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ABSTRACT 

The thermal decomposition of comples salts of thiocyanatothiocarbamidobis- 
muthates(III), having the general formula Me[Bi(SCN)4(TM)z ] where Me = Li, Na, K, Rb, 

Cs, NH4 and TM = thiourea, was studied. On the basis of the results of derivatographic 
studies and chemical analysis, both infrared spectrophotometric and diffractometric, the 
compositions of the intermediate and final products obtained during the thermal decom- 
position of those salts were established_ On the strength of the esperimental data ob- 
tained (without analyzing the gaseous products), the most probable overall equation was 
established of the decomposition reaction of thiocyanatothiocarbamidobismuthates(II1) in 
air at a temperature of 480°C. 

INTRODUCTION 

Continuing the studies on ternary complexes of bismuth(II1) [ 11, we have 

examined their thermal properties. The thermal dissociation of complex salts 
is influenced by the character not only of the central ion and the ligands, but 
also of the ions in the outer coordination sphere [ 21. In the available litera- 
ture no data can be found on the thermal properties of complex salts of bis- 
muth with thiocyanate and thiourea. 

Thermal studies on single thiocyanobismuthates are being conducted by 
Cyganski [ 31. The aim of the present work is to examine the thermal stabil- 
ity of complex salts of bismuth having the general formula Me[Bi(SNC), 
(TM),] (where Me = Li, Na, K, Rb, Cs, NH, and TM = thiourea) and to deter- 
mine’ the influence of the outer sphere cations upon t.he thermal St-ability of 
the compounds under study. 

EXPERIMENTAL 

Thiocyanatothiocarbaidobismuthates(111) with alkaline elements were 
obtained by the method described previously [l] _ The thermal analysis of 
complex salts was conducted in air using a Hungarian-made OD-102 deri- 
vatograph. The measurements were performed within a temperature range 
20-lOOO”C, the heating rate of the samples being 5” C min-‘, the sensitivity 
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Fig. 1. DTG, DTA and TG curves for iL’a[Bi(SCNq)(TM)l J in air. 
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Fig. 2. DTG, DTA and TG curves for K[Bi(SCN)a(TM):] in air. 
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TABLE 5 

Diffractometric identification of sinter K[ Bi(SCN)4(ThI)z] at 200°C 

Data from S-ray pattern of the sinter Literature data 

a0 din 
(.A) 

Fc3rmula and relative 
intensity of lines 

1.5.90 5.57 

li.SO 4.9s 
21.50 -I.1 3 
22.60 3.9-I 
23.90 3.i2 
25.10 3.51 
27.70 3.22 
2s so 3.10 
30.30 2.9.5 

32.10 2.i9 
33.10 3.il 
3-1.00 2.6-I 
35.90 2.50 
39.30 2.30 
JO.20 3.2-l 
A2.80 2.11 
15.80 1.98 
36.SO 1.9.1 
-19.20 1 .s5 
51 .50 1.7i 
5”.SO 1.73 

3.9i 

3.i.5 
3.53 

3.12 BizS3 (100) 
3.9-I KNCS ( 100) 
3 79 __ KNCS (80) 
2-r -‘7 Bi2S3 (3-1) 
2.6-1 BizS3 (31) 
2.5 1 KNCS (-10) 
3.30 Bi,Sx (24) 
2.23 KNCS (2) 
2.12 BiIS3 (15) 
1.99 BizS3 (33) 
1.9-2; 1.95 KNCS (2.5); Bi2S3 (55) 
1.55 BizS3 (17) 
1.77 Bi2S3 (5) 
1.i3 Ri7_S3 (35) 

Not identified 
Not identified 
Not identified 
Bi?Sx (3s) 
Bi,Sj (20) 
Bi,Sx (60) 

of the galvanometers l/10 for the DTA curve, l/15 for the DTG curve, and 

100 or 200 mg for the TG curve. The size of the samples was 50 and 250 
mg. The DTA and DTG curves in the derivatograms of the complex salts 
under study are of a similar character. This is indicated by the same decom- 
position mechanism of the respective salts in the group of compounds in 
question. The thermal characteristics of the compounds under study are 
given in Table 1 and Figs. 1 and 2, 

