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ABSTRACT 

The thermal decompositions of crystalline complexes of formulae Na[SbFJCl] - H20, 
Na[SbFJBr] - HzO, XI[S~FJCI] (where &I = K, Rb) and M[SbFJBr] (where M = Rb, Cs) 
were stucliecl. Crystals were prepared by slow evaporation of water solutions of SbFJ and 
alkali metal chlorides or bromides. On the basis of the results of thermal and chemical 
analyses, the mechanisms of thermal decomposition reactiqns were established. Kinetic 
parameters were calculated from TG curves using Zsako’s and Coats and Reclfern’s 
methods. ,\ comparison of the thermal stabilities of the compounds under study was 
made. 

INTRODUCTION 

Antimony trihalides SbX3 (where X = F, Cl, Br, I) form numerous crystal- 
line compleses with alkali metal halides. The following fluoroanti- 
monates( III) are formed: M[Sb4F,3], &I[Sb,F,], M[SbF.+] and M2[SbF5] 
(where M = Na, K, Rb, Cs]. Less numerous are compounds with other halides 

and their number decreases in the order: Cl - Br + I. Most characteristic of 
these are compleses of general formula M,[Sb,X,]. Recently, mixed salts, 
M[SbF&l] and M[ SbF,Br], have been prepared [l-3]. X-ray studies have 

been made on a number of these compounds, the point of interest being the 

arrangement of halide atoms around the antimony atom as well as the 
influence of the alkali metal cation on the crystal structure of complex 
anions [G-9]. At higher temperatures comples halides of antimony(II1) 
decompose with liberation of SbX,. The mechanism and kinetics of the 
thermal decomposition of some of these compleses under dynamic tempera- 
ture conditions, as well as the effect of the outer sphere cation on the ther- 
mal stability of these compounds, have been studied using thermal, chemical 
and X-ray analyses [lo-131. This paper presents results of the thermal 
examination of compleses of general formulae M[SbF&l] (where M = Na, K, 
Rb), M[SbF,Br] (where M = Na, Rb, Cs), Na[ SbF&l] - Hz0 and Na[SbF,Br] - 

H20. 
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EXPERIMENTAL 

Ma teriak 

The crystalline compounds Na[SbF$l] - HZ0 and M[SbF&l] (M = K, 
Rb) were prepared by dissolving SbF3 and the appropriate alkali metal 
chloride in the molar proportion 1 : 1 in water and evaporating the solutions 
under reduced pressure at room temperature. Crystals of Na[SbF,Br] - HZ0 
and M[SbF,Br] (IM = Rb, Cs) separated after slow evaporation of the solu- 
tions of SbF3 and metal bromide in water at room temperature. The crystals 
were separated from the mother liquor by filtration and rinsed first with icy 
water and then methanol. Na[SbF,Cl] - H,O and Na[SbF,Br] - HZ0 were 
dried in air and the other compounds were dried in a vacuum dessicator. 
Crystals were stored in hermetic polyethylene vials. All the syntheses were 
carried out with analytical grade reagents. In the prepared salts, as well as in 
the products of their thermal decomposition, antimony was determined as 
the sulphide by precipitating it with thioacetamide [14], alkali metals by 
means of flame photometry, fluorine by calorimetry, and halogen by Vol- 
hard’s method. Cs[SbF$l] and K[SbF,Br] did not crystallize under the con- 
ditions described above. 

Apparatus 

Thermal analyses of the compounds under study were carried out using a 
-MOM Budapest type OD-lr)2/1500” thermal analyzer. The measurements 
were made in helium in the temperature range 20-1000” C at a heating rate 
10°C min-‘. The sensitivity of the galvanometer for the DTA and DTG 
curves was l/10; TG sensitivity was 100 m g_ a-X1203 was used as reference 
material. The mass of the sample amounted to 100 mg. In order to follow 
the course of the thermal decomposition, the samples of ca. 100 mg were 
heated in a silite furnace at a rate of 10°C min-’ up to the appropriate tem- 
perature determined from the thermal analysis curves. The decomposition 
products which showed a mass loss similar to those determined from the TG 
curves were used for further investigations. 

