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Abstract
Chalcogenide glasses are of huge attention due to these intriguing optical and electrical characteristics. 
The physical parameters of Se90-xTe5Sn5Inx (0≤x≤9) glassy alloys have been thoroughly examined 
in this work. In this system I have theoretical evaluated density (ρ), molar volume (Vm), lone 
pair of electrons (LP), average coordination number <Z>, number of constraints (Nc) and mean 
bond energy <E> for this system. The evaluated values of Vm, LP, and stoichiometry (R) fall with 
increasing In content or average coordination number. Because indium has a larger atomic mass 
and stronger bonding properties than selenium, an increase in density was seen as the amount 
of indium increased. On the other hand, molar volume exhibited a declining trend, suggesting 
improved structural rearrangement and compactness within the glass network.
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Introduction
Because of their unique thermal, electrical, and optical characteristics, chalcogenide glasses 

(ChGs) which are mostly made of chalcogen elements like Te and Se form a significant family of 
amorphous materials. These materials can be used in infrared optics, optical switching, and non-
volatile memory systems due to their, high refractive index, wide infrared transparency, variable 
band gaps and low phonon energy [1, 2, 3]. These glasses presently used primarily in X-ray imaging 
(Se based semiconducting glasses) and in TV pickup tubes (as photoconductors) are mainly 
interesting. Applications in science and technology have recently focused on Se–Te-based glassy 
semiconducting alloys. ChGs presently significant challenges when utilized as a recording layer in 
optical phase change devices with compositional changes [6, 7]. Although pure selenium has poor 
mechanical strength, low thermal stability, and aging effects, selenium-based glasses are especially 
appealing due to their high photosensitivity and strong glass-forming ability [6]. Selenium is 
frequently alloyed with other elements to get around these restrictions. Because tellurium has a 
narrower band gap and is more polarizable than selenium, it improves electrical conductivity and 
infrared transmission. When the third element tin (Sn) is introducing into Se-Te system becomes 
compositional and configurational disordered. The electrical and optical properties of the Se-Te 
system may be considerably changed by the addition of Sn [8]. Establishing structure-property 
correlations and improving these materials for advanced optoelectronic and memory applications 
require a thorough grasp of these factors.

Additionally, the presence of metallic impurities induces instability in the arrangement and 
composition of the glassy alloys and expands glass-forming area. The temperature at which 
glass  transition of the system is raised when the Indium is added beside with the stand-in of Se; 
each impurity atom of Indium attempts to adapt to the environment of its nearest neighbor in Se, 
thus it seems to have minimal influence of the glassy alloys [9]. Though, a new research reveals that 
the characteristics of ChGs are greatly impacted by the inclusion of metallic impurity [10]. There 
has been a consistent change in the physical properties as the chemical composition changes. The 
ordered bond network (OBN) model, sometimes referred to as the (CONM) chemically ordered 
network model, is typically used to explain how compositional variation affects the physical 
characteristics of ChGs. In order to clarify the function of indium in altering the glass network 
structure, the Se90-xTe5Sn5Inx (0≤x≤9) glassy alloys carefully examine the impact of indium content 
on their physical properties.

Preparation Technique for the Synthesis
Using an electronic microbalance with high-purity elemental selenium (Se), tellurium (Te), 
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tin (Sn), and indium (In) were weighed in accord with their atomic 
percentages with a purity of 99.999%. To avoid oxidation during 
melting, the weighed elements were properly mixed and sealed in 
evacuated quartz ampoules (inner diameter 8 mm, length 12 cm) 
at a vacuum of around 10-4 to 10-5 Torr. The ampoules were put in 
an electric furnace to progressively heat up to1098 K. The ampoules 
were kept at this temperature for ten to twelve hours in order to 
facilitate the melting and uniformity of the alloys. The ampoules were 
often shaken or rotated to guarantee uniform mixing and chemical 
homogeneity of the melt. Ice-cooled water was used to instantly 
quench ampoules. Quick quenching keeps the material amorphous 
and stops crystallization. The prepared material amorphous nature 
was demonstrated by X-ray diffraction (XRD) [11]. A Shimadzu DSC-
60 Model differential scanning calorimetry (DSC) device was used to 
analyze the thermal behavior of each sample. For the observations, 10 
mg of the crushed material was heated in standard aluminum pans 
at several rates (5 to 20 K/min). Both the observed glass transition 
speeds under non-isothermal circumstances and the heat that was 
collected or released during phase transitions were computed using 
a DSC. The DSC instrument was calibrated before to observations 
using high pureness standards for Sn, Pb, and In with defined melting 
points. The microprocessor of the thermal analyzer can measure 
heat runs with an accuracy of ±0.01 mW and temperatures with an 
accuracy of ±0.1 K.

