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TIME has emphasized the economy of Pyrex Laboratory Glass-

ware in the industrial laboratory. Over the years department heads,
research directors and purchasing agents have proved that on the simple test tube
or the most elaborate apparatus the name PYREX means economy, and greater
usefulness.
In this wartime year when tools of every kind must last longer and serve better,
be sure you specify Pyrex Laboratory Ware. It is the one glassware that is balanced
for mechanical strength, chemical stability and heat resistance. It is the all-around
ware for all-around laboratory use.

Consultyour laboratory supply dealer; work with him— he is a good man to know.

LABORATORY WARE pygex

4PYREX” and “VYCOR™” are registered trade-marks and indicate manufacture by ——— means— —
CORNING GLASS WORKS . CORNING, NEW YORK .
Research in Glass
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In the war zones armor-piercing
shells are a potent force for pulverizing
enemy concentrations. To insure their
effectiveness, these deadly weapons
must be manufactured with rigid uniformity.

In production-front laboratories another kind
of uniformity—uniformity of reagent chemicals—
is of equal importance. That is why many chemists
always specify B&A reagents, whether for use in

ANALYTICAL EDITION

special analyses or for routine testing purposes.

They know the B&A label is their assurance of
product uniformity . . . assurance of quality, un-
varying purity and consistent accuracy ... for into
the making of B&A reagents go years of experi-
ence in reagent and fine chemical manufacture.

Successful results in your laboratory work re-
quire uniform reagents. Next time you requisition
—be sure to specify B&A reagents!
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Determination of comparative melting points in Fine chemicals for the professions and industry
the Merck Research Laboratories. since 1818.

MERCK has

THE RIGHT
COMBINATION

for Laboratory Chemicals

One of the unique “Merck Cross Tables” in the
Merck Analytical Laboratories.

Stock
coast.

F— MERCK & CO., Inc. *&<inraciMin</, @idmitA RAHWAY, N. J.
L

o - . v Ind. Eng. Chem.—f 15-44
Please send me the following charts: NAME oo L
1'v% -« S*e L.
O Sensitivity of Qualitative Reactions COMPANY oot s s PoSition.....ccoevcciiiicn
B O Periodic Chart of the Elements SEIrEEL
) O Sensitivity. Chart C Y e State e
i

Ihmm mmim M RifHNM M nM iiiaiiiiM M iiQ iiaaaaaiiiiB aiB B aii



June, 1944

NEW YORK

ANALYTICAL EDITION

SCREW CAP CULTURE TUBES

KIMBLE RESISTANT GLASS (N-5IA)

45066 Round bottom,with G. C. A. standard screw thread neck.
Assembled Avith satisfactory plastic cap, but suitable for
aluminum cap when available again. Tubes of this type’
are effective in reducing evaporation, mold formation and
contamination.

BOTTLES

Useful for Sampling and Storage
KIMBLE RESISTANT GLASS (N-51A)
15100 Square cross section, with G. C. A. standard screw

thread neck. 200 ml. capacity. $2.25 per doz., $12.15 per
case (6 doz.). Caps not supplied.

15094 Round hottle, with G. C. A. standard screw
thread neck. Caps not supplied.

CAPACITY DOZ. IN CASE PER DOZ. PER CASE
Smil. 120 $0.38 $41.04
15m 1. 60 $0.53 $28.62
100 m 1. 18 $1.25 $20.25
500 m 1. 6 $3.34 $18.04

CAPILLARY PIPETTE TUBING

KIMBLE RESISTANT GLASS (N-51A)

46455 In length of approximately 34". Wall thick-

ness, 0.2 mm. Outside diameter, 0.7 to 1.0 mm.
and 1.2 to 1.5 mm. Useful in making melting;
point capillaries, and micro pipettes and for,
typing of streptococci. $6.00 per pound.

Distributed by leading laboratory supply
houses throughout the United Statesi
and Canada.

The Visible Guarantee of Invisible Quality

KIMBLE GLASS COMPANY eee-Vineland, n.j.

CHICAGO

*PHILADELPHIA « DETROIT « BOSTON <« [NDIANAPOLIS - SAN FRANCISCO



Instrument reader logs the difference between ingoing and outcoming temperatures of a refrigeration
machine; the Micromax Recorder reads directly in degrees difference and has a range of only 0-5 F across
its 9% -inch-wide chart. Other Micromaxes shown are for temperatures elsewhere in refrigeration system.

BONUS-EARNING wmape possiBLE BY

MICROMAX RECORDER WITH THERMOHMS

Operators in a certain refrigera-
tion plant have long been doing a
good job of maintaining efficiency—
so good that their Company has
wanted to pay them an efficiency
bonus.

But there have been hitches. One
was, how to give the men a continuous
report on efficiency, so they could see
how they were doing. And another
principal hitch was, how to get the
datafrom which exact efficiency could
befigured.

Both problems could of course be
solved by a sufficiently accurate
record of the difference between the
temperature of brine going to the
compressor, and that of brine leav-
ing it. From this figure, tons of
refrigeration are computed directly.
But — there was no recording ma-
chine for temperature-rfijfei'i’'wri,
which was fast and accurate enough
for this job. Until . ..

Until we perfected the electrical-
resistance thermometer bulbs which
we call Thermohms. And, until we
designed a short-range Micromax

A Slogan For Every American

Recorder to use a matched pair of
these Thermohms. That combination
tells temperature-diffierence directly
(see photos); has helped increase
efficiency so much that bonus can
now appear in every pay envelope.

Vol. 16, No. 6

Accurate, Sensitive and Sturdy

In the refrigeration-cooking-dis-
tilling-digesting range of tempera-
tures, a Micromax-Thermohm com-
bination has many values:

Sensitivity and accuracy are equal
to those of the best mercury thermom-
eters — and the measurement is auto-
matically recorded.

Breakage or corrosion of tempera-
ture-sensitive Thermohm or of the
plain copper wires which connect it
to the Micromax, do not affect the
calibration of the instrument proper.
Simply replace the worn or damaged
elements, and equipment is ready
for work.

Distancefrom Thermohm to Mtcro-
max is immaterial; a multiple-poinl
instrument can have Thermohms at
varying distances.

Sixteen Thermohms can be used
withoneMicromax, and their records
can be in as many as six colors.

Maintenance is extremely slight,
because Micromax is a balance-type
Recorder, with none of the require-
ments of deflection instruments. The
condition of its bearings and gears
can't affect accuracy or sensitivity;
there are no slender, delicate pen or
pencil arms; the drivingforce is an
electric motor. This Recorder is a
machine rather than an instrument;
and not only a machine but one of
superb design and workmanship; a
true machine-toolfor temperature.

If you have a problem in tem-
perature control, kindly outline it
and an L&N engineer will either see
you about it or send an appropriate
catalog, as you prefer.

Thermohm temperature-detector; simply expose it to temperature and run its leadwires to the Microniax

Recorder.

LEEDS A NORTHRUP COMPANY, 4930 STENTON AVE,,

If it corrodes or is broken, just replace it;

Micromax calibration isn’t affected.
Jrl Ad N-33C-7000)

PH 1LA., PA-

LEEDS & NORTHRUP

MEASURING INSTRUMENTS - TELEMETERS

AUTOMATIC CONTROLS

HEAT-TREATING rURNACES
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It's not quite so simple, as "a few twists of the
wrists”, to renew the Chromel unit in our FD
muffle furnace. But it’s not far from it. The coiled
wire is just wrapped around the grooved surface.
Further, when the Chromel unit "burns out” from
simply wearing out, it does not spoil the muffle,
which can be used time and time again, after
renewing the wire. We use a construction that per-
mits a one-piece wire element (sometimes two-
piece) because when the wire ultimately wears
out and fails at a given point, normally the rest of
the wire is about in that same condition, too. The
fact that the muffle so seldom needs to be replaced
(barring accidents) obviously points to the economy
of maintenance of Hoskins Type FD furnaces. A
further economy factor is the remarkable dura-
bility of the Chromel wire, itself. You minimize
tie-ups, and thus save both time and money, in
using Hoskins Type FD furnaces. For more informa-
tion, write <to your dealer or to us. Hoskins
Manufacturing Company, Detroit, Michigan.

ANALYTICAL EDITION

The Chromel helical unit is wrapped around the one-
piece grooved muffle, and is easy to apply.

The insulation is 3V thick in the FD-202, and in the
larger FD-204, it’s

The sliding door minimizes the heat loss, that results
from opening the door. It seldom needs to be full open.

Heavier Chromel unit can be used, because one furnace
operates on only one voltage.

The furnace operates on line voltage, with temperature
control through a rheostat.

A small, inexpensive pyrometer, giving approximate
temperature measurements, is available for mounting
furnace.

HOSKINS PRODUCTS

EIECTRIC HEAT TREATING FURNACES < « HEATING ELEMENT ALLOYS

e« . THERMOCOUPLE AND |

IEAD WIRE « < PYROMETERS e« + WELDING WIRE « <« HEAT RESISTANT CASTINGS « « ENAMELING

fIXTURES - SPARK PLUG ELECTRODE WIRE -

SPECIAL ALLOYS OF NICKEL « « PROTECTION TUBES
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LUBRISEAL

REGISTERED U. S. PATENT OFFICE

FOR LUBRICATING GROUND GLASS JOINTS, STOPCOCKS, VALVES, ETC,,
AND FOR SEALING DESICCATORS, ANAEROBIC JARS, ETC.

INCLUDING A NEW HIGH VACUUM FORMULA

1 F LUBRISEAL

««a, u.a. pat. omcx
IMPROVED FORMULA

A proprietary’ lubricating, »eallng
I and rust-proofing medium; found la
v 1 actual practice ro be nearly acid and

LUBRISEAL (Stopcock Grease). A proprietary lubricating, sealing and rust-inhibiting medium
found in actual practice to be nearly acid and alkali-proof. It is tacky, smootlFtcxtured, odorless,
stable, free from vegetable or animal oil, and practically insoluble in water.

Used throughout the world for lubricating ground glass joints, glass and metal stopcocks and valves, and
for sealing desiccators, anaerobic culture jars and similar utensils. Its mobility in film-like quantities
makes it the choice of experienced laboratory workers, not only for lubricating, but for preventing the
freezing of stopcocks, ground joints, etc., which are stored for long periods of time.

Lubriseal has a very low vapor pressure. See R. M. Zabel, “Vapor Pressure of Vacuum Cements,”
Review of Scientific Instruments, Vol. 4, No. 4 (April, 1933), p. 233; and Marcus Francis, “The Solubility of
Sulphur Dioxide in Tap-Lubricants,” ibid., Vol. 4, No. 11 (November, 1933), p. 615.

LUBRISEAL (Stopcock Grease), Improved Formula. Melting point, approximately 40°C (104°F);
A.S.T.M. penetration (unworked), 150 mm with 150 gram grease cone at 25°C. Recommended for
general use.

Per tube in collapsible tube containing 25 grams...............
(@0 o [c IR YL o F OSSOSO N utyx

10% discount in carton containing 12 tubes
20% 13 [ [ [ 144 [

Per can containing 500 grams
Code WOrd......occoeoeoveeeinccias

20% discount in case containing 18 X 500 gram cans

LUBRISEAL (Stopcock Grease), High Vacuum Formula. W.ith heavy body and very tacky. Melting
point, approximately 50°C (122°F); A.S.T.M. penetration (unworked), 130 mm with 150 gram
grease cone at 25°C. For use in high vacuum systems but not recommended for general use.

Per tube in collapsible tubecontaining 25 gramS.. ... 75
(0700 [T oY oo [P SR Xuupo
10% discount in carton containing 12 tubes
20% 13 [ 13 [ 144 (13
Per can containing 100 gramS. .. iiieeiee ettt b et s et et et st be st eseete s e be b se s eneese e ans 2.25
COABW O d. .t Xuurt

20% discount in case containing 48 X 100 gram boxes

ARTHUR H THOMAS COMPANY

RETAIL — WHOLESALE — EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA.,, U. S. A,

Cable Address, “Balance,” Philadelphia



INDUSTRIAL ana ENGINEERING CHEMISTRY

PUBLISHED BY

* THE AMERICAN CHEMICAL SOCIETY
WALTER J. MURPHY,
EDITOR

Molecular Weight of Cellulose

Measuremenl of Average Degree of Polymerization

O. A. BATTISTA, American Viscose Corporation, Marcus Hook, Pa.

Viscosity-concentration data are given for five samples of purified
cellulose representing the degree of polymerization range from
300 to 3000. On plotting the data on semilogarithmic paper,
linear relationships were found to exist, in each case, between (1)

the viscosity function and concentration, and (2) the relative

viscosity function measured at 0.5% concentration and the degrees
of polymerization corresponding to values calculated from viscosity-
concentration data extrapolated to infinite dilution. The data have
been used to derive a mathematical expression by means of which
the value of the viscosity function at the standard concentration of
0.5% may be converted to degree of polymerization data equivalent
to values obtained by extrapolation of viscosity-concentration data
to infinite dilution.

ITH the advent of the more rigorous concepts of cellulose
Was a long-chain molecule of high molecular weight, the
deteriorating action of chemicals and heat on cellulose has come
to bo considered as a depolymcrization reaction whereby the
monomeric glucose anhydride units linked continuously in the
cellulose chains become severed at irregular intervals in the
chains, giving rise to shorter molecules.

The publication of the Staudinger (11, 12, 13) empirical vis-
cosity-molecular weight relationship gave great impetus to the
investigation of methods for the determination of the weight-
average molecular weights of high polymeric compounds. Cop-
pick (2) has recently reviewed and discussed the more significant
papersthat have been published relating the viscosity of solutions
of high polymers with the degree of polymerization. The pro-
cedure most widely used is to relate viscosity data obtained at
relatively high concentrations with the value of the viscosity
function at infinite dilution through the use of mathematical
equations (2, &, 5, 6, 8, 14).

In this paper, viscosity data arc presented for five samples
of purified cellulose representing the practical degree of poly-
merization range from 300 to 3000. These data illustrate that a
linear semilogarithmic relationship exists between the relative
viscosity measured at 0.5% concentration and the degree of
polymerization calculated from viscosity data extrapolated to
infinite dilution. The constants of the equation expressing this
experimentally determined relationship have been obtained by
a graphical analysis of the data, and using these constants the
equation has been satisfactorily checked against extrapolated
values.

EXPERIMENTAL

Method of Fluidity Measurement. The general procedure
used for the measurement of fluidity was based on the papers
by Clibbens and Geake (!) and Mease (9). The viscometer’s
design, complete dimensional specifications, method of calibra-
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tion, and a discussion of the precision of viscosity measurement
obtainable with this type of capillary viscometer, arc given in
the foregoing papers.

Figure 1. vs. ¢ (ordinary graph paper)
I.  Typical viscose rayon
Il.  Low-viscoslty rayon wood pulp
I1l. Normal-viscoslty rayon wood pulp
IV. Absorbent cotton
V. Raw cotton

The viscometers used in this work were equipped with ground-
glass connections ("f, 9) and glass stopcocks. Outside dissolving
tubes (10), whereby the viscometers are reserved for the measure-
ment of fluidity, were used.

It was found advisable, in determining the viscosity of high-
fluidity celluloselike rayon, to use viscometers possessing capil-
laries of smaller inside diameter than the 0.88-mm. inside diam-
eter capillary recommended for use with cotton solutions. The
large kinetic energy correction that would otherwise be necessary
for high-fluidity cellulose solutions may be satisfactorily reduced
by the use of viscometers whose capillaries have an inside diameter
of 0.675 mm.

Pure copper gauze (80-mesh) was used in the preparation of
the cuprammonium solvent. The copper gauze was wrapped
around an inlet tube equipped with a fritted-glass jet of D
porosity, and maintained below the level of the ammonium
hydroxide in the generating chamber. Agitation was provided
for by the fritted-glass jet which served to break up the incoming
ammonia-laden air into small bubbles. The use of fine-mesh
copper gauze facilitated the solution of the copper, and obviated
any necessity for filtering the solvent at any time in the process
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of its preparation. A siphon was used to transfer the solvent
from the generating chamber to the stock bottle.

The copper content was determined by means of a calibrated
photoelectric colorimeter. This method is rapid and was shown
to be as accurate as the volumetric method for determining
copper. The copper content was adjusted to 15.0 (+£0.10)
grams of copper per liter.

The ammonia content was determined volumctrically and was
maintained at 200 (£5) grams of ammonia per liter.

The nitrous acid content was determined by means of a Lunge
nitrometer and was never found to exceed the maximum limit
of 0.5 gram per 100 ml. of solvent.

The solvent was stored under oxygen-free nitrogen at 5° C.,
and its viscosity in centipoises ranged from 1.32 to 1.36 at 20° C.

All samples of cellulose used in this study received a mild
alkaline scouring treatment (1% sodium hydroxide at 40° C.
for at least 40 minutes), and a thorough extraction with water
and organic solvents. Samples were conditioned at 58% relative
humidity and 21.11° C. (70° F.) for at least 24 hours, after which
moisture determinations were made in duplicate on each sample.
The weight of the sample used for the measurement of fluidity
was calculated on a bone-dry basis.

Black glazed analytical weighing paper was used for weighing
the samples.

The samples were put up in a constant-tcmperaturc room
(18° C.), and left on the rotating wheel at this temperature over-
night. An oxygen-free nitrogen atmosphere was maintained
above the surface of the solvent as it was discharged into the
dissolving tubes.

Table I. Viscosity-Concentration Data
c' c Average Fluidity VP
% G./100 ml.  Rkes at S0° C. v sp c
Typical Viscose Rayon
1.00 0.944 23.3 2.14 2.26
0.75 0.708 29.1 1.51 2.13
0.70 0.660 30.8 1.42 2.15
0.65 0.613 33.5 1.18 1.90
0.60 0.566 34.8 1.10 1.94
0.55 0.519 37.0 0.97 1.86
0.50 0.472 40.0 0.86 1.82
0.45 0.425 40.9 0.78 1.83
0.40 0.377 44.9 0.64 1.69
0.30 0.283 49.6 0.47 1.66
0.20 0.188 55.7 0.31 1.64
0.10 0.094 63.5 0.15 1.59
Low-Viscosity Rayon Wood Pulp
1.00 0.944 10.2 6.18 6.54
0.75 0.708 15.3 3.80 5.36
0.55 0.519 21.7 2.38 4.58
0.50 0.472 24.0 2.00 4.36
0.45 0.425 27.2 1.70 4.00
0.40 0.377 29.8 1.47 3.89
0.35 0.330 32.9 1.23 3.72
0.30 0.283 36.3 1.03 3.63
0.25 0.236 40.0 0.84 3.55
0.15 0.141 49.9 0.47 3.33
Normal-Viscosity Rayon Wood Pulp
1.00 0.944 5.50 12.2 12.81
0.60 0.566 14.0 4.24 7.49
0.50 0.472 17.5 3.18 6.73
0.45 0.425 19.6 2.76 6.40
0.42 0.395 21.3 2.45 6.18
0.40 0.377 22.8 2.22 5.88
0.38 0.358 22.9 2.21 6.17
0.35 0.330 26.5 1.78 5.39
0.30 0.283 30.4 1.42 5.02
0.20 0.188 39.9 0.87 4.62
0.10 0.094 52.9 0.39 4.14
Absorbent Cotton
0.50 0.472 5.19 13.3 28.17
0.40 0.377 8.28 7.88 20.90
0.35 0.330 10.3 6.14 18.60
0.30 0.282 13.6 4.43 15.75
0.25 0.236 17.4 3.24 13.72
0.23 0.217 19.1 2.91 13.40
0.22 0.20S 21.0 2.55 12.25
0.20 0.188 22.5 2.33 12.30
0.15 0.141 28.5 1.62 11.50
0.10 0.094 38.8 0.925 9.78
Raw Cotton

0.50 0.472 1.45 48.0 101.6
0.25 0.236 7.38 8.98 38.05
0.20 0.188 11.4 5.42 28.61
0.18 0.169 13.9 4.28 25.32
0.15 0.141 18.3 3.03 21.49
0.12 0.113 22.6 2.23 19.72
0.11 0.104 24.9 1.95 18.75
0.10 0.094 27.1 1.75 18.61
0.09 0.085 29.8 1.50 17.65
0.08 0.075 31.5 1.37 18.35
0.05 0.047 43.2 0.73 15.55

C =301./ 100 ml-

Fisure 2. YSP ys. ¢ (semilogarithmic graph paper)

. Typical viscose rayon

Il.  Low-viscosity rayon wood pulp
Il.  Normal-viscosity rayon wood pulp
IV. Absorbent cotton
V. Raw cotton

Pure copper agitators in the form of spirals or solid rods, de-
pending on the viscosity of the sample being tested, were used
to minimize the degradative action of oxygen on cellulose in
cuprammonium solution (3).

Fluidities were measured at 20° (x0.10°) C., and flow times
were determined by means of a split-second electric stop clock,
with an average reproducibility to within loss than 1%. The
average deviation in the fluidities of the duplicate measurements
on a given sample never exceeded 5%, and was usually less than
2%.

A solvent blank was run in duplicate with each series of de-
terminations. A standard sample of cellulose was run as a check
blank periodically. New batches of solvent were prepared every
2 or 3 months and 3 liters were prepared at a time.

RESULTS

In Table | viscosity-concentration data are given for each of
the five samples of cellulose studied: a typical viscose rayon,
a low-viscosity rayon wood pulp, a normal-viscosity rayon wood
pulp, absorbent cotton, and raw cotton.

In Table Il, degree of polymerization data calculated from
infinite dilution values of the viscosity function and using the
Kraemer relationship (7), are compared with degree of polymeri-
zation data calculated on the basis of the value of the viscosity
function at 0.5% concentration.

Relationship between Apparent and Basic Degree of
Polymerization. |t is routine practice in many laboratories
to determine the viscosity (or fluidity) of a solution of cellulose
in cuprammonium solvent at a standard concentration high
enough to make the viscosity measurement as simple as possible.
In this way, it is practical to determine relative changes in vis-
cosity and thereby obtain a measure of the degree of depoly-
merization of cellulose. The arbitrary standard concentrations
most widely used are 0.50 and 1.0%, respectively.

The data presented in this paper correlate the values of the
viscosity function obtained at the standard concentration of
0.50% (apparent D.P.) for five representative samples of cellulose
with the values for the respective viscosity functions obtained
at infinite dilution (basic D.P.):

Limitt(f)
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On plotting the ! Cp vs. c data for each sample on ordinary graph

paper, the curves in Figure 1 are obtained, in which the rate of
increase of the slope is dependent upon the degree of polymeriza-
tion of the sample being studied. Furthermore, as the degree
of polymerization increases, the variation in the slope of the curves
even at very low concentrations precludes reliable extrapolation

of the — t's. c data, However, when the same data are plotted
c

on semilogarithmic paper, linear curves are obtained for each
sample (Figure 2) and more reliable extrapolation is possible.

The data have been used to draw a conversion graph (Figure 3)
in which the calculated “apparent D.P.” obtained for each
sample at 0.5% concentration are plotted against the correspond-
ing “basic D.P.” calculated from the values of the respective
viscosity functions at infinite dilution, using the Kraemer rela-
tionship (7).

A more applicable conversion relationship has been obtained
by plotting the values of (yr + 1), determined from the solution
viscosity at 0.5% concentration, against the corresponding values
for the “basic D.P.” on semilogarithmic graph paper. When
this is done, a linear relationship is obtained and is expressed by:

Basic D.P. = «[log [yr + 1) — 6] )

where a and b are constants representing the slope and intercept,
respectively, of Figure 4.

The values of constants a and b were obtained graphically from
Figure 4, and on substituting them in Equation 1 we obtain:

Basic D.P. = 2160 [log {yr + 1) - 0.267] )

The Kraemer relationship and constant (7) for cellulose in
cuprammonium solution used to calculate degree of polymeriza-

Table 1l.  Comparison of Degree of Polymerization Data Obtained
by Two Methods of Calculation

Degree of Polymerization

From infinite From data at 0.5%

) dilution data using concentration using

Material Equation 3 Equation 2

Raw cotton 3120 3100
Absorbent cotton 1950 1980
Normal viscosity wood pulp 960 965
Low viscosity wood pulp 750 735
Viscose rayon 390 408

BASIC DR (FRPM INFINITE DILUTION)

Figure 3. Conversion Graph
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BASIC D.P =260 LIMIT C-0

Figure 4. Conversion Relationship

tion data from values of the viscosity function at infinite dilution
are given in Equation 3:

D.P. = 260 fo] 3)

where [y] is the value for the intrinsic viscosity at infinite dilution

Limit c—»0
The calculated basic degree of polymerization values obtained
using the conversion relationship of Equation 2 are compared
in Table Il with the values obtained by extrapolation of the
viscosity data to infinite dilution and using Equation 3.

CONCLUSIONS

When viscosity-concentration data, obtained for five repre-
sentative samples of purified cellulose covering the degree of
polymerization range from 300 to 3000, are plotted on semi-
logarithmic paper, linear relationships are obtained in each case.
This permits more accurate extrapolation of the viscosity data
to obtain the intercept values of the viscosity function—i.e.,
values at infinite dilution—from which degree of polymerization
data may be calculated.

The logarithmic relationship between the values for the
viscosity function (yr + 1), obtained at 0.5% concentration,
and the respective degree of polymerization data calculated from
the values of viscosity function at infinite dilution, is also linear
and is expressed by Equation 2. The numerical constants of
this equation were obtained by a graphical analysis of the data.

A conversion graph has been drawn relating the “apparent”
degree of polymerization obtained at 0.5% concentration to the
corresponding values for the degree of polymerization obtained
by extrapolation to infinite dilution (Figure 3).

Equation 2 may be used for accurately converting values of the
viscosity function obtained at the standard concentration of
0.50% to basic degree of polymerization data equivalent to values
obtained by extrapolation of viscosity-concentration data to
infinite dilution and using the Kraemer relationship and constant

@).
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In Bronze

HENRY SEAM AN, 1261 Daly Ave, Bethlehem, Pa.

NY bronzes contain up to 1% of nickel. For these

relatively small amounts it would appear that a colori-
metric method might be satisfactory for routine work. Feigl (2)
found that lead dioxide oxidized nickel in alkaline solution to a
valence higher than 2, and that addition of dimethylglyoxime
to this solution gave a red coloration rather than a precipitate.
This procedure was improved by Rollet (/J), who used bromine
water instead of lead dioxide, and this method has found many
applications (1, 3, 5). This reaction has been applied to the
determination of nickel in bronze using a filter photometer
such as the Cenco photclometer with a cell 10 mm. thick, taking
about 17 ml. of solution.

PROCEDURE

After the tin is removed by filtration as metastannic acid and
the copper and lead by electrolysis, the remaining solution is
diluted to 150 ml. and mixed. One milliliter is transferred by
pipet to a 100-ml. tall-form beaker, 25 ml. of distilled water arc
added, and the mixture is shaken after addition of one drop of
saturated bromine water. Seven drops of an ammoniacal solu-
tion of dimethylglyoxime (10 grams of dimethylglyoxime dis-
solved in 650 ml. of ammonium hydroxide ami diluted to 1 liter)
are added and the mixture is again shaken well. The orange-red
color develops in alkaline solution immediately on shaking. The
solution is transferred to a photclometer cell and the absorption
determined with the use of the Cenco dark blue filter or a Corning
blue filter such as No. 556. The maximum absorption occurs at
475 mp. The per cent nickel is obtained from the usual type of
straight-line curve plotted on semilog paper. The calibration
data for this curve can be obtained through the use of a solution
of a c.p. nickel salt standardized gravimetricaliy, or preferably
by removing an aliquot from the regular sample, obtaining the
colorimetric value from this aliquot, and using the remainder
for a gravimetric determination. W ith bronzes containing man-
ganese, iron, or aluminum, 3 to 5 drops of a solution of ammonium
citrate (25 grams of ammonium citrate dissolved in 30 ml. of
water) are added before addition of bromine water.

RESULTS AND DISCUSSION

Some typical single results obtained by this method are shown
in Table I. In general, it is believed the results are satisfactory
for the usual type of bronze. The use of ammonium citrate does
not eliminate the interference of manganese and iron but reduces
it considerably. The precision and accuracy of this method in
the range indicated are 0.02 to 0.04% nickel.

To obtain satisfactory results with this method it is necessary
to standardize on a procedure and use it for all determinations.
Among the factors which can affect the intensity of the color are
time of standing, amount of bromine used, amount of ammonium
citrate used, shaking, and temperature. The color intensity
increases on standing, the increase being greatest during the
first 20 minutes, and tends to level off after 2 hours. A typical
increase during the first 20 minutes would be from 0.58 to 0.60%
nickel. The use of more than one drop of bromine water and the
use of ammonium citrate tend to lower the color intensity
slightly—for example, standard 52a gave 0.75% nickel with |

drop of bromine water, 0.74% with 2 drops, and 0.71% with 5
drops. An approximately equal reduction in values for nickel is
obtained with 3 to 5 drops of the ammonium citrate solution,
so that 5 drops of bromine water and 5 drops of the ammonium
citrate solution give values of 0.QJ to 0.68% nickel for this
sample. Low results will also be obtained by the use of too small
a drop of bromine water, in which case some nickel will be pre-
cipitated.

Table I. Nickel Determinations on Bureau of Standards Samples
Sample Nickel
No. Interfering Elementa Gravimetric  Colorime
% % %
37C Fe, 0.17 0.58 0.59
37C Fe, 0.17 0.58 0.57*
37B Fe, 0.21 0.45 0.46"
37B Fe, 0.21 0.45 0.46“
52 Fe, 0.12 0.13 0.13
52 Fe, 0.12 0.13 0.13*
124 Fe, 0.38 0.45 0.47
124 Fe, 0.38 0.45 0.46“
52a Fe, 0.05; Mn, 0.02 0.73 0.75
62 Fe, 1.13; Mn, 1.59; Al, 1.13 0.64 0.70*
Manganese
bronzee Fe, 2.2; .Mn, 31; Al 3.8 0.00 0.10b

° Using 3drops ofammonium citrate solution, 25 grams per 30 ml.
BUsing 5drops of ammonium citrate solution, 25 grams per 30 ml.
¢ A commercial sample.

Some experiments indicate that fairly vigorous shaking is
necessary to develop the maximum color intensity, although the
values obtained were indecisive. Temperature has little effect
on the color, except that a hot solution will give a precipitate
rather than a color. Temperatures somewhat above or below
room temperature gave substantially the same values.

To reduce the interference of iron and manganese, ammonium
citrate may be added. Under these conditions, these elements
will give a yellow solution. A proper choice of wave length might
serve to eliminate this interference. However, with a blue filter
the interference due to iron was found to be about 0.02% nickel
for 1% iron, and 0.03% nickel for 1% manganese with the use of
3 drops of an ammonium citrate solution containing 25 grams of
the saltin 30 ml. of water. The dark green Corning filter No. 401
reduced the interference somewhat but gave a less satisfactory
curve. Copper and zinc in the amounts usually present offer no
interference.
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Increase in Concentration of Insecticide in Freon-12

Accompanying Transfer or Discharge of an Aerosol-Producing Solution

C.

M. SMITH D. GOODHUE

and L.

Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, Beltsville, Md.

Inthe transfer or discharge of solutions in liquefied gases used for the
production of insecticidal aerosols, a concentrating effect occurs
because of escape of solvent from the solution to maintain the high
vapor density. A mathematical treatment of this effect is given,
and experiments are described by which it was confirmed for solu-
tions in Freon-12. In that case a discharge of 90% of the liquid
phase raises the concentration of the remaining solution by 8% of
its value.

HE insecticidal aerosol, produced when a solution of in-
Tsecticides in a liquefied gas is released into the air (3),
has met an urgent military need, especially for disinfesting
airplanes and for overseas use. The combination of pyrethrum
and sesame oil in dichlorodifluoromethane (Freon-12) produces a
very effective nonflammable insecticide that is nontoxic to man
and animals. In the manufacture and packaging of this solution,
certain questions have arisen concerning the physical properties of
solutions in liquefied gases. A mathematical treatment of one of
these problems, which has to do with change in concentration due
to transfer or discharge of insecticide, and confirmatory experi-
mental results are presented in this paper.

At 80° F. (26.7° C.) the density of saturated Freon-12 vapor is
0.0377 gram per cc. As liquid is withdrawn from an aerosol con-
tainer during use, appreciable quantities of Freon evaporate from
the solution remaining in the container to maintain this high
vapor concentration in the increasing space not occupied by the
liquid. As a result the concentration of the remaining solution
gradually increases as the container empties. While this change is
less serious than if the solution progressively weakened, still the
need for conservation of insecticide suggests that some considera-
tion be given to the matter, especially in connection with pack-
aging the solution.

MATHEMATICAL DEVELOPMENT

An approximate estimate of the magnitude of this effect at any
given fixed temperature can be obtained by means of the calculus,
If it is assumed that the densities of both gaseous and liquid
phases remain constant. This is obviously not strictly true, but
it will be shown later that the departure from exactness is in-
consequential. The mathematical development follows:

Let V = volume of container, in cubic centimeters
M = weight of initial total content, in grams
M, = weight of initial liquid content, in grams
C = initial concentration of insecticide in the liquid, in
grams per gram
W = initial weight of insecticide in the liquid, in grams
D, = density of insecticide solution, in grams per cubic
centimeter
D,, = density of solvent vapor, in grams per cubic centi-
meter
r — the ratio Df/D,
Q — weight of liquid withdrawn (no vapor being allowed
to escape)
m = weight of total contents after withdrawing Q; in grams
m, = weight of liquid contents after withdrawing Q, in
grams
¢ = concentration of insecticide after withdrawing Q, in
grams per gram
«a = weight of insecticide in container after withdrawing

Q, in grams

At any stage of emptying, the weight of insecticide in the con-
tainer is v= W.ithdrawal of an additional infinitesimal weight,
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dm, consisting of solution only will cause a corresponding change
in the value of w, as given by the equation

du) = cdm = m dm (D
vi, , vi —in, \T
But D, D,
VD,D, —mD, _ m — VDjj
Whence " 5. - D, 1-r (2)
and dm = (1 —r) dm, (3)
From land 3 dm (@ —n)dm,
m,
w

Proceeding to definite integrals,

In-w. :—In
w —m,0 and W —i\f,C

m.c , (mV”r
In M jc Inw .)

[T /K S (VRS

If M, is known, as it was in some of these laboratory experi-
ments because of the manner of filling, m, at any stage is calcula-
ble from it and the weight, Q, of liquid withdrawn, for from
Equation 2

Therefore, since

from which

M- Q-

1 —r

ol I R VI

By the aid of values calculated from this equation, the per-

VD, M. Q

and hence

(4)

centage increase in concentration, 100 g—, can be plotted

against the percentage of solution withdrawn, as is illus-

Jrig
trated in Figure 1 for a solution containing 5% of sesame oil in
Freou-12. For the construction of this graph Da was taken as
0.0377 gram per cc., D, as 1.291 grams per cc., and r therefore as
0.0292. It shows that a quantity of liquid equal to 22% of the
original liquid content must be withdrawn before the concentra-
tion of insecticide rises 1%, that removal of 80% causes a 5% rise,
and that 92.5% delivery gives only a 9% rise.

If, as will more often be the case, the total content of the con-
tainer, ¢1/, rather than the liquid content, M,, is known,,Equa-
tion 4 can be converted, because of the relationship

_ M - VD,
M, = 1
into the equivalent form
c Q
C.o0 i - vo,I

and 100 —jr~ ean be plotted against the percentage of

total contents removed.

EXPERIMENTAL VERIFICATION

The errors due to the assumption that the gas and liquid densi-
ties are constant can be judged by a consideration of the possible
departures of those values from constancy. The possible changes
in gas density were derived from measurements of the lowering
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PERCENT OF ORICI NALSOLUTION WITHDRAWN FROM CONTAINER

re 1. Increase in Concentration of Freon Solution of Oily
Insecticide as Contents Are Withdrawn from Container

Lowering of Vapor Pressure of Freon-12 by Sesame Oil

Sesame Oil Vapor Pressure Lowering
% Mm. of Ho
2.5 8, 7, av. 6.5
5.0 18, 19, 18,av. 18.3
10 23, 24, 28,av. 25
15 35, 37, av.36

of vapor pressure produced by dissolving various proportions of
sesame oil in Freon-12.

The apparatus used to make these measurements (Figure 2)
consists of two identical containers with valves connected through
a U-tube containing mercury, which acts as a differential man-
ometer. Two small petcocks, one on each side of the manometer,
are necessary to operate the apparatus.

Three hundred grams of liquid Freon-12 were always placed
in the container on the right and an equal weight of solution was
made up in the one on the left. The connections were made to
the manometer, and the vapors from the two containers were
allowed to enter the manometer simultaneously until the total
vapor pressure on each side was exerted. The whole apparatus
was then submerged in a transparent water bath. Readings
were made at 80° F. after the system had reached equilibrium.

The Freon-12 used contained some nonliquefiable gases, which
interfered somewhat. To overcome this interference, containers
of the same size with the same volumes occupied by the liquid on

Table 1. Change in Density of Freon-12 Due to Sesame
Sesame Oil Density

G./cc.

1.303*
Figure 2. Differential Manometer Apparatus to Determine Vapor 1.298, 1.2985, av. 1.298

Pressure Lowering of Liquefied Gas Solutions %:%32* %%% av: %%%}1

1. Heavy-walled glass lube containing mercury 5. Petcock 1 25453, i.2552, av. 1.255
2. Grass frame from 0.5-tneh pipe having slob 6, Needle valve on container 1.2285, 1.2295, av. 1.229
3. Rugléte:ngsglfgt“de Z! (L:i?]r:}eaéneedr gas solution “ From Bicbowsky and Gilkey (1),
4. Adapter from 0.375-to 0,125-Inch pipe thread 9. LiqueBed gas
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Table Ill.  Concentrating Effect Caused by Removal of Liquid from
an Aerosol Bomb

{Containing originally 400 grams of a 5% solution of cottonseed oil
in Freon-12)

Solution Withdrawn Relative Concentration of Oil
% by weight Determined Calculated
% %
0 (100.0) 100.0
50 100.9,101.5,av. 101.2 102.1
80 105.3,100.5,av. 105.9 105.2
90 108.9,109.1,av. 109.0 108.0

seed oil was chosen instead of sesame oil because it did not oxi-
dizewhen heated for the analyses. The initial concentration was
determined by withdrawing two 5-gram samples into pressure
test tubes, which were weighed before and after to determine the
exact weight of the samples.

The apparatus was used without the hydrometer. The volatile
solvent was then allowed to evaporate, and the test tube contain-
ing the residue was removed from the frame and heated for 30
minutes at 110° C. The weight of the residue was then de-
termined and the concentration by weight of nonvolatile matter
calculated. Duplicate samples were also taken after 50, 80, and
90% of the solution had been allowed to escape. Mechanical
difficulties made the results unreliable after 95% had been re-
moved. All operations were carried out at 80° F. The results
are shown in Table I11.

The degree of concordance shown is good, considering the ex-
perimental difficulties involved. The over-all effect is compara-
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tively small until the container is almost empty and, since it is
in the direction leading to greater assurance of getting the re-
quired minimum concentration, not very important in the actual
application of the insecticide. It might be important, however,
to a manufacturer filling small containers from a large one. The
last containers to be filled will contain more insecticide than the
first unless some compensatory measures are taken. It is also
important, when samples oi solution are being used for test pur-
poses afe a standard of comparison. In precise laboratory tests it
would be good practice to use not more than 50% of the original
solution. The simplest procedure in the commercial filling of
aerosol containers is to add sufficient pure Freon to the reservoir
at intervals to maintain approximately the original concentration.
This procedure is used by some present aerosol manufacturers.

Although the foregoing discussion has been based wholly on
data pertaining to dichlorodifluoromethane, the formula de-
veloped will obviously apply to all liquefied-gas solutions for
which the densities of the liquid and gaseous phases remain
reasonably constant during evaporation.
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A Modified Bailey Buret

LOREN HAMMACK and CHESTER L. NAEGELIN1
Chemical Laboratory, San Antonio ASF Depot, Grayson Street Station, San Antonio 8, Texas

HE San Antonio Army Service Forces Depot Laboratory has,

for some time, been analyzing large numbers of samples of
mayonnaise and other semisolid salad dressings. Tests have been
made according to the methods of the Association of Official
Agricultural Chemists ((). 1*

Weighing out such samples with the Bailey weighing buret (2)
has never proved satisfactory. The only size available to the
authors has been the 30-ml. capacity which holds an insufficient
quantity of salad dressing if duplicate determinations are to be
made. Salad dressings, moreover, are of such consistency that
there is almost no flow of material from the tip of the buret due
to gravity alone. Forcing the sample out with the plunger is a
veryslow process and results in the accumulation of a considerable
quantity of material on the adapter and on that portion of the
plug which projects above. Such a situation inevitably results
*n loss.

A fairly simple modification of the Bailey buret was decided
upon as the best solution of this problem. The changes involved
were enlarging the buret to a capacity of 100 ml., straightening
out the top of the buret completely, eliminating the constriction,
and adding a plunger to go down inside the buret and around the
plug. All clearances were keptto a minimum.

Buret A is constructed from 51-mm. Pyrex glass tubing with
outside 50/12 f joint at top and inside 15/20 and outside
10/18 _y joint at the constricted bottom. Distance between
upper joint and beginning of constriction is 50 mm. Flask B has
outside 15/20 y joint and over-all diameter of 67 mm. Plug C
isa6-mm. glass rod, 165 mm. in length (over-all), and containsin-
sidel0/18 y joint.

Plunger D is of 18-8 8-mm. ('/si-inch) stainless steel, consisting
of a tube and disk spot-welded together. Inside aiameter of
tube and diameter of disk are of size to give snug fitting around
Plug and inside buret, respectively. Adapter or stopper E is
Pl?tjtleo%v—ground and has inside 50/12 joint and orifice to fit over

The modified buret is filled while sitting on the flask base B,
with plug C in place. Plunger D is then fitted around the plug

1Present address, San Antonio Air Depot, Kelly Field, Texas.

and allowed to rest on the material
The adapter, E, is finally placed
in position, and the assembly is
weighed. To remove the sample,
the plug is raised and held in open
position and, with the same hand,
the plunger is pressed downward,
forcing out the material. When
enough sample has been taken,
the plug is pushed into the joint,
pressing out the last drop before
the buret is returned to the
flask.

It is immediately apparent that
the total weight of the assembly,
filled, is too great for the capacity
of an ordinary analytical balance.
The assumption is that the larger
samples are to be weighed on a
more rugged balance, an accuracy
of 0.1 or at most 0.01 gram being
adequate.

The modified Bailey buret should
find use in analyzing samples,
such as soft grease, paste paints,
certain asphalts, water-repellent

emulsions, and other semisolid materials. The plunger, too,
can always be removed and the buret can be used to an ad-
vantage for any bulky sample.

Satisfactory working models oi this buret were obtained from
the Scientific Glass Company, Bloomfield, N. J., and have been
in continuous use with marked success during the past year.
Steps are now being taken to remove minor defects in the design.
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Determination of Vitamin A Content of Margarine

Spectropkotometric Method

R.H. NEAL AND F. H. LUCKM ANN, The Best Foods, Inc., Bayonne, N. J.

A spectrophotometric method for the determination of vitamin A
in commercial margarine has been developed. It is based on the
destruction of vitamin Aina portion of a solution of the unsaponi-
fiable fraction of margarine fat by ultraviolet light irradiation, and the
use of this devitaminized solution as a control for the spectrophoto-
melric determination of vitamin A in a second portion of the original
unsaponifiable solution not irradiated with ultraviolet light. The
validity of the method is established by a comparison of the results
obtained with results of biological assays made on identical samples.

HE need for a rapid and accurate method for the determina-
Ttion of the vitamin A content of margarine lias existed as long as
margarine has been fortified with vitamin A, but has become more
pressing during the last few years as a result of the present gov-
ernmental nutritional program which encourages the enrichment
and fortification of certain foods with essential nutrients. In
1941, a federal definition and standard of identity for oleomarga-
rine (7) was promulgated, which requires that margarine vita-
minized with vitamin A must carry not less than 9000 U.S.P.
units of vitamin A per pound in the finished margarine. Since
this standard has been in effect, almost all margarines on the
market carry vitamin A; hence, a dependable and rapid method
for determination of vitamin A in finished margarine has recently
become relatively more important.

The biological method is too time-consuming for production
control purposes. In addition, wide variations in results ob-
tained by the biological method must be expected (3), leaving
much to be desired from the standpoint of accuracy. A physical-
chemical method is therefore desirable.

LITERATURE REVIEW

There is relatively little published work on this subject. How-
ever, sufficient work has been published to indicate an interest in
this matter.

_Edisbury (6), in describing vitamin A assay methods with spe-

cial reference to margarine, pointed out that the ultraviolet ab-
sorption method, even when applied to the unsaponifiable frac-
tion of the oil, is unreliable for margarine, because of residual ab-
sorption of unsaponifiable constituents other than vitamin A.
He suggested a spectrophotometric measurement of the absorp-
tion due to the antimony trichloride color reaction, made on the
unsaponifiable fraction of margarine fat, as an alternative to the
biological assay of margarine. The authors’ experience with
measuring the intensity of the antimony trichloride color reaction
as a means of estimating vitamin A has led them to believe that
the intensity of color produced with antimony trichloride varies
considerably with slight-and oftentimes practically unavoidable
variations in details of technique and instruments used. Hence
considerable variations in results would be expected among differ-
ent operators and different laboratories using the antimony tri-
chloride method of vitamin A determination for control purposes.
In addition, certain ingredients used in some margarines tend to
alter the color produced by the action of antimony trichloride on
vitamin A,

Oser {10) indicates that an adaptation of the Dann and Evelyn
(3) antimony trichloride method is useful for a quantitative con-
trol of vitamin A in margarine. The improvements in this
method consist of a correction for side reactions which sometimes
develop interfering color or turbidity, and the inclusion of a den-
sity measurement produced by the addition of a know'n increment
of vitamin A. The Evelyn photoelectric colorimeteris claimed to
increase the accuracy of reading the blue color developed at its
maximum intensity. However, this method still depends on
being able to read, at its maximum intensity, the unstable and
somewhat fleeting color developed by the reactioh of antimony
trichloride with vitamin A. The instability of the color de-
veloped is troublesome for control purposes.
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This laboratory (9) has published a spectrophotometric method
for determination of vitamin A in dairy butter, based on: (a)
the fact that vitamin A is characterized by a maximum absorp-
tion at the 3280 A. band and can be measured by determining
the intensity of absorption in the ultraviolet region at this (3280
A.) wave length, as pointed out by Morton et al. (6, 8) and (b)
the fact that vitamin A is destroyed by ultraviolet light; within
recent years, Demnrcst (4) has published the results of his studies
on the destructive irradiation of vitamin A. Thus by destroying
the vitamin A (and carotene) in a portion of the unsaponifiable
fraction, a control is obtained for the spectrophotometric deter-
mination of the vitamin A and carotene contained in the sample.
This method is considered to yield satisfactory results.

EXPERIMENTAL

Attempts were made to apply this spectrophotometric method
(3) to margarine, following the procedure used for dairy butter;
however, certain modifications are necessary. The difficulties
apparently are due primarily to the fact that the unsaponifiable
content of domestic U. S. vegetable oils, from which most present-
day U. S. margarines are made, differs considerably, both in
composition and amount, from the unsaponifiable content of
butterfat. Another factor concerned is the fact that butterfat
may be more readily saponified than domestic vegetable oils.

Preliminary experimental work indicated that most progress
could be made by modifying the method as applied to dairy butter
(3) in the following respects:

1. Increasing saponification time in order to ensure complete
saponification of the margarine fat before extraction of the un-
saponifiable matter.

2. Increasing the number of extractions and the quantity of
solvent used for extraction of the unsaponifiable, in order to en-
sure complete extraction of the unsaponifiable material containing
vitamin A.

3. Increasing the time of ultraviolet light irradiation of the
unsaponifiable in solvent solution, in order to overcome the
masking effect of the relatively large amount of unsaponifiable
material present in margarine fat and thus to obtain complete
destruction of the vitamin A contained therein.

For use in this determination, all solvents must be exceedingly
pure—a point which cannot be overemphasized. The solvent
for the unsaponifiable material extracted from the oil must be
optically clear, must possess adequate solvent power to hold in
solution at normal room temperatures the amount of unsaponi-
fiable present in the sample, must be of sufficiently high boiling
point to permit long exposures under an ultraviolet lamp which
generates considerable heat, and must have no destructive effects
upon the vitamin A dissolved therein, at least for several hours.

The authors have found either cyclohexane or methyl cyclo-
hexane, specified as "purified for spectrophotometric use and
free of extraneous ultraviolet absorption” and obtained from
Eastman Kodak Company, Rochester, N. Y., to be satisfactory
in most instances (3). Vitamin A is stable in either of these sol-
vents for several days, provided that the solutions are stored in
the dark, and the solvents themselves are sufficiently pure.

It has been the authors’practice to verify the suitability of each
lot of either cyclohexane or methyl cyclohexane byr spectrophoto-
metric comparison with a sample of known purity. A sample is
considered usable only.if it shows no extraneous absorption in the
region between 5000 and 2200 A.; extraneous absorption within
this range is considered evidence of impurities and the material
is rejected. A method satisfactory for the purification of cyclo-
hexane containing a small amount of impurities has been given
(3), but is not satisfactory for the purification of methyl cyclo-
hexane.

