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Abstract: Chalcogenide glasses from the As2Se3–Ag4SSe–CdTe 
system were synthesized. The basic physicochemical parameters such as 
density (d), microhardness (HV) and the temperatures glass transition Tg 
were measured. 

Compactness (C) and some thermomechanical characteristics such as 
volume (Vh) and formation energy (Eh) of micro-voids in the glassy network, 
as well as the module of elasticity (E) were calculated. A correlation be-
tween the composition and properties of the As2Se3–Ag4SSe–CdTe glasses 
was established and comprehensively discussed.  
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1. INTRODUCTION 
In the last two decades a new direction in the modern materials science 

is developing rapidly - physics and chemistry of disordered media. The 
chalcogenide glassy semiconductors excert significant influence on the de-
velopment of the investigations in the field of disordered substances. This 
new class semiconductor materials unites the characteristic properties of 
both crystalline and glassy semiconductors. Furthermore, some of these 
substances depending on the synthesis method exist both in glassy and in 
crystalline state. This allows investigating fully the electronic processes ob-
jectives on one and the same objects in ordered, as well as in disordered 
state. The interest on the chalcogenide glassy semiconductors is also due 
to the fact, that they find more wider practical application, especially in the 
IR techniques, in the integral photoelectronics, as photosensitive elements 
of various photoelectrical systems for recording of optical images (photo-
thermoplastic systems for optical images recording, electrophotography, op-
tical windows and filters), as medium for holograms recording and creation 
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of multifunctional elements for the integral optics, as materials for sensors, 
protective layers, switchers, electrochemical power supplies, etc.  

The region of glass formation in the three-component system 
(As2Se3)x(Ag4SSe)y(CdTe)z, where x + y + z = 100 and m = y/(x+y), was out-
lined by us (Fig. 1) and is described in a previous work.  

It is extended to the area rich of As2Se3 and lies on the faces As2Se3–
Ag4SSe (from 0 to 25 mol % Ag4SSe) and As2Se3-CdTe (from 0 to 10 mol 
% CdTe) on the Gibbs’ concentration triangle. The maximum solubility of 
CdTe in the glasses is 17.5 mol %.On the side Ag4SSe–CdTe glasses were 
not obtained. 

 

Fig. 1. Glass forming region in the As2Se3–Ag4SSe–CdTe system. 
 
The aim of the present work is to investigate the main physicochemical 

properties of chalcogenide glasses from the As2Se3–Ag4SSe–CdTe system. 

2. EXPERIMENTAL PROCEDURES 
The source compounds and the glasses (4 g) from the 

(As2Se3)x(Ag4SSe)y(CdTe)z system are produced via direct single tempera-
ture synthesis in vacuumed and sealed in vacuum 1.10-3 Pa quartz am-
poules. The source materials used for the synthesis of As2Se3 and Ag4SSe 
are Ag, S (4N-Fluka) and As, Se (5N-Fluka). CdTe produced by BALZERS 
with a purity “Coating material” is used. The characteristics of the syntheses 
(temperatures and the duration of the isothermal steps; the speed of heat-
ing between them) have been conformed by the physical and chemical fea-
tures of the source components and the intermediary and final phases. The 
maximum temperature of the synthesis of the glasses within the investigat-
ed system is 950 ± 10 °C where, in the course of 2 hours a vibration agita-
tion of the smelter is included. The last has been tempered at a temperature 
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of 850 ± 10 °C and quenched in a mixture of water and ice with a cooling 
rate of 10–15 °C s-1. 

The density (d) of the samples have been measured by the hydrostat-
ic method using toluene as immersion fluid and the microhardness (HV) – 
by the Vickers’ method (a metallographic microscope MIM-7 with built in mi-
crohardnessmeter PMT-3 has been used at load of 20 g).  

The elasticity module (E), the minimal volume of the micro-voids (Vh), 
the energy for their formation (Eh) and the compactness (C) were calculated 
by the Eqs. (1) – (2) [1]: 
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where Tg is the temperature of glass transition and Mi and xi are the molar 
weight and fraction of the ith component, respectively. 

