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Abstract 

The thermal decomposition of caesium-sodium fluoro- and iodothiocyanatobis- 
muthates(III) having the formulae Cs2Na[Bi(SCN)313] , Cs2Na[Bi(SCN)214] , Cs2Na[Bi a- 
(SCN)514], Cs2Na[Biz(SCN)7F 2] and CszNa[Bi2(SCN)6F3] has been examined. The thermal 
analysis curves of the complexes and the results of chemical and X-ray analyses of the solid 
pyrolysis products are presented. The results have been used to determine the three stages 
of thermal decomposition. Reactions occurring in each stage are described. The reaction 
order and activation energy of each stage have been calculated by means of the methods of 
Coats-Redfern and Zsak6. The mechanisms of decomposition and the thermal stability of 
all caesium-sodium halidothiocyanatobismuthates(III) so far obtained have been compared. 

INTRODUCTION 

Among the publications discussing the properties of bismuth(III) com- 
plexes there are several referring to compounds containing SCN ion in 
the inner sphere. The thiocyanate ion is a ligand with a strong ability to 
form complexes, and it can form complex ions with Bi 3+ ion in acid 
medium. The anions formed in this way may form simple and double 
crystal complexes with a number  of metals. In such compounds, the 
coordination number  of bismuth is usually 6. A few bismuth(III) com- 
pounds containing other ligands along with SCN-  ions in their inner 
sphere are also known. However, thermal examinations of heteroligand 
thiocyanatobismuthates(III)  have seldom been reported. Reference 1 pre- 
sented the TG curve and the temperature  of decomposition (180-200°C) of 
Bi(C7H6N2S)3(SCN) 3 but it did not give any data about the reaction of 
decomposition of the complex. Loginov et al. [2] t reated the thermal 
decomposition as an auxiliary method to examine the properties of 
(NH4)2Bi(nta)(SCN) 2 • 2 H 2 0  (where nta  is ni t r i lotr iacet ic  acid). 
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Ladzifiska-Kulifiska [3,4] described the mechanism of thermal decomposi- 
tion of thiocyanatothiocarbamidobismuthates(III) of the formula M[Bi- 
(SCN)4(TU) 2] (where M = Li, Na, K, Rb, Cs or NH4; TU = thiourea). The 
pyrolysis proceeds in three stages, and the final products are metallic 
bismuth, bismuth sulphide and the sulphate of the respective metal. The 
author calculated the reaction order and activation energy for the first and 
the third stage of decomposition. 

The purpose of this paper, which is a continuation of our previous 
studies [5,6], was to establish the mechanism of thermal decomposition of 
caes ium-sodium fluoro- and iodothiocyanatobismuthates(III). The reac- 
tions of decomposition and the thermal stability of the compounds under  
examination were compared with the data obtained for the previously 
discussed chloro- and bromothiocyanate complexes. Reaction order and 
activation energy were calculated for all the caes ium-sodium halidothio- 
cyanatobismuthates(III). 

EXPERIMENTAL 

Preparation 

Caesium-sodium fluoro- and iodothiocyanatobismuthates are obtained 
as a result of reaction of an aqueous solution of the respective sodium 
halide (NaX) of a defined concentration with solid caesium tetrathiocyana- 
tobismuthate(III), which is a coordinationally unsaturated compound of 
bismuth(III) [7]. When Cs[Bi(SCN) 4] is treated with the halide solution, 
reactions of addition and substitution occur. The following amounts of 
substrates were used (the volume of NaX solution was 5ml): for 
CszNa[Bi(SCN)3I 3] 2 mol 1 -a NaI and 2.7 g of Cs[Bi(SCN)4], for 
Cs2Na[Bi(SCN)2I 4] 3 mol 1 -a NaI and 3.0 g of Cs[Bi(SCN)4], for 
Cs2Na[Biz(SCN)sI 4] 1 mol 1 -a NaI and 3.3 g of Cs[Bi(SCN)4], and for 
CszNa[Biz(SCN)7F2] and CszNa[Bi2(SCN)6F 3] 1 mol 1-1 NaF and 3.5 g 
and 2.5 g of Cs[Bi(SCN)4], respectively. The mixtures of reagents prepared 
in this way were shaken for 2 h, then filtered, and the precipitates were 
dried at room temperature.  

