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Abstract
A melt quenching technique was used for the preparation of xBaO–(30-x)TeO2–35Bi2O3–
33B2O3–2V2O5 (5 ≤ x ≤ 25  mol%) glasses. The structural modifications are studied by 
X-ray diffraction, DSC, optical, infrared spectroscopy, and Raman as a function of BaO 
mol%. The progressive incorporation of BaO mol% in the BTBiBV glasses decreases the 
optical band gap values as the number of free electrons increases with the creation of addi-
tional NBOs. The FTIR spectra of the prepared glasses consist of  BO3 trigonal and  BO4 
tetrahedral units while  TeO2 changes to  TeO3  andTeO4 structural units. The Raman spectra 
shows that the replacement of BaO with  TeO2 decreases the concentration of Te–O–Te 
linkages within the volume of host glass, which increases the concentration of Ba–O–Te 
linkages along with  BO3 units. Due to this, the overall glass formers connectivity decreases 
which intern to the creation of NBOs. Moreover, the research highlighted that BTBiBV-5 
glasses have exceptional optical properties making them promising materials for photonics, 
optoelectronics, and optical communication device applications.
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1 Introduction

In general, the chemical composition of glasses primarily governs their physical, thermal, 
electrical, and spectroscopic properties, with the structural arrangement also exerting a 
notable influence on these attributes. The selection of glass composition is often a compro-
mise among several elements and is determined by the application of the glasses (for exam-
ple, lasers or optical amplifiers).The structure of the glasses is critical in identifying the 
significant technological applications in terms of structure-related properties, which leads 
to the fabrication of new types of materials (Hall et al. 1989; Elbatal et al. 2014; Fernández 
Navarro et al. 2013). The variation of the host glass network that takes place in bismuth-
borate glasses because of the adding of some alkali  (Li2O,  Na2O,  K2O) and some alkaline 
(MgO, CaO, SrO, BaO) produces a variety of various non-linear optical characteristics that 
make these glasses appropriate for use in optoelectronic applications (Al-Harbi et al. 2021; 
Shamshad et al. 2017; Marzouk et al. 2013; Walia and Singh 2021; Altowyan et al. 2021; 
Stalin et  al. 2021; Vedeanu et  al. 2012). When compared to the extensive research into 
alkali bismuth-borate glasses, considerably less attention was devoted by researchers than 
was dedicated to the study of alkali bismuth-borate glasses for applications as rapid ion 
conductors.

The presence of high polarizable  Bi3+ ions and an asymmetry in the oxygen coordina-
tion polyhedra of these ions has been shown to facilitate the non-crystallization of melts 
(Srinivas et  al. 2018a). Whereas covalently bonded  B2O3 is a very effective glass-form-
ing material that has fascinating chemical and physical features. Insulating properties are 
inherent to  B2O3 glasses, and the  B3+ ion coordinates with oxygen atoms to create  BO3 or 
 BO4 units.  B2O3 glasses have a fundamentally insulating composition. Borate glass is the 
material of choice for optical applications due to its excellent transparency, low-melting 
point, and good thermal-stability (Srinivas et al. 2022a, 2020; Richards et al. 2010).

Tellurite-based glasses are transparent in the near- and mid-infrared range and have low 
 Tg values, high moisture resistance, good mechanical strength, excellent chemical resil-
ience, and low phonon energy (Richards et  al. 2013). Additionally, these glasses have a 
large third-order nonlinear optical susceptibility and high refractive indices. Due to their 
exceptional optical and electrical characteristics, tellurite-based glassy systems have the 
potential to be used in a variety of applications, notably in the fields of microelectronics 
and opto-acoustics (Jambhale and Chanshetti 2018). The functioning of glasses may be 
improved for the optical, electrical, and magnetic applications that are required by adding 
transition metal oxides such as CuO,  MnO2,  Cr2O3,  V2O5, etc. (Srinivas et al. 2019, 2021, 
2022b, c, ; Bhogi and Kistaiah 2015; Bhogi et al. 2022a, 2022b; Lalithaphani et al. 2018). 
In particular,  V2O5 has fascinating optoelectronic properties and possesses the capacity to 
govern phase separation in glasses. In addition to this,  V2O5 has the potential to act as both 
a former and a modifier when it is combined with glass formers (Abdelghany and ElBatal 
2016; Ghoneim et al. 2011).

