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ABSTRACT 

Chalcogenide glasses are amorphous solids that include at least one of the chalcogen elements 

(S/Se/Te). Our work investigates the changes in physical and optical properties of the GeSeTe glass 

matrix when Te is substituted with Sb. The bulk chalcogenide glass is prepared by the conventional 

melt quench method. X-ray diffraction (XRD) is employed to determine the amorphous nature of bulk 

samples. The ratio of compositional elements is verified using Energy-Dispersive X-ray spectroscopy 

(EDS). Diffuse reflectance spectroscopy (DRS) is employed to assess the optical bandgap arising from 

indirect electronic transitions. Its value changes with the incorporation of Sb as the fourth element. 

Differential scanning calorimetry (DSC) studies demonstrate that the addition of Sb leads to a higher 

transition temperature, enhancing the cross-linking and consequently the rigidity of the glass. IR 

transparency of these glasses is observable in the FT-IR spectrum except for some impurity absorption. 

These glasses prove to be good optoelectronic materials for the fabrication of photonic structures. 

 
1.  Introduction 

Chalcogenide glasses (ChGs) are a type of non-oxide 
glasses that exhibit infrared (IR) transmission. These glasses 
are composed primarily of elements from Group XIV, XV, and 
XVI in the periodic table, excluding oxygen. Their ability to 
transmit infrared light and their customizable optical and 
physical characteristics are attributed to their wide-ranging 
propensity for glass formation. A diverse range of 
compositions in glass-forming systems, combined with 
excellent resistance to crystallization, produce glasses that 
possess optical characteristics like nonlinearity, 
photosensitivity, and transparency to infrared light. These 
properties can be finely tuned to optimize their performance 
for photonic applications [1]. Introducing additional dopants 
like As, Ge, Sb, Bi, Cd, etc. into this material enhances its 
desired properties while mitigating its limitations. For instance, 
Ge doping improves thermal stability and expands the glass-
forming range, while also reducing aging effects [2]. These 
dopants interact with selenium chains, modifying bonds. 
Similarly, Sb dopants, like Ge, improve thermal stability and 
play a role in modifying the interactions between positive and 
negative valence pairs [3].  

A comprehensive grasp of Ge-Sb-Se, Ge-Se-Te and Ge-
Sb-Te systems and their relevance to Ge-Se-Sb-Te (GSST) 
systems would provide a detailed overview of the unique 
characteristics of GSST materials. Studies highlight that Ge-
Sb-Se materials show efficient transmission with minimal loss, 
strong thermal stability and excellent transparency in the 
infrared range [4, 5]. On the other hand, Ge-Sb-Te (GST) 
materials are notable for their swift transition from amorphous 

to crystalline states. This capability is highly beneficial for 
applications like phase change memory (PCM) due to the 
distinct contrast in optical reflectivity and electrical resistance 
between the amorphous and crystalline states [6]. The studies 
on GeSeTe glasses highlight the extensive IR transparency 
extending upto far IR regime and low impurity absorption, 
even though these glasses are prone to devitrification due to the 
presence of tellurium [7, 8]. Therefore the GSST glass family 
is expected to exhibit the superior properties of these glass 
families.  

Since 1978, researchers have conducted numerous studies 
focusing on the physical, thermodynamic and optical properties 
of glassy GSST alloys. Surinach et al. [9] investigated aspects 
such as glass formation and crystallization in GeSe2-Sb2Te3 
alloys. Bartak et al. [10] investigated additional bulk material 
properties such as crystal growth and viscosity in Ge2Sb2Se5-

xTex glasses. Furthermore, Hassanien et al. [2, 11] investigated 
and analyzed a range of physical properties such as molar 
mass, molar volume, atomic density, excess volume, free 
volume percentage, packing density, number of valence 
electrons, polaron radius, and interatomic separation distance. 
They investigated the variation of the physical characteristics 
in Ge15-xSixSe50Te35 bulk samples by substituting Ge with Sb. 
Sb enhances the optical characteristics of Ge-Se-Te alloys by 
reducing the optical band-gap energy, Eg. Therefore, the 
inclusion of Sb offers numerous benefits when incorporated 
into chalcogenide alloys [12]. Hence there are more rooms to 
explore the application of GSST chalcogenide glasses. 
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2.  Materials and methods 
2.1  Materials 

