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STRUCTURE AND OPTICAL CHARACTERISTICS OF GLASSES 
IN THE TeO2-BaO-Bi2O3-B2O3 SYSTEM

T. Tasheva

ABSTRACT

A series of glasses in the BaO-TeO2-Bi2O3-B2O3 system, was prepared by melt quenching technique. The amorphous 
nature of the obtained glasses was confirmed by X-ray powder diffraction analysis. The experimental densities were 
found to be in the range 5.170 to 5.831 g cm-³. Key structural parameters, including molar volume, oxygen packing 
density, optical basicity, interionic interaction parameter, and single bond strength, were evaluated to understand the 
compositional effects on the glass network. Structural characterization using infrared and Raman spectroscopy further 
elucidated the bonding and vibrational features of the glasses. The refractive indices were measured experimentally 
and compared with theoretical values calculated using the polarization approach, revealing a strong correlation 
between experimental and theoretical results.
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INTRODUCTION

The structure of oxide glasses is strongly influenced 
by the way different network-forming and modifying 
oxides share and rearrange their oxygen environments. 
In compositions built from TeO₂, B₂O₃, Bi₂O₃ and 
BaO, each oxide plays a distinct role and contributes 
differently to the final structural arrangement. 

Tellurite glasses based on TeO₂ are characterized by 
a network built mainly from TeO₄ trigonal bipyramids 
together with smaller fractions of TeO₃ trigonal pyramids 
[1 - 3]. The TeO₄ groups act as the network former of 
the structure by linking through shared oxygen corners. 
In contrast, the TeO₃ units usually arise when modifiers 
are added or when non-bridging oxygens are formed. 
The ease with which the glass network shifts between 
these coordination states contributes to several typical 
features of tellurite materials, including their low phonon 
energies, high refractive index, and broad infrared 
transparency. The lone-pair electrons associated with 
Te⁴⁺ ions further influence the network by creating 

asymmetry and enhancing the overall polarizability 
[3]. Based on the group optical basicity introduced by 
Duffy and Ingram [4], Dimitrov and Komatsu [3, 5] 
extended the concept to describe the optical basicity 
of individual TeOₙ units in tellurite glasses. Their 
analysis of various binary and ternary tellurite systems 
showed that TeO4 unit with one non-bridging oxygen 
(λTeO4- = 1.23), TeO4 unit without nonbridging oxygen 
(λTeO4° = 0.99), and terminal TeO3 unit with two non-
bridging oxygens (λTeO3- = 0.82). Consequently, TeO₄ 
trigonal-bipyramidal units that are distorted through the 
presence of non-bridging oxygens and unequal Te-O 
bond lengths are expected to enhance the electronic 
polarizability [3, 5]. 

Bismuth oxide, with its heavy and highly polarizable 
cations, usually increases the overall compactness 
of the network and can introduce different Bi-O 
coordination units [6, 7]. Bismuth-containing glasses 
are known for their distinctive optical behaviour, 
largely attributed to the high atomic weight and strong 
electronic polarizability of Bi³⁺ ions [6]. These properties 
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contribute to the high refractive index often observed 
in Bi₂O₃-rich compositions, making them attractive for 
various photonic applications. Structurally, Bi₂O₃ can act 
either as a network former or as a modifier, commonly 
giving rise to BiO₆ polyhedra. The incorporation of such 
units tends to loosen the glass network by lowering its 
connectivity and increasing the number of non-bridging 
oxygens, a trend that is reflected in characteristic changes 
in their spectra. This structural depolymerization is 
typically accompanied by a decrease in the optical band 
gap, which broadens the material’s absorption into the 
visible and near-infrared regions. The addition of Bi₂O₃ 
also lowers the phonon energy of the glass, enhancing 
its infrared transmission-an important advantage for 
mid-IR lasers and photonic devices. Furthermore, the 
stereochemically active lone-pair electrons associated 
with Bi³⁺ can strengthen the nonlinear optical response [6].

