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The decomposition of potassium monoselenopentathionate under the
action of high concentration sulfuric acid (45–75%) proceeding with the
liberation of hydrogen sulfide and formation of mono- and polyseleno-
polythionates, containing more than 4 sulfur atoms in the molecule has
been studied. The mono- and diselenopolythionates containing 5–7 sul-
fur atoms in the molecule are isolated as crystalline salts of trans-dipy-
ridine-bis(dimethylglyoximato)cobalt(III) as the intermediate products of
the selenopentathionate decomposition mentioned at the optimal de-
composition conditions determined. By this, a new homologous series of
the SeSnO6

2– and Se2SnO6
2– (n > 4) types are discovered. The chemical

reactions - oxidation by iodine in the acidic and hydrocarbonate medium
and under the action of cyanide ions - of the new selenopolythionates
are studied. The results confirmed the structure of these compounds to
be analogous to the known structure of monoselenopentathionate – a
chain of sulfur–selenium atoms with the SO3

- groups on the ends. The
mechanism of the formation of more sulfured mono- and diselenopolyt-
hionates during the acidic SeS4O6

2– decomposition is proposed. The main
role is attributed to the intermediate compound, monoselenanedisulfa-
nemonosulfonate H–S–Se–S–SO3H, which forms as a result of the initial
hydrolysis of the SeS4O6

2– anion resulting in the cleavage of a bond
between the terminal sulfur atoms.
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INTRODUCTION

The first data on selenopolythionic acids – selenot-
rithionic acid, H2SeS2O6, and monoselenopentathio-
nic acid, H2SeS4O6, were published in 1865 [1] and
1949 [2], respectively.

Since these times numerous studies devoted to
the chemistry and technological application of these
peculiar sulfur–selenium compounds in the labora-
tories of various countries (Germany, Norway, Lit-
huania) was carried out. Three homologous series
of the selenopolythionates were known: mono-sele-
nopolythionates, SeSnO6

2– (n = 2–4), and polysele-
nopolythionates of two types: the symmetric ones of
the general formula SenS2O6

2– (n = 2–7) and the
asymmetric ones of the general formula SenS3O6

2– (n
= 2–6) [2–11]. Unfortunately, the structure of sele-
nopolythionic acid anions was undoubtedly determi-
ned only for the lower selenopolythionates [3, 11–
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14] – the chains of sulfur–selenium or only sele-
nium atoms with the SO3

– groups on the ends: of
the selenotrithionate, –O3S–Se–SO3

–, monoselenotet-
rathionate, –O3S–Se–S–SO3

–, diselenotetrathionate, –

O3S–Se–Se–SO3
–, and monoselenopentathionate, –

O3S–S–Se–S–SO3
–.

The first indications about the existence of sele-
nopolythionates containing more than four sulfur
atoms in the molecule were received studying the
interaction of selenous acid, H2SeO3, with the thio-
sul-fate, S2O3

2–, by the method of ionphoresis on
paper using the isotopes S35 and Se75 [15]. The ions
of monoselenohexathionate, SeS5O6

2–, diselenohep-
tathionate, Se2S5O6

2–, and triselenooctathionate,
Se3S5O6

2–, in the mixtures with purely sulfur lower
polythionates – trithionate, S3O6

2–, tetrathionate,
S4O6

2–, pentathionate, S5O6
2–, and hexathionate, S6O6

2–

– were detected in the solution.
Zelionkaitë and Ðukytë found [7] that monosele-

nopentathionic acid, H2SeS4O6, in a con-centrated so-
lution decomposes with the formation of sulfurous,
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sulfuric acids and liberation of elemental sulfur and
selenium according to the equation:

H2SeS4O6 + H2O → H2SO3 + H2SO4 + Se +
+ 2S. (1)

However, the decomposition of barium seleno-
pentathionate, BaSeS4O6, under the action of con-
centrated sulfuric acid, H2SO4, proceeds with the
liberation of hydrogen sulfide, H2S [16]. Since it
has been undoubtedly determined that the libera-
tion of hydrogen sulfide occurs during the conden-
sation of sulfanemonosul-fonates, HSn-1SO3

–, into po-
lythionates [11, 17],

2HSn-1SO3
– → SnO6

2– + H2S, (2)
Zelionkaitë and Ðukytë proposed [16] that the

hydrolysis of selenopentathionate anion results in the
cleavage of a bond between the terminal sulfur
atoms and the formation of sulfanemonoselenane-
mono-sulfonate is the first stage during the decom-
position of barium selenopentathionate:

HO3S–S–Se–S–SO3H + HOH → H2SO4 + H–
S–Se–S–SO3H. (3)

This intermediate compound may undergo fur-
ther decomposition analogously to the decomposi-
tion of sulfanemonosulfonates,

H–S–Se–S–SO3H → H2SO3 + Se + 2S, (4)
or to condense into a new selenopolythionate
(H2Se2S5O6), with the liberation of hydrogen sulfi-
de:

HO3S–S–Se–S–H + H–S–Se–S–SO3H → H2S↑  +
HO3S–S–Se–S–Se–S–SO3H.        (5)

The aim of the present work was isolation of
intermediate products of monoselenopentathionate
decomposition under the action of concentrated sul-
furic acid, i.e. the selenopolythionates containing mo-
re than four sulfur atoms in the molecule, and the
characterization of these compounds by the chemi-
cal reactions typical of selenopolythionates.

