations equivalent to 1000 parts of
Na,CrO; per million. All regular tests were run in closed
8-ounce screw-cap glass jars, without agitation or aeration.
Some aerated tests also were run.

The aerated tests indicated that corrosion in the presence
of sodium chromate is essentially the same in closed as in
aerated systems. If no chromate is present the corrosion is
very much more rapid when aerated. Since there are vary-
ing degrees of aeration in practical applications, and since
aeration is often the rate-making factor when chromates are
absent, the most conservative way of evaluating chromate
corrosion inhibitors is without aeration. In other words, the
conditions of test used in this investigation represent the
minimum relative retardation of corrosion afforded by the
chromate. There are many conditions of aeration where the
merit of the chromate is considerably greater than that indi-
cated. There was some access of air when the test samples
were inspected, but all were handled in an identical manner,
and the admission of air was less than under any ordinary
condition of practical use. The black appearance of the
corrosion products on the iron test panels in tap water (Fig-
ure 3) indicates insufficient oxygen.

The photographs (2), Figures 1, 2 and 3, show the general
appearance of the corrosion tests after 6 months at room tem-
perature.

The top rows contain sodium bichromate, the middle rows
sodium chromate, and the bottom rows tap water. The bolts
and washers show the effect of contact with a dissimilar metal.
Markings on the photograph show the plate metal first, followed
by the washer metal. In each test the bolts and nuts are the
same metal as the washers. Zinc refers to heavily galvanized
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iron plates. Tin refers to heavily tinned iron plates. Both gal-
vanizing and tinning were done by double-dipping after cutting
and drilling. Brass refers to a commerciafJ grade, analyzing
about 60 per cent copper, 40 per cent zinc. Copper and alumi-
num refer to the commercially pure metals, analyzing about
99.9 per cent copper and 99.0 per cent aluminum. The iron
panels were cut from a mild steel sheet known as type A tank
(about 0.1 per cent carbon). All panels were uniformly polished,
cleaned, and inspected for defects prior to testing.

The panels tested at 160° F. were placed in thermostatically
controlled ovens with uniform heat distribution. No light was
admitted to the ovens. The room-temperature test panels were
shielded from direct sunlight and were inspected at frequent
intervals up to 18 months.

The principal data on which this report is based are the com-
posite observations of four men for the same panels shown in the
photographs. Several hundred similar tests were run. There
were slight variations between tests started at different times, but
on the whole there were no discrepancies between other corrosion
series and those reported here. There were some variations in
details of scoring by different observers, but the total corrosion
score of each observer for any particular condition was essentially
the same, as was the composite score. The corrosion scores
of the monometallic systems did not prove to be a measure of
the relative merit of the inhibitors because either sodium chro-
mate or sodium bichromate gave such perfect inhibition that
comparison of their scores was almost meaningless.

The tabulated data for iron and copper in contact illustrate
the scoring method. The data for the aluminum series, zine
series, and iron series present the corrosion scores for the more
important metal combinations. The plates and washers may
be considered separately or in combination, depending on the
purpose of comparison.

Hor Warer Tests. Corrosion inhibition in hot water
roughly paralleled that at room temﬁerature. As would be ex-
pected, corrosion is more rapid. At the end of 6 weeks at 160° F.
the corrosion scores of most of the bimetallic test panels dropped
to figures comparable to 6 months at 70° F. Witg combinations

Ny

T |

i Fe+Brass

Ficure 3. CorrosioN TEsTS
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TasLe III. ScormNe METHOD
Bi- Bi-
Tap Water Chromate chromate Tap Water Chromate chromate
Iron and Copper in Contact 6 Months at 70° F. Zinc Systems®, 6 Months at 70° F.
Iron Plates Galvanized Iron Plates
Discoloration Considerable None Slight Alone
Roughening Considerable None None Plate score X 40 39
Pitting Moderate None None Liquid score X 20 20
Depth of pits Deep None None
General corrosion Very bad Slight Slight In C%x{ltact with Plain Iron
ashers
Copper Washers Plate
D eeoloratisn Slight Slight Slight Wothasare e 1) i
Roughening None None None Liquid score 4 17 14
gittir;g e I%one Ilgone gone
epth of pi one one one 1 i
General corrosion Slight None None B C‘\){l]::ﬁr?th Copper
Liguid Washes aco 33 8 52
asher score 29
loudiness Considerable None Slight faus
Erecipi%ate IC}o‘x:‘lsidemble (I‘}long ?light ket & ia 12
eneral appearance :: 1 DO ' ]l 1
Plate score (40 = perfect) 8 37 36 8 Cn&‘;:ﬁ‘t,r:lth prase
Washer score (40 = perfect) 36 39 39 Plate score 20 40 20
Liquid score (20 = perfect) 2 20 14 Washer score 39 40 20¢
kb e Al 44 96 89 LR S &0 16
In Contact with Tinned
Aluminum Systems?®, 6 Months at 70° F. P]Washers o i
ate score 0 39
Aluminum Plates Alone ‘Washer score 14 39 39
]I':]ate (ilcore § 38 gg Liquid score 7 20 17
iquid score ;
In Contact with Iron Iron Systems®, 6 Months at 70° F.
T s 29 39 37 Iron Plates Alone
Washer score 20 38 25 Plate score X 40 37
Liquid score 5 20 14 Liquid score X 20 20
In Contact with Copper In Contact with Copper
Waslers Washers
Plate score 10 19 14 Plate score 6 37 36
Washer score X 34 39 40 Washer score 36 39 39
Ligquid score ; 9 11 7 Liquid score 2 20 14
In Contact with Brass In Contact with Brass
Washers : ‘Washers
Plate score 13 30 17 Plate score 18 37 36
Washer score 34 39 33% Washer score 39 39 365
Liquid score 9 17 9 Liquid score 2 20 17
In Contact with Tin In Contact with Tinned
Washers Washers
Plate score 23, 40 40 Plate score 21 37 37
Washer score ¥ 1570 40 39 Washer score 31 39 35
Liquid score | Pk A ST 20 20 Liquid score 2 17 17

a X denotes that corrosion was severe in comparison with inhibited sys-
tems, as can be seen in photographs, but method employed does not give
directly comparable figures for monometallic systems in tap water.

b Slightl Yower score of brass washers in presence of sodium bichromate
is due chiefly to discoloration, which may be disregarded for many purposes.

¢ Low score of copper washer in contact with zine in presence of sodium
bichromate is due to formation of a hard, rough, tightly-adhering layer of

crystalline zinc compound over surface of copper, causing it to be reported
as considerably roughened and J)itted. Scraping off this deposit after 18
months revealed that copper had not actually been attacked. The scoring
method is undoubtedly too severe in this instance, but shows that an unde-
sirable condition exists when sodium bichromate is used in this system rather
thaxll) sodium chromate. Somewhat similar conditions exist with brass
washers. -

of aluminum-copper and iron-copper, sodium chromate was more
beneficial in hot water than in cold, whereas with aluminum-iron,
zinc-iron, and zinc-copper combinations, sodium chromate was
a little more effective at-room temperature.

CHROMATE ConcenTrRaTION TESTS. Owing to accelerated
corrosion at 160° F., a series of tests was run at this temperature,
with iron plates in contact with copper washers, using triple
proportions: 3000 parts per million. There was no corrosion
after 8 weeks at 160° F. in the presence of sodium chromate,
and only slight corrosion in the presence of sodium bichromate.
Corrosion also was negligible with sodium chromate at a con-
centration of 1000 p. p. m. In other words, the %;?tection
afforded by sodium chromate was about the same at both con-
centrations. Lower concentrations were not included in this
series, but there are ample records at this laboratory indicating
that under most conditions concentrations of 200 to 500 p. p. m.
provide good protection. Concentrations below 100 p. p. m.
protect aluminum and zine, but may cause stimulation of cor-
rosion with iron systems. ;

RecuraTep pH Tests. A set of corrosion tests was run with
iron plates in contact with copper washers, with the alkalinity of
the sodium chromate adjusted t;)nHH 7.0 by addition of sodium
bichromate, the total parts per million of chromium being kept
the same. Tests were for 8 weeks at 160° F. using a concentra-
tion equivalent to 1000 p. p. m. Another set was run with
3000 p. p. m. For further comparison, a third set was run at
the same time without adjusting the alkalinity. These tests in-
dicated that adjustment to pH 7.0 does not result in an im-

‘the sodium chromate had lost its effectiveness.

pressive difference. If anything, sodium chromate without
adjusting alkalinity gave slightly better protection.

AeraTED TEsTS. A set of aerated corrosion tests was run
with the iron systems at 70° F. The air was drawn from out-
side the building by means of a water aspirator. It was well
filtered, water-washed, and supplied at a low steady pressure.
The air was bubbled through all test samples continuously at a
slow uniform rate. All samples were tested at the same time
and aerated in an identical manner. For comparison a closed
set also was run at the same time without aeration but with
other conditions identical. The corrosion of all the aerated test
Eanels in tap water was very much faster and more severe. The

ehavior of the aerated samples in the presence of sodium chro-
mate was the same as the corresponding nonaerated test panels.

E1crTEEN-MoONTE TEsTs. The bimetallic systems retained
essentially the same corrosion order, which was evident a few
days after starting the tests, up to the time the photographs were
taken 6 months later. Rescoring after 18 months showed essen-
tially the same order as at 6 months. There were no signs that
In some cases
the protection was better after 18 months than after 6 months.

PracticaL Triars. In trials with several small York air-
conditioning units (34 X 37 inch washers), one Carrier (26 X
30 inch washer), and one large Sturtevant air-washer (60 X
60 X 84 inch spray chamber), weekly observations over a period
of 18 months indicated that the use of sodium chromate not only
prevented corrosion but also eliminated the formation of organic
slimes. The nature of the microorganisms destroyed was not
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investigated. Two new units without chromate accumulated a
large amount of slime during the same period. One old unit
which had accumulated slime and rust prior to the test com-
pletely cleared during the 18-month chromate treatment. Be-
cause of fluctuations in overflow the concentration of sodium
chromate varied between 100 and 500 p. p. m. Each week it was
adjusted to 500 p. p. m., on the basis otpyellow color which was
found satisfactory for practical purposes. Although chromate
replacement is frequently due to mechanical loss through the
water overflow, some consumption is due to the oxidation of or-
ganic material removed from the air. Many bacteria, molds,
and accompanying odors are destroyed. Sodium bichromate is
a little more reactive than sodium chromate, and consequently
has a shorter life if much organic material is present. The fore-
going results have been substantiated by other practical observa-
tions extending over 4 years, including several large air-condi-
tioning units.

Summary

Visual scoring is adapted to the evaluation of chromate
corrosion inhibitors. Results may be duplicated with an ac-
curacy sufficient to be of practical value.

Sodium chromate is effective in retarding, or completely in-
hibiting, the corrosion of many bimetallic systems in water.
Sodium chromate and bichromate are effective in retarding
corrosion in most monometallic systems. Sodium bichro-
mate also reduces corrosion in many bimetallic systems, but
it is not so generally effective as sodium chromate.

Aluminum and copper, aluminum and brass, and zinc
and copper combinations are difficult to inhibit. With these
combinations, sodium chromate is very helpful but not com-
pletely inhibitive.

The relative retardation of corrosion by sodium chromate
is essentially the same in hot water as in cold.

Neutralizing the alkalinity of sodium chromate to pH 7.0
does not result in any impressive differences. If anything,
sodium chromate is more effective at its natural alkalinity of
about pH 8.5.

Although the rate of corrosion of most systems is greatly
accelerated by aeration, there is no important difference be-
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tween aerated and closed systems when sodium chromate is
present.

Increasing the concentration of sodium chromate slightly
improves the protection, but this is not indicated except as a
factor of safety when recirculating water is subject to dilution.
No harm results from excess sodium chromate. Amounts
less than about 100 p. p. m. should not be used for iron sys-
tems.

Sodium chromate retains its inhibitive properties until lost
from the system, either mechanically or by chemical reduc-
tion. For many practical purposes its depletion may be
judged by loss of color.
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Controlling Apparatus to Eliminate Waste of Water in Using
the Ordinary Filter Pump

FREDERIC E. HOLMES

Children’s Hospital Research Foundation and Department of Pediatrics, University of Cincinnati
College of Medicine, Cincinnati, Ohio

HE cost of operating the ordinary aspirator or suction

pump is usually concealed in a single water bill which
includes more legitimate uses as solvent, diluent, etc. The
cost for a single aspirator may be on the order of thirty dollars
per year, depending upon several obvious factors. For filtra-
tion, the removal of a supernatant fluid from a precipitate,
the removal of used samples and reagents from such apparatus
as the Van Slyke blood gas pipet, and many distillations under
reduced pressure where rather large variations in pressure are
not detrimental, a closed suction system with automatic con-
trol of the supply of water to the aspirator has proved satis-
factory. The controlling apparatus shown in the accompany-
ing figure has been found suitable for the purpose. It is
highly reliable, having been in operation night and day for
months during the past 3 years without attention or inter-
ruption.

. P indicates the filter pump, connected to the vacuum line
through a check valve (Bunsen valve), W is a whistle valve, and

V is a rubber tube connecting flask B with the vacuum line. In
operation, mercury in flask A depresses lever LA, opening the
whistle valve and starting the aspirator. Increasing vacuum in
the system “lifts’” mercury from flask A to flask B until the shift

LB

e

B
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of weight is sufficient to depress LB and lift LA, shutting off the
water. The two flasks and the rubber tubing connecting them,
C, form a manometer in which the difference in mercury levels is
a measure of the vacuum. The reduction in pressure in the sys-
‘tem at the time of cutoff can be adjusted by raising or lowering
the flasks in relation to the levers and to each other.

A controlling device for a suction system must have some lag in
operation to avoid excessively frequent opening and closing and a
tendency to chatter around the point of equilibrium. The lag in
this apparatus is rather large, about 100 mm., but for many

urposes this is not objectionable. If at any time the reduction
Below atmospheric pressure is not great enough, an inlet in the
system may be opened to start operation of the aspirator. If
uniform maximum suction is wanted, a pinchclamp may be
placed on the connecting tube when flask A is filled with mer-
cury, to prevent cutoff. When the suction system is not in use,
the controlling apparatus may be left in the off position by plac-
ing the clamp on the connecting tube when flask B is full.

As shown, the entire control apparatus is accessible and in view
for occasional inspection. It would be possible to use a similar
device which had only one lever, the two flasks being hung from
opposite ends. However, either one flask and the connecting tube
would extend below the table or the piping and whistle valve
would have to be elevated to several feet above it.

The material required is easily available, and construction is
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easy. The levers are of 5 X 16 mm. (0.187 X 0.625 inch) stock.
The connecting rod between the levers is of 6-mm. (0.25-inch)
cold-rolled steel. The support for the upper lever, LB, is 13-
mm. (0.5-inch) pipe in a standard floor ﬁxﬁ e screwed to the
table. All pivots (shown conventionally by b%ack triangles) are
6-mm. (0.25-inch) bolt or 6-mm. rod, turning in drilled holes,
except those above the flasks which are of iron wire hanging in
V-shaped notches. The stop, S, is made of a piece of 6-mm.
cold-rolled steel rod threaded and screwed into the support part
of an ordinary ring-stand clamp. For connection with the heavy-
walled rubber tubes, C and V, large capillary tubing (2 mm. in in-
side diameter) is fused to each of the 300-ml. flasks asshown. The
capillary tubing is strong and tends to prevent violent surge in
the mercury. The rubber connecting tube, C, must extend low
enough to prevent mercury from being drawn below its lowest
point and admitting air. A 13-mm. (0.5-inch) whistle valve is
used. The upper lever, LB, extends 127 mm. (5 inches) to the
left and 229 mm. (9 inches) to the right. The lower, LA, is 305
mm. (12 inches) long with 19 mm. (0.75 inch) between the pivot
and the stem of the whistle valve. The support is 92 cm. (36
inches) high. Itis desirable to place a trap in the line below V to
prevent dirty liquid from getting into B, and the trap is essential
to catch mercury, if the suction system is of copper tubing. A
rubber stopper between LA and S cushions the gleow when the
lever hits the stop.

The Molybdenum Blue Reaction

A Spectrophotometric Study

J. T. WOODS wiTH M. G. MELLON, Purdue University, Lafayette, Ind.

NDER suitable conditions molybdates react with phos-
U phates, arsenates, silicates, and certain other salts or
acids to form heteropoly compounds, such as ammonium
molybdiphosphate, (NHj)s [P(Mo03010)4], or molybdisilicic acid,
H,[Si(Mo30y0):]. These complexes, after controlled reduc-
tion to give molybdenum blue, serve for the colorimetric de-
termination of various reducing agents or of elements which
function as central atom in the complex anion, such as phos-
phorus, arsenic, or silicon. The procedure must be carefully
controlled, as the excess molybdate reagent itself may be re-
duced to molybdenum blue.

In view of the analytical uses of such reactions, it seemed of -

interest to make a spectrophotometric study of the processes
in order to learn more about their nature, the effect of different
variables, and the merits of the several procedures.

Previous Work

Tae RepuvcrioN Process. The nature and the composition
of the material obtained on reducing simple molybdates are un-
certain (32). Low concentrations of reactants yield what ap-
pears to be a solution, but some work indicates that the system is
colloidal (24, 47, 69). By action of ammonium molybdate upon
molybdenum chloride Berzelius (10) obtained a blue colored sol}d
to which he gave the formula Mo00,.4MoO;zH:0. For solid
molybdenum blue Ephraim (24) accepts this formula, but Lati-
mer and Hildebrand (40) prefer that of Muthmann (48) and call

- the compound molybdenyl molybdate, (M00:):MoO;. The re-
duction 1s affected by light, a method of measuring the intensity
of ultraviolet radiation being based upon the rate of formation
of the blue color by a sodium molybdate solution acidified with
hydrochloric and formic acids (60). ;

The reduction product of heteropoly compounds is also uncer-
tain. Two recent authors claim that the phosphorus in molyb-
diphosphates acts only as a catalyst (8). Older work indicates
(17, 20, £2) that the formula for the blue material separated may
be expressed as HyX0,(4MoQs.MoOs)s, in which X is phosphorus
or arsenic, Others believe there is an equilibrium (35) such as

Molybdiphosphoric acid +- chlorostannite = molybdenum blue -+
chlorostannate

_ From spectrophotometric data Gripenberg (34) assumed that
six of the twelye molybdenum atoms in molybdiphosphate are
reduced. On reduction with molybdenum chloride the final
product is said to be HyPO4(Mo¢Oy7).2H,0, in which z is about 19
(4). Apparently a definite stage is reached in the reduction, as
such a reaction is the basis of titrimetric methods for determining
copper, iron, magnesium, and zinc (30). In a similar procedure
for phosphate the reduced blue material, stated to be H;PO.-
(11M00;.Mo00,)s, is titrated with permanganate (13).

COLORIMETRIC APPLICATIONS. Since molybdenum blue arises
from an interaction of oxidizing and reducing systems, there is a
possibility of determining either reductants, through their action
on some heteropoly compound, or heteropoly oxidants, through
their action_on suitable reductants. Thus, the cerous ion, in
strongly basic solution, reduces molybdiphosphate (38); simi-
larly, ascorbic acid may be determined as a reductant (70).

Several comparative visual or filter-photometric studies have
been made on reductants as such (1, 3, 85). Specific compounds
include chlorostannous acid (50), aminonaphtholsulfonic acids
(28), benzidine (26), gallic acid (562), hydrioé)ic acid (72), hydro-
quinone (6), p-methylaminophenol (43), sodium thiosulfate (45).
and a molybdate reduced with some metal, usually molybdenum
itself (73).

The determination of the central atom in heteropoly com-
pounds has found most use.

Delermination of Phosphorus. Most work has been done with

hosphorus, presumably because of its wide distribution and bio-
ogical importance. The principal points to be noted are the
variety of reductants and the variations in their use.

Deniges (19) used chlorostannous acid under conditions to re-
duce only the heteropoly acid. Truog and Meyer (64) studied
the effect of aluminum, calcium, iron, magnesium, manganese,
and nitrate on the color, in addition to modifying the reagent
and providing for interference of silica. Dickman and Bray %23)
recommended hydrochloric acid in the reagent. Color studies
have been made with the Leitz photometer (5, 54) and the Lovi-
bond tintometer (36). Color standards include indigo carmine
(29), a reduced molybdate (46), and two mixtures of copper and
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cobalt salts (18). Applications include the determination of
phosphorus in argillaceous material (68), fertilizers (65), plants
(66), soils (16), water (25), and tissues and blood (11, 39).

Bell and Doisy recommended hydroquinone as a reductant (6).
Briggs (14) modified the reagent by making it acidic instead of
alkaline, while Benedict and Theis (?) developed the color by
heating. Denigeés (21) and Rimington (68) pointed out certain
errors in the method. 'This modification has been applied to
blood 257%, milk (53), soil extract (2), sugar (15), urine (66), and
water (61).

Fiske and Subbarrow (28) used aminonaphtholsulfonic acid as
areductant. The best isomer has the amino and hydroxy groups
para to each other (65, 69). Applications include orthophos-
phate in meta- and pyrophosphates (12) and phosphorus in
muscle extract (44).

Zinzadze (74, 76) used a molybdate reduced with metallic
molybdenum as reductant. By addition of bisulfite this reagent
may be used to determine phosphorus in soils (71) and urine (33),
in the presence of arsenates, iron, nitrates, and silicates. Copper
(21) or a mixture of copper and lead (42) may be used in preparing
the reagent.

Feigl (26) used benzidine in ammoniacal solution as a reduc-
tant. Tartaric acid prevents interference of arsenates (27).
In this(wajy phosphorus has been determined in rocks (41) and in
water (63).

Determination of Silicon. By reduction of a molybdisilicate
Tsaacs (37) and Urbach (67) determined silicon. The method
was criticized by Bertrand (9) but Foulger (31) refuted the eriti-
cism. Reducing agents include chlorostannous acid (49), hy-
droxylamine (61), sodium sulfite, sodium hyposulfite, and hydro-
quinone (62).

Determination of Arsenic. Zinzadze (75) and Truog and Meyer
(64) determined arsenic by reducing the heteropoly molybdi-
arsenate. The reductants were reduced molybdate and chloro-
stannous acid, respectively.

Experimental Work

All color measurements were made with a General Electric
photoelectric spectrophotometer, the absorption cells being
1.000 cm. thick and the spectral band 10 mu wide. Distilled
water was used in the blank cell, since the blank solution it-
self was slightly colored and the over-all color was desired.
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. DBETERMINATION OF PHOsPHORUS. A standard phosphate solu-
tion containing 0.1 mg. of phosphorus per ml. was prepared by
dissolving 0.4390 gram of recrystallized potassium dihydrogen
phosphate in water, adding 15 ml. of 6 N sulfuric acid, and diluting
to 1 liter. Dilutions of this stock solution were used.

Reduction with Chlorostannous Acid. A standard solution of
chlorostannous acid reductant was prepared by dissolving about
100 grams of ‘“‘stannous chloride” erystals in 100 ml. of concen-
trated hydrochloric acid and diluting to 4 liters. The solution
was protected from the air by a layer of “Finol” 1 em. thick, and
the entrance to the bottle was trapped twice with alkaline pyro-
gallol. The original air in the bottle was removed by bubbling
natural gas through the solution. The solution, found to be
0.1044 M, was oxidized about 2 per cent at the end of 14 weeks.

To prepare the reduced heteropoly compound, 10 ml. of a solu-
tion containing 0.01 mg. of phosphorus per mi. were measured
into a 100-ml. volumetric flask and then 4 ml. of 2.5 per cent am-
monium molybdate in 10 N sulfuric acid were added. After di-
luting to about 40 ml., 0.50 ml. of 0.1 M chlorostannous acid was
added, and the solution was diluted to the mark. At the end of
7 minutes the spectrophotometric curve was determined. Spec-
tral transmission curves, determined under different conditions
for 1 p.-p\ m. of phosphorus, are shown in Figure 1.

The refative amounts of acid and molybdate in the reagent are
important since, if the acid/molybdate ratio is too low, some of
the molybdate is reduced along with the heteropoly acid; if too
high, there is a marked decrease in the intensity of the color,
The optimum ratio is that in which a blank would give no blue
color. Tests showed that a 2.5 per cent solution of ammonium
molybdate in 10 N sulfuric acid, or one 1.5 per cent in ammonium
molybdate in 3.5 N hydrochloric acid, is the best reagent. Suffi-
cent reagent should be used to make the final acidity about 0.4
N in sulfuric acid or 0.7 N in hydrochloric acid. Any residual
acidity in the solution to be measured is neutralized to a slight
yellow, using a-dinitrophenol as indicator, before adding the
molybdate reagent. The amount of reductant need not be so
carefully controlled as that of the molybdate reagent. Enough
should be added to react with all the heteropoly acid, but too
much leads to turbidity on standing. About 0.5 ml of 0.1 M
solution is sufficient for 100 ml.

Using 1-cm. cells, the range of concentration is 0.05 to 2.5
p. p- m. of phosphorus. A graph of the transmittancy on a loga-
rithmic scale against concentration shows that the ammonium
molybdate—sulfuric acid solutions conform to Beer’s law up to 1
p. p- m., above which there is a negative deviation. The hydro-
chloric acid solutions conform up to 2.5 p. p. m. :

Time of standing must be rather closely controlled. The full
color develops in 8 to 4 minutes and begins to fade in about 10
minutes. The color measurement must be made, therefore,
within this interval.

In studying the effect of diverse ions the ammonium molyb-
date-sulfuric acid reagent was used. The general procedure was
the same as already described, except for the addition of the solu-
tion containing the diverse ion immediately preceding the am-
monium molybdate reagent.

Of the 31 cations studied, aluminum, ammonium, beryl-
lium, caleium, cerous, lithium, magnesium, manganese, po-
tassium, sodium, and thorium in concentrations of 500 p. p. m.
cause an error of less than 2 per cent of the phosphorus present.
Barium, lead, mercurie, mercurous, silver, strontium, and zir-
conyl ions interfere by giving precipitates. Antimonous,
bismuthyl, cadmium, chromie, cuprie, ferric, and zinc ions
form soluble complexes and thus bleach the color. Ferrous
ions interfere, possibly through oxidation to the ferric state.
Ceric ions interfere by oxidation. Cobaltous, nickelous, and
uranyl ions interfere with their own hue. A summary of the
effects of these cations is given in Table I.

Of the 32 anions studied acetate, benzoate, carbonate, for-
mate, lactate, nitrate, perchlorate, salicylate, sulfate, sulfite,
and tetraborate ions do not interfere in concentrations of 500
p. p. m. Oxidizing or reducing ions which interfere include
chlorate, chlorostannate, cyanide, dichromate, nitrite, thio-
cyanate, thiosulfate, and vanadate. All the halogens inter-
fere, the effect of fluoride being greatest. They decrease the
intensity of the color, as do citrate, oxalate, and tartrate.
Tungstate is reduced to form tungsten blue and must be ab-
sent. Arsenate, pyrophosphate, and silicate form heteropoly
acids, which may be reduced and thus must be absent. Ar-
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TasLe I. Errecr or Diverse JoNs

Permissible

Ion Added as Amount Error Amount?
P, p.m. % P, p.m,

Ag* AgNOs e Ppts. 0
AsQ3~7~ NaAsO; 10 13 1
AsQ«™" 7 NasAsOq 1 25 0
Bat* Ba(NOi)2 e Ppts. 0
Bitrt Bi(NOi)s 50 8 10
Br- NaBr 500 4 250
Cd*+ Cd(NOs)2 500 2 500
Cettt+ C(éSOl)l 100 22 10
Cle KCl 500 4 250
ClOs~ KClOs 100 11 10
Cot* Co(NOs)2 500 8 50
Ottt Cri(804)3 25 New hue 25
Cra07-~ K:CraOy 10 Cr 5 0

N~ KCN 100 0 100
Cutt Cu(NOs)s 25 14 3
C204=~ (N H4)2C204 25 8 5
CiHiOs ™~ NH4):CHO¢ 100 2 100
CsHsO7~~— 3Ce 07 100 5 30
B NaF 25 8 5
Fet* FeSO4. (NH):S04 100 2 100
Fetr+ Fe(NOs)s 25 2 10
Hgt HgNOs e Ppts. 0
Hgtt H fCl’ S Ppts. 0
} Bar K 500 12 100
MoOy~~ (NH)1MoO« 100 Mo 17
Nit+ Ni(NO3)2 00 New hue 100
Pbtt Pb(NOs)s Ppts.
P20~ ~ NaP:07 5 9 0
Spht++ SbCla 50 27 5
SCN - KSCN 100 4 50
8107 Na28:0s 25 4 10
8i0s ™~ N2sSi0Os 50 Si 10 10
SnCls~~ H:SnCls 25 Sn 22 0
Srt+ Sr(NOs)2 y 50 Ppts. 50
UOat+ U0:(C:HsO9)1 500 2 500
VO:~ NaVOs 10 0 10
WO~ Nas WOy 100 New hue 100
Znt* Zn(NOs):2 500 2 500
ZrOt++ ZrO(NOs)2 % Ppts. 0

@ To give error within 2 per cent phosphorus.

senite interferes, possibly by oxidation to arsenate. Table I
summarizes these effects.

Typical curves for the reduced molybdate (46) and indigo
carmine (29) color standards are shown in Figure 2. Visually
these standards look somewhat like the reduced heteropoly
solutions, but there is no spectrophotometric match. In
addition, the reduced molybdate solutions are not much more
stable than the solutions to be measured. The copper stand-
ards (18) did not even resemble visually the solutions they are
supposed to match.

Reduction with Hydroquinone. In the use of hydroquinone
as a reductant three variations in procedure were followed.

1. Bell and Doisy Method. In this procedure the appro-
priate amount of phosphate solution, usually 0.25 mg. of phos-
phorus, was transferred to a 100-ml. flask. To this were added
5 ml. of a 5 per cent molybdate solution (in 1 N sulfuric acid) and
5 ml. of 2 per cent hydroquinone (in 0.03 N sulfuric acid), and the
solution allowed to stand 5 minutes. Then 25 ml. of sulfite solu-
tion (200 %mms of sodium carbonate plus 87.5 grams of sodium
sulfite per liter) were added, the solution was diluted to the mark,
and the color was measured immediately.

Since increased basicity makes the solution more blue and also
increases the intensity of the color, the amount of sulfite solution
must be controlled rather closely. Small changes in the concen-
trations of molybdate and hydroquinone do not greatly affect the
color. There is little change in color on allowing the solution to
stand 1 to 25 minutes after adding the hydroquinone, providing
the measurement is made soon after addition of the sulfite reagent.
The color begins to fade as soon as the sulfite is added, but this
is not serious within 10 to 15 minutes. The range of concentra-
tion in a I1-cm. cell is 0.1 to 10 p. p. m. of phosphorus, and the
system conforms to Beer’s law over this range.

2. Briggs Method. To an appropriate amount of phosphate
solution in a 100-ml. flask there were added 5 ml. of molygdat,e
reagent (25 grams of ammonium molybdate in 300 ml. of water
Flus 200 ml. of a solution containing 75 ml. of concentrated sul-

uric acid), 4 ml. of hydroquinone (0.5 per cent solution in 0.01 N’
zulfuric acid), and 1 ml. of 20 per cent sodium sulfite solution.
After diluting to the mark and allowing to stand for 30 minutes,
the color was measured.
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The color depends somewhat upon the amount of reagents used
but more upon the time of standing. Since the reaction is in-
complete even after 5 days, the color measurement must be made
at some definite time after preparing the solution. The appli-
cable range is 0.5 to 12 p. p. m. of phosphorus and the system con-
forms to Beer’s law for this range.

3. Benedict and Theis Method. To an appropriate amount
of phosphate solution in a 50-ml. flask there were added 5 ml.
of molybdate reagent (10 grams of molybdic anhydride in 25 ml.
of 20 per cent sodium hydroxide diluted to 250 ml. plus an
equal volume of concentrated sulfuric acid) and 5 ml. of hydro-
quinone (0.5 per cent in 15 per cent sodium bisulfite), and the solu-
tion was diluted to about 40 ml. After heating at 100° for 25
minutes, the solution was cooled and diluted to the mark, and the
color was measured.

Although the color will develop slowly at room temperature,
heating for 20 to 25 minutes gives a reproducible system. The
color in the heated solution will increase about 4 per cent on
standing 24 hours. 'The range of concentration is 0.1 to 5 p. p. m.
and the system conforms to Beer’s law up to 3 p. p. m.

Reduction with Aminonaphtholsulfonic Acid. To an ap{)ro—
priate amount of phosphate solution in a 50-ml. flask 10 ml. of
molybdate reagent (2.5 per cent ammonium molybdate in 5 N
sulfuric acid) were added, and the solution was diluted to 35 to
40 ml. After adding 5 ml. of reductant (0.5 gram of amino-
naphtholsulfonic acid plus 195 ml. of 15 ﬁ)er cent sodium bisulfite
plus 5 ml. of 20 per cent sodium sulfite, all diluted to 250 ml.), the
flask was diluted to the mark and allowed to stand 30 minutes
before measurement.

Of the several isomeric aminonaphtholsulfonic acids, the 1,2,4
2,5,7, 1,4,8, and 2,6,8 compounds were used. The first prove
to be the most effective. Increasing the amount of reductant
increases the depth of color, but the system is least sensitive to
this variable with the 1,2,4 isomer.

Since it was impossible at any elevated temperature to reduce
all of the heteropoly acid without some of the uncombined molyb-
date, heating was impractical. Therefore the color was measured
30 minutes after the solutions were prepared. Low acidity leads
to reduction of the molybdate and too much acid causes the color
to develop more slowly. Over the range 0.6 to 1.3 N there is
little difference in color if the solution is allowed to stand for only
30 minutes. The amount of molybdate reagent produces little
effect on the color as long as there is sufficient to react. The
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range of concentration is 0.2 to 10 p. p. m. of phosphorus for
which Beer’s law applies. .

Reduction with ?Beduced Molybdate. 'To make the reductant,
20.06 grams of molybdic anhydride were dissolved in 505 ml. of
25 N sulfuric acid by heating, and the solution was cooled and
diluted to 500 ml. with water. Half of this solution was boiled
15 minutes with 0.89 gram of molybdenum, cooled, and diluted to
250 ml. This solution was standardized against permanganate
and then mixed with the original solution to make the final solu-
tion 0.1 N as a reductant. It was stored in a brown glass bottle
and diluted 10 times before using. :

To the phosphate solution in a 50-ml. flask there were added
5 ml. of 0.1 N sulfuric acid and 5 ml. of 8 per cent sodium bisulfite
and the solution was diluted to about 35 ml. This was nllowq&
to stand overnight or for an hour at 100° to reduce any arsenic
oriron present. To it were then added 5 ml. of molybdate reagent
and the solution was heated for 30 minutes at 100°.  After cooling
and diluting to the mark, the color was measured. ;

The full color develops in 25 minutes at 100° and continued
heating for an hour has little effect. The acidity must be rather
carefully controlled, as higher values decrease the color inten-
sity. Usually 5 ml. of N sulfuric acid are added to prevent the
formation of molybdisilicic acid which would give high results if
silica were present. Provided enough is added to react with the

hosphorus excess molyhdate has little effect. Small amounts of
gisulﬁte have little effect, but large amounts increase the depth of
color, possibly by increasing the pH and causing some reduction
of uncombined molybdate. The range of concentration is 0.1
to 5 p. p. m. of phosphorus. The system conforms to Beer’s law
up to 4 p. p. m. and then deviates sharply from it. There was an
error of about 5 per cent due to fading on standing 22 hours. A
study of ferric iron, arsenate, arsenite, silicate, and tetraborate
showed that the first four interfere and should not exceed 2, 25,
100, and 25 p. p. m., respectively.
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DETERMINATION OF SILICON. Since molybdates may re-
act with silicates to form molybdisilicic acid, the molybdenum
blue reaction can be used to determine silicon.

The standard silica solution was made by dissolving 1.255
grams of sodium silicate monahydrate, Na,810;.9H,0, in water
containing 1 gram of sodium hydroxide and dilutin% to 250 mL
;I‘bis solution, containing 1 mg. of silica per ml., was diluted tenfold

or use.

To an appropriate amount of this silicate solution in a 50-ml.
flask there were added 20 ml. of water, 6 ml. of 10 per cent acetic
acid, and 10 ml. of 10 per cent ammonium molybdate. The solu-
tion was heated on a boiling water bath for 5 minutes, and 4 ml.
of saturated sodium sulfite solution were added, after which the
solution was cooled, diluted to the mark, and measured.
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TABLE II. REDUCTANTS FOR DETERMINING PHOSPHORUS
Item Chlorostannous  1-Amino-2-naphthol- Reduced
Compared Acid 4-sulfonic Acid Molybdate

Pconen.at50% trans- 0.75 2.21 0.90
mission®, p. p. m.
phosphorus

Working range, 1-cm. 0.02-2.0 0.2-10 0.1-5
cell, p. p. m. phos-
phorus

Time and tempera- 3 min., 30 min., 30 min.,
ture, to develop 20-25° 20-25° 100°
color

Stability 15 min. Changesb 10 hours

Effect of excess re- Slight None Slight

© _ agent ecrease gecrease

Effect of excess re- Slight Slight Slight
ductant increase increase increase

Conformity to Beer's 0-1 0-10 04
law, p. p. m. phos-
phorus

Hydroquinone——MMmMMM ——
- X Benedict
Bell and Doisy Briggs and Theis

P concen. at 50% trans- 1.65 2.62 1.06
mission®, p. p. m.
phosphorus

Working range, 1-cm. 0.1-10 0.1-15 0.1-5
cell, p. p. m. phos-

_phorus .

Time and tempera- 5 min., 30 min,, 25 min,,
ture to develop 20-25° 20-25° 100°
color X

Stability 15 min. Changes® 10 hours

Effect of excess re- - Slight
agent U BORCABE (s S Al 7L o BB bt P e B Lo

Effect of excess re- Slight
ductant increase Inoreasej-i ety e nisy

Conformity to Beer's 0-10 0-12 0-3

law, p. p. m. phos-
phorus

@ For 1-cm. cell at 700 mu.
b Measurement must be made after definite time.

The range of concentration is somewhat higher than for
phosphorus, being 1 to 15 p. p. m. of silicon. If the color is
measured a short time after preparing the solutions, they do
not conform to Beer’s law; but if they stand 2 days, the law
applies. At high concentrations of silica the reduction seems
to proceed more slowly than at lower values. A typical
curve for the blue system is shown in Figure 3.

DETERMINATION OF ARSENIC. A heteropoly molybdi-
arsenate, formed from molybdate and arsenate, gives the
molybdenum blue reaction and thus may serve for the deter-
mination of arsenic.

A standard arsenic solution was prepared by dissolving 0.950
gram of arsenic acid in water to which were added 100 nﬁ of N
sulfuric acid and dilute permanganate to make the solution just
pink. This solution, diluted to 1 liter, contains 0.5 mg. of arsenic
per ml. It was diluted tenfold for use.

Using the reduced molybdate solution as reductant, the same
procedure was followed in preparing the blue systems as for the
determination of phosphorus, except that the addition of acid
and bisulfite was omitted. The system conforms to Beer’s law
up to 8 p. p. m. of arsenic and then deviates sharply from it.
The solutions are much more stable than the corresponding
phosphorus solutions. On standing 5 days those containing less
than 8 p. p. m. did not fade, but those of higher concentration
changecf appreciably. The chlorostannous acid reagent was
tried also, using the same procedure as for phosphorus. This
system conforms to Beer’s law up to 2 p. p. m. Turbidity de-
veloped on standing. Selected curves are shown in Figure 3.

Discussion

Since the molybdenum blue method is based upon the se-
lective reduction of the molybdenum in a heteropoly acid in
presence of excess molybdate, there are several variables
which must be rather closely controlled. These include ratio
of molybdate to acid, acidity, amount of molybdate, time to
develop the color, temperature at which the color develops,
and the presence of certain diverse ions in the solution.

The optimum ratio of molybdate to acid is that which, in
a given time, would give maximum reduction of the heteropoly
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acid with no reduction of the uncombined molybdate. This
ratio, once established, should be kept constant. A conven-
ient means is to prepare the molybdate reagent in a given
concentration of acid. Ordinarily the amount of reagent and
of reductant will not greatly affect the color, provided, of
course, there is sufficient present to effect the desired reaction.
A general study of the effect of diverse ions, made with solu-
tions using chlorostannous acid as reductant, showed many
interferences.

A comparison of some of the characteristics of the different
modifications for determining phosphorus, shown in Table IT,
indicates that the chlorostannous acid procedure is the most
sensitive and requires the least time to prepare the color for
measurement. The main disadvantages are the tendency to
develop turbidity, especially with low concentrations of phos-
phorus, the relative instability of the color, and the difficulty
of preserving a chlorostannous acid solution. The reduced
molybdate reagent rivals it in sensitivity, conforms to Beer’s
law up to 4 p. p. m. of phosphorus, has greater stability, and
excess reagent has very little effect. Its main disadvantage
is the necessity of heating 30 minutes at 100° to develop the
color. The reagent itself must be carefully prepared, but
then it is reported to be stable for years.  Silicate and arse-
nate interfere less than in the chlorostannous acid method.
Hydroquinone and aminonaphtholsulfonic acid seem to have
no advantages over the other two reductants. They are less
sensitive and require time to develop the color, and in some
cases a definite temperature must be maintained for a definite
time.

Apparently each process of reducing the heteropoly acid to
molybdenum blue produces a system of somewhat different
light-absorptive characteristics. Thus in Figure 1 the spec-
tral transmission curves are all for the same concentration of
phosphorus but different reductants. It is obvious that no
single permanent standard would serve. In addition, Figure
2 shows the failure of the proposed standards to match the
system for which they were proposed.

Figure 3 shows curves for the application of the method to
the determination of arsenic and silicon. Solutions for ar-
senic have nearly the same color as those for phosphorus.
The reduced molybdate-arsenate solutions are more stable
than the corresponding phosphorus compounds. In using
acetic acid and sodium sulfite to reduce the silicon complex
the process proceeds slowly with high concentrations of silicon.
Freshly prepared solutions deviate markedly from Beer’s law,
but after two days the divergence nearly disappears.

Summary

A spectrophotometric study has been made of the applica-
tion of the molybdenum blue method to the colorimetric de-
termination of phosphorus, arsenic, and silicon. This in-
cluded the range of the methods, conformity of the blue sys-
tem to Beer’s law, and the effects of variables such as time,
temperature, acidity, and amounts of reactants upon the
color developed. In addition, there was determined for phos-
phorus the effect of 63 diverse ions, the relative merits of chlo-
rostannous acid, hydroquinone, aminonaphtholsulfonic acid,
and a reduced molybdate solution as reductants, and the in-
adequacy of several proposed permanent standards.
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Ultraviolet Absorption Spectra of Linseed Oil

Determination of Bodied-in-Vacuo and Blown Linseed Oil in Mixtures
with Raw Linseed Oil

J. H. MITCHELL, JR., AND H. R. KRAYBILL
Purdue University Agricultural’Experiment Station, Lafayette, Ind.

An examination of the ultraviolet absorption
spectra of a series of linseed oils bodied by blowing
at 220° F. and by heating in vacuo at 585° F. shows
that the absorption spectrum of a mixture of either
type of oil with raw linseed oil may be used for the
analysis of the bodied constituent.

Both types have maxima at 2320 A., but the pres-
ence of a band with a maximum near 2700 A. in the
oxidized series distinguishes these oils from the oils
bodied in vacuo. In the bodied-in-vacuo series the
band at 2320 A. has been attributed to the forma-
tion of conjugated octadecadienates as a step in the
polymerization process.

Making use of the 2700 A. band for the qualitative
examinations and of the 2320 A. maximum for the
quantitative determinations, the amount and kind
of bodied oil in mixtures with raw linseed oil have
been measured. The amounts of bodied oil ranged
from 5 to 50 per cent, and the analyses were made
with an average percentage error of =2.12.

In addition to absorption spectra, iodine number,
refractive index, acid number, specific gravity,
color, and viscosity are given.

HE ultraviolet absorption spectra have been used by

various investigators (1, 2, 8, 12, 16) in studies of the
drying oils and their fatty acids. Bradley and Richardson
(2) and Bradley and Johnston () have recently used this
technique in connection with their investigations of the
changes accompanying the polymerization by heat treatment
of oils. Conjugation, as pointed out by Crymble et al. in
1911 (5) may be detected by the ultraviolet absorption
spectra, and by this means a much more reliable estimate of
this type of unsaturation may be obtained than by using the
iodine value.

This article points out the differences in the absorption
spectra of blown, or oxidized, linseed oil and of oil polymerized
in vacuo, as well as the use to which the ultraviolet absorp-
tion spectra may be put in the qualitative and quantitative
determination of the amounts of these oils which have been
added to untreated, or raw, linseed oil.

Instrument and Methods

All the absorption data were obtained from measurements
made with a photoelectric spectrophotometer (11) employing a
Hilger double monochromator with crystal quartz optics. As a
source of ultraviolet light, a Munch (18) hydrogen discharge tube
with a fused quartz window was used. Solutions of the oils for
the curves presented in Figure 1 were made in diethyl ether,
purified for optical use (4), and dilutions were made, if necessary,

to maintain the values of logio ? between 0.200 and 0.800. Ab-

sorption cells 1 cm. in length with matched crystalline quartz end
plates were used.

Slit widths of 0.25 mm. were used at 2320 A. The spectral
region isolated (11) at this wave length is 5.4 A. for a slit width of
0.25 mm. However, when slit widths of 0.20 to 1.0 mm. were

765

used at this wave length with the same solution the value of Iogm?

remained constant.
At 2680 A. a slit width of 0.15 mm., isolating a region of 5.6 A.,

was used. A constant value for logy, j"was obtained at this wave

length for the same solution when slit widths of 0.12 to 0.60 mm.
were used.

ABSORPTION SPECTRA OF BODIED LINSFED olL
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BLOWN AT 220°F. HEATED IN VACUUM AT 585°F,

gty

SPECIFIC o<

WAVE LENGTH IN A,

FiGcure 1

The effectiveness of the monochromator in the elimination
of stray light at these wave lengths is shown by the fact that
with the slits open to 1.0 mm., a 72-watt Mazda lamp, used
as a light source in the visible spectrum, caused no galva-
nometer deflection. In the visible region with this same source,
slits approximately 0.06 mm. wide are customarily used. °

Lambert’s law was demonstrated for the heat-bodied oils
when cell lengths of 1 and 4 cm. were used.

The absorption curves are plotted, using the value of the
specific absorption coefficient on the ordinate and the wave
length in Angstrom units on the abscissa.
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Tasre I. Linseep OinL Bopiep v MoNEL AT 585° F.

Desig- Acid Specific Iodine Refractive Colora ; 3
° nation No. Gravity No. Index (20 Mm.)  Viscosity
Potses
A 0.25 0.9310 178.2 1.47855 88-63-73 0.40
D 3.85 0.9510 139.3 1.48412 80-56-67 3.82
G 5.36 0.9608 131.2 1.48681 78-40-57 13.8
I 5.76 0,9652 128.5 1.48793 63-29-48 25.5
K 6.28 0.9664 127.5 1.48888 56-20-41 45.3
N 6.85 0.9688 126.4 1.48971 47-13-28 80.0
P 6.94 0.9703 126.1 1.48986 43-11-26 101,

a Color readings were made with Hess-Ives machine, first figure beinﬁ
reading of light transmission through a 20-mm. cell and green filter. Secon
is blue-violet reading, and third the blue.

TasrLe II. Lmnseep Om BrownN N 100-BARREL IroN
TANK AT 220° F,
Desig- Acid Specific Iodine  Refractive Color® S
nation No. Gravity No. Index (20 Mm.) Viscosity
Poises
1 0.24 0.9311 180.3 1.47858 83-64-72 0.40
2 0.92 0.9364 173.4 1.479014 88-72-87 0.60
4 2.87 0.9640 145.7 1.48221 80-54-66 2,25
6 3.67 0.9740 136.2 1.48341 84-46-74 4.45
9 4.31 0.9848 127.0 1.48453 78-34-57 10.4
11 4.57 0.9808 123.2 1.48517 76-24-50 16.8
13 4.59 0.9937 120.5 1.48563 73-16-42 24.5

4 Color readings were made with Hess-Ives machine, first fi urar being
reading of light transmission through a 20-mm. cell and a green filter, Sec-
ond is%lue-vio]at reading, and third the blue.
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Discussion of Absorption Curves

Untreated linseed oil has very low absorption for light in
the ultraviolet region of wave length longer than 2300 A., the
specific alpha at 2320 A. being only 0.34 for the sample of raw
oil used in making up the mixtures for analysis. It has been
gshown (12, 19) that neither the fatty acids nor their esters
and glycerides, unless conjugated, cause specific absorption
in the range of wave lengths with which this study is con-
cerned. There is some evidence (1) that cyclization causes a
general increase in the specific absorption value in the ultra-
violet region, and for this reason not too much significance
can be attached to estimates of the actual amounts of con-
jugated materials present in bodied oils.

Conjugation is of great importance in causing absorption
in this region, illustrated by the high specific absorption at
2700 A. found by Dingwall and Thomson (8) for a-eleostearic
acid and the value of 120 found for 9,11-linoleic acid in the
2300 A. region by Hulst (12). In this latter region 2,3-oleic
acid, in which the double bond is conjugated with the car-
boxyl, also shows strong absorption, although no maximum
could be observed by Hulst (12). Working with more simple
compounds, Hausser (10) found the maxima for crotonalde-
hyde and crotonic acid in hexane to be, respectively, at 212
and 208 millimicrons, the double bond in crotonaldehyde be-
ing conjugated with an oxygen atom of the aldehyde group
and in crotonic acid with that of the carboxyl group.

With both the blown and the heat-bodied oils (Figure 1)
the development of a relatively high absorption band with a
maximum between 2320 and 2325 A. is characteristic. This
band, in the case of esters and oils bodied in the absence of
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oxygen, has been attributed by Bradley (2) to the formation
of conjugated octadecadienates by isomerization of the double
bonds as a step in the polymerization process. This evi-
dence is in support of Brod et al. (3) and of Scheiber (20)
who presented similar hypotheses. Increased absorption of
ultraviolet radiation in connection with prolonged heating
on saponification has also been shown to occur (6, 7, 9, 18, 17).
In this connection, the absence of any absorption band in the
region of 2700 A. in the bodied-in-vacuo oils must be taken as
evidence that no systems of three conjugated double bonds
are present. Kino (14) found that the polymerization of
methyl linolenate takes place without a shift of the double
linkages.

The oils bodied 2n vacuo and those bodied by blowing with
air show, at first, a very rapid fall in the iodine number with
very little corresponding increase in the viscosity (Tables I
and II). In the heat-bodied series the iodine number drops
from 178.2 for sample A, viscosity 0.40 poise, to 139.2 for
sample D, viscosity 3.82. As the heat treatment is continued
the viscosity rises rapidly without a comparable decrease in
the iodine number.

The period during which the iodine number falls rapidly is
also that in which the acid number, specific gravity, and re-
fractive index rise sharply. Several investigators have
noted that the first changes induced by the heat treatment
seem to be due to intramolecular rather than to intermole-
cular reactions. During this period the marked change in the
absorption spectrum is also noted. When the viscosity has
reached 3.85 poises the specific alpha for the heat-bodied oil
has a value of about 5.7 at 2320 A. compared to 0.34 for the
original oil. With further heating, however, the specific ab-
sorption at 2320 A. falls gradually with the rise in viscosity
and the fall in the iodine number (Figures 2 and 3).

T T I i 1] 1
BODIED LINSEED OIL

\ I. BODIED AT 585°F. o AT 2320 A-
2. BLOWN AT 220°F. s AT 2320 A.

SPECIFIC o<

1 1 1 1 1 1
BEergunee
IODINE NUMBER

130
140}
190}

o
o

FIcure 2., COMPARISON OF SPECIFIC ABSORPTION COEFFICIENTS
AT 2320 A. wira IopINE NUMBERS OF OXIDIZED AND HEAT-
Boprep Linseep O1Ls

Based on the specific absorption coefficient of 120 found by
Hulst (12) for 9,11-linoleic acid and neglecting other possible
sources of absorption, the conjugated linoleic acid is esti-
mated to be present to the extent of about 4.7 per cent in
sample D, specific alpha 5.7, and about 3.5 per cent in sample
P, specific alpha 4.2.

In the blown oils, however, the specific absorption coeffi-
cient rises gradually with the viscosity (Figure 3). This rise
continues and in sample 13, viscosity 24.5 poises, the specific
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FIGURE 3.. COMPARISON OF SPECIFIC ABSORPTION COEFFICIENTS
AT 2320 A. AND ;2700 A. wite ViscosiTy oF OXIDIZED AND
Hear-Bopiep LinseED O1Ls

alpha is 5.7. In this sample no definite maximum was ob-
served.

The small bands at 3000 and 3160 Z&., present in the original
oil, disappear very early during either type of treatment.

When the specific alpha at 2320 A.is plotted against the
iodine number (Figure 2), another difference between the
two types of oils is apparent. In the oxidized series the spe-
cific alpha continues to increase with decreasing iodine value,
while in the heat-bodied series the specific alpha first increases
sharply and then falls with the decreasing iodine values.

TasLe III. SeECIFIC ABSORPTION AT 2700 A. oF Brown Lin-
sSEED O1Ls
Specific,a
Sample Viscosity at 2700 A. Deviation
Poises
6 4.45 1.39 —0.04
9 10.4 1.43 0.00
11 16.8 1.44 +0.01
13 24.5 1.45 +0.02
Av. 1.43 =0.017
Raw linseed 0.057

Use of Absorption Curves for Analysis

The distinguishing characteristic between the spectra of
the oxidized and the bodied-in-vacuo oils is the appearance of
a second band between 2600 and 2700 A. in the oxidized
series. This band (Figure 1) continues to increase in height
until a viscosity of about 4.45 poises and an iodine number of
136 is reached. Blowing continued after this condition is ob-
tained produces no appreciable change in the specific alpha
between these wave lengths, although the viscosity continues
to increase. Table III, showing the average value of the spe-
cific alpha of blown samples having a viscosity of 4.45 poises
and above to be 1.43 = 0.017 at 2700 A., illustrates this fact.
Thus it is possible to use the value 1.43 at 2700 A. to deter-
mine the amount of blown linseed oil of this series, from a
viscosity of 4.5 to 25 poises, in a mixture with raw linseed
oil.

The specific absorption coefficients of the bands in the oxi-
dized series remain in the same relative order at 2700 as at
2320 A. It is not possible, in the light of the present investi-
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gations, to identify the oxidized product which causes this
band.

In the heat-bodied series the relative order of the curves
becomes reversed, and the highest one at 2700 A. is the lowest
at 2320 A. It may be observed in Figure 1 that the curves
for this series cross near 2500 Table IV shows the value
for the specific alpha at 2500 A. of the samples from viscosity
3.82 to 101 poises to be 2.04 = 0.05. Thus, analyses for the
amounts of heat-bodied oils of this series in mixtures with raw
linseed may be made at 2500 A. using the value 2.04 for the
specific alpha of the bodied constituent.

The procedures described above will not give as accurate
results as will the use of the maximum at 2320 A. of the added
bodied oil. However, when the absorption curve of the added
oxidized or heat-bodied constituent cannot be obtained, these
methods are capable of giving a good estimate of the kind and
amount of bodied linseed oil in mixtures with raw linseed
oil.

In Table V are given the analyses of mixtures of raw and
bodied oils ranging from 5 to 50 per cent of the oxidized or
heat-bodied component.

The ultraviolet absorption was measured in a solvent consistin,
of the purified hexane fraction of petroleum ether (65.5-66.5° C.
containing 10 per cent by volume of ethyl alcohol to bring
about solution of the oxidized oil. The petroleum ether was
purified for optical use (15) by stirring repeatedly with fuming
sulfuric acid, washing well, and distilling.

Tape IV. SerciFic ABSORPTION AT 2500 A. or HEAT-BopIED
LinsEED O1Ls
Specific «
Sample Viscosity at 2500 A. Deviation
Poises
D 3.82 2.20 +0.16
G 13.8 2.03 —0.01
I 25.5 2.01 —0.03
K 45.3 2.02 —0.02
N 80.0 2.02 —0.02
P 101. 1.98 —0.08
Ay 2.04 =0.05
Raw linseed 0.10

TaBLE V. ANALYSES OF MIXTURES OF BLOWN AND Bopiep
Linseep O1Ls witHE Raw LINsEED O1L

Desig- Specific @ Bodied Constituent Difference in
nation at 2320 A. Found  Added Composition Error
%o o T%o %
Raw plus 0.548 4.88 5.00 —0.12 —2.40
blown 0.666 7.79 7.50 +0.29 +3.86
0.756 9.87 10.00 —0.13 —1.30
0.874 12.85 12.50 +0.35 +2.80
1.19 21.20 20.00 +1.20 +6.00
1.50 29.20 30.00 —0.80 —2.66
1.95 40.00 40.00 0.00 0.00
2.35 50.00 50.00 0.00 0.00
Raw plus 0.600 5.10 5.00 +0.10 +2.00
bodied- 0.730 7.65 7.50 +0.15 +2.00
in-vacuo 0.866 10.35 10.00 +0.35 +3.50
0.950 12.15 12.50 —0.35 —2.80
1.31 20.00 20.00 0.00 0.00
1.80 29.90 30.00 —0.10 —0.30
2.28 39.40 40.00 —0.60 —1.50
2.71 48.60 50.00 —1.40 —2.80
Raw plus [ B T s e I A Av. =2.12
Blown 4138 s SRR e
Bodied-in-
00U L3 S R S s

The raw oil used in these mixtures had a viscosity of 0.40

ise, that of the blown was 1.40 poises, and that of the heat-
Egdied oil was 16.5 poises. Standard curves were obtained for
the raw, oxidized, and heat-bodied oils. (The portion of the
absorption curves between 2550 and 2900 A. was used to deter-
mine qualitatively the presence or absence of oxidized oil in the
mixtures. Quantitative measurements of the blown or heat-
bodied oil were then made by using the relatively high absorption
maxima at 2320 A.
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The curves presented in Figure 1 relate only to linseed oil
produced for this study and were bodied n vacuo at 307° C.
(585° F.) and blown at 104.4° C. (220° F.). They are not
intended for use as standard or reference curves in the quan-
titative analyses for bodied or blown oils produced under
other conditions; it seems likely that the absorption curves
for oils bodied or blown at other temperatures, for example,
may not be the same. This point requires further study.

Summary

The ultraviolet absorption curves for two series of linseed
oils, one heat-bodied at 585° F. and the other blown at
220° F., are presented and discussed.

A distinguishing characteristic between these two series is
the development, in the blown series, of an absorption band
with a maximum between 2600 and 2700 A. The specific
absorption coefficient of this band increases with the viscosity,
on blowing with air, until a viscosity of about 4.5 poises is at-
tained. After this stage of the process, continued blowing
causes practically no change in the specific absorption coef-
ficient at 2700 A., although the viscosity continues to increase.
Another absorption band with a maximum at 2320 A. de-
velops in the blown series. The specific absorption coefficient
of this band continues to increase with the viscosity.

The development in the heat-bodied series of a strong ab-
sorption band with a maximum at 2320 A., attributed to the
formation of conjugated octadecadienates, takes place with
relatively little change in the viscosity. On further heating
the specific absorption coefficient of this band decreases gradu-
ally as the viscosity increases.

The presence of an absorption band at 2600 to 2700 A.
may be used to distinguish between linseed oil polymerized
in vacuo and oxidized linseed oil in mixtures with raw linseed
oil,

By use of the specific absorption coefficient at 2320 A,
quantitative analyses of oxidized or heat-bodied linseed oil,
ranging from 5 to 50 per cent, in mixtures with raw linseed
oil have been made with an average percentage error of ==2.12.

The physical constants for each of the samples are given.
The acid number, specific gravity, and refractive index in-
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crease with the viscosity in each case, while the iodine num-
ber drops.
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Estimation of Aliphatic C—H Content of
Toluene through Its Infrared Absorption

R. C. GORE AND J. B. PATBERG, University of Illinois, Urbana, Ill.

HEN toluene is subjected to such reactions as nitration,

both the quality of the product and the bazards during
the manufacturing operations are dependent upon the purity
of the toluene used as the raw material.

The usual physical tests for purity—boiling point, distilla-
tion range, refractive index, and density—are not particularly
sensitive to small amounts of impurities, and the chemical
tests, such as the determination of the bromine number and
the sulfonation test, while useful and specific for the impurities
encountered, are time-consuming. These tests are conducted
in order to estimate the quantities of paraffins, naphthenes,
and olefins present in the samples of toluene. These impuri-
ties are the substances which exert the greatest influence upon
the quality of the nitration products and upon the manufac-
turing operations. Any method for their estimation which

was more sensitive or less time-consuming than the usual tests
would be of value.

The use of infrared absorption spectra is not offered as a
complete single test for all the impurities found in toluene but
only to show that the method has possibilities. The speed,
ease, and sensitivity of spectroscopic methods are well known.

First, let us consider the aliphatic nature of the paraffins,
naphthenes, and olefins, which are related, in that all the com-
pounds in each class have aliphatic carbon-hydrogen groups
present in their structures. Several investigators (1, 8, 4, 6)
have observed that aromatic C—H vibrations occur in the
3.2p region of the infrared spectrum while aliphatic C—H vi-
brations oceur in the 3.4 region. It has also been found that
the extinction coefficient per C—H bond is greater in the case
of the aliphatic vibration. These differences in the behavior
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FIGURE 1. ABSORPTION SPECTRA

of the aromatic and aliphatic C—H vibrations should make it
possible to detect rather small quantities of aliphatic material
in the presence of aromatic substances. Inasmuch as toluene
itself has an aliphatic CHj group, it is necessary to measure
the absorption of the aliphatic C—H over and above that al-
ready present in the toluene molecule. This offers no great
difficulty, as solutions of toluene can be used as standard
absorbents and the presence of aliphatic C—H other than that
present in pure toluene will then increase the absorption in
the aliphatic region above that normally present in toluene.

Aliphatic C—H may be present in compounds of sulfur such
as the sulfides and mercaptans, which may occur in quantities
equivalent to 0.1 per cent of sulfur, depending upon the source
of the toluene.

The quantity of —SH-bearing compounds may be esti-
mated by determining the absorption in the 3.85u region
where the —SH frequency appears. The C=S frequency oc-
curs between 6.5 and 6.8u. Compounds containing this
group may be studied in-the 6.5 to 6.8u region or possibly in
the region of the second harmonic which would occur between
3.25 and 3.4p. A similar estimation of —OH-bearing com-
pounds may readily be obtained by studying the absorption
in the 2.75u region, while C==C may be estimated by study-
ing the 6.1u region.

Inasmuch as all these compounds have a number of ali-
phatic CH groups as well as the various other groups, a rela-
tively simple test, such as the determination of the aliphatic
C—H content, should give an indication of the purity of the
toluene sample. :

Experimental

The authors have compared the infrared absorption spectra of
various samples of toluene with toluene purified by the method of
Schwalbe (6) which is taken as a standard. Samples have been
obtained from the stocks possessed by this laboratory and from
the Atlas Research Laboratory of the Atlas Powder Company,
which kindly permitted the authors to use the results of their
analyses of two samples.
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The authors have also studied the effect upon the 3.1 to 3.5x
infrared absorption spectrum of toluene of the presence of several
molecules, including cyclohexane, ‘cyclohexene, petroleum ether,
and m-xylene. The first two substances were chosen because the
authors were informed that naphthenes and unsaturates cause
considerable trouble during the nitration of toluene and these ma-
terials were available in a reasonable degree of purity. The pe-
troleum ether was used as a source of aliphatic é)—H and because
of its boiling range its constituents could be present in some
samples of toluene. m-Xylene might possibly be a contaminant
of toluene and it represents a type of impurity.

The toluene, which was purified by the method of Schwalbe
(5), had a boiling point of 110.5° C. The cyclohexane was from
the Eastman Kodak Company and after several fractionations
had a freezing range from 6.3° to 6.5° C. The cyclohexene was
obtained from the organic division of this laboratory and boiled
between 82.1° and 83.3° C, The petroleum ether was the com-
mercial fraction boiling at 90-110° C. The m-xylene was the
commercial product which boiled at 138-139° C. after several
fractionations.

The absorption spectra were obtained by the technique de-
scribed previously (2, 8). Carbon tetrachloride solutions of the
materials were used and the absorption spectra were obtained
by means of the Illinois rock-salt prism spectrometer.

Results

In Figure 1 are shown the absorption spectra of pure tolu-
ene, cyclohexane, cyclohexene, petroleum ether, and m-xy-
lene. The petroleum ether was assumed to be a mixture of
equal quantities of C;Hjs and CsHys. The intense aliphatic
C—H absorption of petroleum ether, cyclohexane, and cyclo-
hexene is clearly shown by these curves. It is this high mo-
lecular extinction coefficient of the aliphatic 3.4 C—H, as
compared with the relatively weak aromatic C—H in the
3.3u region, that makes possible the detection and estimation
of the quantity of C—H-bearing material in the samples of
toluene.
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In Figure 2 curves are shown for different concentrations of
cyclohexane added to a 0.1 molar solution of pure toluene.
The relative heights of the peaks in the 3.4 region indicate
that the effect of the addition of various concentrations of
cyclohexane is what might be expected if Beer’s law were ap-
plicable.

To test the applicability of Beer’s law cyclohexane was added
to 0.1 molar toluene solutions in quantities sufficient to produce
solutions 0.00012, 0.0006, 0.0012, and 0.0024 molar with respect
to the cyclohexane. The logarithms of the ratios of the intensi-
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ties at the 3.4u absorption lpeak of these solutions were deter-
mined, using a constant cell thickness. For strict adherence to
the customary meanings of the symbols in Beer’s law as written,

k= ‘—l:(]og I—°) ,it would be necessary to obtain values for the inten-

sity of radiation through a cell containing carbon tetrachloride
plus toluene plus impuritgr (c}vclohexane in this case). This
mtensity can be represented by a5+ using a, b, and ¢ for carbon
tetrachloride, toluene, and the impurity, respectively. It is also
necessary to measure the intensity of radiation through a cell
containing carbon tetrachloride and toluene, which can be repre-
sented by Is4s. With these two values of the intensity of
radiation it is possible to formulate a statement of Beer’s law in
the usual form.