Borate glasses enriched with large amounts of 
heavy-metal oxides tend to exhibit high densities, 
making them good candidates for radiation-shielding 
applications. At the same time, incorporating 
significant concentrations of optically active ions 
into B₂O₃-based networks opens opportunities for 
developing various photonic components [7]. B₂O₃ 
is a well-known glass former, and borate glasses have 
been widely investigated because of their interesting 
properties. In these materials, the proportion of 
BO₄ to BO₃ units depends on the type and amount 
of modifier added. When network modifiers are 
introduced, borate properties often show maxima or 
minima at certain modifier concentrations-an effect 
called the borate (or boron oxide) anomaly. At low 
modifier levels, the modifier mainly converts trigonal 
BØ₃ units into tetrahedral BØ₄- units, rather than 
immediately generating nonbridging oxygens (NBOs), 
which generally form only at higher modifier contents. 
Borate units are typically described as B(n), where “n” 
represents the number of bridging oxygen atoms (Ø) 
linking each unit to its neighbours [7, 8].

Thus, the structural behaviour of glasses in the 
TeO₂-B₂O₃-Bi₂O₃-BaO system results from the combined 
influence of their network-forming and modifying 
oxides, each contributing distinct coordination units 
and oxygen environments. TeO₂ forms a flexible 
tellurite network whose shift between TeO₄ and TeO₃ 
units enhances polarizability and infrared transparency. 
Bi₂O₃ introduces highly polarizable Bi-O units that 

depolymerize the network, increase refractive index, 
and lower phonon energy. B₂O₃ contributes its BO₃/BO₄ 
structural units, whose distribution depends strongly on 
modifier content and gives rise to the well-known borate 
anomaly. Together, these oxides create a structurally 
versatile glass matrix with tunable optical, vibrational, 
and electronic properties suitable for photonic and 
radiation-related applications.

This study aims to investigate the mutual influence 
of TeO₂, B₂O₃, Bi₂O₃, and BaO on the structure, and 
to investigate how the main structural units affect the 
resulting optical and physical properties of the glasses.

EXPERIMENTAL

The following compositions xBaO.TeO₂.(60-2x)
Bi₂O₃.40B₂O₃, where x = 0, 5, 10, 15, and 20 mol %, 
were prepared by melt-quenching technique. The 
raw materials TeO₂ (Alfa Aesar, Thermo Scientific, 
ThermoFisher, Kandel, Germany; 99.99 %), Bi₂O₃ 
(Acros Organics BV, Thermo Fisher Scientific, Geel, 
Belgium; 99.7 %), BaCO3 (Alfa Aesar), and B2O3 (Alfa 
Aesar, 99 %) were first mixed thoroughly in an agate 
mortar. The homogenized mixtures were then heated up 
to 650°C for 20 min and then heated at 1000°C for 20 
min in an electric furnace, followed by melt quenching. 
The XRD analysis were performed using Empyrean 
(Malvern-Panalytical) diffractometer, CuKα radiation 
at 40 kV and 30 mA for the samples in the range of 5.3 
to 80° 2θ, with a constant step size of 0.03° 2θ and a 
counting time of 52.5 sec per step. The glass densities 
were determined following the Archimedes principle 
using a Mettler Toledo New Classic ME 104 analytical 
balance (Mettler Toledo, Greifensee, Switzerland), 
equipped with a solid-sample density measurement kit 
and distilled water as the immersion medium. For each 
composition, at least ten measurements were performed 
on no fewer than three different samples. From the 
experimentally evaluated density values, the molar 
volume (Vm) is estimated, by Eq. (1): 

