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The fundamental scientific problem of amorphous materials based on chalcogenide systems consists in
establishing the causes leading to devitrification and oxidation of fusible chalcogenide glasses, and the
identification of factors affecting the nature of the instability of amorphous condition.Chalcogenide glassy
semiconductors (ChGs) belong to the non-crystalline materials with sophisticated structure which is not
structurally in equilibrium state [1, 2]. The processes of structural relaxation lead to a change (sometimes
significant) in physical properties, including mechanical and dielectric. Selenium, the simplest representative of
amorphous chalcogenides is known to consist of a chain and ring fragments [3].

Selenium is a nutritiously essential element. People used selenium for healthy joints, heart and eyes [4]. It
plays a crucial role in DNA system, the immune system and the reproductive system [1]. It also helps fights cancer
and other diseases [4]. Over than internal human uses selenium it also used in manufacturing. It is known as a
color and decolorized glasses. Thanks to these structural peculiarities, Se has a very broad spectrum of applications
in chemical, electrical and electronic industries, as it is characterized by a high photo- and thermal-conductivity,
as well as electrocatalytic and photovoltaic activities [S]. Therefore glassy selenium is one of the potential
productive materials of the materials science.

It is known that the introduction of elements such as As, Sb, Bi (pnictogens) with similar structure but
different radius in varying degrees stabilizes the amorphous structure. It is also known that an increase in the
degree of metallization of the bond makes the structural framework more rigid and reduces its flexibility, which
affects the area of possible glasses in systems with different types of pnictogen. In this sense, the most convenient
from the point of view of obtaining glasses for practical application is Arsenic.

In all glasses with small concentration of As upon time relaxation at room temperature in differential
thermal analysis at low scan rates glass transition width becomes narrow and the non-reversing enthalpy at Tg
increases. In Raman scattering, such structural relaxation leads decreasing of width and scattering strength of the
modes which corresponding to Se,-chains near 250 cm™! and 235 cm™!, while the modes near 264 cm ™! associated
with Seg rings systematically grows. These calorimetric and Raman scattering results are consistent with the
“molecular” chains of Se,, predominant in the fresh glass, reconstructing with each other to compact and partially
order the network. Consequences of the aging induced reconstruction of the long super-flexible and uncorrelated
Se,-chains are also manifested upon alloying up to 4 mol. % of As as revealed by a qualitative narrowing of the
Raman vibrational mode of the corner-sharing AsSes; pyramids. Thus the reason for the instability of Se-based
glasses is the presence in the structure of polymer chains Se, and monomer rings Ses, inside of which there are
strong covalent bonds, and between them weak intermolecular bonds with a tendency to radicalization. Last are
centers of crystallization with a small energy exposure. The introduction of low concentrations of As into the Se
glassy system should increase the stability of glasses and lead to the formation of pyramids in places dangling S,
chains, while maintaining a low temperature plasticity.

The effect of structural relaxation (physical ageing) indicate that the different behavior of aged and as-
quenched samples of glassy selenium properties is observed due to the presence of crystalline phase nuclei
(nanocrystals) in aged samples. At room temperature, the whole relaxation normally occurs over a time scale of
approximately 1000 hours (42 days).

The processes of structural relaxation lead to a change (sometimes significant) in physical properties,
including X-ray diffraction, electric, thermomechanical, and kinetic characteristics of Se-based glass in depending
of As atoms concentration make it possible to determine changes in the structure of amorphous material, define
more precisely the stable glasses regions, explain the structural changes, get compositions which is useful for
application.
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