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As the world’s largest producer and consumer of chemicals, the
United States has established many remarkable production records.
There are approximately 12,000 chemical process plants in this

Q‘E S > country, out of which come over 100,000,000 pounds of synthetic
& K A resins annually, $300,000,000 worth of chemicals, $200,000,000
m G o in rubber goods, $63,000,000 in glass and glassware, and a grand

E?%E total of about $3,500,000,000 worth of products ranging from glue
E

to gas, paints to paper, soap to sugar, leather to linoleum.......
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accuracy of tests, analyses, and research—is KIMBLE BLUE LINE

EXAX Glassware. Industrial laboratories, educational institutions,

medical centers, and research foundations standardize on BLUE

LINE EXAX ware—for its strain-free, annealed strength—for its

w brilliant, easy-to-read BLUE LINE calibrations—and for its
unerring accuracy in all determinations.

Specify “BLUE LINE EXAX"”— for ASSURANCE!
Stocked by leading Laboratory Supply Houses

VISIT THE KIMBLE BOOTHS throughout the United States and Canada
#342-343 AT THE CHEMICAL
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Grand Central Palace, New York

City, December 6 to 11, 1937
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Used Wherever Accurate
Analysis Controls Profit

CENCO DEKHOTINSKY

CONSTANT TEMPERATURE

LABORATORY DRYING OVENS

THE Improved Cenco-DeKhotinsky Ovens retain the patented triple-wall con-
struction, upon which has been built their enviable reputation for uniformity of
temperature distribution in the heating chamber. New features, in addition to
a modern highly attractive exterior design and finish, are: an inner lining of
monel metal; a side port with shutter to permit rapid changing of the interior
air, when desired; a full glass inner door; a compact, fully-enclosed heat regu-
lating system conveniently located within easy reach of the operator’s right hand;
and two pilot lamps to indicate both the operation of the main and auxiliary
heating units. At the present prices, these ovens are the best values obtainable
in precision constant and uniform temperature ovens.

95100 95105
Inside Dimensions: 1434 x 12 x 1134 in. Inside Dimensions: 1934 x 17 x 14 in.
$140.00 $200.00
CenrraL, SSIENTIEIS; CoMPANY
CHICAGO TRADE pARKC o oosen
20y s SCIENTLENC (‘O LABORATORY s
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No. 10

TROEMNER ANALYTICAL BALANCE

A world-famous Balance, widely used for over forty years, particularly in the laboratories of the
iron and steel industry, for which it was originally designed.

Sensitivity—1/20 milligram with: full load, i.e., a change of weight of
1 mulligram on the beam deflects the pointer on the scale at least 5
divisions: and, without load, at least 6 divisions. Thisisa practical
working sensitivity; some variation in this adjustment may be ef-
fected in the laboratory by shifting the sliding weight on the peinter,
thereby altering the center of gravity of the moving System.

Capacity—200 grams in each pan.

Case~—Of old, well-seasoned mahogany, French polished; the top of base
is covered with a black plate glass: the froiat sash is counterpoised,
and the rear sash also siides up, aillowing the weighing of long ob-
jects extending beyond the inside lines of the case; outside dimen-
sions 19 inches wide, 19 inches high, 11 inches deep; inside dimen-
sions 16824 inches wide, 13 inches high, 63{ inches deep.

Central Pillar—Of brass, gold plated.

Beam—Of aluminum alloy, cold rolled, and having more than three
times the tensile strength of pure aluminum. The rolling is done under
high pressure, eliminating all tuvisible defects in the mass and pro-
viding uniform density throughout the sheet. ‘This beam will main-
tain its adjustment over a wide range of temperature change. Itis
7 inches long; is finished i a non-corrosive black with white divi-
stons in Y milligram on each side of the central knife edge.

e e
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TROEMNER ANALYTICAL BALANCE No. 10. An increasing demand for this famous Balance from educational,
research and other industrial laboratories is noticeable year by year. It is of simple, rugged and durable construction
and finish, depending primarily upon equality of arm length and parallelism: of knife edges for its sensitivity, and we un-
qualifiedly recommend it for continuous and precise analytical work.

Rider Carrier—Of simple and effective construction, which has proved
free from any possibility of derangement.

Knife Edges and Planes—Of Russian agate throughout.

Release and Arrest—Releasing arms are of the simplest construction,
there being but three principal parts. These swing up to hold the
beam and down to release it, being operated by turv button in front
of the case. They are so constructed as to bring their axis coincident
with the contact line at the center knife edge and hold the beam firm
and secure when the balance is being loaded and unloaded. Thisis
& distinct and distinguishing feature of this balance.

Pan Arrest—Of the self-locking, adjustable push-button type.
Pans—Of aluminum, 3 inches diameter, adjustable on the arches.
Arches—Of cold drawn nickel silver, gold plated, with a 3-inch spread.
Riders—Each balance is furnished with three 5-mg riders.

Finish—All brass parts are heavily gold plated as a protection against
all possibility of corrosion.

1846. Balance, Analytical, Troemner No. 10, as above described, without weights but with three 5-mg riders. ....197.64
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ARTHUR H. THOMAS COMPANY

RETAIL WHOLESALE EXPORT

LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE
PHILADELPHIA, USA.
Cable Address, “Balance,” Philadelphia
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Determination of Arsenic in Mineral Oil Solutions

J. B. LEWIS AnND E. L. BALDESCHWIELER. Standard Oil Development Company, Linden, N. J.

IN THE COURSE of a study on the solubility of arsenicals

in mineral oils it was necessary to obtain with accuracy the
arsenic content of the solutions under examination; the
amounts of arsenic to be determined varied between 0.05
and 0.20 per cent. The problem was to destroy the minersal
oil and convert the arsenic into a compound suitable for
quantitative determination. All the procedures found in the
literature gave low results, mostly because of loss of arsenic
during the process of destroying the excessive amount of
organic matter. This was true, for example, of the Kohn-
Abrest procedure (8) involving calcination with magnesium
nitrate, and of combustion with oxygen in a calorimeter
bomb as recommended by Garelli and Carli (5). Combus-
tion in & current of oxygen in a tube and bubbling the re-
sultant gases in a caustic soda solution gave low results in the
presence of combustion accelerators (PbO., Pb;O, CuO),
while incomplete combustion was obtained in their absence.
Destruction of the organic matter with sulfuric and nitric
acids 28 recommended by Baldeschwieler (1) was unsuccess-
ful, probably owing to the volatilization of some of the
arsenical.

APPARATUS FOR DETERMINATION
"OF
ARSENIC IV PETROLEUM SOLUTIONS

\ LIEBIG COND.

Oxidation procedures found unsatisfactory, mainly be-
cause of the difficulty in completely oxidizing the mineral
oils, included those of Rupp and Lehmann (14) using sulfurie
acid, potassium permanganate, and hydrogen peroxide, or
Ewins’ modification (4) with potassium sulfate; Rogers
(13) and Maillard (10) using ammonium persulfate and
sulfuric acid; Poggi and Polverini (11) using potassium per-
sulfate; Stollé and Fechtig (16) using potassium nitrate,
ammonium sulfate, and sulfuric acid; BStettbacher (15) using
sulfuric acid and hydrogen peroxide; Tabern and Shelberg
(17) using fuming sulfuric acid and hydrogen peroxide;
Leulier and Dreyfuss (9) using sulfuric perebloric and nitrie
acids; and Kahane (7).

The procedure adopted consisted of digesting the sample
with sulfuric acid, nitric acid, and potassium sulfate in a
Kijeldahl flask, as suggested by Robertson (12), Glyeart (6),
Delaville and Belin (3), and Cislak and Hamilton (2). A
number of precautions were introduced in order to avoid losses
by u-latﬂlzatxon, either of the unchanged arsenical or of
arsenious compounds which may be formed through reduction
during the first stage of the process when charring oceurs.
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The development of a suitable apparatus required con-
siderable experimenting. For this work the arsenic compound
chosen was phenyldichloroarsine, CgHzAsCl,, which is a
typical and rather volatile arsenical. The determination
of arsenic in the compound itself requires no elaborate setup,
an 800-cc. Kjeldahl flask covered with a funnel with a bent
stem being sufficient for the purpose. However, determina-
tion in mineral oil blends necessitates the use of a compli-
cated setup, inasmuch as the more drastic treatment neces-
sary to ensure complete decomposition of the additional
organic matter greatly favors loss of arsenic by volatiliza-
tion. In fact it was found that volatilization of some of the
arsenic could not be altogether prevented; for this reason,
the apparatus finally developed included provisions for re-
covering volatilized arsenic.

Apparatus

A sketch of the apparatus is shown in Figure 1. Pyrex
glass was used throughout. The elaborate condensing
system is necessary in order to recover the last traces of arsenic.
A simpler apparatus consisting of a condenser surmounting
a Kjeldahl flask was found unsatisfactory because of loss of
arsenic and difficulties in the digestion procedure.

Method

A 3- to 5-gram sample of the mineral oil arsenical solution to-
gether with 10 grams of anhydrous potassium sulfate is placed
in flask 4, and the apparatus is assembled. About 20 cc. of
concentrated sulfuric acid are then added through the separatory
funnel, and the reaction is allowed to proceed until charring
occurs. At this point 20 cc. of concentrated nitric acid are added
and heat is applied with a very low flame. When the reaction
subsides, more nitric acid is added and the heating is continued
to gentle boiling, this process being repeated until the solution
is clear and of a straw-yellow color. This should take about 2
hours. In general the heating should be so regulated that no
undecomposed hydrocarbons pass out of the first condenser.

The apparatus is then disconnected. Both the washings from
the condensers and the contents of receiving flask B are trans-
ferred to a large beaker. The solution is concentrated on a steam
bath to & low volume and added to the solution in flask 4. It is
then heated over a wire gauze to fumes of sulfur trioxide; a
few drops of nitric acid are added, and the solution is again
heated to fuming, cooled in ice, and diluted with water. The
solution is now ready for the arsenic determination, which can
be carried out by any standard method. The authors, however,
prefer to precipitate the arsenic with hydrogen sulfide, oxidize
the arsenic trisulfide with hydrogen peroxide, precipitate with
ammonium hydroxide and magnesia mixture, ﬁqt-er the precipi-
tate, ignite, and weigh as Mg,As,0;.

TABLE I. ArseNic DETERMINATIONS

3 Samples Arsenic Content
Material Used Theoretical Found
Grams Gram Gram
Phenyldichloroarsine 0.5000 0.1681 0.1670
0.5900 0.1983 0.1983
: T 0.6000  0.2017  0.2022
Gas oil containing 0.75 % phenyldi-

chloroarsine 8.3685 0.0212 0.0212
Same with 0.97 % phenyldichloroarsine 4.2470 0.0138 0.0131

Lubricating oil with 1.09% phenyldi-
chloroarsine 5.0072 0.0184 0.0182

Results of arsenic determinations obtained on phenyldi-
chloroarsine and on mineral oil blends of the latter are given
in Table I. The arsenic determinations on the diphenyl-
chloroarsine itself were carried out by oxidation with sulfuric
and nitric acids in a Kjeldahl flask covered by a funnel, while
on the oil blends they were carried out by the suggested
procedure. Table I shows that the proposed procedure
yields accurate values in the determination of arsenic in
mineral oil blends of arsenicals.

Summary

The determination of arsenic in mineral oil solutions of
arsenicals is carried out in a Kjeldahl flask, provision being

VOL. 9, NO. 9

made for condensing and collecting volatile products in
order to avoid loss of arsenic by volatilization, during the
process of oxidizing the mineral oil. While admittedly long
and tedious, the method gives accurate results.
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Determination of Iron

With 7-Iodo-8-hydroxyquinoline-
5-sulfonic Acid

H. W. SWANK! wiTH M. G. MELLON
Purdue University, Lafayette, Ind.

OE in 1932 (6) proposed the use of 7-iodo-8-hydroxy-

quinoline-5-sulfonic acid (ferron) as a reagent for deter-
mining iron colorimetrically. This acid gives an orange
aqueous solution which becomes green in the presence of
ferric iron. Copper, nickel, chromium, cobalt, and aluminum
were reported to interfere.

The purpose of the present paper is to describe a study
made to determine the conditions under which the ferron
method gives the most accurate results, noting particularly
the effect of other metals on the color reaction. Since the
completion of the work reported here, Yoe and Hall (?) have
published additional data on the ferron method.

Apparatus and Methods

Although most investigations of colorimetric methods.
of analysis have been made by visual comparison, a proce-
dure more accurate than that used in routine work is de-
sirable for investigating the effect of variable factors. The
recent development of the photoelectric recording spectro-
photometer (5) has given the analyst a method of color
measurement which eliminates subjective error and is capable

1 Present address, E, I. du Pont de Nemours & Company, Inc., Buffalo,
N2
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of high accuracy and precision. By means of the modified
General Electric spectrophotometer used in this study,

very small differences in color intensity can be de-
tected with certainty.

The ratio of concentrations can be calculated from
the transmittancy curves by means of Beer’s law. If
the color is not proportional to concentration, such
calculations must be restricted to a small range. Only
a few spectrophotometric curves are presented, but
they are sufficient to indicate the advantages of this
method.

Standard solutions of iron were prepared by dissolving
weighed amounts of iron wire or ferrous ammonium sulfate
in dilute sulfuric or hydrochloric acid. Perchloric acid was
used in the presence of lead or silver. Complete oxida-
tion of the iron was ensured by adding hydrogen peroxide
and boiling out the excess. Standard solutions of the
metals were prepared from the sulfate, chloride, or nitrate
salts. Sodium, potassium, or ammonium salts were used
for studies of the effect of anions. Clark’s (2) and Brit-
ton’s (1) directions served for the preparation of buffer
mixtures.

Ten milliliters of 0.04 per cent aqueous ferron solution
and 0.1 mg. of iron in 100 ml of solution were used for
all the curves shown in this paper, as this concentra-
tion gives an optimum intensity of color for comparisons
through a depth of 5 to 10 ecm. The transmittancy curves
were determined for a solution thickness of 5.0 cm. The
absorption of the glass cell was compensated by means of a
similar cell filled with distilled water.

The Color Reaction

The transmittancy curves in Figure 1 show the ex-
tent to which the color is dependent on the concentra-
tion of the reagent. Similar curves for a fixed concen-
tration of ferron and variable amounts of iron prove
that the color is not proportional to the concen-
tration of the iron. These data are summarized in
Table I.

Transmi Trancy.

Percent

700

TaBLE I. Variry or Beer’s Law For A Frxep Con-
CENTRATION OF FERRON AND VARYING AMOUNTS OF IRON

(pH 3.0; 5.0-cm. cell; 10 ml. of 0.04 per cent ferron reagent)
Transmittancy at 610 My

Iron - Observed Calculated
My./100 ml. % )
0.02 84.5 &
0.05 69.0 65.5
0.10 46.5 43.0
0.20 25.5 18.5
0.50 12.5 1.5

The transmittancy value for 0.02 mg. of iron was
taken as the starting point for the calculations. It is
evident that as the iron concentration increases, the
transmittancy does not decrease to the extent calcu-
lated from Beer’s law. Yoe and Hall (7) reported
that the color intensity does follow Beer’s law, but
their experiments were made with a constant ratio of
ferron to iron, a condition that is not encountered in
actual analytical work where the iron content is un-
known.

Below a pH of 7 ferron functions as a hydrogen-ion
indicator, the yellow or orange hue gradually decreas-
ing with a decrease in pH (curves 1 and 2, Figure 2).
The green hue produced by iron is equally affected by
pH, as shown by curves 3 to 9. The shift in color is
less pronounced between pH 2 and 3, but even then
it is great enough to require holding the pH constant
to within 0.2 unit if an error greater than 2 per cent is
to be avoided. This conclusion is not in close agree-
ment with that of Clark and Sieling (3) who con-

cluded that the color does not change between pH 2.7
and 3.2. However, the curves show a change in color in-
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tensity equivalent to a 5 per cent variation in iron
content for a range in pH of 2.9 to 3.2 alone.

This sensitivity of the color reaction to slight
changes in pH makes the use of a buffer imperative
for accurate work. Potassium acid phthalate (4), gly-
cine, or sodium acetate buffers are suitable, although
each affects the color slightly. It is necessary to
maintain the same concentration and type of buffer
in both the standard and unknown. Buffers contain-
ing citrate or phosphate compounds are not suita-
ble. The pH must be adjusted very nearly to that
desired before adding the buffer mixture.

Tests over a period of 9 days showed no fading of
the color of solutions exposed to diffuse daylight, con-
firming Yoe's statement concerning the stability of the
color.

The Effect of Anions

Many of the common anions prevent the full de-
velopment of the color. A typical example is given
in Figure 3, curves 1 and 2, for the effect of 1.0 mg.
of fluoride ion, and similar effects are caused by pyro-
phosphate, orthophosplmte, cyanide, citrate, tartrate,
and oxalate ions.

Pyrophosphate ion interferes to such an extent that
it must be practically absent from solution (curve 5,
Figure 3). The effect of orthophosphate is less pro-
nounced and somewhat variable. Yoe and Hall (7)
state that equilibrium is not reached immediately for
the iron-ferron complex in the presence of ortho-
phosphate ion, but that 5 minutes to 3 hours
are necessary to reach the maximum intensity. Curves 3
and 4 show the effect of 20 and 10 mg. of phosphorus pent-
oxide, as sodium dihydrogen phosphate, on the color with
0.10 mg. of iron. The phosphate was added to the iron in a
volume of 50 ml. and the spectrophotometric curves were
completed within 5 minutes after mixing. A second curve
for 10 mg. of phosphorus pentoxide made after a solution
had stood 20 minutes showed no appreciable difference.
The minimum bleaching effect observed for 10 mg. of phos-
phorus pentoxide, present as orthophosphate, was 8 per cent
for determinations made within 10 minutes after adding
the reagent. For these conditions the limiting concentration
is approximately 3 mg., expressed as the pentoxide. This
value, as well as those for other ions, is probably lower than
would be obtained by visual comparison. Because of the
cumulative effect of interfering substances, the limiting
concentration for each should be set below that detectable

Errect or CommoN ANIONS ON THE CoLOR
DEVELOPED BY IRrON
(0.1 mg. of iron in 100 ml. of solution)

TasLe I1.

Change in Apﬂroximate
Concen- Color imiting
Ion tration pH Intensity Concentration
My./100 ml. My.
Borate 150 (B:0s) 3.0 Negligible L
Bromide 200 2.6 Negligible PSS
Chlorate 200 2.5 Negh ible TR
Citrate 50 2.0 ecresse <s
5 10 2.0 decrease 5
Cyanide 10 3.0 decrease S
g 2 3.0 » decrease 0.2
Fluoride 10 3.0 ‘v er) large St
3 1 3.0 10% decrease 0.2
Iodide 2.5 Vanable 0.0
Orthophosphate 10 (P:0s) 2.5 89 decrease 2 (P:0s)
Oxalate 2 2.0 Very large gl
1 3.0 509% decrease 0.0
Pyrophosphate 1 (P:0q) 3.0 Very large 0.0
Sulfate 500 3.0 Negligible 1y
Sulfite 200 2.5 Negligible S
Tartrate 150 2.5 209% decrease i
¥ 50 2.5 49, decrease 25
Thiocyanate 50 2.5 Negligible oo

Percent Transmittancy
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by the eye. The effect of other anions is summarized in
Table II.

The Effect of Cations

Yoe reported that no cation other than iron forms a strongly
colored complex with ferron and some workers have in-
correctly inferred that other metals do not interfere. A
spectrophotometric study shows that there is very little
correlation between the absence of color and the degree of
interference. The color is a function of the ferron as well as
iron concentration; consequently, any ion which reacts with
ferron, regardless of whether a color is produced, will affect
the color produced by iron.

The effect of copper on ferron alone is evident from curves
1 and 2, Figure 4. Curve 4 shows the appreciable change
in the transmittancy curve caused by 0.1 mg. of copper in
the presence of an equal amount of iron. Cobalt and nickel
react with ferron in a similar manner. With nickel, at least,
the degree of interference varies with pH, being greater at
pH 3.0 than at 2.0; with either nickel or cobalt, the limiting
concentration is reached before the color of the ions becomes
appreciable. Chromium shows no evidence of reacting with
ferron. Aluminum combines with ferron to give a nearly
colorless complex with a bleaching effect on the color with
iron. The extent of the interference varies several fold for a
change in pH from 2.0 to 3.0, with a more pronounced bleach-
ing action at the higher value. Curve 5, Figure 4, indicates
the extent of the change in the transmittancy curve pro-
duced by 2 mg. of aluminum for a pH of 3.0.

Table IIT indicates the effects of different amounts of
aluminum as well as other metals which show little or no
interference.

Discussion

The interference of anions is best interpreted as being due
to the relative instability of the iron-ferron complex, com-
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pared to the tendency of iron to combine with ions such as
fluoride or phosphate. The reaction of ferron with metals
other than iron accounts for the interference from this source.
Because the color is dependent on the concentration of ferron,
the interference caused by metals cannot be eliminated by
adding a large excess of reagent. Yoe and Hall (7) state that
a yellow filter helps in making color matches visually in the
presence of some interfering substances.

The ferron method for iron seems to have few advantages
over older methods with respect to interference by other
metals and by anions. The great stability of the color is a
distinet advantage from the standpoint of preservation of a
set of standards.

The approximate limits given in Tables II and 1II for
interfering ions are calculated for an error of 2 per cent.
Although this may at first thought appear too low in com-
parison with an error of 5 to 10 per cent which may result in
matching colors visually, each factor which influences the
reproducibility of the color itself must be controlled within
such a limit if a total error considerably greater than that
caused by visual matching is to be avoided. The same limits
are not obtained for all concentrations of iron, but the
relative effect remains substantially the same.

Conclusions

Yoe'’s colorimetric method of determining ferric iron is a
valuable addition to such methods, but necessitates more
careful control of experimental conditions than use of a re-
agent such as thioglycollic acid.

The color is dependent on both the reagent concentration
and the pH. A pH of 2.0 to 3.0 is suitable, but for a given
series of comparisons the value must be held constant to
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Tasre III. Errect oF CommoN CaTiONS ON THE COLOR
DEVELOPED BY IRON
(0.1 mg. of iron in 100 ml. of solution)
Change in \pﬂ)roumate
Concen- Color imitin
Ion tration pH Intensity Concentmmon
My./100 ml. My.
Aluminum 10 2.0 decreuse 4
2 2.5 decreuse 1
10 2.5 decrease Gk
2 3.0 decrease 0.3
10 3.0 .H decrease S5
Ammonium 200 3.0 A\eghglhle
Antimonous 2.5 Negligible
Arsenic 50 2.5 Negligible
Arsenious 50 2.5 Negligible
Barium 100 2.6 Negligible
Beryllium 50 2.0 Negligible
Bismuth 0.5 2.0 Negligible
Cadmium 250 2.5 Negligible
Calcium 150 2.0 Negligible
Chloroplatinate 7.5 (Pt) 3.0 4% increase 4
hromic 2 3.0 % crease 0.5
Cobaltous 10 3.0 16 ecrease i
2 3.0 decrease 1
Cupric 0.1 3.0 Decrcaae 0.02
Lead 10 2.6 2% decrease 10
Lithium 150 3.0 eglunble s
Magnesium 100 2.0 Neghg:ble
Manganous 50 2.0 Negligible
Mercuric 50 2.6 Negligible ey
Nickelous 2 2.0 2% decrease 2
0.2 2.6 49, decrease 0.1
Potassium 200 3.0 Negligible =
Silver 60 2.7 Negligible ¥oH
Sodium 200 3.0 Negligible S
Stannic?® A R e
Strontium 150 2.0 Negligible i
Thorium? S e e S B i 3
Uranyl 10 2.5 \7 decrease 10
Zinc 50 2.0 gligible S
& Hydrolyzes.
b Bluish

0.2 pH unit if the error from this source is not to exceed 2
per cent.
Potassium acid phthalate, glycine, or sodium acetate

buffers are satisfactory for securing a constant pH.
Citrate or phosphate buffers interfere with the de-

velopment of the color.
The color is permanent for at least a week, even

for solutions exposed to diffuse daylight.
Ferron is specific for ferric iron in the sense that no

other ion tested gives a green color with it, but not in
the sense that it is free from interference by other
metals. Some common ions interfere enough to make
a preliminary separation of iron necessary for the

analysis of many products. The extent of interfer-
ence for some metals is a function of pH. The effect
of a metallic ion cannot be determined by noting

whether a color is produced with ferron.
The color of the reagent and the lack of propor-
tionality between the color of the ferron-iron complex
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4 Q/my fe +0./mg.
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Cu+Ferron. |

and the concentration of the iron require the use of a
constant-depth method of color comparison.
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Spectroscopic Determination of Metals in

Small Samples

Calcium, Magnesium, Potassium, Manganese, Iron, and Phosphorus

D. T. EWING, MABEL F. WILSON, AND R. P. HIBBARD, Michigan State College, East Lansing, Mich.

HE spectrograph is particularly adapted to two types

of analysis: (1) the determination of traces of metals
in alloys and compounds when large samples are available,
such as manganese in steel; (2) the analysis of samples when
only very small amounts are available, such as biological
ash. This article will be confined to the second type, and
especially to the determination of calcium, magnesium,
manganese, potassium, phosphorus, and iron in samples too
small to be analyzed quickly by ordinary wet methods.
Plant ash has been rapidly analyzed for these six elements
when the total sample available was less than 10 mg.

The method employed is similar to that used by Nitchie
(2), exposing the spectra of the samples between those of a
series of standard solutions containing varying known amounts
of the substance being determined. From the blackness of
the spectral lines working curves were formulated according
to the method of Twyman and Hitchen (3), and from these
standard curves unknowns were directly determined.

Apparatus

A Bausch and Lomb quartz spectrograph having a dispersion
varying from 7 A. per mm. at 2500 A. to 21 A. per mm. at 3500 A.
was used in this investigation. Excitation of the samples was ob-
tained by arcing graphite electrodes with direct current furnished
by a 15-ampere 300-volt motor generator. A revolving sector
was used to regulate the fraction of incident light reaching the
slit. Line blackness (flate blackening) was determineﬁ by
means of « Bausch and Lomb density comparator.

PREPARATION OF ELECTRODES. Acheson graphite rods 8 mm.
(0.31 inch) in diameter were cut in convenient lengths for arcing.
One end of each was drilled approximately 7 mm. deep, 0.1 ml.
of the solution was placed in the crater, and the electrodes were
dried at 110° C. and used as lower electrodes (the anode). The
cathode consisted of similar lengths broken from the same rod.
Special graphite rods very free of metallic impurities were used
in the calcium determinations.

Preparation of Standards

SELECTION OF BAse MATERIAL. The first problem to be
considered in the preparation of standards was the mate-
rial for use as a base. This substance serves two pur-
poses: as a “filler,” giving a greater amount of solid sub-
stance in the electrode; and as a means of holding back most
of the carbon spectra until volatilization of the sample is
complete. More even exposures and lighter backgrounds
were obtained by employing the proper base.

It is the authors’ experience that the chlorides of the metals
reported in these investigations give rise to sharper spectral
lines of the metals than do other negative radicals. All de-
terminations were carried out in hydrochloric acid solution,
in which the samples were found to be readily soluble. In
the search for a suitable matrix material many metallic chlo-
rides were tried. Zinc chloride was found to vaporize too
readily, lead chloride was too insoluble, and sodium chloride
in large amounts caused the arc to flare giving very uneven
exposures. Very satisfactory arcing conditions and even
exposures resulted from the use of ammonium chloride, but
the spectral lines of the substance desired for use in analysis
were not sharp and clear.

Of the various mixtures of sodium and ammonium chlo-
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TasrLE I. CoNDITIONS OF EXPOSURE

Light,
Sector
Substance Exposure Transmission
< Seconds Y%
Potassium
In 9% acid 40 5
In NH-Na base 40 5
In Ca-Mg base 60 6.25
Iron and phosphorus
In NH-Na base 60 5
In Ca-Mg base 90 6.25
Iron (alone) 60 2
Magnesium 40 3.125
Manganese 40 2
Calcium 40 1.625

rides tried, the one consisting of 10 per cent sodium chloride
and 90 per cent ammonium chloride was found to give satis-
factory results both for arcing and sharpness of lines. The
base solution finally selected consists of 5 grams of sodium
chloride, 45 grams of ammonium chloride, and 4.5 grams
of hydrochloric acid in 1 liter of solution.

Carcium StaNDARDS. No two elements under identical arcin
conditions gave the same variation in line blackness for an equal
change in concentration. Thus it was necessary to try various
concentrations until a series of dilutions was obtained which
gave a gradation of line densities suitable for analysis.

Two grams of calcium as nitrate of a very high grade of purity
were dissolved in 1 liter of a solution containing 5 grams of sodium
chloride and 45 grams of ammonium chloride. This stock solu-
tion was diluted with another stock solution containing the same
amount of sodium chloride and ammonium chloride, to give a
series of solutions of different calcium contents. One milliliter
of the resulting solutions contained 1.0, 0.5, 0.3, 0.2, 0.1, 0.075,
0.05, 0.03, 0.02, 0.01, 0.005, and 0.0025 mg. of calcium. 5

MAGNESIUM STANDARDS. Magnesium solutions were pre-

ared in the same manner using magnesium chloride, giving a
1 series containing 5.0, 2.5, 1.0, 0.5, 0.3, 0.25, 0.2, 0.1, 0.05,
0.025, 0.01, and 0.005 mg. of magnesium per milliliter.

MANGANESE STANDARDS. Manganese chloride was dissolved
in the base solution to yield 2 grams of manganese per liter.
Lower concentrations of 1.0, 0.5, 0.25, 0.1, 0.05, 0.025, 0.01, and
0.005 mg. per ml. were prepared by diluting this manganese solu-
tion with the proper volume of base solution.

Porassium STANDARDS. The hehavior of potassium is different
from that of magnesium, manganese, and calcium. Large
amounts of potassium show a marked gradation of line densities.
Thus higher percentages may be successfully analyzed directly
frlom the sample without employing a “filler”” or dilution of sam-

es. :
; Sufficient potassium chloride to yield 30 grams of potassium
per liter was dissolved in the sodium-ammonium chloride base
solution. Dilutions with the base were made giving a series con-
taining 30, 25, 20, 17.5, 15, 12.5, 10, and 5 mg. of potassium per
ml. of solution.

PHosPHORUS AND IRON StanpDARDS. Iron in the form of fer-
rous ammonium sulfate and phosphorus as potassium acid phos-
phate were dissolved in the sodium-ammonium chloride base
solution. The iron concentration for this series was 1, 0.5, 0.25,
0.1, 0.05, 0.025, 0.01, 0.005, and 0.0025 mg. per ml. of solution.
The phosphorus content was double that of iron.

Preparation of Samples

For the analysis of ash such as that from plant materials a
0.05-gram sample was treated with 1 ml. of concentrated hydro-
chloric acid and allowed to stand for an hour. To this solution
a sufficient volume of the sodium-ammonium chloride solution
was added to give a total volume of 10 ml.
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F1GUrRE 1. BEHAVIOR UPON VOLATILIZATION

Phosphorus, 2536.38 A.
Magnesium, 2776.71 A.
Iron, 3020.65 A.
Manganese, 2576.12 A.
Calcium, 3158.87 A.
Potassium, 3447.38 A.

b i

Samples for potassium analysis were similarlfr prepared, except
that they contained 0.200 mg. of ash per 10 ml. of solution.

