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Synopsis
The gravimetric determination Of selenium and tellurium were studied. Selenium was
determined successfully by reducing it to metallic state with the lower valence titanium,
molybdenum and chromium ions reduced with liquid zinc amalgam under the suitable condi-
tions. By the same procedure, tellurium was determined successfully only with chromium,
and with titanium and molybdenum, any available procedure has not been found.

I. Introduction

1. In the 1st® and 2nd® reports, a method of determining selenium and tellurium
by reducing and allowing them to precipitate out as metallic states by sulfur di-
oxide in hydrochloric acid solution, in the presence of perchloric and sulfuric acids
was described also. In the present paper, a method of gravimetric determination
by reduction and precipitation of selenium and tellurium with those lower valence
metallic in such as titanium, molybdenum, chronium reduced with zinc amalgam.

II. Determination of selenium

1. Experimental

Aqueous solution of.selenious acid is stable, so that it was used as the sample.
For metals to be used in the reduction, titanium, molybdenum or chromium was
used. Such metal solution was reduced in a moderate concentration of sulfuric
acid solution with liquid zinc amalgam, filtered through a suitable filter paper to
remove amalgam granules, the filtrate was added to the solution of selenious acid
to be reduced, mixed thoroughly by shaking, and allowed to stand over night.
This mixture was filtered through a filtering crucible, and the precipitate was
washed consecutively with 3N hydrochloric acid and water, dried at about 105°C,
and weighed as metallic selenium.
(i) Reduction with titanium

Titanium solution : Titanium oxide was dissolved in sulfuric acid by heating and
diluted to contain about 0.03 g of titanium in 1 ml of the solution. The concentra-
tion of sulfuric acid was 11.5N.
(a) Effect of the concentration of hydrochloric acid: Five ml of the titanium
solution (Ti, 0.15g) with 20 ml of water was reduced with liquid zinc amalgam.

* The 782nd report of the Research Institute for Iron, Steel and Other Metals. Published in the
Journal of Institute of Metals, 15 (1951), 617.

(1) H. Gotd, Y. Kakita, Sci. Rep. RITU, A-4 (1952), 28.

(2) H. Gotd, T. Ogawa, Sci. Rep. RITU, A-4 (1952), 121.
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On the other hand, hydrochloric acid and water were added to 5ml of the selenious
acid solution (Se, 52.7mg™*), the reduced titanium solution was added to it, and the

total volume was brought to 90 or 180 ml

After allowing the mixture to stand

at a room temperature over night, the precipitate was filtered, dried, and weighed.
The results obtained are shown in Table 1, from which it can be seen that prac-

tically constant values were obtained when 0.15g of titanium was used, irrespective
of the concentration of hydrochloric acid.

Table 1.

Concentgition f Total volume | Se found Error
et (ml) (mg) (mg)
8 90 53.0 +0.3
3 90 52.6 —-0.1
6.6 90 53.0 +0.3
6.6 90 53.8 +11
4 90 53.1 +04
4 90 53.3 +0.6
27 90 53.4 +0.7
27 90 53.2 +0.5
0 90 53.5 +0.8
0 90 53.8 +1.1
4 180 52.7 0.0
4 180 53.0 +0.3
24 180 53.5 +0.8
24 180 53.4 +0.7
0 180 53.2 +0.5
0 180 52.8 +0.1

Se taken: 52.7mg, concentration of H,SO,: 0.57N,
Ti added : 0.15g

Table 2.

Ti added Con(c);en}t{r&tion‘,ro tal volume| Se found| Error
(@ (N) (ml) (mg) (mg)
0.3 0 180 53.8 +1.1
” 0 180 53.3 +0.6
” 4 90 52.8 +0.1
” 4 90 53.0 +0.3

0.09 8 90 37.9 —14.8
» 8 ” 341 —18.6
” 4 ” 38.0 —14.7
» 4 ” 37.8 —-14.9
»” 1.3 ”» 35.2 —-175
” 1.3 ” 36.2 —-16.5
» 0 ” 335 —-19.2
» 0 ” 32.8 -19.9

Se taken: 52.7 mg

(b) Effect of the amount of ti-
tanium: Using 10 ml of the titani-
um solution (Ti, 0.3g), the same
experimental procedures as in (a)
were carried out. The results,
as shown in Table 2, indicated
that well-agreeing values were
also obtained by the use of a
larger amount of titanium.

