Chalcogenide Letters Vol. 21, No. 11, November 2024, p. 927 - 931

The influence of a hydrocarbon environment with aliphatic
and cyclic chain structures on the volt-ampere characteristic
of the Al-Ge33As17S35Se1s-Te sandwich structure
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The volt-ampere characteristic of Al-Ges33Asi7S3sSeis-Te sandwich structures in the
medium of butane gas and benzene vapors was measured in direct current mode. The
molar percentage of elements in the composition of the substance Gess3Asi7S3sSers
synthesized for experiments, and the amorphous structure of the substance were
determined by energy dispersive spectroscopy and X-ray diffraction scattering. The
images on 2D and 3D diagrams of the influence of the butane gas and benzene vapor
environment on the electrical resistance of the substance under study show that the change
in the resistance value noticeably depends on the composition and type of the hydrocarbon
environment.
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1. Introduction

Currently, in the context of environmental monitoring, there is a significant need to
develop sensors that operate over a relatively variable temperature range. A comparative analysis
of studies in this area shows that materials with a complex inorganic structure containing
chalcogenic elements—sulfur (S), selenium (Se), and tellurium (Te) —exhibit an extremely high
crystallization rate, high optical contrast between amorphous and crystalline phases, and high
conductive properties in the crystalline phase. The conductivity, as well as the coefficients of
optical refraction, extinction, and absorption, can be controlled depending on the composition, and
these materials have glass transition and crystallization temperatures. This has created the basis for
an increase in their areas of application [1-6]. The results of the mentioned studies show that the
principle of operation of devices based on chalcogenide glasses is based on the mechanism of
occurrence of various physical phenomena. On the other hand, to determine the selectivity of the
obtained structures in terms of gas sensitivity, it is necessary to conduct analogous studies [7] in an
environment of gas vapors and other hydrocarbons (such as benzene) that do not contain
impurities.

The purpose of the presented work is to clarify the physical principles of the sensitivity of
Al-Ges3Asi7S35Seis-Te sandwich structures to the environment of butane gas and benzene vapors,
as well as their suitability for use.
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2. Experimental details

The syntheses of Ges3Asi7S3sSeis chalcogenide glass semiconductor were performed in a
rotary furnace [7]. The molar percentage of eclements in the composition of the synthesized
substance Ges3As7S3sSe;s was determined by the method of energy dispersive spectroscopy.
Energy dispersive X-ray analysis was performed by scanning electron microscope JEOL JSM-
6610LV.

Fig. 1. Energy dispersive X-ray analysis of composition Gess 1645 14.84534.345€15.66.

The results of energy dispersive X-ray analysis show that the molar percentages of the
constituent elements of the synthesized substance correspond to the composition selected for the
study, with an error range of £0.04 to £2.24. X-ray diffraction analysis of a thin layer of the
Ges3As17S355e1s composition obtained by thermal evaporation in vacuum, obtained during the
study, was carried out using a powder diffractometer D2 Phaser. The radiation source is the CuKa
anode, operating in a voltage of 40 kV and a current of 40 mA. Its wavelength is =1,5406A°. The
volt-ampere characteristic was measured in thin amorphous sheets with a sandwich structure Al-
Ges3As17S355e1s-Te, having a thickness of d = 2 microns, obtained by thermal evaporation in a
vacuum on glass substrates. The amount of gas was determined using a MESTEK CGDO02A
detector.

3. Discussion

Fig. 2 shows the X-ray diffraction scattering spectrum of the complex composition
Ges3As17S35Sers. The observation of the expanded X-ray diffraction scattering curve confirms that
the structure of the obtained substance is predominantly amorphous. As can be seen from the X-
ray diffraction scattering curve, the first sharp diffraction peak (FSDP) is observed around the
value of the scattering vector Q~1A"!. This result corresponds to the BKDP state obtained as a
result of X-ray and neutron diffraction scattering experiments conducted on various binary As>Ses
(As2S3), GeSe, and complex component chalcogenide glasses AscSeySixy, AsxSeyTeixy(x=40,
y=30 at%), AsxSeySix.y, AsxSeyTeixy (x=33.3, y=33.3 at%) [6,8]. The observation of the FSDP in
the spectrum of the amorphous substance, characterized by a covalent bond, is associated with the
presence of average order in the structure, with a size of L~33,7A [9].
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Fig. 2. The X-ray diffraction scattering spectrum of composition Ges3As7S3sSeys.