A synthetic ash solution was prepared for check analysis by
dissolving the salts in a 4.5 per cent hydrochloric acid solution,
so that the resulting concentrations were 0.7 gram of calcium,
0.4 gram of magnesium, 0.01 gram of manganese, 0.15 gram of
phosphorus, 0.05 gram of iron, and 14 grams of potassium per liter.

Conditions of Exposure

Eastman “33” commercial plates were used for all analyses ex-
cept those in which iron interfered with potassium. Wratten-

ainwright process panchromatic plates gave satisfactory re-
sults in this case. The “33” plates were chosen because their
characteristics were suitable for the particular conditions required
for these analyses. Both types of {)ates were developed in East-
man developer formula D-11 for g minutes at 18° C.

The method of “continuous exposure” extensively employed
by this laboratory for some time was used to determine the be-
havior of the six substances upon volatilization. The plate was
placed in readiness for exposure, the slit was opened, and the
electrodes were adjusted. Each 15 seconds from the instant of
arcing, the plate was moved rapidly to a new position, allowing
the arc to burn continuously for 4 or 5 minutes. In this manner
the comparative amounts of each substance volatilized in any 15-
second interval could be determined, as well as the time required
for the volatilization of each to proceed to a point where no fur-
ther change in effect was shown on the photographic plate under
the conditions of exposure employed.

From the data obtained on such a plate the time for ex-
posure of each substance was found. Sufficient light was
used so that the heaviest lines employed for analysis were
well under maximum blackening. In this way a gradation
of line densities was obtained for the lower concentrations.
The percentage of light reaching the slit was regulated by
the adjustable revolving sector. Table I shows the condi-
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tions of exposure used for each substance when a current of
10 amperes was carefully maintained.

Slight variations in time or percentage of light were made
when only the higher or lower concentrations of a series
were used.

Evaluation of Blackness of Spectral Lines

The blackness of the proper lines from the various analyses
was read on the density comparator. Only plates free of
fogging were used; any which were slightly fogged or not en-
tirely clear were discarded. A reading for blackness when no
light entered the slit was taken first. Each line was read
independently until an accurate check was obtained, the
plate was then moved to a clear background in the same
region, and this reading was recorded as the “background.”
The differences between the blackness of the line and ab-
solute blackness and between the background and absolute
blackness were calculated. The ratios of these differences
were plotted against the logarithms of concentrations to
obtain the working curve or “standard curve,” according to
the method of Twyman and Hitchen (3). Each plate held
a set of spectra of standards from which a working curve was
formulated and the spectra of a number of unknowns which
were evaluated from this curve. Duplicate plates were made
to check results.

Continuous Exposure

The behavior of each of the six substances upon volatili-
zation was characteristically different.

Potassium, although present in the largest amount, vola-
tilized most rapidly and practically disappeared in 45 seconds.

Phosphorus also volatilized to such an extent that no effect
could be observed on a photographic plate. It was unique in
behavior, volatilization beginning slowly, gradually increasing
to & maximum, and then slowly decreasing. About 2 minutes
were required, although the bulk of it vaporized in 60 seconds,
the time of exposure used for analysis.

Manganese volatilized very rapidly at first, most of it
disappearing in 45 seconds. A faint trace remained for 45
to 60 seconds longer.

Magnesium did not volatilize completely. As in the
case of manganese, 45 seconds were sufficient for the greater
portion to burn out. After that time the amount volatilized
in each interval gradually decreased and finally reached a
constant.

Calcium acted somewhat like magnesium, except that it
behaved very erratically when only a trace remained.

Iron was found to be the most persistent of any of the six
substances under investigation. However, very consistent
results were obtained when 60-second exposures were used.

Figure 1 shows graphically how the substances compare
in speed of volatilization and in the amounts of each vola-

TasLe II. RESULTS OF SPECTROGRAPHIC ANALYSIS
Found
Spectro- Present in
Substance graphically Solution Error
Mg./ml. Mg./ml. %
M. i 0.400 0.400 0
e 0.390 0.400 2.5
Manganese 0.0103 0.0100 3.0
0.0099 0.0100 6.0
Phosphorus 0.148 0.150 1.3
0.148 0.150 1.3
0.153 0.150 2.0
Potassium 14.25 14.00 7 i f
13.00 14.00 6.7
14.00 14.00 0
Iron 0.048 0.05 4.0
0.052 895 gg
lci 0.68 i 3
Sortitis 068 0.7 3.0
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tilized in any time interval. Line blacknesses are plotted
as ordinates against time intervals as abscissas. Potassium
has the greatest slope; magnesium, manganese, and iron
behave somewhat alike; calcium shows a slower rate of
volatilization; and the erratic behavior of phosphorus is
very evident.

Suitable Lines for Analysis

Very few rates ultimes are suitable for use in quantitative
analysis using the method of arc excitation, as they show

VOL. 9, NO. 9

maximum blackening in comparatively low concentrations.
A line used effectively must show two characteristics: It
must be persistent even in very low concentrations, and it
must show a definite change in line density for a small change
in concentration. Lines which fulfill these requirements
give very satisfactory standard curves over a short range of
concentrations. Many lines of each substance were inves-
tigated and those selected were found to be most satisfac-
tory under the conditions of excitation and exposure em-
ployed. They are as follows:

Potassium, 3446.37 and 3447.38 A,
Magnesium, 2776.71 and 2779.85 A.
Calcium, 3158.87 and 3179.33 A.
Iron, 2698.08 and 2599.40 A.
Phosphorus, 2536.38 A.

Manganese, 2567.12 and 2605.69 A.

In special cases other Jines had to be employed. In the
case of high iron content, the calcium line at 3179.33 A. was
not satisfactory. For the same reason, the potassium lines
mentioned above were unsatisfactory, and the potassium
line at 5782.6 A. was employed, necessitating the use of proc-
ess panchromatic plates. For high concentrations of iron
the doublet mentioned did not show satisfactory gradation
and the unresolved doublet at 3021.08 and 3020.65 A. was
used.

Results

Figure 2 shows the standard curve for potassium plotted
from the data given in Table II, and the determination of
the concentrations of two unknowns.

Figure 3 gives typical standard curves for phosphorus,
iron, manganese, magnesium, and calcium, all plotted from
experimental data.

Table II gives the results of a spectrographic analysis of a
solution typical of that suitable for plant ash. One milli-
liter of this synthetic solution contains 0.400 mg. of magne-
sium, 0.010 mg. of manganese, 0.150 mg. of phosphorus,
0.050 mg. of iron, 0.70 mg. of calcium, and 14 mg. of potas-
sium.

Figure 4 is taken from an analysis for phosphorus and iron.
The phosphorus line 2536.38 A. and the iron doublet 2598.08
and 2599.40 A. are shown dotted. The gradations of both
lines are very apparent to the eye.

F1GURE 4. PrOSPHORUS AND IRON
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Figure 5 shows two analy-
ses of a sample, one for
magnesium and one for man-
ganese. The magnesium
group of five lines in the
region of 2780 A. and the
manganese group of three
lines in the region of 2600 A.
are marked.

Variation of Line
Densities

Duffendack, Wylie, and
Owens (1) found that mag-
nesium, calcium, sodium, and
potassium affected the rela-
tive intensity of the spectral
lines of each of the other elements with regard to the spec-
tral intensity of an internal standard, and that the addition
of 2 per cent of sodium had the effect of eliminating further
variations due to the other elements.

The effect of calcium, potassium, and sodium on the line
blackness of magnesium was measured and found to be
well within the range of experimental error for the condi-
tions of exposure employed. The addition of sodium chlo-
ride in the base material would also eliminate slight varia-
tions due to small amounts of other substances.

No attempt was made to remove any substance from the
ash before analyzing for the six substances determined. As
shown by the graph resulting from a continuous exposure, all
substances were vaporized concurrently.

ProsprORUS. The rate of volatilization of phosphorus
differed markedly from that of the other five elements. Slow
at first to volatilize, the rate would suddenly increase to a
maximum and then gradually decrease. This behavior did
not interfere with the accuracy of the determination (less
than 2 per cent) when sufficient time was given to arcing the
sample. The range within which phosphorus can be de-
termined is limited. No attempt to show it in less than 0.01
mg. per ml. was made in this investigation. In cases where
the phosphorus was not at first shown to be present, a con-
centration of the ash solution yielded a positive phosphorus
determination. The solutions for phosphorus yielded a very
satisfactory standard curve between the limits of 0.01 and
10 mg. per ml., making determinations of unknowns with a
high degree of accuracy. There were no lines of any sub-
stances used or impurities occurring in the region of the phos-
phorus line, 2536.38 A., and no background to interfere.
The line was easily read on the density comparator and gave
a smooth curve.

Irox. Iron had the advantage of haying a number of lines
which showed a definite gradation of line blackness, yielding
satisfactory standard curves. The unresolved doublet at
3020.65 and 3020.08 A. gave a workable curve for concen-
trations of iron from 0.05 up to 20 mg. per ml. This doublet
would be more effective on an instrument with high_er re-
solving power. The pair at 2598.38 and 2599.40 A. is the
most satisfactory over a long range. From a range of 2 mg.
per ml. down to as low as 0.0005 mg. per ml., a standard
curve can be made, which has less change in density for a
small change in concentration than does the doublet at
about 3020 A. When only iron is being determined, the
doublet at 3020 A. is to be preferred except in extremely low
concentrations. In conjunction with phosphorus, the pair
at 2598.38 and 2599.40 K was most extensively used. ’I"hey
oceur in a region clear of background, free of interfering _]1{1%,
and are brought out satisfactorily under the same conditions
used for phosphorus. An accuracy of 4 to 6 per cent was
found in the case of iron in a concentration of 0.05 mg. perml.

F1GURE 5. MANGANESE AND MAGNESIUM
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MancaNese. Two lines,
2576.12 and 2605.69 A., give
standard curves for man-
ganese over a range of 0.001
to 5.0 mg. per ml. by vary-
ing the amount of light. In
the case of any analyzed
synthetic ash containing 0.01
mg. per ml, the error was
estimated at 5 to 10 per cent.
As the manganese was found
to contain a small amount of
iron, the error was not ex-
treme. The curve for man-
ganese was very smooth, giv-
ing both the shoulder and toe
of the curve as well as the
straight portion. Determinations of higher concentrations
are more easily made, being on a straight part of the curve.

MacNEsToM. Magnesium was the easiest to analyze of
the six elements. The curves obtained from the lines at
2776.71 and 2779.85 A. more nearly resembled Hurter and
Driffield curves than any of the others. Over the compara-
tively short range of 0.01 to 1.0 mg. per ml. a complete curve
was obtained by proper exposure. Results on magnesium
showed, also, the smallest percentage of error. In a group
of five analyses, the average error was 3 per cent. Magne-
sium may be determined very satisfactorily in a range of
5.0 down to 0.001 mg. per ml. Its determination is prob-
ably the most accurate of the six analyses.

Porasstum. Analysis of potassium in ash proved to be
the most difficult. In the first place, the range of concen-
tration is very limited. Gradation of line blackness may be
obtained best between concentrations of 1.0 and 50 mg. per
ml., and only with difficulty under 5 mg. perml. The sample
should be heavy in potassium to be accurately analyzed.

Iron in any concentration greater than 0.1 mg. per ml.
interferes with the unresolved doublet at 3446.37 and
3447.38 A., making the employment of these lines for analy-
sis impossible. An attempt to lessen the time of exposure
and use the pair at 4044.16 and 4047.22 A. was only partially
successful. Another line obtainable on special red-sensitive
plates, 5782.6 A., can be used between limits for approxima-
tions but its spectrogram possesses continuous background to
be used for formulating a standard curve.

The standard curve obtained for potassium using 3447.38 A.
in a range of concentrations from 5 to 30 mg. per ml. is very
easily obtained and satistactory for concentrations within
that range when iron is absent or present in an amount less
than 0.05 mg. per ml. A spectrograph giving a greater
resolution of the doublet, thus freeing it from interference
by iron, would yield very satisfactory results.

Results obtained on four samples of potassium containing
less than 0.05 gram of iron per liter, and known to contain
14 grams of potassium, gave 15.0, 14.25, 13.0, and 14.0 grams
per liter, an average of about 5 per cent error.

Cavrciusm. Caleium is present in an appreciable amount
in most graphite rods ordinarily used for spectrographic
analysis, and considerable care is needed to select electrodes
sufficiently free of calcium.

A series of standard solutions gives a smooth curve for cal-
cium with very little change in density for a large change in
concentration. Thus the determination of unknowns is much
less accurate for calcium than, for example, magnesium. Two
lines of calcium were found to yield satisfactory standard
curves: 3158.87 and 3179.33 A. Between the concentrations
of 0.001 and 5 mg. per ml, smooth standard curves were
obtained and successful determinations made. However, the
percentage error was higher for calcium than for magnesium,
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manganese, iron, or phosphorus, particularly when the con-
centration of the unknown was very low.

Many analyses supplied by the Botanical Department
(by R. P. H.) have been made by the procedure herein dis-
cussed and the results will be recorded in a {orthcoming pub-
lication.

Summary

The employment of a base solution composed of 5 grams
of sodium chloride, 4.5 grams of hydrochloric acid, and 45
grams of ammonium chloride per liter of solution as a solvent
for calcium, magnesium, manganese, potassium, and phos-
phorus makes it possible to determine by use of the spectro-
graph the amounts of these elements present. The method
is especially suitable for the analysis of plant ash materials
when even a very limited amount of the substance is avail-
able. The conditions of arc excitation, exposure, etc., have
been worked out to give the maximum gradation of density
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for particular spectral lines selected as most satisfactory for
the analysis of each substance. Under these conditions
certain limits of concentration were found to exist:

A. Mg./ml.
Calcium 3158.87 and 3179.33 0.001 to &
Potassium 3446.37 and 3447,.38 1 to 50
Iron 2598,08 and 2599.40 0.0005 to 2
Magnesium 2776.71 and 2779.85 0.001 to 5
Manganese 2576.12 and 2605.69 0.001 to 5
Phosphorus 2536.38 0.01 to 10
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A Physical Method for Drying Liquefied
Hydrocarbons

EDWIN E. ROPER
Laboratories of Physical Chemistry, Harvard University, Cambridge, Mass.

HE author had occasion to dry thoroughly certain

low-boiling olefin and diene hydrocarbons; these sub-
stances had been highly purified by Kistiakowsky and col-
laborators (3-6) and showed, in general, boiling point ranges
of the order of 0.01° C. (The samples had been stored at
—80° C. and each time one was opened, water vapor from the
atmosphere condensed to such an extent that not only was a
saturated solution of water in hydrocarbon formed but excess
ice was present.)

Not a great deal is known concerning the factors influencing
polymer formation and isomeric shift for some of these com-
pounds; we are here concerned with reactions that might
possibly form products to the extent of even 0.1 per cent, the
approximate upper limit of impurities present. Taking this
into consideration, it was decided to use no chemical treat-
ment in the drying process after the distillation. A physical
method was devised which proved so efficacious that it merits
description.

Distillation in a vacuum line from a temperature of —60° C.
toa condensing tube maintained at —80° (or —188° C. in some
cases) was first tried; however, the product from such a dis-
tillation always showed more or less turbidity at —80°, which
disappeared as the liquid was warmed to 0° C. Moreover,
such a vacuum distillation is slow and becomes worse in this
respect as higher boiling compounds are distilled.

It was suspected that chilling, followed by visual examina-
tion of the liquid hydrocarbon, constituted a delicate test for
the presence of water. To establish this, an experiment was
performed by adding to 100 grams of crude, water-free 2-
methylpropene (this sample showed no detectable trace of
turbidity at —135° C.), 0.7 milligram of water contained in a
very small capillary tube open at both ends. Shaking the
2-methylpropene tube at room temperature displaced part of
the waterin the capillary. Upon cooling the tube to —80° C.
a distinct turbidity developed throughout the liquid, but no
diminution could be noticed in the 0.7 milligram of water.

Apparatus

An apparatus was then arranged to filter the liquid hydro-
carbon under its own vapor pressure at low temperatures.
Coffin and Maass (1) have described a somewhat similar ap-
paratus but used no filler in the filter tube; their method of
forcing the liquid through the filter tube is open to objection
and they gave no data on the products. Hicks (2) has de-
scribed the use of vacuum-jacketed funnels containing a porous
plate, but they would not be applicable to the present task
in the form shown. The essential details of the author’s ap-
paratus are presented in Figure 1.

The bottom fifth of the filter tube, D (ca. 150-cc. capacity), is
packed rather loosely with glass wool before the top tube is sealed
in place, providing an effective filter mat for the ice particles.
The hydrocarbon is condensed in B (ca. 150-ce. capacity) and
freed from air, the complete line heing evacuated at this time by
means of a mercury diffusion pumip. A bath of solid earbon
dioxide in acetone (this bath must not be colder than the freezing
point of the compound undergoing drying) is placed abhout filter
tube . The contents of tube i‘ are then brought slowly to
room temperature by judicious cooling of the contents at inter-
vals. so that evaporation takes place smoothly. This operation
causes liquefaction to take place in tube D; upon observing this
liquefaction, liquid air is placed about tube F (ca. 100-cc. capac-
ity) in which liquefaction and subsequent solidification (for most
substances) occur.

The resultant lowering in the vapor pressure in F and J gives
rise to a pressure differential on the liquid in the filter tube, the
liquid is thereby forced over into container F via tube E, and a
steady flow of liquid is maintained, tube E becoming covered with
frost. This delivery tube could be vacuum-jacketed, but it
would unduly complicate the apparatus. After this delivery
tube has cooled, the liquid air may be removed from ahout F and
the filling of the final container(s) started by immersing J in a
bath of solid carbon dioxide in acetone during the first two-thirds
of the filtering. By not externally cooling F (it is internally
cooled by the liquid dropping in) after the flow has once been
started, distillation takes place from F and J; however, during
the later stages of the filtration J must be immersed in a bath at
2 lower temperature than the one about D.
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It is a good Xlan to attempt to empty D as rapidly as possible
toward the end, for as soon as all the liquid bas vaporized from

B, liquid still remaining in D, there is no longer a pressure dif-

ferential on the filter tube and the delivery to F practically ceases.
Thereafter, distillation from the very small surface through the
long, narrow (2.5-mm. bore) delivery tube is exceedingly slow
and is not desirable.
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which will keep tube D at the proper temperature. Such
good results were obtained at —80° C. that only in exceptional
cases should it be necessary to go to lower temperatures.

In all cases, the product from the filtration showed no trace
of turbidity at the temperature of filtration and when the
products were examined visually at a lower temperature than
that at which filtration was
performed, the liquid hy-
drocarbons were absolutely
clear. Inview of the known
low solubility of water in
hydrocarbons at room tem-
perature the author believes
that the water content has
been lowered to a negligible
pliss value.

Figure 1.

This means that at the end a small amount of liquid must be
left in D or else a slow stream of an inert gas (not necessarily drg)
admitted through cock A to force over the remnants. When the
final container is filled, liquid air is placed about tubes D, F, and
J, cock L is opened to the pumps, and the container is sealed off
(the technic of sealing off under a vacuum is discussed by Scott,
Cook, and Brickwedde, ?) at constriction 7/ under a vacuum.

The containers, J, of the apparatus now in use are {rom 30- to
100-ce. capacity, varied according to the size of the sample to be
filtered. The average amount filtered Ly the author was 75 cc.,
although an apparatus has heen used in which the filter tube was
550 ce. in size and 400-cc. samples were run through satisfactorily.

TaBLE I. DATA oN COMPOUNDS

Normal

Boiling  Freezing Filtration Rgference
{Compound* Point Point Temperature Number
°C. Ce B
Propadiene —34.2 —136 -80 (6)
2-Methylpropene - 7.0 —141 —135 to =130 (4, 8)
1-Butene — 6.4 Glass —80 (4, 8)
trans-2-Butene 4+ 1.0 —106 —100 to —90 (4, 8)
cis-2-Butene 3.7 —139 —135 to —130 (4, 8)
1,4-Pentadieneb 26.1 —148 —80 (8)
2-Methyl-2-butene  38.6 —134 —80 (4)

@ All the substances listed were prepared by Professor Kistiakowsky and
his collaborators, of these laboratories, for their study of the heats of hydro-
genation, For details of preparation, distillation, and some physical con-
stants, see (3-4).

b This filtration was performed with the author’s apparatus by W. R.
Smith of these laboratories.

Discussion

In three cases shown in Table I, filtration was conducted
at a much lower temperature than —80° C. This is more ofa
task, for baths must be prepared with the aid of liquid air,

Tl From observations on the

)(
i
U

DIAGRAM OF APPARATUS

filtration of 2-methyl-2-bu-

L tene, it would appear that

liquids boiling above 50° C.

would be difficult to filter

in the manner described,

since their vapor pressure

at room temperature is not

sufficiently high to give the

proper pressure differential

on the filter tube. This

K could be readily overcome

by using a stream of inert

gas to force over the liquid.

This type of filtration

should be applicable to any

liquid in which water does

not dissolve to an appreci-

able extent. If the liquid

has a relatively high freez-

ing point, it may not be

possible to free it from water as thoroughly as was done in
the cases under consideration.

i

Summary

A method of filtering is described which is applicable to
liquids at low temperatures. The essential features are the
manner of constructing the filter tube, the filtration being
conducted under the vapor pressure of the substance, and the
utilization of the vapor pressure to force the liquid through
the filter tube. The method is applied to seven hydrocarbons
and it is demonstrated that the product from the filtration
contains a negligibly small amount of water.
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Determination of Coumarin in Vanilla Extract
By a Modification of the Steam-Distillation Method

IRA J. DUNCAN AND R. B. DUSTMAN
West Virginia Agricultural Experiment Station, Morgantown, W. Va.

IN 1934 the authors (3) proposed a method for the quan-
titative determination of coumarin in plant material,
based upon the removal of coumarin by steam distillation
under reduced pressure. In 1935 Clayton and Larmour (2)
published a tentative colorimetric method for the determina-
tion of coumarin and melilotic acid in Melilotus species.
This consisted in extracting the sweet clover material with

7o Manomeéter
and Suctioh Pump

STEAM-DISTILLATION APPARATUS

FIGUre 1.

95 per cent alcohol and determining the coumarin and meli-
lotic acid colorimetrically in aliquot portions of the extract.
In 1936 Stevenson and Clayton (5) reported results obtained
with sweet clover, extracting the samples with 50 per cent
methyl alcohol instead of 95 per cent ethyl alcohol. The
color is produced when solutions containing coumarin are
treated with sodium carbonate and heated, and a solution
of diazotized p-nitroaniline is added. The depth of color
was shown to be in direct ratio to the amount of coumarin
present. Roberts (4) modified Stevenson and Clayton’s
procedure by grinding the samples in a mortar with sand and
extracting with 50 per cent methyl aleohol at room tempera-
ture.

The work done on the removal of coumarin from plant
material by the steam-distillation method made probable
its removal from vanilla extract by the same general pro-
cedure. Once separated from the vanilla extract, it was
thought that coumarin in the distillate could be determined
quantitatively by the colorimetric method. The results of
this investigation are reported here.

Experimental

Preliminary trials indicated that coumarin can be removed
from vanilla extract by the steam-distillation method; how-
ever, the possible interference of small amounts of vanillin
which distill over along with the coumarin needed investiga-
tion. Tests showed that relatively concentrated solutions
of vanillin react with the diazonium reagent and produce a
red color similar to that given with dilute solutions of cou-
marin. Attempts were made to block the vanillin by adding
a small amount of sulfuric acid or certain salts to the distil-
lation flask and thus prevent it from distilling over. Among

the substances tried were sulfuric acid, sodium acetate,
copper sulfate, and potassium sulfate.

Sorurrons. The concentrations of sodium carbonate and of
diazonium reagent used by Stevenson and Clayton and by Rob-
erts were modified by the authors. The solutions used in the
work reported in this paper were prepared as follows:

1. Two per cent sodium carbonate.

2. Diazonium solution: (A) p-nitroaniline hydrochloride (3.5
grams of p-nitroaniline dissolved in 45 ml. of
concentrated hydrochloric acid, diluted to 500
ml. with distilled water, and filtered). (B)
Sodium nitrite (5 grams dissolved in 100 ml. of
distilled water. This solution should be kept
away from light and renewed frequently. It will
keep for a month or longer if placed in a refrig-
erator at 0° to 3° C.)

Stock solutions A and B were stored in an elec-
tric refrigerator at 0° to 3° C. Five milliliters of
each solution were placed in a cold 100-ml. volumet-
ric flask and kept in the refrigerator for at least
5 minutes. To this, 10 ml. of solution B were
added, and the flask was shaken and returned to
the refrigerator for 5 minutes more. The solu-
tion was then diluted to 100 ml. with ice-cold
distilled water, shaken, and allowed to stand in the
refrigerator for 15 minutes before using. The
solution should be kept cold and should be re-
newed every 24 hours.

ProcepURE. A sketch of the apparatus
necessary for the steam distillation is shown in
Figure 1.

Approximately 12.5 ml. of the vanilla extract together
with 0.2 ml. of concentrated sulfuric acid or 0.5 gram of one of

TaBrLe I. RECOVERY OF COUMARIN FROM VANILLA EXTRACT®
(In the presence of sulfuric acid or certain salts by the steam-distillation
procedure)
Coumarin
Reagent Used Added Coumarin Recoveredb
Gram Gram %

Sodium acetate, 0.5 gram 0.0300 0.0301 100.3
0.0750 0.0742 98.9
0.0750 0.0750 100.0
0.0500 0.0498 99.6
0.0500 0.0501 100.2
0.0500 0.0502 100.4
0500 0.0496 99.2
Concentrated sulfuric acid, 0.2 ml. 0.0279 0.0281 100.7
0315 0.0308 97.8
0.0459 0.0453 98.7
0.0114 0.0115 100.9
0.0273 0.0280 102.6
Potassium sulfate, 0.5 gram 0.0459 0.0457 99.6
0.0250 0.0253 101.2
Copper sulfate, 0.5 gram 0.0140 0.0140 100.0
0.0279 0.0281 100.7
Mean 100.1

8 Tincture No. 90, Vanilla, N. F., containing 40 per cent of alcohol, pre-
pared by Eli Lilly and Co. This preparation is coumarin-free. H

b To determine the precision of the method, 0.2500 gram of coumarin was
weighed accurately and dissolved in 250 ml. of solution. Six aliquots of
this solution (25.0, 25.1, 25.2, 25.3, 25.4, and 25.5 ml.) were measured from
a precision buret and made up to_l-liter volume. Three 20-ml. aliquots
were taken from each liter flask with a precismnrlpipet and the color was
developed according to the method described. his gave a total of 18
solutions. Precaution was taken to avoid psychological influence by with-
holding from the operator of the colorimeter knowledge of the concentration
of the solutions being read and of the standard used for compnrison. Ten
readings were made on each solution and the mean was taken for calculation
of the coumarin content. The triplicate values thus obtained then were
?vﬁzraked for comparison with the known values. The results were as
ollows:

Colorimetric

reading, av. 20.24 20.13 20.11 20.03 19.98 20.02
Found, gram 0.0249 0.0250 0.0251 0.0252 0.0252 0.0252
Present, gram  0.0250 0.0251 0.0252 0.0253 0.0254 0.0255
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the salts were placed in the 1-liter, long-necked, round-bottomed,
Pyrex distillation flask. A definite amount of pure coumarin
was added and the volume was diluted to approximately 100 ml.
with distilled water. The flask was then fitted with a Kjeldahl

distillation bulb and a steam inlet tube which extended almost*

to the bottom of the flask. The distilling flask was joined through
the connecting bulb to a 63-cm. 12-bulb Allihn condenser and
immersed in a boiling water bath. A 4-liter Pyrex beaker served
as a transparent bath through which the steam distillation was
observed and controlled. A 1-liter suction flask fitted to the
condenser collected the distillate. The entire system was con-
nected to a water suction pump by rubber tubing attached to
the side tube of the suction flask. A mercury manometer in-
serted in the line measured the pressure.

It is convenient to run the distillations in duplicate by attach-
ing two sets of apparatus to the same suction pump and to the
same steam jet. A stream of dry steam was passed into the
flask until the contents reached a vigorous boil and the distillate
began to drip from the condenser. The pressure was then re-
duced rapidly, but at such a rate as to prevent boiling over, un-
til the pressure in the system was 140 mm. of mercury. This was
conveniently controlled by placing a screw clamp on a rubber
tube which was connected to the system by means of a Y-tube.

The distillation was continued at this rate until the flask was
dry, after which it was removed from the bath. An additional
100-ml. portion of water was added to the contents of the flask
and the distillation procedure was repeated, after which the
condenser was rinsed down into the receiving flask and the dis-
tillate transferred to a 1-liter volumetric flask. The flask was
made up to volume and 20-ml. aliquots of the distillate were
pipetted into 50-ml. volumetric flasks. Five milliliters of 2 per
cent sodium carbonate solution were added to each flask and
the contents were heated in a boiling water bath for 5 to 10
minutes or, if more convenient, heated in a water bath at 80° C.
for 15 minutes. The flasks were cooled to room temperature, 5
ml. of cold diazonium solution were added, and the flasks were
made up to volume. A series of standards containing from
0.0001 to 0.001 gram of coumarin was prepared at the same time
and in the same way as the unknown solutions. Color compari-
sons were made in a colorimeter after standing for 15 minutes.

The recovery of coumarin added to vanilla extract in a
series of trials by the procedure just described is given in
Table I.

These data show that coumarin present in varying amount
can be recovered quantitatively from vanilla extract by the
steam-distillation procedure when a small amount of sulfuric
acid, sodium acetate, potassium sulfate, or copper sulfate
is added to the sample in the distillation flask. Some odor
of vanillin could be detected in the distillates, but it was not
in sufficient concentration to interfere. After the distillates
had stood for 24 to 48 hours those distilled from sodium
acetate and from copper sulfate gave somewhat higher re-
sults. Just what caused these higher values was not appar-
ent, but it was thought that the small amount of vanillin or
perhaps some other constituent which distilled over changed
in some manner so that it reacted with the diazonium solu-
tion on long standing, thus giving solutions of higher color.
Other trials in which zinc sulfate and potassium acid sulfate
were used gave distillates which reacted like those just de-
seribed, but the distillates from sulfuric acid or from potas-
sium sulfate remained unchanged for periods up to 48 to 72
hours. These distillates were not tested over longer periods
of time.

It was concluded, therefore, that either sulfuric ;}cid or
potassium sulfate might be used in so far as theoretical re-
covery of coumarin is concerned. However, because tlge
sulfuric acid caused considerable charring of the organic
material in the extract when the flasks were distilled to dr_y—
ness, the flasks were rather difficult to clean after _the dis-
tillation was completed, and for this reason potassium sul-
fate was preferred. :

The next points to be considered were the effects qf using
other preparations of vanilla extract and of increasing t.he
vanillin content. For this work two additional coumarin-
free high-grade extracts were obtained (a Parke-Davis prepa-
ration containing 30 per cent of alcohol and a sample of bulk
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material used by the University of West Virginia Dairy De-
partment). In these trials varying amounts of coumarin
and vanillin and 0.5 gram of potassium sulfate were added
to 12.5-ml. portions of the extract. The results of the trials
are given in Table II, and show that coumarin added to each
of the three vanilla extracts was recovered quantitatively
by the steam-distillation procedure. Samples reinforced
with relatively large amounts of vanillin behaved like those
to which no vanillin was added.