For convenience, however, the authors have determined the
intensity of radiation througi) a carbon tetrachloride solution of
toluene plus the impurity and through a cell containing only
carbon tetrachloride. These values may be represented by
Tai by and g, respectively.

Now
L L L
[u+b+c 1a+b In+b+e
but f_:a is constant; therefore a plot of the log of e vs. the
concentration of the impurity will be proportional to a plot of the
variables usually encountered in Beer’s law, f;”‘ = —I° If these

o+ bie
values fall upon a straight line it will be evidence of the validity
of the law. Such a plot is shown in Figure 3, where the experi-
mental points fall sufficiently close to the line to enable the strict
application of Beer’s law. This adherence to the law is reason-
agle, inasmuch as only slight association is to be expected in car-
bon tetrachloride solutions of the substances examined.

When commercial samples of toluene are to be examined
through their infrared absorption, the hydrocarbon impurities
are of unknown character. The success of the nitration of
toluene depends, however, upon the presence in sufficiently
low quantities of olefins, paraffins, and naphthenes. These
substances have a strong infrared absorption at 3.4x due to
aliphatic C—H vibrations, and a comparison of the height of
this absorption peak with the height of the peak exhibited by
pure toluene may be used as an additional aid in the estima-
tion of the suitability of toluene for nitration. The absorption
exhibited by the unknown hydrocarbons can be calculated as
equivalent to the absorption exhibited by known quantities
of a definite compound. The authors have used the absorp-
tion shown by cyclohexane as their standard, both because
it is a naphthene and naphthenes cause trouble in nitration
and because the cyclohexane was of high purity.

Toluene samples A and B and their analyses were furnished
through R. Max Goepp, Jr., and Sol Soltzberg of the Atlas
Research Laboratory of the Atlas Powder Company. These
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samples had been subjected to a chemical analysis including
the following determinations: olefin content by bromine num-
ber, paraffins and naphthenes by sulfonation, and Podbielniak
distillation with density and refractive index determinations
on each cut.

The composition of these two samples is as follows:

A B
Toluene (by difference), % 08.58 99.70
Olefin, % 0.06 0.02
Paraffins and naphthenes, % 1,36 0.28

The results of the analysis justify the further conclusions
that there are no xylenes or higher homologs of toluene pres-
ent in either sample, that the olefin content is practically
negligible, but the B sample is more sensitive to 91 per cent
sulfuric acid. The color-forming substance in sample B is
completely removable by the acid. Furthermore, the residual
oils from the sulfonation of the samples of toluene A and B
had boiling ranges at 745.9 mm. of 121-122° C. and 117-
117.5° C., respectively, and refractive indices of n%° = 1.4150
and 1.4172. The amount of these oils was too small for fur-
ther identification, but a search of the literature on the boiling
points and refractive indices of paraffins and naphthenes hav-
ing constants similar to those found leads to the conclusion
that these residual oils appear to be mixtures of Cs and Cy
paraffins and naphthenes. Sample A has been nitrated suc-
cessfully on a commercial scale and sample B has been ad-
judged suitable for commerecial nitration.

=— C,0.02172 G./I5 ML.
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FIGURE 4. ABSORPTION SPECTRA

The absorption spectra of samples’A and B and the residue
from sample A are shown in curves A, B, and C, respectively,
in Figure 4. These spectra were obtained after the spectrom-
eter, a research instrument, had been disassembled and
reassembled for an overhauling. The differences in the values
Iy
1
to inescapable changes in the resolution of the instrument
which develop during this major operation. To estimate the
quantity of aliphatics present in the samples after such in-
strumental changes necessitates the redetermination of a
calibration curve. A new curve is not shown, as it would be
similar to that in Figure 3.

However, the absorption spectra show that curve A repre-
sents a sample of toluene containing aliphatic C—H equiva-
lent to 0.00147 molar (1.44 per cent) cyclohexane and curve B
represents a sample containing aliphatic C—H equivalent
to 0.0007 molar (0.62 per cent) cyclohexane. These values
are of the same order of magnitude as the results of the chemi-

of log — for pure toluene and those shown in Figure 2 are due
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cal analysis. Sample A has been successfully nitrated on a
commercial scale, yet it is possible to detect spectroscopically
impurities present in even smaller amounts than in sample A,
as shown by the spectrum of B. The residue from sample A,
curve C, appears to contain practically no aromatic C—H.
No attempt has been made to differentiate olefins and naph-
thenes. The C==C bonds in the olefins could probably be
detected by similar procedures in the 10x region or possxbly
at 5u in the second harmonic.

The spectroscopic examination has the usual spectroscopic
advantages over the chemical examination for aliphatic C—H
such as speed and ease of determination. An examination
can readily be completed in 30 minutes. In the concentration
region represented by Figure 3 the error introduced by varia-
tion in the spectrometer readings could be in the neighbor-
hood of 1 or 2 per cent.
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Determination of Antimony in Lead-Antimony

Alloys

L. A. WOOTEN AnD C. L. LUKE, Bell Telephone Laboratories, New York, N. Y.

A new bromate method for the deter-
mination of antimony in lead-antimony
alloys is described and compared with older
methods. The method is rapid, conven-
ient, and especially recommended for use
on lead alloys that do not dissolve readily
in sulfuric acid. The effect of the presence
of copper on the antimony determination
has been investigated. Under certain con-
ditions copper can act as an oxidation
catalyst and thus cause the results of an
oxidimetric determination of antimony to
be too low; under different circumstances
copper can cause high results.

HE method most commonly used for the rapid deter-
mination of antimony in lead-antimony alloys is that of
Low (4) in which the sample is dissolved in concentrated sul-
furic acid and potassium bisulfate and, after addition of hy-
drochloric acid, the antimony is titrated at 10° C. with per-
manganate ion in the presence of the lead chloride-sulfate
precipitate. This method has been applied to the analysis
of 1 per cent antimony alloys and difficulty in obtaining
complete sulfation of certain alloys is reported (9). In agree-
ment with this finding the authors have also encountered
alloys which do not dissolve completely, even though a pre-
heated solution of sulfuric acid and potassium bisulfate is
employed (9). Further work has revealed that alloys con-
taining appreciable quantities of copper—e. g., 0.05 per cent—
are always more difficult to sulfate than copper-free alloys;
and that the metallic residue obtained in such cases is rela-
tively rich in antimony and copper, suggesting the presence
of an antimony-copper compound, probably Cu,Sb.
The problem of obtaining complete solution of the sample
has led analysts to increase the time and temperature of
heating during the sulfation step, or to add an oxidizing agent

such as cupric ion. In subjecting the sample to such treat
ments the assumption has been made that the subsequent
titration of the trivalent antimony is unaffected. In the
experimental section of this paper data are presented which
show that prolonged heating at approximately 320° C.
during sulfation results in low values for antimony in lead-
antimony alloys containing copper; and that the low results
(Tables V and VI) are due to oxidation of part of the trivalent
antimony, catalyzed by copper ions (8, 11). Data are also
presented which show that the use of cupric ion as an oxidiz-
ing agent in the solution of the sample will lead to a positive
error unless the cuprous ion formed is reoxidized before
titration.

In view of the possibilities of error in the Low method re-
sulting from incomplete sulfation of the sample and from
partial oxidation of the antimony to the pentavalent form,
it seemed desirable to develop a new, rapid method in which
these errors would be closely controlled. The time element
eliminated the possibility of using a method involving solu-
tion of the sample in hydrochloric acid and bromine, followed
by reduction of the antimony and titration with standard
bromate solution (Z, 2, 7). While this method is long, it
still has several advantages over the Low permanganate
method, chief of which is that the alloy is taken completely
into solution before titration. It occurred to the authors
that it might be possible to combine the best features of the
two methods, and this has proved practicable. The method
developed involves the following simple operations:

Solution of the alloy in sulfuric acid and potassium bisulfate.

Addition of sufficient 1potassmm chloride and hydrochloric
acid to effect complete solution of all metal and metal salts by
conversion to chlorides.

Titration of the antimony at 80° to 90° C. with bromate ion.

The method (henceforth called the bromate method)
eliminates errors resulting from incomplete sulfation and oc-
clusion of antimony, by taking the sample completely into
solution. [Somewhat similar methods have been deseribed
by Pugh (5), Robinson (6), Shreider (10), and Vasil’ev and
Stutzer (11).] The use of air-saturated distilled water in the
dilution step was found to provide sufficient oxygen to effect
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TapLe I. COMPARISON OF BROMATE AND PERMANGANATE
MyTHODS
Antimony
A loy No. Bromate Permanganate Copper

% % %
1 1.00 1.00 0.5
2 0.78 0.78 0.05
3 1.02 1.03 0.05
4 0.92 0.92 0.05
5 1.00 0.99 < 0.002
6 1.02 1.02 < 0.002
7 1.00 1.00 < 0.002
8 0.91 0.91 < 0.002
9 0.98 0.98 < 0.002

solution of all metal and to reoxidize any cuprous ion formed.
The possibility of oxidation of trivalent antimony during
sulfation is recognized and the error minimized by limiting
the time of heating during sulfation to 7 minutes, a period
found by experiment to be sufficient to expel the sulfur
dioxide formed in the solution of the sample. The method
is precise, convenient, and considerably more rapid than any
of the modifications of the Low permanganate method known
to the authors. Duplicate determinations may be completed
in 20 minutes as compared to 45 to 60 minutes by the modified
Low permanganate method.

TapLe II. CoNTrOL METHOD APPLIED TO SYNTHETIC SAMPLES
orF KNowN COMPOSITION

Antimony Present Antimony Found Error
Mg. Mg. Mg.

.0 5 0.0

3.9 4.0 +0.1

3.0 3.1 +0.1

8.5 8.5 0.0

5.6 5.7 +0.1

3.4 3.4 0.0

Bromate Method

ReageENTs. Methyl Orange Solution. Dissolve 0.1 gram of
methyl orange in 100 ml. of distilled water.

Potassium Bromate Solution (0.05 N). Dry a sample of finely
ground, pure, bromide-free potassium bromate at 180° C. for an
hour (8, 12). Dissolve 2.7837 grams of the dried salt in distilled
water and dilute to 2 liters in a volumetric flask.

As further check, the solution may be standardized against
pure arsenious oxide (Bureau of Standards Sample 83).

ProcEDURE (suitable as written for the determination of anti-
mony in 1 per cent antimony-lead alloys). Weigh out 2 grams
of the milled alloy and transfer to a 500-ml, Erlenmeyer flask.
Add 10 ml. of sulfuric acid and 5 grams of fused potassium bi-
sulfate, place on a hot plate, and heat for 7 minutes. (The tem-
perature of the solution at the end of this heating period must be
320° = 5° C.) Remove flask from hot plate and cool.

Add 230 ml. of cold distilled water (air-saturated), washing
down the sides of the flask in the process. Add 15 grams of

tassium chloride and 20 ml. of hydrochloric acid, heat just to
Egiling to dissolve all metal and metal salts, and boil vigorously
for 1 minute, shaking (by rotation) the contents of the flask once
or twice during the oilins. |If for any reason a black metallic
residue is obtained which does not dissolve readily in the shaken,
boiled chloride mixture, proceed as follows: To the hot solution
add 2 ml. of copper sulfate solution (50 grams of copper sulfate
pentahydrate per liter of water). Boil and shake until all the
metal dissolves. Dilute to 350-ml. volume with hot water, heat
to 90° C., bubble oxygen through the solution for 5 minutes, and
titrate at 85° to 90° C.]

Add 100 ml. of air-saturated distilled water. Titrate slowly at
85° to 90° C. with standard bromate solution (0.05 N) using not
more than 3 drops of methyl orange indicator.

ML, of bromate solution X 0.1522 = per cent of antimony in
sample,

Experimental

In order to compare the new bromate method with the per-
manganate method the authors have analyzed several repre-
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sentative 1 per cent antimony-lead alloys by the two meth-
ods. The permanganate method used was that of Shaw,
Whittemore, and Westby (9), except that the heating period
during sulfation of the sample was reduced from 30 to 7
minutes to minimize oxidation of trivalent antimony.

Table I gives a comparison of the antimony contents of
nine alloys, obtained with the two methods. The alloys
contain copper together with traces of other metallic impuri-
ties such as silver, bismuth, nickel, and iron. Arsenic and
other interfering elements were not present in significant
quantities. Owing to the high copper content of alloy 1,
oxygen was passed through the solution in this case for 5
minutes immediately before titration. The data show that
the two methods give almost identical results when approxi-
mately the same sulfation conditions are used.

Neither the new bromate nor the modified permanganate
method can be tested on synthetic solutions. It was there-
fore necessary to develop a control method of known pre-
cision and to calibrate the two rapid methods against this
method by the analysis of a common sample.

ConTroL MgeTHOD (suitable as written for the analysis of
antimony in 1 per cent antimony-lead alloys). :

Weigh out 300 mg. of the milled alloy and transfer to a 500-
ml. Erlenmeyer flask, add 15 ml. of sulfuric acid, heat to boiling
and boil gently until the sample is completeiy decomposed.
Heat vigoroule on a flame to dissolve all traces of metal and
lead sulfate. Add 25 mg. of hydrazine sulfate to the solution
and heat vigorously on a flame until the solution is reduced to
a volume of approximately 10 ml. Cool.

Add 220 ml. of distilled water, 20 ml. of hydrochloric acid, and
a few glass beads, heat to boiling, and boil vigorously for 1
minute, shaking (by rotation) the contents of the flask once or
twice during the boiling. Titrate the antimony with potassium
bromate solution (0.01 N) using methyl orange as indicator.
Determine blank on the reagents.

[MI. of KBrO; — blank] X 0.2028 = per cent of antimony in
sample

TasrLE III. REPRODUCIBILITY OF PERMANGANATE, BROMATE,

AND ConTrROL METHODS

(Applied to alloy 9)

Permanganate Method Bromate Method Control Method

Antimony ntimony Antimony
found Deviation found Deyviation found Deviation
3 % %o % % %

0.98 0.00 0.97 —0.01

0.972 —-0.003
0.97 —0.01 0.99 +0.01

0.970 —0.005
0.97 —0.01 0.97 —0.01

0.973 —0.002
0.97 —0.01 0.98 0.00

0.985 -+0.010
0.98 0.00 0.97 —0.01
0.99 4+0.01 0.97 0T010S Wi Rl
0.96 —0.02 0.97 200l
0.98 0.00 0.98 20100 i s

Mean 0.98 =0.007 0.98 =0.008 0.975 0,005

TasLe IV. ErrecT oF TEMPERATURE AND TmvM® oF HmATING
DURING SULFATION

(Upon apparent antimony content of alloy 9 by the bromate method)
Antimony Found Antimony Found

Heating Heating
period, period,
10 minutes Temperature 7 minutes Temperature

% 210 %o %C.
0.97 325 0.98 325
0,96 325 0.98 325
0.97 325 0.97 325
0.97 325 1.00 300
0.97 325 0.99 300
0.97 325 0.99 290
0.98 325 1.02 290
1.02 290
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The data in Table IT were obtained by the control method
on synthetic mixtures of known composition closely approxi-
mating the composition of the lead-antimony alloys to be
analyzed.

Table III shows a comparison of the reproducibility of the
bromate, permangante, and control methods on alloy 9.
The agreement is satisfactory.

In Table IV data on the effect of temperature and time of
heating during sulfation upon the results obtained by the bro-
mate method on alloy 9 are shown. At temperatures below
325° C. there is evidence of incomplete removal of sulfur di-
oxide, leading to high results. Thereis a slight trend to lower
results when the time of heating is increased from 7 to 10
minutes.

Table V shows the effect of copper as a catalyst in the oxida-
tion of antimony during sulfation of the sample in the per-
manganate method. The heating periods were timed from
the moment the sample was dropped into the hot acid solu-
tion.

TasLE V. Errect oF CopPER AND TIME OoF HEATING
(Permanganate method)
Antimony Found

Heating Heating

Allo; period, period, Antimony
No. Cu 7 minutes 45 minutes Lost
%o % %o V3
1 0.5 1.00 0.91 0.09
2 0.05 0.78 0.72¢ 0.06
3 0.05 1.03 0.95 0.08
4 0.05 0.92 0.85 0.07
5 < 0.002 0.99 0.97 0.02
6 < 0.002 1.02 0.99 0.03
7 < 0.002 1.00 0.97¢ 0.03
8 < 0.002 0.91 0.89 0.02

@ After titration these samples were treated with sulfur dioxide, boiled
vigorously for 15 minutes,, and retitrated at 10° C. Values found were:
2 = 0.79% Sb, 7 = 1.00% Sb.

TaBLE VI. ErrecT oF PRESENCE OF CoPPER ON OXIDATION OF
ANTIMONY IN SULFURIC ACID SOLUTION

Ha804 Time of  Copper Antimony Antimony

Present Heating Present Present Found Error
M. Min. Mg. Mg. My. My.
15 10 10 5.0 3.9 —1.1
25 30 10 5.0 3.5 —1.5
25 30 10 5.0 4.80 —0.2
25 30 10 5.0 4,78 —0.3
15 10 1 5.0 4.7 —0.3
25 30 1 5.0 4.3 —0.7
15 10 0 5.0 5.0 #0.0
25 30 0 5.0 5.0 0.0

a After heating for 30 minutes the samples were treated with 100 mg. of
hydrazine sulfate, heated on a flame to expel approximately 5 ml. of sulfuric
acid, cooled, diluted, and titrated as usual.

In order to investigate further the effect of copper ions on
the oxidation of antimony in sulfate solution the following
experiment was carried out.

Five milligrams of antimony were dissolved in a solution of
15 or 25 ml. of sulfuric acid and 5 grams of potassium bisulfate
in a 500-ml. Erlenmeyer flask. Weighed amounts of copper (as
copper sulfate) were added. The samples were heated at 320° C.
for 10 to 30 minutes, then cooled, diluted to 300-ml. volume
with water, treated with 20 ml. of hydrochloric acid, and titrated
at 90° C. with potassium bromate solution (0.01 N), using
methyl orange as an indicator.

The results, corrected for a titration blank, are shown in
Table VI.

To determine whether trivalent antimony in hot chloride
golution is readily subject to air oxidation, a series of low-
copper and high-copper alloys was analyzed by the bromate
method as recorded above, except that oxygen was bubbled
through the solution for 5 minutes just before titration. The
results, contained in Table VII, show no significant difference
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TasrLe VII. Errect oF OXYGEN ON TRIVALENT ANTIMONY IN
Hor HYDROCHLORIC ACID SOLUTION
Antimony
Alloy No. Copper With oxygen Without oxygen
% % %
2 0.05 0.78 0.78
3 0.05 1.01 1.02
4 0.05 0.92 0.92
5 < 0.002 1.00 1.00
6 < 0.002 1.02 1.02
8 < 0.002 0.91 0.91
TasLe VIII. Errect or Currous IoN 1IN BRoMATE METHOD

Antimony Found

With oxygen Without oxygen

b V)
0.93 1.12
0.92 1.20
0.92 0.95
0.92 1.01

in comparison with those obtained by the method as normally
used—i. e., without the use of oxygen. This is contrary to
the finding of Zintl and Wattenberg (12).

To show that an error can result from the use of cupric
ion in the solution of a sample, alloy 4 was analyzed as re-
corded in the bromate method, except that after dilution of
the sample with water and chloride, 2 ml. of copper sulfate
solution (50 grams of copper sulfate pentahydrate per liter)
were added and the solution was boiled and shaken until all
metal dissolved. The sample was then diluted to 350-ml.
volume with hot water and (1) saturated with oxygen for 5
minutes before titration; or (2) titrated without the use of
oxygen. The results, contained in Table VIII, show that
precautions must be taken to reoxidize any cuprous ion
formed during solution of the sample.

Summary

A new bromate method for the determination of antimony
in lead-antimony alloys of low antimony content has been
developed. For most alloys it is no more precise than the
permanganate method (9), but it is considerably more rapid
and convenient. ‘The new method is especially suitable for
the analysis of alloys that do not dissolve readily during
sulfation.

The effect of copper in the antimony determination has
been investigated. Under certain conditions copper can act
as an oxidation catalyst and thus cause the results of an
oxidimetric determination of antimony to be too low; under
different circumstances copper can cause high results. Pre-
cautions which will eliminate or minimize these errors are
specified.

With slight modifications in procedure the new bromate
method can be used for the determination of antimony in
lead alloys of high antimony content and in tin and lead-tin..
alloys.
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Photometry in Spectrochemical Analysis

W. C. PIERCE AND N. H. NACHTRIEB!, University of Chicago, Chicago, Ill.

INCE the photographic plate is the most widely used
medium for the measurement of radiant energy, the re-
lation between intensity and the photographic effect produced
has been very extensively studied (4). Despite this work,
however, the spectrochemical analyst frequently must re-
investigate the procedures, in order to establish their appli-
cability for his work. In this paper are described the investi-
gations made by the authors and the conclusions reached.

Definitions

The following definitions and symbols are used in this dis-
cussion:

1+ is the intensity of radiant energy which strikes the photo-
graphic plate. Strictly speaking, the plate does not measure
intensity (energy per unit time) but rather integrated intensity
or total energy (10). In most analytical work, however, an in-
ternal standard is employed to permit correction for variations in
the exposure conditions, and all energies are stated in terms of the
relative intensities of analysis and internal standard lines. Thus
it makes no difference whether the effect is given in terms of
energy per unit time or total energy. The absolute value of i is
never determined in analytical work. All intensity values are
stated in relative terms based upon the empirical scale given by a
plate calibration curve.

I and I, refer to the intensity of light transmitted by a de-
veloped photographic plate, as measured by a microphotometer.
1 rcflt;:)is to the photometer reading for the light transmitted by an
exposed portion of the plate, usually a spectrum line, and 7, to
the photometer reading for a clear unexposed portion of the same
plate. In all measurements the ratio of the two readings is
needed to express the photographic effect. The ratio is expressed
in various ways, as transmission, opacity, or density.

Transmission, 7, is defined by the expression

1

7=

1,

Opacity, 0, is the reciprocal of transmission.
Density, D, is defined by the relation

Di= logm{,—! = logyo opacity

Density is a more fundamental concept for expressing photo-
graphic response than opacity, because density is a linear function
of visual response. Furthermore, density is 1y‘;)roportional to the
number of developed silver grains in the emulsion (4).

The relation between density and light intensity is usually ex-
pressed by an H. & D. curve (), which is a plot of density vs. log
relative intensity or relative exposure. Examples of such curves
are shown in Figures 2 and 5. The basis for this method of plot-
ting plate response lies in the fact that the curve obtained has a
long linear portion which for some plates may extend from a den-
sity of above 0.5 to above 2.0. Furthermore, this type of plot is
convenient when one wishes to obtain the intensity ratio of two
\ines, since the difference along the log exposure axis gives directly
the logarithm of the intensity ratio of the two lines. Another
useful type of plate response curve is shown in Figure 1, where
density 1s plotted vs. intensity (or exposure). The advantage of
this method is that any density value can be converted directly
into the correspondini intensity value. A disadvantage is, of
course, that the curve has no linear portion.

Plate Calibration

Photographic intensity measurements are made by com-
parison of the density of the line to be measured with the den-
sity produced by a line of known relative intensity. Since the
effect produced by a given number of light quanta depends
upon the properties of the plate, the wave length of the light,

1 Present address, Pittsburgh Plate Glass Company, Barberton, Ohio.
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the developer used, the temperature and time of develop-
ment, and many other factors, it is necessary to have for
every plate a calibration curve or H. & D. curve. Such a
curve is constructed by placing on the plate a series of ex-
posures of known relative intensity, measuring the densities
of the resulting lines, and plotting the densities as a function
of the intensity.

The comparison of intensities by means of the photographic
effects produced is subject to several kinds of errors (4).
Strictly speaking, such a comparison is accurate only when
the exposures are made simultaneously and nonintermittently;
the wave lengths of the compared radiations are equal; the
comparison is made between lines of equal density; and the
comparison is made between lines lying on adjacent portions
of the emulsion.

It is not possible to fulfill these conditionsin routine analyti-
cal work. The plate calibration exposures are often inter-
mittent and cannot be made simultaneously with the analy-
sis exposures. Lines to be compared with one another are
often widely separated on the plate. Usually it is necessary
to make comparisons between lines of widely different den-
sities. It is necessary, therefore, to determine to what extent
the departure from ideal conditions will affect the accuracy
of intensity measurements.

The first point to be investigated is the method for making
exposures of known relative intensity for the construction of
the calibration curve. There are three general methods for
doing this.

STEPPED SECTOR. A rotatin% sector with stepped openings of
known relative values is placed before the slit, which is uniformly
illuminated from top to bottom. The spectrum obtained has
steps of known relative exposure times. A source giving either
continuous light or lines may be used for illumination.

StepPED WEAKENER. A neutral weakener, made by sputter-
ing a quartz plate with some reflecting or absorbing material in
steps of known relative transmission, is placed before the slit.
Either continuous or monochromatic radiation may be used.

SteppED Suir. The spectrograph slit is opermed wide and is
replaced by a slit with a series 0? stepped openings of known
widths. A source of continuous radiation must be used for il-
lumination, in order that the number of quanta striking unit area

of the plate may be proportional to the width of the slit in each
step.

Each of these methods has advantages and disadvantages.
The stepped sector is easiest to construct and use, and it gives
the same relative transmission in the various steps regardless
of the wave length. The sector has long been mistrusted, how-
ever, because it gives intermittent exposures and because of
possible reciprocity failures due to the unequal time of illumi-
nation for the various steps. The stepped weakener is theo-
retically the soundest method, but it is a research job to pre-
pare and calibrate the absorbing layers and to ensure that the
relative transmissions of the steps are the same for all wave
lengths (7). The stepped slit is difficult to make accu-
rately, since the smallest opening must be not over 0.125 mm.
in width if one is to obtain five steps which have a transmis-
sion ratio of two. A further disadvantage is the difficulty of
obtaining a suitable source of continuous radiation in the
ultraviolet region commonly employed for spectrochemical
analyses. The source must have a fairly uniform intensity
over the whole wave-length region of interest, since the spec-
tral purity of the image is a function of the slit width in the
various steps; in a region of abrupt change of intensity the
image given by the widest step will be affected to a greater
extent than the image from the narrow steps.
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Recently the step-sector method has grown in favor, since
Webb (14) has shown that reciprocity failures disappear
when illumination is made by intermittent exposures of high
interruption frequency. His results may be summarized in
the statement (4): “If the frequency of interruption is suffi-

ciently high, an intermittent time-scale exposure becomes °

identical with an intensity-scale exposure. The ecritical
frequency is a rate of interruption sufficiently high that each
individual silver halide grain receives on the average ap-
proximately one quantum per flash.” Experiments were
performed to test whether, under the conditions employed in
analysis, this equivalence between intermittent and uninter-
rupted light exists. In these experiments a comparison was
made between plate calibrations obtained by use of the
stepped slit and by the stepped sector.

A five-step slit was constructed to fit in the wedge guides of the
spectrograph. Each step was 2 mm. in height; the widths of the
steps were made approximately 0.125, 0.25, 0.50, 1.0, and 2.0 mm.
The exact widths were determined by measurement with a filar
micrometer at various positions and an average value was taken
for each step. Illumination was obtained from an underwater
spark between tungsten electrodes (11) with a Tesla coil dis-
cgarge. This source gave continuous radiation extending down
to a wave length near 2000 A., with a fairly uniform distribution of
intensity over the wave-length range which was used in this
study, 2500 to 3400 A. The source was placed about 2 meters
from the slit of the Littrow spectrograph used with no intervening
lens, so that uniform slit illumination was obtained from top to
bottom. Exposure times of 5 to 8 minutes gave spectra of suit-~
able density for measurement. Process plates were used, de-
veloped for 2 minutes at 18° C. with Eastman D9 developer.
The densities of the various steps were measured at a wave length
of about 3000 A. and H. & D. curves were constructed by plotting
densities vs. logs relative exposures. This log scale was chosen
because the slit was made on this basis, the log values for the
transmissions of the various steps being 0, 1, 2, 3, and 4.

A seven-step rotating sector was constructed from a brass disk.
The stepped openings gave relative transmissions of 1, 2, 4, 8,
16, 32, and 73 (the last due to an error in cutting). Each step
was 1.5 mm. in height. The sector was mounted on the shaft of a
small motor (operated at 1800 r. p. m.) and the whole assembly was
80 placed on the optical bench that the sector stood at a distance
of 1 cm. from the slit. Separate exposures were made with the
continuous source described above and with a mercury vaFor lamp
operated on direct current. H. & D. plots of density vs. log: rela-
tive exposure were made as in the stepped-slit experiments, at a
wave length of about 3000 A. for the continuous source and for the
mercury 2967 A. line for the spectrum made from the arc.
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The three H. & D. curves obtained, respectively, for the
stepped slit, the stepped sector with continuous radiation,
and the stepped sector with monochromatic radiation, were
found to be within experimental error exactly equivalent;
all three had the same slope in the linear portion and were
very. nearly parallel to one another in the toe portion. In
further experiments, using the mercury vapor lamp as source,
interruption frequencies as low as 100 per minute were found
to give curves identical with those obtained at high frequen-
cies. This result is in agreement with Malpica (?), who re-
ports that he finds no difference in plate gamma for sector
speeds varying from 1 to 3600 interruptions per minute.

From the results of these experiments, it appears that the
stepped sector may be trusted as a calibration source; there
seem to be no errors of reciprocity failure introduced by its
use in the wave-length region studied, provided the total light
intensity is low. Therefore, since it is easy to construct and
use the sector, this method is recommended for plate calibra-
tions. The following conditions have been found to give
good results:

A suitable source of line radiation is mounted at a distance of
1.5 to 3 meters from the slit, so that uniform illumination is as-
sured. No lens is used between the source and the slit. The
source is operated at such intensity that an exposure of 3 to 6
minutes gives lines of suitable density for measurement. The
sector is mounted on the shaft of a small induction motor and
germanently left in position just before the slit; during the cali-

ration exposure it is rotated, but for analytical exposures the sec-
tor is left in the open position. The source is mounted on a
pivoted arm, so that it can be moved back and forth during the
exposure, in order that the light beam may travel completely
across the collimator lens. With the source in a fixed position
only a narrow area of the lens and prism is utilized and the lines
obtained are not flat (a fixed source may be used if a long-focus
lens is placed just before the slit, so that the light is diffused to
cover the collimator lens).

The source must give well-separated lines in the desired
analytical region and must give a spectrum which is entirely
free of background adjacent to the lines. A mercury vapor
lamp, operated on direct current, was first used in this work,
with excellent results. Later, it was found that equally good
results were obtained from a 5-ampere arc between brass elec-
trodes. Massive electrodes (diameter 15 to 20 mm.) must be
used, so that heating of the anode to incandescence is avoided.

It has been found convenient to mount the calibration
source permanently in a position at right angles to the ex-
ternal optical path and to use a right-angle quartz prism for
bringing the light into the slit for the calibration exposures.
This arrangement permits the operator to leave all equip-
ment on the optical bench in place during-the calibration ex-
posure and only the right-angle prism need be removable.

It has been found, from the results with many plates, that
calibration of every plate is unnecessary; in general it is suffi-
cient to calibrate one plate from a box or from a lot, provided
that a standardized procedure is used for development. Ex-
act control of both the developer temperature and the agita-
tion is important. Good results have been obtained by a
rapid rocking procedure and also by brushing the plate dur-
ing development. In the latter method the tray is left mo-
tionless and the emulsion is brushed by long sweeps of a camel-
hair brush, so that each area receives approximately the same
number of strokes.

It is not necessary to use a seven-step sector, as described
above. For most purposes it is sufficient to use a sector with
four steps, provided an uninterrupted portion of the beam
is allowed to pass above the sector, so as to make a fifth step.
The exposure should be so timed that the desired line has a
density of 0.04 to 0.06 in the lowest exposure step. The
density of the highest exposure step will then fall on the linear
portion of the H. & D. curve, which can be extrapolated by
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Since the plate gamma is constant for
the region 2500 to 3100 A. a single calibra-
tion curve suffices for all lines in this region
and a single internal standard line may be
used for all analysis lines. At higher wave
lengths the plate must be calibrated for
the same wave-length region as the analysis
line and the internal standard line must lie
near the analysis line.

Accuracy of Intensity Measure-
ments

The accuracy of spectrochemical analyses
is influenced by two types of errors: un-
equal vaporization and excitation of the
constituents of the sample, and errors in the
photographic process itself. In order to in-
vestigate the magnitude of the latter errors,
independently of any errors in excitation,
relative intensity ratios were determined

LOG INTENSITY

F1Gure 2, VARIATION OF GAMMA wiTH WAVE LENGTH FOR PROCESS PLATE

prolonging the linear portion up to a density of 2 or above.
The validity of the extrapolation can, at any time, be con-
firmed by construction of a curve for a stronger line of the
same spectrum and plotting these data on the same scale, so
as to extend the curve to higher densities.

The observation that the plate gamma (slope of the H. & D.
curve) is the same for monochromatic and continuous light
does not agree with results obtained by Strock (72). In ex-
periments made with the copper 5782 A. line and with con-
tinuous light of the same wave-length region, he found the
slope of the density-log exposure curve to be considerably
greater for the line than for the continuous radiation. His ex-
planation is that penetration of the developer is different for
the spectrum line and for the extended band of continuum,
the narrow line receiving more developer than an equal area
of the continuum. The reason for the discrepancy between
Strock’s results and those given above is not clear; a possible
explanation is that his work was done on sensitized plates,
the present work on unsensitized plates. Doubtless the re-
sponse of the two types of plates is different, as related to
speed of penetration of the developer. Certainly no evidence
for the existence of the Eberhard “nachbar” effect was noted
in the present experiments; the Process plate gives the same
response per quantum of light (at a given wave length in the
ultraviolet region) regardless of whether the light be mono-
chromatic or continuous. This observation is important in
connection with the question of background corrections, for
it has been generally assumed, on the basis of Strock’s re-
sults, that the response is different for background and line
radiation. This belief has retarded the successful application
of background corrections in spectrochemical analyses.

Variation of Gamma with Wave Length

It is well recognized that plate gamma is a function of wave
length, but unfortunately most of the data published about
this effect are for wave lengths above 3500 A Consequently
it was found necessary to investigate the magnitude of the
effect in the analytical region 2500 to 3400 A. This was done
for Eastman Process and for Spectrum Analysis No. 1 plates.
Results for Process plates are shown in Figure 2. The H. & D.
curves are strictly parallel to one another throughout the re-
gion 2500 to 3100 3., but above 3100 A. the slope of the curves
increases with increasing wave length. Similar results were
found for Spectrum Analysis No. 1 plates, except that the
gamma value is greater in all regions than for Process plates.

for several steps of line pairs in the same
spectrum, photographed by means of the
stepped sector used for calibration. Ob-
viously, the actual intensity ratio for a given
line pair is the same for all steps and any variations found can
be attributed to errors in the photographic process. The
following experiment was performed:

The spectrum of a mercury vapor lamp was recorded by means
of a seven-step sector, in the manner described for plate calibra-
tion. A plate calibration curve was constructed for the 2894 A.
line. By means of this calibration curve relative intensity values

" were determined for all measurable steps of the 2652, 2654, and

2655 A. lines; intensit}' ratios were then computed for correspond-
ing steps (Table I). In further tests intensity ratios were deter-
mined For the same line pairs from several spectra, taken on differ-
ent plates. The data are summarized in Table II.

TasrLe I. INTENSITY RATIOS
Intensity Intensity Intensity
Step 2652/2654 2652/2655 2654/2655
1 2.14 3.47 1.62
2 2.07 3.35 1.62
3 1,97 3.26 1.66
4 2.10 3.36 1.65
3 2.14
Av. 2.08 3.36 1.64
Av. %
devia-
tion 2.4 1.6 1.05
TAsLE II. INTENSITY RATIOS
Intensity Intensity Intensity
2652/2654 2652/2655 2654/2655
2.14 3.47 1.62
2,07 3.35 1.62
1.97 3.26 1.66
2.10 3.36° 1.65
2.14 3.54 1.65
2.14 3.32 1.57
2.14 3.40 1.61
2.14 3.27 1.57
2.10 3.46 1.60
2.10 3.32 1.61
2.07 3.40 1.61
2.13 3.37 1.61
2.09 3.49 1.59
2:19 3.22 1.59
2.04 3.256 1.62
2.03 3.03 1.49
2.07 3.24 1,63
2.00 3.24 1.62
2.00 3.36 1.62
1,93 3.36 1.65
2.14 3.47 1.65
2.05 3.36 1.66
2.08 3.42 1.66
2.14 3.24 1,56
Av. 2.08 3.34 1.61
Av. %
devia-
tion 2.4 247 1.8
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TasrLe III. DETERMINATION OF SILVER AND BismurH IN LEAD

Silver Deviation Bismuth Deviation
% % % %

0.0056 0.0001 0.0315 0.0002
0.0057 0.0002 0.0315 0.0002
0.0054 0.0001 0.0310 0.0007
0.0055 0.0000 0.0315 0.0002
0.0051 0.0004 (0.0280) o2
0.0055 0.0000 0.0315 0.0002
0.0055 0.0000 0.0310 0.0007
0.0055 0.0000 0.0335 0.0018 -«
0.0055 0.0000 0.0315 0.0002
0.0056 0.0001 0.0310 0.0007
0.0055 0.0000 0.0315 0.0002
0.0057 0.0002 0.0335 0.0018

Av. 0,0055 0.000092 0.0317 0.0006

Average deviation for Ag 1.67‘78: Bi 1.9%.
Maximum deviation for Ag 7.3%; Bi5.7%

No attempt was made to obtain the highest possible pre-
cision by averaging the results of several photometric read-
ings for each line, or to separate the errors in photometry
from those inherent in the photographic process. Rather, it
was sought to maintain the conditions of a routine analysis, so
that the results may be taken as typical of ordinary work. In
the wide density range covered, 0.1 to 1.6, it was found that
average deviations of 2 to 3 per cent may be expected, with
occasional maximum deviations as great as 5 to 7 per cent.
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Ficure 3. ErrEcT oF BACKGROUND ON PrLATE CALI-
BRATION

The precision obtained in the analysis of homogeneous
metal samples is comparable to that of the preceding experi-
ment. This is shown by the data of Table III, obtained by
Tlapa (13) for silver and bismuth in lead. The excitation
source was a high-voltage spark. Sawyer and Vincent (9)
obtain results of about the same precision in the analysis of
sheet steel, using an alternating current arc source. Numer-
ous other results of comparable precision might be cited. It
would seem, therefore, that under favorable excitation condi-
tions the limiting factor in the accuracy of spectrochemical
analyses is the photographic process. This is not true, how-
ever, for most of the determinations that are made by means
of a carbon supporting electrode. There a mean deviation of
5 per cent in a series of duplicate determinations is good and
often it is not possible to obtain precision better than 10 per
cent. In such analyses the limiting factor appears to be un-
equal vaporization and excitation of the constituents of the
sample, and only a small portion of the error may be attributed
to the errors of the photographic process.
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Effect of Background

When a spectrum line lies in a region of heavy background
the density value obtained is high, and a correction must be
applied for the effect of the background. This correction can-
not be obtained by subtraction of the background density from
the total density or by the equivalent procedure of making
the I, reading in the background region. Rather, it is neces-
sary to subtract the background intensity from the total in-
tensity. The method for doing this is shown in Figure 1, by
the dashed lines. A total density of 1.37 corresponds to a
relative intensity of 30.8. The background density of 0.19
corresponds to a relative intensity of 2.4. Subtraction gives
the corrected line intensity of 28.4. If for the same values
the correction is made by subtraction of densities, a corrected
line intensity value of 22 is obtained, which is too low by
about 25 per cent.

The validity of the method for making background correc-
tions was tested in the following experiment:

Two seven-step mercury arc spectra were photographed on a
plate. On one of the sgcctra was superimposed a heavy back-
ground by re-exposing that portion of the plate to the spectrum
from a carbon arc. Intensity ratios were determined for the
various steps of the 2652-2654 A. lines for the spectrum with-
out background, for the uncorrected spectrum with background,
and for the corrected spectrum with background. The results
are shown in Table IV. After correction the intensity ratios for
the various steps are reasonably good, but if the uncorrected
ratios are used the values for the lowest exposure steps are in
error by as much as 40 to 50 per cent. Data for the same plate
are shown in the H. & D. curves of Figure 3. Curve A is for the
spectrum which has no background, curve B for the one with
background. At high intensities the effect of background is not
great, but in the lower exposure steps the measured density is
chiefly that of the background. Curve C shows corrected {'ine
densities, and is in good agreement with curve A.

TasLe IV. EFrrFECT OF BACKGROUND

Intensity Ratio:
Without With
Step background background Corrected
1 2.14 1.85 2.00
2 2.07 1.84 1.86
3 2.06 1.61 1.98
4 2.08 1.40 1.87
5 2.03 1.22 1,83
6 e 1312 1.94
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Figure 4. EFrECT OF BACKGROUND ON ALUMINUM
Working CurvE
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The effect of background in analytical work is shown in the
working curves of Figure 4. The heavy line gives a working
curve for the aluminum 3082 A. line, made with the alter-
nating current arc. The sample was a 3.6 M solution of so-
dium hydroxide to which known amounts of aluminum had
been added. (All concentrations are based on the weight
of dry sodium hydroxide.) Molybdenum 2816 A. was used
as internal standard line. The circles and the straight line
give the intensity ratios corrected for background and for
the residual amount of aluminum in the matrix. The dashed
curve gives the intensity ratios obtained if the background
correction is not applied; the concentration values have been
corrected for the residuum. At high concentrations the two
curves are nearly parallel to one another, but at low concen-
trations the uncorrected values indicate concentrations sev-
eral hundred per cent in error. In fact, the curvature of the
uncorrected line is like that which one obtains when the
matrix holds a considerable residuum of the material sought
in the analysis, and were the background correction not
applied one might overcorrect for the amount of residuum.
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FI1GURE 5. GRAPHICAL COMPUTATION OF RELATIVE INTENSITY

Log-log paper is used, so that photometer readings can be plotted without
conversion to density values

It is obvious from these results that the plate calibration
curve must be made from a background-free spectrum, for
unless the true calibration curve is known down to low den-
sity values it is not possible to make accurate background cor-
rections. It is, therefore, not a good practice to make the
calibration curve from a stepped exposure for analysis sam-
ples, because such spectra usually contain a rather heavy
background, especially if a carbon supporting electrode is
employed. Some workers use no separate plate calibration
curve but make all exposures with a stepped sector and plot
H. & D. curves for every line. The concentration is then
determined from the linear separation on the log exposure
axis of the internal standard and analysis lines. This prac-
tice partially eliminates the effect of background, but leads to
some error for faint lines because the measured density in
such cases is largely that of the background, as can be seen
from curve B of Figure 3. :
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Treatment of Experimental Data

The microphotometer data obtained from spectra are in the
form of galvanometer deflections for clear plate and for spec-
tral lines. From these readings one obtains intensity ratios
for internal standard and analysis lines. The labor of this
computation may be materially lightened by the proper
choice of method. i

It is generally advantageous to plot the plate calibration
curve on a density-log intensity basis, when background cor-
rections are not needed, because the curve obtained has a
long linear portion. It is not necessary, however, actually to
convert galvanometer readings into densities. If the pho-
tometer light intensity is so adjusted that the reading for the
clear plate is 100, the readings obtained for lines are the per-
centage transmission values. These may be plotted vs. rela-
tive intensities by use of log-log paper, as shown in Figure 5.
When background corrections are needed, however, it is ad-
vantageous to plot density vs. intensity. Here semilog paper
can be used, with galvanometer readings on the log scale as
shown in Figure 5 but with intensity values on a linear scale
as in Figure 1.

Calculating boards of the type described by Owens (8) are
advantageously used with either type of plot. The method
for using the board to obtain intensity ratios when background
corrections are not necessary is shown in Figure 5 by the
dotted lines. The sliding scale at the bottom, graduated to
agree with the z-axis, gives the intensity ratio of the two lines
of the indicated densities. When background corrections are
necessary one cannot directly obtain intensity ratios in a
single operation. Rather, the board is used to make the back-
ground corrections, as indicated by the dotted lines of Figure
1, and the ratios of the corrected intensities of internal stand-
ard and analysis lines are determined in a separate slide rule
operation.

Working Curves

Every spectrographic analysis is based upon a comparison
of the intensity values obtained from an analysis sample with
the values obtained from samples of known composition.
The working curve, which relates functions of intensity and
concentration, hasin the past been expressed in many different
ways; recently the practice has become fairly standardized,
since today nearly everyone uses an internal standard when-
ever possible.

The relation between the intensity of light emitted within a
source and the concentration of the emitting atom is linear.
That is,

1 = kC
or if an internal standard is used,
14/is = kC4

where 24 and 7s are, respectively, the intensities of analysis
and internal standard lines and C4 is the concentration of the
constituent to be determined.

Unfortunately for the analyst, the intensity of light emitted
from a source is not always a linear function of the concen-
tration; some of the emitted light is often readsorbed in colder
outer layers of the source. When such absorption occurs the
relation between concentration and intensity is given by an
empirical equation of the form

14/ts = kC»

The mechanism of light absorption is doubtless complicated,
since the light traverses outer gaseous layers of various tem-
peratures before it can be detected; a simple Beer’s law ab-
sorption will not lead to the empirical intensity-concentra-
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Illustrating effect of self-absorption on slope of intensity-concentration
function

tion function given above. Consequently it cannot safely be
assumed that this relation will hold in all cases. In the
writers’ experience, however, no case has been found which
was not covered by one of the equations given above.

Regardless of whether or not there is self-absorption, a plot
of log intensity ratio vs. log concentration will give a straight
line of slope n. The value of n is unity when there is no ab-
sorption (as in Figure 4), less than unity when there is
absorption (2). Thus, when there is no absorption one may
obtain a straight line by plotting either intensity ratio vs. con-
centration or log intensity ratio vs. log concentration. The
writers know of only two examples of such nonabsorbed lines
which have been used for analytical purposes—namely,
aluminum 3082 and silicon 2816 A. When there is absorp-
tion only the log intensity-log concentration plot will give a
straight line; consequently this form of plot is the one gen-
erally used.

The value of n varies, as one might expect, with different
lines for the same element. An example of this is shown in
Figure 6, which gives Tlapa’s (13) results for the two silver
lines 3281 and 3383 A. At low concentrations the 3281 A.
line is the stronger, but at high concentrations this line is so
highly absorbed that the 3383 A. line appears to be the
stronger. Because of this effect estimates of relative line in-
tensities for a given element may be misleading because the
apparent intensity may depend upon the concentration.

Working curves are usually prepared from spectral data for
synthetic mixtures containing the matrix element and added
amounts of the various constituents sought in the analysis.
It often happens that the matrix material contains a residuum
of unknown amount of some constituents sought in the analy-
sis; in such cases all apparent concentration values are in
error by a constant amount. When this happens one may
from the spectral results make a determination of the amount
of the residuum (3). This is done by a series of successive ap-
proximations. :

First, a working curve plot is made of log intensity ratio vs. log
a;:ﬁ)arent concentration. When a residuum is present the line
will tend to become parallel to the concentration axis at low con-
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centrations. A straight line is drawn through the points for the
higher concentrations and the amount of the residuum is esti-
mated by the magnitude of the departure of the lower concentra-
tion points from this line. Next, all concentrations are corrected
by adding the estimated residual value, and the process is re-
peated. Usually two or three approximations will suffice to give
a value which will bring all points onto a straight line. Finally,
the correctness of the estimation is tested by using the working
curve so obtained to determine spectrographically the amount of
residuum in the pure matrix material.

The value so obtained should agree with the value obtained
by means of the successive approximations. When this does
not happen it is indication that some other factor, such as
background, must be taken into account. For example, were
one to attempt a residuum correction for the uncorrected
aluminum working curve of Figure 4, the value obtained
would be greatly in error because of the effect of the back-
ground.

Whenever one is fortunate enough to work with a non-
absorbed line, the determination of the residuum can be done
in a single operation. A working curve is plotted as intensity
ratio vs. apparent concentration, and a straight line is drawn
through the points. Now, another parallel straight line is
drawn through the origin; the displacement of the two lines
on the concentration axis gives directly the amount of the
residuum.

After a working curve has been accurately determined, the
final form in which it is used depends upon whether back-
ground corrections are needed in the analytical spectra. No
generalization can be made about this. When a carbon sup-
porting electrode is employed it is usually advantageous to
correct for background but in the analysis of metal samples
by a spark source the background is often negligibly small.
When background corrections are not essential it is advan-
tageous to put concentration values directly on the slide of
the calculating board instead of intensity ratios (this is facili-
tated by the linear relation between log intensity ratio and log
concentration). When background corrections must be used
it is, of course, impossible to obtain concentration values
from photometer readings in a single operation, because of the
necessity for subtraction of intensities. In this case the work-
ing curve is usually plotted as in Figure 4, and concentration
values are determined from intensity ratios by means of this
plot.

Internal Standards

Internal standards are used in practically all spectrographic
analyses. The purpose of the standard is to permit the
analyst to make corrections for unequal vaporization and ex-
citation from sample to sample. None of the electrical sources
used will give absolute reproducibility—that is, if a series
of exposures is made for separate portions of a given sample,
the line densities of the spectra obtained will vary over a
considerable range. The chief reason for this lies in the fact
that one cannot accurately control the rate of vaporization
of the sample material. During the course of an exposure the
temperature of the source changes as the vapor atmosphere
changes. Therefore, the probability of excitation for a vapor-
ized atom will change from time to time, since this probability
depends upon the temperature of the source. The material
used for internal standard should then possess the following
characteristics:

The internal standard line should have the same excitation
voltage as the analysis line, so that changes in temperature will
affect both lines in the same manner.

The internal standard element should be vaporized at the same
rate as the constituent sought in the analysis.

The internal standard should be present at such concentration
that the line density is about the mean density found for analysis
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lines in the concentration range investigated, so that the lines to
be compared will be as nearly as possible of the same density.

The internal standard must be homogeneously mixed with the
analysis sample.

In practice it is not always possible to attain all these con-
ditions, particularly the first two, and the accuracy of the
analysis depends upon the extent to which they are fulfilled.
Best results are obtained in analyses made by spark excitation
of homogeneous metal samples, where the vaporization rate
and the source temperature may' be held at a very constant
level. Here almost any matrix element line of proper density
and wave length can be used as standard. More difficulty
is encountered in the analysis of solutions with the alternating
current are, because the choice of standard is often limited by
the composition of the sample and by solubility in the sample
solution. In some cases a line of the matrix material will
serve as standard, but in others the standard must be an added
constituent.

In selecting a standard for an analysis of this type, one first ex-
amines a spectrum to determine the impurity elements present,
for no element present as impurity can be used as standard.
Next, a wave-length table is examined for elements not present
which give strong lines near the lines to be used for the analysis.
From these, one selects those elements which have compounds
soluble in the sample solution. Test spectra are made, with vary-
ing.amounts of these elements added to the analysis sample, in
order to select proper concentration ranges for the standard and
to ascertain whether the spectrum of the standard has any lines
which interfere with the analysis. This procedure will often limit
the choice of standard to a few elements.

Among the most widely used internal standards are molyb-
denum and cobalt, because they are of infrequent occurrence,
they provide many suitable lines in the ultraviolet region,
and they vaporize from the source at an average rate. Zinc,
cadmium, mercury, and other elements whose salts are very
volatile are seldom used as standards because they do not
vaporize at anything near the rates of those substances usually
sought in analyses. In the analysis of powdered samples,
for which the direct current arc must be used, it is often de-
batable whether the internal standard method offers any
advantages. The source may change greatly in temperature
during the arcing of a sample and unless the internal standard
vaporizes uniformly with the sample it will not serve its pur-
pose. Further, proper mixing of the internal standard with
the sample entails laborious grinding. Because of these diffi-
culties Slavin recommends (10) that the standard be omitted;
he prefers to arc weighed portions of sample to complete
vaporization. >

Some have used background intensity in lieu of internal
standard. This procedure is valid only in those cases where
the background is excited concurrently with, but independ-
ently of, the analytical spectrum. An example of this is in
Lundegardh’s work (6) with flame excitation. Here the
background comes from the flame itself and changes in ex-
citation condition apparently are manifested by changes in
background. In electrical excitation the background is due
to cyanogen bands (when carbon electrodes are used), to in-
candescent particles of sample, to band spectra from sample
material, and to nitrogen bands. All of these, except band
spectra of the sample, may vary fortuitously from one sample
to another.

Microphotometers

Nonrecording, photoelectric-type microphotometers are
almost universally used in spectrochemical analytical work.
A microphotometer of this type should have the following
characteristics:

Freedom from stray light effects. If stray light reaches the
ohotocell all transmission readings are too high and the error in
ine density measurements is increased.
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Sensitivity. The instrument should be sufficiently sensitive
to give full-scale deflection with a slit which is not over one third
tﬁe 'iyidtih of the line to be measured (or of the projected image of
the line).

Stability. The scale readihg should remain constant within 1
per cent over a period of at least 10 minutes, so that the I, reading
need not be taken at frequent intervals.

Rapid response. The galvanometer period should be so low
that a line density can be measured within a 15-second period
after the plate is adjusted to align the line with the slit.

Ease of plate adjustment. The construction should be such
that the operator can quickly and accurately align the spectrum
Jine with the slit.

Adjustable sensitivity. There should be some convenient con-
trol which permits the operator to adjust the /, reading to a scale
deflection of 100, so that the readings for lines give percentage
transmissions directly.

Linearity of response. The galvanometer deflection should be
proportional to the transmitted light intensity throughout the
range.
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An instrument which fulfills these criteria was constructed
according to the design shown in Figure 7.

The essential features are a low-power light source that gives
constant intensity and a slit arrangement that minimizes stray
light. The plate is mounted on a screw-driven carriage, emulsion
side down. The slit, usually measuring about 1.5 X 0.015 mm.,
is mounted beneath the plate, with a clearance of about 0.2 mm.

The source is a straight-line, coiled-filament headlight bulb
operated at 6 volts and 5 amperes by a constant-power trans-
former. A reduced image of the filament is focused at the slit.
A photovoltaic cell is used in conjunction with a sensitive galva-
nometer to measure light intensity. The maximum photoelectric
current is between 10=% and 107% ampere. Sensitivity is con-
trolled by a resistance in series with the light, after a rough adjust-
ment is made by varying the dimensions of the slit to bring the
deflection to the approximate value desired.

The plate is aligned by means of a mark which runs perpendicu-
lar to the center of the slit opening, on the slit }aws. After the
spectrum is aligned with the slit the operator slowly moves the
carriage by a lead screw, so that the line is made to travel across
the slit, while he observes the galvanometer deflection. With a
little practice it is easy to coordinate the rate of movement with
the galvanometer period, so that the point of maximum density
is not overrun. The speed is somewhat better than a line per
minute, including a reading of the background transmission.

In all respects except convenience of alignment and speed
of operation this instrument compares favorably with the com-
mercially built instruments which have been available for
tests. It is very stable, the I, value remaining constant for
long periods after an initial warming up. Because of the low
light intensities used and the isolation of the cell from the heat
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of the lamp, the cell current is very steady and shows no appre-
ciable drift with time. The amount of stray light entering
the slit is negligibly small, as shown by the fact that plate
calibration curves remain linear up to densities well above 2.
In this respect this instrument is better than all but one of the
commercially built instruments tested. The response is uni-
form over the entire scale. This was tested by a series of meas-
urements of the relative transmissions of two screens, with
the slit adjusted to give total deflections varying from 5 to 100
cm. The ratio remained constant over the whole range. Re-
producibility is good; remeasurement of a whole plate seldom
gives deviations greater than 0.01 density unit except for
lines of density greater than 1.5, where the error in reading
the deflection is large.

Before this instrument was designed attempts were made
to build a projection-type photometer by projecting the spec-
trum image onto a screen at X10 enlargement and placing
the slit and photocell behind the screen. This type of instru-
ment was abandoned because of the stray light effects which
could not be eliminated. It was shown that the stray light
originates in the light scattered from the immediate vicinity
of a line, since the instrument gave correct density readings
for wide test spots but readings as much as 50 per cent in
error for dark lines.

Summary

A study has been made of the photometric methods used in
spectrochemical analyses and the procedures which have been
found to give optimum results are listed. Included in this
study are the methods for plate calibration, the variations in
plate gamma with wave length, the effect of background and
methods for correcting, and the accuracy obtained in photo-
metric measurements of intensity ratios. Working curves
and the factors governing the selection of an internal stand-
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ard are discussed. Graphical computation methods are de-
scribed. Criteria for evaluation of a photometer are given
and the construction of a satisfactory instrument is described.
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Preparation of a Solution of o-Phthalaldehyde
for Use as a Glycine Reagent

W. M. SANDSTROM AND H. A. LILLEVIK, University of Minnesota, St. Paul, Minn.

( \LYCINEisdetermined colorimetrically by condensing with

o-phthalaldehyde according to the Patton (3) and Klein
and Linser () modifications of Zimmermann’s method (6).
The aldehyde cannot be purchased and has generally been
prepared from o-xylal bromide (2), which can no longer be
obtained on the market. The authors attempted to prepare
it by the bromination of o-xylene, but with very little success.
Their efforts were then directed to the preparation of the
o-phthalaldehyde reagent from o-xylene by modification of the
method of Thiele (4, 5).

A 1-liter three-necked balloon flask is fitted with a calcium
chloride drying tube, a dropping funnel, and a stirrer. The flask
is cooled in an ice bath while 150 ml. of acetic anhydride, 10
grams of o-xylene, and 8 ml. of concentrated sulfuric acid are in-
troduced. Twenty-six grams of chromium trioxide are dissolved
in a mixture of 50 ml. of acetic anhydride and 60 ml. of glacial
acetic acid; this solution is added drop by drop from the funnel
with stirring. The reaction flask is kept in the ice bath for 4 or
5 hours, during which time the mixture is continuously stirred.
The contents are poured into a 1-liter beaker one fourth filled with
cracked ice and placed in an icebox over night. A yellow oily
scum collects on the surface. The whole is extracted several
times with ether, and the combined ether extracts are washed
with water to remove the last traces of chromous compounds and
dried over anhydrous sodium sulfate. The ether is distilled off

on a steam bath and the last of the ether is removed by a vacuum.
All attempts to remove the acetic acid with carbonate at this
stage resulted in a loss of the active compound.

he residue, consisting of acetic acid plus phthalaldehyde tetra-
acetate, is treated with 50 ml. of 10 per cent sulfuric acid and
steam-distilled as long as the distillate gives a blue color upon
adding a drop of ammonium hydroxide and acidifying with acetic
acid. About 500 ml. of the glycine reagent result and should be
stored in a dark bottle.

The reagent is now ready for use with either a protein
hydrolyzate or a solution containing glycine (2), except that
it should be brought to a pH of 7.4 to 7.8 immediately before
use. Attempts to isolate the solid aldehyde resulted in un-
stable oily crystals; this phase was not pursued further.
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Woburn Iodine Absorption Method

A Measure of Total Unsaturation in the Presence of Conjugated Double Bonds

J. D. voN MIKUSCH AND CHARLES FRAZIER
Woburn Degreasing Company of New Jersey, Harrison, N. J.

Theiodine reagents now in use react incompletely
with substances containing conjugated double
bonds. The methods recommended for deter-
mination of the total unsaturation of conjugated
oils and fatty acids are complicated and have not
found general use in industrial analysis.

Hanus solution, when used in large excess, meas-
ures the total unsaturation of dehydrated castor
oil, but this procedure is unsuitable for other con-
jugated oils and fatty acids. By employing iodine
bromide solutions of up to twice the concentration
used in the Hanus method, a simple procedure is
evolved for both conjugated and nonconjugated
substances.

Fatty acids with conjugated double bonds, made
by an isomerization process from natural fatty
acids, give low iodine values with the standard

UMEROUS halogen-absorption methods are available

for measuring the unsaturation of oils and fatty acids.
The majority of the customary methods are satisfactory
with oils containing only single ethylenic linkages and iso-
lated double-bond systems. . They are known to fail, how-
ever, with oils containing conjugated double bonds, such as
tung oil and oiticica oil.

Gelber and Boeseken (8) found that the Wijs iodine reagent
adds quickly to one of two conjugated double bonds in 9,11-
linoleic acid, or two out of three conjugated double bonds in
eleostearic acid, while the remaining double bond is saturated
only after contact of 2 to 6 days. Ordinarily, the Wijs method
will give a value with tung oil which is somewhat above the par-
tial saturation point, where two out of three double bonds of
eleostearic acid have taken up halogen. van Loon (23) termed
the resulting value the “apparent iodine number”. Various in-
vestigators have studied the effect of temperature, time, and ex-
cess of reagent on the apparent iodine value of tung oil and other
oils with conjugated double bonds (10). As Gelber and Boeseken
(8) and van Loon (28, 24) have shown, it is possible to determine
the true total iodine value of conjugated oils with Wijs solution
by extending the time of contact up to one week and applying
up to 700 per cent excess of reagent. As a practical method of
analysis such a procedure is inadequate because of its slowness.

The von Huebl iodine method, commonly used before introduc-
tion of the Wijs, Hanus, and other more recent methods, was
applied to tung oil by Kreikenbaum (20), who found that it gave
uniform results from 169 to 171. Kubelka and collaborators
(23] showed that the methods of Margosches and Rosenmund-
Kuhnhenn similarly give values for tung oil approximating the
two-thirds or partial saturation point. None of these methods
(and this is true of others as well) is a measure of the total un-
saturation—i. e., all the double bonds present, individual, iso-
lated, or conjugated.

With the Hanus method, the situation is somewhat different.
The results obtained on tung oil vary even more than most of
the others with time, temperature, and sample weight (11, 32).
Kreikenbaum (20) found Hanus values on tung oif varying all
the way from 188.9 to 210.8 and considered the Hanus method
“inapplicable to Chinese wood oil”. Other investigators had
similar results. Wiernik (43) obtained a Hanus iodine value of
205 on a sample of tung oil, and the same sample when checked
by a standard laboratory yielded values of from 139 to 153.7.
Wiernik, therefore, concluded that sometimes 2 and sometimes
3 double bonds of eleostearic acid react with iodine bromide solu-
tion. The AMmERICAN CHEMICAL SocieEry and American Oil
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methods. With the proposed method, their iodine
values are identical with those of the nonconju-
gated fatty acids from which they were made.
With dehydrated castor oil, constant values result
over a wide range of excess of reagent.

With tung oil, a reproducible value of about 225
is obtained if temperature, excess, and time of con-
tact are kept within certain limits. The effect of
changes in working conditions on the value for the
total unsaturation of tung oil somewhat resembles
the effect of similar changes in determination of the
Wijs iodine value of this oil.

Theoretical values are obtained with beta-
eleostearic acid, 9,11-linoleic acid, and blends of
the latter with nonconjugated fatty acids, if proper
conditions are used. Values for oiticica oil and for
nonconjugated oils and acids are listed.

Chemists’ Society Committee on Analysis of Commercial Fats
and Oils found that the Hanus reagent is entirely unsuitable for
tung oil, since extremely high and irregular results are obtained
(7). XKubelka and co-workers (21) studied the effect of sample
weight on the Hanus iodine value of tung oil and obtained a curve
including values from 122.69 to 163.56 for sample weights of
0.1210 to 0.2542 gram. When the sample weight was kept con-
stant, however, and the time of contact was varied from 15 min-
utes to 24 hours, values from 163.05 to 276.03 resulted. It was
concluded that with Hanus reagent the true iodine value of tun
oil was reached after 3 hours, when the absorption had attaine
a value of 243.42.

Ralls (371) modified the Hanus value to a microprocedure, in
which iodine bromide solution of one half the strength ordinarily
used is employed at ice-bath temperatures. While this pro-
cedure was apparently not tried on substances containing con-
jugated double bonds, it did give theoretical values on such sub-
stances as undecylenic acid and cholesterol, which ordinarily do
not yield theoretical iodine values. However, this method gave
erroneous values, in some cases almost 100 per cent too high,
with castor oil, which does not afford difficulties with the com-
mon iodine procedures.

The method of Volmar and Samdahl (42) also was found ap-
Elicable to substances with which other procedures fail, such as

exadecene and cinnamic acid, but no report on the use of this
method with oils containing conjugated double bonds could be
found. - The method is slow, involves bromination at 0° to
—10° C., isolation of the addition compound, and determination
of the bromine by the Charpentier-Volhardt method.

Special Procedures for Compounds with
Conjugated Double Bonds

There is, however, a group of halogen-absorption methods
which is able to measure all double bonds, including those
in the conjugated position.

Kaufmann (16) uses ultraviolet light to catalyze the reaction
of bromine with the third double bond of eleostearic acid. With
others, bromine vapor is allowed to act on a thin film of the sub-
stance to be tested. This procedure was first employed by Becker
(2) and later improved by Rossmann (35). Modifications have
been suggested Ey Sabalitschka and Dietrich (36), Toms (39),
Boeseken and Pols (4), Brocklesby and Harding (6), and others,
but have not found extensive use. The bromine absorption is
determined gravimetrically and, because of the small sample
weights used, a microbalance is required.

Some investigators have called attention to the difficulty of re-
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moving the excess bromine vapor from the film (4). However,
Rossmann (33) devised a procedure by which the excess bromine
can be titrated, making superfluous the driving off of the excess
bromine vapor from the film and the final weighing of the films to
constant weight. He obtained theoretical values for alpha- and
beta-eleostearic acids, 9,11-linoleic methyl ester, and various
other substances with active and inactive double bonds. Later
(84), however, he found that the volumetric determination fails
in the presence of polymerized and oxidized oils, hydroxy acids,
and certain other substances. Castor oil with an iodine value of
82 gave bromine-iodine values of 101 to 119 for 5 to 30 minutes’
contact. Boeseken and Pols (4) believe the bromine-vapor
methods to be unsuitable in the presence of hydroxyl groups and
found that bromine attacks the hydroxyl radical in ricinoleic acid
in addition to saturating the double bond present.

A different bromination procedure, in which bromine is formed
in the presence of the fat to be analyzed by the action of potas-
sium bromate on acidified potassium bromide solution, was pro-
posed by Vaupel (41). By varying the excess of bromine and the
time of reaction, Vaupel obtained so-called primary, secondary,
and tertiary bromine values. These values have, however, no
relationship to the total unsaturation of conjugated fatty acids
and oils, as indicated by the fact that the tertiary bromine value
of tu(ng)oil, 205, was found to be lower than that of linseed oil,
240 (40).