The raw materials for preparing chalcogenide glasses were 
pure Ge, Se, Te and Sb powders (5N purity) bought from 
Sigma Aldrich. Quartz tubes of 1 metre length is made into 
many ampoules of lesser length for loading the chemicals into 
it. 

 

2.2  Methods 
The selected composition of glasses, Ge20Se60Te20-xSbx (x 

= 0, 5, 10, 15) were prepared by the conventional method of 
melt quenching. Pure Ge, Se, Te, and Sb of appropriate weight 
percentage were loaded into quartz ampoules, which can 
withstand temperature upto 1200°C and are not damaged by 
the thermal shock on sudden cooling. It is then sealed under 
vacuum (10-3 mbar) to avoid the chances of hydrolysis and 
oxidation. The samples are melted using a rocking and rotating 
furnace. During heating, the furnace was rocked and rotated at 
regular intervals to ensure the homogeneity of the mixture. The 
temperature was increased at a heating rate of 3 – 4℃/min up 
to 800℃ then slowly increased at the rate of 1 - 2℃/min up to 
1050℃ for 48 hours and quenched in ice-cooled water. It was 
then etched in hydrofluoric acid and the samples were taken 
out. Various characterizations were done after grinding the 
samples into fine powder using mortar and pestle.  

The compositions were chosen in such a way that they are 
in glass forming region and the average coordination number 
<m> was between 2.4 and 2.7. The Philips and Thorpe model 
predicts that a glass network with a low average co-ordination 
number <m> results in a 'floppy' network with small isolated 
rigid areas. When <m> reaches 2.4, the network transforms 
into a stiff glassy structure with small isolated floppy parts, 
which is known as ‘amorphous solid’. These <m> values are 
essential for converting 2-D chain arrangements to 3-D 
network architectures [13] 
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where α, β, γ are the atomic percentage of Ge, Se and Te 

and N represents their respective co-ordination number. 
 

2.3  Characterizations 
XRD measurements (powder XRD) were performed using 

Bruker D8 Advance X-ray powder diffractometer (Cu-Kα, λ = 
1.5406 Å). Jeol 6390LA/ OXFORD XMX N was used for EDS 
analysis. Optical characterizations of finely powdered bulk 
samples were examined using Jasco V 770 UV/VIS/NIR 
spectrophotometer for acquiring solid-state spectrum in diffuse 
reflectance mode (DRS). This spectrophotometer operates over 
the range of 200 nm to 3000 nm with DRS integrating sphere 
diameter of 150 mm and angle of incidence 8°. The Fourier 
Transform Infrared (FT-IR) spectra were recorded using the 
Thermo Nicolet iS50  FTIR spectrometer over the wavelength 
range from 400 cm-1 to 4000 cm-1. The glass transition 
temperature (Tg), an important characteristic of the glass, was 
investigated using a Netzsch DSC 204 F1 Heat flux DSC 
instrument. The samples were heated at a rate of 10°C per 
minute, progressing from 50°C to 300°C under a nitrogen (N2) 
atmosphere. 

  

3.  Results and discussion 
3.1  X-ray diffraction (XRD) 

XRD is a technique used to analyse amorphous nature of 
materials. XRD patterns reveal a broad scattering halo that 
confirms structural disorder in the prepared glassy alloys [14].  
The non-crystalline XRD profiles exhibit prominent stepped 
humps at two specific angular ranges. The first and more 
pronounced hump appears between 2θ = 15 to 35 degrees, 
while a smaller, less intense hump is observed from 45 to 55 
degrees. These features are attributed to the amorphous nature 
of the glass substrate used in the study [15, 16]. 