EXPERIMENTAL

The chemical materials used in the study were che-
mically and analytically pure commercial (Russia)
reagents. Some compounds were prepared using the
published proceedures: the hydrogen-sulfate of trans-
dipyridine-bis(dimethylglyoximato)cobalt(III),
[Co(DH)2Py2]HSO4 · 2H2O as described in [18] and
the potassium monoselenopentathionate, K2SeS4O6 ·
3/2H2O, as described in [2].

The higher trans-dipyridine-bis(dimethylglyoxima-
to)cobalt(III) selenopolythionates have been isola-
ted during the decomposition of potassium seleno-
pentathionate under the action of sulfuric acid of a
high concentration. A saturated solution (8%) of
[Co(DH)2Py2]HSO4 · 2H2O was used for the isola-
tion of selenopolythionates. A crystalline K2SeS4O6 ·
3/2H2O and 45–75% sulfuric acid mixture was con-
tinuously stirred in a thermostatic vessel. K2SeS4O6

· 3/2H2O was dissolved, the solution was gradually
acquiring the green and later the yellow colour, and
the liberation of elemental sulfur (first) and sele-
nium (later) was gradually beginning. The hydrogen
sulfide liberated during decomposition was absor-
bed by iodine solution, the consumption of which
served to determine the degree of K2SeS4O6 decom-
position according to the assumed equation

2SeS4O6
2– + 2H2O → H2S + Se2S5O6

2– +
+ 2HSO4

–, (6)
which is an overall equation of the reactions (3)
and (5).

8 mmol (3.264 g) or 16 mmol of K2SeS4O6 · 3/
2H2O was used for every experiment. The reaction
mixture after the liberation of a fixed amount of
H2S was diluted with an amount of distilled water
equal to the amount of sulfuric acid solution used
for the decomposition at the beginning of the expe-
ri-ment. Then it was cooled to 10 °C, the liberated
sulfur and selenium filtered off and determined qu-
antitatively after the oxidation with bromine by the
gravimetric and iodometric methods, respectively.

The trans-dipyridine-bis(dimethylglyoximato)co-
balt(III) selenopolythionates were analysed determi-
ning the contents of cobalt, sulfur, selenium and
crystallization water. Cobalt was determined as
Co3O4 gravimetrically. For the determination of sul-
fur, 0.1–0.15 g of a sample was partially dissolved
in water, 10 ml of 23% HCl was added and oxidi-
zed with bromine. After bromine excess removal by
hea-ting, the sulfate ions were determined gravimet-
rically as BaSO4. The amount of selenium was de-
termined by a proceedure worked out by us. About
0.1 g of a sample was dissolved under heating in 20
ml 10 N KOH and heating was continued until the
disappearance of the pyridine smell (the presence
of pyridine makes the iodometric selenium determi-
nation problematic [11]). Then the solution was co-
oled 15 ml of 23% HCl and 10 ml of bromine were
added for oxidation. After bromine excess removal
by heating, selenous acid was determined iodomet-
rically [19]. The amount of crystallization water was
determined thermogravimetrically with a derivatog-
raph of the F. Paulik, I. Paulik, L. Erdey (Hungary)
system in the air atmosphere. The parameters: a
100 mg sample, temperature range up to 1000 °C,
the rate of temperature increase 5 °C · min–1, etha-
lon – Al2O3.

Fractional precipitation was used for the isola-
tion of higher selenopolythionates, potassium sele-
nopentathionate decompo-sition products. After the
introduction of a portion of the saturated solution
of [Co(DH)2Py2]HSO4 · 2H2O, small crystals of the
selenopolythionate of this cation were precipitated.
The filtered crystals were washed with water until
disappearance of SO4

2– ions in the washings and la-
ter with acetone. Analogously, the crystals of trans-
dipyridine-bis(dimethylglyoximato)cobalt(III) seleno-
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polythionates in the next fractions of crystallization
were isolated from the filtrate after the first preci-
pitate.

