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Abstract
The quaternary glass system 60TeO2-(25−x)Bi2O3-15B2O3-xKCl has been prepared by 
the melt-quenching process with x ranging from 0 to 20 mol%. X-ray diffraction patterns 
confirmed the amorphous nature of the synthesized glasses, showing no sharp crystalline 
peaks. The techniques field emission scanning electron microscopy and energy disper-
sive X-ray spectroscopy provide information about the surface morphology and elemen-
tal composition of the synthesized glass system, respectively. Physical parameters such as 
density, molar volume, ion concentration, interionic distance, polaron radius, and cation 
field strength were calculated to determine structural stability. Density and molar volume 
both decrease with an increase in KCl content. Oxygen packing density decreases with 
increasing KCl concentration, indicating a rise in non-bridging oxygen atoms. Using dif-
ferential scanning calorimetry, the glass transition temperature (Tg) was calculated. Its 
value is found to decrease as the KCl content increases. FTIR and Raman spectra indicate 
the transformation of TeO4 units into TeO3 units and BO4 units into BO3 units with an 
increase in KCl content. The diffuse reflectance spectra method is used to study optical 
parameters such as optical band gap, cut-off wavelength, Urbach energy, refractive index, 
and metallization criteria. The optical indirect band gap energies (Eopt) range from 2.78 to 
3.31 eV and are calculated by applying Tauc’s relation. On the other hand, the values of 
the urbach energy (EU) vary from 0.289 to 0.183 eV, indicating disorderliness or defects 
in the glass samples decrease with increasing KCl content. The synthesized glasses can be 
considered for non-linear optical applications since their metallization criterion (M) values 
ranged from 0.373 to 0.407. The dielectric parameters of the glasses were calculated on a 
frequency scale of 10–1 to 106 Hz by varying the temperature from 453 to 553 K. Dielectric 
analysis of the as-prepared glasses shows the non-Debye type behavior.
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1  Introduction

Tellurite glasses are distinguished by their promising optical characteristics which include 
good transmission in the infrared region, superior thermal stability, chemical resistance, 
broad range of homogeneity, low melting point, high linear and non-linear refractive indi-
ces, and low melting temperatures (El-Mallawany and El-Mallawany 2001; Alshamari 
et al. 2023; Poria et al. 2024). These qualities make them useful for various applications 
including UV-induced photo-optical switches, refractive gratings, and optical fiber ampli-
fiers (Kundu et al. 2014; Rammah et al. 2019). It is known that B2O3 is a glass former that 
forms glass very well, even at normal quenching rates. The structure of pure vitreous B2O3 
is composed of a disordered pattern of boroxyl rings and BO3 triangular units connected 
by B–O–B bonds (Al-Ghamdi et  al. 2021). Low melting temperatures, excellent clarity, 
and resistance to devitrification are characteristics of boro-tellurite glass networks (Alo-
raini et  al. 2021). The presence of BO3, B3O6, and TeO4 structural units that impact the 
distances between Te–O, Te–Te, O–O and B–O bonds were identified during the structural 
investigation of a binary B2O3–TeO2 glass system (Saddeeka et  al. 2018; Elkhoshkhany 
and El-Mallawany 2015). Bismuth oxide (Bi2O3) has attracted a lot of attention due to its 
applications in optical and optoelectronic devices, thermal and mechanical sensors, reflect-
ing windows, and other domains (Kashif et al. 2018; Abdelghany et al. 2024; Gupta et al. 
2017). These oxide glasses are appropriate for nonlinear optical applications because of the 
low field strength and strong polarizability of the Bi3+ ions. Because bismuth oxide has a 
low field strength of Bi3+ ions, it is rarely regarded as a network growing in isolation. How-
ever, over a comparatively wide composition range, glass production becomes viable when 
combined with B2O3 (Berwal et al. 2017, 2015).

Alkali ions, such as K, Na, and Li can be added to tellurite glass to lower its melt-
ing point, weaken its bonds, and reduce network connectivity. In contrast, tellurium oxide 
(TeO2) the conditional glass-former, often does not transition into a glassy state alone as 
a pure oxide due to the specific mechanism by which tellurite glasses form Sidkey and 
Gaafar 2004; Lee et  al. 2008. As a result, adding alkali ions to tellurite-based glasses 
increases their ability to form glass, resulting in the formation of (NBO) sites and lower-
ing the average coordination number (Ersundu et al. 2017). When alkali ions are injected, 
they significantly improve the optical characteristics of glasses, particularly those contain-
ing heavy element oxides (Bahgat and Abou-Zeid 2001). Hussein et al. 2022 examined the 
impacts of incorporating alkali ions, such as KCl, and assessed their effects using an opti-
cal spectroscopic examination of the tellurite glass system. The optical spectra of the Eu3+ 
ion doped in ZnCl2–BaCl2–KCl glasses have been examined by Annapurna et  al. 2002. 
Wang et al. 2013 synthesized a novel variety of tellurite glasses doped with Yb3+ and com-
posed of TeO2, K2O, ZnO, and Al2O3 displaying exceptional thermal stability and a high 
emission cross-section.

The present study’s novelty emphasizes the importance of this glass composition in a 
wide range of technical applications, such as optical fibers, design laser devices, IR technol-
ogies, thermal image guides, optoelectronics, telecommunications, and non-linear optical 
materials. Many researchers have examined the optical, thermal, and structural attributes of 
tellurite glass matrices in a variety of compositions, including: K2O–WO3–TeO2 (Ersundu 
et al. 2017), K2O–Na2O–TeO2 (Bahgat and Abou-Zeid 2001), GeS2–Ga2S3–KCl (Haizheng 
et al. 2004), TeO2–K2O–Nb2O5 (Tolga Gorgulu et al. 2012), K2O–TeO2 (Akagi et al. 1999), 
GeS2–In2S3–KCl (Haizheng et al. 2006), K2O–TeO2–WO3–B2O3 (Edukondalu et al. 2019), 
TeO2–V2O5–K2O (Farahmandjou and Salehizadeh 2013), K2O–Na2O–Nb2O5–TeO2 (Jeong 
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et al. 2006). These investigations provide valuable insights into the structural arrangement, 
dielectric properties, and optical behavior of tellurite glasses with these specific composi-
tions. This work aims to explore the effects of KCl on the structural, optical, and dielectric 
features of 60 TeO2-(25−x)Bi2O3-15B2O3-xKCl glasses, as no prior research has been pub-
lished on these glass systems.