 ,					     (1)

where xi is the molar fraction of each component i, Mi 
is the molecular weight, di is the glass density [9]. The 
oxygen packing density (OPD) of the glasses was also 
estimated using the following Eq. (2), 
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, 				   (2)

where NO
2-
 is the number of oxygens per formula unit 

[9]. 
The infrared spectra were collected using a Varian 

600-IR FT-IR spectrometer (Melbourne, Australia) 
over the range 4000 - 400 cm-1, with samples prepared 
as KBr pellets. The absorption-band positions have an 
accuracy of ± 3 cm-1. Raman spectra were obtained using 
a Renishaw inVia Raman microscope (Gloucestershire, 
UK) equipped with a Leica DM2700 M microscope 
(Leica Microsystems CMS GmbH, Wetzlar, Germany). 
Excitation was provided by a 633 nm He-Ne laser, with 
the power reduced to 3.2 mW to prevent local heating. 
A 50× objective lens was used to focus the laser and 
collect the backscattered signal. The illuminated spot on 
the sample surface was approximately 3 µm in diameter. 
Spectra were recorded in the 90 - 1280 cm-1 range, with a 
wavenumber accuracy of 1 cm-1. The refractive index of 
light was measured by Woollam M2000D ellipsometer 
in the range of 193 nm to 1000 nm. The data collection 
and analysis software is CompleteEASE 5.10 J. A. 
Woollam Co., Inc.

RESULTS AND DISCUSSION

The compositions of the obtained samples are 
presented in Table 1. The presence of an amorphous 
halo confirms the amorphous nature of the obtained 
samples by powder X-ray analysis (Fig. 1). The obtained 
results for density, molar volume, and oxygen packing 
density (OPD) clearly demonstrate the influence of 
chemical composition on the structure of glasses in the 
TeO₂-B₂O₃-Bi₂O₃-BaO system (Table 1). The lowest 

value of the density is recorded for sample A3, which 
contains 20 mol % BaO together with moderate amounts 
of TeO₂ and Bi₂O₃. In this composition, Ba²⁺ ions 
disrupt the Te-O and B-O network, producing a more 
open structure. Despite the lower density, A3 has the 
lowest molar volume and the highest OPD value. This 
combination suggests that the breakdown of network 
connectivity leads to the formation of additional non-
bridging oxygens and to a rearrangement of the oxygen 
units into locally compact groupings, even if the overall 
structure becomes less tightly packed. A different picture 
is seen in sample A5, which also contains 20 mol % 
BaO but completely lacks TeO₂. Its high Bi₂O₃ content 
(40 mol %) compensates for the network-modifying 
action of BaO and results in a much higher density. 
Bi₂O₃ is known to contribute significantly to mass and 
to participate in the network through different structural 
units, such as BiO₆ octahedra and BiO₃ pyramids. The 
presence of these units helps to stabilise the medium-
range structure and counteracts the expansion that BaO 
would otherwise introduce. The BaO-free glass (A4) 
provides a useful reference point. With both TeO₂ and 
Bi₂O₃ present at 20 - 40 mol %, A4 exhibits a dense 
and relatively compact network. TeO₂ could enhance 
the degree of polymerization through TeO₄ and TeO3+1 
units, which contribute to the formation of a more rigid 
three-dimensional structure. Its OPD value is moderate, 
reflecting a balance between the heavy, polarizable Bi-O 
units and the more tightly connected Te-O network. The 
intermediate compositions (A1 and A2) fall between 
these two extremes. Increasing the BaO content from 
10 % to 15 % leads to a gradual decrease in density 
and a slight reduction in molar volume, consistent with 
partial network disruption. The OPD values of both 
samples show that, while the structure becomes more 

Table 1. Compositions, molar mass, M, density, d, molar volume, Vm, molar refraction, Rm, oxygen packing density, OPD.

Compositions, mol % M, 
g mol-1

d, 
g cm-3

Vm, 
cm3 mol-1

Rm,
cm3 mol-1

OPD,
mol cm-3BaO ТeO2 B2O3 Bi2O3

A4 - 20 40 40 246.152 5.583 44.09 18.26 63.51
A1 10 10 40 40 245.525 5.552 44.22 17.79 61.05
A2 15 15 40 30 214.575 5.411 39.66 16.22 64.30
A3 20 20 40 20 183.626 5.170 35.52 14.69 67.57
A5 20 - 40 40 244.897 5.831 42.00 17.32 61.91
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modified, the presence of Bi₂O₃ still ensures a degree of 
compactness in the oxygen arrangement. These results 
illustrate two key points. First, Bi₂O₃ influences the 
density and medium-range order of the glasses and can 
even dominate the structural response when present in 
high concentrations. Second, BaO acts as an effective 
modifier, increasing the density and altering the oxygen 
topology, but its impact also depends on the Bi₂O₃ and 
TeO₂ amount. 