The deep perception of the structure can be provided by the coordination number of the 
metal ions corresponding to neighboring oxygen ions. The metal ion vibrations are more 
active in the IR region which makes Infrared (IR) spectroscopy an efficient technique along 
with Raman spectroscopy to study the structure of the material. The incorporation of mod-
ifier metal ions into the base glasses changes the internal structure and oxygen-bonding 
nature with the metal ions (Bhogi et al. 2022b; Abdelghany and Hammad 2015; Srinivas 
et al. 2018b). From the results of modifier ions containing glass studies, it was confirmed 
that the presence of alkaline earth ions alters the local dynamics of the other neighboring 
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metal ions (Hameed et al. 2015). The field strength of metal ions varies with metal–oxy-
gen interaction (Montemore et al. 2017). Barium-bismuth-boro-tellurite glasses containing 
vanadium oxides are prominent glass materials due to their interesting structural properties 
and also their adequateness in optoelectronic, memory switching, optical communication, 
and luminescent host materials (Lafi 2016; Srinivas et al. 2015; Ahammed et al. 2022).

This study seeks to examine the fundamental properties of barium-bismuth-boro-tellur-
ite-containing  V2O5 (xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5) glasses. Optical, ther-
mal, FTIR and Raman spectral analysis methods were used in the study to find out how the 
vanadium ions change the optical and vibrational properties of these glasses. These data 
establish a correlation between the rise in barium content and the alterations in the struc-
ture of these glasses.

2  Experimental

Glasses with the composition (Table  1) xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 
(5 ≤ x ≤ 25  mol%) labeled with BTBiBV-1 (5  mol%), BTBiBV-2 (10  mol%), BTBiBV-3 
(15 mol%), BTBiBV-4 (20 mol%), BTBiBV-5 (25 mol%) were synthesized by well-known 
melt-quenching process with the high pure reagents. AR grade reagents such as  BaCO3 
(Merck-99.98%),  TeO2 (Merck ≥ 99%),  Bi2O3 (Merck-99.999%),  H3BO3 (Merck-99.99%), 
and  V2O5 (Merck- ≥ 98%) were employed as the starting ingredients. Utilizing a digital 
electronic balance, the powdered chemicals in each batch were given a weight of 10 gm 
weighed according to their composition expressed as a percentage of mols. In an agate 
pestle and mortar, the measured chemicals were pulverized and combined consistently for 
a period of four hours. Pulverizing the chemicals helps to achieve a more homogeneous 
mixture, ensuring that the final glass sample has consistent properties. Combining them for 
four hours allows for sufficient time for the different components to react and form a well-
mixed glass precursor. This step is crucial in obtaining accurate and reliable results during 
subsequent testing and analysis. After obtaining this mixture, it was melted in an electrical 
muffle furnace at a temperature of 1373 °C for 45 min. To achieve a fine homogeneity, the 
molten substance was agitated at regular intervals. Finally, the melt was rapidly cooled to 
350 °C in the middle of two plates made of stainless steel, which resulted in the prepara-
tion of glass samples in the shape of round discs.

At room temperature (RT) in the 20°–80° range with a scan rate of 2° per minute, XRD 
data was obtained for fine powdered glass samples using a Philips Xpert Pro X-ray dif-
fractometer. Both the source and the detectors, which consisted of a high-speed Si strip 
detector, were Cu  kα radiations operating at 40 kV and 15 mA. DSC measurements of the 

Table 1  Composition of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses

S. no. Glass composition Glass Code Tg ( ◦C)

1 5BaO–25TeO2–35Bi2O3–33B2O3–2V2O5 BTBiBV-1 426
2 10BaO–20TeO2–35Bi2O3–33B2O3–2V2O5 BTBiBV-2 418
3 15BaO–15TeO2–35Bi2O3–33B2O3–2V2O5 BTBiBV-3 427
4 20BaO–10TeO2–35Bi2O3–33B2O3–2V2O5 BTBiBV-4 426
5 25BaO–5TeO2–35Bi2O3–33B2O3–2V2O5 BTBiBV-5 424
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present glasses were achieved at 200–600 degrees Celsius on a thermal analyzer made by 
Perkin Elmer STA 6000. To record the DSC thermographs, the rate of heating was set at 
10 degrees Celsius per minute, and the flow rate of nitrogen was set at 100 ml per min-
ute. Pyris, the thermal analysis software that came packaged with STA 6000, was used 
to carry out an exhaustive data analysis as well as smoothen the data. The thickness of 
the samples varied anywhere between 0.8 and 1.5 mm. The spectral measurements were 
conducted employoing a UV–visible spectrophotometer, at room temperature, in a wave-
length range of 200–1000 nm on a JASCO V 570 UV–visible spectrophotometer. The glass 
samples were subjected to infrared transmittance spectroscopy at room temperature using 
a Perkin Elmer Frontier FTIR instrument that operated within the mid-infrared range of 
250–4000  cm−1. The KBr pellet method was used to record FTIR spectra. All the BTBiBV 
samples underwent a powdering process using 0.2  g of KBr, with a ratio of 2:100, and 
then it was placed in a 13 mm dye and run through a hydraulic press at a pressure of 7–10 
tonnes to produce translucent pallets with an approximate thickness of 1  mm. With the 
assistance of the spectrum 10 software, the background noise was eliminated, and the base-
line was adjusted. The Raman spectra within the range of 50–1600   cm−1 were acquired 
using the Jobin Yvon Horiba LABRAM-HR Raman spectrometer.

