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The thermal  behaviour  of alkali metal  hexachlorostannates  of general formula A2SnCI6 
(,4 = Li, Na, K, Cs, Rb) has been studied by thermoanalytical  methods (dynamic TG, DTG 
and DTA, and Q-TG).  The compounds decompose upon heating with total (A = Li, Na) or 
part ial  (A = K, Rb, Cs) release of SnCI4 molecules to the gaseous phase. The enthalpies of 
the decomposi t ion process have been evaluated on the basis of the Van ' t  Hoff equation and 
using dynamic T G  curves. The thermochemis t ry  of the compounds was thoroughly examined 
particularly, with regard to the enthalpies  of formation and crystal lattice energies, as well as 
enthalpy changes characterizing the dissociation process. These data revealed that  stability 
of the compounds markedly increase with an increase in the size of alkali metal cation. 

Salts composed of complex hexachlorostannate(IV) anions and alkali 
metal cations have been known for a long time [1, 2]. Many of their proper- 
ties have been studied in the past [2]. However, knowledge of the ther- 
mochemistry of these derivatives is still incomplete [3-9]. The present work 
is devoted to the latter problem. It is a continuation of our earlier studies on 
the thermochemistry and thermal properties of hexachlorostannate salts 
containing cations of various types [10, 11]. Alkali metal hexachlorostan- 
nates exhibit certain catalytic features, they can be used as substrates for the 
product ion of pure inorganic meterials [9, 12], they also have some meaning 
in chemical analysis [3, 9], therefore, the studies undertaken are of consider- 
able practical importance. 

Experimental 

The compounds  were synthesized by methods given in the literature [1, 2, 
9]. Their identity was confirmed by CI and Sn content determinations [9]. 

Thermal analyses in dynamic conditions were carried out on an OD-103 
derivatograph placing the sample on one platinum plate of a polyplate 
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sample holder (conditions: mass of sample = 100 mg; heating rate = 2.5 or 
5 deg.min-1; a-A1203 served as a reference material; dynamic atmosphere 
of N2). The quasi isothermal-isobaric measurements were performed on a 
Q-1500 derivatograph placing a sample weighing 100 mg in a special 
labyrinth platinum crucible (conditions: heating rate = 3 deg-min-1; rate of 
mass loss = 2 mg'min-1). Most of the compounds studied, were dried, prior 
to analyses, in a vacuum pistol, at temperatures below the onset of the ther- 
mal decomposition. 

Results and discussion 

The thermal analysis runs recorded in dynamic (D) and quasi isothermal- 
isobaric (Q) conditions for Li2SnC16, chosen as an example, are shown in 
Fig. 1. The essential thermal and thermochemical characteristics for all the 
compounds studied are compiled in Table 1. Both dynamic and Q-ther- 
mogravimetric measurements reveal that Li2SnC16 and Na2SnC16 decompose 
upon heating in one stage. The weight loss corresponds exactly to the 
release of one SnCI4 molecule from one hexachlorostannate unit. Thus, the 
thermal dissociation of these derivatives can be summarized by the equa- 
tion: 

A2SnC16(c)+2 ACI(c) + SnCl4(g) (A = Li, Na) (1) 

Unfortunately, the remaining compounds studied exhibit a much more com- 
plex thermal decomposition pattern. This is revealed by the fact that decom- 
position of these derivatives never leads to the complete release of SnC14 in 
the first step. Moreover, the amounts of SnC14 evolved in that step varies 
from experiment to experiment for a given compound. A general tendency, 
however, exists namely the larger the size of the cation the lower the amount 
of SnC14 evolved in the first step. Following the worh of Zalewicz [9] the 
thermal decomposition of potassium, rubidium and ceasium hexachlorostan- 
nates proceeds in parallel by the reaction (1) shown above and the process 
which can be summarized by the equation: 

A2SnC16 (c) --> ACI(c) + AC1.SnC14 (m) (2) 

The latter process is feasible if the crystals of the AC1.SnCI4 units 
formed are more stable than those of the parent molecules. The shape of 
thermoanalytical curves indicates that thermochemical or perhaps kinetic 
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barriers for both reactions (1) and (2) are comparable (these processes can 
not be separated even in Q conditions). It is worth noting that only reaction 
(1) is accompanied by the loss of mass in the sample which implies that ex- 
perimental thermogravimetric curves actually characterize this process ex- 
clusively. 
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Fig. 1 Thermal  curves of LizSnCI6 in dynamic (a) and quasi isothermal-isobaric (b) conditions 