2 � Experimental

The glass compositions examined in this work are of the following form 60TeO2-(25−x)
Bi2O3-15B2O3-xKCl (x ranging from 0 to 20  mol%). The composition of the materials 
used and the corresponding codes for the prepared samples are given in Table 1. As the 
concentration of KCl in the composition increases, a corresponding component of Bi2O3 
is eliminated from the glass sample. The melt-quenching method was used to synthesize 
these samples. The required amounts of B2O3 (99.9%), Bi2O3 (99.98%), TeO2 (99%), and 
KCl (99%) of Analar grade were mixed until a finely powdered combination was obtained.

The mixtures were put in porcelain crucibles within an electrically heated furnace operat-
ing under normal atmospheric conditions for an hour at a temperature of between 800 and 
840 °C to ensure the homogeneity of the molten mixture. After quickly pouring the molten 
liquids into stainless steel plates, they were allowed to cool naturally to room temperature. 
The following step involved annealing the glass samples, which is a two-hour process that 
entails heating them to 200 °C and then lowering them gradually to room temperature. Reduc-
ing internal mechanical stress was the goal of the annealing procedure. Following this, the 
glass samples were carefully cut and polished to produce pieces that had two parallel surfaces, 
which made optical measurements simpler. By applying the Archimedes principle, the density 
of the glasses was precisely calculated to within ± 0.001. This required using xylene (0.86 g/
cc) as the buoyant liquid. X-ray diffraction (XRD) investigations utilizing a Rigaku table-top 
system and CuKα radiation confirmed the amorphous character of the glasses. With a step 
size of 0.02°, the diffractometer was calibrated to cover 2θ angles between 20° and 80°. The 
prepared samples’ glass transition temperature was ascertained through the use of differential 
scanning calorimeter (DSC) analysis. This is done by differential scanning calorimeter model 
discovery 25/TA instruments waters at a heating rate of 20 °C/min and a specified range of 
50 °C to + 500 °C are used to separate complex thermal events as well as possible. field emis-
sion scanning electron microscopy (FESEM) makes it easier to observe materials in extremely 
fine detail i.e. high resolution and with adequate focus across a wide range of specimen sur-
faces. Clear images of specimens ranging from things visible to the unaided eye to structures 
spanning a few nanometres were recorded with the FESEM device SU8010 series made by 
Hitachi, Japan. Energy-dispersive X-ray (EDX)-7200 analyzers are used to determine ele-
ments and provide their quantitative compositional data. FTIR spectrometer modal spectrum 
two perkin elmer with a wavelength range 4000–400 cm−1 was used to record the FTIR spec-
tra of the prepared glass samples. The FTIR spectra of the examined glass samples showed 
broad peaks made up of several overlapping peaks. The glass samples are fully mixed with 
dry KBr before being shaped into pellets under 8–10 tones of pressure, ensuring accuracy 
and repeatability in IR spectrum measurements. An analytical method called Raman spectros-
copy uses scattered light to quantify a sample’s vibrational energy modes. Raman spectra was 
recorded using WITec’s Alpha 300 Raman spectrometer having laser ranging wavelengths 
from 532 to 785 nm and a scanning range 4000–100 cm−1. Diffuse reflectance in UV-Vis is a 
popular and fundamental spectrophotometric method for analyzing powdered glass samples. 
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The basic principle behind a diffuse reflectance spectrometer is to collect diffusely reflected 
light and then use a spectrometer to examine its spectrum. A UV-VIS-NIR double-beam spec-
trophotometer (Shimadzu UV-1601) with a wavelength range of 200–1000 nm was used to 
record the transmission spectra.

3 � Results and discussions

3.1 � Physical properties

Using the Archimedes method, the density (ρ) of the glass samples was determined at room 
temperature. xylene was used as the immersion fluid (Rani et al. 2018a).To minimize error, 
the ρ of every glass sample was ascertained by utilizing three distinct pieces, and a mean 
value was considered. The density readings values are accurate to within ± 0.001 g/cm3. The 
glass samples were measured twice: once in the immersion liquid (WL) which has a density 
of ρa = 0.865 g /cm3 and once in the air (Wa). The following formula was used to calculate the 
glasses’ density (Ahamad and Varma 2006):

The kind of glass structure, the percentage of constituent elements, and the molecular 
weight all affect the density of prepared glasses. The density of the glass samples decreases 
with increasing KCl content as indicated in Table  1. This decrease could be explained by 
the fact that the density of Bi2O3 (bismuth(III) oxide) is larger (8.90 g/cm3) than that of KCl 
(1.984 g/cm3). The addition of KCl to the present glass system may partially replace the bis-
muth oxide. Through the breakdown of new bonds, the addition of KCl to the glass upsets the 
existing network structure. Breaking of connections like the Te–O–Te bond results from this 
disruption, which creates extra oxygen atoms with a single link to the glass network. Dopant 
materials such as KCl bring an increase in the amount (NBO) in the glass structure. The pres-
ence of NBOs helps the glass structure’s free space to expand (Kundu et al. 2013; Rani et al. 
2018a).

Molar volume (Mv) and crystalline volume (Cv) has been computed using Eqs. (2 and 3), 
which can be found in the published work (Berwal et al. 2017):

(1)ρ = ρ
a ×

Wa

Wa−WL

(2)MV =

∑
i ximi

�

Table 1   Glass compositions and 
density

Glass samples code Composition (mol%) Density 
(ρ ± 0.001) 
(gm/cm3)TeO2 Bi2O3 B2O3 KCl

TBK0 60 25 15 0 6.127
TBK5 60 20 15 5 5.822
TBK10 60 15 15 10 5.489
TBK15 60 10 15 15 5.057
TBK20 60 5 15 20 4.556
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where the molecular weight of the ith component is mi, the molar proportion is xi, and 
the sample density is ρ. The molar volume of the prepared glass samples decreases with 
the systematic replacement of Bi2O3 by KCl. This can be because of the smaller bond 
length and ionic radii of B2O3 and KCl as compared to Bi2O3. The smaller dimensions of 
B2O3 and KCl result in a reduction of the excess free volume within the glass matrix, thus 
decreasing the overall molar volume of the glass sample. Similar types of behavior in the 
molar volume have been observed by other researchers (Kundu et al. 2013, 2014).