The ether and alcohol used for extracting the unsaponifiable
material must be especially pure and free of peroxides, in order to
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avoid oxidation of the extracted vitamin A.
These solvents must be carefully purified be-
fore use, even though the best grades are pur-
chased. A method for the purification of
anhydrous c.p. ethyl ether was given in a pre-
vious publication (9). Specially denatured
No. 30 alcohol can be satisfactorily purified
by an A.O.A.C. method (/).

Repeated attempts have demonstrated that
the vitamin A content of whole margarine fat
(vitaminized) cannot successfully be destroyed
by ultraviolet light irradiation, using avail-
able ultraviolet light equipment. However,
the vitamin A content of the unsaponifiable
fraction of margarine fat can be destroyed by
intense and ultraviolet irradiation. A con-
siderably more transparent solution of the
extracted unsaponifiable, in the range below
about 3200 A., results from the intense ultra-
violet irradiation required to destroy com-
pletely the vitamin A in the unsaponifiable
fraction of margarine fat; at 3280 A., the in-
creased transparency due to the action of
ultraviolet light on unsaponifiable materials
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exhibits a vitamin A peak at the region of
maximum vitamin A absorption.

E T(Bx looo
The following method is based on the de-
struction of vitamin Ain a portion of a cyclo-
hexane (or methyl cyclohexane) solution of
the unsaponifiable fraction of margarine fat
by ultraviolet light and the use of this de-
vitaminized solution as a control for the spec-
trophotometric determination of vitamin A
in a second portion of the original unsaponifi-
able solution not irradiated with ultraviolet
light.

EQUIPMENT USED

Spectrophotometer. Adam IIiIger, Ltd.,
intermediate quartz spectrograph with Spek-
ker photometer, equipped with tungsten steel
electrodes as a source of light. Quartz ab-
sorption cells, Hilger Type C, 1-cm. quartz
Kjoldahl-shaped flasks, 25 cc.

Beckman quartz spectrophotometer, Model
D, manufactured by National Technical Labo-
ratories, South Pasadena, Calif. Equipped
with tungsten lamp light source, cesium oxide

gne on ) and blue sensitive phototubes, and Corex

other than vitamin A is so small as to be neg- k (lh_m) ) absorption cells (1-cm. square type).
lected for all practical purposes. This point Figure 1. Ultraviolet Absorption Both instruments have been used with
is demonstrated by the results shown in Curves (tei%l:]ally satisfactory results for this determina-
Table . . . (1) Irradiated unsaponifiable fraction of Uirtraviolet Lamp. Uviarc poultry
The points covered in Table | are further vitaminized margarine oil vs. solvent treater, Type RT, Spec. 100, Cooper-llewitt
illustrated in Figure 1, in which are shown gg;“"ﬁ,onmdiated unsaponifiable frac- Electric Co., Hoboken, N. J. A more com-

ultravioletabsorption curves obtained on sam-
ples not included in the table.
all obtained from the unsaponifiable fractions
of the same stock of margarine oil, serve to

. in solvent)
emphasize:

The absorption due to constituents other solvent control

than vitamin A in margarine oil unsaponifi-

Ultraviolet irradiation of the unsaponifiable solvent)
fraction of a vitaminized oil produces a ma-
terial which shows no vitamin A characteris-
tics spectrophotometrically. This irradiated material shows
anabsorption, at the point of maximum vitamin A absorption, in
reasonably close agreement with that of the nonvitaminized,
nonirradiated, unsaponifiable fraction of the same oil.

Irradiation increases the transparency of the unsaponifiable
fraction in regions below about 3200 A.

Irradiation of the unsaponifiable fraction of a vitaminized mar-
garine oil produces a control for spectrophotometric vitamin A
determinations, which gives results in reasonably close agreement
with those obtained by use of the unsaponifiable fraction of the
same oil before vitaminizing.

The curve (curve 5) obtained by the method described herein

Table I. Effect of Irradiation
(Comparison of controls used in the unsaponifiable method for determina-
tion of vitamin A in margarine oil. Duplicate determinations)

Irradiated Un-
saponifiable of
Vitaminized
Margarine Qil
Nonirradiated v8. Nonirradi-
Unsaponifiable ated Unsaponi-

Irradiated of Oil before fiable of Same
Sample Date Unsaponifiable  Vitaminizing Qil before
No. Analyzed Control as Control Vitaminizing

U.S.P. units of vitamin A per
pound of margarine

6-11-42 13,600 14.000 600
13,600 14.000 600
6-17-42 15,000 14,200 600
16,100 15,100 600

PrePaie< under authors’ supervmon with process samples avail-
ole lor use in this experimental work

tion of same margarine oil before vitamin-
izing vs. solvent control

These curves, (3) Nonirradiated unsaponifiable frac-
tion of same vitaminized margarine oil
vs. nonirradiated unsaponifiable fraction
of same oil before vitaminizing (both

(5) Nonirradiated unsaponifiable fraction
of same vitaminized margarine oil vs.
anle. same material after irradiation (both in

plete description of this lamp, together with
a reference for obtaining its spectral radiation,
has been given (9).

METHOD

(4) Nonirradiated unsaponifiable fraction
of same vitaminized margarine oil vs.

Extraction of Unsaponifiable Mate-
rial. Melt the margarine in a water bath at
about 60° C., and separate the fat by filtra-
tion through a Whatman No. 12 folded filter
paper (or other equivalent paper).

Saponify 20 grams of the separated and
filtered fat with 30 ce, of alcoholic potassium
hydroxide (200 grams per liter of specially denatured No. 30
alcohol) by boiling, with suitable reflux arrangement, for 15
minutes.

Dilute the alcoholic solution with water to approximately 4
volumes and cool in an ice-water bath. Extract the unsaponifi-
able material with cold ethyl ether. At least six extractions, with
the following successive amounts of ether, are required for com-
plete removal of the unsaponifiable material: 200, 150, 100, 50,

50, 50 cc. (Both the ether and alcohol must be vcr3 carefully
purified immediately before use. This is essential for dependable
results.) Vigorous shaking is also necessary for complete re-

moval of the unsaponifiable material. The sample should be
adequately protected from sunlight during extraction.

Composite the ether extracts and wash with 150-cc. portions
of distilled water until substantially free of soap. (There should
be no appreciable turbidity developed after acidifying the wash
water with 10% hydrochloric acid.) Adequate precautions
should be taken to avoid troublesome emulsions; the first two
water Washes should be made by merely pouring the water
through the ether without shaking.

Filter the ether solution through filter paper and concentrate
to 25 to 50 cc. by distillation on a steam bath. Remove the re-
mainder of the ether by evaporating, on a steam bath, under a
stream of carbon dioxide to prevent oxidation. When substan-
tially all the ether has been evaporated, coolimmediately to about
20° C. (70° F.) and dissolve the unsaponifiable material in op-
tically clear cyclohexane or methyl cyclohexane. Make a solu-
tion up to 50 cc. (40% solution weight to volume, on original fat
basis). Filter and store in the dark at about 4° to 10° G. (40°
to 50° F.) until the sample is examined spectrophotometrically,
but not longer than 48 hours.

SPECTROPHOTOMETRIC DETERMINATION OF VITAMIN A. Di-
vide the cyclohexane (or methyl cyclohexane) solution of unsa-
ponifiable material into two parts, and irradiate one portion
under the Uviarc as follow’s: Transfer the solution to be irradi-
ated into a 25-cc. Kjeldahl-shaped quartz flask, and stopper the
flask with a cork wrapped in aluminum foil. Allowr at least 10
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minutes for the lamp to come to full operating temperature be-
fore starting irradiations.

Support the flask in sucli a position that the cork rests against
the rim of the Lampshade (the lamp in use is equipped with a
shade 21 cm., 14 inches, in diameter) and the bulb of the flask is
held about 10 cm. (4 inches) away from the mercury tube of the
lamp. Place a sheet of aluminum foil about 7.5 cm. (3 inches) be-
low the flask being irradiated, in order to reflect the light back
toward the sample. Agitate the sample every 15 minutes by
gently tapping the flask, for example, with a pencil. Allow the
sample to heat up as much as the lamp will heat it, provided that
the temperature does not reach the boiling point of the solvent
being used.

Irradiate until the vitamin A has been destroyed. Under the
authors’ conditions, approximately 2.5 hours have been required
for complete destruction of the vitamin A contained in this con-
centration of margarine fat unsaponifiable. Destruction of vita-
min A can be estimated by the Carr-Price test, and the time of ir-
radiation required for the ultraviolet lamp in use can be estab-
lished spectrophotometrically by irradiating until there is no
further decrease in absorption of the irradited sample at 3280 A.

After cooling to about 21° C. (70° P.), filter the irradiated
solution, which must be clear and colorless, and determine vita-
min A in the nonirradiated solution by means of the spectro-
photometer (1-cm. cells), using the ultraviolet irradiated solution
as a control. With the Hilger spectrophotometer, expose the
plates at density settings ranging from 0 to 1.50 in increments of
0.05, with the exposure time graduated up to about 2 seconds on
Eastman No. 33 plates. These plates are satisfactorily devel-
oped with Eastman D72, diluted 1to 2. Considerable time can
be saved, without any sacrifice in accuracy, by using a Beckman
spectrophotometer. For this instrument, 1-cm. square type
Corex absorption cells are satisfactory. A tungsten lamp in-
stead of a hydrogen discharge tube can be satisfactorily used as a
source of ultraviolet light.

Read the match point (or density) at 3280 A., and calculate the

al cm  va’ue the sample under test. The difference in ab-

sorption at 3280 A., between the nonirradiated and irradiated
sample’, is a measure of the vitamin A content of the sample.

This method has been successfully used for determining the
vitamin A content of a variety of domestic vegetable oil marga-
rines, but no attempts have been made to apply the method to
animal fat margarines or to coconut oil type margarines.

Calculations

Match point (or density) at BOWQUW 404 _w trA

U.S.P.units of vitamin A per pound of margarine fat

% fat in sample X U.S.P. units of vitamin A per pound
of butterfat

100
U.S.P-. units of vitamin A per pound of margarine

These calculations are based on 2140 as the conversion factor
forvitamin A.
Derivation of Conversion Factor of 2140. The conver-

sion factor to be used for converting from EJ% valueat 3280 A.,

to U.S.P. units of vitamin A per gram of oil, was determined for
the instruments employed by use of the U.S.P. standard of ref-

erence cod liver oil. The method, consisting of value de-

terminations, made by the instrument being calibrated, on the
unsaponifiable fraction of U.S.P. standard of reference cod liver
oil containing 3000 U.S.P. units per gram of oil, has been de-
scribed (9). The saponification and extraction procedure used
for removal of the unsaponifiable material from the reference cod
liver oil, for spectrophotometric study, is a modification of the
procedure published by Wilkie (12).

Table Il shows the results of conversion factor determinations
made with the Hilger spectrophotometer, using the current U.S.P.
standard of reference cod liver oil containing 1700 U.S.P. vitamin
A units per gram of oil. These determinations include results
obtained by the use of both cyclohexane and methyl cyclohexane
as solvents. In order to minimize the effect of any possible
instability of the U.S.P. reference oil, fresh or practically fresh

Table Il. Establishment of Conversion Factor (Hilger Spectro-
photometer)
Per Cent
Date of Solutjon Match 121% Couver-
Determin- (Original Point. lcm. sion
ation Oil Basis) Solvent at 3280 A. Value Factor
2-28-41 1.000 Cyclohexane 0.795 0.795 2138
2-28-41 1.000 ethyl 0.795 0.795 2138
cyclohexane
6-12-42 1.000 ethyl 0.790 0.790 2152
cyclohexane
8-4-42 1.000 Methyl 0.790 0.790 2152
cyclohexane
8-4-42 1.000 Methyl 0.800 0.800 2125
cyclohexane
8-18-42 1.000 Meth?ll 0.795 0.795 2138
cyclohexane
Av. 2137

Conversion factor of 2140 used. Similar results were obtained by use of
Beckman spectrophotometer.

Determinations dated 2-28-41, 6-12-42, and 8-4-42 were made on fresh
samples of reference oil, not previously opened. Determination dated
8-18-42 was made on same sample used on 8-4-42 after storage for 2-week
int_edrim at 7° C. (45° F.) in the dark and under an atmosphere of carbon di-
oxide.

samples of the reference oil were used for each determination
as indicated.

Expected Accuracy of Method. In order to determine the
limit of vitamin A recovery and the degree of reproducibility
which might be expected from the use of this method, several
lots of margarine were made under controlled conditions.
Samples of the oil going into the margarines were taken before
the vitamin A-bearing oils were added. The finished margarines
were analyzed by the above method and the oils before processing
into margarine were analyzed spectrophotometrically as whole oil,
using the nonvitaminized but otherwise identical oil sample as a
control. Typical results (Table I11) show that very close to theo-
retical recovery can be obtained by this method, and that the
results are reproducible to a satisfactory degree.

Correlation with Biological Assays. |In order to deter-
mine the agreement between the spectrophotometric method and
the biological U.S.P. method, several samples of margarine were
analyzed by the spectrophotometric method at about the time
that portions of the identical prints were being assayed for vita-
min A by commercial biological laboratories.

Table Ill.  Reproducibility and Recovery of Vitamin A
SXectrophotometric Vitamin A
nalysis of Whole ~ Found by
Irradiated 0Oil,”Using Non- Irradiated
Sample Determina- Unsaponifiable vitaminized Unsaponifi-
No. tion No. Method Control Oil able Method
U.S.P. units U.S.P. units %
| 1 15,500 16,100 96
2 15,100 15,900 95
1 1 16,900 16,900 10Q
2 16,700 16,300 102
11 1 15,100 15,500 97
2 15,700 15,500 101
v 1 15,300 15,300 100
2 15,100 15,700 96
Av. 98.4

All samples used for this comparison were commercial marga-
rines, received in their original containers; included were several
different brands of margarine, made by different manufacturers,
and also several prints of one single brand of margarine. The
data covering the comparison of results obtained by the above
method with those obtained by the U.S.P. biological method were
built up over a period of approximately one year.

In order to obtain sufficient data to estimate the biological vi-
tamin A potency of these samples with a reasonable degree of ac-
curacy, the commercial biological laboratories employed for ths
work were instructed, in most instances, to feed the standard of
reference cod liver oil and the sample of margarine under test at
two different levels. By means of log-dose interpolation curves,
plotting weight response vs. sample weight fed, the biological



June, 1944 ANALYTICAL EDITION 361
Table IV. Comparison of Results of Spectrophotometric vs. Biological Methods
(Standard of reference oil containing 1700 U.S.P. vitamin A units per gram used)
opecwopnotometnc oD T 1-:,1 —
ethod No. of Levels Fed Daily Dose Average Gain Weight U.S.P. units vitamin A per
Deter- U.S.P. units U.S.P. U.S.P. On pound of margarine, average
Sample _mina- per pound of reference reference reference On by log-dose interpolation
No. Brand tion No. margarine* oil Sample oil Sample oil sample curves*
Mg. Mg. Grants Grams
1 A 1 9,700 0.88 56.7 28.1 23.1
2 9,500 2 2 10,100
3 9,300 1.47 94.5 36.1 35”0
Av. 9,500
2 B 1 16,100 0.88 34.0 30.3 14.0
2 16,100 2 2 ; 6,900
3 15,900 1.47 56.7 39*6 2<U9
Av. 16,000
3 C 1 15,300 0.882 53.4 19.9 28.9
2 15,100 2 2 ) . 17.500
3 14,600 1.176 69.8 2100 40!o
Av. 15,000
4 D 1 9,700 0.882 82.5 19.9 38.9
2 8,900 2 2 15.300
3 9,100 1.176 113.5 29.0 51.8
Av. 9,200
5 E 1 16,300 1.176 100.9 37.0 51.9
2 16,100 1 1 Over 9,000
Av. 16,200
6 E 1 11,500 0.88 45.4 29.9 27.9
2 11,300 2 2 1.47 75.6 44.2 40.3 13.500
Av. 11,400
7 E 1 14,000 0.88 45.4 28.5 34.3
2 12,800 2 2 1.47 75.7 51.1 38.4 14.200
Av. 13,400
8 E - 1 16,100 0.882 19.9
2 15,900 2 1 1.176 100.9 29.0 571o 21,400
Av. 16,000
9 E | 15,200 0.88 45.4 30.3 28.3
2 2 1.47 75.6 48.2 35.0 12.300
10 E 1 12,500 0.88 45.4 40.3 37.4
2 2 1.47 75.6 57.3 43.3 11,800
u E 1 13,400 0.88 45.4 31.4 31.8
2 14,000 2 2 . 17.200
3 14,000 1.47. 75.6 3816 4U9
Av. 13,800
12 E 1 14,200 | 1 1.176 100.9 35.5 47.3 Over 9,000
13 E 1 13,400 2 2 0.88 45.4 30.2 37.8 18,700
1.47 75.6 43.8 47.8
14 E 1 16,500 0.88 45.4 28.9 32.8
. 2 2 1.47 75.6 443 55.1 18,300
Av. (excluding Nos. 5 and 12, on
which only single level bio-tests
are available) 13,491 14,766

a Results rounded off to nearest 100 units.

vitamin A potency was estimated as the average of the response
from the levels fed. All biological tests were made by the U.S.P.
method. Two commercial biological laboratories, Food Research
Laboratories, Long Island City, N. Y., and the Laboratory of
Vitamin Technology, Chicago, 111, carried out the biological tests.
However, each sample was bio-tested by only one of the biological
laboratories.

The comparative results, shown in Table IV, demonstrated
that consistent and reproducible results are obtained by the
spectrophotometric method; these results are in as reasonable
agreement with the U.S.P. biological method as could be expected
when the known variation in results obtained by the biological
method is considered {11). It is significant that while in this
comparison the biological method gave somewhat higher results
than the spectrophotometric method on some samples, the re-
verse was true on other samples, and the average of all the
samples analyzed by the spectrophotometric method is in very
close agreement with the average of the same samples tested by
the biological method.

A similar condition has been found to exist when comparing
biological results obtained by different biological laboratories on
identical samples of vitamin A-bearing oils. A separate publica-
tion {U) covers several years’ experience with vitamin A-bearing
oils used for enriching margarine and reports biological results
obtained by two different laboratories on each of eleven large lots.

The average of the results on all samples obtained by the two
laboratories agree to within 3% although results on individual
samples show variations ranging from 2 to 95%.

Thus some individual variations in results obtained by spectro-
photometric and biological methods, as shown in Table IV, must
be expected because of the relatively poor reproducibility of the
biological method. The results on most individual samples com-
pared by the two methods show reasonably good agreement in
vitamin A potency. These results are considered to confirm the
validity of the spectrophotometric method described above.

SUM M ARY

A spectrophotometric method for the determination of vitamin
A in margarine is based on the destruction of vitamin A in a por-
tion of a solution of the unsaponifiable fraction of margarine fat
by ultraviolet irradiation, and the use of this devitaminized solu-
tion as a control for the spectrophotometric determination of
vitamin A in a second portion of the original unsaponifiable solu-
tion not irradiated with ultraviolet light. This method gives
consistent and reproducible results, and practically complete re-
covery of the vitamin A contained in margarine. Two satisfac-
tory solvents and two satisfactory instruments for this determina-
tion are described. The validity of the method has been dem-
onstrated by comparison with the U.S.P. biological method on
identical samples, by feeding both the sample under test and the
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U.S.P. standard of reference oil at multiple levels and estimating
the biological vitamin A potency from log-dose interpolation

curves.
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Qualitative Differentiation of the Methylcarbinols
and Methyl Ketones

JONAS KAMLET, Chemical Research Division,

Compounds yielding positive Lieben iodoform reactions may be
either methyl ketones or methylcarbinols. On reaction with a
reagent containing o-nitrobenzaldehyde in alkaline solution,
only the methyl ketones will form indigo and may thus be dis-
tinguished readily from the methylcarbinols.

N THE course of a recent investigation, a simple and rapid
I method was needed for the qualitative differentiation of
methyl ketones and methylcarbinols. The valuable Lieben
iodoform reaction (7) has long been used to detect the grouping
CH3CO— when joined to a hydrogen atom, or to a carbon atom
which does not carry highly activated hydrogen atoms, or groups
capable of exerting excessively high stone hindrance. However,
the corresponding methylcarbinols (CH3CHOH—) will also
give the Lieben reaction, owing undoubtedly to their prior
oxidation by the alkaline hypoiodite reagent to the methyl ke-
tones. Thus, while methyl ketones and methylcarbinols are
readily identifiable by the Lieben reaction, there is no simple
means of differentiating the two groups.

The von Baeycr-Drewsen synthesis of indigo (/, 6), at one
time practiced on a commercial scale, is based on a reaction which
lends itself readily to such a differential identification technique.
o-Nitrobenzaldehyde was found by these workers to condense
with acetone, aeetaldehyde, or pyruvic acid in the presence of
alkali, to form indigotin. Feig!, Zappert, and Vasquez (3) ap-
plied this reaction to six additional methyl ketones (methyl
ethyl ketone, methyl hcptenone, aeetophenone, acetylacetone,
diacetyl, and ethyl acetoacetate) and suggested its applicability
in detecting other methyl ketones.

Tananescu and his co-workers (8, 9) have suggested that the
reaction probably proceeds as follows:

The methyl ketone first condenses with the o-nitrobcnzalde-
hyde to form the corresponding [8-2-nitrophenyl-|3-hydroxy-
ethyl ketone (1):

C r + CH3COR
HO

Compound | undergoes an intramolecular oxidation-reduction
to form the corresponding /3-2-nitrosophenyl-|3-ketoethyl ketone

(1):
/\-N 08 NO
N /L ¢HOH.CHi.GO.R

"—NOs
J—CHOH.CHS.CO.R (I)

CO.CH2CO.R (I

ides Laboratories, Inc., New York, N. V.

Compound Il then cyclizes in the presence of the alkali:

mNO
OH- V I—COR
0 - CO.CIL.CO.R co/ {n

to form Compound I11, two moles of which split off R. COOII by
hydrolysis and form one mole of indigotin:

1'"C—COR + 2NaOH
col/

+ 2 R.COONa
Q -nh>C=C<:

As the result of the author’s investigation, it was found that
a simple qualitative differentiation of methylcarbinols and
methyl ketones could be based on the Lieben iodoform reaction
in conjunction with the von Baeyer-Drewsen. indigo reaction, both
being specifically modified for use as an analytical technique.
A negative iodoform reaction rules out both methylcarbinols
and methyl ketones; a positive iodoform reaction and a negative
indigo reaction indicate a methylcarbinol; a positive iodoform
reaction and a positive indigo reaction indicate a methyl ketone.
This differentiation is specific. When a technical sample of
a methylcarbinol was found to give a faint positive indigo re-
action, this could invariably be traced to the presence of methyl
ketone as an impurity. Scrupulous purification of the methyl-
carbinol (e.g., via a characteristic crystalline derivative) re-
sulted in a product which reacted entirely in the expected

IODOFORM REACTION

The procedure used for the iodoform reaction was that de-
scribed by Fuson and Tullock (5).

Reagents Required. Dioxane, 10% sodium hydroxide
solution, and iodine reagent: 200 grams of potassium iodide
and 100 grams of iodine dissolved in 800 ce. of distilled water.

Procedure. About 100 mg. of the compound being tested
are placed in a 150 X 16 mm. test tube, 5 cc. of dioxane are
added, and the sample is dissolved with shaking. First 1 cc. of
10% sodium hydroxide solution and then the iodine reagent



June, 1944

are added dropwise with shaking until a slight excess of iodine
causes a definite dark color which does not disappear on stand-
ing. The test tube is now placed in a water bath maintained at
60° C., and the dropwise addition of the iodine reagent is con-
tinued until the definite dark color persists as before; but the
«marming at 60° C. should not last over 2 minutes. The excess
of iodine is now removed with a few drops of 10% sodium hy-
droxide solution, and the test tube is filled with cold water, al-
lowed to stand for 15 minutes, and filtered. The characteris-
tic odor of iodoform is readily distinguishable. As a confirma-
tion, the crystals which are collected on the filter paper are dried
at 100° C. for one hour and identified by their melting point.
lodoform melts at 119-121° C.

INDIGO REACTION

Since o-nitrobenzaldehyde is not at present obtainable from
any domestic source, it may be prepared by nitrating benz-
aldehyde by the method described by Friedlander and Hcn-
riques (4) and separating the o-nitrobenzaldehyde from the
mixture of isomers thus obtained by the method described by
Erlmrt (2).

Preparation of Reagent. One hundred grams of finely
powdered sodium nitrate are added in small portions to 1 liter of
66° B6. sulfuric acid, the temperature of the mixture being
kept below 20° C. by external cooling, c.p. benzaldehyde (106
grams) is now added to this nitrating mixture in small portions,
the temperature being kept below 30-35° C. After all the
benzaldehyde has been added, the reaction mixture is cautiously
poured into a mixture of 1.5 liters of water and 1.5 kg. of ice.
The oily layer of mixed o- and »i-nitrobenzaldehyde is separated
by decantation and mixed without heating with 500 cc. of
44% sodium bisulfite solution (sp. gr. 1.37). Six hundred
cubic centimeters of water heated to 45° C. are now added to
dissolve the magma of crystals and the resultant solution is
chilled in a refrigerator at 0° to 5° C. for 48 hours. The copious
precipitate of »2nitrobenzaldehyde sodium bisulfite which forms
is filtered off. To the filtrate is added a saturated sodium car-
bopate solution to strong alkaline reaction, and the mixture is
cooled and extracted with three successive 500-ec. portions of
ether. The ether extracts are dried overnight over anhydrous
calcium chloride, filtered, and the solvent evaporated off. The
residual oil (20 to 25 grams) solidifies on cooling and consists of
o-nitrobenzaldehyde mixed with smaller amounts of wi-nitro-
benzaldehyde. This product is sufficiently pure for use in the
technique described below.

The o-nitrobenzaldehyde reagent is prepared by dissolving
5.0 grams of the crystals or the oily product in 100 cc. of 95%
ethanol. This reagent solution should be prepared fresh from
the undissolved compound at least once a month, and stored in an
amber-colored glass-stoppered bottle.

Procedure. About 100 mg. of the compound being tested
Rre dissolved or suspended with vigorous agitation in 5.0 cc. of
the o-nitrobenzaldehyde reagent, and 1.0 cc. of 10% sodium
hydroxide solution is added dropwise. An immediate darken-
ing of the solution will occur (partly due to the formation of
dismutation products of o-nitrobenzaldehyde). After 60 sec-
onds, a few drops of the solution are placed on a piece of filter
paper and allowed to be absorbed. The filter paper is then
washed under a stream of tap water and examined. If the brown
stain has washed away, the test is negative—i.e., the sample
wasa methylcarbinol. A positive test—i.e., a methyl ketone—is
evidenced by a distinct and unmistakable deposition of indigo-
blue dyestuff within the fibers of the filter paper. The “spot”
of indigo blue is usually rimmed by a characteristic blue-green
ring, which cannot be removed, even by prolonged washing.
By comparing the washable brown stains obtained with known
methylcarbinols and the permanent blue dye obtained with
known methyl ketones, the chemist can soon become highly
proficient in distinguishing the two.

This method will detect as little as 1 mg. of methyl ketone
®a 100-mg. sample of methylcarbinol. It has been tried with
a number of methylcarbinols and methyl ketones. The results
obtained may be summarized by classifying the compounds as

follows:
Class . Compounds which give a positive indigo reaction but

fail to give a positive iodoform reaction: No compounds were

found which fall in this class categorically. Sterically hindered

compounds like pinacolone (1) give the indigo reaction more

gﬁdil¥|}han they form iodoform, but these belong properly in
ass 111,
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Ciass Il.  Compounds which give a negative indigo reaction
and a positive iodoform reaction: ethanol (2), isopropanol (3),
methylethylcarbinoi (4), methyl-w-propylcarbinol (5), methyl-
isopropylcarbinol (6), methyl-R-butylcarbinol (7), methyliso-
butylcarbinol (8), methyl-n-amy)carbinol (9), methylisoamyl-
carbinol (10), methyl-n-hexylcarbinol (11), methylisohexyl-
carbinol (12), butandiol - 2,3 (13), bcnzylmethylcarbinol (14),
1 - phenylpropandiol-2,3 (15), lactic acid (16), methyl lactate
(17), and ethyl lactate (18).

This class, therefore, comprises only the methylcarbinols—i.e.,
the series of compounds characterized by the grouping CHj.-
CHOH— joined to a hydrogen atom or to a carbon atom which
does not carry groups that exert an excessively great steric
hindrance.

Ciass Il1l.  Compounds which give a positive indigo reaction
and a positive iodoform reaction: acetaldehyde (19), acetone
(20), methyl ethyl ketone (21), methyl n-propyl ketone (22),
methyl isopropyl ketone (23), methyl n-butyl ketone (24),
methyl isobutyl ketone (25), methyl rc-amyl ketone (26), methyl
isoamyl ketone (27), methyl n-hexyl ketone (28), methyl iso-
hexyl ketone (29) aeetoin (30), diacetyl (31), phenylacetone (32),
1-phenylpropanol-l, one-2 (33), pyruvic acid (34), methyl pyru-
vate (35), ethyl pyruvate (36), methyl cyclohoxylketone (37),
benzyl acetone (38), acetophenone (39), methyl p-tolyl ketone
(40), p-chloroaeetophenone (41), p-bromoacetophenone (42),
methyl p-anisyl ketone (43), 2,4-dimethoxyacetophenone (44),
o-hydroxyacetophenone (45), w-hydroxyacetophenone (46),
p-hydroxyacetophenone (47), 3-methoxy-4-hydroxyacetophenone
(48), o-nitroacetophenone (49), o-aminoacetophenone (50),
2-aceto-l-naphthoxyacetic acid (51),mesityl oxide (52), benzalace-
tone (53), salieylalacetone (54), vanillalacetone (55), p-hydroxy-
benzalacetone (56), furfuralacetone (57), aeetylacetone (58),
acetonylacetone (59), benzoyiacetone (60), levulinic acid (61),
methyi levulinate (62), ethyl levulinate (63), ethyl acetoaeetate
(64), a-acetyl-7-butyrolactone (65), pentanol-l-one-4 (66), 5-
diethylaminopentanone-2 (67), methylheptenone (68), 0-ionone
(69), ot-ionone (70), methyl vinyl ketone (71).

This class, therefore, comprises only the methyl ketones—i.e.,
the series of compounds characterized by the grouping C11300—
joined to a hydrogen atom or to a carbon atom which does not
carry groups that exert an excessively great hindrance.

Interfering compounds in the iodoform reaction are usually
(a) primary amines which are oxidized to methyl ketones by the
alkaline hypoiodite reagent (such as a-aminoisobutyric acid,
a-phenylethylamine, 2-aminoheptane, 2-aminohexane, isopropyl
amine, etc.), (5) esters of ethanol and secondary alcohols which
are hydrolyzed by the alkaline reagent to compounds of Class
Il (such as ethyl acetate, ethyl propionate, diethylphthalate,
diethyladipate, sec-butyl acetate, sec-amyl acetate, isopropyl-
aeetate, etc.), and (c) oximes which are hydrolyzed to methyl
ketones (such as acetoxime, acetophenone oxime, acetone oxime,
methyl ethyl ketoxime).

The only compounds which have been found to interfere
in the indigo reaction are those which ate readily hydrolyzed
by the alkaline reagent to compounds of Class Ill. These
are (a) halogen derivatives (such as ethylidene chloride, 2,2-
dibromopropane, 2,2-dibromobutane, etc.), (6) acetals (such
as acetaldehyde alcohélate, acetal), (c) oximes (such as acet-
oxime, acetophenone oxime, acetone oxime, methyl ethylketoxime,,
ete.), and (d) bisulfite addition products (such as acetaldehyde.-
sodium bisulfite, acetone sodium bisulfite, etc.).
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Pigment Determination in Carbon Black and lIron Blue Paints

FRANCIS B. ROBINSON, The Glidden Company, Reading, Pa.

A simple, rapid, and accurate method for quantitative separation of
very fine pigments from oil and varnish vehicles is based upon the
fact that certain materials yield light, flocculent precipitates which
settle rapidly, carrying along the pigment that is present.

RELIABLE method for accurately separating very small

particle size pigments in oil (3, 5) and varnish (1, S) vehicles
has never been satisfactorily worked out. Carbon black, iron
blue, chrome greens containing iron blue, and finely ground whites
are the most common causes of trouble. It is sometimes possible
to filter the fine pigment through a very fine filtering medium
but further trouble is experienced because the filter is clogged by
the fine particles. Although in some cases it may not be neces-
sary to make a perfect separation and some of the pigment may be
passed through the filter, in other cases an exact determination
and a clear filtrate are required. The basic principle of the
method described in this article can be applied to any pigment-
vehiclc combination; it is only necessary to find the proper set-
tling agent to collect the pigment and the proper solvent to dis-
solve the vehicle and to precipitate the settling agent on the pig-
ment.

Since the pigment particles arc too small to be retained on the
filtering surface, it is necessary to collect them by adding an
agent (nitrocellulose, for example) that when precipitated will
carry along with it the finely divided pigment. Two methods are
outlined in this article; the principle of each is the same; the
methods differ only in application and procedure. The first
method, which depends upon nitrocellulose to collect the pig-
ment, can be applied to all pigments; it has the disadvantage that
the extracted pigment will contain nitrocellulose, although the
vehicle will be free from impurities. This method involves no
chemical reaction upon any pigment and can be used on nearly
any vehicle except emulsion vehicles or poorly soluble vehicles.
Certaiju vehicles, such as run Congo, short oil alkyds, ester gum,
and maleic resins sometimes require special treatment, which
consists of redissolving and then reprecipitating the nitrocellulose
in order to obtain complete extraction of the vehicle.

The second method makes use of a glyceryl phthalate varnish
(the phthalate is added if not already present) as the settling
agent, precipitated on the pigment in the form of potassium phthal-
ate. Since alcoholic potassium hydroxide is used in this reaction,
no alkali-soluble pigments such as lead chromate pigments can be
present. Its principal application is to carbon black and other
insoluble pigments, to emulsion vehicles, and to poorly soluble
vehicles that cannot be determined by other methods. It is
based upon the ordnance method foralkyd resin determination (4)
and is very accurate.

REAGENT

Nitrocellulose Solution. Add 20 parts by weight of
the dry R.S. 0.25-second nitrocellulose to 80 parts by weight
of ethyl acetate. After solution is complete, determine the
exact nonvolatile content of the solution.

PROCEDURE

Method 1 (Nitrocellulose Method). Weigh accurately a
2- or 3-gram sample of the paint or enamel and pour into a tared
50-cc. centrifuge tube. Add 10 cc. of ethyl acetate (85% ester),
and stir until sample and ester are completely mixed. Pour
into this mixture a weighed sample (about 3 grams) of the nitro-
cellulose solution, and stir until a smooth mixture is obtained.
Precipitate this mixture by adding slowly, drop by drop, about
30 cc. of high-solvency aromatic Si-Flash naphtha, stirring
rapidly during the addition. Then place the tube in a water
bath and raise to a temperature of 180° F.; hold at this tem-
perature overnight or until the ester has completely evaporated.

At the end of this time, remove from the water bath, cool to
room temperature, refill to top with more high-flash naphtha,
and” centrifuge until the top liquid is clear. Pour off the clear
liquid and refill with benzene, place in a water bath at 140° F.,
and allow to stand for about 1 hour. Cool and centrifuge as
before. Repeat the centrifuging with the benzene as before and
finally wash with petroleum ether, omitting the water bath.
Dry at 150° F. to constant weight. Calculate pigment by sub-
tracting the known amount of nitrocellulose from the total weight.

Method 2 (Phthalate Method). Weigh accurately 7 or 8
grams of the sample into a 250-cc. stoppered Erlenmeyer flask
and add 5 cc. of butyl Cellosolve (ethylene glycol monobutyl
ether) to aid compatibility of the vehicle. Shake the flask
carefully, so that the sample and Cellosolve are thoroughly
mixed. Add 3 or 4 cc. of a long oil glyceryl phthalate varnish
(unless already present) and shake until a smooth mixture is
obtained. It is not necessary to weigh the glyceryl phthalate
varnish, as it does not enter into the calculation. In case a
smooth mixture does not result at this point; add more Cellosolve
slowly until a smooth mixture is obtained. Next add 125 cc.
of 0.6 N potassium hydroxide in alcohol (5 grams of potassium
hydroxide) and shako thoroughly. Stopper and allow to stand
about 3 hours at 130° F. to allow for precipitation. At the end
of this time remove from oven, cool to room temperature, add
50 cc. of ethyl ether, and restopper; allow to stand at least 1
hour. Filter through a tared dry filter paper (Whatman No.
32, for example), washing with 50 cc. of alcohol-ether (1 to 1)
mixture, using five 10-cc. portions. Dry in an oven at 200° F.
for 10 or 15 minutes, remove from oven, and replace in filtering
funnel. Wash with warm water (160° F.) until all the soluble
potassium phthalate is dissolved and the pigment is washed
free of the phthalate. Make the final washing with ethyl alcohol
to shorten the drying period. Dry in an oven at 220° F. to
constant weight.

Table I. Pigment Determinations in Different Vehicles
Pigment
Pigment Deter-
Theoreti- mined,
Pigment Vehicle Method cal, % %
Carbon black Congo varnish  Phthalate 6.60 6.
W hite pigments Emulsion Phthalate 50.0 6.3
Iron oxide Alkyd Phthalate 43.7 43.7
Iron blue Rosin varnish Nitrocellulose 51.3 51.7
Carbon black Linseed oil Nitrocellulose 3.20 3.20
Carbon black Alkyd varnish  Nitrocellulose 3.0 3.4

Because of the great variety of enamel and paint vehicles,
many different types of solubilities are encountered. Table |
shows some applications of the two methods and the results ob-
tained. Since the samples were all commercial grades and sub-
ject to slight variations, the results are reasonably close. The
use of nitrocellulose limits the veliicle solubility to esters and
aromatic hydrocarbons. However, the number of cellulose deriv-
atives is large enough to cover practically all vehicles. Ethyl
cellulose, benzyl cellulose, cellulose acetate, cellulose acetate
butyrate, and other agents may be used for vehicles in which
nitrocellulose is not satisfactory. The choice of liquids is very
extensive. For solvents there are esters, ketones, and ethers;
for precipitating liquids there are aromatic and aliphatic hydro-
carbons, terpenes, and alcohols. The choice is determined by the
ability of the cellulose product to precipitate on the pigment
while the vehicle remains in solution.

The precipitation method of pigment separation results in
considerable time-saving in most cases. The material filters very
rapidly on a vacuum filter and does not clog the filter. Actually
only about 0.5 to 0.75 hour is the total time necessary for the
complete operation, including weighing, filtering, and washing.
There are many variations in the procedure outlined in this article
and the proper application of the general principles of the method
should yield accurate results in most cases.
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A Device for Renewing the Filter-Cake Surface in Small-Scale Vacuum

Filtrations

R. S. BURNETT AND A. L. MERRIFIELD, Southern Regional Research Laboratory, New Orleans, La.

HIS note describes a device which has been used successfully
Ton a laboratory and semipilot-plant scale to expedite the
vacuum filtration of alkaline aqueous dispersions of vegetable
protein extracted from peanut and cottonseed meals. Its effec-
tiveness suggests that it might prove useful in clarifying various
gummy or colloidal solutions. It can be easily and inexpensively
constructed.

The device consists of a hand-operated rotary scraper which
can be used with either a table-top Bichner funnel or a stoneware
suction filter. By means of the scraper fine colloidal and gummy
materials which accumulate on and clog the surface of the filter
cake can be periodically removed during filtration along with a
thin layer of the filter aid used. By means of this periodic scrap-
ing the filter cake surface can be renewed as frequently as is neces-
sary to maintain the filtration rate at a maximum.

Figure 1.

The table-top Buchner funnel, the scraper assembly and ply-
wood base to which it is bolted are illustrated in Figure 1 (left).
The assembled unit, including a protected glass bottle for collect-
ing the filtrate is illustrated in Figure 1 (center). The scraper
blades are of 1 X 0.125 inch stainless sheet steel bent at an angle,
of 45° and welded to a shaft of 0.5-inch stainless steel pipe. The
lower edges of the blades are sharpened. The shaft is supported
by a bearing attached to the wooden frame by two pieces of angle

iron and a threaded bronze block screwed to the top of the frame.
Forty micrometer threads per inch are cut on the shaft and in the
block. Although a much thinner cake is ordinarily used, it was
considered desirable to cut enough threads on the shaft to allow
the scraper to travel through about 3 inches of cake. As the
clogged filter aid and gummy material are scraped from the surface
they collect in a cone-shaped mass (Figure 1, center) which can
be removed whenever a sufficiently large amount accumulates.

A similar scraper designed for use with a stoneware suction
filter is shown at the right. The lower bearing is threaded and
the scraper assembly is fastened to the top of the filter by screw
clamps which are welded to a support resting on the filter.

Better results are obtained when no more vacuum is employed
than is necessary to maintain a steady flow through the filter.
More rapid filtration of alkaline solutions can be obtained when
the filter aid is supported by a glass filter cloth instead of a cotton
cloth or filter paper. This is probably due to the fact that glass

Table-Top Buchner Funnel and Scraper Assembly, Assembled Filtering Unit, and Stoneware Suction Filter with Scraper Attachment

fibers, unlike cellulose fibers, do not swell and slow the rate of
filtration when in contact with alkaline solutions.

The principle of this laboratory filter cake scraper is similar to
that used on one type of commercial rotary drum filter manu-
factured in this country, in that the clogged filter-aid surface is
removed by scraping action.



Determination of Nitrogen Dioxide by Cerate Oxidimetry

F.

M. STUBBLEFIELD

Davis and Elkins College, Elkins, W. Va.

N THE manufacture of nitric acid by the Ostwald process and
I its modifications, the amount of nitrogen dioxide in the final
acid must be determined. In addition to the effect of nitrogen
dioxide in industrial uses of the acid, the amount present is a
measure of the efficiency of the air bleach, and represents a waste
of the gas. The amount of nitrosyl sulfuric acid in a mixed acid
must be determined in order to establish the percentage of the
nitric and sulfuric acids present.

The standard method (8) of nitrogen dioxide determination,
used in most plants where such work is needed, is titration of a
10-ml, sample with 0.2 N potassium permanganate until a pink
color persists for 3 minutes. The method is accurate only
with careful manipulation of the sample. In actual control
practice loss of nitrogen dioxide from the solution under even the
best of conditions, speed of addition of potassium permanganate,
.amount of stirring of the solution while titrating, and indi-
vidual definition of what constitutes a permanent pink color,
:ns well as the error caused when a rushed analyst shortens the 3-
minute period to 2 minutes or even |—all contribute to inaccu-
racy. Nitrosyl sulfuric acid is also determined by permanganate
titration, using either a 10-ml. sample or an aliquot thereof.

The many published works, and especially those of Smith
(1, 3), amply prove the advantages of cerimetry in regard to
stability and oxidizing power of the solution, reversibility of the
reaction, and lack of side reactions and interferences. These
advantages have been retained in developing a method for de-
termination of nitrogen dioxide that is accurate and rapid, even
in the hands of an inexperienced analyst.

REAGENTS

The solutions required are a 0.1 N solution of sodium oxalate,
an approximately 0.1 N solution of ammonium nitrato cerate
containing 170 ml. of 72% perchloric acid per liter and the indi-
cator, nitro-o-phenanthroline ferrous sulfate. The cerate solu-
tion is prepared by adding 55 to 56 grams of ammonium nitrato-
rerate to the perchloric acid, stirring for half a minute, and add-
ing 100 ml. of water. The solution is stirred for another half
minute, a second 100-ml, portion of water is added, and the proc-
ess is repeated until a volume of 1 liter is reached. If the salt
is not dissolved in this way, an insoluble salt may precipititate in
a few days’standing.

The cerate solution is checked periodically in terms of exactly
0.1 ATsodium oxalate.

PROCEDURE

To 100 ml. of water in a 250-ml. beaker, 5 ml. of 72% perchloric
acid are added. To this acidified solution in most cases 25 to 50
ml. of 0.1 N cerate are added, the amount varying 'with the quan-
tity of nitrogen dioxide expected to be present. A 10-ml. sample
of "the acid is pipetted accurately into the beaker. At the start
of delivery, the pipet tip should be near the bottom of the beaker;
near the end of delivery, the tip is raised until it barely touches
the surface of the solution. It is let stand 1 or 2 minutes, then
stirred slowly. Two to 3 drops of nitroferroin-are added, and the
excess cerate is titrated with sodium oxalate. The end point is
sharp. Since the exact cerate equivalence in terms of a 0.1 N
solution is known by the earlier oxalate titration of the cerate,
the milliliters of cerate actually used in oxidation of the nitrogen
dioxide wall be the equivalence figure minus the milliliters of 0.1 N
oxalate used in titration of the residual cerate. The percent-
age of nitrogen dioxide may be calculated by the usual equations,
recognizing that 0.1 A solutions have been used in place of 0.2 N
potassium permanganate.

EXPERIMENTAL

The method was carefully checked against the potassium per-
manganate procedure, using a series of acid samples containing
varying amounts of nitrogen dioxide. Extreme care was taken

to assure maximum accuracy in the permanganate determination.
The potassium permanganate solution was floated upon the sur-
face of the acid water, and not stirred until very close to the end
point, w'hen very slow stirring was initiated. The prescribed
3-minute period was taken to assure permanency of the pink
potassium permanganate color. .

Table | presents data comparing percentages of nitrogen diox-
ide as determined by the potassium permanganate and cerate
procedures.

The determinations by the cerate method were completed in
much less time than those by the permanganate procedure. The
results compare favorably. In the higher percentages of nitro-
gen dioxide it is believed that results by the cerate procedure are
more accurate than by the permanganate, because of sharper end
point and absence of opportunity for possible loss of nitrogen
dioxide, since the gas is always in contact with an excess of oxi-
dizing agent.

No attempt was made to extend the method directly to the
nitrosyl sulfuric acid determination. Since the potassium per-
manganate titration for this is identical with that for nitrogen
dioxide, the writer can see no reason why the cerate titration
should not be entirely satisfactory for this estimation.

Table I. Determination of Nitrogen Dioxide
(In approximately 60% nitric acid)
Sample Nitrogen Dioxide Found
No. Permanganate method Cerate method
% %
1 0.15 0.15
2 0.28 0.28
3 0.36 0.37
4 0.48 0.48
5 0.59 0.60
6 0.80 0.80
7 0.88 0.88
8 1.02 1.02
9 1.24 1.24
10 1.46 1.47
11 1.58 1.59
12 1.69 1.70
13 1.84 1.85
14 2.09 2.10
15 2.26 2.27
10 2.63 2.64
17 2.97 2.98
18 3.49 3.51
19 4.16 4.17
20 5.34 5.36

SUMMARY AND CONCLUSIONS

A procedure utilizing a cerate solution as the oxidizing agent
has been outlined for the determination of nitrogen dioxide, and
its application to the estimation of nitrosyl sulfuric acid suggested.
The method has none of the disadvantages of the potassium per-
manganate procedure and may be carried out rapidly. Experi-
mental work has proved it to be fully as accurate as the per-
manganate method in lower concentrations of nitrogen dioxide
and slightly more accurate at higher concentration, under con-
ditions in which extreme care was taken with the permanganate
procedure. Under rushed control laboratory conditions, the
cerate procedure is much more accurate than the permanganate.
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Determining Hygroscopicity of Fertilizers
3. Y. vee

Bureau of Plant Industry, Soils and Agricultural Engineering, U. S. Department of Agriculture, Beltsville, Md.

A rapid method is described for determining the hygroscopicity of fertilizers by measuring

the relative humidity of the air in equilibrium with the mixtures.

From curves showing these

values against the moisture contents, the storage quality of fertilizers can be determined.

HE hygroscopicity of a fertilizer, or its tendency to absorb
Tmoisture, determines to a large extent whether it will remain
drillable under humid conditions and whether it will cake on
storage. A rapid and accurato method for measuring the hygro-
scopicity of a fertilizer would, therefore, be a means of predicting
the behavior of the fertilizer under practical conditions.

Figure 1. Relative Humidity-Resistance Curve

A fertilizer material will absorb moisture from the surrounding
atmosphere if the relative humidity of that atmosphere is greater
than that corresponding to the vapor pressure of a saturated
solution of the fertilizer material at the same temperature, and
will lose moisture at relative humidities below that value. The
aqueous vapor pressure of a saturated solution is thus a measure
of the hygroscopicity of the solid in question. Adams and Merz
QOhave determined the hygroscopicity of a large number of pure
fertilizer compounds and their mixtures by measuring the relative
humidity over their saturated solutions by means of an isoteni-
scope. This method, however, requires the evaporation of a
large quantity of water from the liquid phase and is, therefore,
not applicable to mixed fertilizers which generally contain only a
small amount of moisture. The withdrawal of much water would
disturb the equilibria in such systems.

Ordinarily, when it is desired to determine at what relative
humidity a fertilizer mixture begins to take up moisture, a num-
ber of tared samples are exposed to various known relative hu-
midities in controlled-humidity chambers. The relative hu-
midity at which the sample just begins to gain weight is noted.
This is the threshold value above which the fertilizer mixture will
absorb moisture and below which it will not. This method,
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however, will not always give the exact values because it is im-
practical to prepare humidity chambers to cover the entire hu-
midity range in narrow intervals. The method described in this
paper, however, permits accurate determinations of the hygro-
scopicity of fertilizers in about 30 minutes with no weighings and
without the humidity chambers required for the usual method.