The identification of the solid products, both intermediate and final, of a 
thermolysis of thiocyanatothiocarbamidobismuthates(II1) was made on the 
basis of indications of the TG curves, chemical and elementary analysis, 

infrared spectrophotometry and diffractometry, this identification being 
needed for establishing the decomposition diagrams. In order to study the 
thermal decomposition reaction of the salts, sinters were prepared under 
conditions similar to those in the derivatograph. The salts were heated at a 
rate of 5°C min-’ up to the temperature determined from the derivatogram, 
the mass decrements being controlled simultaneously. Up to a temperature 
of 2OO”C, the samples of mass 0.5 and 1 g were heated in a drier. The 
samples subjected to thermolysis at a higher temperature were prepared in an 
electrical resistance furnace with SIC heating elements. The chemical compo- 
sition of solid sinters was established on the basis of the determination of 
bismuth [ 41, thiocyanate, and total sulphur [ 5 J as well as carbon and nitro- 



gen. The infrared spectrophotometric identification was conducted on the 
basis of the spectra obtained on the Spectronom 2000 spect.rophotomct.er. 
The samples were studied diluted with paraffin oil and KBr within the range 
700-5000 cm-‘. The diffractomet.ric analysis of sinters was carried out on 
the Dron diffractometer and by using CuK,, radiation. The diffraction curves 
were recorded within the range of 20 angles from 3 to 70”. The resu1t.s ob- 
t.ained are tabulated in Tables Z-5. 

DISCUSSION 

The DTA curves in the derivat.ogram of complex salts Me[Bi(SCN),(TM),] 
show the presence of one endothermic and three esothermic transform&ions. 
The endothermic process attains a maximum at a temperature of 120- 
170°C (Table l), the TG curves showing no mass decrement_ The endother- 
mic effect results from the melting of the substance_ The melting point.s of 
the comples Sal& under study were determined in capillary tubes and were 
in agreement. with those determined from derivatograms. Thermal decompo- 
sition of the substances under investigat.ion begins at 140-lSO”C, the mass 
of the samples decreasing with increase of temperature. The absence on t.he TG 
curves of the characteristic horizontal sect.ions which would separate t.he first. 
t.wo esothermic transformations indicat.es t&at there is a decomposit.ion reac- 
tion taking place. The third esothermic transformat,ion with a sharp maxi- 
mum begins at a temperature of 400-430°C and terminates at. a temperature 
of 4SO’C; it corresponds t.o the steep section of the TG curves. From Figs. 1 
and 2, it. follows that the greatest mass decrements occur at 200 and 48O’C. 
At these temperatures, the DTG curves show the masimum decomposition 
rate. In order to establish the diagrams of t.he thermal decomposition reac- 
tion, the samples of comples salts heated to temperat.ures of 200 and 480°C 
were subjected to chemical, infrared absorptiometric and diffractometric 
analyses. The processes occurring during heating at. these temperatures can 
be represent.ed as 

aIc[ Bi(SCN)J(TAI),] z hIeNCS + Bi(SCX).T + 2 TA\I (1) 

4 hIc[Bi(SCX),(ThI),] ?%c 4 MeNCS + 4 Nl-I,XCS + Bi,S3 + 2 BiSC,Xa (2.) 

3 1Ie[Bi(SCN),(TkI),] ““!? 2 i\Ic,SOJ + Bi,S.J + 2 Bi 0) 
The thermal decomposition of thiocyanatothiocarbamidobismuthates(III) 

with alkaline elements begins immediately after melting, most likely from 
the thermal dissociation which proceeds in accordance with eqn. (1). .A simi- 
lar behaviour of complex salts was observed by Tananajew et al. [6] in hesa- 
cyanoferrates( II) and by CygaI’lski [ 31 in thiocyanatobismuthates(II1). The 

products of the thermal dissociation, eqn. (l), show a diversified stability 

during heating at temperatures of 140-210” C. Suitable t.hiocyanates, 
%eNCS (Me = Li, Na, K, Rb, Cs, NHJ), do not undergo decomposition at 
these temperatures, whereas Bi(SCN)3 and thiourea proceed immediately to 
further secondary reactions with the production of Bi,S3, an intermediate 
decomposition product containing bismuth, suiphur, carbon and nitrogen 
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as well as NHJNCS. The isomerisabion of thiourea in ammonium thiocyanate 
above 150°C was also observed by Borisowa [ 71 when sAldying the thermal 
decomposition product of ternary complexes of propionat.othiocarbamido- 
lanthanons. The occurrence of the intermediate decomposition product 

