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Abstract 

With help of literature data and some empirical methods the main thermochemical and ther- 
modynamieal properties were estimated for condensed GaSb, GaS, Ga2S, Ga2S3, Ga4Ss, Sb2S3 
and for gaseous Ga2S and SbS phases. 
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Introduction 

In the system Ga-Sb-S some semiconductor phases can be formed. For ther- 
modynamical analysis of opportunities of their production and behaviour it is 
necessary to know for compounds of this system the thermochemical and ther- 
modynamical properties (TIP). In present paper on a base of critical review of 
literature data and by using various empirical dependencies [1-12] the values 
Af/-/~9s, S~98,/-/~98 - ~ T and AHmelting (decomposition), Cp(~D for condensed 
GaSb, GaS, Ga2S, Ga2S3, Ga4Ss, Sb2S3 and gaseous Ga2S, and SbS has been 
found and taken as reliable. 

The def'mition and calculation of TTP 

Standard enthalpy of formation, Af/-/~9s 

The average arithmetic values are taken as reliable data for condensed 
phases GaSb [1-5], GaS [1-5, 8], Sb2S3 [3-5], Ga2S3 [2-5, 8] and for gaseous 
SbS [3, 8] and Ga2S [3, 5]. Values of Af/-~98 for condensed Ga4S5 and Ga2S 
are taken from work [8]. 
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Standard entropy of formation S~98 

The average arithmetic values are taken as reliable date for condensed GaSb 
[1-5], GaS [1-5, 8] Sb2S3 [3-5, 8], Ga2S3 [3-5] and for gaseous SbS [3, 8] 
and Ga2S [3, 5]. 

The values S~98 for Ga4S5 and Ga2S were calculated by following way. The 
standard entropy of Ga2S3(cd) and GaS(cd) recalculated on one g-atom of com- 
pounds (cal/(K.g-atom)) were used as the basic values. Than we calculated the 
linear dependencies of those values from a number of atoms in molecule of 
compounds (m) and from a molecular mass of compounds (M): 

~98 = 3.1251 + 0.7185-m cal-K-~.g-atorn -! 

S~ = 2.9232 + 0.0161.M cal.K-l.g-atorn -~ 

(1) 

(2) 

At the supposition, that Eqs (1) and (2) can be realised for Ga2S3 and GaS, 
we calculated for them the standard entropy of formation correspondingly to 
Eqs (1) and (2): for Ga4S5 is equal 86.32 and 89.975 cal/(K-mol) and for Ga2S 
is equal 15.842 and 17.05 cal/(K.mol). The average arithmetic values, equal 
88.148 (Ga4Ss) and 15.842 cal/(K.mol) (Ga2S), are taken as reliable date of 
S~98. 

Enthalpy increment,/~298-H~o 

We used for condensed GaSb and GaS the data according to Ref. [1]. For 
other condensed phases the enthalpy increments are calculated by using the de- 
pendence [6]: 

2" ,,o ( ~ ' ~  (3) H~29~-/~o: O4",~298"exp~--~) cal.K-l-g-atom -' 

were values of S~ are recalculated to one g-atom of compounds. 
The verification of Eq. (3) for phases GaSh and GaS give us mere disagree- 

ments with the experimental date [1] equal correspondingly -0.3 and +6.0%. 
For SbS(g) the enthalpy increment taken from [11]; for Ga2S(g) the value 

has been calculated with help of empirical equation [10]: 

/'/~29s--/-/~o = 1410 + 42fire cal.moF l (4) 

were m is the number of atoms in molecule of compounds. 
The comparison of enthalpy increments for SbS(g), calculated by Eq. (4), 

with the date [11] shows the difference of 4.5%. 
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Temperature of melting (decomposition) 

The average arithmetic values are taken as reliable data for GaSb [1-3, 5], 
GaS [1-5], Sb2S3 [3-5, 81 and Ga2S3 [2, 3, 5, 81. For phase Ga4S5 and Ga2S 
the date from the work [8] are taken as reliable. 

Heat of melting (decomposition) 

The average arithmetic values are taken as reliable data for GaSb [1-3] and 
for Sb2S3 [3, 8]. For the compounds AHmelting(deeomposition) are calculated 
with help of the method, described in the work [9]. 

Temperature dependence of heat capacity of crystalline compounds 

The average arithmetic values of coefficients a, b and c in equation 

Cp = a+b.lO-L T-c. lOS. T -2 cal.K-l-mo1-1 (5) 

are taken as reliable date for GaSb [1-5], Sb2S3 [3-5, 8] and Ga2S3 [3, 5, 8]. 
For phase GaS we used the dependencies Cp(T), given in [1-3]. For Ga4S5 

the estimation of Cp(T) was made with help of Neumann-Kopp method, de- 
scribed in [10] 

Cp(T) = Cp(T)[Ga2S~] + 2~(T)[GaS] (6) 

For the determining of Cp(T)[Ga2S] the value of Cp(298) was first estimated 
with help of the method [41: 

Cp(298) = 2ACp(Ga) + ACp(S) (7) 

and than C~(T) calculated with help of Ref. [12]. 

Heat capacity of compounds in liquid state 

This values are calculated for all compounds according to the equation [7]: 

Cp(l) = Cp(Cr)r, + ASm/4 cal.K-l-mo1-1 (8) 

where lm and ASm are temperature of melting (decomposition) and changing of 
entropy at the melting (decomposition), respectively. For gaseous compounds 
SbS and Ga2S the Cp(T) are taken from 13]. 
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Results 

The recommended TIP of compounds are given in Table 1. With help of 
subprogram of the package ASTRA [13] there were calculated the coefficients 
of polynoms (Table 2) in order to approximate the temperature dependencies of 
reduced Gibbs energy 

O'=tpl+tp2.1nx+~.x-2+q~4.x-l +qs.x+q~.x2+tp7.x3 cal.K-Lmo1-1 

were x = T. 10 -4. 

(9) 

The work was carried out at the financial support of the Grant Agency of the Czech Republic 
in framework of the scientific grant "Thermodynamic Calculations of the Selected Thermo- 
chemical Data" No. 104/94/0706. 
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Zusammenfassung ~ Mittels Litemturangaben und ciniger empirischer Methoden wurden die 
wichtigsten thermochemischcn und thermodynamischen Eigensehaftcn f/Jr kondcnsierte Phasen 
yon GaSb, GaS, Ga2S, Ga2S3, Ga4Ss, Sb2S3 und ffir gasf'6rmige Phasen yon Ga2S und SbS ge- 
seh~tzt. 
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