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The phase structure and phase transition properties are reviewed in the binary systems based 
on silicon and chalcogen (sulphur, selenium and tellurium). 

 
 
 In order to control the synthesis of the individual chemical compounds or materials a leading 
role is played by the data that are encoded in the corresponding phase diagrams. Thus, by enriching 
the experimental data, the phase diagrams allow to consider the fundamental laws that govern the 
synthesis process. With the help of phase diagrams, it is possible to show clearly the true 
correlations between the physical-chemical parameters that determine the state of the system, i.e. the 
character of the interaction of the same components in various conditions. The phase diagrams are 
useful for every day work of researchers that develop new technologies and make new materials. 
During the rational design of the materials it is necessary to consider two features: thermodynamics, 
that includes basically the phase equilibrium at high temperature and pressure and answers to the 
questions of phase stability and crystallo-chemistry of the materials from which the final compound 
is obtained. For material producers are of interest not only the data on new phases, but also any other 
information, which can be obtained from the T-x-diagrams: the structure of liquidus, the coordinate 
of the non-variant points on liquidus and subsolidus domain, solubility of the components in the 
solid state, mode of formation and polymorphism of synthesized phases and others. Only knowing 
all these factors, it will be possible to choose correctly the composition of the material and to 
conduct correctly the melting processes of the initial materials, the synthesis of the materials and 
crystal growth. Of great importance for the control of the crystal growth with a given chemical 
composition is the knowledge of the phase microdiagrams, because even not significant deviations 
from stoichiometry can induce essential changes in the electronic properties. Thus, in the majority of 
the semiconducting AIVBVI compounds, the type of conductivity and the concentration of the charge 
carriers can be controlled without the introduction of the doping elements, only by changing the ratio 
of the elements A and B in the determined limits. In order to control the modifications of the 
properties of these compounds it is important to know the limits to which the composition is 
modified for different temperatures. These limits are defined by the position of the boundaries of the 
compound homogeneity in the corresponding binary systems.  
 In the majority of the systems AIVBVI the homogeneity domains are partially or completely 
shifted relative to the stoichiometric composition towards an excess of one of the components.      
 
 
 1.1 System  Si - S 

 
Today, the information on the stable phases in the system Si-S and Si-Se is limited. The lack 

of the completely investigated phase diagrams lead us to operate only with the results of research of 
the physical properties of their components and interactions with the components of the materials for 
high temperatures. A supplementary difficulty is given by the necessity to carry out all the 
measurements in the complete absence of air and of humidity. T-x-phase diagram for the binary 
system Si-S is poorly studied. According to [16-22] in this system are formed two chemical 
compounds: silicon monosulphide (SiS) and silicon disulphide (Si-Se). Fig. 1.1 shows the 
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hypothetical phase diagram that summarize the known data on silicon sulfide [16]. The 
sulphurisation of Si gives rise to SiS2, that exhibits the melting point 1363 K and the boiling point 
situated in the range 1373÷1473 K [14]. Silicon disulphide is obtained during the interaction of SiO2 
with Al2S3 at 1473 K ÷ 1573 K in a fluence of dry nitrogen [15]. SiS is formed during the interaction 
of SiS2 with Si in vacuum at 1123 K [20]. Both chemical compounds decompose easily in water, 
especially in water vapors with the formation of SiO2 and H2S. By hydrolysis is released meta-
silicon acid. Hydrolisis is accelerated in the presence of alkalis. SiS2 is oxidized by air oxygen only 
during heating [15]. 

 

 
 
 
The measurement of the equilibrium vapor pressure of the reaction: 
 

                                    ½ SiS2 + ½ Si  →  SiS                                      (1.1) 
 

and of the SiS2 vapor by the effusion method of Knudsen, has shown that SiS2 vapor pressure can be 
neglected if compared to the SiS vapor pressure [17]. The sublimation temperature of SiS is 1213 K 
[14]. Sublimation enthalpy of SiS2 at 1000 K is equal to 258.476 kJ/mol. The temperature 
dependencies of the saturated vapor pressure are expressed by the equations: 
 
for SiS:     lgp  (atm) = -47200/4.573 T + 31.6/4.573 (894÷1076 K) 
for SiS2:     lgp  (atm )= -61736/4.573 T + 37.48/4.573 (950÷1200 K). 
 