Thermal analysis 

Thermal analyses were carried out using an MOM Budapest  OD- 
102/1500°C thermal analyser. Samples of 200 mg were heated in porcelain 
crucibles in air over the temperature  range 20-1000°C at a heating rate of 
5°C min -a. The sensitivity for the DTA curve was 1/15, for the DTG curve 
1 /20  and for the TG curve. 200 mg a-A120 3 was used as the reference 
material. Table 1 lists the temperatures and the corresponding DTA peaks 
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TABLE 1 

Temperatures, DTA peaks and temperature ranges of decomposition stages of caesium- 
sodium fluoro- and iodothiocyanatobismuthates(III) 

Compound Beginning of the DTA peaks Ranges of 
first exothermic (°C) decomposition 
peak (°C) stages (°C) 

Cs2Na[Bi(SCN)3I 3] 210 210 endo 
240 exo 210-280 
380 exo 280-400 
440 exo 400-470 
570 endo 

Cs2Na[Bi(SCN)2I 4] 210 210 endo 
240 exo 210-280 
350 exo 280-390 
420 exo 390-430 
550 endo 
580 endo 

Cs2Na[Bi2(SCN)5I 4] 150 150 endo 
230 exo 150-260 
330 exo 260-390 
440 exo 390-490 

Cs/Na[Bi2(SCN)7F2] 190 150 endo 
230 exo 150-260 
310 exo 260-360 
430 exo 360-460 
540 exo 
840 endo 

Cs2Na[Bi2(SCN)6F 3 ] 200 150 endo 
240 exo 150-260 
310 exo 260-360 
420 exo 360-460 
540 exo 

of the compounds under  study and the temperature  ranges of the stages of 
thermal decomposition. 

The thermal analysis curves of Cs2Na[Bi(SCN)3I 3] are presented in Fig. 
1. The first endothermic peak (210°C) is small; the next three exothermic 
peaks correspond with the successive stages of thermal decomposition and 
they are accompanied by continuous mass loss observed in the TG curve. 
Above 470°C a rapid mass loss occurs, which results from the decomposi- 
tion of the products of the third stage of  pyrolysis. 

The thermal analysis curves of Cs2Na[Bi(SCN)2I 4] are slightly different 
from those described above. The exothermic peaks in the DTA curve are 
less intense and the loss in mass corresponding with the successive stages of 
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Fig. 3. Thermal analysis curves of Cs2Na[Bi2(SCN)TF2]. 

decomposition is smaller, whereas the mass loss resulting from the decom- 
position of the products of the third stage is greater and the process occurs 
at 430°C. 

Figure 2 presents the thermal analysis curves of Cs2Na[Bi2(SCN)sI4]. 
The temperature of the first endothermic peak is much lower (150°C) than 
in the case of the two salts discussed above. The shapes of the TG and 
DTA curves are also different (the successive decomposition stages are 
clearly visible; the mass loss above 490°C is considerably lower, and the 
exothermic peaks corresponding with the stages of pyrolysis are more 
intense). 

The DTA curve for Cs2Na[Bi2(SCN)7F2] (Fig. 3) has a shape similar to 
that for Cs2Na[Bi2(SCN)sI4]. The difference consists in the presence of the 
fourth exothermic peak (540°C), which is probably related to the formation 
of (BiO)2SO 4, and an endothermic peak at 840°C (corresponding with 
melting of Na2SO 4 [8]). The TG curve reaches its minimum in the third 
stage of decomposition and remains stable up to about 900°C. 

The course of the thermal curves of Cs2Na[Bi2(SCN)6F 3] is analogous to 
the shape of the curves for Cs2Na[Bi2(SCN)7F2]. 

The comparison of the thermal curves of the compounds examined 
suggests that these complexes follow a three-stage course of decomposition. 
The decomposition is related to the exothermic effects (three clear peaks in 
the DTA curves) and t o  the continuous mass loss observed in the TG 
curves. The differences in the course of the TG curves of fluoro- and 
iodocomplexes indicate a slightly different mechanism of decomposition of 
these compounds. 
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TABLE 2 

Results of chemical analyses of caesium-sodium fluoro- and iodothiocyanatobismuthates(III) 

Compound Temp. Composition of sinter Eqn. 

