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ABSTRACT 

The thermal decomposition of thiosulphatobismuthates(II1) of alkali metals was inves- 
tigated. The general formulae of the thiosulphatobismuthates are M3[Bi(SZOs)s] * Hz0 
where M = Na, K, Rb or Cs, and MaNa[Bi(&Os)s] * Hz0 where M = K or Cs. 

Typical thermal curves for thiosulphatobismuthates(II1) and the results obtained in 
thermal, X-ray, chemical and spectrophotometrical analyses of the decomposition prod- 
ucts are shown. The results were used to determine three stages of the thermal decompo- 
sition. At the first stage, at about 200°C, hydrated compounds are dehydrated. At the 
second stage, above 200°C, there is a rapid decrease in mass which is caused by evolving 
sulphur dioxide; bismuth sulphide and an intermediate decomposition product are 
formed. At about 320°C the thermal decomposition products are bismuth sulphide and 
alkali metal sulphate. 

INTRODUCTION 

Potassium thiosulphatobismuthate(III), B&(&03)3 - 3 K&O3 - 2 H20, was 
obtained for the first time by Carnot [ 11. Hauser [2] then synthesized the 
following compounds: NaS[Bi(S203)J, K3[Bi(SZ03)J - l/2 H20, Rb,[Bi- 
(&O&l - Hz0 and Rb3[Bi(S203)J - l/2 l-&O, Cs3[Bi(S203)3], Ba3[Bi- 
(S20j)3]2. The formation of KS[Bi(SZ03)3] - l/2 Hz0 was also described by 
Dahr [ 31, Vanino and Mussgnug [d] obtained ammonium, sodium and stron- 
tium thiosulphatobismuthates(II1). They also tried, but without success, to 
obtain beryllium, calcium, nickel and cobalt salts. Thallium thiosulphatobis- 
muthate(II1) was obtained by Cannneri [5]. 

The synthesis carried out by us [6] proved that, under the conditions 
described by Hauser [2], K5Na[Bi(S203)J2 - 2 H20, Rb,[Bi(S,O,),] - HZ0 
and Cs,Na[Bi(S,O,)J occur. To obtain K3[Bi(S203)3] - Hz0 and Cs3[Bi- 
(Z&O,),], calcium, potassium or caesium thiosulphate should be used for the 
synthesis. Nas[Bi(S203)J - HZ0 and K,Na[Bi(S,03)J - Hz0 were obtained 
by means of a method developed by us [6]. It was not possible to obtain 
lithium thiosulphatobismuthate( III). 

The subject of this paper is the investigation of the thermal decomposition 
of alkali metal thiosulphatobismuthates(II1). The mechanism of thiosul- 
phatobismuthate(II1) thermal decomposition was examined in continuation 
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of an investigation on the thermal decomposition of inorganic complex bis- 
muth(III) salts [Y-9]. 

EXPERIMENTAL 

Thermal analysis 

Thermal analyses were carried out using a thermal analyzer MO&l Buda- 
pest type OD-102/1500”C. The measurements were made in air, in the tem- 
perature range 20-lOOO”C, at a heating rate of 5°C min-*. The sensitivity 
of the galvanometer for the DTA curve was l/5 and for the DTG curve l/20. 
TG sensitivity was 200 mg. a-&O, was used as reference material. Each 
sample weighed 250 mg. 

The thermal analysis curves of sodium thiosulphatobismuthate(III), Naj- 
PiC%WJ - H20, and potassium thiosu.lphatobismuthate(III), K3[Bi- 
(S,O,),] - H20, are shown in Figs. 1 and 2. 

The DT_4 curve of sodium thiosulphatobismuthate(II1) (Fig. 1) has three 
distinct peaks: an endothermic peak at 165”C, a very intense exothermic 
peak at 325°C and an exothermic peak at 500°C. The curve also has two 
weak endothermic peaks at 880 and 930” C. The endothermic peak at 165” C 
involves a rapid mass loss. The courses of the DTA and DTG curves suggest 
two transformations. First there occurs an endothermic transformation, fol- 
lowed by an exothermic one, involving considerable and rapid mass loss. The 
intense exothermic peak at 325” C involves rapid mass loss, followed by slow 
mass growth. The following peaks do not involve distinct mass changes. 

