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ABSTRACT: - Glass transition temperature (Tg) dependent properties described the structural
configuration of multicomponent chalcogenide glasses briefly. In the present work, Glass transition
temperature dependent properties like the creation energy of micro-voids (Ep), the Urbach tail
slope energy (4) and peak energy in the distribution of hoping barrier (En) has been calculated for
GejoSegoxIny, GejsSesswIny and GezoSesoIn. chalcogenide glassy systems. From the calculated

data we have seen that the values of Te, En, A and E,, vary with Indium content.

Keywords: - Glass transition temperature, Chalcogenide glasses and temperature dependent
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INTRODUCTION

Glass transition temperature (Tg) is one of the most interesting parameter material science and
engineering. A lot attention has been devoted to the characterization and improvement of the
properties of chalcogenide glasses, especially for those materials which are used in the switching
memories. Glass transition is one of the most fascinating problems in physics, but also it remains
as one of the most challenging ones. Although this transition has considerable practical and
technological importance, still there is no consensus about which thermodynamical and structural
factors determine the glass transition temperature (Tg). Chalcogenide glasses have the great
attention on the correlation of glass transition temperature with their structural and chemical
properties. Technological applications of chalcogenide glasses in electrical and infrared
transmission field. One of these interesting problems in the change in the properties of the glass as
the chemical composition is changed. For example, the glass transition temperature and the specific
heat difference can be raised or lowered by adding impurities, and the fragility of the glass can be

changed from fragile to strong [1-5]
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The Ge-Se glassy system is an interesting system as it is a combination of two different kinds of
amorphous semiconductors: a Ge- which contain unpaired electron and a Se — where defects are
changed and unpaired electrons are not present as evident from the electron spin resonance and
magnetic susceptibility measurement. This difference arises from the dissimilarity in the short-
range structure of these two systems: a Ge- has tetrahedral structure which is more rigid than the
flexible structure of Se which has chain structure in two-fold coordination [6]. The properties of
such Ge-Se glassy chalcogenides are usually affected by the addition of third element. Addition of
third element will expand the glass forming area and also creates compositional sand
configurationally disorder in the system and has large effect on their structural, physical, electrical

and thermal properties. [7-8].

In the present work we study and describe some glass transition temperature dependent parameters
for Indium (In) doped Ge-Se chalcogenide glassy systems like GeioSegoxInx (x = 0, 5, 10, 15, 20),
GeisSessxIng (x =0, 5, 10, 15, 20) and GezoSesoxIng (x =10, 5, 10, 15, 20).

GLASS TRANSITION TEMPERATURE (Ty)

All glasses are characterized by a glass transition temperature T, which can be defined as the
temperature at which the equilibrium liquid has a viscosity of 10'3poise [9]. This value for the
viscosity is not universal; the glass transition is not an iso-viscous phenomenon and some liquids
have viscosities at T, as low as 10''poise [10]. The variation of viscosity with glass transition

temperature is illustrated in Fig.- (1).
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Fig.- (B), The variation of viscosity with glass transition temperature

Above the glass transition temperature, the system is in the rubbery state and bellow Ty, the system
is in the glassy state. Thermodynamics properties like isothermal compressibility, specific heat and

thermal expansion coefficient changes at glass transition temperature (Tg). These quantity abrupt
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changes from values appropriate to supercooled liquid to those typical of the crystalline solid as the
temperature is lowered to Tg [11]. Well, known empirical relation of the glass-transition
temperature of Ty = 2Tw/3, where T, is the melting temperature in glassy materials [12], suggest
that T, is related to the different structural and physical properties. At T~ Tg, glassy network is
macroscopically movable due to a sharp decrease in the viscosity. In some extent (while underlying
physics is still not clear) above Ty there is a sharp decrease in the viscosity which expected to be

due to collapse of glassy network.

For the glassy network systems there is direct consequence between Tg and (Z), which correlated

by the following relation-

InTg = 1.6 (Z) +2.3 (1)

is known for wide class of glasses including organic materials [13]. In addition to the coordination
number, Tichy and Tichd suggested that the bond energy for each bond should be taken into
account for overall network. The average coordination number of any glass system can be

calculated from the relation-

<Z>=ZXra 2

Where r1; is the covalent coordination number of element i having atomic fraction a; in the glass
[14]. The average coordination number is a measure of connectedness in the network and the
average bond energy, which linked with the number of bonds per atom in the network. [15]. The
variation of <Z> with In at% and variation of glass transition temperature (Tg) with Indium content

are illustrated in Fig. (2) and Fig. (3).