The oxidation with iodine in acidic and hydro-
gencarbonate solution and under the action of cy-
anide ions characteristic of selenopolythionate re-
actions was performed for identification of the com-
pounds isolated. To study the reaction of oxidation
with iodine in acidic solution, ∼ 0.05 g of the iso-
lated selenopolythionate was dissolved under hea-
ting in 50% ethanol (∼ 40 ml) and an excess of the
acidified (20 ml 2 N HCl) iodine solution was ad-
ded. After 5 min the excess of nonreacted iodine
was retitrated with thiosulfate solution. To study
the reaction of oxidation with iodine in the hydro-
gen–carbonate solution, 0.05–0.1 g of K2SeS4O6 ·
3/2H2O or trans-dipyridine-bis(dimethylglyoximato)-
cobalt(III) selenopolythionate was dissolved in wa-
ter or 50% ethanol (∼ 30 ml), respectively. Then
an excess of the iodine solution and 2 g of KHCO3
were added, the reaction mixture left for 5 min,
starch and 20 ml 10% CH3COOH were added and
again left for 5 min (to reach a complete con-
sumption of iodine by the complex cation in the
acidic medium). Finally, the excess of nonreacted
iodine was retitrated with thiosulfate solution. To
study the reaction with cyanide ions, the sample
was partially or completely dissolved in 50% etha-
nol and 7 ml of 0.5 M KCN was added. The so-
lution soon became clear and was left for 5 min.
Then 2 g of KI, 20 ml of 10% acetic acid and an
excess of iodine solution were added. The latter
was retitrated with thiosulfate solution.

RESULTS AND DISCUSSION

The kinetic experiments with the aim to determine
the dependence of formation of the final products of
selenopentathionate decomposition – H2S, sulfur and
selenium – on the concentration, amount and tempe-
rature of sulfuric acid used were performed first.

The rate of hydrogen sulfide liberation increases
with an increase in sulfuric acid concentration (Fig.
1). However, this process, when sulfuric acid of a
higher concentration (60–70%) was used, slowed
down after the liberated amount of H2S (calculated
according to equation (6)) had reached 100%.

The liberation of elemental sulfur does not de-
pend on the concentration of sulfuric acid (Fig. 2),
but the minimal amount of selenium after the
amount of liberated H2S reached 50% has been
found using a 50% solution of sulfuric acid.

The liberation of H2S slows down with an incre-
ase in the amount of sulfuric acid used (Fig. 3),
without any effect on the liberation of sulfur and
selenium (Fig. 4), except the experiment when the
K2SeS4O6 solution of the high concentration (∼ 1 M)
has been used.

Fig. 1. Liberation of H2S (%from the amount calculated
according to equation (6)) during the decomposition of
potassium selenopentathionate with sulfuric acid at a tem-
perature of 50 °C.
The concentration of H2SO4 solution, %: 1 – 70, 2 – 65,
3 – 60, 4 – 55, 5 – 50, 6 – 45

Fig. 2. Dependence of liberated amounts of elemental sele-
nium (1) and sulfur (2) during the decomposition of potas-
sium selenopentathionate with sulfuric acid (50% H2S libe-
ration) on the concentration (%) of H2SO4 (10 ml) used
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Fig. 3. Liberation of H2S (% from the amount calculated
according to equation (6)) during the decomposition of
potassium selenopentathionate with 50% sulfuric acid at
a temperature of 50 °C. The concentration of K2SeS4O6
solution, mol/l: 1 – 0.96, 2 – 0.70, 3 – 0.37, 4 – 0.26

Fig. 4. Dependence of amounts of elemental sulfur (a)
and selenium (b) liberated during the decomposition of
potassium selenopentathionate with sulfuric acid (50% H2S
liberation) on the concentration (mol/l) of K2SeS4O6. The
liberation of H2S, %: 1 – 50, 2 – 100

Fig. 5. Liberation of H2S (% from the amount calculated
according to equation (6)) during the decomposition of
potassium selenopentathionate with 50% sulfuric acid.
Temperature, °C: 1 – 60, 2 – 50, 3 – 40

Fig. 6. Dependence of amounts of elemental sulfur (a)
and selenium (b) liberated during the decomposition of
potassium selenopentathionate with 50% sulfuric acid (10
ml) on the temperature. The amount of liberated H2S,
%: 1 – 50, 2 – 100
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Table 1. Products of K2SeS4O6 · 3/2H2O (8 mmol) decomposition with H2SO4– (10 ml 50%) at a
temperature of 50 °C. The amount of 0.14 M P*HSO4 · 2H2O solution (ml) used for fractional isolation:
1 – 10, 2 – 10, 3 – 30

H2S, No. of Found, % Yield**, % Compound Calculated, %
% fraction Co Se S Se:S Co Se S
20 1 8.44 9.60 13.95 2:7.2 7.5