3. RESULTS AND DISCUSSION 
The microhardness of the glasses varies in the range 75–98 kgf/mm2 

and decreases with the increase of CdTe, as SSeAg4
HV < CdTeHV <

32SeAsHV , 

respectively 24 [2], 60 [3] and 150 kgf/mm2 [4] – Table 1. Despite the lower 
value of SSeAg4

HV  with the increase of the Ag4SSe content, the microhard-

ness weakly increases. Most probably it is due to a congestion of the glass-
es' structure. 

Table 1. Physical and thermomechanical properties of samples from the 
(As2Se3)x(Ag4SSe)y(CdTe)z system. 

Composition, mol % 
m HV, 

kgf/mm2 
d, 

g/cm3 
E, 

kgf/mm2 
Eh, 

kJ/mol 
Vh, 

10-3 Å3 C 
x y z 
90.25 4.75 5 0.05 75 4.86 1125 5070 11.09 -0.0087 
85.5 9.5 5 0.1 98 4.94 1470 5070 8.49 -0.0161 
76 19 5 0.2 98 5.15 1470 4179 6.99 -0.0211 
85.5 4.5 10 0.05 77 4.91 1155 4456 9.49 -0.0055 
81 9 10 0.1 95 5.00 1425 4333 7.48 -0.0103 
76.5 8.5 15 0.1 94 5.06 1410 3718 6.49 -0.0050 

 
The density of the glasses changes between 4.86 and 5.06 g/cm3 and 

logically increases with the increase of the Ag4SSe and CdTe content 
(

32SeAsd = 4.75 g/cm3 [5]; SSeAg4
d = 7.40 g/cm3 [2]; CdTed = 6.20 g/cm3 [5]) – 

Table 3. 
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The compactness of the investigated samples (Table 1) depends of 
the CdTe content (expressed by z at m=const), as well as of the proportion 
between As2Se3/Ag4SSe (expressed by m = y/(x + y) at z = const).  

The elasticity module (E) follows the course of HV and varies in the 
range 1125-1470 kgf/mm2 and the energy for formation of micro-voids (Eh) 
is in the limits of 3718–5070 kJ/mol and repeats the course of Tg – Table 1. 

The micro-voids volume (Vh) alters between 6.49.10-3 and 11.09.10-3 
Å3 (Table 3). Vh decreases with the increase of the Ag4SSe content (z = 
const), as well as of the CdTe content (m = const). 

The linear fragments of CdTe (–Cd–Te–) can build in the glass' net-
work on two places: 1) tear the bonds between the trigonal pyramides 
AsSe3/2 lying on one plane, build in between them and prolonging linearly 
the chains in one flat; 2) tear the bonds between the trigonal pyramids 
AsSe3/2 lying on neighbor planes and build in between them. In both of the 
cases the micro-voids volume increases (mechanism I). 

During the formation of the chalcogenide glass the Ag4SSe decom-
poses on two linear fragments–S–Ag (–Se–Ag) and Ag–, which tear the 
network of the glass (in plane and between planes) and as a result the vol-
ume of micro-voids decreases (mechanism II).  

When increasing the Ag4SSe and CdTe content both of the mecha-
nisms could be predominant. In the concrete case predominant is mecha-
nism II (Vh decreases; C increases; HV and d increase). And in opposite, 
when increasing the As2Se3 content and decreasing the Ag4SSe content, 
the mechanism I is determinative. When increasing the Ag4SSe+CdTe con-
tent, with faster increase of CdTe, is possible to be predominant mecha-
nism I. 

4. CONCLUSIONS 
Chalcogenide glasses from the As2Se3-Ag4SSe-CdTe system 

were synthesized. 
A number of physicochemical (density, microhardness, com-

pactness) and thermomechanical (elasticity module, micro-voids vol-
ume and energy for their formation) properties of the obtained glassy 
phases were studied. A correlation between these properties and the 
composition of the glasses from the investigated system was estab-
lished and a method for its explanation has been proposed. 
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