Among the methods not employing halogen, oxidation with
peracetic acid was recommended by Smit (37) for oils with non-
conjugated double bonds only; however, Knowles, Lawson, and
MecQuillen (29), usin% a similar reagent, claim better results for
total unsaturation of conjugated systems than with the Wijs
method.

Quantitative hydrogenation has been successfully applied to
beta-eleostearin and tung oil by Jordan (15). This method is
considered to yield accurate values for total unsaturation, as
there is no possibility of substitution or other side reactions
which frequently complicate the bromine-addition procedures.

Table I shows the iodine values for total unsaturation of
tung oil obtained by various investigators, using the methods
discussed.

None of these proposed methods for the determination of
total unsaturation of oils and fatty acids with conjugated
double bonds compares in simplicity with the ordinary volu-
metric iodine-absorption procedures, such as the Wijs or
Hanus method. The modified Wijs procedure, used by Gel-
ber and Boeseken or by van Loon, requires an undue length of
time. The need of an ultraviolet lamp complicates the
method of Kaufmann, and the use of this procedure has not
frequently been reported. Hydrogenation requires special
equipment and the same is true, although to a lesser degree, of
the bromine vapor method. Bolton and Williams (§) say of
the latter that it “requires very careful manipulation, par-
ticularly with regard to the weighing of the brominated com-
pound”.

Need for New Method

There is a steadily rising need for a simple method of de-
termining total unsaturation, which is suitable for routine
work, requires no special apparatus, and is applicable to both
conjugated and nonconjugated substances. With tung oil,
the apparent iodine value, determined by the present stand-
ard methods, is so little representative of its quality and per-
formance that numerous practical tests, such as gelation tests,
are commonly employed in its evaluation. The use of the par-
tial rather than the apparent iodine value has been suggested
(6, 27). This is a true constant rather than an arbitrary
value, and eliminates to a great extent the effect of varying
sample weights and other details of operation.

The use of the true total iodine value of tung oil, on the
other hand, would have at least three further practical ad-
vantages.

1. Tung oil, with the highest total unsaturation of all drying
oils, would be moved to the top of the list where it belongs by
virtue of its drying speed. Conjugated double bonds, whic%x are
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Tasre I. IopiNE VALUES FOR Torarn UNSATURATION oF TUNG
O1L OBTAINED BY VARIOUS AUTHORS

Date Authors Method Iodine Values
1928 Toms (39) Bromine-vapor 217.0-232.4
1929 Gelber, and Boeseken
(8) Modified Wijs 240-250
1030  van Loon é.&‘) Modified Wijs 220-227
1930  Bolton an
Williams () Bromine-vapor 223.8-229.0
1033 Lé? (22) Bromine-vapor 228-234
1034 Jordan (16) Hydrogenation 214-226
1935 Rossmann (34) Bromine-vapor
gravimetrio 238-261
Bromine-vapor
volumetric 245-266
1035  Boeseken and :
Pols (4) Bromine-vapor 244,4-249.5
1936  Brocklesby and :
Harding (6) Bromine-vapor 227,

7
Hydrogenation 225.5 (corrected,
226.5)

1940 Knowles, Lawson, and

McQuillen (19) Oxidation 208

the most effective for fast dryin%, will no more appear as a dis-
count in the iodine value of the oil,

2. The common adulterants with iodine values near the ap-
parent iodine number of tung oil will have a considerable effect
on the total iodine value and become easier of detection. Simi-
larly, changes in composition due to oxidation or polymerization
may be observed by a decrease in total iodine value, whereas the
partial and the apparent iodine values are little affected and may
even increase during polymerization (38).

3. The total iodine value when determined in combination
with the fpa).rtixa.l iodine value may serve as a measure of the
amount of conjugated double bonds present.

In the case of oiticica oil, it has not been possible to date to
find any reproducible iodine value (72). Kaufmann and Bal-
tes (17) ascribe the difficulties to the presence of the keto
group which “interferes so much with the iodine test that the
analyst finds it impossible to determine any iodine number
at all”. However, van Loon (25) reports that the Wijs iodine
value of both oiticica and po-yoak oil with large excess of
reagent became constant after one week, as in the case of
tung oil. A practical method of determining the total un-
saturation, if applicable to oiticica oil, may greatly facilitate
the analysis and characterization of this oil.

The introduction of dehydrated castor oil in the United
States during the last several years has increased the need for
a practical method of determining total unsaturation. Priest
and von Mikusch (30) discussed the inadequacy of using
a partial or apparent iodine value in the comparison of either
dehydrating processes or the resulting oils.

Finally, the shortage of tung oil and the search for new oils,
which possess conjugated double bonds and the physical prop-
erties associated with them, has brought into existence other
synthetic oils and fatty acids containing this particular double
bond structure. In the development of these products, a
method giving the total unsaturation has been indispensable,
and such a method is also required for the proper analysis
and characterization of the finished products. The manu-
facturing process of the products here referred to—for ex-
ample, Conjusoy and Conjulin fatty acids (44)—includes the
isomerization or shifting of the isolated double bonds of natu-
ral fatty acids. Since the ordinary iodine reagents measure
all isolated but only a portion of the conjugated double bonds,
the apparent iodine value drops during isomerization. On
the other hand, the total unsaturation will stay the same if
other reactions such as polymerization or oxidation are ex-
cluded. Where polymerization takes place simultaneously
with isomerization, this will be shown by a decrease in the
total iodine value. Similarly, in the finished product the total
iodine value is of greatest significance; its use in combination
with the partial iodine value for characterizing the composi-
tion of the fatty acid or oil will be discussed in another paper.
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Tasre II. Hanus Iopine VALUEs oF CONJUGATED LINSEED
Farry Acips
(Theoretical total iodine value, 185.9)
Iodine Iodine
Weight of Excess of Value Weight of Excess of Value
Sample Halogen Found Sample Halogen Found
Gram % Gram %

A, 24 ML, of Hanus Solution, 1 Hour B, 49 MI. of Hanus Solution, 2 Hours
0.0565 550 164.8 0.0533 1182 173.6
0.0589 538 161.2 0.0603 1030 174.2
0.0829 340 159.9 0.0864 674 177.2
0.0842 336 157.9 0.1110 512 174.6
0.0912 31 155.2 0.1672 339 161.5
0.0990 200 150.4 0.2102 269 153.2

Tests with Hanus Solution

It was observed in this laboratory (27) a few years ago that
Hanus’ iodine bromide solution, used in an excess of more
than 400 per cent, yields a reproducible value with dehydrated
castor oil which agrees with its total unsaturation calculated
from the decrease in acetyl value during dehydration. Moore
and Cranmer (28), who used this special Hanus method with
all commercially available dehydrated castor oils, found that
it had a reproducibility of one unit.

In order to determine the usefulness of this procedure for
other oils containing conjugated double bonds, possibly in
greater proportion, a sample of conjugated linseed fatty acids
(44) was tested with Hanus solution in varying excess. The
resulting values were inconsistent and, unlike dehydrated
castor oil, depended on sample weight even when more than
400 per cent of reagent was present (Table II, A).
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the highest iodine values with oils containing conjugated
double bonds of any of the halogen solutions employed.

Among the factors which might be changed to make the
reaction more complete with Hanus solution are temperature,
light, and time. An increase in temperature was not believed
advisable because of the known predominance of side reac-
tions, such as substitution and others at higher temperatures
(7). Similar considerations hold for exposure to irradiation.
An excessive extension of the time of contact also was unde-
sirable because of the need for speed in industrial analysis.
A 2-hour period had been found insufficient (Table II, B).
A further prolongation of contact could be considered only
if all other possibilities should fail.

TopiNeE BromipE SorLurions oF HicHER CONCENTRATION.
Changes in the excess of reagent already have been considered
and found insufficient to ensure complete saturation. This
left one other factor which might be modified—i. e., the con-
centration of halogen. A study of the extensive literature
on iodine values reveals that this factor has not received
much attention. Most investigations of the effect of con-
centration on the iodine number have been limited to in-
creasing the volume of reagent used in a determination, or de-
creasing the sample weight. In the former case, the concen-
tration of halogen, it is true, increases somewhat, provided the
volume of solvent used with the sample is kept constant. In
the latter case, for very small sample weight, the halogen
concentration at the end of the reaction reaches a limiting
value equal to its concentration at the beginning of the time
of contact, while at the same time the concentration of the oil
approaches zero. An increase in the concentration of both
halogen and oil may be attained by reducing the volume of

chloroform or carbon tetrachloride in which the
sample is dissolved. The effect of increasing
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its volume in the Wijs method has been dis-
cussed by Keffler and Maiden (18) and tested
in the analysis of tung oil in this laboratory
(27). If the solvent for the sample is omitted
altogether or reduced to a minimum, the con-
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centration of reagent is increased in the ratio
of 35 to 25, or by 40 per cent. This represents
the maximum increase attainable for a given
halogen solution. :

In order to obtain a more substantial increase
in the concentration of halogen, it is necessary

g

to begin with a more concentrated reagent.

Hanus (9) prepared his solution by dissolving
20 grams of iodine bromide in 1 liter of acetic

ol :

acid. His solution was, therefore, approximately
0.1934 N or 0.0967 molar. In the customary
standard methods of preparing Hanus solution
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In order to supply a still larger excess of reagent, another
series of iodine values was determined with varying sample
weights, using approximately twice the ordinary amount
of Hanus solution—i. e., 49 instead of 24 ml. The time of
contact in this series was 2 hours. R

The results are listed in Table IT, B, and plotted in Figure 1
(broken line). They show that Hanus iodine solution, even
when employed in an excess of up to 1200 per cent, results in
low values which vary with the sample weight. The theoreti-
cal total iodine value listed is the iodine value of the linseed
fatty acids before isomerization.

It was, however, thought likely that by suitable changes
an iodine bromide reagent could be caused to react with all
double bonds present, since this reagent had previously given

IopiNE VALUES oF CoNJUuGATED FATTY Acips wiTH HANUS AND

200 (14) this is made to contain 13.2 grams of iodine

and the equivalent weight of bromine per liter and
is, therefore, 0.208 &V or 0.104 molar. The authors
were unable to find references in the literature
to the use of iodine bromide solutions of higher
concentration, except in the method of Bellier (3),
! . .. in which the dissolved sample is titrated directly
with an iodine bromide solution containing mercuric chloride.
Qng milliliter of Bellier’s solution corresponds to 0.1 gram of
iodine; the solution is, therefore, 0.788 .

_ The data presented below show the action of 0.32 N to 0.40 N
iodine bromide solutions in acetic acid. Directions for the prepa-
ration of the 0.32 N solution and details for carrying out the de-
terminations are given at the end of this paper. The 0.40 N and
other iodine bromide solutions were made in various ways; in
principle they consisted of making a saturated solution of iodine
in glacial acetic acid (empyreuma-free) with or without the aid of
heat and addin%), at room temperature, a solution of the equiva-
lent amount of bromine in enough acetic acid to reduce the con-
centration to the desired normality. The solubility of iodine in
acetic acid at 25° C. is 0.1025 mole of iodine, or 26.02 grams per
liter (13). A saturated solution, therefore, contains 0.1 mole
in 976 ml. and requires 24 ml. of bromine-acetic acid solution,
containing 0.1 mole of bromine to make it 0.40 N.
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TaBLE III. TorAL UNSATURATION OF CONJUGATED LINSEED

Farry Acips

(Theoretical iodine value 185.9, Wijs iodine value (400% excess) 152, concen-
tration of IBr solution 0.40 N)

Todine
Weight of Excess of Value
Sample Halogen Found
Gram %
0.0824 822 185.1
0.1016 648 185.9
0.1296 484 185.8
0.1653 363 183.5
0.2120 284 172.8
TaBLE IV. TorAL UNSATURATION OF CONJUGATED SOYBEAN

Farry Acips

(Theoretical total iodine value 138.0, Wijs iodine value (400
concentration of IBr solution 0.32

excess) 117,

Iodme
Weight of Excess of Value
Sample Halogen Found
Gram %
0.0643 1040 138.6
0.0713 934 137.9
0.1254 414 137.6
0.1588 365 137.9
0.1843 311 134.5

Isomerized Fatty Acids

The sample of conjugated linseed fatty acid which had
given inconsistent and low results with Hanus solution (Table
IT) gave the values shown in Table III with the 0.4 N iodine
bromide solution for 1 hour at 20° C.

The. resulting values are 1ndependent of sample weight or
excess of reagent if the latter is at least 450 per cent (Figure
1, top), and this value is identical with the iodine value of the
fatj,ty acids before isomerization.

A sample of conjugated soybean fatty acids, which in the
umsomermed form had an iodine value of 138 0, was tested
with 0.32 N solution (Woburn solution) with varymg sample
weights following Method A. The results again were con-
stant over a large range of sample weights and corresponded
to the theoretical value.

ey i O | Wi g sy
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FIGURE 2. IopINE VALUES oF DEHYDRATED CAsTOR OIL

DerYprATED CAsTor O1n. Samples of unbodied dehy-
drated castor oil (Isoline) of 1.4 poises viscosity (¥ on Gardner-
Holdt scale) were tested by the new method, using varying
sample weights. The theoretical total unsaturation of this
oil is approximately 150 to 160, depending on the extent of de-
hydration (30). With a quantitative hydrogenation method,
- Muenzel (29) found that 1.5 grams of the oil take up 230 ml.
of hydrogen at 15° C. and 740 mm. pressure, which corre-
sponds to an iodine value of 160-161. A sample which had
an apparent iodine value of 140 by the modified Wijs method
with 400 per cent excess of reagent for 30 minutes at 20° C.
gave constant values, within the experimental error aver-
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aging 156.4, with a 0.36 to 0.38 N iodine bromide solution
applied in 300 to 1100 per cent excess (Table V).

Table V also shows the iodine values obtained with a simi-
lar solution on the same sample when the time of contact was
varied from 5 to 60 minutes. These data indicate that over
90 per cent of the addition takes place in the first 5 minutes,
over 95 per cent in the first 15 minutes, and that the con-
stant region, corresponding to the horizontal section of the
sample weight vs. iodine value curve (Iigure 2, top) is reached
between 45 and 60 minutes’ contact. In this series the excess
of reagent was at the lower limit required to obtain repro-
ducible values in 1 hour. In the higher excess region constant
values should be expected at shorter time of contact.

A different sample of unbodied dehydrated castor oil
(Isoline), which had an apparent iodine value of 139.6 by the
special Wijs method, gave Woburn values of 159.6 and 158.5
(average 159.1) with 0.4 N iodine bromide solution.

The Hanus iodine values which were found several years
ago (27) on another sample of dehydrated castor oil have
been plotted against excess of halogen in Figure 2 (broken
line). Comparison of this curve with the new one shows
that both solutions give reproducible values above a cer-
tain excess of reagent. However, with Hanus solution the
minimum excess required is above 400 per cent, while the
concentrated iodine bromide solution requires only 300 per
cent. While in the modified Hanus method the effective
range of sample weights is between 0.06 and 0.08 gram, sam-
ples weighing up to 0.16 gram are well within the region of
constancy in the new method. The difference of 2 to 3 points
between the constant portions of the two curves may be due
to a difference in total unsaturation of the two oil samples.

Tune O1. Preliminary tests showed that the values ob-
tained by Method A—i. e., 1 hour at 20° C.—could not be
so well reproduced with tung oil as with the synthetic oils and
fatty acids which contain both isolated and conjugated
double bonds. Both excess of reagent and time of contact
affected the results. When the time of contact was extended
beyond 1 hour, the values increased, indicating that two re-
actions of different speeds were superimposed. In order to
separate these reactions as much as possible, further deter-
minations were made in an ice bath following the details of
Method B, given below. The temperature of the reaction
mixture under these conditions is 5° to 10° C. at the start
but drops to 0° C. during the early stages of the reaction.

TABLE V°. ToraL UNSATURATION OF DEHYDRATED CasTOR OIL

(Theoretica total iodine value 150-160, Wijs iodine value (4009, excess)
140, concentration of IBr solution 0.36-0.38 N, temperature 20° C.)

Iodine
Weight of Excess of Value
Sample Halogen Found
Gram %
(Time, 1 Hour)
0.0627 1138 156.3
0.0903 747 155.3
0.1179 542 156.8
0.1476 412 157.0
0.1692 350 155.7
0.1857 307 157.2
0.1932 289 156.0
0.2107 258 155.4
0.2625 196 150.5
0.3008 164 147.2
0.3600 133 139.5
0.4479 97 133.0

Excess of Halogen, 320 to 300 Per Cent)
(Time, Min.)

0.2053 5 144.8
0.1917 15 152.5
0.2104 30 153.2
0.1924 45 154.9
0.1726 60 156.6

& Values determined by Victor Volk.
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The following samples of tung oil, some characteristics of
which are listed in Table VI, were used:

1. Old sample of unknown origin, stored without precaution
against oxidation. Partial iodine value (27) 158.1.

2. Fresh drum lot of Chinese origin, analyzed immediately
after sampling.

3. Florida tung oil, several years old, stored without precau-
tion against oxidation.

4. TFresh sample of Chinese origin, through the courtesy of
John R. Rea of New York.

5. Standard analyzed sample of American tung oil, cold-stored
in well-filled containers; from National Paint, Varnish and
Lacquer Association through the courtesy of H. A. Gardner. The
characteristics supplied with this sample, other than those listed
in Table VI, were:

Specific gravity at 15.5-15.0° C. 0.940
Saponification No. 193.0
Unsaponifiable matter, % 0.44
Refractive index at 25° ¢. 1.5170
Iodine No. (Wijs) 167.4

Table VII contains the values found on these five tung oil
samples with varying conditions. The use of the ice bath as
described in Method B is indicated by “0° C.” in the column
headed “temperature”.

TasrLe VI. CuaaracreErisSTICS OF TUNG O1n SampLEs TESTED

Browne
Viscosity Heat
Sample (Gardner- Color Acid Test,
No. Origin Holdt) {Hellige) Value Min.
ik Unknown K-L 41-4 6.4 10.75
2 Chinese I-J 2L 4.5 11.75
3 American U 2L 0.93 6.25
4 Chinese J 3L-3 3.5 10.25
5 American I-J 1-2L 0.9 11.5

TaBLE VII. IopiNE VALuEs oF Tung O1L

Normality of Tempera-~ Todine Value
1Br Solution Time ture Excess Found
Hours 2 G %o
Sample 1
0.36 3 20 689 213.4
0.36 3 20 585 213.2
0.36 3 20 289 202.8
Sample 2
0.352 1 20 496 = 2 224 .22 0.3
Sample 3
0.362 1 20 670 230.0
0.362 1 20 550 225.8
0.362 1 20 300 230.5
Sample 4
0,324 1 0 206.2
0.324 2.5 0 458 = 58 216.4
0.324 4.2 0 220.6
0,324 6 0 215.8=1.9
0.324 11.5 0 389 + 53 izzz.o:o.s
0.324 18 0 225.1== 1.9
0.400 1) 0 {219.9= 0.5
0.400 2.5 0 225.4
0.400 3 0 545 = 30 226.6
0.400 5 0 226.8= 0.7
0.400 18 0 253.8
0.393 1 0 442 == 13 218.0=1.9
0.393 1 0 778 = 10 221.1=1.1
0.385 3 0 1275 229.2
0.385 3 0 1148 228.8
0.385 3 0 683 225.2
0.385 3 0 590 224.2
0.385 3 0 402 212.5
0.385 3 256 203.8
0.400 1 20 490 = 10 234.6=0.5
0.325 1 2 220.2
0.325 3:2 20 465= 15 229.4
0.325 4 2 231.6
0.325 18. 20 290 = 10 260.1 = 0.5
Sample 5
ggég g 8 2li.0* 0.2
.34 224.4=0.8
0,326 7 0 oisEaod 224219
0.326 17 0 233.3=1.6
0.408 3 0 833 = 50 227.1%=1.0
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In order to facilitate the interpretation of these results, the
iodine values of samples 4 and 5 have been plotted against
time of contact (Figure 3). Theshape of these curves indicates
the presence of two distinct halogen-consuming reactions
proceeding at different rates.

Curve A shows that, with 0.32 IV iodine bromide solution at
20° C., a rapid absorption of halogen takes place during the
first hour, corresponding to an iodine value of about 220.
This is followed by a much slower absorption corresponding
to 3 or 4 units per hour.

In comparison, a 0.40 N solution at 0° C. (curve B) results
in an equally fast absorption during the first hour and the
value continues to rise slightly during the second and third
hours but stays almost constant thereafter for several hours.
Thus, the use of the more concentrated solution at lower tem-
perature retards the secondary reaction without decreasing
the speed of the primary absorption. However, even in this
case, halogen absorption continues and a value of 253.8 is ob-
tained after 18 hours’ contact (Table VII, sample 4).

On the other hand, if the 0.32 N solution is applied at 0° C.
(curve C), the initial reaction itself is retarded and the curve
does not begin to flatten out until 6 to 7 hours after the addi-
tion of reagent.

The conclusion that two different reactions contribute to
the halogen absorption is confirmed by the nature of the
curve in Figure 4, obtained by plotting excess of reagent
against iodine value. The steep branch of this curve, D,
corresponds to conditions in which the primary reaction is in-
complete. Above 590 per cent excess (point 4).the slope of
this curve abruptly decreases, E. From here on, the iodine
value obtained depends to a much smaller degree on the excess
of reagent present, indicating that the primary reaction is
complete and the resulting value is determined by the extent
to which the secondary reaction participates. Thus, under
the conditions used, 590 per cent excess of reagent is just suf-
ficient to complete the first, speedy absorption, without inter-
ference by the secondary reaction.

These observations recall the influence of time, tempera-
ture, and excess reagent on the Wijs iodine value of tung oil
(10). In that case the two reactions involved are known to
be a rapid addition of halogen to two of the three conjugated
double bonds of the eleostearic acid radical and a slow sub- .
sequent addition to the third double bond. The true partial
iodine value of tung oil was found to coincide with the inter-
section of the two branches of the curves obtained by plotting
iodine value against either excess reagent or sample weight
7).
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By analogy it appears, therefore, that the value of 224.2
obtained with 590 per cent on tung oil sample 4 is an intrinsic
iodine value of this oil, whereas the other points on the curves
are apparent iodine values.

In view of the observation by previous investigators, who
used hydrogenation methods for determining the unsaturation
of tung oil (Table I), the authors believe the conclusion justi-
fied that this value of 224.2 represents the true total unsatura-
tion of the sample examined. None of the hydrogenation-
iodine values for tung oil found in the literature are higher
than 227.  This fact, together with the present observation
of a break in halogen absorption in the neighborhood of this
value, indicates that the total unsaturation of tung oil is at-
tained at this point. The higher values found with bromine
vapor or upon prolonged exposure with iodine bromide solu-
tions are then due to such secondary reactions as substitution,
addition to secondary valences (34), or new double bonds
formed during the determination (31, 40).

This conclusion is corroborated by data obtained with
beta-eleostearic acid shown below.

On the basis of these observations, we may define the con-
ditions necessary for the determination of the total unsatura-
tion of tung oil. Several procedures are possible, according
to accuracy and speed required.

If greatest accuracy is needed, several values should be deter-
mined with 0.38 to 0.40 N reagent in an ice bath, using varying
sample weights and the values plotted against excess of reagent
asin Figure 4. The intersection of the two branches of this curve
represents the total unsaturation.

As a quicker and more convenient method, the iodine value is
determined as described in Method B, with a sample weight which
will leave 650 to 800 per cent excess of halogen at the end of the
reaction. Figure 4 shows that within these limits the dependence
of the iodine value on excess is less than two units.

Finally, where speed is most important, a 0.32 N reagent may
be employed for 1 hour at 20° C., using sample weights below
0.08 gram. This method will give the total unsaturation within
3 to 4 points, a mar§m of error which is no greater than that en-
countered in most of the bromine vapor addition methods.

e |
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Ficure 4. IopiNe VarLues or Tune OiL witH
VArYING ExcEss oF WOBURN SOLUTIONS
3 hours at 0° C.

Oraer O1Ls AND Farry Acmps. Beta-eleostearic acid
(melting point, 71.5° C.) was prepared by repeated recrys-
tallization of irradiated tung oil fatty acids in petroleum
ether, using carbon dioxide to prevent oxidation. The aver-
age values found in several determinations are listed in Table
VIII, together with the conditions used in each case. Simi-
larly, values obtained on 9,11-linoleic acid (melting point,
53.4° C.) prepared according to Mangold (26) and on a blend
containing 50 parts of this acid and 50 parts of soybean fatty
acids, sample 2 (Table IX), are listed. A sample of raw oiti-
cica oil, several years old, gave the value listed in Table VIIT
as the average of three determinations agreeing within =0.8.
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TaBLE VIII. IopiNe VALUES oF CoNJUGATED COMPOUNDS
Normality Tem-
of IBr  Excess of pera- Iodine Values
Sample Solution  Halogen ture Time Found? Caled.
% ° C. Hours
Beta-eleostearic 0.32 550-600 20 1 272.7. 273.7
acid 0.40 600-2000 0 3 273.8 YAl
9,11-Linoleic acid 0.32 400-500 20 1 183.3 181.2
0.32 400-500 0 3 182.6 181.2
0.32 400-500 0 5 183.7 181.2
50% 9,11-acid -+
% soybean 0.40 600-700 0 3 163.7 159.2
fatty acid 0.32 400-500 20 1 160.6 159.2
Oiticica oil 0.40 800-1000 0 3 203.9 e
¢ Averages of 2 or 3 determinations each.
TaBrLE IX., Wis AND WoBURN [oDINE VALUES
Wijs Woburn Normuhty
. Iodine Iodine of Woburn
Oil or Fatty Acid Value Value Solution
Soybean oil, sample 1 130.5 1268.5 0.36
Soybean oil, sample 2 131.8 127.2 0.36
Soybean pentaerythri-
tol ester 127.6 128.4 = 0.1 0.40
Soybean fatty acids,
sample 137.8 136.0 = 0.6 0.40
Soybean fatty acids,
sample 2 138.8 139.6 == 1,1 0.30
138.8 137.2 = 0 0.32
Linseed oil, sample 1 186.8 185.5 = 0.1 0.36
Linseed oil, sample 2 185.0 185.8 = 0.5 0.40
Linseed fatty acids,
sample 1 194.2 196.4 = 0.4 0.40
Lmseed fatty acids,
ample 190.3 191.1 = 0.2 0.40
Lmseed fntty acids,
sample 3 191.2 186.9 0.36
Sardine oil, winterized 196.9 189.2 0.36
Sardine fatt, acids,
winterize 205.0 196.2 0.36
Teaseed oil 87.7 88.8 =1 0.32
Tall oil, distilled 169.5 203.8 = 1.1 0.40
Perilla fatty acids 198.9 202.3 = 0.2 0.40
Walnut oil 155.2 156.0 = 0.1 0.32
Castor oil 87.4 88.9 0.32

This is significant, in view of the fact that this oil cannot be
successfully dealt with by any of the known iodine procedures
(12, 17).

The fact that the proposed method is applicable not only
to substances containing conjugated double bonds, but to non-
conjugated fatty acids and oils as well, is demonstrated by the
values for total unsaturation listed in Table IX. The Woburn
values listed in this table were determined according to
Method A, except that the concentration of the reagent varied
between 0.32 and 0.40 N.

Except in the case of tall oil and sardine oil, these values
agree with the Wijs iodine value within 1 to 5 units. The
discrepancy with tall oil is understandable, in view of the
presence of large proportions of rosin acids, sterols, and pos-
sibly other compounds, which react incompletely with Wijs
reagent. The difference of approximately 8 units in the case
of sardine oil, and the smaller differences with some of the
other oils and fatty acids, are comparable to the discrepancies
which result when other halogen-absorption methods are
compared with each other.

The Woburn iodine values obtained on castor oil show that
the hydroxyl group of ricinoleic acid is not attacked to any
extent by 0.32 N iodine bromide solution.

Further data will be presented in another paper, in which
the use of the Woburn method for the determination of the
diene value and the composition of conjugated oils will be
demonstrated.

Preparation of Woburn Iodine Solution

Woburn iodine solution consists of a 0.32 N iodine bromide
solution in glacial acetlc acid. The concentration should not
vary more than =0.01 N

MATERIALS. Empyreuma—free 99.5 g)er cent acetic acid (bi-
chromate test = 0.5 hours) (supplied J. T. Baker Chemical
Company as acid acetie, c. P. special, ]{'ever Brothers), resub-
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limed (reagent) iodine, c. p. bromine, 0.17 N sodium thiosulfate
solution, 15 per cent c. . potassium iodide solution and starch
solution.

To prepare approximately 1 liter of the solution, dissolve 20.5
grams of lodine in 925 ml. of the acetic acid. This is best done in
a 1-liter flask with the aid of occasional stirring and moderate
heat (hot plate or steam bath). When all is dissolved, allow to
cool to room temperature, measure out 25 ml. with a pipet, and
titrate with 0.17 N sodium thiosulfate solution, using starch as
indicator in the usual manner (14). From the titration, calculate
the number of additional milliliters, Y, required to dilute the solu-
tion to 0.32 N, as follows:

a = ml. of thiosulfate solution used
b = grams of iodine equivalent to 1 ml. of thiosulfate solution

Y = 1773 ab — 900

Then calculate the weight of bromine, X, necessary to double
the halogen equivalent, as follows:

Xy =122.Tab

Tare a graduated cylinder, containing about 25 ml. of acetic
acid, on a scale accurate to 0.1 gram, and add X grams of bro-
mine by means of an eye dropper. Add acetic acid until the vol-
ume in the cylinder equals ¥ ml. After the bromine solution in
the cylinder is added to the remaining 900 ml. of iodine solution,
the reagent is readg for use. If kept in the dark or in diffused
daylight, it is stable for several months without substantial
change in concentration.

Other Required Reagents

In preparing the 0.17 N sodium thiosulfate solution, follow the
customary precautions (14), such as using freshly boiled distilled
water (carbon dioxide—free and sterile) and filtering before use;
42.2 pgrams of c. p. sodium thiosulfate (Na,$:0:;.5H.0) are re-
quireg per liter of solution. Standardize this solution with re-
sublimed iodine in the usual manner and calculate the iodine
equivalent of 1 ml

Prepare the 15 per cent potassium iodide solution and the
starch indicator in the customary way (14).

Determination of Woburn Iodine Value

Mgetaop A. Conditions: 0.32 = 0.01 & iodine bromide solu-
tion, 1 hour at 20° C. |

Weigh accurately 0.06 to 0.16 gram of fatty acid or oil, depend-
ing on the expected iodine value (the excess of halogen should be
from 500 to 800 per cent of the quantity absorbed), into a clean
and dry glass-stoppered 250-ml. (8-ounce) bottle. Add 10 ml. of
chloroform and swirl gently until sample is dissolved. Add ex-
actly 25 ml. of 0.32 N iodine bromide solution, preferably from
an automatic buret or pipet (Figure 5). Swirl and place the bot-
tle in the dark inside a water bath kept at 20° C. . After 1 hour
add 20 ml. of 15 per cent potassium iodide solution, washing
down any iodine bromide which may have collected in the neck
or on the walls of the bottle. Mix and titrate with 0.17 N sodium
thiosulfate solution in the ordinary manner, using starch indi-
cator when the mixture has become pale yellow.

Blank determinations with 10 ml. of chloroform are made in
the same manner.

The iodine value is calculated as follows:

100 (4 — B)F
” S

ml. of sodium thiosulfate solution used for blank

ml. of sodium thiosulfate solution used for sample

grams of iodine equivalent to 1 ml. of sodium thiosulfate
solution

weight of sample in grams

e Pt

Ta ™ty
I

Mersop B. Conditions: 0.40 = 0.01 N iodine bromide solu-
tion, 3 hours at 0° C.

This method is recommended for tung and oiticica oils. Ice is
used to cool the reaction mixture and thin-walled Erlenmeyer
flasks are required to assure proper cooling.

Weigh out 0.060 to 0.075 gram of oil in a thin-walled glass-
stoppered Erlenmeyer flask, add 10 ml. of chloroform to dissolve
the oil, and swirl the flask in a beaker containing crushed ice for
3 to 5 minutes. Continue swirling and deliver 25 ml. of 0.40 N'
jodine bromide solution. Note time of the addition of reagent.
Wet the glass stopper with potassium iodide solution to prevent

evaporation of the halogens, but do not allow any of this solution,

to come in contact with the reaction mixture. ntinue to swirl
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in the ice bath for 2 to 3 more minutes, then immediately place
the flask in a container almost filled with crushed ice in the dark,
and allow it to remain there for 3 hours after the addition of
reagent. After this period proceed as in Method A, but keeping
the concentration of sodium thiosulfate preferably between 0.21
and 0.22 N.

Nore. With some compounds, such as 9,11-linoleic acid, best
results were obtained by following the details of Method B, but
using 0.32 N rather than 0.40 N iodine bromide solution.

Ficure 5. Avuromaric PIPET WITH
Stock BorrLe
Made by Scientific Glass Apparatus Co.
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Hydrofluosilicic Acid Method for Determination
of Quartz

F. H. GOLDMAN, National Institute of Health, Bethesda, Md.

YDROFLUOSILICIC acid affords a differentiation be-
tween quartz and other silicon-containing compounds
such as the silicates. This reagent dissolves most silicates
very rapidly, while its action on quartz is exceedingly slow.
However, in spite of many attractive features, its use as a re-
agent for estimating the amount of quartz in siliceous mate-
rials (2, 6) presents certain difficulties, especially when the
method is extended to finely divided granular materials such
asrock dusts. Factors such as temperature, the size distribu-
tion of the particles, and the magnitude of the control blank
on the reagent, plus certain manipulative difficulties in carry-
ing out the analysis, must be taken into account. Investiga-
tion of some of these factors in these laboratories has cleared
up some of the difficulties and extended the method to the
analysis of settled dusts.

“Settled dust” is collected and examined as a routine pro-
cedure in estimating atmospheric contamination due to dusti-
ness in the industrial environment. As the name implies, it
is the dust which has settled on rafters, window ledges, roofs
of buildings, and various other sites, relating to the industrial
environment.

A line must be drawn somewhat in defining certain material
as settled dust, which certainly does not include pebbles,
match sticks, bits of rubbish, etc. It has been the practice of
this laboratory, therefore, to sieve all samples through a 200-
mesh sieve and to analyze this sieved material as “settled
dust”. The average diameter of such granular material is
usually about 6 to 8 microns. However, if samples ground to
pass a 200-mesh sieve are again sieved through a 325-mesh
sieve, the average diameter of the particles retained on the
325-mesh sieve may vary from 48 to 90 microns (3).

According to the hydrofluosilicic acid procedure as de-
scribed by Knopf, the loss of quartz from a pure quartz sample
ground to pass a 150-mesh screen is 1.4 per cent per 48 hours
after 14 days of treatment. The rate of decomposition was

found to differ considerably in different silicates. Certain
refractory silicates required a week or more to decompose (5).
Moke (6) in a study of foundry dusts (4) used Knopf’s hy-
drofluosilicic acid procedure and determined the solubility of
quartz on particles of 10 microns and less. The loss was from
13.6 to 48.5 per cent in 48 hours. In this connection Moke
says that if sufficient time and acid were employed, all the
quartz would undoubtedly go into solution. The rate of
solubility increases greatly with decrease in grain size.
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Care must be exercised (5) not to raise the temperature
during the hydrofluosilicic acid treatment, because hydro-
fluosilicic acid (H,SiF;) decomposes on heating into silicon
tetrafluoride (SiF;) and hydrofluoric acid (HF) which will
readily attack free silica.

Material and Reagents

Samples of settled dust were employed in this investigation.
The quartz sample used as a control was Brazilian quartz, sieved
through a 200-mesh screen.
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Three grams of silica gel were added to 500 grams of a com-
mercial grade of hydrofluosilicic acid.
A 1 to 1 nitric acid solution was used.

Procedure

A sample of dust weighing 0.2 to 0.5 gram is taken for analysis.
It is ignited in & platinum crucible and an aliquot of the residue
is transferred to a Munroe crucible. (This is similar to a Gooch
crucible but is of platinum and contains a platinum mat. Such
crucibles may be obtained through dealers in platinum labora-
tory ware.) The Munroe crucible is set inside an ordinary plati-
num crucible. Ten milliliters of hydrofluosilicic acid reagent are
added to the sample in the Munroe crucible and the crucibles are
set inside a 100-ml. beaker (Figure 1), which is covered with
Parafilm (a gas-tight material obtained from the Fisher Scientific
Company), placed in the electric refrigerator at 10° C., and
allowed to remain there for 48 hours.
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Fi1GURE 2

The Munroe crucible is now transferred to the filter funnel and
the reagent is drawn off by suction. The filter flask used for this
purpose is partly filled with water to prevent etching. The filter
18 washed with cold water, the filter flask is emptied, and the
filter is finally washed with nitric acid. The Munroe crucible is
now set in a 150-ml. beaker on a glass collar which is fluted at
both ends (Figure 2). The crucible is covered with a small
watch glass, nitric acid is added, and the beaker is covered over
with a watch glass. The contents are warmed at about 70° C.
for 0.5 hour. The nitric acid is filtered off by suction, the filter
is washed with water, and the crucible and contents are dried at
120° for one hour, cooled, and weighed.

The hydrofluosilicic acid and the nitric acid treatment is now
repeated until a constant loss in weight is obtained. At this
point an aliquot of residue is transferred to a platinum crucible
and ignited to constant weight in the muffle furnace.

The residue may be examined petrographically at any time
during the course of these treatments, and finally total silica may
be determined on it by hydrofluoric acid.

Table I gives a typical result obtained by this method when
applied to siliceous settled dusts.

Table II gives the results obtained when quartz is treated
with hydrofluosilicic acid with and without the addition of
silica gel.

TABLE I. DETERMINATION OF QUARTZ
(Settled Dust 686, sample 0.3143 gram, 6 treatments with HaSiFs)
Treatment Loss in weight
Gram

O U G0 00 bt
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L

0.0045
Total 0.1382

0.1665 gram of residue treated with HsFs gave a loss of 0.1588 gram.
Quartz (uncorrected), 44%
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TABLE II. DETERMINATION OF QUARTZ
Sample 0.2380 gram, 4 treatments with HaSiFs (SiOz2 added)

Treatment Loss in Weight
Hours Gram
48 0.0057
72 0.0033
24 0.0008
24 .0016

0
Average loss for 48 hours, 1.4%

Sample 0.2140 gram, 2 treatments with H:SiFs (no 8iO; added)
48 0.0120

48 0.0182
Average loss for 48 hours, 7.1%
Sample 0.1789 gram, 5 treatments with HiSiFs (SiO: added)

48 0.0004
48 0.0003
48 0.0008
48 0.0002
48 0.0003

Total 0.0020
Loss after ignition, 0.0024. Blank on empty platinum crucible. Loss,

0.5 mg. or 0.1 mg. per 48 hours. Loss for quartz (corrected), 0.38 mg. per
48 hours or 2.1% per 48 hours. i

Discussion of Method

The solution of quartz by the reagent is greatly reduced by
employing a low constant temperature (10° instead of room
temperature). This temperature is purely arbitrary. The
electric refrigerator was used because of its availability, con-
‘venience, and the relative constancy of the temperature com-
pared to that which obtains in the laboratory. The proce-
dure described here can be employed with advantage even at
room temperatures, if the sample is not too finely divided.
However, the magnitude of the quartz blank in the case of a
dust (13.6 to 48.5 per cent in 48 hours) is so great as to pre-
clude the use of the method at ordinary room temperatures.

The addition of silica gel to the hydrofiuosilicic acid makes
for a low constant blank, probably by removing any excess
hydrofluoric acid which may be present. Quartz control
samples weighing 0.2 gram lost from 6 to 9 per cent by weight
when untreated hydrofluosilicic acid was used. With the
treated hydrofluosilicic acid the quartz samples lost only 0.4
mg. in 48 hours. This compares with 2.8 mg. in 48 hours
found by Knopf using 150-mesh quartz (5). Different lots of
hydrofluosilicic acid gave concordant results.

The Munroe crucible must be tested for cracks before each
complete analysis. It should be able to retain freshly pre-
cipitated calcium oxalate. Cracks are easily mended (Z).

The use of nitric instead of hydrochloric acid prevents the
formation of cracks and solution of the platinum. Controls
with nitric acid showed losses of only 0.1 mg. per 48 hours in
the course of a complete analysis; 48-hour treatments were
found most convenient and almost as efficient as 24-hour
treatments and allow the analysis to be carried on over week
ends.

The initial ignition of the sample is to be avoided in certain
cases—for example, in limestones containing small amounts of
quartz, when a preliminary hydrochloric acid treatment is to be
preferred. The use of the Munroe crucible avoids the re-
peated transfer of sample onto a filter paper and therefore
avoids the errors inherent in such operations. The time re-
quired for manipulative detail is cut down to about 30 minutes
for each 48-hour period; this enables samples to be removed
and started again within the same day.

Summary

A method for the analysis of the quartz content of granular
material using hydrofluosilicic acid has been extended to in-
clude “‘settledd dusts’”. Mechanical losses and losses due to
the solution of quartz by the reagent have been greatly re-
duced. There is a substantial saving of time in an analysis
which may take as long as 2 weeks to complete.
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Determination of Traces of Tin in
Malt Beverages

IRWIN STONE, Wallerstein Laboratories, New York, N. Y.

HE presence of traces of tin in beer, due to solution from

tin surfaces in brewery and dispensing equipment, has
long been known to produce haziness and turbidity in the
finished beverage. The relatively high intensity of the col-
loidal haze produced seems out of all proportion to the minute
quantities of tin involved. As little as 0.1 part per million
will affect the clarity of the beverage.

Goob (8) in 1912, writing on tin turbidities, noted the un-
satisfactory state of the quantitative methods for the chemi-
cal determination of traces of this metal. A search of the
literature failed to reveal any specific methods or improve-
ments of methods for the chemical determination of these
traces of tin in beer since that time. There are many pub-
lished chemical methods for determining small amounts of
tin in food and related products, but these, without exception,

are for quantities greatly in excess of those which may cause .

trouble in beer. Some of these methods might be adapted to
determining traces of tin by using extremely large volumes of
sample, but this is not a completely satisfactory expedient—
for instance, it would be necessary to examine 4 liters of a beer
containing 0.25 part per million of tin in order to recover 1 mg.
of tin. Large charges necessitate increased volumes of re-
agents and solutions and the effective increase in sensitivity
thus obtained is not great. In most cases, the minute traces
of tin involved would be lost in the elaborate separations
used.
~ The development of spectrographic analysis (4) has
brought a new tool which may be applied to this problem,
but this method requires special training and expensive ap-
paratus and is beyond the means of the average analyst.

Nearly all the methods in the literature for determining tin
in biological materials utilize a tedious wet digestion for de-
stroying the organic matter prior to separating and measur-
ing the tin and avoid the more convenient ashing. During
ashing, the tin changes to tin oxide, which is extremely refrac-
tory and resists solution in all common acids. The wide-
spread use of the wet digestion has probably been due to a de-
sire to avoid the formation of this refractory tin oxide.

Tin oxide readily becomes soluble when fused with a num-
ber of different substances. A method for determining tin in
foods, which utilizes an ashing and a fusion of the ash, was
deseribed (2) in 1928. This method is not sufficiently sensi-
tive for determining tin in beer, but the treatment of the
sample prior to actual analysis is of interest.

Until recently, there has been a notable lack of good spe-
cific sensitive organic reagents for detecting tin. The older
tests utilized, in one way or another, the reducing properties
of the stannous ion or the oxidizing properties of the stannic

ion. In 1936, Clark (1) recommended the dimercaptoben-
zenes as sensitive and specific reagents for tin. Tin combines
with these organic reagents to give red precipitates. &

By combining the ashing and fusion technique for the
preliminary preparation of the sample with the new organic
reagent, it was possible to develop a simple, rapid, and accu-
rate method for the determination of traces of tin in beer.
This quantitative determination also serves as a qualitative
test, thus ensuring that the measured factor is actually tin.
The availability of the reagent (1-methyl-3,4-dimercaptoben-
zene, obtainable from the Organic Products Company, 17
Thompson St., New York, N. Y., or the British Drug House
through the Eastman Kodak Company, Rochester, N. Y.)
and the perfection of a stable solution add further to its con-
venience.

Reagents

FusioN Mixture. Quickly grind (to avoid local evolution of
hydrocyanic acid by atmospheric carbon dioxide) with a mortar
and pestle 12.5 grams of sodium cyanide with 37.5 grams of an-
hydrous sodium carbonate to give a homogeneous powder.

HyprocurLoric Acip. Dilute 1 volume of concentrated hydro-
chlorie acid with 1 volume of water.

1-METHYL-3,4-DIMERCAPTOBENZENE  (DITHIOL) SOLUTION.
Warm the dithiol slightly so that it liquefies, dissolve 0.25 ml. in
10 ml. of thioglycolic acid, and dilute to 200 ml. with 95 per cent
ethyl alcohol. Store in full tightly corked small bottles in the
dark. The reagent is stable if protected from air, but in a bottle
that has been repeatedly opened will frequently become oxidized
and no longer give the reaction with tin. Thus, the reagent
from an opened bottle should be tested against a known tin solu-
tion before adding it to the sample. (The reagent has a strong
sulfidic odor and may be deodorized, if spilled, by washing with a
dilute iodine solution.)

Tin Stanparp. Dissolve 1.90 grams of stannous chloride
dihydrate in 20 ml. of the hydrochloric acid solution and dilute
to 1 liter with water. This solution should be prepared fresh, as
it is not very stable.

Gum Arasic SorutioN. Dissolve 100 grams of powdered
gum arabic (U. S. P.) in 1 liter of hot water containing 100 ml.
of 0.1 per cent phenyl mercuric acetate solution. When dis-
solved, filter through paper in a hot water funnel. This solution
is stable and will not get moldy.

Method

Char and then ignite (preferably in a muffle at about 550° C.)
100 to 200 ml. of well-mixed, degassed beer in a silica dish to
give a white fluffy ash. Avoid too high a temperature during
ashing to prevent fusion of the ash. Transfer the ash by brush-
ing to a No. 00 Coors high-form porcelain crucible, tamp down
ash in the crucible, and cover with 1 gram of the fusion mixture.
Fuse over a Méker burner for about 15 seconds, holding the
crucible with a pair of tongs and swirling, so that the melt is given
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TasLE I. RecoveERY oF ApDpED TIN

Sample Taken

for Analysis Tin Added Tin Found
Mg. per
M. charge P, p. m. My P.p.m
200 Nil Nil Nil Nil
200 0.05 0.25 0.05 0.25
200 0.03 0.15 0.03 0.15
200 0.03 0.15 0.04 0.20
100 0.04 0.40 0,04 0.40
100 0.075 0.75 0.075 0.75
100 Nil Nil Nil Nil
100 0.05 0.5 0.05 0.5
100 0.05 0.5 0.04 0.4
100 Nil Nil Nil Nil
100 0.01 0.1 Nil Nil
200 0.02 0.1 0.01 0.0
100 0.015 0.156 Nil Nil
200 0.03 0.15 0.015 0.08
100 0.025 0.25 0.025 0.25
100 0.0 0.5 0.04 0.4
100 0.05 0.5 0.04 0.4

a rotating motion. Do not overheat or fuse too long. Cool
and place the crucible upright in a 50-ml. Pyrex beaker which is
covered with a watch glass. All further operations, because of
the poisonous character of the liberated hydrocyanic acid gas,
must be conducted in a well-ventilated hood.

Put 5 ml. of the hydrochloric acid solution directly into the
crucible by means of a pif)et introduced through the space be-
tween the watch glass and the beaker spout. Allow it to react
until the evolution of gas ceases. Remove the watch glass and
wash down its undersurface with water, permitting this wash
water to run into the crucible. With a thin stirring rod overturn
the crucible and heat. This will generally cause further evolu-
tion of gas from the crucible. Continue heating and stirring
until no further evolution of gas takes place, pick up the crucible
by means of the stirring rod, and wash with water. Cover the
beaker with the original wateh glass and boil down the combined
solution and washings to a volume of less than 10 ml. Transfer
and wash this solution into a 15-ml. centrifuge tube graduated at
10 ml., make up volume to 10 ml., mix, and centrifuge at high
speed. ~ Transfer the clear supernatant liquid to a test tube, add
0.5 ml. of the tin reagent, mix, and heat for 1 minute in a slowly
boiling water bath. Cool, add 2 ml. of the gum arabic solution,
cork, and shake thoroughly. Compare the resulting colored tur-
bidity with standards by reflection, using daylight.

PREPARATION OF STANDARDS. Dilute 20 ml. of fresh tin stand-
ard solution and 10 ml. of hydrochloric acid to 200 ml. with
water. Pipet the following suggested quantities of this standard
solution into a series of test tubes: 0.0, 0.1, 0.25, 0.50, 0.75, and
1.0 ml (equivalent to 0.0, 0.01, 0.025, 0.05, 0.075, and 0.1 mg. of
tin, respectively). Add 1 ml. of hy(irochloric acid solution and
make volume up to 10 ml. with water. Add 0.5ml. of tin reagent,
mix, and heat in a slowly boiling water bath for 1 minute. Cool,
add 2 ml. of gum arabic solution, cork, and shake thoroughly.
Standards thus prepared are stable for a month or more if kept
corked and in the dark. After standing, they should be vigor-
ously shaken before using.

Recovery of Added Tin

Since there is no other reliable method available against
which the accuracy of the method could be checked, recourse
was had to a determination of added tin. Beers that were
brilliant on chilling are found to give a negative test for tin
by this method. Such beers were assumed to be tin-free and
tin was added in varying amounts. After standing some time,
they were analyzed and the results are given in Table I.

Interferences

As shown by Clark, numerous heavy metals give vari-
colored precipitates with this reagent, but the red color of tin
is characteristic; the only metal which approaches this color
is bismuth, which exhibits a completely different shade of red.
Other metals, if present to excess, can interfere in the method
by masking the color of the tin precipitate. Iron, the only
metal that is liable to be encountered in excess in beers, will
not interfere in the test because during the cyanide fusion it
is converted to compounds which, on later acidification, form
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the insoluble Prussian blue. The Prussian blue is then re-
moved along with the other insoluble salts.

Table II shows the effect of the presence of 10 parts per
million of interfering heavy metals on the determination of
tin in a beer containing 0.5 part per million of tin.

Except for iron, the results in Table II are of no practical
interest. Excess iron is removed in the course of the analysis
and the copper content of beer is effectively limited by the
normal removal of excess copper by the yeast. None of the
other metals is present in beer in quantities sufficient to cause
interference.

In the case of a rare sample in which large amounts of the
interfering metals may be present, they may be dissolved out
of the ash by dilute acids, leaving the insoluble tin oxide be-
hind. This purified precipitate containing the tin oxide, after
filtration, washing, and re-ashing, can then be treated as in

the regular method. This procedure tends to reduce the

sensitivity of the method and great care is needed to prevent
the fine tin oxide precipitate from mechanically passing into
the acid-soluble filtrate. In this laboratory, where many
different samples representing all types of beers and ales have
been examined, as yet no sample has been encountered con-
taining a sufficient quantity of interfering metal to necessi-
tate the use of this longer and less sensitive modified proce-
dure.

This method has been tried on a number of different types
of materials including several foods, water, and other bever-
ages and the indications are that it may readily be adapted to
materials other than beer. It is especially useful where only
small amounts of sample are available.

TasLE II. Errect oF PRESENCE OoF HEAVY METALS ON
DETERMINATION OF TIN

(Beer containing 0.5 p. p. m. of tin)

Metal Added

(10 P. P. M) Results

None 0.5 p. p. m. tin, red turbidity

Bismuth No tin, yellow precipitate

Cobalt No tin, dirty yellow precipitate

Copper No tin, black precipitate

Iron 0.5 p. p. m. tin, no interference

Lead 0.5 p. p. m. tin, no interference

Manganese 0.4 p. p. m. tin, orange turbidity

Nickel 0.1 p. p. m. tin,

Zine 0.25 p. p. m. tin, orange turbidity
Summary

Minute traces of tin, much below the practical limit of sen-
sitivity of existing chemical analytical methods, produce
haziness in beers and ales. A method is deseribed for deter-
mining such traces of tin, wherein the beer is ashed and the
ash fused with a sodium carbonate-sodium cyanide mixture.
After solution in acid, the tin is determined by the intensity
of the color of the red precipitate produced by a solution of
the specific organic reagent 1-methyl-3,4-dimercaptobenzene
(dithiol). Recoveries and interferences are noted. This
method may be adapted to the determination of traces of tin
in other foodstuffs, water, and biological materials.
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Rapid_Photometric Determination of Ascorbic
' Acid in Plant Materials '

S. A. MORELL, Bureau of Plant Industry, U. S. Department of Agriculture, Beltsville, Md.

HE method described here is an adaptation and modi-

fication of the photometric determination of ascorbic
acid in blood serum as reported by Mindlin and Butler (7) and
modified by Bessey (Z) to include colored or turbid solutions
and plant tissue extracts. ‘The new features reported here
involve chiefly the methods of extraction, filtering instead of
eéentrifuging, and various changes in concentration of reagents
to permit measurement of a wider range—1 to 14 micro-
grams—of ascorbic acid in-the final aliquots:— These modifi=-
cations were developed especially to permit high-speed work

on: large - numbers- of plant-samples-daily,~as+in-evaluating -

thousands of individuals among segregating populations inci-
dental to breeding for high vitamin C content in vegetables.
By these modifications, an analyst with two assistants can
readily run 120 samples daily.

Since the photometric method has been discussed by others
(1,7) and the use of the indophenol dye has been reviewed by
King (5), the principles and the advantages of the basic
method need not be reviewed here.

Apparatus and Reagents

The fresh plant tissues were first reduced to a fine pulp in the
Waring blender as described by Davis (3), using two containers
alternately to'increase the output of the machine.

The following solutions were required: (1) 3 per cent meta-
phosphorie acid; (2) sodium citrate buffer of 211 grams of citric
acid in 2 liters of 1 N sodium hydroxide; (3) a buffer at pH 3.6
(=0.1); mixture of 3200 m]. of solution 1 and 868 ml. of solution
2; and (4) a solution of 2,6-dichlorophenolindophenol containing
34.4 mg. (BEastman Kodak Co. preparation) in 1 liter of water.
Solutions were used within 5 days and always stored in the ice
chest overnight. Control of pH was accomplished by means of
the McGinnes (6) glass electrode. The purity of the ascorbic acid
used for preparing the calibration curve, and for the recovery ex-
periments, was tested by titration with standard iodine solution
as described by Bessey and King (2). Quantitative titration
values were obtained within 2 per cent of theory.

The photoelectric colorimeter described by Evelyn (4) was used
with green filter No. 520 (transmission limits 495 to 550 milli-
microns). Six dozen 17.5 X 2.2 em. (7 X 0.875 inch) absorption
test tubes were selected which agreed to within 0.25 galvanometer
unit.

Procedure for Calibrating Standard Curve

A fresh solution of ascorbic acid is prepared by dissolving 25 mg.
in 250 ml. of buffer at pH 3.6 (solution No. 3). (After 2 days, at
4° C., this solution lost 5 per cent of its reducing power.) One-

TaBLE I. CALIBRATION DATA FOR PHOTOMETRIC DETERMINA-
TION OF ASCORBIC AcCID®

Log @ Sample — Log G Blank

Photo- Ratio/s
Galva- metrio Obseryed
nometer Density (ﬂ)
Readings® (2 — logw G)é Observed Calculated®\ Caled.
Micro-
grams/.
Ml.b>
0 (blank) 20.50 0.6830
1.006 23.63 0.6220 0.0810 0.0581 105.0
42,0124 42926113 0.5750 0:1080 0.1024 1055
3.018 28.13 0.5435 0.1395 0.1467 95.0
4.024 31.63 0.4930 0.1900 0.1912 99.4
5.030 35.63 0.4425 . 0.2405 0.2355 102.1
6.036 39.00 0.4060 0.2770 0.2799 99.0
. 7.042 42.63 0.3680 0.3150 0.3243 97.2
8.048 47.38 0.3220 0.3610 0.3686 98.0
9.054 54.00 0.2656 0.4174 0.4130 96.1
10.060 60.50 0.2182 0.4648 0.4573 101.6
11.066 66.00 0.1805 0.5025 0.5017 100.3
12.072 74.25 0,1293 0.5537 0.5461 101.3
13.078 81.25 0.0901 0.5929 0.5904 100.3
14.084 87.75 0.0568 0.6262 0.6348 98.7

2 5 ml. of dye (34.44 mg. of 2,6-dichlorophenolindophenol per liter) mixed
with 5lml. of sample solutions containing 1 to 14 micrograms of ascorbic acid
per ml.

b Ascorbic acid stock solution contained 25.18 mg. dissolved in 250 ml.
¢ Galvanometer was read to nearest quarter division and mean of 15- and
30-second readings used. ; ’

4 Corrected for slight deviations from true linearity of relation between cur-
rent. and glalvanometer deflection.

¢ Calculated from best line (derived by method of least squares) satisfying
observed points. RS,

I Coefficient of variation = 1.1%.

to 14-ml. amounts, by 1-ml. increments, are added to 100-ml.
volumetric flasks, which are then made to volume with the buffer
at pH 3.6. Five-milliliter portions of the dye solution are added
to each of a series of colorimeter test tubes with a pipet reserved
for this purpose, thus assuring as near the same quantity of dye
as practicable in all experiments.

The colorimeter is set at 100 per cent transmission, using a tube
containing 5 ml. of buffer (pH 3.6), 5 ml. of the dye, and a few
crystals of ascorbic acid for complete decoloration; this is con-
ducted in triplicate to assure a correct galvanometer setting.
The center setting (without any tube in the instrument) is then
recorded and maintained constant for the subsequent determina-
tions: five milliliters of a sample solution are quickly delivered
from an Ostwald pipet into 5 ml. of the dye and shaken vigorously
about 5 seconds;’ a reading is taken 15 seconds after initial mix-
ing and again at 30 seconds, After observing the values for all 14
samples, a blank reading in triplicate is obtained using 5 ml. of the
buffer. The differences between the 15- and
30-second readings did not exceed 0.5 galva-
nometer unit and the average of the two was
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In Table I the data obtained for the cali-
bration are presented. By the method of
least squares, the equation for the line best
satisfying the experimental points was found
to be: ¥ = 0.0441 X + 0.0137, where X =
micrograms of ascorbic acid per ml. and ¥ =
the log of the galvanometer readings for
samples minus that for the blank (Figure 1).
The coefficient of variation for the devia-
tions from the line was only 1.1 per cent.
A repetition of the ecalibration curve after

L
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a period of 5 weeks resulted in a similar
series of points varying by only about 1 per
cent from the original calibration.
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Procedure for Plant Materials

AprLiCATION TO BEANS AND CABBAGES. From a dispensing
buret 100 ml. of 3 per cent metaphosphoric acid are added to the
container of the blender; 25 grams of fresh tissue, weighed to the
nearest 0.1 gram, are added and mixed at high speed for 2 minutes.
The fresh vegetable tissues are thus reduced to an extremely fine
pulpy suspension, and a temperature rise of about 5° C. occurs.
About half of the contents is then filtered through a dry fluted
No. 12 Whatman filter paper. Since the filtrate comes through
cloudy at the start, about 10 ml. are discarded. About 10 ml.
of clear filtrate are collected in a dry Erlenmeyer flask.

The aliquot of filtrate taken for dilution will depend upon the
approximate vitamin content of the sample. A volume is se-
lected which is expected to contain between 200 and 600 micro-
grams, so that after dilution to 50 ml. the final concentration in
the aliquots analyzed may conveniently lie between 4 and 12
micrograms per ml.  For cabbage, which may contain about 40
to 90 mg. of ascorbic acid per 100 grams of fresh tissue, a 3-ml.
aliquot is adequate, whereas for snap beans, containing about 20
to 40 mg. per 100 grams, a 5-ml. aliquot is taken.

Aliquots of the clear filtrates are transferred to 50-ml. volu-
metric flasks and a sufficient quantity of sodium citrate buffer
(solution No. 2) is added to bring the pH to approximately 3.6;
in the case of cabbages, beans, and several other ve etables
studied, 0.25 ml. of buffer per ml. of aliquot was required. The
mixture is then made to volume with the citrate-phosphate
buffer (solution No. 3). The final pH should be 3.6 =0.1. When
many samples of similar material are analyzed in groups of 24, a
pH (fetermination on occasional samples will permit adequate con-

trol.

In calculating the ascorbic acid content of plant tissue the
water in the sample must be taken into account. In the pres-
ent investigation the results obtained with the recovery ex-
periments indicated that the vitamin is distributed in the
liquid phase of the mix, with no measurable amount absorbed.

As a test of the accuracy of the method, the recovery of as-
corbic acid was studied. Since a great deal of air is whipped
into the extracting solution during the 2-minute stirring
period, the possibility existed that oxidation might necessitate
the use of an empirical correction factor. This was shown un-
necessary, however, by quantitative recoveries when buffered
solutions of ascorbic acid, at various concentrations, were
carried through all the steps in the analysis. The possibility
that ascorbic acid oxidase might partially destroy the vitamin
during the analysis was also excluded by the quantitative
recoveries obtained. Recovery experiments are complicated
by the difficulty in obtaining uniform 25-gram samples of
plant tissue. Four separate series, using individual cabbages,
were conducted in the following manner:

The head was sliced along its polar axis and 25-gram sections
were cut for analysis; five alternate sections were supplemented
with different amounts of pure ascorbic acid and the average
value for the unsupplemented five sections was used in the recov-
ery calculations. A fresh solution containing 1 mg. of ascorbic
acid per ml. was added—4, 6, 8, 10, and 12 ml,, respectively—to
each section before conducting the extraction.

The average recovery for the 20 separate analyses was
slightly high, 103 = 1.3 per cent. However, in these experi-
ments a difference in total vitamin concentration, between
supplemented and unsupplemented extracts, is being meas-
ured.
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A Constant Mercury Level for
the Dropping Mercury
Electrode

ALOIS LANGER

Westinghouse Research Laboratories,
East Pittsburgh, Penna.

ROM the Ilkovic equation for the diffusion current and
Poiseuille’s equation for the flow of liquids through capil-
laries, it can be shown that the diffusion current is proportional
to the square root of the pressure or to the square roof of the

mercury height—i. e., 7 = k+/h—for constant concentra-
tion and temperature. In a single analysis, the amount of
mercury used is small; thus if a large reservoir is used, the
height is essentially unchanged during the analysis, but it
becomes inconvenient to correct the height manually if a se-
ries of analyses is being run.

Mueller (1) described a simple device for maintaining a
constant mercury pressure, using the principle of the Mariotte
flask. In these laboratories a floating bulb valve device,
described below, has been used satisfactorily for over a year.

A ball, B, attached to the
centering tube floats on the sur-
face of the mercury pool which
is to be kept at constant level.
The hemispherical ground end
of the capillary, C, rests on a
ground projection blown on the
upper side of B. Capillary C is
joined to the reservoir, 4, which
sits loosely on the lower one.
There is a hole on the upper side
of B for introducing mercury
for ballast. If sufficient care is
taken in grinding C to fit B, the
lower level is kept constant to
within 1 mm., which is suf-
ficiently constant for polaro-
graphic purposes.

The lower container may be
connected to the dropping capil-
lary by means of rubber tubing.
If there is danger of clogging the
capillary by contamination%rom
the rubber, the two concentric
movable tubes, D, may be used.
The head necessary to obtain
the proper drop time can easily
be adjusted and the mercury is
in contact with only the very
small area of rubber resultin
from the seal. The electrica
connection, E, was made by
sealing into the Pyrex tube a
thin-walled piece of platinum
tubing closed at both ends.

In order to stop the flow of
mercury, the working cell is re-
placed by vessel F, which is
tightly fitted to the rubber
stopper on the capillary tube.
The outer jacket of F may be
filled with a saturated salt to
protect the agar bridge if an
external reference electrode is
used.
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Determination of Grease in Sewage, Sludge, and
Industrial Wastes

RICHARD POMEROY, 117 East Colorado St., Pasadena, Calif., AND
C. M. WAKEMAN, Los Angeles Harbor Department, Los Angeles, Calif.

Prevailing methods for determining the
grease content of sewages, sludges, and
liquid industrial wastes permit many
errors. Recognizing the need for a stand-
ard procedure which will give a reliable
measure of the true content of ‘‘grease’
the authors have devised a procedure which
eliminates or greatly reduces most of the
sources of error. Application to a variety
of samples gave results with differences
from the means averaging 2.0 per cent.
Results of analyses are much less influenced
by variations of technique and of solvent
than is the case with older methods.

T HAS long been recognized that certain errors are present

in prevailing methods for determining grease in sewage
and sludges. Because of the need for more accurate proce-
dure, W. T. Knowlton, City of Los Angeles Bureau of Engi-
neering, called together a committee to study the problem.
This group consisted of Mr. Knowlton: V. W. Thews and
A. A. Appel, Maintenance Division, Sewer Department of
the City of Los Angeles; T. C. Wilson, Los Angeles City
Bureau of Standards; and the authors, who conducted the
research. The other members of the committee assisted by
suggestions and by making many analyses. More than ordi-
nary expressions of appreciation are due these men for their
part in this work.

In considering the accuracy of methods for determination
of grease, it is necessary to have an understanding of what is
sought. From the viewpoint of the sanitary engineer, a
grease analysis should include those materials which impart
greasy characteristics to the waste when they are present in
sufficient quantity. It is also desirable to include oil, since
oil differs from grease only in melting point. The material
separated from sewage in grease analyses always contains both
solid and liquid substances. If the solid constituents are pres-
ent in sufficient quantity, the mixture is solid at room tem-
perature and may properly be called grease, but if the liquids
predominate the mixture remains liquid and should be called
oil. In this discussion the word ‘“grease’” may be understood
as meaning ‘“‘grease or oil”.

Sources of Errors in Existing Methods

Prevailing methods for determining grease in sewage,
sludges, and many other fluid materials essentially involve
acidifying the sample, evaporating to drymess, extracting
thoroughly with a suitable solvent, and evaporating the grease-
laden solvent so that the grease may be weighed. Considera-
tion of such methods shows that the following errors may be
Serious.

VoraTinizaTioN oF GrEAsE WHEN SampLeE Is DgrIep.
‘When samples are evaporated to dryness, a part of the grease

is lost along with the steam. The possible magnitude of this-

error was demonstrated experimentally for several greases.
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The greases were prepared for use by holding in a stoppered
bottle in a melted condition for at least 24 hours, after which
clarified grease was pipetted out, except in the cases of raw sludge
and digested sludge greases, which were recovered from analyses,

Samples were weighed into tared conical flasks and distilled
water was added. The flasks were glaced on a hot plate, and
as the water evaporated more was added until 500 ml. had been
used. The grease was then dried and weighed.