(°C) Detected Calculated 

Cs2Na[Bi(SCN)3I 3] 380 21.65% Bi 21.04% Bi (4) 
4.51% S 4.26% S 
1.18% C 1.17% C 
1.91% N 1.85% N 

mass loss 5.72% mass loss 5.63% 

460 22.70% Bi 21.68% Bi (7) 
3.49% S 3.88% S 

mass loss 9.20% mass loss 8.44% 

600 31.93% Bi 30.86% Bi (11) 
4.14% S 3.94% S 

800 34.01% Bi 32.97% Bi (12) 
4.38% S 4.21% S 

Cs2Na[Bi(SCN)214] 380 20.86% Bi 19.48% Bi (5) 
2.47% S 2.35% S 
0.38% C 0.41% C 
0.52% N 0.56% N 

mass loss 4.23% mass loss 4.32% 

CseNa[Bi2(SCN)sI 4] 260 30.72% Bi 29.42% Bi (3) 
5.83% S 5.64% S 
2.52% C 2.25% C 
3.20% N 3.24% N 

mass loss 6.22% mass loss 5.60% 

380 31.97% Bi 30.60% Bi (6) 
5.26% S 4.96% S 
1.94% C 1.46% C 
2.68% N 2.34% N 

mass loss 9.20% mass loss 9.22% 

460 35.55% Bi 34.15% Bi (8) 
4.81% S 4.58% S 

mass loss 18.66% mass loss 18.67% 

Cs2Na[Bi2(SCN)7F2] 260 38.51% Bi 39.37% Bi (1) 
13.45% S 13.41% S 
5.13% C 5.06% C 
7.37% N 7.36% N 

mass loss 7.71% mass loss 7.78% 

460 44.22% Bi 44.64% Bi (9) 
10.53% S 10.61% S 
mass loss 19.40% mass loss 18.67% 

Cs2Na[Bi2(SCN)6F 3] 260 39.51% Bi 40.27% Bi (2) 
12.63% S 12.13% S 
4.24% C 4.38% C 
6.27% N 6.32% N 

mass loss 6.47% mass loss 6.67% 
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Compound Temp. Composition of sinter Ecln. 

(°C) Detected Calculated 

Cs2Na[Bi2(SCN)6F3] 460 44.54% Bi 45.10% Bi (10) 
9.98% S 9.94% S 

mass loss 16.91% mass loss 16.68% 

The mechanism of thermal decomposition of caesium-sodium fluoro- 
and iodothiocyanatobismuthates(III) was determined on the basis of chemi- 
cal and X-ray analyses of the solid pyrolysis products. For this purpose, 
sinters of the compounds under study were prepared under conditions 
similar to those for the thermal analysis. Samples of 200 mg were heated in 
a drier or a silite furnace at a heating rate of about 5°C min-1 up to a 
temperature determined from the thermal curves while the mass loss was 
compared with the corresponding values on the TG curve. 

Chemical analysis 

The chemical composition of the solid decomposition products was 
determined on the basis of the content of bismuth [9], sulphur [10] and 
nitrogen and carbon (elemental analysis). The sinters were leached with 
water and the composition of the water-soluble and water-insoluble frac- 
tions was analysed. The content of sulphates in the water-soluble fraction 
was determined by a gravimetric method, the content of thiocyanates by 
bromatometry, the content of fluorides by argentometry (after precipitation 
in the form of PbC1F [11]) and the sum of iodides and thiocyanates also by 
argentometry. Table 2 presents the results of the analysis of the sinters. 

X-ray analysis 

X-ray analysis was carried out on a DRON-1 diffractometer using Cu 
Ka radiation and a nickel filter. The diffraction curves were recorded over 
the range 20 = 2-60 °. Table 3 compares the reflexes occurring in the 
diffraction pattern of CszNa[Bi(SCN)3I 3] sinter obtained at 380°C with the 
literature data. 

