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The kinetics of tellurite reduction with the excess of hydrogen sulphite in water
has been studied. Liberated at the beginning of this heterogeneous reaction, hy-
drated tellurium dioxide TeO,> + 2HSO,” — TeO,l + 2SO, + H,O dissolves
under stirring, and the gradual formation of an intermediate product,
tellurotrithionate, TeS,0O >, which imparts the yellow colour to the solution takes
place: TeO, + 3HSO,” — Te(SO,),> + HSO,” + H,O. The change in the amount
of this intermediate product in the course of the reaction passes the maximum
and then liberation of elemental tellurium begins: Te(SO,),” + H,O — Tel +
H,SO, + SO*. The amount of tellurotrithionate increases with an increase in
the concentration of hydrogen sulphite and the acidity of its solution. The
tellurotrithionate anion is isolated in the form of crystalline salts of potassium
and trans-dipyridinebis(dimethylglyoxime)cobalt(III), K,TeS,O, and
[Co(DH),Py,], TeS,0,6H,0, respectively. When dry, these compounds are stable
for a long period of time, but under the action of water, acids and alkali their
decomposition with the liberation of tellurium occurs. The characteristic of
polythionate reactions confirmed the chemical nature of the tellurotrithionic acid
salts isolated, i.e. an analogy of the tellurotrithionate anion with the previously

known anions of selenotrithionate, SeS,0,*, and pure sulphur trithionate, S0
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INTRODUCTION

Reduction of sulphurous acid, H,SO,, or of SO,
solution in water (compounds of S(IV)) with hydro-
gen sulphide, H,S (the classical reaction of sulphur
chemistry — Wackenroder reaction [1]) finally leads
to the liberation of elemental sulphur (S(0)). This
extensively studied [2] reaction proceeds via inter-
mediate formation of polythionates — sulphane-
disulphonates, S (SO,),*, i.e. compounds containing
chains of divalent sulphur atoms and terminated by
SO, groups [3]. Polythionates are intermediate com-
pounds of spontaneous decomposition of SO, water
solutions and hydrogen sulphites [4] proceeding ac-
cording to the following general equation:
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3HSO, — S + SO + HSO, + H,0. (1)

Hence the spontaneous decomposition or reduction
of S(IV) compounds in water solution, finally lead-
ing to the liberation of the element proceeds via an
intermediate formation of S(II) compounds.

Reduction of seleniuos acid, H,SeO, (compound
of Se(IV)) with sulphurous acid, H,SO, (or with
water solution of SO,) leading to the liberation of
elemental selenium, (Se(0)),

H,Se0, + 2H,50, — Se + 2H,SO, + H,O  (2)

also proceeds via intermediate formation of Se(II)
compounds — selenopolythionates = selenanedisul-
phonates, Se (SO,),, i.e. compounds containing
chains of divalent selenium atoms and terminated
by SO, groups [3, 5-9]. Reactions of selenopoly-
thionate formation and decomposition, their chemi-
cal and physical chemical properties have been ex-
tensively studied [3, 10-12]. Reduction of tellurite
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with hydrogen sulphite according to the general
equation

TeO + 2HSO, — Te + 250> + H,0, (3)

leads to liberation of elemental tellurium, too [13].
Therefore one could expect that this reaction also
proceeds via intermediate formation of Te(Il) com-
pounds which are similar to selenopolythionates.
When solutions of the alkali metal tellurite and
hydrogen sulphite are mixed, a white precipitate of
hydrated tellurium dioxide (TeO,nH,O) liberates.
But if excess hydrogen sulphite has been used and
heterogeneous reactions proceed on stirring, the
solution acquiring first yellow and then orange
colour, gradual liberation of elemental tellurium
starts. The kinetics of this reaction and its depen-
dence on conditions (the ratio of reagents and their
concentrations, acidity and temperature of the solu-
tion), as well as its intermediate products has not
been systematically studied. We attempted to study
this reaction applying our experience in the chemis-
try of selenopolythionates [8-12] and improved
chemical analytical methods for determination of
tellurium compounds in their mixtures with sulphur
compounds. To isolate the intermediate product of
tellurite reduction with hydrogen sulphite -
tellurotrithionate, Te(SO,),”, — complex cation trans-
dipyridinebis(dimethylglyoxime)cobalt(III) was used,
which forms hardly soluble, stable salts [9] with
anions of selenopolythionates. After the optimal
conditions of intermediate reaction product forma-
tion had been determined, the tellurotrithionate
anion was isolated as a potassium salt and some of
its chemical properties characteristic of polythionates
were studied.