such as yi is the ith component, these values indicate the volume occupied by one mole of 
each substance in its crystalline form. The relationship between Mv and Cv is significant for 
characterizing glassy materials. When the molar volume of a glass Mv exceeds its crystal-
line volume Cv (Fig. 1) it suggests the presence of excess structural volume within the glass 
sample. The calculated values of Mv and Cv are shown in Table 2. This excess volume is 

(3)CV =
∑
i

xiyi

Fig. 1   Variation of density, Mv, and Cv with KCl concentration (mol%) of 60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass series

Table 2   Physical parameters of 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass series

Parameters TBK0 TBK5 TBK10 TBK15 TBK20

Mv (cm3/mole) 36.348 34.891 33.442 32.426 31.694
Cv (cm3/mole) 34.073 33.335 32.595 31.856 31.118
OPD (gm-atm/l) 66.03 64.48 62.79 60.14 56.79
Tg (°C) 376 332 324 310 302
Ni × 1021 (ions/cm3) 0 0.86 1.80 2.79 3.80
Ri × 10–7 (cm−1) 0 1.050 0.822 0.711 0.641
RP × 10–8 (cm−1) 0 4.233 3.312 2.864 2.582
Fc × 1015 (cm−2) 0 0.106 0.173 0.232 0.285
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a characteristic feature of glassy materials and distinguishes them from their crystalline 
counterparts (Kundu et al. 2014).

To determine how dense the oxide network is, glass samples’ oxygen packing density 
(OPD) is computed and given by the relation (Ersundu et al. 2017).

The number "n" at this place denotes the quantity of oxygen molecules in a formula 
unit. M represents the molecular weight of the sample. When KCl is added to the glass 
composition, chlorine atoms substitute for oxygen atoms in the oxide network. Since chlo-
rine is replacing oxygen, the number of oxygen atoms decreases in the glass samples. This 
reduction in oxygen content leads to a less densely packed oxide network, resulting in a 
decrease in OPD values as shown in Table 2 (Berwal et al. 2015).

Equation (5) is used to measure the ionic concentration (Ni) . The entry of the dopant 
KCl into the glass network causes a rise in the ionic concentration (Ni) as shown in Table 2 
(Ibrahim et al. 2022).

Equation (6) can be used to estimate the positive correlation between molar volume and 
interionic distance (Ri) (Rani et al. 2023).

Polaron radius (RP) computed by using the Eq. (7) (Abdelghany et al. 2024; Kaushik et al. 
2023).

A larger cation field strength (Fc ) computed using Eq. (8) (McGlashan et al. 2024)

Table 2 appears to provide an overview of the different computed values for Ni , polaron 
radius (RP) , interionic separation (Ri) and cation field strength (Fc ). Ri and RP perhaps 
relate to particular traits or attributes of the glass substance. This drop-in Ri and RP val-
ues is thought to be caused by an increase in polarizability brought on by the higher K+ 
ion content linked to the elevated KCl level. The ability of atoms or ions in a material to 
produce induced dipoles in response to an electric field is known as polarizability. More 
polarization within the glass system is caused by a greater cation field strength (Fc ) (Ibra-
him et al. 2022; Rani et al. 2023; Kaushik et al. 2023; McGlashan et al. 2024).

(4)OPD = 1000 ×
n × density

M

(5)Ni =
� × NA × (Mol % of dopant)

Molar weight

(6)Ri =

(
1

Ni

) 1

3

(7)RP =
1

2

(
�

6Ni

) 1

3

(8)Fc =

(
Z

R2
P

)
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3.2 � Thermal properties

For investigating the thermal behavior of the materials, Glass transition temperature (Tg) is 
measured using differential scanning calorimetry (DSC) at temperatures ranging from 50 to 
450 °C (Al-Ghamdi et al. 2021). Using this technique, consistent heating of powdered glass 
samples is carried out while the temperature-dependent heat flux into and out of the sam-
ple is observed. The glass transition temperature (Tg) was estimated from the minima that 
occurred in the graph of dH/dT versus temperature. This temperature indicates the point 
at which the material begins to transition from a glassy to a rubbery state. (Hussein et al. 
2022). The DSC plots of the synthesized glass samples are shown in Fig. 2 and the associ-
ated values of Tg are tabulated in Table 2. The observed Tg values may vary depending on 
the heating rate of 5  °C/min utilized in the DSC investigation. A slower rate of heating 
makes it possible to determine Tg more precisely because it gives the material enough time 
to proceed through the glass transition without being affected by kinetic effects (Kundu 
et al. 2014). Researchers demonstrated that treating tellurite glasses with alkali ions such as 
K, Na, and Li reduces network connectivity while strengthening connections. This causes 
Tg to decrease as KCl increases (Ersundu et al. 2017). However, Tg additionally represents 
the glass network’s connection and binding strength. Moreover, Tg usually falls off as the 
glass’s connection and bond strength decline (Edukondalu et al. 2019). A gradual increase 
in the concentration of non-bridging oxygen (NBO) atoms is implied by the reduction in Tg 
with increasing KCl content. The addition of KCl causes structural alterations that result 
in a less densely packed and more flexible glass network. The correlation between Tg and 
oxygen packing density (OPD), is depicted in Fig. 3. In tellurite glasses with high TeO2 
concentration, the fundamental structural units consist of TeO4 trigonal bipyramids. These 
units feature a lone pair of electrons occupying one of the equatorial positions, and most 
tellurium atoms are connected at their vertices through a lone pair of electrons (Lee et al. 
2008). The Te–Oeq and Te–Oax bonds are weakened, and the TeO4 trigonal bipyramid net-
work disintegrates upon the addition of an alkali ion to tellurite glass. This results in the 
emergence of non-bridging oxygen (NBO) atoms in both the Te–Oeq and Te–Oax connec-
tions (Akagi et al. 1999). Tellurite-based glasses with an alkali ion as a modifier experi-
ence a structural change in the coordination polyhedron as a result of the variation in KCl 

Fig. 2   DSC patterns of 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system
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content (Sidkey and Gaafar 2004; Hussein et al. 2022). Tellurite glasses produce four and 
three-coordinated tellurium polyhedra at the same time. TeO4 polyhedra change into TeO3 
polyhedra due to the action of the alkali ion modifier. This change of the TeO4 trigonal bi-
pyramid into the TeO3 trigonal pyramid increases with the alkali ion modifier increase. The 
extra TeO3 trigonal pyramidal groups’ electron pairs do not get along well with one another 
(Poria et al. 2024; Wang et al. 2013).