Tlzermoaualy ticai studies 

Two typical thermal analysis curves are shown in Figs. 1 and 2. Thermal 
measurements indicate that the Na[ SbF,Cl] - HZ0 undergoes decomposition 
in three steps. The first step appears between 120 and 160°C and is associ- 
ated with an endothermic peak on the DTA curve at 156” C. The weight loss 
of 7.2% approximates to 7%, calculated for the following equation 

Na[SbF,Cl] - Hz0 = Na[SbF,Cl] + tH20 (1) 

The second step takes place within the temperature range 160-580°C and is 
accompanied by an endot.hermic heat change peak at 205°C on the DTA 
curve. Chemical analysis results are compatible with the following reaction 

2 Na[SbF,Cl] = Na,SbF,C12 + tSbF, (2) 
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Fig. 1. Thermal analysis curves for Na[SbF3CI] 
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Fig. 2. Thermal analysis curves for Rb[SbF3Cl]. 

_A mass loss calculated according to this scheme amounts to 35%, while that 
determined from the TG curve is 34% The slow decomposition of 
Ka2SbF,Cl, is represented on the DTA curve by a weak endothermic peak at 
733” C. The overall weight decrease at 1000” C is 43%. 

According to the thermal analysis curves of K[SbF,Cl], the first step of 
decomposition begins at 200°C and continues up to 580-6OO”C. The endo- 
thermic peak on the DTA curve at 208°C represents melting of the sample. 

The weight loss amounts to 32% and corresponds to the reaction 

2 K[SbF,Cl] = K,SbF&l, + rSbF, (3) 

The theoretical mass loss for this reaction is 35.3%. The weight loss of the 
second step of decomposition (endothemlic peak on the DTA curve at 
612°C) begins immediately_ There is also a small endothermic peak on the 
DTA curve at 513°C which is probably the result of a modification change. 

The only sharp endothermic peak on the DTA curve of Rb[SbF,Cl] is at 
217°C. The initial weight loss on the TG curve is very slow. Faster decom- 
position begins at 260°C and continues up to 580°C. The mass loss deter- 
tnined from t.he TG curve (19%) as well as the results of chemical analyses of 
the decomposition products correspond to the reaction 

3 Rb[SbF,Cl] = Rb3Sb,FJ13 + tSbFJ (4) 

The theoretical weight loss for this reaction is 19.9%. The decomposition of 
RbJSb2F6C13 begins at 620°C and the total weight loss at 1000°C amounts 

to 38%. 
According to the thermoanalytical curves, the decomposition of 



308 

Na[SbF&] - Hz0 can be divided into three steps. The first takes place 

within the temperature range llO-155°C and corresponds to the splitting- 
off of water of crystallization. It is represented on the DTA clxve by an 
endothermic peak at 153°C. Experimental results are in agreement with the 
following scheme 

Sa[SbF,Br] - H,O = Na[SbF,Br] + tHzO (5) 

,\ mass loss of 6% is calculated according to this scheme while a value of 
5.8% is obtained from the TG curve. The second step of decomposition 
(,160-320” C; endothermic peak on the DTA at 178°C) follows the equation 

5 Na[SbF,Br] = NasSbJF,BrS + i2 SbFa (6) 

The calculated weight loss is 29.9% while the TG curve gives a value of 30%. 
The third step occurs within the temperature range 340-560°C. It is 
represented on the DTX curve by the endothermic peak at 347°C and can be 
supposed to run according t.0 the following scheme. 

‘2 Na,Sb,F.,Br, = Xa,$%,F,5Br,o + tSbF, (7) 

The weigh1 loss for this reaction is 10.3%, compared to 11.2% determined 
from the TG curve. The nest slow weight decrease begins at 73O”C, and at 
1000” C total weight loss amounts to 49% 

There is only one distinct endothermic peak at 195’C on the DTA curve 
of Rb[SbF,Brj (melting of the sample). The first step of J __tilnposition of 
this compound begins at 180” C and continues up to 550°C. The esperi- 
mental results are ccmpatible with the following reaction 

3 Rb[SbF,Brl = Rb,SI,,F,,Br_, + tSl~FJ (S) 

The theoretical mass loss (17.3%) is in good agreement. with that observed 
on the TG curve (1X). The slow decomposition of Rb,Sb,F,,Br, starts 
almost immediately and at lOOO=C the mass loss amounts to 29%. The ther- 
mal decomposition of Cs[ SbF,Br] follows a different pattern. The initial 
decomposition step starts at 1SO”C and finishes at 520°C. The endothermic 
peak on the DT=1 curve corresponding to the melting of the sample has its 
mz~imum value at 156°C. The mass loss calculated from the reaction 

3 Cs[SbF,Br] = CsJSb,F,,BrJ + ?SbF, (9) 

amounts to 15.2X, while the TG curve gives a value of 15.0%. In the second 
step (540-960°C) CsBr is liberated from the heated sample. The broad 
twclotl~ermic peak at 630-67O”C is probably the sum of two peaks: one con- 
neclccl \vith the decomposition and the other corresponding to melting of 
CsBr. Slow evaporation of CsBr is also observed at higher temperatures. 