Over each fertilizer mixture, there must exist a partial aqueous
vapor pressure corresponding to the vapor pressure of the com-
plex solution contained in that particular fertilizer mixture. If,
therefore, a fertilizer mixture is kept in a closed container until
equilibrium is established at a desired temperature, and a method
is found to determine the relative humidity over the sample, a
measure of the hygroscopicity of the sample will have been ob-
tained.

For measuring the relative humidity in a small enclosed space,
the electric hygrometer as developed by Dunmore (3) of the Na-
tional Bureau of Standards, was found to be most satisfactory.
The electric hygrometer unit consists of a moisture-sensitive film
containing lithium chloride on a bifilar coil of palladium wire
wound on a thin-walled polystyrene tube. The resistance be-
tween the two terminals of the electric hygrometer varies with
the relative humidity to which the unit is exposed. The hu-
midity-resistance calibration curve for one such unit is shown in
Figure 1. It requires five units with moisture-sensitive films con-
taining various amounts of lithium chloride to cover the whole
humidity range.

APPARATUS

The arrangement
of the apparatus used
for this determina-
tion is very simple,
as shown in Figure 2.
A is a 16-ounce bot-
tle about ‘/j full of a
fertilizer mixture, B.
C is an electric
hygrometer unit. D
and D' are terminals
of the unit coming
through the two holes
in the rubberstopper.
These terminals are
soldered to copper
tips F and F' on top
of the glass rods, G

and (?', coming

through the same

openings in the rub- A'l*1

ber stopper to hold

the unit in place.

Jeee-ill k.c,.V : eav.\v
eoele o/
e, "V

Figure 2. Electric
Hygrometer Unit
Assembly
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Table I. Relative Humidity over Fertilizer Mixtures at 30° C.
Fertilizer Rgllz:g;vsezam;reng;ty % Moisture Absorbed at Equi-
Mixture Electric Hygrometer librium at Relative Humidity of

No. Method 59.4% 65.2% 72.5%

1 60.2 -0.27 5.57 14.36
2 59.7 0.01 11.66 23.32
3 59.1 -0.34 7.26 14.32
4 65.5 -1.31 0.40 14.96
5 65.7 -1.59 -0.1S 9.70
6 72.6 -1.67 - 121 -0.55
7 55.6 10.23 17.08 26.07
8 < 51.4 9.04 12.99 22.34
9 64.3 - 1.20 2.18 15.65

10 61.9 -0.89 5.12 12.95

11 61.4 -2.44 3.20 11.17

12 67.6 -2.23 -1.38 10.44

13 71.6 -2.31 -1.82 5.43

14 73.2 -1.99 -1.77 -1.28

PROCEDURE

The procedure for making a determination is also very simple.
An electric hygrometer of the proper humidity range is inserted
in the bottle containing the fertilizer sample to be tested, as shown
in Figure 2, and the whole assembly is allowed to stand for about
20 minutes to come to equilibrium. The resistance between the
electric hygrometer terminals is then measured by connecting
F and F' to a resistance meter (not shown), or a Weston Model
764 capacity meter. The capacity meter may be used as an ohm-
meter, since it is measuring only ohmic resistance in a nonreactive
circuit (3). A steady reading of the meter signifies that equilib-
rium has been established. The relative humidity over the fer-
tilizer sample is then read off from the calibration curve for the
unit used, like the one shown in Figure 1.

These measurements can be conveniently made.in a con-
stant-temperature room, or carried out elsewhere, provided a
thermometer is inserted through the rubber stopper to record the
temperature of the sample at the time of the measurement.
Enough time should be given for the samples to come to equilib-
rium.

EXPERIMENTAL RESULTS

In order to test the validity of this method, the relative hu-
midities over a number of well-cured fertilizer mixtures were
measured at 30° C. by the electric hygrometer method. The
equilibrium moisture absorption values of these fertilizers at 59.4,
65.2, and 72.5% relative humidities at the same temper,., ire had
previously been determined. The results obtained for these
fertilizer mixtures are tabulated in Table I.

These data show that this method gives consistent results
agreeing closely with those obtained by the moisture-absorption
method.

Results showing the effect of temperature on the relative hu-
midity over a fertilizer mixture are tabulated in Table Il. They
reveal that the relative humidity over a fertilizer increases with
increase in temperature.

Well-cured fertilizer samples only should be used in making
these determinations, because the relative humidity over a raw
fertilizer mixture changes as the reactions progress between the
various components in the mixture to form more stable salts (3).

Tabic Il. Effect of Temperature on Relative Humidity over a

Fertiliser Mixture

Relative Humidity

Temperature over Fertilizer

0cC. %
20 62.9
30 68.2
45 73.0

INTERPRETATION OF RESULTS

By means of a plot showing the relative humidity over a fer-
tilizer against its moisture content, it is possible to judge (a)
whether or not the fertilizer contains a large amount of hygro-
scopic components and whether these components are all in solu-
tion or largely in the solid state, and (6) the amount of moisture

the fertilizer will take up at a given relative humidity and at what
relative humidity the absorption of moisture will begin with a
given moisture content in the fertilizer.

Figure 3 shows three curves, somewhat idealized, that repre-
sent relative humidity conditions over three types of fertilizers
designated as A, B, and C. An interpretation of these curves will
serve to illustrate the points mentioned above.

Figure 3. Effect of Moisture Content on Relative Humidity

over Fertilizers

The relative humidity over fertilizer A increases rapidly with
relatively small increases in the moisture content, indicating that
this fertilizer contains only a small amount of hygroscopic com-
ponents and that these components must all be in solution at a
moisture content of only 1.5%. Otherwise the relative humidity
over the fertilizer would not increase so rapidly with increasing
moisture content, if large amounts of hygroscopic components
remained undissolved. This does not, however, exclude the
possibility that it contains such salts as potassium sulfate, potas-
sium nitrate, or other relatively nonhygroscopic salts, in the solid
state. An O-P-K grade of fertilizer, where the potash is other
than manure salts, would exhibit the foregoing properties. Fer-
tilizer A, therefore, is a good mixture because even at 90% rela-
tive humidity it will pick up not more than 4% of moisture and
not more than 3% at 70% relative humidity. Conversely, curve
A reveals that this fertilizer with a moisture content of 4% will
not. absorb moisture below 90% relative humidity, nor does it be-
gin to absorb moisture below 70% relative humidity when it-
moisture content is only 3%.

Curve B shows that, the relative humidity over fertilizer B in-
creases very slowly as the moisture increases. This means that
this fertilizer contains a large amount, of very hygroscopic mate-
rials and that they arc not all in solution at the beginning when
the mixture contains 2% of moisture. Fertilizer B, as revealed
by the curve, will, therefore, not stand up well under humid con-
ditions because, even when containing 9% of moisture, its rela-
tive humidity is still below 45%, and the curve has not even be-
gun to show a break, which means that it still contains hygro-
scopic substances in the solid state.

Fertilizer C shows little change in relative humidity when its
moisture content increases from 2 to 3%, but soon after that
curve C starts to turn upward, showing that the more hygro-
scopic components have all gone into solution and that the solu-
tion begins to get more and more dilute with further increases iu
moisture content. Fertilizer C, intermediate between A and B,
is a fairly good mixture because in an atmosphere of 70% relative
humidity its moisture content cannot be more than 6%; other-
wise the solution present in the fertilizer will have a relative hu-
midity higher than 70%, in which case the fertilizer will lose
moisture.

DISCUSSIONS

In actual practice, this type of curves may not always come as
regular as these. It iswell known that when a fertilizer once gets
wet and then dries again, it becomes a little more hygroscopic
than the original mixture. This shows up more with mixtures
containing soluble components in large granular forms than those
having such components in the fine state. On account of this,
the curve obtained by introducing moisture to the mixture may
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not quite coincide with the curve obtained by removing moisture
from the wet mixture. Once equilibrium has been established,
however, the values will become constant.

lu routine analysis, a single relative humidity measurement is
enough to classify a very wet fertilizer having low relative hu-
midity over it as unsatisfactory, because even with such high mois-
ture content, this fertilizer still contains a concentrated solution of
its hygroscopic components and some of them may still be in the
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solid state. On the other hand, a wet fertilizer having high rela-
tive humidity over it may be a good one, provided its moisture
content can be reduced to a satisfactory value.
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Stable Starch Solution for Dissolved Oxygen Determinations

WESLEY S. PLAINER
Water Quality Laboratories, U. S. Fish and Wildlife Service, University of Missouri, Columbia, Mo.

tions including the Winkler (IS) determination of dis-
solved oxygen have been described (1, 4, 8, 9, 12, 14), but the
preparation of many of these involves elaborate procedures
requiring exact quantities of reagents. Various starch solu-
tions have been criticized (2) because on aging they frequently
produce a reddish or vio.lct color with iodine, which prevents
sharp end-point readings. The method described here not only

NUMEROUS starch solutions for use in iodometric titra-

ia

15
M ILLILITERS Nloo SODIUM THIOSULPHATE

Figure 1. Photelometric Comparisons of Indicator Efficiency of

Starches

free iodine In similar samples was reduced by thiosulfate titration in photelometer
to a reading of 92, exactly 0.2 ml. of test starch added, and titration continued
to disappearance of blue starch-iodine color.

eliminates the need for laboratory conveniences and
weighed reagents but yields a starch solution which
remains unchanged a year or more.

» S AQNO

Method. Advantage is taken of the property of
caustic alkali to dissolve the coating on the starch
grains without affecting the starch itself (3, 5, 10,
11, 13).

A 20% solution of sodium or potassium hydroxide,
or the solid caustic, is added with stirring to a
suspension of about 2.0 grams of powdered starch in h
300 to 400 ml. of water until a thick, sirupy, almost
clear solution is obtained. About 30 ml. of 20%
potassium hydroxide are required to treat approxi-
mately 2 grams of potato starch. The solution is
allowed to stand for about 1 hour to ensure complete
action by the alkali, and then made neutral or slightly
acid with concentrated hydrochloric acid (6), using
litmus paper as indicator. This product is designated
as “alkaline starch”. |If acidity does not interfere
with the proposed titration (the final sample in dis-
solved oxygen titration by the Winkler method is
acidic), 1.0 ml. of glacial acetic acid is added as a
preservative.

(=}
N
o

o

Figure 2.

One lot of this starch solution was used by the writer over a
12-month period without deterioration, mold growth, loss of
potency, or production of reddish color in iodometric titrations
for dissolved oxygen. The indicator properties of several
starch solutions were compared photelometrically by titrating
to final end-point partitioned samples of water prepared by the
Kemmerer (7) method for the iodometric determination of dis-
solved oxygen, in a Cenco Photelometer (Figures 1 and 2).

This method of preparing starch solution lends itself to use
in the field, yields a solution which develops and maintains
greater depth of color per unit, and has a sharper end point than
any of the starches tested.
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mNICHOLS" STARCH
mLOW'S STARCH

COMMERCIAL STARCH
ALKALINE STARCH

Photelometric Comparisons of Indicator Efficiency of Starches
in Quantities Producing Equal Color Intensities

In similar 50-ml. samples free iodine was reduced by thiosulfate titration in photelometer to
a reading of 82.
Low's, 0.41 ml. of Nichols', 0.26 ml. of alkaline) was added to produce photelometer reading

Sufficient starch solution (1.51 ml. of commercial Lintner's, 0.60 ml. of

of exactly 0, and titration continued to clear end point



Rapid Estimation oi Chlorate lon Employing Catalysis

A.J. BOYLEL V. V. HUGHEY, and CLYDE C. CASTO

Technical Service Laboratories, Basic Magnesium, Incorporated, Las Vegas, Nev.

A method for estimating chlorate in cell liquor which is produced
during the manufacture of chlorine consists of reducing the chlorate
ion in 40% hydrochloric acid by volume with a standard ferrous
ammonium sulfate solution. A few drops of a 10% solution of
ammonium molybdate are employed as catalyst. The excess
standard ferrous ammonium sulfate is then titrated with standard
potassium dichromate, using diphenylamine sulfonate as the redox
indicator.

EVERAL methods for the determination of chlorate ion are

described in the literature. Bacho (1) reduced the chlorate
ion with excess sodium arsenite in hydrochloric acid solution,
and then used the potassium bromate method of Gyoéry (4)
in determining the excess arsenite. Peters and Deutschlander
(6) employed an arsenite-bromide mixture in a strong hydro-
chloric acid solution. Osmium tetroxide was suggested as a
catalyst by Gleu (S). Bdige and Troberg (2) reduced the chlo-
rate ion with excess cuprous chloride at 80° C. and finally
titrated the excess with standard potassium dichromate. Harvey
(5) used a ferrous sulfate-potassium iodide system, titrating
the liberated iodine with standard sodium thiosulfate.

Essentially two methods are employed at Basic Magnesium,
Incorporated, for the determination of sodium chlorate in Hooker
cell liquor from the chlorine plant. Method II, described in this
paper, is a modified Bacho procedure, which differs from the
original method in that rcfluxing of the sodium arsenite-sodium
chlorate mixture is omitted; iodine monochloride is employed
as a catalyst in the titration of the excess sodium arsenite by
potassium bromate, thus sharpening the end point and making
the titration possible at lower than boiling temperatures. Smith
(7) advocates use of this catalyst in the potentiometric estima-
tion of arsenite by potassium bromate.

A newer procedure for the estimation of chlorate ion, Method
m, is being used currently in this laboratory. It consists of
reducing the chlorate with an excess of ferrous ammonium
sulfate in a strong hydrochloric acid solution, using ammonium
molybdate as a catalyst. The excess ferrous ammonium sulfate
is titrated with potassium dichromate, using diphenylamine sul-
fonate as the internal redox indicator.

Method 1 is preferred because of its high degree of accuracy
and precision. It is less sensitive to variable conditions than the
sodium arsenite-potassium bromate procedure, in which arsenic
is lost if sufficient care is not exercised.

METHOD |

sulfate, c.p. (0.25 N).

Reagents. Ferrous ammonium
Ammonium molybdate,

Potassium dichromate, A.R. (0.1 N).
c.p. (10% solution).

Sodium acetate-phosphoric acid buffer. Add 250 ml. of
concentrated phosphoric acid, c.p., to 1 liter of 4 molar sodium
acetate, c.p.

Diphenylamine sulfonate indicator. Dissolve 0.30 gram of
the barium salt of diphenylamine sulfonic acid in 100 ml. of
water, add 0.5 gram of sodium sulfate, and filter off the precipi-
tate of barium sulfate.

Concentrated hydrochloric acid, c.p. Hydrochloric acid
solution (1 AO- Phenolphthalein indicator (1% solution).

Propedure. Pipet a 10-ml. sample of cell liquor into a
500-ml. Erlenmeyer flask, add 2 drops of phenolphthalein
indicator, and titrate with 1 N hydrochloric acid. An estimation
of total alkalinity sufficiently accurate for cell liquor chemical
control may be made at this point. Add 10 ml. of 0.25 N ferrous
ammonium sulfate solution, 3 drops of ammonium molybdate
catalyst, and 40 ml. of concentrated hydrochloric acid. Allow

1Present address, Wayne University, College of Medicine, Detroit, Mich.
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the mixture to stand 1 minute for complete reaction, then add
20 ml. of phosphoric acid-sodium acetate buffer reagent. Dilute
to 200 ml. with distilled water, add 3 drops of diphenylamine
sulfonate redox indicator, and titrate with 0.1 N potassium
dichromate to the purple end point. A correction of 0.05 ml.
of dichromate is made for each 6 drops of indicator solution (8).

METHOD 1l

Reagents. Sodium arsenite, A.R. (0.1 N solution),
tassium bromate, c.p. (0.1 N solution).

lodine monochloride. Dissolve 0.279 gram of pure potassium
iodide and 0.178 gram of pure potassium iodate in 250 ml. of
water. Add at one time 250 ml. of concentrated hydrochloric
acid (sp. gr. 1-.19). The resulting solution is 0.005 M in iodine
monochloride.

Concentrated hydrochloric acid, c.p. Phenolphthalein in-
dicator (1% solution). Methyl orange indicator (0.1% solu-
tion). —

Procedure. Pipet a 10-ml. sample of cell liquor into a
500-ml. Erlenmeyer flask, add 1 or 2 drops of phenolphthalein,
and titrate the sample with 1 N hydrochloric acid. An estima-
tion of total alkalinity sufficiently accurate for cell liquor chemi-
cal control may be made at this point. Add 30 ml. of standard
arsenite solution and 20 ml. of concentrated hydrochloric acid,
and dilute to 100 ml. with distilled water. Cover the flask with
a small watch glass and bring the sample to a gentle boil on a
hot plate, removing it after 8 to 10 minutes. While the sample
is still warm (40° to 70° C.), rinse down the watch glass, add
5 ml. of iodine monochloride and 5 drops of methyl orange
indicator, and titrate the excess sodium arsenite with 0.1
potassium bromate. During the titration, the red color of
methyl orange gradually fades to a yellow, until just a few drops
before the end point a bright pink color develops. The further
addition of potassium bromate will completely destroy the
indicator w'hich is considered to be the end point.

Po-

Effect of Catalyst and Acid Concentration on Reduction
of Chlorate lon
(Reaction time, 1 minute)

Chlorate Reduced,
Catalyet Present

Table 1.

Chiorato Reduced,

Concentration of
Catalyst Absent

HC1 by Volume
%

18 34.99 32.90
31 91.22 82.45
36 98.40 94.61
40 99.70 98.80
D 99.70 98.80
DISCUSSION
Table 1 illustrates the importance of acid concentration in

the determination of chlorate ion, using an excess of standard
ferrous ammonium sulfate with and without ammonium molyb-
date as a catalyst. The standard 0.1 IV solution of sodium chlo-
rate was prepared from Merck reagent quality sodium chlorate
crystals; 10 ml. of this solution were employed. The ferrous
ammonium sulfate solution was standardized against the standard
potassium dichromate solution in both the presence and the
absence of the catalyst. The results indicated no interference
by the molybdate.

Table Il gives a comparison of Methods | and 1l. The values,
represent the sodium chlorate content of the samples expressed
as milliliters of 0.1 N solution. In general, the methods are in
close agreement, accounting for about 99% of the chlorate ion
present. In routine analyses for control purposes this accuracy
is entirely adequate.

Hypochlorite in cell liquor is not considered in this discussion
since it is present only in microquantities. The hot alkaline
liquor of the Hooker cell promotes the formation of chlorate ion.
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Table Il. Comparison of Methods | and Il on Hooker Cell Liquor

Sample No. Method | Method |1

1 2.82, 2.84 2.77, 2.72

2 0.45, 0.41 6.32, 6.22

3 16.77, 16.84 16.77, 16.84
SUM M ARY

After considerable investigation, it is believed that the most
rapid, accurate’method for the determination of sodium chlorate
incell liquor produced in chlorine manufacture is the reduction
of the chlorate with excess ferrous ammonium sulfate in 40%
hydrochloric acid by volume. Ammonium molybdate is used
as the catalyst. The method is accurate to within about 1%

An lodine Number
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of the amount of chlorate present. It permits greater precision
than the sodium arsenite-potassium bromate method.

The sample of cell liquor for the sodium chlorate estimation
may also serve for a total alkalinity determination if standard
hydrochloric acid is used in the initial neutralization process.
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Method for Tall Oil

RICHARD G. ROWEL C. C. FURNAS2 and HARDING BLISS

Department of Chemical Engineering, Yale University, New Haven, Conn.

The use of pyridine sulfate dibromide in conjunction with mercuric
acetate catalyst as a bromine addition reagent is suggested for the
lodine number determination of tall oil and similar highly unsatu-
rated, conjugated compounds. Data are presented showing the
effects of absorption time and excess reagent. Evidence is given
thet the undesired secondary reaction of substitution does not occur.
lodine numbers of eight different commercial samples of crude tall
oil ranged from 237 to 287. This method of iodine number deter-
mination has the possibility of general application.

SATISFACTORY and practical method for determining the
A iodine number of tall oil has become increasingly desirable.
This material, derived from pine wood and consisting of approxi-
mately equal amounts of fatty and resin acids plus 6 to 10% of
tmsaponifiable matter, is a by-product of the alkaline sulfate
paper pulp process.

Chapman, Hastings, and Poliak (5) recently reviewed this
general subject and presented data on the application of the Wijs
iodine method to tall oil. Their studies of the effects of tempera-
ture, excess iodine, and absorption time on the reaction showed
that the resulting iodine values were markedly affected by these
variables. Boesecken and Gelber (4) claimed that the Wijs
method was not satisfactory for conjugated systems and that
sulfur compounds interfered with the iodine absorption. Ku-
helka, Wagtier, and Zuravlev (14) tried several methods for de-
termining the iodine number of nonfatty materials of high mo-
lecular weight, such as turpentine and rosin oil. These methods
were all very sensitive to time of reaction and sample weight,
lorbes and Neville (9) obtained similar results with the Wijs
method on conjugated drying oils. They suggested the use of
the Wijs determination as a method of qualitatively indicating
the presence of conjugated double bonds because of its extreme
sensitivity to sample weight in this case. Dittmer (8) reported
difficulties in iodine number determinations of tall oil and noted
that the results showed deviations from the iodine values of com-
mon fatty acids, which, he explained, were caused by a polymeri-
sation phenomenon. An exhaustive discussion of the variables
encountered in iodine number determinations is presented in a
monograph by Margosches (15).

From the wide variety of iodine value ranging from 100-210
reported for tall oil by many investigators (5) and the experience

C(’;Il?fresent address, California Ink Co., Inc., 711 Camelia St., Berkeley 2,
if.

' Present address, Curtiss-Wright Corporation, Buffalo, N. V

of the authors with the Wijs method (which is in substantial
agreement with that of Chapman, Hastings, and Poliak), it was
obvious that no satisfactory and practical iodine number method
for tall oil was available. Most of the compounds present in tall
oil are highly unsaturated and are thought to be conjugated to an
appreciable extent. They do not respond easily to ordinary
methods of halogen addition.

Von Mikusch and Frazier (26, 27) recently recommended the
use of Hanus’ solution, in which the concentration of iodine bro-
mide is about doubled, for determining the total unsaturation of
oils and fatty acids containing conjugated double bonds. Using
1-hour absorption at 20° C. and 500 to 800% excess reagent they
found the iodine value of distilled tall oil to be about 204. This
procedure, applied to crude tall oil, has not been tried by the au-
thors, since apparently consistent results were obtained by the
method described in this paper.

The advantages of using a more active halogen as the addition
reagent and the possible use of a catalyst to promote the reaction
were immediately apparent. Rosenmund, Kuhnhenn, Rosen-
berg-Gruszynski, and Rosetti (22) developed a bromine addition
method using pyridine sulfate dibromide (CDHN.1iZ504Br2) in
glacial acetic acid solution approximately 0.1 if with respect to
bromine. Except for the use of this reagent., the general proce-

Figure 1. Effect of Excess Bromine on lodine Number
of Crude Tall Oil for Short Absorption Period
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dure is essentially the same as that of the Wijs method. The
Rosenmund-Kuhnhenn method applied to oleic acid and cho-
lesterol was tested and discussed by Yasuda {29), Dam (6, 7), and
Page and Rudy {IS). After comparative tests with various re-
agents Govindarajan {10) concluded that the Rosenmund-Kuhn-
henn method was the most satisfactory for determining the io-
dine numbers of linseed, sunflower, and croton oils.

Rosenmund and Kuhnhenn also discussed further applications
of their method {21) and the chemistry of pyridine sulfate di-
bromide {20). They showed that the compounds of bromine
with pyridine or quinoline are active bromine addition agents
and that they do not participate in the secondary reactions of
substitution or oxidation. The solution is very stable over a
long period of time and is much easier to prepare than the Hanus,
Hubl, and Wijs solutions.

The use of a catalyst to promote absorption has been reported
by several investigators. Hubl {12) suggested using mercuric
chloride with an iodine-alcohol solution and Wijs {28) also re-

orted hfs investigations in this connection. More recently

cotti {24) proposed the use of mercuric acetate, dissolved in

glacial acetic acid, with an iodine-benzene reagent and claimed
accelerated absorption by this method. Hoffman and Green
{11) proved the superiority of mercuric acetate as a catalyst but
preferred to use it with the Wijs solution. Mercuric acetate has
also been tested with an elemental bromine-acetic acid reagent
by Jasperson {IS) and with the Hanus and Wijs reagents by
Norris and Buswell (27).

DEVELOPMENT OF METHOD

In addition to the official Wijs iodine number procedure (2, 2,
S), the methods involving the use of mercuric acetate catalyst
with the Wijs solution (22) and of pyridine sulfate dibromide re-
agent without a catalyst {22) were tried on crude tall oil. In
each case, these procedures were unsatisfactory because of the
extreme sensitivity of the results to the amount of excess reagent
and the time of absorption.

Preliminary tests, in which mercuric acetate catalyst was used
with the pyridine sulfate dibromide reagent, gave greatly im-
proved results, however, and the most favorable conditions for
carrying out the reaction were then determined.

Figure 2.

General Procedure. In each series of determinations car-
bon tetrachloride was used as the solvent for the crude tall oil.
The weighed sample in solution was allowed to react for a definite
time at 27 = 1° C. with an excess of the pyridine sulfate dibro-
mide reagent in the presence of mercuric acetate catalyst. The
exact total reagent was known by the usual iodometric titration
of a blank with aqueous 0.1 N sodium thiosulfate solution. After
absorption, the remaining reagent was determined by a similar
titration, and the difference between the two titrations was
equivalent to the amount of halogen absorbed by the sample.
The iodine number was then computed in the usual manner.
The catalyst used for all determinations was a 2.5% solution of
mercuric acetate in glacial acetic acid.

During preliminary runs it was noted that the presence of light
during absorption affected the results to a slight degree. There-
fore, as a precautionary measure, the absorptions were allowed to
take place in the dark and the pyridine sulfate dibromide reagent
was stored in an amber bottle.

For these reactants at a fixed temperature, the degree of ab-
sorption obtained is a function of the amount of catalyst, the

Effect of Absorption Time on lodine Number of Crude Tall*Oil

16, No. 6

length of the absorption period, and the amount of excess reagent
For a fixed sample weight and a fixed original amount of reagent,
the total excess reagent remaining after absorption will, of course,
depend on the extent of the reaction. Hence, it is difficult to fix
this variable absolutely, as, for example, when the effect of ab-
sorption time is being studied. The relatively slight variation,
however, did not appear to affect the findings adversely.

Before studying the effect of absorption time it was desirable to
obtain some idea of the amount of excess reagent necessary. A
series of determinations was made with 50 ml. of catalyst solution
for a short absorption period of one minute, using varying sample
weights (Figure 1). Although the maximum iodine values ob-
tained are low because of the short absorption period, the effect
of per cent excess reagent disappears at values of about 60 to
70%.

E ffect of Absorption Time. Using 62 to 73% excess re-

agent, two series of determinations were made (Figure 2). With
20 ml. of catalyst solution, absorption is complete in about 11 to
12 hours.  When 50 ml. of catalyst solution are used, the reaction
is complete in 9 to 10 hours. The initial absorption is compara-
tively rapid and from this fact one might deduce that the remain-
ing slow absorption is by conjugated groups. A slight dilution
effect is noticeable in Figure 2, where the larger volume of cata-
lyst solution gives the lower iodine value. In preceding tests
without the use of a catalyst, an absorption time of 75 hours was
necessary to obtain an iodine value of 275 with no further absorp-
tion after 96 hours.
In order to determine if less
excess reagent could be used with a longer absorption period, a
series of analyses was made using 20 ml. of catalyst and 16 hours'
reaction time. The results are plotted in Figure 3. The iodine
value rises with increasing per cent of excess reagent and becomes
constant at values above 50%. It can be concluded that 50% ex-
cess is the minimum amount of reagent with which reproducible
results can be obtained under the above conditions.

E ffect of Excess Reagent.

SUGGESTED ANALYTICAL METHOD

Reagents. Aqueous starch indicator solution,
prepared by adding 10 grams of soluble starch,
made into a thin paste with cold water, to 500
ml. of boiling water. Add 10 grams of mercuric
iodide to prevent bacterial action {19). The mer-
curic iodide is very sparingly soluble and will com-
pletely settle after standing about an hour.

Aqueous 15% potassium iodide solution. This
solution will decompose and turn a pale yellow
after standing for a long period. W hen necessary
the color can be discharged by the addition of a
drop or two of 0.1 N sodium thiosulfate.

Mercuric acetate in glacial acetic acid, 2.5%
solution. Standardized aqueous 0.1 N sodium tliio-
sulfate. Carbon tetrachloride.

Pyridine sulfate dibromide solution. Place 40
ml. of glacial acetic acid in each of three Pyrex
Erlenmeyer flasks. To the first add slowly 16 *
0.2 grams of pyridine with cooling. In the same manner
add 20 == 0.2 grams of concentrated sulfuric acid to the
second flask. When cool, combine these solutions with further
cooling, by adding the sulfuric acid-acetic acid mixture to
the pyridine solution. To the third flask add carefully 16 *
0.2 grams of bromine. Now' add this solution to the mixture of
the first two solutions and transfer to a 1-liter volumetric flask.
Make up to the mark with glacial acetic acid and transfer to &D
amber or black-painted 2.5-liter glass-stoppered storage bottle
Add 1000 ml. of glacial acetic acid and mix the solution thor-
oughly.

Preparation and Weighing of Sample.
tions in duplicate.

Transfer a sample of the approximate weight noted below’ from
a beaker in which it can be warmed if necessary to a 500-™.
glass-stoppered bottle containing 25 ml. of carbon tetrachloride
To prevent possible loss of volatile halogen during the absorption
period, use is recommended of the special iodine flasks with a hp
around the top to provide a liquid seal of potassium iodide re-
agent. Weighing is accomplished by difference.

Run all determina-

j
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The following maximum sample weights are suggested for
various oils in order that the proper amount of excess reagent will
be present during absorption:

Approximate Maximum Sample Weight,
lodine No. Grama

275 0.115 (about 3 drops)
100 0.250 (about 8-10 drops)
5-10 2-3 (about 100 drops)

Fordeterminations on individual samples of highly unsaturated
oils, it is desirable to make up 500 ml. of carbon tetrachloride
solution in a volumetric flask and remove a 25-ml. aliquot portion
foranalysis which permits larger sample weight. This procedure
ismore accurate, because the error inherent in weighing by differ-
ence a very small sample of heated oil is reduced. However,
this method requires large volumes of solvent and excess appara-
tuswhen a large number of routine determinations must be run.

Absorption and Titration. Run a blank with each series of
determinations. To the weighed sample in carbon tetrachloride
solution, add exactly 50 ml. of pyridine sulfate dibromide solu-
tion from a pipet (use water suction). Now, add 20 ml. of mer-
curic acetate catalyst. Allow the bottle to stand in a dark place
for 16 hours at uniform room temperature. Add 20 ml. of 15%
aqueous potassium iodide solution, allow to stand 1 minute, and
thenadd 100 ml. of distilled water. Titrate in the usual manner
with standardized 0.1 N sodium thiosulfate, using starch solution
asthe indicator. The end point should persist for 2 minutes.

Equivalent results can be obtained with 10 hours' absorption
by using 50 ml. of mercuric acetate catalyst solution.

It is necessary to run blank and sample determinations at the
same time and to use the same amount of catalyst in each case.
Acrystalline deposit of the catalyst is usually observed after the
samples have stood for some time, probably because the solu-
bility of mercuric acetate in acetic acid is depressed slightly when
carbon tetrachloride is present. However, this phenomenon
apparently has no adverse effect on the results.

Calculations for the iodine number are performed in the usual
manner.

PRECISION OF THE METHOD

Aseries of twenty determinations using 20 ml. of catalyst and
16hours’ absorption time was run onindividually weighed samples
of crude tall oil taken from the same representative lot. The re-
sults were then statistically analyzed according to methods sug-
gested by Scarborough (23) and Mellor (16). The most probable
value of the iodine number of the particular sample was found to
be274.68 ==2.09. The probable error of a single observation was
1.07%. The iodine number of crude tall oil will, of course, vary
somewhat, depending upon the source of the oil. Values for eight
different commercial samples of crude tall oil were found to vary
between 237 and 287.

Results obtained by an experienced analyst on individually
weighed duplicate samples of tall oil which are within 5 or 6
iodine number units of each other may be regarded as good cheeks.
Undoubtedly, the chief error lies in the weighing, because the
sample must necessarily be small for such a highly unsaturated
substance. It is difficult to weigh warm oil samples by the dif-
ferencemethod with good accuracy, and a direct method of weigh-
@®gwith the use of microbeakersshould permit someimprovement.

ABSENCE OF SECONDARY REACTIONS

If secondary substitution or oxidation reactions took place
alongwith addition to the double bonds, hydrobromic acid would
bepresent in the reaction mixture after absorption. A sample of
crude tall oil, along with a blank, was allowed to stand 23 days
wthe presence of an excess of the pyridine sulfate dibromide re-
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agent and 20 ml. of the mercuric acetate catalyst solution. Dis-
tilled water was added and the free bromine was then removed by
successive extractions with carbon tetrachloride. Acidification
of the water layer with sulfuric acid and subsequent oxidation
with hydrogen peroxide gave a negative test for bromide ion,
using the sensitive fluorescein method of detection (26). This
result is evidence of the absence of a secondary substitution reac-
tion and substantiates the claim of Rosenmund and Kuhnhenn
(20) in this respect.

Figure 3. Effect of Excess Bromine on lodine Number of
Crude Tall Oil for Long Absorption Period

The reported iodine value does not necessarily represent with
great accuracy the true total carbon-to-carbon unsaturation of
crude tall oil. Reactions other than carbon-to-carbon addition
or the secondary substitution, shown above to be absent, although
improbable, may occur and cause the apparentiodine value to be
higher than the true one for carbon-to-carbon unsaturation alone.
However, the results obtained appear to be consistent, and the
method proposed has distinct value for purposes of identification
and analytical control. For example, the degree of hydrogena-
tion of a partially hydrogenated pilot-plant sample of crude tall
oil was computed from iodine numbers determined by this
method. The result agreed almost exactly with that obtained by
graphical integration of the differential rate curve, determined ex-
perimentally by observations of hydrogen pressure drop.

DISCUSSION

Application of this method to other fatty acids and glycerides
immediately suggests itself. Because of its success with tall oil, it
is especially recommended for other highly unsaturated and con-
jugated systems such as rosin acids, tung oil, linseed oil, natural
resins, synthetic rubberlikc materials, etc.

Although the effect of temperature on the rate of bromine ab-
sorption was not studied, this effect undoubtedly does exist. It
is therefore necessary that the absorption be allowed to take place
at constant temperature. When a large number of routine de-
terminations are made, it is suggested that during the absorption
period the sample bottles be placed on a rack, provided with a
cover or hood to keep out the light, and partly immersed at con-
stant temperature in a thermostatically controlled water bath.
It is possible that an absorption temperature somewhat higher
than 27° C. may shorten the required absorption period.

Further refinements of this method suggest themselves, such as
increasing the concentration of bromine in the reagent, leading to
the use of either less volume of reagent or a greater quantity of
sodium thiosulfate solution for the titrations, the use of auto-
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matic pipets and highly accurate thin-bore burets, and the de-
velopment of a micromethod. The reader is referred to von
Mikusch and Frazier (26) and Yasuda (29) for specific examples.
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Distilling Head

W. F. BARTHEL

United States Department of Agriculture, Bureau of Entomology and Plant Quarantine, Beltsville, Md.

NE of the most convenient setups for ordinary vacuum dis-
O tillation consists of a Claissen flask in conjunction with a
distilling flask or another Claissen flask as a condenser and re-
ceiver. This arrangement
has several advantages. It
may be set up and taken
down rapidly; a good
vacuum can be readily ob-
tained; there is no appre-
ciable holdup of the distil-
late between still and
receiver; and, afterthe dis-
tillation, the distillate is in
a still ready for distillation
again if need be. On the
other hand, the necessity
of keeping on hand many
different sizes of flasks is a
serious disadvantage, since
these flasks have little use
except for distillations.

The apparatus in Figure
1was designed to overcome
this disadvantage, and also
for convenience in setting
up the still without sacrific-
ing any of the advantages
of the Claissen flask.

Openings 3, 4, and 8 are
for capillary tube, thermom-

eter,

and

prevent holdup in the delivery tube.
ning water or a bath of ice or solid carbon dioxide.

and vacuum, respectively. Standard-taper joints at i
7 greatly facilitate change of flasks 1and 5. Drip tip 6 helps
Flask 5 is cooled with run-
No other
condenser is needed.

The flasks, when not in
use for distilling, may be
used for other purposes.
The distilling head is sim-
ple to construct and takes
very little space. All the
advantages of the Claissen
flasks are retained without
the need of a large stock
of flasks which have only
one use. With this ap-
paratus it is practical to
use flasks of 50- to 2000-ml.
capacity without altering
the dimensions of the head.
A number of laboratory
supply houses make a
standard-taper Claissen-
type distilling head, but
in order to use their ap-
paratus for a vacuum dis-
tillation either an auxiliary
condenser or a vacuum
adapter is necessary, which
increases the holdup and
complexity of the ap-
paratus.



Colorimetric Determination of Nickel in Steel
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The method of Murray and Ashley for the colorimetric determina-
tion of nickel in steel is outlined and criticized. Experimental data
are presented on the stability under various conditions of the red
color of oxidized nickel dimethylglyoxime. A modification of the
method is described which gives a highly stable and readily repro-

RRAY and Ashley (/) have presented a method for de-
veloping quantitatively the red color of oxidized nickel
dimethylglyoxime.

The sample is dissolved in dilute nitric acid (in the case of diffi-
cultly soluble chromium-nickel steels, a mixture of nitric and
hydrochloric acids is used). To an aliquot of suitable size the
following additions are made: citric acid to prevent iron pre-
cipitation at the final pH bromine water to oxidize nickel, am-
monium hydroxide in sufficient quantity to bring the pH to 8-9,
and dimethylglyoxime in the form of 1% solution in alcohol to
develop the red nickel color. The solution is diluted to known
volume and the color is compared. A wave length that has been
recommended for spcctrophotometric reading is 530 mp.

Although the method of Murray and Ashley has been used with
some success in this laboratory and elsewhere, it has certain un-
desirable characteristics. The color developed in the nickel solu-
tion shows continuous change from the instant of addition of di-
mcthylglyoxime, tending for the first few minutes to become more
intense, then to fade. Murray and Ashley note the phenomenon
of the color intensity change at 530 mp with time, and present a
set of curves illustrating its characteristics. At no time is there
a period of constant transmittance in the transmittance vs. time
curve of sufficient duration to give a time margin for truly repro-
ducible reading.

Both the slope and the time of the minimum of the transmit-
tance vs. time curve appear to be changed by changes in the
nickel concentration of the solution used for making the curve.
Small differences in pH at the time of adding dimethylglyoxime
to otherwise similar solutions were found to have pronounced
effects on the shape of the transmittance vs. time curve, altering
both the slope and the position of the minimum to a marked de-
gree.

. 1f80% of the recommended amount of ammonium hydroxide
isused, no color at all develops (pH 6.8). (All pH measurements
«ere made with a Leeds & Northrup potentiometric pH meter
using a standard glass electrode and a calomel-saturated potas-
sium chloride reference electrode.) W ith 90% of the amount re-
quired (pH 8.1), the rate of color development is slow and rate
?f fading is high. If the concentration of ammonium hydroxide
mhigh, the rate of color developmentis high and the rate of fading
slow, solutions retaining substantially all their color for several
hours. If as much as four times the recommended amount of
ammonium hydroxide is used, the color is completely developed
|nabout 30 seconds. A second effect enters, however—a rapidly
increasing interference of the iron in the solution. Ultimately
iron hydroxide is precipitated under these conditions. Critical
examination of the pH range within which the Murray-Ashley
method is workable shows it to be less than 1 pH unit, pH 8.2 to

It was found that the amounts of tartaric acid, bromine
water, and dimethylglyoxime solution were not critical above
a minimum value if sufficient extra ammonium hydroxide was
added to neutralize increases in the acid content.

It was concluded that the unmodified method of Murray and
Ashley, while suitable for many purposes, is not sufficiently re-
producible (at least without elaborate precautions) to meet the
needs of this laboratory. It does, however, have the virtue of
being rapid. It was in an effort to retain its speed while improv-
myits accuracy that this research was undertaken. The original
method recommends dissolving the sample in 1 to 1 nitric acid,
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ducible red color, and is particularly suitable for routine work be-
cause of its rapidity and manipulative simplicity. Copper and cobalt
interfere only slightly; the other elements ordinarily found in steel
do not interfere. The accuracy of the method is comparable to that
of routine gravimetric procedures.

except difficultly soluble chromium-nickel steels for which a mix-
ture of equal parts of nitric and hydrochloric acids is suggested.
Since many of the steels analyzed in this laboratory contain about
1% chromium and do not dissolve completely in nitric acid or
rapidly in hydrochloric acid, a method was tried of decomposing
first in an “acid mixture” (133 ml. of 1.82 sp. gr. sulfuric acid and
167 ml. of 85% phosphoric acid per liter of solution) and then
completing dissolution by adding 1 to 1 nitric acid. For 1%
chromium steels the method was more rapid than decomposing
with hydrocliloric acid and more nearly complete than dissolving
in nitric acid. No effect on the development of the nickel color
was observed.

In the effort to produce a nickel color that would be quickly
formed, stable, and reproducible without elaborate control of the
conditions of development, various other basic substances were
tried in place of ammonium hydroxide. Among them were so-
dium carbonate, sodium tetraborate, sodium orthophosphate,
potassium pyrophosphate, and sodium hydroxide, all in the con-
centrations required to produce the proper pH range for color
development. None proved satisfactory. Other oxidizing:
agents such as sodium perborate, potassium chlorate, potassium
iodate, and hydrogen peroxide were tried in place of tne bromine.
Only ammonium peroxydisulfate in the presence of silver ion
showed promise, but the desired degree of color stability was not
achieved with it. The effects of solution temperature on color
development were studied, but no worthwhile modification util-
izing temperature control was found. Color development at high
ammonium hydroxide concentration followed by reduction of the
sgllution pH to 8.5 to prevent iron precipitation proved unwork-
able.

It was realized at this point that tartaric acid will hold iron in
solution at a considerably higher pH than will citric acid. Ac-
cordingly, the citric acid was replaced by tartaric. Upon experi-
ment it was discovered that, while iron will develop an interfering
color in tartrate solutions made basic with ammonium hydroxide
nearly as quickly as in citrate solutions under the same conditions,
the interference and any precipitate that may form can be cleared
up rapidly by increasing the pH still further with sodium hydrox-
ide. This is not true of citrate solutions. While the nickel color
develops slowly and incompletely in very dilute sodium hydroxide
solutions of pH 8 to 9 and not at all in more concentrated solu-
tions, the color, once developed, remains stable over long periods
of time even in rather strongly basic sodium hydroxide solutions.
In view of these facts, the following approach was tried:

The sample Was treated with tartaric acid and bromine and
made strongly ammoniacal. Then the dimethylglyoxime solu-
tion was added. Under these conditions the color developed
rapidly. After 1 minute, sodium hydroxide was added. After
2 to 3 minutes the increase in iron interference which had taken
place in ammoniacal solution cleared up completely and the color
became stable. No further change in color and consequently in
transmittance at 530 m”~ w-as observed. The reading at 24 hours
was identical with the reading 5 minutes after adding dimethyl-
glyoxime.

PROCEDURE

Since these results seemed very encouraging, a procedure was
devised to make use of them and was used in all the studies here-
after reported. High-purity reagents must be used. Particular
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attention .should be paid to the suitability of the tartaric acid and
of the dimethylglyoxime.

Decompose a 0.25-gram sample in 20 ml. of an acid mixture
(133 ml. of 1.S2 sp. gr. sulfuric acid and 167 ml. of 85% ortho-
phosphoric acid per liter of solution). Steels containing little
chromium may be dissolved directly in 8 N nitric acid. Stainless-
type steels may require the use of hydrochloric acid. Cautiously
add 10 ml. of SN nitric acid and boil to expel oxides of nitrogen.
Transfer the solution to a volumetric flask of suitable size and
dilute to the mark. Transfer by pipet to a 100-ml,, volumetric
flask an aliquot of the diluted solution containing between
0.05 and 0.3 mg. of nickel. Add to it, mixing after each addi-
tion, 5 ml. of a 20% tartaric acid solution, 5 ml. of saturated
bromine water, 10 ml. of 0.90 sp. gr. ammonium hydroxide, and
5 ml. of a 1% solution of dimethylglyoxime in methyl alcohol.
(Occasional difficulties in development of color and in fading upon
addition of sodium hydroxide have been traced to impure or
partially decomposed tartaric acid and dimethylglyoxime. c.p.
reagents are not uniformly satisfactory in this respect. Impure
tartaric acid interferes with development of color upon addition
of dimethylglyoxime, in extreme cases preventing any color
formationatall. Impure dimethylglyoximeresults in a fading of
the color upon addition of sodium hydroxide. The fading may
take place very rapidly or slowly, depending on the degree of
impurity. Both difficulties can be overcome by special treat-
ment. Addition of a second 5-ml. portion of bromine water after
introduction of the dimethylglyoxime ensures complete color de-
velopment. Difficulties with the dimethylglyoxime reagent can
be overcome by acidifying the alcohol solution with dilute sulfuric
acid and adding enough bromine water to color it yellow. This
should be done 15 to 30 minutes before it is used. Occasional
small further additions of bromine water are necessary to keep
the solution yellow. The treated reagent is usable for only a few
hours.)

After 1 minute add 10 ml. of 6 N sodium hydroxide solution
and dilute to the mark. After 5 minutes, transfer the solution
to the optical cell and compare the transmittance at 530 m” with
that of pure water.

Two transmittance vs. wave-length curves were prepared, one
from National Bureau of Standards Bessemer steel 10d contain-
ing substantially no nickel, and one from a nickel solution made
from c.p. nickel nitrate. They are shown in Figure 1asread ona
Coleman Universal spectrophotometer. A Beckman spectro-
photometer, with a much narrower wave band than the Coleman,
gave a similar curve for the nickel solution; the positions of the
maxima and minima were identical. Appreciable interference of
the blank (Bessemer steel), however, did not occur on the Beck-
man instrument until wave lengths as short as 470 mu were
reached.

From a study of these curves it was decided that the most satis-
factory wave length for reading the transmittance of the nickel
color in steel on a Coleman Universal spectrophotometer, which
has a wave band width of 35 mp, is 530 m/i, the wave length origi-
nally suggested for the method of Murray and Ashley. This se-
lection was made on a basis of minimum interference of the blank
and maximum interference of the nickel color. For instruments
with a wave band much narrower than 35 rim, such as the Beck-
man photoelectric spectrophotometer, a lower setting such as 480
or 490 my. seems to be preferable, since the lower value is closer
to a minimum of the nickel curve and since iron interference is
small in this range with such an instrument. Presumably, it
would be possible to use for both spectrophotometers a wave-
length setting at the 470 inp minimum of the nickel curve, if a
blank prepared from a steel free of nickel were used as the ref-
erence solution, thus canceling the effect of iron interference.

For colorimeters using filters one probably would do best to se-
lect a filter with a rather sharp cutoff at about 450 mp, passing no
light of shorter wave length. This selection is indicated to elim-
inate interference due to the color of the iron present. Increased
sensitivity can be obtained by further restriction of the wave
length of light used for comparison to the range of maximum in-
terference of the nickel color.

Samples were taken from a scries of National Bureau of Stand-
ards nickel-containing steels and mixtures of these steels to cover
in small steps a series of nickel percentages from 0.002 to, 5.12.

350 400 450 500 550 500 £50
hSotse/eogi/} in

Figure 1. Per Cent Transmittance vs. Wave Length

Curves for Bessemer steel blank and C.P. nickel nitrate solution as read on
Cbleman Universal spectrophotometer (35 mM band width)

They were prepared according to the method previously out-
lined, and the points so obtained were plotted on semilog paper
with the per cent transmittance of the sample compared with
water at 530 mju as the ordinate and the per cent of nickel in the
steel as the abscissa. In this fashion three transmittance \s.
concentration curves were obtained, for 0 to 1%, 1 to 2.5%, and
2.5 to 5.5% nickel steels. A total of 27 concentrations was used
in obtaining the three curves.

The color was found to follow the Beer-Lambert law very ex-
actly when read at 530 m”; therefore the transmittance vs. con-
centration curves, when plotted as described, were straight lines
over the entire range utilized.

No one of the 27 points determined from the National Bureau
of Standards samples deviated from the transmittance vs. con-
centration curves plotted from them by more than 2% of the total
nickel present in the steel in the case of steels containing more
than 1% nickel. No one of the points deviated from the trans-
mittance vs. concentration curve by more than 0.02% nickel (2
“points”) based on the total analysis of the steel in the case of
steels containing less than 1% nickel. These points were estab-
lished by single determinations, not by averages of groups of de-
terminations. The differences between the high and the low
values on the National Bureau of Standards reports sent with
each steel are as great as 1.7% of the total nickel present in the
steel in the case of steels containing more than 1% nickel. Dif-
ferences of as much as 0.021% of nickel (2 “points”) based on the
total analysis of the steel are listed in the case of steels containing
less than 1% nickel.