GLASS TRANSITION TEMPERATURE DEPENDENT PARAMETERS

(1) - The creation energy of micro-voids (En)-

The creation energy of micro-voids describes the defects in the localized state of energy gap of
glassy semiconductors which is related to the glass density and the glass volume. The creation
energy of micro-voids also describes the elasticity of a glass sample. According to the free-volume

theory Sanditov [16] proposed a following equation for creation energy of micro-voids of glasses-

Eh =3.58 kp T, (3)
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Where Ep is the energy of micro-void creation in a volume Vi, and where kg, the Boltzmann

constant (1.38 x 102°J/K). The variation of Ex with Indium content is plotted in Fig. (4).
(2)- The Urbach tail slope energy (A)-

The dependence of glass transition temperature on the Urbach tail slope describe the temperature
dependence of the absorption coefficient. The spectral dependence of temperature is given by the
Boltzmann factor. The relation between Urbach tail slope(A) and the glass transition temperature

(Tg) is given by the relation [17-18]-
A=13ksT, 4)

Where kg, the Boltzmann constant (1.38 x 1022 J/K). The calculated value of Urbach tail slope (A)
for the different Ge-Se-In glass systems are listed in Table-. The Variation of the Urbach tail slope
(A) as a function of Ty for different Ge-Se-In glass systems are illustrated in Fig. (5).

(3)- Peak energy in the distribution of hoping barrier (Em)-

Kinetically constrained models consider slow dynamics as of a purely kinetic origin [19-20] where
dynamical constraints appear below a crossover temperature To, or above a corresponding packing
fraction so that above to the dynamics is liquid-like whereas below to the dynamics becomes
heterogeneous. According to Hunt the glass as a supercooled liquid. The required time scale for
equilibration is a percolation relaxation time. Hunt derived the Ty from equalizing the relaxation

time which is known as Hunt’s equation [21-23] represented by-
Em=18 kpT, (5)

The above Hunt’s equation correlate T, with barrier heights (Em), the peak energy in the
distribution of hoping barrier. The variation of hooping barrier energy (Em) with Indium content is

plotted in Fig. (6).
Result and Discussion

The values of mean coordination number (<Z>), glass transition temperature (T), the creation
energy of micro-voids (En), the Urbach tail slope energy (A) and Peak energy in the distribution of
hoping barrier (Em) are tabulated in Table- 1 for GeioSeqxInx glassy system, in Table- 2 for

GeisSessxIng glassy system and in Table- 3 for GexoSeso-xInx glassy system.
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Table-1, The values of <Z>, Tg, En, A and Em for GeioSesoxInx (x =0, 5, 10, 15, 20) glassy system

Compositions <Z> Tg (Kel.) Enx 102 ] Ax103]J Enx102J
Ge1oSeso 2.20 336.972 1664.777 604.530 8370.385
GeroSesslns 2.30 395.440 1953.632 709.422 9822.730
GeroSesolnio 2.40 464.053 2292.608 832.511 11527.077
GeroSerslnis 2.50 544.571 2690.399 976.960 13527.144
GeroSerolnzo 2.60 639.061 3157.217 1146.475 15874.276

Table-2, The values of <Z>, Ty, En, A and Em for GeisSessxInx (x =0, 5, 10, 15, 20) glassy system

Compositions <Z7> Tg (Kel.) Enx102J Ax103]J Enx 103 ]
GeisSess 2.30 395.440 1953.632 709.42 9822.790
GeisSesolns 2.40 464.053 2292.608 832.511 11527.077
GeisSersInio 2.50 544.571 2690.399 976.96 13527.144
GeisSernlnis 2.60 639.061 3157.217 1146.47 15874.276
Ge1sSeesInao 2.70 749.945 3705.029 1345.401 18628.634

Table-3, The values of <Z>, Ty, En, A and Em for GezoSesoxInx (x =0, 5, 10, 15, 20) glassy system