3  Results and discussion

3.1  XRD

Figure 1 depicts the XRD features of the BTBiBV glasses, which were obtained by meas-
uring the scattering angles ranging from 10° to 80°. The scattering angles in the XRD pat-
tern represent the diffraction of X-rays by the atoms in the glass structure. In crystalline 
materials, these diffractions occur at specific angles, resulting in sharp peaks in the XRD 
pattern. However, in amorphous materials like glass, there is no long-range order of atoms, 
causing the diffractions to be spread out continuously. This broadening of scattering angles 
is what gives rise to the broadband or broad hump observed in the XRD pattern of glass 
samples. Figure 1 demonstrated that the intensity of the broad hump decreased with the 
composition of the glasses. Adding BaO can influence the packing density and interatomic 
distances within the glass network. This, in turn, can affect the overall scattering of X-rays 
and potentially contribute to the observed changes in the broad hump intensity. Which con-
cludes that some disorder had been created and added more evidence that the prepared 
glass was amorphous in nature (Marzouk et al. 2016; Hameed et al. 2021).

3.2  Physical studies

The density (ρ), as well as other similar parameters such as molar volume  (Vm), and boron-
boron separation  (dB–B) of the glass constituents are significant factors in the examination 
of the glass network and its structural modifications. The density value, which is closely 
connected to the structural coordination number, provides a visual representation of the 
consequent structural changes due to vitreous glass structures. Structural compacting 
occurs when the modifiers are integrated into the host matrix, which can be observed by 
the density value. Table 2 is an overview of the physical properties of multi component 
glasses that have been measured and that have been doped with  VO2+. The development of 
nonbridging oxygen inside the glass matrix resulted in certain peculiar modifications to the 
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Fig. 1  XRD spectra of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses

Table 2  Summary of data of various physical parameters of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 
glasses

Physical parameters Glass code

BTBiBV-1 BTBiBV-2 BTBiBV-3 BTBiBV-4 BTBiBV-5

Density (g/cc) 5.63 5.78 6.23 6.53 6.59
Molar volume (cc/mol) 45.31 44.08 40.85 38.92 38.52
OPD (g atm/l) 59.37 59.89 63.41 65.26 64.64
B–B bond length (Å) 3.83 3.79 3.70 3.64 3.63
Bi–Bi bond length (Å) 3.87 3.83 3.74 3.68 3.66
Opticalbasicity 0.455 0.469 0.484 0.498 0.513
Interaction parameter 0.150 0.148 0.147 0.145 0.144
Ion concentration(1022/cc) 2.66 2.73 2.95 3.09 3.13
Inter ionic distance (Å) 3.35 3.32 3.24 3.19 3.17
Polaron radius (Å) 1.35 1.34 1.31 1.29 1.28
Field strength  (1022/cm2) 1.09 1.11 1.17 1.21 1.22
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molar volume trend, which can be shown in Fig. 2. It is well known that the  Vm is used to 
investigate the distribution of oxygen inside the structure of the glass; to put it another way, 
the molar volume  (Vm) of the glass system is affected by the presence of non-bridging oxy-
gen (NBO) species created in the glass structure. The introduction of the modifiers induced 
the expansion of the glass structure, which was dependent on the presence of bridging oxy-
gens. The following expression has been used to determine the density values (Hameed 
et al. 2021)

The findings demonstrate a clear relationship between the density values, which 
range from 5.63 to 6.59 g/cm3, and the BaO content at the expense of the  TeO2 content. 
Additionally, the molar volume exhibits a linear decrease, ranging from 45.31 to 38.51 
 cm3/mol, as the BaO content increases. Alinear variation is produced as a result of the 
replacement of light components  (TeO2 density 5.67  g/cm3) in the glass with heavier 
ones (BaO density 5.72  g/cm3).Additionally, present glasses possess densities that lie 
between the values of pure  B2O3 (2.46 g/cm3)and pure  Bi2O3 (8.9 g/cm.3) (Ahammed 
et al. 2022). Substituting  TeO2 for BaO is probably responsible for the density change 
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Fig. 2   Variation of molar volume and density with BaO mol%
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that happens as a consequence of increasing the modifier. Oxygen packing density 
(OPD), a measure of how tightly the oxide network is packed, can be calculated from 
the molecular weight  (Mw) and density (ρ) using the following formula (Naresh et  al. 
2022)

In the above expression, n represents the number of oxygen atoms in a single unit. 
The relationship between OPD and BaO concentration is seen in Table  2. It demon-
strates that when the concentration of BaO content rises, the OPD increases. This 
in turn suggests that the structure became tightly packed, and the degree of disorder 
decreased as the amount of BaO in the material rose. As a result, BaO incorporated into 
the present glass system results in the development of a more closed macromolecular 
chain, which in turn increases glass transition temperature.