2 – 6.52 10.86 1:4.1 –
40 1 8.52 11.92 15.30 2:6.3 11 ≈P2Se2S7O6 · 3H2O, 8.26 11.07 15.73

2 9.01 8.75 13.22 1.5:5.6 5 Mixture of mono-
and diseleno-
polythionates

50 1 – 12.35 15.28 2:6.1 11
„ 8.52 11.26 15.43 2:6.8 4 P2Se2S7O6 · 3H2O

60 1 8.53 9.95 15.59 2:7.7 9 –„–
1 8.76 8.68 16.05 1.5:6.8 9 Mixture of mono-

and diseleno-
polythionates

80
2 8.99 6.67 14.40 1:5.3 6 P2SeS6O6 · 3H2O 8.96 6.00 14.62
3 – 6.30 10.94 1:4.3 –

100 1 – 8.23 15.58 1.5:7 9
2 – 7.53 15.31 1.5:7.5 8 Mixture of mono-

and diseleno-
polythionates

3 9.51 5.82 11.60 1:4.9 5 P2SeS5O6 · 6H2O 8.81 5.90 11.98
*P = [Co(DH)2Py2]

+. ** From the amount of Se present in K2SeS4O6 · 3/2H2O used for decomposition

The rate of H2S liberation increases with incre-
asing the temperature (Fig. 5), but the lowest
amounts of liberated sulfur and selenium were re-
ceived at a temperature of 50 °C (Fig. 6).

It is worth pointing out that rather small amounts
of elemental sulfur, 5–6% (calculated from the sul-
fur amount in K2SeS4O6 used) after a 50% H2S li-
beration and 10–12% after a 100% H2S liberation
were obtained; the minimal amounts of selenium
liberated during the decomposition of seleno-pen-
tathionate with the 50% H2SO4 at a temperature of
50 °C were 10% and 30% from the sele-nium
amount in K2SeS4O6 used, respectively.

Thus, the kinetic experiments showed that the
smallest amounts of sulfur and selenium liberate (at
the same amount of liberated H2S) when 50–60%
sulfuric acid at a temperature of 50 °C was used
for the decomposition of selenopentathionate. The-
refore it was reasonable to expect that these condi-
tions of decomposition were the most suitable for
the isolation of intermediate products of this de-
composition.

As mentioned above, a saturated solution of
[Co(DH)2Py2]HSO4 was used for the isolation of
K2SeS4O6 decomposition intermediate products. The
experiments were carried out analogously as during
the kinetic studies as described in the experimental
part. Fractional crystallization was used for the iso-

lation of intermediate products as desribed above
after the elemental sulfur and selenium were filte-
red off. The product of each fraction was washed
with water, then with acetone before analysis. The
analytical data (the average values) are presented
in Tables 1–3.

At the beginning of decomposition (20–50% li-
beration of H2S) the amount of selenium in the
product of the first fraction reaches a maximal va-
lue which corresponds to the diselenopolythionates.
But later (with an increase of the degree of seleno-
pentathionate decomposition – after a higher amount
of H2S is liberated) the amount of selenium in the
products isolated gradually reduces. The amount of
sulfur in the products at the beginning of decompo-
sition increases too, but later it does not reduce. As
a result, at a lower degree of selenopentathionate
decomposition (up to 40–50% of H2S liberation) the
composition of the products isolated in the first frac-
tions corresponds to diselenopolythionates containing
6–8 sulfur atoms in the molecule. Selenopolythiona-
tes of a higher degree of sulfurisation (SeS8O6

2–,
Se2S8O6

2–) form when 60% H2SO4 is used for sele-
nopentathionate decomposition (Table 2). At a hig-
her degree of decomposition (80–100% of H2S libe-
ration), the monoselenopolythionates containing 6–
8 sulfur atoms in the molecule are isolated from
the reaction mixture. The highest yield of diseleno-
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po-lythionates (% from the selenium taken in the
initial K2SeS4O6) was received after the liberation
of 40% of H2S. The yields calculated according to
the amount of [Co(DH)2Py2]HSO4 used for the iso-
lation are 63–76%, indicating a low solubility of the
higher mono- and diselenopolythionates of this com-
plex cation isolated.The content of selenium found
in a number of products exceeds its content in di-
selenopoly-thionates (for example, Table 2, experi-
ment 2; Table 3, experiment 1) implying the presen-

ce of anions SexSyO6
2– with a value of x > 2 in the

reaction mixture.Thus, during the decomposition of
monoseleno-pentathionate with a high concentration
sulfuric acid, using fractional precipitation employ-
ing trans-dipyridine-bis(dimethylglyoximato)cobalt(III)
cation we succeeded in isolation of a series of mo-
no- and diselenopolythionates containing 5 to 7 sul-
fur atoms in the molecule. The reproduction of iso-
lation of mono- and diselenopolythionates contai-
ning 8 sulfur atoms in the molecule is complicated.

