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Abstract: Based on the values   of sulfur and tellurium activity in melts, calculated as the ratio of the partial values   of the saturated vapor 
pressure over the solution to the vapor pressure over the pure element, represented by the temperature-concentration dependences, 
the thermodynamic mixing functions are determined: enthalpy and entropy in the form of concentration dependences. The system is 
distinguished by an alternating deviation from the law of ideal solutions: negative in the range of alloys rich in tellurium and positive for 
solutions with a sulfur content of more than 40 at. %. Thermodynamic constants were calculated for two concentration intervals of the 
system: 0 - 45 at. % S (100 - 55 at.% Te) and 45 - 100 at. % S (55 - 0 at.% Te), the error of determination was 9.69 %. The visualization 
of changes in the partial thermodynamic functions of formation indicates a complex molecular composition of the melts. The calculated 
melting constant of the tellurium-sulfur melts, taking into account the a priori information on the molecular composition of sulfur and 
tellurium, suggested a complex composition of the vapor phase formed by polymers, varying with the concentration of the elements. The 
thermodynamic constants of formation and evaporation of liquid solutions of tellurium and sulfur obtained by concentration dependences 
can be used in thermodynamic calculations and supplement the physicochemical data base of these elements.
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Introduction. In distillation technologies for 
cleaning chalcogenes: sulfur, selenium and tellu-
rium, there is the problem of isolating one of the 
elements in pure form in the presence of others, 
due to their distribution by processing products. 
The answer to some questions about the causes of 

-
ic constants of formation and evaporation of binary 
melts of elements. Moreover, if the number of sim-
ilar studies for the Se-S and Se-Te melting systems 
is limited by our publications [1, 2] and the paper 
[3], then information on the mixing and evapora-
tion functions of liquid tellurium-sulfur alloys is 
absent, relevance of the work.

The purpose of this paper was to determine the 
thermodynamic functions of the liquid and vapor 
phases in the selenium-sulfur system on the basis of 
the partial vapor pressures determined by us.

Method of calculation. Results and discussion.
The thermodynamic mixing functions are determined 
based on the activities of the constituent alloys ( i),

-
ponent above the solution ( i)  to the vapor pressure 
over the pure component ( o

ip ): o
iii ppa / .

For isobaric-isothermal conditions, the thermo-
dynamic activity of each component constituting the 

system is related to the partial free Gibbs mixing en-
ergy ( ) by the expression: on
the basis of which the partial change in the mixing 
entropy of the component ( ) was determined by 
differentiation:

..
.

i
P

i S
T

G
, and further the change 

in the partial enthalpy of mixing ( .
iH ):

...
iii STGH .

Integral functions ( )are calculated as the 

sum of fractions of partial quantities: )( .
iF :

Thermodynamic evaporation functions are found 
on the basis of the dependence of the partial free en-
ergy of evaporation ( iF ) of the component on its 
partial pressure ( ip ) over alloys: 
[4, 5]. Further, the partial entropy and enthalpy of evapo-

Mixing functions. In connection with the com-
plexity of approximating the entire data set by the 
partial pressure of the saturated vapor of the elements, 
the dependences of the latter were found for concen-
tration intervals of 0 - 45 at. % S (100 - 55 at. % Te) 
and 45 - 100 at. % S (55 - 0 at. % Te).
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Correspondingly, the activity ( S) for alloys con-
taining 0 - 45 at. % S and 100 - 55 at.% Te is repre-
sented by a dependence:

,
The activity of tellurium ( ) –

Here and below: S and Te are atomic fractions of sul-
fur and tellurium in the alloy; T is the temperature, K.

Above alloys with a concentration of 45 - 100 at. %
S and 55 - 0 at. % Te dependencies of the activities of 
the elements have the form:

and

of the errors of the independent measurements: tem-
perature - 1 %, weighing - 0.1 %, pressure 0.5 %, ap-
proximation of the experimental data - 8.09 %, equal 
to 9.69 %, which indicates a considerable scatter of 
the experimental data, characteristic of chalcogenes 
and chalcogenides [6].

The system is distinguished by an alternating de-
viation from Raoult’s law: a weak negative for alloys 
with a content of less than ~ 40 at. % sulfur, and a 

The temperature dependence of activity (activity co-

On the basis of the above dependences, the partial 
free energy of mixing sulfur and tellurium was calcu-
lated for the concentration interval 0 - 45 at. % S (100 
- 55 at. % ), and, accordingly, the partial enthalpy 
of sulfur mixing:

partial entropy of sulfur mixing:

Similarly, the partial enthalpy of mixing tellurium:

partial entropy of selenium mixing:

For the concentration range 45 - 100 at. % S 
(55 - 0 at.% Te) the mixing functions have the form:

The numerical values   of the partial and integral 
mixing functions are given in Tables 1, 2.

in the Te-S system

alloy, at. fraction
Partial

enthalpy of 
sulfur mixing,        

kJ/mol

Partial enthalpy 
of tellurium 

mixing,
kJ/mol

Integral
enthalpy of 

mixing, kJ/molsulfur tellurium

0 1 - 0 0
0,1 0,9 -66,86±6,48 -1,14±0,11 -7,72±0,75
0,2 0,8 -44,09±4,27 -5,21±0,50 -12,98±1,26
0,3 0,7 -21,11±2,04 -12,90±1,25 -15,36±1,49
0,4 0,6 0,34±0,03 -24,47±2,37 -14,55±1,41
0,5 0,5 8,68±0,84 4,03±0,39 6,35±0,61
0,6 0,4 6,12±0,59 7,17±0,69 6,54±0,63
0,7 0,3 3,74±0,36 11,62±1,12 6,10±0,59
0,8 0,2 1,77±0,17 17,56±1,70 4,93±0,48
0,9 0,1 0,45±0,04 25,11±2,43 2,92±0,28
1 0 0 - 0

The formation of alloys based on tellurium goes 
with the release of heat - exothermic and accom-
panied by some ordering - the entropy of mixing is 
negative. For alloys of the sulfur edge of the state di-
agram, a positive value of the enthalpy and entropy 
of formation is characteristic, which indicates some 
instability of the solutions. The course of the curves 
with a change in the concentration of the components 
in the system indicates a complex character of inter-
particle interactions. The minimum of the functions 
corresponds to ~ 40 at. % of sulfur in tellurium.