Compositions <Z> Tg (Kel.) Enx102J Ax102]J Emx1023J
Gezo0Seso 2.40 464.053 2292.608 832.512 11527.077
Ge20Serslns 2.50 544.571 2690.399 976.960 13527.144
Ge20Serolnio 2.60 639.061 3157.217 1146.475 15874.276
Ge20SeesInis 2.70 749.945 3705.028 1345.410 18628.634
Gez0Sesoln2o 2.80 880.069 4347.892 1578.842 21860.914
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Fig.2:- Variation of <Z> with In content
900
800
700
¥ 600
(@2}
= 500
—f— Ge10Se90-xInx
400 —0— Ge155e85-x1nx
—@— Ge20Se80-xInx
300
0 5 10 15 20 25
In at%
Fig.3:- Variation of Tg with In content
4600
4100
3600
-
& 3100
o
—
><£ 2600
LLl —tr— Ge10Se90-xInx
2100 —o— Ge155e85-xInx
1600 —@— Ge20Se80-xInx
0 5 10 15 20 25
In at %

Fig.4:- Variation of E,, with In content

Paper ID: SPIJSH46284 shodhpatra.org@gmail.com Page 22



http://www.shodhpatra.org/
mailto:shodhpatra.org@gmail.com

SHODHPATRA: INTERNATIONAL JOURNAL OF SCIENCE AND HUMANITIES
E-1SSN: 3048-6041| www.shodhpatra.org | Volume 1, Issue 8, August 2024

1700
1500
1300
-
S 1100
s
< 900
200 —— Ge10Se90-xInx
—0— (5e15Se85-xInx
—0@— (Ge20Se80-xInx
500
0 5 10 15 20 25
In at%
Fig.5:- Variation of A with In content
23000
21000
19000
> 17000
S 15000
> 13000
L
11000 —— Ge10Se90-xInx

9000 —— Ge15Se85-xInx
—@— Ge20Se80-xInx
7000

0 5 10 15 20 25
In at%
Fig.6:- Variation of E,, with In content

For different Ge-Se-In chalcogenide glassy systems we have seen that the value of <Z> varies from
2.20 to 2.80 which shows that the network transition from an under constrained to an over
constrained network has been interpreted. Using equation (1) we calculate the glass transition
temperature and we find that Ty increases with increasing Indium content. This is due to the
formation of strong bond between Se-In. There is a primary influence of T in chalcogenide
glasses in short-range chemical-bond arrangement but not an inter-molecular interaction. Also, we
calculate the values of the creation energy of micro-voids (En) using equation (3) and we find that
as the glass transition temperature increases En also increases this is due to the formation of wide
gap between Ge-Se and Se-In bonds. The Urbach tail slope energy (A) and Peak energy in the
distribution of hoping barrier (Em) using equations (4) and (5) and we find that the values of these

parameters vary with increase of Tg. The variation of A and En with increasing of Ty shows the
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temperature dependence behaviour of the absorption coefficient. The spectral dependence of

temperature is given by the Boltzmann factor.

REFERENCES

[1] Zhang Yun, Xiaojie Xu, 2021, Predictions of glass transition onset temperature of chalcogenide

glass GexSei- x, Journal of Physics and Chemistry of Solids, 159, 110246.

[2] Wen-Hou Wei, 2020, Structural, thermal and optical properties and transition threshold in Ge-
Sb Se glassy system, Journal of Non-Crystalline Solids, 536, 119991.

[3] Vigia R., Strbaca G. R., Strbacb D.D., O. Bosakc, Kublihac M.,2024, Kinetics of thermally
induced processes in Ag doped AssoSesoTeso chalcogenide glass, Chalcogenide Letters, Vol. 21,
No. 1, 21-37.

[4] Patial B.S., Kumari Anita, Thakur N., Tripathi S.K., N, A thermo-physical study of In additive
Se—Te chalcogenide glasses, Bull. Mater. Sci. (2024) 47:41, 1-8.

[5] Prabhudessai A.G.,Ramesh K.,Balaji S.,et.al. 2024, Thermal, structural, and conductivity
properties of As14SbasSs0——(Agl)x chalcogenide glasses, J. Appl. Phys. 135, 095107, 1-15.

[6] Sharma R.S., Kumar D., Kumar A.,2006, Transient Photoconductivity in Amorphous Se-Ge-Ag
System, Turk.J.Phys., 30, pp.47-55.