 

 
Figure 1: X-ray diffraction pattern of Ge20Se60Te20-xSbx (x = 0, 5, 10, 

15) glass compositions. 
 

3.2  Energy-dispersive X-ray spectroscopy (EDS) 

EDS is a technique mostly used for the qualitative and 
semi-quantitative analysis of the sample. The elemental 
composition of these samples were confirmed to be similar to 
that of nominal composition from Figure 2. The proposed 
composition and actual composition is given in Table 1. 

 
3.3  Diffuse reflectance spectroscopy (DRS) 

The suitability of these materials for various applications 
is evaluated based on their unique characteristic, such as the 
bandgap energy (Eg). When light interacts with the powdered 
sample, a portion is reflected from the surface, while the rest 
penetrates inside and disperses. The absorption of light at 
specific wavelengths and the measurement of the scattered 
reflected light yield the diffuse reflectance spectrum [17, 18]. 
A graph is plotted where energy (E) is along the x-axis, and 
��(�) × ���.�along the y-axis, where F(R), known as the 
Kubelka-Munk function, is given by 
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Here k represents the absorption coefficient, R denotes the 

absolute reflectance, and s indicates the scattering coefficient. 
 
 



 

Figure 2: EDS spectrum of 
(c) Ge20Se60Te

Table 1: Experimental composition obtained from EDS measurement
Material 

Ge 
Ge20Se60Te20 20 

Ge20Se60Te15Sb5 20 
Ge20Se60Te10Sb10 20 
Ge20Se60Te5Sb15 20 

By extrapolating the linear portion of the graph to 
we can estimate the bandgap (Eg) of the material. The 
reflectance spectrum of the glasses of various compositions in 
Figure 3 shows that there is an increase in reflectance as Sb 
content increases and also there is a shift in the band tail to 
lower wavelength region. As the amount of Sb increases at the 
expense of Te, there is a reduction in the concentrat
Te (33 kcal/mol) and Se–Se (44.04 kcal/mol) bonds, while Se
Sb (43.98 kcal/mol) and Sb–Te (31.65 kcal/mol) bonds become 
more prevalent. This shift results in an overall higher average 
bond energy within the glass matrix, which can be effectively 
understood through the covalent bond model. This change is a 
potential explanation for the observed increase in the bandgap 
[2]. 

 

RP 

EDS spectrum of (a) Ge20Se60Te20, (b) Ge20Se60Te15Sb5 ,  
Te10Sb10 , (d) Ge20Se60Te5Sb15 bulk powder samples. 

 
Experimental composition obtained from EDS measurement 

Target Composition 
At% 

Actual Composition 
At% 

 Se Te Sb Ge Se Te Sb 
 60 20 0 17.1 60.42 22.5 0 
 60 15 5 20.9 59.21 15.45 4.47 
 60 10 10 16.86 60.8 11 11.33
 60 5 15 19.66 57.07 5.47 17.82

 
By extrapolating the linear portion of the graph to k = 0, 

) of the material. The 
reflectance spectrum of the glasses of various compositions in 

3 shows that there is an increase in reflectance as Sb 
content increases and also there is a shift in the band tail to 

As the amount of Sb increases at the 
expense of Te, there is a reduction in the concentration of Te–

Se (44.04 kcal/mol) bonds, while Se–
Te (31.65 kcal/mol) bonds become 

more prevalent. This shift results in an overall higher average 
bond energy within the glass matrix, which can be effectively 

covalent bond model. This change is a 
potential explanation for the observed increase in the bandgap 

 

Figure 3: (a) DRS spectrum of Ge20Se60

powder samples
(b) shows the optical bandgap determined using Kubelka and 

function. 
 