Reproducibility was checked by making five complete deter-
minations by the authors’ method on National Bureau of Stand-
ards nickel steel 33b containing 3.48% nickel. Using the trans-
mittance vs. concentration curve established for steels containing
2.5 to 5.5% nickel, the average value of the five determinations
was 3.48% nickel. The maximum deviation from the average
value was —0.05% nickel. High and low values on the National
Bureau of Standards report are 3.51 and 3.46% nickel, respec-
tively. The method appears to be capable of the high order of
reproducibility necessary for precise steel analysis.
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SENSITIVITY

Tests were made to determine the sensitivity of the method to
small variations in procedure. It was found that the tartaric
acid, bromine water, and dimethylglyoxime added could be
decreased 25% or increased 100% without affecting the re-
sults. The ammonium hydroxide may be decreased 20% or in-
creased 50% without effect. Approximately the same range of
values holds for the sodium hydroxide. It was determined that
the time elapsed between adding the dimethylglyoxime and the
sodium hydroxide is not critical so long as it exceeds 1 minute—
i.e, color developmentis complete in lessthan 1 minute.

Three identical samples equivalent to a standard steel contain-
ing0.60% nickel were prepared, using for each sample 0.125 gram
of National Bureau of Standards Bessemer steel 10d and 0.125
gram of nickel-chromium steeL32e. To sample 1the sodium hy-
droxide, which arrests color development as well as preventing
iron precipitation, was added 30 seconds after adding di-
methylglyoxime ; to sample 2,5 minutes afteradding the dimethyl-
glyoxime; and to sample 3, 10 minutes after adding the cli-
metkylglyoxime. In each case the solution was diluted to the
volumetric mark and mixed immediately after adding the sodium
hydroxide. Transmittance readings in each case were taken 10
minutes_after adding the sodium hydroxide. The results, ex-
pressed in terms of the analysis of the steel as read from the 0 to
1%nickel curve, averaged 0.599% nickel with a maximum devia-
tion from the average value of 0.005% nickel.

INTERFERENCES

The method was-tested for interference by copper, cobalt, tung-
sten, molybdenum, chromium, and vanadium. The small
amounts of copper (less than 0.2%) present in the usual steels did
not interfere. Copper, when present to the extent of 0.50% in
the steel, caused a positive nickel error of 0.02%. Cobalt, when
added to the sample equivalent to 2.5% in the steel, caused a posi-
tive error of 0.03% nickel. Both elements were tested for inter-
ference on a sample of steel containing 0.60% nickel. The inter-
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Table I. Analysis of Steels
Sample 50a Sample 132
Bureau of Authors' Bureau of Authors'
Standards method Standards method
% % % %
Tungsten 1S.25 6.29
Chromium 3.52 4.09
Vanadium 0.970 1.64
Nickel 0.045 0.07 0.095 0.13
Molybdenum 7.08

ferenee of the other elements mentioned was determined by using
the method without modification of any sort to analyze for nickel
in two Bureau of Standards tool steel samples, 50a and 132.

In view of the extreme conditions in these two analyses and
the small error in nickel in each case, it was concluded that these
elements do not interfere with the determination to any appre-
ciable extent. In the analysis of ordinary chromium-nickel stain-
less steels, no interference by chromium was observed.

ADVANTAGES OF METHOD

The most important advantages of the method are its rapidity
and its freedom from manipulations requiring exceptional pre-
cautions or a high degree of analytical skill. It is well suited for
routine use. When a group of five samples was analyzed by a
worker only recently familiar with the method, the total elapsed
time, exclusive of weighing, was 1 hour and 10 minutes (results
reported above in paragraph on reproducibility). If alarge num-
ber of samples is run at one time, one thoroughly familiar with
the method can reduce the time required per sample to about 8
minutes.
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Identification of Nornicotine in Tobacco

Cc. V. BOWEN anp W. F. BARTHEL
U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine, Beltsville, Md.

HE rather common occurrence of nornicotine in tobacco
T(3, 4, S, 7) indicates the need of a reliable qualitative means
of identifying this alkaloid when present with nicotine.

Shmuk (8) identified nornicotine in such a mixture after
extracting the ether-soluble material from alkalized plant ma-
terial, by forming the alkaloid pierates, recrystallizing from hot
water, and methylating 'the mixture of pierates. Ho attributed
the resulting elevation in melting point of the picrate to the
conversion of nornicotine to nicotine.

This procedure has several serious drawbacks. The ether
extract of the alkalized plant material will contain pyridine and
other amines, not all of which are removed by “blowing”. These
compounds as well as the alkaloids form pierates. The re-
crystallizations that occur before and during methylation will
tend to remove these amine pierates but at the same time to
eliminate the picrate of the minor alkaloid. If the minor al-
kaloid is present in small amount, it may be lost in the recrystal-
lization of the original picrate. Since the mixed pierates before
Methylation have a melting point lower than that of nicotine
picrate, and, being solid, require the addition of liquid for the
Methylation, it is possible for a fractional crystallization to occur
with the formation of new picrate crystals richer in nicotine
content and consequently having a higher melting point. Such
a rise in melting point could easily bo misinterpreted as being
due to methylation of nornicotine, while in fact the alkaloid

picrate originally present may have been simply rendered richer
in nicotine by recrystallization. Such a recrystallization proves
neither the presence nor the absence of nornicotine.

The proposed method differs from that of Shmuk in the
isolation of the alkaloids and in the position of the methylation
step. The steam-volatile tobacco alkaloids are separated from
all. other amines and methylated before the picrate is formed.
The melting points of the pierates formed are compared before
and after methylation. Since they are not recrystallized no
fractional crystallization can occur.

Markwood (5) introduced methylation as a step in the deter-
mination of nornicotine, but since his method did not depend on
melting points, he failed to report the melting point of methylated
nornicotine picrate as an indication of the formation of nicotine.

The method presented here is based on the quantitative methyl-
ation of the nornicotine and also on the elevation of the melting
point' of the alkaloid picrate. Consequently, the methylation
of nornicotine to nicotine was investigated. The nornicotine
used in preparing the standard solution was identical with that
used by Markwood (7), had been isolated from Robinson’s Me-
dium Broadleaf, a strain of Maryland tobacco, and formed a
picrate melting at 190-191° C. The absence of nicotine was es-
tablished by finding no alkaloid in the distillate after treating a
sample with nitrous acid, making the aqueous solution just basic
to phenolphthalein, and steam-distilling.
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Tabic Effect of Méthylation of Nornicotine on Picrate
Melting Point
Picrate Meltinlg Point®
Nornicotine in . Methyl- .
Sample Alkaloid Mixture Original ated Mixed
% °C. ° C. ° C.
Nicotine . 221223
Nornicotine 100 187-190 221-223 220-223
Mixtures
1 94.8 168-180 220-223 221-223
2 89.4 180-184 223-224 221-223
3 84.3 175-183 222-223 221-223
4 79.2 178-183 222-223 220-221
5 22.9 205-214 222-224 221-224
G 19.2 210-218 222-224 222-224
7 13.7 213-220 222-221 222-224
8 4.6 215-223 222-224 222-224
a Not recrystallized, Melting points corrected and rounded off to whole
numbers.

METHYLATION OF NORNICOTINE

Ten milliliters of the nornicotine solution containing 23.2 mg.
of the alkaloid were treated with formic acid and formaldehyde
according to Markwood's method (.5), made alkaline to phenol-
phthalein, and steam-distilled. No alkaloid was detected in
the distillation residue.

The alkaloid in the distillate was precipi-
tated as a picrate, the melting point of

which, when not recrystallized, was 221- Table II.
223° C. A mixed melting point with nico-

tine picrate prepared from a sample of pure

nicotine showed no depression. The pure Sample

nicotine had been treated with nitrous acid
forthe removal of nornicotine. The absence
of alkaloid in the distillation residue and the
melting point of the picrate of the alkaloid
in the final distillate prove the quantitative
méthylation of nornicotine to nicotine by
means of formaldehyde and formic acid.
A sharp melting point is not to be expected
after méthylation when no recrystallization
has been made. In obtaining the melting points, consideration
must be given to the spread, although the upper limit is the
most easily observed temperature. The entire spread must be
econsidered as the melting point. Values obtained with known
mixtures of nicotine and nornicotine are shown in Tabic I.

Cash (flue-cured type)

leaf (Robinson)
Burley, lialley
Maryland, Md.-Conn.
Broadleaf
Xanthi (Turkish)b

b American grown.

PROCEDURE

A 1l-gram sample of tobacco, 10 ml. of sodium hydroxide (30%
by weight), and 10 grams of sodium chloride are steam-distilled
into 3 ml. of dilute hydrochloric acid (1 + 4) until a fresh portion
of distillate gives no opalescence wheu a few milliliters are tested
with silicotungstic acid solution. The volume of distillate is
about 100 ml. The steam-volatile alkaloids are separated from
other picrate-forming materials by precipitation by silicotungstic
acid solution (12%) according to A.O.A.C. procedure (I), filtered
on a small, hardened filter paper in a liirscli funnel, and washed
with water containing 1 ml. of concentrated hydrochloric acid
per liter. The alkaloid in this residue is steam-distilled from
sodium hydroxide and sodium chloride into hydrochloric acid,
as above. The distillate is concentrated to about 10 ml. and
divided into two approximately equal portions. One portion is
methylated according to Markwood's method by adding 2 drops
of formic acid and 5 ml. of formaldehyde (37%) and refluxing
for 15 minutes. It is then cooled and neutralized, and 25 ml. of
saturated aqueous picric acid solution are added. This solution
is next concentrated by boiling to about 30 ml. and allowed to
cool slowly. Twenty-five milliliters of the picric acid solution
are added to the neutralized unmetliylated portion, warmed to
dissolve the precipitate, cooled slowly. The alkaloid picrates
are filtered off and washed, once with dilute picric acid solution
and once with water. The melting points of the picrates of
the unmethylated distillate, the methylated portion, and the
methylated portion mixed with nicotine picrate are compared
for an elevation of temperature due to methylation. The
nicotine pierate should be prepared from pure nicotine and washed
in the same manner as the unmethylated portion.
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If the melting point of the methylated portion is higher than
that of the untreated portion and is comparable with that of
the nicotine picrate, and no depression occurs in the mixed
melting point, nornicotine is confirmed. Since nornicotine is the
only alkaloid that can be methylated to form nicotine and any
derivative of other alkaloids would affect the mixed melting point,
it is evident that nornicotine is the only steam-volatile alkaloid
aside from nicotine which is present in the tobacco tested.
Table Il shows the effect of methylation.

Nornicotine in tobacco, tobacco mixtures, and nicotine prepara-
tions may be identified in the same manner, although smaller
samples should be used when the alkaloid content is high.

Although this method appears to be lengthy, at present it
offers the best chemical means for the identification of nornico-
tine, can be conducted in any laboratory, and does not re-
quire expensive and specialized equipment, such as a polarimeter,
which is now either not available or difficult to obtain. It has
the following advantages over the method proposed by Shmuk:
(1) When the picrates are formed, only the steam-volatile al-
kaloids rather than all the ether-extractable materials are
present; (2) since the mixed picrate is recrystallized only in
the mother liquor instead of"Being recrystallized from hot water

Effect of Methylation of Tobacco Alkalolds on Picrate Melting Point

Maryland Medium Broad-

Nornicotine
in Total Picrhte Melting Pointi
Analysis Steam-Volatile Methdyl—

Nicotine Nornicotine Alkaloid Original ate Mixed
% = % % °C °C oc
0.70 2.40 77.4 182-185 221-223 220-222
0.98 2.18 68.8 180-194 222-223 219-223
1.23 1.41 53.4 196-206 220-223 221-224
2.22 0.49 18.1 203-219 222-223 222-223
6.59 1.28 16.3 214-223 221-224 221-224

Melting points corrected and rounded off to whole numbers.

and again in the methylation process, the possibility of loss of
the minor alkaloid is eliminated; and (3) the steam-distillation
requires less time than an ether extraction. An improved steam-
distillation apparatus (2) was used, but any steam-distillation ap-
paratus may be conveniently used although the time may be
longer and the volume of the distillate larger. When nicotine and
nornicotine are determined (S), aliquants of the first distillate
may be used to confirm the presence of nornicotine.

SUM M ARY

Nornicotine may be identified in tobacco, insecticidal tobacco
preparations, and nicotine preparations by comparing the melt-
ing point of the mixed picrates of the steam-volatile alkaloids
with the picrate melting point of a methylated sample thereof.
Methylation of the nornicotine gives nicotine; consequently,
the picrate of the methylated alkaloids will melt at the same
point as nicotine picrate and no depression of melting point will
occur in a mixed-melting point determination with nicotine pic-
rate in those cases where steam-volatile alkaloids other than
nicotine and nornicotine are substantially absent.

Nornicotine was confirmed in tobacco samples by this method.
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Colorimetric Determination of Phosphorus
as Molybdivanadophosphoric Acid

R. E. KITSON with M. G. MELLON
Purdue University, Lafayette, Ind.

A spectrophotometric study of the molybdivanadophosphoric acid
method for the determination of phosphorus justifies its general
recommendation for measuring this element colorimetrically. The
experimental work covered the effects of the following variables:

YELLOW hue forms on adding an excess of a molybdate
A solution to an acidified solution mixture of a vanadate and
an orthophosphate. Presumably the colored component formed
is molybdivanadophosphoric acid.

Mission (6) first proposed using this reaction as a basis for a
colorimetric method for determining phosphorus in steel. Later
Getzov (1), Schroder (8), and Murray and Ashley (7) used it for
steels, and Willard and Center (10) modified it for iron ores.
Recently Koenig and Johnson (4) applied it to biological mate-
rials.

The general objective of the present work was to extend our
knowledge of the analytical possibilities of this mixed heteropoly
acid, since it is one of the few known examples of such compounds
having direct value in colorimetry. More specifically, it seemed
desirable to determine the general applicability of the procedure,
including its merits relative to other available colorimetric
methods for phosphorus, and to examine more critically its appli-
cation to the determination of phosphorus in steel.

GENERAL EXPERIMENTAL WORK

Apparatus and Solutions. Transmittancy measurements
were made in 1.000- or 5.00-cm. cells with a General Electric re-
cording spectrophotometer adjusted for a spectral band width
of 10m/i. If necessary to correct for a pale color in the reagents,
a compensating blank was used in the reference beam of the
spectrophotometer. Otherwise distilled water was used.

Astandard solution containing 0.1 mg. of phosphorus per ml.
was prepared by dissolving twice recrystallized potassium hydro-
genphosphate in water. A 5% solution of ammonium molybdate
was prepared by dissolving the salt, (N ID ™M 0702441120, in warm
water (50° C.). The vanadate solution was made by dissolving
25 grams of ammonium vanadate, NILVOa, in 500 ml. of boiling
water, cooling the solution somewhat, adding 20 ml. of concen-
trated nitric acid, and diluting to 1 liter after allowing the mix-
ture to cool to room temperature. To determine the effect of
diverse ions, nitrate, sulfate, or acetate salts were used for the
rations, and sodium, potassium, or ammonium salts for the an-
ions. The various acids were analytical grade reagents.

Color Reaction. Although Mission (8) formulated the am-
monium salt of the heteropoly complex as (NTDsPOIi.NILVOj.-
16Mo0)j, the exact nature of the compound is not clear. It can-
not readily be fitted into either the Rosenheim or the Keggin
formulas for heteropoly compounds. Presumably the acid is
formed by substitution of both molybdenum and vanadium oxide
radicals for oxygen in the phosphate radical to give a mixed
keteropoly compound. If such is the case, the ratio of vanadium
to phosphorus would have to be at least 2 to 1, and the ratio of
molybdenum to phosphorus not greater than 10 to 1.

Application of the method of Vosburgh and Cooper (.9) to de-
termine these ratios was tried. Although previously this process
has been used on relatively simple systems, it seemed that the
ratio of vanadium to phosphorus might be determined by hold-
mg the molybdate and acid concentration constant. However,
the results indicated that the ratio of vanadium to phosphorus is
*to 1. Attempts to determine the ratio of molybdenum to

acidity, reagent and phosphorus concentrations, temperature, order
of adding reagents, stability, and some 60 diverse ions. As one
result, an improved method is proposed for applying the method to
determining phosphorus in plain carbon and low-alloy steels.

vanadium plus phosphorus failed, probably because most color
reactions involving a heteropoly molybdate require a large excess
of molybdate for color development. If one may reason from
the results obtained, it appears that the compound is not of the
type represented by the Rosenheim formulation ILPfMoJdJj),,-
(VD,)e-,,. Although the constitution of molybdivanadophos-
phoric acid remains uncertain, fortunately the usefulness of the
colorimetric procedure is unaffected.

Effect of Variables on the Color Development. To
study the effect of variables on the color development, the fol-
lowing experimental procedure was used:

A definite volume of phosphate solution, usually 5 ml., was
placed in a 50-ml. volumetric flask, together with enough water
to bring the volume of solution to about 20 ml. Five milliliters
each of nitric acid (1 to 2), 0.25% ammonium vanadate solution,
and 5% ammonium molybdate solution were added in order.
Any precipitate formed was dissolved by mixing. The solution
was then diluted to the mark with water and mixed, and the trans-
mittaney curve determined.

Acid Concentration. In all previous work, except that of Wil-
lard and Center (10), nitric acid was used. If it is employed,
there must be enough present to prevent the appearance of an
orange-yellow color which forms in neutral or slightly acidic
solutions. If the acidity exceeds 0.2 N, this color does not ap-
pear. Additional acid, up to 1.6 N, has no effect on the color,
except that it develops more slowly at the higher acidities. At
acidities above 1.6 Arthe color forms so slowly that a considerable
negative error may arise. The optimum acidity of about 0.5 N
is readily secured by using 5 ml. of nitric acid (1 to 2) per 50 ml.
of final volume.

Sulfuric, perchloric, and hydrochloric acids behave much like
nitric acid. If the acidity with any of them is less than 0.2 N,
the orange-yellow hue develops in the blank. The desired color
appears only slowly with 1 N hydrochloric acid, but development
is complete within 5 minutes. Solutions 0.7 N in sulfuric acid,
or 0.9 N in perchloric acid, behave similarly. At normalities of
i.4 and 1.7, respectively, full color is not developed in 5 minutes.

Vanadate Concentration. An excess of vanadate must be pres-
ent for complete color development. Beyond this amount, addi-
tional reagent has no effect except for the slight color of the vana-
date solution. For the present working conditions, 10 ml. (=*=1)
of 0.25% reagent were satisfactory.

Molybdate Concentration. As in most procedures involving
heteropoly compounds, excess ammonium molybdate must be
present, for complete color development. Beyond this amount,
more reagent has no effect on the intensity of the(color. Al-
though prior recommendations specify a 10% solution, this has
been changed to 5% because the solution is more easily prepared,
the extra reagent is unnecessary, and the smaller concentration
avoids the formation of the precipitate which may appear with
use of the more concentrated solution.

Order of Adding Reagents. The reagents should be added in
the order mentioned. If the acid follows the vanadate and
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molybdate, the orange-yellow hue formed by these substances
does not disappear readily, and a positive error results. If the
molybdate is added to the acidified phosphate before the vana-
date, yellow molybdiphosphorie acid is formed. If too much
ammonium ion is present, a colloidal dispersion of ammonium
molybdiphospliate may form. This precipitate does not dis-
appear on adding vanadate. If the precipitate does not appear,
the yellow solution is readily converted to molybdivanadophos-
phoric acid on adding vanadate.

Temperature. Most procedures specify adding the vanadate
to a hot nitric acid solution, followed by cooling to room tempera-
ture before adding the molybdate. It makes no difference in the
final results whether the solution is cooled to room temperature
before or after adding vanadate, or after adding molybdate. A
precipitate will appear, however, if the solution is boiled 15 to 20
minutes after adding molybdate.

Phosphorus Concentration. Transmittancy curves for solu-
tions containing 1 to 100 p.p.m. of phosphorus are shown in
Figure 1. Boer’s law applies up to 40 p.p.m. for measurements
made at 460 m”.

Stability of the Color. The solutions used to determine the
curves in Figure 1 were stored in Pyrex bottles and the transmit-
tancies checked at measured time intervals for several weeks.
Solutions containing 5 p.p.m., or more, are stable at least 7
weeks. Below this concentration, the color increases slowly, the
error amounting to 2% in the transmittancy at 460 m/i in about
2 weeks.

Diverse lons. To observe the effect of diverse ions 10 p.p.m.
of phosphorus were used, the desired amount of diverse ion being
included with the phosphorus solution. The apparent concen-
tration of phosphorus was calculated from the transmittancy at
460 m/i. An error up to 2% was considered negligible.

The error does not exceed 2% for amounts up to 1000 p.p.m.
of any of the following ions: aluminum, ammonium, barium,
beryllium, cadmium, calcium, iron (I11), lead, lithium, magne-
sium, manganese, mercury (I and 1l), potassium, silver, sodium,

strontium, tin (I1), uranium, zinc, zirconium, acetate, arsenite,
benzoate, bromide, carbonate, chlorate, citrate, cyanide, for-
mate, -iodate, lactate, molybdate, nitrate, nitrite, oxalate, per-
chlorate, periodate, pyrophosphate, salicylate, selenate, silicate,
sulfate, sulfite, tartrate, and tetraborate.

Copper and nickel change the hue of the solution, and thus in-
terfere with visual comparison; but up to 1000 p.p.m, of either
of these metals does not interfere with speetrophotometric meas-
urement at 460 m/t.

Only the eerie and tin (1V) ions precipitate under the condi-
tions used.

The largest single source of error is the effect of certain ions in
slowing down the rate of the color reaction. Although this effect
wasnoticed in a number of cases, generally the full color developed
within 5 minutes. Bismuth, thorium, arsenate, chloride, and
fluoride caused considerable negative error, however, and the
full color did not develop in theirpresence in lessthan 30 minutes.
The magnitude of such error may be reduced considerably by
allowing the color to develop at least 30 minutes before measure-
ment, or heating the solution in boiling water for 10 minutes
after the final addition of reagent. But even then the error is not
negligible if 1000 p.p.m. of the ion are present. Heating is per-
missible only in the absence of silicates and arsenates, since they
give a positive error under these conditions.

A few ions, such as iron (I1), sulfide, thiosulfate, and thiocya-
nate, reduce the molybdivanadophosphoric acid or the excess
molybdate to molybdenum blue.

The general effect of interfering diverse ions is summarized in
Table 1.

Discussion. Although the molybdivanadophosphoric acid
method has found little application for the determination of phos-
phorus, the procedure is rapid, sensitive, and relatively free from
interference by most common diverse ions.

Comparison of this method with the various molybdenum blue
procedures summarized by Woods and Mellon (11) shows that it
possesses several advantages. The solutions are stable at least
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2weeks, as compared with a maximum of 10 hour's for any of the
molybdenum blues studied. It is also relatively free from inter-
ference, as compared with them. Especially important is this
characteristic for iron (111) and silicate, both of which interfere in
mostmolybdenum blue methods. Although a molybdenum blue
ismore satisfactory for visual comparison than the yellow molyb-
divanodophosphoric acid, this technique can be used. How-
ever, photoelectric means are preferable. In general, the ranges
formolybdenum blue methods are less than that for this procedure,
which extends from 1 to 50 p.p.m. for 1-em. thickness. The
system conforms to Beer’s law through most of this range.

Since photoelectric measurement seems preferable, a series of
permanent standards was not established. Such a series could
be prepared from the acid itself, but with low concentrations of
phosphorus the solutions are not stable more than 2 weeks'. Com-
parison of the transmittancy curves in Figure 1 (for 10 p.p.m.)
with those for dichromate solutions (8) shows an approximate
match with the aqueous dichromate solutions at pH 6.1.

Table 1 Effect of Diverse lons
Amount
lon Added as Amount Error Permissible

P.p.m. % P.p.m,
Bi++* Bi(NO,), 1000 5 400
Crt +< Cra(SO0«)s 10 1 10
Co++ Co(NO,)z 100 2 100
Fe++ Fe(NH«)s(SO«)j 100 0 100
Th+ e+ Th(NOI), 400 38 20
AsO«----- NazITAsO* 1000 15 125
ci- NacCl 1000 24 75
PtCli— HiPtCle 20 0 20
Ctioi “ ~ KjCnor 4 2 4
F- NaF 1000 51 50
1" Kl 100 a 0
MnOt - KMnOi 10 10 0
SCN- KSCN 500 0 500
Sioi NajSjOe 250 0 250
WOo«— NajWwoi 250 2 250

4 Oxidizes to iodine.

RECOMMENDED GENERAL PROCEDURE

Sample. Procure a representative portion of the material and
subject it to the necessary preparative treatment. Weigh or
measure by volume a sample containing not less than 0.005 mg.
of phosphorus.

If necessary, dissolve the sample by appropriate means, taking
care in the dissolution and subsequent treatment to convert the
phosphorus to orthophosphate. Obviously, phosphoric acid
may not be used for dissolution, nor pyrophosphate for a fusion.
Interfering ions should either be removed or inhibited to bring
their concentrations within the limits setin Table I. Make the
resulting solution just acidic to litmus and dilute to a definite
volume in a volumetric flask.

Desired Constituent. Transfer a suitable aliquot of the
solution to a 100-ml. flask. If Nesslcr tubes are used for visual
comparison, at least 0.005 mg. of phosphorus should be in the
aliguot. For photometric measurement in 1-cm. cells, 0.1 to 5
mg. of phosphorus should be present. Add in order, with ade-
quate mixing, 10 ml. of nitric acid (1 to 2), 10 ml. of 0.25% am-
monium vanadate solution, and 10 ml. of 5% ammonium molyb-
uatcsolution. Dilute to the mark and mix well. The color may
be measured at once by any of the usual means. Filter photo-
metric measurement should be made with a blue filter having its
maximum transmission near 470 miji, and spectrophotometric
measurement is made best between 460 and 480 mix.

DETERMINATION OF PHOSPHORUS IN STEEL

Several colorimetric methods have been described for deter-
mining phosphorus in steel in a fraction of the time required for
ihe conventional gravimetric or titrimetric procedure. A 0.5-
gram sample may be handled colorimetrically with an accuracy
equal to that of the usual titrimetric procedure, and with a saving
oftime of at least two thirds. For this purpose Mission (6) first
used the molybdivanadophosphoric aeid method. It was in-
vestigated subsequently by others (1, 7, 8). Since the procedure
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has not been generally applied in the routine analysis of steel,
the work reported here was done to check the earlier recommen-
dations with modern photoelectric equipment.

EXPERIMENTAL WORK

A plain carbon steel was used as the source of phosphorus in
most of the work. The manufacturer’s analysis gave the follow-
ing percentages: C, 0.64; Mn, 0.65; Si, 0.18; S, 0.022; and P,
0.02. The last value was checked. The solutions of ammonium
vanadate and molybdate were the same as used before. The
potassium permanganate and the ammonium peroxydisulfate
solutions were 1 and 7.5%, respectively. The 3% hydrogen
peroxide was the common U.S.P. solution.

In most methods for the colori-
metric determination of minor constituents in iron and steel, some
reaction is used to convert the colored ferric ion to a colorless
complex. Several common reactions are inapplicable with the
molybdivanadophosphoric acid method. Phosphoric acid ob-
viously cannot be used to form the ferric phosphate complex.
Fluoride ion interferes with the color development, thus eliminat-
ing the fluoride complex. Reduction of ferric to ferrous ion is
objectionable because ferrous iron partially reduces the colored
complex. Although dissolution of the sample in perchloric acid
gives a measurable system (10), the procedure recommended here
proved to be more rapid and more easily controlled.

This situation necessitates developing the molybdivanadophos-
phoric acid color in the presence of the ferric iron color. The
latter, or background color, must be reproducible to ensure reli-
able results in the final evaluation of the total color. Prelimi-
nary experiments with the procedure of Murray and Ashley (7)
revealed difficulties which were traced to this background color.
The deviation was small and probably would be unnoticed in vari-
ous visual methods. Since it was definitely more than the 2%
error considered negligible for work with the recording spectro-
photometer, means were sought to reduce the uncertainty.

Subsequent work showed that a reproducible background
color could be obtained with the procedure of Murray and Ashley
only by careful control of the experimental conditions. The use
of ammonium peroxydisulfate as oxidant eased the necessity for
careful control. Solutions prepared with this reagent were more
reproducible than those using the permanganate previously rec-
ommended, and they did not require such close duplication of ex-
perimental conditions. Excess oxidant is readily removed by
heating, thus eliminating an operation from the procedure and
saving time.

Preliminary Experiments.

Effect of Variables on Color. The following experimen-
tal procedure was used in studying the effect of variables on the
peroxydisulfate method:

A 0.5-gram sample of steel in a 150-ml. conical flask was treated
with 20 ml. of nitric acid (1 to 2). After violent action ceased,
the solution was heated to boiling on a hot plate and allowed to
boil from 2 to 5 minutes. Five milliliters of the peroxydisulfate
solution were added, and the solution was boiled from 3 to 5
minutes to destroy excess oxidant. Ten milliliters of vanadate
solution were then added, and the solution was cooled to room
temperature. Following addition of 20 ml. of molybdate solu-
tion, the system was mixed and transferred to a 100-ml. volu-
metric flask. After dilution to volume with water and mixing,
the transmittancy curve was determined in 5.00-cm. cells.

Acid Concentration. The concentration of acid in the final
solution is indefinite because of the amount used up in the dis-
solution process, and that boiled out during subsequent heating.
The intense color produced with the use of small amounts of
acid is probably attributable to a vanadomolybdate complex
which forms at low acidity. The color with high acid concen-
tration is due almost entirely to the iron color. The optimum
amount of acid is 20 ml. of nitric acid (1 to 2). This volume pro-
vides reproducible background color, but more reduces the in-
tensity of the final color. Measurement of the acid to =1 ml.
from a 250-ml. buret is recommended.
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Peroxydisulfate Concentration. Enough ammonimn peroxy-
disulfate must be added to oxidize organic material, but a large
excess should be avoided. Although 5 ml. of a 7.5% solution
mwere chosen as the optimum amount, twice as much is permissible.
As the solution decomposes on standing, it should be prepared
daily.

Vanadate and Molybdate Concentration. Variations in the
vanadate and molybdate concentrations have some effect on the
final color. Twenty milliliters of 5% ammonium molybdate and
10 ml. of 0.25% ammonium vanadate gave best results. These
volumes should be controlled within 1 ml.

Time of Heating. The steel solution should be boiled at least
2 minutes after dissolution of the sample, but boiling as long as 5
minutes has no deleterious effect on the color. The length of
time of boiling after adding peroxydisulfate is apparently not
critical, since variation from 3 to 10 minutes made no difference.

Order of Adding Reagents. Three successions of adding re-
agents were tried: both the vanadate and the molybdate to the
hot steel solution; the vanadate to the hot solution, followed by
cooling before adding the molybdate; and both the molybdate
and vanadate to the cooled steel solution. The same final color
was obtained. However, the second order was finally adopted,
chiefly because of previous recommendation.

Stability of Color. The full color intensity develops immedi-
a'.ely on adding the molybdate, and the color is stable for at least
an hour. Since the method is being recommended for rapid
photometric measurement, this factor was not studied further.

RECOMMENDED PROCEDURE FOR STEELS

Based on this experimental evidence, the following procedure
is recommended for the determination of phosphorus in plain
carbon and certain low' alloy steels:

Sample. Weigh a 0.5-gram representative sample into a
150-ml. conical flask, add 20 ml. of nitric acid (1 to 2), and, after
violent action ceases, boil 2 minutes to remove nitrous oxide
fumes. Add 5 ml. of a freshly prepared 7.5% solution of am-
monium peroxydisulfate, and boil 3 to 5 minutes to destroy the
excess.

Desired Constituent. Add 10 ml. of 0.25% ammonium
vanadate solution to the hot solution and then cool to room tem-
perature. After adding 20 ml. of 5% ammonium molybdate
solution, mix thoroughly and transfer the solution to a i100-ml.
volumetric flask. Dilute to the mark, mix, and measure the
color intensity by any suitable means. A blue filter with maxi-
mum transmission near 470 my is suitable for a filter photometer.
W ith a spectrophotometer the best wave length is the range 460
to 480 my.

Table II. Data Used for Calibration Curve
Steel Log T*m
No. Phosphorus T+60 Observed Calcd.0
% %
55 0.003 68.8 1.838 1.843
lid 0.006 68.0 1.833 1.830
12d 0.013 62.9 1.799 1.798
16b 0.025 55.5 1.744 1.744
20c 0.044 45.9 1.662 1.658
21c 0.062 36.8 1.566 1.576
22b 0.084 31.2 1.494 1.476
8d 0.099 25.0 1.398 1.409

1Calculated from the equation

1.857 - log T
0

%P - An

ANALYSIS OF STANDARD SAMPLES

'The final test of the procedure was the analysis of some 20 plain
rand ilow-alloy steels from the National Bureau of Standards.
iEight plain carbon steels of different phosphorus contents were
used to establish a calibration curve. The remainder were ana-
lyzed on the basis of this curve. Three samples of each steel were

prepared according to the recommended procedure. The aver-
age of the transmittancy readings at 460 my was used as the most
probable value.

The data secured for the eight steels used for the calibration
curve are summarized in Table Il. The transmittancy curves
for the solutions are shown in Figure 2. If log TVa is plotted
against percentage of phosphorus, a straight line is obtained, in-
dicating conformity to Beer’s law. The equation of the best
straight line was calculated by the method of least squares, the
data obtained being included in Table I1.

Afterthe calibration curve had been established, 14 plain carbon
and low-alloy steels were analyzed (Table I11). In each case
the average value found is the result of at least 3 determinations.
The average deviation from the mean was usually less than 2 to
3% of the phosphorus present.

Table Ill.  Analysis of Standard Steels
Sample Type Phosphorus Deviation Allowable
and No. Found from Standard Deviation (6)
% % %

Bessemer 9c 0.091 ~ -0.005 +0.004
Bessemer 10d 0.087 0.001 0.004
Bessemer 23a 0.102 0.000 0.004
B.O.H. 13c 0.011 - 0.002 0.002
B.O.H. 15a 0.006 - 0.001 0.002
A.O.H. 21a 0.062 - 0.001 0.003
A.O.H. 34 0.095 0.000 0.004
A.O.H. 35 0.035 + 0.002 0.003
Electric 51 0.016 +0.005 - 0.002
Acid electric 65a 0.036 0.000 0.003
Mn rail 100 0.022 - 0.001 0.002
Ni 33b 0.036 - 0.001 0.003
Ni-Cr 32b 0.024 40.008 0.002
Cr-Mo 72 0.033 + 0.017 0.002

Examination of the results shows that in four cases the experi-
mental results are outside the limits set for gravimetric or titri-
metric methods. The reason for the deviation in steel 9e is un-
knowm, three excellent checks being obtained. With steel 51,
hou'ever (because of high carbon ?), 6 samples diverged widely.
Other samples in wdiieh deviation occurred contained moderate
amounts of chromium, which would be expected to interfere.

The accuracy of the calibration curve was confirmed by calcu-
lating the best straight line for all the steels except Nos. 32b,
33b, 51, and 72. The formulas for the best straight lines are

1.857 - log 7«0 /
Bt = jgggs)g «0 (ré samples)

(18 samples)

Discussion. The use of ammonium peroxydisulfate has
several advantages over potassium permanganate in this method.
The background color is more nearly reproducible. Since exact
control of experimental conditions is not necessary, the over-all
procedure is simplified. There is a saving of approximately 10
minutes in time.

The calibration curve may be prepared by using a series of
steels of known phosphorus content, or by adding known amounts
of phosphorus to solutions of a single analyzed steel. The former
alternative was used in this w-ork, and the latter by Murray and
Ashley (7). Their method seems preferable if one type of steel
is to be analyzed, since the background color is then essentially
constant. As Beer’s law applies to the system, one may extrapo-
late to concentrations of phosphorus below that of the standard.
If several types of steel, having compositions not too different but
giving different background colors, are to be analyzed, an aver-
age calibration curve should be prepared from a series of known
steels of the types to be analyzed. In any questionable case, the
second alternative should be used. Instead of taking the results
from such a calibration curve, they may be calculated from the
straight-line equation already mentioned.
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Murray and Ashley reported serious interference with high
(4%) silicon, but in the usual range of this element no interference
was found in this work. More than 0.4% chromium gives a posi-
tive error. In general, the accuracy equals that of the common
titrimetric method, which is less rapid and requires more skill.
The molybdenum blue method of Hague and Bright (3) is also
lessrapid.
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Determination of Potassium in Fertilizer Mixtures

Removal of Ammonia and Organic Matter without Ignition

A.B.JOY
The Pacific Chemical and Fertilizer Co., Honolulu, T. H.

HE ignition step in the A.0.A.C. (1) method for the de-

termination of potassium in mixed fertilizers requires
careful attention and may sometimes result in potassium losses
or insoluble residues. This paper presents a procedure which
has been found to reduce errors and shorten the time of analysis
of many fertilizers by eliminating high-temperature ignition
with sulfuric acid.

Kraybill and Thornton (4) have called attention to losses
during ignition which may be caused by spattering or volatiliza-
tion. St. John and Midgley (6) found that controlled tempera-
tures tend to avoid volatilization of potassium due to localized
overheating. They also noted insoluble residues from ashing
plant materials with sulfuric acid, but usually none when using
their acid digestion method.

In his 1940 Report on Potash, Ford (3) showed that errors
from “water-insoluble residues that are often encountered”
should be corrected either by filtering the potassium solution
before adding platinic chloride, or by .dissolving the weighed
potassium platinic chloride with hot water and reweighing the
dried crucible. In either case additional work is involved which
increases the time of analysis.

In 1934 this laboratory experienced difficulty in obtaining
accurate potash results by the official method of that time when
analyzing fertilizers containing little or no superphosphate and
large amounts of monoammonium phosphate. Since the igni-
tion step was found to be the main source of error in the analysis
of mixtures of this type (2), a procedure was adopted which elimi-
nated ignition by using a low-temperature method to remove
interfering ammonium salts and organic matter. Thus it was
impossible to form insoluble metasilicates or phosphates.

Changes in the A.0.A.C. method were made in 1935, so that
with proper manipulation and corrections for insoluble residue
it was possible to determine potassium in all types of fertilizer
with a greater degree of accuracy. Although these changes in-
cluded better ignition technique, the low-temperature procedure
as used in this laboratory appeared to have certain advantages.
Several improvements in the method have been made recently
and analytical results compared with those obtained by ignition
with sulfuric acid, using the same solution for both determina-
tions.

METHOD

Reagents (other than used in A.O.A.C. method). Concen-
trated sodium hydroxide solution, 30 grams of A.C.S. reagent
sodium hydroxide per 100 ml. of solution. Sodium chlorate
solution, 10 grams of A.C.S. reagent sodium chlorate per 100
ml. of solution. 30% sulfuric acid, 20 ml. of sulfuric acid (A.C.S.
reagent, 1.84 sp. gr.) in 80 ml. of water.

-M ethod 1 (for inorganic fertilizers). Place 5 grams of sample
in a 250-ml. volumetric flask and add about 100 ml. of water
and 50 ml. of saturated ammonium oxalate solution. Boil 30
minutes, cool, dilute to 250 ml., mix well, and filter or allow
coarser particles to settle. Pipeta 100-ml. aliquot into a 500-ml.
Kjeldahl flask containing a few glass beads. (If moisture content
of the fertilizer permits grinding fine enough to prevent separa-
tion of particles, weigh a 2-gram sample directly into the Kjeldahl
flask. Add about 75 ml. of water and 20 ml. of saturated am-
monium oxalate solution. Boil 10 minutes.)

Add 3 or 4 drops of 1% phenolphthalein solution and 5 ml. of
concentrated sodium hydroxide solution. Boil vigorously until
damp red litmus paper placed over mouth of flask shows_ no
trace of blue color when lef| there several minutes. The time
required to expel ammonia is usually less than 15 minutes. |If
red color of phenolphthalein fades during boiling, add sufficient
sodium hydroxide to restore.

Cool and transfer with thorough washing to a 200-ml. volu-
metric flask. Dilute to mark, mix well, and pass through a
close-textured dry filter. Determine K2 on a 25- or 50-rnl.
aliquot by the platinic chloride method. Treat precipitate in
evaporating dish with about 15 ml. of 85% alcohol and 1 ml. of
concentrated hydrochloric acid. Use rubber policeman to break
up residue thoroughly before transferring to Gooch crucible.
Wash as usual with alcohol and ammonium chloride solution,
but use ten 10-ml. portions of ammonium chloride solution if a
50-ml. aliquot was taken. Adjust suction during the ammonium
chloride washing so that the jet from wash bottle or 10-ml.
pipet (enlarged tip opening) will about half fill the crucible and
agitate the precipitate with each washing.

M ethod 2 (for fertilizers containing urea, cyanamide, or other
interfering organic materials). Prepare a 5-gram to 250-ml.
fertilizer solution as in Method 1, but after boiling 30 minutes
add 2 ml. of concentrated ammonium hydroxide or sufficient to
make alkaline. Cool, dilute to volume, mix well, and pass
through a close-textured dry filter. Add 5 ml. of concentrated
nitric acid to a 100-ml. aliquot in a 500-ml. Kjeldahl flask and
boil vigorously to a volume of about 10 ml. Add 5 ml. of sodium
chlorate solution and 5 ml. of 30% sulfuric acid. (If sample is
high in organic matter or urea, use 10 ml. of 30% sulfuric acid.)

Boil to dense sulfur trioxide fumes using low heat, then use
high heat for 10 to 15 minutes to destroy organic matter. Cool
3 or 4 minutes and wash down neck of flask with about 100 ml.
of water. Heat to obtain complete solution of residue. Add
phenolphthalein and neutralize with concentrated sodium hy-
droxide solution. Add 2 ml. excess and boil to negative test
for ammonia. Proceed as in Method 1.

DISCUSSION

The use of a 5-gram sample in this method rather than the
official 2.5 grams is based upon the study of Kraybill and Thorn-
ton (0), who found that errors may result due to difficulty in
weighing uniform 2.5-gram samples. The larger sample is taken
in order to minimize such errors, usually caused by separation
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Table I. Comparative K20 Analyses and Composition of Labora-
tory Mixtures

Calcu- HtS O New
lated lguitiou Method Composition of
Mixture* K ,0 Kio KsO Mixture
% % % %
L-I 22.2 22.14 22.19 20 KCl1&
22.32 22.23 20 K:soic
10 Superphosphate
25 (NEL)jSO.
20 Ammo-Phos A
Av. 2223 22.21 5 Bone meal
1-2 22.2 21.93d 22.17 20 KC1*
22.24 22.10 20 KjsO,“
10 Superphosphate
10 Ammo-Phos A
10 CaCNj
10 Uramon
10 Fish meal
Av.  22.09 22.14 10 Bone meal
L-3 30.4 30.28 30.35 50 KC1»
30.44 30.30 10 Superphosphate
20 (NIDISO.
10 Ammo-Phos A
Av. 30.36 30.33 10 Tankage
L-4 30.4 30.37 30.42 50 KC1»
30.43 30.36 10 Suf_'erphosphate-
20 (NHOisSOr
10 Ammo-Phos A
Av.  30.40 30.39 10 Uramon
L-5 30.4 30.18 30.41 50 KCl«
30.40 30.29 20 Superphosphate
20 fNHi)sSOi
Av. 30.29 30.35 10 Ammo-Phos A
L-6 10.8 10.75 10.76 20 Kjso. c.r./
40 NaNOa

40 (NH.)jsCL

° Materials weighed on analytical balance. Duplicate analyses made on a
second series of weighings.

tTrona muriate. Analysis by this laboratory, 61.29% KaO. Manufac-
turer’s analysis, 61.26% K20.

e Foreign potassium sulfate. Analgsis by this laboratory, 49.70% KiO.
Manufacturer's guarantee, 49.5% KsO.

Low result probably caused by spattering at start of ignition due to large

amount of organic matter.

«Trona muriate. Analysis by this laboratory, 60.80% KaO. Manufac-
turées analysis, 60.81% KiO. . . .

/ Analytical reagent, dried before using. Theoretical KjO, 54.05%.

------- Tfre —

of coarse 1-mm. particles from the fines. Many fertilizers of low
moisture content, however, can be finely ground and have only
traces of organic matter from phosphates and by-product ammo-
nium sulfate. Two grams of such material may be treated
directly for ammonia removal by the shortened procedure. The
total time from weighing a 2-gram sample to taking an aliquot
for evaporation with platinic chloride is about 40 minutes.

The time of boiling a 5-gram sample with ammonium oxalate
has been made to agree with the A.O.A.C. period of 30 minutes,
but it has been the experience of this laboratory that 10 to 15
minutes is sufficient for most types of fertilizer, especially when
the composition of the sample is known or a finely ground 2-gram
sample is used.

Although Method 1 does not require addition of ammonium
hydroxide after boiling with ammonium oxalate, this may be
done if the solution is to be used for a check analysis by sulfuric
acid ignition. This does not appreciably lengthen the time of
expelling ammonia from a 100-ml. aliquot.

Phenolphthalein indicator is not destroyed or volatilized dur-
ing the boiling period. Fading of color indicates a drop in pH
and will occur only in exceptional cases where 5 ml. (1.5 grams)
of sodium hydroxide are not sufficient to react with all am-
monium salts present. If it is desired to check the litmus test
for complete removal of ammonia, phenolphthalein may be
omitted and a portion of the final filtered solution treated with
Nessler reagent.

The final solution of a fertilizer analyzed by Method 1 will
contain a small amount of sodium oxalate. In case the sample
contains no soluble calcium the amount of sodium oxalate in a
50-ml. aliquot taken for evaporation with platinic chloride will
be approximately 0.24 gram. This may be decomposed before
precipitation of potassium platinic chloride by the hypochlorite
reaction, or preferably allowed to remain with the precipitate,
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since this amount of sodium oxalate is easily removed by acid
alcohol and ammonium chloride washing. Decomposition by
sodium hypochlorite is accomplished by the addition of 3 to 4
ml. of pure 5% available chlorine solution to a 50-ml. aliquot in
a porcelain dish. The solution is then made distinctly acid
with concentrated hydrochloric (2 ml.) and evaporated for 10
minutes, after which the necessary amount of platinic chloride
is added.

The final solutions of organic fertilizers will not contain oxalate
since it is destroyed by the sulfuric acid treatment of Method 2
In this procedure sodium chlorate is used in addition to sulfuric
acid in order to destroy other forms of organic matter, especially
when present in large amounts. No attempt was made to use
perchloric acid because of the possible hazard of explosion.

Table | gives the comparative analyses and composition of
six fertilizer mixtures made in the laboratory, each containing
known amounts of K.O. Interfering materials such as calcium
cyanamide, urea, tankage, and fish meal were used in amounts
greater than those ordinarily found in commercial fertilizers.
One inorganic mixture (L-6) which contained no calcium was
included, so that the maximum amount of sodium oxalate would
be present.

In these particular mixes, with the exception of L-I, ignition
with sulfuric acid according to the A.O.A.C. technique produced
only traces of insoluble residue. The asbestos-padded Gooch
crucibles were therefore not washed out with hot water and re-
weighed. Table Il gives comparative analyses on various types
of local commercial fertilizers.

Table Il. Comparative KjO Analyses of Commercial Fertilizers

HjSOi Ignition New Method Variation

Formula k 20 Kjo Kjo

% % %

7-20.5-17 18.07 18.02 -0.05
7-20.5-17“ 16.48 16.49 +0.01
7-20.5-171 17.86 17.80 -0.06
6-20-12 13.32 13.31 - 0.01
8-12.6-6 5.72 5.77 +0.05
7-3.5-23 23.01 23.15 +0.14
6-15-10 9.98 9.91 -0.07
7-10-10 10.17 10.23 +0.06
7-11-10 10.48 10.50 + 0.02
8-9-11 10.68 10.59 -0.09
7-12-7 7.83 7.79 -0.04
11-20-22 26.63 26.61 - 0.02

a Containing 252 pounds of bone meal per ton.
&Containing 50 pounds of Uramon per ton.

SUM M ARY

A method presented for the determination of potassium in
mixed fertilizers involves the usual ammonium oxalate solution
and chloroplatinic acid precipitation, but employs a rapid vola-
tilization procedure for removal of ammonia, and an oxidizing
method for destroying interfering organic compounds. This
means of preparing a solution from which potassium may be pre-
cipitated makes it unnecessary to ignite at a high temperature
with sulfuric acid, which may result in the formation of insoluble
residue or the loss of potassium by spattering or volatilization.

A large number of analyses by this method have been made on
inorganic and organic fertilizers containing salts of known potas-
sium content, and the results are in close agreement with the
calculated values of these mixtures.
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Relationship between Unsaturation and the Ultraviolet
Absorption Spectra of Various Fats
and Fatty Acids

R. H. BARNES, I. . RUSOFF, E. S. MILLERL AnND G. O. BURR, University of Minnesota, Minneapolis, Minn.

The spectral absorption of several unsaturated fatty acids and nat-
ural fats have been measured from 2500 to 2100 Angstrom units.
Data are presented that show a definite relationship between the
degree of unsaturation and extinction coefficients at 2100 Angstrom
units. From the composition of natural fats it is possible to predict
the extent of absorption at this wave length.

