SYNEAPIA THE 9 AEKEMBPIOY 1943 323

y a encore un autre point a satisfaire, qui, suivant ce qui précéde, constitue
une nouvelle difficulté: Ces 12, qui résulteront finalement de l'intégration de
(1o0), doivent étre definis de fagon uniforme dans tout l'espace.

Ces difficultés laissent présumer que la loi des moments n’est probable-
ment pas susceptible d'étre étendue pour le cas de la relativité généralisée.
Pourtant, vu l'importance de cette conclusion, les remarques précédentes ne
sont pas considérées suffisantes et il faut attendre qu'une démonstration com-

plete en soit donnée.
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Ascorbic acid (vitamin C) as an analytical reagent.
Il Gravimetric determination of selenium.

It was observed in the course of fqualitative studies that a selemium

solution containing strong hydl'*ochloric acid, in the cold gives, with an
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aqueous solution of ascorbic acid the amorphous red variety, which on warm-
ing, goes to the grey crystalline form (1).

The detailed investigation of this reaction has proved that it can be
effectively used for the detection of selenium.

Further studies on the use of ascorbic acid led to the present work.
The purpose of this paper is to describe a gravimetric method for the deter-

mination of selenium.

EXPERIMENTAL

Preparation and solution of selewiwm. In order to study the preci-
pitation of selenium quantitatively solutions of selenious acid of various
concentrations are prepared.

To free selenium from any foreign matter, the analytical reagent grade
is treated with sulfuric acid and reduced to red selenium by sulfur dioxide (2).
This treatement is repeated twice and finally selenium is distilled from sul-
furic acid solution in a current of hydrochloric acid (3). The distilled selenium

is collected in a receiver and red elementary selenium is precipitated from

this strong hydrochloric acid solution by sulfur dioxide. The precipitated
selenium is washed with cold water several times, then with alcohol and
finally with ether. The red selenium is dried for three hours at 36—40“0
afterwards it is heated to 120°C for two hours to render the selenium per-
fectly dry.

A known' amount of this product was weihged out and dissolved in
nitric acid of sp. gr. 1.2-1.3 on the water bath. After the solution has atteined
room temperature it is transfered in a volumetric flask and diluted with cold
water to the mark.

Various solutions were prepared by this way and used in all the
determinations.

Precipitation of seleniwm. In order to check the accuracy of the preci-
pitation a known volume of the solution obtained by the above method is
taken in a beaker and evaporated to dryness on the water bath. The residue
is dissolved in concentrated hydrochloric acid and the solution, which is
covered with a watch glass, is warmed to expel all free nitric acid.

The solution is then cooled and red selenium is precipitaded by the
addition of an aqueons solution of ascorbic acid.

When complete precipitation has been attained the supernatan liquor
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is decanted through a filter crucible. After thorough washing by cold water
followed by alcohol and ether the precipitate is dried to constant weight.

From the various already carried out determinations it is interesting to
consider the following conditions in the determination of selenium:

The evaporation of the selenious acid should be made on the water
bath in order to avoid loss by volatilization.

The element is best obtained, from a solution containing strong hydro-
chloric acid, by the addition in the cold, of an excess of the reagent. Under
such conditions, seleninm monochloride is not formed. '

The best attained temperature is 20°C. Above this temperature the
selenium agglomerates and occludes impurities which cannot be washed out.
If the temperature is below 15°C the precipitation is delayed.

The finally obtained volume of the solution with the addition of the reagent
is made up to 2zoo ml. and in it should be contained 150 ml. of hydrochloric
acid sp. gr. 1.1g and 50 ml. of the aqueous solution of the reagent.

The reagent should be freshly prepared and should contain 0.6 gr. of
ascorbic acid in 50 ml for o.1 gr. of selenium.