 
           The synthesis of the high pressure phases of SiS2 was performed by the authors of [23]. For 
getting SiS2 the mixture of Si and S (in atomic ratios 1:1, 2:3, 1:2 and 1:2.2) has been pressed and 
heated at 973 K under the pressure of 5 GPa. The SiS2 thus obtained crystallizes in the tetragonal 
system, and in air at 870 K transforms in Si2OS3. Further heating in pure oxygen at 1273 K leads to 
the formation of SiO2. In nitrogen, the high pressure phase SiS2 is stable up to 1098 K. By heating at 
1273 K under 4.5 GPa pressure during five minutes, one gets grey acicular crystals from the mixture 
Si and S with atomic ratio 1:2. By heating at 1673 K and 4.4 GPa during 5 minutes, yellow-brown 
crystals are formed. By heating at 973 K and 4.5 GPa during 5 minutes, are formed glassy products 
[23] for atomic Si and S ratios: 1:1, 2:3, 1:2 and 1:2.2. 
 

Fig. 1.1. The hypothetical phase diagram of the system Si-S [16]. 
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1.2 System Si-Se 
 
The T-x phase diagram of the system Si-Se was not studied systematically. The hypothetical 

phase diagram proposed in [24], is shown in Fig. 1.2 a. The experimental phase equilibrium diagram 
for the domain rich in selenium is given in Fig. 1.2 b [25]. In the system exist two chemical 
compounds: SiSe and SiSe2 [21, 22, 24-27]. SiSe2 is obtained by the direct melting of the elementary 
components in stoichiometric proportions [22, 27]. The study of the reaction between Se and Si in 
vacuum, carried out by ATD and X-ray diffraction methods, has shown that the endothermal 
reaction starts at 673 K, but for this temperature the reaction is slow and for completing the reaction 
a long heating time at 843 K is needed. The product of reaction is SiSe2. The sublimation of SiSe2 in 
air starts at 943 K. SiSe2 melts congruently at 1243 ± 5 K [27]. Crystalline and glassy SiSe2 
hydrolize easily in humid air with the formation of SiO2, H2Se and red selenium. The density of the 
SiSe2 is 3.6 g/cm3 [28]. 

The compound SiSe melts incongruently, mainly following the reaction [24]: 
 

                            2 SiSe →  SiSe2 +Si                  (1.2) 
 
SiSe can be obtained by the interaction of SiO2 with MgSe at 1523 K or by the interaction of 

SiSe2 and Si at 1073 K, or by direct melting of Si and Se taken in stoichiometric proportions at 1023 
K [18, 27]. The compound SiSe decomposes in water, acids and alkalis. There are not data to 
support the existence in the system Si-Se of an other compound: Si2Se3. All the information points to 
the fact that this composition corresponds to the eutectic point. The same situation occurs in the 
system Si-S. 

Because there is not a reason to suppose the existence, between the compositions SiSe and 
SiSe2, of stable binary chemical compounds, on the diagram one looks for a simple eutectic. Its 
temperature and composition are not known, but in [24] it is supposed that the eutectic is situated at 
T<493 K, and the content of silicon is under 30 at. % (Fig. 1.2).      

   
1.3 System Si-Te 

 
 The system Si-Te has been investigated satisfactorily by DTA, XRD and tensiometry in the 
papers [29-31]. The T-x projection of the phase diagram of the system is shown in Fig. 1.3. Judging 
after the disposal of the lines on the T-x diagrams, the data reported by other authors [29, 30] are 

Fig. 1.2.  a. The hypothetical phase diagram of the system Si-Se [24] 
b. part of the phase diagram of the system Si-Se (after [25]). 
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close to the representation in Fig. 1.3. There was established that in the system Si-Te is formed only 
one compound, Si2Te3, that melts incongruently at 1159 K [31], 1165 K [29] and 1168 K [30]. Only 
in the paper [129] it is shown that the compound Si2Te3 melts congruently at 1162 K. Red platelets 
crystals are easily obtained by static sublimation method [29,32].  