IS well known that absorption by the carbon to carbon
double bond, one of the most important chromophores (3, 6),
is modified by factors such as the cis- and trans-configuration,
weighting by substituent groups, the number of double bonds in
the carbon chain, and their positions relative to each other (3).
Tiie natural fatty acids, their esters, and isomers constitute a
most important group of aliphatic compounds differing chiefly in
the number and position of double bonds. In a recent review' (2)
it was pointed out that except for the saturated fatty acids (13)
the absorption curves of the well-known members of this series
of compounds and the natural oils have usually not been ex-
tended below 2200 or 2300 A. (1, 4, 5, 7, 9, 14, 19). The measure-
ments that have been made in the longer wave lengths show such
great irregularities that it must bo assumed that impurities with
strong absorption bands are affecting the results.

The effect of increasing numbers of unconjugated double bonds
insimple hydrocarbons is so marked at 2100 A. (3, 6) that it was
decided to study the absorption spectra of the highly purified
fatty acids. Although it was not possible to extend the curves of
the unsaturated acids to their maxima (below 2000 A.) because
of the limit of the spectrograph (2100 A.), there nevertheless was
found a large and consistent effect of increasing unsaturation
which seemed of practical importance, since this wave length is
within the range of many spectrographs now in use.

EXPERIMENTAL

The absorption measurements from 2100 to 2250 A. were
were made with a Gaertner Littrow spectrograph. From 2300

to 2500 A. absorption was measured with a photoelectric spec-
trophotometer similar to that described by Hogness et al. (8).
The solvent employed was purified ethyl alcohol (commercial
05% alcohol freshly distilled from potassium hydroxide) for all
samples except stearic acid which was dissolved in ethyl ether
(freshly opened anesthesia grade). The absorption values of the
pure compounds are plotted as the logarithm of the molecular
extinction coefficients, «, while the values for the oils are expressed

871 cm w”ere % means 1 gram in 100 cc. of solution. The

valueswere calculated from Lambert’s and Beer’s law,

log eel

Measurements were made on samples of the highest purity ob-
tainable. (The authors are indebted to J. P. Kass and J. Nichols
for the preparation of these materials.) The stearic acid melted
at 69.6° in a capillary tube and had no measurable iodine number.
Oleic acid was prepared by repeated recrystallization at low tem-
perature of the fatty acids of olive oil until a sample with iodine
number (Wijs) of 88 was obtained. The chief impurity probably
was palmitic acid. The methyl esters of linoleic, linolenic, and
arachidonic acids were made from the recrystallized polybromides
by debromination in methyl alcohol. The iodine number of each
preparation was within 2 units of the theoretical value.

1Deceased.
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The curves in Figure 1show the marked effect of unsaturation
on spectral absorption below 2250 A. At 2100 A. the
long-ch<wn fatty acids have the following molecular extinction
coefficients: stearic 60; oleic 180; methyl linolate 2500; methyl
linolenate 10,000; and methyl arachidonate 14,500. In other
words, arachidonic acid with an iodine number approximately 4
times that of oleic acid has a spectral absorption at 2100 A. which
is roughly 80 times as great.

The suggestion of an absorption band at 2350 A. may be due to
trace impurities. This is the region of maximum absorption by
conjugated dienes and it is known that in the saponification,
bromination, debromination, and distillation of highly unsatu-
rated fatty acids some conjugation may take place (16, 17, 18).
However, since the conjugated dienes have molecular extinction
coefficients of 20,000 to 30,000 in this region (2), there could not
be more than a fraction of 1% present in any of these prepara-
tions. This would not measurably affect the absorption values of
the highly unsaturated acids at 2100 A. although it is sufficient to
throw the curves out of line at 2300 A.

The large and regular effect of unsaturation on light absorp-
tion at 2100 A. is contrasted with the smaller and irregular ef-
fects at the longer wave lengths in Figure 2. It is clear that if
absorption at 2100 A. can be measured with sufficient accuracy
the values can be used as constants in simultaneous equations for
calculating the fatty acid composition of oils. This direct meas-
urement may well be used instead of the one described by Kaas
et al. (12) and later extended by Mitchell et al. (15), which de-
pends upon the measurement of the conjugated linoleic and lino-
lenic acids after saponification at a high temperature. The chief
disadvantage of the present method comes from the requirement
that the measurements be made at a wave length shorter than
that reached by many instruments.

METHYL ARACHIDONATE
METHYL LINOLENATE
METHYL LINOLATE
OLEIC ACID

STEARIC ACID

ab WL

0.01

2500 2300

WAVE LENGTH

2400 2200 2100

Figure 1. Absorption Spectra of Five Fatty Acids with
Different Numbers of Unconjugated Double Bonds
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Table I. Comparison of Calculated and Experimentally Determined
Extinction Coefficients for Natural Fats
Extinction
Coefficients,
A-1%
lodine Thiocy- Satu- Lino- lcm. at 2100 A.
Value anogen rated Oleic leic Calcu- Meas-
Fat (Wij.) Value Acids Acid Acid lated ured
Coconut 8.6 7.3 87.4 6.6 1.5 3.8 5.9
Olive 83.2 74.8 11.8 74.0 9.7 15.2 18.2
Corn (Ma-
zda) 134.2 82.8 6.5 29.6 59.4 61.6 60.0

In Figure 3 the curves of four plant fats of widely different
composition are compared with those of the fatty acids. The

1% ,at 2100 /3 are in the range that

would be expected from the composition of the fats. lodine
numbers (Wijs) and tliiocyanogen numbers were determined
for coconut oil, olive oil, and corn oil. (The authors are in debted
to H. G. Loeb for these determinations.) From these analytical
constants the composition of the three fats was calculated (Table
1). The corrected value for the tliiocyanogen number of linoleic
acid as given by Kass clal. (11) was substituted in Equation 3 of
the following simultaneous equations described by Jamieson (10):

extinction coefficients,

X+y+ s=1 )
86.01 * + 173.20y + o =1. N. 2
86.01 x + 9059y + o= T.N. 3)

where x is the amount of oleic acid glyceride; y, the linoleic acid
glyceride; and s, the saturated acid glyceride present in the fat.
After determining the composition of the fat, and converting to
the free acids (95.5% of the glycerides) the values were substi-
tuted in the equation:

s %
71 x + 100y f 21 s F}lgm.

The EI™ at 2100 A. for oleic acid is 7.1; for linoleic acid, 100;
NUMBER OF 00UBLE BONDS
Figure 2. Effect of Number of Unconjugated Double Bonds in

Fatty Acids on Extinction Coefficient at Different Wave Lengths

Experimental pointsare connected by lines to aid in Following values For same wave

length.  Mixtures of two fatty acids differing by one double bond would give Inter-

mediate values on straight line between them but an oil averaging one double bond

by having an equal amount of saturated acid and linoleic acid would not have absorp-
tion of oleic acid glyceride (1 double bond)
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2.0 w
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Figure 3. Absorption Spectra of Four Vegetable Oils

Compared with Their Constituent Fatty Acids

0,
and for stearic acid, 2.1. The iijl’@ calculated inthis mannerwars

then compared with the value determined experimentally. The
results (Table 1) are seen to be of the right order of magnitude.
Both coconut oil and olive oil have very low spectral absorption
at 2100 A. and are thus subject to considerable error introduced
by traces of highly absorbing materials. A small error in the cal-
culation of the linoleic acid content would also have a large
effect. For example, if the coconut oil really contained 2.5%

would be

raised to 5.6, However, corn oil absorption is of such magnitude
that the effect of contamination is minimized and, consequently,
it is possible to show a close agreement between the calculated and
experimental values for this fat.

linoleic acid instead of the calculated 1.5%, the n
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8-Hydroxyquinaldine as an Analytical Reagent

LYNNE L. MERRITT, Jr.,, and JACK K. WALKER

Department of Chemistry, Indiana University, Bloomington, Ind., and Wayne University, Detroit, Mich.

8-Hydroxyquinaldine is a more selective reagent than 8-hydroxy-
quinoline because it does not precipitate aluminum. Separations
of zinc from magnesium, from aluminum, and from magnesium and
aluminum are given. The precipitates of the zinc and the magnesium
complex salts may be either weighed or determined volumetrically
by bromination. Aluminum may be determined in the filtrate of
the zinc determination by adding 8-hydroxyquinoline. The effect
ofthe pH upon the completeness of precipitation of the 8-hydroxy-
quinaldine complexes of cupric, zinc, ferric, and magnesium ions
hes been studied. Complete directions for an improved method of
preparing 8-hydroxyquinaldine are given.

M ANY derivatives of S-hydroxyquinoline, “oxine”, have
been preparedand their analytical uses have been investi-
gated (7). Most of these derivatives have been 5-, 7- or 5,7 sub-
stitution products. Although several 2-substituted derivatives
are known, apparently only one, 2-phenyl-S-hydroxyquinoline-
4-carboxylic acid, has been tested for analytical purposes (1).
Since the 2-methyl-8-hydroxyquinoline or 8-hydroxyquinaldine
has been known for some time (2) and is one of the simplest 2-
substituted derivatives, the authors choose to investigate it first.
Ascompared to 8-hydroxyquinoline, 8-hydroxyquinaldine exhib-
its some important differences in behavior. Probably because
of its increased size, it is a more selective reagent. If size of the
moleeule is a determining factor, the larger molecule might be
expected not to react with the smaller ions because of the dif-
ficulty in grouping three; large molecules around the small ion.
If the complex is formed, it might be less stable. This is sup-
ported by the fact that 8-hydrQxyquinaldine does not react with
aluminum ions, one of the smallest trivalent ions (3) with which
8-hydroxyquinoline reacts, and the 8-hydroxyquinaldine com-
plex with ferric ion is precipitated completely only in a much
less acid solution than that required by 8-hydroxyquinoline.

REAGENTS

2-Methyl-8-iiydroxyquinoline. The original method of
Doebner and v. Miller (2) was modified as suggested by Kochen-
(loerfer (0). Fifty-five grams (0.50 mole) of o-aminophenol and
25grains (0.18 mole) of o-nitrophenol were dissolved in 100 grams
of 12V hydrochloric acid in a three-necked flask fitted with re-
flux condenser, mechanical stirrer, and dropping funnel. Forty
grams (0.57 mole) of crotonaldehyde were added with stirring
over a period of about 45 minutes. The mixture was heated on
the steam bath for 6 hours with continual stirring and was then
allowed to stand overnight. The excess o-nitrophenol was re-
moved by steam-distillation from the acid solution. Fourteen
grams of o-nitrophenol were recovered.

The residue was nearly neutralized with 6 N sodium hydroxide
solution and then saturated with sodium carbonate and steam-
distilled. The yield of crude 8-hydroxyquinaldine was 24 to 32
grams or 30 to 40%.

Five grams of the crude material were distilled under reduced
pressure (water pump) in a sublimation tube and 4.9 grams of
light red material were obtained. The 8-hydroxyquinaldine
(49grams) was crystallized from a mixture of 20 ml. of 95% ethyl
alcohol plus 10 ml. of water and 4.1 grams of a slightly yellow
product were obtained, m.p. = 69° C. This product is pure
enough for analytical use but was recrystallized once again for
sheauthors’ experiments: m.p. = 72° C. (literature, 2, 74° C.)
Some crude material can be recovered from the mother liquors.

The reagent solution is prepared by dissolving 5 grams of 8-
nydroxyquinaldine in 12 grams of glacial acetic acid and diluting
In 100 ml. with water. An alcoholic solution is prepared by dis-
solving 5 grams in 100 ml. of 95% ethyl alcohol.  Alcoholic solu-
tions of the reagent turn dark in 1 to 2 days and should be freshly
Prepared. An acetic acid solution is stable for a week or longer.

Standard Solutions. Standard solutions of iron, copper,

and zinc were prepared by dissolving weighed samples of the pure
metals in acid and diluting to volume in a volumetric flask.
Copper was dissolved in nitric acid and evaporated with sulfuric
acid to obtain the sulfate. Iron was dissolved in sulfuric acid
and oxidized to the ferric state with nitric acid, the excess of
which was later evaporated off. Zinc was dissolved in hydro-
chloric acid.

A standard solution of magnesium sulfate was prepared by
dissolving a weighed amount of c.p. magnesium sulfate hepta-
hydrate in a measured amount of water. The solution was fur-
ther standardized by gravimetric precipitation of the magnesium
as magnesium ammonium phosphate and ignition to the pyro-
phosphate and by precipitation of the 8-hydroxyquinoline salt.

A standard solution of aluminum ion was prepared by dissolv-
ing c.p. potassium alum in a measured amount of water.

Standard Potassium Bromate Solution. Astandard potas-
sium bromate solution, approximately 0.1 A, was prepared by
dissolving a weighed amount of c.p. potassium bromate, dried at
110° C., in water and diluting to the mark in a volumetric flask.
It was further standardized against Bureau of Standards arseni-
ous oxide, using methyl orange as indicator.

Standard Sodium T hiosulkate Solution, c.p.sodium thio-
sulfate was dissolved in distilled water to make an approximately
0.05 N solution, which was standardized against the potassium
bromate solution.

Ammonium Acetate Solution, 2 N. This was prepared by
dissolving 154 grams of c.p. ammonium acetate in water and di-
luting to 1 liter.

QUALITATIVE REACTIONS OF 8-HyDROXYQUINALDINE

Qualitative tests were performed upon most of the common
ions as listed below. In acetic acid-acetate buffered solutions,
8-hydroxyquinaldine forms precipitates with Bi+++, Cd++,
Cr+++, Co++, Cu++, Fe++, Fe+++, Mn++, Ni++, Ag+, TiO++,
Zn++, MoO( ,WO( ,and VOa". It does not form a precipi-
tate with Be++, Al+++, Ca++, Sr++, Ba++, Pb++, Mg++, K \
Na+, or NH(+. It does not precipitate Bi+++ or Sn++++ in
tartrate solutions.

In ammoniacal solutions, the ious precipitated in acetic acid-
acetate solutions, with the exception of MoO< , WO<—, and
small amounts of V03, are precipitated and, in addition, Pb++,
Mg++, Ca++, and Sr++. Aluminum ions are still not precipi-
tated. Tartrate was added to the solution to prevent the pre-
cipitation of aluminum hydroxide.

EFFECT OF pH UPON PRECIPITATION OF ZINC, COPPER, IRON,
AND MAGNESIUM

Zinc, cupric, ferric, and magnesium ions were selected for fur-
ther study as probably the most important and representative
ions which are precipitated by 8-hydroxyquinaldine.

A definite amount, 24.99 ml., of the standard solution of one
of the four ions, containing, respectively, 0.05121 gram of zinc,
0.05028 gram of copper, 0.04965 gram of iron, or 0.02558 gram of
magnesium, was taken for precipitation. An excess of 1to 2 ml.
of 5% 8-hydroxyquinaldine in 2 N acetic acid was added and the
total volume brought to about 200 ml. with distilled water. The
solution was heated to 60° to 80° C. and 2 N ammonium acetate
solution was added until the desired pH, as determined by means
of a glass electrode, was reached. The precipitate was filtered
through a Gooch crucible and dried at 120° to 130° C. for at least
3 hoursand weighed. The per cent precipitated is plotted against
the pH in Figure 1

According to Figure 1it appears probable that cupric, ferric, or
zinc ions could be separated from magnesium. The separation
of each of these ioas from aluminum is also a possibility with this
reagent. The ferric complex with 8-hydroxyquinaldine requires
a considerably higher pH for complete precipitation than the cor-
responding 8-hydroxyquinoline complex (4, 6).
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Zinc can be separated from aluminum and magnesium ions by
precipitation in acetic acid-acetate solutions with S-hydroxy-
quinaldine. The zinc can be determined gravimetrically by
weighing the precipitate or volumetrically by bromination. If
aluminum is present, tartrate is added to prevent precipitation of
any basic aluminum salts.

Magnesium can be determined in the filtrate from the zinc de-
termination, if no aluminum is present, by raising the pH to 9.3
or higher. When tartrates and a high concentration of ammo-
nium salts are present (when aluminum is present) the magnesium-
8-hydroxyquinaldine complex precipitates so slowly that the
method is useless. Calcium ions interfere in the magnesium
determination in amounts over 2 or 3 mg. and should be previ-
ously removed.

Aluminum can be determined after removal of the zinc by add-
ing 8-hydroxyquinoline.

pH.

figure 1. Effect of pH upon Precipitation of 8-
Hydroxyquinaldine Complexes
O Cupric A M«gn«lum
« Fenle A Zinc

It is advantageous to use an alcoholic solution of 8-hydroxy-
quinaldine for the volumetric determination of magnesium and
an alcoholic solution may be employed in the zinc determination.
The reagent is more soluble in the presence of alcohol and is not
coprecipitated in the alkaline solutions. No trouble is experi-
enced in the gravimetric determinations and when using acid
solutions. The coprccipitated reagentisvolatile at 130° C. The
magnesium and zinc salts are soluble in hot 95% alcohol and the
solubility in water is undoubtedly slightly increased by the pres-
ence of alcohol; therefore only the required amount of reagent
should be employed. The presence of an excess of reagent is indi-
cated by a yellow filtrate. If the supernatant liquid is not yel-
low, more reagent should be added.

Procedure for Zinc. |If aluminum is present add 1 gram of
ammonium tartrate to the clear, slightly acid solution. Add 2
ml. of 5% 8-hydroxyquinaldine solution in 2 N acetic acid for
every 10 mg. of zinc present, dilute the solution to about 200 ml.,
and heat to 60° to 80° C. Neutralize the excess acid by adding
dilute (1 to 5) ammonium hydroxide drop by drop until the zinc

INEERING CHEMISTRY Vol. 16, No. 6

Tabic 1 Determination of Zinc, Magnesium, and Aluminum

Zn Taken Zn Found Mr Taken Mg Found Al Taken Al Found
Gram Gram Gram Gram Gram Gram
Gravimetric results
0.0512 0.0515 0.0500 0.0500
0.0512 0.0512 0.0500 0.0500
0.0510 0.0513 0.0100 0.0100
0.0510 0.0509 0.0100 0.0103

0.0510 0.0513 0.0287 0.0285

0.0510 0.0513 0.0115 0.0112 )

0.0205 0.0202 0.0115 0.024S

0.0109 0.0103 0.0115 0.0248

0.0020 0.0018 0.0287 0.0250
Volumetric results

0.0512 0.0510 0.0256 0.0256

0.0512 0.0516 0.0287 0.0286

0.0205 0.0208 0.0256 0.0254

0.0040 0.0044 0.0287 0.0286

0.0040 0.0042 0.0287 0.0286 .

0.0510 0.0518 0.0287 010250

0.0510 0.0507 0.0287 0.0250

0.0206 0.0204 0.0287 0.0250

0.0010 0.0013 0.0287 0.0100

0.0010 0.0013 0.0287 0.0100

complex salt which forms on the addition of each drop just re-
dissolves on stirring. Add 45 ml. of 2N ammonium acetate
slowly and with stirring. ThqjjH should be at least 5.5. Allow
the solution to stand for 10 to 20 minutes before filtering through
a Gooch or filtering crucible if the precipitate is to be weighed or
through a filter paper if the precipitate is to be determined volu-
metrically. If the amount of zinc is low and the amount of
aluminum and magnesium is high, allow the solution to stand
several hours before filtering. Wash well with hot water. If the
precipitate is to be weighed, dry it at 130° to 140° C. for at least
2 hours.

To determine the zinc volumetrically, dissolve the washed pre-
cipitate with 30 ml. of hot 1 to 2 hydrochloric acid and wash
thoroughly with hot 1 to 3 hydrochloric acid and then with hot
water. Moisten The paper with a few drops of concentrated
hydrochloric acid before the final two washings with water in order
to ensure the complete solution and removal of all zinc complex
salt. If the amount of zinc is small and the amount of aluminum
and magnesium is large, reprecipitate the zinc as described above.
Use only 1 to 2 ml. of the 8-hydroxyquinaldine reagent for the
reprecipitation.

Dissolve the second precipitate in 30 ml. of hot 1 to 3 hydro-
chloric acid, wash the paper thoroughly with hydrochloric acid
and hot water as before, and add 3 grams of potassium bromide to
the filtrate. Dilute the solution to about 150 ml. and add a few
drops of methyl red indicator. Run in standard 0.1 N potassium
bromate solution from a buret until there is an excess present as
shown by the bleaching of the indicator. Add 5 ml. of bromate
solution in excess. Add 3 grams of potassium iodide, stir until
dissolved, and back-titrate with standard sodium thiosulfate
solution using a 2% starch solution as indicator.

If no aluminum is present and no tartrate has been added, the
proper pH for the precipitation of zinc can be attained by adding
dilute ammonium hydroxide until a white precipitate of zinc
hydroxide appears. Redissolve the zinc hydroxide with a drop
of acetic acid. Add 2 ml. of the acetic acid solution of 8-hydroxy-
quinaldine for each 10 mg. of zinc present and then 2 to 3 drops
of concentrated ammonium hydroxide. The pH should be at
least 5.5. This procedure eliminates the high concentration of
ammonium salts and makes it easier to reach the required pH for
the precipitation of magnesium. If ammonium acetate is used,
the least amount possible should be added.

Procedure for Magnesium. If aluminum was not present
and tartrates were not added when zinc was precipitated, the
filtrate from the zinc determination can be used for the determina-
tion of magnesium. Add 3 ml. of acetic acid solution of 8-
hydroxyquinaldine for every 10 mg. of magnesium present (if the
determination is to be carried out volumetrically, use an alcoholic
solution of the reagent) and add concentrated ammonium hy-
droxide until the pH is at least 9.3 or until no further precipitate
forms. Digest the solution at 60° to 80° C. for 20 minutes and
filter through a Gooch or filtering crucible if the magnesium is to
be determined gravimetrically or through a paper filter if the
determination is to be completed volumetrically. Wash with
hot water, dry the precipitate at 130° to 140° C., and weigh fora
gravimetric determination.

The precipitate may be dissolved in hydrochloric acid and
titrated with potassium bromate according to the procedure out-
lined above for the volumetric determination of zinc.

Procedure for Atluminum. After the zinc has been removed,
aluminum may be precipitated from the filtrate by adding 8-
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hydroxyquinoiine. Warm the filtrate to 60° to 80° C. and add
40 ml. of a 2.5% solution of 8-hydroxyquinoline in 7.5% acetic
acid and then 10 ml. of 2 N ammonium acetate. Allow the pre-
cipitate to digest 10 to 20 minutes and filter through a Gooch or
filtering crucible. Wash with hot water and dry at 130° to
140° C. for at least 2 hours. The precipitate may also be deter-
mined volumetrically as described above for zinc.

Results of several typical analyses are given in Table I.

ACKNOWLEDGMENT

The authors wish to acknowledge the help of Robert Mosher,
who carried out some of the preliminary experiments with this
reagent.

ANALYTICAL EDITION 389

LITERATURE CITED

(1) Berg, itichard, Z. anorg. allgem. Chem., 204, 210 (1932).

(2) Doebner, O., and Miller, W. v., Ber., 17, 1698 (1884).

(3) Goldschmidt, V. M., Ibid., 60, 1263 (1927).

(4) Goto, Hidehiro, Science Repts., Tdhoku Imp. Univ., First Ser., 26,
391 (1937).

(5) Kochendoerfer, Gerd (to I. G. Farbenindustrie A.-G.), German
Patent 613,066 (May 10, 1935).

(6) Moyer, H. V., and Remington, W. J., Ind. Eng. Chem., Anal.
Ed. 10, 212 (1938).

(7) Yoe, J. H., and Sarver, L. A., "Organic Analytical Reagents”,
pp. 238-9, New York, John \Yiley & Sons, 1941.

From a thesis submitted by Jack K. Walker to the faculty of the Graduate
School in partial fulfillment of the requirements for the degree of master of
science in the Department of Chemistry, Indiana University.

Determining Phytin Phosphorus

Stoichiometric Relation of Iron and Phosphorus in Ferric Phytate

E. B. EARLEY

Bureau of Plant Industry, Soils, and Agricultural Engineering, U. S. Department of Agriculture, Columbia, Mo.

A stoichiometric relationship between phosphorus and iron in
ferric phytate with an atomic ratio of 6P/4Fe was found to exist
when phytic acid was precipitated with a sufficient excess of ferric
chloride in the presence of sodium sulfate. On the basis of this
finding, a method was developed for the determination of phytin
phosphorus in corn grain.

T HE determination of phytin phosphorus by the method of

Heubner and Stadler (4) is based on the titration of phytic
acid with standard ferric chloride solution with the formation
of ferric phytate, in the presence of ammonium thiocyanate
indicator. The titration is carried out in the presence of 0.6%
hydrochloric acid. The end point, shown by the reddish
brown ferric thiocyanate, is indefinite and is taken arbitrarily
as the point at which the color persists for 5 minutes. It is
evident that the nature of ferric phytate and particularly the
ratio of iron to phosphorus in it are of vital importance in the
evaluation and use of this method.

The gravimetric ratio of phosphorus to iron in Heubner and
Stadler’s method is 1.19. This factor has been confirmed by
Rather (5). By using Starkenstein's (6) and Anderson’s (1, S)
formulas for phytic acid, corresponding to CjHjOsIPO (OH)2]6-
3HD and CsHjOj[PO (OH)2n, respectively, it may be cal-
culated that the factor, 1.19, represents the addition of 2.8 moles
ofiron to 1 mole of phytic acid—that is, the gravimetric ratio
of 6P/2.8Fe is 1.19. From these formulas it may also be ob-
served that there are 12 hydrogen atoms which theoretically
emy bo replaced by 4 moles of ferric iron. This means, there-
fore, that the Heubner-Stadler end point does not represent com-
plete saturation of the phytic acid with ferric iron, but that it is
rather an intermediate point in the saturation process which is
reproducible with a fair degree of accuracy.

The idea of completely saturating phytic acid with iron occurred
to the writer as a possible method of determining phytin phos-
phorus. The data from this investigation, presented in this
Paper, indicate that 1 mole of phytic acid (inositol hexaphosphoric
acid) under proper conditions will add 4 moles of ferric iron.

In this case the relationship of phosphorus to iron in tetra-
ferrie phytate is 6 moles of the former to 4 of the latter. This
atomic ratio, 6P/4Fe, corresponds to the gravimetric factor,
0-833. This relation places iron and phosphorus on a chemical
equivalent basis in the molecule and obviates the necessity of
Aing an empirical factor. The empirical formula of this com-

pound is believed to be CoHeCkiPcFe«m11D. However, in
view of the polyvalence of both phytate and ferric ions, it is
unlikely that any such molecules as above formulated are formed.
The probability is very great that the respective ions unite in
positions that may be termed “out of phase”, with the result that
a polymeric type of precipitate is formed with no definite molecu-
lar boundaries. The gradual rather than stepwise loss of
reactivity with the decrease of replaceable hydrogen on ap-
proaching the Heubner and Stadler end point, points to this
conclusion as well as the absence of a definite end point. This
conclusion is also supported by the nonintegral atomic ratio
of 6P /2.8Fe in the precipitate formed at the end point chosen
by Heubner and Stadler.

In studying the relationship of phosphorus and iron in ferric
phytate, two sources of phytic acid were used—namely, calcium
phytate and corn grain extract.

The calcium phytate was obtained from the Soil Biology De-
partment. It was shaken with a large excess of distilled water
to dissolve any soluble fractions which might be present. It was
then filtered, washed with additional water, then alcohol, and
dried at 100° C. for 30 hours. This substance contained 16.09%
total phosphorus and from its reaction with iron corresponded
to the formula CeHcO-iPeCaB.3H2D + 12HZD. The data in
Table | were secured with this material according to the pro-
cedure given for the corn grain extract.

The remainder of the data in the paper were secured on phytic
acid freshly extracted from corn grain. The freshly ground corn
was extracted with 1.2% hydrochloric acid, containing 10% by
weight of sodium sulfate, for 2 hours on the shaking machine.
The ratio of grain to solvent was 1 gram to 20 ml. The acid ex-

Table 1. Phosphorus-lron Ratios in Ferric Phytate Precipitate

(As influenced by iron-phosphorus ratio in the precipitating mixture.
Precipitation from acidified calcium phytate)

Multiple of L
theoretical -In Precipitate---------------
P/Fe

Atomio ratio’

P, Mg. Fe, Mg ratio, 4Fe/6P  Fe, Mg. IF
1.19° 6P:2.S0Fe°
4.18 .05 1.6 4.18 1.000 6P:3.33Fe
4.18 10.04 2.0 4.54 0.921 6P:3.62Fe
4.18 10.04 2.0 4.33 0.965 CP:3.45Fe
4.18 12.05 2.4 4.78 0.874 6P:3.81Fe
4.18 12.05 2.4 4.67 0.895 6P:3.72Fe
4.18 17.31 3.4 4.99 0.838 6P:3.98Fe
4.18 17.31 3.4 4.77 0.870 6P:3.80Fe
4.18 43.27 8.6 5.02 0.833 6P:4.00Fe
“ Values which correspond with Heubner-Stadler end point; not expert
mental.
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Figure 1. Relation of Concentration of Iron in Precipitating
Medium to Composition of Ferric Phytate Precipitate

tract was centrifuged and filtered through a filter paper and
asbestos using suction. About 800 ml. of corn extract were pre-
pared. Phytic acid from several aliquots of this stock solution
was precipitated with excess iron. The precipitate was filtered
on an asbestos mat in a Gooch crucible with suction and washed 5
times with 0.3% hydrochloric acid-2.5% sodium sulfate solution.
The precipitate was moistened with a few drops of 50% mag-
nesium nitrate solution and ignited in a muffle for 1 hour at about
1000° C. The asbestos mat and residue were transferred into a
250-ml. beaker and the residue was dissolved in about 10 to 15
ml. of 1to 1 hydrochloric acid. The solution was filtered and
made to 200 ml. with distilled water, and total phosphorus was
determined (S). The total milligrams of phosphorus found in
the iron precipitate represented the phytin phosphorus (7) con-
tained in the aliquot taken from the stock solution.

The relationship of phosphorus and iron in ferric phytate
was obtained by precipitating the phytic acid in aliquots of these
stock solutions with a known excess of standard ferric chloride
solution for about 1 hour. The ferric chloride solution contained
about 0.2% iron and 0.6% hydrochloric acid (4). The total
volume also contained 0.6% hydrochloric acid (4) and about
4% sodium sulfate. Excess iron in the supernatant liquid was
determined as described below, and from these data the ratio
of phosphorus to iron in ferric phytate was calculated.

EFFECT OF IRON CONCENTRATION IN PRECIPITATING MIXTURE
ON PHOSPHORUS-IRON RATIO IN FERRIC PHYTATE

The quantity of iron which exists in combination with a given
quantity of phytic acid should remain constant over a reason-
able range of iron concentration after complete saturation has
taken place, if a stoichiometric relation exists between phos-
phorus and iron in ferric phytate with an atomic ratio of 6P/4Fe.
Prior to complete saturation of the phytic acid the quantity of
iron reacting with phytic acid should increase with increasing
concentration of iron in the precipitating solution.

Experimental data concerning this reaction are given in
Tables | and Il and Figure 1. Table | represents one of the
earlier experiments with calcium phytate in which
the duplicates do not agree so closely as in the
later work with corn extract. These data indicate
that in the precipitation of ferric phytate the ex-
tent to which the 12 hydrogen atoms in the
phytic acid are replaced by iron is determined by
the ratio of iron to phosphorus in the precipitat-
ing mixture in the range below about 3.6 times
the theoretical ratio in the ferric phytate pre-
cipitate—i.e., 4 atoms of iron to 6 of phos-
phorus. At about this ratio (3.6 X 4Fe/6P)
the hydrogens of the phytic acid are all replaced
by iron, with the result that the presence of any
larger ratio of iron to phosphorus has no effect
upon, the composition of the precipitate although
it may accelerate its formation.

Aliquot
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Nearly all of the first 3 moles of iron are added to the phytic
acid with ease. Thisisindicated by the fact that in the Ileubner
and Stadler titration the phytic acid removes all the iron from
the solution almost instantly until their end point, corresponding
to a 2.8-mole addition, is almost reached. The addition of the
fourth mole of iron to the phytic acid proceeds with increasing
difficulty, as is evidenced by the necessity of more than trebling
the theoretical atomic Fe/P ratio in the precipitating medium
in addition to allowing considerable time for the reaction to go
to completion.

Gomplete iron saturation of the phytic acid, with an atomic
ratio of 6P/4Fe, corresponds to a gravimetric ratio, P/Fe-0.833,
This is essentially the ratio obtained in the precipitate where
sufficient iron was used and adequate time allowed for the
reaction.

COMPOSITION OF FERRIC PHYTATE PRECIPITATE

In addition to the values obtained by analysis of the residual
iron in the supernatant solution, an experiment was conducted
in which both the supernatant solution and the ferric phytate
precipitate were analyzed for iron and phosphorus. As will be
seen in the last two columns of Table 111, the mean composition
of the ferric phytate precipitate as calculated from the analysis
of the supernatant solution gives a gravimetric P/Fe ratio of
0.836, which is in close agreement with the theoretical value of
0.833.

On the other hand, direct analyses of the ferric phytate pre-
cipitate gave values for iron somewhat higher than the theoreti-
cal, resulting in ratios similar to those reported by Wrenshall
and Dyer (7), whose paper appeared after this research was
completed. It is believed that the high iron values are a result
of the difficulty of washing the ferric phytate precipitate free
of inorganic iron and that therefore the analysis of the super-
natant solution is the technique which should be followed.

QUANTITATIVE METHOD FOR PHYTIN PHOSPHORUS

On the basis of the results of this investigation, a method for
determining phytin phosphorus in com grain has been developed.

Tabic II.

(As influenced by iron-phosphorus ratio in precipitating mixture.
Precipitation from corn grain extract)

In Precipitating Mixture

Phosphorus-lron Ratios in Ferric Phytate Precipitate

Multiple of

theoretical -In Precii . .
P. Mg. Fe, Mg. ratio, 4Fe/6P  Fe, Mg. P/Fe Atomic ratio
3.31 4.75 1.2 3.28 1.009 6P:3.30Fe
3.31 4.75 1.2 3.23 1.025 0P:3.25Fe
3.31 9.50 2.4 3.89 0.851 6P:3.92Fe
3.31 9.50 2.4 3.84 0.862 6P:3.87Fe
3.31 14.25 3.6 4.04 0.819 0P:4.07Fe
3.31 14.25 3.6 4.02 0.823 CP:-1.05Fe
3.31 19.00 4.8 4.00 0.828 0P:4.02Fe
3.31 19.00 4.8 4.00 0.828 0P:4.02Fe
3.31 23.75 6.0 3.94 0.840 6P:3.97Fe
3.31 23.75 6.0 3.94 0.840 0P:3.97Fe

Table 111 Relation of Phosphorus and Iron in Ferric Phytate Precipitate >!

Determined by Two Procedures

Multiple of
Theoretical
P in Precipitate Ratio, i
(Colorimetrically) 4Fe/6Pa Fe n Precipitate P/FeinP
Mg. Mg.t> Mg. c Mg.f> At
3.30 2.4 3.89 4.65 0.848 0.710
3.30 2.4 3.84 4.70 0.859 0.702
3.30 3.6 4.04 4.20 0.817 0.786
3.30 3.6 4.02 4.20 0.821 0.786
3.33 4.8 4.00 4.40 0.833 0.757
3.33 4.8 4.00 4.35 0.833 0.765
3.31 6.0 3.94 4.30 0.840 0.770
3.31 6.0 3.94 4.60 0.840 . 0.720
Mean 0.836 0.75
Theory 0.833

In precipitating mixture. i
By analysis of supernatant solution.
By analysis of ferric phytate precipitate.
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Table IV. Comparison of Phytln Phosphorus Values

As determined by proposed iron method and by analyses of ferric phytate precipitate)
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From the titration value the milligrams of in-
organic iron in the 50-ml. aliquot may be ascer-
tained, and the value, subtracted from the total
milligrams of iron originally added to the aliquot,

c Weight of Anpﬁr?‘;ipg}am- Phytin /-T-(-)-l-;l-lﬂ PChor?_nG)ragr;]-——t-_-;]---P* gives the milligrams of iron chemically bound as
el o) n 1 I 1 H H A H H
sample  Sample Feo  (Fe X 0.833) P& b A A ferric phytate. This latter quantity multiplied by

Grama Mg. e Mg Mg* % o % 0.833 gives milligrams of phytin phosphorus in 1.0
' : ° ’ gram of grain.
46 1.2249 4.05 3.37 3.34 0312 0.275 88.1
o 11948 330 231 2.88 9281 0243 865 This method was further checked on samples
86 1.2228 3.99 3.32 3.30 0.312  0.272 87.2 of corn grain by comparing the phytin phos-
87 1.1901 3.82 3.18 3.24 0299  0.267 89.3 . .
90 11791 3.65 3.44 3.10 0296  0.258 87.2 phorus obtained by the proposed iron method

*Determined by analysis of supernatant solution..
*Determined by analysis of ferric phytate precipitate. .
cAverage of duplicate determinations from acid extract of a single sample.

Weigh 4.6000 grams of finely ground corn grain into a 200-ml.
Erlenmeyer flask, add exactly 100 ml. of 1.2% hydrochloric acid
(6) containing 10% sodium sulfate by weight, and shake on a
mechanical shaker for 2 hours. Decant the supernatant liquid
into a centrifuge tube and centrifuge for about 10 minutes. De-
cant the liquid through a dry filter paper into a dry beaker. Im-
mediately pipet 50 ml. of the extract into a clean, dry 200-ml.
Erlenmeyer flask, add 50 ml. of distilled water, and mix thor-
oughly. Add 15 ml. of standardized ferric chloride solution pre-
pared in 0.6% hydrochloric acid and containing approximately
0.2% iron. Rotate the flask gently while adding the iron solu-
tion. Stopper the flask and continue to rotate until the ferric
phytate forms. Then let stand about 1 hour with occasional
shaking. Decant the solution through a dry filter paper into a
clean, dry beaker or centrifuge the solution. Immediately
pipet 50 ml. of this solution into a 100-ml. beaker, bring hydro-
chloric acid concentration up to 1 N, and put through a Walden
silver reductor in two portions. Rinse the beaker with six 25-
ml. portions of 1 N hydrochloric acid, allowing each portion to
drain almost to the top of the silver column before adding the
next. Catch the solution and washings in a 500-ml. Erlenmeyer
flask, add about 0.25 gram of sodium fluoride and 3 drops of
sodium diphenylamine sulfonate indicator, and titrate the fer-
rous iron immediately with 0.00895 N potassium dichromate (1
ml. = 0.5 mg. of iron). The end point is very sharp, changing
fromslightly yellow to purple.

with that obtained from the ferric phytate precipi-
tate. The iron in the precipitating mixture ranged
from 3.1 to 3.6 times the theoretical amount re-
quired to react completely with the phytic acid
(Table V).

The results of this test indicate that phytin phosphorus in
corn grain may be determined as accurately by the proposed
iron method as by the determination of phytin phosphorus in
the ferric phytate precipitate.
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Determination of Small Amounts of Sulfate iIn
Cellulose Nitrate and Other Cellulose Esters

CARROLL L. HOFFPAUIR AND JOHN D. GUTHRIE, Southern Regional Research Laboratory, New Orleans, La.

T HE relationship between sulfate content and stability of
cellulose nitrate has long been recognized (4). In the process
of stabilization of cellulose nitrate the sulfate content approaches

zero and (he determination of sulfate becomes increasingly
difficult.

A number of methods for estimating sulfate in cellulose esters
have been described. Cross, Bevan, and Briggs () used agua
regia to decompose the sample and determined sulfate gravi-
metrically on the digest. Berl and Bemmann (1) and Hake and.
Lewis (4) decomposed the organic material with alkali. Kullgren
(4) decomposed the sample with hydrochloric acid, evaporated
the solution to dryness, burned the residue in a combustion tube
>na current of oxygen, and absorbed the evolved sulfuric acid in
sodium hydroxide solution. Dunnicliff (S) oxidized the cellulose
nitrate with nitric acid and sodium chlorate and determined the
sulfate gravimetrically. Malm and Tanghe (5) decomposed
cellulose acetate by refluxing with nitric acid, completed the oxi-
dation with potassium nitrate, and determined sulfate gravi-
metrically after removing nitrate by evaporation with hydro-
cldoric acid. When the sulfate content of cellulose nitrate or
other esters is very low these methods require the use of large
samples to provide sufficient amounts of the barium sulfate pre-
cipitate for convenient manipulation and the decomposition be-
comes lengthy and tedious.

A method of analysis which has proved convenient and which
gives Reproducible results involves decomposition of the cellulose

nitrate with nitric acid to which a small amount of perchloric acid
is added after the initial stage of digestion. The sulfate in the
digest is determined by a modification of the Morgulis and Hemp-
hill (7) method. Barium chromate dissolved in dilute hydro-
chloric acid reacts with sulfate ions to give a precipitate of barium
sulfate and an equivalent amount of chromic acid which can be
determined iodometrically after the excess barium chromate is
precipitated by making the solution alkaline with ammonia. This
procedure determines total sulfur, but it is assumed that practi-
cally all the sulfur in cellulose nitrate is in the form of sulfate. This
assumption is implicit in almost all methods for determining
sulfate in cellulose nitrate and seems reasonable in view of the
processes and materials used in its manufacture.

REAGENTS

Barium Chromate Reagent. Prepare pure barium chromate
by double decomposition, using solutions containing theoretical
amounts of barium chloride and potassium dichromate. Wash
the barium chromate thoroughly with 1% acetic acid and then
with water and dry. Dissolve 2.53 grams of barium chromate in
100 ml. of 2 N hydrochloric acid and dilute to 1 liter.

Potassium lodate, 0.01 N. Dissolve 0.3567 gram of pure po-
tassium iodate in water and dilute to exactly 1Titer.

Sodium T hiosulfate Solution, 9.002 N. Standardize against
the standard potassium iodate solution at the same time the de-
terminations are titrated.
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Perchloric Acid, 60%.

N itric Acid, concentrated reagent grade.

Starch Indicator. Dissolve 1 gram of soluble starch (S) in
100 ml. of boiling water.

AmMonium Hydroxide, concentrated reagent grade.

Sulfuric Acid, 10%.

Potassium lodide, crystals which give no test for free iodine.

METHOD

Weigh accurately into a 50-ml. beaker a sample of cellulose
nitrate containing between 0.4 and 1.2 mg. of sulfate. The sam-
ple should not exceed about 2 grams. Place a small stirring rod
in the beaker, add 20 ml. of concentrated nitric acid, cover with a
watch glass, and heat on a steam bath until the cellulose nitrate
dissolves. Add 3 ml. of 60% perchloric acid and heat on a hot
plate so that the solution boils gently. Digest until copious white
fumes are evolved. If the solution is colored, add about 10 ml.
of water and again digest until white fumes appear. Continue
the digestion until the volume of solution in the beaker is less
than 1 ml. Do not allow the solution to approach dryness, since
this leads to low values and may introduce a hazard. Transfer to
a 15-ml. graduated centrifuge tube. Wash the beaker thoroughly
by using a medicine dropper, being careful that the total volume
does not exceed 5 or 6 ml. Add 5 ml. of barium chromate reagent
and allow precipitate to form for at least 4 hours or preferably
overnight. Make alkaline with concentrated ammonium hy-
droxide (about 3 ml.). Add water to make the total volume
exactly 15 ml., mix well, allow to stand for 1 hour, and centrifuge.

Pipet a 5-ml. aliquot of the supernatant liquid into a 50-ml.
Erlenmeyer flask. Add approximately 50 mg. of potassium iodide
and 8 drops of starch indicator. Acidify with 10% sulfuric acid
and titrate with sodium thiosulfate solution to disappearance of
starch iodide color.

If more than 0.4 mg. but less than 1.2 mg. of sulfate is present
in the sample, the sulfate content may be calculated from the
stoichiometric factor. One milliliter of 0.002 N sodium thiosulfate
is equivalent to 0.064 mg. of sulfate (SOj) or 0.021 mg. of sulfur.
If there is less than 0.4 mg. of sulfate in the sample, repeat the
determination, using a larger sample, since titrations in this range
vary with the amount of perchloric acid remaining after digestion.

DISCUSSION AND EXPERIMENTAL

Certain details in the procedure have been incorporated to re-
duce danger of explosions. If perchloric acid which is both hot
and concentrated is brought into contact with organic material,
a definite explosive hazard exists. By first degrading the cellu-
lose nitrate with concentrated nitric acid and then adding a small
amount of perchloric acid this danger is eliminated because the
perchloric acid is diluted by the nitric acid. As the solution
evaporates, the organic material is oxidized, so that before the
perchloric acid has become concentrated the organic material is

Recovery Data

Sample
(1 Gram) Added 0 Found Calculated

Mg. Mo. Mo.
Cellulose nitrate 0.00 1.27
1.25
0.19 1.47

1.45 1.45
Cellulose nitrate 0.00 0.48
0.48 0.95

0.95 0.96
Cellulose acetate 0.00 0.31
0.31
0.48 0.77

0.78 0.79
Glucose pentaacetate 0.00 0.00
0.00
0.48 0.49

0.50 0.48
Dextrose 0.00 0.00
0.00

0.48 0.49 N

0.50 ous
Cellulose acetate propionate 0.00 0.27
0.27
0.48 0.74

0.75 0.75
Cellulose acetate butyrate 0.00 8?8
0.48 0.58

0.59 0.58

Oadded as 0.001 M HrSOi.

— Stoichiometric curve
e One gm. cellulose + H2S04

O 88 O Reagents + H2S04 only

® 2 e Points common to both curves
[o]
0
(o]
| Y Y O Y Y O (Y Y N B |
5 0 2 4 6 6 10 12 14 16 16 el

ML. OF 0.00I-M H2S04 (0.096 mg. S04 par ml) ADDED

Recovery of Sulfate in the Presence and Absence ol
Cellulose

Figure 1.

decomposed. The solution is never allowed to approach dryness.
In the course of several hundred determinations by this method
no explosions have occurred.

The range and accuracy of the method were established by
weighing a series of 1-gram sainpics of sulfate-free cotton cellu-
lose into beakers, to which were added definite amounts of a
0.001 M (0.096 mg. of SO4per ml.) solution of sulfuric acid. The
determinations were then carried out as outlined above. A simi-
lar series omitting the purified cellulose was also treated in the
same manner. In Figure 1the values obtained by titration ofa
5/15 aliquot with 0.002 N sodium thiosulfate are plotted against
the milliliters of 0.001 M sulfuric acid added to the sample.
The stoichiometric curve is drawn on the same figure. When
there is less than about 0.4 mg. of sulfate in the sample, the titra-
tion yalues are not reproducible and are usually considerably
above theory. In this range the value of the titration is depend-
ent on the amount of perchloric acid remaining after digestion.
If 1ml. or more of perchloric acid is allowed to remain after diges-
tion, titration values considerably greater than those shown in
in Figure 1for 0 to 4 ml. of 0.001 M sulfuric acid may be obtained.
If more than 1.2 mg. of sulfate is present, the titration values
tend to be low. Within the range of 0.4 to 1.2 mg. of sulfate the
points fall on the stoichiometric curve, so that no deduction fora
blank is required for the reagents which were used. This fact
should be established for each set of the reagents prepared.

In order to check the accuracy of the method, samples of cellu-
lose nitrate and other related organic materials were analyzed
both with and without the addition of known amounts of sulfuric
acid. The results, shown in Table I, indicate that sulfate in
cellulose esters may be accurately determined by the method.
Any ion such as phosphate which forms an insoluble barium salt
would interfere. None of these was present in the materials
analyzed.
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Photoelectric Automatic Liquid Level Control

NORMAN H. CEAGLSKE and SOL A. KESSLINGER1
Washington University, St. Louis, Mo.

An automatic level control consisting of a photoelectric relay oper-
jting a solenoid valve is described. The beam of light actuating the
relay is directed at an angle onto the photocell so that the water
level, on rising, refracts the beam away from the photocell and closes
the solenoid valve.

M ANUALLY maintaining a constant liquid level in a forced-
circulation vacuum evaporator that had been set up in
the laboratory was found difficult. A number of methods of pro-
viding automatic level control were considered.
The choice of the type of control to be used
was influenced by the following conditions:

The evaporator is operated under a con-
siderable vacuum and the control-actuating
device, therefore, must not introduce air leaks
into the system.

The level to be controlled is considerably
removed from the point at which feedwater is
introduced into the system.

The surface of the water is in constant agita-
tion because of the forced circulation and
boiling.

It was decided that an on-off control would
be desirable because of its simplicity and
positive action, its inherent cycling character
being no disadvantage since moderate fluc-
tuations in level have no effect on operation
of the evaporator.

The control which was installed is»adapted
to operation under the above conditions and
consists basically of a photoelectric relay which
is controlled by the rise and fall of the level
ofthe water in the evaporator. The relay in
turn operates a solenoid
valve which controls
the feedw ater inlet.
Sight glasses had already
been built into the evapo-
rator and no further
vacuum-tight fittings had
tobe installed.

The water level was
made to control the light
beam despite its transpar-
ency by having the light
beam at an angle with the
horizontal, so that the
beam was refracted away
from the photocell by the
rising water. A time delay
was incorporated into the
action of the relay, so that
rapid changes in the light
beam resulting from con-
tinuous agitation of the
surface would not affect the
relay.

TYPE
6SJ7

TYPE ~
930
PHOTOCELL"

£|:20

fy "

POINT

20007,
2000J

The fundamental circuit
of an alternating current-
operated phototube relay
isshown in Figure 1 (I).

1Present address, Midwest
Consultants, St. Louis, Mo.

Figure 1.