The structure of the obtained glasses was investigated 
using FT-IR and Raman spectroscopy (Figs. 2 and 3). 
The FT-IR spectra are characterized by three well defined 
regions: above 1200 cm-1, around 900 cm-1 and around 
680 cm-1 (Fig. 2). All samples exhibit the characteristic 
vibrational features of mixed tellurite-borate glass 
networks, yet the positions and intensities of the 
absorption bands vary systematically with composition, 
indicating structural rearrangements within the glass 
matrix. 

The high-frequency region contains two partially 
overlapping bands located near 1310 - 1300 cm-1 and 
1270 - 1220 cm-1. These absorptions could be attributed 
to the asymmetric stretching vibrations, νd

as(E), of 
B-O bonds in trigonal BO₃ units. [7, 8]. Their gradual 
shifts with composition suggest changes in the relative 
populations of BO₄ and BO₃ structural units.  The 
peaks in the high frequency region shift toward lower 
wavenumbers with increasing Bi₂O₃ or BaO content. 
This behaviour reflects an enhanced degree of network 

modification and the formation of non-bridging oxygens. 
The broad absorptions observed in the 968 - 896 cm-1 

interval originate from the stretching vibrations of Te-
Oax and Te-Oeq bonds in both TeO₄ and distorted TeO₃ 
units, as well as B-Ø ring and B-O terminal stretch in 
[B3O9]

9- rings of BØ2O2
3- tetrahedral units B-Ø stretch 

in BØ4 units [7 - 11]. The band at 685 cm-1 could be 
assigned to the degenerate stretching vibrations νd

asTeO3 
of TeO3 trigonal pyramids and a total decrease of the 
tellurite units, while the band at 697 cm-1 could be due 
to the out-of-plane bend of triangular borate units [9, 11]. 

At the lower frequency region, a distinct band 
located around 464 cm-1 is assigned to bending vibrations 
of Te-O-Te bridges, in addition to deformation modes 
involving Bi-O bonds [7, 9]. The increasing intensity 
of this band in Bi₂O₃-rich samples is consistent with 
the high polarizability and structural contribution of 
Bi-O units to the glass network [6, 7]. Overall, the FT-
IR results confirm that the incorporation of Bi₂O₃ and 
BaO significantly influences the connectivity of the 
Te-O and B-O sub-networks. Increasing the modifier 
content promotes depolymerization of the glass network, 
leading to a higher concentration of TeO₃ units and non-
bridging oxygens. These structural changes are reflected 
consistently across all spectral regions.

Fig. 3 displays the Raman spectra of the glasses. In 
the low-frequency region below 250 cm-1, all samples 
show strong bands near 141 - 148 cm-1. These modes 
are typically assigned to bending vibrations and lattice-

Fig. 1. XRD patterns of the samples.
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type motions involving heavy-metal cations, particularly 
Bi-O [7, 10]. Bi₃B₅O₁₂ shows a low-frequency vibration 
near 148 cm-1, while Bi₄B₂O₉ exhibits a similar band 
around 140 cm-1. In both compounds, the oxygen atoms 
are coordinated exclusively to bismuth polyhedra-
often referred to “free” O²- ions [7]. The presence and 
the relatively high intensity of these bands reflect the 
significant contribution of highly polarizable Bi³⁺ ions 

to the glass network. 
The region between 350 and 450 cm-1 contains 

several distinct bands centered around 375, 410 - 418, 
and 436 cm-1. These vibrations correspond to bending 
vibrations of TeO₄ trigonal bipyramids and TeO3+1/TeO₃ 
units, as well as deformation of B-O-B linkages within 
the borate sub-network [9 - 11]. The gradual intensity 
redistribution in this region with changing composition 

Fig. 2. FT-IR spectra of the samples.