TasrLe II. REecovery oF COUMARIN ADDED T0 VANILLA
ExTrACTS®
(With and without added vanillin)
Vanilla Extract Vanillin ~ Coumarin

se Added Added Coumarin Recovered

Gram Gram Gram %
Parke-Davis None 0.0250 0.0251 100.4
None - 0.0250 0.0251 100.4
0.25 0.0250 0.0247 98.8
0.25 0.0250 0.0250 100.0
W. Va, Univ. Dairy None 0.0250 0.0250 100.0
None 0.0250 0.0250 100.0
0.25 0.0250 0.0250 100.0
0.25 0.0250 0.0249 99.6
Eli Lilly None 0.0459 0.0457 99.6
0.25 0.0250 0.0248 99.2
0.25 +0.0250 0.0253 101.2
Mean 99.9

@ Blank determinations for coumarin were made on all three extracts.

. All were found to be free from the characteristic color produced when cou-

marin is present.

Tasre III. Recovery oF COUMARIN ADDED 10 50-ML. SAMPLES
OF VANILLA EXTRACT
(Official method)
Sample Coumarin
No. Adde Coumarin Recovered
Gram Gram %
1 0.0750 0.0678 90.4
2 0.1000 0.0952 95.2
3 0.1125 0.1064 94.6
4 0.1500 0.1336 89.1
Mean 92.3

TABLE IV. DETERMINATION OF Lo0ss oF COUMARIN ADDED TO
VANILLA ExTRACT DURING EVAPORATION PROCESS

8 )| Coumarin
ﬂ:\!}:ﬁ % Adde Coumarin Recovered
Gram Gram %
1 0.1000 0.0949 94.9
2 0.1500 0.1409 93.9
Mean 94.4

The final point to be considered was a comparison of the
steam-distillation method with the official method (1) for
the determination of coumarin in vanilla extract. The Parke-
Davis extract to which a definite amount of coumarin was
added was used in these trials. The results are given in
Table III, and show that the authors did not recover quan-
titatively the coumarin added to vanilla extract. It is prob-
able that with practice, somewhat greater recovery might
be obtained.

It was thought that much of the coumarin loss might have
taken place during evaporation of the alcohol, most of which
occurred at a bath temperature of 66° to 68°; at no time
did this exceed 70° C. In order to determine whether loss
does oceur during evaporation, 50-ml. samples of vanilla ex-
tract, to which a known amount of coumarin was added,
were evaporated as described in the official method. The
samples were then diluted to 100-ml. volumes and the cou-
marin was determined in aliquot portions by the steam-
distillation procedure. Table IV shows that there is an
appreciable loss of coumarin during evaporation of the al-
cohol. This probably accounts, to a great extent, for the
low values obtained by the official method as reported in
Table III.



418 INDUSTRIAL AND ENGINEERING CHEMISTRY

Discussion

The data presented in this paper were obtained on the
determination of coumarin added to three different samples
of pure vanilla extract. Since the coumarin was recovered
quantitatively even when the samples were reinforced with
considerable quantities of pure vanillin, the method pre-
sumably can be applied to the determination of coumarin in
factitious vanilla extracts with equally good results. While
two distillations are required for the complete removal of
coumarin from 10- or 12.5-ml. samples, approximately 95
per cent is removed by the first distillation. Twenty-milli-
liter samples may require three distillations for the complete
removal of coumarin. Table V shows the amounts recovered
by an increasing number of distillations.

The authors found that by using more sodium carbonate
and more p-nitroaniline than Stevenson and Clayton used
in developing the color, the solutions come to equilibrium in
a shorter time.

The color intensity produced with 5 ml. of 1.1 per cent sodium
carbonate and 5 ml. of diazonium reagent, prepared according
to Stevenson and Clayton, were compared to the intensity given
with 5 ml. of 2 per cent sodium carbonate and 5 ml. of diazonium
reagent prepared according to the authors. A constant quan-
tity of coumarin (0.5 mg.) was used in each trial by measuring
5 ml. of solution from a 50-ml. precision buret. Each solution
was compared with a standard containing 0.5 mg. of coumarin,
and prepared according to the authors’ modification. Readings
were made at the end of 10 minutes, 30 minutes, and 1, 2, 4,
22, and 48 hours. Each series of readings was compared with
a new standard freshly prepared and allowed to stand for 2 hours
before using.

TaBLE V. RecoVERY OF COUMARIN WITH SUCCESSIVE
DISTILLATIONS
Coumarin Recovered
Sample Volume of Coumarin One WO ree
No. Extract Added dlshllatlon distillations distillations
Ml. Gram % % %
1 12.5 0.030 95.4 100.0
2 12.6 0.030 94.8 100.4
3 12.5 0.030 95.4 100.4
4 12.5 0.030 93.6 99.8
5 12.5 0.030 95.3 98.4
Mean 94.9 99.8
6 20.0 0.075 (%] 99.0 99.5
7 20.0 0.075 99.9 100.
8 20.0 0.075 96.5 100.3
9 20.0 0.075 98.1 99.3
Mean 98.4 99.8

Table VI gives the results obtained, calculated to weight
of coumarin found, and shows that the color intensity of
the solutions prepared by the authors’ modification of the
Stevenson and Clayton method reached a constant value
after standing for 2 hours, and remained constant for 20
hours. The solutions changed only very slightly after they

had stood for 1 hour. The color intensity of the solution
prepared by the Stevenson and Clayton procedure was not
entirely constant after standing for 4 hours, but increased
appreciably up to 22 hours. In both cases off-shades de-
veloped when the solutions had stood for a period of 48 hours,
thus making accurate comparisons in a colorimeter difficult.
In other trials not reported in Table VI it was shown that
the color intensity of the standards and unknown solutions
changes at the same rate. Therefore, when the standards
and unknowns are prepared at the same time, color compari-
sons may be made any time after 10 or 15 minutes up to 22
hours. In case it is desired to determine the coumarin in a
large number of samples over a period of several hours using
only one set of standards, both the unknown solutions and
the standards should stand for 2 hours before comparisons
are made.

Color comparisons can be made accurately in the range of
0.1 to 1.0 mg. of coumarin in a 50-ml. volume. By dilution
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TaBLe VI. CouMARIN CONTENT AT SUCCESSIVE INTERVALS
Determined by color intensity produced by 0.5 mg. of coumarin with differ-
ent amounts of alkali and diazonium reagent

Read After
10 min.30 min. 1hr, 2hr. 4hr., 22hr. 48 hr.

Mg. My. Mg. My. Mg. Mg. Mg.
0.415 0.420 0.444 0.459 0.471 0.483 a

Stevenson 1

an 2 0.427 0.426 0.444 0.457 0.471 0.482 2

Clayton 3 0.435 0.439 0.456 0.459 0.471 0.482 8
e

Mean 0.426 0.428 0.448 0.458 0.471 0.482

Authors 4 0.471 0.476 0.496 0.499 0.499 0.497 e
5 0.475 0.476 0.496 0.500 0.498 0.501 )
6 0.468 0.476 0.495 0.498 0.500 0.501 &

Mean 0.471 0.476 0.496 0.499 0.499 0.500
@ Field difficult to match.

Sample
Method N o.

and choice of the size of aliquots used, concentrated coumarin
solutions can be brought within this range. If an extract
contains only a small amount of coumarin, it is desirable to
use a larger sample or to dilute the distillate to 500 ml. rather
than to 1 liter.

Summary and Conclusions

The steam-distillation method for the determination of
coumarin in plant material can be utilized for the quantita-
tive removal of coumarin from vanilla extracts in which
it is contained. The addition of 0.5 gram of potassium sul-
fate to the sample prevents the interference of vanillin.
Two distillations are necessary for the complete removal
of coumarin from & 10- or 12.5-ml. sample. Coumarin in the
distillate is determined colorimetrically by a modification
of the Stevenson and Clayton method, involving a coupling
reaction with p-nitroaniline after previous treatment with so-
dium carbonate and heating.

By a combination of these two procedures in a large number
of trials in which coumarin was added to pure vanilla ex-
tract, the coumarin was recovered quantitatively with a maxi-
mum error of 2.6 per cent. In most cases the recovery was
within 1 per cent of the true value. It is concluded, there-
fore, that coumarin can be determined quantitatively in
factitious or adulterated extracts of vanilla by this method.
In the opinion of the authors, the steam-distillation method
has an advantage over the official method in both speed and
accuracy, and the apparatus required is simple and easily
manipulated.
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CorgrectioN. In the footnotes to Table I in my article on “The
Principle of the Suspended Level” [Inp. Exg. CaeM., Anal. Ed.,
9, 85 (1937) ] a typographical error should be corrected. The refer-
ence letters a and b have been interchanged and hence the magni-
tude (;)f the possible error of the correction figures is wrongly
state

The corrections marked a in the table are accurate within 0.1

r cent and those marked b, within 0.2 per cent. This difference
gzcomes significant in precise measurement of viscosity.

L.eo UBBELOHDE



A Wood’s Metal Reductor

G. FREDERICK SMITH AND C. S. WILCOX, University of Illinois, Urbana, IlI.

HE most frequently used metal reductor is the amal-

gamated zine of the familiar Jones reductor, the prepara-
tion and use of which are discussed in many textbooks of
analytical chemistry. A sulfuric acid solution of the ma-
terial being reduced is preferred for use with this reductor.
The Walden silver reductor is used in a manner almost iden-
tical to that of the Jones reductor, the silver being prepared
in a spongelike state of aggregation (4). A solution of the
material being reduced in hydrochloric acid is employed when
using the silver reductor. Instead of granular amalgamated
zine, as in the Jones reductor, an amalgamated zinc wire
spiral as described by Smith and Rich (3), is often used as a
convenient substitute. Liquid amalgams were first em-
ployed as reductors by Nakazono (2), who used a 3 per cent
liquid zinc amalgam as a substitute for the Jones reductor.
This work was extended to the additional use of lead, bismuth,
and cadmium liquid amalgams by Someya whose work is
summarized by Hillebrand and Lundell (). Other metal
reductors such as aluminum wire or foil, have been employed
but are not entirely satisfactory because of the presence of
iron as an impurity or for other reasons. The elements
commonly reduced for quantitative determination by the
various metal reductors are iron, titanium, chromium, molyb-
denum, vanadium, and uranium.

Wood’s metal is an alloy of bismuth, lead, tin, and cad-
mium. The alloy containing 50, 25, 12.5, and 12.5 per cent,
respectively, of these constituents has a specific gravity of
9.7 and a melting point of 65.5° C. If fused Wood’s metal,
like mercury, has a high hydrogen overvoltage to prevent
its rapid solution in dilute acid, as a metal reductor it should
be comparable to the liquid amalgams of Someya (7). The
present paper describes the practical application of Wood’s
metal as a reductor.

General Considerations

The most obvious advantage in the use of Wood’s metal
as compared to liquid amalgam reductors is in the removal
of molten alloy when the reduction is complete; the cooled
and solidified reductor metal is removed mechanically.

Wood’s metal requires little attention and a number of de-
terminations can be made simultaneously. It is easily avail-
able and requires no pretreatment. Hydrochloric acid solu-
tions can be used and determinations of iron in the pres-
ence of titanium made by limiting the concentration of
acid. Unlike liquid amalgam reductors it requires no
special apparatus.

Wood’s metal would not be expected to be more specific
than the processes previously mentioned. A second dis-
advantage is that a minimum of metal surface is available
for reactivity, and reduction is somewhat slow.

Procedure for Determination of Iron

A known volume of standard ferric chloride in hydrochloric
acid was transferred to a 400-ml. beaker and diluted to 100 ml.
with hydrochloric acid, the concentration of which was varx'ed
between 1.5 and 5 per cent by volume of the concentrated acid.
Eighteen to 20 grams of Wood’s metal were added, and the beak-
ers were covered and boiled gently for 0.5 hour on an electric
hot plate. At the end of this time the reduction was complete
and the beakers were transferred to a cold-water bath and a
15-cm. (6-inch) length of fairly heavy platinum wire was placed
in the molten alloy to withdraw it after solidification. The
reduced solutions were further cooled by adding 100 ml. of cold
water, and the solidified Wood’s metal was withdrawn and
washed, using a stream from the wash bottle. Twenty mnl-
liliters of dilute (1 to 1) sulfuric acid were added and the iron
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was determined by titration with standard ceric sulfate, using
ferroin as indicator. The solution of ferric chloride in N hy-
drochloric acid was standardized, using a Walden silver re-
ductor, followed by titration with standard ceric sulfate exactly
as in the former analyses. The ceric sulfate was standardized
in the usual way by comparison with pure sodium oxalate. The
ferric chloride solution was found by the average from five closely
agreeing results to contain 0.004296 gram of iron per ml. A se-
ries of results from this procedure is given in Table I.

TABLE I. DETERMINATION OF IRON

(After 30 minutes’ reduction with Wood's metal in hydrochloric acid at ap-
proximately 100° C.)

Volume Reduction
f 083

of Error in
Iron Coned. in 0.03548 N Iron Iron Deter-
Taken HCI Weight = Ce(SOu)s Found mination
M1./100
Gram ml, Gram M., Gram My.
0.0429(7) - 1.5 0.040 21.70 0.0430 0.0
0.0429 7; 1.5 0.025 21.70 0.0430 0.0
0.1074(2 5.0 0.114 54.18 0.1073 -~0.1
0.1074(2 5.0 0.147 54.20 0.1074 0.0
0.0429(7 1.8 0.049 21.68 0.0430 0.0
0.1074(2) 2.5 0.125 54.18 0.1073 -0.1
0.1074(2) 2.5 0.123 54.19 0.1073 -0.1

A series of samples of Norrie iron ore, known to contain
66.65 per cent of iron, was taken into solution in the usual
manner with recovery of the iron from the insoluble matter.
The solution of the ore in dilute hydrochloric acid was reduced
under conditions comparable to those shown in Table I.
The average of six consecutive analyses gave 66.58 per cent
of iron. The maximum deviation from the average result
was less than 2 parts in 1000. It was also found that iron
could be quantitatively determined, using Wood’s metal as
reductor, in solutions containing 5 per cent by volume of
70 per cent percbloric acid or 5 per cent by volume of con-
centrated sulfuric acid.

Determination of Iron in Presence of Titanium

A solution of titanium sulfate in 3 M sulfuric acid was stand-
ardized, using a Jones reductor, followed by titration with a
solution of ferric chloride using potassium thiocyanate as in-
dicator. The reduced titanium solutions were kept out of con-
tact with air by use of a stream of carbon dioxide gas. As the
average of three determinations, 25.00 ml. of the titanium solu-
tion required 10.70 ml. of the ferric chloride. The same solu-
tion of titanic sulfate in dilute sulfuric acid (25.00 ml. plus 10
ml. of 1 to 1 sulfuric acid plus 15 ml. of water) was now allowed
to react at the boiling point in contact with Wood’s metal and in
an atmosphere of carbon dioxide for 45 and 60 minutes. The
reduction was 73.3 per cent complete at 45 minutes and 92.5
per cent complete at 60 minutes.

Because of the incomplete reaction in the time allowed and
the necessity of a carbon dioxide atmosphere, attempts to
determine titanium quantitatively were abandoned. Re-
duction of titanium in hydrochloric acid solution was not
found to improve conditions materially.

An approximately 0.1 N solution of ferric iron was standard-
ized, using a Walden silver reductor followed by titration with
standard ceric sulfate. To known amounts of this solution 10
ml. of the titanium sulfate solution described above were added.
The resulting solutions were diluted to 50 ml. and boiled gently
in air for 30 minutes after addition of Wood’s metal. Otherwise,
conditions were the same as those described in Table I, except
that after cooling, diluting, and removing the Wood’s metal a
slow stream of air was passed through the solution for 5 minutes.
The color of the solutions did not indicate the reduction of ap-
preciable amounts of titanium.

The results are given in Table II, which shows that in low
concentrations of free acid (sulfuric or hydrochloric) iron in
the presence of titanium may be determined if the practically
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negligible amount of titanium reduced is reoxidized, using a
slow stream of air prior to titration of iron. Experiments
similar to those of Table II show that iron can be deter-
mined in the presence of vanadium by the same technic.
Any vanadium reduced to the vanadous form is reoxidized
by the passage of an air stream for' 5 minutes, using a drop
of copper sulfate solution as catalyst. The solution of
vanadyl and ferrous ions is made 5 M in sulfuric acid and the
iron alone is oxidized by ceric sulfate, using ferroin as in-
dicator.

TABLE II. DETERMINATION OF IRON
(In the presence of titanium, using Wood's metal reductor)
0.03548 N

Iron Ce(S04): Iron
Present Required Found Difference
Gram Ml Gram Mg,
0.0558 28.182
0.0558 28,3006 0.0561 +0.3
0.0558 28.16 0.0557(8) —0.02
0.0558 28.20 0.0558é2) +0.02
0.0558 28.15 0.0557(7) —0.03
0.0558 28.18 0.0558 0.0
0.0558 28.15 0.055727) —0.03
0.0558 28.16 0.0557(8) —0.02

@ Blank determination to evaluate iron solution using the silver reductor
and Ce(804):. $ = e 3
b No stream of air used after reduction and before titration of iron,

Besides reducing titanium and vanadium to titanous and
vanadous ions, molybdenum is reduced to the trivalent con-
dition and tungsten in phosphoric acid solution to the blue

VOL. 9, NO. 9

form. Hexavalent chromium in sulfuric acid solution is
reduced to the trivalent form but not appreciably to the
chromous ion. These determinations were not studied be-
cause of the slow reduction rate and the influence of atmos-
pheric oxidation.

Summary

Fused Wood’s metal was found to have properties similar
to those of bismuth, cadmium, and lead liquid amalgams
when in contact with dilute sulfuric, hydrochloric, or per-
chloric acid solution containing iron.

A Wood’s metal reductor is more conveniently employed
than liquid amalgams, as the excess of fused reductor metal
can be removed more readily by allowing it to solidify, and
no special equipment is required.

The new reductor was found to give accurate results in
the quantitative determination of iron in iron ore. The in-
fluence of titanium or vanadium was offset by using air oxi-
dation to remove titanous and vanadous ions.
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Determination of Gold and Platinum and
Detection of Platinum Metals

S. 0. THOMPSON, F. E. BEAMISH, AND M. SCOTT
University of Toronto, Toronto, Ontario, Canada

MONG the numerous organic chemicals that have
been employed successfully for the quantitative pre-
cipitation of palladium, dimethylglyoxime has probably been
the most widely used. A single precipitation of palladium
with dimethylglyoxime made in the presence of platinum is
usually found to be contaminated with platinum. This may
_be partly due to occlusion by the flocculent yellow precipitate,
but under certain conditions the high results are due in part
at least to the formation of a platinum organic combination.
Cooper (1) discussed this contamination and described the
material formed with platinum and dimethylglyoxime. He
suggested its use for the quantitative precipitation of plati-
num, stating that the precipitate may be collected and dried
in a Gooch crucible for weighing as Pt-CsH;{NO4, but gave
no data either to prove the elementary composition of the
precipitate or to indicate that precipitation is complete. The
crystals form readily from hot dilute acid solution, are easily
filtered and washed, and it seemed worth while to determine
their platinum factor and whether or not this method could
be used efficiently for quantitative analysis.

A slightly acid solution of platinum chloride and dimethyl-
glyoxime was heated on the steam bath for about 10 hours,
then filtered and washed with water until no foreign substance
appeared on microscopical examination. The material was
then dried in an oven at 140° C. Cooper (1) stated that the
crystals decompose somewhat violently on direct ignition.
The authors attempted to burn the material by slow ignition,
but the combustion took place suddenly with the emission of
much carbon, and the results were extremely low, indicating

loss of platinum. According to the procedure finally adopted,
the weighed sample of crystals was fumed with sulfuric acid
and fuming nitric acid to remove organic matter. Most of the
platinum settled out after this treatment but a small amount
was dissolved. The solution was neutralized to pH; and the
platinum precipitated with sodium formate. The metal was
filtered by means of a 3-ce. filtering crucible and washed with
1 per cent ammonium chloride solution. A blank was de-
termined and weighed 0.029 mg. The results obtained are
given in Table I.

TaBLE I. Prarinum ix CrysraLs ForMED wiTH PLATINIC
CHLORIDE AND DIMETHYLGLYOXIME

Sample ;

Used Platinum Obtained

Mg. Mg. %

51.02 23.37 45.81

58.15 26.60 45.74

49.09 22.47 45.77

46.15 21.16 45.85

The calculated percentage of platinum in Pt-CsH;N4Oy is
45.88.

Precipitation of Platinum by Dimethylglyoxime

A solution of platinum was made up from the spectrographi-
cally pure metal and by analysis with formic acid was found to
contain 33.00 mg. of platinum per 25.00 cc. Then 25.00-cc.
portions of this solution were made up to 50 cc. with water, and
0.01 cc. of hydrochloric acid and 200 mg. of dimethylglyoxime in
alcoholic solution were added. The liquid was heated on a steam
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bath for 5 hours, filtered cold through 7-em. No. 42 Whatman
filter paper, and the precipitate was washed with only 5 cec. of
cold water. ;

Two series of tests were made on the filtrates. In one the
total filtrate was evaporated, the organic matter removed with
sulfuric and nitric acids, and the platinum determined with
sodium formate. The results obtained were 0.506, 0.596, and
0.504 mg. of platinum. In the second series the total filtrate of
55 ce. was evaporated to about 5 cc. and a second filtration made.
The platinum was precipitated from this filtrate and weighed
0.125 and 0.132 mg.

Precipitations made from 1.2 N acid solutions indicate that
excess of acid interferes to a still greater degree with the pre-
cipitation. Cooper (1) suggested the use of sodium formate
to reduce the platinum to a bivalent condition; the authors
did not find that the use of sodium formate increased the com-
pleteness or the rapidity of the precipitation. Although the
results obtained indicate that, under the conditions stated
above, the precipitation of platinum by dimethylglyoxime is
not complete, nevertheless on many occasions the authors
have found this method of very considerable value for the
separation of platinum from rhodium, iridium, and base
metals such as iron, copper, ete.

Precipitation of Gold by Dimethylglyoxime

It has generally been accepted that the presence of gold in-
terferes with the precipitation of palladium by dimethylgly-
oxime. Wunder and Thuringer (7) stated that this reagent
precipitates gold completely, but gave no facts to substantiate
this statement and described no procedure.

A solution of spectrographically pure gold was analyzed by
means of hydroquinone. lgour samples were measured contain-
ing, respectively, 24.92, 24.92, 10.01, and 10.01 mg. of gold. The
solution was made up to 50 cc. and acidified with about 0.5 cc. of
concentrated hydrochloric acid, 100 mg. of dimethylglyoxime in
alcoholic solution (1 per cent) were added, and the yellow pre-
cipitate was allowed to form. The mixture was then boiled for
30 minutes and the precipitated gold filtered by means of a filter-
ing crucible and wa.shexf with water. Finally the residue was
burned and weighed as gold. The results obtained were 24.90,
24.87, 9.99, and 9.99 mg. of gold.

Detection of Platinum Metals

While developing procedures for the analysis of platinum
metals and gold, the authors were constantly faced with the
necessity of determining the presence or absence of each of
the above metals, silver, and certain base metals when many
or all were present together. A very large number of reason-
ably specific tests for palladium and gold have been recorded
in the scientific literature but there are very few tests of any
kind for rhodium and iridium. Many chemicals will give
tests for platinum, but most of these are by no means specific.
Whitmore and Schneider (6) have developed a considerable
variety of crystallographic tests for each of the platinum
metals, but in many cases it is difficult to produce crystals
from 0.1 or 0.2 cc., which contain as little as 0.01 mg. of the
metal ion. The tests listed below have been thoroughly in-
vestigated and are recommended as fairly reliable in experi-
enced hands.

PraTivus.  Stannous chloride, 40 per cent by weight in
hydrochloric acid of specific gravity 1.19, gives an orange or
yellow color with solutions containing platinum, a faint yellow
color being obtained if the solution contains 0.01 mg. of platinum

er ce. Palladium and gold produce interfering colors and must
t be removed. Silver, of course, will yield the chloride.

A test for platinum, by means of thallium nitrate and stannous
chloride, has been described by Tananaev and Dolgov (5). With
spot paper 0.1 mg. of platinum per cc. of solution can be detected
with assurance. Although this test is not very sensitive, small
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tc_;uza.ntit.ics of gold, palladium, iridium, and rhodium do not inter-
ere.

If a drop of 10 per cent potassium iodide solution is added to a
hydrochloric acid solution of platinum, a red-brown color is pro-
duced. A definite test can be secured with 0.002 mg. of platinum
per ce., but this test is not specific, as traces of palladium, gold,
and many base metals produce interfering colors. Also, because
it is a strong reducing reagent, a large number of oxidizing mate-
rials will produce the iodine color. If the test is used, blanks

« must be very carefully made.

The most reliable, although not very sensitive, test for plati-
num is the formation of erystals with dimethylglyoxime. This
is best made with very low acid concentration and the solution
must be taken to a volume of about 0.2 cc. The crystals appear
either bronze or blue, apparently depending upon the conditions
under which they are produced. Under the microscope, they are
prismatic and distinctly pleochroic. In reflected light the crys-
tals are yellow to bronze when the vibration direction of the light
is at right angles to the long axis of the crystal, and dark blue to
bluish purple when the vibration direction of the light is parallel
to the long axis. Its extinction is parallel.

Pavvaprom.  Feigl (2) deseribed a sensitive test for palladium
using dimethylaminobenzilidene rhodanine, a definite color being
obtained with 0.0001 mg. of palladium per cc. The other plati-
num metals do not interfere, but both gold and silver give much
the same color as palladium, and strong mineral acid golutions
also interfere with the test.

Feigl (2) described a test for palladium with mercuric eyanide
and stannous chloride which will detect 0.05 mg. of palladium
per ce.  Gold and platinum do not interfere, although the sensi-
tivity is reduced if much platinum is present.

The stannous chloride reagent described above gives a brownish
color, and 0.05 mg. per cc. can be detected. If platinum or gold
is present it must first be removed, and in such cases the authors
use dimethylglyoxime to remove the platinum. Potassium iodide
solution will detect 0.005 mg. of palladium per cc. of slightl
acid solution. The limitations of this test have been describe(K

Iripium. The well-known test with sulfuric acid and fuming
nitric acid was found the most satisfactory. The blue color can
be detected definitely in 0.4 cc. of sulfurie acid containing 0.1 mg.
of iridium. A slightly greenish color appears with 0.05 mg. of
iridium in 0.4 cc. of solution. The other platinum metals,
gold, and silver do not produce this color. Because of the amber-
colored solution, large amounts of palladium or rhodium will
interfere.

Ruoprum. In Ivanov’s (3) test for rhodium, stannous chlo-
ride in hydrochloric acid is added to the small volume of the solu-
tion to be tested and the liquid is heated. A yellow to orange
color will appear with 0.006 mg. of rhodium per cc., and on stand-
ing this solution will eventually become somewhat red. Palla-
dium and platinum will interfere because they produce yellow to
brown colors in the cold. With a little experience it is possible
to detect very small amounts of rhodium in the presence of traces
of both palladium and platinum, but it is necessary to make
blank tests by adding traces of these metals to dilute solutions of
rhodium in order to become familiar with the various shades of
color produced. The authors have used this test under these
conditions and secured dependable results.

OsmruMm. The well-known thiourea test for osmium, referred
to by Singleton (4), is perhaps the most satisfactory. The
osmium must be in the form of osmate and 0.01 mg. of osmium
per cc. of solution will produce a definite pink color. None of
the other platinum metals gives this rose color. Palladium with
thiourea turns yellow and ruthenium produces a blue color on
heating the solution.

The authors have found that an aqueous solution of pyrogallol
produces a blue color with a solution of sodium osmate. If a
drop of hydrochloric acid is added to the test solution followed by
a drop of concentrated pyrogallol solution, a definite color is ob-
tained if the test solution contains 0.01 mg. of osmium per ce.
Rhodium and iridium do not interfere but palladium and
platinum give a brown, and gold gives a purple color.

If a drop of a saturated aqueous solution of ephedrine hydro-
chloride is added to a caustic solution of sodium osmate, an
orange color is obtained. The sensitivity of the test is increased
by shaking the colored solution with carbon tetrachloride, giving
an amber-yellow color. If this liquid is allowed to stand, 0.01
mg. of osmium per cc. will produce 2 faint color. Platinum and
rhodium produce no color reaction. Palladium and gold give a
very faint yellow color, but the test is not sensitive for these
metals nor for iridium, which gives a very faint green under the
same condifions. :

Singleton (4) records a test for osmium with thiocarbanilide
which gives a distinct color if the test solution contains 0.1 mg.
of osmium per ce. If the solution is shaken with ether, the ether
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layer takes on a deeper red color. By this means it is possible to
detect 0.01 mg. of osmium per ce. of solution.

Summary

The percentage of platinum in the crystals formed with
solutions of dimethylglyoxime and platinic chloride has been
determined.

Gold, but not platinum, can be quantitatively determined

by means of dimethylglyoxime.

Solutions of pyrogallol and ephedrine hydrochloride can be
used as qualitative tests for osmium.

The efficiency and adaptability of various reagents for the
detection of the platinum metals and gold are discussed.
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Determination of Nitrogen and Carbon
in the Same Sample

CHARLES T. GAYLEY!
Gayley Laboratory, 7334 Princeton Place, Pittsburgh (18), Pa.

METHOD for determining carbon and nitrogen in the

same sample, which is in brief the conversion of the
Kjeldahl (5) method for nitrogen into a wet method for
carbon at the same time, has been used in this laboratory
for several months. After the apparatus is set up, the only
additional work required to make the carbon determination
is the weighing of a carbon dioxide absorption bulb. Be-
cause the method is applicable to solids, liquids, and liquids
containing dissolved gases, it may prove of value to other
workers.

DIAGRAM OF APPARATUS

Figure 1.

As far back as 1880 Warrington and Peake (8) showed that the
wet chromic-sulfuric oxidation method gave lower resuits than
combustion methods. Believing the losses to be due to in-
complete combustion, Gortner (3) introduced a small furnace into
the train to complete the combustion. Nicloux (6) seems to have
accomplished the same thing by the use of silver chromate as s
catalyst in the acid digestion mixture. This method has had
extended use. Gailhat (2) used hydrated manganese dioxide in
place of chromic acid, and made a nitrogen determination on the
residue. However, the method of determining the nitrogen is
rather involved, compared to simple distilling over as ammonia.
The author believes that the combined method for nitrogen and
carbon, given here, has some advantages over previous methods.

! Present address, 2326 South Broad St., Philadelphia, Pa.

Apparatus

The gas apparatus consists of a tube, 4, Figure 1, filled with
carbon dioxide absorbent to purify the oxygen, which is then
assed through a 60-ml. (2-ounce) wash bottle, B, containing a
ittle water. This serves as a trap to prevent any oxygen once
entering the Kjeldahl flask, C, from getting back to tube 4,
in case of rapid expansion or evolution of gases. The wash
bottle is fitted with a high inlet tube, so that any back pressure
in the train may be noted by the water rising in this tube.

The acid digestion is carried out in the 300-ml. Kjeldahl flask
C, and the reagent used is 10 cc. of concentrated sulfuric aci
with the addition of 0.1 to 0.2 gram of copper sulfate (4). The

ases from the digestion flask are drawn through
5, essentially a Pyrex tube containing platinum
gauze, and glaced in a small elbow-shaped electric
urnace for heating. The combustion of the gases
from the oxidation of the sample in the acid diges-
tion is here completed.