The DTG curves of the compounds uncler study are broad and indistinct 
and WCPP not usccl for interpretation of the thermal decomposition pro- 
CPSSt?S. 
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Kinetic studies 

Kinetic parameters of some steps of decomposition of the compounds 
under study were calculated from the thermogravimetric (TG) curves. Using 
the Coast-Redfem method [15] plots of 

y = log 
1 - (1 ‘- c#--n L 11”(1 - (2) 1 

vs. l/T for n = 4, $, 3 

and 

J’ = 
[ 

-log( 1 - cy) _._- _. _ 
Ts I 

vs. l/T for n = 1 

(where Q is the fraction of the substance decomposed at temperature T and 12 

is reaction order) were drawn. These values of t2 were chosen as correct for 
obtaining straight lines. Activation energies were calculated from the slopes 
of the lines. Values of E, are presented in Table 1. Kinetic parameters were 
also calculated by Zsako’s method [ 161. By means of trial and error, the 
activation energy was estimated which ensures the maximum constancy of B 
at different temperatures 

B = log g(a) - log p(s) = log ;<a 

The values of g(a) at different temperatures were calculated for zero-, half-. 

first- and second-orders of reaction using an analytical form of the function 
given in the literat.ure [ 161. Values of -log p(x) for different. temperatures 
and activation energies were taken from t.he table in ref. 16. For intermccli- 
ate E, values the corresponding -log p(s) values were determined I,y means 
of linear interpolat.ion. The agreement between esperimental data ant1 
presumed E, values was characterized by the standard deviation, 6. of indi- 
vidual B values from their arithmetical mean B. The final results of the cxl- 
culated kinetic parameters are sl~own in Table 1. 

Kinetic paramelers ol tri~li~orochlorc~a~i~imonntes( III) aticl trifluorol~romoaIlti~ll~~rl~~t~~ 
(III) 

Compound No. 01’ 
reaction 

Coats and Zsak’s [ 1 li ] mrrhocl 
RedTern‘s [ 15 1 method _ 

I1 E;, 
II E, 

Na[SbF,CI H,O 
Na[ SbF3CI 7-2 - - 

K[Sl,F,CI] T-4 2 12.7 
-1 3 l-1.4 

- 5 1 1 
SbF3Br 20-3 2 

Rh [ 
Y-5 1 9.0 
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DISCUSSION 

Taking into account the thermal and chemical analyses results, it may be 
stated that the thermal decomposition of trifluorochloro- and trifluoro- 
bromoantimonates( III) of alkali metals are multi-step processes represented 
by the reactions schemas [l-9]. Gaseous SbF3 is liberated during decom- 
position. All thermal effects shown on the DTA curves are endothermic. The 
first peaks on the DTA curve of Na[SbF&l] - HZ0 and Na[SbF,Br] - HZ0 are 
connected with the loss of water of crystallization. The thermal decomposi- 
tion of complexes under study is preceded by melting of the compounds. 
The appropriate peak temperatures differ slightly (1--2”(Z) from the melting 
points determined from DTA given in the literature [3]. The thermal stabil- 
ity of M[SbF,Cl] (M = Na, K, Rb), defined by the temperature of the start 
of the decomposition, as well as the activation energy values increase in the 
order: Na[SbF,CI] < KISbFJCl] < Rb[SbF&l]. This is in agreement with 
results reported previously [17-201, and is consistent with the statement 
that the thermal stability of the complexes increases with increasing radius 
of the monovalent cation. The temperatures at which the thermal decom- 
position of M[SbF3Br] (where $1 = Na, Rb, Cs) starts differ slightly, but the 
act.ivation energy values distinctly decrease in t.he order Na[SbF,Br] > 
Rb[SbFaBr] > Cs[SbF,Br]. The initial thermal decomposition temperatures 
of trifluorobromoantimonates(II1) are also lower than analogous trifluoro- 
chloroantimonates( III). 
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