3.3 � Structural properties

3.3.1 � XRD

By analyzing the XRD patterns, gain valuable insights into the crystalline or non-crystal-
line nature of the material. The generated glasses’ amorphous or non-crystalline nature is 
confirmed by the XRD patterns (Fig. 4) which show a wide hump in the 20°–40° region 
for 2θ values. Information regarding the angles at which the sample diffracts X-rays is 

Fig. 3   Variation of Tg and (OPD) 
with KCl content (mol%) for 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system

Fig. 4   XRD patterns of 
60TeO2-(25−x) Bi2O3-15 
B2O3-xKCl glass system
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provided by the scattering angles in the XRD pattern, which are represented by the 2θ 
values. This observation is consistent with the usual structural characteristics of glassy 
materials in which there is a lack of regularity and order in the arrangement of atoms, as 
opposed to crystalline structures (Rani et al. 2018b).

3.3.2 � EDX and FESEM analysis

The high-resolution imaging method known as field emission scanning electron micros-
copy (FESEM) is used to examine a sample’s morphology-the size and form of the par-
ticles as well as its topography at a resolution of nanometers. When used in conjunction 
with energy dispersive X-ray spectroscopy (EDX) any object’s elemental makeup can be 
revealed under investigations in addition to its distribution. The element composition of a 
region as small as a few nanometer diameters can be studied using EDX elemental com-
position, which can be quantitatively reported as weight % or atomic percentage (Abdel-
hameed et al. 2019; Sekhar et al. 2020). Figures 5 and 6 display the EDX spectrum and the 
FESEM image of the TBK10 glass surface respectively. The flawless and uniform surface 
seen in the TBK10 glass’s FESEM image confirms the material’s amorphous structure as 
well as supports the results of other analytical methods like X-ray diffraction. The elemen-
tal plots of the substance under examination can be learned a great deal from the (EDX) 
spectrum displayed in Figs. 5 and 7, as well as the accompanying bar chart that shows the 
weight percentage of each element. Tellurium (Te), potassium (K), bismuth (Bi), chlorine 
(Cl), and oxygen (O) are among the elements that can be found in the spectrum. Tellu-
rium (Te) is the major element in the material’s composition, as indicated by its higher 
weight % when compared to other elements in the EDX analysis. This is consistent with 
the composition that is expected for tellurite glasses, where tellurium usually makes up a 
sizable component of the glass matrix. Chlorine (Cl) is comparatively low in weight per-
centage, indicating that its abundance is lower than that of other elements. Cl comprises 
only 0.54 mol% of the composition, according to the EDX study, which explains the low 
weight percentage seen in the bar chart (Fig. 7).

Fig. 5   EDX spectra showing elemental maps of the components in the 60 TeO2-15 Bi2O3-15B2O3-10KCl 
glass samples
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3.3.3 � FTIR analysis

In FTIR analysis, molecules absorb infrared radiation at specific frequencies leading to 
characteristic absorption bands in the spectra. These absorption bands reveal the samples 
under analysis of molecular structure and functional groups. The FTIR spectra obtained for 
the glass system are generally represented graphically (Fig. 8) which shows the strength 
of absorption as a function of wavenumber (frequency) in the 400–1500  cm−1 range at 
room temperature. The spectra’s broad bands are divided into several symmetrical Gauss-
ian bands by deconvolution. Specialized software such as Origin helps to fit the experi-
mental data with Gaussian functions to resolve overlapping peaks and extract relevant 
information about the composition and structure of the glass material. The distribution 
of these peaks and their associated characteristics are shown in Fig. 9, which shows the 

Fig. 6   FESEM image of 
60TeO2-15Bi2O3-15 B2O3-10KCl 
a glass sample

Fig. 7   EDX bar chart dis-
playing the percentage 
and elements maps of the 
60TeO2-15Bi2O3-15B2O3-10KCl 
glass sample
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FTIR data fitting for TBK15 samples. A detailed list of the peaks seen in the deconvo-
luted FTIR spectra of these samples is given in Table 3. The concentration or abundance 
of particular functional groups or molecular species within the sample by calculating each 
peak’s relative area (A). Furthermore, the full width at half maximum (Wh) displays each 
peak’s spectrum resolution and width. In contrast, the peak position (Xp) offers information 
about the nature of molecular vibrations connected to specific structural motifs or chemical 
interactions. Table 4 is a reference for comparing observed band placements in FTIR spec-
tra to their matching infrared (IR) band assignments. The IR spectra show four primary 
bands in the ranges of 415–480 cm−1, 500–800 cm−1, 873–916 cm−1, 916–1185 cm−1 and 
1209–1444 cm−1 across all glass series.   

Fig. 8   FTIR spectra of 
60TeO2-(25−x) Bi2O3-15 
B2O3-xKCl glass system

Fig. 9   Deconvo-
luted FTIR spectra of 
60TeO2-10Bi2O3-15B2O3-15KCl 
glass system
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The detection of an IR band between 414 and 480 cm−1 in all glass samples, is attribut-
able to stretching and bending vibrations with symmetry of Te–O–Te connections (Kundu 
et al. 2016). A common structural motif in these glasses is revealed by the occurrence of 
infrared peaks in the 500–800 cm−1 spectral region in all glass samples which are attrib-
utable to the presence of tellurium dioxide (TeO2) acting as the major framework mate-
rial (Dhankhar et al. 2016). Peaks in the infrared (IR) spectrum at 572–592 cm−1 indicate 
anti-symmetric stretching vibrations of tellurium–oxygen (Te–O) bonds within TeO4 struc-
tures (Rani et al. 2018b). The IR band at 619–654 cm−1 may be due to symmetry stretch-
ing vibration Te–O bonds in the arrangement of oxygen and tellurium atoms in the TeO4 
and TeO3 structural units (Berwal et al. 2015). The occurrence of an IR band between 683 
and 739 cm−1 may be attributed to Te–O (non-bridging) stretching vibrations in the TeO3 
trigonal pyramids (tp) structural units (Bahgat and Abou-Zeid 2001). The TeO3 and TeO6 
structural units’ stretching vibrations, which are non-bridging, may be linked to the infra-
red band seen at approximately 753–781 cm−1 (Ersundu et al. 2017). The peaks observed 
at 683 cm−1 and 753 cm−1 for sample x = 0 (TBK0) indicate a little shift towards a higher 
wavenumber as the KCl content increases. In addition, even as the peak TeO4 intensity 
at roughly 650  cm−1 improves, there is an apparent rise in the intensity of the TeO3 and 
TeO3+1 peak within the range of 683–739  cm−1. The reason for this shift can be attrib-
uted to the transformation of TeO4 units into TeO3 and TeO3+1 units, leading to an overall 
increase in the quantity of TeO3 units within the glass network.