11000J

Figure 2.
393

The circuitis that of an ordinary amplifier with the relay as its
load. The tube acts as its own rectifier, condenser Ci preventing
the relay from chattering at 60 cycles. Potentiometer P supplies
grid bias for the tube and, with the photocell dark, is adjusted so
that the relay has just insufficient strength to close the contacts.
When the phototube is illuminated it passes more current and
makes the grid loss negative, thus increasing the plate current
and operating the relay. When the illumination is removed, the
relay again opens. Condenser C\ serves to eliminate the phase
difference between grid and plate voltages.

The complete circuit diagram of the photoelectric relay as in-
stalled is shown in Figure 2.

Alternating Current-Operated Phototube Circuit

"TIME DELAY
50,000*-
8 M.
nrl AY RECEPTACLE
FOR SOLENOID
VALVE
AJTOCFF wanp 3

RED

6 3 V PILOT
T .I: AC L |g HT O
6.3V - -
TO LIGHT  rOTOTPI
SOURCE Nno V.

A.C.

GREEN
-PILOT

THREE LIGHT

POSITION
SWITCH

OPERAT ING

2000 110V. AC.

Complete Circuit Diagram
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The special transformer appearing in the circuit of Figure 1 is
replaced by a voltage-divider arrangement supplying grid bias
and the reduced voltage necessary to prevent the gas-filled photo-
tube from glowing. The Type 6SJ7 amplifier tube has suitable
plate current to operate the type of relay which was obtained.
Time delay is introduced by the inductive-resistive effect of a
variable resistor in series with the relay. A three-position switch
provides for automatic or hand operation and the two pilot lights
indicate whether the relay is open or closed (red indicates valve
closed and green valve open). The relay and photocell are wired
into the circuit in such a way that the valve will be closed during
the period in which the tube is warming up, and also under such
extraordinary circumstances as failure of the light source, sudden
ebullition because of increased vacuum, etc.

The light source consists of a 32-candlepower automobile head-
light bulb fitted with a lens to focus an image of the filament onto
the photocell. The solenoid valve was manufactured by the
Minneapolis-lloncywell Regulator Company and requires 0.25-
ampere steady current at 110 volts alternating current. If the
feed enters at atmospheric pressure, the valve should be designed
for a pressure of not more than 15 pounds per square inch. If its
rated pressure is too high, the valve will not close properly.

Method of Operation. Place the three-position switch in the
automatic position and the “time delay” control at maximum.

Cover the photocell opening with the hand and (a) move the
“operating point” control to the right until the green pilot light
turns on; (5) slowly move the same control in the opposite direc-
tion until the red pilot light just turns on.

The adjustment is critical and should be repeated if the relay
chatters or fails to open and close.

This unit has been in operation for over a year and has proved
very satisfactory. Anyone with a little radio experience can easily
build a control of this type at a total cost of from $35.00 to $50.00.

PARTS FOR PHOTOCELL RELAY

SPDT sensitive relay, 1to 2 ma. to close, contacts rated at 5
amperes noninductive A.C.

Type 6SJ7 receiving tube (Type 6SJ7GT may be substituted)

Type 930 gas-filled phototube

50,000-ohm wire-wound linear potentiometer

2000-ohm wire-wound linear potentiometer

2000-olun, 10-watt wire-wound resistors

1000-ohm, 10-watt wire-wound resistor

20-megohm, 0.5-watt carbon resistor

0.0005-mfd. mica condenser

8-mfd. 450-volt electrolytic condenser

transformer, 110 to 6.3 volts at 6 amperes

110-volt, 6-cp. pilot lights, candelabra base

6- to 8-volt, 32-cp. Mazda bulb, No. 1132

SPDT toggle switch, center off position

2-pole round Bakelite receptacle

[N
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New Design of Humidity Cabinet for Corrosion Testing

FLOYD TODD, Quaker Chemical Products Corporation, Conshohocken, Pa.

T HE corrosion-testing cabinet described herein was designed

to give an accurate and reproducible comparison of the rela-
tive efficiencies of corrosion preventives which are to be used
under indoor storage conditions, including intermediate protec-
tion in the process of manufacture.

These conditions differ in kind as well as in degree. For indoor
protection the rust-preventive coatings should possess sufficient
solubility in suitable solvents to be very easily removed. For
outdoor protection it may suffice that the compound be roughly
removable, for example, by wiping. Furthermore, for outdoor
protection any appreciable water-solubility of the protective
agent is very objectionable, as rain would remove any water-
soluble ingredients, while for indoor protection it may even be
desirable, so long as it does not make the product hygroscopic or
susceptible to dew or condensation.

Testing an outdoor type of compound under indoor conditions,
or an indoor compound under outdoor conditions, may lead to
adopting materials inadequate for the purpose intended, or to
discarding products which would have been most advantageous.

This article presents a new testing device for accelerated cor-
rosion tests under extreme indoor conditions (high temperature,
high humidity, air exchange, condensation of moisture without
washing-out effect, radiation, and such added chemical corrosive
influences as may be desired). This cabinet is based on experi-
ence accumulated over more than a decade with all types of cor-
rosion-testing devices, and provides a more accurate control of
the variables than any other type known to the author.

Cabinets previously used include the conventional type, whicii
consists of a closed space, provided with a spray or bubbling type
of humidifier, means for circulating the air, and electrically ac-
tuated heater and thermoregulator U--8). Other types provide
for sealed cabinets, operating at high humidity in alternating
cycles of higher and lower temperature (Ball Bearing Engineers’
Committee). The “weatherometer” is a well-known apparatus
adopted for corrosion tests under outdoor conditions (/). Salt-
sprav cabinets are used for accelerated testing of the relative
corrosion proofing efficiencies of protective coatings for metals
which may be subjected to sea air exposure (£, 3).

In all prior apparatus the heating lias been centralized in too
small an area. As a result, convection currents and radiation
effects have occurred within the cabinets, causing uneven expo-
sure conditions and consequent serious irregularities in corrosion
test results. Furthermore, many humidity cabinets are square or
rectangular in shape. Such a design is conducive to undesirable
channeling of air and moisture in those cabinets which operate
under the usual dynamic exposure conditions.

In any thermostatically controlled apparatus, whether hu-
midity or salt-spray cabinet, the temperature fluctuates withina
range of 1° to 3° F. (0.5556° to 1.6668° C.), because of the lag
in the regulator. These variations may be accentuated by con-
vection currents. Even when the temperature fluctuates within
constant limits, the a«tual corrosion temperature ratio may vary
greatly, depending on the quality of insulation and the tempera-
ture and ventilation of the air surrounding the apparatus. This
is illustrated by the following curves, which show the tempera-
ture charts in the same cabinet, in which the regulator shuts oil
the heat at 122° F. and starts heating 120°, a better than average
range:

ROOM TEMPERATURE 70'F

ZIA/\NAAATVXAT

ROOM TEMP. 70°F --WINDOW OPEN 8FT. FROM CABINET

/

ROOM TEMPERATURE 8Z'F

On the upward slope on the temperature curve the air in the
cabinet is less than saturated with moisture; on the downward
slope it is supersaturated, and condensation may occur. This
condensation is irregular and emphasizes any slight surface ir-
regularity of the samples. Moreover, the type of cycle pro-
foundly affects the corrosion behavior, leading to appreciable
discrepancies in corrosion time and particularly in corrosion



types, dependent on external factors not controlled in any cabi-
net specifications with which the author is familiar.

A humidity cabinet for corrosion testing has therefore been
designed in order to eliminate the disadvantages of prior cabinets.
Its design gives additional advantages inherent in only this type
of cabinet.

Figure 1. Verti-
cal  Section of
Humidity Cabinet

The walls and bottom are heated over a preponderant area.
This heating is effected by means of the vapors of a constant-
boiling liquid and is therefore absolutely uniform and laglcss.
Convection currents are thus completely eliminated.

Still more important, the temperature “‘curve” is here a straight
line, the cycles.of recurrent sub- and supersaturations are elim-
inated completely, because the temperature is that of the boiling

point of a constant-boiling
liquid, and no mechanical
regulation is necessary.

The uniformity of the
temperature and humidity
conditions within the cabi-
net give accurate compari-
sons of the relative efficien-
ciesofcorrosion preventives,
platings, varnishes, or other
protective coatings. These
results can be accurately re-
produced.

By using cyclopentane as
the heating liquid a tem-
perature of 120 F. (49° C.)
is’maintained, which is a
commonly specified condi-
tion. By selecting the heat-
ing liquid, practically any
temperature desired can be
maintained exactly.

The air used in the cabi-
net is preheated to the tem-
perature of the cabinet and
prehumidified to 100% be-
fore it enters the cabinet
chamber, regardless of the
operating temperature of
the cabinet or of outside
conditions.

Air and water entering
the cabinet are automati-
cally and accurately con-
trolled and are not affected
even by relatively wide va-
riations in the laboratory or
plant lines.

The design avoids corners
or sharp angles, which tend
to cause irregularities in
air currents within the
cabinet.

The only variable, that
of the effect on boiling point
of variations of atmospheric
pressure, has proved prac-
tically insignificant.

CONSTRUCTION OF CABINET

The cabinet, shown in
vertical section in Figure 1
and in horizontal section in
Figure 2, consists ofa vapor-
tight jacketed cylindrical
container, V, with a coni-
cal bottom and top. The
chamber is made of No. 22
B. & S. gage Monel metal.
The annular spaces and
lid, IF, are insulated with
loosely packed rock wool or
glass wool. Fourteen feet
(420 cm.) of 0.25-inch (0.6-
cm.) copper tubing are bent
into a spiral and tacked
uniformly around the bot-
tom of the cabinet chamber.
The top of the spiral tub-
ing is bent abruptly down-
ward in the central part of
the cabinet with its orifice
atN. Anoverflow tube, O,
is used to keep a constant
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Figure 2. Horizontal
Section of Cabinet

water level in the cabinet as shown j n
by the horizontal dotted line. A u,N
wooden support, U, is used. The

cabinet is mounted in a 0.5-inch f J®
(1.25-em.) plywood container. The 4in
heating flask, Q, is a 2-litcr round- |
bottomed Pyrex flask in an oil —+—
bath, S. —  Hdin

The test panel supports consist
of 4 concentric rings which arc
divided into quadrants. Each
quadrant is a separate unit and
may be removed separately for panel inspections. Each quadrant
slides into its own vertical support sleeve which is fastened to the
center bottom of the cabinet chamber. Panel hooks of No. 16
B. & S. gage Monel metal are spaced 0.625 inch (1.58 cm.)
apart on the concentric rings. This allows approximately 50
hooks per quadrant or 200 hooks for the entire cabinet. Experi-
ence has shown that the use of these metal hooks instead of glass
hooks causes no perceptible corrosion at the point of contact be-
tween the panel and the metal hook. The concentric rings to
which the panel hooks are supported consist of 0.125-inch (0.3-
cm.) Monel metal rod. A baffle plate, M, consists of a circular
piece of No. 22 B. & S. gage Monel metal and is fastened to the
panel support sleeves 0.25 inch above the surface of the water
level as determined by the overflow tube, 0.

Sedimentation bottle A has a capacity of 5 gallons (19 liters).
Reflux condenser B is fairly long with a 0.75-inch diameter inner
condenser tube. The top of the condenser is partially closed to
decrease loss of the volatile solvent (cyclopentane for b.p. 120° F.,
acetone for 136°, etc.) by diffusion into the air. The air regulator
and safety tube, 7, is a large 2 X 20 inch glass tube. G is an or-
dinary calibrated flowmeter. D is a water-pressure regulator
which operates under a constant hydrostatic pressure equivalent
to 22 inches. The lower end of this tube is drawn down to a fine
capillary, so as to admit a fine stream of water into tube K. H
is an iron support fastened to the back of the humidity cabinet
container and is used to hold the control instruments, B, 7, G,
E, and D.

Figure 3 is an inside view of the cabinet, taken from above;
Figure 4 shows the complete instrument, in operation.

OPERATION OF THE CABINET

The cabinet is filled with water to the top of 0. (Care must be
exercised to wash the cabinet thoroughly to remove acid soldering
fluxes before using.) This water and the walls of the cabinet
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are heated by means of tire hot vapors rising from Q, at such arate
as to produce slight refluxing in condenser B. Because of the
good insulation around the cabinet the “low heat” of a small hot
plate, T, was found to be sufficient.

Tho humidity in the cabinet is maintained by admitting an ex-
cess of water into sedimentation bottle A. This bottle allows
fine particles of dirt and rust to precipitate, so as not to plug the
fine orifice at the bottom of D. The water on leaving A is used
for cooling condenser B, then passes into the water pressure regu-
lator, D. The excess water is allowed to escape by way of tube
F to the drain. Water is then automatically admitted at a slow
constant rate into mixing tube K.

An excess of air is admitted into air-pressure regulator tube I.
The flowmeter, G, is calibrated to allow air, equivalent to 4 times
the volume of the humidity cabinet, to pass through tube E per
hour. The excess air is allowed to escape at the top of tube 1
This air-pressure regulator tube will keep the rate of air flow into
the cabinet constant regardless of relatively wide variations in
laboratory' or plant air pressures.

The metered air and water in tube K descend and enter the
bottom of the cabinetat P, then travel a long upward spiral path
through the submerged copper tubing. During this passage the
air is preheated and prehumidified to the same conditions as the
humidity cabinet before it emerges at the orifice in the cent«
bottom of the cabinetat N. The air then rises vertically through
the water in the bottom of the cabinet and finally emerges at the
surface beneath the baffle plate, M. This baffle plate breaks all
air bubbles and in so doing prevents the water spray from the
breaking air bubbles from falling onto the test panels. It also
serves to distribute the emerging air in a uniform manner through-
out the cabinet and thereby prevent air channeling.

The exhaust air is allowed to escape through chimney' J, which
also serves as the handle for removing the lid. The underside ol
the lid is conical, so as to allow sinall amounts of water condens-
ing on the lid to return to the bottom of the cabinet by way of the
center. In this way the test panels will not be wet by water
drops.

When the panel supports are removed for inspecting the test
panels, the lid should be replaced as promptly as possible, if a very
volatile heating medium is used. Any appreciable drop of tem-
perature inside the cabinet will lead to air entering the jacket,
and to consequent increase in evaporation losses. These, how-
ever, are very moderate. Even with the very low boiling cyclo-
pentane (120° F.) the normal loss is less than 1 pint weekly.
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Figure 4

Test panels were suspended in different parts of this cabinet
tocheck its uniformity; regardless of where they were suspended
the corrosion was the same. Furthermore, because of the uni-
formity of the corrosion effects it was found that 1 X 3 inch test
panels could be used with results fully as reliable as those obtain-
able with the usual 2 X 4 inch test panels. These smaller test
panels permit a considerably larger testing capacity.

Table 1 illustrates differences in performance between the
present cabinet and a cabinet of the conventional type.

Both cabinets were operated at 120° F. and 100% relative hu-
midity. In the conventional cabinet moisture frequently con-
densed on the panels, and dripped down from them. In the
cabinet here described some condensation took place when the
cold panels were introduced into the cabinet. This initially con-
densed water remained as a dew on the panels, since evaporation
could not take place at 100% relative humidity, but there was no
continual condensation, nor any flow of water over the surfaces
of the test panels.

The panels used in the test were' prepared as follows: Test
panels of 1 X 3 inches of S.A.E. 1025 sheet steel B. & S. gage
24 were cleaned by washing in benzene and wiping dry with a
clean cloth. Completely new and uniform surfaces were ex-
posed on the test panels by carefully buffing on a cloth buffing
wheel (6 inches in diameter X 2 inches thick) coated with an
abrasive, such as No. 300 grit Carborundum composition, similar
to “Brushing Nu-Glu”, as supplied by the J. J. Siefen Co., De-
troit, Mich. Care was taken during this buffing operation to re-
move all sharp burrs at the edges of the test panels. The test
panels were again wiped with a clean cloth to remove any traces
of polishing grit and were then used. Care was taken not to
touch the prepared test panels with the fingers.

All determinations were made in triplicate, and the figures
shown are the average values. The variations of the triplicate
determinations were within a range of 10% for the new cabinet
Md28% for the conventional cabinet.
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The fundamental difference between the cabinets is most
clearly apparent from the two last items in the tabulation. If
rust preventive "Q1” in its experimental stage had been evalu-
ated on the basis of the conventional cabinet alone, it would have
been discarded as no more effective than the sodium sulfonate or
a fatty acid solution, and only half as effective as the older rust
preventive “Q2”.

Thus a product highly meritorious in its field of application
would have been discarded.

However, the test in the new cabinet showed it to be at least
7 to 10 times more efficient than the petroleum sulfonate or the
fatty acid, and at least 3 times more efficient than Q2, under
conditions resembling ordinary factory storage, where a frequent
flow of water over the surfaces of objects stored is out of question.

Corrosion resistance is a complex phenomenon, and a corro-
sion preventive which is better under certain test conditions is
inferior under other test conditions, and vice versa. The same
istrue of actual storage under practical conditions.

A corrosion preventive which ismost potent in actual use where
continuous condensation of humidity takes place may be far
from the optimum for storage in even extreme humidities with-
out actual condensation; and a corrosion preventive which is
best for the corrosive but not extremely humid atmosphere in
steel plants is not best for storage under tropical conditions which
are characterized by high temperature and humidity but where
corrosive fumes are absent. A detailed analysis of the factors
entailed would take us beyond the frame of the present subject;
suffice it to say that any accelerated corrosion test must be
adapted to the natural conditions in view. The cabinet here de-
scribed will give an accurate reproducible measure of storage re-
sistance under indoor conditions, in the absence of continuous
precipitation or of corrosive vapors. The influence of these latter
factors should be measured separately where they play a part,
and should not be introduced where they do not enter into the
applications envisaged.

Table I. Cabinet Performance

Time Required for First 3
Rust Spots to Appear on
Surface of Iron Panels

Conventional New
M aterial Tested cabinet cabinet
Hours Hours
Blank 10 min. 25 min.
Paraffinic mineral oil S.A.E. 40 4 7
10% butyl ricinolcafce in Stoddard solvent 24 60
10% methyl oleate in Stoddard solvent 24 80
10% wood rosin in Stoddard solvent 28 65
20% sodium (petroleum) sulfonate in Stoddard
solvent 120 236
10% oleic acid in 40 viscosity mineral oil 144 328
20% commercial rust preventive QI in Stod- o
dard solvent 120 No corrosion in

2624 hourB
20% commercial rust preventive Q2 in Stod-
dard solvent 240 840
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Apparatus for Surface Area Measurement

K. A. KRIEGER
Department of Chemistry and Chemical Engineering, University of Pennsylvania, Philadelphia, Pa.

Constructional details and method of use of a compact, rapid appa-
ratus for the measurement of surface areas by low-temperature van
der Waals adsorption arc described.

S INCE the work of Brunauer, Emmett, and Teller (I) has

established the use of van der Waals adsorption as a reliable
method for surface area measurements, it is perhaps worth while
to describe a simple and convenient apparatus which has been
designed especially for such measurements.

APPARATUS AND PROCEDURE

The apparatus, as shown in Figure 1, consists of four parts:
the adsorbent vessel, A; the gas buret with four bulbs, B,, B,,
Bt, Bj; the mercury leveling flask, D; and the manometer arm,
E. Its operation is as follows: With adsorbent in A and mer-
cury level at a, the adsorbent is degassed through Bt, B2 ...,
and E. Then stopcock 1is closed and the adsdrbate—nitrogen,
for example—is admitted by the same route. When the mercury
level is raised above a ana E is evacuated, the system acts as
combined gas buret and manometer and the amount of ad-

sérbate admitted

can be calculated

/ m ih— vocuum from the gas

n T laws. Adsorption

occurs when A is

n cooled in a suit-

&0s able bath—Iliquid

nitrogen, for ex-

ample—to mark

»ii and stopcock

lopened. By

raising or lowering

the mercury level

to th,g five en-

graved marks, m,

between the bulbs

of the gas buret,

five points on the

adsorption iso-

therm can be de-
termined.

The volume
from stopcock 1
to A must be de-
termined by blank
runs with A both
at normal tem-
perature and im-
mersed in the re-
frigerant.

B =|0cc
B=20cc

Figure 1. Apparatus

Figure 2 is a plot of the equation of Brunauer, Emmett, and
Teller (1) for five bauxite samples prepared by various methods.
Areas of the samples can be calculated from X mby use of the data
given by Emmett and Brunauer (S) and Livingston (/).

CONSTRUCTIONAL DETAILS

The adsorbent vessel should be conical, so that the adsorbent
can be spread in a thin layer on the bottom, since deep layers of
active adsorbents must be degassed very cautiously to avoid
their being blown out of the vessel by the evolved gases. The
use of a ground joint to connect A to the measuring system is
very convenient, especially if a series of samples of known or
constant density is being studied, for then only one “dead-space”
determination need be made for the series.

The bulbs of the gas buret are flattened on one side to bring
the engraved marks, m, between them close to the scale. This
is especially important when the apparatus is intended for pre-
cision work, since it is then advisable to thermostat the apparatus
and read the scale with a telescope. These bulbs should be

constructed of heavy glass to avoid changes of volume due to
varying internal pressure. The tubing connecting the bulbs
and bearing the engraved marks should be of the same internal
diameter as that used for manometer arm E—i.e., 7 to 8 mm.
inside. Since the equation used for calculation of Xm is a
straight line, only two points on the isotherm are required to
determine it and therefore only one bulb is actually necessary.
At least two are advisable, however, since the extra point thus
obtained provides a check on the accuracy of the measurements
and calculations. In the author’s experience, four bulbs have
sometimes proved useful.

The dimensions shown in Figure 1 are those found convenient
for measuring surface areas of the order of 100 square meters,
using nitrogen as the adsérbate and liquid nitrogen as the re-
frigerant, and the weight of adsorbent taken is adjusted to give
approximately that area. Under these conditions a reproduci-
bility of the order of 1 or 2% is to be expected.

If a different adsorbate or refrigerant is used, attention must
be paid to the distance between the mark at the top of B, and
the top of scale C. This distance must not be less than about
three tenths of tha saturation pressure for the combination
chosen, and if possible should be somewhat more than the
saturation pressure. For this reason the bulbs should be set as
close together as practicable.

A McLeod or other low-pressure gage should be provided in
the vacuum line in order to cheek completeness of evacuation.
Normally it need not be calibrated, since it is used only to prove
the attainment of a good vacuum.

MODIFICATIONS

Obviously this apparatus can be used for measuring ordinary
adsorption where the pressures are in the centimeter range and
an accuracy in pressure measurement not exceeding about 0.1
mm. is required. It is easily adapted for use with gases soluble

p/p.

Plot of Equation of Brunauer, Emmett, and Teller for
Five Bauxite Samples

Figure 2.

Xm. Millimoles of nitrogen per gram of adsorbent
For curves C and E read 10 times the stated ordinate



June, 1944

in or reactive with stopcock lubricants, since stopcock 1 alone
would have to be replaced by another closure (3). The use of a
Pyrtz cut-off, for example, would eliminate both stopcock 1 and
the ground-glass joint below it.
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Improved Distilling Flask

T HE tendency of many substances to solidify on condensa-

tion, thus blocking narrow and inaccessible parts of a dis-
tilling apparatus, often leads to interruption of the distillation.
Toovercome this difficulty Anschutz (1) designed an all-glass dis-
tilling unit in which the receiver, acting also as condenser, was
sealed on to the flask. This construction allowed the removal
of obstructing material by heat applied externally. The scimitar-
shaped receiver, however, which gives the name of sword flask to
this type of distilling flask, was unsuitable for the collection of
larger amounts of distillate. There was also a risk of contamina-
tion by accidental contact with the rubber stopper at the end of
thereceiver, and complications were encountered when in vacuum
distillations the simultaneous use of thermometer and capillary
wes required.

Table I. Dimensions of Flask
Distance
Neck Deli(\]/ery Receiver Side Arm T (Qutside
Capac-  Capac- Out- Tube and Out- Out-
l¥ side Side Arm side side
0 0f% - Diam- from Diam- Diam-
Bulb ceiver eter Length  Bulb eter Length eter Length
Cc. m= cCc cm. Cm. cm. Cm. Cm. Cm. cm.
4 4 1.2 6.5 1.5 1.6 3.0° 1.2 2.2
4.8*>
10 10 1.6 8.5 2.0 1.8 gg 1.5 2.5
50 30 1.6 11.0 3.5 2.5 86:6) 1.5 3.0
100 60 1.6 12.0 4.5 3.2 1?.'8 1.5 3.5
300 160 2.2 13.5 5.5 4.4 %gﬁg 1.7 5.0
550 300 2.5 15.3 5.5 5.0 155 2.1 5.0
20.0

1Measured along lower edge of receiver.
1Measured along upper edge of receiver.

Diameter

of Distal
End of

Receiver

0.8

1.0
1.0

ERICH BAER, Department of Chemistry,
Banting Institute, Toronto, Canada

A few simple changes in the form of the An-
schutz flask led to an improved distilling flask
(Figure 1) of general applicability which has
rendered- valuable service over a number of years
in distilling substances of low or high boiling
point at either normal or reduced pressure. Two
of the inconveniences encountered when using
the Anschutz flask were overcome by giving the
receiver a straight cylindrical shape of greater
diameter and an outlet tube. These alterations,
without unduly enlarging the receiver, consider-
ably increase its capacity and prevent accidental
contamination of the distillate by rubber. To
accommodate separately a thermometer and a
capillary a short side arm opposite the receiver
and at the same height has been added. The
thermometer and the
capillary tube are held
in place by rubber stop-
pers. If rubber mustbe
avoided, the distilling
flask shown in Figure 2
can be used with advan-
tage, as it is especially
designed for the distilla-
tion of corrosive
substances. Both flasks,
sturdy by virtue of de-
sign, are speedily as-
sembled or dismantled
and easily cleaned The approximate measurements for
the different sizes of the distilling flask (Figure 1) com-
monly used in this laboratory are listed in Table I.

Ace Glass, Inc., Vineland, N. J., will stock this im-
proved sword flask after the war, and at present is willing
to fill any specific order for this item.

Figure 2
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Ultramicrodetermination of Arsenic by Gutzeit Spot-Filtration
under Vacuum

A Rapid Techniqgue Employing Photometric Calibration and Permanent
Photographic Standards

HENRy S. SATTERLEE and GERTRUDE BLODGETT, 242 East 62nd St. and 802 Lexington Ave., New York, N. Y.

Deficiencies existing in various forms of Gutzeit procedure are ex-
amined in relation to the problem of developing a type of end
reaction suited to quantitative determination of arsenic in the mi-
nute order of 0.04 to 1 microgram. To cover this range, a vacuum-
accelerated Gutzeit reduction system for mercuric bromide spot filtra-
tion has been designed which prevents sources of error and shortens
time of operation. This is supplemented with photoelectrically
standardized photographic reference scales, adapted to either visual
or photometric evaluation of the spot reactions, an improvement
in Gutzeit technique which contributes precision and uniformity
to end determinations and abolishes the time and labor required
for frequent preparation of fresh standards. Immediate fractional
treatment, by distillation and oxygen-bomb combustion of residues,
is recommended as the method of choice in preparing fresh biologi-
cal material for Gutzeit reduction, to prevent possible preliminary
losses, and to separate “volatile” from "fixed” arsenic when
analyzing such material.

T HE reported progress in agricultural and food chemistry
during recent years indicates that no method for determina-
tion of arsenic in organic material has yet proved satisfactory
for routine application to the ultramicro range—for quantities
ranging from 0.04 to 1 microgram of the elementary substance.

In the much higher range of 10 to 30 micrograms, the official
method as prescribed (/) by the A.0.A.C. is undoubtedly
adequate for the main purpose intended—the testing of fruit
skins for spray residues—where the optimum range is stated
to be from 20 to 25 micrograms of arsenic trioxide. But, even
in this bracket, where the inherent error is estimated (6) as
between 5and 10%, stress is laid on the need for strict uniformity
of operation throughout the entire procedure in order properly
to evaluate the lengths of the paper-strip reactions as finally
measured against a standard graph. This precaution denotes
the main technical deficiency, which is common to all Gutzeit
methods that yield an attenuated pattern of end-reaction as
produced by flow of the reagent gas over narrow and elongated
surfaces of the sensitized medium.

The task of extending application of the Gutzeit reaction to a
more minute working order, while pursuing a “strip” or “string”
technique, has embraced many perplexing difficulties, due to
uncertainties in obtaining uniform sensitization of the paper,
as noted by Cassil (<?),and to other variable factors as discussed
by Wichmann {25-27), and as instanced in a study of this prob-
lem by How {13) and reviewed by Wichmann {26). The pros-
pect has consequently been suggested that less delicate end re-
actions for arsenic, such as the ccrulean-molybdatc colorimetric
methods of Klein and Vorhes {16) or of Hubbard {14), or even
the iodine titrimetric methods {7, 8), might more easily be
adapted to ultramicro extension than the Gutzeit method.

Investigation of fresh and unstable organic material in the
field of clinical pathology, immunology, and physiological
chemistry has demanded the use of an ultramicromethod for
quantitative determination of arsenic in the very minute order
of 0.04 to 1 microgram. This limitation is due to the small
size of test samples of biological material which it is necessary or
desirable to examine in this field: blood, glandular secretions,
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cerebrospinal fluid, 1 to 2 ml.; urine, liquid culture media, etc.,
5to 10ml.; expired air, 5to 10 liters; animal danders, bacterial
allergens, etc., 15 to 25 mg.; vegetable pollens, 25 to 50 mg,;
house dusts and tobacco, 25 to 200 mg.; fresh biopsy and necropsy
tissues, 100 to 500 mg.

Accuracy in analyzing such small samples of organic material
for contained arsenic requires:

1." Avoidance of errors due to unsuspected changes of arsenic
content during preparatory processes, whether such processes
involve the laborious procedures of wet-oxidation or the more
rapid procedure of dehydration followed by flame combustion
in oxygen.

2. A method of isolation and final determination which will
minimize reagent impurities and be capable of showing clearly
the presence of 0.01 microgram of elementary arsenic, while
regularly giving blank determinations below 0.04 microgram,
and provided with a system of evaluation having a margin of
error not exceeding 3%, or visually perceptible differential
values of 0.05 microgram in the optimum range up to 0.50 micro-
gram, and with opportunity for further refinement by photo-
electric photometry.

Unless error be avoided under the first category, it will be
useless to achieve the precision contemplated under require-
ments of the second. The present paper, being mainly con-
cerned with a new method and apparatus for attaining objectives
of the second category, does not dwell upon preparatory steps,
except to express confidence in the merits of performing a
primary distillation or evaporation in a closed system as against
the immediate processing of biological material by open methods
of wet-oxidation. The grounds for this preference were reported
some years ago in collaboration with Carey (4), and the opinion
then expressed has been confirmed by later observations. Find-
ings, accumulated while dealing with the problem of fresh
mammalian blood and other thermolabile substances of organic
origin, point to the existence, in variable proportions and in
characteristically minute concentrations, of twro forms of ar-
senic in association with such material: (1) a loosely bound
component which is, or becomes, volatile under such natural
influences as pulmonary and/or cellular respiration and by ex-
posure to atmospheric evaporation, and which may be artifi-
cially separated from such material by drying or distillation at
56° C. in a current of molecular oxygen; and (2) a relatively
fixed or thermostable component which is not removed from
the material by heatingat 56° to 80° C. under the same conditions.

Since these observations derive largely from investigations of
clinical material, they will be reported in detail elsewhere and
mare here briefly summarized only to servo as a promise for point-
ing out that the ultramicrodetermination of arsenic which is
found in association with biological substances may be of physi-
ological interest and not necessarily confined to toxicology.

The authors’ interest has been mainly concentrated on arsenic
transformations in organic material under natural conditions, as
through oxidation-reduction phenomena in physiological sys-
tems or through simple exposure to atmospheric oxidation, and
not on the artificial effects of destructive analysis by means of
powerful oxidizing agents.

The mechanism of dissociation of minute amounts of arsenic
by evaporation at 56° to 60° C. and its recovery from fresh
biological material by acid extraction of the vapors is not clear,
since the composition of the volatile product has not yet been
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determined. It is presumed to be derived by the splitting off of a
labile arsenic group from an arsenoprotein, but whether this is an
arsonium group, an alkyl arsinc, or simply arsenic trihydride is
not known. The arsenic content of the volatile fraction in pro-
portion to that of the dried residue of human blood, is very
variable, and seems to depend on age and activity of the or-
ganism, or more specifically on body metabolism. For example;
in 212 analyses of human blood taken from 51 adult individuals,
the average “total arsenic” found was 59.14 micrograms per 100
cc., ranging from 10 to 190 micrograms, with the proportion of
“volatile arsenic”, as defined above, averaging 40.57% and vary-
ing from 0 to 100%. These variations were, of course, greater
for the entire series than for any individual of the group, which
was composed of 33 ambulant patients, suspected or definitely
diagnosed as “chronic arsenical poisoning” or “arsenic reten-
tion”, 13 cases “for diagnosis”, 2 cases of “hyperallcrgic state”,
and only 3 "normal” healthy individuals. Of these latter, 2 had
an average “total arsenic” in their blood of 25.5 micrograms per
100 cc. with 85% "volatile”, and the third normal individual (in
the 28th week of pregnancy) showed a total blood-arsenic of 180
micrograms per 100 cc., which corresponded to the physiological
increase during gestation, as shown by Guthmann and Grass
(12). In this last case the interesting features were that the
"volatile arsenic” fraction was 100%, and the expircd-air test,
performed at the same time, showed 50 micrograms of arsenic
per 100 liters as collected directly through the vacuum extraction
train, and was the highest test on exhaled air which has been
recorded in the authors’ series.

There can be no doubt that the sensitiveness of the Gutzeit
arsine-mercuric bromide end reaction is, per se, sufficient to meet
the exacting requirements indicated above. There are, however,
certain faults in the accepted Gutzeit techniques as affecting
ultramicrodeterminntions which demand correction in order to
extend its usefulness to that range.

Paper-Strip Method. After several years’ experience with
Gutzeit reactions produced by the paper-strip method it became
evident to the authors that the inaccuracies'and disadvantages of
this system of end reaction, as compared with the paper-disk
method, are attributable to: (1) difficulties in appraisement of
stains representing less than 2 micrograms, because of unequal
distribution on opposite sides of the strip and inconspicuous in-
tensification along the free edge of the paper and (2) instability
of reactions on the “standard” test strips used as criteria for
quantitative evaluation. Rapid fading, which may escape atten-
tion in the higher ranges, is very noticeable in the low values
and renders such strips unreliable as scales of reference within a
few hours. Here follows a disadvantage common to both strip
and disk systems—the laborand time involved in frequent produc-
tion of fresh standards for comparison.

Disk Methods. Faults which are particularly attributable
to the various Gutzeit disk or diaphragm methods proceed mainly
from the heating process at the hydrogen generator, a necessary
feature with all positive-pressure systems of disk filtration in
order to obtain a prompt and clear-cut reaction upon the sensi-
tized medium. This applies not only to the smaller (5-mm.
diameter) areas and to the standard 6.5-mm. disk which is pre-
scribed by the British Pharmacopoeia (3) but to methods (17)
employing filtration areas as large as 20 mm. in diameter. Boil-
ing or lesser heating of the zinc-acid mixture is undesirable since
it not only causes irregular action with fluctuating pressures with-
in the confines of a small generating vessel having a resistant
outlet, but produces an uneven flow of gas and a tendency to
excessive heat at the absorption level. Thishasin some instances
(2) been lessened by use, of a manometer side arm attached to
the generator which provides some cushioning effect on pressure
osculations. In other forms of apparatus (17) irregularities are
lessened while the total pressure within the system is raised, by
forcing hydrogen or nitrogen gas into the generator from outside
the system.

Some analysts (11) place a heating limitation of from 40° to
o0 C. in the reducing vessel and aim to promote a rapid evolu-
t;on of hydrogen gas by means of catalytic “impurities” in the
zinc reagent; either accidental ingredients, or purposely
alloyed with the zinc, as for example, 0.3% of copper (24). Other
analysts (10, 20) insist on a relatively slow rate of gas evolution
and rely mainly on a stannous chloride activation of the zinc
toraugmenting activity of the hydrogen gas so produced.

Gutzeit disk systems under varying degrees of positive pressure,
as commonly practiced, thus appear to present a dilemma, in that

icy require heat to accelerate gas formation and to maintain
sufficient pressure to force a current of gas through the filter
medium against the internal resistance of the system plus at-
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mospheric pressure beyond the filter disk; while, on the other
hand, this same internal pressure factor works against the evolu-
tion of gas at the source and raises the boiling point in the
generator. Irregular gas production thus becomes inevitable
and results in an intermittent or irregular delivery of gas at the
reaction level of the filter disk, while excessive heat in the genera-
tor carries water vapor to all levels. These conditions tend to
wash away some of the water-soluble arsenic-mercury halide
stain after its deposition on the filtcr-disk, causing a marginate
diffusion of the reaction or uneven staining. Such effects are
lessened, however, by cooling devices placed at or just below
the absorption level.

Finally, there exists in all Gutzeit systems which operate under
positive pressure the possibility of leaky joints permitting small
losses of arsenic trihydride to the atmosphere. Alleged (15)
partial losses of arsenic hydride at the absorption level by passage
through the sensitized filter disk, with failure to react on the
mercuric halide, probably do not occur in ranges of concentration
below 10 micrograms, even under boiling conditions, as was sliowd
long ago by Bird (2) and later by Cribb (10).

While most of these objectionable features have been stressed
by early workers (23), recognized by later critics (19, 20) of
Gutzeit technique, and to some extent corrected as affecting the
semimicro range of determination, the authors have found them
seriously detrimental in the micro range and a complete obstacle
to successful practice in the ultramicro range.

After experimenting for more than a year with various forms
of electrolytic cells in seeking to produce atomic hydrogen under
instrumental control, the complicating factors so introduced,
especially the unpredictable influence of overvoltage upon the
more sensitive (mercury) types of electrodes, led the authors to
abandon hope of finding a completely reliable electrolytic method
and to concentrate upon a vacuum system as the best means for
correcting the faults of the zinc-acid generator. They then dis-
covered that a system of spot-filtration securely closed against
leakage could be ensured under a low vacuum, and that, when
operated at from 0.25 to 0.5 atmospheric pressure, this system
would yield more uniform and prompt end reactions with better
control of heat and moisture at the absorption level than could
otherwise be produced upon a Gutzeit-sensitizcd medium. By
this means, under instrumental control, they furthermore found
that the development of active hydrogen in the usual zinc-acid
mixture is markedly increased and that the whole reduction proc-
ess proceeds evenly to a conclusion within 15 minutes. Gas-
current impedance in the scrubber, and at the filter disk, is over-
come by this device and the end reaction is rendered in sharp
demarcation upon a precisely measured circular area of the sensi-
tized paper. For ultramicrodeterminations, the reactive area
may be reduced as lowras 3.17 mm. (0.125 inch) in diameter, or
it may be suited to any preferred range of operation by ad-
justing the caliber of the filtration jet to 6.35 mm. (0.25 inch) or'
larger, with corresponding adjustment of the vacuum.

Realization of these characteristics finally provided an oppor-
tunity for applying photographic and photometric methods to
quantitative evaluation of the Gutzeit end reaction, a project
found impracticable with either strip or thread reactions. The
use of photographic step scales for permanent standards of ref-
erence, as here reported, has now been practiced in this labora-
tory for more than two years; it is so far beyond the experi-
mental stage that the authors do not hesitate to recommend it
as an important time- and labor-saving device which also im-
plements precision in the procedure here described. These
artificial standards of reference consist of an accurately graded
series of silver deposits photographically printed on bromide
paper from a master negative. The fineness of gradation may
be varied to suit special requirements (or limited ranges), as is
shown in Figure 4.

REAGENTS

Sulfuric Acid, c.p., Special arsenic-free (supplied by the
J. T. Baker Chemical Co.), obtained in 500 ml. Pyrex bottles,
usually rated on label as having less than “0.000000% As”.
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Tolerance: 10 cc. in 90 cc. of double-distilled water with 5 cc.
of potassium iodide solution, 7grams of zinc and 0.5 cc. of stannous
chloride solution in reduction system under vacuum of 0.33 at-
mosphere (250 mm. of mercury) for 30 minutes and with inter-
vention of lead acetate solution in absorption tube for'removal of
hydrogen sulfide, should show less than 0.02 microgram of arsenic,
or 0.0000002% of arsenic in a 10-cc. sample of acid.

Hydrochloric Acid, c.p. special arsenic-free (J. T. Baker
Chemical Co.), obtained in 500-ml Pyrex container as above, and
usually rated as not more than “0.0000001% As”. Tolerance:
10 cc. in 90 cc. of double-distilled water with 5 cc. of potassium
iodide, 7 grams of zinc and 1 cc. of stannous chloride under
B/Iacukum in Gutzeit apparatus, as above, should yield a similar

ank.

Zinc Metal, c.p. special, mossy, for microdetermination of
arsenic (J. T. Baker Chemical Co.). The mossy variety of zinc is
preferred because it seemsto be more consistently free from arsenic
than the "granular 20-mesh” variety, although both are claimed
by the manufacturers to contain less than “0.000001% As”.
Tolerance: 7 grams, after preliminary treatment as below for 5
minutes to remove any possible surface contamination from at-
mospheric adsorption, should be submitted to same tolerance test
as hydrochloric acid above and should show less than 0.02
microgram of arsenic. Approximately 7 grams should be used
in each arsenic determination having 100 cc. of acid solution in
the reduction flask. Such portions, before use for arsenic deter-
mination, should always be freshly cleansed, activated with 50
cc. of hydrochloric acid diluted 1to 3 with double-distilled water
and with admixture of 2 ce. of stannous chloride for 5 minutes
under vacuum, and then washed in double-distilled hot water.
Just before use in a determination the zinc should again be washed
in double-distilled water.

Figure 1. Diagram of Apparatus

. Pyrex flask, 200-mi. capacity

Absorption tube, machined from methyl methacrylate resin

24, Pyrex wool

2B. Pyrex, granular, 10- to 20-mesh, saturated with PbCQHsOi)*.-
3HiO solution

Pyrex delivery tube with ground-glass 14/20 and 12/30 joints

. Filter clamp assembly (methyl methacrylate resin)

44. Upper member

AB. Lower member with 6,35-mm. jet

ABf, Lower member with 3.17-mm. jet

AC. AC’, Compression washers

AD. Metal seat, central opening precision-reamed to 6,35 mm.

N =

Pw

and gold-plated
AD\ Same as AD 3.17-mm. opening
5. Connecting tube for vacuum line (methyl methacrylate resin)
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Double-Distitlled Water. This should give blank test as
above with the other reagents.

Potassium lodide, c.p., 15 grains dissolved in 100 cc. of
double-distilled water. This solution in 5 cc. amounts should
give a blank test as above with the other reagents.

Stannous Chloride, dihydrate, arsenic-free. A 40% solu-
tion of this in hydrochloric acid is required. Tolerance: 1 cc
in 10 cc. of hydrochloric acid and other reagents and conditions
as stated under hydrochloric acid should yield blank test in the
same order.

Lead Acetate Solution, 10 grams of lead acetate trihydrate
in 90 cc. of double-distilled water, made acid to litmus with
acetic acid and then made up to 100-ec. volume. One to 3 cc.
of this solution poured upon 15 grams of granular Pyrex in
absorption tube (see apparatus), with reaction conditions as
described under other reagents, will involve some seepage into
the reduction flask. It should yield a blank reaction in the same
order.

Pyrex, Granular, Obtained from the manufacturer in frag-
ments between 10- and 20-mesh. This should be sifted to size
and then thoroughly cleaned with nitric acid, rinsed with sodium
hydroxide solution, and washed with hot distilled water, then
dried in an electric oven before use. Under conditions of re-
Eeated use it is best left in the apparatus, a 15-gram portion

eing placed in the hydrogen sulfide-absorption chamber (2, Fig-
ure 1) and cleaned after each run (or when blackened by deposit
of sulfur) by saturating with 10% nitric acid, neutralizing, and
washing.

Pyrex, Fiber, known commercially as No. 719. A small
pledget, previously impregnated with lead acetate jSolution and
allowed to dry, is placed in the absorption tube on top of the
Pyrex granular preparation.

Mercuric Bromide, c.p. A5% solution in 95% ethyl alcohol
is used for sensitization of the filtration disks as described below.

Whatman NO. 40 Ashless Filter Paper, made by Balstou
& Co., Ltd., black label, cut into disks with a 1.4-cm. (Yi«-inch)
punch and sensitized as directed below.

Ammonia Solution, 10%, made by adding 10 cc. of concen-
trated ammonium hydroxide (d. 0.880) to 20 cc. of 95% ethyl
alcohol, in a dropping bottle.

Standard Volumetric Solution of Arsenic. This is
made by dissolving 1.3204 grams of c.p. arsenic trioxide in 25
ml. of a 20% arsenic-free sodium hydroxide solution, saturating
this with carbon dioxide, and diluting with double-distilled and
recently boiled water to exactly 1000 cc. in a volumetric flask at
the standard temperature. From this stock solution, which con-
tains 1 mg. of elementary arsenic (atomic weight 74.91) per cc
at the standard temperature, further dilutions are made with the
precaution of sodium sulfite reduction just before use, as rec-
ommended by How (15). Dilutions to a final titer of 0.1 micro-
gram of arsenic per cc. are made for use in the ultramicrocali-
bration of the standard step scales; these dilutions must be
conducted with the utmost precision.

Sensitization of Filter Disks. A supply of the filter disks,
enough for a week or 10-day period, is placed in a wide-
mouthed bottle with tubulated stopper, or in a micro filtering
flask, and this is half-filled with the mercuric bromide solution.
The disks are thoroughly impregnated with the solution and all
air is removed from the pores of the paper by exhaustion under a
vacuum of 75 to 100 mm. of mercury for 2 hours according to the
method of Cassil (5). The mercuric bromide solution, unless
recently made, should be filtered through a folded filter as prac-
ticed by Rosenfels (55) before being used; it should be discarded
entirely when 2 months old. The sensitized disks, in an ambcr-
colorca bottle, holding the solution, may be safely kept for a
week or 10 days if protected from bright light. Just before use
they are removed from the bottle, dried in the air on filter paper,
and used very promptly; at this stage they should again be pro-
tected from bright light and never returned to the bottle, but
discarded if not used. Optimal sensitiveness and the proper
degree of porosity depend on careful technique in all these details.

For testing the sensitized disks for undue porosity under
vacuum-filtration or permeability to excessive amounts (2 to 1
micrograms) of arsenic in the test solution, the authors have
superimposed a secondary or telltale disk above the primary
disk, but never have observed any sign of arsenic tnhydride
leakage or telltale staining.

APPARATUS

The apparatus is diagrammatically shown in Figure 1. bs
laboratory set up for operation in duplicate units is illustrated
in Figure 2.

The hydrogen generator is a 200-ml. Erlenmeyer Pyrex flask
with a 24/40'Tground joint for connection with the hydrogen sul-
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fide scrubber, 2. This part is taper-turned from methyl metha-
crylate resin, 2.5-em. (1-inch) rod stock, witha 24/40f lower
extremity and relief groove to fit the flask (1, Figure 1), and its
bottom is drilled symmetrically with 19 holes of 1.2-mrn. diam-
eter. Its cavity has an inside bore of 16 mm. in its lower
(cylindrical) portion and is tapered 19/22"$" in its upper portion to
receive a stopper which is taper-turned out of the same material
to 19/17T on the outside. This stopper isdrilled and taper-bored
to 14/28"$" to receive the tube and stopper assembly. This forms a
chamber to contain a 15-gram portion of granular Pyrex, 10/20-
mesh, 2/1, which is saturated with lead acetate solution and sur-
mounted by a pledget of Pyrex wool, 2/1, impregnated with the
same reagent, dried.

The Pyrex delivery tube, 3, hasan upper 12/30"$" ground joint
and a lower 14/20f ground joint to fitparts 4B and the stopper of
2 respectively. Its internal diameter is approximately 8.5 mm.
at the lower end and 6.5 mm. at the upper end; its length is 11
cm.

The filter clamp assembly consists of 2 members: the lower
damp member 4B, machined from 2.5-cm. (1-inch) methyl
methacrylate rod stock, threaded 3<-meh, 16 threads per inch,
Amer. Std. machine screw thread, drilled centrally and taper-
bored 12/301" to fit upper joint of 3. Its upper surface is
countersunk 0.1 cm. (0.040 inch) deep by 1.24-cm. (0.495-inch)
diameter to receive a gold-plated silver washer 1.25-cm. (0.500-
inch) diameter, 0.15 cm. (0.060 inch) thick. This washer (before
pd-platmz) is bored and precision-reamed centrally to 6.35 mm.
L2 inch) and given a slightly tapered outer edge for tight
push-fit into 4/7, thus forming a permanent precision-gaged gas
Jet for 0.35-mm. spot-filtration. It also provides a nonadherent
gastight seat for contact with the under surface of the mercuric
bromide-impregnated filter disk, which is held in compression
against it by 4(7 under clamping action of 4.4 (see detail,
figure 1). 4/7' is an exactly similar lower clamp member pro-
vided with gas jet for 3.17-mm. (0.125-inch) diameter spot-
hltration.