The small condenser, E, cools the gases com-
ing from the furnace and condenses steam from
liquid samples such as urine, digested in C. The
first 60-ml. (2-ounce) wash bottles, ', F, F, con-
tain a solution of 6 per cent potassium dichro-
mate and 10 per cent sulfuric acid, and absorb
all the sulfur dioxide and trioxide fumes from the
digestion flask, as well as all but traces of other
acid fumes from the salts in the sample. These are
followed by @, containing granular zinc to absorb
any traces of volatile acids, as the halogen acids,
that may be aspirated this far. :

From @ the oxygen, now containing nothing but
moisture and carbon dioxide, is passed throu%l
H, containing concentrated sulfuric acid, and L,
containing Dehydrite. Finally the dried gases
are drawn through the absorption bulb, M, where
the carbon dioxide is absorbed.

Ersow Evecrric FurNace. The housing of
the furnace is made of a Eiece of 5-cm. (2-inch)
copper tubing 15 cm. (6 inches) long. The tubing is notched in
the center and one half is bent down 30° on the other. The tube
is then cut lengthwise into two symmetrical halves, which are
hinged together at one end, and a latch is provided to keep the
two sections closed together. A device for clamping to a stand
is riveted to the side-center of one section.

The furnace tube is made of 12-mm. outside diameter Pyrex
tubing 37.5 em. (15 inches) long, bent to an angle of 30° in the
center; two other 30° bends are made each 7.5 cm. (3 inches)
from the center. The cross section shown in Figure 2 indicates
the manner of assembly. The center of the Pyrex tube is filled
with platinum gauze, 52-mesh, 0.1-mm. (0.004-inch) wire. A
piece 1 cm. wide and 15 cm. long, bent about each 1 em. to form
a wavy strip, is sufficient.

A wet strip of asbestos paper about 3 em. wide is wound
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spirally on the Pyrex tube for about 9 em. on each side of the
center, and dried. For a 15-volt supply, a piece of No. 20

Nichrome wire 183 cm. long is wound over this asbestos (i)aper,n

turns being about 4 mm. apart. The winding is covered with
wet strips of asbestos paper until this core of the furnace fits the
housing. It is then placed in the housing, the protruding
t.an((jis' ac;‘e pressed into neat and compact shape, and the assembly
is dried.

#20

F1GURE 2. FURNACE TUBE ASSEMBLY

As shown in Figure 1, this furnace is mounted so that its
center is also the highest point in the carbon train. Any water
that may condense in the cooler parts of the tube runs away from
the hot part, preventing damage.

Operation

After the furnace tube has been brought to a dull red heat
visible at the ends of the furnace only in very subdued light, and
the weighed carbon dioxide absorption bulb has been placed,
the Kjeldahl flask is charged and properly connected. A sample
that will give a weight of 100 to 300 mg. of carbon dioxide is
laced in the flask, and 0.1 to 0.2 gram of copper sulfate is added,
ollowed by 10 cc. of concentrated sulfuric acid. When a ma-
terial is readily decomposed, it is better to pour the 10 ce. of
concentrated sulfuric acid into 3 or 4 cc. of water, cool, and then
add to the flask. Danger of loss of gases before the flask can be
connected into the train is thus reduced to a minimum.

Oxygen is drawn through the train at the rate of 5 to 8 bubbles
per second, and the heating of the Kjeldahl flask is begun gently
to avoid excessive back pressure. Heat is gradually increased
to boil off water, which collects mostly in the first bottle, F.
It is necessary to put new reagent in this bottle each fourth or
fifth determination.

The sample is digested for some time after the acid digestion
bath has become colorless except for the color made by the copper
sulfate, the flame is removed, the flow of oxygen is stopped, and
the absorption bulb is weighed. The nitrogen determination is
complete(f by the usual distillation.

Discussion

Copper oxide, wire form, has been used in the furnace
tube, held in place by plugs of platinum gauze, and occupying
only the hottest part of the tube. The furnace must then be
operated above the decomposition point of copper sulfate,
and at this temperature the life of the furnace tube is short.

A convenient carbon dioxide solid absorbent (7) may be
made by heating together in an iron pan over a gas stove 35
grams of sodium hydroxide, 5 grams of hydrated lime, and
15 grams of commercial ashestos fiber. The mixture is stirred
to granulate and cooled, the lumps are crushed, and the fine
is sifted out on a screen, 16 or 20 meshes to the inch, moistened
by dropping 3 cc. of water evenly over the granules, and stored
in a tight bottle.

The small error in the method, caused by the slight .solu-
bility of carbon dioxide in the wash bottle solutions, is re-
duced to practically nothing after the solutions become
saturated by the first passage of carbon dioxide. A little
carbon dioxide evolved in the Kjeldahl flask from a carbonate
and acid, and drawn through the train, will bring the solutions
to the equilibrium point.

Irregularities in the gas flow caused by condensed vapor
flowing back to the hot acid digestion mixture are not
serious if the inlet tube does not extend too far into the
Kjeldahl flask, and if the flask is inclined.

While scarcely a trace of hydrochloric acid, from the
reaction of sulfuric acid with chlorides in the sample, or of
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chlorine has been found to pass the potassium dichromate
wash bottles, the granular zinc is used at this point as an
extra precaution. A silver sulfate solution has also been
used in this bottle for the absorption of any halogen acids.

To prevent bumping, both in the acid digestion and in the
distillation of the nitrogen, the end of a spatula of pure
calcium hydroxide is added to the Kjeldahl flask after its
contents have been diluted and neutralized, ready for dis-
tillation. Any sodium carbonate present is precipitated,
and the precipitated carbonate and the undissolved calcium
hydroxide form myriad points for the dispersal of heat.
A thin layer of calcium sulfate forms on the bottom of the
flask, further preventing bumping. Some of this tight
film is not removed on washing, and when the flask is again
used in the carbon train the concentrated acid may be boiled
without bumping.

This carbon train may be used to determine the volatile
carbon compound in a mixture or in a solution containing
both volatile and nonvolatile carbon compounds. This is
accomplished by heating the mixture in the Kjeldahl flask,
without addition of acid, to 103° C. in an oil bath, drawing
the vapor through the elbow furnace, purifying, absorbing,
and weighing.

CARBON DETERMINATION

Theoretical Found
3 %
Sugar solution 2 1.99

TasLe I.

Urea 20

Uric acid 35.714

Urine sample

The method is reasonably accurate, as indicated by the
check results on knowns and unknowns given in Table I.

Summary and Conclusions

A wet method is given for determining carbon in liquids
or solids while a Kjeldahl nitrogen digestion is being made on
the sample. The only additional work involved is that of
weighing the carbon dioxide absorption bulb. The elbow
furnace gives a means for distilling off much water from a
sample without the loss of carbon from volatile compounds.
This device makes it possible to determine carbon in a very
dilute solution, whereas if the chromic-sulfuric-argentic
oxidation mixture is diluted with such a sample oxidation
may be incomplete (7).

The method is well adapted to the accurate determination
of the C: N quotient in urine and in blood serum.
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Internal Electrolysis without Diaphragms

Determination of Copper and Bismuth in Lead-Zine Ores

J. J. LURIE AnD L. B. GINSBURG
Institute of Nonferrous Metals, Moscow 17, U. S. S. R.

HE electroanalytical determination of metals by de-

positing them inside a galvanic cell, using the elec-
tromotive force of the cell itself, was first proposed by Hollard
as early as 1903 (3) for the determination of nickel in zinc
salts. In 1919 it was advanced again by Francois (2) for
the deposition of precious metals, but it was not adopted
in the analytical laboratory until 1930, when the papers of
Sand (7) and Collin (Z) were published. All these authors
used in their experiments rather complicated apparatus in
which the anode and cathode spaces were separated by a
semipermeable diaphragm.

In a series of experiments the present writers (4, 4, 6)
showed that the diaphragm could be successfully dispensed
with, and that the results obtained without it would be no
less accurate than in apparatus provided with a diaphragm.
The diaphragm increases the internal resistance of the cell
and involves the use of a mixer, which greatly complicates
the apparatus. The authors’ apparatus, having no dia-
phragm, is very simple: It consists only of an ordinary plati-
num gauze for electrolysis, upon which is put a metallic plate,
bent at right angles. To secure a better contact, the plati-
num gauze and the metallic plate are bound by copper wire.
Such an apparatus can be afforded by any laboratory. Its
internal resistance is very low, which makes possible (as will
be shown in a later paper) deposition of metals with a very
small potential difference.

F1GURE 1

When using this apparatus, one should first consider the
possibility of direct deposition of the metal to be determined
on the metallic plate and not on the platinum gauze. The
authors’ experiments have shown that with a small quantity
of metal deposited, the process takes place only in the desired
direction; the metal is deposited on the anode (a metallic
plate) in negligible amounts, and deposition on the platinum

may be considered as practically complete. With a large
amount of the metal deposited (above a definite limit), direct

- precipitation (cementation) on the anode becomes marked,
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the current grows weaker, cementation increases, and soon
deposition on the platinum gauze ceases. However, the
maximum limit for the metal deposit is sufficiently high, and
in a quantitative analysis for the determination of small
amounts of admixtures the diaphragm could well be dis-
pensed with.

TaBLE I. DETERMINATION OF COPPER
Introduced
Acetic Copper
No. Copper Salts acid Found Note
Gram Gram ML, Gram
1 0510049, = riieT 5 0.0048
2% 0: 0008 it sCiiae it 5 0.0096
3 010147505 et iive 5 0.0147
450 S04 Tsre g2t ias 5 0.0148
Bigee 050140 Seaeiisremii e 10 0.0148
6555 00008 Rt i 10  0.0099
odi 0501478 v ot 10  0.0146
e 010147 seto it Tt 10 0.0147
978 02014 TS s e 10 0.0149
105200196 == Faaiinsia 10 0.0196
11580020245 55 =Sy 10 0.0238} Cementation of copper on
12855020294 & = 0. 10 0.0270§ the anode was observed.
13 0.0147 NH(NO;, 5 10 0.0148
14 0.0049 Pb(C:H30:)s, 5 10 0.0048
15 0.0049 Pb(C:H30:): 2 10 0.0048

The phenomenon of cementation on the anode is favored
by too large a potential difference, as shown by Lurie and
Troitzkaja (6); when copper was deposited with the aid of a
nickel anode, cementation on the anode occurred, and when a
lead anode was used the recovery of copper on the platinum
gauze was complete.

In all experiments with the simple apparatus without dia-
phragm, it is most important to maintain a close contact be-
tween the electrodes and the copper wire. The places of
contact must always be well cleaned with emery paper before
proceeding to work.

Apparatus

The authors’ apparatus is shown in Figure 1. The cathode is
a Fischer’s platinum gauze; the anode, a plate of refined lead.
The length to the bend is 10 em.; the length of the arm, 3 cm.;
the width of the plate, 1.8 cm.; the thickness, 1.5 mm. In the
arm a hole is made so near the bend that the plate when put on
the gauze is just in the center. To secure a full contact the elec-
trodes are firmly bound together with a copper wire.

Deposition of Copper and Bismuth

Copper and bismuth nitrate solutions precisely measured with
a buret were placed in a 400-ml. beaker, the mixture was neu-
tralized with ammonia and acidulated with concentrated acetic
acid, 5to 10 ml. in excess were added, and the solution was diluted
with hot water to 200 ml. and heated to 85° to 90° C.

The electrodes above described, with the cathode previously
weighed, were placed in the heated solution and left on an electric
plate, maintaining this temperature for 30 to 40 minutes until
the metal had completely deposited. Then the electrodes were
removed by hand (rubber-gloved) from the electric bath and
quickly placed for 5 minutes in a beaker containing 250 ml. of hot
water slightly acidulated with acetic acid. The electrodes were
then removed and disconnected, the cathode was washed with
pure alcohol, and the electrodes were dried in an oven at 100° to
150° C. and weighed. The increase in the weight of the plati-
num gauze showed the sum of the weights of copper and bismuth.
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For a determination of bismuth, the weighed cathode was
placed in a 150-ml. beaker, 40 ml. of diluted nitric acid (1 to 4)
were added, the contents of the beaker were heated until the met-
als had dissolved, and the cathode was removed and carefully
washed with water over the beaker. To the solution obtained
0.2 gram of alum was added, and aluminum together with bis-
muth was precipitated with ammonia by the usual method.

The filtered and washed precipitate was dissolved in 20 ml. of
hot 20 per cent sulfuric acid, amf) bismuth was determined by the
usual colorimetric method with potassium iodide. The copper
content was determined by difference (the sum of bismuth plus
copper, obtained by weighing the cathode, minus bismuth, found
colorimetrically) and colorimetrically in the filtrate after the
precipitation of aluminum and bismuth.

The results of the determination of copper only are given
in Table I, which shows that the determination may be made
with an acidity corresponding to 2.5 to 5 per cent of acetic
acid. The presence of ammonium salts and lead salts does
not affect the determination.

Experiments 11 and 12 showed the phenomenon of cemen-
tation of copper on the lead plate mentioned above. It is
evident that the copper content should not exceed 20 mg. to
200 ml. of solution. The lead plate must be cleaned with
emery paper before each determination. Care should be
taken that the contacts should be close at all places; with
contacts insufficiently close, cementation on the anode will
also take place.

The results of the determination of copper and bismuth in
the mixture of their nitrates are given in Table II.

TasLe II. DEerErMINATION OF COPPER AND BisMUTH®
Found

Introduced Copper plus Copper by

No. Copper Bismuth bismuth Bismuth difference
Gram Gram Gram Gram Gram
1 0.0050 0.0010 0.0062 0.0010 0.0052
2 0.0048 0.0010 0.0059 0.0009 0.0050
3 0.0050 0.0005 0.0056 0.0005 0.0051
-+ 0.0096 0.0005 0.0102 0.0004 0.0098
5 0.0096 0.0010 0.0107 0.0009 0.0098
6 0.0100 0.0010 0.0110 0.0009 0.0101
7 0.0100 0.0010 0.0110 0.0009 0.0101

@ Conditions of experiments: volume, 200 ml.; ¢°, 80-90° C.; free acetic
acid, 10 ml.; time of electrolysis, 35 min,

Because the lead-zinc ores contain considerable amounts
of iron (10 to 80 per cent), the authors also had to determine
the possibility of precipitating copper and bismuth in the
presence of large amounts of iron.

The experiments were carried out under the same conditions
but with addition of a ferric salt, and with an acidity of 10 ml.
of 80 per cent acetic acid to 200 ml. of solution. With a
lower acidity and the high temperature required (85° to 90°),
a basic ferric acetate is precipitated. The first experiments
showed that neither copper nor bismuth was precipitated un-
der these conditions, in spite of the very low voltage of the
current as compared to the usual electrolysis. To eliminate
the oxidizing action of ferric iron, hydrazine sulfate was added
to the solution heated to 80° (previous to the electrolysis)
until the solution was discolored (a total of about 1 gram).
The experimental results are given in Table ITI.

The introduction of hydrazine sulfate leads to the formation
of a small amount of lead sulfate, mechanically contaminat-
ing the cathode during the electrolysis. To remove this de-
posit the authors used an additional washing. The bound
electrodes removed from the electrolyte bath were submerged
for 5 to 7 minutes in a 5 per cent sodium acetate solution
heated to 85° C. and acidulated with acetic acid; then they
were transferred to a beaker containing hot water acidulated
with acetic acid and finally disconnected, the cathode being
washed with strong alcohol.

In addition to iron, which has a dissolving effect upon the
deposit of copper and bismuth, the elements haying a more
positive electrode potential than lead might interfere with
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TaBLe III. DETERMINATION IN PRESENCE OF IRON

i — Introduced ~ Found
No. Copper Bismuth Iron Copper Bismuth
Gram Gram Gram Gram Gram
1 0.0002 0.10 0.0002
2 0.0003 0.10 0.0002
3 0.0005 0.10 0.0004
4 0.0010 0.10 0.0009
5 i i 0.0010 0.20 SR 0.0010
6 0.0015 0.20 0.0014
7 0.0030 0.0005 0.10 0.0030 0.0005
8 0.0030 0.0005 0.10 0.0030 0.0005
9 0.0050 0.0005 0.10 0.0048 0.0005
10 0.0050 0.0005 0.10 0.0048 0.0005
11 0.0050 0.0010 0.10 0.0048 0.0010

TABLE IV. DETERMINATION IN PRESENCE OF ARSENIC AND

ANTIMONY
Introduced Cu
No. Cu Fe As Sb Found Note
Gram Gram Gram Gram Gram
0.0129 0.10 0.0020 0.0129 The copper deposited on
0.0129 0.10 0.0010 0.0130 the cathode was of a pure

0.0129 0.10 0.0020 0.0010 0.0129
0.0129 0.10 0.0020 0.0010 0.0129

pink color

L -

determination of copper and bismuth. Lead-zinc ores may
contain only three elements of this group: silver, antimony,
and arsenic.

The data obtained by previous authors show with sufficient
clearness that arsenic and antimony, if they are at the be-
ginning present in their higher valency state, are not deposited
by lead under conditions of internal electrolysis. The au-
thors made a number of experiments to determine copper in
the presence of arsenic and antimony under conditions speci-
fied above. The results are given in Table IV.

An admixture of silver may be removed by adding a small
amount of chloride or iodide ion. A small amount of chlo-
ride ion does not interfere with the electrolysis and does not
affect the platinum (4).

Determination of Copper and Bismuth in Ores

Copper and bismuth were determined in ores, using the
procedure described below. In dealing with the decomposi-
tion of the ore two modifications are given, one for the sulfide,
the other for the oxidized ores, as the latter are difficultly de-
composed by nitric acid, and the insoluble residue contains
both copper and bismuth. Those ores are readily decomposed
by hydrochloric acid.

PROCEDURE. Decomposition of Sulfide Ores. A 1- to 2-gram
sample &according to the copper content) of the ore or concentrate
is placed in a 250-ml. Erlenmeyer flask and moistened with 3 to
5 ml. of water; 15 to 30 ml. of nitric acid (4 = 1.4) are added
and the contents of the flask are boiled for 10 minutes, diluted
with 15 to 20 ml. of hot water, and filtered through a loose filter
(black ribbon), collecting the solution in a 400-ml. beaker.
Without washing, the residue is transferred with a stream of
water back to the flask, and the boiling is repeated with 10 ml. of
nitric acid (1.4). Then it is diluted again with 15 ml. of water,
filtered through the same filter, and the residue is washed 4 or 5
times with hot 3 per cent nitric acid.

Decomposition of Oxidized Ores. A 1-to 2-gram sample (depend-
ing on the copper content) of ore is placed in a 250-ml. Erlen-
meyer flask and moistened with 3 to 5 ml of water, 15 to 25 ml.
of hydrochloric acid (d = 1.19) are added, and the mixture is
boiled for 5 to 10 minutes and evaporated to dryness to remove
the hydrochloric acid. To the residue 20 ml. of dilute nitric acid
(1 to 1) are added, and the mixture is boiled. Then the contents
of the flask are diluted with 15 to 20 ml. of hot water, boiled again,
and filtered through a filter of medium thickness (white ribbon).
If the insoluble residue is bulky, the nitric acid treatment is re-

eated.
b The nitric acid solution obtained as described above is neu-
tralized with ammonia until ferric hydroxide appears, the pre-
cipitate is dissolved in acetic acid, and an excess of 10 ml. of 80
per cent acetic acid is added. The solution is diluted to 200 ml.,
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TasLe V. DETERMINATION OF BismuTH AND COPPER

Added to Ore Free from Found
Copper and Bismuth Copper -+
No. Copper Bismuth bismuth Bismuth Copper
Gram Gram Gram Gram Gram
1 0.0050 0.0010 0.0062 0.0010 0.0052
2 0.0050 0.0010 0.0059 0.0010 0.0049
3 0.0100 0.0010 0.0110 0.0009 0.0101
4 0.0100 0.0010 0.0110 0.0011 0.0099
5 0.0150 0.0010 0.0160 0.0009 0.0151
6 0.0200 0.0010 0.0206 0.0010 0.0196

TasLe VI. DETERMINATION OF COPPER AND BIisMuTH

Found b Found by Internal
Usual Method Electrol)l';;h;
Ore Sample Cu Bi Cu i
Grams % % % %
Oxidized ore 1.0000 0.52 0.027 0.55 0.025
2.0000 0.52 0.027 0.55 0.025
2.0000 0.52 0.027 0.55 0.025
2,0000 0.52 0.027 0.54 0.025
Sulfide ore 1.0000 1.30 0.007 1.30 0.008
1.0000 1.30 0.007 1.30 0.007
2.0000 1.30 0.007 1.30 0.007
2.0000 1.30 0.007 1.29 0.006
Zinc concentrate 1.0000 2.11 None detected 2.12 None detected
1.0000 2.11 None detected 2.12 None detected
1.0000 1.55 None detected 1.54 None detected
1.0000 1.55 None detected 1.56 None detected

heated on a plate to 85° C., and after removing from the plate
hydrazine sulfate is added in portions until the solution is dis-
colored (a total of about 1 gram).

The electrodes, bound as shown in Figure 1, with the cathode
?reviously weighed, are placed in the solution and left on a plate

or 30 to 40 minutes, the temperature being maintained at 85°
to 90° (overheating should be avoided). Then the electrodes are
removed by hand (rubber-gloved) and transferred to a 150-ml.
beaker containing 100 ml. of a 5 per cent sodium acetate solution,
acidulated with 3 ml. of concentrated acetic acid, and heated to
80° C. In 5 to 10 minutes the electrodes are removed in a simi-
lar manner and transferred to a beaker with hot distilled water
acidulated with acetic acid. In 5 minutes the electrodes are re-
moved and disconnected, the cathode is washed with alcohol, dried
in an oven at 100° to 105°, and cooled, and the sum of copper and
bismuth is found by weighing.

The weighed deposit is dissolved in 40 ml. of nitric acid (1 to 4)
in a small beaker (120 to 200 ml.) with gentle heating. After
dissolution, the cathode is washed over the beaker, 0.2 gram of
alum, ammonia to a feeble odor, and 0.1 to 2.0 grams of ammonium
carbonate are added, and the solution is heated to boiling.

When the precipitate has coagulated, it is filtered through a
filter of medium density (white ribbon) and washed as usual with
a hot 2 per cent ammonium chloride solution, containing some
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drops of ammonia. With a high copper content the é)recipitnte
is reprecipitated. The washed precipitate is dissolved in 20 ml.
of hot 20 per cent sulfuric acid and bismuth is determined col-
orimetrically after an addition of 1.5 to 2 grams of potassium
iodide and 1 ml. of a 5 per cent sodium bisulfite solution, or
better, one drop of a stannous chloride solution.

The results of analyses made by this method are given in
Tables V and VI.

Conclusions

The deposition of copper and bismuth by internal elec-
trolysis may be carried out with great accuracy, using a
simple apparatus without diaphragm and mixer.

The interfering influence of ferric iron may be eliminated
by the addition of hydrazine.

If the copper content of the solution does not exceed 20
mg. to 200 ml. of solution, the lead plate has a smooth surface
and the contacts at the places of junction of the metals are
complete, the cementation of copper and bismuth on the lead
plate is practically equal to zero.

A simple, accurate, and relatively rapid method for the de-
termination of copper and bismuth in lead-zinc ores has been
developed, which has the following advantages over the usual
method for copper determination by external electrolysis: no
preliminary deposition of copper (by thiosulfate, hydrogen
sulfide, thiocyanate, etc.) is required; the method is accessible
for laboratories having no source of direct current (field labo-
ratories); and less than 1 mg. of copper, which may be de-
termined by external electrolysis only with difficulty, is
easily deposited by the internal hydrolysis method, covering
the cathode with an exceedingly even and beautiful coating.
Bismuth may be determined by internal electrolysis with a
considerable saving of time, eliminating the numerous and
tedious separations.
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Biological Assay of Vitamin E

Appliqation to Wheat Germ and Wheat Germ Oil

L. S. PALMER, Division of Agricultural Biochemistry, University of Minnesota, University Farm, St. Paul, Minn.

VANS and Burr (1) have adequately described the
general procedure which must be followed in order to
demonstrate vitamin E. Birth of young following adminis-
tration of a known quantity of test substance to female rats
of proved sterility because of vitamin E deficiency is the basis
of Evans’ (8) rat unit of vitamin E.

The smallest quantity of test substance which results in
birth of young, when given in a single dose prior to the fifth
day of gestation, is regarded as containing one rat unit. The
a-tocopherol described by Evans, Emerson, and Emerson
(2), which produced this effect in 2.5-mg. dose, thus contained
400 rat units of vitamin E per gram of substance. Olcott
and Mattill (8) and Olcott (?) had previously prepared con-
centrates of vitamin E having essentially the same potency.
Suggestions have been made to reduce the size of the unit
(and thus increase the number of calculated units per gram
of substance) by dividing the effective single dose by the num-
ber of days of gestation in rats. Evans and Burr (1) have
presented a few data in support of this by showing that a
single dose of wheat germ oil has the same effect as when ali-
quots one twenty-first as great are given daily throughout
gestation. However, the quantitative relationships thus
indicated cannot be regarded as very convincing when it is
considered that the quantity of vitamin E needed daily must
increase greatly with advance in gestation if the vitamin is
required primarily for cell nuclear function of the fetal and
placental tissues, as suggested by the work of Mason (6) on
testicular degeneration in E deficiency. Furthermore, it is
difficult to visualize the processes by which oral doses of vita-
min-containing product consumed during the last few days
of gestation are digested and metabolized and the vitamin is
effectively used by the cells which need it, when the animal
is assumed to be receiving the minimum dose. Indeed, it has
not yet been determined what is the latest day in the gesta-
tion period when a potent vitamin E product can be given
by mouth with assurance that the vitamin will exert a physio-
logical effect in that gestation.

The conclusion seems justified that the single dose proce-
dure or its essential equivalent is the only logical one to em-
ploy in a biological assay of vitamin E until more study has
been given to questions raised in the foregoing discussion.

A survey of the published vitamin E assays based on litters
produced, from which one may calculate the units of E pres-
ent per gram of test substance, shows only a general quantita-
tive relation between different doses of the same substance
and the percentage of animals littering. Data regarding the
number of young born (both living and dead) do not improve
the quantitative character of the test. In view of the fftct
that vitamin E seems to function exclusively during gestation
in connection with the nourishment of the fetus at the site of
implantation, observations regarding the percentage of im-
plantations which give rise to living young in a properly con-
ducted assay suggested possibilities for improving the ex-
pected quantitative relations between dose and effect. This
was one of the principal reasons for the present study. Al-
though the outcome was disappointing, the results have a cer-
tain qualitative value and may assist other workers to evaluate
their results properly.

At the outset it seemed desirable to bring together into one
comprehensive statement the details of conducting a wtamm
E assay. The published procedures lack standardization in
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certain particulars in which uniformity seems desirable.
Certain details of procedure were adopted arbitrarily without
supporting data to justify them, provided they seemed theo-
retically important and reasonable. The data secured were
intended to determine primarily the “live implant efficiency”’
(L. 1. E., percentage of placental implants which resulted in
the birth of live young). The results, however, also made it
possible to calculate other efficiency values—for example, a
(T.I.E., “total implant efficiency”) value involving both live
and still-born young. In addition, littering efficiency values
could be calculated, such as “live-litter efficiency” (L. L. E.,
percentage of pregnancies which result in litters containing
living young) and “total litter efficiency’” (T. L. E., percentage
of pregnancies which result in live and still-born litters). The
theoretical basis for recording individual still births and
litters consisting exclusively of still-born young is the as-
sumption that still-born young indicate some, although in-
sufficient, vitamin E.

Procedure for Vitamin E Assay of Oils and
Other Products

Basan RationN. The following basal ration, which is a
slight modification of the Evans (3) ration, is used throughout.
Batches of the ration are kept in the refrigerator until used.

Ingredient

%o
Commercial casein 4 27
Autoclaved tapioca (dextrin) 35
Commercial bulk lard 22
Dried brewer's yeast 5 10
Hawk and Oser (4) salt mixture 4

Cod liver oil, U. 8. P., mixed in ration
at weekly intervals 2

PrELIMINARY PErIOD. Young female rats exactly 21 days old
are placed in cages having raised screen floors and given the basal
ration ad libitum. A number of rats of approximately the same age
are kept in the same cage. At about 90 to 100 days of age, daily
observations are begun of the sexual cycle, using the vaginal smear
technic of Long and Evans (5). As soon as an approaching heat
stage is noticed by the presence of large numbers of nucleated
epithelial cells, the animal is mated with a normal male in a sepa-
rate cage having a raised screen floor. If successful copulation is
determined to have occurred through the presence of sperm and/
or plug in vagina or in tray of cage at the next daily examination,
further examinations are omitted until the fifth and again on the
tenth succeeding day. If no indication of sexual cycle is obtained
it is assumed that the animal is pregnant. (Pseudo-pregnancies
occur rather frequently. In this case the animal will sometimes
be in heat again on the ninth to eleventh day but more frequently
on the twelfth to fourteenth day. In these cases the animal must
be carried through another resorption before being used for assay.)
The animal is kept isolated throughout in a single cage having a
raised screen floor. : -

Beginning the tenth day after impregnation the daily vaginal
examination is resumed until the “erythrocyte sign” is secured,
usually on the thirteenth to fifteenth day. (The ‘“‘erythrocyte
sign’ is the term employed by Evans and Burr, 1, to “designate
the appearance in the vaginal canal on the thirteenth, fourteenth,
and ggeenth days of gestation of recognizable numbers of red
blood corpuscles.”) If this is obtained, gregnancy is assured.
Beginning the day the erythrocyte sign is obtained, the animal is
weighed daily without further vaginal examination. If the
weight increases and then decreases suddenly without evidence of
any young on the twenty-first or twenty-second day and if manual
examination at time of weighing also indicates the presence of
fetuses which are never born or which disappear, or if weight re-
mains essentially stationary (due to the presence of only one or
two fetuses) without young being born, the conclusion is drawn
that the animal is suffering from vitamin E deficiency. This
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animal is now ready for use
in a vitamin E assay. An
animal which fails to show
resorption in the first gesta-
tion may be carried through a
second gestation or even a
third, if necessary, to deplete
it of body stores of vitamin
E. After a third failure to
show resorption the animal is
discarded.

CONDUCTING THE ASSAY.
Six female rats proved to be
suffering from vitamin E de-
ficiency which have been kept
continuously on the basal

INDUSTRIAL AND ENGINEERING CHEMISTRY

TaBLE I. REPRODUCTION EFFICIENCIES IN 54 VITAMIN E ASSAYS

Standard
Kind of Efficiency Mean Deviation
Total litter efficiency® 85.59 21.37
Total implant efficiency? 71.96 23.35
Live litter efficiency ¢ 70.98 26.28
. Live implant efficiencyd 55.59 27.08
Efficiencies Correlated r P.E. (r)
L.L.E.:T.LI.LE. +0.7935 0.034
L.L.E.:L.LLE. +0.6069 0.058
T.L.E:T.ILE. +0.5430 0.065
T.L.E.:L. 1. E, +0.3208 0.082

@ Percentage of pregnancies resulting in live and still-born litters.

b Percentage of placental implantations resulting in live and still-born
young. e T rs

¢ Percentage of pregnancies resultiqg in llttcrg containing living young.

d Percentage of placental implantations resulting in live young.

VOL. 9, NO. 9

ploratory research or in the
tentative assay of an un-
known at various doses it is
permissible to use three rats
per dose, provided they are
all successfully bred. It is
expected that at least two
out of the three animals in
such a test will give posi-
tive evidence of vitamin E
potency in a potent test
product.