The boron-boron bond length ( dB−B ), bismuth-bismuth bond length (dBi−Bi ), and oxy-
gen packing density (OPD) values serve as indicators of the structural compactness and 
the presence of NBO species within the glass system (Srinivas et  al. 2018d; Srinivas 
et al. 2022a, 2018c). The compactness of the glass structure due to the presence of boric 
acid and bismuth oxide in considerable amounts can be measured by calculating dB−B 
and dBi−Bi . The determination of the boron-boron bond length is achieved by analyzing 
the volume occupied by a mole of boron atoms within the designated glass structure, as 
described by the subsequent equation (Srinivas et al. 2018d; Srinivas et al. 2018c)

where VB
m
 and NArepresent the molar volume of boron and Avogadro’s number respectively. 

Similarly, the bismuth-bismuth bond length was also calculated. The dB−B and dBi−Bi val-
ues decrease as the concentration of modifier (BaO) increases. It has been observed that 
 d(B–B) and  d(Bi-Bi) were reduced, as a result of the presence of the modifiers at higher levels 
within the disordered glass structure. Table  2 portrays the relationship between the  Vm, 
OPD, dB−B , and dBi−Bi of the present glass series. It is examined that as  Vm decreases OPD 
increases. The observed variation in OPD provides insights into the distinct packing char-
acteristics of the glass structure. Specifically, the glass network exhibits an open structure 
that allows for macromolecular chain reactions, while maintaining a rigid configuration. 
The vanadium ion concentration, denoted by Ni , is of considerable significance because it 
has a variety of effects on the characteristics of the host material. The formula was used to 
compute the number of ions that are present in each cubic centimeter as follows (Srinivas 
et al. 2018a; Srinivas et al. 2022a)

where x represents the mole fraction of TM oxide and  NA stands for Avogadro’s number. 
From these findings, the concentration of V-ions grew as the amount of BaO increased. 
The inter-ionic distance 

(
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)

 can be obtained by using the following 
relations (Vedeanu et al. 2012)
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The value of the average TM ion separation, denoted by the symbol  (rp), rises in direct 
proportion to the amount of BaO in a sample. This is because the structure became closed 
when BaO was incorporated, and the value of the field strength (F) increases as the amount 
of BaO increases. This implies that the findings follow the usual behavior, in which the 
average distance between V and O decreases, resulting in a strong field surrounding the 
 VO4+ ions.

3.3  Differential scanning calorimetry (DSC)

To determine the thermal characteristics of the glasses, differential scanning calorimetry 
(DSC) was carried out. The DSC method is a dynamic approach that may be used for either 
qualitative or quantitative investigation of the thermal characteristics of a material. It is 
widely known that the DSC technique is exceptionally well suited for the determination 
of  Tg,  Tm and  Tc of glasses. Glassy samples are corroborated by the DSC graphs (Fig. 3), 
which show transition temperatures ranging from 418 to 426  °C (Table  1). When the 
mole% of BaO increases, the transition temperature varies non-linearly, and as a result,  Tm 
also changes non-linearly.

3.4  Optical studies

The UV–Vis spectra of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses are dem-
onstrated in Fig. 4. As BaO mol% increases, a non-linear change in absorbance is seen. 
From the standard (Tauc) method, the indirect optical band gap values are measured (Tauc 
2012). From Fig. 5, it is identified that the indirect band gap values vary between 2.39 and 
2.57 eV. The increase in absorbance (redshift) and the values of optical bandgap are attrib-
uted to the incorporation of  Ba2+ ions, which causes a decrease in the bridging of the free 
space in the host glass. Mostly, in metal oxide-containing glasses, the maximum valence 
band comprisesoxygen (2p) orbitals, and the minimum conduction band consists of metal 
(nS) orbitals. Comparatively, NBO atoms have greater energies than BO atoms. While 
breaking the metal–oxygen bonds results in a release of energy, the increase in NBO atoms 
releases more energy, ultimately reducing the optical band gap (Srinivas et al. 2018d).