Table I shows that the losses were variable, reaching 25 per
cent, for grease from sewage skimmings. It is not possible
from these results to predict the exact magnitude of the losses
in analyses, but it is evident that they are likely to be an im-
portant source of error.

REVERSION oF FarTy Acips To INSoLUBLE Soars. In-
soluble soaps are an important factor in the greasiness of
sewage; hence they should be included in grease analyses.
Since they can be dissolved only with difficulty, it is common
practice to acidify the sample and thus liberate the fatty acids
which constitute about 95 per cent of the soap.

‘When hydrochloric acid is used for this purpose, the reaction
may be represented by the equation

Ca(RCOO); + 2HCI — CaCl; + 2 RCOOH

If the sample is dried, the above reaction reverses, regener-
ating the insoluble soaps. To prove that the reverse action
can oceur, 117 mg. of fatty acids from sewer grease and 144
mg. of calecium chloride dihydrate were mixed with ether and
water in a dish, and evaporated to dryness. Thirty-four per
cent of the fatty acids were converted to insoluble soaps.
More intimate contact and longer drying time, such as might
prevail in a sludge analysis, might easily result in conversion
of most of the fatty acids into insoluble soaps.

Theoretically, the difficulty can be overcome by using sul-
furic acid, but one is faced with the task of adding exactly
enough to convert all chlorides, carbonates, soaps, and other
salts of weak or volatile acids into sulfates. Any excess be-
yond the required quantity will attack the organic matter
when the water is removed.

PropucrioN oF ETHER-SOLUBLE MArreEr. Combined
fatty acid radicals are present in many carbohydrates (8), in
some proteins (), and in the complex lipides, especially the

TasLE I. WeicHT LOSSES

(500 ml. of water evaporated in presence of grease samples)

Gain
Weight Final or
Grease Taken Recovery Loss
Myg. My. %
Butter 96.1 96.8 + 0.73
Tallow 84.8 84.8 0.00
Beeswax 90.8 90.5 — 0.33
Lard 85.2 81.8 — 3.99
Grease from raw
sewage sludge 115.5 100.2 -~13.25
Grease from digested
sewage sludge 126.5 108.1 —14.55
Soap acids from
Ivory soap | 118.5 101.2 —~14.60
Bewage skimmings
grease ; 83.1 67.9 -—18.29
Bewage skimmings
grease 87.8 65.8 —25.06
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Tasre II. INsoLUBILIZING OF GREASE BY HEATING 24 HOURS
IN PRESENCE OF AIR
Initial Loss Final
Hexane- by Vapori- Insoluble Hexane-
Soluble zation Residue Soluble
. Per cent of initial weight
Grease from
raw sludge 100 26.92 7.29 65.79
Grease from
digested sludge 100 15.27 1.06 83.67
Fish oil 100 1.51 61.72 36.77
Tallow 100 : 5.54 13.42 81.04

relatively abundant phospholipides. In such combinations
they exhibit nione of the characteristics of grease.

A notable example is egg yolk, which, according to nutri-
tional tables, is about one-half water, one-third fat, and one-
sixth protein, yet it is not greasy, as the fatty material is
combined in the form of the phospholipide lecithin. In food
analyses it is ‘customary to subject samples to acid hydrolysis,
for only in this way is it possible to separate all the material
which is fat, as judged from the nutritional viewpoint (3).
The sanitary engineer, however, is generally not concerned
about these chemically combined fats, since they are not
separable by physical means and do not impart greasy char-
acteristics to the waste. Hence they should not be included
in grease analyses. 2

If a sample of sewage or sludge is evaporated to dryness
while in an acidified condition, the combined fatty acid
radicals will be partially‘liberated, to an extent depending
upon the acidity and other conditions controlling the inten-
sity of hydrolysis. A sample of egg yolk yielded 28 per cent
of grease (wet basis) when analyzed by the standard pro-
cedure for sludge (2).

InNsoLUBILIZING OF OILs BY OXIDATION AND POLYMERIZA-
TION. Evaporation of sewage samples to dryness may re-
quire 24 hours or more, depending upon the sample size and
the method used. In this time there is ample chance for oxi-
dation of fats, especially where they collect on the sides of the
vessel above the receding water. The possible extent of this
change was indicated by heating grease samples (about 100
mg. each) in dishes for 24 hours at 105° C.

Table IT shows that considerable amounts of the greases
became insoluble. It is evident that oxidation is potentially
an important source of error.

ExrtrACTION OF NoNGREASES. Glaring evidence of the
extraction of nongrease is afforded by the presence of ash in
burned samples of grease, obtained by extraction of dry
sludges. Knechtges, Peterson, and Strong (?) report from
6 to 21 per cent ash in extracts. Soaps could not account for
more than 3 per cent of ash, in view of the figures given for
content of soap acids.

Ether extraction, by the authors, of samples of digested
sludge which had been acidified and dried yielded a grease
with 8.0 per cent of ash, whereas samples of the same sludge
which were washed with acid and water to remove soluble in-
organic salts before ether extraction yielded grease with an
ash content of only 0.24 per cent. It is evident that the ash
in the grease was due to the dissolving of inorganic salts by
ether.

If organic solvents can extract such considerable amounts
of inorganic matter, it is even more to be expected that they
will extract other nongreasy matter, such as water-soluble
organic acids, amino acids (which may be formed by the hy-
drolysis of proteins), amine salts, sugars, gums, resins, rubber,
hydrocarbons of the naphthalene type, solid chlorinated hy-
drocarbons, sulfur, ete. The reporting of 0.25 and 0.3 per
cent of nitrogen in grease samples by Knechtges, Peterson,
and Strong (?) suggests the extraction of amino compounds.

Vol. 13, No. 11

Errors due to extraction of nongreases have also been com-
mented on by Gehm and Trubnick (6).

VARIATION OF RESULTS WITH VARIOUS SoLVENTS. ‘‘Stand-
ard Methods” (2) permits use of petroleum ether, ethyl ether,
or chloroform (solvent to be stated). In sludge analyses
chloroform gives results averaging 75 per cent higher than
petroleum ether. Tthyl ether and most other solvents are
ranged between these two in extractive power. Until a sol-
vent is specified which can be shown to give a true measure
of the content of grease in the appropriate sense of the word,
there must remain a large element of uncertainty in the re-
sults.

Errors. When grease dissolved in the organic solvent is
dried preparatory to weighing, three errors may arise: incom-
plete removal of solvent, oxygen absorption by the grease,
and evaporation of grease. These errors are considered in
detail in the next section.

Perfection of Procedure for Removing Solvent
from Extracted Grease

In the course of research on the method of determining
grease, it became evident that extraction methods could not
be satisfactorily compared until accurate procedures were
devised for drying and weighing the grease. Therefore, at-
tention was directed first to that problem.

If considerable amounts of low-boiling oils are present and
it is desired to include them with the oil or grease, extraction
with a volatile solvent cannot be used. The American Pe-
troleum Institute has adopted a procedure for oil-field waste
water which involves partial distillation of the sample,
collection of the distillate, separation of distilled oil by
gravity, and volumetric measurement. A procedure. of this
sort must be used whenever volatile oils are of significance,
since there is no practical way to remove solvent from such
oils. But in analyses of most sewages and industrial wastes
it is sufficient to determine those oils and greases which are
heavy enough to permit their easy separation from volatile
solvents. Since any grease will vaporize to some extent if
heated for a long time, it was necessary to determine what
technique would just remove the solvent with the minimum
of vaporization or oxidation of the grease.

The grease may be dried and weighed in either flasks or
dishes. Flasks have been chosen in this work because they
permit recovery of solvent, are easier to manipulate, and oc-
cupy less space in the desiceator.

In order to determine the effect of time of heating on the
weights of grease samples under conditions prevailing in analyses,
a series of samples was added to 125-ml. conical flasks, which were
then heated for various successive intervals of time at 105° C.
The results, as given in Table III, show initial increases of weight
in most cases, followed by decreases. The increases may be ac-
counted for by absorption of oxygen, as was demonstrated by
four series of tests, using lard and fish oil. Pairs of samples were
weighed into flasks. One flask of each pair was kept filled with
an atmosphere of inert gas, while the otgers were open to the air.
The four samples exposed to air gained an average of 0.99 per
cent when heated for one hour, while the greases protected by
inert gas lost an average of 0.10 per cent.

A correct weight might be obtained at the time when the
absorption of oxygen has just been offset by vaporization, but
this time will vary with the nature of the grease, the size of
the sample, the type of vessel, and other factors. It is better
to minimize the heating period, so as to get a weighing before
much oxygen has been absorbed.

In using a short heating time, removal of the solvent be-
comes critical. When flasks are heated on a steam bath until
the solvent is apparently gone-from the grease, the flask still
remains filled with ‘vapor; which will condense when cooled.
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Tasre ITI. CHANGES IN WEIGHT OF GREASE AT 105° C.

Weight

. Gain or Loss after Total HentinE Times as Shown

Extraction ' Procedures

GENERAL PrincipLes. Having determined
a method for evaporating the solvent and

Grease Taken 5 min. 15 min. min. 3 hours 8 hours 24 hours 100 hours St > 2
Mo % % % % % % % weighing the grease, attention was directed to
gackerel (l;il 333.8  Zere ig.ig i(l).gg 1:13 80 . i(l)'?)g — 2.85 the extraction procedure. After trying a num-
erring oi ¥ -0, ; % : . — 3.17 Ly . f
TR HLL ORI QMM SR A [ SEEOSH el that the oy hope of seourie ve
allow . . . . .45 .89 ' =133 conclu il i n
Beeswax 307.8 +0.07 +40.29 +40.32 +0.26 -0.26 +0.36 —16.25 v Lk Pk Y QDO ROCLIINE 10
%m;g g(l)gg -20.10 ig.ég ig.;g ié'ig ié.gg 1833 —%3.33 sults of satisfactory accuracy lay in extract-
utter 3 €ro F . . : s —18.05 1 H 3
Boap acids 325.8 +40.08 0.00 —0:55 —0.92 ..., —7.77 —36.82 ing the sample without evaporating the water.

This plan is referred to as the ‘“wet method”,

If the flask is transferred to the oven without removing this
vapor, a heating period of an hour is required to ensure that
the vapor will diffuse out of the flask. A more satisfactory
procedure is to remove the vapor before transferring to the
oven. This may be done by tipping the flask to allow the
vapor to flow out, or by blowing dry air or gas through the
flask while it is on the steam bath, using a volume of air about
ten times the volume of the flask.

In order to determine completeness of removal of solvent, pairs
of flasks containing weighed quantities of dgrease (around 100
mg.) were run in parallel. Hexane was added to one of each pair
of flasks; these were then placed on the water bath to vaporize
the hexane. (The word “hexane” is here used to refer to a pe-
troleum fraction consisting of a mixture of isomeric hexanes.)
The vapor was blown out with ten volumes of gas; the flasks were
transferred to the oven for various times, cooled, and weighed.
Flasks which did not receive hexane were given the same heating
ir{, the oven, then cooled and weighed. Results are shown in Table

In the case of herring oil, lard, and butter, the results at 10
minutes show evidence that a trace of hexane remained with
the grease. At 15 and 20 minutes, results are somewhat er-
ratic, but show no significant evidence that any hexane re-
mained. With the sewage greases and soap acids, all samples
showed losses, and in the cases of skimmings and soap acids
the losses tend to be greater in those samples which had re-
ceived hexane.

There seems to be no simple procedure to remove the sol-
vent without some loss of volatile constituents from the
sewage greases. It seems best to choose a pro-
cedure which will eliminate the added solvent

in contrast to the prevailing “dry methods”.
[Extraction in the wet state is an established
method for analysis of oil-field waste water (1) and for milk
(4), but as far as the authors are aware it has not previously
been applied to analysis of sewage sludges and similar
wastes. ]
The wet method essentially involves the following steps:

Acidify the sample.

Shake thoroughly with successive quantities of solvent until
removal of the grease is complete. Transfer the portions of sol-
vent, through a filter to a suitable receiving vessel.

Evaporate the solvent, heating just sufficiently to ensure com-
Il)lete3rﬁmoval of solvent. Cool in a desiccator and weigh after

to ours.

Within the above outline, any variations of detail which
seem reasonable to an experienced chemist and which are
carried out with due attention to the requirements of quan-
titative analytical technique are permissible. The results
of the wet method are not appreciably influenced by minor
modifications of procedure.

Compliance with the general directions leads to certain
difficulties, notably that of separating the solvent after
shaking. Methods devised to accomplish this are set forth
in the following suggested procedures. Procedure I is suit-
able for all types of sewage, sludges, and other fluid materials.
No. IT may be used with samples which do not form stubborn
emulsions, and by proper manipulation, it may be used for
sewage.

WeT ExTrRACTION, PROCEDURE L.  (1). The amount of sample
required for a test varies with the nature of the waste. It is gen-

erally desirable that the yield of grease be between 50 and 500 mg.
Sewage samples of 800 to 2000 ml. have been found convenient,

and give reproducible results, ignoring the small
amounts of volatile oils which are inevitably
lost.

TABLE IV. COMPLETENESS OF REMOVAL OF SOLVENT FROM GREASE

Gain or Loss in Weight of Grease

IOHMinutes' 1.’hMitnutes' 20HMi€Jutes

3 3 1 1 eating eating eatin

The ideal heatlng time will de.pend upqn the Grease (Approximately No Hexane No Hexane No Hexane

solvent used and upon the quantity and kind of 100-Mg. Sample) hexane added  hexane added  hexane added

grease. Any specified time will be arbitrary % % % % % %
ini ; Herring oil +0.66 +1.3¢  +0.30 +0.81  +0.95 +1.21

and somewhat a matter of opinion, aqd subjept SaTinK lesainions 0000 Dl 08t L

to change when the procedure is applied to dif- gutter ; e S0e3008 HH0Ie. o007 +0.44 +<3).8(7) +9.37

ferent kinds of materials. When using a sol- Soas abidadi i et oty i gt oG i Tnpp g Sa0a e i M Bl B4R

ili 1 mi 1 Grease from sewage
vent of boiling point similar to hexane, in the s i G W e el

analyses of sewage or sludge samples yielding

up to 500 mg. of grease, it seems reasonable
to recommend heating for 15 minutes.

When using dishes the rates of vaporization are higher, as
may be noted by comparing corresponding data of Tables IT
and III. A few tests indicated that if a grease solution in a
dish is evaporated on a steam bath and heated for 5 minutes
after the solvent is no longer visibly present, no additional
heating in the oven is required.

The time in the desiccator also influences the results, as
grease weights generally increase with time. With grease
from sewage skimmings the increases were around 1 per cent
in 48 hours. Fish oil samples sometimes increased as much
as 4 per cent overnight. It is recommended that the time in
the desiccator be between 1 and 3 hours.

but where heterogeneity of the material makes large samples
desirable, volumes as large as 4000 ml. may easily be analyzed
by using vessels of suitable size. In the case of sewage sludges,
samples containing 1.0 to 5.0 grams of dry solids are usually
satisfactory, but samples with 18 grams of dry solids have been
analyzed without difficulty.

It is generally desirable that the sample be delivered in a glass-
stoppered bottle containing the amount of material suitable for
one analysis, so that any grease adhering to the vessel may be
washed into succeeding apparatus.

2. Acidify the sample, using 5 ml of 1 to 1 sulfuric acid.
(For samples larger than 1000 ml., or for very alkaline materials,
appropriately larger amounts of acid should be used.) Transfer
to a separatory funnel of suitable size having a standard-taper
ground mouth. (In the case of samples too large for available
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Tasre V. GREASE REMOVED BY SUCCESSIVE EXTRACTIONS OF
SEWAGE AND RAW SLUDGE

Grease Recovered

Per cent of
Extraction total
No. Weight Tecovery
Mg, P.p. m.
Sewage (Procedure II), Hexane Solvent
1 36.8 47.6 82.5
2 7.0 9.1 98.2
3 0.8 1.0 100.0
4 0.0 0.0 100.0
Raw Sludge (Procedure I), Hexane Solvent
1k 262.8 13,140 79.23
2 46.3 2,315 93.19
3 12.9 645 97.08
4 6.7 335 99.10
5 2.8 140 99.94
6 0.2 10 100.00
7 0.0 None 100.00
8 0.0 None 100.00
Isopropyl Ether Solvents
9 4.9 245
10 3. 185
11 1.8 140 SRR
12 112 60 PR
13 0.2 10 oaion
14 0703 None
15 0.0 None

a Following the eighth extraction, isopropyl ether was substituted for hex-
ane, and the extraction continued.
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funnels, the extraction may be carried out in bottles or other
glass-stoppered apparatus.) If the entire contents of the sam-
Ele vessel are being analyzed, rinse the containers out with a
ittle solvent, adding the rinsings to the funnel. Add to the fun-
nel 75 to 150 ml. of solvent which has been distilled in all-glass
apparatus. Use proportionally larger amounts for samples larger
than 1000 ml.

3. Shake the funnel vigorously for 2 minutes. Thin very thick
sludges with water to facilitate tiis extraction step.

4. Connect the mouth of the funnel to a vertical condenser
having a standard-taper ground-glass connection, and lower the
assembly into a water bath maintained at a temperature of 90°
to 100° C. (Cork connections may be substituted for ground-
glass joints with introduction of scarcely appreciable errors.)

5. Reflux briskly until the emulsoid mixture has separated
into its component parts. This usually requires from 15 to 30
minutes. It is desirable that the ebullition be principally from
the top of the water layer. If the boiling occurs from the bottom
of the funnel, the emulsion may not break.

6. Disconnect the funnel and cool for 5 or 10 minutes, pref-
erably with water, set up a filter over a weighed conical flask of
125- to 250-ml. capacity, and transfer the clear solvent solution
to the filter, using a 25-ml. pipet fitted with a 30-ml. rubber bulb.
In order to avoid spilling drops of the solvent solution, the mouth
of the separatory funnel should be held over the filter. Solvent
must not be drawn into the rubber bulb.

To facilitate complete removal of the solvent layer, the water
may be withdrawn from the bottom of the funnel, and then re-
turned to the funnel after the solvent layer has been removed.

7. Add 50 to 100 ml. of solvent to the funnel and repeat op-
erations 3 to 6. If desired, all or part of the water may be dis-

TABLE VI. DEMONSTRATION OF WET METHOD

Average
Labora- Pro- Grease Difference
tory cedure Solvent Content  from Mean
P.p.m. P.p.m. %
Sewage 1 (Screened)
A II Isopropyl ether 189
B I 191
B II 188 1.6 0.84
B 11 192
B II 192
Av. 190
A II Benzene 196 Vet nere
A II Chloroform 194 o
Sewage 2 (Screened)
A II Hexane 29
B I 31
B I 29
B 1 33
B I 32
B I 31 0.91 2.9
B I 30
B I 31
B I 31
B I 32
B I 30
Av. 31
A II Isopropyl ether 40 ves  eee
Sewage 3 (Unscreened)
B II Hexane 133
= n 131835 a7
Av. 130
A AP HIA, 105
A ATPoHS AT 104 ‘en eee
Sewage 4 (Unscreened)
A I Hexane 67
A IT 75
A 1I 69
A II 70
A 1I 72t 2.4 3.4
B I 67
B I 73
B I 73
B I 73)
Av. 71
Sewage 5 (Unscreened)
A I Hexane 197 ess  ses
A AL PSHEA 135
Sewage 6 (Unscreened)
A I Hexane 127 e wss
A A.P. H. A, 108
Sewage 7 (Unscreened)
A I Hexane 82 seei ‘ece
A

A P.H A 59

Average
Labora- Pro- Grease  Difference
tory cedure Solvent Content from Mean

P.p.m P.p.m.. %
Sewage 8 (Unscreened)

Hexane 92 o At
57

B
7
)
oo}

Sewage 9 (Unscreened)

A I Hexane 127 i3 Vs
A AT PUH AT 101
Sewage 10 (Unscreened)
A I Hexane 48 5
A A. P. H. A, 32
Raw Sewage Sludge 1 (Screened)
A I Isopropyl ether 17,560
B I s 16.930} 310 1.8
B I Ethyl ether 16,800
Av. 17,100
A I Hexane 16,480
3 o o
B I 15,620/f 208 1.9
B I 15,950
B I 15,760
Av, 16,070
A I Chloroform 16,790
B I 10.250} r270 1.6
Ay. 16,520
A A.P. H. A, Hexane 16,060
Raw Sewage Sludge 2 (Unscreened)
A I Hexane 14,110
A 1 14,220} 55 0.39
Av. 14,165
Raw Sewage Sludge 3 (Unscreened), 7.62% Solids
A I Hexane 18,150
A : 1.,'940} 105 0.58
Av, 18,045
A A.P. H. A, 17,250
A A. P, H. A. 15.130} 1060
Av, 16,190
Digested Sewage Sludge 1 (Unscreened), 8.6% Solids
A I Tsopropyl ether 8650
B I e 8420} 115 1.3
Av. 8535
B II Benzene 8600 ses nee
B II Petroleum ether 7530 ces ses
Digested Sewage Sludge 2 (Unscreened)
A I Hexane 4420
A ! a0} 40 0.9

Av. 4440
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carded after the second extraction, since the remaining grease
will be almost entirely in sludge solids and residual solvent.
Make as many subsequent extractions as required to accomplish
ractically complete removal of the grease. For sewage, three or
our extractions are sufficient, but sludges may require five or
six extractions.

8. After all solvent layers have been transferred to the flask,
wash the filter thoroughly with fresh solvent. :

9. Separate the solvent from the fatty matter by a source
of heat which cannot rise above 100° C. Either a water or steam
bath is convenient. The flask may be connected to a condenser
for recovery of the solvent, using ground-glass connections.

10. When no more liquid solvent is visibly present, intro-
duce a jet of dry air or gas into the flask while it is still on the
heating bath. This serves to displace the heavy vapor. The
amount of air or gas used should be about ten times the volume of
the flask. Use of larger volumes increases errors due to vaporiza-
tion of grease.

11. Place the flask in a drying oven at 100° to 105° C. for 20
minutes, transfer to a desiccator, and weigh when cool. In order
to minimize absorption of oxygen, the time in the desiccator
should not exceed 3 hours. As a check on the completeness of
the drying of the grease, reheat the flask for 10 minutes and re-
weigh. If the grease does not lose more than 2 per cent of its
weight as a result of this reheating, the first weighing should be
considered correct.

Procepure II. (1) Prepare the sample as in Procedure I,
steps 1 to 3. For samples such as sewages, which tend to form
emulsions, the shaking must not be too vigorous.

2. Allow the mixture to stand for 30 minutes, then draw off
the lower layer of turbid water, which should separate into a
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second separatory funnel. Add 50 ml. of solvent to this second
funnel and shake as before.

3. Returning to the first funnel, a layer composed of an inti-
mate mixture of water, solvent, and solids will be found, which
may be covered with a clear grease-bearing layer of solvent.
Shake the mixture vigorously. This will generally cause solvent
to separate and the residue to become granular. If no consider-
able segaration occurs, add 50 to 100 ml. more of solvent and
again shake well. If at this stB.Fe a resistant emulsion remains,
continue the test by Procedure I.

4. When the solvent layer has clarified sufficiently, transfer
it to a tared conical flask through a filter, as in Procedure I.

5. When the second separatory funnel has stood for a suit-
able time, withdraw the aqueous layer and discard it. Trans-
fer solvent and emulsoid layer to the first funnel, rinsing with a
few milliliters of fresh solvent. Shake the combined mixture
again and allow it to stand until clear solvent can be transferred
to the filter.

6. Make subsequent extractions of the residue in the sepa-
ratory funnel by a ding quantities of solvent at least twice the
volume of the emulsoid mixture and shaking as before. With-
draw Erogressively any water which separates and discard after
each shaking. The number of extractions will vary with the vol-
ume of the residue and the nature of the sample. In the case of
sewage, a total of three or four extractions is sufficient.

o ;7 ; 2Conduct the remaining operations as in Procedure I, steps

0 12.

Demonstration of the Method

Belief in the accuracy of the wet method rests in part upon
experiments and in part upon theoretical considerations.

TABLE VI. DBEMONSTRATION OF WET METHOD (Cont’d)

Average
Labora- Pro- Grease Difference
tory cedure Solvent Content from Mean

P p.mi Pop.m. %
Digested Sewage Sludge 3 (Unscreened), 5.90% Solids

A I Hexane 6920
2 1 6960} 40 0.58
Av. 6940
A A.P. H. A, 6790}
A A.P. H. A, 6220 285
Av. 6505
Meat Packing Waste Water (Screened)
A I Petroleum ether 120
A I 117
A I Hexane 117
A I 109} 4.4 5.36
B I 116
B I 117
B I 105
Av. 114
A I Isopropyl ether 137
5 : 1355 10 om
Av. 136
B I Chloroform 137 Yo
0Qil-Field Waste Water
A IT Benzene 71} 2.0 2.9
B II 67 S e
Av. 69
A 11 Hexane 89 e
A 1T CCL + ethyl ether
Milk Sample 1
A 1T Isopropyl ether 4093
A 1I 4024} 35 0.86
Av. 4058
A IT Chloroform 393 A
Milk Sample 2
A II Isopropyl ether 3734
A 1I 3708 14  0.38
A IT Ethyl ether 3723 &
A II 3694
Av, 3715
A II Chloroform 3599 R
Fish Cannery Waste 1 (Screened)
I Isopropyl ether 274
ﬁ I ekl 273} 4.3 1.6
B I 264
Av. 270
A 1 Chloroform 281
A I 276 7:75:2.8
B I 261

Av. 273

Average
Labora- Pro- Grease  Difference
tory cedure Solvent Content from Mean

Plip.mo Pip.m. %
Fish Cannery Waste 1 (Screened) (Cont'd)
Petroleum ether 240

WEEE

I
I
% Hexane 236 11.4 4.9
I

Fish Cannery Waste 2 (Screened 20-Mesh)
Hexane 896

874 11.3 1.28

[EE NN SN
Bt B D o B e B o B ped

Fish Cannery Waste 3 (Screened 50-Mesh)
Hexane 815

> 5m B m m om Dm  B
Dt o B Bed et Bt e e Bl Bt
)
-

Fish Cannery Waste 4 (Unscreened)
Hexane 641

18.8 2.83

777
527} 154 ...

Weighted average 2.00
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Experimental proof of a method would desirably include
analyses of mixtures of known grease content. It is not prac-
tical to prepare such mixtures which could be considered iden-
tical in behavior with sewage or sludge, but a combination of
substances was tried which may in some respects represent
sewage. The preparation contained 1000 p. p. m. of diato-
maceous earth, 1600 p. p. m. of shredded filter paper, 171.0
p. p- m. of lard absorbed on the filter paper, 113.1 p. p. m. of
soap acids saponified with sodium hydroxide, and 350 p. p. m.
of calcium hydroxide. Five analyses of this mixture by the
wet method, Procedure I, gave results ranging from 280 to
286, averaging 283.2 or 99.67 per cent of the grease added.

The extent to which the grease recovered in analyses may
be contaminated by inorganic substances may be judged
by ashing. Three samples of grease separated by the wet
method from sewage, raw sludge, and digested sludge showed,
respectively, 0.43, 0.49, and 0.42 per cent of ash. (Hexane
was used as a solvent.)

To be reliable, a method of analysis depending upon ex-
tractions must come to a sharp end point. By weighing sepa-
rately the grease obtained in successive extractions, it is
found that the wet method does exhibit a sharp end point.
In fact, it appears that the grease remaining after each ex-
traction is roughly proportional to the amount of solvent
remaining. Table V shows tests of this sort for sewage and
sludge. (In the analysis of sewage by Procedure II, the free
water is discarded after the second extraction. The conclu-
sion that all true grease is completely extracted from the
water is based chiefly upon the fact that results obtained in
duplicate analyses with and without discarding the water
after two extractions differed by insignificant amounts.)

In sludge analyses, the amount of solvent remaining en-
trained in the sludge is variable, and generally greater than in
sewage analyses: hence the extraction approaches completion
irregularly and more slowly. Yet here also definite end points
are indicated, as shown in Table V.

The importance of acid for decomposing the insoluble soaps
was shown by analyzing raw sludge with and without acid.
Results were, respectively, 6180 and 3280 p. p. m.

The possibility of acid hydrolysis of compounds such as
lecithin was investigated by analyzing egg yolk. No grease
was obtained by extracting in the cold, nor was any significant
amount obtained after short periods of heating, but refluxing
for 30 hours yielded 17 per cent of grease. Dry extraction by
the A. P. H. A. method (2) gave 28 per cent of grease.

Data bearing upon the important questions of reproduci-
bility of results, effect of choice of solvent, comparison of Pro-
cedures I and I, and comparison with the standard A. P. H. A.
dry procedures, are presented in Table VI.

In many cases samples were analyzed independently in
the laboratories of the authors (A and B, Table VI). Some
samples, as indicated, were screened, the purpose being to
facilitate division into representative subsamples.

The following observations can be made from the data of
Table VI:

Reproducibility is satisfactory, the averages of the differences
from the means being 2.0 per cent. (By standardizing all de-
tails of the procedure, as was done in the case of fish cannery
waste No. 3, remarkably close agreement can be attained.)

There is a slight tendency toward higher results by Procedure
I than by Procedure II, but the difference is usually of little im-
portance.

Ethyl ether, isopropyl ether, chloroform, and benzene give re-
sults which differ by scarcely significant amounts but are con-
siderably higher than results obtained with alkanes (petroleum
ether, hexane). The differences, however, are not so great as
have been reported in the case of dry methods.

In the analysis of sewage, using hexane as a solvent, the wet
method gives results consistently higher than the A. P. H. A.
method. With sludges the differences are in the same direction,
but are smaller, In the case of fish cannery waste, it is impos-
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sible to secure reproducible results by dry methods. (The data
given for fish cannery waste No. 4, A. P. H. A. method, are typical
of several attempts to apply dry methods to this materigl.)

Since the variation of results with type of solvent is greater
by the dry method than by the wet method, the observed
relationship between results by the two procedures might be
reversed if a solvent other than an alkane were used. Sewages
and sludges from other origins might also show different re-
lationships.

Considering again the sources of error in prevailing dry
methods, as enumerated at the beginning of this article, it is
clear that the change from a dry to a wet method has elimi-
nated or reduced errors due to volatilization of grease when
the sample is dried; resaponification of fatty acids from in-
soluble soaps; liberation of fats by hydrolysis of phospholip-
ides, ete.; insolubilizing of oils by oxidation; and extraction
of nongrease.

* As to the inexactitudes which might be more serious in the
wet than in the dry method, there are two worthy of mention:
Acetic acid, and other lower members of the fatty acid
series, if present, may be extracted to a considerable extent if
ethers are used and to a slight extent with alkane solvents.
The ease of extraction progressively increases with the higher
homologs, so that butyric acid probably would be largely ex-
tracted even by alkanes. In analyses of sewage and raw
sludge, this effect undoubtedly causes errors, which, however,
are not likely to be important.

In some cases, the solvent may fail to contact and dissolve
greasy particles which are surrounded by other material.
Samples containing many large particles of solid matter may
be broken up in some apparatus such as a food “liquefier’”’ to
reduce this source of error. That such inacenracy is not likely
to be serious in ordinary work is indicated by the following
consideration:

Prolonging the time of shaking beyond that recommended in
the procedures does not influence the test, and even the much
more thorough contact between sludge particles and solvent in
Procedure I, as compared with Procedure II, does not give sig-
nificantly higher results.

The consistency of the results suggests that the extraction is
not greatly dependent upon the variable chance of contact be-
tween solvent and grease particles.

Grease particles must be effectively $urrounded by hard ma-
terial which is preferentially wet by water rather than hexane
in order to escape solution by the hexane,

In spite of these considerations, some grease does escape
extraction, as, for example, on the inside of seeds. However,
such sequestered grease is of relatively little concern to the
sanitary engineer, for as long as the encasement remains un-
ruptured, it does not impart greasy characteristics to the
waste.

In judging the merits of methods, time requirements are im-
portant. Results by the wet method can be obtained in less
than 8 hours, which is considerably under the time required
for the A. P. H. A. dry method, but perhaps twice as much of
the chemist’s time is required. With adequate equipment,
one chemist can conveniently analyze five samples per day by
the wet method.

Choice of Solvent

A liquid of ideal solvent action should dissolve all sub-
stances having the sanitary significance of grease, including
such water-insoluble materials as oils, fats, insoluble soaps
(or the corresponding soap acids), waxes, and soft tars. Un-
fortunately, any solvent which will completely dissolve these
substances will also dissolve some nongreases. Thus hexane,
which gives lowest results of any of the liquids used, will dis-
solve such nongreaselike compounds as naphthalene, p-di-



November 15, 1941

chlorobenzene, o-toluidine, benzoic acid, ete., yet there is a
soft brown tar in oil-field waste water which is insoluble in
hexane.

As far as is known, chloroform and benzene will dissolve
all materials which could be classed as grease, but these sol-
vents also attack resins, dried paint, rubber, hard gums
(such as chicle), ete. As noted previously, the results of
grease analyses obtained with these solvents are higher than
with alkanes.

. When the material extracted by chloroform from sewage
sludge was treated with hexane, there remained a black,
powdery solid. This was resoluble in chloroform, had a den-
sity greater than unity, and was only slightly softened in
boiling water. Clearly, such material is not grease. Meat-
packing waste yielded a similar substance. Thus it appears,
at least in the cases of sewage and meat-packing wastes, that
the higher results obtained by chloroform were due chiefly to
extraction of nongreases, rather than to more effective re-
moval of greases. The same conclusion probably applies to
benzene and the ethers. :

. The authors are of the opinion that alkanes should be used
for analyses of sewage, sewage sludges, and most industrial
wastes. A petroleum fraction approximating the hexanes
in properties (or pure isohexane or n-hexane) is preferred to
petroleum ether, since the latter product is variable in prop-
erties and has a boiling point undesirably low. ;

Oil-field water and possibly some other wastes may require
a different solvent, but the choice should be based upon a

|
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study of the materials dissolvedff;ither ﬁian upon the as-
sumption that the solvent giving highest results is best.

Summary

Many errors are inherent in those grease analysis methods
which call for evaporating the water present in the sample.
Procedures have been devised whereby the extraction is
effected without this preliminary drying. Application of
these procedures to a variety of sewages, sludges, and indus-
trial wastes gave results with differences from the means
averaging 2.0 per cent. Results are much less influenced by
variations of technique and of solvent and more accurately
represent the true content of ‘‘grease” than is the case in
“dry”” methods.
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A Rapid Procedure for Determination
of Carbonate

A. C. KUYPER AND LOIS M. JONES
The Ohio State University, Columbus, Ohio

HE simplest procedure for the determination of carbonate
consists in addition of acid to the sample, removal of
carbon dioxide by boiling, and titration of the excess acid.
This procedure has very limited application, as it may be used
only when the carbonate is all present as either carbonate or
bicarbonate and when other acidic or basic substances are
absent.
The modification of this procedure here described extends
its use, so that it may be used more generally.

The total carbon dioxide is quantitatively precipitated as
strontium carbonate and the solution is adjusted to neutral to
phenolphthalein. A known amount of acid is added to liberate
the carbon dioxide, which is then aerated from the solution, and
the excess acid is titrated with alkali. If organic acids or bases
are present they are either wholly or partially neutralized in the
Erelimina.ry pH adjustment; after the addition of acid they are

rought back to this same state of neutralization. Phosphate is
precipitated as strontium phosphate, and after the addition of
acid, reprecipitated in the back-titration. Iron is precipitated as
its oxide and is titrated back to this form. When present in small
amounts ammonia does not interfere; in large amounts it inter-
feres with the phenolphthalein end point. Magnesium is pre-
cipitated as the hydroxide when the solution is first made alkaline
and it dissolves slowly when the solution is neutralized. It inter-
feres in so far as it is not dissolved during this neutralization.

This procedure is somewhat faster than others, especially
when a number of samples are run at the same time, and it may

be used when other procedures based on the formation of in-
soluble salts are not applicable. Thus, the procedure based
on titration in the presence and absence of barium (7) is
limited to alkaline solutions which do not contain phosphate
or calcium. For the quantitative precipitation of carbonate
an alkaline solution of strontium chloride is preferred to the
more generally used barium hydroxide (3, 4) because stron-
tium carbonate is less soluble than barium carbonate and be-
cause the large excess of strontium decreases this solubility
still further. The procedure (2) in which carbonate is pre-
cipitated as calcium carbonate, filtered off, and titrated can-
not be used in the presence of other ions which form insoluble
calcium salts.

Method

In each of four large 35 X 200 mm. test tubes place 10 ce. of
carbonate-free 0.03 1‘% sodium hydroxide and a few drops of phe-
nolphthalein. [Carbonate-free alkalimay most easily be prepared
by measuring saturated sodium hydroxide (19 N) into slightly
acidified boiled distilled water. To prepare the saturated sodium
hydroxide, dissolve 100 grams in 100 cec. of water and allow the
solution to cool and settle.] Add carbonate solution to two of
the tubes, delivering the sample underneath the alkali to prevent
loss of any free carbon dioxide. Add 10 cc. of 20 per cent stron-
tium: chloride solution to each tube. Mix the contents of the
tubes, stopper, and allow them to stand for several minutes. The
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DETERMINATION OF CARBONATE

Composition of
Unknown Solution®

TaBLE 1.

0.1 M Other
Expt. Total carbon 0.1 M 0.1 M Carbon
No. volume  dioxide  constituents Dioxide Recovered
Ce. Cel Cc. Ces %
1 80 0.30 None 0.291 97
2 15 1.50 None 1.50 100.0
3 25 25.00 None 25.04 100,2
4 5 4.00 None 4.02 100.5
5 5 4.00 0.3 KHzPO4 3.96 99.0
6 7 4.00 2.0 KH.POy  3.96 99.0
7 6 4.00 1.0 FeCls 4,03 100.8
8 6 4.00 1.0 MgCl: 3.96 99.0
9 10 4.00 5.0 MgCla 4,33 108.0
10 6 4.00 1.0 NH(Cl 3.99 99.8
11 10 4.00 5.0 NHiCl 4.00=0.2 100.0= 5
12 15 4.00 10.0 NH.Cl 4.00=0.4 100.0=10
13 9 4.00 2.0 MgCla 3.96 99.0
2.0 XH2PO4
14 7 4.00 1.0 FeCls 4.25 106.0
1.0 KH2PO«
15 5 0.56 5 ce. urine 0.46 82
16 5 3.70 5 cc. urine 3.60 97
17 11 0.21 1 ce. blood 0.17 81
18 5 0.30 3 cc. 1.5% 0,303 101

albumin

@ In experiments 1 to 15 and 18, known amounts of sodium bicarbonate and
other constituents were dissolved in water. Urine and blood samples (ex-
periments 15 to 18) were analyzed by Van Slyke manometric technique.

solutions must remain alkaline. Adjust the reaction to just Fink
to phenolphthalein by slowly adding 0.1 N hydrochloric acid from
a small-tipped buret. In order to avoid the accumulation of acid
in any part of the solution, with consequent loss of carbon dioxide,
stir each solution with a thin glass rod, bent and flattened on one
end. Avoid breaking the surface of the liquid with the stirring
rod and the addition of an excess of the acid.

Add 5 ce. of 0.1 N acid to each tube to dissolve the precipitated
strontium carbonate. Aerate the contents of each tube rapidl
for 4 minutes, using a Folin aeration tube (a tube perforated with
several small holes). Titrate the excess acid with 0.03 N alkali.
The difference between the titration values of the sample and the
blank gives the amount of carbon dioxide in the sample. Since
carbonate acts as a divalent acid, 1 mole of alkali is equivalent to
0.5 mole of carbon dioxide.

The amounts and concentrations of reagents used should be
adjusted to the amount of carbonate and other buffering sub-
stances present in the sample. The values given in the above
description are suitable for samples which contain from about
0.75 to 3.00 cc. of 0.1 M carbon dioxide, when little other buffer-
ing substance is present (experiment 2, Table I). When very
little carbonate is present (experiment 1), use smaller amounts of
reagents, a larger unknown sample, run blanks on an equal vol-
ume of carbon dioxide-free water, allow the reaction mixture to
stand for 15 minutes before neutralization, and aerate with car-
bon dioxide-free air. With urine samples (experiments 15 and
16), it is convenient to measure 5 cc. ofp urine into 5 cc. of 0.3 N
alkali, add strontium chloride, neutralize, add 10 cec. of 0.3 N
acid in excess, and titrate with 0.1 N sodium hydroxide.

Discussion

This procedure can be used under widely different condi-
tions, provided a number of precautions are observed. At no
time previous to the aeration may the sample become acidic.
‘When strontium ehloride is added it reacts with bicarbonate
or phosphate to form hydrochloric acid. The reaction mix-
ture must contain sufficient alkali to neutralize this liberated
acid.

When the excess alkali is neutralized, acid must be added
slowly and the solution must be mixed continuously to avoid
loss of carbon dioxide from the acidified surface of the solu-
tion. The alkaline tubes must be kept stoppered to prevent
absorption of carbon dioxide from the air. The amount of
absorption, even in stoppered tubes, depends on the amount
the tubes are shaken. They may be kept under nitrogen, but
nitrogen should not be run into the tubes while excess alkali
is being neutralized because of danger of carrying off carbon
dioxide liberated at the surface of the solution.
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When phosphate is present it is sometimes reprecipitated
somewhat slowly when the excess acid is titrated, resulting in
a fading end point. This continues for only a minute or two
and then gives rise to a stable end point. Neither iron nor
phosphate interferes when present singly (experiments 5, 6,
and 7), although they indirectly decrease the precision by re-
quiring the use of larger amounts of reagents. When present
together in the same solution (experiment 14) they may be
precipitated as ferric phosphate in the preliminary neutrali-
zation and as ferric hydroxide and strontium phosphate after
the excess acid is titrated. Since these forms contain different
amounts of alkali, these substances may interfere when pres-
ent together.

If a relatively large amount of magnesium is present (ex-
periments 8, 9, and 13) some is precipitated as hydroxide
when the solution stands in excess alkali. When the alkali is
neutralized this dissolves slowly. It is sometimes necessary
to readjust the solution to neutral several times over a period
of about a half hour before a permanent end point is obtained.
Although quantitative recovery may be obtained when mag-
nesium is present, it increases the time required to run the
determination to such an extent that it should be considered
an interfering substance.

When applied to acid urine samples which contain very
small amounts of carbonate, the procedure is not accurate.
This is at least partly due to the fact that the carbonate is so
small a fraction of the total buffers present. With more alka-
line urine samples which contain more carbonate (experiment
18), the results are within 4 per cent, When the method
was used for the determination of carbon dioxide in blood
serum, irregular results were obtained which were lower than
values obtained by gasometric procedures. Egg albumin at
about the same concentration as the proteins of blood did not
interfere with the determination.

TaBrLe II. DETERMINATION OF CARBONATE IN LIMESTONE®
Sample Composition of Limestone Carbon Dioxide Determined
No. R20s MgCOs CO2 Titrimetrically
%o %o %o % %
2 5.83 40.15 42,78 42.88 42,95
10 4.9 34.7 42.89 4295 il
42 41.8 16.53 25.95 + 25.93 25.87
44 48.3 8.87 22.65 22.71 22.50
x 21.63 21.81 21.86

¢ Analyzed samples kindly supplied by H. V. Moyer, Chemistry Depart-
ment, Obio State University.

This general procedure may also be applied to the deter-
mination of carbon dioxide in solid materials. The data in
Table II give analyses for limestones.

Weighed samples (0.28 gram) were treated with 1 cc. of 0.1 N
sodium hydroxide, 5 cec. of 20 per cent strontium chloride, and a
few drops of phenolphthalein. The mixtures were allowed to
stand for a few minutes, so that any bicarbonate which might be
present would be changed to carbonate. The reaction mixtures
were then neutralized and treated with an excess of 25 cc. of 0.3 N
hydrochlorie acid. The mixtures were heated at 80° C. in a water
bath and shaken at 5-minute intervals over a period of 30 minutes
in order to dissolve the carbonate in the limestone. After they
had cooled the tubes were aerated for a few minutes and the ex-
cess acid was titrated with 0.1 N alkali. The difference between
this titration and a blank titration represents the amount of car-
bon dioxide in the sample.
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Proximate Analysis of the Heartwood and
Sapwood of Some American Hardwoods

R. D. FREEMAN! AnD F. C. PETERSON!
New York State College of Forestry, Syracuse, N. Y.

EVENTEEN years have elapsed since any intensive
analyses of American woods have been undertaken.
Since that time many of the methods have been revised, and
new ones introduced, notably a reasonably rapid method for
the evaluation of the total carbohydrate fraction in wood
(holocellulose). It was therefore deemed advisable to select
the best of these methods and incorporate them into a new
scheme of wood analysis which in reality is a modification of
the original U. S. Forest Products Laboratory procedure as
proposed by Schorger et al.

In contrast to the work of earlier wood analysts (14),
the authenticity of the wood samples in all instances has
been verified by means of microscopic identification. The
leaves and fruit of each tree have been collected, identified,
and are now on file at the Arnold Arboretum, Boston, Mass.
Furthermore, the silvicultural characteristics, collection date,
age, and height have been recorded for reference purposes.

Analytical Methods

‘While the methods generally have been described fully in
the literature, they are outlined briefly in the interest of
better interpretation of the results.

All wood samples were taken from the bole of each tree at a
point approximately 20 feet above the ground. This particular
section was chosen because strength tests at the U. S. Forest
Products Laboratory (19) have shown this portion to be most
representative of the specimen as a whole. The wood was then
chipped and reduced to sawdust in a Wiley mill. Material which
passed a 60-mesh sieve but was retained on an 80-mesh screen
was chosen as the optimum particle size for analysis.

The determination of ash content and solubility in water,
alcohol-benzene, and ether conformed with standardized pro-
cedures (19). Acetyl was estimated by a slightly modified
procedure of Freudenberg’s (4) method, which depends upon the
transesterification in alcohol of the acetyl constituents by p-

1 Present address, Dow Chemical Co., Midland, Mich.

toluenesulfonic acid. This was followed by titration, after
saponification of the ethyl acetate removed by distillation.
Estimation of the methoxyl content was accomplished according
to the well-known method of Zeisel (21). The lignin content was
determined by the method of Klason as modified by Ritter,
Seborg, and Mitchell (17). Inasmuch as the accuracy of the results
obtained compares favorably with those of other well-known
methods, and is most acceptable where many determinations
are to be made, it was thouggt advisable to adopt this procedure
for the present studg.

The pentosan and cellulosan content of the wood was deter-
mined by the volumetric potassium bromate-bromide method of
Powell and Whittaker (72). Kline and Acree (9) as well as
Iddles and Robbins (7) have reported that this procedure con-
sistently gives accurate results which compare favorably with
the well-known gravimetric methods. For this reason and
because of the rapidity with which results may be obtained,
the method was selected for use in the present study.

For clarification of Table I, it should be pointed out that
the term ‘‘cellulosan’ is used to designate the pentosan
associated with the cellulose. It was first proposed by
Hawley and Norman (6), and has been generally accepted
by workers in the field of wood chemistry.

Cellulose was estimated by the Cross and Bevan method as
modified by Ritter and Mitchell (16). The quantitative deter-
mination of the total carbohydrate content of the wood, termed
holocellulose, formulated by Ritter and Kurth (10, 15) depends
on the isolation of this fraction by alternate treatment of ex-
tractive-free wood with chlorine gas and alcohol-pyridine solu-
tion until the weight loss equals that of the lignin present in the
original wood. Since it was felt that bleaching might possibly
alter some of the constituent groups in this residue all analyses
were made on unbleached holocellulose.

The analytical results presented in Table I represent the
average of three determinations.
Discussion

HovoceLLunose DETERMINATION. During the course of
the present investigation approximately 75 different holo-

TaBLE I. ANALYSIS OF AMERICAN WOODS
[Summary of analytical results in percentages of oven-dry (105° C.) samples]

Solubility
Cold Hot  Alcohol- Meth-
Species Ash water water benzene Ether Acetyl oxyl

Big tooth aspen

gapwood 0.26 2.70 3.13 2.41 1.02 5.48 5,27

Heartwood 0.33 1.36 0.99 2:13 1.03 6.07 5.35
Beech

Sapwood 0.31 2.33 2417 1.37 0.20 7.13 6.28

Heartwood 0.57 0.23 0.43 0.96 0.57 6.05 6.44
Sugar maple

Sapwood 0.32 0.81 2.08 1.31 >0.10 6.56 6.34

Heartwood 0.84 0.52 1.20 1.22 .89 4.94 6.50
Fire cherry

Sapwood 0.17 1.96 4.03 2.97 0.72 7.54 4.61

Heartwood 0.41 0.67 2.48 1.18 0.47 6.77 4.77
Paper birch

Sapwood 0.24 1.28 2.39 3.31 0.79 7.12 6.10

Heartwood 0.21 112 2:15 6.44 2.19 7.60 5.75
Yellow birch

Sapwood 0.11 1.20 1.30 0.97 0.36 8.79 6.01

Heartwood 0.50 0.93 1.29 1.89 0.30 6.11 6.04

@ Ash-free.

In Holocellulose

Pento- Cellu- Cellu- Holo- Meth- Pento-

san Lignin® lose losan  cellulose Acetyl oxyl . san
(Per cent on original
wood)
23.33 16.33 62.67 14.45 78.01 5.17 0.65 22.51
23.75 16.92 64.42 15.78 80.00 5.05 0.72. 22.98
25.55 20.61 60.83 17.88 76.20 5.15 0.95 24.46
24.49 22.26 60.71 18.33 76.85 4.76 1.24 23.52
22.78 20.33 60.39 16.02 72.26 5:12 0.83 22.87
22.98 21.79 60.27 14.25 75.96 4.05 0.97 22.57
26.16 12.27 59.98 14.32 80.96 7.51 1.06  25.01
27.32 14.82 58.26 14.93 81.58 5.23 1.16 = 25.65
28.77 17.56 55.58 17.98 76.61 6.01 0.97 = 28.45
28.64 19.61 50.96 13.97 70.85 3.29 0.95 26.93
26.89 18.56 59.36 19.27 79.50 6.13 1.31 26.49
26.87 20.19 58.37 16.99 76.45 5.81 0.93 24.94
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Tasre II. SuMMATIVE ANALYSIS OF AMERICAN WoODs®
Solubility
; Hot  Alcohol- Holo-
Species Ash water benzene Lignin cellulose Total
%o o %o % Yo %
Big toothed aspen
Sapwood 0.26 3.13 2.41 16.33 78.01 100.14
Heartwood 0.33 0.99 2.13 16.92 80.00 100.37
Beach
Sapwood 0.31 2.17 1.37 20.61 76.20 100.66
Heartwood 0.57 0.43 0.96 22.26 76.85 101.07
Yellow birch
Sapwood 0.11 1.30 0.97 18.56 79.50 100.44
Heartwood 0.50 1.29 1.89 20.19 76.45 100.32
Paper birch
apwood 0.24 2.39 3.31 17.56 76.61 100.11
Heartwood 0.21 2.15 6.44 19.61 70.85 99.26

Fire cherry
Sapwood 0.17 4.03 2.97 12,27 80.96 100.40
Heartwood 0.41 2.48 1.18 14.82 81.58 100.47

Sugar maple
Sapwood 0.32 2.08 1.31 20.33
Heartwood 0.84 1.20 1.22 21.79

76.26 100.30
75.96 101.01

aResults in percentages of oven-dry (105° C.) wood.

cellulose residues were isolated. The outstanding objection
to the holocellulose determination is the lack of a definite end
point indicating complete removal of all lignin. At present
the results obtained are entirely dependent upon the accuracy
of the lignin determination, and since in the latter case there
is no one method in use today which has received the unani-
mous endorsement of all workers in this field, the empiricism
of the holocellulose procedure may be seriously questioned.
It would be highly advantageous, therefore, to modify the
determination in such a manner that it would be independent
of other procedures, thus increasing both its efficiency and
aceuracy?. e ;

SuMMATION OF ProxiMATE GROUPS. .As a means of ac-
counting for the total wood substance analyzed a résumé of
the analytical data is given in Table IT. In this summary it
has been assumed that the total mineral content of the wood
is included under ‘“ash”, whereas any waxes, fats, etc., are
accounted for under ‘‘alcohol-benzene solubility’”. Certain
of the simpler carbohydrates and water-soluble dyes will be
removed by the hot-water extraction. The remaining resi-
due is thus composed of a noncarbohydrate fraction, desig-
nated as lignin; and a carbohydrate fraction, designated as
holocellulose. As shown in Table II, the summation equals
100 per cent (=1 per cent) for each species analyzed.

RELATION OF SAPW0OD AND HEARTWOOD CONSTITUENTS.
Ritter and Fleck (14) have reported that in the analysis of
softwoods certain definite conclusions may be drawn con-
cerning the relationship between the various constituents of
the sapwood and heartwood, although they add that it is
difficult to generalize in the case of the hardwoods. These
authors also observe that the acetic acid which results from
the hydrolysis with mineral acid is consistently higher in the
sapwood than in the heartwood of both softwoods and
hardwoods.

The results of the present investigation fail to confirm
the conclusions of these investigators. That the relationship
suggested by Ritter and Fleck fails to exist is not unusual when
it is considered that certain vital factors such as age, growing
conditions, and habitat are responsible for the amount and
distribution of these constituents.

The data of the present study, however, do permit certain

2 Since the completion of this study, Van Beckum and Ritter (20) have
published their chlorine-alcoholio ethanolamine method, which is a better
procedure than the use of chlorine-aleohol-pyridine in that a sharp end
point is said to be obtained upon removal of the last traces of lignin.
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generalizations to be drawn which must be interpreted strictly
as such, and not as conclusions.

With but one exception (paper birch) the percentage of ash is
considerably lower in the sapwood than in the heartwood frac-
tion.

In every case the hot- and cold-water solubility is greater in the
sapwood than in the heartwood.

With the exception of the two birches, alcohol-benzene solu-
bility is also higher in the sapwood of the remaining four species.

Of the woods investigated no generalizations can be drawn
relative to a specific distribution o% ether-soluble residue, pento-
sans, or holocellulose.

The acetyl content of the sapwood is greater than that of the
heartwood in four of the six species. Aspen and paper birch are
exceptions.

ith the exception of paper birch, the methoxyl residue is
greater in the heartwood fraction.

Inasmuch as it is generally agreed that methoxyl is for the
most part associated with lignin, it is not surprising that the
hem}wood of every species contains more lignin than the sap-
wood.

In contrast, with one exception (aspen), the cellulose content
of the sapwood of all species is higher than that of the heartwood.

Any generalization as to the distribution of the cellulosan
fraction between sapwood and heartwood must be made with
extreme caution, because of the possible formation of small
amounts of furfural-yielding degradation products during isola-
tion of the cellulose. With such reservations in mind, it is ob-
served that in four of the woods studied the cellulosan content is
higher in the sapwood than in the heartwood. Aspen and beech
are exceptions.

DisTrIBUTION OF PENTOSAN, METHOXYL, AND ACETYL
Groups. The results of the present investigation provide
some interesting observations regarding the distribution of
pentosan, methoxyl, and acetyl groups between the carbo-
hydrate (holocellulose) and noncarbohydrate (lignin) portions
of the wood. By calculation it was found that 98 per cent
of the pentosan residues present in the original wood could be
accounted for in the holocellulose fraction of each species.
This figure is in excellent agreement with the results of Ritter
and Kurth (75), who report 96.6 per cent of the total pento-
sans to be present in the holocellulose isolated from maple
wood. :

The results given in Table I also show that an average of
16 per cent of the total methoxyl content of the wood may
be accounted for in the carbohydrate fraction.

Earlier investigators, Benedikt and Bamberger (1) and Dore
(8), have stated that methoxyl is entirely associated with the
lignin. In contrast, Ritter and Kurth (16) report that 15.6 per
cent of the total methoxyl is present in the holocellulose residue;
and Higglund and Sandelin (5) have shown that 12 per cent of
the methoxyl content of wood is present in the carbohydrate
gortion. Added confirmation is supplied by the work of

’Dwyer (11) and Schmidt et al. (18). Thus, the bulk of ex-
perimental evidence at present disproves the former conception
}lhat all of the methoxyl residues in wood are associated with the

gnin.

Cross and Bevan (2), Pringsheim and Magnus (13), and Kla-
son (8) claim that all of the acetyl residues are associated with
the lignin. Dore (3), however, believes they are joined with
the cellulose. Ritter and Kurth (15) also claim to disprove the
earlier belief by reporting that the total acetyl groups of the origi-
nal wood of sugar maple may be accounted for in the holocellu-
lose fraction. However, Higglund (§) reports a reduction of
40 per cent of the acetyl content of holocellulose as compared
to that in the original wood. Kurth and Ritter have raised the
objection that Higglund’s use of alkaline calcium hypochlorite
bleach may possibly have resulted in the removal of some of the
acetyl residues, thus accounting for the low results reported.

The results of the present study, which covers a total of
twelve separate sets of analyses of six different hardwoods
including sugar maple, indicate that an average of 81 per cent
of the total acetyl is accounted for in the holocellulose. Un-
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fortunately, these results cannot be interpreted as substantiat-
ing Higglund, because examination of Table I will show that
in the cases of aspen sapwood, fire cherry sapwood, and yellow
birch heartwood the acetyl content of the holocellulose repre-
sents 94, 99, and 98 per cent, respectively, of that in the
original woods. Therefore, in three instances the results
confirm those of Ritter and Kurth (Z5). Because of these
contradictory results no clear-cut conclusion can be drawn
regarding the location of the acetyl group. Possibly a por-
tion of the acetyl groups in the other woods have been de-
stroyed during the isolation of the holocellulose, owing to
partial oxidation during chlorination and removal of the
decomposition products during the pyridine-alcohol ex-
traction.

Application of Results

In one instance the results of the present investigation
have brought to light information which otherwise might have
escaped attention. It was noticed that the lignin content of
fire cherry was exceptionally low, thus predicting a high
carbohydrate content. KEvaluation of the cellulose content
yielded an average figure of only 60 per cent. The difference
between the cellulose and holocellulose contents suggested
the presence of a considerable quantity of hemicellulose
which was isolated and is now under investigation.
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A Laboratory-Scale Flow Regulator |

VYERNON H. CHELDELIN! AND BERT E. CHRISTENSEN
Oregon State College, Corvallis, Ore.

XPERIMENTS conducted in this laboratory involving
the slow transport of gases have made necessary the
use of a device for regulating their flow.

Although a few designs intended for laboratory use are
reported in the literature (1—4), all possess certain limitations
in regard to expense, simplicity, reproducibility, and personal
supervision. To meet all these factors, the conditions of
which were imposed by a problem under investigation, it was
necessary to design a regulator.

The apparatus (Figure 1) is fashioned from the escapement
wheel, W, and thelever, L, of a pendulum clock. A perforated strip
of metal, S, 30 inches long and 0.75 inch wide, is welded to the
end of the escapement lever. A weight, M, is then attached to
the lower end of the metal strip, producing a typical pendulum
with a relatively long period of vibration.

A drum, D, is fastened on the axis of the escapement wheel, and
is then wound with a stout cord or wire.

A leveling bulb containing mercury or some other liquid is
now suspended from the drum by the cord. The weight of the
leveling bulb thus acts on the escapement wheel and provides the
force necessary to keep the pendulum in motion. As the wheel
turns and the drum unwinds, the leveling bulb is lowered slowlf',
reducing the pressure within a bottle to which the leveling bulb
is connected and causing gas to flow into the bottle.

The purpose of the pendulum is to maintain a constant
lowering of the leveling bulb. The weight of the bulb in-
creases as it fills with liquid, but the effect on the pendulum
is one of increased amplitude of vibration rather than shorten-
ing of the period.

1 Present address, Department of Chemistry, University of Texas,
Austin, Texas.
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Determination of Carotene and Cryptoxanthin
in Yellow Corn

G. S. FRAPS AND A. R. KEMMERER
Texas A. and M. College, College Station, Texas

ELLOW corn is an important source of vitamin A in

feeds, even though the amount it contains is low when
compared to good alfalfa and other hays of good quality.
Such large quantities of yellow corn are usually fed that it
may afford a considerable portion of the vitamin A potency
an animal receives. Kuhn and Grundmann (10) in 1934 and
Buxton (2) later reported that as much as 90 per cent of the
active pigments in yellow corn may consist of cryptoxanthin.
According to Kuhn and Grundmann (9) cryptoxanthin has
one half the vitamin A potency of beta-carotene. Therefore,
in order to determine by chemical methods the vitamin A
potency of yellow corn and commercial feeds which contain
it, 1t is necessary to determine both cryptoxanthin and beta-
carotene.

Chromatographic methods have been used extensively to
separate and identify carotinoid pigments in plant materials
and have been applied to the determination of carotene and
cryptoxanthin in yellow corn (2, 10). The methods hereto-
fore described are slow and complicated, and losses of pig-
ments in the column have sometimes been so high that the
final results obtained are doubtful. The purpose of the work
reported here was to develop simple methods for determining
the quantities of carotene, cryptoxanthin, and other pigments
having vitamin A potency in yellow corn.

Chromatographic Method

In previous work Fraps, Kemmerer, and Greenberg have
reported methods by which crude carotene solutions from
alfalfa (4) and other dried hays and grasses, which contain
some impurities, and solutions from tomatoes (6) and water-
melon, which contain large amounts of lycopene, could be
highly purified by shaking with magnesium carbonates acti-
vated in such a manner that they would adsorb large amounts
of xanthophyll or lycopene but not carotene. A number of
attempts were made to adapt these methods to the determina-
tion of carotene and cryptoxanthin in yellow corn but the
desired separation could not be made. Then chromatographic
methods were applied.

After some preliminary work, the following complete
chromatographic method was found to be the most satis-
factory:

The crude carotene was adsorbed by a column of magnesium
oxide, and the bands of pi’%ments were separated by washing and
removed mechanically. The pigments were dissolved and the

uantities determined. The magnesium oxide was of such quality
that when 2.5 grams were shaken with 50 ce. of a solution of 2.0
parts per million of carotene in petroleum ether, 50 per cent of
the carotene was absorbed. For the adsorption a glass tube was
used 5 to 8 mm. wide and 15 to 20 cm. high, constricted at one
end and surrounded by a condenser jacket cooled with ice water
during the separation of the pigments. A small wad of cotton
was placed in the constricted end of the tube and U. S. P. light
magnesium oxide was put into the tube in 0.2-gram portions.
Suction was applied and each portion of magnesium oxide was
Packed gently but firmly by means of a cork with a smooth sur-
ace, attached to a glass rod. Portions of magnesium oxide were
added and packed until a column about 10 em. long was obtained.

For the determination 25 grams of finely ground yellow corn
were refluxed with 12 per cent aleoholic potassium hydroxide
and the crude carotene was obtained in petroleum ether (Skelly-
solve F, boiling point 30° to 76.7° C.) as described in the A. O.
A. C. method for carotene (7). The crude earotene solution was

diluted to 200 cc. in a graduated flask and the amount of pig-
ment, expressed as carotene, was determined with a photoelectric
colorimeter. Then the solution was concentrated to about 25 ce.
and placed on the column described above. The column was
washed with petroleum ether until the bands of pigment had
separated, which usually took about 4 hours. Each band of
pigment was scraped from the column into a beaker, with a long
wire flattened at one end, and was always kept covered with
petroleum ether. The bands were separately extracted with
petroleum ether containing 2 per cent ethanol, the extracts were
washed with water to remove the alcohol, and if the solutions
were cloudy they were washed once with dilute hydrochloric acid
(1 to 100). The solutions were dried over anhydrous sodium
sulfate and diluted to suitable volume in graduated flasks, and
the amount of pigment (expressed as carotene) was determined
with the photoelectric colorimeter.

Analyses by Complete Chromatographic Method

Seven bands of pigment were frequently formed in the
chromatographic column.

(1) At the top of the column, for a few samples, was a small
narrow band of orange pigment, which the authors termed *‘im-
purity”. (2) Next was a wide orange band of cryptoxanthin, and
then (3) a band of what Zechmeister and Tuzson (13) call neo-
cryptoxanthin, Very close to and below the neocryptoxanthin
band were two extremely fine bands (4), one red and the other
orange. It wasimpossible to separate these bands quantitatively
from the neocryptoxanthin by the mechanical téechnique used. In
the work reported here they were included with the neocryptoxan-
thin. Next (5) was a light yellow band, which, because of its
position in the column and because it was later found to possess
vitamin A potency, the authors call K carotene. Next (6) was a
sharply separated orange band of beta-carotene, and finally (7)
a small orange band of alpha-carotene.