PERIOD OF RETAINING

ration are examined daily for

sexual cycle and bred to
normal males in separate
cages at the nextestrus. When impregnation is established as in
the preliminary period, the animals are isolated and kept in sepa-
rate cages. The vaginal examinations are omitted until the fifth
and tenth days, after which they are resumed daily until the

- erythrocyte sign is obtained. Cages having raised screen floors
are used throughout.

In the meantime the standard or experimental dose of material
to be tested is administered to the animal in a single dose in a
separate nonscattering feed cup between the first and fourth day
of gestation, while withholding the basal ration. Oils are given,
mixed carefully with sufficient dry yeast to make a friable paste,
or mixed with a few grams of basal ration from which the fats have
been omitted; other solid material to be tested is offered in
weighed amount also in a separate nonscattering feed cup, the
basal ration being withheld for that day.

When the erythrocyte sign is obtained, the test animals are
weighed daily and the presence of fetuses is established as soon
as possible by increase in live weight and by manual examination.
Fetuses can usually be established by manual examination on the
fourteenth day. Daily weighing is continued until parturition
should occur. Animals which are about to cast a litter, as shown
by manual examination and weight increase, are placed on a
larger screen, l-inch mesh, which permits the young to fall
through to tray of cage. Resorptions can frequently be detected
in advance by vaginal bleeding at some time subsequent to the
erythrocyte sign and prior to the day of parturition. However,
all rats in a test are carried through the twenty-second day of
gestation, regardless of evidence of complete resorption of the
fetuses. All animals are autopsied after parturition, or after the
twenty-second day if no young are born, to determine the number
of implantations and resorptions.

CrirerioN oF ViramIiN E Porenxcy. If five of the six
animals become pregnant at the mating immediately preced-
ing the administration of the test substance and four of these
five animals to which the standard or experimental dose of
test substance has been administered give birth to normal
living young corresponding to 10 per cent or more of the
implantations, the vitamin E potency of the test substance is
established. Record is kept of number and weight of young
born, number of live and still births, and total number of im-
plantations.

If an assay is started with a rat which proves not to have
been pregnant at the time the test material was administered
the rat is continued in the assay if successfully bred at the
next normal heat, but if this breeding fails the animal is dis-
carded.

TrE StaNDARD DoOSE OF TeEsr Marerian. This is the
minimum amount of test material administered in a single
dose which, when allowing for a margin of variation from
natural causes, will produce normal living young correspond-
ing to 10 per cent or more of the implantations in the uterus
of a vitamin E-deficient female rat and thus permit the state-
ment to be made that the product contains a measurable
amount of vitamin E in such dose.

Usk oF Less THAN Frve Rars pEr Tesr. The standard
number of female rats to be placed on a single test for a
standard assay is six. Conclusions may be drawn if five of
the six animals are successfully bred at the mating immediately
preceding the administration of the test substance. For ex-

Viramin E-DEFICIENT
Rats BEFOrRE Tesrt. It is
assumed that a vitamin E-deficient animal is suitable for
test purposes any time within 3 months after its E deficiency
has been established, provided it is kept on the basal ration.

QUALITY OF INGREDIENTS IN BAsAL RaTioN, The only in-
gredient whose quality is of special importance is the cod liver
oil, which must be U.S. P. grade. Each ingredient should rep-
resent a single lot of substance for any given series of tests,
in order to avoid introduction of vitamin E into the basal
ration of an animal after establishing its deficiency and its
use for assay purposes.

Discussion. In the author’s experience with assays
conducted according to this procedure, the chief cause of
initial fertilities in female rats reared on the basal ration has
been starting the rats on the ration when more than 21
days old. The most annoying difficulty has been a fairly
high percentage (10 to 20 per cent) of pseudo-pregnancies
after administration of test substance in spite of definitely
successful matings with normal males.

Experimental Results

The mean values, their standard deviation, and the cor-
relation coefficients between the different reproduction effi-
ciencies previously indicated are shown in Table I for 54
vitamin E assays in which 217 rats gave evidence of the
vitamin I potency of 39 different samples of material of un-
known vitamin E value. (The products tested were furnished
by General Mills, Inc., Research Laboratories, Minneapolis,
Minn.)

The highest efficiency calculation is determined by count-
ing both live and dead litters in relation to the number of
pregnancies, the next highest when counting both live and
still births in relation to placental implantations, the third

TaBLE II. RELATIONSHIPS BETWEEN RELATIVE DoOSES OF
ViraMiN E AND RELATIVE EFFICIENCIES OF REPRODUCTION

Sample Total No. Relative Relative Relative Relatiy Relative
No. Rats Used Dose Ees T.L.Eb LI.Ec¢ L.L.Ed
1 6 75 240 150 280 150
2 6 67 1 67¢ 19 67°
3 6 67 72¢ 33 58 33
4 6 67 108 67¢ 105 67¢
5 6 73 82 100 9 100
6 4 50 59 100 41 100
7 6 50 108 100 83 33
8 20 67 82 64¢ 100 73¢
9 22 67 58 142 44 150
Mean  64.8 92 91.4 91 85.9
Values Correlated r P. E. (r)
Relative dose:relative T. I. E. +0.455 0.178
Relative dose:relative L. L. E. +0.406 0.188
Relative dose:relative L. 1. E. +0.321 0.202
Relative dose:relative T. L. E. +0.084 0.223

¢ Percentage of placental implantations resulting in live and still-born
young,

b Percentage of pregnancies resulting in live and still-born litters.

¢ Percentage of implantations resulting in live young. e

@ Percentage of pregnancies resulting in litters containing living young.

¢ Relative efficiency within 10% of the relative dose.
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highest when counting litters
containing living young in
relation to pregnancies, and
the lowest efficiency when

TasLe ITL.

No. of
counting only living young Semble é) L
in relation to placental im- il : rind
= ‘resh raw germ 5.60 3
p'la.ntatlons.' The metho_d Fresh oil from germ I 0.75 3
giving the highest values evi- rrel Fawgern Klelrm 5.50 6
dently gives the most liberal (Embo) from I~ 5.50 6
mt:rpretationd ot;1 vitamiln g ::fﬁ%pggf?ffdd“”m 5.50 3
Ore: rocessed germ
potency and the metho R 5 .

giving the lowest values the

strictest interpretation.
Although there seems to be

little choice between the pla-

@ Total litter efficiency.

¢ Live litter efficiency.

CoMPARATIVE ViTAMIN E Assays or WaEAT GERM
AND EXPELLER PROCESS:

T.L.E2 T.I.E.b

b Placental implant efficiency (live and still-born).

d Placental implant efficiency (live births).

tive, primarily because the
assay of the standard would
be subject to a large error.
This may be too pessimistic
a View.

WaeAaT GERM O1L

Efficiency Values—————
L.L.E.c L.I.LE.d

- 12) 1‘(’)"; 1?0 The data obtained in this
100 38 100 75 study gave information with
100 91 75 61 reference to various vitamin
100 100 100 75 E-containing products from
100 89 100 82 wheat germ and may be as-
i . - i sumed to have definite quali-

tative value, at least. Table
I1I shows comparative vita-
min E assays of raw wheat
germ and of the oil expelled

cental implant efficiency
which considers both live and
still births and the live litter efficiency, as judged by the mean
values and standard deviations, the highest correlation co-
efficient is between the live litter efficiency and the live im-
plant efficiency. From a biological standpoint the latter cor-
relation seems reasonable even if the statistics do not, but
biologically one would also expect a highly significant correla-
tion between the total litter efficiency (live and dead litters)
and the total implant efficiency. Instead, this correlation
coefficient is barely significant from a statistical standpoint.
The probable reason is that too few rats were used in the sin-
gle tests, the result being that a high percentage of the total
litter efficiency values (63 per cent) were 100. Only one-
third of the living litter efficiency values were 100.

Although these results may give some basis for choosing
the most desirable data to secure in a vitamin E assay, they
give no information as to the validity of such data in relation
to the quantity of vitamin administered.

Taswe IV. SrtaBmiry or ViramiNn E IN EXPELLER-PROCESS
WaEAT GERM OIL UNDER STORAGE

Storage No. of ———— Efficiency anuc:,s———;—

Sample Age Conditions Dose Rats T.L.EST.LE.6 L. L.E.°LIE.¢
Mos, Milligrams % % % %o
A 3  Bealed tin 750 3 100 88 100 75
A 6  Sealed tin 750 6 83 83 83 72
B 1  Sealed tin 750 6 83 65 67 47
B 8  Bealed tin 750 6 100 684 48
C 1  Sealed tin 500 3 67 17 67 17
C 12  Sealed tin 500 11 64 28 27 8
Dy 5 Sealed tin® 750 3 100 83 67 79
Ds 5 Sealed glass/ 750 3 100 92 67 7

8 Total litter efficiency. :
b Placental implant efficiency (live and still-born).
¢ Live litter efficiency. 4 7
d Placental implant efficiency (live births).
s Kept at —20° F.
Kept at 32° F.

Table II shows the results of the relation between each type
of efficiency calculation and the dosage of vitamin obtained
from a limited number of tests in which several products were
administered at two different levels. The datashown are the
relative levels and the corresponding relative efficiency values
of each type, and the correlation coefficients. Possibly the
samples are too few-in number or an insufficient numbe;r of
rats were employed in each test to warrant final conclusions;
nevertheless the correlations are not significant. One s there-
fore forced to the conclusion that the assay of vitamin E
thus conducted is at best merely a general quantitative
assay and does not warrant very rigid interpretation in terms
of units. Assuming that the relative efficiency should be
within =10 per cent of the relative dose, it is seen that
this occurred in only seven of the 36 cases, and only two of
these occurred even when the number of rats employed was
20 or more. A reference standard, if available, probably
would not make the results now obtainable more quantita-

from it, raw wheat germ and
a processed wheat germ
(Embo) made from it, and fresh processed wheat germ and a
sample of the same kind of product after standing for one
year at room temperature. The samples in the latter com-
parison were taken for assay from a sealed evacuated tin
in which the product is merchandised. .

It is evident that the oil expelled from fresh raw wheat
germ had definite vitamin E potency, that the type of proc-
essing employed in the case of the wheat germ samples tested
did not injure the potency, and that vitamin E was retained
in the processed germ to a considerable degree for & long period
ina sealed evacuated tin kept at room temperature. Thelatter
conclusion is based on comparisons with the other samples of
processed germ tested, no assays having been made of the
original product when fresh.

Table IV shows comparative vitamin E assays of several
samples of wheat germ oil (expeller process) when fresh and
after storage at refrigeration temperatures, in sealed tin or
glass containers. It is evident that the vitamin E was re-
tained in these samples for a period of at least 8 months in
cold storage in sealed tin containers, and that no better pres-
ervation occurred in glass; only in sample C, stored for 12

; months, was there evidence of some loss of vitamin E.

Conclusions

Biological assays of vitamin E, using oral administration
to sterile, vitamin E—deficient rats in the earliest stages of
pregnancy using a standardized procedure, have only a gen-
eral quantitative value. However, results of such assays
may be used for a comparison of potent vitamin E-contain-
ing products. When thus applied in this study to wheat
germ and wheat germ oils it was found that there was (1) a
close correlation between the vitamin E in the raw or pro-
cessed wheat germ (Embo) tested and the pure oil expressed
from the fresh germ; (2) a high retention of vitamin E in the
processed (Embo) wheat germ kept for one year at room tem-
perature in a sealed, evacuated can; and (3) a high stability
of vitamin E in the expressed wheat germ oil for several
months at refrigeration temperature in sealed containers,
either glass or tin.
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A New Fluorescent Test for Aluminum

C. E. WHITE AnD C. S. LOWE, University of Maryland, College Park, Md.

LUORESCENT tests have not found much application in

general qualitative analysis because of the inconvenience
and expense of the necessary source of ultraviolet radiation.
Within the past year low-priced mercury vapor lamps have
come on the market and the possibility of using argon bulbs
for this purpose is also apparent. The work reported here is
the first of a series of experiments begun with the thought of
developing specific fluorescent tests which may be applied in
routine analysis.

A review of the literature shows no method of detecting
aluminum in the presence of beryllium. Aluminon (4), the
most widely recommended reagent for the qualitative detec-
tion of aluminum, will respond to beryllium, Alizarin (red)
S (2) forms a red lake with beryllium similar to that formed
with aluminum. Morin, which gives a green fluorescence in
the presence of aluminum, also fluoresces with beryllium (3).

Investigation of various organic materials, of structure
similar to morin, as possible reagents for the detection of alu-
‘minum, revealed a specific fluorescent reaction between Pon-
tachrome Blue Black R and aluminum ion.

Solutions

PontAacErROME BLUr Brack R. The zinc salt of 4-sulfo-2,2’-
dihydroxy azonaphthalene was obtained from du Pont labora-
tories. Titration with titanous chloride indicated that the dye
contained 62.4 per cent of the zine salt.

AvomiNuM SoLUTION. Baker’s analyzed potassium aluminum
sulfate was used as a source of aluminum.

Beryrurom SovuTioN. Beryllium nitrate of c. p. quality from
the Brush Beryllium Company was used in making beryllium
solutions. The absence of aluminum in this reagent was indi-
cated when no precipitate was obtained with 8-hydroxyquinoline.

Apparatus

A Hanovia quartz mercury vapor lamp equipped with
“Wood’s glass” (2) as a filter served as a source of ultraviolet
light. A number of the fluorescing solutions were also ob-
served under ultraviolet light produced by a battery of three
argon electric light bulbs, to determine whether such a source
of ultraviolet radiation could be used for this purpose. Ob-
servations were made in a dark room. Containers were
ordinary soft-glass test tubes. Quartz containers were found
to have no advantage over soft glass.

Experimental

A series of solutions containing 10 ml. of aluminum solution
and increasing amounts of the dye solution in intervals of
0.05 ml. was prepared and examined for fluorescence. A
bright orange-red fluorescence was obtained in each case. As
observed through a spectroscope, the color emitted corre-
sponded to a red band lying between wave lengths 6975 A
and 6365 A. The intensity of the fluorescence appeared to
increase until the solution containing 0.30 ml. of dye solution
was reached. From this point to the solution containing
0.50 ml. of dye solution no difference in intensity could be
distinguished.

Addition of 1 ml. of 1 I alkali to 10 ml. of a fluorescing
solution destroyed the red color of the dye and also the fluo-
rescence, the resulting mixture appearing a dull blue under
the lamp. Nitric acid destroyed the dye. Addition of 1 ml.
of normal sulfurie, hydrochlorie, or phosphoric acid to 10 ml.
of a fluorescing solution destroyed the fluorescence. One milli-
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liter of 6 N acetic acid had no effect on the fluorescence, other
than to change the color slightly to a lighter red.

A series of solutions having decreasing amounts of alu-
minum, each containing one-tenth as much aluminum
as the preceding solution, was prepared. Solutions as dilute
as one part per 100,000 showed a fluorescence immediately.
After standing about half an hour fluorescence could be ob-
served in all concentrations down to a solution of one part per
million. The solutions were allowed to stand overnight be-
fore making a final observation for fluorescence. One part of
aluminum in 5,000,000 parts of water could be detected in this
way. Using argon bulbs as the source of ultraviolet radia-
tion, one part of aluminum, in 100,000 parts of water was
readily detected but smaller concentrations did not give posi-
tive results.

The following ions did not interfere with the detection of
aluminum: silver, mercury, lead, bismuth, cadmium, arsenic,
antimony, tin, zinc, manganese, gallium, indium, thallium,
calcium, strontium, barium, magnesium, sodium, potassium,
ammonium, lithium, rare earth, chloride, nitrate, sulfate,
phosphate, and tartrate. The presence of the highly colored
ions, copper, chromium, iron, nickel, and cobalt masks the
fluorescence, but after precipitating with sodium hydroxide
in excess and acidifying with acetic acid fluorescence is evident
in each case. Hexavalent chromium interferes but may be
removed by ordinary procedures of qualitative analysis.
Fluorides interfere but may be removed satisfactorily by
precipitating with calcium chloride.

Beryllium gives no fluorescence with the dye itself nor does
it in any way interfere with aluminum fluorescing.

Analysis of the fluorescing material indicates that an alu-
minum salt of the dye is formed.

This analysis (Table I) corresponds to one atom of alumi-
num, one atom of zine, and five dye radicals, the samples ap-
pearing to be mixtures of the zinc and aluminum salts of the
dye. Although these data are not conclusive proof that an
aluminum salt is formed, they are at least a fair indication.

TaBLe I. ANALYSIS OF FLUORESCENT MATERIAL
Aluminum Zinc Dye Radical
% %o %

Sample prepared from 16 grams of alum

to 1 gram of dye 1.35 3.33 95.8
Sample prepared from 13 grams of alum

to 1 gram of dye 1.36 3.42 95.5

Procedure

The solution should be made alkaline with sodium hydroxide,
any precipitates forming being filtered off. Hexavalent chro-
mium must be reduced and fluorides must be removed. The
solution is then made acid with acetic acid and 0.5 ml. of a 0.1 per
cent solution of Pontachrome Blue Black R is added. Where solu-
tions as dilute as 1 gart per million of aluminum are being tested,
a half hour should be allowed for the fluorescence to develop.

Summary

The orange-red fluorescence produced under ultraviolet
light by Pontachrome Blue Black R with aluminum ion is
sensitive to one part in 5,000,000 parts of water, and can be
used in the qualitative detection of aluminum in the presence
of beryllium and other elements with which it is commonly
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found. With argon bulbs, a cheap and convenient source of
ultraviolet radiation, concentrations as low as one part of alu-
minum in 100,000 parts of water may readily be detected.
The intensity of the fluorescence appears to vary with the
aluminum content within & limited range.
Analysis indicates that an aluminum salt of the dye is
formed.
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Yolumetric Determination of Selenium

A Critical Study of the Norris and Fay Method

W. C. COLEMAN! AND C. R. MCCROSKY, Syracuse University, Syracuse, N. Y.

YHE accuracy of the Norris and Fay method (?) for the

determination of selenious acid has long been accepted

on the basis of rather limited evidence (1, 4, 6, 8, 11). This
method depends on the following reaction:

4N2,8,0; + H.SeO; + 4HCI —>-
NBzS€S4OQ + N&zS¢OQ + 4NB.C] + 3H30

An excess of a standard thiosulfate solution is titrated with
a standard iodine solution, the titration being carried on near
0° C. presumably to prevent decomposition of the thiosulfate.
It occurred to the authors, after the revision of the atomic
weight of selenium from 79.2 to 78.96 (3), that a reéxamina-
tion of this method using pure selenium as a reference material
was desirable. In the course of the investigation some sim-
plification of technic was introduced and the conditions for
the accurate application of the method were established.

Preparation of Materials

SeLENTUM. A technical grade of selenium (supplied through
the courtesy of the United States Metals Refining Co.) was dis-
solved in pure sodium cyanide and air was bubbled through the
solution for several hours to precipitate any tellurium, which was
then removed by filtration. The filtrate was poured into an
excess of dilute hydrochloric acid to precipitate the selenium.

This purification procedure was repeated twice and the final

roduct oxidized to selenious acid with concentrated nitric acid.

pon evaporation to dryness, the selenium dioxide was subjected
to three sublimations and the pure white oxide thus obtained was
dissolved in water. After making the solution 5 N with hydro-
chloric acid, the selenium was precipitated with hydroxylamine
hydrochloride and thoroughly washed with water and then with
alcohol and ether. It was dried, carefully melted, and poured
into water to form small pellets. :

Soprum Cyanipe. A pure grade, free of ferricyanide and re-
ducing agents, was used.

Porasstum_Bromare, Porassium Iopare, Porassrum Di-
CHROMATE. Baker’s analyzed salts were twice recrystallized

from water with centrifuging. These substances were used for

standardizing the thiosulfate solution.
Experimental

The following procedure was employed for prepa.ring the
solution of the pure selenium for the Norris and Fay titration:

From 0.35 to 0.45 gram of the element was weighed into a 250-
ml. flask, 2 ml. of 1.42 nitric acid were added, and the flask was
covered and warmed carefully until solution was complete. After
cooling, 5 ml. of 1.84 sulfuric acid were added, the solution was
again cooled and 3 grams of urea were added to discharge the
excess of nitric acid. (Bruckner, 2, states that solutions of sele-
nious, nitric, and sulfuric acids can be evaporated to fuming with-
out loss of selenium. This suggested means of eliminating nitric
acid before using the Norris and Fay titration. In the authors

! Deceased.

experience, however, repeated experiments with known amounts
of selenious acid invariably resulted in low values on subsequent
titration.)

After the vigorous evolution of gases ceased the solution was
digested for 15 minutes on the hot plate, diluted to above 75 ml.,
transferred to a volumetric flask, and diluted to exactly 250 ml.
For each titration 50-ml. aliquots were used, diluting to make the
final volume 150 ml. All titrations were made at 20° C. The
excess thiosulfate solution was controlled by a method described
below. The normality of the thiosulfate solution was checked
independently by three primary standards: potassium bromate,
potassium jodate, and potassium dichromate.

The results in Table I refer the Norris and Fay method
directly to pure selenium and their average shows that the
method can be depended on to an accuracy of less than 2
partsin 1000. It seemed advisable to support the above data
by using another method to oxidize purified selenium to
selenious acid. Standard potentials for the following couples
are available (6, 9):

1. Se - 3H:0 —> H,SeO; +-4H* - 4e E = —0.74

black

2. Br———>1/,Br+te E = —1.064

From these data it seems that the oxidation of selenium
with bromine in 1 N hydrobromic acid should be quantitative.
The formation of selenium monobromide made it impossible
to oxidize the black modification smoothly, but this difficulty
was avoided by getting the selenium into the red form and
keeping it in a finely divided state. The equilibrium constant
for the reaction

H:SeO; + Br; + H:0 —> HSeO.~ + 2Br— + 3H*

is 0.88 (10). The velocity of the reaction for a 1 N hydro-
bromic acid solution for the oxidation of selenious to selenic
acid should not be significant if the excess bromine is carefully
controlled.

ProcEpUrE. From 0.35 to 0.45 gram of selenium and 5 ml.
of 10 per cent sodium cyanide solution were digested on a hot
late in a 250-ml. flask until the selenium completely dissolved.
he solution of sodium selenocyanate in excess sodium cyanide
was diluted to 250 ml. and 50-ml. aliquots were evaporated to
about 20 ml. Then 2 ml. of a filtered 1 per cent gum arabic solu-
tion and 5 ml. of 5 N hydrobromic acid were added. This caused
the decomposition of the selenocyanate with the liberation of red
selenium which was kept colloidally dispersed by the protective
agent.
gA rapid stream of air was bubbled through the solution for 15
minutes, which removed hydrogen cyanide sufficiently so that
the formation of cyanogen bromide was minimized.
Most of the selenium was oxidized by adding dropwise a slight
excess of a saturated solution of potassium bromate. Then the
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TaBLE I. DETERMINATION OF SELENIUM TABLE II. DETERMINATION OF SELENTUM
0.09195 N Na:S:0s A 0.09195 N Na:8:0;
Corrected, Selenjium Corrected, elenium
after titration Excess Present Found after titration Excess Present 'ound
Ml, M. Gram Gram Ml M. "~ Gram Gram
42.06 3.09 0.07632 0.07642 38.44 0.18 0.06981 0.06984
39.23 0.79 0.07119 0.07128 38.09 0.17 0.06923 0.06921
40.30 0.55 0.07315 0.07322 41,14 0.41 0.07480 0.074756
39.88 0.65 0.07234 0.07246 37.04 0.16 0.06738 0.06730
47.12 0.56 0.08553 0.08561 46.36 0.62 0.08433 0.08424
35.16 0.36 0.06379 0.06388 46.61 0.74 0.07752 0.07742
46.03 0.73 0.08352 0.08362 39.57 0.50 0.07193 0.07189
43.73 0.61 0.07933 0.07945 44.66 0.57 0.08118 0.08114
41,89 0.62 0.07602 0.07611 40.65 0.37 0.07393 0.07385
41.84 0.43 0.07591 0.07602 38.18 0.50 0.06937 0.06934
oxidation was carefully continued with 0.1 N bromate until the sulfate to 5 ml. or less is desirable. This can be done by add-

discharge of the red selenium marked the completion of the reac-
tion. g few drops of a saturated alcoholic solution of acetanilide
were added to discharge the excess bromine. The flask was
covered and heated just to boiling.

After diluting the sample to make the final volume 150 ml.,
starcl;dwas added and the solution was cooled to 20° C. and
titrated.

The average of the results of a number of analyses, given in
Table II, shows an accuracy for the Norris and Fay method of
less than 1 part per thousand when pure selenium is analyzed.
A small excess of thiosulfate solution was used, as shown in
Tables I and IT. Itisevident that pure selenium can be used
as a primary standard for thiosulfate solutions which are to be
used for the determination of selenious acid.

The Norris and Fay method called for the use of an excess
of sodium thiosulfate solution in an acid solution and a low
temperature in order to suppress the decomposition of the
thiosulfate. Only a limited amount of information is avail-
able on the effect of temperature and the amount of excess
thiosulfate on these titrations. To study these effects, solu-
tions of selenious acid were carefully standardized by the
method of Lenher and Kao (4).

Measured volumes of selenious acid solution were pipetted
into a 250-ml. Erlenmeyer flask. After adding starch solu-
tion and 5 ml. of 6 N hydrochloric acid, the solution was
diluted to make the final volume 150 ml. In a series of
twenty analyses the excess of thiosulfate was varied from a
few tenths of a milliliter to 15 ml. and the titrations were
madeat0°and 20° C. Results obtained indicate that so long
as the excess of thiosulfate is no greater than 5 ml. of 0.1 N
solution, an accuracy of 1 part in 1000 is obtainable regardless
of whether the titration is carried out at 0° or 20°C. A
greater excess should not be used, since unsatisfactory values
are obtained both at 0°and 20° C. Many selenium determina-
tions by the Norris and Fay method have been made in this
laboratory at room temperature in an entirely satisfactory
manner when a small excess of thiosulfate is used. It is un-
necessary to cool the solutions to 0° C.

In any critical examination of this method, the effect of
potassium iodide on the starch-iodide end point should be
considered.

The procedure employed was the same as that previously
described. Titrations were made at 20° C. and when potas-
sium iodide was used the concentration was made 2 per cent
of the final volume by adding a 25 per cent solution after the
addition of an excess of thiosulfate. Thiosulfate solutions
of three normalities were used. Six analyses were carried out
with each normality, three with and three without the pres-
ence of potassium iodide.

When using 0.1 N solutions, results equally satisfactory are
obtained in the presence or absence of potassium iodide.
With 0.01 N solutions, potassium iodide should be employed
and its use is imperative when the solutions are 0.001 N,

It is obvious that a method for limiting the excess of thio-

ing potassium iodide solution (2.5 per cent) dropwise, 1 to 3
drops producing a local starch-iodide blue which fades on
stirring.

Se0; + 4HI —> Se + 2H,0 4 21,

Thiosulfate is added in 5-ml. portions until upon the addi-
tion of potassium iodide, the starch-iodide blue is no longer
produced. Since the stoichiometrical relations are the same
for the hydriodic acid reduction of selenious acid as for the
thiosulfate, no correction is necessary for the addition of the
iodide. When 0.01 and 0.001 N solutions of thiosulfate are
employed, 25 per cent potassium iodide should be used for the
indicator. This method for keeping the excess of thiosulfate
to less than 5 ml. is rapid and reliable, and is important, since
with the use of a larger excess the Norris and Fay titration is
less accurate.

In the Norris and Fay procedure the titration is carried on
in the presence of hydrochloric acid. The authors found
that hydrobromie, sulfuric, and perchloric acids were equally
satisfactory at both 0° and 20° C., with thiosulfate solutions
0.1 N, 0.01 N, and 0.001 N. The weak acids, acetic and
phosphoric, were found to be unsatisfactory, as was nitric acid.

Summary

Using pure selenium as a primary standard, the accuracy of
the Norris and Fay method was found to be between 1 and 2
parts per 1000.

This titration can be carried out at room temperature if a
small excess of thiosulfate solution is used. A rapid method
for controlling this excess is described. This modification
results in a considerable saving of time in the use of this
method. For accuracy only a small excess of thiosulfate
solution should be used.

Hydrobromic, sulfurie, perchloric, and hydrochloric acids
can be used in the Norris and Fay procedure.
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Improved Extractor for Monoamino Acids |

D. W. WOOLLEY, University of Wisconsin, Madison, Wis.

HE extraction of monoamino, monocarboxy amino acids from
neutral aqueous solution with butyl alcohol () has been shown
to be useful in the isolation of these compounds. One difficulty has

been that because of the relatively high temperature required to boil,

the butyl alcohol, some of the amino acids are converted into their
anhydrides. While this difficulty has been partly overcome by reduc-
ing the pressure in the extractor, the amino acids which precipitate in
the boiling flask adhere to the walls and consequently are still subjected
to rather elevated temperatures.

The apparatus shown in the diagram eliminates this difficulty, for as
the amino acids crystallize in the modified boiling flagk, they settle to
the bottom of the tubular part where they remain at room temperature.
Since the capillary extends only to the bottom of the heated zone, the
lower layer of liquid is not stirred and the extract remains quiescent.
Suction from a water pump is applied at the top of the condenser and is
regulated by adjusting a screw clamp on a piece of rubber tubing
attached to a side arm at the top of the condenser. The temperature
of the boiling butanol is about 50° C. With this extractor no amino
acid anhydrides could be detected in the extract. While this apparatus
was developed primarily for the extraction of amino acids, it undoubtedly
would be useful wherever it is necessary to extract heat-labile sub-
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stances from solution with an immiscible solvent.
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Reaction of Alcohol-Gasoline Blends to
the Doctor Test

W. K. MCPHERSON AND LEO M. CHRISTENSEN, The Chemical Foundation of Kansas Company, Atchison, Kan.

NE of the common qualitative methods for detecting

the presence of mereaptans in motor fuel is the doctor
test. The chemistry of this test has been reviewed by
Wendt and Driggs (4) who summarize the reactions as
follows:

2RSH + Na;PbO, —> 2NaOH -+ Pb(SR):
Pb(SR): + S —> PbS + (RS),

That other reactions occur was recognized by Hallett and
Sowers (3). Peroxides are known to affect the reaction
2,3).

Tl)le commercial distribution of alcohol-gasoline blends
led to reports that these fuels give a sour reaction in this
test very similar to that obtained with mercaptans or per-
oxides. In view of these reports a series of tests was made
on various substances which are commonly used as de-
naturants for ethyl alcohol, ethyl alcohol itself, and ethyl
alcohol in blends with gasoline. The results of these tests
are given in Table I. All blends of gasoline with 40 per cent
or more ethyl alcohol show a sour reaction. :

In view of these results it is recommended that the A. 5.
T. M. methods be used for the determination of sulfur in
alcohol-gasoline blends. If a qualitative test for mercap-
tans is necessary, the presence of these interfering sub-
stances must be taken into account. The authors have not

TasLE 1
Denaturants:
Gasoline Sweet
Benzene Bweet
Acetone U. 8, P. Sour
n-Butanol c. P, Sour
Mixed isonitriles Sour
Wood alcohol Bour
Pontol K Sour
Ethyl alcobol c. r. Bour
Alcobol-gasoline blends:
Blend 1. Gasoline 959, ethyl alcohol 5§ Sweet
Blend 2. Gasoline 909, ethyl alcohol 1 Sweet
Blend 3, Gasoline 809, ethyl aleohol 20 Sweet
Blend 4. Gasoline 70%, ethyl aleohol 30 Bweet
Blend 5. Gasoline 609, ethyl alecohol 40%, Bour

“studied these reactions further, since the test is not quanti-
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tative and is not generally accepted (7).
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A Rapid Moisture Tester

EGBERT FREYER, Spencer Kellogg & Sons, Inc., Buffalo, N. Y.