Table 2. Products of K2SeS4O6 · 3/2H2O (16 mmol) decomposition with H2SO4–(20 ml 60%) at a
temperature of 50 °C. The amount of 0.14 M PHSO4 · 2H2O solution (ml) used for fractional isolation:
1 – 15, 2 – 20, 3 – 20

H2S, No. of Found, % Yield, % Compound Calculated, %
% fraction Co Se S Se:S Co Se S
20 1 8.91 10.90 15.21 2:6.9 8 P2Se2S7O6 · 3H2O 8.26 11.07 15.73

1 8.49 12.35 16.86 2:6.7 10
2 – 8.37 – – 8

30 3 9.48 5.47 11.98 1:5.4 5 ≈P2SeS5O6 · 6H2O 8.81 5.90 11.98
„ – 6.50 12.23 1:4.6 5
1 8.74 11.35 17.66 2:7.7 10 P2Se2S8O6 · 3H2O 8.08 10.82 17.58

40 „ – 11.62 16.26 2:6.9 10 P2Se2S7O6 · 3H2O
2 8.94 10.00 15.21 2:7.5 11 –„ – „ –
1 8.74 7. 61 17.04 1.5:8.3 7 Mixtures of mono-

60 2 – 7.70 15.84 1.5:7.6 12 and diseleno-
polythionates

1 8.78 6.10 17.00 1:6.9 5 P2SeS7O6 · 3H2O 8.74 5.86 16.65
80 2 8.85 5.19 16.62 1:7.9 5 ≈ –„ – „ –

„ – 6.26 16.25 1:6.4 6 ≈ –„ – „ –
100 1 8.86 5.43 17.89 1:8.1 4 ≈P2SeS8O6 · 3H2O 8.54 5.72 18.59

2 9.18 5.31 17.12 1:7.9 5 ≈P2SeS7O6 · 3H2O

Table 3. Products of K2SeS4O6 · 3/2H2O (16 mmol) decomposition with H2SO4– (20 ml 50%) at a
temperature of 60 °C. The amount of 0.14 M PHSO4– 2H2O solution (ml) used for fractional isolation:
1 – 15, 2 – 20, 3 – 20

H2S, No. of Found, % Yield, % Compound Calculated, %
% fraction Co Se S Se:S Co Se S

1 – 13.01 14.29 2:5.4 9
20 „ 8.67 11.72 13.86 2:5.8 11 P2Se2S6O6 · 3H2O 8.45 11.32 13.79

2 – 7.40 – – 9
40 1 8.59 11.35 15.05 2:6.5 11 ≈P2Se2S7O6 · 3H2O 8.26 11.07 15.73

2 – 7.58 – – 9
1 8.47 9.26 15.36 1.5:6.1 7

50 2 8.97 5.82 11.70 1:5 6 P2SeS5O6 · 6H2O · 8.81 5.90 11.98
3 8.77 8.12 13.99 1.5:6.4 12

Mixture of mono-
60 1 – 9.71 15.79 2:8.0 10 and diseleno-

polythionates
80 1 – 7.89 16.28 1.5:7.6 7 –„ – „ –

2 8.96 6.16 15.25 1:6.1 7  P2SeS6O6 · 3H2O 8.96 6.00 14.62
100 1 8.94 7.02 16.51 1:5.8 5

2 9.03 6.38 16.47 1:6.4 7 ≈P2SeS7O6 · 3H2O 8.74 5.86 16.65
3 9.50 5.43 14.68 1:6.7 – ≈P2SeS6O6 · 3H2O
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We succeeded in the recrystallisation of new mono-
selenopolythionates from the mixtures of ethanol
with 2N HCl (1:1) after which their composition
did approach the corresponding formulas. For exam-
ple, analysis of freshly isolated [Co(DH)2Py2]2SeS5O6
· 6H2O showed Se = 5.37%, S = 12.08% and of
the recrystallized one Se = 6.01%, S = 11.87%; in
freshly isolated [Co(DH)2Py2]2SeS7O6 · 3H2O found
Se = 5.30%, S = 17.00% and in the recrystallized
one Se = 5.99%, S = 16.76%.

The reactions characteristic of selenopolythiona-
tes for the new compounds were perfor-med loo-

king for the data concerning the structure of mono-
and diselenopolythionates containing 5 to 7 sulfur
atoms in the molecule.