EXPERIMENTAL

Reaction kinetics. For preparation of tellurite reduc-
tion with hydrogen sulphite, reaction mixtures
KHSO,, Na,TeO, and K,TeO, solutions were used.
An individual mixture was prepared for every ex-
periment. Often 10 ml of KHSO, solution of de-
sired concentration was taken and some solution of
K,TeO, was added under stirring. If the decrease in
the solution acidity was needed the calculated
amount of K,SO, was added, and to increase the
solution acidity some water solution of SO, was used.
The mixtures were kept in small closed flasks under
stirring at 20 °C.

As mentioned above, after mixing the reagent
forms white heterogeneous mixtures, i.e. white pre-
cipitates are liberated. The solution above the pre-
cipitates gradually acquires a yellow and then an
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orange colour, and after some period of time lib-
eration of black powder-like elemental tellurium
begins. The reaction may be slowed down by rapid
cooling of the reaction mixture or by its dilution in
ice water. After a selected period of time the reac-
tion mixture was fast filtered into cold water and
diluted up to 100 ml, and both the liquid and the
solid phases were analysed. For the analysis, the
chemical analytical methods of tellurium and sul-
phur compound mixtures worked out in our labora-
tory by modifying the analogous analytical methods
of mixtures of selenium and sulphur compounds [14]
were used.

Analysis of the liquid phase - filtrate. The quali-
tative reactions showed that the filtrate together with
non-reacted hydrogen sulphite and tellurite contains
the final product of the reaction, sulphate, and an
intermediate product, the latter imparting a yellow
colour to the solution. In hydrogen carbonate solu-
tion this intermediate product like the
selenopolythionates of the Se (SO,),> type [10, 15]
decomposes fast with liberation of elemental tellu-
rium. The assumption that liberation of elemental
tellurium occurs during the decomposition of the
intermediate compound was confirmed when this
intermediate compound — tellurotrithionate was iso-
lated in the form of crystalline salts (see further).
But this reaction is only a qualitative one, because
the amount of the liberated tellurium depends on
the excess of hydrogen sulphite used in the experi-
ment.

While analysing, the liquid phase has been de-
termined in the following way:

1. Consumption of iodine during oxidation in a
solution containing hydrogen carbonate. A sample
of the reaction mixture was added into a mixture
made of 10 ml 10% KHCO, and excess of 0.1 n L,
and starch. After 5 min 20 ml 10% acetic acid was
added, and non-reacted iodine was retitrated with
0.1 n Na,S,0O,. Under these conditions iodine oxi-
dizes hydrogen sulphite present in the reaction mix-
ture (non-reacted) into sulphate and tellurotrithio-
nate (analogously to selenotrithionate) into tellurite
and sulphate:

TS,02 + 31, + 10HO- — TeO* + 250> +
+ 61 + 5H,0. (4)

The iodine consumption is 6 equiv/mol TeS,0*.

2. The mixture of the sample after oxidation in
hydrogen carbonate (i.e. after determination 1) is
acidified by 10 ml 23% HCI and tellurite is deter-
mined iodometrically:

TeO,> + 4I + 6H* — Te + 21, + 3H,0. (5)
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The iodine liberated is titrated with 0.1 n Na,S,O..
The consumption of iodine in this case is — 4 equiva-
lents of I, for TeO,> present in the reaction mixture
(non-reacted) and 4 equivalents of I, for the inter-
mediate product previously oxidized in hydrogen
carbonate. By combining the determinations 1 and
2, the amounts of hydrogen sulphite (not reacted
but present in the reaction mixture) and of the
intermediate product were calculated. For verifica-
tion, the overall amount of tellurium present in all
experiments was determined by dissolving the sample
(0.5-2.0 mmol Te) in 5 ml 1:2 HNO,, heating on
water bath and then adding a little of a solution of
acetanilide in ethanol to remove nitrogen oxides. The
tellurite formed then was determined as described
above.