N THE control of the crushing of oilseeds and in

various other plant-control programs, speed in making
moisture determinations is often of greater importance than
absolute accuracy of results. Moreover, simplicity of pro-
cedure and manipulation is a desirable feature of a test in-
tended primarily for plant use, in view of the necessity of
letting the shift operators maintain their own control after
the usual laboratory hours and in cases where the scale of
operation is hardly extensive enough to justify employing
& chemist.

limited. Moreover, the accuracy obtained in both methods
is not all that one might desire.

The tester described here follows the conventional drying
oven principle and is a modification of an English-made
device, the Carter-Simon tester, for which the writer has
found only one domestic source of supply (The Grain Re-
porting Bureau, Chicago). The accuracy is about the same

as obtained in the conventional oven. The present design
possesses the following advantages over its prototype:
(1) Twice as many samples may be put through in one run.
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Figure 1

Most of the rapid moisture-testing equipment in common
use suffers from one objection or another. The Tag-Heppen-
stall resistance meter is extremely useful in handling large
numbers of grain samples with a minimum of delay and a
maximum of ease, but the first cost is high and it is not
adaptable to ground materials, nor to those of relatively
low moisture content. The Brown-Duval tester is bulky and
elaborate; it requires the handling of considerable oil, and
the number of samples which can be run at one time is

(2) A built-on water-cooled desiccator saves about 15
minutes by reducing the cooling period. (37 When fitted with
a driving mechanism, six samples may be run through
automatically and left in the desiccated cooling chamber
until the operator can make the final weighings. :

The usual objection to the use of a high temperature for
shortening the time of drying results from the loss, through
volatilization or decomposition, of matter not water. This

- apparatus overcomes that objection, at least in part, by
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ensuring the rapid passage of such a quantity
of hot, dry air over the material that the mois-
ture is removed before the material itself has
time otherwise to lose weight. This action is
accomplished by the simple and ancient means
of providing an adequate stack to induce a
strong draft. (See Figures 1and 2.)

Apparatus

The heating space consists of a 5.7-cm. (2.25-
inch) brass tube, 30.5 cm. (12 inches) long, brazed
at each end to brass plates 11.4 cm. (4.5 inches)
square, into which are cut openings just large
enough to pass easily the official American Oil
Chemist Society’s aluminum moisture dishes (2
X 0.75 inches, 5 X 1.9 ecm.). Concentric with
the air chamber tube, and also brazed to the end
plates, is a 7.6-cm. (3-inch) brass tube forming,
with the inner tube, a jacket in which the heat-
ing liquid is boiled. Through the center on the
top passes a 3.7-cm. (1.5-inch) brass nipple for
connecting the glass or metal stack, which also
serves as a thermometer well. Another short nipple communicat-
ing only with the jacket carries a reflux condenser. Running
longitudinally through the air chamber is a shelf of brass on which
the moisture dishes rest.

Heat is furnished by a 250-watt, 30.5-cm. (12-inch) space
heater wired on the bottom. The outside is lagged with 1.27
cm. (0.5 inch) of asbestos-magnesia, except on the end plates,
where 1.27-cm. (0.5-inch) transite pieces are secured with bolts.
On the outlet end, however, a second smaller square of transite
is fastened to serve as the end of the desiccator chamber, which
is simply a box 11.4 X 11.4 X 30.5 cm. (4.5 X 4.5 X 12 inches)
in outside dimensions, made of 0.63-cm. (0.25-inch) masonite
(or transite) and held together by angle brackets bolted on the
inside. Down the length of this is a brass strip, flanged slightly
on either side to keep the dishes centered. A loop of 0.63-cm.
(0.25-inch) copper tubing is soldered to the under side of this
strig, through which water may be passed to cool the strip and
its burden of hot moisture dishes, thus saving several minutes.
Calcium chloride is kept in the box to a level almost flush with
the strip. The cover is a removable glass plate resting on all
sides on cleats faced with felt.

TABLE I. TEMPERATURE VARIATIONS

Temperature

No. Tests at

Time in Oven Center
Min. %.Co
Start Empt, 142
1 g}y 142
4 2 142
6 4 127
9 4 127
11 6 124
14 6 128
16 4 128
19 4 136
21 2 138
24 2 141

Tasue II. CaECK RESuLrs
1.5 Hours at 110° C, 15 Min. at 135-140° C.

Material in Freas Oven in Freyer Tester
%o %
Linseed meal 8.28 8.36
11.13 11.19
10.72 10.54
c b ; 10.88 lg.gﬁ
astor beans 5.0 §
Fuller's earth 9.01 9.16-9.20°
Meal 9.1 9.1
8.3 8.3
9.5 9.55

% Same material put through second time.

The heating liquid should be chosen so that when it
boils, the air temperature at the base of the stack is 136° to
142° C., and does not fall below 120° C. when the oven is
loaded. The writer uses a petroleum fraction boihng.at
240° to 250° C. Table I shows how the temperature varied
during & full run.
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Operation

Two dishes containing the material being tested (5 9
each) are shoved into the open end, left for 5 minutes, and then
moved into the center of the air space by shoving the next two
tests in behind them. Five minutes later two more tests are
introduced, each dish moving up two spaces. At the end of 15
minutes the first two will have been shoved into the desiccator;
and at 5-minute intervals different pairs will pass out of the oven
into the desiccator, each pair having been in the heater for 15
minutes; and each test will have occupied (relative to the ends
and center) the same position as every other test, and will have
been submitted to the same heating conditions.

In this respect the present method possesses an advantage
over the conventional drying oven, in which, unless specially
designed, temperature variation from one shelf to another
may occur. The conditions chosen were such as to give the
same results on soybean and linseed meals and ecracked
soybeans as are obtained in a Freas oven at 110° C., drying
for 1.5 hours. How well the results check may be seen
in Table II.

If desired, the tester may readily be equipped with a
simple mechanism to draw the samples through the heater
at the proper rate. The photograph shows a small motor
with built-in double reduction gears driving a shaft, around
which winds a piece of string drawing through a small sled-
like strip of metal carrying the loaded moisture dishes.
It is timed so that 30 minutes elapse during the passage of
the first dish from the entrance of the tester to the end of the
desiceator, or 61 c¢m. (24 inches). It would be very easy to
rig & tripping device to shut the motor off when all dishes
have passed through the heater. Ordinarily, an interval
timer is used, and becomes almost a necessity if the motor
drive is not employed, and if the operator’s attention is
required on other duties. An additional convenience is a
small stick 45 cm. (18 inches) long and marked at 10-cm.
(4-inch) intervals to use in shoving the pairs of tests through
the oven. The marks serve to indicate the positions occupied
by the tests when only a few are run.

Recervep May 10, 1937,




A Sensitive Glass Electrode of Durable Form

ANGUS E. CAMERON
Eastman Kodak Company, Rochester, N. Y.

HE fragility of the ordinary bulbular form of glass elec-

trode is a matter of common experience. The electrode
described here approaches the ideal combination of low re-
sistance and rugged form. The steps in its construction are
outlined in Figure 1.

A bulb of fairly heavy wall is blown from 1-cm. diameter Corn-
ing 015 glass. This bulb is blown at an angle of 45° to the tube
and is about 2 cm. in diameter. A small needle flame is then
directed against the bulb near the stem and, when a small spot
of glass is hot, the bulb is removed from the flame and sucked in,
thus forming a bulb within a bulb, as shown in B. The sucking
is best done through a rubber tube in order to observe the forma-
tion of the inner bulb. The bulb is allowed to cool somewhat and
a spot on the bottom, diametrical‘l{; opposite the top opening,
is heated with a tiny gas flame. A flame about 1 em. long, burn-
ing on the end of a drawnout glass capillary, is suitable for this
operation. A small bulb is sucked in until it touches the inner
bulb and forms a flat membrane. Without further suction, the
flame is directed at the center of this membrane until the glass
melts through and the hole opens out.

It has not been found necessary to attempt to anneal these
electrodes. Breakage from strain occurs principally in elec-
trodes having too thick an outer bulb. Electrodes which are
so thin as to lack durability can be eliminated by gently

sucking or blowing in them. A membrane which shows any ..

spots of color, or which clicks when blown in, is too thin.
The thickness of the inner bulb can be regulated somewhat
by the size of the area heated before the bulb is sucked in.
Dependable electrodes having resistances of from 1 to 10
megohms are easily made.

o

I"1IGURE |

The electrodes are filled with a small amount of buffer to
the level indicated by the arrow in C, and a suitable reference
electrode is inserted. The electrode is immersed in the un-
known solution to the depth indicated by the arrow.

Electrodes of this form are very sturdy, but it is obvious
that a severe jolt will break them when they are filled with
liquid. Because of the form of the sensitive membrane, they
are not well adapted to measurements in liquids of high vis-
cosity. Electrodes of this type have been used continually
for 6 months in routine measurements, where they have re-
placed electrodes of the ordinary bulbular form which were
broken on the average of once a week.

REecErveD June 17, 1937,

A Buret-Filling Device for Portable Reagent Reservoirs

\

- NEIL E. RIGLER

Bureau of Plant Industry, U. S. Department of Agriculture,

Austin, Texas

HE use of compressed air for filling burets with reagents from

portable containers is limited to reservoirs of a capacity which
requires frequent filling. The device presented has the advantage
that it can be adapted to bottles of any size, and the buret can be
filled by the use of a small amount of air affected only to a negligible
extent by the solution level in the bottle.

The diagram shows the construction of the accessory which is used in
this laboratory in 20-liter (5-gallon) bottles. The buﬂ‘;, A, at the bottom
of the bottle has a capacity slightly greater than that of the buret, B, and
is of a diameter as large as the neck of the bottle will allow; this facili-
tates a more complete withdrawal of solution from the bottle. It is sealed
to a tube, C, of a size which permits the entrance of the delivery tube,
D, carrying the solution to the buret. The valve, E, is made by grinding
a glass rod into a seat obtained by sealing 4-mm. tubing to the bulb.
The ground portion of the glass rod is broken to a 6-mm. (0.25-inch) length
and inserted into the ground seat. The delivery tube is adjusted so that it
prevents the valve from rising too far and becoming unseated.

The small stopper in the buret and the large one in the bottle should
each carry a smaﬁ opening to permit the passage of air.

The side arm of the T-tube, F, immediately above the pressure bulb is
bent both towards the bulb and forward to facilitate closing with the thumb
when pressure is applied. One squeeze is sufficient to fill the buret.

RecetvEDp August 7, 1937.
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Determination of Chloroform Extract of

Beet Leafhopper

A Micromethod

ROBERT A. FULTON
Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, Columbus, Ohio

N CONNECTION with certain nutritional studies of the
beet leafhopper, Eutettiz tenellus (Baker), it was desired to
determine the chloroform-soluble components, or extractives,
of the insect as an aid in judging the amount and nature of

ties (above 50 per cent at 23.89° C., 75° F.) interfere with the
determination because of the hygroscopic nature of the insect
material. Low humidities that are usually found in the desert
regions are ideal for the performance of the method.

TasLe I. CHLOROFORM EXTRACTIVES OF BEET LEAFHOPPERS COLLECTED IN SOUTHERN

Ipamo, 1931
Date Locality Host Plant Chloroform Extractives
%o

May 20 Mountain Home, Elmore County Sophia parviflora 34.9,34.5,34.7,34.6
Ma;: 20 Glenns Ferry, Elmore County Sophia parviflora 5.4,35.5,35.1, 35.4
July 8 Qakley, Cassia County Beta vulgaris 42.4,42.6,42.1,42.3
July 14 Shoshone, Lincoln County Salsola pestifer 36.2, 36.4, 36.0, 36.3
July 14 Pocatello, Bannock County Salsola pestifer 38.7, 39.0, 38.5, 38.8
July 14 Adelaide, Minidoka County Salsola pestifer 39.4, 39.5, 39.2, 39.4
July 14 American Falls, Power County Salsola pestifer 39.2, 38.8, 39.0, 39.3
October 8 Roseworth, Owyhee County Artemisia tridentata 42.7,42.6, 42.4, 42.5

its reserve energy. Owing to the small size of the beet leaf-
hopper (maximum weight 1.2 mg., females; minimum 0.7
mg., males) and to the necessity of working with small samples
and sometimes with single insects, a micromethod was re-
quired.

The method devised is an empirical one and the results are
of value for comparative purposes only. Any deviation in the
technic described alters the results.

Apparatus

The apparatus! (Figure 1) is a modification of the regu}ar
Wiley-Soxhlet extractor, reduced in size to permit extraction
from individual and small numbers of insects and to elixpmate
excessive glass surface, which would hold film of oils difficult
to remove by continuous extraction. It is made entirely of
heat-resisting glass.

A standard-taper ground-glass joint is used in the construction
of the apparatus to permit the use of several receivers with one
condenser. The extraction thimble, %, is approximately 4 mm.
in inside diameter and 15 mm. long, and has a small outlet in the
bottom to permit the chloroform extract to pass to the recsiver,
F. A thin layer of long-fiber cotton is placed in the thimble to

revent the fine material from passing to the receiver. A small
oop of glass is fused to the top of the thimble for suspension from
the condenser. The condenser, C, consists of a water jacket
sealed into the male portion of the ground-glass joint, surrounding
a tube, A, through which the water enters. The water is forced
directly to the lower end of the condenser. The returning water
is removed through the side arm, H. The receiver, F, is made
from the thin-walled tubing attached to the female portion of the
ground-glass joint. : :

The extraction thimbles have & maximum weight of 1 gram,
and the receivers a maximum weight of 8.5 grams. This load
permits weighing on the microbalance with satisfactory precision.
The microbalance used in this work was constant in sensitivity
from 0 to 12 grams.

Counterpoises with approximately the same surface as the
receiver are used to compensate for any humidity change
during the extraction. It has been found that high humidi-

1Since the development of this method, two extractors have been de-
scribed, which are applicable to biological problems (1, 2).
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The use of the apparatus may be best illustrated by a
description of a typical extraction.

The thimble is first extracted for 1 hour to remove any loose
fragments of cotton fiber. The thimble and receiver are then
placed in the drying oven (48° C., 118.4° F.) for 5 hours to en-

g sure complete removal of the
water film. They are re-
moved and placed near the

A microbalance and allowed to
stand 15 minutes for the
glass surface to reach equilib-
rium with the moisture of
the air. In regions of high
humidity the reservoir and
thimble must first be cooled
in a desiccator.

Procedure

The weighing procedure
is as follows:

The thimble is filled with
the ground insect material
and weighed. It is then at-
tached to the condenser hook
and 3 ml. of chloroform are
put in the receiver. The ap-
paratus is assembled, as
shown in Figure 1, and placed
on thesteamorairbath. As

Figure 1. CoNsTRUCTION
OF MICROEXTRACTOR

Water inlet

Standard-taper ground-glass
joint ;
Condenser

Condenser hook

Extraction thimble

Receiver

Solvent

Water outlet
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soon as the vapors of chloroform begin to form, the joint is
separated to allow the air to escape. When the small droplets
of chloroform appear near the glass joint, it is closed for the
duration of the extraction. After 16 hours, the receiver and
thimble are removed from the condenser and again placed in the
drying oven. At the end of 5 hours they are removed and
allowed to cool 15 minutes before being weighed. The weight of
the extracted insect plus the weight of the extract is used as a
check on the original total weight of the insect.

Large numbers of beet leafhoppers were collected from lo-
calities in south-central Idaho with especial reference to host
plant and its condition. The insects were killed immediately
with a minimum dose of cyanide and placed between sheets
of crepe paper to dry. This method of collection has been
found to be the most satisfactory where samples must be
transported over rough desert country. After their sex had
been determined, the insects were dried (at 48° C., 118.4° F.)

YOL. 9, NO. 9

for 24 hours, as this period had been found to give constant
weight of the insect material.

Table I shows a series of determinations made from eight
localities in southern Idaho in which four different host plants
were involved—namely, flixweed (Sophia parviflora), sugar
beet (Beta vulgaris), Russian thistle (Salsola pestifer), and
sagebrush (Artemisia (ridentata). Five females were used
for each analysis reported. All percentages are based on the
dry weight of the insect.

Literature Cited
(1) Gorbach, G., Mikrochemie, 12, 161 (1932).

(2) Titus, L., and Meloche, V. W., Inp. EnG. CHEM., Anal. Ed., 5,
286 (1933).
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Determination of Coumarin and Melilotic Acid

A Rapid Micromethod for Determination in Melilotus Seed and Green Tissue

WILLARD L. ROBERTS AND KARL PAUL LINK
Department of Agricultural Chemistry, University of Wisconsin, Madison, Wis.

TTEMPTS to improve the agricultural usefulness of
common sweet clover (Melilotus) by selecting and
breeding varieties low in coumarin have been impeded by the
lack of suitable methods for the estimation of coumarin in
seed and green tissue. [Coumarin and related substances
are responsible for unpalatability (bitterness). It also ap-
pears that the same class of substances is involved in the for-
mation of the toxic principle of spoiled sweet clover hay.]
The limitations of the existing methods were pointed out in
a previous publication (Z) which described a procedure for
the accurate measurement of three substances in the coumarin
group—e. g., coumarin, melilotic acid, and coumaric acid.
This method is, however, impractical for the routine assay of
large plant populations.
In the method described here the
authors have achieved a substantial re-

With viable seed tissue which usually contains only traces
of free coumarin but substantial quantities of bound couma-
rin, the rate at which the enzyme system is inactivated is
particularly significant. The authors have found that the
errors incident to the analysis of seed tissue when an incuba-
tion period is not involved can be of & high order of magnitude.
On the other hand, in succulent green tissue free coumarin
usually predominates. Hence the coumarin figures reported
on green tissue by methods that do not employ an incubation
period (Z) probably represent very close approximations of
the actual coumarin content. The value of this finding (the
necessity of the incubation period) to the geneticist attempt-
ing to select low coumarin-bearing plants through coumarin

duction in the size of the sample and
the time required for each analysis.
They have also placed the entire prob-

- v = \ - -

/Mirror

lem of coumarin analysis of seed and
green tissue on a much firmer basis by
including an incubation period for the

enzymatic release of bound coumarin. A
(The bound coumarin might be glycosidic
or in other combinations.)

When the coumarin content of green
sweet clover tissue or viable seeds is de-
termined by any method involving a

maceration of the tissue in the presence

of water, opportunity exists for the en-
zymatic hydrolysis of coumarin present

in the combined state. The magnitude
of the coumarin figures is determined by
two factors: the nature of the nonaque-

frerlecting Suriface

ous solvent used to extract the couma-
rin, and the length of time that lapses

and the inactivation of the enzyme sys-
tem either by the solvent or through
heating.

between the initial maceration operation A= O O O O O O O O O O O O
{

Ficure 1. CoLor COMPARATOR
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analyses on either the green tissue or viable seed tissue is ob-
vious. Heretofore the possibility existed that seeds classi-
fied as low in coumarin (or free from coumarin) on the basis
of the direct extraction methods might actually be high cou-
marin-bearing and thereby all attempts to gain the desired
objective by breeding experiments might be vitiated.

The essential features of the microprocedure described be-
low are as follows:

The finely ground seeds or disks of green tissue (representing
1 to 6 mg. on dry weight basis& are incubated in an aqueous me-
dium for 1 hour at 40° C. Coumarin and related compounds
are then extracted by grinding first with a small quantity of ethyl
alcohol and then with ethyl ether (peroxide—freg. The ether is
evaporated from the filtered extract and the remaining alcoholic
solution is made to volume with 0.05 N sulfuric acid. Heating
to 85°, followed by cooling and filtering, yields a water-clear
filtrate which is then ready for color development with the diazo-
tized p-nitroaniline solution first introduced by Clayton and
subsequently employed by Stevenson and Clayton (2) and by
Roberts and Link (Z). The melilotic acid is measured by treat-
ing an aliquot of the aforementioned solution with alkali at 85°.
After cooling, acidification closes the coumarin ring and the
development of the color upon adding the diazonium solution is
due to melilotic acid. Total melilotic acid and coumarin are
obtained by treating another aliquot with alkali at 85° C. In
this case the coumarin ring is not closed, since there is no addi-
tion of acid and the color developed upon adding the diazonium
réagent is due to melilotic acid and coumarin. Coumarin is then
calculated by difference.

Experimental
ArparaTUS. Pyrex test tubes, 15 X 125 mm. marked for
10.0 ml. Color comparison tubes, matched 13 X 100 mm.

Pyrex test tubes marked for 8.0 ml. Matched Nessler tubes of
the same size would be superior.

Color comparator (Figure 1), 60 X 220 X 270 mm. The
comparator accommodates 12 standard tubes and carries half
circles fitted with clips for holding the unknown tubes during the
matching process. The tubes rest on glass and are protected
from horizontal light incident to the constant light source by a
white cardboard background. The light is reflected through the
length of the tubes by a movable whité surface below the tubes.
The colors are observed in an adjustable mirror above the tubes.

Filtration assembly (Figure 2, left). Side-arm test tubes, 18 X
150 mm., fitted with small long-stemmed glass Biichner funnels
of 18-mm. diameter.

Incubation tubes, mortar and pestle assembly (Figure 2,
right). Pyrex test tubes, 10 X 75 mm., fitted with corks carry-
ing small pestles prepared from 4-mm. glass rod. The length of
the pestles is 150 mm., the diameter of the grinding surface 7 mm.

SoLvenT. Ethyl ether free from peroxides (anesthesia
grade). :

ReaGenTs. p-Nitroaniline hydrochloride (solution A). Dis-
solve 3.5 grams of p-nitroaniline in 45 ml. of 37 per cent hydro-
chloric acid, dilute to 500 ml. with distilled water, and filter.
This solution keeps indefinitely if stoppered. :

Sodium nitrite (solution B). Dissolve 5 grams of sodium
nitrite in 100 ml. of distilled water. Keep this solution in a dark
bottle away from light and renew it frequently.

Diazonium solution. Thoroughly chill a 100-ml. flask and
solutions A and B in chipped ice. Pipet 3 ml. of solution 4 and
3 ml. of solution B into the flask, chill for 5 minutes, add 12
ml. of solution B, mix, chill for another 5 minutes, fill to the
mark with ice-cold distilled water, mix, and place in .clupped ice
for 15 minutes before using. If kept in ice this solution remains
stable for at least 24 hours. :

PREPARATION OF COLOR STANDARDS. Add standard coumarin
solution (an aqueous solution containing 4 gamma of coumarin
per ml.) in 2-gamma increments to 12 color comparison tubes.
The first tube contains 0 gamma and the last tube 22 gamma of
coumarin. Next add exactly 1 ml. of 1 per cent sodium carbonate
to each tube and sufficient distilled water to make a volume of
about 6 ml. Mix each tube by stoppering with the finger and
inverting; then place in a water bath at 85° C. for 5 minutes.
Cool to room temperature and add 1 ml. of the diazonium solu-
tion drop by drop, mixing after each addition. Make to volume
with distilled water, mix, and place in the color comparator.
These standards should be discarded at the end of each day be-
cause of the development of a yellow color which darkens the
original red shade.
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Ficure 2. FILTRATION ASSEMBLY
(Lerr) AND INcuBaTION TUBE (RIGHT)

ANALYTICAL PrROCEDURE. Seed sampling. Grind six or more
seeds to a fine powder in a small mortar, weigh 4 mg. or less to
=0.01 mg., and transfer the weighed sample to an incubation
tube containing about 0.1 gram of 70-mesh sharp-edged quartz
sand. (Single seeds or portions of a seed weighing as little as
0.5 mg. may also be analyzed.) Moisture may be determined
in the usual manner if the results are to be calculated to the
moisture-free basis.

GREEN TissueE SAmprLiNG. The coumarin content varies
with the stage of development of the plant and with the part
of the plant from which the sample is taken. For attempts
to correlate the coumarin content in green tissue with that in
the seed from which the plant was grown, it is tentatively
suggested that the plant should be sampled just before blos-
soming.

A sharp cork borer cutting 6- to 7-mm. disks can be used for
the sampling. Cut single disks (eight in all) from the center of
eight leaflets of fully developed leaves on the upper part of the
plant. Transfer 4 disks to an incubation tube containing 0.1
gram of 70-mesh sand and thoroughly dry 4 other disks at 105° C.
for the determination of the dry weight of the 4-disk sample.

Preparation of ‘“Solution for Analysis.” Add 0.1 ml. of water
to the sample of seed or green tissue disks in the incubation tube,
grind, and stopper by sliding the cork over the handle of the
pestle. Incubate for 1 hour at 40° C.. remove, and add 4 drops
of aleohol. Grind, add about 1 ml. of ethyl ether, grind, and
filter into the test tube marked for 10 ml. For filtration use the
small glass Buichner funnel fitted with a disk of filter paper and a
heavy pad of dry asbestos. Again add 4 drops of alcohol, grind,
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TABLE I. DETERMINATION OF MELILOTIC AcID AND COUMARIN
IN ADMIXTURE WITH EAcH OTHER

Substance Added

Melilotic Coumarin

M(;:lilotic Acid

acid Coumarin Foun Deviation Found Deviation
Y 9 Y Y Y .
20 0 19.8 —-0.2 0 0
20 1 19.8 —-0.2 1 0
18 2 18.0 0.0 2 0
16 4 16.2 +0.2 4 0
12 8 11.7 -0.3 9 +1
10 10 9.9 —0.1 10 0
8 12 8.1 +0.1 12 0
4 16 3.6 —0.4 16 0
2 18 1.8 —0.2 19 41
1 20 0.9 —0.1 20 0
0 20 0.0 0.0 20 0
2 4 1.8 —0.2 4 0
4 2 3.6 —0.4 2 0
4 4 3.6 —0.4 5 +1
8 8 8.1 +0.1 8 0
Tasre II. Recovery or MeLiLoTIC AcIiD AND COUMARIN

ADDED TO PLANT EXTRACT

Added Total Found Recovered
Melilotic Cou- Melilotic Cou- Melilotic Cou-
Weight acid marin acid marin aci marin

Myg. % ) % %o % %

Green Tissue

Sample

M. dentala 92 6.72 'y i3 0.14 0.00 S G
6.72 0.14 0.74 0.28 0.78 0.14 0.78
Common white 5.77 & R 0.17 1.04 fig S
5.77 0.35 0.87 0.54 1.90 0.37 0.86
Seed
M. dentata 89 5.43 S o 0.21 0.14 A o
5.02 0.80 0.80 0.99 1.00 0.78 0.86
Common white 5.01 50 (i 0.18 1.70 W 5
2.52 1.19 1.58 1,47 3.15 1.29 1.45

add ether, grind, and decant through the filter as before. Repeat
this operation two times more and finally wash the pestle, the
outer edge of the test-tube mortar, and the funnel with a small
jet of ether. The total filtrate amounts to about 4 ml. Now
carefully evaporate the ether by placing the tube in a water bath
at 45° C. Next dilute the small amount of alcohol and water
remaining in the tube to the 10-ml. mark with 0.05 N sulfuric
acid, mix, warm to about 70° C., shake, cool, and filter with suc-
tion through a new filter prepared as above for the ether filtra-
tion. The filtrate is water-clear and constitutes the solution for
analysis.

A. Determination of Melilotic Acid. Pipet a 4-ml. aliquot
of the solution for analysis to a color comparison tube, add 1 ml.
of 0.5 N sodium hydroxide, mix, and heat for 5 minutes at 85° C.
Cool to room temperature, add 1 ml. of 0.5 IV sulfuric acid, mix,
and let stand at least 10 minutes to ensure complete closure of
the coumarin ring. Next add 1 ml. of diazonium solution, mix,
and add 0.5 ml. of 5 N sodium h{;liroxide in small drops, mixing
after the addition of each drop. ake to volume, mix, and com-
pare immediately against the coumarin standards.

B. Determination of Melilotic Acid and Coumarin. Pipet a
1- to 4-ml. aliquot (depending upon the coumarin content) of the
solution for analysis into a comparison tube and, if less than 4 ml.
are used, add sufficient 0.05 NN sulfuric acid to make4 ml. Next
add 1 ml. of 7 per cent sodium carbonate, mix, heat for 5 minutes
at 85° C., and cool to room temperature. Now add 1 ml. of the
diazonium solution drop by drop with mixing after each addition,
make to volume, mix, and compare immediately against the
coumarin standards.

CarcuraTions. Melilotic acid = A X 0.9; coumarin =
B—A. Calculate per cent on the basis of the weight of the
dried disks or the ground seed and the aliquots used.

AN AprpROXIMATE RaPID METHOD FOR COUMARIN. For
rapidly classifying large populations of seeds and plants into
low-, medium-, and high-coumarin groups, the procedure out-
lined in this paper may be further shortened.

For this purpose use a 1-mg. sample of ground seed or a single
disk of green tissue (the sampler is adjusted to cut disks weighin
1 mg. when dry) from the center of a fully developed terminal
leaflet of a trifoliate near the top of the plant. Grind, incubate,
and extract according to the regular procedure. After evapora-
tion of the ether add exactly 3 ml. of 0.05 NN sulfuric acid (instead
of making to 10 ml. with the same reagent), heat, shake, and
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filter directly into a comparison tube. Wash with exactly 1 ml.
of 0.05 N sulfuric acid. Next develop the color in the entire
filtrate according to determination B. The gamma observed
divided by 10 equals per cent of coumarin and melilotic acid.

By choosing similar leaves in plants of the same age the
weight of the dry disks is remarkably constant, regardless of
the slight variation in the moisture content. Results ob-
tained in this manner on tissue disks will not vary over 0.2 per
cent from the actual content, and 1-mg. samples of ground
seed weighed against a 1-mg. counterpoise on a balance sensi-
tive to 0.1 mg. show greater accuracy.

Results of Analyses

Table I shows that reliable results are realized when the
method is applied to pure solutions of melilotic acid and cou-
marin. With a 4-ml. aliquot from a 5-mg. sample made to 10
ml., an error of 1 gamma in the color-matching process would
amount to 0.05 per cent of melilotic acid or coumarin. The
table shows, however, that an error of this magnitude is in-
frequent.

Table IT shows good recoveries when pure melilotic acid
and coumarin are added to aliquots of the solution for analy-

sis.

Table III shows typical results obtained on seed and on
green tissue produced in a hothouse. There is good agree-
ment between duplicates. (The melilotic acid content of
green tissue is often many fold that reported in this table, 1.)

TasiE III. MgeriLoric Acib AND COUMARIN CONTENT OF
GREEN TIsSUE AND SEEDS OF MELILOTUS AND ALFALFA
Melilotic
Sample Weight ci Coumarin
Mg. % %
Green Tissue (Per Cent on Dry Basis)
Alfalfa 4.12 0.18 0.08
M. dentata AC 92 6.72 0.14 0.00
Common white A 43 5.77 0.15 0.87
Common white A 190 5.64 0.16 1.08
Common white 5.59 0.23 1.44
Common yellow?® ; 5.05 0.18 1.60
Seed (Per Cent on Basis of Entire Seed)

Alfalfa 4.84 0.19 0.00
M. dentata annual 5.45 0.18 0.09
M. dentata AC 89 5.43 0.19 0.14
M. dentata AC 85 5.44 0.16 0.18
Common white A 43 5.02 0.27 1.10
Common white A 190 4.93 0.19 1.41
Common white 5.01 0.18 1.70
Common white 2.57 0.17 1.75
Common yellow 12.71 0.31 2.02
Common yellow 5.51 0.31 1.95
Common yellow 2.41 0.28 2.06

& This sample of green tissue was taken from a plant with very old leaves
Most of the blossoms were gone. Earlier runs during the development of
the method indicated a much higher coumarin content.