Result and Discussion
The structural variations in the multi-component glasses may 

be described by using the idea of average coordination number. The 
formulas may be used to get the multi-component glasses' average 
coordination number [12, 13, 14, 15].

( )
( )

Se e Sn InpM qM rM sM
Z

p q r s
Τ+ + +

< >=
+ + +

According to the literature, the (CN) coordination numbers of Se, 
Te, Sn, and In are MSe = 2, MTe = 2, MSn = 4, and MIn = 3, respectively. 
The symbols p, q, r, and s represent the at. wt. % of the elements in 
the glassy matrix. From above equation may be used to get the <Z> 
for glassy Se90-xTe5Sn5Inx (0≤x≤9) systems with In = 0, 3, 6, and 9. The 
results are 2.1, 2.13, 2.16, and 2.19, respectively.

The structural variations in the multi-component glasses may be  
Covalent solids exhibit bond-stretching and bond-bending (α-forces 
and β-forces). For each atom, the Lagrangian bond-stretching 
constraints number is found using equation (1).

)1.......(....................
2
><

=
ZNα  

 Equation (2) determines the bond bending constraints
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 The sum of the bond bending and bond stretching constraints is 
known as the number of constraints (Nc). The following formula [16] 
can be used to get the average coordination number (effective):
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Maxwell and Thorpe [12] used counting to estimation the amount 
of restrictions. The calculation for the degree of freedom (f) results 
from taking this counting into account [16]:
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 Table 1 lists the calculation of f for changing In composition 
at the expense of Se, Te, and Sn. With increasing In content in the 
STSI system, the value of f are decreasing, indicating that the system 
becomes more stiff at 9 at.wt% of Indium

Evaluation of density (ρ), molar volume (Vm ) and 
compactness (δ)

Density is a physical parameter that evaluates the system's 
stiffness. This is also related to the system <Z>. The following relation 
[17] can be used to compute it:
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where mi and di denote mass and density of ith structural unit.

Tables 1 show the density (ρ) values for several glassy alloys of 
Se90-xTe5Sn5Inx (0≤x≤9) multi-component systems. Figure 1 represents 
the variation of density for STSI glassy alloys. The molar volume is 
computed using the relation [17] and the density value found in Eq. 
(5):
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Here, Mi and xi is the atomic mass and atomic fraction of ith 
component respectively. Tables 1 provide the calculated values of 
Vm for Se90-xTe5Sn5Inx (0≤x≤9) multi-component glasses. Figure 2 
displays molar volume graphs vs average coordination number for 
STSI glassy system. This image makes it evident that the growing 

Composition ˂Z˃ Nα Nβ Nc f Density (g/
cm3)

Molar Volume 
(cm3/mol)

<E>
Kcal/mol L= V-<Z> δ  R 

Se90Te5Sn5 2.10 1.05 1.2 2.25 0.251 5.01 16.64 50.51 3.8 -0.002 9.5

Se87Te5Sn5In3 2.13 1.07 1.26 2.33 0.226 5.08 16.62 51.39 3.68 0.0021 6.34

Se84Te5Sn5In6 2.16 1.08 1.32 2.4 0.200 5.15 16.60 52.41 3.56 0.0023 4.68

Se81Te5Sn5In9 2.19 1.1 1.38 2.48 0.175 5.23 16.56 53.53 3.44 -0.001 3.66

Table 1: Different theoretical evaluated physicochemical parameters of multi-component Se90-xTe5Sn5Inx (0≤x≤9) chalcogenide glasses.