Oxidation with iodine in acidic medium. It is
known [5, 6, 11] that the consumption of iodine
during the oxidation of selenopolythionates in an
acidic medium depends on the presence of sulfite
groups in a selenopolythionate anion. The seleno-
polythionates of SenS2O6

2– type, the structure of which
is –O3S–Sen–SO3

– [11–13, 20], i.e. containing two sul-
fite groups, undergo oxidation in these conditions
according to the equation

SenS2O6
2– + I2 + 2H2O → nSe + 2HSO4

– +
+ 2HI, (7)
consuming 2 equiv. I2 per 1 mol of the seleno-
polythionate; the selenopolythionates of SenS3O6

2– ty-
pe, the structure of which is –O3S–Sen–S2O3

– [11, 14,
20], i.e. containing 1 sulfite group, undergo an ana-
logous oxidation according to the equation

2SenS3O6
2– + I2 + 2H2O → 2nSe + 2HSO4

– +
+ S4O6

2– + 2HI, (8)
consuming 1 equiv. I2 per 1 mol of the seleno-
polythionate. Monoselenopentathionate, O3S2–Se–
S2O3

–, [3, 10] is not oxidized by iodine in acidic
medium. Thus, according to the results of oxidation
with iodine in an acidic medium one can receive an
information concerning the nature of the groups that
terminate the chain of Se–S atoms of the selenopo-
lythionate anion.

The consumption of iodine in the case of com-
pounds isolated in the present study are close to 4
equiv. I2 per 1mol of the selenopolythionate, i.e. is
exactly equal to the amount of iodine consumed by
two 2 trans-dipyridine-bis(dimethylglyoximato)co-
balt(III) cations [11].

Oxidation with iodine in hydrogencarbonate me-
dium. Selenopolythionates of SenS2O6

2– type undergo
oxidation in a hydrogen-carbonate medium [4, 6,
11] according to the equation
SenS2O6

2– + (1+2n) I2 + (4+6n)HO– →
→ nSeO3

2–+ 2SO4
2– + (2+4n)I– +

+ (2+3n)H2O, (9)
i.e. all selenium of the selenopolythionate oxidizes
into a selenite and the sulfite groups into a sulfate.
No data concerning oxidation in these conditions of
selenopolythionates of other types are available. But
on the basis of the study [21] we could expect that
the purely sulfur polythionates may undergo partial
oxidation by iodine in a weakly alkaline solution.
We firstly studied this reaction on potassium seleno-
pentathionate, K2SeS4O6 · 3/2H2O, and trans-dipyri-
dine-bis(dimethylglyoximato)cobalt(III) seleno-
pentathionate, [Co(DH)2Py2]2SeS4O6 · 6H2O. The lat-
ter was synthesized by the method described in [22].
The con-sumption of iodine in the case of potas-
sium salt was found to be 6 equiv. / mol and in the
case of cobalt complex cation selenopentathionate

Fig. 7. Microphotographs of crystals of higher monosele-
nopolythionates (magnification):
1 – [Co(DH)2Py2]2SeS5O6 · 6H2O (× 860), 2 –
[Co(DH)2Py2]2SeS6O6 · 3H2O (× 2400), 3 –
[Co(DH)2Py2]2SeS7O6 · 3H2O (× 780)

1

2

3
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10 equiv./mol (Table 4). All selenium after the oxi-
dation of potassium seleno-pentathionate was found
in a selenite form (found 19.31%, calculated
19.35%), two sulfur atoms – as SO4

2– ions (found S
15.39, 15.63%, calculated for the four sulfur atoms
of K2SeS4O6 31.44%), the turbidity of sulfur was
observed in the solution. All that indicates that the
selenopentathionate anion undergoes the oxidation
in the hydrogencarbonate medium according to the
equation:

–O3S–S–Se–S–SO3
– + 10HO– + 3I2 → SeO3

2– +
+ 2SO4

2– + 2S + 6I– + 5H2O.       (10)
Consumption of iodine in the iodine oxidation

reaction of selenopolythionates richer in sulfur in
the hydrogencarbonate medium was found higher,
exceeding 10 equiv. of I2 per mol of the selenopo-
lythionate (Table 4). It was an indication that like
in the case of pure sulfur polythionates, some
amounts of iodine are consumed by the central di-
valent, low oxidation sulfur atoms of a higher sele-
nopolythionate for oxidation in these conditions. In
the case of the simplest selenopolythionate of
Se2SyO6

2– (y ≥ 4) type (hypothetic diselenohexathio-
nate, Se2S4O6

2–) of the cation which does not con-
sume iodine for the oxidation, on analogy with
K2SeS4O6 one could expect the reaction to proceed
according to the equation

–O3S–S–Se–Se–S–SO3
– + 16HO– + 5I2 → 2SeO3

2– +
+ 2SO4

2– + 2S + 10I– + 8H2O,       (10)
i.e. with the consumption of 10 equiv. of I2 per

1 mol of the compound and in the case of
[Co(DH)2Py2]2Se2S4O6 14 equiv. of I2 per mol, i.e.
additional four equiv. of I2 should be consumed by
the second selenium atom.