Methods applied to determine the kinetic parameters 

Two integral methods, those of Coats-Redfern [12] and Zsak6 [13], were 
used to determine the reaction order n and activation energy E of each 
stage of thermal decomposition of the caesium-sodium halidothiocyanato- 
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TABLE 3 

X-ray identification of CszNa[Bi(SCN)3I 3] sinter (380°C) 

Data from X-ray patterns of the sinter Literature data 

20 (deg) d/n (A) d/n (/k) Compound 
13.0 6.81 6.86 Cs3Bi2I 9 
21.3 4.17 4.20 Cs3Bi2I 9 
24.3 3.66 3.68 CszSO 4 
25.5 3.49 3.51 Cs3Bi2I 9 
26.1 3.41 3.45 Cs3BizI9 
27.7 3.22 3.23 NaI 

3.23 CsI 
3.23 Cs3Bi2I 9 

28.3 3.15 3.18 NazSO 4 
3.14 Cs2SO 4 

29.4 3.04 3.07 Na2SO 4 
30.0 2.98 3.00 Cs3BizI 9 
32.6 2.74 2.78 Na2SO 4 
33.7 2.66 2.65 NazSO 4 

2.65 Cs z S O 4 
43.2 2.09 2.11 CszSO 4 
46.2 1.96 1.95 NaI 
49.1 1.85 1.87 CsI 

1.87 NaI 
1.86 NazSO 4 

51.0 1.79 1.80 CszSO 4 
1.80 NazSO 4 

52.2 1.75 1.75 Cs3BizI 9 
56.7 1.62 1.62 NaI 

1.61 CsI 

bismuthates(III). A computer  programme was used for calculations. The 
results are presented in Table 4. 

DISCUSSION 

A comparison of the results of  thermal, chemical and X-ray analyses 
allows us to conclude that the thermal decomposition of caesium-sodium 
fluoro- and iodothiocyanatobismuthates(III) proceeds in three stages, which 
are discussed below. The mechanisms of pyrolysis of these compounds are 
similar, and are associated with the mass loss observed in the TG curves 
and the presence of exothermic peaks in the DTA curves. 

Stage I 

The analysis of the thermal curves allows only an approximate determi- 
nation of the temperature range limits in this stage. The shape of the TG 
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curve in this stage did not allow us to prepare sinters of the mononuclear 
complexes. Equations (1)-(3) represent the reactions at 260°C 

6Cs2Na[Biz(SCN)7F2] 
o2 

), 3BizS 3 + 6BiS0.86C3.06N436F1.TS + 1.5MF + 8.5MNCS + 4M2SO 4 

+ gaseous products (1) 

6Cs 2Na[Biz(SCN)6F 3] 
02 

), 3Bi2S 3 q- 6BiSo.26C2.2N3.1F2.75 + 1 .5MF + 9 .5MNCS + 3 . 5 M 2 8 0  4 

+ gaseous products (2) 

6Cs2Na[Bi2(SCN)514 ] 02), Cs3Bi219 + 10BiS0.45C1.0N1.37II.5 + 6MNCS 

+ 4M2SO 4 + gaseous products (3) 

where M = Cs or Na and the sum of caesium and sodium atoms is 18 (the 
number of caesium atoms is 12, and that of sodium atoms is 6). The 
equations give the solid products of decomposition; the composition of the 
gaseous products was not examined. 

In equations (1)-(3) it can be seen that one of the products in all the 
sinters is an intermediate compound of the formula BiSxCyNsX z. The 
composition of this compound is different for different initial salts, and 
moreover it depends on the conditions of decomposition. The compound 
CSBBizI 9 is present in the sinter of Cs2Na[Bi2(SCN)sI4]. No analogous 
fluoride compound was found in the product of pyrolysis of fluorocom- 
plexes, whereas the presence of BizS 3 was observed in this instance. The 
ratio at which thiocyanates, sulphates and caesium and sodium fluoride 
occur is not known. 

Stage H 

Reactions occurring in stages I and II of the pyrolysis partly overlap. The 
changes are exothermic and the loss in mass observed in the TG curves is 
slower than in stage I. Equations (4)-(6) illustrate the decomposition 
reactions of caesium-sodium iodothiocyanatobismuthates(III) at 380°C 

6Cs2Na[Bi(SCN)313] 02), Cs3Bi219 + 4BiS0.98C1.45N1.7910. 5 + 4M250 4 

+ 7MI + gaseous products (4) 

6Cs2Na[Bi(SCN)214] 02), Cs3Bi219 + 4BiSo.43Co.55No.65ia.5 + 3M2804 

+ 9MI + gaseous products (5) 

6Cs2Na[Bi2(SCN)514 ] 0 2  Cs3Bi219 + 10BiSo.45Cl.0N1.3711.29 

+ 7.5M2SO 4 + gaseous products (6) 
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The main reaction of the second stage is oxidation of sodium and caesium 
thiocyanates to the corresponding sulphates. The intermediate compound 
begins to decompose (eqn. (6)). 