Analysis of the solid phase. Qualitative experiments
showed that beside tellurium dioxide, elemental tel-
lurium and cations, also sulphate and sulphite ions
are present in the solid phase. Such mixtures were
analysed by dissolving samples (washed with ethanol
and dried) of the precipitate in the solutions of
corresponding reagents and determining them by well
known methods: sulphite and tellurite — iodometri-
cally, sulphate — gravimetrically as BaSO,. The over-
all amount of tellurium was determined as described
above. The analytical data of the mixtures of the
three different experiments are presented in Table 1.
A satisfactory matching of the taken and the deter-
mined amounts of tellurium and its compounds and
of the sum of sulphur compounds indicates a suffi-
cient reliability of the chemical analytical methods
used. As is seen from the presented data, the
amounts of the intermediate product formed under
conditions of these experiments is not large and
equal to 5-18% of the tellurite used. The methods
described above were used to study the kinetics of
the interaction of tellurite with hydrogen sulphite
and as well as to determine the dependencies be-
tween the amount of the intermediate product
formed and the concentrations of reagents, their

molar ratio and the acidity of the initial reaction
mixture. The acidity was expressed by the ratio of
the initial concentration of hydrogen sulphite ions
(H*) and iodometrically determined sulphite con-
centration (S). For example, the ratio H*/S = 1.0
for pure hydrogen sulphite and the ratio H*/S = 0.5
for mixture HSO,/SO.> = 1:1.

Trans-dipyridinebis(dimethylglyoxime)cobalt(11I)
hydrogen sulphate dihydrate, [Co(DH),Py,JHSO,
2H,0O, was prepared [12] from acetate [16].

Tellurium in the tellurotrithionates
[Co(DH),Py,],TeS,0,-6H,0 and K,TeS,O, was deter-
mined by dissolving the samples in HNO,, and the
tellurite formed was determined as described above.
Sulphur was determined as BaSO,, potassium — as
K,SO, and cobalt — as Co,O,.

Light absorption spectra were recorded on a
SPECORD UV-VIS spectrometer and IR absorp-
tion spectra on a UR-20 spectrometer.

RESULTS AND DISCUSSION

Changes of tellurium compound concentrations dur-
ing the tellurite interaction with hydrogen sulphite
in one of the experiments are shown in Fig. 1. It is
seen that the rate of interaction slows down rather
fast with time. Therefore the duration of the reac-
tion is presented by logarithmic coordinates. A sig-
nificant part of the tellurite taken at the beginning
of the reaction liberates from the solution as TeO,.
But a part of it gets into the solution again in the
course of the reaction and the overall concentration
of tellurium in the solution increases (Fig. 1,
curve b). The concentration of the intermediate prod-
uct of the reaction (Te, — polythionic tellurium) also
increases (Fig. 1, curve c). The both curves pass the
maximum and exactly from the moment of these
maximums the liberation of elemental tellurium
begins (Fig. 1, curve d). Its amount constantly in-
creases, and at the end of reaction all tellurium is
found in the elemental form.

Table 1. Analytical data of mixtures of tellurite reduction with hydrogen sulphite
Taken, Found, mmol TeS, 0>, %
. - . . Total P
mmol in precipitate in solution of TeO>
amount 3
TeO,” element. Te TeO, TeS,0,.> TeO,> used
1. 2.55 1.68 0.75 0.14 0.04 2.61 5.0
. 5.06 - 3.06 0.90 1.13 5.09 18.0
3. 14.10 0.85 11.10 1.13 0.94 14.02 8.0
HSO, HSO, HSO, SO, >
1. 22.24 1.51 17.28 3.61 22.40
. 47.50 2.86 44.92 - 47.78
3. 54.20 6.95 45.44 1.70 54.09
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Fig. 1. Change in the concentrations of tellurium and its
compounds during the interaction of tellurite with hydro-
gen sulphite. Reagents: TeO,> — 2.55 mol'l”, HSO,” —
- 4.75 mol'l”, H*/S = 0.61. a — TeO, in precipitate, b —
total Te in solution, ¢ — polythionic tellurium (Te)) in
solution, d — elemental tellurium

An analogous character of kinetic curves is ob-
served when the reagents of the same concentra-
tions are used, but the acidity of hydrogen sulphite
initial solutions is different. However, the ratio be-
tween the rates of intermediate product formation
and decomposition as determined by our experiments
strongly depend on the acidity of the initial solution
of hydrogen sulphite, i.e. on the value of H*/S. The
rate of the Te  maximum formation increases when
the H*/S is increased. At the same acidity of the
hydrogen sulphite solutions the reaction of Te, for-
mation is faster when the concentration of HSO," is
higher (Fig. 2); the reached concentrations of Te,
are higher and the duration of Te, maximum con-
centration formation (1 Te, max) is shorter (Fig. 3).
Analogous results are obtained using the solutions
of hydrogen sulphite of different acidity (Fig. 4).
But the percentage of Te_ in the solution increases
when the concentration of the initial hydrogen sul-
phite solution is decreased. For example, when the
concentration of initial HSO,  is 4.75 moll™, Tep
max. = 21%; when the concentration of initial HSO,
is 2.85 moll”, Tep max. = 28%; when the concen-
tration of initial HSO; is 1.85 mol-l”!, Te. max. =
= 32.4%. At the same concentration of the initial
hydrogen sulphite solution the period of time from
the start of the reaction till the beginning of ele-
mental tellurium liberation increases when the value
of H*/S is lowered (compare curves d and e in
Fig. 4); simultaneously the rate of the reaction slows
down. At the same acidity of the hydrogen sulphite
solution, when the concentration of the solution
increases, the period of time till the beginning of
the elemental tellurium liberation shortens. The ki-
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netic curves obtained are very similar (Fig. 4) and
seem moved in respect to one another.