The investigation of the optical absorption spectra demonstrates that all samples follow 
a standard pattern in which a composition-dependent absorption edge is found. The optical 
absorption edge was found to spread across a broad wavelength range, i.e., there was no 
sharp edge (Urbach edge), indicating that the prepared glasses were amorphous. The XRD 
analysis and these findings agree. The strength of the oxygen bonds in the glass-forming 
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network is commonly used in estimating the absorption edge. To calculate the absorption 
coefficient, the following formulais used (Ahamad and Varma 2010)

Here, d is the thickness of the samples being analyzed, and  I0 and I are the intensities of 
the incident and transmitted optical light beams, respectively. The absorbance is given by 
the formula ln

(

I0

I

)

 . An increase in the absorption coefficient ( �(�) ) is the consequence of 
the electrons jumping from a full band to an empty band because of photon absorption. 
The quick shift in �(υ) can be represented in terms of the fundamental absorption edge and 
energy gap. Basic absorption edge and energy gap are two terms used to describe the quick 
shift in �(υ) . According to Davis and Mott, the photon energy of the incident radiation is 
related to the absorption coefficient �(�) as follows (Davis and Mott 1970)

where B is a constant referred to as the band-tailing parameter. In the case of glass (amor-
phous) substances, indirect phase transitions are permitted by the Tauc relation (n = 2). 
From Fig. 5, the  Eg values are calculated and presented in Table 3. The well-known Urbach 
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equation establishes the relationship that exists between Urbach energy ( ΔE ) and absorp-
tion coefficient �(υ) (Urbach 1953)

where h υ is the input photon energy and ΔE is the width of the localized state tail in the 
bandgap. As an example, Fig. 6 shows the Urbach energy plot. Table 3 lists these values, 
and it has been discovered that the Urbach energy ΔE decreases in glass samples as the 
amount of BaO is present in the samples. This may be interpreted as the incorporation of 
 Ba+ results in a decrease in the disorder of glass systems. Increased BaO concentration 
causes a decrease in  Eg values, which may be explained by the structural changes in the 
glass network. The introduction of  Ba2+ ions may disrupt the existing network structure 
in BTBiBV glasses, causing a decrease in the number of  BO3 units. The incorporation of 
BaO mol% decreases optical band gap values due to the increase in free electrons and the 
formation of more non-bridging oxygen (NBO) units. This decrease is attributed to the 
increased concentration of BaO, which leads to an increase in the number of free electrons 
within the glass network, ultimately reducing the optical band gap. with the formation of 
more NBO’s.

Optical properties such as the refractive index ( nd ), reflection loss (RL) , molar refrac-
tivity (RM) , and electronic polarizability ( αm ) are essential for glass materials. These 
values were calculated from the optical band gap measurements. The refractive index 

(11)�(υ) = �0exp[hυ∕ΔE]
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( nd ) of BTBiBV glasses has been computed by utilizing the following relation (Maal-
egoundla et al. 2022; Dimitrov and Komatsu 2002)

(12)
(n2

d
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(n2
d
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Fig. 5  Tauc’s plots of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses

Table 3  Optical parameters of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses

Optical parameters Glass code

BTBiBV-1 BTBiBV-2 BTBiBV-3 BTBiBV-4 BTBiBV-5

Eopt (eV) 2.57 2.54 2.51 2.46 2.39
Urbach energy (eV) 0.32 0.29 0.25 0.23 0.23
Refractive index 2.52 2.53 2.54 2.56 2.58
Dielectric constant 6.37 6.42 6.47 6.55 6.68
Reflection loss 0.187 0.188 0.190 0.192 0.195
Molar refractivity (cm)−3 29.07 28.37 26.38 25.27 25.20
Electronic polarizability(Å3) 5.76 5.62 5.23 5.01 5.00
Metallization criteria 0.358 0.356 0.354 0.351 0.346
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where Eg is the energy band gap. In the present study, the increment observed in a refrac-
tive index (nd) from 2.52 to 2.58 as a result of the rise in the amount of NBOs. From the 
refractive index ( nd ) values the dielectric constant (ɛ) was calculated by utilizing the for-
mula (Dimitrov and Komatsu 2002)

Molar refractivity is a measurement of a material’s total polarizability based on one mole 
of the substance. The molar refractivity RM was evaluated using (Dimitrov and Komatsu 2002; 
Herzfeld 1927)

where nd—refractive index, Vm—molar volume.
Electronic polarizability results from either the propensity for charge dispersal or the dis-

placement of the electron cloud concerning the nucleus that occurs in response to the applica-
tion of an external electric field.