Fig.3 shows the volt—ampere characteristic (VACh) of the Al-Ges3As;7S35Seis-Te
sandwich structure in the atmosphere, as well as in butane gas and benzene vapor. As can be seen
from the characteristic, an increase in the amount of butane gas and benzene vapors, which have
open (aliphatic or acyclic) and closed (cyclic) chain structures, results in an increase in the
resistance of the substance under study.
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Fig. 3. Volt-ampere characteristic of the Al-Ges3As17S35Se;5-Te sandwich structure in the atmosphere,
butane gas (a) and benzene vapor (b).

A comparative analysis of the obtained results shows that as a result of the influence of
hydrocarbon environment, both with aliphatic and cyclic chain structures, the current oscillations
of both characteristics weaken and disappear. The gradual weakening and disappearance of
oscillations is due to the effects of U™ -centers on ionization processes as a result of the
accumulation of neutral gas atoms to low atomic density domains or pores [7]. To identify the
presence of selectivity in the sensory properties of the structure, depending on the composition and
type of hydrocarbon medium, the change in resistance under the influence of the amount of butane
gas and benzene vapors at various transition voltages is depicted by 2D and 3D diagrams. Studies
have shown that the principle of operation of radiation-resistant high-temperature sensors based on
binary GexSeioo-x and GexSio0-x (X = 30,33,40) chalcogenide glasses is based on a change in the
power of a fiber laser during the transition from an amorphous phase to a crystalline phase [1].
This also results in a change in optical parameters. On the other hand, Al-Ges3Asi7S3sSeis-Te
sandwich structures obtained by thermal evaporation in vacuum on the basis of complex
component chalcogenide glass (Ges3Asi7S3sSeis) undergo a noticeable change in resistance in the
propane-butane gas mixture environment [7].
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Fig. 4. Description in 2D and 3D diagrams of the effect of butane gas (a and b) and benzene vapor (c and d)
on the resistance of Ges3Asi7S3sSeys.

2D and 3D diagrams of the influence of butane gas (a and b) and benzene vapor (c and d)
on the electrical resistance of chalcogenide glass Ges;3Asi7S3sSeis show that the change in the value
of the resistance depends at a noticeable level on the composition and type of hydrocarbon. The
results obtained show that, compared with butane with an open chain structure, the benzene vapor
environment with a closed chain structure has a more preferable effect on increasing the resistance
of the substance. This result is associated with the differentiation of the diametrical and length
dimensions of benzene and butane molecules (d=6A% L=5,7A° vo d=4,9A° L=7,78A°), the type of
bond, adhesion and length. Thus, it was found that the Al-Ges3Asi17S35Seis-Te sandwich structure
has a selective sensitivity depending on the type of environment.

4. Conclusion

Volt-Ampere characteristics of Al-Ges33Asi7SssSeis-Te sandwich structures in butane gas
and benzene vapor environments have been studied by constant current method and it has been
shown that current oscillations of volt-ampere characteristics weaken and disappear as a result of
influence of hydrocarbon environment (with aliphatic and cyclic chain structures). The reason for
the gradual weakening and disappearance of oscillations is due to the accumulation of gas atoms in
low atomic density domains or pores and, as a result, the influence of U™ -centers on ionization and
recombination processes. The preferable effect of the benzene vapor environment with a closed
chain structure on increasing the resistance of the substance compared to butane gas with an open
chain structure is associated with the difference in the diametrical and length dimensions of their
molecules, also the type of bond, bond angle, adhesion and length.
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