Comparing the data given in Fig. 2-4, one can
state that the liberation of elemental tellurium oc-
curs as a result of the decomposition of the inter-
mediate product of the reaction; its concentration
characterizes the value of Te .
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Fig. 2. Influence of hydrogen sulphite solution acidity on
the duration of the formation of polythionic tellurium
maximum concentration, ¢ Te_max, during the interaction
of tellurite with hydrogen sulphite. The initial concentra-
tion of K, TeO, — 0.23 mol'lI"". The initial concentration of
hydrogen sulphite: a — 1.85, b — 2.85 mol-1"!

L5 25

Fig. 3. Influence of hydrogen sulphite solution concentra-
tion on the formation of polythionic tellurium during the
interaction of tellurite with hydrogen sulphite. H*/S = 0.61.
The initial concentration of K, TeO, — 0.23 mol-I"". The ini-
tial concentration of hydrogen sulphite: a — 1.85, b — 2.85,
¢ — 4.75 mol'l"!
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Fig. 4. Dependence of the amount of tellurium liberated
on the acidity and concentration of the initial solution of
hydrogen sulphite. The initial concentration of K, TeO, -
—0.23 mol'l't. H*/S: a, d - 0.38; b,e — 0.50; ¢, f — 0.61.
The initial concentration of HSO,” , moll™: a, b, ¢ -
285 d, e, f - 185
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In this work only the solutions of rather high
concentrations were studied and large excess of
HSO, ions was used to obtain the higher concen-
trations of Tep in the reaction mixture. However, an
increase in the reagent concentration leads to a sig-
nificant increase of the reaction rate, too. Then, to
follow the rate of the reaction, it was necessary to
reduce the acidity of the reaction mixture. That could
be achieved by adding a concentrated K,SO, solu-
tion. The acidity of the reaction mixture reduces
and the reaction slows down when the amount of
tellurite as well as that of the reagent is increased.
Therefore a number of experiments were performed
studying the dependencies of the duration of Te,
formation and of elemental Te liberation on the
initial amount of tellurite used when the same
amount of another reagent, KHSO, (47.5 mmol/in
10 ml solution), was taken (Fig. 5). The kinetic data
presented in Fig. 5 show that the amount of Te,
increases when the amount of tellurite in the initial
reaction mixture is increased. But the reaction slows
down because of a decrease in the acidity of the
reaction mixture (compare curves a, b, ¢ in Fig. 5).
The liberation of elemental tellurium increases in
proportion to the amount of the initial TeO,> used.

Using the data presented in Fig. 5, i.e. the opti-
mal quantities of HSO,” and TeO,* for the forma-
tion of the maximum amount of Tep, in a number
of experiments the acidity of the initial reaction
mixture was increased by addition of SO, solution
into the solution of KHSO,. From the data pre-
sented in Fig. 6 it follows that when the acidity of
the initial reaction mixture is increased, the maxi-
mum amount of Te formed decreases and the lib-
eration of elemental tellurium becomes faster. How-
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Fig. 5. The dependencies of the amounts of the formed
polythionic tellurium and of the liberated elemental tel-
lurium on the initial amount ot the tellurite taken. K, TeO,,
mmol: a, d — 2.55; b, e — 5.1; ¢, f — 7.65; HSO,” = 47.5
mmol; H*/S: a - f = 1.1, g — 0.61
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Fig. 6. The dependencies of the amounts of the formed
polythionic tellurium and of the liberated elemental tel-
lurium on the acidity of the initial hydrogen sulphite
solution. (HSO,” = 47.5 mmol. TeO> = 7.65 mmol).
H*/S:a,e - 12; b, f - 11;¢,g - 105 d, h — 1.0; i -
0.61

ever, it is interesting to point out that in all cases
the maximum values of Te are reached after the
same duration of the reaction — 7-10 min. The
maximum amount of Te  (about 45% of the TeO.*
used) is obtained when a non-acidified solution of
hydrogen sulphite (H*/S = 1) is used. But the
maximum values of Te are reached in a narrow
interval of the reaction time, therefore the isolation
of the intermediate product is most purposeful be-
tween 10 and 15 min from the start of the reaction.