47 and 4C' are compression washers, precision-surfaced and
machined from 1.9-cm. (0.75-inch) methyl methacrylate rod stock,
L4-cm. (Yic-inrh) outer diameter and drilled centrally 0.6 and
v'n id anc* 0.125 inch), respectively, to correspond
'ith 4/7and 4/7'. These compression washers are tapered at the
upper edges to present a circular bearing surface 0.3 cm. (0.125
mch) wide for screw compression by 4.4.
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The upper clamping member, 4, 4A, is machined from 3-em.
(1.25-inch) methyl methacrylate rod stock and has a Vi-inch x 16,
Amer. Std. machine screw thread to fit 4B and 4/1'. It serves for
compressing washers 4C and 4C’, thus effecting a marginal seal
for the sensitized filter disk when seated upon the gas jet of the
lower clamping member. It has a precision-surfaced bearing
for contact with compression washers 4(7 and 4C' and is bored
centrally with a 0.6-cm. (0.25-inch) hole and then taper-bored
10/181" to give outlet for gas through connection with 5.

The connecting tube to vacuum line, 5, is machined from 1.25-
cm. (0.5-inch) methyl methacrylate rod stock by boring centrally
with a 0.3-cm. (0.125-inch) hole and taper-turning on the outside
12/30f at the proximal end for connection with 4 and dis-
}ally for connection with rubber pressure-tubing of the vacuum
ine.

The vacuum line may be actuated by a laboratory motor pump,
or an ordinary water pump used for filtering may be attached,
provided that the water pressure is adequate and fairly constant.
The latter form of pump will, at best, not operate more than two
filtration units simultaneously. In any case there should be a
water trap in the line, as shown in Figure 2, and a convenient
form of vacuum gage should be used, provided with an air-
intake valve for control of pressure reduction in the system.
During hot weather it is advisable to use a cooling jacket of
moistened cotton stockinet (an infant’s size no. 4 stocking with
toe removed answers well); this should surround the delivery
tube and clamping mechanism and be evaporated in the air
current of an electric fan.

METHOD

In planning a method for isolation and determination of ar-
senic as existing in organic substances in unknown combination,
not only must the problem of cyclic compounds resistant to
oxidation be met, but the problem of thermolability and un-
known vapor pressures of component arsenic groups,- which may
volatilize under natural conditions, must be considered, es-
pecially in ultramicrodctcrminations. In dealing with fresh
animal tissues and with other kinds of unstable organic material,
it may therefore be well to avoid the idea of “preparatory” treat-
ment being a detached process, and to substitute the concept
of a definite analytical partitioning of procedure, ab initio. The
authors recommend two analytical steps in examining such
material, both leading to a test solution suitable to Gutzeit re-
duction. The first is directed towards capturing any heat-
sensitive arsenic component, in however minute concentration,
by evaporation in a distilling system. The second step is to
isolate the relatively "fixed” arsenic component which remains
in the dehydrated residue, and which may be resistant to ordi-
nary methods of oxidation, by submitting this residue to
oxygen-bomb combustion. The two solutions which result
from this partitioning may be separately tested for their arsenic
content, or they may be combined for determination of “total
arsenic” in the sample.

1 A measured sample of the material is taken in as fresh and
natural condition as may be obtainable. For example, 2 cc. of
circulating blood are withdrawn from the vein and are at once
deposited through the needle of an aspirating syringe upon a
small bundle of arsenic-free absorbent cotton suspended within
a distilling flask (/12 Figure 3) which isalready connected with the
vacuum-operated absorption train. On removing the needle
from the side tubulature of flask At, this opening, 1, is screened with
a cotton filtering plug (as shown at 1A in the larger flask, Ai)
to prevent the possible access of any dust or extraneous matter
from the oxygen line, and is at once connected with a controlled
supply of pure dry oxygen gas as obtained from liquid air. A
minimum flow of this gas is now started while the flask is heated
on a water or sand bath to 60° C. The flow of warmed oxygen
gas, aided by suction of a vacuum pump at the end of the train,
removes all volatile products and moisture from the preparation
under a reduction of pressure which can be varied throughout
the operation to suit the optimum speed of evaporation. The
vapors are conducted from the flask through the acid-nebulizing
jet, 1B, which sprays hydrochloric acid (1 to 1) into the mixing
chamber, 2; here they are chlorinated and mixed with a cloud of
ammonium chloride which is produced by ammonia gas derived
from the reservoir, 3, containing ammonium hydroxide, which re-
agent, by adjustment of the rotating stem, 4, may be varied as to
its surface area. This adjustment is to provide a visible cloud of



ammonium chloride in the combined vapors to serve as an in-
dicator of the rate of absorption throughout units C, C', and D of
the train, all of which contain sulfuric acid (1 to 3).

The temperature in the distilling flask is maintained at 60° to
80° C. until there remains only- a desiccated residue. In the
case of 2-ec. samples of blood, this procedure requires about 30
minutes and somewhat longer for similar amounts of other ani-
mal and vegetable tissues. For larger (5- to 15-cc.) samples of
liquids, such as urine and liquid culture media, a larger flask, Au
with reflux condenser is used, and evaporation is proportionately
prolonged. The heat-labile components and most of the mois-
ture having been evaporated and extracted in the absorption
train, the vacuum line and oxygen supply are disconnected. All
extracts, with washings from the train, are then made suitable to
Gutzeit reduction (12% acid concentration) by dilution to a
volume of about 100 cc. This constitutes a test solution rep-
resenting the first or “volatile” fraction of the sample under
analysis.

2. In the second analytical step, the dehydrated residue-

consisting, in the case chosen, of dried blood on cotton—is
promptly removed from flask Aj, Figure 3, and placed in the
cradle fixture, 13, of the oxygen bomb, Aa, where its contained
fuse wire, 4, is connected to the terminals, 10A and 11, of the
ignition system in the bomb head, 1. The cylinder or combus-
tion chamber, 2, supported by its clamping collar (not shown)
is then raised to the closed position as indicated in A3 and there
securely' sealed by a massive clamping mechanism (not shown).
The bomb isthen charged with oxygen at 17.6 kg. per sq. cm. (250
pounds per square inch) pressure and the charge ignited by clos-
ing the ignition circuit. This process is essentially' as described
ina formerreport (4), but with certain improvements in apparatus
(manufactured by the Parr Instrument Co., Moline, 111) of more
recent development.

Figure 3.
At, At.

or grams, of blood, fresh tissues, etc.
As, As,
.B, C,

After the combustion, which is practically instantaneous, the
gases and smoke are completely exhausted from the bomb
through its outlet, 4, which is connected to the same absorption
train, B, C, C', D, as described in the first instance. In this
case the ammonium ions which are given off from the am-
monium hydroxide in the communicating reservoir, 3, of the
nebulizing chamber, B, 2, combining with the spray of hydro-
chloric acid, serve primarily to effect an ammonium chloride
cloud precipitation of all smoke particles within the globular por-
tion of this chamber. Thence the combustion gases are con-
ducted under action of the vacuum pump into the remaining
units of the extraction train which have been provided with the
same reagents used in the previous operation. When the ex-
haustion is completed, any residual gases in the bomb are washed
through the train by a current of oxygen admitted through the
bomb inlet, 3, which is still in connection with the oxygen supply.
The resulting extracts, combined with bomb residues and all
washings from bomb and train, are similarly made up to 100 cc.
in volume to form another test solution which represents the
second analytical fraction, or relatively "fixed” arsenic, of the
original sample. Both test solutions may be reduced separately,
or combined and determined as “total arsenic”.

Isolation and Determination of Arsenic from Test

Sotutions. Whatever the previous analytical procedure may
have been, the test material is assumed at this stage to be in
acid aqueous solution.

The degree of acidity, if not known, should be determined and
adjusted to approximately 12% hydrochloric acid, when brought
to 100 cc. in volume. This test solution, containing the arsenic
which is to be isolated as 'ursine and then quantitatively deter-
mined, is placed in the hydrogen generator flask (1, Figure 1)

Apparatus for Separate Determination of Volatile and Fixed Arsenic in Small Quantities of Biological Material
Flasks for distilling and dehydrating material for analysis. Ai Is for 5- to S5-cc. samples of urine, liquid culture media, etc. A, is for smaller samples, 2 to 2.9 cc.,

Right sectional views of oxygen bomb used for flame combustion of dried residues
C', b, E. Vacuum extraction train used in connection with Ai, Aj, and Aj for obtaining test solutions for ultramlicrodetermination of arsenic by extraction of volatile

products of evaporation or by extraction of smoke and gases from oxygen-bomb combustion of dry residue
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Photographic Standards for Vacuum-Gutzeit Spot
Reactions

Critical reproduction of original is limited by photomechanical processes involved,
me original step scales present 3 series of sepia tints; each series has a less steep
gradient of Intensity than is represented in the illustration.

Figure 4.

and 5 cc. of potassium iodide with | cc. of stannous chloride are
added. The flask is then placed in a water bath at 15° C. and
' grams of activated zinc are added; it is then very promptly
(10to 15 seconds) connected to the other parts of the apparatus
which have previously been assembled and supplied with re-
agents, including a sensitized filter disk securely clamped in
position for gas filtration under vacuum.

The vacuum pump attached to the system is then started
and reduction of pressure is first adjusted to approximately 0.5
atmosphere (380 mm. of mercury), at which it is maintained for 2
minutes. If the gas formation in the generating flask is then
not sufficiently active, the pressure is further reduced to the
Point of optimum action, which, in the authors’ experience is
not below 0.25 atmosphere (190 mm. of mercury), and is held
at this point for about 10 minutes, according to the activity of
die gas formation. Pressure is then raised to the first level of
380 mm. of mercury and is kept at this point until 20 minutes
in all have elapsed. During the run the temperature of the
«ater bath should be from 15° to 20° C. Atmospheric pressure
isrestored to the system at the end of the run by gradually ad-
mitting air through the air-intake valve on the vacuum gage,
it is convenient to have two or more units operating simul-
taneously on the same vacuum line (sec arrangement shown in
figure 2).

Upon completion of the run, the filter disk bearing the spot
reaction is removed from the clamping assembly and is im-
mediately treated with 1 or 2 drops of the ammonia solution,
which temporarily darkens the spot test to some shade of warm
way. The disk is now surface-dried by contact with clean filter
Paper and at once evaluated for arsenic content by comparison
with a standard photographic step scale which has been cali-
brated to micrograms of arsenic as illustrated in Figure 4.

The degree of arsenic reaction may be read directly by placing
the spot upon a white background and comparing its intensity’
"ith the shades of the photographic scale through windows which
sre punched in its banded portion. Anything which appears to
he less than 0.04 micrograin of arsenic in a 6.35-mm. (0.25-inch)
spot test is considered a “blank”. This corresponds to 0.01
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microgram of arsenic in the 3.17-mm. (0.125-inch) spot test and is
the limit of sensitivity which the authors have set for the method
in routine practice. Incidentally, it is a severe test on labora-
tory technique and purity of reagents and in earlier experience
there have been considerable periods of time when, owing to a
lapse of purity in one of the reagents, it has been impossible,
to get satisfactory blank tests with the 3.17-mm. (0.125-inch)
filtration area, or even with the 6.35-mm. (0.25-inch) area. Such
Lapses were, of course, definite departures from the tolerances
given above under Reagents. The faultwas usually found in the
sulfuric acid and was accounted for by the fact that this reagent,
although of the highest purity obtainable at the time, had been
stored and marketed by the manufacturers in ordinary flint-
glass bottles (which are not arsenic-free), and was probably also
due to incidental air-contamination through'use of too large
containers. With the cooperation of the manufacturers this
difficulty has been corrected and it is now possible regularly to
getsatisfactory blanks (less than 0.02 microgram) when operating
with the 6.35-mm. (0.25-inch) filtration orifice. (TheJ. T. Baker
Chemical Co. will now supply on request “acid sulfuric c.p.
special arsenic-free” and “acid hydrochloric c.p. special arsenic-
free” in 500 ml. glass-stoppered Pyrex bottles.)

In dealing with very small quantities of material the authors
have encountered interferences from only two elements which
may obscure the ammonia-treated Gutzeit end reaction. In
rare instances of clinical blood examination following a recent
intravenous injection of thiosulfate (administered to alleviate
poisoning from overdose of a therapeutic arsenical), the hydrogen
sulfide evolved in the generator has not been completely removed
by the lead acetate scrubber. This occurred not in the volatile
fraction, but in the residual fraction. Here, warning is given
by a rapid and intense blackening of the scrubber, and the
obvious remedy is to use a smaller sample or aliquot, which will
still be adequate for determining arsenic concentration, which
in these cases, is high. Occasionally, when samples of phos-
phatic urine have been evaporated, an excessive amount of vola-
tile phosphorus lias distilled over at 60° to 80° C. into the
extraction train. In such cases, although the ammonia reagent
does not darken the yellow stain caused by phosphorus, the
ammonia-darkened reaction for arsenic will be degraded by the
interference so as to cause false readings on the scale. Smaller
aliquots, or removal of the phosphorus by distillation with hydro-
bromic acid as mentioned below, will prevent the difficulty.

Having never had interferences from antimony or selenium,
the authors believe that, with the small samples of material
needed for ultramicrodeterminations, this problem would arise
only in exceptional circumstances, as in examining animal
blood or excretions following ingestion of seleniferous or anti-
moniferous food.

In experiments with the addition of small amounts of sodium
selenate to test samples of arsenical urine, they found that any
concentration of selenium likely to occur—i.e., under 50 micro-
grams per 100 cc.—would be removed as selenium hydride along
with hydrogen sulfide, by action of the lend acetate scrubber.
In the event of combined interferences, in cases of selenium or
antimony poisoning complicated with arsenic poisoning of or-
ganic material, they have been prepared to w'ork with relatively
large samples and to remove phosphorus and antimony by dis-
tilling with 45% hydrobromic acid and an excess of bromine into
the vacuum-extraction system, thus isolating arsenic with sele-
nium in the distillate; then to separate selenium from arsenic by
precipitating the selenium from the distillate with sulfur dioxide
and hydroxylamine hydrochloride, according to the method of
Robinson, Dudley, Williams, and livers {21), leaving-arsenic in
the filtrate to be brought into a proper test solution for end
determination by the present method, choosing an aliquot suit-
able to the ultramicro range.

PHOTOGRAPHIC STANDARDS FOR EVALUATION OF GUTZEIT SPOT
TESTS

The first essential for producing a photographic step-seale print
for the evaluation of Gutzeit spot tests is a primary film trans-
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parency presenting a banded scale of iight-transmission densities,
arranged in a progressive exponential series, and in convenient
dimensions for contact printing—as, for example, showing 21
contiguous bands covering a strip of film 20 to 22.5 cm. (8 to 9
inches) long and of convenient width, as 1.375 inches or 35 mm.

Such a primary step-scale transparency may be made on an
optical bench by successive steps of equal time-unit exposure
to a constant source of light and at progressive distances from
the light, the precisely measured distances constituting a definite
logarithmic series of steps to produce a corresponding logarith-
mic series of densities in the exposed photographic film after
development. A special machine, such as the Eastman sensitom-
eter, Type lib, devised for testing the characteristics of photo-
graphic emulsions, will accomplish the same purpose. The au-
thors produced their first films for photographic standards by the
optical bench method, but they do not recommend it, since it not
only is very laborious, but requires much technical skill and
experience and /aultlcss technique to get satisfactory results.
They later procured from the Eastman Kodak Co. a number of
photographic “step-tablet” transparencies made by their sensitom-
eter machine. These step tablets are now commercially avail-
able for use in 3-color process work. One of these transparencies
which was accurately calibrated at the Physics Department
Research Laboratories of the Eastman Kodak Co., Rochester,
N. Y., served to produce the secondary negative nlm referred
to in Figure 5, and from which the step-ecale prints illustrated
in Figure 4 were printed.

This secondary or master-negative film is required, because the
steepness of gradation of the original film is too great to serve
directly for making prints which will have the finely graduated
steps that are required in the final product.

A negative is therefore made by contact-printing from the
primary transparency upon an 8 X 10 film having a rapid, long-
scale emulsion, such as “Defender, XF-Panchromatic” or “Eust-
man, Tri-X Pan AH”, both of which emulsions possess a long
straight-line portion in the low-devclapment gradients of their
characteristic’ (D-log E) curves. The aim here is to produce
a negative step-scale film transparency as perfect as the original,
but with its series of densities reduced in range while retaining
the same number of steps as in the original—for example, from
density 0.45 to density 2.41 in 21 steps as shown in Figure 5
(inset), a zone covered by only 14 steps of the original film.

This result is obtained by suitable exposure and development,
so that the secondary negative, when calibrated by densitometer
and plotted as a graph, will show a straight line similar to that
of the original film, but with a lesser slope or gradient corre-
sponding to a gamma of definitely shortened development.
This task requires patience and considerable technical skill;
but, once accomplished, there is no further difficulty and the
resulting master negative is permanently useful for making con-
tact prints on bromide paper to serve as standards for a variety
ofranges of determination, as illustrated in Figures 4 and 5.

Asuitable grade of bromide paper is required for making prints.
It must be of pure white stock with a matte or rough surface.
Its emulsion must be susceptible to full development without
tendency to fog, and capable of giving a warm tone which will
match the tinge of the ammonia-treated spot reactions. This is
accomplished by adjusting the proportion of potassium bromide
in the developer. “Defender, Velour Black, C-1”, developed
with “55D” formula diluted 33 to 50% to include addition of
10 to 20% of potassium bromide solution (10% by weight), has
given good results. The time of exposure and development will
vary slightly with different batches of paper. For instance,
print B, Figure 4, was “VB-C-1” exposed 30 seconds at 85 cm.
(34 inches) from a 60-watt Mazda lamp and developed in “55D”
(12.5% potassium bromide solution added) at 65° F. for 50
seconds, the darkest band appearing at 22 seconds and
the lightest at 49 seconds; print A. same paper and conditions,
was exposed at 90 cm. (36 inches) from the lamp, and
development was 28"/58"; print C was obtained by using a
slightly “harder” grade of paper (“VB-C-2”). An acetic acid
short-stop bath is used to stop development abruptly, and the
print, after thorough rinsing in this, is fixed in two successive
trays of plain “hypo” solution, 3 to 5 minutes in each tray with
agitation. After a wash in running water for 20 to 30 minutes,
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the print should be treated to eliminate any thiosulfatc which
cannot be removed by washing, since residual traces as small
as 1 microgram per sq. cm. of paper, will, in course of time,
produce slight fading in the bands of lesser density due to a
gradual “sulfiding” of the silver deposit. To correct this, the
method of hypo elimination devised by Crabtree (9) is most
reliable, a process which utilizes hydrogen peroxide and ammonia
to oxidize every trace of thiosulfatc for removal in a 5- to 10-
minute period of final washing.

Even with these precautions, atmospheric conditions may
cause degradation of the lesser densities, as, by hydrogen sulfide or
sulfur dioxide in the air of industrial centers, or by salinity nefg
the sea coast. A calibrated silver print should therefore be
regarded as a delicate photometric standard and preserved care-
fully from the action of light, heat, and moisture; unless sub-
jected to the sulfur-eliminative treatment recommended above,
it should be recalibrated after 6 months. In any circum-
stances, a new standard print should be made from the master
negative when a 12-month period has elapsed.

Prints are standardized by calibration against known amounts
of volumetric arsenic solution as specified under Reagents. This
is done by photometry', but expert visual calibration from
known test spots, or from previously calibrated prints, will give

Figure 5. Reflection Densities of Photographic Scales

Step-scale prints A, B, and C with arsenic values coordinated to indicate
system of calibration.
Dots are plotted against the right-hand ordinate of reflection density,

expressed as log , where 1 Is the Intensity of light reflected from the blank

paper base, free of deposit (whether Ag deposit of the print, or As-Hs
deposit of the test reaction), and R the intensity of light reflected from the
deposit. The abscissa measures the D-log E characteristics of the developed
bromide emulsion of the prints, in steps, as printed through corresponding
bands of the negative film shown in the insert. The left-hand ordinate is an
arithmetic progression, in terms of micrograms of arsenic as contained in
Gutzeit test spots 6.35 mm. in diameter— a unit test area selected to establish
two datum levels of 1.00 and 0.10 micrograra of As, amounts which in
repeated photometric evaluations coincided very closely with 0.666 and
0,066, respectively, on the reflection density scale, as indicated at steps
15 and 4 of the fi-print graph. Dots occurring alone at step intervals In the
graphs represent photometer allocations of the corresponding bands of prints
and refer to the right-hand ordinate.

Gosses represent definite amounts of arsenic added to test solutions, and
are the theoretical basis of calibration as referred to the left-hand ordinate.
Dots which closely coincide with crosses are the actual coordinating factors;
plotted as calibrating factors by photometer readings of their reflection densi-
ties. and representing arsenic found, they are thus referable to both ordinates.
Differences between crosses and nearly coincident dob, denote recovery
data, or error of determination, and are summarized in the text as applying
to different ranges. Dob marked with a ringed cross are duplications of
primary calibrations on graph B. it Is evident that this system of photogramlc

U 666 ot>

yAs, where a is the unit area of 6.35 mm. diameter and

standards for evaluation may be resolved to the formula:
1,5a()?it>) =

R D the reflection density in terms of log
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results which are surprisingly close to calibrations by galvanom-
eter readings with a photoelectric cell. For photometric cali-
bration the authors have employed the following apparatus:

Aselenium photocell with a 20-mm. effective diameter, giving
aphotocurrent of 150 microamperes and output of 25 microwatts
a 1lumen. This is placed in an insulated adapter, or in a
microphotometric slit ocular, at the eyepiece position of a micro-
soope and connected with a mirror galvanometer of ap-
proximately 750-ohm resistance and a sensitivity of 2.5 X 10~8
ampere per mm., with the interposition of a compensating resist-
ance circuit, so designed as to provide selective sensitivity with
adjustable zero point on the galvanometer scale under a wide
variation of light intensities or field areas.

A microscope fitted with 24-mm. and 40-mm. single-lens ob-
jectives, and with tube length adjustable from 155 to 200 mm.
forcontrolling exact size of field, a mechanical stage for multiple
(reduced field) readings, and a quick-shifting device for alter-
nately positioning test spots and step-scale bands within the
illuminated field of the instrument. (Precision of operation is
favored by averaging or integrating fractional readings by means
ofamicrophotomctric slit ocular as described by Lange, 18.)

An efficient type of electric microscope lamp and condenser,
adjustable to an approximately 45° angle of incidence to prevent
specular reflection, and capable of illuminating a field of 7 mm. or
lessin diameter. This lamp must be operated by a storage bat-
tery to ensure a nonfluctuating current and must produce a light
of liigh intensity which is so steady as to cause no oscillation of
the galvanometer light beam.

With such a system, the difference in photocurrent of reflect-
ances from unit areas of adjacent bands of a step scale, such as
scale B in Figures 4 and 5, will give deflections of the light beam
onthe galvanometer scale of 3 to 15 mm., as controlled by sensi-
tivity adjustment in the balanced circuit. Reactions from
known amounts of arsenic or from unknown test solutions can
thus be nearly matched with scale-band deflection readings and
values interpolated according to the step deflection.

The precision of the combined vacuum-Gutzeit procedure
and photometric reading method, when summarized from the
recovery data of Figure 5, shows: (a) in the lower part, or “toe”
portion, of curves B and C (from 0.04 to 0.40 microgram of ar-
senic), comprising 7 recoveries, an accuracy of 95.85%, with a
mean deviation of =*=0.04 microgram; (6) in the range covered
by the straight-line portion of the graphs (from 0.50 to 2.0
mierograms of arsenic), comprising 15 readings on 12 recoveries,
an accuracy of 99.93%, with a mean deviation of £0.0053
microgram; (c) an over-all accuracy, for the entire range, of
98.63%, with a mean error of £1.37%. This applies to an
exemplary set of findings and is somewhat better than the
general average of +1.5%, which is claimed for the photometric
application of the method. For routine visual evaluations in
the optimum range of 0.04 to 0.90 microgram of arsenic, pre-
cision is estimated as within £0.03 microgram, and the visual
error increases from +0.06 to +0.07 microgram in the higher
range from 0.90 to the visual limit of 1.6 micrograms of arsenic,
which impliesa £3% error in the optimum range.

Only the bands of reflection density on the calibrated scales are
the essential criteria for arsenic determination, and these rep-
resent ascending gradients of arsenic value strictly according
to the area of the test spot. When such a step-scale print has
once been calibrated for the unit area of 6.35-mm. (0.250-inch)
diameter, as shown in Figures 4 and 5, it follows mathematically
that any step of the scale when referred to 3.17-mm. (0.125-inch)
test spots, will represent just one fourth of the value attributable
to the unit area. Thus, if an area be selected that is 2.5 times
that of the unit area, or 10 times that of the 3.17-mm. area, its
calculated area would be 79.167 sq. mm., its diameter 10.04
min., and there would be established a triple ratio of 0.25:1:2.5
or 1:4:10, in scale value, according to spot area, with corre-

sponding arsenic values holding throughout all shades of the
scale.
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SUM M ARY

A relatively rapid procedure and new apparatus are described
for isolation under vacuum of small amounts of arsenic as ar-
senic trihydride. The method is especially applicable to very
small samples of fresh biological material and other organic sub-
stances which demand an ultramicro range of determination.
It employs the well-known zinc-acid reduction process, which is
shortened in time of operation to 15 minutes and intensified in
action without applying heat. This is accomplished by opera-
tion in a vacuum system at 0.25 to 0.5 atmosphere to produce
an arsine-mercuric bromide reaction by spot filtration. The
reaction is concentrated by jet-filtration through a precisely
gaged area of the sensitized medium. The diameters of the jets
producing the spot reactions are designated as 3.17 mm. (0.125
inch) and 6.35 mm. (0.250 inch), giving two orders of reaction
areas in the ratio 1 to 4, and providing ranges of 0.01 to 0.40
and 0.04 to 1.50 micrograms of arsenic, respectively.

These Gutzeit spot reactions, after intensification with am-
monia, are immediately" evaluated by' reference to a standardized
photographic step-scale print having 20 bands of mathematically
graded reflection densities, which have been photometrically
calibrated against fresh spot tests from known amounts of ar-
senic. The method of calibrating these photographic standards
by coordination with recovery data, and the photographic
procedure for producing the prints and the permanent film nega-
tives from which they are derived, are described. Apparatus
comprising the vacuum-filtration system consists mainly of
parts which are precisely" machined from methyl methacrylate
polymer.

Sensitivity claimed for the method in its present form is 0.01
microgram of elementary arsenic, which is visually distinguish-
able from a “blank”. Accuracy claimed for the vacuum-
Gutzeit method combined with evaluation by photographic
standards is +3% by visual inspection .in the range 0.02 to
0.90 microgram of arsenic and +1.5% by photometry" in the
extended range to 2.0 micrograms of arsenic. Larger or smafier
filtration areas may be used for other ranges than those de-
scribed.
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Microchemical

Identification of Demerol

JOSEPH LEVINE, Bureau of Narcotics Laboratory, Washington, D. C.

Demerol may be identified microchemically through formation of crystals with alkaloidal reagents.
Doubly confirmatory test is available with single reagent, in conjunction with scratching of test

drops.
sium iodide are described.

A LKALOIDS irnd alkaloidlike compounds, in general, combine
f \ with the so-called “alkaloidal reagents” to form insoluble
complexes, many of which crystallize in unique and characteristic
forms. Most of the natural alkaloids and many synthetic
alkaloidlike compounds may be definitely identified by visual
microscopic examination of these crystals. Several books and
many articles describe or illustrate a number of those for which
the specificity of the microcrystalline form has been established
(f, 4, G, 8 and others).

Figure 1.
Crystals.

pearance from those formed in the undisturbed test drop.

Upper
Upper
Crystals, Scratched.

Tests with picric acid, lead iodide, sodium nitroprusside, potassium dichromate, and potas-

The usual procedure in making the microchemical tests is to
add a drop of the reagent to a drop of a solution of the alkaloid
on a glass slide; the test drop is then allowed to stand until
crystal formation takes place. Rubbing or stirring the test drop
to induce or hasten crystallization is, in general, considered to
bo objectionable. Stephenson (6) states that crystals formed on
stirring are likely to be less characteristic than those formed
more slowly, and recommends that stirring be avoided to prevent
the formation of abnormal crystal forms. Scratching is some-
times recommended to in-
duce crystallization (2), but
no reference has been found
in which scratching is used
to influence the course of
the crystallization.

Demerol (ethyl-I-methyl-
4 - phenylpiperidine -4 -car-
boxylate, 8) may be readily
identified microchemically.
Its reaction with 28 of the
common alkaloidal reagent'
was studied. Of these, 5
combined to form crystals
which are very well formed
and suitable for purposes
of identification; 7 others
formed crystals which,
either because of low sensi-
tivity or because of atypical
crystal formation, are les
suited for the purpose; 1)
formed only amorphous pre-
cipitates; and 5 failed to
form any precipitate.

The effect of scratching
the test drops of Demerol
and picric acid, sodium ni-
troprusside, or potassium
iodide is very striking.
Well-formed individual
crystals arc obtained which
are entirely different in ap-
They do not

Left. Demerol-Picric Acid
Right. Demerol-Picric Acid
Lower. Demerol-Lead lodide
Crystals

appear in any way to be merely distorted or abnormal forms of the latter,
but are crystallized in distinct and unique forms which are very well suited
for microscopic examination. Advantage may be taken of this circum-
stance in having a doubly confirmatory test for Demerol: the formation
of two distinct and individual crystal types with a single reagent, in con-
junction with the unique influence of scratching in effecting the formation
of tliis dual pattern of crystal types, furnishes a cross-combination of data
ensuring the reliability of the identification.

No information is available at present as to the effectiveness of the
scratching technique in the identification of other alkaloids with the various
alkaloidal reagents. Preliminary work indicates that fruitful results might
be obtained; a study of the subject would be of decided interest.

In making the tests, the usual procedure was employed. To one drop
(0.03 ml.) of an aqueous solution of Demerol hydrochloride was added an
equal drop of the reagent. The resultant crystals, formed either on standing
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aronscratching with a glass rod, were examined under a magni-
ficationof 90 X . Best results, in regard to facility of examination
dfthe crystals, were obtained if the concentration of the Demerol
solutions was such that not more than a slight initial precipitate
m formed upon addition of the reagent. Hydrochloric acid,
01iV, may be used instead of water as solvent for the Demerol,
excent in the case of picric acid. Here the effect of the acid
prevents the formation of the characteristic X-shaped crystals.

Crystalline complexes were obtained from the reaction of
Demrerol with picric acid, potassium iodide, sodium nitroprusside,
ted iodide, potassium dichromate, potassium chromate, chromic
add (the latter three in hydrochloric acid solution), potassium
ferrocyanide, potassium ferrieyanide, platinic chloride, mercuric
chloride, and palladium chloride. Amorphous precipitates
alywere obtained with gold chloride, Wagner’s reagent, Marme’s
reagent, Mayer’s reagent, phosphotungstic acid, phospho-
molybdic acid, silieotungstie acid, zinc chloroiodide, sodium
phosphate, sodium cobaltinitrite, and picrolonic acid. No
precipitate was obtained with ferric chloride, zinc chloride,
ammonium thiocyanate, saccharine, or potassium permanganate.

«EAGENTS AND CRYSTALS
BEST SUITED FOR IDENTI-
FICATION

Picric Acid, saturated
aqueous solution.

This reagent is very
sensitive.  Best results are
obtained with concentra-
tios of Demerol of 0.1%
olesss. An amorphous
precipitate forms, which is
transformed on standing to
lago rosettes, the arms of
which are very fine, wavy
filaments (Figure 1, upper
left).

If the reaction drop is
stimed immediately after
te addition of the solu-
tions, X -shaped crystals
lom(Figure 1, upperright).
Lith higher concentrations
o Demerol, both forms of
crystals may be found in
the same test drop after
scratching.

If the Demerol is dis-
solved_in 0.1 N hydro-
chloric acid instead of
water, no X-shaped crys-
tls will form, even on
scratching. Instead, there
ae formed, in addition to .
rosettes, long, very fine, Figure 2. Upper Left.
meedles. A ddition of a side Crystals. Upper
very small amount of Nitroprusside Crystals, Scratched.
sodium bicarbonate to the
Demerol solution promotes
the formation of X'’s; if

suitable. In accord with the orientation of the prisms, the
hexagons may or may not appear equilateral. The relative
lengths of the sides may be sucb that the crystals appear
rliomboidal or, sometimes, diamond-shaped.

Potassium Dichromate-H ydrochloric Acid. A 5% solu-
tion of potassium dichromate in a mixture of equal parts of
concentrated hydrochloric acid and water.

An amorphous precipitate forms, changing to a dense mat of
long yellow needles, often in sheaves (Figure 2, lower left).
With concentrations of Demerol under 0.2%, no amorphous
precipitate is formed; direct crystallization takes place slowly.
Scratching hastens the crystallization, without affecting the
crystal form.

Similar crystals are formed with potassium chromate or
chromic acid in hydrochloric acid solution. Neutral aqueous
solutions of the three reagents produce only amorphous pre-
cipitates.

Potassium lodide, 20% to saturated aqueous solutions.

The sensitivity of this reagent varies with its concentration.
A 20% solution is sensitive to a 0.2% Demerol solution, while
sensitivity to below 0.05% Demerol solutions may be obtained
by saturating a test drop of the latter with crystalline potassium
iodide.

Demerol-Sodium Nitroprus-

Right.\l JlDemerol-Sodium
Lower. Demerol-
Potassium Dichromate Crystals

hrger amounts of sodium bicarbonate are used, some crystals of this type

may form even in the undisturbed drop.
Lead lodide, prepared by the method of Wagenaar (7),

Add toa 1to 3

aqueous potassium acetate solution a drop of methyl red indicator, then

acetic acid until the yellow color changes to light brown.
lead iodide while warming gently, cool, and filter.

Saturate with

Hith a 0.1% solution of Demerol, an amorphous precipitate forms,
flanging to rosettes, the arms of which broaden on standing to form long

plates (Figure 1, lower left).
T T rlie ot"er rosettes lying in different planes.

The rosettes lie in a horizontal plane,

u the test drop is scratched, short flat rods which look like the arms of
he rosettes form along the scratch proper, while throughout the drop the
types of rosettes as in the undisturbed test drop crystallize quickly.

«tdium Nitroprusside, 5% aqueous solution.

With a 1% solution of Demerol, an amorphous precipitate forms,
changing to long coarse bladelike plates, both individual and twinned

ufigure 2, upper left).
phous precipitate forms initially;
dthe drop. .

With solutions of lower concentration, no amor-
the crystals slowly form from the edge

If the test drop is scratched, small very distinct hexagonal prisms are

onned (Figure 2, upper right).

Concentrations of 0.2 to 1% Demerol are
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If the test drop is allowed to stand, very long needles, both
individual and in sheaves, form (Figure 3, left). Crystal forma-
tion in the undisturbed drop is slow with lotv concentrations of
Demerol and of potassium iodide.

If the test drop is scratched, the resultant crystals are short
blunt rods, sometimes twinned (Figure 3, right). These crystals
are characterized by their high refractivity and by their pro-
nounced uniformity in length.

It is probable that crystals well suited/for purposes of identi-
fication would be obtained with other alkaloidal reagents. The

Figure 3.

Left. Demerol-Potassium
lodide Crystals.

Right. Demerol-Potassium

lodide Crystals, Scratched

reagents used, however, are
common, and the above
descriptions provide ade-
quate data for the un-
equivocal identification of
Demerol.
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Semimicrosapomfication of Esters

JOHN MITCHELL, Jr., D. M. SMITH, and FLORENCE S. MONEY

Ammonia Department of E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.

A general semimicroprocedure for the saponification of esters,
based on saponification with 2 N sodium hydroxide in a closed
system, is described. The technique is readily adapted to routine
analysis. A study of steric hindrance has given a measure of the
limitations of the method and permitted the development of rela-
tively mild conditions for a wide variety of esters, thereby minimizing
the interference of other active organic functional groups.

T HE saponification of esters as an analytical method has been
studied primarily in the chemistry of fats and waxes (7, 5, 6).
These drastic techniques, designed for the analysis of difficultly
hydrolyzed esters, are not required for a large number of the car-
boxylic esters. Redeman and Lucas (4) modified the general
analysis of esters by employing a closed system at temperatures
ranging from 70° to 130° C. Bryant and Smith (2), while study-
ing the effect of structure on saponification, developed a simpli-
fied procedure for the analysis of esters of widely varying struc-
ture. In their method, saponification is carried out in a closed
flask using an excess of 2 N sodium hydroxide in 90% methanol.
This basic saponification medium has been retained in the
semimicrotechnique. When applied to routine analysis, it has
effected a considerable saving in reagents, amount of sample used
and space required for apparatus. In the present paper, also, a

series of esters has been studied in order to determine conditions
sufficiently mild to effect quantitative hydrolysis of the esters
while minimizing the interference of aldehydes and ketones.
The investigation included a study of relative activity of the
esters at 60° C. in an alcoholic environment and at room tem-
perature in 50% aqueous medium.

The presence of alkyl side chains near the ester groups is known
to retard saponification. At the higher temperature a-alkyl hin-
drance in the acid radical was particularly marked between the
a-methyl-substituted butyl and amyl esters. At room tempera-
ture this effect was noticeable even in the simplest esters.

EXPERIMENTAL

Reagents. Alcoholic 2 N sodium hydroxide is prepared by
dissolving 80 grams of c.p: sodium hydroxide and 100 ml. of dis-
tilled water in sufficient Du Pont synthetic methanol to make 1
liter of solution.

Standard 0.2 N hydrochloric acid is prepared by diluting 198
ml. of concentrated hydrochloric acid to 1 liter with distilled
water.

Apparatus. A precise vacuum filling pipet (Figure 1) p
used to deliver reproducible volumes of the 2 N caustic, whichis
stored in the 1-liter reservoir. The apparatus is protected with
soda lime at all outlets.

The 10-ml. buret (Figure 2) is used to deliver accurately the
standardized acid during back-titration. (These items were made
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5-10 ML.
GRADUATED
IN 0.01 ML.

Figure 2. Microburet

to the authors' specifications
by Eck and Krebs, 131 West
24th St., New York, N. Y.)
A convenient water bath
(Figure 3), initially de-
scribed in an earlier publica-
tion (7), has been converted
to a thermostatically con-
trolled unit. Equipped with
Arthur TI. Thomas Co.” 60-cm. (24-inch) clamp-bars and No.
337 G, size 3C, micro-spring-grip clamps, one bath will accom-
, modate up to twenty 25-ml. or 50-ml. flasks, simultaneously.
Analytical Procedure. A 2-ml. portion of the 2 N caustic
solution is delivered from the vacuum filling delivery pipet into
a 25-ml. glass-stoppered volumetric flask. Then the sample,
| containing up to 2 milliequivalents of ester, is added or weighed
| wto the flask. In the general analysis the final concentration of
| sodium hydroxide should not be less than 1 N. This limits to 2
Im. the total volume of sample or sample plus diluent. The
flask, together with a blank, is placed in a water bath at 60° ==

rigure 1. Delivery Pipet

Table I. Analytical Data for Esters
No. of Found, Weight %
Ester Dote minations Semimicro Macro
Methylacetate** 2 99.0 * 0.0
hthylacetate& 2 98.7 * 0.2
Monoacetin ¢ 2 105.6 0.3
!)sogror[])ylaeetate 2 98.8 * 0.0
lacetin« 2 92.3 * 0.2
JMylpropionate 6 99.7 =0.2 9919
inacetin 2 99.2 + 0.1
n*Butylacetate 10 98.8 * 0.2 9817
isobutylacetate 2 97.0 * 0.1
bbutylacetate® 2 98.3 * 0.2
thybn-bufcyrate 2 100.2 * 0.0
c-inylisobutyrate 2 97.9 * 0.2
Jlethyl-u-valerate 4 98.8 + 0.2 990
Ve pv -»-caproate 2 98.8 1b0.2
p.?{f\l_ I-2-methylpentanoate e 2 67.3 = 0.0
gnyjtiglate e 2 100.0 * 0.0
Fo%bS—methylbutanoate* 2 92.3 * 0.0
Lobutyl-n-butyrate 4 98.5 * 0.2 9815
fe~ntyhsobutyrate 2 99.7 1b0.1
gnyladipate 6 99.2 + 0.1 9912
“Ahylethylmalonate 2 92.8 =0.1
«sAmyl-n-caproate 2 93.2 £ 0.2
Uobutvladipate A 4 100.2 0.1 106!2
Lycjohexylacetate 2 100.2 * 0.2
oheiyliaobutyratee 4 97.9 * 0.2 L
«Moh Xy|afji ate 4 ° 99.9 0.2 100.0
in ’iP%en agetate/ 2 99.7 1b0.1
Youtylphthalate 2 985 + 0.0
Gei>iylbeiuoate 4 100.1 rit 0.1

*Carbide and Carbon Chemical. bJ. T. Baker. c¢ Eimer & Amend,
/,]JrePard from ferf-butanol and acetyl chloride in presence of pyridine
r»iw .Spared from corresponding acid and alcohol. / Newport Chemi-

orks. All others Eastman chemicals.
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Table Il. Saponification of Esters in 30 Minutes at Room
Temperature
2 Ar NaOIT in 2 ATa%ueous

Eater 90% CHaOH NaOH
Methylacetate 91.5 100.0
Ethylacetate 94.0 100.0
Monoacetin . 100.0
Isopropylaeetate 91.0 99.5
Diacctin N 100.0
Ethylpropionate 91.5 100.0
Triacetin 100.0
Isobutylacetate 9*5.0 100.0
leri-Butylacetate 76.0
Ethyl-n-butyrate 99.5
Ethylisobutyrate 6%9.5 100.0
Methyl-n-valerate 100.0
Methyl-n-caproate 8
Ethyl-2-metnylbutanoate 5
Methyl-2-methylpentanoate 4
Ethyltiglate 9
laobutyl-n-butyrate 3
Isobutyliaobutyrate 5
Ethylethylmalonate * 9
Ethyladipate 10

n-AmKI—n-eaproate
Cyclohcxylacetate
Cyclohexylisobutyrate
Ethylphenyl&cetate
rt-Butylphthalate
Benzylbenzoate

.a
o

NSO UIENOAXOON

mooocoocooovtiooow

=
o

Figure 3. Constant-Temperature Water Bath

1° C., loosening the stopper momentarily to allow for expansion
of included air. Then the flask is stoppered firmly, heated for
30 minutes, removed from the bath, and cooled in ice water.
Excess alkali is determined by back-titration with the standard-
ized 0.2 N hydrochloric acid to the phenolphthalein end point.

RESULTS

Analytical results obtained on twenty-nine widely different
#esters are given in Table I, together with some comparative
macro values (2). Except where noted the trade products were
used without further purification. In general, the precision and
accuracy are each about £0.2%.

Interference due to a-alkyl substitution was noticed first with
ethyl-2-methyl butanoate and ethylethylmalonate. However,
the next higher homolog, methyl-2-methylpentanoate, reacted
only to the extent of 67%, a decrease of about 25%. By increas-
ing the temperature to 100° C. and heating for 2 hours the ethyl-
ethylmalonate and ethyl-2-methylbutanoate were saponified
quantitatively, while the methyi-2-methylpentanoate was 95%
complete.

“The presence of water in the sodium hydroxide solution is de-
sirable for saponification in alcoholic reagent (5). In the general
analysis, however, water in excess of 10% decreases the solvent
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action of the methanol. These factors were verified during 30-
minute room temperature studies, where the ester in methanol
solution was added in 2-ml. portions either to 2 ml. of 2 W sodium
hydroxide in 90% methanol or to 2 ml. of 2 N aqueous caustic.
In the one case this represented essentially alcoholic environment
and in the other about a 50% aqueous medium. Results obtained
on several esters are given in Table I1I.

A comparison of results from the two reagents definitely proves
the beneficial effect of water. In the alcoholic environment
saponification was incomplete, even with the simplest esters.
In the aqueous alcoholic medium, however, saponification was
complete for most of the normal lower esters. ieri-Butyl acetate
showed the first marked evidence of side-chain interference in the

aqueous medium, while methyl-a-caproate represented the first
normal ester not completely soluble in the mixture.
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Modifications of Apparatus for Deuterium Oxide
Determination by the Fallins.Drop

E. S. FETCHER, Jr.1 Department of Physiology, University of Minnesota, Minneapolis, Minn.

T HIS note outlines modifications of the apparatus described
by Keston, Rittenberg, and Schoenheimer (8) which permit
greater speed of deuterium oxide analysis.

Two distillation trains are used (see diagram), the components
of which are more readily cleaned and more interchangeable than
those of Keston et al. The distillation trains are supported
rigidly only at positions i. Where many determinations are to
be made, the following glassware will be found sufficient: 10
tubes a; 3 each of tubes 6 and c; 2 each of tubes d and g; 14
plugs e; and 6 weighing bottles/. Tubes g with weighing bottles
can be attached to tube o2in place of the plug when the sample
contains no organic material and combustion is unnecessary.
The outlet of the combustion furnace is adapted to fit the a
tubes. The sample, with barium carbonate, is boiled for a few
moments before the pressure is reduced, to eliminate bumping.
Calcium oxide is used in tube b in place of potassium hydroxide
and chromic oxide to eliminate replaceable H+. As condensing
medium an ice-saturated calcium chloride bath is convenient, in-
expensive, and entirely satisfactory.

1Present address, Equipment Laboratory, Engineering: Division, Wright
Field, Dayton, Ohio.

An accurate, relatively simple, and easy to use micropipet
can be made from a microscope mount and a hypodermic syringe;
its operation is entirely mechanical. The outlet of a 1-cc. tuber-
culin syringe is attached rigidly to one end of an appropriately
bent 0.5-mm. capillary; the other end of the capillary is dram
to a small tip. The syringe barrel and capillary are mounted
firmly on the coarse-adjustment housing of the microscope
mount in such a way that motion of the fine-adjustment housing
is not interfered with. A spring is slipped over the lubricated
plunger of the syringe before it is inserted into the barrel. Tre
plunger is actuated by a precisely threaded pin (from an inex
pensive micrometer caliper, for example). The threaded deae
in which this pin turns is attached to the fine-adjustment housing
Two stops allow the pin to be turned through only part of a revo-
lution. The capillary and syringe are filled, under vacuum, with
mercury. The coarse adjustment of the microscope mount raises
and lowers the entire pipet; the fine adjustment is used for filling
and flushing the capillary; rotation of the threaded pin through
its prescribed limits delivers the droplet. The capillary may k
provided with a removable tip for easy cleaning, and with a mer-
cury reservoir.

Extremely vigorous stirring of the constant-temperature bath
renders the maintenance of the required constancy relatively

easy; such stirring may be achieved
with little vibration with the impeller

pump described by Hemingway and Shelley (I).
As a thermoregulator, copper tubing
filled with 1,2-dibromomethane has
given excellent results; 1,2-dibroroo-
methane has a low specific heat, high
thermal conductivity, and high expan-
sion coefficient, so that it is about twice
as effective as the liquids usually used
in thermoregulators. Ordinary cement
cannot be used with this substance to
attach the copper tube to the glas
thermoregulator head; it should ke
sealed directly to the copper, or the glas
tubing can be inserted into a cup o
Wood’s metal surrounding the copper
tube. The heater element used is
enameled copper wire connected to the
secondary (10 volts, 12 amperes) of a
transformer; this element has almost
no heat lag. A mercury, constant-head
overflow column is used to maintain a
constant flow of cooling water through
the bath.
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Improved Apparatus for Solubility Determination
or for Small-Scale Recrystallization

and OTTO w. POST
Rockefeller Institute for Medical Research, New York, N. Y.

LYM AN C. CRAIG

SEVERAL types of apparatus useful in small-scale recrystal-
lization, where centrifuge filtration is employed, were
described in a previous publication (i). Since then, a number of
modifications have been made in the design and, in view of the
mck potential use of such devices, a description of the improve-
ments would appear advisable.
Forroutine fractional recrystallization, the apparatus shown in
Fgure 1 is easily constructed, and is considerably superior to the
aes previously described.

lisan ordinary test tube, 100 mm. long and 12 mm. wide.
Bismade from a smaller, thin-walled test tube 70 or 80 mm. long,
approximately 8 mm. wide, and weighing between 2 and 3 grams.
Tre upper half is widened by heating m the flame to just the
softening point and slowly pushing it over a hot carbon rod a
litle over 8 mm. in diameter. By steadily turning the tube on
therod, a very uniform shoulder having an angle of about 45° can
leobtained. Another test tube of the same size will then just
barely pass through the enlarged part. C is made
byheating a test tube 8 mm. in diameter with a
uniformly round bottom at a point about 15 mm.
fromthe end and allowing the glass to collapse.
When enough solid glass has collected at this
point, it can be drawn out to form a solid rod 2
t0o 25 mm. in diameter, as shown in Figure 1,
adapproximately 60 mm. long. The lower end
dthe rod can be enlarged as shown, by tlie use
o a flat carbon while the tip is molten. This
pres the rod more strength so that it can better
withstand the pressure during centrifuging. The
combined weignt of B and C should be of the
oder of 4 to 6 grams. D is a larger test tube
which is fitted with a rubber stopper and has
cottonon the bottom at E.
. Inactual practice, the material to be recrystal- >
wed_is placed in the modified test tube, B, and
solution is achieved with a minimum volume of
hotsolvent. The apparatus is then assembled in
»position the reverse of that shown in Figure 1,
»dcooled to the optimum temperature for crys-
tallization. After crystallization, it is inverted to
the position shown and centrifuged. (A speed of
approximately 1500 in a No. 2 International cen-
trifuge has been found to give clear-cut filtration
without breakage of the equipment.)
The crystals are caught at the point of enlarge-
ment of test tube B, since there is just enough
clearance between C and the shoulder of the en-
largement of B to allow the liquid but not the
crystals to pass through. For fine crystals, C may
leseated a little more accurately on the shoulder
bygrinding with rough Carborundum, as described
below. After filtration, the innertesttube, A, is first
removedand held at an angle of about 45°. B and
lcanthen be removed as one piece by grasping the
®posed end of B, since in this position C will bind
Tithe larger part of B and will not fall out.

