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A STUDY OF THE AVAILABLE METHODS FOR THE
DETERMINATION OF SELENIUM IN ORGANIC

COMPOUNDS.

W. E. Bradt and R. E. Lyons, Indiana University.

The existing methods for the estimation of selenium, when applied

to the determination of that element in organic compounds, either give

results which are inaccurate or involve tedious manipulations.

It has been stated in the literature (1, 2, 3,) and has been verified

in this laboratory (4) that nitric acid will oxidize selenium to selenious

but not to selenic acid. Therefore the selenium in an organic com-
pound, after treatment with fuming nitric acid in a sealed tube, will

be converted into selenious acid and will be accompanied by an excess

of nitric acid. Any method of analysis, which entails either the pre-

cipitation and weighing of the selenium as the element or the estima-

tion by volumetric reduction of the dioxide, will be interfered with by

this nitric acid or by the nitrates which may be formed by the

neutralization of the acid.

J. Meyer (5) and later Gutbier and Engeroff (6) found that there

is a notable loss of selenium while evaporating solutions of selenious

acid on a water bath. This loss is considerable in the presence of

hydrochloric acid. F. Konek and O. Schleifer (7) encountered the same
difficulty. They also found that efforts to avoid the use of nitric acid

as oxidizing agent, by the use of sodium peroxide or by combustion in

a bomb in the presence of compressed oxygen, gave unsatisfactory

results.

A method, to satisfactorily follow the Carius treatment, either must
provide for the removal of the nitric acid without loss of selenium,

or must be based on a reaction which will not be affected by nitrates

or nitric acid. Several methods (Group I) have been proposed to meet
these requirements, but they involve such an increase in laboratory

manipulation that a rapid determination of selenium is impossible.

Group I.

Gravimetric methods.—These methods are objectionable either be-

cause of the tediousness of the process or because they are not appli-

cable to solutions of selenium dioxide in nitric acid:

1. By the method of Michaelis and Rohmer (8) the mixture of

selenium dioxide and nitric acid is boiled for a few hours, with a great

excess of hydrochloric acid, under a reflux condenser. After the re-

moval of the nitric acid is completed, the selenium dioxide is decom-

posed to selenium by heating for a long time with sodium sulphite.

The selenium is thus converted into the black modification and is weighed

as the element. H. Bauer (9) stated that this method gave good
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results if certain precautions were observed. Lyons and Shinn (10)

encountered difficulty in removing all of the nitric acid when fuming
nitric had been used in the Carius treatment.

2. The method of Gutbier and Rohn (11) is based on the reduc-

tion, by hypophosphorous acid, of selenium dioxide in an alkaline solu-

tion to the element. The precipitated selenium is collected, dried and
weighed. The authors state that the precipitation is quantitative.

3. The method of Ivanov (12) is dependent on the formation and
subsequent decomposition of the compound, (HCNSK-H-SeOs. This, Ivanov

states, decomposes to give a compact precipitate of selenium which

can be more easily collected and weighed than can the selenium which

has been precipitated by earlier methods. By this method the mixture

of nitric acid and selenium dioxide is evaporated to dryness; a step

which causes inevitable loss of selenium. An additional weakness of

the procedure is the fact that it consumes an unusually long time.

4. The Perkins method (13) is based upon the reduction of selenium

dioxide by hydriodic acid. This is done in the presence of specially

prepared electrolytic silver with which the evolved iodine reacts. The
percentage of selenium is calculated from the gain in weight of the

silver. No precaution for the removal of nitrates is suggested, so this

method is not feasible to follow the Carius treatment.

5. Meyer and Garn (14) developed a method which, although it is

not gravimetric, will be discussed here because of its similarity to some
of the gravimetric methods. It is based upon the colorimetric com-

parison of the mixture, resulting from the reduction of selenious acid

by hydriodic acid, with similar mixtures of known selenium content.

They state that the method is not practicable above 0.05 per cent sele-

nium. It is obvious that the presence of nitrates would interfere with

the action of hydriodic acid.

6. F. von Konek and 0. Schleifer (15) decomposed the selenium

organic compound by heating in sulphuric acid, reduced the resulting

oxides by means of sulphur dioxide, and weighed the selenium as the

element. The objectionable feature of this method is that the amount

of heating necessary can not be accurately determined. Excessive heat-

ing leads to partial formation of selenium dioxide, the reduction of

which in the presence of sulphuric acid "presents difficulties".