Stage III 

The last stage o f  pyrolysis of the complexes under study is the most 
distinct, except in the case of Cs2Na[Bi(SCN)214], where the exothermic 
peak is very weak and the loss in mass is continuous. Equations (7)-(10) 
show the reactions of the third stage of thermal decomposition 

6Cs2Na[Bi(SCN)313] 0 2  Cs3Bi219 -t- Bi2S 3 -t- 2BiOI -t- 4M280 4-t- 7MI 

+ gaseous products (7) 

6Cs2Na[Bi2(SCN)514 ] 0 2  Cs3Bi219 + Bi2S 3 + 8BiOI + 7.5M2SO 4 

+ gaseous products (8) 

6Cs2Na[Bi2(SCN)7F2 ] o 2  3Bi2S3 + (BiO)2SO 4 + 4BiOF + a.5MF 

+ 8.25M2SO 4 + gaseous products (9) 

6Cs2Na[Bi2(SCN)6F3 ] o 2  3Bi253 + 6BiOF + 8.25M2804 + 1.5MF 

+ gaseous products (10) 

From the equations presented above it is evident that in the third stage the 
intermediate product is decomposed, which leads to the formation of 
bismuthyl halide and bismuth sulphide. 

The proposed mechanism of thermal decomposition is in accordance 
with the results of the analysis of solid products of pyrolysis (Table 2), and 
was confirmed by the analysis of water-soluble and insoluble fractions and 
by the diffractometric method. As a result of the thermal decomposition of 
caesium-sodium fluoro- and iodothiocyanatobismuthates(III) the mass of 
the samples continuously decreases. The more thiocyanate groups in the 
initial compound, the greater the mass loss; the loss is considerably greater 
for binuclear complexes. The stages of pyrolysis partly overlap, which 
makes the interpretation of the thermal curves difficult and sometimes 
even impossible. 

When the third stage of the decomposition of caesium-sodium fluorothi- 
ocyanatobismuthates(III) ends (at 460°C) the mass of the sinters grows 
slightly as a result of oxidation of Bi2S 3 to (BiO)2SO 4 (exothermic peak in 
the DTA curve at 540°C) and it then remains stable up to about 900°C. 

The thermal curves of caesium-sodium iodothiocyanatobismuthates(III) 
differ considerably from those of fluorocomplexes. Following the end of the 
third stage of decomposition (470°C: Cs2Na[Bi(SCN)313], 430°C: 
Cs2Na[Bi(SCN)214] and 490°C: Cs2Na[Bi2(SCN)514]) a process occurs that 



236 

is associated with a considerable loss in mass and weak endothermic peaks 
in the DTA curves in the temperature range of 550-580°C. The decompo- 
sition proceeds in two stages and the loss in mass is greater if the initial salt 
contains more iodide groups. Equations (11) and (12) represent the pyroly- 
sis reactions of Cs2Na[Bi(SCN)3I 3] at 600 and 800°C 

6CszNa[Bi(SCN)313] o 2  Bi20 3 + 2BiOI + (BiO)2SO 4 + 4M2SO 4 + 6MI 

+ gaseous products (11) 

6CszNa[Bi(SCN)313] o 2  Bi20 3 + 2BiOI + (BiO)2SO4 + 4M2SO4 + 5MI 

+ gaseous products (12) 

The considerable loss in mass is caused by the decomposition of Cs3Bi2I 9 
and formation of Bi20 3, CsI and I 2. Caesium iodide and iodine gradually 
evaporate from the sinter. This is in agreement with previous examinations 
of Cs3Biz[ 9 decomposition [14]. The decomposition of caesium iodobis- 
muthate(III) begins at the lowest temperature (430°C: stage I, 600°C: stage 
II) in the case of CszNa[Bi(SCN)214], which is in agreement with the 
literature data. The decomposition begins at the highest temperature 
(490°C) for CszNa[Biz(SCN)sI4]. The fact that the second stage of decom- 
position of Cs3BizI9 in the sinter of the binuclear complex is not distinct 
may be due to the relatively low content of CsI in the sinter. 