The same experiments were
then carried out with 3 ml of the
titanium solution (Ti, 0.09g). As
indicated by the results shown
together in Table 2, values ob-
tained were lower, pointing out
that this amount of titanium is
not sufficient for the reduction.
(ii) Reduction with chromium

For chromium, 10 per cent a-
queous solution of chrome alum
was used. A mixture of 35 or
50 ml of the chrome alum solu-
tion and 1.5ml of sulfuric acid
solution (1:1) was reduced with
liquid zinc amalgam, as in (1)
and the following experiments
were carried out as in the forego-
ing, also with various concentra-
tions of hydrochloric acid or with
sulfuric acid alone, and the re-
sults are shown in Table 3. These
results indicate that well-agree-
ing values are obtained when

35ml of 10 per cent chrome alum solution is used at 3.6N hydrochloric acid solu-
tion but lower values are obtained with a higher concentration of the acid and

* Determined by reduction and precipitation with hydroxylamine.
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higher values with lower concentration. When 50 ml of the chrome alum solution
was used, almost constant values were obtained at around 3.6N hydrochloric acid
solution, and the variation in values with higher or lower concentration of the
acid was more marked in this case. In sulfuric acid solution, the values agreed
well with about 6N, and the values were higher at a lower concentration.

(iii) Reduction with molybdenum
For molybdenum, 10 per cent aqueous
solution of sodium molybdate was used.
(a) To 5ml of sodium molybdate solu-
tion, 10 ml of 2N sulfuric acid and 5ml
of water were added and the mixture
was reduced with liquid zinc amalgam
as in the foregoing. Experiments were
carried out as before with various con-
centrations of hydrochloric acid. As
shown hy the results in Table 4, con-
stant values were obtained when 5ml
of 10 per cent sodium molybdate solu-
tion was used, irrespective of the con-
centration of hydrochloric acid.
(b) Relation between the amount of
molybdenum and concentration of hy-
drochloric acid was examined by vary-
ing the amounts of sodium molybdate
and the concentration of hydrochloric
acid. To 4 or 3ml of 10 per cent so-
dium molybdate solution, 10ml of 2N
sulfuric acid and 5ml of water were
added and experiments carried out as
in the foregoing. As shown by the
results in Table 5, fairly well-agreeing
results were obtained with 4ml of 10
per cent sodium molybdate solution at
54~7.2N hydrochloric acid, but the
values were lower when hydrochloric
acid concentration was lower. However,
when hydrochloric acid was not present,
the precipitate was contaminated and
values determined were higher, sugges-
ting occlusion of molybdenum com-
pound in the precipitate. Values were
always lower with 3 ml of the molyb-
date solution, suggesting insufficiency

Table 3.
109 Chrome|Concentration|
alum added| of HCl Se (f;)u§1d I?;rrlm;
(mD &) ¢ &
35 7.2 46.9 ~5.8
”» 7.2 47.2 -5.5
” 4.8 51.5 -1.2
” 4.8 50.6 -241
» 3.6 53.2 +0.5
” 3.6 53.0 +0.3
” 2.4 56.6 +3.9
” 2.4 57.4 +4.7
” 1.2 61.2 +8.5
» 1.2 63.9 +11.2
50 6.0 47.8 —-4.9
” 6.0 47.2 -5.5
" 4.8 47,5 -5.2
” 4.8 47.3 —54
» - 4.2 51.1 —-1.6
» 4.2 51.1 -1.6
» 3.6 '52.9 +0.2
» 3.6 53.1 +0.4
» 3.0 57.2 +4.5
» 3.0 57.1 +4.4
” 1.8 63.8 +11.1
” 1.8 63.5 +10.8
” 6.0* 52.8 +0.1
» 6.0* 52.4 -0.3
” 4.2% 55.1 +2.4
» 4.2* 54.4 +2.7
Z 3.0 56.6 +3.9
” 3.0¢ 56.7 +4.0

Se taken : 52.7 mg, total volume: 100ml,
* concentration of H;SO,

Table 4.