For a simple process, such as that shown by Eq. (1), the enthalpy change 

(A/-/~) can be evaluated on the basis of experimental a vs.  T dependencies 
(a = extent of decomposition; T= temperature) and using Van't Hoff equa- 
tion [13], namely: 

AH~ 1 AH# 1 
lna  = R T R Tv (3) 

where R is the gas constant and Tv denotes decomposition temperature (i.e. 
temperature at which partial pressure of SnC14 attains atmospheric pres- 
sure). The use of Eq. (3) is justified if the process proceeds in conditions 
close to the equilibrium and if it does not require the overcoming of an ad- 
ditional energy barrier over that resulting from the thermochemical require- 

ments (i.e. A/rid). The ~ values determined from Eq. (3), decomposition 
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temperatures and temperatures of the onset of decomposition (To.01) are 
listed in Table 1. Further information regarding the thermochemistry of the 
compounds studied can be drawn by considering the thermochemical cycles 
for both AC1 and A2SnC16 (see e.g. refs 10, 11). From these cycles the fol- 
lowing two relationships can be derived: 

Z ,c[A2SnC16] = 2.Z ,g[A +1 + zM ,gISnCl - l - U~ - 3"R. T 
(4) 

A/-ffd[A2SnC16] = 2.A/-/~,c[AC1] + A/-~,g[SnCh]- A/-~,c[A2SnC16] (5) 

where ~ denotes the enthalpy of formation of a given species, ~ is the 
heat of decomposition and U ~ represents the crystal lattice energy. Values of 
U ~ for A2SnCI6 have been evaluated on the basis of the Kapustinskii-Yat- 
simirskii equation [14, 15] taking the value of the "thermochemical" radius 

(r) for SnCI~- from the literature [11], and using values of r(A +) derived 
from the same formula and known crystal lattice energies of ACI and r(Cl-) 
[16, 17]. Using values of U~ thus derived and taking other data 

from literature [7, 11, 16], we evaluated the values of A/-/~,c[A2SnC16] and 

A/-/~[A2SnCI6]. All the latter characteristics, together with selected informa- 
tion from the literature are shown in Table 1. The enthalpies of the thermal 
dissociation derived from the Eq. (3) compare well with those determinated 
from the thermochemical cycle only in the case of Li2SnC16 and Na2SnC16. 

Both thermal and thermochemical characteristics demonstrate that all 
the compounds studied are thermodynamically stable. The relatively low 
thermodynamic barriers for decomposition of Li2SnC16 and Na2SnCI6 result 
in both compounds being highly hygroscopic and in some papers are 
reported as salts containing hydrated cations [1, 2]. The thermal stability of 
the compounds gradually increases with an increase in the size of the cation. 
This trend can be revealed by examination of both temperatures charac- 
terizing the decomposition process and thermodynamic quantities for the 

compounds ~ c and A/-/cd). 
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Z u s a m m e n f a s s u n g  - -  Mittels thermoanalyt ischer  Methoden (dynamische TG, DTG, DTA, 
Q-TG) wurde das thermische Verhal ten yon Alkal imetal l -hexachlorostannaten der  
al lgemeinen Formel A2SnC16 (A = Li, Na, K, Cs, Rb) untersucht .  Die Verbindungen zerset- 
zen sich beim Erhi tzen unter  totaler  (A = Li, Na) oder part iel ler  (A = K, Rb, Cs) Freiset- 
zung yon SnC14-Molekiilen, die in die Gasphase iibergehen. Die Enthalpien des 
Zersetzungsprozesses wurden auf der  Grundlage der  Van ' t  Hoffschen Gleichung unter  
Zuhi l fenahme dynamischer TG-Kurven ermittelt .  Die Thermochemie dieser Verbindungen 
wurde griindlieh untersucht,  in besonderem Hinblick auf Bildungsenthalpie und Kristallgit- 
terenergie  als auch auf Enthalpiefinderungen,  die den Dissoziationsprozess n/iher be- 
schreiben. Die Untersuchungen  zeigen, dab die Stabilitiit der  Verbindungen mit 
anwachsender Alkalimetall-Kationengr~13e zunimmt. 
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