The comparison of the results of the thermal analyses of caesium-sodium 
halidothiocyanatobismuthates(III) leads to the conclusion that the mecha- 
nisms of thermal decomposition of these salts are similar. The pyrolysis of 
the salts proceeds in three stages associated with the loss in mass and the 
occurrence of exothermic peaks in the DTA curves. In the first stage an 
intermediate compound of the formula BiSxCyNsX z, Bi2S 3 or  C s 3 B i z X  9 

and caesium and sodium thiocyanates, sulphates and halides are formed. In 
the second stage, thiocyanates oxidize to form sulphates, and in the third 
stage the intermediate compound decomposes and bismuthyl halide, bis- 
muth sulphide or bismuthyl sulphate is formed. The equations representing 
the reactions of thermal decomposition of salts having the same general 
formula differ in the proportions of the particular compounds making up 
the sinters. Certain differences result from different oxidation rates of 
bismuth sulphide, and, hence, the possibility of forming bismuth sulphide, 
bismuth sulphate or bismuthyl sulphate in the third stage. More marked 
differences occur when the products of the third stage of pyrolysis are 
further decomposed. This is due to the presence of some compounds of 
caesium halidobismuthate(III) in the sinter. The decomposition of Cs3BizI 9 
is observed in all iodide-thiocyanate complexes, and it occurs at the 
temperature determined for pure Cs3BizI 9 [14,15]. The TG curves are 
slightly different from those for the other compounds because of a differ- 
ent mechanism of Cs3BizI 9 decomposition [14]. The temperature at which 



237 

Cs3Bi2Br 9 decomposes is a little higher in mononuclear compounds as 
compared with the literature data [15], and for chlorothiocyanatobis- 
muthates(III) and binuclear bromothiocyanatobismuthates(III) the temper- 
ature of pyrolysis of Cs3Bi 2 X 9 is considerably higher than for pure caesium 
halidobismuthates(III). The presence of Cs3Bi2F 9 was not observed in the 
sinters of fluorocomplexes, and thus the TG curve at higher temperatures 
is different from the thermal curves of the other compounds. 

The thermal stability of the complex salts determined on the basis of 
the beginning of the first exothermic peak changes in the order Cs 2- 
Na[Bi(SCN)xC16_x] = Cs2Na[Bi2(SCN)yC19_y ] = CszNa[Bi2(SCN)yBr9_y ] 
(240°C) > Cs2Na[Bi(SCN)xBr6_,] = CszNa[Bi(SCN),I6_~] (210°C) > 
CszNa[Biz(SCN)6F 3] (200°C) > Cs2Na[Biz(SCN)TF 2] (190°C) > Cs 2- 
Na[Bi2(SCN)sI 4] (150°C). These dependences change slightly when the 
value of activation energy in the first stage of pyrolysis is taken into 
consideration as the criterion (Table 4), no dependence being observed 
between activation energy and the temperature at which decomposition 
begins. However, in both cases it was found that the complexes 
CszNa[Bi2(SCN)sI4], CszNa[Biz(SCN)vF~] and CszNa[Bi~(SCN)6F 3] ex- 
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Fig. 4. Effect of the ionic radius of the halide on the activation energy of caesium-sodium 
halidothiocyanatobismuthates(III). 
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hibit the lowest stability. This fact may follow from the spatial factor (long 
radius of  I -  ion and short radius of  F -  ion). The most stable of  the 
mononuclear  complexes are those containing chloride ligands. The com- 
plexes with bromide ligands exhibit lower stability and those with iodide 
ligands are the least stable (the ratio of energy for these three groups of 
salts is approximately 3 :1 .7 :1) .  Activation energies of  binuclear chloro- 
and bromocomplexes  do not exhibit such great differences. Figure 4 
presents the dependence  of activation energy upon the radius of  the halide 
ligand. Complexes of analogous composit ion have been  compared.  From 
the dependences  presented it follows that the compounds  examined can be  
divided into two groups. The first group includes mononuclear  complexes, 
the stability of  which decreases in the order  C1 > Br > I (whereas the 
stability of  chlorocomplexes in aqueous solutions is lower than the stability 
of bromocomplexes  [16]) and the second group includes binuclear com- 
plexes, which have the reverse order  of stability F < C1 < Br. It could be  
helpful to determine the structure of  the salts under  study in order  to find 
an explanation of these dependences  for mono- and binuclear chloro- and 
bromothiocyanatobismuthates .  
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