Table 2: Variation of coordination number, optical bandgap and 
transition temperature with increase in Sb content

 

Sample  <m> Eg 

Ge20Se60Te20 2.4 1.04

Ge20Se60Te15Sb5 2.45 1.08

Ge20Se60Te10Sb10 2.5 1.09

Ge20Se60Te5Sb15 2.55 1.10
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11.33 
17.82 

 
60Te20-xSbx (x = 0, 5, 10, 15) 

powder samples;  
b) shows the optical bandgap determined using Kubelka and Munk 

Variation of coordination number, optical bandgap and 
transition temperature with increase in Sb content 

 (eV) Tg (°C) 

1.04 105.4 

1.08 163.0 

1.09 197.0 

1.10 251.2 
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3.4  Differential scanning calorimetry (DSC) 

DSC quantifies the heat energy exchanged by a system 
relative to temperature changes. In DSC, glass powder 
undergoes heating within a sample pan, and the heat exchanged 
is compared with an adjacent empty reference pan. This 
comparison reveals any phase transitions occurring within the 
sample, detected by differences in heat flow between the two 
pans [19]. Glass transition temperature, Tg, the temperature at 
which transition occurs from rigid solid to supercooled liquid 
state, is denoted as the inflection point of the DSC thermogram 
[20]. As the atomic percentage of Sb is increased in the Ge-Se-
Te-Sb glass system, Sb tends to preferentially bond with Se 
because the bond energy of Sb-Se exceeds that of Sb-Te. 
Consequently, the proportion of Se-Se bonds decreases, while 
the number of Sb-Se bonds increases with higher Sb content 
[21]. The addition of Sb which is more coordinated than Te, 
increases the networking within the glass matrix resulting in 
the increase in transition temperature. In Figure 4, the increase 
in transition temperature is observable with the increase in the 
percentage of Sb added. 

 

 

 

 

 
 

Figure 4: DSC Thermogram of (a) Ge20Se60Te20; (b) Ge20Se60Te15Sb5; 
(c) Ge20Se60Te10Sb10; (d) Ge20Se60Te5Sb15 bulk powder samples. 

 
3.5  Fourier transform infrared spectroscopy (FTIR) 

FTIR provides information about the vibrational spectra of 
different molecular species present in a material. FTIR data 
cannot provide structural information on chalcogenide glasses, 
instead, it is used to identify the impurities present in the 
sample. All the compositions exhibit high infrared 
transparency, though they may include some impurity 
absorption bands. In the FTIR spectra recorded the primary 
source of impurity absorption is hydrogen, with absorption 
bands at 3236.36 cm-1, 3507.4 cm-1, and 3587.4 cm-1 

corresponding to molecular H₂O, while the band at 3470 cm-1 
is attributed to OH groups attached to the glass network 
[22,23]. In our samples, these two bands merge to form a broad 
peak around 3470 cm-1. The absorption peak at 1637.2 cm-1 
indicates H-O-H scissor bending. Additionally, a small 
absorption dip observed at 2853.6 cm-1 and 2923.07 cm-1 is 
characteristic of the C-H bond [24]. 

 

 
Figure 5: FTIR spectrum of Ge20Se60Te20-xSbx (x = 0, 5, 10, 15) glass 

compositions. 
 

5.  Conclusions 
Ge20Se60Te20-xSbx (x = 0, 5, 10, 15) glasses were 

synthesized by melt quench method. XRD pattern confirmed 
the amorphous nature and FTIR spectrum showed that these 
glasses were IR transparent. EDS analysis ensured that the 
glasses were similar to nominal composition. Increase in 
optical band gap was observed from diffuse reflectance 
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spectrum. There was an increase in Tg considerably with the 
addition of Sb because higher co-ordination of Sb increases 
network of bonds. Studies prove the tunability of physical and 
optical properties such as average co-ordination, Eg and Tg with 
addition of Sb addition, which can be exploited for various 
photonic applications. 
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