7. W. Smith (16) proposed a method which is designed for the

removal of an excess of sulphur. This is done by treatment with

bromine to form S 2 Bi\:. The selenium is precipitated with hydriodic

acid in the usual manner and weighed as the element. This method,

which would be affected by the presence of nitrates, is designed es-

pecially for the estimation of selenium in sulphur.

8. In 1923 V. Lenher (17) discussed in a general way the chemical

principles utilized and some of the methods employed in the United

States for the detection and estimation of selenium and tellurium.

9. Lenher and Kao (18) studied the precipitation of selenium by

sulphur dioxide in hydrochloric acid and found that the temperature of

the precipitating solutions should not exceed 30°C.
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Volumetric methods.—These are unsatisfactory for the reasons

given below:

1. The methods of Muthman and Shaeffer (19), which consists of

the decomposition of selenious acid by hydriodic acid and subsequent

titration with thiosulphate, has been studied by Gooch and Reynolds

(20) and found to be inaccurate.

2. By the iodometric method of Norris and Fay (21, 22) the

selenious acid is reduced in the presence of hydrochloric acid by an
excess of tenth normal thiosulphate, and the excess thiosulphate is

titrated with a standard iodine solution. This method, according to

Lyons and Shinn (23), gives good results but is interfered with by
the presence of nitrates.

3. The indirect iodometric method of Gooch and Pierce (24), ac-

cording to Moser and Prinz (25), gives good results only when carried

out in a distillation apparatus instead of in a flask. In 1924 Congdon
and Bray (26) made a critical study of this method and found that the

results averaged 0.7 per cent too high.

4. The Predrich (27) method is based upon the following reaction:

4AgN0 3 + 3Se + 3HOH = 2Ag2Se + H2Se0 3 + 4HNO ; . Since this

method presupposes that the selenium is in the form of the element,

it is not directly applicable for use after the Carius treatment. Fur-

thermore the authors say that it is accurate only for very low concen-

trations of selenium.

5. Pellini and Spelta (28) proposed a method based on the reduc-

tion of selenium dioxide by hydrazine according to the following equa-

tion:

SeO, + N2H4 = Se + 2HOH +N 2

They measured the volume of the nitrogen which was evolved and cal-

culated, from it, the percentage of selenium. It is obvious that nitrates

would interfere with the reaction.

6. In 1925 Lenher and Kao (29) found that if selenium dioxide,

dissolved in a very slight excess of sodium hydroxide solution and

treated with tartaric acid, was subjected to the action of hydrazine sul-

phate for eight hours at 60° C., a separation of selenium and tellurium

was effected. Proper temperature control prevented the precipitation of

the tellurium.

7. The volumetric estimation of selenium by potassium perman-

ganate in alkaline solution, of Marino (30), is based on the following

reaction

:

2KMn04 + 3SeO. = K 2 + 2MnO, + 3SeO ;1

The oxidation is carried out in a hot alkaline solution; the mixture is

then acidified, and an excess of oxalic acid solution added. The excess

oxalic acid is titrated with potassium permanganate and the percentage

of selenium calculated from these data. The original method was
modified in 1919 by Moser and Prinz (31) in order to repress side re-

actions, and again in 1924 by Congdon and Bray (32) who state that

their modification gives satisfactory results. The presence of nitric

acid would interfere with the use of oxalic acid, and thus make this
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method, which is also quite tedious, impracticable for use following the

Carius treatment.

8. Klason and Mellquist (33) proposed a modification of the Norris

and Fay method. The selenium dioxide solution, free from air, is just

acidified with hydrochloric acid and an excess of potassium iodide

added. The liberated iodine is titrated with twentieth normal sodium
thiosulphate solution. The conditions forbid the presence of nitrates.

9. The method of Moser and Prinz (34) is based on the same re-

actions and is subject to the same limitations.

10. In 1922 Rosenhein and Krause (35) determined selenious acid

by titrating it to sodium acid selenite with para-nitrophenol as indicator.

This would be impracticable in the presence of nitric acid.

11. Losana (36) determined selenium by heating the material to

be analyzed with iron powder and decomposing the resulting ferrous

selenide by the addition of hydrochloric acid in an atmosphere of hydro-

gen. The hydrogen selenide generated was absorbed in a solution of

zinc acetate and the selenide formed was titrated iodometrically. Losana
designed this method for the analysis of ores and inorganic materials.