Figure 1: Density against average coordination number of Se90-xTe5Sn5Inx 
(0≤x≤9) glassy system.
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molar volume sequence is exactly the reverse of the density sequence 
(From Figure 1). In theory, density and volume are inversely 
related. This fact is evident from the graphs displayed in Figure 2.  
Compactness (δ) can be used to determine the given formula [18, 19]:
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Here, ρi, ci, and Ai represent the atomic density, atomic fraction, 
and atomic weight of the ith element for glassy alloys. Tables 1 list the 
computed values of δ. The compactness of glasses have resolute by 
measure the normalized change in mean atomic volume, that is an 
indication of the chemical relations between the elements that make 
up the glassy system [7].

Calculation of Lone pair electron (LP)
The lone-pair electron (LP) has been intended by given formula 

[17]:

....................(8)LP V Z= − < >

In this case, V denotes the valence electrons that are equivalent to 
unshared lone-pair electrons. Table 1 lists the assessed LP values for 
multi-component glasses. Figure 3 shows variation of LP vs average 
coordination number for STSI glassy alloys.

Stoichiometry deviation R and Mean Bond Energy <E>
The stoichiometry deviation is made known by the parameter 

R. It is determined by comparing the chalcogen atom's covalent 
bonding capabilities to those of a non-chalcogen atom. The method 
for determining the R values of SeaTebSncInd quaternary alloys has 
been explained in [20].

....................(9)Te In
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+
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Here, a, b, c, and d stand for the atomic fractions of Se, Te, Sn, 

and In, respectively. When In is substituted for Se, the value of R rises, 
indicating that the system is more in chalcogen (Table 1). Figure 3 
shows variation of R against <Z> for STSI glassy system. 

Bond type, network bond energy, average coordination number, 
and cross-linking all affect mean bond energy [20]. The mean bond 
energy is equal to the average cross-linking per atom (heteropolar 
bonds) plus the average bond energy per atom of the remaining 
matrix.

....................(10)c rmE E E< >=< > + < >

For present semiconductors, may be expressed as
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Above relation is used to compute the bond energy values 
of heteropolar bonds. Se-Te, Sn-Te, and Te-In bond values were 
determined to be 170 kJ/mol, 320.5 kJ/mol, and 218 kJ/mol, 
respectively [21]. The contribution resulting from weaker links, or , 
can be computed as follows: The contribution resulting from weaker 
links, or , can be computed as follows:
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and ESn-Sn = 125.4 kJ/mol, ESe- Se = 184.9 kJ/mol, ETe-Te= 138 kJ/mol and 
EIn-In = 143 kJ/mol. Figure 4 shows variation of <E> with <Z> for 
different In contents. The values of <E> increases with increases values 
of Indium, shows more rigidity of glass alloys. We have published a 
paper which shows same trends for stability of glasses [11].

Conclusions 

The physical parameters of Se90-xTe5Sn5Inx (0≤x≤9) glassy 
system have been theoretical investigated. The density and molar 
volume with Indium contents shows inverse trends. Total number 

Figure 2: Molar Volume against average coordination number of Se90-

xTe5Sn5Inx (0≤x≤9) glassy system.
Figure 3: Loan pair electrons against average coordination number of Se90-

xTe5Sn5Inx (0≤x≤9) glassy system.

Figure 4: R parameter against average coordination number of Se90-

xTe5Sn5Inx (0≤x≤9) glassy system.

http://www.weblogoa.com


Sunil Kumar WebLog Journal of Materials Science and Engineering

WebLog Open Access Publications wjmse.2026.a22044

of constraints (Nc) and degree of freedom with <Z> are also shows 
opposite behaviors for this system, but LP and mean bond energy 
decreases with the increase of in content 
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