The symmetrical stretching vibration of the bismuth-oxygen (Bi–O) bonds inside 
the BiO3 units explains the shoulder-shaped peak observed in each glass sample at 
873–916 cm−1 (Gupta et al. 2017). It indicates the presence of Bi3+ ions with non-bridging 
oxygen in the form of [BiO]− defects in all glass compositions. The infrared band observed 
in the 916–1185  cm−1 range has been connected to the B–O stretching vibrations within 
tetrahedral BO4 units (Al-Ghamdi et al. 2021). For x = 15 (TBK15), the three component 
peaks that comprise this band are located at 989, 1031, and 1098  cm−1. The stretching 
vibrations of the boron–oxygen (B–O) bonds within the BO4 units, which originate from 
di-borate groups, ultimately establish this infrared (IR) peak at 989  cm−1 (Rani et  al. 
2018a). A shift to 981  cm−1 in the peak’s center has been observed, and this movement 
is associated with a substitution of KCl in place of Bi2O3. This observation implies that 
the presence of KCl raises the number of BO4 units inside the glass network. Peaks at 
1031 cm−1 and 1098 cm−1 in the infrared (IR) spectrum are caused by the stretching vibra-
tions of boron–oxygen (B–O) bonds inside tri-, tetra- and penta-borate units inside the BO4 
unit (Rammah et al. 2019).

It has been noted that the center of these peaks shifts to lower wavenumbers with 
decreasing Bi2O3 content. The band found in the 1200–1500  cm−1 range is thought to 
be caused by the B–O stretching vibrations bonding in the BO3 trigonal structural units 
(Saritha et al. 2008). The B–O stretching vibrations for the boroxol rings inside the trigo-
nal BO3 units can be linked to the wide range of component peaks that ranged from 1209 
to 1282  cm−1 (Singh et al. 2014). The peaks observed in the 1328–1444  cm−1 range are 
caused by the stretching vibrations of trigonal BO3 units, which are found in the orthobo-
rate, pyroborate, and metaborate groups (Thakur et al. 2016). The peak found at 1282 cm−1 
in the glass TBK0 sample has been seen to shift to 1232 cm−1 as KCl concentration rises. 
This alteration suggests a little conversion of BO3 trigonal units into BO4 tetrahedral units. 
The peak at 1432 cm−1 shifts to lower wavenumbers, which suggests that there are more 
BO3 units present.

An FTIR analysis reveals no vibrational modes associated with K+ cations. These results 
imply that K+ ions occupying modifier sites within the glass network are progressively 
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growing so K+ cations may function as network modifiers. The amount of TeO4 groups 
decreases in proportion to an increase in KCl concentration. This is because certain TeO4 
structural units change into TeO3 units, which lowers the bismuth concentration. This dem-
onstrates that NBOs are produced when KCl concentration rises (Al-Ghamdi et al. 2021; 
Lee et al. 2008). Bismuth is present in all samples as BiO3 pyramidal structural units. The 
breakdown of specific six-membered boroxol units structural arrangements made up of 
both trigonal BO3 and tetrahedral BO4 units is observed. The FTIR spectra are consist-
ent with the glass transition temperature (Tg), implying that the addition of KCl may have 
introduced structural defects and unpredictability into the glass system.

3.3.4 � Raman analysis

Figure 10 depicts the Raman spectra of the glass samples which reveal many bands cor-
responding to different vibrational modes. These spectra’s deconvolution assists in locat-
ing particular vibrational modes and the accompanying Raman shifts. A deconvoluted 
spectrum for the glass sample 60TeO2-(25−x)Bi2O3-15B2O3-xKCl is shown in Fig.  11. 
Because glasses are non-crystalline, there is likely intrinsic structural disorder, as indicated 
by the growing range of peaks seen in the spectra of all the glass samples. Tables 5 and 
6 provide detailed information on the band placements, their corresponding Raman band 
assignments, and values such as whole width at half maximum (Wh), amplitude (A), and 
peak position (Xp). These details are crucial for understanding the structural characteristics 
and behavior of the glass system under study.

Two main groups may be identified from the Raman spectra obtained in the range of 
100–1600 cm–1; the cations of heavy metals are represented by those below 650 cm–1, while 
the borate network is represented by those above 650  cm–1 (Dhankhar et  al. 2016). The 
Raman spectra are composed of five peaks at approximately 80–181 cm−1, 260–380 cm−1, 
403–444  cm−1, 496–570  cm−1 and 608–635  cm−1 while three strong peaks at approxi-
mately 660–672  cm−1, 745–761  cm−1 and 854–895  cm−1 respectively. The peak of the 
Raman spectra observed at 80–181  cm−1 is associated with the acoustically-like vibra-
tional modes that are linked to the organized micro-regions within the glass (Kundu et al. 
2016). The band observed at about 260–318  cm−1 is caused by the Bi–O unit vibrations 

Fig. 10   Raman spectra of 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system
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that are present in both BiO6 and BiO3 configurations (Singh et al. 2014). The prominent 
peak observed at 329–380 cm−1 in the spectra is attributed to stretching vibrational modes 
of Bi–O–Bi movements in deformed BiO6 octahedral units (Kundu et al. 2014). The peak 
shifts towards the higher wavenumber side and becomes less prominent as the amount 
of KCl in the glass matrix increases. TeO2-rich TeO3 pyramids and TeO4 bipyramids are 
organized in a trigonal pattern. The main cause of the stretching vibrations observed in 
tellurite glasses is the structural units of TeO4 and TeO3. Asymmetric stretching and bend-
ing vibration resulting from the corner sharing of TeO3+1 polyhedral, TeO4, and TeO3 
units with the Te–O–Te connections may be the cause of the Raman signal observed at 
403–444 cm−1 in all glass samples (McGlashan et al. 2024).