The diselenopolythionates [Co(DH)2Py2]2Se1–2S5–

7O6 isolated in the present study consume a little
more of iodine (∼ 15 equiv./mol) for the oxidation.
These compounds are less soluble compared to the
selenopentathionate of the same cation, therefore
for the study of this reaction the dissolution of sam-
ples in 50% ethanol with heating was used. The
consumption of iodine was found to depend on the
temperature of a solution. If a solution was not
cooled before adding it into the iodine solution, a
higher consumption of the latter was observed (ob-
viously because of the easier oxidation of the cen-
tral divalent sulfur atoms): about 12 and 14 equiv.
of I2 per mol of [Co(DH)2Py2]2SeS5O6 and
[Co(DH)2Py2]2SeS7O6, respectively. The difference
between the consumptions during the oxidation of
warm solutions of [Co(DH)2Py2]2SeS7O6 and
[Co(DH)2Py2]2Se2S7O6 was (as expected) ∼ 4 equiv.
of I2 per mol, since the additional selenium atom
consumes four equiv. of I2 for the oxidation into a
selenite.

Decomposition under the action of cyanide ions.
The monoselenopentathionate form 1 mol of a thio-
sulfate during the cyanide decomposition reaction
[23]:

SeS4O6
2– + 2CN– + 2HO– → SeCN– + SCN– +

+ SO4
2– + S2O3

2– + H2O,       (11)
i.e. the consumption of iodine after cyanide decom-
position is 1 equiv. per mol of a compound. The
consumption of iodine during a study of cyanide
decomposition reaction of the mono- and diseleno-
polythionates isolated in the present work was equ-
al to 1 equiv. of I2 per anion, too (Table 4), i.e. the
reaction proceeds according to the overall equations:

Table 4. Reactions of the selenopolythionates [Co(DH)2Py2]2SexSyO6 (x = 1, 2; y = 4–7)

No. of experiment 1 2 3 4 5 6 7 8 9
Oxidation SexSyO6

2– taken, mmolx102 4.03 3.77 3.76 3.63
with I2 in x/y 1/4 1/5 1/5 2/6
acidic Consumed 0.02 N 7.25 7.25 7.5 7.4
medium I2, ml

Equiv. I2/mol 3.59 4.84 3.99 4.08
Oxidation SexSyO6

2– taken, 4.05 3.74 3.70 3.53 2.85 3.77 3.72 3.58 3.49
with I2 in mmol x 102

HCO3
– x/y 1/4 1/5 1/7 2/6 2/7 1/5 1/7 2/6 2/7

medium Consumed 0.05 N 8.3 8.2 8.1 10.9 8.6 9.2 10.4 12.6 12.5
I2, ml
Equiv. I2/mol 10.2 11.0 10.9 15.4 15.1 12.2* 14.0* 17.6* 17.9*

Cyanide SexSyO6
2– taken, 3.96 4.0 3.76 3.76 3.86 3.73 3.76 3.63 3.53

decom- mmol x 102

position x/y 1/4 1/4 1/5 1/5 1/6 1/7 1/7 2/6 2/7
Consumed 0.02 N 9.5 9.5 9.5 9.5 9.75 9.0 9.75 9.25 9.0
I2, ml
Equiv. I2/mol 4.79 4.74 5.05 5.05 5.05 4.82 5.19 5.10 5.10

* Consumption of iodine during the oxidation of warm solution of selenopolythionate.
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SeSnO6
2– + (n–2)CN– + 2HO– → SeCN– + (n–

– 3)SCN– + SO4
2– + S2O3

2– + H2O,       (12)
Se2SnO6

2– + (n–1)CN– + 2HO– → 2SeCN– +
+ (n–3)SCN– + SO4

2– + S2O3
2– + H2O.      (13)

Thus, the desribed above reactions of the newly
isolated mono- and diselenopolythionates indicate
that the structure of these compounds should be
analogous to the structure of selenopentathionate
and pure sulfur polythionates [3, 10], i.e. a chain of
sulfur–selenium atoms with the thiosulfate groups
on the ends.

On the mechanism of SexSyO6
2– (y > 4) type

selenopolythionate formation from selenopentathio-
nate. The first stage of acidic selenopentathionate
decomposition undoubtedly must be hydrolysis. The
liberation of hydrogen sulfide and the known con-
densation of sulfanemonosulfonates into the polyt-
hionates [11, 17] ((equation 2)) show that the cle-
avage of a bond between the terminal sul-fur atoms
and formation of sulfanemonoselenanemonosulfona-
te, H–S–Se–S–SO3H, according to equation (3) oc-
curs at first as proposed by Zelionkaitë ir Ðukytë
[16]. The resulting monoselenanedisulfane-monosul-
fonate may not only condense into a new diseleno-
heptathionate, H2Se2S5O6, with the liberation of hyd-
rogen sulfide according to equation (5) but also to
react with the not yet decomposed monoselenopen-
tathionate with the formation of diselenooctathio-
nate, Se2S6O6