It is convenient to have B and C tared to-
other, so that the weight lost during crystal-
lization, the wet weight, etc., can be obtained.
After filtration, C can serve as a stopper to
Prevent the entrance of extraneous material
Coring storage or during further crystallizations
a manipulations. When properly seated by
Srmding, the unit is entirely adaptable to solu-
buity .mierodeterminations, as carried out by Ing
»dBergmann (2) and more recently in a greatly
“Proved way by Moore and Stein (3).
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A slight modification in the design adapts the apparatus for
use with much larger amounts of material. This is done by en-
larging the crystallization part of B by blowing it larger from the
same test tube, as shown in Figure 2, or otherwise making a very
thin-walled bulb. The bulb or crystallization part in this case
must be very thin, so as not to increase the total weight of the
crystallization vessel and the filter stick much beyond 6 grams.
Bulbs holding from 15 to 20 ml. have been constructed from this
weight of glass and successfully used by starting the centrifuge
a little more slowly. This volume permits recrystallization from
10 to 15 ml. of solvent.

For small-scale work, sintered filters are unquestionably useful,
both for suction and centrifuge filtration, but are not always easy
to clean, and this gives rise to a reasonable distrust of their
reliability. They also retain appreciable amounts of mother
liquor, and complete removal of the crystals from the rough

surface without scratching off glass particles at
the same time is generally difficult. An attempt
to devise an all-glass filtration apparatus free
from these objections has met with success in the
filter shown in Figure 3, which is an improvement
over the one previously described (1) (Figure 2).

A is a glass funnel of the shape indicated. The
narrow part of the funnel is made from glass tub-
ing approximately 5 mm. in inside diameter, and
is approximately 15 mm. long. B is made by
stamping out a molten glass rod or tubing with
the appropriate carbon surface, so that it is ap-
proximately the shape shown and then grinding
it to fit more accurately. The narrow part of fun-
nel A acts as a sleeve to hold C in position, so
that the two surfaces at C may be ground with
120-mesh Carborundum just to the point where
the funnel, when in position, will completely re-
move fine bone black from an aqueous suspension.

Such filters, properly prepared, give surprisingly
rapid filtration when the ground surface of B is
not too long. Therefore, the ground edge of B
at the point C is rather thin (1 mm. or less).
They are effective even with the finest bone
black. They may readily be taken apart for
cleaning and are free from the objections of
sintered filters. They are particularly useful for
micro work and allow filters of very small di-
ameter to be constructed. The principle involved
is fundamentally the same as that with sintered
filters, except that here the walls of the pores which
effect filtration may be taken apart for cleaning.

For solubility determinations, the authors have
modified the excellent apparatus of Moore and
Stein (3), as shown in Figure 4, for use with this
type of filter.

Tube A is exactly as described (3), except that
a ground-glass stopper is substituted for rubber.
The stopper is hollow and has a wide, flat top,
so that the inverted tube will stand on the stopper
during the necessary manipulation. Two small
indentations are on opposite edges of the flattened
top for rubber bands to hold tube in the equili-
brating apparatus. The inside surface of the
stopper has a button on it to hold the flexible wire
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spring, E, which in turn holds the filtration apparatus and filter
stick in place. Flask B is of very thin glass, for its rests against
the filter stick to hold it in place and a heavy flask would break
during centrifugation. Filter C is as described above, except that
tSe lower part is as short as possible. It rests on a soft tin collar,

Using this assembly, accurate solubility determinations may

be made with organic solvents or corrosive solvents, since no rub-
ber is present to absorb any portion of the solvent.
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Semimicrodeterrmnation of Arsenic in Insecticides

M ARK D. SNYDER and W ALLACE M.McNABB
Department of Chemistry and Chemical Engineering, University of Pennsylvania, Philadelphia, Pa.

T HE procedure presented below represents an extension to

insecticidal arsenicals of the method recently described (4)
for the semimicrodetermination of arsenic in organic compounds,
the arsenic being precipitated as element by action of hypophos-
phorous acid and determined iodometrically with the aid of Kop-
peschaar’s bromide-bromate solution. This method is believed
to be applicable to any properly prepared solution of arsenic free
from interfering substances, such as organic material or metals
precipitatable by hypophosphorous acid. It. was found that
acid-soluble arsenicals (Paris green, lead arsenate, calcium arse-
nate) could be analyzed thus, following dissolution of the samples
in aqueous hydrochloric acid.

In presence of organic material, a preliminary decomposition
similar to that described for the analysis of organic arsenicals
(2, 4) may be necessary. This was the case with the commercial
insecticide currently marketed under the name “Victory 767,
stated to contain calcium arsenate together with sulfur, nicotine,
organic compounds with carbon contents from Cio to Cm, and in-
ert material. Decomposition by nitric and sulfuric acids (4)
was shown to be a suitable preparation for the determination of
arsenic in this insecticide. An alternative decomposition by bro-
mine was found to be more rapid and to lead to acceptable
results, but is judged to be less satisfactory because the decom-
position liquid contained suspended dark-colored material, pre-
sumably organic bromination products, the presence of which
interfered visually at the time the arsenic was reduced and
precipitated.

PROCEDURES

Substances Soluble in Hydrochloric Acid. Dissolve a
weighed sample (0.5 to 2 grams) of dried material in a minimal
volume of 6 N to 12 N hydrochloric acid, transfer the solution to a
500 ml. volumetric flask, and dilute to the mark. Transfer an ali-
quot portion containing about 15 mg. of arsenic to the flask of an
all-glass decomposition apparatus with reflux tube, such as that de-
scribed for use in the determination of arsenic or mercury in or-
ganic compounds (5, 4). If a sufficiently sensitive balance is
available—e.g., a semimicrobalance—weigh out the whole
sample, of such size as to contain about 15 mg. of arsenic, and
dissolve in hydrochloric acid. To the solution in the flask add
and dissolve rapidly 3 grams of sodium hypophosphite (NaH2P 0 2-
HjO), and then add concentrated hydrochloric acid sufficient to
increase the acid concentration to about 6 N. Attach the con-
denser and heat the flask with a small flame, completing the analy-
sis as described (4).

Arsenical Mixtures Containing Organic M atter. De-
composition by Nitric and Sulfuric Acids (recommended 'procedure).
Weigh accurately a sample of suitable size (to contain about 15
mg. of arsenic; 0.5 gram of Victory 76) and transfer to the de-
composition flask. Add 25 ml. of concentrated nitric acid and
warm the mixture for several minutes. Add 20 ml. of concen-
trated sulfuric acid, evaporate the mixture to fumes, then add
more nitric acid and again evaporate to fumes. Allow the liquid to
cool partially and introduce 1gram of ammonium sulfate. When
evolution of gas ceases, heat the liquid gently for 5 minutes.
Cool, add about 50 ml. of water, and heat until the solution
clears oris slightly opalescent. Add 35 ml. of concentrated hydro-

chloric acid, then 3 grams of sodium hypophospite, and continue
as described (4).

Decomposition of Victory 76 by Bromine. Transfer weighed
sample to the decomposition flask, add 2 ml. of liquid bromine,
and swirl the mixture for about 5 minutes. Add 50 ml. of 6V
hydrochloric acid and heat moderately until nearly all the excess
bromine is expelled (hood). To the cooled solution add 10 m.
of concentrated hydrochloric acid and 3 grams of sodium hy-
pophosphite, and complete the analysis as indicated above.

RESULTS

Analytical results for the four materials mentioned are pre-
sented in Table I, which includes also comparative results d»
tained by the familiar distillation procedure (/) selected as an
umpire method.

Discussion. Results by the reduction method show satis-
factory levels of precision and accuracy, and are substantially
identical with results by the distillation method. The reduction
procedure is the more rapid, requiring about 40 minutes (exclu-
sive of any needed preliminary decomposition), as compared with
the 2 to 3 hours required for the distillation procedure.

Table I. Determination of Arsenic in Some Insecticides
Arsenio Found
M aterial Reduction method Distillation method
% %
Paris green 42.81 42.75
42.77 42.72
Av. 42.79 42.57
Av. 42.68
Lead arsenate 20.25 20.23
20.18 20.27
20.15 20.30
Av. 20.19 Av. 20.27
Calcium arsenate 26.65 26.84
26.72 26.77
26.73 Av. 26.81
Av. 26.70
Victory 76 1INO, 1IsSOj Bromine
insecticide decomposition  decomposition
3.57 3.64 3.62°
3.50 3.55 3.57°
3.60 3.60 Av. 3.60
Av. 3.56 3.59

a Preliminary decomposition by IINOi-HiSOj.
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NOTES ON ANALYTICAL PROCEDURES

A Vacuum Stopcock Lubricant Unaffected by Hydrocarbons

W. H. PEARLSON

School of Chemistry and Physics, The Pennsylvania State College, State College, Pa.

D ESPITE the frequent need in vacuum work for a stopcock

lubricant that is unaffected by hydrocarbons, an inexpen-
sive, readily prepared lubricant does not seem to be described in
the literature. The glycol citrate polymer of Sager (I) is satis-
factory towards hydrocarbons, but its viscosity characteristics
make it unsuitable for vacuum work. After a few hours the lubri-
cant flows out of the ground surfaces, and rapid leakage results.
From analogy with the common rubber-paraffin lubricant, it ap-
peared that a high-molecular-weight filler might add sufficient
body to overcome this difficulty. The addition of cellulose ace-
late to the glycol ester produced a lubricant that is quite unaf-
fected by hydrocarbons and that permitted the maintenance of a
vacuum of 10“4mm. of mercury after more than 6 months’ use.

A solution of cellulose acetate was prepared by heating 7.5
grams of Celanese, cut into small pieces, in 45 grams of tetra-

ethylene glycol. After 4 hours at 140° C., with frequent stirring,
the solution appeared homogeneous. Citric acid (30 grams) was
heated on an oil bath to 190° and the cellulose acetate solution
added. Heating was continued at 180-190° C. for 90 minutes.

In order to remove dissolved water, the solution was immedi-
ately poured into a previously heated glass jar in a desiccator
and the desiccator evacuated as rapidly as foaming permitted.
The dehydration has little effect on the final consistency.

Stopcocks lubricated with this material showed no signs of
failure after 6 months in contact with liquid toluene, repeated
evacuation, and frequent turning. No changes in the properties
of the lubricant were observed after storage in a closed jar for a
year.
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Stopcock Lubricants for Use with Organic Vapors

E. PUDDINGTON

Division of Chemistry, National Research Laboratories, Ottawa, Canada

RECIPES for lubricants which are insoluble in most organic

solvents have been suggested (1-4). Generally, glycerol
hes been used as a base while bentonite, dextrin, or dextrin
and mannitol serve as thickening agents. While these un-
doubtedly behave well under ordinary conditions, sometimes
the use of such a lubricant is required inla low-pressure system,
"here conditions are more exacting. Both bentonite and
dextrin are difficult to dehydrate and dextrin is very apt to de-
compose when heated to the temperature necessary to disperse
it thoroughly in glycerol. This is undesirable, since water is
ore of the decomposition products, and while the vapor pressure
of anhydrous glycerol is about 4 X 10“4 mm. of mercury at
25' C., it rises to 0.4 mm. when it contains 2% water. This
means that in order to obtain low pressures, long pumping times
are necessary.

Inan attempt to obviate this difficulty several other thickening
agents were tried. The most successful were combinations of
mannitol or crystalline carbohydrates such as sucrose with
polyvinyl alcohol of medium viscosity. The polyvinyl alcohol
‘tself made a good thickening agent, but the extra material was
required to give the necessary film strength for lubrication.

Before making up, all materials were dried in vacuo at. 70°
to 80° C. .This treatment concentrated glycerol from 94%
to better than 99% in about 4 hours and a McLeod gage on the
system showed a pressure of 10“4mm.

Perhaps the most successful lubricant contained 1to 3% of me-
dium viscosity polyvinyl alcohol and 15 to 20% of mannitol, in
glycerol. After the ingredients had been pasted in the cold
the mixture was carefully heated to about 130° C. and held
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there with continuous stirring until the dispersion was uniform
and complete. Stirring, when crystals first appeared after the
mix cooled, was beneficial in keeping the mannitol finely divided.
Although the product was rather dry in appearance, it behaved
well after repeated turning of the stopcock.

The mannitol may be replaced with about 40% of sucrose.
This preparation behaves well without the polyvinyl alcohol.
Sucrose crystals will usually appear in the supersaturated solu-
tion after about two days’ standing, and stirring for a short
time will keep them in a fine state of division.

With either of these lubricants no difficulty was experienced
in obtaining and holding a McLeod gage pressure of 10“6 mm.
They have been used successfully in systems containing ethyl
ether vapors. Stopcocks did not have to be regreased more
frequently than when normal hydrocarbon greases are used with
inert vapors.

Another possible base for this type of lubricant, which could
be used in the presence of paraffin hydrocarbons, is triethanol-
amine. This material lias a lower vapor pressure than glycerol
(7 X 10“5mm. at 25° C.) and the absorption of paraffin hydro-
carbon vapors is about the same. In general, the same thickening
agents can be used, but more care must be exercised to get the
crystals in a sufficiently fine state of division.

Table | shows the comparative absorption of some organic
vapors by anhydrous glycerol and triethanolamine, when a 2-
gram sample with a surface area of 4.8 sq. cm. was exposed 26
hours at room temperature in a sealed jar containing the liquid
organic solvent. The finished lubricants might be expected to
absorb considerably less, since they are already saturated with
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Table I. Absorption of Organic Vapors
Solvent Glycerol Triethanolamine

Mg. Mg.
Ethyl alcohol 300 330
Acetone 205 540
Ethvl ether 60 136
Carbon tetrachloride 17 55
Benzene 15 80
Petroleum ether (30-60) 5 5

Glycerol Base Apiezon M

Ethyl alcohol 200 2
Acetone 125 20
Ethyl ether 40 160
Carbon tetrachloride 9 940
Benzene 9 410
Petroleum ether (30-60) 2 300

the thickening agent, and their viscosity is considerably in-
creased.

The results of a comparison of the glycerol-base lubricant with
a standard commercial stopcock grease, Apiezon M, are also
shown in Table I. The vapors were absorbed here by a 1-gram
sample; otherwise the experimental conditions were identical

with those already described. The solvents used in making
these experiments were chosen to cover a wide range of polarity
and no attempt was made to collect compounds to which glycerol
was resistant. The lubricant is useless with lower alcohols and
ketones where excellent protection is afforded by the Apiezon M
It would probably be of value, however, with the higher
members of these families where the solubilities in hydrocarbons
become large.

The tests described were severe, since the area exposed to the
vapor is many times that obtained with an ordinary stopcock or
ground-glass joint. The effect of fifty liquid solvents on this
type of lubricant has been recorded (4). The absorption results
here are in good agreement.
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Determination of Phthalate

STERLING B. SMITH and JOHN F.STREMPFER
Trinity College, Hartford, Conn.

N UMEROUS ternary systems involving phthalates have been

investigated in this laboratory during the past 20 years.
The analytical procedure for the determination of phthalate has
necessarily been an indirect one, since no direct method known
to the authors is satisfactory in aqueous solution.

Kappehneicr (3) determined phthalate in alkyd resins by the
precipitation of potassium phthalate containing one molecule of
alcohol of crystallization. This precipitation is carried out in
benzene or in anhydrous alcohol-ether solution and is not appli-
cable to aqueous solutions. Fonrobert and Muenchmeyer (2)
determined phthalate in varnish and Thames (4) in plasticizers by
precipitation of lead phthalate with lead acetate and conversion
of this precipitate into lead sulfate which was weighed.

Zombory (5) found that lead could be determined gravimetri-
cally by precipitation as lead phthalate in alcoholic solution. It
was felt that possibly this procedure could be reversed and phthal-
ate be determined by adding lead as the precipitating reagent.
With this thought in mind, this investigation was undertaken.

Solubilities of lead phthalate in water and in various concentra-
tions of alcohol were determined at various temperatures. It
was found that at 25° C. the solubility of lead phthalate in 33%
alcohol by volume is 2 mg. per 100 cc. of solution. The solubility
does not decrease appreciably in higher concentrations of alcohol.

Both lead nitrate and lead acetate were independently used as
precipitating agents, the former giving low results and the latter
high results.

It isapparent that when lead nitrate is used as the precipitating
agent, nitric acid is one of the by-products. The resulting solu-
tion is therefore acidic, accounting for the increased solubility of
the lead phthalate which is a salt of a weak acid and consequently
soluble in a strong acid.

An investigation was therefore made to find the optimum pH
for precipitation. A solution made up of lead nitrate and excess
sodium phthalate in 33% alcohol by volume as used by Zombory
(5), showed a pH of 7.6 using the glass electrode. Determina-
tions were then made using sodium phthalate and a calculated
excess of lead nitrate in alcoholic solution of the same strength but
with varying acid concentrations. From pH 2.8 to 6.4 low
results were obtained. Above 6.4 high results were obtained.

This is explained by the solubility of lead phthalate in acid solu-
tion and the precipitation of lead hydroxide as the alkalinity in-
creases. This latter fact was substantiated by determining that
lead hydroxide starts to precipitate from alcoholic solutions when
the pH reaches 5.1. Britton (1) found that lead hydroxide comes
out ofaqueous solution at a pH ofabout 6.

It is evident that the optimum pH value at which phthalate
should be determined overlaps the pH value at which lead hy-
droxide forms. One cannot hope to make these two eribr?
self-compensating, since excess lead nitrate will be present in
varying amounts in determinations of phthalates in unknown
solutions.

It seemed that by using lead acetate as the precipitating agent
in place of lead nitrate, the by-product of the reaction would be
the weak acetic acid and better results might be obtained. A
new' difficulty was encountered here, since the precipitate came
dowm very finely divided and did not settle out upon standing,
rendering filtration and washing virtually impossible.-

A few determinations w'ere completed by making the precipi-
tation in aqueous solution and boiling the mixture before the
addition of alcohol. After standing, the mixture was centri-
fuged and the precipitate washed and weighed. All the values
obtained w'ere high and the magnitude of the errors was not con-
sistent. This is believed to be due to the contamination of the
precipitate with varying amounts of basic lead acetate.

The evidence indicates that phthalate cannot be determined
directly by the addition of lead nitrate or acetate to aqueous solu-
tions containing phthalate ion.
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Stability of Wijs Solution for lodine Number Determinations

FRANK A.

THE Wijs solution is probably the most satisfactory for

general use in determining iodine numbers. Its more
widespread utilization is hindered mainly by its supposed
difficulty of preparation and short life. The first objection is
hardly valid if chlorineis available and if the analyst is reasonably
careful. The short life would appear to be a much more serious
objection, since three standard references on fat analytical
methods specifically caution against using this solution when it
ismore than 30 days old (/, 2, 4). However, Hilditch (3) does
notaccept this view, and Wijs himself (3) claims indefinite stability
for,the reagent. Previous experience by one of the present
authors is in agreement with the two last-named investigators.

Since a decision on the stability of Wijs solution was con-
sidered necessary in connection with some analytical work, the
authors measured the stability of the reagent when stored at
room temperature in 250-ml. dark bottles. The solution was
prepared in the standard manner and contained 1.5% excess
equivalents of iodine over chlorine. Linseed oil, stored in the
icebox, was used as the test substrate.

Over a total period of 505 days, the Wijs solution did not
change sufficiently to cause a measurable difference in the iodine
number of the substrate. No measurable differences were found
when the reagent was taken from bottles that had been pre-
viously opened. These facts indicate the validity of storing
the solution a year or more, if storage is in small bottles which
are opened as needed.

An Aid

SELMA L. BANDEMER and P. J. SCHAIBLE

Chemistry Section, Michigan Agricultural Experiment Station,
East Lansing, Mich.

T HE ashing of many products is often difficult and time-

consuming, as is evidenced by the number of procedures
published for special materials (1). This is especially true for
substances that are finely ground, contain oil or fat, or have a
high phosphorus-to-base ratio. For such materials, a simple
procedure which was recently devised to ash large volumes of
liquid egg white (3) is suggested.

This procedure consists of lining the crucible with filter paper,
charring the material over a Meker burner in this lined crucible,
moistening the char with a solution of magnesium chloride, ana
completing the ashing in a muffle furnace.

. Filter paper of the correct size (Whatman No. 40 or equivalent)
isfolded as for filtering, the tip of the cone folded back, and this
truncated cone fitted into the crucible. This liner prevents
local overheating because of the air space between it and the
crucible and permits the easy escape of the volatile materials,

in Ashing
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NORRIS and ROBERT J. BUSWELL, General Mills, Inc., Minneapolis, Minn.

Table I.  Stability of Wijs Solution
Age of Solution, Days Since Bottle
Bottle No. Days First Opened lodine No.

1 G 0 177.3
2 45 0 178.0
2 97 52 177.1
3 97 0
3 132 35 176!5
3 174 7 170.8
3 231 134 176.3
4 277 0 177.0
4 314 37 177.4
4 374 97 177.0
5 404 0 177.8
5 455 51 170.8
5 505 101 177.2
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Certain Materials

since the charring proceeds slowly from the outside toward the
center. The charred mass tends to retain its cone shape and is
free of the crucible. Thus, the crucible walls are protected from
the action of the materials ashed. Fatty materials burn more
evenly and slowly, without spattering. The char is moistened
with a solution of magnesium chloride added dropwise over the
entire mass and ashed in a muffle overnight at 600° C. The
ash obtained is light, fluffy, and voluminous and dissolves readily
in dilute hydrochloric acid on heating.

If unaided by this procedure, materials which have a high
phosphorus-to-base ratio fuse on ignition to a glassy mass which
frequently entraps carbon that can then be burned off only with
great difficulty. This fusion is caused by the conversion of the
dihydrogen and monohydrogen phosphates upon ignition to the
metaphosphate (3), which does not dissolve readily in hot dilute
hydrochloric acid. In the suggested procedure, magnesium
chloride supplies base to produce the tertiary phosphate which is
unaffected on heating to 600° C.

In the authors’ experience, samples ash poorly if they do not
contain ample base for the phosphorus or in the ease of plant
material if the stalks, stems, hulls, coatings, or bran have been
removed. In these materials, the use of the lined crucible and
magnesium chloride is beneficial. In comparative trials, the
proposed method aided the ashing of fresh tissues such as muscle,
liver, intestines, and fat of chicken, pork, and beef as well as
fresh egg white and yolk, casein, lecithin, corn gluten meal,
flour, and starch.
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C HEMISTS are often annoyed to
find, after carefully adjusting
a dropping funnel to deliver a liquid
dropwise into a reaction mixture,
that within a short time the flow of
drops has either stopped entirely or
greatly diminished. A combination
of two factors may be held largely
responsible for this: the diminish-
ing hydrostatic pressure as the
liquid level falls, and the gradual
tendency for' the stopcock to close
during the flow of the liquid. This
conclusion can be readily verified
by experiment.
A simple modification eliminates
both these factors from an ordinary
dropping funnel.

The modification, as shown in the
accompanying diagram, chiefly con-
sists in placing tightly in the top
of the funnel a one-hole stopper, A,
in which is inserted a glass tube, B,
reaching nearly to the bottom of the

A Constant-Rate Dropping Funnel

GILBERT ASHBURN and ROBERT L. FRANK,
Noyes Chemical Laboratory, University of lllinois, Urbana, IIl.

funnel. When liquid is allowed to flow out, air enters tube B
and escapes at D. The pressure in the air space, C, then changes
in such a way that as the liquid level drops, the sum of C and the
hydrostatic pressure represented by the distance DE remains
essentially constant. This is in accordance with the principles
of the Mariotte flask (I).

The gradual tendency of the-stopcock to close may be obviated
by restricting the entrance of air into B and then opening stop-
cock G completely. The air flow can be controlled either by
means of a capillary tube attached to B or, as illustrated, Il. bya
screw clamp on a short piece of rubber tubing into whien.has
been inserted a small wire, I. If the opening at V is of large
diameter, it is sometimes necessary to draw out the tube in order
to prevent air from entering at this point.

Dropping funnels equipped in this way have been found use-
ful in this laboratory for the dropwise delivery of liquids into
reaction mixtures. Although a slight decrease in rate can be
noticed during the time of delivery, the flow is constant enough
for most purposes.
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NEW EQUIPMENT

SUfur Tran

Numbered among improved apparatus accelerated by the war pro-
gram is a sulfur train, originated by the Universal Oil Products Co.
and built by the Precision Scientific Co., 1736 North Springfield Ave.,
Chicago. The method, identified as U.O.P. Method H-201-43-A,
determines 0.0002 to 0.05% of sulfur in combustible liquids and gases.
The samples are burned in a stream of purified air and the products
of combustion absorbed in a solution of sodium hypobromite. The
sulfur is then determined as sulfate by turbidimetric measurement of
colloidal barium sulfate.

The apparatus consists of an air-pressure regulator and filter pres-
sure gage, air-purification furnace, cooling tank, gas scrubbers, water
regulator, moisture trap, and bank of eight A.S.T.M. sulfur lamps.

Compressed air controlled by a pressure-reducing valve is reduced
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to 2 p.s.i., then passes through an activated charcoal tower and into
the air-purification furnace containing a heated stainless steel U-tube
1inch in diameter and approximately 4 feet long, filled with quarti
chips.

Air leaving the furnace is cooled to approximately room tempera-
ture by passing through a water-jacketed copper-coil condenser
at the furnace outlet. It then passes successively through water,
sodium hypobromite, and sodium hydroxide scrubbers, then through
a eonstant-pressure regulator, into a moisture trap fitted into a
vacuum bottle, and finally into a distribution manifold serving the
sulfur lamps.

For the determination of sulfur in gases, the apparatus includes
eight Duralumin weighing bombs of 35-ml. capacity, for connecting
to the sulfur lamps.



SARGENT CONE DRIVE

IRRING MOTOR

Mbrationless Drive with full poner of notor delivered at all speeds

Throughout the entire speed range of 75 to 1300
fpm, the Sargent Cone Drive delivers full motor
poner, is vibrationless and silent, and assures con-
stancy of any selected speed. It is, therefore, as effi-
dertfor such applications as the rotation of electrodes
adcalorimeter paddles at speeds of about 200 r.p.m.
wless, as it is for general stirring operations at higher
speeck. Fine adjustment of speed is made by means
dan adjusting nut which changes the effective diam-
der of the cone in contact with the friction ring. Be-
cage the motor is a brushless, induction type not
containing centrifugal switches, it is relatively safe
agairst explosion. The simple right angle clamp per-
nits rapid adjustment of the motor to any desired
Position in horizontal and vertical planes.

S-76445 Sargent Cone Drive Stirring Motor. (Patent No.
1,973,576.) Complete with cross support rod, right angle clamp,
connecting cord and plug, but without support stand. For

operation from 115 volt A.C. 60 cycle CircuitS......coeveenee $33.50
S-76455 Ditto. But for 115 volt D.C. CircuitS....cccoosurnuunee. 38.50
S-76465 Ditto. But for 230 volt A.C. 60 cycle circuits.... 34.50
5-76475 Ditto. But for 230 volt D.C. circuits.....cceeuuee. 40.50
S-76480 Anode Chuck and Cathode Collet....cccvrinrenee. 1.50

S-79225 Support only for Sargent Cone Drive Stirring Motor
(illustrated above). Designed with considerable mass to mini-
mize support vibration. The heavy U shaped base accommo-
dates vessels up to six inches in diameter and larger vessels
can be placed on top of the base which has a flat surface. Sup-
plied with a %" rod, 30 inches long and adjusting, screws to
insure a solid four point support on any surface. Each  $10.00

E H. SARGENT & COMPANY, 155-165 East Superior Street, Chicago 11, Illinois

Michigan Division: 7959 East Jefferson, Detroit 7, Michigan
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A NEW pH INDICATOR

Ethyl

bis-(2,4-Dinitrophenya

T his new indicator gives accurate results in the titration of most weak acids

with strong bases, and is especially suited to the titration of orange- and
red-colored solutions in which the phenolplithalein endpoint is impossible
to detect. Satisfactory results can be obtained even with extremely dark-

colored oils.

The color change is from colorless to deep blue. In the titration of an
acid solution with an alkali, the first blue tinge appears at pH 7.5, and at
pH 9.1 the change to «deep blue is complete.

The new indicator is offered .as Eastman 5J.S8 Ethyl his-{2,*-Dinitro-
phenyl) acetate. Price: 1 gram, $1.00. An abstract of the article by Fehnel
and Amstutz, Ind. Eng. Chem., Anal. Ed., 16, 53 (1944), describing its
properties, will be forwarded upon request. Eastman Kodak Company,
Chemical Sales Division, Rochester 4, N. Y.

There are more than 3300

EASTMAN ORGANIC CHEMICALS

"KODAK1

EXPLOSION PROOF CENTRIFUGE

Suitable For
CLASS 1— GROUP D LOCATIONS

THE INTERNATIONAL MODEL BE CENTRI-
FUGE is equipped with a 3450 r.p.m. explosion proof
adjustable speed motor suitable for Class 1— Group D
locations. A vapor proof controller is mounted perma-
nently on the guard bowl and connected through con-
duit and explosion proof fittings to the motor. In
addition to the 11" diameter basket style heads, inter-
changeable tube carrying heads are available for 15, 50,
100 and 250 ml. tubes and bottles.

THE INTERNATIONAL MODEL AE is similar to
the BE, but is equipped with a 1750 r.p.m. adjust-
able speed explosion proof motor and controller. Itis
designed chiefly for making the B. S. & W. Test on
petroleum.

Further information upon request

JINTERNATIONAL EQUIPMENT CO

352 Western Avenue Boston 35, Mass.

Makers of Fine Centrifuges for More than Forty Years.



Jrg 1944 ANALYTICAL EDITION

Accurate and dependable for
routine colorimetric and tur-
bidimetric analysis.

An ideal instrument for clini-
cal and metallurgical work and
for industrial and educational
laboratories.

* Simple to operate
 Portable, Compact, Rugged
» Always Ready For Readings

5li2.00 ¢ plugs into Any 105 to 130
Volt A.C. or D.C. Lightcir-
5125.00 cuit.

WRITE FOR INFORMATIVE BULLETIN

SCHAAR & COMPANY

Complete Laboratory Equipment

BIWEST LEXINGTON ST.. CHICAGO

HEAVY DUTY—

Laboratory or Small Batch
PROCESSING FURNACE

0 to 2000° F

Widely used for purging lines and for
operating tank liquid level gauges . . . also in
chemical processing, with different liquids
in the bowl, to determine the presence of
undesirable or dangerous materials in gases.

When the bubbler bowl is filled with liquid

This sturdy furnace, with 3" x 6" x 127 work
chamber, is designed and constructed to withstand
maximum abuse and heavy duty service. Huppert's
time-proved principle of insulation insures low op-
erating cost. This furnace can be supplied as a
floor model and with complete automatic tempera-
ture control equipment.

Complete with
pyrometer (220 V. $91150
operation) (As II-
lustrated.)

Same furnace

complete with SIHIO OO
temperature con- * W C»

trol equipment—
floor model

Write for Catalog of
Other Models

K. H. HUPPERT CO.

6834 Cottage Grove Ave.

Chicago 37, IlI.

a visual indication is given by bubbling. The
adjustable needle valve at top controls the
rate of bubbling.

This Meriam Sight Feed Bubbler with bowl
of Pyrex glass is good for line pressures up to
30 Ibs. per sq. in.; of plastic, for pressures up
to 100 Ibs. Sturdily built for lasting, trouble-
free operation.

Available in ring type (illustrated) or strap
type — both types providing for removal of
bubbler bowl. For complete information on
this new Meriam product write for Bulletin 21.

THE MERIAM INSTRUMENT COMPANY

10952 M adison Ave. Cleveland 2, Ohio

MERIAM

ESTABLISHED 1911

MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT

OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES



FOor Immediate Shipment

Burrell 2-Tube
Combustion Furnace

h&t tamjaatG .tu.tai

upto 2650°F.

W ith Burrell you get all these features:

0 Temperatures to 2650°F.

» Around-the-clock performance
» Continuous temperature indication
» Tap transformer control

» Easily changed elements

* Guarded element connections
» Adjustable tube holders

» Interchangeable tube adapters
* Laminated insulation

* Low power consumption

* Low maintenance cost

This 2-Tube model has proved itself ideally
suited to the average laboratory.

For complete information on all types of tube,
box, mutile or pit high temperature furnaces,
write for Burrell Catalog F-241.

Burrell
TECHNICAL SUPPLY COMPANY

1936-42 Fifth Avenue Pittsburgh (19), Pa.
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COLEMAN CERTIFIED BUFFER TABLETS

pH BUFFER TABLETS

All who use pH buffers will welcome the precision and
convenience of these first American made Buffer
Tablets. More reliable than the liquid buffers — free
from interfering preservatives.

ECONOMICAL. Buffer tablets are packed 12 in a
glass vial — listing at $2.00 — this means that 100 ml.
of solution costs only 16.7(i!

COLEMAN CERTIFIED BUFFER TABLETS cover the
pH scale from 2.00 to 12.00 pH in steps of 0.20 pH.
Each tablet makes 100 ml. of Certified Buffer. Twelve
tablets of the same pH value are sealed in a glass vial
with full instructions on the label.

Price per vial of 12 tablets......cccooovvnnnniinnnn, $ 2.00
Price per box 6 vials (of same pH)....ccccceveinncnnns 11.00

« Write Dept. IE6 for bulletin and also copy of our booklet
“Curves and References”, giving valuable information on
testing methods.

111 NORTH CANAL STREET ¢ CHICAGO, ILLINOIS

ni" '
Cementless Absorption Cells
are strong and accurate!

You will get better results from the Glo-Tcch cell in comparison with ordinary cells
because of its greater sturdiness and more exacting manufacturing technique. It is made
from Glo-Tcch prtcision-bort tubing and hence its inside diameter is truly cylindrical.
For this reason the circular end windows can be fitted txactlj to the cell body, making
the strongest possible seal. And since this seal is made by heat alone, the result is a t*1'
pitct cell of the sturdiest possible construction and without distortion.

In addition to the type of cell illustrated, we can supply all of the various types of round
or rectangular absorption cells used in standard makes of colorimeters and spectropho-
tometers. 'mGlo-tcch’ offers you strength and accuracy. For quotations send us a
sketch or blue-print of your requirements-—absolutely no obligation.

FISCHER & PORTER M .?!iTS 5,8rK"

Precision - Bore Tubing, Fused Absorption Cells, All-Glass Rotameters



Jane, 1944

LABORATORY USES
Rubber, Wax and Resin
Coating Emulsions.

Plastics, Pulp and Paper
Analyses.

Commutation of Food
Stuffs for Analyses.

Vitamin Assay of Foods.

Vaccines, Viruses, En-
zyme and Bacteria Pro-
duction.

Medicinal Suspensions
and Emulsions.

Disintegration of Bio-
logical Tissues.

ANALYTICAL EDITION

Cal. No. 17233

WARING BLENDOR

A limited number of Waring Blendors are being produced

for delivery in the near future, restricted to laboratory use
only.

No. 17233 Waring Blendor is now supplied with a new clear
Boro-Silicate glass container to withstand repeated heat and
mechanical shock. Complete with 10,000 rpm. motor for
115 volts, 25-60 cycles A.C. or D.C. Each $30.75.

No. 17244 Boro-Silicate Container, small size, with
screw cap and special size stainless steel blending
assembly for volumes of 50 to 100 ml. May

be used with all models of Waring Blend-

ors. Each..... $6.80.

More rapid and effective than pebble
mills, colloidal mills or mortar grind-
ing operations.

No. 17211

CENTRAL SCIENTIFIC COMPANY

SCIENTIFIC INSTRUMENTS LABORATORY APPARATUS

NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO
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IF YOU ARE FILTERING:

« INTRAVENOUS SOLUTIONS
« SERUMS
« BIOLOGICALS

« STRONGLY ACID OR ALKALINE
SOLUTIONS

YOU WILL BE INTERESTED -

in knowing and trying our new hardened grades of filter paper. These papers
being washed with JHNO3are lintless and are available in various filtering speeds
and degrees of retention to cover the range of laboratory and production liltra-
tions. Samples and data will be cheerfully supplied for your evaluation.

AVAILABLE THRU YOUR FAVORITE LABORATORY SUPPLY HOUSE

GLASS ABSORPTION CELLS

OF FINE QUALITY

%6 0
vJ iv K l e t i

Fused in an electric furnace with cement

that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are

available. Special sizes made to order.
rophoresls Cells.

Makers of complete

Electrophoresis Apparatus KLETT SCIENTIFIC PRODUCTS--mmemee-
KLETT <SUMMERSON PHOTOELECTRIC COLORIMETERS =

Literature sent COLORIMETER NEPHELOMETERS e FLUORIMETERS e BIO-

Upon Request COLORIMETERS = ELECTROPHORESIS APPARATUS =

GLASS STANDARDS = KLETT REAGENTS

MANUFACTURING CO., 1 77 East 87th Street, New York, N. y.
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PIGSUUHG
A RESEARCH AND CONTROL LABORATORY?

It's quite a job to prepare room layouts, compile budget estimates and write specifications wben planning
a researcb and control laboratory. Furthermore, present day material restrictions and shortages do not make
the job easier.

Give Sheldon Planning Engineers the opportunity to help you. Tell 'em what you want and when you want
it. They will then prepare complete plans, compile accurate estimates, write detail specifications and then fol-
low through and expedite completion of the job.

Write today—ask that a Sheldon Engineer call.

SHELDON

718 NIMS STREET M USKEGON. MICHIGAN

WELCH VACUUM PUMPS ARE ENGINEERED

Positive and machined like a

DUO-SEAL telescope .....

Precise tolerances control every
moving part. That's why they
run so SMOOTHLY and

QUIETLY and OUT-PERFORM

all other Vacuum Pumps.
GUARANTEED VACUUM
0.5 Micron (.00005 mm Hg.)
FREE AIR CAPACITY
33.4 Liters Per Minute
OPTIMUM OPERATING SPEED
300 Revolutions Per Minute

OIL REQUIRED
650 ml. Duo-Seal Qil

This interesting -~
Booklet FREE!

No. 1405-H Its 32 pages tell all

DUO-SEAL VACUUM PUMP, Motor Driven. about Welch Duo-Seal

Vacgum 88 micron = free air capaclly of 3 Pumps and Vacuum
With larger motor giving 57 liters free air capacity Techniques.
P«r minute and vacuum of 0.1 micron $155.00 i
Order Now for Prompt Shipment Write for your copy
W. M. Welch Scientific Company TODAY

1518 Sedgwick Street  Established 1880  Chicago 10, lllinois, U.S.A.
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K | e tte o 1 &

Photometers

Klett-£ u+tune/iixur

Photoelectric
QlcvU Gelt
Calorimeter

No. 900-3

For the varied needs of industrial, clinical
and agricultural laboratories. Complete
and self contained — no accessory equip-
ment necessary. Fused cells for readings
on solution depths of 2.5, 10, 20, and 40 mm.
Selective light filters available.

tut

tf-luorimeter

No. 2071

Designed for the

rapid and accurate

determination of

thiamin, riboflavin, and other substances which
fluoresce in solution. The sensitivity and sta-
bility are such that it has been found particu-
larly useful in determining very small amounts
of these substances.

To further increase its adaptability a separate
circuit and scale is provided for colorimetric
determinations.

KLETT SCIENTIFIC PRODUCTS

ELECTROPHORESIS APPARATUS « BIO-COLORIMETERS
GLASS ABSORPTION CELLS « COLORIMETER NEPHELOM-
ETERS « GLASS STANDARDS « KLETT REAGENTS

LITERATURE SENT UPON REQUEST

K le tt Manufacturing Co.

NEW YORK, N. Y.

Vol. 16, Nn

SINCE EIGHTEEN FIFTY-SIX

nr

CARL SCHLEICHER & SCIIUELL GO

Plant and Laboratories:

SOUTH LEE, MASS.

Executive Offices: 116-118 WEST 14th STREET
NEW YORK, N.Y.

With Hand
Homogenizer

Withitorur
and Pe*tU

No Emulsion Failures

with the LABORATORY HOMOGENIZER

e Test samples, experimental
batches perfectly homogenized
quickly, conveniently. Perma-
ilent suspension with no failures
—if ingredient-ratio is sound.
The microphotos above show
higher degree of dispersion.
Hundreds in daily laboratory
use. Easy and simple to operate

and keep clean. Save time and
materials. Capacity, 1to 10
ounces; sturdily made of molded
aluminum; stainless steel piston.
Height, 10 inches. Still avail’
able from pre-war stock. Only
$6.50 complete, direct or from
your laboratory supply house.
Satisfaction Guaranteed/

HAND

HOMOGENIZED

INTERNATIONAL EMULSIFIERS, INC.
2401 Surrey Court, Chicago, Ill.
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Cylindrical, Tapered or Square Shaped

F.S. Precision-Bore Glass Tubes are made to exact
inside dimensions for applications where inter-
changeability and precise bore are required.

Inside diameter: 0.13mm (0.005") to 100mm (4")
kept accurate within .01 to .00lmm (+.0004" to
.00004").

For: Manometers, Barometers, Viscosimeters, Flow-
meters, Gauges, Pumps and many other scientific,
technical and industrial purposes.

Ask for Bulletin PB-293
Made of Pyrex or Kimble NC. glass

FISH-SCHURMAN CORPORATION
230 East 45th Street New York 17, N. Y.

Fish-Schurma

DAIGGER

Acid and Alkali Resistant
LABORATORY ENAMEL

Daigger NUKEM Laboratory Enamel can be
termed a "liquid plastic" and may be easily
applied to any surface.

This product was originally developed for use
in industrial plants where steel and wood parts
are exposed to acid and alkali fumes.

Daigger Laboratory Enamels are applied with
little effort either by brush or spray methods.
They will set out-of-dust in about fifteen minutes
and will dry hard in one hour. On properly
prepared surfaces, these enamels will cover in
one coat without showing brush marks; they will
produce rich, full gloss finishes which are
resistant to heat, alcohol, acids, alkalies, fumes
of all kinds and constant washing or scrubbing.

priced at Per gallon
=2.00 per quart

Write for color card and descriptive literature

A. DAIGGER & CO.

Laboratory Apparatus and Reagents

159 West Kinzie Street . Chicago
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HARSHAW

NEW MODERN STREAMLINED

LABORATORY FURNACE

for chemical
and metallurgical laboratories

This modern Harshaw MLR furnace has incorporated
in its design all the best features of the large
production furnace such as: full metal outer casing,
rugged long life heating elements (folded and formed
ribbon type heater), refractory lined door and front
of furnace, totally enclosed terminals, ceramic brick
insulation, even distribution of heat, plus all the
special features included in all Harshaw furnaces.

The MLR furnace can be safely operated contin-
uously at 1850° F. and for short periods as high as
2000° F. The large working chamber is 7hi" wide x
SVi"" high x 14" deep . .. The ceramic plates in which
resistors are mounted can be reversed (at factory)

for full muffle operation . . . Current characteristics:
3.5 KW., on 115 Volts or with transformer on 230
Volts . .. Control of furnace can be automatic by use

of an indicating and controlling pyrometer or man-
ually operated by the use of an indicating pyrometer
and rheostat . . . For most applications, a fabricated
alloy hearth plate is supplied to protect the bottom
heating elements.

Write Department 298 for quotation

SEND FOR
* 32 page book listing Industrial Chemicals

e 72 page price list of Laboratory Chemicals

HARSHAW SCIENTIFIC

1945 E. 97th STREET « CLEVELAND 6, OHIO
CINCINNATI « DETROIT < PHILADELPHIA



In ten thousand and one
ways, the chemist is bringing &P
the day of Victory closer and
closer. Through multiplied
production of military explo-

sives . . . through discoveries
of new processes, new syn- -
thetics, new compounds, new alloys . . . chemis-

try is speeding the complete mobilization of
our war machine and the nation’s needs to keep
it running.

Spencer’s contribution in this achievement
lies in the field of optical science and in supply-
ing instruments of many types indispensable to
the world of chemistry.

LJ VaJLILVAVIL LENS COMPANY

BUFFALO, NEW YORK
SCIENTIFIC INSTRUMENT DIVISION OF

AMERICAN OPTICAL COMPANY

TWO
IMPORTANT LABCRATCRL

SAFETY ITEMS!

CARBON
MMM dioxide

FIRE EXTINGUISHE!

Modern, portable, operated with ai
hand, safe—which includes one-hail
thumb-trigger operation. The Randolpl
kills flames with instant, effective adica
Quickly smothers oil, gasoline, painl
machine and electric fires. Will ro
conduct electricity; cannot damageQ@
stain food, clothing, woodwork, na
chinery. Leaves no mess to clean ip
Underwriters' approved. 18%' hdh
Capacity 4 Ibs. CO2

No. 14090—filled, with hanging brade!
ready for use......... $20.16 each

ALL-PLASTIC FACE &EYE SHELD

NOTE FOREHEAD
AND HAIR PROTECTION

H EaDBANO
adjusts
LIFTED TO ANY Size
POSITION FOR
) MENOR
FELTED
FOREHEAD BAND
Plastic shield
Pull-up strap li.ts and
adjusts to any angle
without touching or
soiling face of shield. fPULL-UP
Designed for utmost Strap

comfort. No bolts,

nuts, ratches to lose.

Perfect all 'round

vision, ventilation. No fogging. Non-interference with eye glass«
or respirators. Light weight—no binding or tightness. Non-flan-
mable, unbreakable, maximum transparency, no side glare-
Cleaned with damp cloth.

NO. 36720 i e $1.50 Exh

ARTHUR S & COMPANY

IABORATORY APPARATUS & REAGENTS < tNDUSTRIAICHEMIt”
125 W. Hubbaid St.
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KEY TO THE PERFECT LABORATORY AND
THE FUTURE PROGRESS OF YOUR ORGANIZATION

Science opens the door to industrial progress in controlling product uniformity and
improvement... in keeping ahead of competition and public demand. Your laboratory
appropriation invested in Steelab equipment and furniture, assures profitable returns
in maximum efficiency and serviceability. Add the name of your organization to over
10,000 of the nation's outstanding laboratories Steelab has already planned and

equipped.

SEE over flOO illustrations (contained in 224 pages) of scientifically
gs; designed, precision built laboratory equipment to meet your specific

planning needs.

»W1 ABORATORY FURNITURE COMPANY, INC

CHEMICAL AND SCIENTIFIC PORCELAIN WARE

feasicequipment
OF ALL MODERN,
TESTING

laboratories

4*
BICHXEH FIIXXEL
( TABLE TYPE)

& Gol&iad* Bnaduct
W<yédrulide attic

Coors Porcelain Company *
ifer) . GOLDEN, COLORADO

LUMETRON

PHOTOELECTRIC COLORIMETER MOD. 402-E

A highly sensitive instrument covering an unusually wide
field of application.

 Designed for use with filters isolating narrow spectral
bands. 16 monochromatic filters available.

e Great variety of sample holders including test tubes, micro-
cells, absorption cells up to 150 mm light path.

e Line-operated, high stability and reproducibility due to
use of balanced photocell circuit.

e Applicable with accessories to fluorescence, ultraviolet
absorption, scattering effect, haze, reflection of opaque
liquids, powders, pastes, solids.

Write for 15-page bulletin
PHOTOVOLT CORPORATION
95 Madison Ave. NEW YORK 16, N. Y.

Colorimeters, Fluorescence Meters, Reflection Meters,
Glossmeters, Densitometers, Smokemeters, Photometers
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Theiarge ARL-DIETERT Grating
Spectrograph with the Multisource Unit and Compara-
tor-Densitometer form a mated set of practical analytical
equipment, capable of the utmost in performance,
accuracy, speed, and versatility of operation.

The Large ARL-DIETERT Grating Spectrograph is
ideal for either the analysis of material possessing simple
spectra or of material with a more complicated spectra
such as alloy steels. For the latter type of material, the
spectrograph is operated in the second order with a
uniform dispersion of 3.5 angstroms per mm. Lines that
are 0.05 angstroms apart are easily resolved with clear
cut definition.

eefor the ultimate in
accurate performance

The Multisource Unit heralds a new era in spectro-
chemical analysis. This versatile instrument will obtain
the maximum in accuracy and increase the scope of
operation of any spectrograph. The Multisource is note
powerful than any other excitation unit, and the repro
ducibility of the excitation is the best obtainable.

The Comparator-Densitometer makes a speedy identi-
fication of the spectral fines of 72 elements. Time is
saved and human error is reduced to a minimum with
the accurate and easy to read galvanometer.

The practical staff of ARL-DIETERT spectrogra-
pliers is qualified to help you solve your analytical
control problems.

mfa  Write today for information on spectrographic equipment and consultant service.

APPLIED RESEARCH

LABORATORIES
4336 SAN FERNANDO RD., GLENDALE 4, CALIF.

DIETERT

HARRY W. DIETERT CO.
9330 ROSELAWN AVE., DETROIT 4, MICH.