(13)� = n2
d

(14)Molar refractivity
(

RM

)

=

[

n2
d
− 1

n2
d
+ 2

]

× Vm

(15)Electronic polarizability(αm) =
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)

× Rm
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Fig. 6  Urbach plots of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses
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To determine whether prepared glasses are metals or nonmetals, one must use the 
Metallization criteria (m).

The positive m values observed in all of the BTBiBV glasses indicate that these glasses 
were not made of metal and exhibit non-metallic behavior, making them insulators.

3.5  FTIR spectra

Infrared spectroscopy is often employed to get the necessary data on the arrangement of 
the structural units of the prepared glasses. Structures in the glass network are supposed to 
vibrate independently of one another. In general, well-known stable boron structures are 
boron triangles and tetraborates. On the other hand, the other stable bismuth configura-
tions are pyramidal and octahedral units. The addition of a metal modifier causes structural 
changes in the boro-bismuthate glasses. Figure 7 illustrates the IR spectra of xBaO–(30-x)
TeO2–35Bi2O3–33B2O3–2V2O5 glasses. These spectra consist of two prominent absorption 
peaks located at 770  cm−1 and 1500  cm−1. The observed prominent peaks represent the few 

(16)Metallization criteria (m) =

(

1 −
Rm

Vm

)
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Fig. 7  FTIR spectra of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses



 B. Srinivas et al.

1 3

784 Page 14 of 23

structural units of the borate network. In addition to these two peaks, there are two more peaks 
with lower intensity are identified at 470 and 700  cm−1. The band at 470  cm−1 is attributed to 
vibrations of metal cations such as  Ba2+, and  VO2+ ions (Yadav et al. 2013). The deconvolu-
tion FTIR spectra for BTBIBV-1 are shown in Fig. 8, and the residual graph for the same is 
provided in Fig. 9. This graph indicates the degree to which the deconvoluted plot fits the 
experimental plot, and it can be seen from the graph that the spectrum is completely decon-
voluted (Abdelghany 2010, 2013). This indicates that the deconvolution process was success-
ful and accurately separated the overlapping components of the spectrum. The deconvoluted 
spectrum of BTBiBV-1 is presented in Fig. 8. The extracted broad peaks and their correspond-
ing band assignments of all the BTBiBV are listed in Table 4. The significant absorption band 
found around 430   cm−1 is assigned to the Vibration of metal cations  (Ba2+,  VO2+) (Yadav 
et al. 2013). The prominent peak position found in all the glasses around 466  cm−1 is due to 
the vibration of the Bi-O bond in  BiO6 polyhedra (Shaaban et al. 2008; Pascuta et al. 2009). 
Another prominent band observed around 546   cm−1 is attributed to B–O–B bending vibra-
tions (Krishnan et  al. 2018). The band at 690–728   cm−1 can be related to  TeO3 (tp) trigo-
nal pyramidal units (Suresh et al. 2012). The peak at about 850  cm−1 is due to the vibration 
of the tri, penta, and diborate groups of  BO4 tetrahedra (Kashif et  al. 2008). The peaks at 
948–978  cm−1can be attributed to stretching vibrations of B-O-Bi linkages (Culea et al. 2009). 
B–O stretching vibrations of tetrahedral  BO4 units are observed around 1024–1054   cm−1 
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Fig. 8  Deconvoluted FTIR spectra of 5BaO–25TeO2–35Bi2O3–33B2O3–2V2O5 glass sample
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wavenumbers (Gautam et al. 2012). The peaks observed between 1173 and 1194  cm−1 (Pavani 
et al. 2011) are shifting to the high-energy region with the addition of BaO assigned to B–O–B 
vibrations of the varied types of  BO3 groups. Another IR absorption peak around 1260  cm−1 
is assigned to stretching vibrations of B–O in  BO3 units (Gautam et al. 2012). The presenceof 
asymmetric stretching modes of  BO3 units is identified at 1305–1312  cm−1 (Laorodphan et al. 
2016).

By comparing the FTIR spectral areas of  BO4 and  BO3 (containing NBOs), one cande-
termine how the population of tetrahedral and triangular borate units in the present glasses 
was affected by BaO. The following equations provide approximations for the number of four-
coordinated and three-coordinated boron atoms, respectively (Table 5).

where the areas of the  BO4,  BO3, and  BO3 +  BO4 regions in the FTIR spectra are denoted 
by ABO4

 , ABO3
 and A(BO4+BO3)

 , respectively. Figure  10 depicts the relationship between 
population variation in  BO4,  BO3, and glass composition. Increasing the BaO mol percent 
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Fig. 9  Residuals graph of 5BaO–25TeO2–35Bi2O3–33B2O3–2V2O5 glass sample