2–:
–O3S–S–Se–S–SO3

– + H–S–Se–S–SO3
– → HSO3

–

+ –O3S–S–Se–S–S–Se–S–SO3
–,       (14)

or later – with the diselenoheptathionate formed ac-
cording to equation (5), furnishing even higher po-
lyselenopolythionates (e.g., triselenodecathionate,
Se3S7O6

2–):
–O3S–S–Se–S–Se–S–SO3

– + H–S–Se–S–SO3
– →

HSO3
– + –O3S–S–Se–S–Se–S–S–Se–S–SO3

–.     (15)
Polyselenopolythionates were isolated from the

reaction mixture exactly at the beginning of the de-
composition. The liberation of sulfur and selenium
occurs probably during the partial decomposition of
monoselenanedisulfanemonosulfonate according to
equation (4). The liberation of S may also result
from H2S interaction with H2SO3 in the conditions
of a very high acidity (45–75% H2SO4):

2H2S + H2SO3 → 3H2SO + 3S.       (16)

CONCLUSIONS

1. The decomposition of potassium monoselenopen-
tathionate in the medium of sulfuric acid of high
concentration (45–75%) proceeds with the libera-
tion of hydrogen sulfide and formation of mono-
and polyselenopolythionates containing more than
four sulfur atoms in the molecule studied.

2. Kinetic experiments have shown that the lo-
west amounts of elemental sulfur and selenium at

the same degree of selenopentathionate decomposi-
tion are liberated when a 50–60% H2SO4 at a tem-
perature of 50 °C is used.

3. The mono- and diselenopolythionates contai-
ning 5–7 sulfur atoms in the molecule are isolated
as crystalline salts of trans-dipyridine-bis(dimethyl-
glyoximato)cobalt(III) as intermediate products of
selenopentathionate decomposition. The new type
SeSnO6

2– and Se2SnO6
2– homologous series (n > 4)

have been discovered.
4. The chemical reactions of the new selenopo-

lythionates, such as oxidation by iodine in acidic
and hydrocarbonate medium and under the action
of cyanide ions, have been studied. The results con-
firmed the structure of these compounds as analo-
gous to the known structure of monoselenopentat-
hionate, a chain of sulfur–selenium atoms with the
thiosulfate groups on the ends.

5. The mechanism of the formation of more sul-
fured mono- and diselenopolythionates during aci-
dic selenopentathionate decomposition is proposed.
The main role is attributed to the intermediate com-
pound monoselenanedisulfanemonosulfonate, H–S–
Se–S–SO3H, formed as a result of the initial hydro-
lysis of the selenopentathionate anion, leading to
the cleavage of a bond between the terminal sulfur
atoms.
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Vitalijus Janickis, Virginë Albina Amankavièienë

SELENOPENTATIONATO RÛGÐTINIO SKILIMO
TARPINIØ PRODUKTØ IÐSKYRIMAS:
SELENOPOLITIONATAI, TURINTYS DAUGIAU NEI 4
SIEROS ATOMUS MOLEKULËJE

S a n t r a u k a

Tirtas kalio monoselenopentationato skilimas aukðtos kon-
centracijos sieros rûgðties (45–75%) terpëje, iðsiskiriant
vandenilio sulfidui ir susidarant mono- ir poliselenopoli-
tionatams, turintiems daugiau nei 4 sieros atomus mole-
kulëje. Nustatytomis optimaliomis sàlygomis kristaliniø
trans-dipiridino-bis(dimetilgliok-simato)kobalto(III) katijo-
no druskø pavidalu iðskirti ðio skilimo tarpiniai produktai
– mono- ir diseleno-politionatai, turintys nuo 5 iki 7 sie-
ros atomø molekulëje. Ðitaip atrastos naujos SeSnO6

2– ir
Se2SnO6

2– tipo selenopolitionatø homologø eilës. Iðtirtos
naujø selenopolitionatø cheminës reakcijos: oksidacija jo-
du rûgðèiojoje ir hidrokarbonatinëje terpëse, skilimas dël
cianido jonø poveikio. Jos patvirtino siûlomà ðiø junginiø
struktûrà, kaip analogiðkà þinomai monoselenopentationa-
to struktûrai – sieros–seleno atomø grandinë su tiosulfa-
tinëmis grupëmis galuose. Pasiûlytas sieringesniø mono- ir
diselenopolitionatø susidarymo selenopentationato rûgðti-
nio skilimo metu mechanizmas, kuriame svarbiausias vaid-
muo susidarant sieringiems selenopolitionatams priskirtas
tarpiniam junginiui - monoselenandisulfanmonosulfonatui,
H–S–Se–S–SO3H, susidaranèiam pirminës selenopentatio-
nato hidrolizës metu, suyrant jungèiai tarp galiniø sieros
atomø pastarojo anijone.

Raktaþodþiai: kalio selenopentationatas, rûgðtinis skili-
mas, aukðtesnieji mono- ir diselenopolitionatai