Fig. 3. Raman spectra of the samples.
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suggests increased distortion of the tellurite units and a 
shift toward less symmetrical TeO₃ species as modifier 
oxides are introduced. 

A prominent high-intensity band appears in all 
samples containing TeO2 at about 750 - 754 cm-1 and 
increases its intensity with increasing TeO2 content. 
This peak is characteristic of the symmetric stretching 
vibrations of Te-O bonds in TeO3+1 structural units and 
is widely regarded as a fingerprint feature of tellurite 
glasses [10]. Band at 670 cm-1 is characteristic for the 
presence of TeO4 structural units, and 762 cm-1 is typical 
for the TeO3

2- [10]. Such bands in our Raman spectra 
are not observed. 

In the intermediate region between 900 and 1200 cm-1, 
weaker bands are observed at 932, 1200, and 1313 -
1327 cm-1. These features are attributed to stretching 
vibrations of BO₄ tetrahedra and asymmetric stretching 
vibrations of BO₃ units. The broadening and slight shifts 
of these bands reflect the progressive modification of the 
borate network, including changes in the BO₃/BO₄ ratio 
induced by the introduction of Ba²⁺ and Bi³⁺ ions. The 
increasing contribution of Bi₂O₃ and BaO promotes the 
increase in the degree of disorder in the tellurite network 
and alters the coordination environment within the borate 
sub-network. 

Both FT-IR and Raman analyses confirm that 
the structural evolution of the TeO₂-B₂O₃-Bi₂O₃-BaO 
glasses is governed by the mutual influence between 
glass-forming (B2O3), conditional glass-formers (TeO₂, 
Bi₂O₃) and network-modifying (BaO) oxides. Both 
vibrational spectra reveal the presence of more distorted 
TeO3/TeO3+1 species and a modification of the borate 
sub-network, consistent with the depolymerization 
effects expected from increasing BaO content. These 
spectroscopic trends correlate well with the physical 
parameters. A decrease in density and molar volume in 
BaO-rich glasses (e.g., A3) reflects enhanced disruption 
of Te-O and B-O linkages, while the high OPD values 
demonstrate that network breakdown is accompanied 
by the formation of additional non-bridging oxygen 
units and localized oxygen compaction. In contrast, 
glasses rich in Bi₂O₃ (e.g., A5) show higher density and 
moderated OPD values, in agreement with the Raman/
FT-IR evidence for stabilization of medium-range 
structure through Bi-containing structural units. Overall, 
the vibrational and physical property data collectively 
indicate that BaO promotes network modification and 

oxygen rearrangement, whereas Bi₂O₃ enhances rigidity 
and medium-range order. Their combined influence 
provides an effective means to tailor the structural 
packing and connectivity of the glasses.

Electronic polarizability is the most important 
component of polarizability when interpreting the optical 
properties of materials. The estimation of electronic 
polarizability is a subject of the polarizability approach. 
The polarizability approach is based on the Lorentz-
Lorenz equation Eq. (3), which correlates the molar 
refraction Rm with the linear refractive index n0 and 
the molar volume Vm of the material:

 				    (3)

Dimitrov and Sakka further expanded this method 
by calculating the oxide-ion polarizability αO2-(n0) and 
the optical basicity Λ(n₀) for a variety of simple oxides 
using Eq. (4) and Eq. (5), [12]:

 		  (4)

 			   (5)