He made no effort to apply it to the analysis of organic compounds.

12. In 1924 Stecker and Shartow (37), who were evidently unaware
of the work of Pellini and Spelta, proposed again that method.

13. In 1925 Lang (38) used a modification of the Pellini and

Spelta method. He reduced selenious acid in half normal sulphuric acid

solution by means of a measured volume of hydrazine solution, and

titrated the excess of the hydrazine with an iodate. The use of hy-

drazine is prohibited by the presence of nitrates.

Group II.

Some methods have been proposed for the estimation of selenium,

which either avoid the use of nitric acid or successfully remove the

nitric acid, or are able to permit its presence in the form of nitrates.

1. By the Frerichs (39) method, the Carius treatment is conducted

in the presence of silver nitrate. The resulting silver selenite is then

isolated and dissolved in nitric acid and titrated as soluble silver ac-

cording to Volhard. Frerichs stated that selenium could be estimated in

the presence of halogens by boiling the precipitate with dilute nitric

acid, weighing the residue of silver halide and estimating the selenium

as above.

2. In 1904 Becker and Meyer (40) used alcohol to rinse out the

Carius tube and in the isolation of the silver selenite. Bauer (41) was

unable to obtain good results with the Frerichs method. However
Konek and Schleifer (42) stated that this method gave satisfactory

results. It has been observed in this laboratory that the separation

of the silver halide and silver selenite is difficult.

3. Lyons and Shinn (43) developed a method by which the nitric

acid might be removed without loss of selenium. This then permitted

the reduction of selenious acid by standard sodium thiosulphate solu-

tion. This was done by twice evaporating, on a water bath, the con-
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tents of the Carius tube in the presence of silver or zinc nitrate. An
insoluble ammonia compound ( Ag,SeO :iNH :! or ZnSeOnNH-,), which per-

mitted the removal of nitrates by washing, was then formed by twice

evaporating with ammonium hydroxide. After decomposition of the am-
monia complex by acidification with hydrochloric acid, the resulting

selenious acid was estimated by treatment with an excess of tenth

normal sodium thiosulphate and subsequent titration with a standard

iodine solution. The method has been found in this laboratory to give

fairly satisfactory results with halogen-free compounds. However it

consumes a great deal of time because of the fact that it is necessary to

evaporate the solution to dryness on a water bath six times, and because

the removal of nitrates is often very tedious. Nitrates, which are

sometimes apparently surrounded by the insoluble silver or zinc selenite,

cause errors in the iodometric titration.

4. Grabe and Petren (44) proposed a method which permits the

presence of nitrates. However it is designed for the estimation of

selenium in minerals and is not directly applicable to the analysis of

organic compounds.

5. In 1920 Wrede (45) proposed the combustion of the selenium

organic compound with oxygen in a tube in the presence of a platinum

catalyst, and titration of the resulting selenious acid with tenth normal

sodium hydroxide, with methyl orange as indicator, to sodium acid

selenite.

6. In 1926 Reid (46) announced a method for the estimation of

selenium in organic compounds, which was based on the fusion of the

compound with sodium peroxide in the Parr bomb, and the subsequent

precipitation of the selenium as the element.

A criticism of the methods available for the determination of sele-

nium in 1914 was made by Konek and Norwall (47) who concluded that,

at that time, there were no satisfactory methods available. In a dis-

cussion of the quantitative determination of selenium and tellurium,

Lenher (48) said, "The separation of the two elements, selenium and

tellurium, is not so perfect as commonly supposed. It is only by a fine

distinction in choice of reagents and manipulation that it is possible to

perfectly separate the two elements."

7. A review of the above methods shows plainly the need for a

simple, rapid and direct procedure for the estimation of selenium. The
writers (49) have developed such a method, applicable in the presence

of nitrates, when the selenium is in the form of the dioxide or selenious

acid; a condition which exists after the Carius treatment of halogen-

free, selenium, organic compounds. In the analysis of organic com-

pounds by this method, the contents of the Carius tube are first made
alkaline with halogen-free potassium hydroxide solution, then slightly

acidified with nitric acid, and finally neutralized by the addition of an

excess of pure zinc oxide. This mixture is then titrated with a standard

solution of silver nitrate according to Mohr's method for halogen deter-

mination, using sodium chromate as an external indicator. This pro-

cedure, which has not been successfully applied to halogen containing

compounds, gives satisfactory results with halogen-free compounds.
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