As mentioned above, during the interaction of
hydrogen sulphite with tellurite the reaction mixture
acquires a yellow colour, which may be explained
by the formation of polythionic tellurium, Te , actu-
ally by the formation of TeS,O.*>. Since the maxi-
mum values of Te are reached in a short interval
of time and the study of the reaction is limited by
the duration of some analytical procedures, we tried
to apply a spectrophotometric method to study the
intermediate product formation. The reaction mix-
ture was prepared as in the previous experiments,
i.e. by adding various quantities of 2.55 mol-l*!
K, TeO, to 10 ml of 4.75 molI"" KHSO, solution.
The heterogeneous mixture was kept at 20 °C un-
der stirring. After some period of time the reaction
mixture was filtered, 1 ml of the filtrate was diluted
with cold water to 50 ml and the absorption spectra
were recorded. The spectral curves recorded at dif-
ferent periods of time from the start of the reaction
were similar. The absorption maximums are at v =
= 23-10° and v = 29-10° cm™. Using the curves of
the light absorption spectra, the kinetic curves of
the reaction were obtained (Fig. 7). It is seen that
the sensitivity to light reaction products increases
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Fig. 7. Change in the optical density at v = 23-10° cm~
" with time (HSO, = 47.5 mmol.). TeO,>, mmol: a -
7.65; b — 5.1; ¢ - 2.55; d - 1.275

when the ratio TeO,>/HSO," is increased. A com-
parison of the data obtained by the spectrophoto-
metric method with the data obtained by chemical
methods of analysis shows that the absorption maxi-
mum at v = 23-10° cm™ is characteristic of
polythionic tellurium, actually of TeS,0O.* ions. The
absorption maximum at v = 29-10° cm™ most prob-
ably corresponds to another, even less stable inter-
mediate compound which could be (in analogy with
the chemistry of selenopolythionates) ditellurium-
tetrathionate, Te,S,0,. A comparison of the data
from Figures 7, 6 and 5 reveals a good reproduc-
tion of the maximum value of Te  formation: the
highest concentration of polythionic tellurium is
reached in 8-10 min, using the reagents in a pro-
portion HSO,/TeO,> = 47.5 mmol/7.65 mmol. Thus,
after these optimal conditions for the formation of
polythionic tellurium had been determined, the hopes
to isolate the intermediate product in the form of
crystalline salts became realistic.

Isolation of trans-dipyridinebis(dimethylglyoxi-
me)cobalt(IIl) tellurotrithionate hexahydrate,
[Co(DH) Py,),TeS 0 -6H,0. To isolate the intermedi-
ate product of tellurite interaction with hydrogen
sulphite we applied the cation trans-dipyridine-
bis(dimethylglyoxime)cobalt(III) which (as above)
forms hardly soluble in water salts [9] with anions
of polythionates and selenopolythionates. It was
determined that by use of this complex cation iso-
lation of intermediate product from the reaction
mixtures of different compositions is possible. For
example, 2 ml 3.6 mol'l”" K, TeO, is added to 20 ml
4.7 mol'l"" KHSO, and the reaction mixture is left
under stirring for 5 min. Then a white precipitate
of TeO,xH,0 is filtered off and the filtrate diluted
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with cold water to 50 ml. A solution of 2 g of
[Co(DH),Py,JHSO,2H,O in 50 ml of water is added
to this diluted filtrate. The precipitated small yellow-
brown crystals are filtered off, washed with a small
amount of cold water, then with some ethanol and
ether, and dried in vacuum, preferably in a refri-
gerator (2.32 g, 89%). Found: Co, 9.80; Te, 10.21; S,
5.24; H,0, 8.10. [Co(DH),Py,],TeS,0,6H,O requires
Co, 9.13; Te, 9.89; S, 497, HO, 838; v_ /em™
[V(H,0)] 3500 m, 3435 s; [8(H,0)] 1662 m; [v,(SO)]
1220 s, 1200 s; [v(SO)] 1020 m, 996 vs; [8(OSO)]
625 s and 578 vs (Nujol). Thus the composition of
the isolated products corresponds to a formerly
unknown tellurotrithionate. Some products of analo-
gous composition were also isolated from the reac-
tion mixtures of other compositions, for example,
by adding 2 ml 1.4 mol'l"" solution of K, TeO, to
20 ml 2.0 moll™ solution of KHSO.,.