The alpha- and beta-carotene bands in the column were
identified by means of the mixed chromatographic technique
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TasLeE I. ConsTITUENTS OF CRUDE CAROTENE FROM YELLOW CORN
Composition of Crude Carotene

crude carotene of the entire
group ranges from 0.0 to 7.1

Beta- Alpha-

Laboratory Crude CAro-  Caro-
No. Variety Carotene tene tene
P, p. m. % %
55,710 Golden June 5.0 30.3 1.4
55,711 Ferguson Yellow Dent 6.4 30.9 197
55,712 Jaryvis Golden Prolific 8.0 26.7 2.5
55,713 Texas Golden Prolific 6.0 35.6 4.1
55,718 Mickle’s Yellow Dent 4.0 24.8 °0.8
54,547 Yellow corn meal 5.3 30.4 5.3
54,551 Yellow Surecropper 3.7 28.9 6.1
54,552 Corn Belt Hybrid, Pfester 1.3 31.0 rhalk
55,847 Johnson’s Yellow Dent 6.4 29.9 5.1
55,848 Pluger’s Mammoth Yellow 6.4 28.3 5.4
55,849 Good’s Golden Prolific 4.1 33.5 4.2
55,719 Reese Yellow Squaw 4.4 32.5 6.1
55,720 Yellow Tuxpan 5.0 33.9 1.5
55,721 Reese Yellow Drought Resister 5.4 29.1 4.5
55,722 Yellow Paymaster 6.2 34.7 2.9
55,723 Yellow Surecropper 3.4 23.9 4.0
55,850 Leudtke's Yellow Sure 4.6 31.6 4.9
58,941 Yellow Paymaster 4.1 35.8 5.1
Average, Group 1 (18) 5.0 30.7 4.0
55,714 Golden Thomas 7.3 22,6 3.1
55,715 Hastings Golden Dent 7.4 16.8 0.9
55,716 Hill's Yellow Dent 6.0 18.4 0.2

55,717 Reese Giant Yellow Dent 3.7 21.8 0

Average, Group 2 (4) 6.1 19.9 1%1
Average of Groups 1 and 2 (22) 5.2 28.7 3.5

& When less than 1%, impurity is determined by difference.

caro- Crypto- crypto- Im-

with an average of 3.5 per cent,
that of the K carotene from 3.4
to 7.9 with an average of 5.6,
that of the cryptoxanthin from

K Neo-

tene xanthin xanthin purity®

% o %o 3

gi7 B0 Ta T 0] :
Sefs BSlisiee L dal 33.3 to 53.3 with an ayerage
5.7 41,0 o 2.0 of 43.4, the neocryptoxanthin
7.9 48 4 181 0 from 5.9 to 29.0 with an aver-
8i6 = BoiEI LRIy i :
e ey lsd age of 17.3, an(_i the impurity
aipiliidas 1900 =05 from 0 to 8.6 with an average
5izi Adls R3S ) 1
el 0 e

: : 12360 40 ] i
Teadl das e 1 9 The average pigment lost in
5.3 8.3 89 0.1 the column was about 3 per
gisl SegE g 08 cent, but in 27 determinations
5i3¢ 38i8® Evolat i iglg ,
H e e there were three losses of
8:2" 35150 17:6 0 more than 10 per cent, one of
S s 1938 4o which was as high as 18 per
8.9 50.0 2152 dto cent. In nine of the determi-
igl hd ont ol nations there was a slight gain
B5i3° 1 487 Gt B0 Uy of pigment, probably due to
Bi6 14314 @ ii7ia Gy

error in the colorimetric deter-
minations, and in one determi-

B}

(12) and by spectroscopic examination. The pigment called
K carotene was at first thought to be gamma-carotene, but
spectroscopic examination showed it to have absorption
maxima at 425 and 397 millimicrons. This is very different
from gamma-carotene, which, according to Zechmeister (11),
has maxima in hexane at 494, 462, and 431. The absorption
curve of K carotene in petroleum ether is given in Figure 1.
It is unlikely that the K carotene was formed from carotene
during the chromatographic separation or because of solu-
tion. Solutions of a mixture of alpha- and beta-carotene haye
been chromatographically separated many times in this
laboratory and the band of K carotene was never observed to
form from them. A survey of the literature indicated that K
carotene has not heretofore been reported. It comes nearest
to being B-dehydro carotene (8) but differs from it in having
vitamin A potency.

Zechmeister and Tuzson (13) and Carter and Gillam (3)
have shown that carotinoid pigments isomerize in solution,
and according to Zechmeister and Tuzson (13) part of the
cryptoxanthin in solution easily isomerizes into neocrypto-
xanthin. Both these groups of workers have shown that the
isomerizations are due to solution and not to changes in the
column of adsorbent. In order to check these findings, crypto-
xanthin was removed from a column, dissolved in petroleum
ether, and passed into another column. A band of crypto-
xanthin and a band of neocryptoxanthin were always formed.
When neocryptoxanthin was eluted and passed into a column,
bands of cryptoxanthin and of neocryptoxanthin were formed.
Cryptoxanthin and neocryptoxanthin appear to be isomers of
each other and in solution either pigment can form the other.
Consequently, in the chemical determination of vitamin A
potency. of yellow corn the neocryptoxanthin may be included
with the cryptoxanthin.

The results of the chromatographic analyses for 22 samples
of corn are given in Table I, in percentage of total carotinoids
recovered from the chromatograph column, so that any loss
or gain was prorated. The analyses fall into two groups as
regards beta-carotene content and cryptoxanthin. In the
last 4 varieties listed, the crude carotene contains 16.8 to
22.6 per cent of beta-carotene with an average of 19.9, while
in the group of 18 samples the percentage is 23.9 to 35.8 with
an average of 30.7. The cryptoxanthin plus neocryptoxan-
thin averages 72.7 per cent in the first group and 58.0 per
cent in the second. The percentage of alpha-carotene in the

nation there was a gain of 14
T per cent. When the loss or
gain is high, the results should be discarded.

Biological Activity of Pigments

The K carotene, alpha-carotene, cryptoxanthin, and neo-
cryptoxanthin from two samples of yellow corn were tested
with rats for vitamin A potency. The extremely fine bands
just below the neocryptoxanthin band in the chromatograph
were not included with the neocryptoxanthin. The pigments
removed when the petroleum ether extracts were washed
with 90 per cent methanol, to remove xanthophylls, were
also tested.

For the biological tests large amounts of corn were saponified,
extracted, and chromatographed in large columns by the tech-
nique described above. The pigments were eluted from the
magnesium oxide with petroleum ether and ethanol. The pe-
troleum ether was distilled off ¢n vacuo and the pigments were
taken up in Wesson oil. The amount of pigment in the Wesson
oil was estimated as carotene with a photoelectric colorimeter,
and the oil was diluted to give the desired concentration. The
biological Upotency of these solutions was determined by the
modified U. S. P. method used in the authors’ laboratory (6).

The results of the biological tests, given in Table II, show
that K carotene, neocryptoxanthin, and cryptoxanthin have
approximately one half the vitamin A potency of beta-caro-
tene. The xanthophylls which were also tested had no
detectable amount of vitamin A potency.

TasrE II. Viramin A PoreENcY
(International units per microgram of pigment)
Corn Corn
57,048 58,929
Standard carotene in oil 1% o
Beta-carotene 121 s
K carotene 0.5 0.6
Cryptoxanthin 0.6 0.6
Neocryptoxanthin 0.4 0.4
Xanthophylls P 0.0

Abridged Chromatographic Method

When separation of all the pigments in the crude carotene
extracts of yellow corn is desired, the chromatographic method
just described can be used. This method is tedious, and when
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TasrLe III. CAROTENE AND CRYPTOXANTHIN BY CHROMATO-
GRAPHIC AND ABRIDGED CHROMATOGRAPHIC METHODS

Abridged

Chromatographic Method Chromatographic Method

Laboratory Crypto- 3 Crypto- .
No. Carotene xanthin Impurity Carotene xanthin Impurity
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58,941
58,942
58,943
58,945
58,946
58,947
58,949
58,950
58,951
58,953
58,954
58,955

PO OO O b O 1D O
= 00 =T =183 5 e e O 1 N1 D
S b e O N O = 1D
BNOUWEUNNNROO
COOCOTCOOoCOoOoOO
e e e ot )
Pt 0D e O et 00 O 1t 10 O et
WO RO ~IWW~I~
O 0 00 10 e O e O et et
SO owao
[=l=lelelelololelelel)-]
D D G W O WL

analyses are to be run on large numbers of corn samples, a
quicker and simpler method is needed. For this purpose an
abridged chromatographic method was devised in which
only the pure carotene, the cryptoxanthin, and the impurities
are determined.

The U. S. P. light magnesium carbonate should be tested by
placing approximately 1 gram in a tube as described below and
f)assin a solution of purified carotene (1.0 to 1.5 parts per mil-
ion) through it, washing with petroleum ether, and determinin
the carotene in the filtrate. The carotene should be washe
through within about half an hour without loss of over 5 per cent.
If the magnesium carbonate is too retentive of carotene, another
lot should be tried.

An adsorbent column was prepared by placing approximately
1 gram of magnesium carbonate in a glass tube 5 to 8 mm. wide
and about 15 cm. tall, constricted at one end and plugged with a
wad of cotton. Suction was then applied and the magnesium
carbonate was packed firmly but not too tightly with a cork with
a smooth surface attached to a glass rod.

For the determination 10 grams of corn meal were saponified,
as in the A. O. A. C. method, and the crude carotene extract was
diluted to exactly 100 cc. The amount of crude carotene was
determined with a photoelectric colorimeter and a 50-cc. aliquot
concentrated in vacuo to about 15 to 20 ce. A few cubic centi-
meters of petroleum ether were placed on the column of mag-
nesium carbonate, suction was applied and, before the petroleum
ether was drawn in, the crude carotene solution was put in the
tube. The magnesium carbonate was then washed with petroleum
ether. The pure carotene did not form a band, but passed
through the column. This solution was made up to volume and
the pure carotene determined. The pure carotene includes
alpha-carotene, beta-carotene, and K carotene.

An impurity formed a small band near the bottom of the
column, and was washed out after the carotene had been removed.
A slight band of impurity was sometimes found at the top of the
column, If formed, this was scraped out, eluted with petroleum
ether containing 2 per cent of ethanol, and after the ethanol had
been washed out with water, it was combined with the impurity
from the bottom of the column and diluted to volume and the
quantity was determined. The average quantity of impurity is
so small that it can be disregarded.

Bands of eryptoxanthin and of neocryptoxanthin were formed
above the impurity at the bottom of the tube. They were scraped
out together and eluted with petroleum ether and alcohol, the
alcohofwashed out with water, the solution made up to volume,
and the quantity determined.

Samples of corn meal were analyzed by this method and
by the complete chromatographic method (Table IIT). The
results by the complete chromatographic method were added
to give the corresponding constituents as by the abridged
method. Examination of Table III shows that satisfactory
agreement was secured, considering the small quantities
present.

The method was also tested by putting known amounts of
pure carotene through the column. Recovery of 100 per cent
was obtained. The recoveries of corn pigments were 95 to
105 per cent. ;
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The principal disadvantages of this method are that alpha-,
beta-, and K carotene are not separated and every lot of
magnesium carbonate must be tested before it is used.

Calculating Beta-Carotene Equivalent and Vita-
min A Potency from Analyses

For some purposes it may be sufficient to calculate the
carotene and cryptoxanthin content of yellow corn from the
crude carotene. Table I shows that on an average the crude
carotene in yellow corn contains 3.5 per cent of alpha-caro-
tene, 28.7 per cent of beta-carotene, 5.6 per cent of K caro-
tene, and 60.7 per cent of cryptoxanthin and neocrypto-
xanthin combined. Since the alpha-carotene and K carotene
have the same vitamin A potency as the cryptoxanthin and
only half that of the beta-carotene, they should be included
with the cryptoxanthin rather than with the beta-carotene.

The crude carotene is multiplied by 0.29 to get the beta-caro-
tene and by 0.70 to get the sum of the alpha-carotene, K carotene,
and cryptoxanthin.

Carotene in feeds is usually expressed as beta-carotene. If
the equivalent in beta-carotene is desired, the crude carotene is
multiplied by 0.64 (0.70 X 0.5 + 0.29). If the vitamin A potency
in U. S. P. units is desired, the crude carotene is multiplied by
1.1 (0.64 divided by 0.6).

Although this method is only approximate, the results are
probably more accurate than those of a biological assay. The
figure 1.1, which is the number of International Units of vita-
min A potency per microgram of crude carotene in yellow
corn, agrees fairly well with 1.4, the figure found by Fraps,
Treichler, and Kemmerer (7). The beta-carotene equivalent
of the 22 samples in Table I was calculated both from the
crude carotene only and from the results of the chromato-
graphic analyses in Table I. The average difference of the
22 samples was 0.15 part per million, and the standard devia-
tion was 0.06. If the variety of corn is known, the calcula-
tion should be more exact if the average composition of the
group to which this variety belongs is used (Table I) instead
of the average of all the samples of corn.

Summary

The alpha-carotene, beta-carotene, K carotene, crypto-
xanthin, neocryptoxanthin, and impurity in yellow corn can
be determined by a chromatographic method. An abridged
method may be used for determining the carotenes, crypto-
xanthin, and impurities. The approximate quantities of
these constituents can be calculated from the crude carotene
and the beta-carotene equivalent and U. S. P. vitamin units
can be calculated from the crude carotene with a fair degree
of accuracy.

Twenty-two samples of yellow corn differing in genetic
strain were analyzed by the chromatograph method. Two
groups of corn were observed, one containing on an average
19.9 per cent beta-carotene and 72.7 per cent cryptoxanthin
in the crude carotene, the other and larger group containing
30.7 per cent beta-carotene and 58.0 per cent cryptoxanthin
in the crude carotene. The average percentages found were
beta-carotene 28.7, alpha-carotene 3.5, K carotene 5.6,
cryptoxanthin 43.4, and neocryptoxanthin 17.3. Neocrypto-
xanthin was formed when cryptoxanthin was dissolved, and
cryptoxanthin was formed when neocryptoxanthin was dis-
solved, so that cryptoxanthin may be considered to be the
sum of the two.

A new form of carotene, termed K carotene, is found in
yellow corn. It has a biological potency equal to that of
alpha-carotene.
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Fluorescent Tests for Beryllium and Thorium

CHARLES E. WHITE AND C. S. LOWE!
University of Maryland, College Park, Md.

LUORESCENT tests for both beryllium and thorium with

morin and cochineal have been described by Goto (1),
but in neither case is the reaction specific, since these reagents
produce a fluorescence with many other cations. Recently
morin as a reagent for beryllium has been thoroughly studied
by Sandell (2). The response of beryllium and thorium to a
common reagent is also shown by 1,2,5,8-tetrahydroxyanthra-
quinone (quinalizarin), which gives the well-known corn-
flower blue color with beryllium. Willard and Winter (3)
have noted that thorium also gives a characteristic color re-
action with this material.

In a search for reagents to give specific fluorescent tests
with the cations, the idea of testing the hydroxyanthraqui-
nones for beryllium and thorium presented itself. Several
of these were tried and it was found that 1-amino-4-hydroxy-
anthraquinone gives an intense fluorescence with beryllium
in alkaline solution and with thorium in acid solution.

Characteristics of Reagent

The reagent, 1-amino-4-hydroxyanthraquinone, is a purplish-
red powder, insoluble in water but soluble in alcohol. Water solu-
tion of alkalies, acids of concentration greater than 0.5 N, and
alcohol solutions of over 50 per cent dissolve the compound. The
color in alcohol and acids is red and in bases is purple. The al-
cohol and acid solutions fluoresce red, but the alkaline solutions do
not fluoresce. If an alcohol solution of the material is added to a
slightly acid solution of almost any cation other than thorium,
a curious mode of precipitation takes place. A sacklike mem-
brane seems to form on tﬁe walls of the test tube. This gradually
contracts and the film of the same shape as the tube becomes
smaller and smaller until it forms a flocculent suspension on the
surface of the solution. Th***+ is the only ion that will kee
this high-colored reagent dispersed in dilute acid solution. Oxi-
dizing agents destroy the reagent; however, it seems to be stable
in the presence of air. No changes in alcohol solutions are noticed
after a period of several months.

For testing purposes an approximately 0.1 per cent solution
was made by dissolving 0.1 gram of the reagent in 100 ml. of 95
per cent ethyl alcohol. It is sometimes necessary to warm the
alcohol for about 15 minutes to effect complete solution.

Apparatus

The source of the ultraviolet rays used in these experiments
was the 100-watt, type 4, red-purple bulb, mercury lamp of the
General Electric Vapor Lamp Company, Hoboken, N. J., which
gives radiations between 3100 and 4000 A. with a maximum at
3650 A. Observations were made in a partially darkened room
and ordinary soft-glass test tubes were used as containers.

Beryllium Test

. The test solutions used contained 0.1 gram of beryllium per
liter. In making the test 0.1 ml. of this was placed in a test tube

! Present address, National Association of Dyers and Cleaners, Silver
Spring, Md.

and 1 ml. of 2.5 N sodium hydroxide was added. This was diluted
to 10 ml. and 0.5 ml. of 0.1 per cent alcohol solution of 1-amino-4~
hydroxyanthraquinone was added. This solution under the
ultraviolet lamp gave a red fluorescence extending from about
6300 to 6800 A. In visible light the beryllium solution had the
same purple color as an alkaline solution of the reagent. The
test is excellent to the extent of one part of beryllium in 10° parts
of water and can be observed in a dilution of 1 in 4 X 107 parts.
One or 2 ml. of solution can be easily observed, but it is better
to use over 5 if that quantity is available. At this concentration
the test is much more definite than the familiar one with quin-
alizarin. :

If such a quantity of beryllium salt is used that the hydroxide
does not dissolve in 1 ml, of 2.5 N sodium hydroxide, a 10 per
cent solution of sodium potassium tartrate is added drop by
drop until the precipitate dissolves. An excess of sodium hy-
droxide must be avoided, since over 0.3 N alkali causes an appre-
ciable diminution in the fluorescence. Mixtures containing beryl-
lium were run through the usual procedure of analysis and the
beryllium was easily detected in the presence of the aluminum
by dissolving the hydroxide precipitate in sodium hydroxide and
adding the reagent.

InTERFERING IONS. Reasonable quantities of cations and
anions, except lithium, have no effect on this test. It requires
20 grams of sodium chloride in 100 ml. of solution to destroy
the fluorescence. Lithium in concentrations of 0.007 gram
per 10 ml. or greater gives a fluorescence like that of beryllium.
This similarity in action of lithium and beryllium was also
noted by Sandell (2) when using morin as a reagent. Colored
ions such as Cr*++ in small quantities cause no difficulty, but
a deep green solution will mask the fluorescent color. The
other cations which remain unprecipitated in 0.2 N alkali
seem to have no effect. Calcium ions in saturated calcium
hydroxide produce a faint fluorescence, but the amount re-
maining after addition of 0.2 N sodium hydroxide has no
effect. Small amounts of iron causing a brownish color need
not be precipitated but may be rendered noninterfering by
the addition of tartrate. The cations listed below under
thorium were examined in this test.

The common anions, such as chloride, nitrate, sulfate, bo-
rate, and fluoride, have no effect. Ions which precipitate beryl-
lium in alkaline solution, such as phosphate, arsenate, molyb-
date, tungstate, and uranate, may be nullified by having
tartrate present. Tartrate decreases slightly the intensity of
the beryllium fluorescence, but this is not serious unless ex-
ceedingly large concentrations of tartrate are used with small
concentrations of beryllium. It requires 0.5 gram of sodium
potassium tartrate tetrahydrate to destroy the fluorescence
of 1 microgram of beryllium. Chromate oxidizes the reagent
and destroys the test. If ammonium ions are present in the
solution, care must be taken to make the solution decidedly
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alkaline, since these ions will neutralize an equal quantity
of sodium hydroxide.

Thorium Test

Thorium salts in weakly acid solutions with 1-amino-4-
hydroxyanthraquinone produce a purple colloid which gives
a red fluorescence of the same wave-length range as that given
by the beryllium in alkaline solution. With this reagent
thorium gives a fluorescence only in acid solution and beryl-
lium only in alkaline solution.

The thorium solution to be tested must be adjusted to a pH of
about 2 without too large a quantity of salt present. This is best
accomplished by using thymol blue as an indicator and adding
acid or alkali until the yellow point representing a pH of 1.75 is
reached. Neutralizing to the phenolphthalein end point pre-
cipitates the thorium, which is rather difficult to redissolve. In

dition, the quantity of salt i)roduced in this operation is likely
to precipitate the thorium colloid formed. It is important not
to have the solution too acid, since the reagent itself dissolves to
a sufficient extent in 0.5 N acid to give an intense fluorescence.
The purple color of the thorium complex in visible light is given
in the acid solution by no other element except zirconium, and it
is only to distinguish this that the fluorescence need be used. The
test is not apparent for less than 40 micrograms of thorium in a
dilution of 1 to 125,000.

Thorium nitrate or chloride forms the most convenient test
solution, which is made to contain 1 gram of thorium ion per liter.
The aci&ity of this concentration is satisfactory for the test with-
out further adjustment. One milliliter of this solution is mixed
with 10 ml. of water and 0.5 ml. of 0.1 per cent 1-amino-4-hydro
anthraquinone is added. The mixture is examined either di-
rectly or under the ultraviolet lamp.

In testing for thorium from highly acidic mixtures such as are
obtained from the separation of monazite sand, it is necessary to
precipitate the thorium as a hydroxide, iodate, or oxalate, filter,
and redissolve in concentratez{ hydrochloric acid or aqua regia.
The latter is used in the case of the iodate and oxalate and hydro-
chlorie acid is added to this until all the nitrate is removed. The
material is then evaporated just to dryness to remove the excess
hydrochloric acid, and the crystals are dissolved in water and ad-
justed to the proper pH with thymol blue.

INTERFERING IONs. The only cations, other than thorium,
found to give the slightest fluorescence under the above con-
ditions were gallium and praseodymium, which give a weaker
fluorescence of a little darker shade than that of thorium.
If a trace of thorium is mixed with these elements, the inten-
sity is much greater and there seems to be little chance of con-
fusion. Both gallium and praseodymium produce red solu-
tions in contrast to the purple of thorium and, on standing
a few minutes, they form red curdy precipitates, whereas the
thorium is permanently stable. It requires 1.5 mg. of gallium
and 10.0 mg. of praseodymium to produce the same fluores-
cence as 0.1 mg. of thorium. Zirconium and ferric ions do not
cause a fluorescence but decrease the intensity of thorium.
Oxidizing agents of the order of Ce*+++ Ag* Aut++ Hgt,
and the ions of the platinum metals destroy the reagent.

In addition to those already indicated, solutions of the fol-
lowing cations were examined and found to have no effect:
lithium, sodium, potassium, rubidium, cesium, copper, beryl-
lium, magnesium, calcium, barium, strontium, zine, cadmium,
aluminum, lanthanum, cerous cerium, neodymium, a mixture
of the rare earths as taken from monazite, indium,; thallium,
zirconium, hafnium, tin, lead, bismuth, antimony, chromium,
manganese, cobalt, and nickel. The influence of some of the
anions seems to be the effect of charged ions on a sensitive
colloid, and in other cases precipitation of the thorium takes
place. It required 4 grams of sodium chloride in 10 ml. of
solution to destroy the colloid, and hence the fluorescence,
produced by 2 X 1073 gram of thorium. Phosphates, fluo-
rides, and sulfates present in quantities expressed in grams per
liter half as large as the thorium destroy the fluorescence.
Todates, arsenates, oxalates, molybdates, tungstates, and
uranates precipitate the thorium. *
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Results with Other Hydroxyanthraquinones

With 1,8-dihydroxyanthraquinone, beryllium in alkaline
solution gives a red fluorescence which is not so intense as that
described above but can be used to detect beryllium in dilu-
tions as low as 1 in 10°%. The smallest quantity detected was
1 X 10~% gram. The other ions soluble in sodium hydroxide
do not interfere. Neither beryllium nor thorium fluoresces
in acid solution with this reagent.

In alkaline solution 1,5-dihydroxyanthraquinone gives a
slight fluorescence with beryllium but is not of sufficient in-
tensity to serve as a qualitative test. Neither beryllium nor
thorium affects this reagent in acid solution.

No fluorescence is given by 1,2,5,8-tetrahydroxyanthra-
quinone with either beryllium or thorium. In slightly acid
solution this reagent with aluminum gives a beautiful orange-
red fluorescence (6100 to 6500 A.) which is destroyed by the
addition of thorium; 2 X 10~° gram of thorium will destroy
the fluorescence of 1 X 107 gram of aluminum in 10 ml. of
solution. The reagent is sensitive to only 1 X 10~* gram of
aluminum in 10 ml. and this is destroyed by many other ions
and by addition of acid; hence it cannot be considered a good
test reagent for either aluminum or thorium.

4,8-Diamino-1,5-dihydroxy-2-sulfonic acid anthraquinone
does not fluoresce with either thorium or beryllium; 1-amino-
5-hydroxyanthraquinone gives a slight fluorescence with beryl-
lium in alkaline solution but none with thorium in acid solu-
tion.

Summary

The reagent l-amino-4-hydroxyanthraquinone serves well
for detecting beryllium in alkaline solutions and thorium in
acid solution. In the case of beryllium, the test is less sensi-
tive but more specific than morin, and is much more definite
than with quinalizarin.

In application to thorium the sensitivity is not so great as
might be desired, but is sufficient for many practical purposes
and provides a vivid color reaction for the identification of
this element. Several hydroxyanthraquinones were tested
with these elements and the only other one found to present
analytical possibilities was 1,8-dihydroxyanthraquinone.

While all possibilities have not begn tried, it seems obvious
that tests with metallic ions may assist in identifying the lo-
cation of groups in the anthraquinones.
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CorrecTION. In the article entitled “A Fluorescent Method
for Aluminum”’ [Inp. ENg. CaeM., ANAL. Eb., 9, 430 (1937)], we
find it an improvement to make up the Pontachrome Blue Black R
in 95 per cent ethyl alcohol and to heat the test solution to about
80° C. before adding this reagent. This gives a permanently
stable reagent, and using the higher temperature gives an im-
mediate result with low concentrations of aluminum which would
require several hours to develop at room temperature.

C. E. WHiTE



A Continuous Calcium Carbonate Saturation
Balance Indicator

A. A. HIRSCH, State Department of Education, Baton Rouge, La.

NTERNAL protection of most pipe lines carrying water
supplies depends mainly upon the formation and main-

tenance of a thin protective scale high in calcium carbonate.
The tendency of a water either to corrode metal or to lay a
protective film may be determined experimentally by the
magnitude and direction of its changes in alkalinity and pH
when contacted with calcium carbonate, employing the so-
called marble test (3). Until Enslow (1) devised a continuous
flow tube packed with calcium carbonate, experimental tech-
nique consisted in mechanically agitating batch samples in
various types of containers with calcium carbonate powder.

The assembly described below is an amplification of the
Enslow tube with additional provisions which include (1) suffi-
cient length of packed column to ensure equilibrium for the
water undergoing test, (2) an internal filter to prevent powder
carry-over, (3) a companion unpacked column, or synchron-
izing tube, to preserve proper time relationship between the
original water and its stabilized counterpart, especially appli-
cable for rapidly changing supplies, and (4) continuous e. m. f.
indication by means of an integral concentration cell. As a
safeguard against gas release from supplies high in carbon
dioxide, water is made to flow within the apparatus against a
positive head. Effects of momentary aeration, ordinarily
permitted when using external electrodes, are completely
avoided by making measurements within the closed path of
water travel. With suitable arrangements for heating and in-
sulation, measurements may be made at elevated tempera-
tures. As a single operating requirement, this apparatus
(Figure 1) uses a large volume of relatively clear water under
pressure.

The logical locales in which this device is expected to serve
most effectively in guiding plant operation to maintain efflu-
ents near calcium carbonate balance are:

Plants employing simple anticorrosion treatment, such as
aeration or limestone beds. Mildly corrosive effluents are known
to diminish pige-line carrying capacity, even though red water is
not evident; hence the value of a sensitive automatic indicator
for this type of supply.

Plants controlling corrosion by means of alkali. The same
point applies as above, with the added requirement that the treat-
ment be not overstepped; otherwise excessive scaling is induced
in hot-water fixtures.

Softening plants employing recarbonation. Proper control of
the extent of recarbonation is essential, as the calcium carbonate
balance for softened waters of this type may be sensitive.

Zeolite installations having a low alkalinity in the effluent.
With a water of this character, which is deprived of the protective
effect of both calcium and bicarbonate ions, a continuous indi-
cator may be helpful in controlling blends with a small proportion
of raw water.

For untreated aggressively corrosive waters the use of this
apparatus is unnecessary, as the appearance of the effluent
is sufficient evidence of corrosive attack on pipe-line metal.

Description and Operating Notes

Influent under pressure is divided equally, by means of pet-
cocks G and H at the bottom tee connection, between the pow-
dered calcium carbonate column, C, and the empty synchronizing
tube, B, whose volume is made to equal the void space in C.
Tube B thus provides a detention period equal to that of column
C and in this way furnishes a continuous reference sample of the
original water for comparison with its corresponding stabilized
effluent from C. When leaving C, effluent in equilibrium with
the calcium carbonate solid phase (equilibrate) passes through a
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coarse sintered-glass crucible or filtering tube which prevents
carry-over. The packingin C rests on a layer of pea gravel sand-
wiched between retaining pads of glass wool. A vent is provided
at the top for releasing air that accumulates above the crucible
level when C is first placed in service,

Effluents from B and C flow through Gooch crucible holders N
and M, respectively, which contain an antimony or glass elec-
trode pair to form a simple concentration cell that connects with
a vacuum tube potentiometer, preferably of the recording type.
X, a potassium chloride-agar bridge, completes the circuit in
which liquid junction errors cancel by symmetry. No calomel
reference electrode is needed, as the differential in pH is the quan-
tity to be measured and its value is read directly from the poten-
tiometer. Cell effluents flow to waste continuously at the high
points, Wg and Wy, after first filling the 250-ml. Erlenmeyer
flasks, S and S, to furnish a continually available set of current
samples for alkalinity titration.

The author’s calcium carbonate column, measuring 4.8 c¢m.
(1.875 inches) in diameter by 112 cm. (44 incfxes) high, allows ade-
quate contact for the slightj;r scaling local water. A flow rate of
from 4 to 6 ml. per minute is satisfactory; faster rates cause ex-
cessive back pressure at the bottom of column C, while slower
rates permit an extended time lag and so may fail to represent
prevailing plant conditions. The friction head ordinarily is about
137 cm. (4.5 feet) of water, although this quantity varies with the
rate of flow and the degree of compaction of the powder. At the
bottom of C the rubber stopper must be strapped securely with
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adhesive tape to prevent a blowout. In order to expand the
powder and thereby reduce the loss of head, direction of flow is
upward through the column. During operation the powder
settles to a level several centimeters below the crucible, so that
generally only slightly turbid equilibrate reaches the filter, as the
packing acts as its own upflow filter; the powder also separates at
times somewhere near the middle of the column by a water space
of variable length between the lower and upper portions.
Through this lower portion the ascending water tends to channel
against the smooth glass wall but, beyond the central liquid par-
tition level, penetrates upward through the remainder of the
packing by percolation. A number of deflecting devices placed
gl tgg bottom of C failed to prevent channeling and were aban-
oned.

It is evident that short tubes fail to guarantee complete equilib-
rium because of both insufficient length and lack of intimate
contact. Connections to C are made with liberal lengths of rub-
ber tubing to allow shaking and overturning every few weeks to
break up lumps and reduce the loss of head through the powder.
Gravel gottoms were found superior to simple glass wool layers in
preventing powder from falling through the bottom of C into the
inlet connection. Glass wool padding was inserted as indicated
to keep the powder and the gravel in place during the overturning
action.

Coated filter sand and two varieties of crushed marble were
tried as packing material but with lime-softened water caused too
low a phenolphthalein reading in the effluent, apparently convert-
ing some of the normal carbonates into bicarbonate alkalinity.
Precipitated calcium carbonate, c. ». grade, proved to be the most
reliable contact medium after the assembly was aged to leach out
soluble impurities. For the internal filter, a Berkefeld candle,
porosity N, was tried for a month, but did not age completely and
an Alundum crucible gave indifferent results. However, no type
of filter showed any tendency to clog when filtering equilibrated
water.

Electrodes were checked occasionally by comparing their
e. m. f. in the same solution. This was done externally rather
than by adding a by-pass between vessels M and N. The pH
value of the tap sample was conveniently determined in cell N by
inserting a calomel electrode and placing electrode @ in another
potentiometer circuit with it.

TasLe I. - Cavcium CARBONATE STABILITY OF NEW ORLEANS

TaAp WATER
(Preliminary data)
6/22/39 7/13/39 11/21/39
Tap water
p 9.88 9.79 9.81
Alkalinity, p. p. m, CaCOsz
Phenolphthalein 17 15 27
Methyl orange 33 30 53.5
CaCOs: column equilibrate
A pH —0.29 —0.30 —0.12
pk 9.59 9.49 9.69
Alkalinity, p. p. m. CaCOs
Phenolphthalein 10 7 18
Methyl orange 21.5 15 38
Bottle test supernatant
pH 9.61 9.55
Alkalinity, p. p. m. CaCO;
Phenolphthalein 10 11
Methyl orange 19 22
Application

So far this apparatus has been used only with New Orleans
tap water, a lime-softened supply from the Mississippi River,
toward which the column functions as a desupersaturator.
In view of this limited experience, these results and observa-
tions are offered as a preliminary study. While there was no
opportunity to try the assembly on an aggressive water, it is
believed that the column should work qualitatively, at least,
since ordinary bottle test technique for quick results on cor-
rosive waters requires only a 5- to 10-minute contact. Op-
erating data were obtained over a period of 6 months. For
comparison an occasional bottle test was run in parallel by
turning a tap sample, held in a special cage, overnight during
off hours in the machine-shop lathe. This agitation in con-
tact with c. p. calcium carbonate was followed by 8 hours’
settling before pipetting off a portion of the supernatant for
titration. Data typical of results obtained are givenin Table I.
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Almost without a single exception, more complete stabili-
zation was obtained in the column than in bottle tests; even
though bofttle agitation was extended to 60 hours, as evi-
denced by lower pH values and alkalinities by the column
method. Throughout the period of use alkalinity values in
the column effluent approached the theoretical solubility for
calcium carbonate, indicating equilibrium in this regard.
However, passage through the calcium carbonate tower
usually caused a loss of about 1 part per million of phenol-
phthalein alkalinity beyond that reduced by stabilization,
this result causing an apparent gain in bicarbonates ranging
from 0 to 3 p. p. m.

In searching for the cause for this slight drop in the phenol-
phthalein alkalinity of the equilibrate, other properties than
calcium carbonate quantities were determined and some were
found to change on percolation through the column. Chlorine
residuals of about 0.7 p. p. m. in the tap, due to chlor-
amines, disappeared entirely in the equilibrate; instead of the
usual light green residual a strong nitrite interference color,
characteristically brown, formed slowly with o-tolidine.
Ordinary bottle tests, on the contrary, always retained a
strong chlorine residual. Production of nitrites within the
packing from free ammonia and that added for chloramine
formation was evident, and it was found that nitrite increased
from 0.10 p. p. m. in the tap to 1.68 p. p. m. in the column
effluent, whereas the bottle test supernatant was raised only
t0 0.115 p. p. m. Presence of Nitrosomonas, suggested by the
elevation in nitrites, was demonstrated in the packing (2),
although both tap water and column effluent were sterile on
A. P. H. A. nutrient agar. These effects, by releasing small
amounts of nitrous and hydrochloric acids which transformed
normal carbonates into bicarbonates, were probably respon-
sible for the slight depression in phenolphthalein alkalinity
and in pH of the stabilized effluent from the apparatus.

Nitrate nitrogen increased very slightly from 0.10 p. p. m.
in the tap to 0.20 p. p. m. in the tube efluent but the nitrate
content in the bottle test remained unaffected. Passage
through the column caused a drop of 1 p. p. m. in dissolved
oxygen but oxygen consumed from potassium permanganate
showed practically no change.

Gravimetric calcium was determined in the column effluent
on several occasions in order to calculate pH. in Langelier’s
formula (4). The calculated value for pH. was from 0.3
to 0.6 pH unit less than the pH value of the equilibrated
effluent.

Compared with the bottle test this column is decidedly
superior, as it destroys supersaturation usually from 2 to 7
p. p. m. of calcium carbonate more completely and at the
same time provides automatic, continuous, and reasonably
current information on plant production. In waters contain-
ing free ammonia or chloramines the equilibrium pH value
is slightly depressed by nitrite formation and hydrochloric
acid release, but the small error of less than 0.05 pH lies on
the side of safety in the case of the local water and the differ-
ential obtained with this assembly is an index of the tendency
to deposit scale.
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Separation and Determination of Lead
with Salicylaldoxime

W. B. LIGETT AND L. P. BIEFELD, Purdue University, Lafayette, Ind.

ALICYLALDOXIME has been used as a reagent for the
gravimetric determination of copper (3), nickel (9), pal-
ladium (5), lead (6), bismuth (4), and zinc (4). Separations
of copper from nickel (Z, 2, 9), copper from lead (7), bismuth
from zinc (4), and bismuth from silver (4) have been carried
out by control of pH or the use of ammonia complex forma~-
tion. A careful study has been made of the effect of pH on
the precipitation of copper salicylaldoximate and nickel sali-
cylaldoximate (). It seemed desirable to study lead in a
similar manner, inasmuch as the data obtained could be used
as the basis for separating lead from other metals.

Determination of Optimum pH for Precipitation

Sorurions. Standard lead nitrate solutions were prepared
from twice-recrystallized reagent grade lead nitrate, dissolved in
water containing approximately 0.02 mole of redistilled nitric
acid per liter. Standard lead acetate solutions were prepared
from twice-recrystallized analytical reagent lead acetate dissolved
in 0.02 molar acetic acid solution. The lead solutions were
standardized by precipitation of the lead as lead sulfate.

The salicyla{doxime was obtained from the Eastman Kodak
Company. A 1 per cent solution was prepared according to
Ephraim (3) by slowly pouring a solution of 1 gram of salicylal-
doxime in 5 ml. of 95 per cent ethyl alcohol into 95 ml. of water
heated to 80° C. The solution was cooled and filtered before
using. It was freshly prepared the same day as used.

PreCIPITATION TECHNIQUE. A 10-ml. portion of a 1 per cent
salicylaldoxime solution was added to 25-ml. portions of the
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standard lead solutions. Ammonia solution wasadded in amounts
estimated to give pH values over the desired range, and in each
case water was added to give a total volume of 65 ml. The re-
sulting precipitates and solutions were each stirred for 1 hour,
and the precipitates were washed by decantation and filtered
with suction through No. 4 Jena glass filtering crucibles. The
precipitates were washed with water until free from salicyl-
aldoxime as shown by the absence of coloration of the filtrate
upon addition of ferric chloride solution, dried at 105° C. for 1
hour, and weighed as PbC/H;0,N.

MgeasureMENT OF pH. The hydrogen-ion concentration was
measured with a glass electrode pH meter (8) calibrated with
Clark and Lubs buffer solutions. The measurement was taken
upon the first filtrate decanted from the precipitate, and before
any washings had been added. The pH values were reproducible
to =0.02 pH unit.

pH RanGe ror PrecipiTATION. The results of the pre-
cipitation of lead from lead acetate solutions are shown by
curve 2, Figure 1. The amount of lead present in each
determination was 0.1095 gram. The weight of precipitate
should be 0.1809 gram if precipitation was complete and if
the formula PbC;H:O.N (Pb = 0.6053) was applicable to
the compound precipitated. The results show that precipi-
tation begins at about pH 5.5, but that the pH must be
equal to or greater than 9.4 before lead can be determined
as lead salicylaldoximate using the theoretical factor 0.6053.
Precipitation of the lead was actually complete at a much
lower pH than 9.4, as shown by the saturation of the filtrate
with hydrogen sulfide. There was no evidence of formation
of lead sulfide in any of the filtrates with pH above 7.3,
indicating that the precipitates formed up to pH 9.4 are a
mixture of lead salicylaldoximate and a basic lead salt. This
is contrary to previously published results (6), which state
that it is only necessary to have the pH above 6.5 to obtain
complete precipitation of lead as PhC;H;0.N.

Curve 1, Figure 1, is a plot of representative data obtained
using lead nitrate solutions. The amount of lead present in
each determination was 0.0971 gram, which should give a
precipitate weighing 0.1604 gram on the basis of complete
precipitation as PbC;H;0,N. As shown by the curve, pre-
cipitation of lead salicylaldoximate begins just above pH 4.8
and is complete as PbC;H;0,N above pH 8.9. Precipitation of
lead was actually complete at pH 6.9 and above, as evidenced
by no precipitation upon saturation of the filtrate with hydro-
gen sulfide, but the theoretical factor 0.6053 could not be ap-
plied to the precipitate obtained in the pH range of 6.9 to 8.9.

The effect of the acetate ion, even though present in rela-
tively small concentration, is to shift the curve above 0.5 pH
unit to the right. Higher acetate-ion concentration would
probably necessitate an even higher pH to obtain complete
precipitation. It has been reported (4) that complete pre-
cipitation of lead can be prevented by use of ammonium ace-
tate.

The curves become nearly horizontal during precipitation
of the last few percentages of lead. This flat portion of the
curve, extending over about 2 pH units, represents the inter-
val during which precipitation of the lead is complete, not
solely as lead salicylaldoximate, but probably as a mixture of
the salicylaldoxime complex and a basic acetate or nitrate.
Thus, if it is desired only to separate the lead from solution, a
pH of 6.9 for the nitrate solution and 7.3 for the acetate solu-
tion will suffice; but to weigh the precipitate as PbC;H;0,N,
the pH must be above 8.9 for the nitrate solution, and above
9.3 for the acetate solution.
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TaBLE I. AMMONIA REQUIRED TO DISSOLVE SALICYL-
ALDOXIMATES
Volume of
Metal Concentrated NH; Concentration
Salicylaldoximate NH; Added of Resulting Solution
M. Molar
Silver 0.05 0.01
Zine 0.4 0.1
Cadmium 1.2 0.3
Nickel 6.6 1.5
Cobalt . 6.7 1.5
Copper 50.0 7.0

Separation of Lead

These data show that lead can be quantitatively precipi-
tated from strongly ammoniacal solution. It seemed likely
that the separation of lead from other metals which form in-
soluble complexes with salicylaldoxime might be effected if
precipitations were carried out in solutions containing a high
concentration of ammonia.

SorLuBIiLITY OF COMPLEXES IN AMMONIA. Solutions of Bit++,
Cd++, Cot+, Cutt, Fett, Mgt+, Mnt+, Hgt+, Nitt, Agt,
and Zn** ions were prepared from reagent grade salts to contain

4,0 grams of the metal per liter of solution. To 10 ml. of each

of these solutions were added 20 ml. of a 1 per cent salicylaldox-
ime solution. The solutions were diluted to 65 ml. with water.
One drop of 4 molar ammonia solution was added to each to pro-
duce precipitation of the metal salicylaldoximate, except that the
addition of ammonia was not necessary to produce precipitation
with copper or cobalt. Concentrated ammonia solution was
then adSed dropwise, with stirring, to determine which of the
complexes were soluble in ammonia solution, and the relative ease
with which they dissolved.

It was found that bismuth, ferrous, magnesium, manga-
nous, and mercuric salicylaldoximates did not dissolve in am-
monia solution in concentrations up to 8 molar. The sali-
cylaldoximates of the metfals which form ammonia complexes
dissolved upon addition of varying amounts of ammonia, as
shown in Table I. These results do not represent equilibrium
conditions; the precipitates undoubtedly would have dis-
solved with less ammonia if a longer time had been allowed be-
tween addition of successive increments. However, from an
analytical standpoint, the data as given are more valuable
than would be the data for equilibrium conditions.

SeparATION TECHNIQUE. Solutions of copper, cobalt, zinc,
and cadmium were prepared by dissolving reagent grade acetate
salts in 0.02 M acetic acid. = Nickel and silver solutions were pre-

ared from reagent grade nitrates dissolved in 0.02 M nitric acid.
g)a.ch solution contained 4.0 grams of metal per liter.

Fifteen-milliliter portions of 1 per cent salicylaldoxime solution
were added to mixtures of lead acetate solutions, prepared and
standardized as described above, and solutions of the various met-
als from which precipitation was to be attempted. Concen-
trated ammonia solution was then added in amount sufficient to
precipitate lead salicylaldoximate and to prevent precipitation,
if possible, of the salicylaldoximate of the other metal. Water
was added to make 65 ml. The precipitate and solution were
stirred for 1 hour, and the precipitate was then permitted to settle.
The supernatant liquid was decanted through a No. 4 Jena glass
filtering crucible. The precipitate was washed, by decantation,
with a solution of salicylaldoxime and ammonia of the same con-
centration as that in which precipitation had occurred. Finally,
the precipitate was washed with 20 per cent ethyl alcohol solu-
tion, by decantation and also after transfer to the filtering cru-
cible, until it was free from salicylaldoxime. It was dried for 1
hour at 105° C., cooled, and weighed as PbC;H;O;N.

Copper. Attempts to separate lead from various mixtures of
copper solution and lead acetate solution were unsuccessful.
Copper salicylaldoximate precipitated with lead salicylaldoximate
from solutions with ammonia concentrations as high as 8 M.

Cobali. Portions of the cobalt solution were mixed with lead
acetate solution and separations were attempted employing the
technique outlined above. The data in Table I indicate that co-
balt salicylaldoximate would not precipitate in 1.5 molar ammonia
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solution, but coprecipitation of the cobalt complex with the lead
actually occurred in ammonia concentrations up to 8 M. The
precipitate obtained in all cases was a mixture of cobalt and lead
salicylaldoximates.

Nackel. The results obtained were very similar to those with
cobalt. Coprecipitation of nickel salicylaldoximate was not so
gronounced as was the coprecipitation of cobalt salicylaldoximate,

ut was sufficient to make separations impossible.

Silver. Separations of lead from mixtures containing portions
of the silver solution and of the lead acetate solution were ac-
complished, following the procedure given above. The results
are listed in Table II. A volume of 2.5 ml. of concentrated am-
monia solution was used in a total volume of 65 ml. of mixture.
The data in Table I suggest that a much lower concentration of
ammonia would prevent precipitation of silver salicylaldoximate.

Zinc. It was possible to precipitate lead salicylaldoximate un-
contaminated by the zinc complex from mixtures of the zine solu-
tion and lead acetate solution (Table II). Although zinc sali-
cylaldoximate does not precipitate from a zinc solution contain-
ing less than 0.5 ml. of concentrated ammonia solution in a total
volume of 65 ml., it was nece to have 12.5 ml. of concentrated
ammonia solution in a total volume of 65 ml. to {)revent copre-
cipitation of zinc salicylaldoximate with lead salicylaldoximate.

Cadmium. The experiments on the separation of lead from
cadmium gave results similar to those with zinc (Table II). A
volume of 12.5 ml. of concentrated ammonia solution was used in
a total yolume of 65 ml.

Metals Not Forming Ammonia Complezes. Since the solubility
experiments showed that bismuth, ferrous, manganous, magne-
sium, and mercuric salicylaldoximates do not appreciably dis-
solve in ammonia solutions, separations of lead from these ions by
salicylaldoxime and high ammonia concentrations are impossible.

TaBLE II. DETERMINATION OF LEAD

Lead Metal Precipitate Lead
Present Present Found Found Error
Gram . Gram Gram Gram My.

In the Presence of Silver

0.0219 0.100 0.0363 0.0220 +0.1
0.0438 0.080 0.0722 0.0437 —0.1
0.0876 0.080 0.1447 0.0876 0.0
0.1095 0.060 0.1808 0.1094 —=0:1
In the Presence of Zine
0.0438 0.100 0.0725 0.0439 +0.1
0.0876 0.080 0.1447 0.0876 0.0
0.0876 0.080 0.1450 0.0878 2
0.1095 0.060 0.1811 0.1096 +0.1
In the Presence of Cadmium
0.0219 0.100 0.0362 0.0219 0.0
0.0438 0.100 0.0725 0.0439 +0.1
0.0657 0.100 0.1082 0.0655 —0.2
0.1095 0.060 0.1810 0.1096 +0.1
Summary

Lead can be determined by precipitation as lead salicylal-
doximate, weighing the resulting precipitate after drying at
105° C., and calculating the amount of lead on the basis of the
formula PbC;H;O,N. From nitrate solutions, precipitation
begins just above pH 4.8 and is complete at 6.9. However,
the precipitate obtained at pH 6.9 does not have the compo-
sition represented by the formula PbC;H;0.N. Precipitation
must be carried out at pH 8.9 or above in order to obtain a
compound to which the theoretical factor of 0.6053 for lead
in lead salicylaldoximate can be applied. The effect of ace-
tate concentrations as low as 0.05 molar is to increase the pH
necessary for the beginning of precipitation, for complete
precipitation, and for complete precipitation as lead salicylal-
doximate. Thisincrease is about 0.5 pH unit.

Lead can be separated as the salicylaldoximate from silver,
cadmium, and zinc in strongly ammoniacal solutions.

Salicylaldoxime reagent cannot be used in conjunction with
high ammonia concentrations to separate lead from one or
more of the following metals in solution: copper, nickel, co-
balt, bismuth, iron, magnesium, manganese, and mercury.
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Determination of Starch by the A. O. A. C.
Malt-Diastase Method

Effect of Pretreatment of Samples

R. T. BALCH AND J. K. PHILLIPS?
Bureau of Agricultural Chemistry and Engineering, U. S. Department of Agriculture, Washington, D. C.

N THE production of starch from sweet potatoes at the
Laurel Starch Plant, Laurel, Miss., it was found impossible
to obtain a starch balance based on the starch content of the
raw materials entering the factory and on that contained in
the final products—commercial starch, pulp, and waste
waters—as determined by the official A. O. A. C. malt-
diastase method (Z). The unknown loss was much greater
than could be ascribed to faulty sampling or to any losses
which were not being estimated.

In order to demonstrate whether this loss was actual or
fictitious, starch was mechanically extracted from potatoes of
known weight and determined starch content, with the aid of
water and other solutions used at the Laurel plant: sulfurous
acid (approximately 0.015 &), alkaline sulfite (approximately
0.04 N sodium hydroxide and 0.02 N sulfur dioxide), and lime
water (approximately 0.02 N calcium hydroxide). As lime
water had been used exclusively during the previous two
operating seasons at the plant, particular attention was
given in this study to this solution and its effect on the analy-
sis of sweet potatoes and the products derived therefrom.

The mechanical extraction of starch from sweet potatoes in
the factory (§) is accomplished by grinding the potatoes very
finely, mixing the ground mass with water or solution, and
separating the starch suspended in the liquid by screening. The
washing and screening operations are repeated several times on a
countercurrent principle. In these laboratory tests 500 grams of
potatoes, ground with a sugar-beet sampling rasp, were thor-
oughly agitated with 2500 cc. of water or one of the solutions
mentioned above, and the starch milk was separated from the
pulp with a 200-mesh screen. This operation was repeated twice,
employing a fresh portion of liquid in each cycle. 'The starch
water obtained from the three extractions was combined and al-
lowed to settle in a rather shallow layer for about 4 hours, after
which the supernatant liquid was siphoned off and allowed to
settle further overnight. The first crop of starch was collected
in a Biichner funnel and washed, then transferred to a drying
tray, where it was dried at about 45° C. The dried starch was
weighed and analyzed. The second settlings were simply col-
lected and the entire amount was subjected to analysis. The
residual pulp was dewatered by filtering in a Biichner funnel,
after which 1t was weighed and analyzed.

These products were analyzed by the A. O. A. C. malt-diastase
(1) method, with very slight modifications. As it was thought
that the potatoes and pulp were sufficiently disintegrated for the
determination of starch, the samples were simply weighed out,
transferred to Gooch crucibles, and washed with water until

1 Present address, Yoder Brothers, Barberton, Ohio.

sugar-free. Ordinarily from 100 to 150 cc. of water were used in
this step. The contents of the crucibles were transferred to
beakers, the starch was gelatinized by boiling for 15 minutes on a
hot plate, and 25 ce. of malt diastase, prepared by digesting 10
?rams of freshly ground barley malt grain with 150 cc. of water
or at least 1.5 hours were added and allowed to act for 1 hour at
55° C. The boiling and malt treatment were repeated as speci-
fied. After the malt conversion, the solutions were acidified with
5 to 8 drops of glacial acetic acid to aid clarification, cooled, made
up to 250 ce., and filtered; 200 ce. of the filtrate were digested
with hydrochloric acid for 2.5 hours on a steam bath, cooled,
neutralized, and made to a final volume of 500 cc. Reducing
sugars were determined in the resulting solutions by the Lane-
Eynon titration method (3), employing 10 cc. of Fehling’s solu-
tion. For determination of the blank, a double portion of the
malt extract—100 cc.—was digested with hydrochloric acid and
made up to a final volume of 500 ce. It was later found that this
procedure for determining the blank, although specified by the
A. O. A. C. method, introduced a slight error, which, however,
did not alter the conclusions based upon these data. The error
in the blank arises from the fact that heating the malt extract,
acidifying, and filtering apparently remove from solution some-
thing which possesses a slight reducing action after acid digestion.

Applying these extraction and analytical procedures to
several lots of sweet potatoes, an average unaccountable loss
of 4.2 per cent of the starch in the potato was obtained with
water extraction, 7.3 per cent with lime water, 7.1 per cent
with alkaline sulfite, and 3.1 per cent with sulfurous acid.
With the exercise of every possible precaution to prevent ap-
preciable loss of starch, the only logical conclusion was that
the methods of analysis were faulty; otherwise a rather con-
stant unknown loss would be expected, regardless of the solu-
tion used in aiding the extraction of starch from potatoes.
It would not seem logical to obtain a progressively larger
unknown loss of starch in changing the reaction of the liquid
phase from acid to alkaline. It was certain that the alkaline
solutions did not dissolve any starch and there was no evi-
dence that the actual loss of starch in the alkaline waste
waters was any greater than in the acid waters. /

In view of such consistent results, it was decided to pre-
treat duplicate samples of potatoes taken for analysis, in the
last two extraction experiments, with the reagents used for
the extractions—water, 0.02 N calcium hydroxide, and al-
kaline sulfite (0.04 N sodium hydroxide-0.02 N sulfur dioxide).
This treatment was made after samples were weighed out and
prior to washing them in the Gooch crucible. The starch
values obtained were rather surprising. The samples given
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only a water treatment indicated 19.54 per cent starch, while
those treated with lime gave 18.12 per cent and with the al-
kaline sulfite, 18.33 per cent.

‘When these data were used in making the starch credit for
the individual extractions, the unaccountable losses became
negligible in case of lime water and alkaline sulfite but with
water amounted to 3.8 per cent in comparison with an aver-
age of 4.2 per cent for the complete series of eight experi-
ments employing water.

TABLE I. AVERAGE STARCH VALUE OF PRETREATED SWEET
Porato SAMPLES

Deviation
from Starch
Value after
Starch Water
Treatment Value Treatment
%o o
Water 22,99 .
CaEOH):. 0.02 N 21.98 —4.4
Ca(OH)s, 0.04 N 21.83 -5.0
NaOH, 0.02 N 22.05 —4.1
NaOH, 0.04 N 0.04 N NaOH 21.98 —4.4
1 i a
Alkaline sulfite ggg % %O’QH 22.01 —4.3
. i a
Alkaline sulfite 0.04 N SO: 22.13 —3.8
Sulfurous acid, 0.015 ¥ 23.02 +0.1
Sulfurous acid, 0.03 N 22.99 0
Alcohol (80%)-ether 23.06 +0.3

These results suggested a series of experiments in which dupli-
cate 5-gram samples of rasped potatoes were treated with 100
cc. of two concentrations each of calcium hydroxide, sodium hy-
droxide, alkaline sulfite, and sulfur dioxide for 1 hour and were
compared with duplicates of the same samples treated with water
and with those preserved with 80 per cent alcohol and set aside
for some time before analysis. the samples, except the last,
were washed with 100 cc. of water after being transferred to
Gooch crucibles and finally with a portion o% alcohol. The
samples preserved with alcohol were transferred to a Gooch
crucible and washed with 80 per cent alcohol and finally with
ether. The procedure of gelatinization and conversion with malt
and acid was the same as described.

The average starch values obtained with six lots of sweet
potatoes (four different varieties) analyzed in this manner
are presented in Table I.

For all practical purposes, sulfur dioxide and alcohol gave
results identical with water, while the alkaline solutions may
be grouped together, with calcium hydroxide having slightly
the greatest effect. In case of calcium hydroxide, the action
responsible for the differences in starch value from that of
the water-treated samples appears to be a function of its con-
centration, increasing as the concentration of the alkali is in-
creased. The maximum effect with 5-gram samples of pota-
toes was obtained when they were freated with 100 ce. of
about 0.04 N calcium hydroxide solution. In later tests
where barium hydroxide was substituted for calcium hy-
droxide, similar results were obtained, but increasing the
concentration of the alkali above 0.04 N had no additional
effect. Increasing the time of the action of 0.04 N calcium
hydroxide from a few minutes to 2 hours, either at room tem-
perature or at 55° C., did not alter the results beyond experi-
mental errors.

These findings are of primary importance to all analysts
making starch determinations and raise the questions of how
much dependence can be placed on any methods for deter-
mining starch in plant materials, what causes these differ-
ences, and just what criteria should be selected to determine
the accuracy of these methods. Itisobvious that many values
can be obtained on a given sample with a single analytical pro-
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cedure, depending upon treatments to which the sample was
subjected prior to analysis,

Reasons for Deviations

In attempting to explain the reasons underlying this effect
of calcium and other compounds on the determination of
starch in sweet potatoes, a number of possibilities come to
mind.

1. Compounds of calcium and other alkaline earths affect
the reducing-sugar determination with Fehling’s solution, but
since sodium hydroxide exhibited an effect similar to calcium
hydroxide, the amount of the latter which remained un-
washed from the plant tissue could not have an appreciable
effect upon the determination of dextrose itself. In fact, as
much as 5 cc. of 0.04 N caleium hydroxide added to 100 ce.
of malt extract did not change its starch value. It had long
been observed that pretreatment of sweet potatoes, or pulp,
with an alkali had a clarifying action on the malt-digested
solutions. Such solutions filtered easily and the filtrates be-
came sparkling clear, while water- or acid-treated samples
always remained more or less opalescent and slow to filter.
It has not yet been determined, however, what significance to
ascribe to this behavior and appearance of the samples at
this stage of the analytical procedure.

2. There might be some constituent soluble in alkaline
solutions and thus removed from the potato sample which, if
not eliminated, would be converted into reducing sugars and
thus estimated as starch. Examination of extracts prepared
by treating sugar-free samples of potatoes with weak solutions
of calcium or sodium hydroxide, however, failed to reveal
the presence of any substance having appreciable reducing
action either before or after conversion with hydrochloric acid.

3. Since enzymes are sometimes easily affected by certain
chemicals, pretreatment of the samples with calcium or sodium
hydroxide might prevent the normal action of malt diastase
on starch. However, starches (commercial) alone are un-
affected by a pretreatment and no evidence has been found
that malt diastase is unable to convert starch of the sweet
potato if it is available under the existing conditions. Tissues
which have been treated with calcium hydroxide do appear,
however, to disintegrate with greater difficulty on boiling, so
that a few unconverted starch granules are always found in
the residue, when examined microscopically, even after a

TaBLE II. ErrFECT OF PRETREATMENT? WITH CHEMICALS ON
STARCH VALUES OF SWEET POTATOES

Deviation Deviation
Salts Starch from Value Alkalies Starch from Value
(0.04 N) Value with Water (0.04 N) Value with Water
% % o %o
(Water) 23.02 ey 23 (Water) 22.73 3
NaCl 22.65 —1.6 NHOH 22,34 —1.7
BaCla 22.33 —-3.0 NaOH 22.06 —2.9
NaCls 22.41 —-2.5 KOH 21.90 —3.6
Na:804 22.57 —2.0 Ba OHgs 21.67 —4.7
CaS0O4 22.41 —-2.5 Ca(OH)2 21.83 —4.0
Al(SO4a  22.49 —-2.3
NaHCO; 22.49 —2.3 Acids
Na:COs 22.49 -2.3 (0.02 N)
%Water) 22.60 (Water) 22,60 A
HaPO4 22.60 0 HCI 22,60 0
NaOCl H2S0s 22.60 0
(0.025 H3iPO« 2252 —0.5
gram Acetic 22.60 0
available Ozxalie 22.68 +0.5
Cl: per Citric 22.45 0.6
100 cc.) = 22.11 —2.1

@ Pretreatment consisted of adding 100 co. of solution to 5-gram samples
and allowing to stand 1 hour at room temperature before transferring to
Gooch crucibles and washing with water.
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TaBLE III. StArRcH VALUES OoF SWEET POTATOES AND OF PULP

AFTER REMOVAL OF STARCH WITH WATER

Starch Value
after Treatment

Expt. 0.04 N  Differ- _ Deviation from
No. Product H:0 Ca(OH)2 ence Value with Water
% o % o
1 Bweet potato 24,19 23.16 1.03 —4.3
Sweet potato pulp 11.90 8.04 2.96 —-25.8
2 Sweet potato 25,90 24.65 1.34 =520
Sweet potato pulp 9.90 6.71 3.19 —32.2
3 Sweet potato 22.14 21.16 0.98 —4.4
Sweet potato pul
(1st extraction 14.51 11.43 3.08 —-21.2
Sweet potato pulp
(2nd extraction) 6.77 4.27 2.50 —36.9
Sweet potato pul
(3rd extraction 5.10 2577 2.33 —45.7
Sweet potato pulp®
(agitated about 45
min.) 4.26 2.42 1.84 —43.1 (moisture
86.01%)
5 Sweet potato pulp? 4.02 2.61 1.41 —35.1 (moisture
64%)

@ Coarse particles removed by 20-mesh screen.

double malt treatment. Since sodium hydroxide has an effect
similar to caleium hydroxide in the determination of starch
but an opposite effect on the physical properties of the pulp,
there must be some other explanation for their action. There
is not sufficient unconverted starch in the
samples pretreated with an alkaline solution
to account for the large reduction in their

ANALYTICAL EDITION 817

of the reagents were kept low, to be eertain that raw starch
itself was not affected by them.

Because those constituents of the sweet potato, other than
starch, which contribute to its starch value, appear to be
fairly insoluble in cold water or the reagents used in this
study, one would expect to find much greater effects caused
by pretreatment in the analysis of the residual pulp after ex-
traction of starch with the aid of water. Examination of the
data given in Table III reveals this to be the case.

The extraction experiments indicate a loss of substances
which interfere with starch determination in the waste waters;

~ otherwise an appreciable unknown loss would not have been

obtained when either water alone or a solution of sulfurous
acid was used to remove starch from the ground potato.
Treating samples for an hour or longer with water at 55° C.
caused a reduction in the starch value of both potatoes and
pulp, aside from any likely conversion and loss of starch
caused by the naturally occurring diastase.

Pretreatment of samples with alkaline solutions prevents
to a very slight degree complete conversion of starch with
malt, apparently because starch from such treated material
is not so readily freed by boiling. Although grinding potato
samples with sand after pretreatment did not increase starch
values beyond experimental errors, the effect of additional
grinding of pulp samples was variable, depending upon
whether the grinding was done before or after treatment with
lime. The data indicate that the combination of calcium hy-
droxide with these compounds is not always completed by the

starch value; if present, it could be de-
tected by simple staining with iodine or by
microscopic examination, if necessary, for with
potatoes the average difference corresponds
to 35 mg. of starch per 5-gram sample, Expt,
while with pulp it corresponds to about twice

No. : Preparation

TasLE IV. StarcH VALUES OoF SWEET PoraTors (OBTAINED BY DIFFERENT
DiasTAsE PrepAraTIONS WITH A. O.

A. C. PROCEDURE)

Starch Value after

Treatment with Lodine Reaviion

Deviation of Solution after
from Value Enzyme Con-

Enzyme 0.04 N
Water Ca(OH)a with Water version

Used per sample
Grams

this amount. % % %
To furnish further proof that unconverted Malt 01.&5“"18 22.16  20.92 —5.6
starch was not a factor, samples of sweet 11 Amylase 0.1 22,14 = 21.43 —3.2
potatoes were analyzed with and without e diaeis o 2Lt 2L ol =2l
further disintegration by grinding with sand. A s et R _39
No §1gmﬁc.ant. increase in starch values was Nivoyey i e i
obtained, indicating that the samples were
s Malt =3.3 grams Water and Ca-
ground finely enough by the rasp to yield grain 23.52  22.33 —5.1 (?H), sam-
consistent results with potatoes, regardless of ) bothiyel-
pretreatment with calcium hydroxide. In Amylase 0.005 21.03 CaI(J?eH})ﬁuesam-
cage of pulps resulting from the extraction of Amylase 0.010 20.90 Ca(OH): sam-
starch with water, hgrmdingh thlh sa?d hdld Anyiase 0.020 21.76 C“?ﬁh{,}ue”m‘
1 ple, blue
seem ;t0 increase the starch iyalue: of those Amylase 0.050 23.36  22.10  —5.0  Water sample,
samples pretreated with lime but not with yellow; Ca-
water. Howe\{er, this increase probably does §8dd{;§;§g}fé
not represent liberated starch. Amylase 0.100 22.19 Ca(OH): sam-

4. The more plausible explanation of the

ple, red

effect of pretreatment upon the starch value
of sweet potatoes would seem to be the
presence of constituents capable of being con-
verted into reducing compounds, probably sugars, when in
their natural condition, by heating or malt diastase and acid
digestion; after treatment by free alkalies or by salts, this
characteristic is altered to a greater or less extent, depending
upon the degree of combination which occurs and the inertness
of the resulting compounds. The data in Table II, pre-
sented in support of this conception, show that acids appar-
ently have no effect; that alkalies have the greatest effect;
and that salts are intermediate in action. The effects of
concentration of the various solutions were not established
except with caleium and barium hydroxides. Concentrations

simple treatment usually given the samples, and that in-
crease in the starch value is largely due to the liberation of
some of the material in an uncombined condition in which it
is available for extraction or conversion by malt diastase,
rather than to liberating additional starch. The reaction be-
tween calcium and these constituents seems to be easily af-
fected—for instance, neutralization of the excess alkalinity
with acetic acid just prior to transferring and washing the
samples in the Gooch crucible appreciably raised the starch
value and neutralization was less effective if the samples were
treated with calcium hydroxide after being more finely ground
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with sand; the use of a large dosage of malt extract slightly
increased the starch values of pretreated pulp.

In order to obtain further proof that some constituents of
sweet potatoes other than starch contribute to the starch
value determined by malt diastase, amylase (Wallerstein’s)
and taka-diastase were substituted for it, but otherwise
the same procedure was used. Comparisons were made
on the assumption that these preparations are mixtures
of enzymes in varying proportions and that different re-
sults would be obtained after the same pretreatment if
the variation in apparent starch value is due to the con-
verting action of the enzymes. On commercial starch these
enzymes gave identical values, within analytical errors, but
in the analysis of sweet potatoes gave somewhat variable
results (Table IV).

The low starch values obtained with less than 0.05 gram
of amylase were apparently due to incomplete conversion of
starch into a fully soluble form. In all these samples calcium
hydroxide reduced the degree of conversion by amylase,
judging from the iodine reaction. This is doubtless caused,
to a certain extent, by an increase in pH above the optimum;
these solutions were not buffered but the mere presence of
calcium seems to possess a slight retarding action. In the
case of malt diastase there was either sufficient buffering ac-
tion or sufficient enzyme concentration to overcome any ap-
preciable retarding action of the calcium compound, for the
reaction of the converted starch solution was always yellow
toward iodine. The pH of the lime-treated samples after
conversion with malt diastase was somewhat higher than that
of the untreated samples—for example, in case of potatoes,
the pH was approximately 7.5 instead of 7.0. As salts them-
selves affect the starch determination, it is not possible to em-
ploy buffer solutions on potatoes and differentiate precisely
between their effect and that of hydrogen ions, although it
would be extremely desirable to do so.