Physical-Chemical Studies

27

in the Te-S system

alloy, at. fraction
Partial

entropy of 
sulfur mixing, 

Partial entropy 
of tellurium 

mixing, J/(mol 

Integral entropy 
of mixing, J/(mol 

sulfur tellurium

0 1 - 0 0
0,1 0,9 -70,95±6,87 -0,70±0,07 -7,73±0,75
0,2 0,8 -45,75±4,43 -5,24±0,51 -13,34±1,29
0,3 0,7 -18,32±1,77 -14,44±1,40 -15,61±1,51
0,4 0,6 7,75±0,75 -28,51±2,76 -14,01±1,36
0,5 0,5 16,12±1,56 19,41±1,88 17,77±1,72
0,6 0,4 10,54±1,02 26,23±2,54 16,81±1,63
0,7 0,3 6,16±0,60 34,36±3,33 14,62±1,42
0,8 0,2 2,88±0,28 44,25±4,29 11,15±1,08
0,9 0,1 0,75±0,07 56,40±5,46 6,32±0,61
1 0 0 - 0

Evaporation functions. The value of the partial 
pressure of saturated sulfur vapor ( S) for alloys con-
taining 0 - 45 at. % S and 100 - 55 at.% Te, from the 
work [8] was transformed by us into a dependence:

partial pressure of saturated vapor of tellurium ( ) -

Above alloys with a concentration of 45 - 100 at. %
S and 55 - 0 at. % Te pressure dependences of the sat-
urated vapor of the elements have the form:

and

On the basis of the partial values   of the saturat-
ed vapor pressure, partial values   of the free energy 
of evaporation of chalcogenes are calculated, on the 
basis of which the partial thermodynamic evaporation 
functions are determined from known relationships.

For the concentration interval 0 - 45 at. % S and 
100 - 55 at.%. % Te:

For alloys with a concentration of 45 - 100 at. % S 
and 55 - 0 at. % Te:

The numerical values   of the partial and integral 
evaporation functions are given in Tables 3, 4.

evaporation in the Te-S system

alloy, at. fraction
Partial

enthalpy
of sulfur 

evaporation,
kJ/mol

Partial enthalpy 
of evaporation 
of tellurium, kJ/

mol

Integral
enthalpy of 

evaporation,
kJ/mol

sulfur tellurium

0 1 - 118,96±11,53 118,96±11,53
0,1 0,9 140,07±13,57 120.10±11,64 122,10±11,83
0,2 0,8 117,30±11,37 124,16±12,03 122,79±11,90

0,3 0,7 94,33±9,14 131,86±12,78 120,60±11,69

0,4 0,6 72,88±7,06 143,42±13,90 115,20±11,16

0,5 0,5 64,54±6,25 114,93±11,14 89,74±8,69

0,6 0,4 67,09±6,50 111,78±10,83 84,96±8,23

0,7 0,3 69,47±6,73 107,34±10,40 80,83±7,83

0,8 0,2 71,44±6,92 101,40±9,82 77,43±7,50

0,9 0,1 72,76±7,05 93,85±9,09 74,87±7,25

1 0 73,21±7,09 - 73,21±7,09
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in the Te-S system

alloy, at. fraction
Partial
entropy
of sulfur 

evaporation,

Partial entropy 
of evaporation 
of tellurium, J/

Integral entropy 
of evaporation, 

sulfur tellurium

0 1 - 94,16±9,12 94,16±9,12

0,1 0,9 175,27±16,98 94,86±9,19 102,90±9,97

0,2 0,8 150,07±14,54 99,39±9,63 109,52±10,61

0,3 0,7 122,64±11,88 108,59±10,52 112,80±10,93

0,4 0,6 96,56±9,36 80,58±7,81 86,97±8,43

0,5 0,5 88,20±8,55 74,79±7,25 81,50±7,90

0,6 0,4 93,78±9,09 67,98±6,59 83,46±8,09

0,7 0,3 98,15±9,51 59,86±5,80 86,67±8,40

0,8 0,2 101,44±9,83 49,98±4,84 91,15±8,83

0,9 0,1 103,57±10,04 37,83±3,66 96,99±9,40

1 0 104,32±10,11 - 104,32±10,11

The integral enthalpy of evaporation increases 

edge of the phase diagram and is expected to decrease 
sharply with increasing sulfur concentration in the 
melt. The change in entropy of evaporation has two 
extremes, which indicates a complex composition of 
the vapor phase, apparently represented by polymer 
molecules, as well as the effect of the melt compo-
sition on the evaporation process. The latter requires 
additional investigation.

Conclusions. The partial thermodynamic forma-
tion functions found on the basis of the activity of 
sulfur and tellurium in the melt indicate a complex 
molecular composition of the melts. The calculated 
melting constants of the tellurium-sulfur system, as 
well as a priori information on the molecular compo-
sition of sulfur and tellurium [8-10], suggest a com-
plex composition of the vapor phase, which varies 
with the concentration of the elements. The constants 
obtained and represented by the concentration depen-
dences can be used in thermodynamic calculations 
and supplement the physicochemical data base of 
these elements.
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