When dried, salt trans-dipyridinebis(dimethyl-
glyoxime)cobalt(III) tellurotrithionate dihydrate is
stable at room temperature for a long time. Under
the action of water, acids or alkali it decomposes
with liberation of tellurium, but remains unchanged
if affected by the solution of KHSO,. It slightly
dissolves in methanol, ethanol and acetone but soon
decomposes in these solvents.

For the confirmation of the nature of the pro-
ducts isolated, decomposition under the action of
water and some reactions characteristic of poly-
thionates and selenopolythionates were studied and
confirmed the similarity to these compounds. Since
the compound isolated is little soluble, its samples
have been affected with the excess of a reagent.
The suspension obtained was stirred till the reac-
tion was completed and then the obtained mixture
was analysed. Simultaneously experiments with the
preparations of [Co(DH),Py,]JHSO,-2H,O have been
performed, since the cation trans-dipyridinebis(di-
methylglyoxime)cobalt(III) slowly reacts with iodine
[12] and thus presents difficulties in obtaining accu-
rate results. Data presented in Table 2 show that
under the action of water all tellurium from telluro-
trithionate anions liberates in an elemental state.
Decomposed under the action of water, the telluro-
trithionate solution is titrated with iodine, whose
amount per mol of tellurotrithionate taken before
the decomposition equals to about 2 equivalents.
Since neither tellurium nor TeO,” in neutral or
weakly acidic solution oxidise with iodine, one may
assume that all iodine consumed during the titra-
tion of decomposed TeS,0,* has been used for SO,*
oxidation into SO,*. The remaining sulphur before
the titration with iodine was found in the form of
SO,*. These results indicate that under the action
of water the tellurotrithionate anion decomposes
according to the following equation:
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2- _
Table 2. Data of chemical reactions of [Co(DH),Py,],TeS,0,6H,0 2TeS, 0.~ + 6HO™ -

Te + TeO> + 450> +
Sample Reaction Molar ratios of the products Amount + 3H,0. (8)

Elem. Te | SO, > | SO.> | of I, equiv/mol

Th for th idati f
1. Decomposition 0.92 1.16 0.71 1.42 en, tor the oxidation o
) in water 0.89 133 0.87 174 sulphite formed during the
5 0.87 o 065 L decomposition in these con-
Calculated ~ for reaction (6) 100 100 1.0 2.00 ditions of tellurotrithionate 4
4, Oxidation with ~ 0.47 - 207 414 equivalents of equivalents of
5 i ek 0.44 _ 2.05 410 iodine are used per mol of
6. si)lution 0.49 _ 1.95 3.90 tellurotrithionate taken
7. Oxidation with 0.55 - 2,05 4.10 (Table 2, experiments 10—
8. L in neutral 0.50 _ 1.87 374 12). The studied reactions of
9. si)lution 0.49 _ 210 4.20 tellurotrithionate described
Calculated  for reaction (7) 0.50 - 2.00 4.00 here which principally are
10. Cyanic 0.52 - 1.83 3.66 reactions characteristic of the
11. decomposition 0.46 - 1.85 3.70 selenopolythionates, confirm
12. 0.51 - 1.75 3.50 that the isolated compound
Calculated  for reaction (8) 0.50 = 2.00 4.00 represents tellurotrithionate

TeS,0> + HO — Te + H,S0, + SO (6)

But the amount of H,SO, determined is smaller than
the expected one by the equation (6), probably
because of the volatility of SO, and partially of the
oxidation of H,SO, by the oxygen of the air. The
reaction (6) is analogous to the reaction of
selenotrithionate, SeS O, decomposition in acidic
media [17, 18], but the tellurium homologue is a
significantly less stable compound.

The tellurotrithionate decomposition reaction
proceeds differently when this compound is affected
with the solution of iodine (Table 2, experiments 7-
9) and the excess of I, is retitrated with thiosulphate.
Then the consumption of iodine equals 4 equiva-
lents per mol of tellurotrithionate and the reaction
proceeds according to the equation:

2TeSO> + 41, + THO — Te + TeO,> +
+ 4HSO,” + 8HI + 2H*. (7)

Analogous results are obtained when the samples of
tellurotrithionate are affected by acidified solution
of iodine (Table 2, samples 4-6). Since iodine in a
neutral and acidic solution does not oxidise tellu-
rium, one may accept that it is used for the oxida-
tion of sulphur atoms present in the anion of telluro-
trithionate into sulphate ions.