Within TeO4 structural units, tellurium atoms with four coordination exhibit Raman 
peaks between 496 and 570 cm−1 in all glass samples (Wang et al. 2013). These peaks 
are most likely the result of Te–O–Te bridges. Furthermore, all glass samples exhibit 
a Raman band with a wavelength between 608 and 635 cm−1 which is associated with 
the symmetry stretching vibrations of Te–O bonds lying in the axial direction (Te–Oax) 
inside the TeO4 structural groups (Akagi et al. 1999). The Raman band between 660 
and 672  cm−1 is assigned to Te–O stretching vibrations of TeO3 trigonal pyramids 
(Alshamari et  al. 2023). The band’s intensity progressively increases with KCl con-
tent, indicating that TeO4 units undergo a transition to TeO3 units through the TeO3+1 
intermediate coordination. Furthermore, Te–O bending vibrations within the TeO3 and 
TeO6 structural units may have been the source of the Raman band, which was detected 
in all glass samples and had a wavelength ranging from 745 to 761 cm−1 (Sidkey and 
Gaafar 2004). Structure changes inside the glass network account due to the observed 
variations in these peaks which exhibit dramatic intensity shifts from lower to higher 
wavenumbers. This suggests that as KCl levels rise, non-bridging oxygens atoms con-
tribution increases. When alkali oxides, heavy metal, and alkaline earth ions are added 
to TeO2-rich glass compositions, the glass network grows upward, and non-bridging 
oxygen species form. TeO4 structural units are transformed into TeO3+1 polyhedra as 
a result of this inclusion and TeO3 units are also transformed. The metaborate group 
of BO3 triangular units contains B–O–B and B–O vibrational modes, as indicated by 
the peak at 854–895 cm−1 (Rani et al. 2018a). As the concentration of KCl in the glass 

Fig. 11   Deconvo-
luted Raman spectra of 
60TeO2-10Bi2O3-15B2O3-15KCl 
glass system
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matrix rises, these peaks have been observed to shift to the higher wavenumber side 
and to become less intense. Increase in the concentration of KCl in the glass samples 
leads to the conversion of TeO4 structural units into TeO3 structural units. This implies 
that higher KCl concentrations promote non-bridging oxygen contributions (Sidkey 
and Gaafar 2004).

3.4 � Optical properties

3.4.1 � Optical transmittance and absorbance

The diffuse reflectance spectra (DRS) of the TBK glasses in the wavelength range of 
300–800 nm are shown in Fig. 12 and offer important insights into their optical charac-
teristics. One notable finding from the data is that the reflectance rises when potassium 
chloride (KCl) replaces bismuth oxide (Bi2O3) in the glass composition. Materials’ optical 
characteristics, such as their reflectance, absorption, and transmission, are intimately linked 
to their bandgap and electrical structure. The electronic structure and energy levels of glass 
can be affected by the addition of KCl, which may change the material’s optical properties. 
There is a clear correlation between KCl content and reflectivity, as seen by the sample 
with the highest KCl doping (TBK20) showing the highest reflectance and the sample with 
no KCl doping (TBK0) showing the lowest reflection. The diffuse reflectance spectrum 
(DRS) shifts to lower wavelengths with increase in KCl content (Farahmandjou and Sale-
hizadeh 2013). The optical phonon confinement in the glass samples is the reason for the 
rise in reflectivity. The absorbance spectra for each sample, shown in Fig. 13 as α (cm−1) 
vs wavelength, offer crucial information on the optical characteristics of the TBK glasses. 
Values of λc the wavelength cut-off at which absorbance begins provide information on the 
materials’ band gap energy (Eg).Table 7 tabulates the values of the band gap energy (Eg) 
of the glass samples which indicates an increase with KCl concentration. This observation 
indicates that the incorporation of KCl leads to a modulation of the band gap energy of the 
glasses (Takebe et al. 2007). The absorbance spectrum for sample TBK15, with a corre-
sponding cut-off wavelength (λc) of 366 nm, is shown in Fig. 14.

Fig. 12   Reflection spectra of 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system
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3.4.2 � Optical band gap

The Kubelka–Munk function F(R) is a widely used method for analyzing diffuse reflec-
tance spectra (Fig. 12) to determine the optical band gap of materials. For materials with 

Fig. 13   Optical absorption 
spectra of 60TeO2-(25−x)Bi2O3-
15B2O3-xKCl glass system

Table 7   Optical parameters for 60 TeO2-(25−x) Bi2O3-15 B2O3-xKCl glass series

Variable TBK0 TBK5 TBK10 TBK15 TBK20

E1 opt (eV) indirect band gap 2.78 3.07 3.16 3.25 3.31
E2 opt (eV) direct band gap 3.37 3.39 3.43 3.51 3.57
EU (eV) 0.289 0.264 0.245 0.196 0.183
λc (nm) 387 381 372 366 359
N 2.46 2.38 2.35 2.33 2.31
Rm (m3) ⃰ 10–6 22.798 21.221 20.149 19.355 18.801
M 0.373 0.392 0.397 0.403 0.407
�
m

9.047 8.421 7.996 7.680 7.461

Fig. 14   Optical absorp-
tion spectra of 
60TeO2-10Bi2O3-15B2O3-15KCl 
glass system
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strong scattering or high absorbance, like opaque or powdered samples, the Kubelka–Munk 
function is especially helpful. When comparing optical properties to a direct measure-
ment of reflectance, it offers a more realistic depiction by taking into consideration both 
the absorption and scattering of light within the material. The Kubelka–Munk function is 
defined as (Ibrahim et al. 2022).

where S = 2R is the scattering factor, R is the reflectance and K = (1 − R)2 is the molar 
absorption coefficient. When examining a sample’s optical properties, the Tauc plot is a 
helpful tool for figuring out its optical band gap energy (Kaushik et al. 2023).It involves 
plotting the quantity (F(R).h�)1∕r against the photon energy (hv), where F(R) is the 
Kubelka–Munk function, h� is the photon energy, and r is a parameter that defines the 
characteristics of an optical transition typically set to 1/2 or 2. To determine Eg extrapolate 
a tangential line to the h� axis corresponding to the point where (F(R).h�)1∕r = 0 (Kashif 
et al. 2018). This intersection point provides an estimate of the band gap energy Eg of the 
prepared glass samples. This plot demonstrates the band gap energy and the type of optical 
transitions (direct or indirect) in the glass samples is shown in Figs. 15 and 16.