 B. Srinivas et al.

1 3

784 Page 16 of 23

Ta
bl

e 
4 

 F
TI

R
 b

an
d 

as
si

gn
m

en
ts

 o
f x

B
aO

–(
30

-x
)T

eO
2–

35
B

i 2O
3–

33
B

2O
3–

2V
2O

5 g
la

ss
es

B
TB

iB
V-

1
B

TB
iB

V-
2

B
TB

iB
V-

3
B

TB
iB

V-
4

B
TB

iB
V-

5
B

an
d 

as
si

gn
m

en
t

43
5

42
6

44
1

41
3

40
5

V
ib

ra
tio

n 
of

 m
et

al
 c

at
io

ns
  (B

a2+
) o

r B
i-O

 b
on

d 
in

  B
iO

6 p
ol

yh
ed

ra
–

48
3

47
2

46
0

50
6

B
i-O

 in
  B

iO
6 o

ct
ah

ed
ra

l u
ni

t
63

3,
53

2
53

8
54

6
52

2
52

2
B

-O
-B

 b
on

ds
 b

en
di

ng
 v

ib
ra

tio
ns

72
8

69
2

68
8

69
5

69
0

Te
O

3 (
tp

) t
rig

on
al

 p
yr

am
id

al
 u

ni
ts

84
8

89
5

84
8

87
4

87
3

V
ib

ra
tio

n 
of

 tr
i, 

pe
nt

a 
an

d 
di

bo
ra

te
 g

ro
up

s o
f  B

O
4 u

ni
ts

94
6

94
8

95
0

97
2

97
8

St
re

tc
hi

ng
 v

ib
ra

tio
ns

 o
f B

–O
–T

e,
 B

-O
-B

i l
in

ka
ge

s
10

54
10

31
10

50
10

25
10

24
B

-O
 st

re
tc

hi
ng

 v
ib

ra
tio

ns
 o

f t
et

ra
 h

ed
ra

l  B
O

4g
ro

up
s

11
76

11
87

11
73

11
94

11
88

B
-O

-B
 v

ib
ra

tio
ns

 o
f t

he
 v

ar
ie

d 
ty

pe
s  B

O
3 g

ro
up

s
12

80
12

62
12

63
12

93
12

15
St

re
tc

hi
ng

 v
ib

ra
tio

ns
 o

f B
-O

 in
  B

O
3 u

ni
ts

13
84

13
34

13
60

13
41

13
21

B
–O

 st
re

tc
hi

ng
 v

ib
ra

tio
ns

 in
  B

O
3 u

ni
ts



Synthesis, optical, and spectroscopic studies of bismuth…

1 3

Page 17 of 23 784

Ta
bl

e 
5 

 R
am

an
 b

an
d 

as
si

gn
m

en
ts

 o
f x

B
aO

–(
30

-x
)T

eO
2–

35
B

i 2O
3–

33
B

2O
3–

2V
2O

5 g
la

ss
es

B
TB

iB
V-

1
B

TB
iB

V-
2

B
TB

iB
V-

3
B

TB
iB

V-
4

B
TB

iB
V-

5
B

an
d 

as
si

gn
m

en
t

60
63

62
67

67
β-

Te
O

2

11
0

11
4

11
4

11
2

11
4

V
ib

ra
tio

n 
of

 B
i–

O
 b

on
d 

in
  B

iO
6 p

ol
yh

ed
ra

 o
r  B

a2+
 v

ib
ra

tio
ns

45
6

46
5

46
6

46
9

47
1

St
re

tc
hi

ng
 v

ib
ra

tio
ns

 o
f T

e–
O

–T
e 

bo
nd

s i
n 

 Te
O

4 u
ni

ts
65

8
66

5
66

6
67

3
68

4
A

sy
m

m
et

ric
al

 st
re

tc
hi

ng
 o

f T
e–

O
–T

e 
be

tw
ee

n 
 Te

O
4tb

p
77

0
76

9
77

0
77

4
77

3
B

en
di

ng
 v

ib
ra

tio
n 

of
 T

e–
O

 a
lo

ng
 w

ith
 T

i a
to

m
s i

n 
 Ti

O
4/T

iO
6

80
3

80
1

80
1

–
80

4
B

or
ox

ol
 ri

ng
93

1
93

4
92

7
90

6
92

6
O

rth
o-

bo
ra

te
 g

ro
up

s
12

32
12

44
12

63
12

85
12

70
BO

3 t
ria

ng
ul

ar
 u

ni
ts

 li
nk

ed
 to

  B
O

4 u
ni

ts
16

37
16

25
16

30
16

12
16

27
St

re
tc

hi
ng

 v
ib

ra
tio

ns
 o

f  B
O

3 t
ria

ng
le

s



 B. Srinivas et al.

1 3

784 Page 18 of 23

in the glass composition increases  BO4 population while lowering the  BO3 population, as 
seen in Fig. 10. Because more NBOs are present in the glass network due to an increase in 
the  BO4 population, molar volume decreases.