The decomposition under the action of cyanide ions
has been studied applying procedures used to study an
analogous reaction of selenotrithionate and other
selenopolythionates [11, 15]. Since, unlike sulphur and
selenium, elemental tellurium does not react with cya-
nide ions, this reaction of tellurotrithionate may be
regarded as its hydrolysis in an alkaline solution:

previously unknown.

Isolation of potassium
tellurotrithionate, K,1eS,0,. A kinetic study of tellu-
rite interaction with hydrogen sulphite showed that
under optimal conditions for intermediate product
formation a rather high concentration of
tellurotrithionate ions may be obtained. That stimu-
lated attempts to isolate this anion as a potassium
salt. The solubility of potassium tellurotrithionate in
water may be reduced by adding ethanol or metha-
nol. The results are better with methanol. 2 ml (2
mol-I") solution of K, TeO, was added to 10 ml of
concentrated (4-5 moll") solution of KHSO,. The
heterogeneous mixture was stirred for 5-10 min, then
10 ml of methanol was added and white precipitate
consisting of TeO, as well as non-reacted KHSO,
were filtered. 10 ml of methanol was added to the
filtrate, and the bright orange clear solution was
placed into a refrigerator (-6 °C) or into a cooling
mixture NaCl/ice. Orange or sometimes yellow
needle-like crystals were separated after 15-20 min.
They were filtered off, washed with a small amount
of methanol and dried in a vacuum in a refrigerator
(0.146 g, 40%). If kept under these conditions, the
product is stable for a prolonged period of time.
Under the action of water, acids or alkali it quickly
decomposes with liberation of elemental tellurium.
But in hydrogen sulphite solutions the compound
dissolves without decomposing. Found: Te, 34.10; S,
18.02; K, 22.11. K, TeS,O, requires Te, 34.87; S, 17.53;
K, 21.37. v_ Jem™ [v _(SO)] 1211vs, 1178vs, 1123s;
[v.(SO)] 1056m, 1021s, 998vs, 977s (sh); [8(OSO)]
634vs, 620s, 585vs; [§, (OSO)] 539s, 522s and 513s
(sh) (Nujol).

Characteristic qualitative reactions performed analo-
gously as with the compound [Co(DH),Py, ], TeS,O-6H,0
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confirmed that the compound isolated represents
potassium tellurotrithionate, K, TeS,O,.

CONCLUSIONS

1. The kinetics of tellurite reduction with the excess
of 1.8-5.0 mol'l"! solution of hydrogen sulphite in
water has been studied. Hydrated tellurium dioxide
liberated at the beginning of this heterogeneous
reaction dissolves under stirring and the gradual
formation of an intermediate product, telluro-
trithionate, TeS,0.*, which imparts the yellow colour
to the solution takes place. The change in the
amount of this intermediate product in the course
of reaction passes the maximum, and then libera-
tion of elemental tellurium begins.

2. The amount of tellurotrithionate increases with
an increase in the concentration of hydrogen sul-
phite and the acidity of its solution. The
tellurotrithionate anion is isolated in the form of
crystalline salts of potassium and trans-dipyri-
dinebis(dimethylglyoxime)cobalt(Il), K,TeS,0, and
[Co(DH),Py,],TeS,0,6H,0O, respectively. When dry,
these compounds remain stable for a long period of
time, but under the action of water, acids and alkali
their decomposition with the liberation of tellurium
occurs. The stability of tellurotrithionate is increased
by the admixture of hydrogen sulphite.

3. The decomposition of tellurotrithionate anion
in water proceeds according to the equation TeS,0.*
H,O - Te + H,SSO, + SO.

Its oxidation by iodine in neutral and acid solu-
tions takes place according to the following equa-
tion: 2TeS,0.> + 41, + 7THO —» Te + TeO> +
+ 4HSO, + 8HI + 2H*.

Decomposition of tellurotrithionate ion under the
action of cyanide ions proceeds according to the equa-
tion 2TeS,0,> + 6HO™ — Te + TeO,> + 4SO +
+ 3H,0, i.e. it may be regarded as hydrolysis in alkaline
solution. These reactions are characteristic of
polythionates and confirm the chemical nature of the
tellurotrithionic acid salts isolated, i.e. an analogy of
tellurotrithionate anion with the anions of the previ-
ously known selenotrithionate, SeS,0,*, and pure sul-
phur trithionate, S,0,*.
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TELURITO REDUKCIJA HIDROSULFITU.
TELUROTRITIONATO ISSKYRIMAS IR SAVYBES