Relationship between optical band gap Eg and absorption coefficient (F(R)hv) in various 
amorphous materials, as shown by Equation (Rani et al. 2023).

The optical band gap energy varies when the KCl content rises from 0 to 20 mol%, 
accompanied by a decrease in the Bi2O3 content, as shown by the Tauc plot in Table 7. 
To be precise, the indirect band gap rises from 2.78 to 3.31 eV, whereas the direct band 
gap rises from 3.37 to 3.57 eV. For different types of optical transitions (direct forbid-
den, indirect forbidden, direct allowed, and indirect allowed), the possible values of r 
are 1/3, 3, 1/2, and 2, respectively. The choice of r depends on the nature of the elec-
tronic transitions occurring in the glasses and B is a constant that is energy-independ-
ent. In many glassy materials, particularly those composed of amorphous structures like 
the ones studied here, the band gaps are often predominantly indirect (Aloraini et  al. 

(9)F(R) =
K

S
=

(1 − R)

2R

2

(10)(F(R)hv) = B
(
hv − Eg

)r

Fig. 15   (F(R)hν)2 as a function 
of photon energy (eV) for the 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system
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2021; Lee et  al. 2008; Edukondalu et  al. 2019; Farahmandjou and Salehizadeh 2013; 
Jeong et al. 2006; Ahamad and Varma 2006).

Some structural alterations inside the glass network may be responsible for the 
increase in the indirect band gap. In comparison with Te–O, Te–Bi, Te–B, and Bi–O 
bonds, when Bi2O3 gets replaced with KCl, the densities of K–Cl, Bi–Cl, B–O and 
B–Cl bonds might increase. In comparison to Te–O (391 eV), Te–Bi (232 eV), Te–B 
(354  eV), and Bi–O (343  eV) bonds, bonds like K–Cl (427  eV), Bi–Cl (305  eV), 
B–O(806 eV) and B–Cl (536 eV) possess substantially greater bond dissociation ener-
gies (Ahlawat et al. 2023; Thanigaiselvan et al. 2015). The optical band gap energies are 
prominence as a function of decreasing bismuth concentration and increasing KCl con-
tent. This is due to the increase in the number density of K–Cl, Bi–Cl, B–O and B–Cl 
bonds with high bond dissociation energy (Poria et al. 2023). This could also account 
for the blue shift in λc values with KCl concentration shown in Table 7. Internal insta-
bility in amorphous materials, such as glasses, can fluctuate unpredictably leading to 
band tailing in the forbidden energy gap.

3.4.3 � Urbach energy and refractive index

The Urbach energy (EU) characterizes the exponential tail of the absorption spectrum 
in the region near the band edge and provides insights into the extent of the degree of 
disorder or structural defects within the material, with higher values indicating greater 
disorder. The function F(R) achieves the same description as the α(v) absorption coef-
ficients. Apply the following calculation (Marzuki et al. 2023).

(11)α(v) = B.exp

(
hv

EU

)

Fig. 16   (F(R)hν)1/2 as a function of photon energy (eV), for the 60TeO2-(25−x)Bi2O3-15B2O3-xKCl glass 
system
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where h is the Planck’s constant and v is the photon frequency. EU is a sample measure of 
disorderliness and is dependent on several variables, including temperature, lattice thermal 
vibrations, average photon energy, ionic bond and static disorder. The graph of the natural 
logarithm of the absorption coefficient (ln(α)) vs photon energy (hv) is shown in Figs. 17 
and 18. Urbach energy (EU) drop from 0.289 to 0.183 eV (Table 7) with increasing KCl 
concentration in TBK glasses. This implies that the disorderliness or flaws in the samples 
decrease with increasing KCl content. The optical bandgap of the material decreases as 
defect levels increase, as evidenced by the rise in Urbach energy. Many researchers have 
reported similar findings for oxide glasses (Karthika et al. 2023; Pandarinath et al. 2016; 
Samee et al. 2013).

The mathematical relationship represented by Eq. (12) enables to computation of the 
refractive index using indirect band gap energy (Eopt) proposed by Dimitrov and Sakka 
(Kundu et al. 2014; Dimitrov and Komatsu 2010).

Fig. 17   Urbach plots for 
60TeO2-(25−x)Bi2O3-15B2O3-
xKCl glass system

Fig. 18   Urbach plots for 
60TeO2-20Bi2O3-15B2O3-5KCl 
glass composition
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The values of the refractive index are tabulated in Table  7. The refractive index 
of the glass samples decreases with increasing KCl concentration. This decrease in 
refractive index indicates a decrease in the density of the glass samples. When select-
ing materials for optical systems that require specific optical properties, it is critical to 
consider the relationship between composition, density, and refractive index (Hussein 
et al. 2022; Edukondalu et al. 2017). The glasses’ polarizability changes as a result of 
this decrease in refractive index.

The molar refractive index (Rm) can be computed using the Lorentz-Lorenz formula 
which is derived from the molar volume (Vm) and refractive index (N) values (Priya 
et al. 2021).

Based on the energy band gap, refractive index, and other properties of oxides, 
Eqs. (14, 15, 16), are used to calculate the metallization criteria (M), molar refractive 
index (Rm) and molar polarizability (αm) (Kundu et al. 2014).

This correlation implies that variations in the sample’s polarizability have an impact 
on their refractive index and molar refraction. Comprehending these correlations is 
essential for forecasting and analyzing the optical characteristics of the glass samples. 
Equation (16) transformed into relation Rm = 2.52αm (αm in Å3), a simple relation con-
necting the molar refractive index to the molar polarizability (Jeong et al. 2006).The 
molar polarizability and refractive index are listed in Table 7. The results show a cor-
relation between the decrease in polarizability and with decrease in refractive index 
and molar refraction values. Glasses with good non-linear optical characteristics have 
metallization criteria values that typically vary between 0.30 and 0.45. The metalliza-
tion criterion of the synthesized glasses samples has values in the range of 0.373–0.407 
(Table 7). This suggests that the synthesized glass samples are within this range and 
they are potential candidates to be non-linear optical materials. The range of metalliza-
tion parameters indicates that these glasses find use in high-power laser beam-splitting 
control, optical computers, memory devices, and nonlinear spectroscopy, among other 
areas of optics and photonics (Kundu et al. 2013).