The results of a few simple determinations as well as of a few separa-

tions of selenium from tellurium, copper or bismuth are given in the table I-
v

TABLE I. DETERMINATION OF SELENIUM AFTER PRECIPITATION
WITH L - ASCORBIC ACID

SELENIUM SELENIUM SEHLENIUM SELENIUM
Present Found Difference Present Found Difference
Gram Gram Mg. Gram Gram Mg.
0.0985 0.0984 - 0.1 0.0265" 0.0264 - 0.1
0.0787 0.0785 - 0.2 0.0150 0.0151 0.1
0.0675 0.0674 - 0.1 0.0150 0.0150 0.0
0.0675* 0.0675 0.0 0.0075 0.0076 0.1
0.0336 0.0337 o.1 0.0075 0.0075 0.0
0.0336" 0.0335 - 0.1 0.007 59 0.0075 0.0
0.0265 0.0266 0.1

(a) Solution also contained o.030 gram of Te.
(b) Solution also contained o0.019 gram of Cu.
(c) Solution also contained o.05 gram of As and o.05 gram of Bi.
(d) Solution also contained o.015 gram of Te,
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Influence of various ions. The procedure was further tested by deter-
mining selenium in the presence of otherf elements usually occuring in na-
tural ores of selenium.

The method as given above has been found to be uneffected by the
presence of tellurium, copper, bismuth and arsenic.

Silver ions are precipitated in hydrochloric acid solution as chlorides
and can be quantitatively separated.

Mercury is reduced by the reagent and should be removed,

Gold is precipitated at the same time but can be separated by treating
the well-washed precipitate with nitric acid, sp. gr. 1.25, which will dissolve
the selenium but not the gold.

The following procedure given in details has been found the most
satisfactory for the determination of selenium.

Recommended Procedure. The nitric acid solution containing no more
than o.1 gr. of selenium, is evaporaded to dryness, in a 250 ml beaker, on
the water bath. The residue is dissolved in 350 ml. of hydrochloric acid sp.
gr. 1.19 and the solution warmed on the water bath to expel all free nitric
acid. After nitric acid is expelled 100 ml. of hydrochloric acid sp. gr. 1.19
are added and selenium is precipitated at 20°C by adding 50 ml of an
aqueous solution of ascorbic acid with constant stirring. The solution is
then allowed to stand for 2-3 hours and filtered through a previously weighed
filter crucible No 4. The precipitated selenium is washed first by decantation
with cold water then with alcohol and finally with ether. After thorough
washing the red selenium is dried at 40°C and then it is heated at 120-
130°C to constant weight.

Note. When selenium is precipitated in the presence of other elements
the washing of the precipitate should first be done by concentrated hydro-
chloric acid.

Application of the melhod. The method as given above was also used
to determine the amount of selenium in seleniferous materials.

The following procedure was adopted in the analysis of an ore of which
the principal constituents were Berzelianit (Cu,Se) and Calcite (CaCOy).

From the finely powedered salnpif;: 2.5 gr. are placed in a beaker and
5 ml. of water are added followed by 3o ml. of concentrated nitric acid. Af-
ter the sample has dissolved in the beaker, which is covered with a watch
glass, it is evaporated to dryness on the water bath. The evaporation to
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drynesg with nitric acid is repeated and the residue taken up in 10 ml
concent.rated nitric acid and 30 ml. of water,

The insoluble matter is filtered off and the solution received in a 250
ml. volumetric flask. A 100 ml. of the filtrate are treated as directed above
and selenium is precipitated by ascorbic acid.

The results obtained by duplicate determinations are as follow:

Selenium found

a) 2.55 % b) 2.60%

The average composition of the sample was found:
8i0, o.29, Fe,0, 0.10, ALQ, o.14, CaO 52.02, MgO traces, Se 2.54,
Cu 4.08, CO, 40.849%.

CONCLUSION

An accurate gravimetric method for the determination of selenium has
been developed, based on the reduction of selenious acid by ascorbic acid.
From the various experiments carried out it has been proved that as-

corbic acid is an excellent reagent for the detection and estimation of selenium.
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