Santrauka

IStirta telurito redukcijos hidrosulfito pertekliumi kinetika
vandens tirpale. Hidratuotas teltiro dioksidas, i$siskyres §ios
heterogeninés reakcijos pradzioje, TeO,> + 2HSO,” —
—>TeOzi + 2SO0, + H,0, maiSant palaipsniui tirpsta ir
susidaro tarpinis reakcijos produktas — teliirotritionatas,
TeO, + 3HSO,” — Te(SO,),” + HSO,” + H,O, kuris suteikia
tirpalui geltona spalva. Sio tarpinio produkto kiekis reakcijos
eigoje pasidaro maksimalus, o po to prasideda elementinio
teltiro iSsiskyrimas:

Te(SO,),> + H,0 - Tel + H,SO, + SO>. Teliro-
tritionato kiekis didéja, didéjant hidrosulfito tirpalo kon-
centracijai ir ragStingumui. Teldrotritionato anijonas
iSskirtas kristaliniy kalio, K,TeS,O, ir trans-dipiridino-
bis(dimetilglioksimato)cobalto(III), [Co(DH),Py,],TeS,0,
6H,0, drusky pavidalu. Sausoje aplinkoje Sie junginiai
yra patvaris, taciau dél vandens, rugsciy ir Sarmy poveikio
jie suskyla, iSsiskiriant elementiniam teltirui. ISskirty teliiro-
tritioninés rigsties drusky cheming prigimtj patvirtino
politionatams biidingos reakcijos, t. y. tellirotritionato
anijono analogija su anks¢iau zinomais, SeS,O >, ir grynai

276 2
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BOCCTAHOBJIEHHUE TEJIJIYPUTA
IruaPOCYJIb®UTOM. BBIAEJEHUE N
CBOMCTBA TEJLTYPOTPUTHOHATA

PeswomMme

M3yueHa KUHETHKA BOCCTAHOBJICHHUS TEIUTYpUTa HU30BITKOM
rugpocynbhuTa B BOOHOM pacTBope. ['mapaTHpoBaHHBIH
OAOKCHUI TeJIypa, BBI,HCHHBmHﬁCﬂ B Ha4daJIC€ pECaKIuu,
TeO,> + 2HSO,” - TeO,l + 2SO0/ + H,0, mpu
MEepEeMEIINBAHNN TTOCTCIICHHO PAaCcTBOPSCTCA U 06pa3yeTCﬂ
TIPOMEXYTOIHBIA MPOAYKT PEAKIUH — TEJUTypOTPUTHOHAT,
TeO, + 3HSO, — Te(SO,),> + HSO,” + H,0, xotoptit
MpUAacT pacTBOPY KEITYIO OKpaACKY. KonuuectBo storo
IPOMEKYTOYHOI'O COCIUHEHMS B TEUECHHE PEAKIUHU IIPO-
XOOUT MaKCHUMyM, IIOCJIE Y€ro Ha4YUHACTCA BBIACICHHUC

snemenTapHoro Temrypa: 1€(S0,).*> + HO — Tel +
+H, SO, + SO,>. KomuuecTtBo 0Opa3ylomerocs TewIypo-
TPUTHOHATa BO3PACTAET MPH IOBBILCHUH KOHIEHTPALHU
W KHCIOTHOCTH HCXOZHOTO pPAacTBOpa THAPOCYIb(HTA.
TeTypoTpUTHOHAT-aHHOH BBIAETICH B BHAE KPUCTAJUIH-
YECKHUX COJIEH Kalus, KZTeSZOG, U mMpaHc-TATTAPUTIH-
ouc(mumernarmuokcumaro)kobansra(lll), [Co(DH),Py,l,
TeS,0,-6H,0. O1u coeMHEHNs B CyXOM BHJIE YCTOHYHBBL,
OJIHAKO IO/l BO3/ICHCTBHEM BOJbBI, KUCIOT M IIEJI04Yeil OHH
pasnararTcs, C BBIACICHHEM 3JIEMEHTApHOIO TEIUTypa.
Xumudeckas MPUPOAa BBIICICHHBIX COJIEH TEIypo-
TPUTHOHOBOW KHCJIOTBI TTOATBEPIK/ICHA XapaKTePHbIMU JUIs
MOJIUTHOHATOB DPEAKLMSMH, T.€. MOATBEPXKICHA AHAIOTHS
TEJUIypPOTPUTHOHAT-aHUOHA paHee HM3BECTHBIM aHHOHAM
ceneHorputnonara, SeS,0,*, ¥ 4YHCTO CEPHOTO TpHU-
tnonara, S,0.7.
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