(12)N2 − 1

N2 + 2
= 1 −

√
Eopt

20

(13)Rm = Vm

⎡⎢⎢⎣
1 −

�
Eopt

20

⎤⎥⎥⎦

(14)M = 1 −
Rm

Vm

(15)Rm =

(
n2
0
− 1

n2
0
+ 2

)(
Mm

d

)

(16)αm =
(

3

4�N

)
Rm
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3.5 � Dielectric constant and loss

The dielectric constant and loss factor are obtained using the relationships mentioned 
below (Poria et al. 2024; Vijayalakshmi et al. 2017):

The dielectric loss tangent is computed with the help of:

where dielectric permittivity complex ( �∗ ), the real portion & imaginary component of the 
complex dielectric permittivity (��)&

(
���

)
, � is angular frequency and C◦ is the capacitance.

These characteristics appear to be dependent on temperature and dopant quantity, 
as evidenced by the observed increases in the dielectric constant (ε ′) and loss factor 
(tan δ) with these variables at any frequency. Temperature and dopant concentration 
can change charge carrier mobility, polarization mechanisms, and dipole relaxation pro-
cesses, which in turn can affect dielectric characteristics. This behavior is prevalent in 
dielectric materials. Figures 19 and 20 [(a and c) and (b and d)] in particular show these 
fluctuations for glass samples having 5, 10, 15, and 20 mol% KCl spanning a tempera-
ture range of 453–553 K, with a frequency ranging from 10–1 to 106 Hz. Temperature 
causes the dielectric constant to rise and frequency to decrease. Oxide glasses are known 
to exhibit this effect. The enhanced polarization effects caused by increased molecular 
motion within the glass structure are probably the cause of the dielectric constant’s rise 
with temperature (Bahgat and Abou-Zeid 2001; Ahamad and Varma 2006). Interfacial 
polarization, on the other hand, is responsible for the intriguing drop in dielectric con-
stant with frequency. When charges accumulate at interfaces, such as  those between 
electrodes and the glass specimen, interfacial polarization happens. Higher values of 
the dielectric constant and loss factor result from the amount of time that charge has to 
build up and produce polarization effects at lower frequencies. Reduced time for charge 
buildup at higher frequencies leads to a decrease in interfacial polarization, which in 
turn causes a decrease in the dielectric constant and loss factor. This characteristic is 
seen in a variety of glass samples and is common for oxide glasses (Abdel-hameed et al. 
2019; Sekhar et al. 2020; Kut et al. 2022).

In general, a sample’s rising dielectric constant temperature is connected with a 
decrease in binding energies. There are two primary effects of rising temperatures on dipo-
lar polarization:

1.	 Diminished Intermolecular Interactions This may intensify vibrations related to orienta-
tion. The material’s ability to polarize can be enhanced when the bonds weaken because 
molecules may be more able to rotate or reorient in response to an electric field.

(17)�∗(�) = ��(�) − j���(�) =
1

j�C◦ (z� + jz��)

(18)�� =
Z��

�C◦

(
Z

�2 + Z
��2
)

(19)��� =
Z�

�C◦

(
Z

�2 + Z
��2
)

(20)tan� =
z�

z��
=

���

��
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Fig. 19   Dielectric constant εʹ (a and c) and dielectric loss tan ( � ) (b and d) variation with frequency (Hz) for 
glass sample 60TeO2-(25−x)Bi2O3-15B2O3-xKCl (x = 5, 10) at various temperatures

Fig. 20   Dielectric constant εʹ (a and c) and dielectric loss tan ( � ) (b and d) variation with frequency (Hz) for 
glass sample 60TeO2-(25−x)Bi2O3-15B2O3-xKCl (x = 15, 20) at various temperatures
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2.	 Increase in Thermal Motion Molecules move more thermally at higher temperatures, 
which might cause orientation vibrations to be disturbed. This disruption may make it 
more difficult for the material to polarize efficiently.

It is found that in oxide glasses, the dielectric constant tends to rise at lower frequen-
cies and with increasing temperature. It’s not always the case that this behavior indicates 
spontaneous polarization. There is a positive correlation between temperature and dielec-
tric constant in some materials, such as certain types of glasses (Japari et al. 2020; Yusub 
et al. 2016). Ionic and electrical components contribute very little to total polarizability at 
low temperatures. However, the contribution from these sources starts to increase as the 
temperature rises. The dynamic character of the dielectric behavior demonstrates how tem-
perature and frequency change the dielectric constant and polarizability, which in effect 
changes the material’s validity for different applications. Photonic and electro-optic fields 
may see increased use of materials with low dielectric constants and loss factors at higher 
frequencies. These materials are especially well-suited for uses where nonlinear optical 
characteristics are required (Jlassi et al. 2017; Salem et al. 2018).

4 � Conclusions

The quaternary glass system 60 TeO2-(25−x) Bi2O3-15B2O3-xKCl glass series (x = 0, 5, 
10, 15, and 20%) synthesized by the melt quenching technique. The amorphous nature of 
the synthesized glass samples has been confirmed by X-ray diffraction (XRD) and scan-
ning electron microscopy (SEM) imaging. Using an EDX spectrum, the chemical compo-
sition of glass samples was studied. The observed decrease in density and molar volume 
is due to the replacement of the heavy Bi2O3 atoms with the lighter KCl atoms. Oxygen 
packing density (OPD) decreases with increasing KCl content indicating the formation of 
non-bridging oxygen atoms in the glass samples. DSC thermographs revealed that on the 
addition of KCl, glass transition temperature decreases, which is consistent with a decrease 
in OPD values. The FTIR and Raman investigations showed that the addition of the modi-
fier dopant KCl causes the TeO4 structural units to convert to TeO3 units and BO4 trigonal 
units to change into BO3 tetragonal units. This conversion indicates the formation of non-
bridging oxygen atoms in the glass network. All glasses’ optical energy bandgaps (Eopt) 
were calculated using Tauc’s absorption spectrum fitting techniques. The optical band gap 
energies increase while the Urbach energy decreases with an increase in KCl concentra-
tion in the glass samples. The computed metallization criterion value of the glass samples 
indicates that they are suitable for use in non-optical applications. The dielectric properties 
of these glasses were evaluated at various temperatures and compositions. The loss factor 
shows a peak at low frequency as the temperature is increased, indicating non -debye-type 
relaxation behavior. The glasses exhibit prospective applications in optical fibers, optoelec-
tronics, non-linear optical technology, design laser devices, IR technologies, thermal image 
guides, telecommunications, and non-linear optical technology.
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