Limited tests by the official A. O. A. C. method (2) have
indicated the presence of pentosans, aside from those derived
from the malt extract, in the solution obtained from fleshy
plant materials after boiling with water and treatment with
malt extract at 55° C. It is obvious that the pentosans were
derived from the plant material, but no attempt was made to
determine whether these became soluble as a resulf of enzy-
matic action of the malt extract or as a result of degradation
caused by boiling the sample prior to malting. Probably
the latter is partially responsible, judging by the relatively
high solubility of pectinous material in hot and relatively
weak salt solutions—for example, sodium or ammonium oxa-
late and sodium phosphate—citric acid buffer solutions whose
reaction is around neutrality—which, of course, would give
pentosan reactions. If such pentosans are present, they will
be determined as dextrose and calculated as starch. There
are probably other constituents which give pentosan reac-
tions which also contribute to the errors of starch analysis of
fleshy plant materials.

The solubility of these constituents is doubtless altered by
the treatment accorded the sample prior to digestion. A rela-
tively large proportion appears to be acidic in nature, as
they seem to react with bases or salts to form compounds
having a lower solubility in water or inactivity toward the
enzymes of the malt extract (or both). Treatment of such
fleshy plant materials as sugar-beet pulp, carrots, and ruta-
bagas, which contain no starch or at most very little, with
lime water prior to analysis reduces their apparent starch
content from 58 to 100 per cent below the original value de-
termined by the official malt-diastase method. In cases
where pentosan determinations were made, pretreatment of
the sample with lime water reduced the apparent pentosan
content of the solution after malt treatment from 65 to 75
per cent below the original value. These results (Table V)
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indicate that pretreatment of vegetable matter with alkalies,
particularly calcium (or barium or strontium), materially re-
duces the error resulting from solubilizing certain constituents
which exhibit reducing power after malt and acid conversion
and hence are calculated as starch.

Errors of a similar order were also evident in the recently
developed polariscopic method (4) in which dispersion of the
starch is accomplished by small amounts of sodium hypo-
chlorite at boiling temperatures. Pretreatment of the samples
with lime water seemed to correct the polarization of the
starch solution prepared with the hypochlorite more effec-
tively than it did the reducing power after malt and acid di-
gestion. Further work should be conducted, however, to de-
termine the accuracy of this belief, possibly on starch-free
fleshy vegetable matter such as carrots to which pure starch
can be added in varying proportions to simulate starchy
vegetables.

TaBLE V. EFFECT OF PRETREATMENT OF FLESHY PrLant Ma-
TERIALS WITH CALciuM HYDROXIDE

Ig:.mo_f Starch Value after
ples _ Pretreatment Deviation
Ana- 0.04 N Differ- from Value
Plant Material lyzed  Water Ca(OH): ence with Water
o % %o o
Sweet potatoes 51 22.25 21.55 0.70 —3.1
Sweet potato pulp 33 7.34 .89 1.45 —19.8
White potatoes 5 13.04 12,54 0.50 —3.8
White potato pulp 2 7.21 3.97 3.14 —44.9
Dasheen 1 26.91 26.20 0.71 —2.6
Rutabagas } 8 oo 8(1)3 8.30 —66.7
3 .68 —100.0
s L oy ot e
Sugar:beet pulp 18 3019 s i ieg - =Ty
Pentosan
Content of
Solution after
Pretreatment Malt Digestion
Yo
Beet pulp® H.0 2.75
Ca(OH): 0.44
Sweet potato pulp 1 0.43
Ca(OH): 0.11
4 Same sample.
Summary

The data on sweet potatoes indicate that a considerable
error in starch value arises with the malt-diastase method
when the usual procedure is followed. Pretreatment with
calcium or barium hydroxide solution prevents, to a very
great extent, the action of malt diastase on certain nonstarchy
constituents usually determined as starch, and for the most
accurate determination of starch in sweet potatoes such pre-
treatment is very essential.
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Effect of Soft Glass on Melting Point of Rotenone

HOWARD A. JONES
Bureau of Entomology and Plant Quarantine, United States Department of Agriculture, Washington, D. C.

ONES and Wood (Z) have recently shown that the
melting point of a-toxicarol is markedly lower in soft-
glass than in hard-glass capillary tubes; one sample ‘that
melted at 230-231° C. in Pyrex melted at 205-206° C. in
ordinary soft glass. The effect was shown to be due to the

dealing with rotenone and related compounds, melting points
determined by capillary tube should be made in a glass of
low alkalinity such as Pyrex.

It is not intended to imply that the melting-point method of
determining rotenone purity is used or recommended by this
writer. He merely wishes to point out
to those who employ it that use of soft

glass for melting point constitutes a

TasLe I. MpuriNg PoiNTs AND DEGREES OF PURITY OF ROTENONE IN CAPILLARY 3
Grass TUBES possible source of error. As a matter
In Pyrex Glass In Ordinary Soft Glass  In Corning Electrode Glass of fact it is his opinion tha’t_ Ot’h?r
Rotenone Melting~  Degree of  Melting Degree of Melting Degree of sources of error are also present in this
Sample point purity point purity point purity .
° . (cor) % ° C. (cor) 7, ° C. (cor) % method and that purity of rotenone
Pure 163-164 100 159.5-160.5  99.4 155-156 98.6 g“"'y lbe more accurately determined
mpure 5
3 sample A 161-162 99.8 157.5-159 99.0 154.5-155.5 98.4 ¥ G R
mpure
sample B 151.5-153.5 97.8 149-151 97.2 146.5-148.5 96.6 Literature Cited

greater alkalinity of the soft glass. Rotenone has also been
found to exhibit a less marked but definite depression of
melting point in soft glass. Pure rotenone melted about 3°
lower in ordinary soft glass than in Pyrex and about 5° lower
in a more alkaline soft glass (Corning electrode glass No. 015)
than in ordinary soft glass.

This effect is important in the analysis of derris and cube
roots for their rotenone content. Many workers use the
melting point as a qualitative indication of the purity of the
rotenone obtained. TFurthermore, in the quantitative method
of Meijer and Koolhaas (3) the melting point of the separated
rotenone is used as one means of calculating the purity, and
from this the content, of the sample.

The melting points of pure rotenone and of two samples of
impure rotenone in Pyrex and in two soft glasses are given in
Table I. The glass was cleaned, and melting points were
determined by the methods used in the work on a-toxicarol
(1). TFrom the qualitative standpoint a melting point of 155—
156°, the value obtained for pure rotenone in Corning elec-
trode glass, would not be considered to indicate a high degree
of purity. Furthermore, the melting points in soft glass are
not only lower but less sharp than in Pyrex and thus give
every indication of material of lower purity.

By use of a graph given by Koolhaas (2), the degree of
purity indicated by these melting points was determined, on
the assumption that the graph held for the samples used here,
and these values are also recorded in Table I. Meijer and
Koolhaas (3) state that for calculation of purity by this
method the melting point should not be less than 140°;
hence, samples with lower values have not been included in
this work. The maximum difference in apparent purity of
any one sample as calculated from the melting points in Pyrex
and Corning electrode glass is shown to be 1.4 per cent. This
would introduce an error of only about 0.1 per cent in the
rotenone content of a 5 per cent rotenone sample and about
0.2 per cent in that of a 10 per cent sample. Although the
discrepancy in melting point between Pyrex and soft glass
does not introduce a very serious error into results by this
method of calculation, it is a recognized source of error which
is easily eliminated and should be avoided.

To specify that all melting points should be taken in the
same type of soft glass is not sufficient, since the lowering
effect, as stated for a-toxicarol, must depend on the degree of
contact with the glass, and hence on the size of the crystals
and other factors. In all analytical and investigative work
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Stability of the Permanganate-
Periodate Color System

J. P. MEHLIG
Oregon State College, Coryallis, Ore.

N MAKING a spectrophotometric study of the Willard
and Greathouse periodate method (2) for the colorimetric
determination of manganese the writer (1) found no evidence
whatever of fading or other change in the color of the system
over a period of two months.

The solutions which had been used in this test, containing 1.25
2.50, 3.75, and 5.0 mg. of manganese with 10 ml. of concentrated
sulfuric acid and 0.3 gram of potassium periodate per 250 ml.,
were allowed to stand in glass-stoppered ex bottles in diffuse
light for an additional 23 months. Spectral transmission curves
were then made and compared with the curves given by the
corresponding freshly prepared solutions. From the transmit-
tancy at 522 mpu the percentage error in the apparent concen-
tration of manganese was calculated () by use of the special
color slide rule.

TasLe I. SrtasirLity oF CoLor

Transmittancy at 522 mp Apparent Change
Concentration Fresh Old in Concentration
of Manganese solution solution of Manganese
M./l % % %
5 39.5 39.8 -0.7
10 15.2 16.6 —4.6
15 5.9 6.0 —-0.5
20 2.0 2.7 —-7.5
The results, given in Table I, prove that the color of the

permanganate-periodate system is exceptionally stable.
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The Signer Method for Determining
Molecular Weights

E. P. CLARK
Bureau of Entomology and Plant Quarantine, United States Department of Agriculture, Beltsville, Md.

5 MM, F1GUrE 1. SIGNER MOLECULAR-WEIGHT APPARATUS
8.5 CM.
16.5 CM,
1.5CM
8 CM
3 CM. %)

r 20 CM.

HE purpose of this communication is to call attention to

and elaborate upon an extremely accurate but little
known method for determining molecular weights. The pro-
cedure published by Signer (1) involves the principle of iso-
thermal distillation and has been shown experimentally to be
practical. However, the original directions are such that
more specific information is desirable. For this reason a
workable outline for making the determination is presented.

The experiment consists in permitting two solutionsin an evacu-
ated system, with solvent vapors in contact, to arrive at vapor-
pressure equilibrium by isothermal distillation. Arrangements
must be available for determining the volumes of each solution.
The apparatus used to realize this is shown in Figure 1. It is
smaller than the original, to make possible accurate measurements
of 1.5 to 1.7 cc. of liquid. The solutions usually employed are ap-
proximately 0.1 molar, from which it follows that the quantity of
substance necessary for a determination is small.

The samples of standard and unknown material, in the form of
pellets, are weighed and dropped through the open side arms of
the apparatus, so that one Eulb receives the standard and the
other the unknown. The filling tubes are then constricted near
their bases to facilitate subsequent sealing. As soon as the glass
cools, 2 cc. of solvent are added to each bulb, after which one
tube is sealed at its constriction. As this seal is made, a very
gentle stream of dry air should be blown through the tube to pre-
vent vapors of the solvent from coming in contact with the hot
glass. The system is then evacuated from a line in which is inter-
posed 1 meter of 1-mm. capillary tubing, and in this manner
a 11_::roxinmtely 0.3 cc. of solvent is distilled from each bulb.
VE ile the distillation continues, the constricted part of the con-
necting tube is sealed with a soft gas-oxygen flame. The closed
evacuated system then contains two solutions containing defi-
nite quantities of standard and unknown material arranged as
outlined above. Therefore, if the entire apparatus is isother-
. mally insulated, solvent will distill from the solution of greater
vapor pressure to the one of less, until equilibrium is established.
WEen this occurs the volumes of the two solutions will be con-
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stant and equimolar. These volumes may then be read by tilting
the apparatus and draining the solutions into the graduated side
arms. Five minutes are arbitrarily taken for this purpose.

With the data thus available, it follows from Raoult’s law that

GiMV

M, av.
where M, V, and G are, respectively, the molecular weight, vol-
ume of solution, and weight of the standard, and M;, V,, and G,
are the corresponding values of the unknown. In practice, the
volumes are read every 1 to 3 days, depending upon the solvent
used, until they become constant.. The results thus obtained may
be plotted (volume against time) and, if the experiment is pro-
gressing normally, smooth typical curves are obtained as pre-
sented in Figures 2 and 3.
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FIGURE 2. AZOBENZENE-0-CHLOROBENZOIC ACID

Solvent, ether; solutions 0.1416 molar at equilibrium. Molecular
weight of o-chlorobenzoic acid, 156.5; found, 158
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FIGURE 3. AZOBENZENE-PYROTENULIN

Solvent, chloroform; solutions 0.1367 molar at equxhbnum Molecular
weight of pyrotenulin, 288.3; found, 288.4

The essential experimental factor in this determination is
the maintenance of the apparatus in an isothermal condition.
A very simple way to do this is to conduct the experiment at
room temperature in a heavy metal container, such as an
aluminum pressure cooker, which has a high thermal conduc-
tivity. TUnder these conditions the time necessary for a pair
of solutions to reach equilibrium is greater than at elevated
temperatures, but the simplicity of the procedure and the
accuracy of the results warrant its use. The duration of the

TaBLE I. MoLeEcULAR WEIGHTS DETERMINED BY METHOD
DESCRIBED
Molecular Weight
Substance ound Caloulated
a-NltronsphthaIene. CuHiNOs 173.7 173.1
Rotenone, 393.3 394.3
2-(3-Chlorobenzoyl)-benzom acid,

CuH0:C 260.7 255
o—Chlorobemolc acid, CrHi0:Cl 156.5 157 .4
Pyrotenulin, Ci7H104 288.3 288.4
Isotenulin, Ci7HnOs 304 306.4
Feruho acid, CiHuOy4 195.5 198.1

-leromod:phenyl CuHiBr: 313 312

experiment is also dependent upon the concentration of the
solutions, their relative molarity when prepared, and the sol-
vent used. The best solvents are those with high vapor pres-
sures. Ether, acetone, ethyl bromide, and chloroform have
been employed, but others would undoubtedly be as good.
These factors can be judged by a study of the curves in
Figures 2 and 3, where ether and chloroform are the respec-
tive solvents. Azobenzene is an excellent standard where
organicsolventsareused. Itis easily purified, is permanent in
the air, and is readily soluble in most solvents, and the color
of its solution distinguishes it from the unknown.

The procedure as outlined has given uniformly good results
with all classes of compounds studied and appears to be gener-
ally applicable. It is thus one of the best methods available
for the determination of molecular weights. Several results
obtained by it are presented in Table I.

Literature Cited
(1) Signer, R., Ann., 478, 246 (1930).

Determination df Hydroxyl Content

of Organic Compounds
Acetyl Chloride as a Reagent

BERT E. CHRISTENSEN, LLOYD PENNINGTON, AnD P. KEENE DIMICK
Oregon State College, Corvallis, Ore.

HE simplest methods for the determination of the hy-

droxyl radical in organic compounds are those based on
esterification procedures. Acetic anhydride with and with-
out pyridine has been widely used in this connection (2, 3, 4,
6), but although acetyl chloride is a much more active acetyl-
ating agent, little attention has been given to the possibility of
using it in quantitative work (6). It is difficult to measure
and handle small amounts of this reagent.

Smith and Bryant (5) were the first to recognize its possi-
bilities and employ it for analytical purposes. These workers
avoided the problem of volatility and activity by employmg
it in the form of an acetyl pyridinium chloride suspensmn in
toluene; in other respects their method was similar in prin-
ciple to the acetic anhydride-pyridine procedures. In this
indirect use of acetyl chloride it is probable that ketene (8) was
the acetylating agent.

Much would be gained if pure acetyl chloride rather than
a suspension of acetyl pyridinium chloride in toluene were

used as the esterifying agent. This would eliminate the
annoying pyridine vapors, the diluent and solubility effects
of the toluene, and the use of a solid acetylating agent.

In order to use pure acetyl chloride a way must be found to
measure and control it. Acetyl chloride reacts very slowly
at low temperatures even with methanol; consequently solid
carbon dioxide offers a convenient means of controlling its
reaction rate. Linderstrom-Lang and Holter (I) have de-
scribed an ingenious pipet for the precise measurement of
small volumes. Using a modified form of this instrument,
a simple technique has been developed for using pure acetyl
chloride in determining the hydroxyl content of organic com-
pounds.

Experimental

REeAGENTS. Acetyl chloride, Eastman (practical), sodium
3ydroxxde, 0.3 N (carbonate-free), phenolphthalein indicator, and
ry ice
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Ficgure 1. DIAGRAM OF PIPET
AprpAarATUS., The pipet illustrated diagrammatically in Fig-

ure 1 was constructed from 10-mm. Pyrex tubing, was 21 cm.
over-all, and delivered 0.5 ml. of liquid. Its two important
{eatures were the 0.1-mm, constriction and the split rubber cap.
By pressure parallel to the slit, the cap functioned as a medicine
dropper. When a slight pressure was exerted in the opposite
direction, the slit opened and the contents were then free to drain.

The pipet was filled in the manner of a medicine dropper, the
slit was opened, and the contents were drained to the constric-
tion. The acetyl chloride could now be transferred to the reac-
tion vessel. In delivery, by opening the slit, the contents of the
pipet were allowed to drain into the lower capillary and then a
slight pressure was exerted on the closed rubber cap, slowly fore-
ing all the liquid out of the pipet.

he reaction vessel (Figure 2) was constructed from a 20-cm,
8-inch) and a 10-cm. (4-inch) test tube. An inverted 15-cm.
6-inch) test tube fitted with a glass hook served to seal the
water trap.

ANALYTICAL PROCEDURE. Samples of 0.1 to 0.750 gram (de-
pending on the compound) were weighed in a 10-cm. (4-inch)
test tube which in case of volatile materials was stoppered during
the weighing. The test tube was then immersed in dry ice.
After the charge was sufficiently chilled, a measured charge of
acetyl chloride was added with the pipet and the small test tube
was placed in a 20-cm. (8-inch) test tube containing 5 to 10 ml.
of water., As indicated in Figure 2, a 15-cm. (6-inch) test tube
inverted over the smaller test tube served as a seal. The tube
was then stoppered and placed in a bath at 40° C. for 20
minutes. In many cases this was unnecessary, since reaction
took place immediately on coming to room temperature.

After 20 minutes the reaction vessel was
inverted to hydrolyze the excess acetyl
chloride. The contents were carefully re-
moved and titrated with standard sodium
hydroxide, using ﬁhenolphthalein as the
indicator. A small amount of alecohol was
used to wash the last traces of ester from
the reaction flask. The per cent of hy-
droxyl present was then calculated by
means of the simple equation

(Blank — ml. of sodium hydroxide) X
normality X 17 - 9
=70

10 X weight of charge

Because of the quality of acetyl chloride
used and because its titer may change with
temperature, it is necessary to make blank
determinations simultaneously. These
blank runs also serve as a good check on
the analyst’s precision. Whenever fading
of the end point occurred, the base was
added in small increments (0.03 ml.) until
the color persisted for 30 seconds.

Results and Discussion

The results obtained with this pro-
cedure are given in Table I.
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TasLE I,
Per Cent of
Theoretical
No. of Hydroxyl Average
Detns, Content Deviation
Primary and secondary aleohols
Methanol 4 95.4 0.3
Ethanol 5 95.7 0.2
Propangl-1 4 95.4 0.3
Propanol-2 4 95.4 0.1
Butanol-1 5 98.5 0.5
2-M eth{lpropanol—l 5 98.9 0.3
Butanol-2 3 98.2 0.1
Pentanol-1 5 96.1 0.3
3-Methylbutanol-1 5 100.1 1.0
Pentanol-3 5 99.0 0.2
Hexanol-1 5 93.9 0.2
Cyclohexanol 5 99.7 0.2
2-Fthylhexanol-1 5 100.0 0.1
Octanol-2 5 98.6 0.2
Lauryl alcohol 4 97.2 0.8
Benzyl aleohol 5 101.0 1.0
Furfuryl alcohol 5 .
Cinnamyl aleohol 5 99,09 1.2
Tertiary alcohols
2-Methylgropanol—2 5 49.0% 1.9
2-Methylbutanol-2 5 88.7b 2.4
Bengopinacol 1 3.5¢
Polyhydrie aleohols
Glycerol 4 98.8 0.4
Ethylene glycol 4 99.1 0.3
Propylene glfcol 4 99.0 0.4
Diethylene glycol 3 99.0 0.4
Mannitol 3 93.44 3.2
Substituted alcohols
Ethgena chlorohydrin 5 98.6 0.2
1,3-Dichloropropanol-2 4 100. 0.3
Terpenes
Borneol 5 100.9 0.1
Menthol 5 100.7 0.3
Geraniol 5 140, 4¢ 4.5
Linalodl 5 131.0¢ 1.5

Interfering factor:
¢ Poor end point, unable to titrate.
® Reacts with evolved hydrogen chloride.
¢ Rearrangement.

ACETYLATION OF ALCOHOLS AND PHENOLS

No. of
Detns,

Miscellaneous
Lithium lactate
Rochelle salt
Citric acid
Benzoin

PO

Phenols
Phenol
0-Cresol
m-Cresol
p-Cresol
p-tert-amyl phenol
a-Naphthol
-Naphthol
'hymol
Xylenol
Catechol
Hydroquinone
Resorcinol
Orcinol
Phloroglucinol
Pyrogallol

B0 O RO 1D 00 i B OO RO D O s S en

Substituted phenols
Guaiacol
Isoeugenol
Vanillin
p-Chlorophenol
o-Chlorophenol
2,4-Dichlorophenol
3-Bromo-4-phenylphenol
2,4,6-Triio o&)henol
o-Nitropheno
m-~Nitrophenol
p-Nitrophenol
2,4-Dinitrophenol
2,4,6-Trinitrophenol
3,5-Dinitro-o-cresol
Salicylic acid
m-Hydroxyl benzoic acid
{-Hidroxyl benzoic acid

lethyl salicylate

a-Nitroso-g-naphthol

4 Solubility.

RONRDNRUIRNRN =N oionn

Per Cent of
Theoretical
Hydroxyl Average
ontent Deviation
102.2 1.5
65.84 157,
38.3d 3.1
124.1/ 3.2
99.4 0.2
100.6 12k
99.9 0.2
101.0 0.5
101.2 0.1
107.7¢ 4.5
110.6¢ 5.5
99.5 0.7
99.3 0.3
100.1 0.5
98.2 0.3
98.7 0.3
98.0 1.4
a
98.7 0.8
99.7 0.5
13Z.2' 4.1
101.0 0.4
99.2 0.5
96.5 0.1
100.6 1.3
8.1
100.9 151
103.1 251
100.0 0.9
9.5 0.5
1.6
a
3.3
61.9 4.3
89.8 6.5
14.8 3.1

¢ Possibly addition with evolved hydrogen chloride.

/ Enolization.
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This method is rapid and lends itself to mass production
methods. It has considerable applicability and gives as good
a precision as older methods based on the use of an acetylating
agent. In the case of the phenols the results in general were
superior. From the results in Table I it is apparent that
several limitations are imposed by the character of the mole-
cule undergoing esterification.

The effect of solubility in this connection has been noted
by others (5). In initial experiments with mannitol low re-
sults wereobtained. Whenasmall amount of water was added
to this compound the acetylation was almost complete. The
interference of several functional groups—for example, alde-
hyde and nitroso—with indicators was observed. This made
titration by the usual methods impossible.

Side reactions involving the liberated hydrogen chloride
may account for several unusual results, particularly in the
case of such olefinic compounds as geraniol, linaloél, and iso-
eugenol, and may explain the unusual behavior of alpha- and
beta-naphthols in which one ring readily forms addition
products (7). The data obtained with tertiary alcohols can

also be explained on this basis, since such alcohols are known

to react readily with hydrogen chloride (7).
Interesting observations were noted in the studies of the
substituted phenols. As indicated in Table I, the more
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acidie phenols such as picric acid were not acetylated. This
was to be expected, as the hydroxyl group is more acidic than
phenolic in character and therefore behaves as an acid (7).

The failure to acetylate salicylic acid and its isomers cannot
be adequately explained on this basis; perhaps it is more a
question of chelation. It is evident that such factors as
solubility, chelation, unsaturation, enolization, and rearrange-
ment are important in determining the hydroxyl content of
organic compounds by the use of acetyl chloride.
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A Method of Installing Tube-Wall Thermocouples

E. L. PATTON AND R. A. FEAGAN, JR., United States Department of Agriculture, Naval Stores Station, Olustee, Fla.

HE determination of heat transfer coefficients through
liquid films requires a method of measuring tube-wall
temperatures.

McAdams (4) gives an excellent discussion of the measurement
of surface temperature, citing the literature on the subject. Col-
burn and Hougen (3) also discuss the errors resulting when ther-
mocouple junctions are installed directly on the surface or when
the leads are brought out through a medium either hotter or
colder than the junction. All workers agree that it is advisable
to bring the leads from the thermocouple junctions through a
substantially isothermal zone (as through the metal wall itself
rather than through the fluid stream), but McAdams states that
the difficulty of construction has probably prevented wide use of
this method.

-~ ANY DESIRED DISTANCE

Rietschel (6) installed the thermocouple junctions in grooves
in the wall of a pipe or tube and brought the leads out in grooves
covered over with litharge and glycerol cement. Reiher (§) and
Colburn and Hougen (3) also used a groove installation and de-
pended on litharge and glycerol cement for insulation, although
the leads were finally brought out through the hot vapors.

Baker and Mueller (2) used an installation similar to that of
Colburn and Hougen, in that a groove was cut three quarters of
the distance around the tube and the junction was installed in a
drilled hole at the end of the groove. The leads were sealed into
the groove and finally carried out through the hot vapors. Vari-
ous methods of sealing the lead wires into the groove were tried
by Baker and Mueller who state that ‘“pure Bakelite varnish plus
a filler had a tendency to shrink and crack in service. Litharge
and glycerol cement disintegrated. Litharge and glycerol cement
with a covering of the Bakelite varnish a%so failed)f” This was

probably due to the fact that they con-
; densed vapors of organic compounds as
| well as steam. In the method finally

W~ LEADS OUT
€

4 JUNCTION
& | BRASS TUBE
\, &1

adopted, they enclosed the leads in small
brass tubes and sealed them intothe grooves
with solder which was polished until flush

Ty

\teriorn:

R

— e L D

with the surface of the heat transfer tube.
However, the leads were brought out of the
condenser shell through the hot vapors.
Akin and McAdams (7) installed thermo-
couple junctions in holes drilled tangen-
tially in the wall of the heat transfer tube
and insulated the lead wires with Pyrex

A e
RANSFER TUBE

THERMOCOUPLE
WNCTIN o>y /B

HEAT T
BRASS

capillary tubing.

In investigating the heat transfer
coefficients for the condensation of mixed
vaporsof turpentine and water on a single

horizontal tube, the authors sought a
method of tube-wall thermocouple in-

stallation which would meet the following

——————————

stipulations: (1) lead wires to be brought
out entirely through a substantially iso-
thermal zone; (2) no insulation to be

Fi1Gure 1. DETAILS OF INSTALLATION

a) > exposed to turpentine, which readily
attacks and softens litharge-glycerol
cement and similar materials; (3) con-
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struction to be sufficiently simple to be performed in the
average machine shop at moderate cost.

The method which was finally worked out apparently satis-
fies these conditions.

Details of the installation appear in Figure 1, which shows only
the tube and the method of installini the thermocouple junctions
in the tube wall. This tube could be that of a single-tube test
condenser, liquid-to-liquid heat exchanger, evaporator, or other
piece of experimental equipment where the measurement of tube-
wall temperature is necessary. The tube used in this work was
l-inch, extra-heavy copper pipe.

A slot is milled in the outside wall of the tube, parallel to the
longitudinal axis, from the point at which the junction is to be in-
stalled to a point where the leads may be brought out without
influencing tﬁg transfer of heat or the flow of fluids. This opera-
tion is easily performed in a well-equipped machine shop. The
junction is installed in a 0.062-inch hole drilled 0.25-inch into the
tube wall at an angle from the slot. The junction is inserted in
this hole and soldered in place. The leads are enclosed in a small
brass tube and laid in the slot. The brass tube is bent slightly
at the end and butted against the wall of the slot, in such a wa
that it completely covers the leads. The slot is then filled in wit
solder and is polished down to the original contour of the tube.
The size of the slot depends on the size of the brass tubing neces-
sary to enclose the leads. For a pair of No. 24 enameled, silk-
covered wires, a brass tube 0.093 inch in outside diameter and
0.071 inch in inside diameter will be found satisfactory. This
tube will fit nicely in a milled slot about 0.10 inch wide and
0.10 inch deep. By making the slot wider, two or three sets of
leads may be brought out from each end of the tube, and if more
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than four to six couple installations are desired in one tube wall,
the number of slots may be increased. ;

This method of installation may be used to locate a ther-
mocouple junction at any point in the wall of the tube and the
leads may be carried to any desired point through a sub-
stantially isothermal zone. The possibility exists that the
solder, having surface characteristics different from those of
the tube metal, might influence the flow of condensate over
the surface of the tube. This effect could be eliminated by
plating the surface of the tube after the thermocouple in-
stallation. If the heat flux is high, a correction should be
made for the temperature drop between the tube surface
and the point of junction installation. This can easily be done
when the heat flux and the thermal conductivity of the tube
metal are known.
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Small-Scale Centrifuge Accessories for Use with Corrosive
Materials
G. FREDERICK SMITH, Wm. Albert Noyes Laboratories, University of Illinois, Urbana, Ill.

HE purification of 0.45 to 2.27 kg. (1 to 5 pounds) of re-

agent chemicals by recrystallization from strong acid or
alkaline solutions presents a special problem in apparatus
assembly. Where the liquids involved are not particularly
corrosive Johnson and Miller (1) suggest the use of centrifuge
cups and receivers machined from Lucite. The present de-
seription involves an improvement, since standard parts are
involved and possible interaction of equipment and reagents
is eliminated.

The apparatus is shown in P:igure 1, mounted on an Interna-
tional centrifuge size 2 (International Equipment Company, 352

APPARATUS

Ficure 1.

Western Ave., Boston, Mass.). In the center foreground is a
half section which illustrates the assembly of trunnion cup No.
373 with rubber cushion insert No. 582 and bottle No. 558, cut
into two parts and the top discarded. The special centrifuge
cups were made by the Coors Porcelain Co.

The centrifuge cups are 8.57 cm. (3.375 inches) tall with an out-
side diameter at the base of 4.13 cm. (1.625 inches) and at the top
of 5.72 em. (2.25 inches). The inside diameter at the top is 5.4
cm. (2.125 inches) and the upper flange is 1.75 cm. (11/s inch)
wide and is offset 0.32 cm. (0.125 inch) to provide a shoulder sup-
port on top of the trunnion cup. Theinside depth is 8.26 cm. (3.25
inches) and the capacity is 170 ml. The cups are glazed inside
and outside except for the bottoms. There are 190 to 200 per-
forations in the bottom, all less than 0.05 cm. (0.02 inch) in
diameter. A second offset 3.33 em. (15/5¢ inches) from the top is
0.16 cm. (}/¢ inch) in depth. The lids are standard size
Coors No. 4 crucible lid. The cup and lid weigh 177 grams
(6.25 ounces).

The filter flask assembly in the background is for use in remov-
ing excess mother liquor by reduced pressure filtration. The
filter flask is of 4000-ml. capacity provided with a 10.16-cm.' (4-inch)
60° funnel. The support for the centrifuge cup is made accord-
ing to the directions of Smith and Gring (2) from a No. 14 rubber
stopper in which a 5.08-cm. (2-inch) hole is cut and the stopper then
turned inside out.

The assembly as described will provide for 0.45 kg. (1 pound)
of crystals of average density and the equipment can be whirled
at 2000 r. p. m. supported in trunnion No. 236 without danger of
perforating the flat bottom of the centrifuge cup. By changing
the receiving cups and using a selected liquid, the material being
purified may be conveniently washed.

The cost of the only special part, the perforated porcelain
cup, was $2.50. Ten pounds of material can be easily filtered,
centrifuged, and washed in one hour by the use of this equip-
ment.

Literature Cited
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Europium and Ytterbium in Rare Earth
Mixtures

Polarographic Determination

H. A. LAITINEN AND W, A. T}{EBEL, University of Illinois, Urbana, Ill.

T IS well known that europium and ytterbium differ from
the rest of the rare earth metals in their relative ease of
reduction from the trivalent to the divalent state. Bruckl
and Noddack (Z, 72) have determined the reduction potentials
of various rare earth sulfates in 0.01 M solution, in the ab-
sence of indifferent electrolyte, using the dropping mercury
electrode. In each case, two polarographic waves were ob-
tained, indicating a two-step reduction, first to the divalent
ion and then to the metal. Their results suggested the pos-
sibility of determining either europium or ytterbium, or both
simultaneously, in rare earth mixtures.

Holleck (3) has proposed an indirect polarographic method
for the determination of europium, involving addition of a
known concentration of zinc to the rare earth solution and
calculation of the europium concentration from the relative
wave heights obtained for europium and zince. Such a method
tacitly assumes that the zinc ion and the europic ion have
equal diffusion coefficients. Owing to the larger size of the
hydrated europic ion and its higher charge (8), its diffusion
coefficient would be expected to be lower than that of the
zinc ion. It is shown below that Holleck’s method is only
approximate.

No polarographic methods have previously been suggested
for the determination of ytterbium.

It was first necessary to determine the current-voltage
curves of pure europium and ytterbium in the presence of an
excess of suitable indifferent electrolyte to establish a basis
for the detection and determination of these elements. Am-
monium chloride was chosen as the indifferent electrolyte,
because it provides a sufficiently acid medium to prevent the
hydrolysis of dilute rare earth chlorides without causing inter-
ference with the ytterbium wave due to hydrogen evolution.
Moreover, ammonium chloride is very easily removed from
the samples, allowing a simple recovery of the rare earth
material.

Current-Voltage Curves of Europium

A sample of pure europium oxide, one of a series prepared by
fractional crystallization for use in atomic weight determinations,
was kindly provided by B. S. Hopkins. A 0.l1-gram sample,
weighed after ignition to 700° C. for 5 hours, was dissolved in 2
ml. of 6 N hydrochloric acid and made up to 100 ml. in a volu-
metric flask. Various portions were pipetted into 50-ml. volu-
metric flasks, titrated with 0.5 N ammonium hydroxide using
methyl red as an indicator, and adjusted to the desired concentra-
tion of ammonium chloride by addition of 1 N solution.

The electrolysis cell and dropping electrode were of the type de-
scribed by Lingane and Laitinen (9). A saturated calomel elec-
trode of large area was used as an anode. All potential measure-
ments given below are referred to this electrode. The m and ¢
values of the dropping electrode were, respectively, 1.931 mgﬂer
second and 4.10 seconds with the capillary dipping into distilled
water at 25° and an open electrical circuit. For most of the dif-
fusion current readings, a Fischer Electropode with the galvanom-
eter scale calibrated to read microamperes was used. For deter-
mining the equations of the rising portions of the curves and the
half-wave potentials, a manual apparatus similar to that of Lin-
gane and Kolthoff (85 was used to enable the potential to be deter-
mined with sufficient accuracy. All measurements were made
with the electrolysis cell immersed in a water thermostat at 25°,
regulated to =0.02°.
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Typical current-voltage curves for various concentrations
of trivalent europium in 0.1 N' ammonium chloride solution
are shown in Figure 1.  The values of the diffusion current,
14, at —0.9 volt are given in Table I, together with the values
corrected for the residual current. A satisfactory propor-
tionality between the diffusion current and the europium
concentration was observed.
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MONIUM CHLORIDE

Figure 1.

A millimolar solution of europium yielded a diffusion cur-
rent of 2.88 microamperes. With the same dropping electrode,
a millimolar solution of zinc chloride in 0.1 N ammo-
nium chloride gave a corrected diffusion current of 6.34 micro-
amperes. Taking into account the fact that the reduction of
a zinc ion requires two electrons, it is evident that a 10 per
cent correction is necessary if zinc is used as a standard in
europium determinations.

It is apparent from Figure 1 that the diffusion current
regions of europium, particularly with the highest europium
concentration (curve IV), show a downward trend with in-
creasing negative potential. This behavior, although de-

TasLe I. DirrusioN CURRENT OoF Europrrom 1IN 0.1 NV
AxmoNIUM CHLORIDE
1d id
(¢ Observed Corrected 1d/C
Millimoles/liter Microamperes Microampere/millimole/liter

0.693 2.20 2.01 2.90
1.386 4.19 4.00 2.89
3.466 10.25 10.06 2.90
6.932¢e 19.75 19.56 2.83

Av. 2.88

¢ In 0.2 N NH.CL
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scribed as anomalous by Holleck (4), is to be expected from
the Ilkovic (5) equation for the diffusion current

1a = 0.63 nFCD'/m2 /341 /8 (1)

The decreasing value of the drop time, ¢, with increasing
negative potential causes a decreasing diffusion current. The
total observed current is the sum of the residual current (curve
I) and the true diffusion current. Because of the upward
slope of the residual current line, the observed current in-
creases continually with very low concentrations of europium
but decreases with increasing negative potential at higher con-
centrations. The following data show that the effect is
quantitatively predicted by Equation 1.

At a potential of —0.9 volt, the diffusion current, corrected for
residual current, is 10.06 microamperes, while at a potential of
—1.6 volts it is 9.53 microamperes. In this interval of potential
the drop time changed from 4.06 to 2.98 seconds, while m re-
mained practically constant. Multiplying the current of 9.53
microamperes by the factor (4.06/2.98)1/¢, we have 10.04 micro-
amperes, \\*lllich 1s in excellent agreement with the observed value
at —0.9 volt.

AnavLYsiS oF Europium WAvE. It can easily be shown
(2, 7, 13) that if the reduction of trivalent to divalent euro-
pium is reversible, the equation of the rising portion of the
current-voltage curve should be given at 25° by

x = mys2 + 0.059 log 2 : : 2)

where m is the potential of the dropping electrode and % is the
current at any point on the curve. The half-wave potential,
w172, should be independent of the europium concentration,
and the slope of the straight line obtained by plotting log

= U against the potential should be 0.059 volt if the reduc-

tion is reversible. A typical logarithmic plot for a europium
wave is shown in Figure 2. The half-wave potential is given
by the potential at which log (72 — 2)/7 is zero, and was found
to be —0.671 = 0.002 volt (vs. saturated calomel electrode)
for various concentrations of europium or: —0.425 volt re-
ferred to the normal hydrogen electrode.

The average slope of the logarithmic plot was found to be
0.079 volt rather than 0.059 volt as given by Equation 2, indi-
cating that the dropping electrode does not behave as a strictly

LOG i/(ip-D

08—

=062 -064 -066 -0.68 -0.70 -072 -0.74
POTENTIAL , VOLTS

Ficure 2. ANaLYsis oF EurorioM REpuc-
TION CURVE
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F1GUre 3. REDUCTION OF YTTBRBIUM IN
0.1 N Ammonium CHLORIDE

reversible europic-europous ion electrode. However, the de-
viation from reversible behavior is only small, as can be seen
by a comparison of the half-wave potential with the normal
potential of the europic-europous ion electrode.

It can easily be shown that the half-wave potential and the
normal potential, 7°, are related by Equation 3 (assuming
reversible electrode behavior).

vy D! /%y

T/2 = T + RT/F in mD_'mm

()

vy and Dinr are, respectively, the activity coefficient and
diffusion coefficient of the trivalent ion and <y and Dy are
the same quantities for the divalent ion. Although the values
of v and D for these ions are not known, it is reasonable to
assume that yir > yr.  Also D > D because of the higher
hydration of the trivalent ion. Thus the last term of Equa-
tion 3 cannot be large, and the half-wave potential should
closely approach the normal potential if the electrode behav-
ior is reversible. Actually the value of —0.425 volt for the
half-wave potential is in close agreement with the value
—0.43 volt for the normal potential (based on concentrations
rather than activities) reported by McCoy (11).

Current-Voltage Curves of Ytterbium

A sample of ytterbium oxide prepared by a threefold elec-
trolytic reduction of a rare earth fraction high in ytterbium
content was available. Spectroscopic analysis showed traces
of thulium and lutecium. The sample was dissolved in hy-
drochloric acid and treated in the same way as the europium
sample.

Typical current-voltage curves for various concentrations of
ytterbium in 0.1 N ammonium chloride are shown in Figure
3. The diffusion current values at —1.6 volts are given in
Table II. By logarithmic plots similar to that shown in
Figure 2, the half-wave potential was found to be —1.415 =
0.003 volts (vs. saturated calomel electrode) or —1.169 volts
(vs. normal hydrogen electrode). The average slope of the
logarithmic plots was found to be 0.066 volt.
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TasLe II. DirrusioN CURRENT OF YTTERBIUM IN 0.1 N
AMMONIUM CHLORIDE
C 1d id ;
Vg ey Observed Corrected 1d/C

Microamperes/

Millimoles/liter Microamperes millimole/liter

0.623 2.32 1.93 3.10
1.559 5.21 4.82 3.09
2,595 8.32 7.93 3.06
3.110 9.89 - 9.50 3.06

Ay, 3.08

Comparison of Diffusion Currents of Europium
and Ytterbium

Owing to the closely similar structure of the various trival-
ent rare earth ions, and particularly the nearly identical con-
ductance values of rare earth salt solutions (6), a much closer
agreement would be expected between the diffusion current
constants of europium and ytterbium than is shown by
Tables I and II. In order to make an exact comparison it is
necessary to correct the observed values to the same value of
the capillary constant, m?/3 {1/, Correcting the observed
value of 2.88 microamperes per millimole per liter for euro-
pium to the diffusion current region of ytterbium at —1.6
volts, we have 2.74 microamperes per millimole per liter. If
the observed difference between europium and ytterbium
were entirely due to a difference in the diffusion coefficient, a
simple calculation from Equation 1 shows that the diffusion
coefficients of ytterbium and europium would be in the ratio
of 1.26 to 1.

It is probable, however, that the diffusion coefficients of
europium and ytterbium ions are nearly equal and that an-
other explanation accounts for the inequality of the diffusion
currents. It is well known that ytterbous ions have a pro-
nounced tendency to react with hydrogen ions according to
the equation

2YDbtt - 2H*+ — 2YbtEE -LiH, (4)

while europous ions have a much smaller tendency to undergo
a similar reaction in a medium of the same pH. Thus the dif-
fusion current value of ytterbium would be increased because
of the increased supply of ytterbic ions at the electrode sur-
face due to the reaction represented by Equation 4. If this
view is correct, a slightly increased diffusion current of euro-
pium would be expected in a very strongly acid medium, in
which the rate of oxidation of europous ions by hydrogen ions
is increased. Actually, in 1.2 N hydrochloric acid solution a
5 per cent increase in the diffusion current of europium was
observed. At higher acid concentrations no further increase
was obtained, but a shift of the half-wave potential of euro-
pium to more negative values indicated a formation of com-
plexes of europium with a large excess of chloride, with a con-
sequent change of the diffusion coefficient. A similar effect
could not be directly determined in the case of ytterbium be-
cause of interfering hydrogen-ion discharge even in very
slightly acid medium. However, even in the presence of 10~*
N hydrochloric acid added to 0.1 N ammonium chloride, the
observed diffusion current of 1.5 X 1073 M ytterbium in-
creased 7 per cent, partly because of hydrogen-ion discharge.
Therefore great care must be taken to neutralize the excess
acid used in dissolving ytterbium samples.

Determination of Europium

Since europium occurs only in very small concentrations
in natural rare earth minerals, the usual analytical problem
involves its determination in rare earth mixtures in which
the europium concentration has been greatly increased by
partial separation. In the present study, a synthetic mixture
of europium and ytterbium oxides was analyzed for europium
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by the polarographic method and by titration after reduction
with the Jones reductor.

ProcepURE. For the polarographic analysis, a weighed sample
was dissolved in hydrochloric acid and treated as described above,
The final electrolysis was carried out in a medium of 0.1 N am-
monium chloride. From the diffusion current value at a poten-
tial of —0.9 volt, the percentage of europium was calculated, using
the calibration value from Table I. A current voltage curve of 25
ml. of solution containing 0.00995 gram of rare earth as oxide is
shown in Figure 4.

The volumetric determination used was a modification of the
method of McCoy (Z1), in which the reduced europium solution
is passed into a standard iodine solution and back-titrated with
standard thiosulfate. Difficulties due to volatilization of iodine
were encountered, with the result that the determinations were
not uniformly reproducible. However, the most closely checking
values by the method of McCoy were in agreement with those
given below. Substitutions of stannic chloride for iodine removed
the possibility of error due to volatilization and yielded the advan-
tage of a direct titration over a back-titration. Forty-five milli-
liters of a solution containing 0.3498 gram of rare earth as oxide
and 0.2 N in hydrochloric acid were passed through a Jones reduc-
tor into 30 ml. of 0.5 N stannic chloride solution. The reducing
column was washed with 100 ml. of 0.06 N hydrochloric acid.
Each 100 ml. of solution was treated with 20 ml. of concentrated
hydrochloric acid and 2 ml. of 0.02 per cent solution of diphenyl-
amine in concentrated sulfuric acid. The resulting solution was
titrated with standard 0.1 N potassium dichromate. An atmos-
phere of nitrogen was used throughout the reducing column and
the titrating vessel. Although the titration reaction was slow
near the end point, a definite end point yielding reproducible
results was observed.

Resurrs. Two polarographic determinations with widely
differing rare earth concentrations gave results of 55.0 and
54.7 per cent of europium oxide, respectively. Two volu-
metric determinations yielded 56.6 and 56.5 per cent of euro-
pium oxide, respectively.

CURRENT, MICROAMPERES
£
I

|
sFne=04i-0 65 0,8 T 0 NI o e sl Al AuE T 8

POTENTIAL , VOLTS

Ficure 4. CuUrRreNT-VOLTAGE CURVE oF EUROPIUM-
YrrerBiuM MIXTURE

The results obtained by the two methods agree to an ac-
curacy of 3 per cent. The polarographic procedure has the
advantages of greater speed and simplicity and is applicable
to samples containing only traces of europium. The volu-
metric method is probably more accurate with samples of high
europium content, but requires much larger samples and in-
volves a much more difficult recovery procedure for the rare
earth material.

Determination of Ytterbium

The successful polarographic determination of ytterbium
in rare earth mixtures depends upon obtaining well-defined
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TasLe III. ComposiTioN oF ORES
Spectroscopic I III

Composition, I Ferguson- Samar- IV, V:
% Euxenite ite skite Xenotime Cerite
Y 29. 0 25.0 21.8 10.25 2.0
Nd 7.4 7.4 6.8 19.5 20.00
Sm 4.55 3.3 4.9 6.0 4.25
Gd 4.1 3.4 4.2 4.0 1.75
Dy 3.3 2.4 6.4 3.3 1.0
Yb 6.05 6.2 1.5 157, 1.0
La R ¥ 10.5 9.9

Polarographic
Percentage

Yb 5.3 7.0 0.5

reduction waves of ytterbium in the presence of relatively
large concentrations of the other rare earths. Preliminary
experiments showed that if the ytterbium concentration was
25 per cent or more of the total rare earth content, well-defined
waves having the appearance of those shown in Figure 3
were obtained.

In order to determine its limits of applicability, the polaro-
graphic method was applied to the analysis of mixed rare
earth oxides obtained from various representative classes of
naturally occurring minerals. Oxide samples which had been
prepared and analyzed spectroscopically by McCarty, Scrib-
ner, Lawrenz, and Hopkins (10) were available. The com-
position of the various ores, as determined spectroscopically,
is given in Table III, together with the polarographic values
for ytterbium.

ProcEDpURE. Approximately 2 grams of the oxide mixture
were dissolved in 15 ml. of 6 N hydrochloric acid and made up to
100 ml. in a volumetric flask. A 10-ml. portion was pipetted into
a 50-nl. volumetric flask.  After the addition of a drop of methyl
red solution, the sample was titrated with 0.5 N ammonium hy-
droxide, using a color comparison standard of 25 ml. of 0.1 N am-
monium chloride containing a drop of methyl red. Sufficient
1 N ammonium chloride was added to bring its concentration to
0.1 N after dilution to 50 ml. The current-voltage curve was de-
termined in the usual way. :

Resvrrs. Samples I, IT, and III (Table III) were found
to yield well-defined ytterbium reduction waves. The diffu-
sion current region was most nearly horizontal in the case of
sample II, and had an increasing upward slope with samples
I and IIIin that order. TableIIIshows that thespectroscopic
value for the samarium content of these samples increases in
the order of samples II <I<III. Since samarium is the next
most easily reducible trivalent rare earth after ytterbium
(12), it is probable that a relatively high samarium content
can affect the imaginary residual current curve of the rare
earth sample containing no ytterbium; hence it is impossible
to determine the true residual current value, which would
have to be subtracted from the measured ytterbium diffusion
current in order to calculate the percentage of ytterbium.
The usual polarographic procedure of determining the diffu-
sion current by the vertical distance between parallel tangents
to the current-voltage curve was therefore used. In the case
of sample II, the tangent method yielded the same result as
was obtained by subtracting the residual current of the 0.1 N
ammonium chloride medium, while lower results were ob-
tained by the tangent method than by the subtraction method
for samples I and III where the diffusion current showed an
abnormal upward slope.

The polarographic and spectroscopic values for samples
I and II were found to check within the limits of accuracy of
the latter method, which were stated to be =15 per cent (10).
For sample III, a lower value was obtained by the polaro-
graphic method
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To check the possibility of interference of other constituents
of the sample, known amounts of ytterbium were added to
solutions of samples IT and III, and the increase in the diffu-
sion current of ytterbium at a potential of —1.6 volts was de-
termined.

Table IV gives the results of adding ytterbium, in the form
of a solution made from a mixture of rare earth oxides con-
taining 75.5 per cent ytterbium ozide, to 25 ml. of a solution
of sample IT containing 0.1160 gram of rare earth oxides. The
amount of added ytterbium found was calculated from the
increase in the diffusion current, allowing for dilution.

Table V gives the results of similar additions of ytterbium
to 25 ml. of a solution of sample III, containing 0.0886 gram
of rare earth oxides.

Tables IV and V indicate that no interfering substances
are contained in the fergusonite sample, but that some con-
stituent of the samarskite sample causes interference with
the polarographic determination. The nature of the inter-
fering substances is unknown because complete analyses of the
mixtures were not available.

Samples IV and V showed no ytterbium reduction waves,
because the final unlimited current rise began sooner than in
the above cases. Apparently there is interference by some
other constituents of the oxide mixture in these cases. The
first three samples are yttrium earth ores, while the last two
are relatively low in yttrium and high in cerium group con-
tent.

Itis concluded that reliable polarographic determinations of
ytterbium can be made in rare earth mixtures if the ytter-
bium reduction wave is well defined with a reasonably con-
stant diffusion current region.  This condition is favored by
an increasing ytterbium content and decreasing samarium
content, and appears to be fulfilled in the case of yttrium earth
ores, but not in ores high in cerium group content. The polaro-
graphic method should be useful in following changes in
ytterbium content in making rare earth separations.

TasLE IV. ApDITION OF YTTERBIUM TO FERGUSONITE

Increase in id Yb:03: Added Added Ybi0s Found
Microamperes Mg. - Mg.

0.53 0.79 0.88

1.33 2.37 2.39

2.08 3.95 3.99

TABLE V. ADDITION OF YTTERBIUM TO SAMARSKITE

Increase in id Yb:0s Added Added Yb:0s Found
Microamperes Mg. My.

0.35 0.79 0.59

1.07 2.37 1.92

1.71 3.95 3.30

2.58 6.32 5.48

Simultaneous Determination of Europium and
Ytterbium

Since the reduction potentials of europium and ytterbium
are widely separated, no difficulty is encountered in making a
simultaneous determination of the two elements. However,
in determining the diffusion current of ytterbium in such a
mixture, care must be taken to correct for the decreasing dif-
fusion current of europium with increasing negative potential
(Figure 1).

The recommended procedure may be described by reference
to Figure 4. The total diffusion current of ytterbium and
europium at —1.6 volts is 6.00 microamperes after subtract-
ing the residual current. The observed diffusion current of
europium at —0.9 volt is 3.58 microamperes. Multiplying by
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2.98\1/s
the factor (m

the diffusion current of europium at a potential of —1.6 volts.
Thus the true diffusion current of ytterbium is 6.00 — 3.40 or
2.60 microamperes. :

The results obtained for ytterbium, in the mixture of euro-
pium oxide and ytterbium oxide described above, were 42.0
and 43.1 per cent, respectively, in two determinations with
different concentrations of rare earth. The summations of
europium oxide and ytterbium oxide were 97.0 and 97.8 per
cent, respectively. Since the sample was known to contain
only small amounts of other rare earths, it is believed that the
results for ytterbium are essentially correct. If no correction
had been made for the effect of decreasing drop time on the
europium diffusion currents, the summations would have been
94.1 and 94.7 per cent, respectively. The tangent method of
measuring wave heights would likewise lead to erroneously
low results for ytterbium because of the unsymmetrical na-
ture of the second wave. The magnitude of the correction
due to changes of drop time will, of course, increase with an
increasing ratio of europium to ytterbium.

as above, we find 3.40 microamperes as

Summary

Ammonium chloride is a suitable indifferent electrolyte
for the determination of europium and ytterbium. In
0.1 N ammonium chloride the half-wave potentials of euro-
pium and ytterbium were found to be —0.671 and —1.415
volts with reference to the saturated calomel electrode.

The polarographic method for europium gives results agree-
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ing within 3 per cent with the volumetric method using the
Jones reductor.

Conditions favoring the successful polarographic deter-
mination of ytterbium are discussed. Reliable results can be
obtained if well-defined reduction waves resembling those of
pure ytterbium are obtained. Satisfactory results were ob-
tained with yttrium earth ores containing about 5 per cent
ytterbium. Ores of low ytterbium content, particularly
those high in cerium group content, were found to yield low
results by the polarographic method.

In the simultaneous determination of europium and ytter-
bium it is necessary to correct for the effect of decreasing drop
time with increasing negative potential. i
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Determination of Lead Content of Commercial

Ciders and Vinegars by Spectrographic Methods

CHARLES W. SCHROEDER AND HERMANN C. LYTHGOE
\ Massachusetts Department of Public Health, Boston, Mass.

ECAUSE of the necessary spraying of vegetation sub-
sequently to be used for food there results a certain
amount of residual lead which often cannot be removed,
particularly in the by-products of the apple crop. Excessive
spray residue is often removed from apples which are sold
for consumption as such, but not necessarily from apples in-
tended for use in the manufacture of cider and vinegar. This
investigation was undertaken to devise rapid and accurate
spectrographic methods for the determination of lead in cider
and vinegar, as well as to determine the range of lead content
of these products as they appear on the market.

All apparatus used was freed from lead by rinsing with hot ni-
tric acid and lead-free water redistilled in a Pyrex still. The bis-
muth chloride was freed from lead by precipitating bismuth oxy-
chloride with lead-free water, decanting the supernatant liquid,
dissolving the precipitate in double-distilled hydrochloric acid,
and repeating the process until the salt was spectroscopically
free from lead. The calcium acetate was freed from lead by
precipitating with hydrogen sulfide, using copper as a coprecipi-
tant.

AnavLysis oF CipEr. Twenty-five cubic centimeters of cider
were placed in a platinum dish, to which were added 0.5 mg.
of bismuth as bismuth chloride and 0.04 gram of calcium ace-
tate. The addition of calcium was found to enhance both the
lead and the bismuth lines. The mixture was evaporated nearly
to dryness on the steam bath and charred over a small flame, being
allowed to take fire when charring was almost complete. The char
was ground to a fine powder and three approximately equal por-

tions of such size, experimentally determined, as would give
lines of convenient length on the plate were placed in cu]gped

aphite electrodes—about one sixth of the total char was placed
in each electrode. It was found unnecessary to weigh these por-
tions, as considerable variation in the amount used had no ap-
preciable effect on the analysis. These samples were then burned
mn an are of 220 volts and 9 amperes, the lead being determined
by the internal standard method, using a rotating logarithmic
sector in front of the slit. The lengths of the bismuth line at
2898 A. and the lead line at 2833 A. were compared. The lengths
of the lines from the divided samples were averaged before plot-
ting.

TasLE I. Lgeap CoNTENT OF CIDER AND OF VINEGAR
Distilled or Malt and
Cider Spirit Malt Spirit
Cider Vinegar Vinegar  Vinegar Vinegar
No. of samples 136 49 5 1 1
———eee——Parts per million
Lowest 0.10 0.18 0.00
Lower quartile 0.18 0.37 Tk
Median 0.27 0.51 = e =
Average 0.43 0.55% 0.26 0.03 0.08
Geometric mean 0.32 0.500 3 £ A %
Upper quartile 0.54 0.78 i
Highest 1.50 11.80¢ 1.20

@ Not inc]udiniti samples containing less than 1 part lead per million.

b Exclusive of highest sample, Including highest sample: average = 0.78
geometric mean = 0.53. :

¢ Duplicate determination by dithizone extraction method gave 8.0 parts
of lead per million.
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In a series of seven analyses in the range of from 0.14 to
3.4 parts per million of lead the average error was 1.5 per cent
and the maximum error was 6.0 per cent, using cider contain-
ing known added amounts of lead. In this case six separate
differences in line lengths were averaged to give each of the
seven points on the working curve. Eighteen samples of com-
mercial cider were examined, and all confained minute
amounts of lead (Table I). Iive samples which were ex-
amined only to an accuracy of less than 1 p. p. m. of lead
are not included in the table.

Anxavrysis or VINEGAR. Twenty-five cubic centimeters of vine-
gar were evaporated to dryness in a platinum dish, and the resi-
due was dissolved in 0.5 ce. of double-distilled hydrochloric acid
containing 1 mg. of bismuth per cc.” The well-mixed solution of
the vinegar residue was divided equally among three cupped
graphite electrodes which had previously been treated with one
drop of lead-free kerosene to prevent the solution from soaking
into the electrodes. The determination was then carried out as in
the cider method.

In one series of twelve analyses, using vinegar containing
known added amounts of lead in the range of from 0.4 to
1.2 p. p. m., the average error was 7 per cent and the maximum
error was 20 per cent. In another series of six analyses in the
range of from 0.08 to 0.4 p. p. m. of lead the average error
was 9 per cent and the maximum error was 25 per cent.
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Fifty-six samples of commercial vinegar were examined, and
all but two, both distilled and spirit vinegar, contained lead
(Table I). The geometric mean is nearer the median than is
the arithmetic mean, indicating the geometric nature of the
series.

The lead tolerance adopted by the United States Depart-
ment of Agriculture under the old food and drug law was
0.025 grain per pound, which is equivalent to 3.5 p. p. m.
Only one of these samples exceeded that fizure. The next
lower result was 1.8 p. p. m. or approximately one half of the
tolerance.

The lead content of the cider was on the average less than
that of the cider vinegar. There are two possible explana-
tions. The cider was made from New England apples which
do not require so much spraying as do western apples, but the
vinegar was not exclusively a Massachusetts product. It is
customary in the manufacture of sweet cider prior to placing
it on the market to filter the apple juice through sand or some
other type of filter which may remove some of the lead, but
in the manufacture of vinegar this filtration is not always car-
ried out. Furthermore, vinegar is a good solvent for lead in
paint, metals, etc., with which it may come in contact during
processing.

PRESENTED in part before the Division of Agricultural and Food Chemistry
at the 100th Meeting of the American Chemical Society, Detroit, Mich,

A Method for the Identification of Nitriles

HAROLD B. CUTTER AND MICHAEL TARAS, Wayne University, Detroit, Mich.

EVERAL methods have been proposed for the identifica-
tion of nitriles (I, 2, 3). The authors have found that
adaptation of the well-known method of reduction of nitriles
to primary amines by sodium and absolute alcohol gives a
practical method for the identification of aliphatic nitriles.
Aromatic nitriles do not give such good results, but this class
can usually be readily determined by hydrolysis to the cor-
responding amide or acid.

Procedure

A solution of 1 cc. (0.8 to 1.0 gram) of the nitrile in 20 cc. of
absolute alcohol is placed in a 200-ce. round-bottomed flask fitted
with a reflux condenser. (It is essential that the alcohol be ab-
solute, otherwise considerably less derivative is obtained.) The
flask is immersed to the neck in a water bath heated to 50° to
60° C. Fresh, finely cut sodium (1.5 grams) is added gradually
through the top of the condenser as rapidly as possible without
allowing the reaction to become too vigorous. When all the
sodium%ms reacted (10 to 15 minutes) the reduction is complete.

The mixture is cooled to 20°, and 10 cc. of concentrated hydro-
chloric acid are added in small portions through the top of the
condenser. Care is necessary on account of the spattering which
takes place when the acid strikes the strongly alkaline mixture.

The reflux condenser is disconnected, the system is set up for
ordinary distillation, and 20 ce. of alcohol are distilled into a
graduated cylinder. The residue in the flask is cooled to 20° and
a solution of 6 grams of sodium hydroxide in 6 ce. of water is
cautiously added. The reaction at this point is violent, and
care is necessary to avoid loss of amine by volatilization. The
flask is swirled to ensure mixture of the ingredients and then
rapidly reconnected to the condenser. Using a smoky flame the
flask is heated until the contents are nearly dry, catching the
distillate in a 50-cc. Erlenmeyer flask containing 3 ce. of water.
The condenser should be fitted with an adapter dipping beneath
the surface of the water in the flask.

If the original substance was a nitrile, the distillate will be
alkaline at this point.

Phenylisothiocyanate (0.5 to 1.0 cc.) is then added to the dis-
tillate, and the mixture vigorously shaken for 2 or 3 minutes.
If no derivative forms on shaking, scratching the walls of the
Erlenmeyer and cooling under a tap or in an ice bath will brin
down the precipitate. Aliphatic derivatives as a rule respon
to shaking; aromatic compounds require cooling in an ice bath.

The crude derivative is filtered, washed with 50 per cent alcohol
and recrystallized from dilute aleohol in the usual manner.

Because reduction in the case of aromatic nitriles is less smooth,
an initial sample of 2 cc. or 2 grams is recommended.

In Table I are given the results obtained with ten aliphatic
and four aromatic nitriles. The product was in most cases
recrystallized from dilute alcohol, two recrystallizations usu-
ally being sufficient to yield a pure product. The method is
applicable only to those aliphatic nitriles which form a vola-
tile amine upon reduction. In the aromatic series the method
works less well, probably because of the lack of volatility of
the amine and the fact that reduction in the aromatic series is
accompanied by side reactions.

TABLE I. IDENTIFICATION OF NITRILES

Weight

Weight No.of M.P,of of
) Crys- Phenyl Deriva-
Nitrile talliza-

1 Thio-  tive Ob- Nitrogen

Used tions urea tained Calculated Found

0 Gram % %

Acetonitrile 0.8 2 106 0.8 i 5

* Propionitrile 0.8 2 63 0.8 A i

n-Butyronitrile 0.8 2 65 0.7 ity o

Isobutyronitrile 0.8 2 82 0.6 o s

n-Valeronitrile 0.8 2 69 07 RS o

Isovaleronitrile 0.8 2 102 0.6 R 3

n-Capronitrile 0.8 2 77 0.3 Pl s
Isocapronitrile® 0.8 2 112 0.25 11.85 11.97
Glutaronitrile® 0.8 2 148 0.9 15.04 15.00
Succinonitrile® 0.7 2 168 0.9 15.63 15.64
Benzonitrile2 2.0 2 147 0.3 11.56 11.62
p-Tolunitrile® 1.0 3 144 0.10 10.93 10.84
o-Tolunitriles & 3.0 4 179 0.3 10.93 11.35
f-Naphthonitriles 3.0 5 140 0.33 9.58 9.69

@ Derivatives not previously described. No satisfactory results could be

obtained with a-naphthonitrile or with m-tolunitrile.

Literature Cited

(1) Condo, Hinkel, Fassero, and Shriner, J. Am. Chem. Soc., 59, 230
(1937).

(2) Howells and Little, Ibid., 54, 2451 (1932).

(3) Shriner and Turner, Ibid., 52, 1267 (1930).



Continuous-Reading Electronic Voltmeter
For Use with Glass and Other High-Resistance Electrode Systems

C. J. PENTHER, F. B. ROLFSON, AND LOUIS LYKKEN
Shell Development Company, Emeryville, Calif.

A full-range, sensitive, low-current-
drain, continuous-reading electronic volt-
meter is described. The meter has a range
of =2.11 volts and a sensitivity of =0.001
volt over the entire range. It has been de-
signed for the accurate determination of
potentials of electrode systems that have a
resistance of 5000 megohms or less.

HE increased use of durable glass electrodes and non-

aqueous, high-resistance titration media in potentiomet-
ric titrations has emphasized the need for a versatile potenti-
ometer, or millivoltmeter, that will satisfactorily measure the
potential between electrodes of a cell having a resistance
of 150 to 5000 megohms between the electrode terminals.
Instead of the combination of potentiometer, thermionic gal-
vanometer, and electrode system entirely surrounded by a

R3 R4 Rs

R7

Rg

Ficure 1.

M. ‘Weston Model 801 0-0.20 direct current milliammeter (400 ohms)
Ry.  General Radio Type 510, decade resistance 100 ohms per step
Ri.  110-ohm precision resistor

Rs.  890-ohm precision resistor

Ri.  19.0-ohm precision resistor

Rs.  91.0-ohm precision resistor

Rs. 400-ohm wire-wound

R1.  600-ohm wire-wound variable

Rs. 1000-ohm wire-wound variable

Ry. 7.5 ohms

Rip. 10 megohms

Ru. 25 ohms a7

Riuz. 6-ohm wire-wound with “‘off"’ position

Ri3.  1-ohm wire-wound

large electrostatic shield through which the adjustments are
made by remote control, the authors have found it advantage-
ous to use a continuous direct-reading meter along with flexible
shielded leads and electrodes. [The Beckman pH meter, In-
dustrial Model M, and the Beckman Model O electronic volt-
meter (National Technical Laboratories, Pasadena, Calif.)
are commercial examples. The latter is a versatile meter
with operating characteristics equivalent, except for some-
what lower sensitivity, to those of the meter described in this
paper.] The continuous indicating meter not only requires
less manipulation by the operator, but also enables him easily
and definitely to ascertain when the potentials have reached
equilibrium. For greatest usefulness and versatility, a mod-
ern meter should continuously indicate the applied e. m. f.,
operate on less than 10712 ampere over the entire range of
approximately 2 volts, be sensitive and accurate to =0.001
volt in any part of the range, and provide a simple means of
attaching the e. m. f. source to the meter by means of flexible
shielded leads (14)..