Concenﬁrc:exltion of Se found Error
N (mg) (mg)
7.2 49.1 +0.4
7.2 49.1 +0.4
5.4 49.2 +0.5
5.4 49.7 +1.0
3.6 48.9 +0.2
3.6 49.7 +1.0
2.4 48.8 +0.1
2.4 49.3 +0.6
1.2 49.2 +0.5
1.2 49.4 +0.7
0 49.2 +0.5
0 49.4 +0.7

Se taken: 48,7 mg, total volume : 100ml, 109
Na;MoO, added : 5 ml
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of the reduction agent. The precipitate was also contaminated in the absence of
hydrochloric acid and the values were higher.

Table 5.
1096 NayMoO,/Concentration
added of HCI Se( f°“>nd Pé;?; '
(mD (N) mg g
4 7.2 495 | +08
” 7.2 49.5 +0.8
” 5.4 48.9 +0.2
" 5.4 48,5 —0.2
" 3.6 43.9 -4.8
" 3.6 43.5 ~5.2
” 1.2 43.8 —4.9
" 1.2 43.2 -5.5
” 0 52.1 +3.4
” 0 53.8 +5.1
3 3.6 34.2 —~14.5
» 3.6 36.6 ~12.1
” 1.2 32.7 —~16.0
” 1.2 30.9 -17.8
” 0 51.6 +2.9
” 0 57.3 +8.6

Se taken: 48.7 mg, total volume: 100 ml,
concentration of H,SO,: 0.2N’

Table 6.

Concen}tllation of|  Se found Error
o (mg) (mg)
7.2 49.9 +1.2
7.2 49.2 +0.5
5.4 49,5 +0.8
5.4 49.6 +0.9
3.6 49.5 +0.8
3.6 494 +0.7
1.2 48.9 +0.2
1.2 49.0 +0.3
0 50.7 +2.0
0 50.9 +2.2

Se taken : 48.7 mg, total volume: 100 ml,
109¢Na;Mo0, added : 10ml

Next, the same experiments were
carried out with 10 ml of 10 per cent
sodium molybdate solution and 20 ml
of 2N sulfuric acid (reduction was
impossible with 10 ml of the acid, form-
ing a black precipitate during the reduc-
tion). The results in Table 6 show
that a slightly higher values are ob-
tained in the absence of hydrochloric
acid but practically constant-values are
obtained in the presence of hydrochloric
acid, irrespective of its concentration.

2. Results

(1) When Ti** was used as the reduc-
ing agent, over 0.15g of titanium re-
sulted in complete reduction of about
0.05g of selenium and the determina-
tion of selenium could be made, irre-
spective of the concentration of hydro-
chloric acid. The determination was
also possible in sulfuric acid solution,
in the absence of hydrochloric acid.

(ii) When Cr?* was used as the reduc-
ing agent, about 0.05g of selenium
could be quantitatively determined with
35ml of 10 per cent chrome alum solu-
tion at 3.6N solution of the hydro-
chloric acid and also with 50 ml of the
chrome alum solution, at 3.6N hydro-
chloric acid gave the good results.
Similarly, with 50 ml of the chromium

solution, the determination was possible in 6N sulfuric acid solution.

(iii) When Mo3* was used as the reducing agent, constant values were obtained
with about 0.05g of selenium and 5ml of 10 per cent sodium molybdate solution,
irrespective of the concentration of hydrochloric acid. When 4 ml of the molybdate
solution was used, agreeable results were obtained in 5.4-7.2N hydrochloric acid
solution, and when 10 ml of the molybdate solution was used, practically constant
values were obtained at any concentration of hydrochloric acid.

III. Determination of tellurium

1. Experiment
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Tellurium solution : Metallic tellurium was dissolved in 6N nitric acid, the acid
was removed by evaporation of this solution to dryness, and the residue was made
alkaline with sodium hydroxide until the precipitate formed was dissolved com-
pletely. This alkaline solution was diluted to a definite volume. The experimental
procedures were the same as in the case of selenium.

(i) Reduction with titanium

The titanium solution used was similar with that of selenium and the experi-
mental procedures were also the same, using 54.5mg* of tellurium. The results,
as shown in Table 7, indicated very low values and the higher the concentration
of hydrochloric acid became, the lower the value. No precipitation occurred with
8N hydrochloric acid. It was therefore seen that determination of tellurium by
reduction and precipitation with titanium was impossible.