Temperature PC] 
400 

1 

T’emperature I’C] 
400 300 500 700 900 

I 

Fig. 1. Thermal analysis curves of sodium thiosulphatobismuthate(III). 

Fig. 2. Thermal analysis curves of potassium thiosulphatobismuthate(III). 
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The thermal curves of potassium thiosulphatobismuthate(III) (Fig. 2) fol- 
low similar courses. The first endothermic peak on the DTA curve, at 19O”C, 
involves considerable mass loss, visible on the TG and DTG curves. At 330” C 
there occurs an intense exothermic peak on the DTA curve, with correspon- 
ding slow mass increase on the TG curve. Two exothermic peaks at 480 and 
560” C and an endothermic peak at 630°C do not involve distinct mass 
change5. 

The TG curves for the two compounds show that during the second stage 
of thermal decomposition, involving rapid mass loss, Na3[Bi(S,0&] - Hz0 
loses its mass to a far larger extent than &[Bi(&O&] - H20. This suggests 
differences in the reactions in the second stage of decomposition. The tem- 
peratures and the characteristics of the peaks occurring on the DTA cmes 
for all investigated thiosulphatobismuthates are shown in Table 1. 

The reactions taking place during the thermal decomposition of thiosul- 
phatobismuthates(II1) were exemplified by investigation of the sinters of a 
potassium compound. Sinters of a sodium compound were also examined 
since their thermal curves, as well as analytical results, show slightly differ- 
ent character to the reaction suggested. 

The sinters were obtained under conditions similar to those used in ther- 
mal analysis - i.e. 250 mg weighed samples of the compound were heated in 
an electric silite furnace at a heating rate of 5” C min-l. On the basis of the 
TG curves (Figs. 1 and 2) the temperatures for obtaining the sinters were 
200, 320, 700 and 1000°C for the potassium compound, and 200,300,550 
and 900” C for the sodium compound. 

Chemical analysis 

The sulphur contained in the sinters was determined by melting the sam- 
ple with Na202 and Na&O+ Bismuth was determined by hrecipitating Bi& 
with thioacetamide [lo]. The sinters were then separated into water-soluble 
and water-insoluble fractions by boiling for a few hours. In the soluble frac- 

TABLE 2 

Results of the chemical analysis of sinters of potassium thiosulphatobismuthate(III) 

No. Temp. 
(“C) 

Composition of sinter Amount of evolved SO2 

Detd. Calcd. Detd. Calcd. 

Eqn. 

1 200 25.50% S 
37.48% Bi 

2 320 18.95% S 
38.75% Bi 

3 700 13.72% S 
36.85% Bi 

4 1000 12.16% S 
39.27% Bi 

25.47% S 14.61% 14.12% 6 
36.88% Bi 

18.55% S 26.56% 28.23% 9 
40.31% Bi 

13.33% s 34.10% 34.50% 10 
37.24% Bi 

11.28% S 13 
40.11% Bi 
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TABLE 3 

Results of the chemical analysis of the soluble and insoluble fractions of sinters of potas- 
sium thiosulPhatobismuthate(II1) 

No. Temp. Soluble fraction Insoluble fraction 

(“C) Eqn. 
Detd. Caicd. Detd. Calcd. 

1 200 26.65% SO4 23.06% S total 23.48% S total 6 
5.64% S free 5.87% S free 
79.43% Bi 76.52% Bi 

m.fr. 51.54% m.fr. 50.87% m.fr. 48.46% m.fr. 49.13% 

2 320 27.35% SO4 27.79% so4 16.77% S 18.71% S 9 
83.22% Bi 81.29% Bi 

m.fr. 52.48% m.fr. 50.42% m.fr. 47.52% m.fr. 49.58% 

3 700 30.40% so4 31.39% so4 16.54% SO4 17.59% so4 12 
in this in this 77.82% Bi 76.55% Bi 
5.96% HzS04 5.71% H2S04 
m.fr. 52.55% m.fr. 51.86% m.fr. 47.45% m.fr. 48.14% 

4 1000 29.74% so4 27.65% SO4 12.90% so4 12.33% SO4 13 
78.54% Bi 80.48% Bi 

m.fr. 49.58% m.fr. 50.17% m.fr. 50.42% m.fr. 49.83% 

m.fr. = mass fraction. 

tion the sulphates were determined by a gravimetric method and sulphuric 
acid was determined by acid-base titration for the soluble fraction of the 
sinters obtained at 700 or 550°C. In the water-insoluble fraction sulphur was 
determined as BaS04 after oxidation with a mixture of HNOJ, HCl, BrZ 
(3 : 1 ; 1 parts by weight). Bismuth was determined as Bi2S3. 