Since the first application of the thermionic electron tube
by Goode in an electro-titration meter (7), recognition of the

+45

Rie

VACUUM TUBE GIRCUIT J

Diagram or CirculT

Ru. 5-ohm wire-wound

Ru.  25-ohm wire-wound variable

Ry 15,000-ohm wire-wound variable

Riz. 2000 ohms

81.  5-position 2-circuit Centralab selector switch

S: 5-position single-circuit shorting type Centralab
5-poeition 2-circuit Centralab selector switch

Sx. 83, and S; mounted on same shaft operated by a single control

Sq Centralab Isolantite selector ewitch

8s. Double-pole double-throw jack switch

Std. Cell. Eppley saturated 1.0190 volts

Ti. Type 32

T:. 'Type 1A5G
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importance of electronic millivoltmeters in analytical chem-
istry has progressed steadily (1-13, 16-20). These titrimeters
require a constant filament current; for this reason battery-
operated meters often have been preferred to line-operated
alternating current equipment. Most of these meters have
been found objectionable from the standpoint of application
to high-resistance systems (100 to 2000 megohms), because of
lack of sensitivity over their entire range, inadequate shield-
ing of electrode leads, or the presence of a grid current greater
than 10~ ampere. The object in developing the electronic
yoltmeter described in this paper was to obtain a universal
meter particularly suited for analytical laboratory use.

Electrical Circuit

Since it is practically impossible to meet the requirement
of wide range with high sensitivity in a single indicating me-
ter, a step potentiometer has been combined with an elec-
tronic voltmeter; the potentiometer has ten steps of 0.100 volt
each and one step of 1.000 volt. The indicating meter has a
range of 0.110 volt, so that the total range is =2.110 volts,
The smallest scale division is 0.002 volt, and it is easily pos-
sible to estimate the reading to 0.0005 volt.

The circuit is shown in Figure 1. The vacuum tube circuit is
that of a two-stage direct-coupled amplifier using selected, aged,
standard receiver type vacuum tubes. The first tube (Type 32)
is used with reduced potentials on all elements to reduce primary
and secondary emission from the elements, is covered with a coat-
ing of ceresin wax to decrease surface leakage, and is shielded
from light to prevent photoemission from the grid. The tube
must be tested for microphonic properties and grid current under
operating conditions of mounting, etc. (Tested tubes are ob-
tainable from the National Technical Laboratories.)

The filament resistor network (Rs, R, R, Ru, K1) serves as a
coarse and vernier control for accurately adjusting the joint
filament current of both tubes when making the zero adjustment
of the circuit. For the full-scale adjustment, the selector switch,
84, places a negative 0.110 volt across the input and requires ad-
justment of resistor Ry for full-scale meter deflection. It is ap-
parent that there is interlocking between the two control adjust-
ments that necessitates one or two ‘readjustments of each control
until both ends of the scale are correct. The reversing switch,
S, position 5, applies an additional —0.110 volt between the
electrode terminals, so that the meter deflects full scale when the
externally applied e. m. f. is 0 volt; the reverse scale on the meter
is used for this setting of switch S;. With this setting the poten-
tiometer leads are reversed and the voltmeter leads remain un-
changed. The meter indicates an up-scale deflection when a more
negative potential is applied between the electrode terminals.
With S, in position 3, the potentiometer circuit is standardized
against the standard cell potential in the usual manner, using
R; for adjustment and the vacuum tube meter for the null indica-
tor. In this operation, the unbalanced potential between the

Ficure 2. INSTRUMENT PANEL
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standard cell voltage on the potentiometer and the actual voltage
of the standard cell is placed across the terminals of the voltmeter.
Adjustment I is used to set the grid bias voltage to a point which
gives the most linear calibration. In some instances, the linear
response may be improved by varying the 15-volt screen poten-
tial and the load resistor, Rio.

By turning resistor R; to off position and selector switch S, to
position 2, the meter is on the standby position in which the fila-
ments are operated at one-half operating current and the plate
battery is disconnected. The meter is turned off by setting Ri,
on the off position and placing S, in position 1. In order to avoid
erratic changes in the meter adjustment due to small changes in
contact resistance of the switch, a separate switch is not used in
the filament circuit. For the same reason, it is recommended
that the two rheostats used in the filament circuit (25, and Rjs)
should have a spiral “pigtail’”’ connection between the rotor and
the variable terminal.

Constructional Details

The unit is housed in a metal cabinet and a sloping control
panel is provided to facilitate observation of the indicating meter
and adjustment of the controls. It is essential to surround the
entire unit with metal cabinet, or metal-lined cabinet, in order to
avoid disturbing influence of stray external potentials. The con-
trol panel is arranged for convenience of operation; the arrange-
ment of the control knobs is shown in Figure 2. Multipoint
switches are used for direct and reverse electrode connections,
plate battery and standby connections, and standardizing opera-
tions. Adjustable controls are provided for zero, full-scale, and
potentiometer standardizing adjustments.

The rugged d’Arsonval-type indicating meter is calibrated
linearly from 0 to 110 millivolts and from 110 to 0 millivolts.
The “reverse” scale is provided so that it is not necessary to sub-
tract the meter reading from the potentiometer setting when the
electrode terminals are connected in the reverse position.

In order that the instrument may function on a high input re-
sistance, good proved insulation is used throughout the grid cir-
cuit of the first tube. Switch S; is made of Isolantite and is
coated with ceresin wax. The wire between S; and the grid cap,
and the wire between the inlet jack and Sy, are exceedingly well
insulated by using the best grade of stiff insulated wire and in-
stalling the wire so that it is air-insulated throughout. The
shielded inlet terminal is shown in Figure 3; it is similar to the one
used on the Beckman pH meters and will accommodate the plug
used on the Beckman shielded glass electrode. Battery B; is in-
sulated from the housing and other batteries by separators made
of thin Bakelite. Battery B, is made up of four or more Burgess
Type 4FJ batteries connected in paralleﬁ

Operation Procedure

Set the multiple selector switch, S;, Sz, and S, on position 4
(Direct) and switch Sy on position 1 (Zero). Vary Ry (Zero ad-
justment) and R if necessary (not shown on panel) until the
meter reads up scale and finally returns to exactly zero reading as
the filament resistance decreases. Set S, on position 3 (STD) and
adjust the standardizing rheostat, R;, until the meter needle
in(iicates zero reading. Turn S; to position 2 (F. S.) and vary
Ry (Full-Scale adjustment) until the meter indicates exactly 110
units. Repeat these adjustments until they can be readily dup-
licated. Connect the electrode terminals to the e. m. f. source,
set S; to position 4 (E. M. F.), and note the position of the indi-
cating needle. If it indicates more than full scale, leave the
multiple selector switch, Sy, S», and S;, on position 4 (Direct) and
vary selector R, and switch S5 (Volts adjustments) until the meter
indicates on scale. The reading indicated by the position of R
and S, plus that of the direct scale on the indicating meter, indi-
cates the positive voltage between the terminals. If the needle
indicates off scale below zero, turn Si, S., and S; to position 5
(Reverse) and manipulate R, and Ss until the needle comes on
scale. The sum of the reading indicated by the position of R; and
S5 and the reverse scale on the meter indicates the voltage be-
tween the terminals (of opposite polarity to that indicated).

The meter, cell stand, motor frame, and other accessories are
connected to a ground in order to avoid errors due to stray elec-
trostatic potentials and alternating current leaks.

When the meter is used daily, the multiple selector switch, S;,
Ss, and Sy is turned to position 3 (013 and S, is turned to position 1
(Zero) between determinations and overnight. For intermittent
use, the filament adjusting rheostat, Ry, is turned to the off posi-
tion and the multiple selector switch, S;, S,, and S, is placed on
position 2 (Standby), and the meter is adjusted to operate ap-
proximately one hour before it is used. By maintaining the in-
strument in this condition, when it is not used regularly, the drift
and battery consumption are reduced to a minimum. The me-
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Figure 3. SHIELDED INLET TERMINAL JACK

ter is completely turned off by putting Si, S, and S; on position 1
and turning the filament adjusting rheostat, R;,, to its off posi-
tion.

Operating Characteristics

The meter is capable of continuously measuring the poten-
tial across electrodes of any system that has a resistance less
than 5000 megohms with a precision of ==0.001 volt. The
systematic error is less than ==0.005 volt using a linear indi-
cating meter scale and is less than ==0.001 volt using a cali-
brated scale. Potential differences of =2.11 volts may be
measured with & maximum current drain of approximately
3 X 1072 ampere. The meter is especially useful in adjust-
ing a system to a definite potential difference, in observing
the change of potential over a period of time, and in making
all kinds of electrometric titrations. The meter may safely
be used to measure any potential without previous knowledge
of the magnitude or sign of the potential being measured, and
without danger of polarization of the electrode system.

A typical example of the influence of the input resistance on
the accuracy of the meter is given in Table I. The deviations
at zero input resistance indicate the slight nonlinearity of the
instrument under test; the deviations at 5000 megohms are
hardly greater, indicating that the error introduced by this
resistance is negligible. The error increases for greater input
resistances, but is of such nature and magnitude that the me-
ter operates satisfactorily as a titration meter even with input
resistances as high as 100,000 megohms.

In any vacuum tube circuit capable of functioning on such
high input resistance, the problem of drift becomes important
and is usually considered to be exceedingly difficult to solve.
While drift has not been completely eliminated in this circuit,
it has been reduced to 0.002 volt per hour; this is not exces-
sive and allows measurements of the desired accuracy with
only occasional resetting of the zero adjustment. This value
of drift is obtained only after the meter has been in operation
for several hours. If the meter has been left on standby for
some time, the drift is approximately 0.020 volt the first hour,
after which it rapidly diminishes to the regular value. The
potentiometer circuit and the full-scale adjustment do nof
drift more than 0.001 volt in 8 hours unless the batteries have
been depleted.

The four filament supply batteries will operate the meter
continuously for 4 months. The life of the 45-volt (Bs)
battery is approximately 6 months; it must be replaced when
its_voltage falls below 40 volts. The remainder of the bat-
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teries have approximately “shelf life”’, as the current drains
are negligible.

Discussion

The vacuum tube circuit is a modification of a similar pre-
vious circuit using Type 1B4 (tetrode) and 1F4 tubes in place
of Type 32 and 1A5G, respectively. In the early circuit, 3-
volt filament supply batteries and a 0 to 1.0-milliammeter
were used along with the following changes: By = 13.5 volts;
B, = 3 volts; Ry, = 7 megohms; Ry = 600 ohms; Ry = 34
ohms; and R;; = 10 ohms. The earlier circuit operated with
a grid current drain of less than 5 X 10~!2? ampere, and for
systems having a resistance less than 500 megohms was cap-
able of exactly linear calibration and accuracy within 0.0005
volt. However, for input resistances over 1000 megohms,
the modified circuit showed an advantage in accuracy; thusat
11,500 megohms it had about one quarter the error of the
earlier circuit. Some trouble was experienced in selecting
for the earlier circuit Type 1B4 tubes that were not subject to
microphonic disturbances and were insulated well enough to
give satisfactorily low grid current drain.

A possible improvement would be to enclose all the bat-
teries in a separate compartment, leaving the tubes and other
components in a practically gas-tight space. This arrange-
ment would prevent the ammonia fumes and moisture re-
leased by the batteries from creating leakage paths over in-
sulated surfaces and would allow the use of a dehydrator in
the tube compartment. However, a properly installed tube
and accessories will not exhibit troublesome surface leakage,
provided the cabinet contains several small vents for air cir-
culation.

TasBLE I. INFLUENCE OF INPUT RESISTANCE ON METER
READING

Meter Reading
on Linear Scale

Deviation from

Applied Value Input Resistance

Applied E. M. F.

Volts Volts Volts Megohms
0.0 0.000 0.000 0.0
0.012 0.010 0.002 0.0
0.022 0.020 0.002 0.0
0.033 0.030 0.003 0.0
0.043 0.040 0.003 0.0
0.052 0.050 0.002 0.0
0.062 0.060 0.002 0.0
0.072 0.070 0.002 0.0
0.081 . 0.080 0.001 0.0
0.090 * 0.090 0.000 0.0
0.100 0.100 0.000 0.0
0.110 0.110 0.000 0.0
0.0 0.000 0.000 5,000
0.053 0.050 0.003 5,000
0.101 0.100 0.001 5,000
0.111 0.110 0.001 5,000
0.003 0.000 0.003 11,500
0.055 0.050 0.005 11,500
0.102 0.100 0.002 11,500
0.115 0.110 0.005 11,500
0.014 0.000 0.014 50,000
0.066 0.050 0.016 50,000
0.116 0.100 0.016 50,000
0.128 0.110 0.018 0,00
0.024 0.000 0.024 110,000
0.081 0.050 0.031 110,000
0.133 0.100 0.033 110,000
0.146 0.11 0.036 110,000
1.146° 1.110@ 0.036 110,000

@ Higher e. m. f.’s (introduced by step potentiometer) cause no further
error, as may be seen by comparison with figures above.

Uses

Two of these electronic voltmeters have been in daily use
for two years in the analytical department of the Shell De-
velopment Company. The meteris an excellent substitute for
a potentiometer in any system with a resistance less than
5000 megohms; it will function as a potentiometer with all
the advantages of a continuous reading meter. It has been
used satisfactorily to measure the e. m. f. between the elec-
trodes in electrometric determinations involving the use of
high-resistance glass, silver, platinum, antimony, and tung-
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sten and the corresponding reference electrodes. It is ap-
plicable to potentiometric determinations in nonaqueous as
well as aqueous solutions and it has no tendency to produce
polarization of the electrodes. The meter is well suited for
titrating to a definite potential difference, or to & maximum
potential change per increment of reagent, and for determining
points for plotting potential-volume curves. It is excellently
suited for making pH determinations.
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Determination of Citral

By Means of the Photoelectric Colorimeter

JOHN BAILEY AND CHRISTOPHER K. BEEBE
Division of Foods and Dairies, Illinois Department of Agriculture, 228 South Wabash Ave., Chicago, Ill.

ITRAL is an important constituent of lemon flavors.
It is present in oil of lemon, which in turn is present in
lemon extract.

The federal standard provides that terpeneless extract of
lemon shall contain not less than 0.2 per cent by weight of citral
(6). The Illinois standard specifies the same minimum citral
content for imitation and terpeneless lemon extracts and flavors
(2). For regulatory Eurposes a quantitative determination of
citral is necessary. The official A. O. A. C. or Hiltner method de-
termines citral colorimetrically (7). With m-phenylenediamine
hydrochloride citral forms an intense yellow colored solution
the intensity of which is proportional to the amount of citral
present. The amount of citral is determined by comparing this
color with that produced by a standard citral solution. In ana-
lyzing extracts made with lemon and orange oils, dark-colored
solutions sometimes form which mask the resultant yellow color.
Parker and Hiltner overcame this by adding some oxalic acid to
the reagent, and this improvement is included in the official
A. 0. A. C. method (3).

The method works satisfactorily on unknown solutions that
are clear and colorless, but the artificial yellow color of some
imitation lemon extracts interferes with observation of the
yellow color produced in the course of analysis. Still others
are of an emulsion type and contain gums, resins, and starches,
in addition to artificial color, which make it impossible to de-
termine citral by comparing the color with that of a standard
by the visual colorimeter.

To overcome this difficulty the photoelectric colorimeter
was investigated. The one used was the Klett-Summerson
(4), which is of the double photocell type, the cell current be-
ing measured with a potentiometer. The scale is calibrated
logarithmically.

When solutions obey Beer’s law the relationship between
concentration and scale reading is logarithmic. When plotted
on ordinary graph paper a_logarithmic curve is obtained,
while on logarithmic graph paper a straight line is produced.
The same result can be obtained by using a logarithmic scale
on the instrument; the concentration of solutions obeying
Beer’s law is directly proportional to the scale reading.

In the preliminary work different strengths of citral solu-

tions were prepared. Aliquot portions were taken and mixed
with the m-phenylenediamine reagent prepared by the official
method. Readings were made on these solutions using vari-
ous light filters. A blue filter of 420 millimicrons gave the
largest difference in scale reading between the lower and
higher citral concentrations, and was used satisfactorily in the
subsequent work. It was necessary to change the official
dilution ratio in order to adapt the A. O. A. C. method to this
type of colorimeter.

Reagents

m-Phenylenediamine hydrochloride-oxalic acid solution. Dis-
solve 1 gram of m-phenylenediamine hydrochloride in about 45
cc. of 85 per cent alcohol, and 1 gram of oxalic acid crystals in
about the same amount of alcohol.  Pour the two solutions into a
100-ce. volumetric flask, add 2.5 grams of fuller’s earth, dilute
to the mark with 85 per cent alcohol, shake thoroughi , and
filter, pouring the fuller’s earth into the filter so as to form a
filtering medium. Refilter the first 15 to 20 cc. of filtrate through
the same filter. This reagent is stable for about 2 days, but after
that it is not sufficiently reliable.

Oxalic acid solution. Dissolve 1 gram of oxalic acid crystals
in about 90 cc. of 85 per cent alcohol and dilute to the 100-cc.
mark with alcohol of the same strength.

Method

Weigh a 10-%( am sample and with alcohol transfer to a 100-cc.
volumetric flask. Use 95 per cent alcohol for extracts made with
lemon oils and 50 to 95 per cent alcohol for terpeneless extracts.
Add 10 cc. of m-phenylenediamine reagent with an accurate
pipet. Complete the volume with alcohol, mix, and pour out a
sufficient amount to read in the colorimeter.

Run a sample blank by taking a 10-gram sample in another
100-cc. flask and adding 10 cc. of oxalic acid solution. Pour out
a sufficient amount to read in the colorimeter. On clear colorless
liquid samples this is unnecessary, as the reading would be zero.

Run a reagent blank by pipetting 10 cc. of m-phenylenediamine
reagent into a 100-cc. volumetric flask, complete the volume with
50 per cent alcohol, mix, and pour out a sufficient amount to read
in the colorimeter.

Use the blue 420 millimicron light filter.

Samples of emulsion type are colloidal when diluted and would
give absurd readings. Pour a sufficient quantity from the 100-
ce. flask into a centrifuge tube of around 20-ce. capacity, and
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TaBLE I. ANALYSIS OF STANDARD CITRAL SOLUTIONS
Citral, v, Scale Net Scale
% Reading, z Reading, z — a Factor, f
0.00 15 T ek
0.06 78 63 0.000952
0.10 120 105 0.000952
0.13 151 136 0.000955
0.16 182 167 0.000957
0.18 204 189 0.000952
0.20 228 213 0.000939
0.22 246 231 0.000952
0.24 266 251 0.000956
0.27 300 285 0.000946
0.30 325 310 0.000968
Av. 0.000953
0.34 360 345 0.000985
0.40 435 420 0.000953
0.50 530 515 0.000971
0.60 640 625 0.000960

centrifuge until a clear or almost clear solution is obtained. The
speed and time will depend on the colloidal stability of the sample.
Run the sample blank in the centrifuge at the same time under
exactly the same conditions. On cloudy samples a blank should be
run, even if without color. Pour off the top liquid for the color-
imeter reading.

Calculate from the equation:

y =flz — (a + b)]

in which i; = per cent citral, f = factor, z = scale reading, a =
reagent blank, and b = sample blank,

ote that the sample is diluted tenfold. If the unknown
sample was 0.1 or 0.2 per cent solution it becomes 0.01 or 0.02
gram per 100 cc., respectively.

Standard Citral Solutions

Weigh accurately 1 gram of citral and with 95 per cent alecohol
transfer to a 100-cc. volumetric flask. Dilute to the mark and
mix thoroughly. Pipet 1 or 2 cc. into another 100-cc. volumetric
flask, add 10 cc. of m-phenylenediamine reagent and dilute to
the mark with 95 per cent alcohol, mix, and pour out a sufficient
amount to read in the colorimeter. The solution will now con-
tain 0.01 or 0.02 gram per 100 cc., respectively, equivalent to
0.1 or 0.2 per cent of an unknown diluted tenfold. Prepare a
series of varying dilutions and with them run a reagent blank as
above. Since the standard citral solution from which the set
was prepared was colorless, the sample blank is not necessary, as
it would be zero. Calculate for the factor, using the same equa-
tion: y = f[z — (a + b)].

Once the average factor is determined from the series, it will be
unnecessary to repeat the standards.

Experimental

A series of varying dilutions of standard citral solutions was
prepared and analyzed on the Klett-Summerson photoelec-
tric colorimeter. The citral used was obtained from the
Bastman Kodak Company, Rochester, N. Y., and had a
narrow boiling range of 114-115° C. at 25 mm. and a refrac-
tive index of 1.489 at 20° C. The average of a series of eight
runs is given in Table I. Since a solution containing 0.01 or
0.02 gram of citral per 100 ce. would be equivalent to 0.1 or
"~ 0.2 per cent of an unknown diluted tenfold, the standard
citral solution may be referred to the corresponding percent-
ages. The 0 per cent citral is the reagent blank, and this
reading subtracted from the scale reading for a definite
strength of citral gives the net scale reading due to the con-
tact of the m-phenylenediamine with the citral. In plotting
these net scale readings, a straight line is obtained within the
practical range (Figure 1); from the straight-line relationship
it follows that this reaction obeys Beer’s law. A factor for
this relationship can be obtained by dividing the per cent
citral by the corresponding net scale reading. The factors
for the percentages of citral run (Table I) show a small varia-
tion over the range studied, and the average factor, 0.000953,
was used in the succeeding calculations. Only one run was
made on the 0.34 to 0.60 per cent citral and for that reason
was not included in figuring the average factor.
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No precautions were taken to assure aldehyde-free alcohol
asin the A. O. A. C. method. An increase in reading due to
this impurity affects the reagent blank reading by an amount
equal to that produced in the citral solution reading, and
since the difference of the two readings is used in the calcula-
tion, the results would not be affected. The reagent solution
deepens in color with age and although still reliable causes
variations in the reagent blank readings. This variation
does not affect the results, because all readings are greater by
the same amount.
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As it was also necessary to run some artificially colored
samples, 0.2 per cent citral solutions were prepared and
colored with yellow and orange certified dyes. To determine
the amount of scale reading due to the dye, the sample was
run as before, using oxalic acid solution instead of the m-
phenylenediamine reagent, since the same amount of oxalic
acid was present in the reagent. This is the sample blank.
The sum of the scale readings of the reagent blank and the
sample blank, subtracted from the scale reading of the sample,
will give the net scale reading due to the contact of the m-
phenylenediamine with the citral. This difference will, when
multiplied by the factor 0.000953 previously determined,
give the 0.20 per cent citral. Table II shows that the inten-
sity of the yellowness varied greatly, yet the deviation of error
was —0.01 to 4-0.02 per cent and can be attributed to experi-
mental error.

On the market there are so-called lemon creams and emul-
sions, which vary in color, consistency, and ingredients.
Samples were invariably cloudy, and gave erroneous and in-
consistent results on reading in the colorimeter. Filtering
was riot practicable because of the gelatinous nature, volume
change due to the alcohol evaporation, and color adsorption
by the filter paper. The samples with their blanks were pre-
pared as before, and 15 to 20 cc. were poured into centrifuge
tubes with conical bottoms and cenfrifuged together until

ANALYSIS OF COLORED STANDARD CITRAL SOLUTIONS
Reagent Sample Scale

TasLE II.

Blank, Blank, Reading, Citral _Citral
Dye Used a b x Present Found, y
% %o

Colorless solution 10 1 216 0.20 0.20
Yellow 6 (Sunset Yellow) 10 58 268 0.20 0.19
10 240 480 0.20 0.22

Yellow 2 (Naphthol Yellow S) 10 53 258 0.20 0.19
10 185 415 0.20 0.21

Yellow 5§ (Tartrazine) 10 70 288 0.20 0.20
10 116 340 0.20 0.20

Yellow 3 (Yellow A B) 10 21 246 0.20 0.21
Yellow 4 (Yellow O B) 10 9 230 0.20 0.20
Orange 1 (Orange I) 10 75 280 0.20 0.19
Orange 2 (Orange SS) 10 31 260 0.20 0.21
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Tapre III. ANaLysis oF EMULSION-TYPE COLORED STANDARD
CrrrAL SOLUTIONS

Citral in Citral in
Final Sample  Citral Found

Description Original Sample
% % %o
Heavy yellow emulsion 0.042 0.260 0.229
Heavy yellow emulsion 0.080 0.264 0.251
Thin orange emulsion 0.0 0.182 0.179
Thin yellow emulsion 0.0 0.240 0.243
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that the yellow color produced by the citral and the reagent
was not adsorbed and thrown down with the sediment during
the centrifuging.

Application

Commercial samples picked up by inspectors were ana-
lyzed for citral (Table IV). These determinations were
made to illustrate the application of this method

to commercial products of varying composi-

TagrLe IV. AnNanysis oF CoMMERCIAL LEMON AND ORANGE FLAVORS tions.
Sample

No. Article State Color Ci;rnl Sunnnary

0
Chass Ternensiohs letmon extract - Liquid Colorleas gi102 The Hiltner official A. O. A. C. method for the
RS 106  Lemon extract L}f’lg;d e 0.101 determination of citral was modified to make
H.358 L erplnclosyilomon Rocs t e Lauid Colorleastt s 2 0,110 possible the analysis of flavors which contain
water flavor o A
H 357 Lemon soda water flavor Liquid Colorless 0.123 color, emulsifying agents, or both, with ‘the
§g %gg {mitagion gemon extract g]ousi! liquid ;thilttish" g-ggg same degree of accuracy as colorless flavors.
mitation lemon 1 UL " yeliow . . .

JJ 380 Imitation lemon Liquid Yellow tint 0,006 Color comparisons were read with the photo-

E 33 Imitation lemon extract Liquid Light yellow 0.000 electric colorimeter. Once a factor is deter-
MC 63 Lemon flavor Heavy emulsion Deep yellow 0.042 G s ‘ 4
MO 128  Pure lemon flavor Heavy emulsion  Yellow 0,080 mined for the particular photoelectric colorimeter
ﬂg }gg gure lemon ﬂﬂavor %:Ein emu}aion Iﬁizht yellow 8-888 used, standard solutions do not have to be

ure orange tavor in emuision eep orange . . s
BL 70 Imitation orange flavor Cloudy and thin Light yellow 0.026 repeated. This %ms the advantage of being
S quicker than the visual colorimeter.

HL7 Pure lemon extract Liquid Colorless 0.318 4 1 1
CM 69 Pure lemon extract Liquid Colorless 0.281 These exp enment_’s on standard citral solutions
MC 49 Pure lemon extract Liquid Colorless 0.400 show that the solution obeys Beer’s law.
HL 28 Pure lemon extract Liquid Yellow tint  0.524

clear or almost clear. The top liquors were then poured off
for colorimeter readings and found to be low in citral. To
the original part of these samples a known amount of citral
was added, thoroughly stirred in, and again analyzed. The
results are given in Table ITI. The error varied from —0.031
to +0.003 per cent citral. It is evident that the citral was
separated from the gums, starches, etc., by the aleohol and
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A Convenient Six-Tube Vapor
Sorption Apparatus

ALFRED J. STAMM AND SAMUEL A. WOODRUFF, Forest Products Laboratory, Madison, Wis.

HE Forest Products Laboratory has felt the need for a

multiple-unit sorption apparatus that could be operated
readily over a considerable range of temperatures and used
for other vapors than water vapor. The apparatus of Seborg
(4) in which sorption measurements are made under atmos-
pheric conditions has furnished a great deal of valuable data
(8-6). The apparatus, however, is not adapted to use over
a considerable temperature range and can be used only for
water vapor.

The apparatus described in this article was designed at the -

Forest Products Laboratory to meet these further require-
ments and to make the attainment of equilibrium as rapid as
possible. Diffusion distances were made a minimum (about
40 cm.) and six sorption tubes were arranged so as to be
equally accessible to the vapor source. It was considered im-
portant to avoid the adding or removing of definite volumes
of vapor as many investigators have done because, under
these conditions, equilibrium is approached under decreasing
or increasing relative vapor pressure conditions which have
been shown to affect the results (7). Maintaining a definite
temperature difference between the vapor source and the
samples is the only simple method of holding the equilibrium

relative vapor pressure constant as sorption proceeds, that is
suitable for various vapors. This method of vapor pressure
control was adopted. Quartz spirals (), which have proved
their worth in so many different forms of sorption apparatus,
were used for the weighing. Although the measurements
could be made in this form of apparatus in the presence of air,
the rate of attainment of sorption equilibrium was greatly
increased by designing the apparatus so that the system could
be evacuated and the vacuum maintained.

Apparatus

Figure 1 gives a horizontal plan and a vertical elevation of the
apparatus which is mounted in the center of a thermostatically
controlled water bath with an inside diameter of 50 cm. (20
inches) and a height of 50 cm. (20 inches). The bath has four
vertical side windows, 40 X 10 em. (16 X 4 inches). None of the
control parts for the water bath is shown in the figure. Heating
and cooling coils are on the bottom of the tank under the brass
turntable gear wheel, W, which is supported about 5 cm. (2
inches) above the bottom of the tank. W, which supports all
the apparatus, is rotated by gear wheel G, by turning handle J.

A wide-mouthed, unsilvered Dewar flask, D (17.5 X 10.5 cm.
7 X 5 inches inside), which serves as the inner bath, is centered
on the turntable. This flask is partially filled with a strong aque-
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ous glycol solution so as to stand temperatures of —20° C. with-
out freezing and is sealed with a heavy rubber stopper, Z, which,
for convenience of assembly, is made up of one stopper within
another. The bulb, B, which serves as the vapor source is cen-
tered in the Dewar flask, and connects through a distributing head
with six equally spaced tubes (12 mm.) connecting to the sorption
tubes, T. Each tube is held by ball and socket clamps, C, at-
tached to posts, P, which are shown only in the horizontal plan to
avoid undue complication of the diagram. The six connecting
tubes are made up with ground-in joints for convenience in as-
sembly. The sorption tubes, T, are also made up with grotind-on
tops. All these ground joints and stopcocks 1 and 2 are plati-
num-plated to give better seals with less sticking.

B is equipped with a stirrer, S, operated by the electromagnet,
E. The paddle stirrer, which has been described in detail by the
authors (8), oscillates slowly back and forth in the liquid, so as to
create a new surface continuously without throwing any liquid
spray. A mercury manometer, M, connected between sto
cocks 1 and 2, serves to indicate the vapor pressure of the liquid
in B at the temperature of the outer bath. H is an clectrical heat-
ing element for the inner bath, D. For convenience of varying
the heat input, it is connected through a variable voltage trans-
former to a sensitive relay and an adjustable sealed mercury ther-
moregulator, E.

Yisa coofing coil connected to a refrigeration unit. An expan-
sion valve just above the liquid level in the outer bath prevents
undue thermal losses in the line. Since the cooling unit was
made entirely of brass tubing, it was necessary to mount a flexi-
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FIGURE 2. SorpTION OF WATER VAPOR BY UNEX-
TRACTED WHITE SPRUCE AT 20° C.

ble coil above the bath, so that the turntable could be rotated.
This was done by bending the brass tubing back and forth in a
single plane with about 5-cm. (2-inch) diameter bends and 25-cm.
(10-inch) straight sections. The plane of the tubing was then
bent around into a circle about 60 cm. (2 feet) in diameter and
mounted above the bath with the center line passing vertically
through the center of the bath. When the turntable was rotated
in one direction the circle mercly contracted; on reversing the
rotation the circle expanded. The refrigerating unit was set to
give a temperature within the inner bath slightly below the de-
sired temperature. The desired temperature was maintained by
the heating unit.

The small inner bath was adequately stirred by bubbling air
through tube A. X represents a thermometer well for holding a
standardized thermometer which could be read to 0.05° C. When
all the controls were properly adjusted, the temperature of the
inner bath could be held within an accuracy of at least 0.1° C. at
temperatures as low as —8° C. up to the outer bath temperature.

The quartz spirals, Q, for following the weight of the samples
were 1.2 cm. in diameter and had about 20 turns in a length, under
their own weight, of 6 to 8 cm. Under a load of 100 mg. they ex-
tended from three to four times their unloaded length. The cali-
bration curves were linear up to loads of at least 100 mg. Moist
sample weights never excecded this value. Tests showed that
the cxtension of the spirals was not affected by changes in relative
humidity, as was found by Seborg, Simmonds, and Baird (5).
This may be due to the fact that a fresh stock of quartz rod was
used for drawing out the quartz threads.

The extension of the quartz spirals was measured with a cathe-
tometer permanently mounted in front of one of the outer bath
windows. The turntable was rotated so as to bring each tube in
succession and also the manometer in line with the cathctometer.
Cathetometer readings could be readily checked within an accu-
racy of 0.005 cm. A 50-mg. load could thus be weighed within
an accuracy of 0.05 mg. or 0.1 per cent.

Air-dry samples of the material to be tested (50 to 75 mg.)
in a thin sheet form are suspended from the quartz spirals, Q.
Bulb B is one-third filled with distilled water through a fine glass
capillary. The apparatus is sealed, stopcock 1 is closed, stopcock
2 1s opened, and then the apparatus is evacuated with a high
vacuum pump protected with a vapor trap. The water in B is
frozen, stopcock 1 is carefully opened for a few minutes and then
closed. The ice in B is melted, stirred, and again frozen, followed
by the opening of stopcock 1. After repeating this several times
to remove all entrained air, stopcock 1 is kept closed and the
outer system is evacuated for 48 hours to bring the samples to
constant dry weight. After weighing the samples, B is brought
to the lowest desired temperature. If this is below the freczing
point, the inner stirrer cannot be operated, but at higher tem-
peratures it should be continuously operated. Stopcock 2 is
then closed and stopcock 1 opened. The sorption of moisture
by the samples from B, under the relative vapor pressure deter-
mined by the temperatures in the inner and outer baths, was in
practically all cases complete in less than 12 hours and in all
cases was complete in 24 hours. After determining the equilib-
rium weights, the temperature in B is again raised and the so
tion at the newly established higher relative vapor pressure is de-



8385

TasLe I. SorprioN oF WATER VAror aT 20° C. BY THREE
CBLLULOSIC MATERIALS

Relative Adsorption-
Vapor Desorption
Pressure Adsorption Desorption Ratio
Spruce
0.10 3.3 4.2 0.79
0.20 4.9 6.2 0.79
0.30 6.25 7.8 0.80
0.40 YL 9.5 0.81
0.50 9.25 1132 0.82
0.60 - 10.9 13.0 0.84
0.70 12.9 15.5 0.83
0.80 16.3 19.4 0.84
0.90 21.7 25.1 0.86
0.95 25.6 29.0 0.88
Av. 0.83
Sulfite Pulp
0.10 2.7 3.2 0.84
0.20 4.0 4.65 0.86
0.30 5.0 5.75 0.87
0.40 6.05 6.95 0.87
0.50 7.15 8.2 0.87
0.60 8.4 9.6 0.87
0.70 10.1 11.45 0.88
0.80 12.4 14.3 0.87
0.90 18.5 19.1 0.87
0.95 20.9 23.6 0.88
Av. 0.87

Cotton Linters Alpha-Cellulose

0.10 2:1 2.5 0.84
0.20 3.2 3.8 0.84
0.30 3.9 4.6 0.85
0.40 4.75 5.6 0.85
0.50 5.6 6.6 0.85
0.60 6.7 7.8 0.86
0.70 8.0 9.2 0.87
0.80 9.9 11.4 0.87
0.90 13.0 14.9 0.87
0.95 16.9 18.0 0.88
Av. 0.86
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FIGURE 3. SorpTION OF WATER VAPOR BY A COMMER-
CIAL BreacHED SuLriTE Pure aT 20° C.

termined. The stepwise increases in the inner bath temperature
are repeated until the inner bath temperature exceeds the outer
bath temperature by a few tenths of a degree. This condition is
maintained for 1 to 2 hours to ensure supersaturation of the sam-
ple, after which the desorstion cycle is followed in a similar man-
ner to the adsorption by decreasing stepwise the inner bath tem-

perature.

Preliminary Sorption Data

Sorption measurements were simultaneously made at 20° C.
on two samples of an unextracted white spruce wood two
samples of a commercial bleached sulfite pulp, and two sam-
ples of a cotton linter alpha-cellulose. The materials were
carried through two complete relative vapor pressure cycles.
The data are graphically shown in Figures 2, 3, and 4. Inall
cases the deviations in sorption between the check samples
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were less than 0.3 per cent moisture content and averaged
about 0.1 per cent; hence they could not be shown on the
graphs.

Seborg (3) has shown that the ratio of the adsorption to
the desorption moisture content is constant over a rather
broad range of relative vapor pressures. This is also the
case for the data of this investigation, as is shown in Table I.
This constancy of the ratio of adsorption to desorption mois-
ture contents holds for relative vapor pressures as low as 0.1
and as high as 0.95. Naturally, it will not hold at the two
extremes, as the ratio is unity for these values.

Seborg (3) further found the ratio of adsorption to desorp-
tion moisture contents to be practically the same for all cellu-
losic materials and even for lignin. The same constancy is
noted for the three cellulosic materials given in Table I. The
values given by Seborg (3) for cellulosic materials range from
0.82 to 0.89. The three values given in Table I fall within
this range.

The chief point of interest here is that Seborg’s measure-
ments were made at atmospheric pressure, whereas the meas-
urements given in this paper were made in an evacuated sys-
tem. This affords further proof (7) of the falsity of Patrick’s
contention (2), that hysteresis is due to adsorbed air.

Summary

An improved compact six-tube sorption apparatus is de-
scribed for sorption measurements under evacuated conditions.
Adsorption and desorption measurements at 20° C. are given
for unextracted white spruce wood, a commercial bleached
sulfite pulp, and a cotton linters alpha-cellulose. The data
indicate that the ratio of the adsorption to the desorption
moisture contents is constant over a large part of the relative
vapor pressure cycle and that the ratios for the different cellu-
losic materials are similar. This is similar to the findings of
Seborg (3) for sorption measurements in the presence of air.
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An Adjustable Vapor Thermoregulator

J. Y. YEE, Bureau of Plant Industry, U. S. Department of Agriculture, Beltsville, Md.

REEN and Loring (1) described a method for construct-

ing an ether vapor thermostat and gave the advantages

of using it for room temperature control. They pointed out

that the regulator, as described by them, must be constructed
at the place where it is to be used.

The modified ether vapor thermoregulator deseribed in this
paper has given very satisfactory results for about a year in
regulating the temperature in a small room. With a proper
relay and heating system, a temperature variation of
=0.02° C. at the thermoregulator can easily be maintained.
Its design not only overcomes the objection pointed out by
Green and Loring, but also makes it easily adjustable over
a temperature range of 20° C. (20° to 40° C.). It can be
readily made to cover a much wider temperature range, if
desired, by simply lengthening the mercury column.

The vapor thermoregulator, shown in Figure 1, is made of Py-
rex glass except for the adjustment mechanism. A is a 500-ml.

[

FiGure 1

vapor chamber having a bottom tube, B, about 65 cm. long and
of 12-mm. bore, with a ring seal at C to hold the liquid ether in 4.
Tube D, about 95 cm. long and of 4-mm. bore, extends through A
to the bottom of B. The adjustment mechanism is connected
to D a short distance above A. F is a piece of Jena KPG tubing
(of 8.04-mm. bore and 50 mm. in length) with a very uniform
inside diameter (=0.001 mm.). (Pyrex tubings with uniform
inside diameters are now obtainable.) To the middle of £ a mer-
cury reservoir, I, is carefully attached, so that, except at the seal,
@, the inside diameter of £ above and below is not disturbed.
Inside % is a Fernico alloy plunger, J, the diameter of which is
only very slightly smaller (about 0.015 mm.) than the inside di-
ameter of £, so that it can be moved freely therein by means of a
rod connected to a brass bellows, K (250 mm. in diameter), with-
out using any lubricant. The metallic bellows is soldered with
ordinary solder to one end of a Fernico tube, L, the lower end of
which is sealed to the Pyrex tubing above E. The upper and
lower solder joints of the bellows as well as the one to the Fernico
tube should be gas-tight. Both the Fernico alloy and the KPG
Jena tubing can be sealed directly to Pyrex glass. By turning the
thumbscrew 7', the bottom of the Fernico plunger in E can be
raised above point G or lowered beyond that point. @ should be
about 15 mm. below contact point H, so that the mercury always
exerts a little pressure against the bottom of the glunger

After the system has been thoroughly cleaned and dried, mer-
cury and ethyl ether are introduced into the system in the follow-
ing manner: With stopcock M opened to bulb &, the system is
evacuated with a mercury pump and then sealed off at 0. Be-
fore sealin%at Q, enough mercury is distilled over from flask P
to fill tube B to a point a little below Q. Now ch R is filled with
dried ethyl ether, about 5 ml. of which are carefully introduced
into bulb N. Then about 2 ml. of the liquid are distilled into A
by slightly warming bulb N. Some of the ether condenses and
remains in tube B. The ether in A is then cooled with dry ice to
léeduce the ether vapor pressure in the system before sealing off at

After removing the dry ice bath from A, the instrument is
ready for use. Thumbscrew 7' is turned so that the bottom of the
Fernico plunger in E is a little above G. As the thermoregulator
begins to warm up to the desired temperature—30° C. for ex-
ample—the vapor pressure of the ether in the system increases
ancF forces the mercury in B to rise in D. Since there is enough
mercury in this instrument to operate at 20° C., the excess mer-~
cury goes into reservoir F. When the room temperature is about
0.5° C. below the desired temperature, the plunger is lowered be-
low G by turning the thumbscrew to cut off the mercury in the
reservoir from the main column. In this respect, the plunger
acts as a stopper. It also serves as the final adjustment for the
temperature control, which is accomplished by gradually lowering
the plunger still further in E, so as to force the mercury into the
upper part of D, until it barefy reaches contact point H, when the
room temperature is exactly at 30° C. Then the distance be-
tween H and the mercury surface in tube B is 63.48 cm., which is
the vapor pressure of ethyl ether at this temperature.

The room temperature can easily be raised from 30° to 35° C.,
by moving the plunger above G, to let more mercury into the
reservoir F, as the temperature in the room is increased. As in
the previous operation, the plunger is lowered below G again when
the room temperature reaches about 0.5° C. below the desired
temperature. The final adjustment of the temperature is carried
out as before.

To lower the room temperature from 35° to 25° C., the plunger
is again raised above point G, but this time the mercury in reser-
voir F is allowed to flow back into the system as the room is being
cooled, until the room temperature reaches the desired point.
The final adjustment is the same as before.

The thermoregulator is flexible. Although contact point
H is sealed in an evacuated chamber, this thermoregulator

- (unlike most adjustable thermoregulators of this type) does

839

not require setting in a bath of the desired temperature when
changing from one temperature setting to another.
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A Laboratory Water-Bath for Cooking,
Mashing, and Fermentation Studies

HAROLD W. COLES AND WILLIAM E. TOURNAY, Mellon Institute, Pittsburgh, Penna.

HE water baths described in the recent literature (1, 2, 3)

and those commercially available were too small for the
authors’ requirements in fermentation studies. A bath was
desired in which the three stages of cooking, mashing, and
fermentation could be conducted with volumes varying from
only a few cubic centimeters up to 10 liters. The bath shown
in Figures 1 and 2 was designed to satisfy these requirements.

The bath is large enough (300 liters) to accommodate two 12-
liter flasks if desired. The over-all dimensions are: 116.2 cm.,
46.5 inches (long) X 70 cm., 28 inches (wide) X 66.88 cm.,
26.75 inches (high), not including the angle-iron stand. The
inside width is 50 em. (20 inches) and the length is 100 cm.
(40 inches) at the widest points. The bath is insulated with at
least 5 em. (2 inches), at the narrowest points, of building in-
sulation wall bats, 37.5 X 57 em. (15 X 23 inches). The walls
are of 0.62-cm. (0.25-inch) Transite with 17 standard aluminum
angle 0.3 X 2.5 em. (0.125 X 1 X 1 inch). The bottom is of
white pine.

The inside of the oval bath is tinned copper. The bottom is
false and has in the middle, crosswise, a ridge partly visible in
Figure 1, A, directly under the stirrer. This ridge, 15 cm. (6
inches) higher than the lowest part of the bath, effectively
eliminates dead water spots. The depth of the i)ath at the
trough is 60 cm. (24 inches).

The larger glass apparatus is held by two types of baffles
which are introduced into slots, B, soldered on the sides of the
bath, 25 cm. SO inches) from each end. One type, C, holds the
tall cylindrie: P(i'rex jar (45 cm., 18 inches high and 15 em., 6
inches, in inside diameter), D, in which the atmospheric cooking
and mashing are carried out. The mash is then transferred for
the fermentation to a 12-liter flask which is supported in the bath
by a two-pronged baffle, E (Figure 2). The baffles are made of
polished aluminum sheet, 0.3 cm. (0.125 inch) thick, reinforced
at several places with additional aluminum strips. The baffle,
C, is 23.5 cm. (9 inchesg] high and 49.67 cm. (19.87 inches) long.
The slots attached to the wall are soldered at the lower end.

The top of the bath is covered with copper sheet and refriger-
ator rubber door gaskets are tacked about each opening upon
which rest the aluminum covers, F, when the bath is in use.
These covers are held in place by the screw fasteners, G, serve
as another support for the 12-liter flasks, and cover the bath
about the tall cylinders when the water is at the boiling point.

Ficure 1. WATER BatH FOorR FERMENTATION WORK
SHOWING COOKING AND MASHING ARRANGEMENT
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The bath is emptied by means of two 38.75-cm. (1.5-inch)
drains (type K soft copper tubing) and there is also an overflow
opening of the same size just underneath the crosspiece, H, which
is made of a 0.9-cm. (0.375-inch) steel plate, 16.25 cm. (6.5
inches) in width, resting on aluminum angle. The water is
stirred by a 20-cm. (8-inch) 3-blade L. H. aluminum propeller,
I, mounted on a brass shaft. The jar contents, D, are stirred by
a Monel screw-type stirrer. The brass center pulley, J, 5 cm.
(2 inches) in diameter, has a speed of 254 r. ? m. The cast-
iron end pulleys, K, have diameters of 9.4 cm. (3.75 inches) and are
mounted on hinges, L, to facilitate removal of stirrers and flasks.
The stirrers are held by No. 6 Millers Falls straight-shank drill
chucks, 0.9-cm. (0.375-inch) cap, along with combination ball
bearings and thrust ball bearings. :

Figure 1 shows further the steam ring, M, directly above the
stirrer, the water C?ipe, N, used for filling the bath, and the
thermoregulator, O, which has a 15-cm. (6-inch) extension
(Aminco). The thermometer, P, is a special length 101° C.
instrument.

\'

E

Ficure 2. WAaTER BaTH FOR FERMENTATION WORK, SHOWING
FERMENTATION FrLasg AND D=mTAILS OF ELECTRICAL AND
Hearing DEVICES

Figure 2 illustrates the mechanical, heating, and cooling fea-
tures of the bath. The speed reducer, @, is a Smith No. 2 BV re-
ducer, 7.5 to 1 ratio, with the output shaft extending from the
bottom. It is connected with the 0.25-horsepower motor, R,
through a Boston 3-jaw coulplin , 1.25-cm. (0.5-inch) hole, FCN-
12. The steam is controlled %y a solenoid valve, S, which,
through a separate pipe system, is also used for cold water con-
trol. Both steam and water lines have check valves, 7, and
strainer, U. The pipe, V, is used for introducing steam under
full pressure when it is desired to heat the bath very quickly.

The sheet steel box (20 X 20 X 10 cm., 8 X 8 X 4 inches), W,
contains all the necessary switches, the double-throw mercury
relay (No. 4-376A Aminco), and the transformer (No. 4-460
Aminco Rectran) necessary for operating the thermoregulator.
The water line has a connection whereby the water can be passed
through a cooling coil for use in hot weather.

To measure the temperature of the mash, a thermometer may
be suspended from the edge of the cylinder (Figure 1), or a hole
for a thermometer may be bored through the rubber stopper of
the 12-liter flask shown in Figure 2.
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A Simplified Microhydrogenation Apparatus

I. B. JOHNS AnND E. J. SEIFERLE
Jowa State College, Ames, Iowa

N THE course of certain investigations in this laboratory
on compounds of plant origin it was desired to carry out
quantitative catalytic hydrogenations on small amounts of
material. These experiments were designed to determine the
number of reducible groupings such as ethylenic double bonds
present in the compounds studied, with a view to obtaining
structural information concerning them. The various kinds
of apparatus previously described for such work have been
based on one or the other of two principles: the measurement
at constant volume of the decrease in pressure resulting from
the consumption of hydrogen, and the volumetric measure-
ment at constant pressure of the hydrogen absorbed.

Apparatus for the manometric procedures were modified from
the original Warburg (76) manometers for metabolism studies.
Hyde and Scherp (5§) and Kuhn and Moller (9) designed ap-
paratus of a complicated nature which gave results of =2 and
=(.5 per cent accuracy, respectively. Tsuda and Sakamoto
(14) reported a much simpler apparatus based on the same prin-
ciple. Foresti (4) made use of a solenoid-activated stirring
mechanism in an anaratus of high sensitivity.

The earliest volumetric apparatus for microhydrogenations
was that of Smith (13), who used an arrangement with a com-
pensation flask and differential manometer similar to that in the
manometric apparatus and obtained with it an accuracy of =2

r cent. Slotta and Blanke (72) and Bretschneider and Burger
1) increased the accuracy of the method to =1 per cent and
introduced several refinements in technique, but produced highly
complicated .pieces of equipment. Jackson amf Jones (7) de-
vised new methods of introducing the sample and agitating the
reaction flask. Prater and Haagen-Smit (11) recently described
a new apparatus that can be used with or without the compen-
sation flask.

Simplified apparatus which eliminated the differential manom-
eter and compensation flask was first described by Ebel, Brunner,
and Mangelli (2). Their apparatus, however, was designed for
semimicroquantities of material, as were those of Erdds (8),
Zechmeister and von Cholnoky (17), and Mayeda (10). Kauf-

mann and Baltes (8) devised an apparatus on this same principle .

for determination of the degree of unsaturation of fats by cata-
lytic hydrogenation, using 20- to 40-mg. samples. Weygand and
Werner (16) used an electromagnetic stirring device in their
apparatus.

Description and Operation of Apparatus

The apparatus is made throughout of Pyrex glass. The bulb
of the reaction flask is 3.5 cm. in diameter and the neck and side
arm are 1.1 cm. in diameter. The ground-in plug, 4, in the side
arm is hollow and to its base is sealed a piece of 2-mm.' tubin
which serves to retain the sample tube, F, in the neck of the flas
until the solvent and catalyst have been saturated. Through
the side of the plug and the ground surface of the side arm are
bored matching holes about 0.5 mm. in diameter. At B is a
ground-glass connection to a capillary of 1-mm. bore which leads
to the measuring buret. This buret is made of tubing of uni-
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form bore, 4 mm. in inside diameter, and about 43 cm. long; its
capacity is therefore about 5.5 cc. It is calibrated in 0.1-cc.
divisions which are sufficiently long to be read accurately to
=0.01 ce. At point D, the base of the buret, a side tube of the
same diameter as the buret is sealed. This serves both as a
manometer for accurate leveling of the buret liquid and as an
inlet tube, when connected at C to the source of hydrogen. A
liv;,}ing bulb is connected by rubber tubing to the apparatus
at E.

The apparatus is clamped firmly to a 0.94-cm. (0.375-inch)
board, about 13.8 X 50 cm. (5.5 X 20 inches), at the points shown
in Figure 1. The capillary above B is bent out from the board a
distance sufficient to accommodate the bulb of the reaction
flask, and is supported at B by being clamped to a block of wood
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fastened to the board. The board is pivoted and the whole
apparatus is agitated by connection to a motor-driven eccentric.
A vibration rate of 200 per minute is satisfactory and a variable
resistance is connected in the electrical system to control the
speed of the motor.

The catalyst, either Raney nickel or Adams and Shriner’s
platinum oxide, is weighed to the nearest 0.01 mg. in a porcelain
microboat and introduced into the reaction flask. Then 5 cc. of
solvent are added. The sample, 5 mﬁ. or more, is weighed to the
nearest 0.01 mg. in a thin-walfed, at-bottomed glass capsule,
F, about 8 mm. in outside diameter and 2 cm. long. This cap-
sule is then inserted into the neck of the reaction flask and is
held in place by the end of the tube attached to the base of plug
A, bent as shown in Figure 1. This tube must be so bent that
the holes in the plug and side arm meet sufficiently to effect an
opening to the apparatus while the capsule is held in position;
it must also be possible to turn plug 4 sufficiently to close off the
opening through the holes, still retaining the capsule in position.
'I%ee side arm of the reaction flask must be blown outward above
its connection to the flask, as shown in the figure, to allow with-
drawal of plug A. With A adjusted at the open position, the
flask is attached to the capillary manifold through the carefully

eased connection at B, and is held firmly in position by springs.
?he liquid in the buret, preferably mercury, is lowered below D
and hydrogen is swept through the agparatus for several minutes,
in at C and out at A. This procedure is a distinct advantage
over the method previously used, of alternately evacuating the
apparatus and introducing hydrogen, repeating 6 to 10 times.

efore the hydrogen enters the apparatus it is bubbled through
a tower containing alkaline stannite solution to remove traces of
oxygen and then through a saturator containing the same sol-
vent used in the reaction flask. This procedure reduces to a mini-
mum the time necessary for saturation of the atmosphere in the
apparatus. The hydrogen is led through a small-bore tube to the
bottom of a side-arm test tube, 17.5 X 2.2 em. (7 X 0.875 inches),
which is filled with glass beads covered by the solvent. It is ad-
visable to insert a Bunsen valve in the inlet tube from the hy-
drogen cylinder.

\%hen the apparatus has been thoroughly swept out the source
of hydrogen is disconnected, plug A is closed, still holding cap-
sule F in place in the neck of the flask, and the apparatus is let
stand unti? thermal equilibrium is reached. The mercury is then
raised until it is exactly at zero in the side tube, A is opened mo-
mentarily to equalize the pressure in the apparatus and to adjust
the mercury at zero in the manometer, and is then closed, still
retaining the capsule in the neck of the flask. The catalyst and
solvent are saturated with hydrogen, the apparatus being shaken
by means of the electrically driven eccentric, Completion of
saturation is attained when on continued agitation no further
change in the buret readin% is observed. This reading is re-
corded as the initial reading for the hydrogenation of the sample.

Plug A is then turned to allow capsule F to drop into the sol-
vent, the side opening at A being k(épt. closed. Shaking of the
apparatus is begun again and the hydrogenation pro s,
servations of hydrogen consumption may be made at intervals,
the shaking being stopped momenta.rﬂ{, and the final readin’% is
made when no further consumption of hydrogen is evident. The
temperature at the apparatus is read at each observation, and
the barometric pressure is recorded; in hydrogenations requirin
several hours the pressure is noted at least at the beliinning an
end of the experiment. Corrections are applied to the readings
as outlined below.

TasLe I. VAror PrEssures oF CoMMON SoLVENTS (6)
Vapor Pressure

Temperature CH;0H C:HiO H,0 CH;COOH
>0, Mm. Mm. Mm. Mm.
15 71.0 32.2 12.8 8.5
20 93.3 43.9 17.5 1Rk
25 121.6 59.0 23.8 15.0
30 156.9 78.8 31.8 20.6
Calculations

The actual consumption of hydrogen is calculated to stand-
ard conditions from the buret readings by the usual pro-
cedure, it being necessary to subtract from the barometric
pressure the vapor pressure of the solvent at the observed
temperature. For convenience the vapor pressures of sev-
eral common solvents have been taken from the International
Critical Tables (6) and are presented in,Table I. From them
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curves can be drawn for interpolation at intermediate tem-
peratures.

Corrections to be applied to the readings for changes in
temperature or barometric pressure are dependent upon the
free volume of the apparatus. This is determined by any
convenient method. Temperature changes produce varia-
tions in both partial pressure of solvent and volume of the
gaseous phase. Corrections for both these factors as well as
_for changes of temperature may be determined in the follow-
ing way:

The volume of hydrogen in the apparatus at any time is

VH: — [un.\ — Violyent — V(boat + capsule) — Vbuut] X
2_,_7§. X ____,P ==AUD
T 760

where P = barometric pressure and vp = vapor pressure of the
solvent at temperature 7. This volume, Vg, is calculated at
the time the h{drogenation of the sample is started and again
at the end. The difference between the two values is the vol-
ume of hydrogen, at standard conditions, used by the sample.

ExampLe.  Fumaric acid, hydrogen number, 116. Sample,
5.302 mg. Catalyst, PtO,, 3.112 mg. Solvent, alcohol, 5 cc.
Total volume, 35.3 ce. Volume of boat and capsule, 0.4 cc.

Hydrogenation of catalyst: Initial readings, Viue: = O0;
P = 741.0; ¢ = 28.0°. Final readings, Viuet = 0.69; P =
741.3; t = 28.5°

Hydrogenation of sample: Initial readings, Viuret = 0.69;
P = 741.3; t = 28.5°. Final readings, Viuret = 2.06; P =
741.35°t = 28.3°%

Vapor pressure of alcohol, 70.2 mm. at 28°, 71.5 mm. at
28.3°%, 72.5 mm. at 28.5°

Initial Vi, = (35.3 — 5.0 — 0.4) X 20 % 741 =702

301 60 = 23.94 cc.

After hydrogenation of catalyst
273 7413 — 725

V= (35.3 — 5.0 — 0.4 — 0.69) X 3015 X 760 = 23.27 cc.
Observed VH; used by catalyst = 23.94 — 23.27 = 0.67 cc.
Calculated Vg, used by catalyst = 321—2172 X 2 X 22.4 = 0.61 cc.
After hydrogenation of sample :
Va: = (35.3 — 5.0 — 0.4 — 2.06) X 3—02;,—33 X

741.37;6 71..? — 92,93 co.

Vi, used by sample = 23.27 — 22,23 = 1.04 cc.

Hydrogen number = %%%2 X 22.4 = 114

Itis, of course, unnecessary to calculate the volume of hydro-
gen used by the catalyst. The calculation is put in here to
show the close agreement between the observed volume and
the volume calculated from the weight of platinum oxide
employed. This agreement makes it obvious that catalyst
and sample can be hydrogenated simultaneously, correcting
the total hydrogen uptake by subtracting the calculated vol-
ume of hydrogen used by the catalyst. While the accuracy
to be expected by this method is only =6 per cent, the vigor
of the catalyst is considerably greater and the time required
for the hydrogenation shorter. Where extreme precision is
not necessary the method has some advantages. When using
the platinum on zirconium oxide and palladium on zirconium
oxide catalysts prepared by the American Platinum Works,
the volume of hydrogen absorbed is so small that it can be
neglected except where highest precision is required.
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Summary

A simple apparatus for quantitative catalytic microhydro-
genation is described, and details of the necessary correc-
tions for temperature and barometric pressure changes are
given. An accuracy of =2 per cent, sufficient for deter-
mining the number of hydrogenated groupings in organic
compounds, is attainable.
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Detection of Carbon Dioxide and Sulfur Dioxide from Mixtures
of Carbonates and Sulfites

G. B. HEISIG AND AARON LERNER
School of Chemistry, University of Minnesota, Minneapolis, Minn.

F A GAS containing small quantities of sulfur dioxide and
carbon dioxide is passed through a few drops of an acidic
solution of ferric ferricyanide, the sulfur dioxide will be oxi-
dized to the nonvolatile bisulfate ion, the brown ferric ferri-
cyanide will be reduced to Turnbull’s blue, and the carbon
dioxide will pass through the liquid and can be detected with
barium hydroxide solution without interference. The simple
apparatus (Figure 1) has been developed to carry out the
test on a semimicro scale.

/5/77/77 O.0.

e
30 mm. £AE
5] lm/rl/"
30mm.
7100 mm.

N/ lE
f—]
13mm.0.0.

Ficure 1

P

Place a drop of a saturated solution of barium hydroxide in the
top of the tube and work the drop down into the constricted part.
Then put in the lower end of the tube enough of a freshly pre-
pared ferric ferricyanide solution, made by mixing one dro
of 0.17 M potassium ferricyanide, one drop of 0.3 ferric ni-
trate, and one drop of 5 N hydrochloric acid, to form a thin
layer of solution. One or two strands of glass wool may be in-

serted in the tube to aid in retaining the solution, although they are
not necessary.

Carefully remove any liquid on the outside of the tube with
filter paper. Put the solid or liquid neutral sample containing
about 1 m%]of sulfite and carbonate ion in the test tube, add 4
drops of 5 N acetic acid, assemble the apparatus, and place it in
a water bath maintained at 70° to 80° for 2 minutes.

If as little as 0.005 mg. of sulfite ion is present the brown
solution of ferric ferricyanide will turn blue within a minute.
A white precipitate will form in the lower meniscus of the
drop of barium hydroxide if as little as 0.025 mg. of the car-
bonate is present. In the absence of a carbonate, no precipi-
tate forms in the barium hydroxide when as much as 3 mg. of
sulfite ion is present. The tube must be cleaned scrupulously
after each determination, for even a thin film of ferrous ferri-
cyanide hastens the reduction of the ferric ferricyanide, al-
though the mechanism is not clear.

The solution of ferric ferricyanide should be freshly pre-
pared, for it becomes green after standing 15 to 20 minutes
and will no longer oxidize the sulfur dioxide. A similarly pre-
pared solution of ferric ferricyanide was used by Noyes (2)
to detect the presence of reducing anions in suitably prepared
solutions. Noyes states that the blue color is due chiefly to
the formation of ferrous ferricyanide. He accounts for the
formation of this substance instead of ferric ferrocyanide,
which would be expected from the oxidation-reduction poten-
tials, by the slowness of the reduction of the ferricyanide ion
by sulfur dioxide. This conclusion is in agreement with the
work of Eibner and Gerstacker (1), who found that the ferri-
cyanide ion is not reduced by sulfur dioxide even though the
solution is boiled. Nitrites, thiosulfates, and sulfides when
treated with acids form gases which are reducing agents and
will interfere with the test for a sulfite. However, strontium
acetate (3) may be used to precipitate the sulfite and carbon-
ate ions without precipitating the interfering ions.
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Detection of Gallium

By a Fluorescence Reaction with 8-Hydroxyquinoline

E. B. SANDELL

University of Minnesota, Minneapolis, Minn.

NUTE amounts of gallium can be detected by adding
8-hydroxyquinoline to a solution having a pH of 2.6
* to0 3 and shaking with chloroform. In the presence of gallium,
the chloroform layer shows a yellowish fluorescence in ultra-
violet light which is due to the extracted gallium hydroxy-
quinolate. Indium reacts slightly at pH 3 but not at pH 2.6.
Other metals do not give an appreciable fluorescence when
present in low or moderate concentrations, but a few metals
prevent the reaction of gallium.

Procedure

In the absence of ferric iron, cupric copper, vanadate, and
molybdate the test may be carried out as follows:

The pH of the solution to be tested is adjusted to 2.5 to 2.6
in any convenient way if indium is present, or to 3.0 if indium is
absent (less than 0.05 mg.). The reaction is slightly more sensi-
tive at pH 3.0 than at 2.6. Adjustment of the pH to 3 can be
made very simply by acidifying 5 to 10 ml. of the test solution
with a drop or two of hydrochloric acid, add'mg a drop of methyl
orange and then a dilute (1 M) solution of sodium acetate until
the indicator shows the first deviation from its full acid color.
One-fourth milliliter of 0.1 per cent 8-hydroxyquinoline solution
(obtained by warming 0.10 gram of 8-hydroxyquinoline with 1
ml. of 4 M acetic acid until dissolved and then diluting to 100
ml. with water) is added, and the solution is mixed and shaken
vigorously with 1 ml. of analytical reagent chloroform in a 1.8 X
15 cm. glass-stoppered flat-bottomed tube. The chloroform is
allowed to settle and the layer is viewed transversely while the
tube is held vertically over a source of ultraviolet radiation in a
dark room. (In the present work a Westinghouse type G-5
ultraviolet lamp was used.) A yellow fluorescence with a tinge
of green indicates gallium. When minimal amounts (less than
0.5 microgram) of gallium are to be tested for, the test solution
should be compared against a blank, because the chloroform itself
fluoresces slightly.

Iron if present in the ferric state must be reduced to the
ferrous condition before the gallium test can be applied.
This may be done as follows:

One-half gram of hydroxylamine hydrochloride is dissolved in
5 ml. of the slightly acidified solution which may contain as much
as 30 to 40 mg. of iron. Sodium acetate solution is added until a
brown color appears, and the solution is allowed to stand for 10
minutes (it should become practically colorless in a few minutes).
A drop of methyl orange is added, the pH is adjusted to 3.0 (or
to 2.6 if appreciable amounts of indium may be present), 0.25
ml. of 0.1 per cent &h)’drc;g’quinoline solution 1s added, and
the mixture is shaken with 1 ml. of chloroform. The reduction of
iron mxa.Evl not be complete and the chloroform may show a slight
brownish color in daylight due to a trace of ferric hydroxy-
quinolate. So long as the chloroform is only slightly darkened
no harm is done. Prolonged shaking of the solution should
be avoided because this leads to reoxidation of the iron.

Vanadium as vanadate can be reduced by hydroxylamine hy-
drochloride in much the same way asiron. The slightly acidified
test solution containing dissolved hydroxylamine hydrochloride
is treated with sodium acetate until a greenish color appears,
and the solution is allowed to stand until it has become prac-
tically colorless. A drop of methyl orange is added, the pH is
agjusted to 2.6 to 3, and the solution is then tested as described
above.

When copper is present it is precipitated as cuprous thiocya-
nate by adding potassium thiocyanate and sodium sulfite to the
slightly acid solution. Gallium may then be tested for in the
filtrate after adjustment of the acidity.

Molybdenum as molybdate can be precipitated with a slight
excess of lead nitrate in acetic acid solution, and the filtrate tested
in the usual way.

Sensitivity

At pH 3.0 under the conditions described above, 0.1 micro-
gram of gallium in 5 or 10 ml. of solution gives a faint fluores-
cence that is distinctly stronger than that given by the blank.
This corresponds to a concentration of 1 to 10%. Doubtless
gallium can be detected in concentrations less than 1078,
provided the absolute amount is at least 0.1 microgram.
The sensitivity at pH 4 is but slightly greater than at pH 3.0.
At pH 2.6, in a biphthalate buffer, 0.2 microgram of gallium
can be detected with certainty when a blank is used for com-
parison. The ratio of intensity of fluorescence at pH 2.6 and
pH 3.0 is approximately 0.6.