[7] Kamboj A., Thangrag R.,2003, Calorimetric studies of bulk Se-Te-Pb glassy system,
Euro.Phys:J.Appl.Phys., 24, 33.

[8] Singh Digvijay, Kumar Sandeep, Thangraj R., 2011, Study of the physical properties with
compositional dependence in (Se70Ges0)100xBix (0<x<8) glassy semiconductors, Adv.Appl.Sci.Res.

2(3), pp-20-29.
[9] Elliott S. R., 2000, The Physics and Chemistry of Solids, John Wiley & Sons Ltd, England.

[10] Alba C., Busse L.E., List D.L., Angell C.A., 1990, Thermodynamic aspects of the vitrification
of toluene, and xylene isomers, and the fragility of liquid hydrocarbons, J. Chem. Phys. 92, 617.

Paper ID: SPIJSH46284 shodhpatra.org@gmail.com Page 24



http://www.shodhpatra.org/
mailto:shodhpatra.org@gmail.com
https://www.epjap.org/articles/epjap/abs/2003/10/ap02235/ap02235.html

SHODHPATRA: INTERNATIONAL JOURNAL OF SCIENCE AND HUMANITIES
E-1SSN: 3048-6041| www.shodhpatra.org | Volume 1, Issue 8, August 2024

[11] Busse Lynda E.,1984, Temperature dependence of the structures of AsSes and AsxSi—x glasses
near the glass transition, Phys. Rev. B, 29 (6) 3639.

[12] Tanaka K., 1985, Glass transition of covalent glasses, Solid State Commun.54, 867.

[13] Thorpe M.F., Phillips J.C., 1985, Constraint theory, vector percolation and glass formation,
Solid State Commun.53, 699.

[14] Tanaka K., 1989, Structural phase transitions in chalcogenide glasses, Phys. Rev. B, 39, 1270.

[15] Welch RC, Smith JR, Potuzak M, Guo X, Bowden BF, Kiczenski TJ, et al. 2013, Dynamics of
Glass Relaxation at Room Temperature, Phys Rev Lett. 110(26), 265901.

[16] Sanditov D. S., 1974, Novelties in the field of investigations of microhardness, 236, "Nauka",
M., (in Russian).

[17] Chen C.T., Louie S.G., Phillips J.C., 1987, Potential fluctuations and density of gap states in
amorphous semiconductors, Phys. Rev B, 35, 2744.

[18] Tichy L., Ticha H., Smrcka V., 1992, Compositional trends of the glass-transition temperature,
urbach-tail slope and optical gap in Aso. sSeo. s-xTex glasses, Matter. Lett.15,202-206.

[19] Tanaka H., 2005, Two-order-parameter model of the liquid—glass transition. I. Relation
between glass transition and crystallization, J. Non-Cryst. Solids, 351, 3371-3384.

[20] Roland C.M., Casalini R., 2005, Density scaling of the dynamics of vitrifying liquids and its
relationship to the dynamic crossover, J. Non-Cryst. Solids, 351, 2581-2587.

[21] Hunt A., 1994, The pressure dependence of the glass transition temperature in some ionic

liquids, J. Non-Cryst. Solids, 176, 288-2

[22] Hunt A., 1994, Finite-size effects on the glass transition temperature, Solid State Commun.,

90, 527-532.

[23] Hunt A., 1992, A purely kinetic justification for application of Ehrenfest theorems to the glass
transition, Solid State Commun., 84, 263-266.

Paper ID: SPIJSH46284 shodhpatra.org@gmail.com Page 25



http://www.shodhpatra.org/
mailto:shodhpatra.org@gmail.com
http://prola.aps.org/abstract/PRB/v35/i6/p2744_1?qid=263d8899c9e6d7f1&qseq=69&show=10
http://prola.aps.org/abstract/PRB/v35/i6/p2744_1?qid=263d8899c9e6d7f1&qseq=69&show=10
https://www.sciencedirect.com/science/article/pii/0167577X9290145A
https://www.sciencedirect.com/science/article/pii/0167577X9290145A
https://www.sciencedirect.com/science/article/pii/S002230930500685X
https://www.sciencedirect.com/science/article/pii/S002230930500685X