Table IV shows the course of the hydrolysis of bound cou-
marin, probably glycosidic. From the data it is apparent
that the enzyme liberates coumarin rapidly at 40° C. Al-
though the reaction was complete in 30 minutes at 40° C., 1
hour at this temperature was selected as a suitable incubation
period.

From a consideration of the structure and properties of
coumarin and possible coumarin glycosides, it appears likely
that an equilibrium between coumarin and the glycoside is
not set up. The hydrolysis apparently goes to completion
because of closure of the coumarin ring as the reaction pro-
ceeds. Once closed it is unlikely that the ring would open
again, under these conditions, to permit glycoside formation.

Summary

A rapid microcolorimetric procedure for the separate es-
timation of coumarin and melilotic acid in sweet clover (green
and seed tissue) is presented. The procedure is based on the
production of a red dye produced by coupling coumarin and
melilotic acid with a diazotized solution of p-nitroaniline.

The method is suitable for routine assay work in genetical
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TasrLe 1V. LiBEraTION OF COUMARIN IN SwEET CLOVER SEED
BY ENzYMATIC ACTION?

Weight of Tempera- . Melilotic o
Sample ture Time cil Coumarin
Mg. 9505 Hours % %
5.608 L 0.15 0.02
5.01 25 12 0.32 1.55
5.51 25 24 0.31 1.98
4.64 25 48 0.32 1.90
5.60b e 0.15 0.02
4.76 40 0.5 0.32 1.96
4.81 40 0 0.32 1.92
5.07 40 1.5 0.31 1.92
4.75 40 2.0 0.32 7 1.95
4.83 40 3.0 0.32 1.89
4.72 40 4.0 0.32 1.90

¢ Similar ether-extraction of intact green leaf tissue indicated 0.63 per cent
of free coumarin, Total coumarin obtained by inserting an incubation
period showed a coumarin content of 1.43 per cent. Bound coumarin
therefore amounted to 0.80 per cent.

b The amount of free coumarin in the seed was determined by grinding a
5.60-mg. sample with sand and ether in such a way as to remove free coumarin
if present (no incubation period was employed).

studies involving the examination of a large population of
green or seed tissue and requires samples of only a few milli-
grams.

A significant feature of the method is the inclusion of a
suitable incubation period (1 hour at 40°) for the enzymatic
release of bound coumarin prior to the extraction.
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All heretofore reported analyses on the coumarin content
of green sweet clover or viable seed tissue are inaccurate,
since allowance has not been made for the bound coumarin
which is readily released by enzymatic action.

Geneticists seeking low coumarin-bearing sweet clover
plants have now a rapid and accurate chemical assay method
for this purpose.
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A Fractional-Distillation Microapparatus

LYMAN C. CRAIG, The Rockefeller Institute for Medical Research, New York, N. Y.

HE development of organic micromanipulation has been

largely due to the necessity of using it in the study of
rare natural products or very costly
materials. It has certain advantages,
such as speed, economy, etc., and also
has limitations. A very serious limita-
tion, as compared with the custom-
ary organic macroprocedures, is that
of fractional distillation. Although
several apparatus for microdistillation
and in a degree for microfractiona-
tion (Z, 2) have been reported, no
attempt has been made to reach the
precision attained in macrowork by
the use of carefully controlled packed
columns, with the exception of Pod-
bielniak’s still (4) which requires a few
cubic centimeters or more.

Since in the degradative study of
certain natural products, the author
has constantly been confronted with
the need of more precise fractional
distillation of small quantities, he has b
attempted to develop a more efficient f
apparatus. Results of the study at
this point seem to justify a preliminary
communication, although the work is
still in progress.

100 mm:

Design of Apparatus

Although the principle is the same
as that employed in macrocolumns,
the requirements for proper execution

aresomewhat different. Obviously an —]
extremely small holdup becomes nec- Tmm.
essary. This requirement, however, FIGurE 1

can be partially counterbalanced by the fact that the capacity
of the microcolumn can be extremely small and proportionately
small reflux is thus required. Bearing in mind these factors,
the apparatus shown in Figure 1, designed for volumes of
0.5 to 2.0 gram of material, has been devised. When approxi-
mately 0.3 gram of distillate was collected per hour, it gave
a separation of benzene-carbon tetrachloride mixture corre-
sponding to approximately 8 theoretical plates according to
the method of Fenske and co-workers (3). It has a holdup
(weight of material in apparatus when distilling flask has
just become dry) of approximately 0.1 gram for these liquids,
the column being 10 cm. in length and approximately 7 mm.,
in diameter. The apparatus (Figure 1) is constructed as
follows:

The distilling flask, a, is a round bulb of 4-cc. capacity. Into
the flask is sealed a tube which is as straight as possible but very
thin-walled, made by drawing out from a large tube so that it is
about 7 mm. in diameter. Experiments with the standard
Pyrex tubing, in which the walls are 1 to 1.5 mm. thick, have
given poor results. A good explanation of thisseems to be lacking
and must be investigated further, This tube, which serves as the
outside of the column, is surrounded by a sealed-on glass jacket
£, for protection and insulation. The effect of silvering and
evacuating the jacket has not yet been studied. A tube 15 cm.
wide and 50 mm. long is sealed to the upper end of the column
and has a ground-glass joint at its upper end, through which ex-
tends the condenser, 7. This tube has an outlet tube, d, for evacu-
ating when reduced pressure is used, and another outlet tube, c,
fitted with a small ground-glass stopper.

The condenser, 7, carries a rubber stopper at its top, throu
which extends a glass tube, k, for the entrance of water into the
condenser, the water leaving the condenser through the exit
tube, g. The lower end of the condenser tube is drawn out into
a rather narrow thin tip which has sealed on its end a cup, e,
which holds approximately 0.2 cc. Liquid condensing on the
upper part of the condenser will run down and be caught in the
cup, where it can easily be withdrawn through tube ¢, when a
fraction is desired, by means of a small pipet. The inside part of
the column is represented by b, which is & very thin-walled tube,
sealed at both ends, of shape represented. It is not attached to
the rest of the apparatus and can be removed at will by a small
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glass hook at its top. Its lower, drawn-out end rests on the
bottom of flask a and the upper part is held away from the out-
side part of the column at a distance of about 1.5 mm. by six
tiny glass nipples, 1.5 mm. long, which are sealed on the surface
of tube b. The outside diameter of b must therefore be approxi-
mately 4 mm. in order to give the necessary 1.5-mm. clearance
all around.

Heat is supplied to flask a by means of a small oil bath, which
is kept constantly stirred mechanically with a small air-driven
motor. A thermometer in the oil bath is the only measure of
temperature possible for low-boiling liquids with this apparatus.
Experiments with a tiny thermocouple at the top of the column
were not. promising.

The liquid to be fractionated is inserted with a pipet through
the top of the apparatus before the inside lEart. of column b is put
in place. The temperature of the oil bath is then slowly raised
until the ring of condensing liquid at the top of the vapor just
reaches the tip of cup e or the top of the column. To do this, it
is necessary to adjust the temperature of the oil bath to = 0.5°.
Material will then slowly diffuse from the ring of liquid through
the vapor phase up to the upper part of condenser ¢ and then run
down to cup e. In this way approximately 0.3 gram of liquid can
be obta.ineci) in an hour, and tgis has been found by experiment
to be about the capacity of the still for maximum fractionation
with carbon tetrachloride-benzene mixtures. When run more
quickly than this, the efficiency of the still was rapidly affected.

When operateci in the way described, the insicfe part of the
column gets its reflux from material condensing on the outside of
cup e and a thin film of liquid accordingly runs down over the
entire surface of b. In the corresponding way the outside part
of the column gets its reflux from the top, this being exposed to
the air just above jacket f. A uniform flow of liqui?(i)s thus
fuinished to the entire inside surface of the outside part of the
column.

In fractionating a mixture, arbitrary fractions are with-
drawn by means of a capillary pipet through e, and the boiling
point, refractive index, ete., are taken on each fraction by well-
known micromethods.

For maximum operation there must be a small, constant
temperature gradient between the inside part of the column
and the immediate outside atmosphere. This gradient would
be too large for high-boiling liquids, too much condensation
would occur at the top of this
column, and flooding would result.
Too large a vapor velocity would

n be necessary to supply the reflux
and the efficiency of the column
, would drop rapidly.
w i To overcome these difficulties, the
d apparatus is placed in a glass tube of

approximately 3.5-cm. inside diameter

c which reaches from a point at the
base of ¢ to the lower part of jacket f,

LA as shown in Figure 2. The glass
- tube is held in place on the apparatus
i\\ by means of thin corls, 1, cut accord-
ingly. The outside of the glass tube
ey is wrapped with a suitable amount
of Nichrome wire, m, so as to serve as
a heating unit and is attached to a

i~ —1—M  variable resistance. A thermometer,
~— L — n, passes through the cork at the
SIS [ top of the glass tube and is thus sus-

f pended between jacket fand the glass

tube. In this way the still can easily
be maintained at a temperature best
suited for its maximum performance.

l[l/
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Tests on Synthetic Mixtures
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In order to be sure of the value
of a fractionating column, actual
tests on the separation of synthetic
1 mixtures are necessary. Figure 3
represents graphically some of the
many tests made. The first mix-
ture (mixture I) was a 50 per cent
by weight mixture of chloro-
benzene and toluene. These two
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1, 2,3,4. Mixture I
5. Mixture II

liquids boil 21° apart. An ordinary distilling flask gave the
result represented by curve 1 (Figure 3). Curve 2 is the
separation given by a Vigreux column 18 cm. in length.
Curve 4 is the separation given by the distillation apparatus
described and illustrated in Figure 1 (10-cm. column), and
curve 3 is the separation given by this column when the center
stick (b, Figure 1) is removed from this column. All analyses
given in this paper were made by the refractive index method
and all the results are easily reproducible. Check runs on al}
the separations have been made.

In order to give a complete picture of a separation, the
data of Table I are presented. For this distillation 1 gram
of a 50 per cent mixture by weight of carbon tetrachloride—
benzene (mixture IT) wasused. Amounts are given by weight
rather than the customary mole fraction because the organic
chemist is more interested in the relative weights. The
separation was made in a still as described, except that the
column was 22 c¢m. in length.

TaBLE I. DISTILLATION DATA

Tempera-
ture of Per Cent
- : Temperature Column Refractive More
Fraction Weight Time of Oil Bath  Jacket Index Volatile
Gram  Min, 0.0 °C.
1. 0.070 14 86-7 42.5 1.46878 84.5
2 0.080 10 86.5-87.5 42.5 1.4678 84.5
3 0.100 12 87-87.5 42.5 1.4680 84.0
4 0.060 15 86.5-7 42.0 1.4676 85.0
5 0.050 14 87.5-8 42.0 1.4681 84.0
6 0.075 10 89-90 43.0 1.4708 80.0
7 0.055 12 90 43.0 1.4726 76.0
8 0.055 12 90-3 43.5 1.4767 67.5
9 0.060 7 93 44.0 485 48.0
10 0.050 93-93.5 44.0 1.4910 31.0
11 0.050 10 93.5-94 44.0 1,4937 22.0
12 0.070 9 94-6 44.0 1.4962 10.5
13 0.050 10 96-8 44.0 1.4968 7.5
14 0.150 Residue in still 1.4974 5.0
0.975 143

These data, when represented graphically, give curve 5,
Figure 3.

A study of the literature concerning macrofractionating
columns reveals the fact that efficiency curves are always
given for relatively small molecules and at atmospheric pres-
sures. Most substances encountered by the organic chemist
in laboratory work are larger molecules where it is necessary
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to use reduced pressure. With this in mind, a study of the
behavior of this type of column under greatly reduced pres-
sure is under way. Part of the data will be presented here.

The first mixture studied was methyl laurate-diphenyl ether
(mixture IIT). With the column as described (22 c¢m. in
length), very poor separations were obtained and the liquid
did not appear to wet the glass surfaces of the column but
collected in globules. When, however, the walls of the column
and of the outside surface of the inside column were lined with
a coil of No. 35 Nichrome wire similar to the column of Pod-
bielniak (4), approximately 6 turns per cm., a uniform film
of descending liquid was spread over the surface and curve 1,
Figure 4, was obtained when the distillation was done under
0.20-mm. pressure and 1 gram of the mixture was used. An
ordinary distilling flask gave with this mixture and under this
pressure a distillate containing 67 per cent of the more volatile.
Without the center part of the column (b, Figure 1), curve 2
was obtained, thus again confirming the desirability of the
center part (b, Figure 1) of the column’ The results obtained
with this mixture were duplicated by the results obtained
with & 50 per cent mixture of a-chloronaphthalene and methyl
laurate.

Curve 3, Figure 4, was obtained by distilling 1 gram of a
mixture of 50 per cent a~chloronaphthalene and diphenyl ether
(mixture IV) under 0.2-mm. pressure. This mixture, when
distilled from a distilling flask under 0.2-mm. pressure, gave
a distillate containing 52 per cent of the more volatile and the
two components appear to form a constant-boiling mixture
similar to carbon tetrachloride-benzene at approximately 95
per cent of the more volatile, as the column refused to give
further separation when a mixture of this composition was
distilled. With this curve and with the curve for mixture
IT the more efficient separation was obtained with the last
part of the distillation—the bottoms.

Curve 4 represents the separation obtained when mixture
IV was fractionated at 60-mm. pressure. An ordinary dis-
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1, 2. Mixture III
3, 4. Mixture IV

tilling flask gave, under 60-mm. pressure, a distillate contain-
ing not more than 50.3 per cent of the more volatile.
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Removal of Static Charges from Glassware
Using a High-Frequency Discharge

F. W. VAN STRATEN AND W. F. EHRET, Washington Square College, New York University, New York, N. Y.

MOST analysts have at some time or other had to cope
with disturbances in weighing due to the presence of
static charges on glassware. The present authors experi-
enced such difficulties when it became necessary to weigh
previously wiped glass-stoppered flasks of about 30-ml.
capacity. Although the wiping always left a charge on the
flask, it was only occasionally found objectionable. The
usual 10-minute period of waiting before weighing was ap-
parently sufficient on ordinary days to allow most of the
charge to leak off.

Marked disturbances were noted on certain clear, dry days
when the humidity was low. On these days the flask re-
tained a high charge for as long as 35 minutes, and the ir-
regular excursions of the balance pointer indicated that the
flask was either increasing or decreasing in weight. The re-
sults reported below show that the authors’ ﬂa:sk, when
charged, sometimes gained approximately 1 mg. in weight;
this was gradually lost as the charge leaked off. On the other
hand, there were times when the presence of a chg.rge caused
the vessel to weigh less than normally. Change in tempera-

ture of the vessel, due to rubbing, cannot be held to account
for the change in weight since, before weighing, the flask
was always permitted to stand at least for 10 minutes just
outside the partly open balance door.

The methods suggested in the literature for removing -
charges from objects to be weighed are relatively few and all
but two were proved unsatisfactory under the authors’
conditions. These two methods were not tested, since they
involve (1) introducing a radioactive material (3) into the
balance case and (2) humidifying the laboratory air (7).
The first procedure seemed to involve the risk of having
an active deposit form on parts of the balance; the second
required expensive apparatus or considerable attention.
Gamma radiations, from radioactive substances enclosed in
capsules, were also not tried because of the danger involved
in the continued exposure to uncontrolled amounts of radia-
tion. The authors believe, however, that controlled methods
involving radioactive substances can be satisfactorily em-
ployed, although no details appear in the literature. One
well-known method of removing charges from objects, that
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of heating momentarily to a high temperature, could not,
unfortunately, be used in the present case because of the
uncertainties involved in heating a flask containing a thermo-
labile hygroscopic material.

High-Frequency Discharge Apparatus

Since the known methods seemed unsuitable, a new pro-
cedure for discharging glass and similar nonconducting vessels
was devised. The charged vessel is held in a region of silent
discharge for a fraction of a minute, during which it becomes
completely discharged. In the case of the flasks used in
the authors’ analyses, a helix of copper wire (Figure 1) of
diameter sufficient to accommodate the flask was found a
satisfactory means of setting up a zone of high-frequency
discharge. The helix was set up on a frame of glass rods with
its axis normal to a grounded metal plate. The most effec-
tive shape and size of the discharging zone will necessarily be
determined to some extent by the shape of the vessel to
be discharged. Thus an absorption tube of the type used in
microanalysis required only to be held between two con-
ducting strips, 4 X 20 cm., separated by about 2.5 ¢cm. of
air space. The one strip was connected to the high-fre-
quency coil, the other to the ground. High-frequency cur-
rents were obtained from a compact device often employed
in the laboratory as a leak detector in high-vacuum lines,
and listed in recent apparatus catalogs as a “high-frequency
vacuum tester.” A silent discharge due merely to high
tension—as, for example, that given by an induction coil
capable of producing a 2.5-cm. spark between points in air—
does not remove static charges from glassware nearly as
effectively as the high-frequency discharge. The latter
discharge has no significant effect upon the temperature of a
glass object. A precision thermometer, kept in the dis-
charge for 1 minute, altered in temperature by less than 0.01°.

Macroweighings

Table I epitomizes the results of a number of attempts
to weigh the same flask in both the uncharged and dis-
charged (after charging) condition and indicates clearly that
the method of discharging is completely satisfactory. Before
each successive weighing in the latter part of the table, the
flask was charged by rubbing, and then the charge was
completely removed from the vessel, yet no additional sys-
tematic or accidental errors were introduced.

In using the proposed method for discharging glass or
other vessels, it is advisable to have on hand a small pith
ball (3 mm. in diameter) suspended by a silk thread. This,
or simpler, a frayed-out piece of silk thread, will act as a
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charge detector. Every portion of the “discharged’” vessel
should be brought near the pith or silk fibers. If any at-
traction is noted, the vessel should be subjected to the silent
discharge for perhaps 15 seconds longer, this time in such a
position that the part still charged will be in the most in-
tense zone of the discharge. Uneven or irregular steps in
the excursions of the balance pointer are the best indica-
tions (provided the vessel is in temperature equilibrium)
that the vessel is too highly charged to permit accurate
weighing. A vessel may be charged to a slight extent, as
indicated by pith balls or silk fibers, and still permit accurate
weighing. Twelve experiments carried out on six different
days showed that a slightly charged flask allows regular
swinging of the pointer and gives a weight which agrees
within the limits of experimental error (0.00005 gram) with
the weight of the uncharged flask. The latter is one that
has stood in the laboratory until it has come to equilibrium
so far as temperature and charge are concerned. It pro-
duces no movement of-a pith ball or a silk fiber when brought
within a distance of 1 mm.

TaBLE I. Acruan WEIGHTS OF FLASK BEFORE CHARGING AND
AFTER DISCHARGING
No. of
Condition of Successive Average Average
Flask Date Weighings Weight Deviation
Grams Gram
Uncharged 3/12 4 16.22879 0.000020
3/13 4 16.22882 0.000035
3/18 4 16.22882 0.000025
3/23 1 16322887 ali it ioas T
Discharged (after
charging) 3/12 4 16.22874 0.000050
3/16 4 16.22909 0.00015
3/17 4 16.22888 0.000050
3/25 4 16.22894 0.000028
3/15 1 16522888 e ait el 0 S
3/23 1 16522809 F it e
Microweighings

Disturbances due to electrostatic charges on glassware
seem to be relatively greater on the microbalance than an
the ordinary analytical balance. In order to test the effec-
tiveness of the high-frequency method of charge removal,
the authors selected a standard piece of glassware—the
ordinary C—H absorption tube of the Pregl type—known to
give occasional difficulties because of accumulated static
charge. A Kuhlmann balance of the older type, with or-
dinary reading glass, was used. The technic of handling
and wiping the absorption tube was practically the same as
suggested by Hayman (1), the tube being kept for 10 min-
utes outside the balance case and 5 minutes inside the case
before weighing. As has been reported a number of times,
it was occasionally impossible to make satisfactory weighings
under these conditions because of the electrostatic attrac-
tion or repulsion between the glass tube and the balance
parts, particularly the pan. In these instances it was found
that holding the charged tube in a high-frequency discharge
for 15 seconds was sufficient to remove all trace of charge and
permit satisfactory weighing.

Table IT compares a series of weighings of an absorption
tube that has stood in the laboratory overnight with another
series for the same tube after wiping (and thus charging) and
discharging as ahove. As usual, the “weight” is given in
comparison to & counterpoise. The gain in weight is to be
attributed to temperature change and perhaps to other
factors not known. Small temperature fluctuations (<1°)
may be responsible for changes of this magnitude, as has
been shown by the thoroughgoing experiments of Schwarz-
Bergkampf (2).
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Table IIT gives the results of another series of repeated
weighings of an absorption tube that had acquired charge
due to wiping and was then discharged by holding in the
high-frequency field for 30 seconds.

The weights (against tare) were reproducible in each case
to less than 2 gamma, showing that little change was taking
place while weighings were carried out. Larger changes were
noticed from run to run and these are attributed primarily
to fluctuations in laboratory temperature (=2°), even
though correction was made for changes in zero point of the
balance. The variations in weight are sufficiently low to
make the method of handling, wiping, and discharging satis-
factory for many routine organic microanalytical procedures.
The authors believe that a more careful control of tempera-
ture will reduce these variations, their own experience having
indicated that, using a newer type of Kuhlmann balance
(with telescope attachment) and with temperature control
of =0.5° in the room and balance case, it is possible to re-
duce the average deviation of repeated weighings of the same
object to 0.5 gamma and, when wiping and waiting inter-
vened, to 2.0 gamma.

Summary

A generally applicable method is proposed for removing
electrostatic charges from glassware prior to weighing. It
employs a high-frequency discharge which is easily obtain-
able in most laboratories. By modifying the size and shape
of the electrodes a zone of discharge may be obtained that
will accommodate and, in less than a minute, completely
discharge ordinary glass vessels such as those used in macro-
and microanalysis.
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TasrLe II. ErrFect oF DiscHARGE oN MICROABSORPTION TUBE
Average
No. of Weight Average
Treatment Weighings of Tube Deviation
Myg. My,
None 4 1.453 0.0028
Wiping and discharging 4 1.469 0.0012
TaBLE III. REPRODUCIBILITY OF WEIGHINGS OF VESSEL
AFTER DISCHARGE
Average
; No. of Weight Average
Series Weighings of Tube Deviation
Mg. My.
4 1.234 0.0015
2 4 1.247 0.0017
3 4 1.244 0.0017
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Colorimetric Microdetermination of Manganese

C. P. SIDERIS, Pineapple Experiment Station, University of Hawaii, Honolulu, Hawaii

The amount of manganese in soil or plant
extracts or in the ashes of plant tissues is de-
termined colorimetrically with the formal-
doxime reagent of Deniges. The presence
of iron interferes with the determination,
forming a purple coloration. This is elimi-
nated by the addition of sodium cyanide,

ENIGES (1) described in 1932 a highly sensitive re-
agent for the qualitative detection of metals qf the
iron and manganese groups, but did not carry his studies to
the point where the reagent could be adopted for the quantita-
tive determination of either one or both elements. The re-
agent, a formaldoxime, is prepared by mixing tnoxymgtpyl-
ene with hydroxylamine. When it is added to an alkalinized
solution containing iron a purple coloration develops gradu-
ally. The color obtained in alkalinized solutions with man-
ganese is wine red and develops instantaneously.

Studies on the conditions influencing the deyelopmeut of
color with iron salts have shown that atmospheric oxygen a_nd
time are essential factors. The development of color with
iron salts proceeds with time from the surface to the bottom
of the solution in the test tubes, suggesting an oxidation-re-
duction reaction. The rate of color developmgnft can be
speeded by agitating the solution vigorously. Similar tests
with manganese salts have indicated that, in the course of 8

with which iron produces a faint greenish
yellow coloration. The addition to the
standard of approximately the same
amounts of iron as in the unknown masks
the greenish yellow color, and highly ac-
curate determinations of manganese can
be made.

hours, either time or oxidation factors were of little or no in-
fluence in the development of color.

Various tests have indicated that the speed of iron reactivity
with the resgent for the production of color can be blocked or
partly inhibited by sodium cyanide, by ammonium tartrate,
and by any other such substances with which iron forms
double salts. The addition of either sodium cyanide or am-
monium tartrate to the solution of iron salts causes the forma-
tion of a faint yellowish green pigment, characteristic of the
double salts of iron, which interferes with the determination.
Attempts to eliminate this color from the solution were fruit-
less. The difficulty was overcome by adjusting to equal
values the amounts of iron in the unknown and in standard
samples. This was accomplished by adding ferric iron to the
standard solution in amounts equal to those obtained after
chemical analysis of the unknowns with the o-phenanthroline
method of Saywell and Cunningham (2). Using this technic,
thoroughly satisfactory results were obtained.
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Determination of Manganese

The procedure for the determination of manganese in plant
tissues or soil extracts in the presence of iron is as follows:

A quantity of plant tissues containing 0.010 to 0.050 mg. or
more of manganese is ashed, taking care that iron is completely
oxidized durinﬁrashing to Fet++, The ash is dissolved in 2 to

5 ml. of 0.077 N hydrochloric acid. The solution is filtered, the
filter paper is washed with water, and the solution is then made
to 25-ml. volume.

The rest of the procedure varies with the amounts of man-
ganese and iron in the solution. If the solution contains
more than 0.020 mg. per ml. of manganese, further dilution is
necessary. Before proceeding with the determination of
manganese the amounts of iron in the unknown are estimated,
using the o-phenanthroline (2) or any other reliable and con-
venient method.

The rest of the procedure is as follows:

To 10 cc. of the unknown 0.25 ml. (about 5 drops) of a solution
of 40 per cent potassium hydroxide is added and stirred with a
glass rod. Then 0.50 ml. of a solution of 20 per cent sodium
cyanide is added to the mixture. After mixing again, 3 drops
of the formaldoxime reagent are added and the contents are
agitated. A wine-red color develops immediately with an in-
tensity directly proportional to the amount of manganese in the
:solution. Sta.nc&r solutions employing three different con-
.centrations of manganese—namely, 0.002, 0.008 and 0.012 mg.
per ml.—must be on hand and prepared in the same way as the
unknowns. Such standard solutions must contain amounts of
iron approximately equal to the unknown, which are added to
the standards from a stock solution containing 0.100 mg. of
Fet++ per ml. A 5 per cent solution of hatti (0.5 ml.)
is added to the standard and unknown solutions to prevent ad-
sorption of the pigment to the colloidal suspensions formed after
the addition of potassium hydroxide.

After adding all the reagents, both the standard and unknown
solutions are allowed to stand for about 20 minutes and then the
.color is read in the colorimeter.

Results

The results obtained from a series of determinations of
solutions with different amounts of manganese, employing
different concentrations of manganese standards, are reported
in Table I.

TasLE I. ConNTrOLS FOR COLORIMETRIC DETERMINATION OF
MANGANESE
{With the use of Denigés reagent in solutions free from iron. The standard

solutions contained the following quantities of manganese per ml.: A, 0.010
mg.; B, 0,005 mg.; C, 0.001 mg.)

Manganese Found:

Standard A Standard B Standard C
Manganese No. Er- No. No.
Taken, of ror, of Error, of Error,
v v detns. % v detns. % v detns, %
20 20 1 0 e e NG ol
15 15 1 0 = &5 S 50
10 10 1 01135 141115 N e
8 ¥ S s 8.0 2 0 55 56
7.5 (bt 0 7.5 3 0 3 S
6.0 RS N AT 8i2552 3 {359 'y
5.0 4.6 1 8 5.0 4 0 6.5 2 13
4.0 3.6 1 10 4.0 2 0 4.0 3 0
3.0 2.7 1 10 2.9 3 8 3.0 3 0
2.0 1751515 2.0 2 0 2.0 3 0
1.0 . g s 0:9%3 10 1.0 3 0
0.5 S 53 0.5 3 0
0.25 0.25 2 0

In accordance with the data in Table I, very accurate re-
sults can be obtained only when the concentration of the
standard is neither appreciably greater nor smaller than that
of the unknown solution. In view of this condition, three
to four manganese standard solutions with concentrations of
from 1 to 20 gamma of manganese must be employed to cover
the entire range of concentrations of manganese of the un-
knowns. Variations in the iron content between manganese
standards and samples of unknowns must be reduced to a
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TasLe II. ConTrOLS FOR COLORIMETRIC DETERMINATION OF

MANGANESE
(With the use of Denigés reagent in solutions containing iron. The standard

solutions contained the following quantities of manganese per ml.: A,0.
mg.; B, 0.005 mg.; C, 0.001 mg.)

Manganese Found

Manganese Standard A® Standard B¢ Standard Bb Standard C®

Taken, Error, Error, Error, Error,
¥ ¥ %o 7 % v %o ¥ %
20 20 0 [ AL 5 S0 53 )
15 15 0 16.5 10 16.5 10 7 S
1 10 0 10.0 0 10.0 0 iy i
7.5 7.5 0 7.5 0 7.5 0 10.0 25
.0 4.6 8 5.0 -0 5.0 0 5.0 0
4.0 3.7 8 4.0 0 4.0 0 4.0 0
3.0 2.8 7 3.0 0 3.0 0 3.0 0
2.0 137, 15 2.0 0 2.0 0 2.0 0
1.0 ; S 0.8 20 0.8 20 1.0 0
0.5 50 &3 s B 0.54 8

0 gamma of iron per ml,
gamma of iron per ml,

TasLe III. RATIO OF LIGHT ABSORPTIONS BETWEEN SOLUTIONS
oF EQUuAL CONCENTRATIONS OF MANGANESE Bur wiTH
DIFFERENT AMOUNTS OF IrRoN (FEt+T)

Manganese, Fe 20y Error,

Y by %
20 1.05 5
15 1.05 5
10 1.10 10
7.5 1.10 10
.0 1.10 10
4.0 1.15 15
3.0 1.15 15
2.0 1.15 15
1.0 1.15 15

minimum, as the greenish yellow color of the ferricyanide
salt interferes with the accuracy of manganese determinations.
With a proper adjustment of the amounts of iron in the
standard and unknown solutions, the results obtained are
very accurate, as shown in Table II. The magnitude of the
error, which may result in the determination of different
amounts of manganese between solutions containing 5 and
20 gamma of iron, respectively, ranges from 5 to 15 per cent,
as Table III shows. This error is mainly due to a greater
intensity of the greenish yellow color of the ferricyanide salt
and not to that of the wine-red color of the manganese com-
plex pigment. However, such errors can be easily avoided
if the instructions are properly observed.

Reagents

FormaLpoxmME. Dissolve by boiling in 100 ml. of distilled
water 20 grams of trioxymethylene and 47 grams of hydroxyl-
amine sulfate.

Soprom Cyanme. Dissolve 20 grams of sodium cyanide in 100
ml. of distilled water and filter.

Porassiom Hyproxipe. Dissolve 40 grams of potassium hy-
droxide in 100 ml. of carbon dioxide—free distilled water.

MANGANESE STANDARD. Dissolve 0.4061 gram of MnSO4-4H,0
in 1 liter of distilled water and add 1 ml. of concentrated sulfuric
acid. The solution contains 0.100 mg. of Mn*+ per ml. and
standards of lower concentrations are prepared by dilution with
water. ¢

Ferric CHLORIE. Dissolve 0.4876 gram of FeCly;-6H,0 in 1
liter of distilled water and add 5 ml. of 0.077 N hydrochloric
acid. The solution contains 0.100 mg. of Fe*** per ml.
Addition of this solution to solutions of manganese stangﬁrds or
of unknowns must be made with a microburet.