Sulphur dioxide, a gaseous product of the thermal decomposition of thio- 

TABLE 4 

Results of the chemical analysis of the 200°C sinter of sodium thiosulphatobismuthate- 

(III) 

Composition of sinter Amount of evolved SO2 

Detd. CaIcd. Detd. Calcd. 

Eqn. 

27.58% S 
42.78% Bi 

26.89% S 
42.06% Bi 

19.96% 18.57% 14 

Soluble fraction 

Detd. Calcd. 

Insoluble fraction Eqn. 

Detd. Calcd. 

31.14% so4 

m.fr. 46.14% m.fr. 45.04% 

24.78% S 
77.73% Bi 
m.fr. 53.86% 

23.48% S 
76.52% Bi 
m.fr. 54196% 

14 

m.fr. = mass fraction. 
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c) ,&iii; 
91 45 40 35 ?A 25 x) 45 +a 5 0 

d) 0 

45 4a ‘35 XI 7.5 20 ts 10 5 0 

Fig. 3. X-Ray diffraction patterns of potassium thiosulphatobismuthate(III): a, before 
sintering; b, after sintering to 200°C; c, after sintering to 32O’C; d, after sintering to 
700°C; e, after sintering to 1000°C. X, BizS3; A, S; A, KzS04; 0, Biz(S04)3; 9, (BiOM04; 
0, Bi203. 

sulphatobismuthates(III), was also determined. This was done at the tempera- 
tures used to obtain the sinters. Evolved SO2 was absorbed in sodium tetra- 
chloromercurite(I1) solution and the formed hydrochloric acid was deter- 
mined by alkalimetric titration. 

Elementary sulphur, present in the water-insoluble fraction of the sinters 
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at 2OO”C, was determined by extraction with carbon disulphide, followed 
by solvent evaporation. 

Tables 2 and 3 give the results for potassium thiosulphatobismuthate(II1) 
sinters. Table 4 gives the results for sinters of sodium thiosulphatobis- 
muthate(II1) obtained at 200” C. 

X-Ray analysis 

X-Ray analyses of the sinters were carried out on a DRON-1 diffractom- 
eter using CUK, radiation with a nickel filter. The diffraction curves were 
recorded over the range 28 angles 3-50”. The diffractograms of potassium 
thiosulphatobismuthate(II1) and its sinters are given in Fig. 3. 

Analysis of the diffractograms of the sinters proved that in the sinters of 
potassium thiosulphatobismuthate(III), obtained at 200” C, there is bismuth 
sulphide, and the presence of sulphur is possible. In the sinters obtained at 
320°C X-ray analysis proved the presence of bismuth sulphide, while potas- 
sium sulphate was not present, which may be explained by its formation in 
the amorphous form. In the sinters obtained at 700°C the following com- 
pounds were found by diffractometric analysis: Bi2(S04)3, (Bi0)2S04, 
K,SO,; and in the sinters prepared at 1000°C; (Bi0)2S04, B&O3 and KzSO+ 

Comparison of the reflexes occurring in the diffractogram of the sinter of 
sodium thiosulphatobismuthate(II1) prepared at 300” C with the reference 

TABLE 5 

X-ray identification of the sodium thiosulphatobismuthate(II1) sinter (prepared at 200°C) 

Date from X-ray 
pattern of the sin&r 

26 (“1 d/n (A) 

Literature data 

d/n (A) Compound Intensity of lines 
@) 