Further information about the chemical bonding 
in the glass matrix could be obtained by estimating the 
interaction parameter A, Å-3 and the single bond strength 
BM-O, kJ mol-1. The interaction parameter, originally 
introduced by Yamashita and Kurosawa and later adapted 
for oxide glasses by Dimitrov and Komatsu, quantifies 
the overlap between the electron clouds of cations and 
oxide ions and reflects the polarizability of the average 
oxide ion [13 - 16]. In this study the interaction parameter 
was calculated using equivalent oxide fractions X(BaO), 
X(TeO₂), X(Bi2O3), X(B2O3), the oxide-ion polarizability  
αO2- , and the cation polarizabilities α(Ba2⁺) = 1.595 Å³, 
α(Te⁴⁺) = 1.595 Å³, α(B3⁺) = 0.002 Å³, and α(Bi3) = 
1.508 Å³, with Pauling’s value of 3.921 Å³ for O²- 
[17]. The oxide ion polarizability was calculated both 
theoretically and experimentally. Duffy and Ingram 
proposed that the theoretical optical basicity (Λth) of a 
glass can be estimated by considering the contributions 
of all constituent oxides, including those forming 
bridging or non-bridging oxygens [18, 19]. Although 
this approach does not account for changes in cation 
coordination, it still provides a useful indication of the 
expected overall optical basicity of a given composition.  
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The optical basicity values for the single oxides used are 
Λ(BaO) = 1.21, Λ(TeO2) = 1.05, Λ(Bi2O3) = 1.19, and 
Λ(B2O3) = 0.46 [16, 20] calculated by Eq. (6):

Λth = XBaO ΛBaO + XTeO2 ΛTeO2
+ XBi2O3 ΛBi2O3

+ XB2O3 ΛB2O3
(6)

where XBaO, XTeO2
, XBi2O3

, and XB2O3
 are the equivalent 

fractions based on the amount of oxygen contributed 
by each oxide to the overall glass stoichiometry. The 
obtained results for the optical basicity, Λ, oxide ion 
polarizability αO2-, Å

3, and interaction parameter are 
presented in Tables 2 and 3. 

A comparison of the theoretical values (Table 2) and 
experimentally derived parameters (Table 3) provides 
important insight into the structural and electronic 
behaviour of the glasses. In general, the theoretical 
optical basicity (Λth) and the basicity derived from the 
refractive index (Λ(n0)) follow the same compositional 
trend, although the experimental values are consistently 
higher. This systematic increase is expected, as Λ(n₀) 
incorporates the real polarizability contributions of 
the cations, which are not considered in the theoretical 
values, thus tend to enhance the electron density available 
for optical interactions more strongly than predicted by 
purely additive theoretical models. A similar relationship 

is observed in the oxide ion polarizability. The values 
obtained theoretically (αO2-) and experimentally (αO2-(n0)) 
both decrease with increasing BaO content in glasses 
containing moderate Bi2O3 (A1 - A3). This behaviour 
reflects the reduction of highly polarizable Te-O units as 
Ba²⁺ modifies the network. However, the experimentally 
derived αO2-(n0) values are consistently larger than their 
theoretical counterparts, confirming that the presence 
of Bi-O structural units significantly enhances the real 
electronic polarizability beyond simple compositional 
predictions.

The interaction parameter A shows good qualitative 
agreement between theory and experiment. For samples 
A1 - A3, both Ath and A(n₀) increase slightly with BaO 
content, indicating enhanced ion-oxygen interactions 
as the network becomes more depolymerized. 
Quantitatively, however, the experimental A(n₀) 
values are higher, which again reflects the stronger-
than-expected contribution of Bi³⁺ to the electronic 
environment. Sample A4 (BaO-free) shows the 
highest theoretical value of Ath, consistent with a more 
polymerized Te-O/B-O network, while its experimental 
value is markedly lower due to the possible stabilizing 
and polarizable effects of Bi₂O₃ observed in refractive 
index measurements.

BaO ТeO2 B2O3 Bi2O3 Λth αo2-, Å3 Аth, Å
-3 n0(th)

BM-O, 

kJ mol-1

A4 - 20 40 40 0.857 2.054 0.077 1.792 297
A1 10 10 40 40 0.856 2.051 0.078 1.758 283
A2 15 15 40 30 0.831 1.991 0.085 1.778 294
A3 20 20 40 20 0.803 1.927 0.092 1.793 304
A5 20 - 40 40 0.855 2.048 0.080 1.779 268

BaO ТeO2 B2O3 Bi2O3

n0, exp
(589 nm)

Λ(n0) αo2-, Å3 А(n0), Å
-3

A4 - 20 40 40 1.868 0.940 2.289 0.061
A1 10 10 40 40 - - - -
A2 15 15 40 30 1.698 0.761 1.837 0.098
A3 20 20 40 20 1.782 0.814 1.951 0.090
A5 20 - 40 40 1.902 0.974 2.400 0.056

Table 3. Compositions, mol %, experimental refractive index, n0, optical basicity based on the refractive index Λ(n0), the 
oxide ion polarizability based on refractive index αO2-(n0), Å

3, interaction parameter based on refractive index A(n0), Å
-3.