Effect of Other Elements

The following metals give no fluorescence with 8-hy-
droxyquinoline at pH 3.0 under the conditions already
described (25 to 50 mg. of metal in 5 ml. of solution unless
otherwise indicated): sodium, potassium, rubidium, copper
(Cu', 10 mg.), silver (nitric acid solution), gold (0.5 mg.),
calcium, strontium, barium, magnesium, zin¢, cadmium,
mercury (Hg' and Hg™, 10 mg.), yttrium (3 mg.), lanthanum
(2 mg.), aluminum, thallium (TI', nitric acid solution),
titanium (Ti', 1 mg.), zirconium (1 mg.), cerium (Ce'",
10 mg.), thorium (2 mg.), germanium (0.3 mg.), tin (Sn™
and Sn'Y), lead, vanadium (VY, 5 mg.), columbium (1 mg. as
columbate), tantalum (5 mg. K,TaF;), arsenic (As"), anti-
mony. (Sb™, 10 mg.), bismuth (10 mg.), chromium (Cr'¥),
molybdenum (Mo"}, 5 mg.), tungsten (W%, 5 mg.), uranium
(UYY), tellurium (0.1 mg.), manganese, iron (Fe'), cobalt
(5 mg.), nickel (5 mg.), and platinum (0.2 mg.).

In the case of cupric copper, vanadate, molybdate, and
ferric iron, the corresponding hydroxyquinolates are ex-
tracted by the chloroform, as can be seen from the color,
but the chloroform solution does not fluoresce. Titanium in
small amounts gives a precipitate insoluble in chloroform.
Lithium appears to give a very faint fluorescence with 8-
hydroxyquinoline. One hundred milligrams of lithium (0.75
gram of lithium sulfate) in 5 ml. show about as much fluores-
cence as 0.1 microgram of gallium. The hue of the lithium
fluorescence is more greenish than that of gallium. Beryl-
lium also seems to show a trace of fluorescence. Ten milli-
grams of beryllium (200 mg. of recrystallized beryllium sulfate
tetrahydrate) in 5 ml. at pH 3.0 show a fluorescence (yellow-
green) corresponding to 0.1 to 0.2 microgram of gallium.
Scandium may give rise to a very faint fluorescence at pH 3.0.
Two milligrams of scandium produce approximately as much
fluorescence as 0.05 microgram of gallium (fluorescence
stronger than the blank but not as strong as 0.1 microgram of
gallium).

At pH 3.0, 1 mg. of indium shows about as much fluores-
cence as 2 micrograms of gallium. The fluorescence of indium
is more yellow than that of gallium, the trace of green
present in the gallium fluorescence not being evident. The
extractability of indium hydroxyquinolate increases rapidly
as the pH of the solution is increased above 3. At pH 2.6
(biphthalate buffer) small amounts of indium show no fluores-
cence. Thus 1 mg. of indium in 5 ml. of solution containing
0.25 ml. of 0.1 per cent of 8-hydroxyquinoline shows a doubt-
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TasLe I. FLUOROMETRIC DETERMINATION OF (GALLIUM

4 Gallium Gallium

Addition Present Found
Mg. Microgram Microgram

30 Al 0.0 0.0
30 Al 0.1 0.1
30 Al 0.5 0.55
30 Al 1.0 1.0
50 Al 0.5 0.4
10 Felll 1.0 0.9

ful fluorescence after shaking with 1 ml. of chloroform, a
blank being used for comparison; the fluorescence is less than
that of 0.1 microgram of gallium.

The detection of 0.5 microgram of gallium offers no dif-
ficulty in the presence of the following metals (25 to 50 mg.
present except as indicated): alkalies, alkaline earths, silver,
beryllium (10 mg.), magnesium, zinc, cadmium, mercury
(Hg' and Hg", 10 mg.), scandium (2 mg.), yttrium (3 mg.),
lanthanum (2 mg.), aluminum, indium (1 mg.), thallium
(T1"), zirconium (1 mg.), cerium (Ce', 10 mg.), thorium
(2 mg.), lead, arsenic (As"), chromium (Cr'), tungsten
(WY, 5 mg.), uranium, manganese, cobalt (5 mg.), nickel
(5 mg.), platinum (0.2 mg.), and palladjum (0.2 mg.). It
is believed that less than 0.5 microgram of gallium can be de-
tected in the presence of most of these metals even when
they are present in amounts greater than those specified.
In the case of tin, antimony, and bismuth, which yield heavy
precipitates by hydrolysis, 1 to 2 micrograms of gallium
are required for a definite reaction when 10 mg. of one of
these metals are present. The precipitate in the chloroform
makes it difficult to recognize a fluorescence, and these ele-
ments are best separated before applying the test. Titanium,
columbium, tantalum, and tellurium also should be sepa-
rated unless present in very small amounts.

The metals interfering seriously with the detection of gal-
lium are those already mentioned as forming hydroxyquinol-
ates soluble in chloroform under the conditions of the test—
namely, ferric iron, cupric copper, vanadate, and molybdate.
By reduction or precipitation of these metals as described
above, it is possible to detect 0.5 microgram of gallium in the
presence of 30 mg. of iron, 5 mg. or more of vanadium, and
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10 mg. of copper. One microgram of gallium can be detected
in the presence of 5 mg. of molybdenum.

Fluoride reduces the sensitivity of the gallium reaction
enormously. In 5ml. of solution of pH 3.0 containing 10 mg.
of sodium fluoride, 2 micrograms of gallium are barely detect-
able. However, if aluminum is present in sufficient amount,
the sensitivity is not reduced. Citrate also inhibits the reac-
tion. Phosphate reduces the sensitivity only slightly. One-
half microgram of gallium in 5-ml. solution of pH 3 containing
100 mg. of ammonium monochydrogen phosphate still gives a
fluorescence, but a weaker one than in the absence of phos-
phate. With 10 mg. of ammonium monohydrogen phosphate
in 5 ml., 1.0 microgram of gallium gives approximately the
same intensity of fluorescence as 0.9 microgram in the absence
of phosphate.

Quantitative Application

Preliminary experiments indicate that the reaction de-
scribed may be applied to the determination of small quanti-
ties of gallium in the presence of relatively large amounts of
such elements as aluminum and iron. The results given in
Table I were obtained by fluorometric titration.

A dilute standard solution of gallium was added to a com-
parison solution having the same volume and pH as the unknown
solution, and containing the same amount of 8-hydroxyquinoline
and chloroform, with shaking after each addition until the chloro-
form layers in both solutions showed the same intensity of fluores-
cence. The solutions were adjusted to pH 3.0 and ferric iron was
reduced with hydroxylamine hydrochloride. The comparison
solution did not contain aluminum or iron.

There appears to be but little diminution in the fluorescence
intensity of gallium in the presence of moderate amounts of
aluminum or iron. Zine, however, reduces the intensity of
the gallium fluorescence markedly. Thus, 1.0 microgram
of gallium in the presence of 20 mg. of zinc¢ (5-ml. volume, pH
3.0) gave approximately as much fluorescence as 0.5 micro-
gram of gallium in a zinc-free solution. Therefore, if gallium
is to be determined in the presence of zinc without making a
separation, approximately an equal amount of zinc must be
present in the comparison solution.

Micromethod of Chromatographic Analysis

M. O°’L. CROWE

Division of Laboratories and Research
New York State Department of Health, Albany, N. Y.

HE chromatographic method of analysis originated by

Tswett (9) and revived by Kuhn and associates (5, 6)
has proved a valuable physical method for the isolation and
purification of substances from mixtures.

Considerable difficulty is sometimes encountered and large
quantities of material are required in the selection of suitable
solvents, adsorbents, and elutriants for the substance to be
investigated. A microchromatographic method that requires
only a few drops of material has been developed, and has been
used in this laboratory for the past two years for rapid pre-
liminary survey before filtering solutions through columns in
preparation for spectroscopic examinations.

A number of adsorbents are placed in the cups of a “spot plate’’
or cupped porcelain dish such as water colorists use. A very small

Top View or PerRI DiIsH,
Saowing ZoNe ForMATION IN AD-
SORBENT MATERIAL

Figure 1.
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quantity (0.25 teaspoon) of the adsorbent in the powdered form is
placed in the cup and moistened with various solvents; 2 or 3
drops of a prepared creamy mixture of adsorbent and solvent
may be use£ A drop or two of the solution to be investigated is
then placed at the rim of the cup and allowed to flow into the
adsorbent; the combination that is most suitable for the par-
‘ticular substance to be studied is determined.

Then a glass Petri dish about one quarter full of the chosen ad-
sorbent is gently shaken in a tilted position, so that the adsorbent
settles in the form of a wedge that is very thin at the upper edge
and a few millimeters thick at the lower edge. The solution that
is to be analyzed is dropped from a 1-ml. pipet into the center of
the Petri dis{n, which is%eld in a tilted position (Figure 1) so that
the solution may flow gently towards the thin edge of the wedge
and then filter slowly downwards through the adsorbent. The
solvent is added drop by drop to form broad zones of separated
material. Experience will determine in each case whether it is
better to allow the solution to flow into the adsorbent in the dry
state or when moistened slightly with the solvent.

If material that contains fluorescing substances is used,
these spread out into broad semicircular fluorescing zones in
the light of a Hanovia analytic quartz lamp. This method
is very useful in the analysis of biologic materials when only
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very small quantities are available, and has been found more
satisfactory than other micromethods (1-4, 7, 8, 10) in the
analysis of certain biologic substances.
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Modified Electrometric Determination

of Metallic Silver
By a Dead-Stop End-Point Procedure

R. H. LAMBERT AnND R. D. WALKER, Eastman Kodak Company, Rochester, N. Y.

O CHEMICAL method is known for determination of

metallic silver in suspensions, such as one would have
in exposed photographic emulsions, if silver is present to the
order of 1 to 10 X 10~° mole per liter. A volumetric method
can now be reported for estimating such small amounts of
silver which makes use of the polarized-electrode method of
Foulk and Bawden (I). This method measures metallic
silver only and is not affected by the presence of silver ions.
The reactions involved in the de-
termination are:

out. The authors studied the titration of iodine and arsenite
solutions from both directions and found both end points re-
peatable.

Experimental Procedure

All chemicals used were of reagent quality. The alkalinity of
solutions to be titrated was adjusted to pH 8.3 with 0.02 N
sodium bicarbonate. Solutions were made with freshly distilled
conductivity water and stored in Pyrex bottles. The iodine

44

2Ag® + I, — 2Agl 16)) I /1 1]

Is + Na:AsOs + H:0 — 40 [1£
Na;AsO; + 2HI (2) 40 I
The silver iodide formed is dis- 3 2o /
solved by the excess potassium iodide o X 117/
and any hydrogen iodide is neutral- = \\\\ 32
ized by the sodium bicarbonate. R S }l
At such low concentrations of silver, g i AN\ ﬁ 2 [/
special precautions to reduce errors G \& o f
are necessary. A method of follow- T o A\ o ¢
ing ‘the titration was developed = N\ 5o, /L]
which allows greater precision to the 3 20 A\ & 3 /
end point. This paper is an account s AV § 16 /
of these factors. 2 3 /
Titration of iodine using the dead- 2 \ E i /

stop end point may be divided into S 2 ‘\\, /
four categories—addition of an iodine 5 \5‘\ 8 /
solution to a reducing agent in an 8
acid or in an alkaline medium; and 4y
addition of a reducing agent to an 2 & == AL i
iodine solution which is acid or alka- = AR ATR S s
line. Wernimont and Hopkinson (2) ?ﬂ 48 49 50 1 >5,2 53 54 55 cc. | mo‘:: |ot;iz

report that titration of iodine with
sodium thiosulfate in an acid
medium is not so reproducible as
when the reverse titration is carried

Fiqure;l. TITRATION OF [ODINE WITH ARSENITE

30 per cent KI, 0,02 M NaHCO;
E. m. {., 100 millivolts

CC. IX10"4N ARSENITE

FI1GURE2. TITRATION OF ARSENITE
WwITH loDINE

30 per cent KI, 0.02 M NaHCO:
E. m. {., 100 millivolts
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solutions contained 40 grams of potassium iodide per liter to in-
crease their stability.

The apparatus was similar to that of Wernimont and Hopkin-
son (2) with the addition of a yariable shunt across the galvanom-
eter in order to adjust its sensitivity suitably over a wide range of
concentrations. The galvanometer used was the Leeds & North-
rup type P, of 1171 ohms’ resistance and sensitivity of 8 X 10-1
amperes per mm. A precision dial was attached to a type 371
(General Radio Company) rheostat-potentiometer of 900 ohms’
resistance for adjusting the voltage supplied by three dry cells
connected in parallel to the electrodes. By calibrating the dial,
voltages across the electrodes were ascertained.

It was found necessary to maintain an atmosphere of nitrogen
over the solution in the titration vessel and to bubble nitrogen
through silver bromide sols during exposure (when silver was ob-
tainec% from this source). The nitrogen was é)uriﬁed by passing
it through a train of chromous sulfate and acid silver nitrate con-
taining suspended silver bromide. Oxygen was removed by the
chromous sulfate, sulfur by silver nitrate, and the silver bromide
effected the removal of some agent which was able to reduce
silver bromide even in the absence of light. The treatment of
the nitrogen must be very efficient, since traces of oxygen cause
oxidation of potassium iodide and the resulting iodine gives a
spurious end point.

The dial is adjusted to the desired voltage and either iodine
or arsenite solution is placed in the titration vessel. In the first
case, a large deflection of the galvanometer is immediately ob-
served. Addition of small increments of arsenite causes the gal-
vanometer to move towards its rest point (to some extent affected
by the voltage across the electrodes) by definite amounts. In
the second case, a momentary large deflection of the galvanometer
takes place but it quickly returns to a position near zero deflection
(not appreciably influenced by voltage). When the end point is
reached, small increments of iodine cause the galvanometer to
move away from its rest point by definite amounts, A record is
gmﬁde of cubic centimeters of solution added and of galvanometer

eflection. :

Graphical Treatment of Data

In Figures 1 and 2 curves of such data are shown. Experi-
ments were in triplicate. It is apparent that a linear rela-
tionship exists, over a wide range of titration, between amount
of titrant added and galvanometer deflection. If this
straight-line portion is extrapolated to the base line which
represents the minimum galvanometer deflection, the inter-
section read off on the volume axis of the graph is the end
point.

A significant difference is observed in the shape of the
toe of the curves in the two sets of data. Whereas, when ar-
senite is added to iodine (Figure 1) a very broad curvature
obtains, the reverse titration (Figure 2) shows a very sharp
curvature. This makes it apparent that with the former a
sharp end point would be hard to obtain by merely watching
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the galvanometer come to rest, while the latter shows a per-
manent deflection of the galvanometer only where the end
point is very nearly reached. Even with this graphic method
the data show that titration of arsenite with iodine is rela-
tively more reproducible than the reverse procedure. No at-
tempt was made to adjust the iodine solution equivalent to
the arsenite. In fact, the end points for such equivalent solu-
tions would not be the same for the reverse titrations. Thus,
iodine must first be standardized against arsenite, and in an
analysis the titration must be carried out in the direction used
for standardizing.

Reliability of Silver Determination

A colloidal silver sol, carefully freed of silver oxide and
other possible sources of silver ions, was prepared and its
silver content was determined by solution in nitric acid and
potentiometric titration of the resulting silver ions with po-
tassium iodide. The stock silver sol was diluted in various
amounts with conductivity water carefully freed from oxygen
and the silver content of the diluted sols was measured, using
the method described in this paper. The data are shown
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graphically in Figure 3 and indicate that the new method is
reliable over a considerable range of silver concentrations.
The slight deviation from the theoretical line may be due to
traces of dissolved oxygen in the water used for dilution.

Influence of Potassium Iodide Concentration

In order to determine photolytic silver in silver halide sols
free from gelatin it is necessary .to dissolve the sol in nearly
30 per cent potassium iodide. This factor was studied from
0 to nearly 50 per cent of iodide. The result is shown in Fig-
ure 4. The data at low iodide concentration are somewhat
erratic and this appears to be caused by nonuniform sampling
of the solid iodide. Use of a stock solution eliminates the
difficulty. Above 5 per cent, however, samples are uniform
and the solid salt may be used.

Effect of Voltage across the Electrodes

The voltage across the electrodes affects both the end point
and the slope of the straight-line portion of the titration curve.
The slopes for titration from either direction increase as the
voltage increases up to about 100 millivolts, after which they
remain relatively constant. :

Vol. 13, No. 11

The end point, on the other hand, is different in the two
cases, asis shown in Figure 5. Titrations at any potential are
reproducible but the potential should be carefully adjusted
for the most precise results.

Accuracy of Estimation of Metallic Silver

In the titrations described above, 0.0001 N solutions were
used. When 0.00001 N solutions were tried, the electrode
action became somewhat sluggish but the end point was defi-
nite and reproducible. From Figure 2 it would appear that
titrations may be reproduced to ==0.002 cc. but in actual
silver determinations the authors were not able to check bet-
ter than =0.01 cc. of 0.0001 N iodine, which is equivalent to
=] X 107° mole of silver. Five micrograms of silver can be
determined to =1 per cent or 0.5 microgram of silver to =10
per cent.
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lodosulfate Microchemical Identification Tests
for Cinchona Alkaloids

CHARLES C. FULTON
Alcohol Tax Unit Laboratory, U. S. Treasury Department, Saint Paul, Minn.

HE identification of alkaloids and other amines by

microscopical observation of their crystalline precipitates
has been developed to a high degree. In the past these tests
have been made almost invariably on aqueous solutions, al-
though usually the dry substance is available, either sub-
mitted as powder, pill, or capsule in the first place, or isolated
by extraction. Sometimes the best identifying crystals are
obtainable from strong acids without admixture of water;
and often it is easier to hold the acidity, concentration of the
precipitating compound, and other factors within the limits
giving the best crystals if the reagent embodies these condi-
tions and can be applied directly to the solid alkaloid or its
salt. Accordingly reagents for direct applicadion are being
developed for various alkaloids.

Among the advantages of microscopic crystal tests an im-
portant one is the definite discrimination of isomers or closely
related compounds. Not all such tests will accomplish this,
for often there is a family resemblance even in the crystal
forms. Usually, however, some reagent can be found or de-
vised which will readily and clearly distinguish between a
particular pair of isomeric alkaloids. The tests of this article
yield entirely different crystals with quinine and quinidine,
cinchonidine and cinchonine.

The microscopic tests in present use or recommended for
these four alkaloids are made on their aqueous solutions, ex-
cept for some variations of the herapathite test. The best
known may be found in the books by Stephenson (14) and
Amelink (1). A number of the tests they give were due
originally to Behrens (3) or Grutterink (8). These may be
supplemented by certain suggestions of the writer: chloro-
mercuric acid with 15 volumes per cent of hydrochloric acid
for quinine (6), bromoplatinic acid for cinchonine (6), dilute

(0.2 per cent) picric acid for cinchonine (7), and ferrocyanide
with phosphoric acid for cinchonine and cinchonidine (7).
Recent studies, with new recommendations, have been made
by Whitmore and Wood (16) and Martini (11). There does
not appear to be as yet any general agreement as to the best
test for any one of the four alkaloids.

The crystals of quinine iodosulfate, or herapathite, so no-
table and well known for their extreme dichroism, provide cer-
tain identification of quinine when they can be obtained.
Even without a microscope they are characterized by a dark
beetle-green metallic luster or iridescence. Numerous varia-
tions of this quinine test have been given since its discovery
by Herapath (1, 2, 4, 9, 10, 12, 15). Mulliken (73) and Fuller
(6) state that cinchonidine in this test yields microscopic
needles without metallic luster, and that quinidine also
yields an iodosulfate precipitate, which according to Fuller is
reddish brown and much more soluble than that of quinine,
so that it often takes a considerable time to form. Quinidine
may not give the test, depending on the variation used.
When quinidine iodosulfate crystals are obtained they do not
resemble herapathite in optical properties.

In the writer’s experience none of the previous versions of
the herapathite test has been very satisfactory, even for
quinine alone, on the small scale used for other microcrystal
tests for alkaloids. His purpose at first was to perfect this
quinine test for microchemical use. It was found that ex-
cellent iodosulfate crystals could also be obtained with quini-
dine, cinchonine, and cinchonidine.

Quinidine, the stereoisomer of quinine, gives canary-
yellow, nondichroic crystals. Cinchonine gives plate crystals
varying in depth of color but also nondichroic, as observed
with polarized light. Of the isomers cinchonine and cin-
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Figure 1.
(left); QuiNiDINE CRYSTALS (right)

FI1GURE 2.

chonidine, cinchonidine corresponds the more closely to
quinine, cinchonine to quinidine. Cinchonidine gives two
distinct kinds of crystals, under different conditions, needles
and plates, the latter showing dichroism as extreme as that
of herapathite. This dichroism is an almost complete ab-
sorption of light vibrating in one direction in the crystal, with
transparancy to light vibrating at right angles. All the crystals
are highly birefringent, and appear bright with crossed nicols.

Method

Put a small amount of the dry, powdered alkaloid or its salt in
a little heap on the microscope siide, add a drop of reagent, and
apply a cover glass. The tests are sensitive,
but the characteristic crystals are formed at a
fairly high ratio of alkaloid to reagent, at least
for quinine and cinchonidine; hence the amount
used is put in a small heap, not scattered over
the slide. Crystallization takes place imme-
diately with quinine, quickly (in most cases)
with the others. Examine the crystals under
a microscope, with a magnification of 50 to 100,
making examination by polarized light if pos-
sible (using only the polarizer or only the
analyzer) in order to observe the dichroism,
However, the crystals are characteristic and can
be used for identification with ordinary light.

Solutions for Making Reagents

WaeNER’S No. 1. Iodine, 1 gram; potas-
sium iodide 1 gram; water, 100 cc. Dissolve
the iodine and potassium iodide completely in
1 to 2 cc. of the water, add a few excess iodine
crystals, and dilute with the rest of the water.
WaeNER'S No. 2. Iodine, 1 gram; potas-
sium iodide, 1.75 grams; water, 100 cc. Dis-

QuININE CrysTALs (HERAPATHITE), WITH PornarizEp Licur

CINCHONINE CRYSTALS, RECTANGULAR AND PENTAGONAL TYPES de
(left); CiNCHONINE CRYSTALS, TRIANGULAR TYPE (right)
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solve the iodine and potassium iodide in 2 to
3 co. of the water, then dilute with the rest of
the water.

TopiNe v (2 + 1) Aceric Acin. Dissolve
0.5 gram of iodine in 50 cc. of glacial acetic
acid (this may take several days, with oc-
casional shaking); then dilute with 25 cc.
of water. Leave in contact with excess iodine
crystals.

Glacial acetic acid, water, and diluted sul-
furic acid (1 -+ 3): one dpart by volume of
concentrated sulfuric acid plus 3 parts by
volume of water.

Reagents and Crystals

Iopine REAGENT Q. Wagner’s No. 2, 3.0
cc.; glacial acetic acid, 1.5 ce.; sulfuric acid
(14 3),1.5ce.

Quinine Crystals. Plates, mostly of a pale
olivaceous green tint by ordinary light, red
where they overlap. By polarized light they
are variously colored; practically colorless,
yellowish, greenish, olive-green, gray-green,
pink, red, and black. Rotation of the stage
or of the nicol discloses the pleochroism, color-
less or greenish to dark red or black. The

hotomicrograph (Figure 1, left) is by polarized
ight. The test is sensitive and only a little
quinine need be used; but the characteristic
crystals are seen at the spot of greatest con-
centration. Out in the solution, where there
is excess of iodine, brown colored crystals may
form.

Quinidine Crystals.
not dichroic, of various irregular shapes. Fig-
ure 1 (rigixt) shows one type. Crysta
vary somewhat in shape with this and the
folllowing reagents, but are nearly uniform in
color.

This reagent may yield crystals with cin-
chonine and cinchonidine, but does not give

ndable tests for them.
oDpINE REAGENT C-1. Wagner'sNo.1,4.4cc.;

iodine in (2 + 1) acetic acid, 3.1 cc.; glaci
acetic acid, 2.1 cc.; water, 1.8 cc.; and sulfuric
acid (1 + 3), 0.6 cc.

Quinine Crystals. As with the preceding reagent, but usually
smaller and more densely matted together.

Quinidine Crystals. As with the preceding reagent, but gen-
erally thinner and more branched and irre%ular in shape.

Cinchonine Crystals. Plates, commonly red-brown in color,
varying to red, brown, black, and yellow; scarcely if at all di-
chroic. They are of several different but definite shapes, the
rectangular and pentagonal generally predominating with this
reagent (Figure 2, le?g sometimes the triangular (Figure 2,
right), the latter usuaily predominating with reagent C-2.
Reagent C-1 is the best of the three reagents for cinchonine. The
test is sensitive and usually gives numerous crystals in various
areas under the cover glass; but occasional difficulty in readily
obtaining crystallization has been experienced. Submicroscopic
seeding, even just by the reuse of slides, washed and then wiped

Canary-yellow plates,

Fi1gure 3. CiNcHONIDINE NEEDLB CrysTALS, REAGENT C-1 (left); CINcHONI-
pINE NEEDLE CRysTALs WITH CROSSED NIcoLs, SHOWING POLARIZATION
CRrossES (right)
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dry, on which crystals have been obtained, seems to be enough to
obviate this difficulty. Crystals of one of the other alkaloids
can be used for this seeding.

Cinchonidine Crysials, Rosettes of light brownish needles,
showing with polarized light a dichroism in tint, purplish one way
and yellowish at right angles. These form gradually, at or near
spots of highest alkaloidal concentration (Figure 3, left). With
crossed nicols they show marked polarization crosses, the direc-
tions in a rosette of the purplish and brightest yellow colors giv-
ing the dark arms of the cross (Figure 3, right). The crosses
revolve like the spokes of a wheel when the stage is rotated be-
tween crossed nicols.

Iopine Reacent C-2. Wagner’s No. 1, 3.3 cc.; iodine in
22 -+ 1) acetic acid, 4.4 cc.; water, 0.5 cc.; and sulfuric acid

1+ 3),3.8cc.

Quinine Crystals. Similar to the description (Fiven above.

Qumidine%rystals. As previously described, but not forming
as readily, and tending toward more regular forms of slightly
deeper color, sometimes orange-yellow prisms.

‘inchonine Crystals. See description under the preceding re-
egent, and Figure 4 (right). In a few tests bunches of yellow-
%sh-b;(ojwnish branching threads, and some splinter crystals, also
ormed.

Cinchonidine Crystals. Dense black rosettes of pointed plates.
Individually (as seen at the edges of the rosettes or with the oc-
casional separate plates, which are little pointed ellipses) the
crystals are pale gray or yellowish gray in ordinary light. With
polarized light t%ne separate crystals vary, and with rotation
change from virtually colorless and almost invisible to black and

rfectly opaque. The photomicrograph (Figure 4, left) shows
Egtter eveloped crystals than most, and was taken by ordinary
light to show the structure of the rosettes.

Mixtures

The tests, like others of their kind, are primarily intended
to make identification absolutely certain, not to provide for
detection in mixtures. Nevertheless, as herapathite is very
insoluble and yet crystallizes readily, quinine, even in small
proportion by weight, can be identified in many mixtures
without separation, whenever it predominates in the precipi-
tation. In general, the presence of some other alkaloid or
amine that precipitates with the reagent will cause inter-
ference, and in any considerable amount may ruin the tests
for the other cinchona alkaloids. Numerous other alkaloids
precipitate and yield crystals, the reagents then acting like
iodine-hydriodic acid rather than iodosulfate reagents.
Other crystals, so far as known, do not resemble those de-
scribed.

In the presence of one another the cinchona alkaloids give
their characteristic crystals as follows:

Quinine, from a mixture containing up to twice as much quini-
dine, three times as much cinchonine, four or five times as much
cinchonidine. Quinidine, from a mixture with an equal amount
of quinine, two and one-half times as much cinchonine, or three
times as much cinchonidine. Cinchonine, when constituting
50 per cent or more of mixture with cinchonidine, or 70 per cent

CiNcHONIDINE PraTe CrysTALs, wiTH ORDINARY LigHT, RE-
CincHONINE-CINCHONIDINE M1xEp CRYSTALS, REAGENT
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with quinine or quinidine. Cinchonidine to
give its characteristic crystals must constitute
about 65 per cent of a mixture with cinchonine,
about 80 per cent with quinine or quinidine.
Cinchonidine tends to crystallize with the other
alkaloids instead of yielding its own crystals,
The herapathite crystals are actually improved
by a large admixture of cinchonidine with the
quinine. The quinidine crystals become smaller,
more grainlike, and a deeper color, brown-
orange. The mixture with cinchonine yields,
especially with reagent C-1, fairly large branch-
ing groups of square-cut plate crystals, brown
by ordinary light, noticeably but not extremely
dichroic by Folarized light, brownish yellow to
red-brown (Figure 4, right). These predomi-
nate with 40 to 80 per cent cinchonidine, 60 to 20
per cent cinchonine. When numerous and
comparatively small they may form mostly
as roundish plates.

An inert substance such as lactose does
not interfere with crystallization, but may
obscure the crystals by particles that do not
dissolve readily. Each of the alkaloids discussed was found
easy enough to identify in 5 per cent mixture with 95 per cent
of lactose.

Relative Value of Three Reagents

In the case of quinine the three reagents were tried out on
the sulfate, bisulfate, and hydrochloride, as well as on the free
alkaloid.

Todine Reagent Q is probably best for quinine, though not by
any wide margin. It is also excellent for quinicfine, but cannot
be satisfactorily used for cinchonine or cinchonidine.

Todine Reagent C-1 is the best all-round reagent for the four
alkaloids, and gives excellent crystals with each. 1t is best for
cinchonine; better than reagent C-2 and possibly best for quini-
dine; and better than reagent Q and possibly best of the three
for cinchonidine. Tt is also best for the mixed crystals of cin-
chonidine and cinchonine.

Todine Reagent C-2 is chiefly of interest and value for its cin-
chonidine plate crystals which show extreme dichroism. It
gives excellent quinine crystals and can be used for cinchonine
and quinidine.
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The New Missouri Highway Laboratory Building

VICTOR H. LYON, Missouri State Highway Department, Jefferson City, Mo.

HE Missouri State Highway Commission has main-
tained a laboratory in Jefferson City since 1922 for con-
ducting tests to control the quality of materials entering
highway construction and conducting research and work
of investigational nature. The first laboratory was estab-

lished in the basement of the State Capitol. Later, in 1928,
it was transferred to the basement of the Highway Building
which had just been completed. These quarters, considered
ample at the time, eventually proved inadequate, owing
to the increased demands for testing and research in connec-

(Upper left) Part oF Brrumivous TesTiNG SEcTION, FLASH Room AT LEFT, AND ENTRANCE TO EXTRACTION ROOM
(Lower left) GALvaN1zED MBETAL RACKS IN MoisT RooMm
(Upper right) MAcHINE FOR CUTTING CUBES FROM LEDGE STONE SAMPLES FOR ABRASION TEST
(Lower right) M1scELLANEOUS TESTING SECTION
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tion with continued development of the highway system
and advancement of construction practice. To provide for
the increased needs of the laboratory, the Highway Com-
mission authorized the construction of a building specifically
designed for laboratory use. This building, financed in
part by a PWA grant, has been completed and is now oc-
cupied.

The new laboratory building is a two-story structure,
62 feet wide by 174 feet long, and is of steel and concrete
construction with brick walls and partitions. The exterior
walls are buff-colored face brick trimmed with limestone.
Large steel-sash windows provide ample light and ventila-
tion. The building is completely equipped for the physical
and chemical testing of all hichway materials and for the
continuance of research and investigational work.

The chemical laboratory, in which chemical analyses on

Vol. 13, No. 11

various materials are conducted, is located on the second
floor. It is partitioned into rooms, each of which is equipped
for testing specific types of materials. One large room,
approximately 30 feet square, is utilized for testing bitumi-
nous materials. A smaller room, used for testing miscel-
laneous materials, connects with the bituminous section by
means of an intermediate room equipped with balances and
a titration desk. This arrangement makes the analytical
balances and titration desk'readily accessible to the opera-
tors in both sections. The three analytical balances are
indirectly lighted and both natural and artificial light are
available on the titration desk. Water-shower sprays with
pull chains are installed in the two larger rooms as a safety
feature in case the clothing of any operator becomes ignited.

There are separate rooms for gasoline testing, flash and
fire determinations, and extractions, and a constant-tempera-
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ture room with controlled humidity. The constant tem-
perature in this room is maintained with a Fairbanks-Morse
2-horsepower Model FQ 200W compressor which is located
in the control room on the first floor. A rheostat is pro-
vided for the lights in the flash room, so that they may be
dimmed to determine flash points more accurately.

The fumes from the various hoods in the chemical labora-
tory are exhausted by three blowers located in a penthouse
on the roof. To compensate for this exhausted air during
the winter months, two Nesbit Syncretized air heaters are
provided to pump outside air into the rooms from grilled
exterior openings, conditioning it to room temperature.

Chemical desks are supplied with all utilities, including
natural gas, 110- and 220-volt electricity, compressed air,
and steam. All drains are constructed of acid-resistant
metal.

The cement laboratory, in which the physical tests of
cement are made, is located on the east side of the first floor.
It consists of a general room, a constant-temperature room
with controlled humidity, and a small room with heat-
exhaust facilities for housing the steam pat boiler and auto-
clave. The general room contains the cement briquet-
testing machines and Wagner turbidimeter and is equipped
with tables, balances, and the necessary equipment for
weighing the batches which are transferred to the constant-
temperature room for mixing.

The constant-temperature room conditions are main-
tained by a Fairbanks-Morse unit, using a 3-horsepower
Model FQ 300W compressor located in the control room.
A series of cabinet doors opens from the constant-tempera-
ture room to the moist room, which is provided with gal-
vanized metal racks for holding test specimens.

The moist room measures 10.5 by 19 feet and is insulated
with 2 inches of cork on the walls and ceiling. It is designed
with an entrance on the opposite side from the constant-
temperature cement-mixing room and thus serves the double
purpose of curing concrete as well as cement paste and
mortar specimens. The room is conditioned by pumping air
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charged with moisture from a conditioning unit located in
the controll room into a copper duct fitted with three grille
openings inside the moist room. Extra water sprays are
installed in the duct to promote additional humidity. Tem-
perature balance within the moist air-conditioning unit is
provided by hot water and a Fairbanks-Morse 3-horsepower
Model FQ 300W compressor. The temperature in the moist
room is maintained at 70° F. and the relative humidity at
96+ per cent continuously. A TAG recording psychrometer
is used to keep a constant record of the conditions in the
room. :

A cold room is provided for conducting freezing tests on
aggregates, concrete, and other materials. This room
measures9 by 9 feet, including a vestibule and brine specimen
tank. It is insulated with 8 inches of cork on the walls,
ceiling, and floor with 4 inches of concrete laid on the floor
insulation. The room is designed with copper ceiling coils
and steel rack coils on which specimens may be placed for
freezing.

The brine specimen tank is insulated from the room and
is reached from the end of the vestibule. This tank measures
2 feet 6 inches by 3 feet 4 inches by 1 foot 10 inches in height,
inside dimensions. The brine is refrigerated by means of
coils in an overhead 200-gallon reserve tank and flows to the
specimen tank by gravity with a safety shut-off valve to
stop the flow when the specimen tank is filled. A motor-
driven centrifugal pump, which is operated by means of an
automatic temperature controller, returns the brine to the
reserve tank, making the flow continuous when the tempera-
ture of the brine in the specimen tank rises above the con-
troller setting.

A Fairbanks-Morse 10-horsepower 2-speed Model FV
1000W compressor is used for refrigerating the cold room and
brine. The two sets of coils, from the one compressor, to
the cold room and brine reserve tank are operated either
independently or simultaneously by means of separate sole-
noid valves, each having its own temperature controller.
The capacity of the freezing equipment is such that the tem-

FirsT FLoor PLaN (Opposite Page, Above)

53. Burr mill 77. 200,000-1b. Universal test-
54. DeVal abrasion machine ing machine
55. Los Angeles abrasion ma- 78. General purpose table
chine 79. Hot-plate tuble
56. Drying oven 80. Asphalt stability machine
57. Dorry hardness machine 81. Soils table
58. Bample cabinet 82. Soil compacting block
59. Aggregate screemn% table 83. Boils bench
60. Soil preparation tabl 84. Stoneware sink Z
61. Sink 85. 100,000-1b. Universal testing
62. Sand preparation table machine
63. Diamond drill 6. Testing machine accessory
64. QCeneral storage cabinet cabinet
65. 500-1b platform scales 87. Wall tool box
66. ;ﬁs impact machine 88. Strip tester accessory cabi-
67 Sin net
68. Desk 89. Scott strip tester
69. Bituminous compaction ma- 90. Drafting table
chine 91. Calculator table
70. Equipment cabinet 92. Three-section desk
71. Freezing cabinet 93. Centrifuge
723 Soakms{’tan 3 94. Air compressors
73. Water bath for hydrometer 95. Concrete saw
96. Soil pulverizer
74. Fu'st-md cabinet 97. Stone-cutting machine
75. Brinell hardness machine
76. Testing machine accessory

cabinet

SeEconD FLoor Pran (Opposite Page, Below)

1. Kerosene supply 26. Cold room vestibule
2. File cabinet 27. Specimen rack coils
3. Desk 28. 10-Point temperature re-
4. Pat boiler corder
5. Autoclave 29. Thawing tanks
6. Turbidimeter 30. Concrete mixer
7. Sample preparation table 31. Sonic apparatus
8. Storage cabinet 32. 250-1b. platform scales
9. Sample shelves 33. Cylinder capping table
10. Briquet machines 34. Carborundum saw
115 ani table 35. Steel bending machine
123 Recor ing psychrometer 36. Sample table
13. 37. Freight elevator
14. Wntcr-cooling tower 38. Puaiut cabinet
15. Mold rack 39. Tool grinder
16. Briquet rack 40. Sup?ly cabinet
17. Specimen rack 41. Il tool cabinet
18. Concrete cylinder rack 42, Drill press
19. 2nd floor constant tempera- 43. Carpenter bench
ture room compressor 44, Tool chest
20. Cement constant tempera- 45. Grind stone
ture room compressor 46. Utility table
21. Moist room compressor 47. Lumber rack
22. Moist room conditioning 48. Waste material
unit 49. Ball mill
23. Water pump 50. Rotaéa
24. Cold room compressor 51. Grinding lap
25. Brine tank 52. Jaw crusher
1. Rotarex 10. Hood
2. Bituminous extractors 11. Duectility machine
3. Waste container 12. Penetrometer
4. Wash bench 13. Constant temperature bath
5. Service door and shelf 14. Wall safe
6. Culvert metal shears 15. Nesbit Syncretized air heater
7. Freight elevator 16. Sample rack
8. Centrifuge 17. e
9. Chemical desk 18. Hot plate

19. Loss ovens 28. Drying oven

20. Paint drying rack 29. Caleulator table

21. Steel sample cabinet 30. Three-section desk

22. Steel work table 31. Desk

23. Stone sink 32. File cabinets

24. Balances 33. Chemical supply cabinet
25. Utility cabinet 34. Rotating filtration table
26. Titration table 35. Water still

27. Book case
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LABORATORY
(Lower left) PaysicarL TESTING SECTION

(Upper right) CORNER OF CEMENT LABORATORY, SHOWING SOUND-
NESS RooM oN LEFT AND ENTRANCE T0 CONSTANT-TEMPERATURE

Mixing Room

(Lower right) Exp oF CoNsTANT-TEMPERATURE CEMENT-MIXING
HOWING WALL INsTALLATION OF CoNprTioNING UNIT

Roow,

perature of 30 cubic feet of concrete can be lowered from
80° to —10° F. in air in 20 hours and held indefinitely at this
temperature, or 6 cubic feet of concrete can be lowered from
80° to —20° F. in 8 hours in the brine and held indefinitely
at this temperature. Both conditions can be met simul-
taneously, using 24 cubic feet in air and 6 cubic feet in the
brine or a total charge of 30 cubic feet.

The concrete-mixing room is used principally for propor-
tioning, mixing, and molding concrete test specimens for
investigational purposes. A Model SW Lancaster labora-
tory mixer is available, as well as a series of mechanically
agitated metal thawing tanks. Apparatus for the sonic
measurement of modulus of elasticity and a high-speed Felker
Di-Met concrete saw are located in this room.

The front half of the east wing on the first floor is par-
titioned into offices which are occupied by several depart-
ments of the Materials Bureau, as is another office on the
second floor adjacent to the chief chemist’s office. The
laboratory office is located just west of the front entrance on
the first floor.

The entire west wing of the first floor comprises the physical
laboratory, which includes the soils and aggregate sections.
Two Riehle Universal testing machines are located in this

(Upper left) WAGNER TURBIDIMETER INSTALLATION IN CEMENT

section, with other items of equipment for the physical
testing of materials. Two large gas-fired drying ovens are
provided for drying soil and aggregate samples, and the
fumes and heat from these ovens and other drying equipment
are exhausted by forced draft. A soundproof room houses
the equipment which necessarily is noisy in operation, such
as the rattlers, grinding lap, rotap, ball mill, crusher, and
grinder.

A carpenter shop provides the necessary facilities incident
to laboratory needs. No machine shop was included in
the new laboratory building, as the Highway Department
maintains a fully equipped shop in the headquarters garage
which is available to the laboratory.

Adjoining the main building is a one-story maintenance
building of similar exterior design, a section of which is
provided for the laboratory. This space is partitioned to
make three separate rooms, in one of which an octane ma-
chine, for determining the antiknock characteristics of
gasoline, is located. This machine, a Waukesha ASTM-
CFR engine, was located here, rather than in the main
building, because of the noise and vibration during operation.
The other two rooms are used for chemical storage and as a
garage for the laboratory truck.
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The Sargent fluorescent balance lamp
can be atlached to all makes and styles
of balances.

NEW SARGENT
FLUORESCENT BALANCE LAMP

Directed. Gronital HWluminalion

Mounted at the front of the balance case, the para-
bolic reflector directs all light over the entire working
area of the balance. In contrast to customary over-
head methods of illumination, light is directed through
the front door of the balance to uniformly illuminate
beam, chain scale, pointer index and pans. By this
arrangement, the light has a path to all these parts un-
interrupted by the balance mechanism, so eliminating
objectionable shadows and poorly lighted areas.

The lamp is rigidly supported by a claw-like clamp
which cannot mar the case finish, and when in position
permits free movement of the sliding door. The
weight of the reflector is greatly reduced by making a
separate unit of the auxiliary which is placed on the

laboratory bench close to the balance. A switch is lo-
cated on the top of the control box.

The parabolic reflector is a completely welded sheet
metal unit, having a dark blue porcelain enamel finish
on the outside surface and a white porcelain enamel fin-
ish on the inside. It is designed to confine the light
rays only to that area occupied by the rider mechanism,
beam, chain scale, pointer index, and pans. The G.E.
fluorescent tube produces approximately 750 hours of
glareless, efficient light of daylight quality.

S-3820 Balance Lamp, Fluorescent, Sargeni. Complete
with No. S-44285, T-5 fluorescent tube........ $11.50
S-44285 Fluorescent Tube, T-5, 8 watts. Each $ 1.10

E. H. SARGENT & CO.

SCIENTIFIC LABORATORY SUPPLIES
155-165 E. SUPERIOR STREET, CHICAGO, ILLINOTS
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MODERN
LABORATORY FURNITURE
Built with 5 Decades of Experience

INDUSTRIAL LABORATORY
TABLE NO. 6000

Regardless of your requirements in laboratory
furniture, you can depend on Peterson for
more than an adequate answer. . . .. the rea-
son? Peterson combines the experience of
more than half a century with the last word in
modernity. Every item from instructor's
desks to industrial laboratory tables represents
in full measure, advanced design. . .quality
materials and superb craftsmanship.

Our staff of experts will, at your request assist
in the planning of more efficient laboratory
arrangement. . . no charge or obligation.

See us at the Chemical Show—Booth 444

LEONARD PETERSON & CO., INC.
1222-34 Fullerton Ave. Chicago, U.S.A.

5000
RPM.
onDC

with underguard

Send Today

Peterson's Furniture
Catalog  contains
valuable informa-
tion pertinent to
efficient and eco-
nomical laboratory
equipment, It's
yours for the asking.

No. CT-1055
with six 15 ml.
tubes loaded.

(4200 R.P. M. on
A.C)

ADAMS ANGLE CENTRIFUGES

Tubes are suspended at a fixed 52° angle. Faster sedimenta-
tion is achieved by the shorter distance particles are required
to travel. When at rest, the tubes remain in the angular
position and no stirring up of sediment results.

CT-1000 ADAMS SENIOR SAFETY-HEAD CENTRIFUGE for Six
15 ml. TUBES, complete with six round bottom brass shields with rubber
cushions and three each graduated and ungraduated taper bottom 15ml

glass tubes. Without Underguard......vvvievvinnncrsannnnns $52.50
Same withont shields or tubes. . ...oveiienricrineninnann $49.50
CT-1055 UNDERGUARD......cccuvectscstnsnsasasannnnnans $ 3.50

Above Centrifuges have 110 V Universal (AC and DC) motors. 220-volt
Universal motors $2.00 extra.

N EW’ Centrifuge Cat. No. 111 IC

Just issued. Write for a copy!

CLAY-ADAMS CO4's

ADAMS
M

Vol. 13, No. 11

Precision

VARI-SPEED

Stirrer

DIAL CONTROL FROM
250 TO 1000 R.P.M.

Electric speed govemor in-
stead of a rheostat. Power
rating 1/15 H.P. Speed
control virtually stepless from
250 to 1000 R.P.M. Maxi-
mum torque of 14-inch Ibs.
occurs at lowest speed, in di-
rect contrast to theostat
control stirrers, which
suffer reduced torque
at ow speeds. Built-
in reduction gears are
completely enclosed,
with sealed-in lubri-
cation and oll impregnated bronze bearings. Built-in ventilating fan.

For 115 Volts A.C. oxr D.C.

5730 With mounting rod 1/2"x 63/4", 1/4'
0 chuck; 6" glass stiing rod.......... $23.5
=2 5734 On semi-circular cast iron support :tand-
: with 1/2" x 24" nickel plated rod and 90° su
Eort clamp. Radius of base 61/2”.... 28.00
738 ELECTROLYTIC ADAPTER. Consists
of a pair of electrode holders, with necessary
binding posts and mounting bracket. Installed
or removed in a moment to convert Vari-Speed
into an electrolytic stimer. Less electrodes 5.00

PE’&E@&@B@N SCIENTIFIC CO

1730-54 NORTH SPRINGFIELD AVENUE, CHICAGO, ILLINOIS,U.S.A. Q

FOR YICTORY

OVER WATER PROBLEMS
—— SPECIFY ——

BETZ SERVICE

BASED ©ON. EAGCTES

W. H. & L. D. BETZ, Chemical Engineers and Consultants

on ALL Water Problems . General Offices and Laboratories,

Gillingham and Worth Sts. (Frankford), Philadelphia, Pa.
Represented in All Industrial Areas of U. S. A. and Canada

When You Think of WATER Think of BET Z
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In these critical times our Nation's laboratories work
at a new tempo. For America is matching days against
a decade. Time is vital.

Fortunately, the modern laboratory need waste little
time in “'tooling up.” The tools of science have kept pace with science itself.

Corning through its Research in Glass, with the cooperation of its chemist-
customers and the advice and counsel of laboratory supply dealers, has made
America independent of foreign sources. Two new lines—Vycor brand Glass-
ware and Pyrex brand Fritted Ware—have been introduced and recently en-
larged. New items have been consistently added to the regular Pyrex Laboratory
Ware line, and improvements such as straight side walls in Standard Taper (%)
Ware and the tooling of Ring Neck Flasks for accurate stopper BETTETETTILL;
fit—all contribute to faster, better laboratory work.

In short, the American laboratory is well prepared to play
its part in our Nation’s Defense efforts. Come to the Chemical
Exposition. Visit our booths (spaces 332-333 and 346-347).
See for yourself the latest results of Corning Research. And
if you have not received our new catalog No. LP-21, send for BESHT¥T
it. It tells all. '

“PYREX" and "'VYCOR’ are trade-marks and indicate manufacture by

CORNING GLASS WORKS * CORNING, NEW YORK

Lonning

f means
Research in Glass
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For Determining

THIAMINE (VITAMIN B))

by the yeast fermentation method

Fleischmann Laboratory

=7

FERMENTOMETER

* Five different or similar samples and the control can be run simul-
taneously.

* A great time saver over other methods of thiamine determination.

mplete tests are made in 3 hours by persons who need not have

technical knowledge.

* Applied successfully to all foods, many biological fluids, plant and
animal tissues, metabolic studies, etc. Useful for both research
and control.

Fully Described in Bulletin P-2104

AMERICAN INSTRUMENT cO.

8010 GEORGIA AVENUE - SILVER SPRING, MARYLAND

MULLITE
MORTARS
AND
PESTLES
-« .. A New Coors Product

No. 523—Mortars and Pestles, unglazed, extremely
hard—hardness greater than agate—entirely im-
pervious, resistant to corrosion by chemicals.
Mullite is offered as a substitute for Agate mor-
tars and pestles while agate is practically off the
market. -

STOCKED BY DEALERS IN
LABORATORY SUPPLIES

COORs PORCELAIN COMPANY
GOLDEN. COLORADO .

Vol. 13, No. 11

HUPPERT
LABORATORY
FURNACES

[ )
“. .. lifetime
accuracy’

Model Illustrated

$75.00

COMPLETE

Three heat ranges. High, 900°F.,
to 1600°F. Medium, 400°F., to
900°F. Low, O to 400°F. Large
accurate pyrometer aids in definite
temperature control and in securing exact duplication of results.
Extra large interior dimensions: 414" wide, 354" high, 9" deep.
Overall dimensions, 11” wide, 15” high, 20” deep. 110 or
220 volts, A.C,, or D.C. Wattage load from 400, minimum, to
1400, maximum. (Special voltages, dimensions or temperature
ranges to order.)

Built for heavy duty service with counter-weighted door, fully
enclosed contact points and all metal parts of stainless steel.

The complete Huppert Line offers Fumaces priced
from $22.50 to $150.00 with standard heat ranges
up to 2500°F, Wirite for catalog.

KHHUPPERT

156 W. Walton Place Chicago, Ill.

DIRECT
READE

HELLIGE DUBOSCO

COLORIMETER
/V ew
EMBODIES
AN UNUSUAL
COMBINATION
OF 10
STRIKING

FEATURES

Complete,
as illustrated, $65.00.

Send for Descriptive Bulletin No. 250-1

HELLIGE

INCORPORATED
3718 NORTHERN BLVD. LONG ISLAND CITY, N.Y.

HEADQUARTERS FOR COLORIMETRIC APPARATUS
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Rapid Determination of
Zirconium in Steel

REAGENT-—-p-Dimethylumuinouzophenylaréinic Acid
METHOD — Colorimetric ‘
REFERENCE—Hayes and Jones, Ind. Eng. Chem., Anal. Ed., 13, 603 (1941)

irconium in steel is precipitated quantitatively by p-dimethylaminoazo-

phenylarsinic acid. Regeneration of the combined dye gives a yellow
solution that is measured colorimetrically. The analysis can be carried out
without preliminary separation of iron or other elements, if comparison is
made with values obtained from steel of known zirconium content.

The procedure is rapid and accurate, results being obtained in approxi-
mately 2 hours with a deviation of not more than 0.005%, from those
obtained by the selenious acid method. The reagent is available as a stock
compound, as Eastman 4399 p-Dimethylaminoazophenylarsinic Acid.

Write for an abstract of the article in which the colorimetric determination of
zirconium in steel, with p-dimethylaminoazophenylarsinic acid, vs described.
Eastman Kodak Company, Chemical Sales Dwvision, Rochester, N. Y.

~— There are more than 3400

EASTMAN ORGANIC CHEMICALS

KODAK

HIGH TEMPERATURES =

Announcing the New Laboratory Furnaces

Burrell H. T. Type “K” is popular

The heaﬁng chamber measures 4” x 4” x 1314” deep.

4 GJ«Z% The floor is a removable, refractory plate with moulded
sides to prevent spillage from reaching the insulation.
Opverall outside dimensions of the furnace are 26" wide x

Production 30" high x 24” long.
The heating elements are designed to give long life but
/04 when it is necessary to replace them this operation can

be done in five minutes without cooling the furnace.

2 W Other standard models include muffle types—combustion
tube types—and pit types. More information on request.

B U R R E .T..I L “BURRELL o o

Engineering Service is available to those

requiring special High Temperature Fur- CATALOG

naces not found among the many Burrell Burrell Catalog F241
will be sent, if you

standard models. REQUEST IT

BURRELL TECHNICAL SUPPLY COMPANY

1936-42 FIFTH AVENUE . . . . .. .. - PITTSBURGH, PA . U:S:A.
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Effective Jan. 1, 1942
American Chemical Society Publications

1. Journal American Chemical Society.................. $ 8.50
24 - CGhemicalfAbstracts it iilwea St e 12.00
3. Industrial and Engineering Chemistry

Industrial Edition and Analytical Edition. .. ... 4.00
4= NewstEditiont o coaa b 2o cii e o h i 2.00

109, discount on 1 and 2 when sent to the same address and ordered
together. No discount on 3 and/or 4. Foreign postage to countries
outside the Pan American Postal Union additional charge as follows:
1, $1.50; 2, $2.40; 3, $2.25; 4, $0.60. Canadian postage one-third
these rates.

Single copies of current volumes, $0.75 each, except Analytical
Edition ($0.50) and News Edition ($0.15).

BACK NUMBERS AND VOLUMES

Jour. Am. Chem. Soc., Vols. 32-63 (only ones available), each....... $ 9.00
Index tosrV oISl =20 o e e tes g S0 1.00
Simgle copies;iVolsi1-63; each S o s .80

Chemical Abstracts, Vols. 1-35, including 1st and 2nd Decennial

T X e s e e R e e T e 690.00
V0l ] 530, each i o e e e o 15.00
Single copies, except Index Nos.Vols. 1-35 each*.............. .80
AnnualiIndex;eachiyvear st it ol R e 2.50
2nd DecennialiIndex t 5V olumes e i i e 50.00

QOrdered forsreplacement i o i e L s, 25.00
dard DecennialiIndex, d Volumes: o . e o . 100.00

Contingent discount of 50% to individual members, contributing firms,
educational institutions, and public libraries in the United States.

Industrial and Engineering Chemistry

Industrial’Edition,sVols 133 &t e T s o 297.00
V018 A= ea C R ey 9.00

Single copies, Vols. 1-33; each ¥ i i e s, .80
Analyticali Edition; Vols  1=13 e . 52.00
VolsiEl}:3=57=18 each ittt . ol i e s i e v 4.00
Singleicopies;:Volsi-1-8,7each* i Lol ol e S o .60

Single copies, Vols.:9-13,cach*. ... o i .50
News;Edition,:Vols."1=17,119feach, . . ol e e . 2.00
Single copies. Vols. 1-17, each* .10

Single copies, from Vols. 18 and 19, each*........... .15

* Many numbers no longer available.

Volumes not priced singly, available only in complete sets.

A few bound volumes of each journal are available.

Members, for personal use, 20% discount from above prices, except com-
plete sets, Decennial Indexes, and single copies of the News Edition.

Advance payment is required in all cases and must be made by postal order
or check payable in U. S. currency on a bank in the United States.

Domestic and Pan-American Postal Union shipments will be made by mail
at purchaser’s risk. Otherwise by express collect. Postage to Canada, one-third
of foreign.

FOREIGN SHIPMENTS. Additional charge for postage. Foreign ship-
ments will be sent by mail either at purchaser’s risk; or by registered mail at
postage cost plus 5% of invoice additional for registry, minimum charge, 75
cents. Large shipments will be delivered free, if desired; to responsible forward-
ing agents in New York; further charges to be paid by the purchaser and method
of handling to be arranged by him.

The Society will not be responsible for loss due to change of address unless
notification is received ten days in advance of issue. Claims for non-receipt
must be made within 60 days of date of issue. *‘‘Missing from files’”’ cannot be
accepted as evidence of non-receipt. If change of address means a change of
position, please indicate its nature.

Subscribers desiring their journals forwarded from an old address should
always notify their Postmaster and leave necessary postage.

The names of members and subscribers, whose journals cannot be delivered
by the Post-Office Department, will be removed from the mailing list at once,
and will not be restored until correct addresses have been furnished.

In the absence of other information, the notices of change of address received
from the Post-Office Department, will be considered as corrected, and the mailing
list changed accordingly.

Address communications relating to the foregoing to
CHARLES L. PARSONS, Business Manager, Fourth Floor, 1155—16th St., N.W.,

Washington, D. C.
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With an
ELMES HYDRAULIC
LABORATORY PRESS

This Elmes Hydraulic
Laboratory Press is
strictly a precision in-
strument . . . accurate
and dependable. It
saves time, money and
needless duplication
of tests. Results easily
convertible into manu-
facturing terms.

SPECIAL FEATURES

1. Maintains constant
pressure without
appreciable loss for
a long period of
time—achieved
through a new valve and a specially designed
packing.

2. Solves a variety of scientific and commercial
laboratory problems. :

3. Offers improvements not ordinarily available.

4. Entirely self-contained.

MANY APPLICATIONS

Some of the specific uses of this press are:

Blocking Gluing Extrusion .
Breaking Tests Laminating Plastic Molding

Briquetting Compression Tests Pressing

Cake Forming Dehydrating Spring Testing
Forcing Drawing Vulcanizing
Forming Embossing

Write today for a bulletin giving complete details.

CHARLES F. ELMES ENGINEERING WORKS
246 N. Morgan St. e Chicago, lllinois

Also Manufactured in Canada
WILLIAMS & WILSON, LTD., Distributors

ANALYTICAL EDITION 17

DISTILLED WATER
PRODUCED AS YOU NEED IT

o LOW initial cost * LOW
operating cost * AUTO-
MATIC, once it's started
« CONTINUOUS; distilled
water “‘on tap’’ ® EASY to
set up, use only rubber
tubing ®* HANDY; takes no
more room than a five
gallon bottle.

INS. 3049 A
t. per Hr.

Model ~ $42.50
2 e ot Hax = 1$55.00

SCHAAR & COMPANY

Complete Laboratory Equipment

754 WEST LEXINGTON ST.. CHICAGO

HOMOGENIZER!

... Saves Time
and Materials

For liquid 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 lignid. Provides permanent

ion for Isions —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).

Above—with Hand Homogenizer B
Below—uwith mortar and pestls 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. 101/: in. high, 12 oz. bowl.
Only $6.50 complete—order direct or from your
laboratory supply house (satisfaction guaran-
teed)—or write for further details.

Intemational Emulsifiers, Inc.
Dept. C16, 2409 Surrey Court, Chicago, liL.

HAND HOMOGENIZER,
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A. DAIGGER & CO.
offers THE NEW “PRECISION”

VARI-SPEED STIRRER

. the first Laboratory Stirrer combining positive gear drive with
built-in electric governor for speed control , .. the ideal Stirrer for
utility use, or continuous duty in agitating the liquid in constant
temperature baths.

Increased Torque at Low Speeds
double or treble the power of
comparable laboratory stirrers
with rheostat speed control.
Electric Governor for Speed Con-
trol built in. Completely elimi-
nates loss of energy through heat
dissipation.
No Slippage at Any Speed by
means of built-in positive gear
drive.

Speed Unaffected by Voltage Fluc-
tuations due to electric governor
control.

Powerful Continuous-Duty Motor
rated 1/15 H.P., Underwriters’
approved.

Other Features include com-
pletely enclosed sealed-in lubri-
cation, oil-impreﬁnnted bronze
bearings, fan-cooled motor

gu}\)d chemical-resistant fin-
ish.

No. 5732 including metal
base with 5!/3” dia. rubber
disc to prevent sliding of
glassware, and vertical
bracket with locking collar
to take ‘'Vari-Speed"
mounting rod. Rubber
feet. Stirrer height ad-
Justahle to place chuck
51/3" to 10Y/”, from base.
Distance between mount-
ing rod and stirrer rod 4”.
For 115 Volts A.C. or
D.C. $.

No. 5734 on semi-circular cast
iron support stand with 1/2” x
24" nickel plated rod and 90°
support clamp. Radius of
base 6!/2%, to facilitate use of
the stirrer above cylindrical
vessels such as bntterv Jms
For 115 volts A.C. or D

$28 00

ELECTROLYTIC ADAPTER
Converts any “Vari-Speed”
into an electrolytic stirrer. One
electrode chuck replaces the
customary stirring rod. The
other electrode chuck, with
binding post, xssuspended from
a bracket which fastens to the
motor housing, but is insulated
from the bracket. Easily in-
stalled or removed in a mo-
ment. Lesselectrodes. $5.00

ATTRACTIVE - ACCURATE - DURABLE
“SECRON"/

36 Hour Movement Stop-Clock

Compares favorably with most
ﬁood $20 stopclocks. Integrating

and registers total time clnpseg
up to 60 minutes. Large legible
Dial can be easily read at arm’s
length.

Now offered at this unusual low
price . . . less than the cost of
most Stopclock re-

s 05 00
A. DAIGGER & CO.

Laboratory Apparatus and Chemicals
159 WEST KINZIE STREET . CHICAGO
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We'll le Seeing.
You at the Show

Booths 288 and 289

And we'll have a laboratory installed in
our booths complete with table and fume hoods.
We invite you to visit us at the Exposition in New
York, and, incidentally, to inspect our exhibit.

A corps of Sheldon Sales Engineers will be in
attendance at Booths 288 and 289 to answer
questions relative to Sheldon Wood and Metal
Laboratory Furniture and Fume Hoods. We'll
be seeingyou . . .

EH: SHEIDIONi& CO:

MUSKEGON 718 NIMS STREET MICHIGAN

PROTECTIVE COATINGS
FOR METALS

by
R. M. BURNS, Assistant Chemical Director,
Bell Telephone Laboratories

and A. E. SCHUH, Director of Research,
United States Pipe and Foundry Company

This Up-to-the-Minute Volume is the only book covering all types
of protective coatings for metals, including paints, lacquers and enam-
els; gives the latest information on the theoretical aspects of corro-
sion; suggests ways of diagnosing failure due to corrosion; covers
newest achievements in plating technique, “bright”” nickel, “bright’’
zinc, electroplated tin, and continuous electroplating of steel strip;
discusses in great detail all the important methods of applying pro-
tective coatings, hot-dipping, metal-cladding, electroplating and sher-
ardizing; considers and eyaluates all metals commercially used for pur-
poses of protection; describes approved methods of testing metal and
paint coatings by exposure to varied atmospheric and soil environ-
ments, together with results of numerous tests recently completed;
correlates for the first time the work of the paint technologist and the
corrosion expert; tells how protection may be provided for a wide
variety of industrial products such as automobiles (body and trim-
mings), airplanes, air-conditioning equipment, structural steel, under-
ground pipe lines, wire, food containers, beer cans, steel sheet, tank
cars and telephone apparatus; critically discusses the composition and
properties of paints, lacquers, and enamels, with particular emphasis
on synthetic resin vehicles; includes references to the work of several
hundred authors.
A. C. S. Monograph. 407 Pages. $6.50

Reinhold Publishing Corp. 9 % 224 5%
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TWO INEXPENSIVE

Pyrometers
FOR THE LABORATORY

Nos. 8725-26 Pyrometers have 2-inch scales;
0-1100° C. and 0-2000° E., each in 50° divisions.
Readings are accurate within 29%,. Supplied with
mounting bracket and screws for attachment to
rear of the muffle furnace.

8725—PYROMETER.
With 181/,” thermocouple.............. $13.00
8726—PYROMETER. :

With 221/,” thermocouple. ............. $13.00

14608 e
No. 14608 Pyrometer has a 12” thermocouple with
six feet of flexible lead wire for mounting at a con-

venient location. The scale is 2.37 inches long
and the indicator is automatically compensated
for ambient temperatures from —15 to 110° F.
Changes: of 2!/.° can be detected with the 650°
range and 12!/,° with the 2000° range.

14608—PYROMETER
Scale'range, 0:ito:. ... .. .00 650° F. 2000° F.
Each': g o hn o $25.00 $25.00

CORPORATION

W I L L ROCHESTER, N. Y.

Office and Warehouses

Will Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

LoAZBEO T RIAIT O R Y APIPEA ROAZT U S
ATNZDECEHSETM L GUA LSS
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gTCHING

G
CLEANIN
“?\ ‘ BLEI\G“‘“G

Whelher you want it for etching and frost-
ing electric light bulbs or other glass products, or
for pickling stainless steels or other metals, or for
bleaching straw ... or for any other of many indus-
trial uses . .

. yow’ll find that it pays to specify hydro-
fluoric acid made by Pennsylvania Salt.

This hydrofluoric acid will meet your most exact-
ing requirements. It is available in five strengths for
domestic users — 30%, 48%, 52%, 60% and 80%.
For export, there is 71-75% acid. Shipment is in 13
gallon rubber drums for strengths up to and includ-
ing 52%. 71% to 80% are packed in 20 and 55 gal-
lon steel containers. 60% is packed in both rubber
and steel containers.

For full information as to possible applications in

your plant, write to Pennsylvania Salt Manufacturing
Co., Widener Bldg., Philadelphia, Pa.—

New York - Chicago + St. Louis - Pitts- @
PENNSYLVANIA SALT

burgh . Wyandotte - Tacoma.
MANUWFA/CTURING C PANY
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The American Platinum Works

N J R R. AVE. AT OLIVER ST,

. Newark,N.J.
EST.'G’!

“125 ML FLAT BOTTOM EVAPORATING DISH—ACTUAL SIZE—FIG. 61—OUR CATALOG E 17"

K/@l‘f. = = =« Photometers

7/te K[eﬁ-gummmon 7/te Kleﬁ
Qluorimeler

Designed for the M No. 2071
rapif and accur-
ate determina-
tion of thiamin, riboflavin, and other sub-
stances which fluoresce in solution. The
For the varied needs of industrial, clinical Literature  scositivity and stability are such that it has

| No. goo-3

> : been found particularly useful in determinin
and agricultural laboratories. Complete and Sent very small fmounts R SR T R &
self contained—no accessory equipment neces- Upon
sary. Fused cells for readings on solution Reguest  To further increase its adaptability a separate
depths of 2.5, 10, 20, and 40 mm. Selective circuit and scale is provided for colorimetric
light filters available. determinations.

K/@Z‘f Manufacturing Co. 179 EAST 87TH STREET NEW YORK, N. Y.