15.5 5.72 
22.5 4.40 
23.5 3.79 
24.8 3.59 

28.5 3.13 

31.7 2.82 
32.9 2.72 

33.8 2.65 

35.6 2.52 
39.8 2.26 
45.5 1.99 
46.5 1.95 
52.7 1.74 

3.56 
3.59 
3.11 
3.08 
2.81 
2.78 
2.72 
2.64 
2.64 
2.52 
2.26 

1.95 
1.73 

Unidentified 
Unidentified 
Unidentified 
BizSs 
BizS3 
BizS3 
NazSOa 
BizS3 
NazSOa 
BizSs 
Na2S04 
BizSa 
BizSs 
BizSJ 
Unidentified 
BizSs 
BizS3 

94 
60 

100 
27 
63 

100 
34 
40 
24 
35 
36 

55 
35 
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literature data is given in Table 5. The data prove that sodium sulphate may 
be present in the sinter. 

Infrared analysis 

Infrared spectra were recorded on a UR-10 Zeiss spectrophotometer. The 
spectra were obtained in the 1700-400 cm-’ range using the KBr pellet 
technique. Infrared spectra absorption bands and the corresponding vibra- 
tions of potassium thiosulphatobismuthate(II1) and its sinters prepared at 
80, 180, 200 and 32O”C, as well as of standard substances sodium thiosul- 
phate and potassium sulphate, are given in Table 6. The data proved that 
there are bands characteristic of the thiosulphate anion (shifted by coordi- 
nation [6] ) in the spectrum of the unheated compound, as well as in the 
sinters prepared at 80 and 180°C. In the sinters obtained at 200 and 320°C 
these bands do not appear, but new bands, corresponding to vibrations of 
the sulphate anion, are formed. 

DISCUSSION 

The mechanism of the thermal decomposition of thiosulphatobismuthates- 
(III) 

The thermal curves of thiosulphatobismuthates(II1) show that their ther- 
mal decomposition occurs in three stages (in the case of non-aqueous caesi- 
um thiosulphatobismuthate(II1) two stages occur). 

Stage I 
At the first stage of the thermal decomposition of sodium, potassium and 

rubidium thiosulphatobismuthates(II1) water is evaporated, with a corre- 
sponding mass loss on the TG curve occurring between 60 and 200” C. While 
the water is evaporated, gradual, very slow decomposition of thiosulphato- 
bismuthate begins, which is proved by some evolving sulphur dioxide. This 
decomposition is so slight that there are no changes in the IR spectrum of the 
compounds. Infrared tests proved that spectra of potassium thiosulphatobis- 
muthate(II1) and its sinters obtained at 80 and 180°C are identical (Table 6). 
Distinct changes in the spectra (the bands corresponding to thiosulphatobis- 
muthates disappear and new bands appear) occur for the sinter prepared at 
200” c. 

Stage II 
The second stage is the most important for the decomposition of thiosul- 

phatobismuthates(II1). It begins at about 200” C with the thermal dissociation 
of thiosulphatobismuthate(III), resulting in the formation of simple thio- 
sulphates of alkali metals and bismuth, according to the equation 

6 Mj[Bi(S203)J = 3 BiZ(SzO& + 9 M&03 (1) 

where M = cation of alkali metal; values of the coefficients in the equation 
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result from the following reactions. 
Heavy metal thiosulphates are much less stable than alkali metal thiosul- 

phates, so the bismuth thiosulphate formed in the reaction decomposes 
immediately. This is indicated by a rapid mass loss on the TG curve and an 
endothermic peak on the DTA curve. Bismuth thiosulphate is assumed to 
decompose according to eqn. (2) 

3 Bi2(S203)3 = 3 Bi2S3 + 9 SO2 + 4.5 O2 (2) 

The oxygen evolved in the reaction reacts with alkali metal thiosulphate and 
the sulphate, sulphur and intermediate decomposition product are formed. 
The formation of the intermediate decomposition product on heating sodi- 
um thiosulphate in air was found by Erdey et al. [ 111. The authors did not 
define the product, but simply stated that the residue consisted of sulphite, 
sulphide and polysulphide. 