Table 2. Compositions, mol %, theoretical optical basicity, Λth, oxide ion polarizability αO2-, Å
3, interaction parameter A,  

Å-3, single bond strength, BM-O, kJ mol-1.



Journal of Chemical Technology and Metallurgy, 61, 2, 2026

300

Chemical bonding was also assessed through the 
average single-bond strength, following Sun’s dissociation-
energy concept and its adaptation to glasses by Dimitrov 
and Komatsu [21, 22]. The following values of the single 
bond strengths of M-O in the corresponding individual 
oxide BBa-O = 138 kJ mol-1, BTe-O = 285 kJ mol-1, BB-O = 498 
kJ mol-1, and BBi-O = 102.5 kJ mol-1 were used [6, 17]:

BM-O = a.BBa-O + b.BTe-O + c.BB-O + d.BBi-O, kJ mol-1  		
						      (7)
where a, b, c, and d are the mole fractions of the oxides.

The results of the single bond strength of the glasses 
are presented in Table 2. The studied glasses exhibit low 
average bond strengths (283 - 304 kJ mol-1), indicating 
weak interionic interactions and relatively weak M-O 
bonds. The single bond strength BM-O shows an inverse 
relationship with polarizability, as expected. The BaO-
rich samples (e.g., A3) show reduced BM-O, which 
correlates with their higher polarizability and increased 
network modification. Experimentally, this trend is 
confirmed through lower refractive index-derived 
interaction parameters. 

In summary, the comparison shows that the 
experimental optical parameters consistently exceed their 
theoretical values, reflecting the significant influence 
of Bi-O units and the real structural rearrangements 
detected by refractive index measurements. Both 
theoretical and experimental analyses reveal the same 
compositional trends, confirming that BaO acts as 
a network modifier that reduces bond strength and 
increases electronic polarizability, whereas Bi₂O₃ and 
TeO2 enhance medium-range structural stability and 
contribute strongly to optical basicity. This agreement 
demonstrates that theoretical models describe the glass 
system well but underestimate the electronic contribution 
of heavy-metal oxide structural units.

CONCLUSIONS

Glasses in the TeO₂-BaO-Bi₂O₃-B₂O₃ system were 
successfully synthesized, and their structural, physical, 
and optical properties were systematically evaluated. 
The combined FT-IR and Raman analyses confirmed 
the coexistence and evolution of the structural units, 
demonstrating that BaO acts as a strong network modifier, 
while Bi₂O₃ contributes both to network depolymerization 
and to enhanced electronic polarizability. Density, molar 

volume, and oxygen packing density trends revealed 
that increasing BaO reduces network connectivity, 
whereas higher Bi₂O₃ stabilizes the medium-range 
structure due to the heavy and highly polarizable Bi³⁺ 
cations. Theoretical optical basicity and oxide ion 
polarizability values showed good agreement with 
experimentally derived parameters, confirming the 
sensitivity of the Polarizability approach for evaluating 
electronic polarizability within multicomponent oxide 
systems. The glasses exhibit high refractive index 
values, primarily influenced by the presence of Bi₂O₃ 
and TeO₂. Overall, the results demonstrate that the 
mutual influence between TeO₂, BaO, Bi₂O₃, and B₂O₃ 
enables fine structural and optical tunability. The strong 
correlation between network structure, polarizability, 
and refractive index highlights the potential of these 
glasses for photonic, infrared-optical, and radiation-
related applications.
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