(ii) Reduction with molybdenum Table 7.
As in the case of selenium, 10 per [ ——

. . Concentration of -
cent aqueous solution of sodium molyb- HCl Se found Error
date was used to carry out the same (N) (me) (me)
experiments. To 5ml of 10 per cent 2;8 _ _
sodium molybdate solution, 10 ml of 2N 4.0 0.5 _54.0
sulfuric acid was added and reduced. 4.0 0.7 —93.8
Under the condition that 0.0545g of - " —4rd
tellurium was added, the total volume 0.6 28.9 —25.6
brought to 100 ml and hydrochloric acid 0.6 30.5 —24.0
was not added, the quantitative deter- 0 %;3 —oet

mination was impossible due to too
large an amount of precipitate by mo-
lybdenum. In a similar experiment,

Te taken : 54.5 mg, total volume: 90 ml, Ti
added : 0.155 g, concentration of HySO, : 0.55N

. . . .. Table 8.
using 20 ml of 2N sulfuric acid, precipi-  ____ 7___‘b ”8‘¥M_A‘ _
tation failed to form. These facts Concenéf:altwn ofl " Se found Error
showed that it is impossible to use (N) (mg) (mg)
molybdenum as the reducing agent. 8 ggi i 8.5
(iii) Reduction with chr?mlum 1.2 5.0 405

10 per cent aqueous solution of chrome 1.2 55.2 +0.7

i leni- 2.4 54.3 —-0.2
alum was used as in the case of seleni 54 o Y
um. 3.6 55.0 +0.5
(a) Effect of the concentration of 3.6 55.1 +0.6
hydrochloric acid: 50 ml of 10 per cent i-% ggg —}-g
chrome alum solution and 1.5ml of 5.4 50.3 42
sulfuric acid (1:1) was reduced with 54 47,6 —-6.9
liquid zinc amalgam and the same ex- Te taken : 54.5 mg, total volume : 100ml, 10%
periments were carried out with various chrome alum added : 50 ml, concentration of
H,S0, : 0.27N

concentrations of hydrochloric acid. As
shown from the results in Table 8, well-agreeing results were obtained at less

* Determined with hydroxylamine and sulfur dioxide.
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than 3.6N of hydrochloric acid concentrations, and a slightly lower values at more
than 4.2N.
(b) Effect of the amount of chromium: Experiments were carried out, using

Table 9. various amounts of 10 per cent chrome
oo Crmome o alum solution. The results obtained
° “added ’ SeCfOUF‘d Egog are shown in Table 9, from which it
\nih | ad e is seen that values are lower with less
22 e BTy than 35ml of 10 per cent chrome alum
35 52.7 ~1.8 solution but agree well with more than
35 50.6 -39 50 ml.
2 S5t tos 2 Results
65 54.8 +0.3 (i) It was impossible to quantiatively
65 55.4, +0.9 determine tellurium by reduction and
Te taken : 54.5 mg, total volume : 100ml, HCI precipitation with Ti®" or Mo?** as the
was not added. reducing reagent.

(ii) When Cr?* was used as the reducing agent, with about 0.05g of tellurium,
50 ml of 10 percent chrome alum solution reduced with zincamalgam and lower
than 3.6N hydrochloric acid, well-agreeing results were obtained, while lower values
were obtained with less than 35ml of chrome alum.

Summary

(1) A method of gravimetric determination of selenium and tellurium was studied
in which these elements were precipitated in metallic state by reduction with
titanium, molybdenum, or chromium reduced with liquid zinc amalgam.

(2) When titanous ion was used, suitable amount of titanium made it possible to
determine selenium, irrespective of the concentration of hydrochloric acid, or in
sulfuric acid solution.

(3) When chromous ion was used, selenium could be determined with around
3.6N hydrochloric acid or in 6N sulfuric acid.

(4) When molybdenum reduced was used, selenium could be determined at any
concentration of hydrochloric acid.

(5) It was impossible to determine tellurium by using titanium or molybdenum
reduced as the reducing agent.

(6) Tellurium could be determined with chromous ien as the reducing agent at
less than 3.6N of hydrochloric acid.