This complicated process can be presented in the case of potassium thio- 
sulphatobismuthate(III) in the following way 

9 K&03 + 4.5 02 = x K2S04 + 3 S + K~18-2x~S~16-X~0~86-4x) (3) 

while 

X KG334 + K(18-2X)S(15-X)0(86-4X) = K18S15036 (4) 

where x = number of moles of formed potassium sulphate. 
The coefficient x was used with K2S04 because potassium sulphate could 

not be determinc.i in the sinter, since, on leaching the sinter in boiling water 
to separate water-soluble and water-insoluble fractions, the transient product 
is decomposed and potassium sulphate and gaseous products containing sul- 
phur are formed 

K18S15036 + 9 KzS04 + gaseous products (5) 

In the water-soluble fraction sinter at 200°C an amount of sulphates equal to 
9 K2S04 was obtained. 

Thiosulphatobismuthate(III) decomposition at 200” C is described by eqn. 

(6) 

6 K3[Bi(S203)3] = 3 BizS3 +xK2S04+3Sf9SO;?+ 

K _ S -0 (18 2x) (15 x) (36-4X) (6) 

Stage III 
Further heating results in the third stage of decomposition. More potas- 

sium sulphate and sulphur are obtained from the intermediate product 

3 BizS3 + X K2S04 + 3 S + K~18-2x~S~15-X~O~36-4x) = 

3 Bi2S3 f 9 K2S04 f 9 S (7) 

Sulphur is oxidized immediately, which is illustrated by an exothermic 
peak on the DTA curve (Figs. 1 and 2) 

9s+90*=9so2 (8) 



75 

Equation (9) summarizes the decomposition of potassium thiosulphatobis- 
muthate(III) at about 320” C 

6 K3[Bi(S20&] + 9 O2 = 3 Bi& + 9 KzS04 + 18 SOa (9) 

Reaction of the decomposition products 

Reaction (9) causes the maximum mass loss of the system at about 320°C. 
The TG curve indicates a distinct mass increase at higher temperatures, invol- 
ving further reactions of the decomposition products. Analytical results, as 
well as X-ray dif&xtion patterns, indicate that in the sinters obtained at 
700°C there are products of the following reaction 

3 Bi& + 9 KzS04 + 14 O2 = Bi2(S04)j + 2 (BiO)$Z04 + 9 K2S04 + 

4 so* (16) 

When the sinter is leached with boiling water bismuth sulphate is hydrolized 

BiZ(SO& + 2 HZ0 = (BiO)2S04 + HzS04 (11) 
and, therefore, the composition of the soluble fraction was calculated 
according to eqn. (12) 

3 Bi& + 9 K2S04 + 2 HZ0 = 3 (BiO),SO, + 9 KzS04 + 2 H2S04 (12) 

soluble fraction 

When heated up to lOOO”C, bismuth sulphate is transformed into bis- 
muthyl sulphate. Part of the resultant compound is transformed into bis- 
muth oxide. 

Bi2(S04)3 + 2 (BiO)2S04 + 9 KzS04 = Bi203 + 2 (BiO)2S04 + 

9 K2SOb + 3/2 O2 + 3 SO* (13) 

The thermal decomposition of rubidium, caesium, potassium-sodium and 
caesium-sodium thiosulphatobismuthates(II1) proceeds in a similar way. This 
is proved by the thermal curves and corresponding mass losses and mass 
growths, as determined and calculated from the appropriate equations 
(Table 7). The data show that the greatest differences between determined 
and calculated results occur in the case of sodium thiosulphatobismuthate- 
(III). The differences are most evident at the second stage of decomposition. 
The investigation of sodium thiosulphatobismuthate(II1) sinters, as well as 
determination of evolved SO1 (Table 4), proved that the decomposition of 
this compound at 200°C proceeds in a way slightly different from other 
thiosulphatobismuthates(II1) 

6 Na3[Bi(SZ0,),] = 3 Bi& + 3 S + Na18S1J032 + 11 SO2 (14) 

The investigation gives rise to the conclusion that the thermal decompo- 
sition of thiosulphatobismuthates(II1) is characterized by a low decompo- 
sition temperature. Thiosulphatobismuthates(II1) decompose at 320°C with 
the formation of the alkali metal sulphate and bismuth sulphide. The alkali 
metal sulpha$e can be separated from bismuth sulphide easily by leaching the 
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sinter with boiling water. It may be used in developing new methods to ob- 
tain high purity alkali metal sulphates. 
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