In spite of the strong stability, if compared to the known compounds in the systems Si-S and 
Si-Se, the Si2Te3 crystals slowly hydrolyze. During the transfer of the crystals from vacuum to air, 
after some time the crystal surfaces cover with a film of tellurium, which protects the crystal from 
further decomposition. The surface reaction is described [32] by the equation: 
 

Si2Te3 + 4 H2O → 2 SiO2 + 2 H2↑ + Te + 2 H2Te↑                     (1.3)  
 
The presence of SiO2 and Te on the surface was proved by chemical analysis. H2Te can be easily 
identified due to its characteristic smell. In the literature are indicated the polymorphous 
transformation Si2Te3 at 673 K [29, 130]. In the paper [31] are reported  not very large, but 
significant effects at 683 K for the equilibrium alloys in the range 20÷60 at.% Te. An experiment 
was carried out to quench the high temperature modification β-Si2Te3 [31]. The samples were rapidly 
cooled in a mixture of water with ice started from 873 or 963 K (the samples were maintained at 
these temperatures for 24h) and the diffraction patterns were recorded immediately after quenching. 
XRD has evidenced the presence only of the lines of the low temperature modification α-Si2Te3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 The phase Si2Te3 sublimates incongruently and this fact results from the mass-spectrometry 
[33] and tensiometry [31] data: 
 

Si2Te3 (cryst.) → (2-x) Si (cryst.) + [(3-x)/2] Te2 (vapour) + x SiTe (vapor) 
 
 According to mass-spectrometry data, the fundamental particles in the vapor phase above 
crystalline Si2Te3 are the molecules Te2 and SiTe. The SiTe2 molecules are present only in a not 
significant amount.   
 The conclusions regarding the boundaries of the homogeneity domain of the Si2Te3 are 
contradictory. During the study of the section pTe2-T of the system it was established [34] that the 
homogeneity domain does not overcome the limits of compositions 59.45 and 60.50 at.% Te. The 
authors of the paper [130] believe that the homogeneity domain is situated in the range 60 ÷ 66.6 at. 

Fig. 1.3. Phase diagram of the system Si-Te [31]: 1 – data from the heating 
curves DTA; 2 – DTA data for simultaneous determination of the vapor 

pressure; 3 - DSC data. 
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% Te, i.e. from Si2Te3 to SiTe2. A definite answer to this question has been given in [31]. The 
authors used three independent methods: XRD, microstructural analysis and tensiometry. The largest 
domain (from 59.6 to 60.25 at.%) was obtained by XRD. Nevertheless, as reported by the authors of 
[31], the observed boundaries are only orientative because the XRD method is sensitive in the limit 
of 0.5 weight % relative to the second phase. More precise data are given by tensiometry: from 
59.85 ± 0.06 at.% to 60.14 ± 0.04 at. % (at 1023 K). The tensiometric determination of the 
boundaries has several advantages. Firstly, the precision is very high (for Si2Te3 around 0.05 at.%). 
Secondly, the experiment is carried out at the temperature, where the homogeneity domain is 
determined, and for vapor pressure that corresponds to the studied equilibrium [31]. 
 The eutectic between Te and Si2Te3 exhibits relatively low melting temperature (682 K) and 
corresponds to an approximate composition 17÷18 at.% Si [29]. The presence of the eutectic in the 
system Si-Te, with the parameters:         82.5 at.% Te and melting temperature 679 K, is supported in 
[30]. In this composition domain the viscosity of the melt is enough significant, and, therefore, in 
these conditions it is possible to harden the melt with the formation of glass. The thermal effects in 
the vicinity of 683 K are related to the phase transformation in the solid state toward Si2Te3.  
 In spite of the fact that on the phase diagram of the system Si-Te is represented only one 
stable compound, Si2Te3, in the literature are reported other silicon tellurides: SiTe [35] and SiTe2 
[36]. Nevertheless, careful comparison of the optical and photoelectrical properties of single crystals 
of Si2Te3 [32] and crystals, to whom the formula SiTe [35] and SiTe2 [37, 38] is ascribed, points out 
to their strong resemblance. These facts, and, also, the results of XRD on Si2Te3 reported in [129], 
allow to draw the conclusion that the SiTe and SiTe2 crystals, previously studied, are identical to 
Si2Te3 with some deviations from the stoichiometric composition, either on the side of excess Si or 
on the side of excess Te.         
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