Bi(SCN),, which contains bismuth, sulphur, carbon and nitrogen, was found 
by Cyganski [3] when studying the thermal decomposition of t.hiocyanato- 
bismuthates(III). In comples salt. samples heated to a t.emperature of 200°C 
(the first esothermic transformat.ion), it is possible to determine thio- 
cyanates, bismuth and sulphur analytically in an1ount.s corresponclin~ to 
eqn. (2). Sint.ers obtained at. this temperature are grey in colour. Estraction 
by water permits the water soluble products, hIeCNS, t.o be separated from 
t.he insoluble ones (BiS3 and BiS,C,.N,). The det.ermined masses of the 
soluble fractions and the amounis of thiocyanates estimated in them are in 
agreement with eqn. (2). In the samples of sint,ers free of water soluble sub- 
st.ances, the presence of Bi,S3 \vas found diffractometricaliy. The content of 
bismuth, sulphur, carbon and nit.rogen determined in those samples permits 
the approximate generalized formula of the intermediate compound BiSC2NJ 
(calculated atomic ratio S : C : N 1 : 2 : 4) to be established_ In the IR 
spectra of solid sinters (Table 4), the 3350, 3270 and 3150 cm-’ bands, 
ascribed to tensile vibration v(NH,), fade as do the bands of about 1600 
cm-’ corresponding to bendin, c vibration 6(NH,) of thiourea in the com- 
plexes [8]. The bands, characteristic of the bonding of the SCN group by t.he 
sulphur at.om, also undergo a shift. The bands Y(CS) of the SCN group, 
which occur in the initial compounds at. 700-705 cm-‘, undergo a shift up 
to 740 cm-‘. The frequency of vibration v(CN) of the SCN group also 
decreases from 2100 cm-’ in the initial compounds to 2080-2070 in the 
samples of sint.ers obtained at a temperature of 200°C. The frequency varia- 
tions of the vibrat.ion v(CS) and Y(CN) observed in sinters in comparison 
with the vibration frequencies of the appropriate alkaline thiocyanate indi- 
cate the destruction of t.he Bi-SCN bond in the compleses with the forma- 
tion of the t.hiocyanate of the alkaline metal which occupies the outer coor- 
dination sphere in the compleses. The presence of the thiocyanates of alka- 
line metals is also corroborated by the diffractometric studies (Table 5). The 
amount of thiocyanates determined in t.he water estract of sinters is in 
approximate agreement with t.he amount of SCN- calculated according to 
eqn. (2) (Table 2); t.here is also agreement between the determined and t.he 
calculated mass decrements. The second esothermic transformation at a 
temperature of 220-320°C is associated with an insignificant mass decre- 
ment. The main reaction occurring at this temperature is the decomposition 
of alkaline thiocyanates to the corresponding sulphates. In the water estracts 
of sinter samples obtained at a temperature of 3OO”C, small amounts of thio- 
cyanates (about 3.5%) were determined analytically in addition to sulphates. 
A strong eso-effect with the maximum at a temperature of 440-450°C is 
linked wit.h the decomposition of the intermediate product BiSC,NJ to free 
bismuth. Analysis of the sinter samples obtained at a temperature of 480°C 
for sulphate (water estract), bismuth and sulphur (insoluble fraction) as well 
as comparison of mass decrements (Table 3) indicate that the course of 
decomposition is in accord with eqn. (3). Such a course of the reaction is 
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corroborated by both spectrophotometric and diffractometric studies. In the 
IR spectra, the 750-760 cm-’ and 2080-2070 cm-’ bands fade. The 
presence was found diffractometrically, in sinters, of intensities characteris- 
tic of proper sulphates, Bi,S3 and free bismuth. On the strength of the 
experimental dat.a presented above, the most likely overall equation for the 

thermolysis reaction of thiocyanatothiocarbamidobismuthates(II1) in t.he air 
at a temperat.ure of 480°C can be presented in the form 

4 hIc[Bi(SCN),(N,H,CS),] + 55 0, = 2 hle,SOJ + Bi,S, + 2 Bi + 16 N- 

+ 16 H,O + 19 SO, + 24 CO- (4) 

The studies reported here indicate that the thermal stability in the group 
of comples compounds in question depends upon the electron structure and 
the ionic radius of the out.er sphere cation. By comparing the initial tempera- 
tures of the decomposition, a thermal stability series may be drawn up, viz. 

Na[ Bi( SCN)4(TXI), f > K[Bi(SCX)4(TM),] > Rb[Bi(SCN),(ThI),] 

= CS[B~(SCK)~(TAI)~] > NH,[Bi(SCN),(TM),] > Li[Bi(SCN),(T>I),] 

Earlier st.udies on the solubility and resistance to the hydrolytic action of 
water [l] yielded results which are in accord with the above stability series 
obt.ained in thermal investigations. 
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