3.6  Raman spectra

Figure 11 shows the room temperature Raman spectra of BTBiBV glasses. The obtained 
Ramanspectra are classified into two different groups. The first group belongs to below 
800  cm−1, which corresponds to the heavy metal ions and the above 800  cm−1 is the sec-
ond group that corresponds to the pure borate networks. The increase of BaO mol% in 
the present glasses creates more NBOs which results in the conversion of  TeO4 (tbps) to 
 TeO3 (tps) due to the increased number of NBOs. The presence of β-TeO2 is confirmed 
by the observed peak at 63  cm−1 (Yadav and Singh 2015). The band centered at 114  cm−1 
can be attributed to thevibrations of superimposed metal cations  Bi3+ in  BiO6/V4+ in  VO6 
units along with thevibrations of  Ba2+ ions (Majhi et al. 2013). With a rising percentage 
of BaO mol% in the glass host matrix, the peak at 465  cm−1 shifts to higher energy and 
becomes more intense, suggesting that it is caused by the stretching and bending vibrations 
of oxygen in Te–O–Te links in  TeO4 units (Kundu et al. 2014). The peak observed around 
770  cm−1 in all the glasses was attributed to the bending vibration of the Te–O bond along 
with Ti atoms in  TiO4/TiO6 structural units. The presence of a Boroxol ring is observed 
at 804  cm−1 in all the glasses except the BTBiBV-4 glass sample. The peak appearing at 
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934   cm−1 indicates the presence of B–O–B and B–O vibrational modes in ortho-borate 
groups of  BO3 units. The 934  cm−1 peak has been found to shift towards the lower wave 
number side when BaO concentration rises. A rise in  BO3 creation might be the cause. The 
band between 1230 and 1285  cm−1 is an indication of the combined vibration response of 
B–O in  BO3 and B–O stretching vibrations involving NBOs in pyro borate units. Raman 
peaks of stretching vibrations of  BO3 triangles are positioned at 1630  cm−1.

4  Conclusions

High-quality alkaline earth oxide-based bismuth boro tellurite glasses were synthesized 
using the melt quenching method, to thoroughly examine their physical, structural, ther-
mal, and optical properties. By using X-ray diffraction patterns, it was discovered that all 
the glasses were amorphous and homogenous in nature. Thermal analyses showed that 
the glass transition temperature  (Tg) of these glasses was observed to be between 418 and 
426  °C. The optical absorption spectra showed a single and broad peak with an Urbach 
tail, and the density was found to be 5.63–6.59 g/cm3. The Optical absorption spectra of 
present glasses are evident (2B2g → 2B1g transition) for the presence of vanadium ions asva-
nadyl  (VO2+) ions. The progressive incorporation of BaO mol% in the BTBiBV glasses 

200 400 600 800 1000 1200 1400 1600

BTBIBV-1

BTBIBV-2

BTBIBV-3

BTBIBV-4

BTBIBV-5

R
am

an
in
te
ns

ity
(a
rb

.u
ni
ts
)

Raman Shift (cm-1)
Fig. 11  Raman spectra of xBaO–(30-x)TeO2–35Bi2O3–33B2O3–2V2O5 glasses
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decreases the optical band gap values due to the increase of the number of free electrons 
with the formation of more NBOs. These glasses were found to have a lower refrac-
tive index of 2.52 and showed good optical transparency in the visible and near-infrared 
regions of the spectrum. Various functional and molecular units were discovered in the 
FTIR and Raman spectrum profiles. The FTIR spectra of the prepared glasses consist of 
 BO3 trigonal and  BO4 tetrahedral units while  TeO2 changes to  TeO3  andTeO4 structural 
units. The fraction of N4 four coordinated boron atoms decreases with increasing BaO as 
the consequence of  BO4 units turning into asymmetric  BO3 units with increasing (NBOs).
The Raman spectra also evident that the replacement of BaO with  TeO2 decreases the con-
centration of Te–O–Te linkages within the volume of host glass which results in to increase 
in the concentration of Ba–O–Te linkages along with  BO3 units. Due to this, the overall 
glass formers connectivity decreases which intern to the creation of NBOs. These glasses, 
particularly BTBiBV-5 exhibit a unique combination of high refractive index, low phonon 
energy, and excellent thermal stability. Additionally, the incorporation of vanadium oxides 
allows for tunable optical properties, making them highly desirable for various technologi-
cal applications. Various applications like lasers, sensors, medical imaging, nuclear waste 
storage, batteries, and medical implants.
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