Guym GraTrL. Dissolve by boiling in 100 ml. of distilled water
5 grams of gum Ghatti. Filter through cotton while warm and
then store in a flask with 1 ml. of toluene.
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Quantitative Determination of Arsenic in
Small Amounts in Biological Materials

HERMAN J. MORRIS AND HERBERT O. CALVERY
Division of Pharmacology, Food and Drug Administration, U. S. Department of Agriculture, Washington, D. C.

HE fact that there are between four- and five-score

methods in the literature for the determination of ar-
senic is convincing proof that they are not applicable in the
hands of all individuals to the determination of arsenic in
all forms and in all materials.

All these methods are divided into two parts: (1) The
material containing the arsenic is either “wet” or “dry’”’-
:aghed. The “dry’”’-ashing procedure has as yet not proved
satisfactory against loss. (2) The arsenic is determined in
the ashed material by one of four general procedures—namely,
‘the Berzelius-Marsh method (1, 4, 9, 11), the Gutzeit method
(6, 8), conversion to arsenic trichloride and subsequent ti-
‘tration (13), or the colorimetric method, in which the arsenic
forms a colored complex compound in acid-molybdate solu-
tion (2, 8, 7, 10, 12, 14). The last is the basis of the method
which the authors have been using for 18 months with satis-
faction. The method is simple, accurate, relatively rapid,
very sensitive, and quantitatively applicable to very minute
as well as relatively large amounts of arsenic. Of all the
methods tried, those of Maechling and Flinn (10) and of Truog
and Meyer (12) are the best but are not as satisfactory in the
authors’ hands as the one proposed here.

Reagents

The reagents used were: concentrated nitric and sulfuric
acids, 70 per cent perchloric acid, 20-mesh zinc, a 75 per cent
solution of potassium iodide, commercial hydrogen, approxi-
mately 6 N hydrochloric acid, acid-molybdate solution [1
gram of (NH,)sMo70:-4H,O per 100 cc. of 5 N sulfuric
acid solution], and hydrazine sulfate (0.15 gram of NoH,-
H,S0, per 100 cc. of aqueous solution).

Preparation of Sample

If dry, the sample is accurately weighed and transferred to a
three-neck, liter, round-bottomed Pyrex flask (the necks are all
ound for standard taper connections). One neck is connected
y means of glass connections to a condenser for downward dis-
tillation and a flask used to catch the distillate. (The distillate,
s definitely shown by Kahane and Pourtoy, 6, and'conﬁrmed by
the authors, sometimes contains arsenic, especially if the content
is high and at some stage the solution has turned brown. It can
be regenerated and added to the original digest.) The other two
necks are fitted with funnels carrying standard taper connections
for addition of acids.

A mixture of nitric and sulfuric acids is carefully added (for a
10-gram sample of animal tissue or food the authors add 20 to 30
cc. of a one-to-one mixture of concentrated nitric and sulfuric
acids). The mixture is then heated to foaming and concentrated
nitric acid is added from one funnel in a relatively rapid drczﬁ-
wise manner during the concentration period (25 to 50 cc. addi-
tional of nitric acig are usually required). After there is com-
plete solution of the sample. perchloric acid (4 to 6 cc.) is added

perchloric acid is a dangerous explosive in the presence of large
amounts of organic matter), also dropwise, relatively rapidly
from the second funnel while continuing the addition of nitric
acid from the other funnel. The guide for the rate of addition of
nitric acid is the color of the solution, which must not be allowed
to turn brown. This usually begins at the Cf)omi: of contact of
the flame with the flask and is easily observed. = X

The digestion is continued with addition of nitric acid until
the solution is water-clear. The addition of nitric acid is then
stopped and the heating continued for 0.5 to 1 hour longer for
complete destruction of all organic nitrogen com ounds and
complete removal of all traces of nitric.acu_l. both of wlpch may
interfere with the subsequent determination of arsenic. This
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ashing dprocedure may be used in the determination of many metals
in foods and biological materials. The time required is usually
about 1.5 hours, and two or more may be run at once. The di-
gest is quantitatively removed from the flask and made up to a
convenient, volume.

Separation of Arsenic from Digestion Mixture

The arsenic must be separated from interfering substances,
such as phosphorus, in the digestion mixture.

APPARATUS FOR ISOLATION OF ARSENIC.
flask is fitted with a two-hole rubber stopper, one hole of which
carries a glass tube with the lower end extending almost to
the bottom of the flask. The other end leads to a stopcock
attached to the bottom of a 15-cc. reservoir. The seconcf hole
of the rubber stopper carries a 10-cm. (4-inch) water-cooled
upright condenser, the upper part of which is curved at a
right angle to the position of the condenser. A scrubber is at-
tached to this by means of thick-walled rubber tubing, so that
there is glass-to-glass contact. The scrubber consists of a tube
approximately 1 cm. in diameter and constricted at each end to
approximately 6-mm. outside diameter.

The tube is filled with ignited, washed sand, which is held in
place by a small amount of glass wool at each end of the large por-
tion of the tube.. Before the apparatus is put in use, the sand
is moistened with a 20 per cent solution of lead acetate by adding
a few drops from a pipet and then drying in an oven. The de-
composition of the arsine is carried out in a quartz tube con-
sisting of two parts. One part is 6 mm. in outside diameter and
20 to 30 cm. in length. The other part consists of a capillary a

roximately 10 cm. in length and 1 mm. in inside diameter. The
Ezrge end of the tube is attached by means of thick-walled rubber
tubing to the scrubber, so that the quartz and glass are in actual
contact.

The large end of the quartz tube extends through a 10-cm.
electric furnace which maintains a temﬁerature of approximately
800° C. For cooling, & moist cloth wick about 6 mm (0.25 inch)
in diameter with the end in water is used around the capillary
part of the tube about 6 or 7 cm. from the furnace, to aid in con-
densing the arsenic. The authors use six of these units set up
side by side; they may be run simultaneously or in pairs.

Tae SeEPARATION. Five grams of 20-mesh zinc and 1 ce. of a
75 per cent solution of potassium iodide are added to the Erlen-
meyer flask. The apparatus is then assembled, the Erlenmeyer
flask is immersed to its neck in a water bath kept at about 85° by
means of a hot plate, and the whole system is flushed with com-
mercial hydrogen from a cylinder. The hydrogen is conducted
through the apparatus by means of the reservoir, which is tem-
porarily fitted with a one-hole rubber stopper carrying a piece of
glass tubing. After the system is completely filled with hydro-
gen, as determined by testing the issuing gas for explosive prop-
erties, the hydrogen flow is discontinued. (Each unit is flushed
separately with hydrogen. The issuing hydrogen is tested in the
usual manner by collection in a test tube and removal to a Bunsen
burner where it is ignited. If it ignites and burns long enough to
return to the apparatus for ignition of the hydrogen at the end
of the quartz tube, there isno da.nﬁer of explosion.) The furnaces
heat up very rapidly, hence they should not be connected until the
system is filled with hydrogen, but should be hot before the
sample is added.

The sample in a volume of 10 cc. ‘or less is then added, fol-
lowed by hydroehloric acid in small quantities sufficient to main-
tain a slow, uniform rate of evolution of hydrogen, usually 15
cc. of 6 N acid over a period of 45 minutes. 7T'in, which is usually
used, has been found of no value in this method. The acid is
added to the reservoir in three 5-cc. portions, in order to ensure
quantitative removal of the sample.

‘The arsenic distills over as arsine and is set free as metallic
arsenic by the heat from the furnace and is deposited in the cap-
illary portion of the quartz tube just outside the furnace.

The tubes are removed by disconnecting them from the scrubber
and drawing them through the furnace, holding the capillary
end. They are immediately cooled under a running jet of cold

A 50-cc. Erlenmeyer
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water. Glass tubes cannot be used for this reason. The arsenic
mirror is dissolved in 0.2 ce. of concentrated nitric acid, and quan-
titatively washed into a 25-cc. arsenic-free Pyrex Erlenmeyer
flask with a small quantity (approximately 5 cc.) of distilled water.
This solution is then evaporated to dryness on the steam bath
and the flask heated for an hour in an oven at 120° to 125°, to
remove all traces of oxidizing agents, since they interfere with the
subsequent color development. ;

Development of Color

The acid-molybdate solution and hydrazine sulfate reagent
are mixed in the proportions of 10 cc. of the acid molybdate and
1 ce. of the hydrazine sulfate for each 100 cc. of total solution.
The 10 cc. of acid molybdate are diluted to approximately 90
ce. with distilled water before the 1 cc. of hydrazine sulfate rea-

ent is added. The final volume is then made to 100 ce. with

istilled water. After thorough mixing, 10 cc. of the above solu-
tion are added to each 25-cc. Erlenmeyer flask containing the
arsenic pentoxide to be determined. How much arsenic could be
determined by this amount of reagent the authors do not know,
but they do know that the amount of the reagent is in excess of
that required in the ranges which they have worked.

The flasks fitted with glass bulbs are heated for 10 minutes in
boiling water, allowed to cool, and the colors read in a spectro-
photometer. (Although the authors use a spectrophotometer
and make all readings at 6100 millimicrons in a tube 10 c¢m. in
length, of small bore, because of the straight-line absorption of
the color a photometer with a filter may be used. The readings
are higher with the longer wave lengths; hence the reason for
reading in this range. Because the color is not very intense with
small quantities, it is impossible to use a colorimeter with ac-
curacy.) From the readings the quantity of arsenic is determined
from a standard curve obtained by treating known amounts of
arsenic in exactly the same manner as that described for the
unknown digestion mixture above. The authors have shown that
antimony does not interfere in this determination.

Discussion and Summary

During the course of the work, several different means of
color development were investigated. One that gave good
results was the use of ammonium molybdate, stannous chlo-
ride, and sulfuric acid as reagents (3). The second was the
method described by Truog and Meyer (12), which made use
of the same reagents, but in different concentrations. In
the third, ammonium molybdate, hydrazine sulfate, and sul-
furic acid were used, and in the development of the color was
similar to the method of Maechling and Flinn (10).

The objections to the first method are the slightly yellow
color of the blank, the instability of the stannous chloride
solutions, and the variability in the intensity of color with
time of heating. The objection to the second method is
that the color is not stable and noticeable fading may be de-
tected soon after the color is developed. The first method
has no advantage over the other two. The second method
has the advantage of developing color at room temperature
and a more intense color for a given quantity of arsenic.
These are outweighed by the disadvantage already men-
tioned. The third method offers several advantages: Hy-
drazine sulfate is stable in solution, the blank on the color
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reagents is water-clear, the intensity of the color for a given
quantity of arsenic is independent of the time of heating the
solution, provided the heating is long enough to develop the
maximum color (10 minutes in the volumes used), and finally,
the mixed reagents as described may be used.

TABLE I. DETERMINATION OF ARSENIC
Arsenic Percentage
Substance Analyzed Arsenic Added Recovered Recovery
Micrograms Micrograms
Control 12 0.95 95.0
59 5.00 100.0
10¢ 10.00 100.0
15¢ 14.50 96.6
209 19.00 95.0
Urine, 200 cc. None 9.50
50 as As:0; 60.50 102.0
Diet A, 10 grams None None 950
500 as As;0; 484 96.8
Diet A, 5 grams 1140 as CaaEAsO«}: 1130 99.2
1140 as Cas(AsOu)2 1150 100.9
Diet A, 10 grams 2280 as CmsAsOA 2 2300 100.9
4 2280 as Cas(AsO4)2 2280 100.0
Diet A, 20 grams 4560 as C&EA;O« 2 4360 95.3
4560 as Cas(AsOd)s 4400 96.6

@ Six determinations were made at each level with a variation from 94 to
101 per cent recovery. This represents recovery of arsenic after distillation
compared with known quantities not distilled.

Results with known quantities of arsenic are reported in
Table I. The authors have made many determinations on
biological materials, but the results of these findings are being
withheld until the work is completed.
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INCREASING REPLACEMENTS

OF LESS EFFICIENT STIRRING METHODS WITH THE
CONE DRIVE PRINCIPLE IS IRREFUTABLE
EVIDENGE THAT . cima sen ey o

This principle first gained recognition and accept-
ance in its application to the well known Sargent
Cone Drive Stirring Motor which at the present
time is demonstrating daily itsremarkable efficiency in power
transmission as well as its facilities for an almost limitless
selection of speed between the extremes of its range.
Transmission of motor power, in the case of the Cone
Drive Stirring Motor is made direct from the cone, which
is an extension of the motor shaft, to the solid synthetic
rubber ring which drives the stirring rod. Adjustment
of the rubber ring with respect to the diameter of the
stainless steel cone permits the selection of any desired
speed between 75 and 1300 RPM without the slightest
loss of motor power at any speed. Dissipation of motor
power, formerly caused by the use of rheostats or stalling
loads such as brakes, governors, etc., is entirely eliminated
by the Cone Drive principle.
The range of application of the Sargent Cone Drive
method extends from the critical stiming of electrodes

.~ sARGENT

E H. SHHGEHT HHD comPnns
S5 EAST SUPERIOR ST., CHICAGO

requiring steady, uniform, vibrationless drive at

low speeds to the stirring of highly viscous

substances requiring full motor power at either
high or low speeds.

Silence, elimination of vibration, and smooth, uniform,
positive drive at all speeds are other equally important
advantages resulting from this method. Particularly at low
speeds is it important to maintain full motor power as
well as uniform, steady speed.

Adjustments for speed are simply made by rotation of
an adjusting nut with lock. Selection of speed can be
made with an accuracy of plus or minus 10 RPM.

The most recent application of the Cone Drive principle
is to the new Sargent Cone Drive Multiple Stirring Assem-
blies.

Complete descriptions and prices of the Sargent Cone
Drive Stirring Motor and the new Sargent Cone Drive
Multiple Stirring Assemblies with or without water bath
will be sent on request.
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BURRELL Apparatus is known

THE STANDARD FOR YEARS

CATA LO G 7 Q—See what it means to have

a ‘‘Build-Up”’ gas apparatus adaptable to both
present and future requirements.

BURRELL MANUAL—obtain this

new hand-book just published to review, in
concise form, the modern analytical procedure.

B OT H WIULL B E S ENT Y O U——I F R E Q U E S TED

Sulfur in fuels, and halogens
in organic compounds are
quickly and easily deter-
mined by methods employ-
ing the Parr Sulfur Bombs.
Type One, right, is arranged
for ignition by electric fuse. Lypes
TyI;e Three, below, is completely oxidized in five

adapted to ignition over a minutes. All material in
\Vith either the bomb is converted to a
readily soluble form, thus
eliminating lengthy prelimi-
naries to the final separation

the sample may be

Bunsen flame.

and weighing.

d’\JL. Write for Bulletin E-46.

: Mmg Parr Instrument Co.

————" Moline, Ilinois
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DETECTION OF FERRIC IRON

REAGENT—Resacetophenone

METHOD — Colorimetric. . . qualitative

ADVANTAGES—Rapidity. .. sensitivity. . . ease
of manipulation

REFERENCES— Cooper, Ind. Eng. Chem., Anal. Ed. 9,
354 (1937)

EASTMAN Resacetophenone (No. 4425, 10 g., $1.45) is a

purified reagent suitable for such analytical purposes. An abstract

of the method employed will be forwarded upon request. Eastman

Kodak Company, Chemical Sales Division, Rochester, N. Y.

EASTMAN ORGANIC CHEMICALS

Textolite Housings

The durability of the HELLIGE COMPARATORS has been
greatly increased by making the housings of Textolite, a corro-
sion-resistant molded plastic manufactured and molded by
General Electric Co.

As this material is affected neither by acids and alkelis nor by
laboratory fumes, the Comparators will last indefinitely, and
always retain their fine appearance.

PERMANENT, NON-FADING
GLASS COLOR STANDARDS

with

HELLIGE
COMPARATORS

These color standards are non-fading and,
therefore, permanently reliable for better pH
control. There is no doubt about whether they
are ‘‘still good.” There is absolutely no guess-
work.

HELLIGE glass color standards never fade,
never change, never fail!

They are the ONLY standards which carry
a perpetual guarantee for accuracy.

They are economical; they quickly pay for
themselves by saving time, chemicals, replace-
ment cost, and other expenses. Light in weight,
easy to manipulate, and occupy a minimum of
pace.

Always dependable for the finest kind of pH
control.

HELLIGE

INCORPORATED

3718 NORTHERN BLVD,, LONG ISLAND CITY, N.Y.
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Internationally known CENTRIFUGES:

—many types, large
and small; finest of
materials and work-
manship; flexibility
as to speed and capa-
city; incorporation
of new principles as
developed by ad-
vanced technique;
accommodation  of
universally standard
accessory equip-
ment;—avoiding
“extreme styling,”

costly to both user
&
INTERNATIONAL

Size 2 Centrifuge and Stand showing Conical Head

NEW—CONICAL HEADS

® Streamlined for High Speed.

® Sloping Sedimentation Principle.

® Greater Number of Tubes.

® Light Weight and Strong.

® Designed to take Standard Glassware.

® Interchangeable with other regular Interna-
tional Heads.

and maker,

There is a Conical Head for every model International
Centrifuge—a wide variety of types, all affording easy
manipulation af tubes and rapid sedimentation.

INTERNATIONAL  CENTRIFUGES

A Size and Type for any Work

The International Model C1 Centri-
fuge is the intermediate size, suitable
for routine laboratory work and heavy
duty when very high speed is not
essential. With or without portable
stand, it is ready to plug into wall
_ receptacle for either alternating of
M;ael C1 : direct currents.

Ask Your Dealer
INTERNATIONAL EQUIPMENT CO.

352 Western Avenue
Makers of Fine Centrifuges

Boston, Mass.

A Shielded
GI&SS Electrode

For the BECKMAN pH METER

SHIELDED - - . Electrostatic interference elimina-
ted. May be used at a distance

from the Meter.

PERMANENT - - Factory charged and sealed. No
maintenance required. High in-

sulation resistance.

EXTRA STURDY - %mall bulb with extra thick mem-

rane. Withstands unusually

rough handling.

The new SHIELDED GLASS ELECTRODE
is illustrated with its companion CALOMEL
ELECTRODE which is equally sturdy and
which contains a permanent charge of Calo-
mel-Mercury. The immersion end of the
Calomel electrode is fitted with a ground-
glass sleeve which insures reproducibility
of liquid junction potentials.

This new Electrode Set will prove excep-
tionally convenient for work in titrations
and for industrial applications in field and
factory. Write for literature

NATIONAL TECHNICAL
LABORATORIES

3325 E. Colorado St., Pasadena, California
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BECKMAN pH METER
(GLASS ELECTRODE)
PORTABLE e RUGGED e SIMPLE
Direct-Set Temperature Compensator

Useful for production control
as well as laboratory research

- The BECKMAN pH METER employs Glass
electrodes which are small and exceptionally
sturdy—they may be safely handled for clean-
ing and for application to viscous liquids and
semi-solid materials.

A vacuum tube amplifier of unique design
makes possible continuous indication of poten-
tiometer unbalance—a feature of great con-
venience to the operator—a minimum number
of control adjustments are used.

H-ion measurements may be made on all kinds
of aqueous solutions in the range of 0 to
12.5 pH. Electrodes are unaffected by oxidiz-
ing or reducing agents, suspended matter or
solvents.

THE CHEMICAL RUBBER COMPANY

1902 W. 112TH ST. CLEVELAND, O.

Equipped to Serve

Your order—no matter how large—no matter
how small—has the immediate attention and the im-
mediate service made possible by our large and
efficient organization and complete stocks. Every
item on your order has been carefully bought. It
is carefully selected from stock, and carefully

packed.

Orders received by eleven o'clock in the
morning will be shipped the same day.

We cooperate with air mail and air express,
with parcel post and express, trucking companies,
railway freight and steamship lines, to see that
our service dovetails with theirs to get your goods
to you when you want them—and that your care-
fully selected order is received in the same con-
dition in which it was shipped.

W. J. GILMORE DRUG COMPANY
Laboratory Apparatus Division

Complete chemical and biological equipment

Pittsburgh, Pa.
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DIOXIDE

: . By
Elton L. Quinn and Charles L. Jones

Professor of Chemistry
University of Utah

Formerly Chief Engineer
American Dry Ice Corporation

A. C. S. MONOGRAPH No. 72

HE first book on carbon dioxide which has appeared since the development of the solid carbon
dioxide industry and the only one for some thirty years. .

Dealing with one of the most important chemical substances from the point of view of living things,
few substances have had such a sensational rise from the academic interest of the college lecture table
to an industrial status, of the present day solid carbon dioxide industry.

Few compounds can claim such a wide and diversified field of usefulness from the preserving of food, the
treatment of skin diseases with solid carbon dioxide, to the blasting down of coal with the liquid form.
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The TEETH of

your Laboratory

Like a good set of teeth, the Braun Chip-
munk Crusher and UA Pulverizer can
really ‘‘take it.”> They stand up remark-
ably under the day-in and day-out routine
of laboratory crushing and grinding.

To speed up your work and give you greater
economy these world-known machines are
now available as a unit assembly, utilizing
the highly efficient “V-Belt’’ drive. The
““V-Belt’’ drive is also available for either
machine separately, or it can be adapted
to the Braun Chipmunk Crusher or UA
Pulverizer which you are now using.

Modernize your laboratory with “V-Belt”
for power transmission efficiency.

For complete information
write for Bulletin C-124.
Address Department I-9.

BRAUN

CORPORATION

2260 E. 15th Street, Los Angeles, Calif., U. S. A.

San Francisco Seattle, Washington
Braun-Knecht-Heimann-Co. Scientific Supplies Co.

A complete line of laboratory supplies
and chemicals carried in stock.

Filter Papers are Immediately
Available

You can obtain WHATMAN Filter

Papers promptly from every recognized
dealer in Laboratory Apparatus.

To supplement dealers' stocks, large
reserves are carried in New York to as-
sure continuity of supply to every labora-

tory.
There is a grade of WHATMAN

for every laboratory filtering requirement

to which paper is adapted—uniformly
reliable, immediately available and

modestly priced.

Standardize on WHATMAN and forget Filter
Paper Troubles

H. REEVE ANGEL & CO., INC.
7-11 SPRUCE ST., NEW YORK, N. Y.

HATMAN
&+ FILTER PAPERS
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in the new

STOKES
ELECTRIC
STILL -

A special thermal switch em-
bedded in the heaters of the
electric still automatically turns
off the current whenever their
temperature rises above normal
due to failure of water supply
or accumulation of scale.

OTHER FEATURES

Exceptionally pure distillate

Pyrex glass cover

Triple Vapor Baffle

Solid Tin Condenser Tube and Funnel
Gas Eliminator

Deconcentrator

Chromium-plated Finish

Ask Your Dealer or Write Direct
For New Folder

RISTokes MACHINE co.

Philadelphia, Pa.

5944 Tabor Road Olney P.O.

CHICAGO APP

SHELDON LABORATORY FURNITURE
DESIGNED and BUILT for SERVICE

The MODERN LABORATORY like MODERN SCIENCE is
ORDERLY and SYSTEMATIC. SHELDON PLANS using wood
and/or Metal Furniture are drawn to meet individual require-
ments. SHELDON REPRESENTATIVE will call on request
365 page page catalog of standard designs mailed on request.

E. H. SHELDON COQ. Mvskecon

MICHIGAN

.+« And a definite aid to better work

Here's the new, handy, 500 page Milvay Chem-
istry Catalog. Its completeness, convenience
and vitalizing character will reflect themselves

. in your work and save money for your school

or company. lf you have a copy, test its con-
venience and economy on your very next
order. If not, write! It deserves a position within
your easy reach.

MILVAY

Science Laboratory Equipment

SSSSSSSUSSSSSSSSS

1735 North Ashland Avenue, Chicago

ARATUS COMPANY

DR. B. LANGE

Photo-Electric
Colorimeter

Price, in wooden
cabinet, including 3
cuvettes (100 cc)
and 8 color filters.
$225.

OR the rapid and accurate deter-
mination of absorption and ex-
tinction values. Suitable for liquid
volumes from 0.2-10 ccm.; also test
tubes and accessories for powders and
solids. Color filters for measurement
of spectral ranges. Monochromatic
measurements by sodium vapor lamp,
if desired. Absorption range from 0.1
to 100%. :

Particulars on request.

Pfalta &Bauer, Inc.

EMPIRE STATE BUILDING, NEW YORK
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ANALYTICAL EDITION

Accurate Analysis of
Fine Powders by Fractionation
Now Possible With The .

ROLLER PARTICLE SIZE
ANALYZER

® Any numberof size fractions may be obtained, with sizelimitsas
close ag desired, the smallest fraction conveniently secured being
0 to b or 0 to 3 microns, depending on the density of the material.

@® Percentage
weight of different
fractions is dupli-
cable to 0.5%.

@ Among the ma
materials successfully
dealt with are:

Cement
Gypsum
Magnetite
Flint

Feldspar
Diatomite
Metal Powders
Organic Dyes
Salt

Talc

Mica

Carbon
Pigments
Wood Flour
China Clay
Mineral Fillers

[ J
Write for
Descriptive
Bulletin
2055-P

AMERICAN INSTRUMENT CO., Inc.

Silver Spring, Md.

8010-8020 Georgia Ave.

NEW LABORATORY STIRRER

With Complete Speed Control

This is a good reliable stirrer and not ‘“just another
stirrer.”” It offers the following advantages:

1. Speed control from 0 up.

2. Regular standard motor
suitable for continuous ser-
vice.

33 Plex.lty of power—will stir
anything up to molasses.

4, Baffle to prevent fumes

affecting motor.
5. Stainless steel rod.

6. Can be clamped to any
standard laboratory stand.

7. Rugged
plated.

chuck, cadmium

8. Imexpensive—price as illus-
trated without paddle and
stand. $12.95.

No. 91537

PAIC-MYERS InC.

Laboratory Supplies

81 Reade Street New York, N. Y.

From the Various University Laboratories
Steps the Chemist of Tomorrow!

This month new students are "steppingin”...
are hearing the call of the "lab” for the first
time. There will be lots of worthwhile discov-
eries about this and that . . . about the tools of
the trade, too!

One of the first real convictions will be that
COORS PORCELAIN WARE is made to stand

the gaff of early inexperience. .. it comes
through with satisfactory results everytime ...
rogardless!

COORS PORCELAIN COMPANY
GOLDEN  COLORADO

BRING YOUR LAB. UP-TO-DATE

Why have your Re-agents scattered
on open shelves, covered with dust
when it is possible,
at a small outlay,
to file them in a
neat, orderly way,
instantly at the
finger tips when
required, and —
away from dust
and detrimental
effects of light.

: : Install the
SCHWARTZ SECTIONAL SYSTEM
which so many have to their complete
satisfaction.

Send for illustrated catalog with net
price list.

SCHWARTZ SECTIONAL SYSTEM
INDIANAPOLIS, IND. '
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We Can Supply Anything
You Need In

PLATINUM

® Any of your research
problems may call for some

variety of A.P.W. PLATI-
NUM WARES, standard or
special shapes.—Your old
worn-out platinum stock might need to be replaced

by new A.P.W. Wares. Our Exchange charges are

very nominal.

® Your scientific investigations might require some
platinum and other platinum metals in special forms,
metallic or salts. We have the facilities for supply-
ing any quantity in form and purity needed. Let us
help you with any of our products you may require.

PLATINUM - PALLADIUM - IRIDIUM
RHODIUM - RUTHENIUM - OSMIUM

Metals, Alloys, their Salts and Solutions.

Platinum Wire, Ribbon, Wollaston Wire,

Platinum Foil, Sheet Tubing, Contacts (also
in Palladium, Irid-Plat. and Rhod-Plat.)

Special Fine Foils for physical use,

Platinum Gauze, Silver Gauze,

Platinum Wares for Micro-Analyses,

Platinum Sponge, Black, Chlorides, Salts,

Platinum Asbestos.

PLATINUM LABORATORY
WARES:

Hand-hammered Crucibles and Dishes,
8‘\.P.\X/. Offset Rims) Also Pans, Boats, etc.
latinum Electrodes, (Anodes and Cathodes)

in any style or size made to order.

Silver Pure Sheet, Wire, Rivets, Tubing,
Silver Anodes, Silver Solders, Sterling.
We will gladly give any further information upon
request. Ask for our catalog E-16, describing our
regular line of Platinum Laboratory Wares.

If interested in Micro-Chemical Analyses ask for
our special leaflet on Micro Wares..

Werite us about your next requirements.

The AMERICAN PLATINUM WORKS

N.J.R.R. AVE. AT OLIVER ST.
NEWARK, N. J.

Refiners and Manufacturers of Platinum, Gold and Silver

YVOL. 9, NO. 9

NEW £

(7p)
JENA KPG Nwene/
ALL-GLASS STIRRER

Stirring contents of flasks
maintained under low pressure

or vacuum is now made easy

Replaces clumsy mercury seal. No supplementary
seal or stuffing box needed. Pressure differences as
great as 100 mm. of mercury between inside and
outside of flask cause no leakage. Also keeps out
impurities.

Apparatus, as supplied, consists of bearing and
shaft precisely fiitted to each other. Inner surface
dimension of the bearing tube is accurate within
%1 to 2 microns.

Durable; even at 1000 r.p.m., minimum life of
the bearings is 1000 hours. However, for ordinary
use, lower speeds of about 600 r.p.m. are advisable,
for the less speed the less wear.

Recommended for all types of chemical work,
particularly for organic and electrochemical research

s as the all-glass construction eliminates chemical
7 50 effect of a metal stirrer or mercury seal.

—
£ b New Yodk At all leading laboratory supply dealers

Leaflet J S 262 on request

FISH-SCHURMAN CORPORATION, 250 E. 43rd St., New York City
U. S. Agents—Jena Glass Works, Schott & Gen.

WANTED!

Back Journals of the
American Chemical Society

INDUSTRIAL AND ENGINEERING

CHEMISTRY
Industrial Edition—Vol. 28, No. 3 @ .25 each
Analytical Edition—Vol. 6, No. 3 @ .50 cach
8, No. 1 @ .25 each
News Edition—Vol. 5, No. 6 @ .25 each
6, No. 1 @ .25 each

CHEMICAL ABSTRACTS
Vol. 1, Nos. 12, 13, 14, 16 and 22 @ $1.00 cach
Vol. 1, Nosfl. 2, 3, 15, 17, 18, 19, 20, 23 and Index @ .75
eac
1, Nos. 4, 5, 8,9, 10 and 24 @ .50 each
1, Nos. 1, 6, 7, 11 and 21 @ .25 each
2, Nos. 1, 3, 6,7, 8, 11, 17 and 19 @ .75 each
2, Nos. 2, 10, 12, 13, 14, 15, 16, 18, 20, 21, 22,

0
.7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19,20, 21, 22, 23, 24 and Index @ .25 each

4, Nos. 1, 2, 5, 8, 9, 15, 16, 17, 22 and 24 @ .25 each
5. Nos. 1, 6, 10, 11,12, 13, 14, 15, 16, 17 and 24 @ .25

each
30, Nos. 5 and 6 @ .50 each

JOUR. AMER. CHEM. SOCIETY
Vol. 58, Nos. 2 and 3 @ .25 each

Address all packages to the American Chemical Society,
20th and Nortgampton Streets, Easton, Pa., and pay trans-

ortation charges. Express collect packages will be refused.

e certain that your name and address appear thereon. Also
send memorandum to Charles L. Parsons, Secretary, Mills
Building, Washington, D.C. Journals must be received in good
condition. This offer is subject to withdrawal without notice.




