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Abstract 
Introducing a glass modifier transforms the physical properties of the host glass network. Studying the effects of 

Ba2+ as a glass modifier, various physical and FT-IR experiments were performed on glasses with different 

compositions of 50B2O3-20Bi2O3-(30-x)TeO2-xBaO (where x = 5, 10, 15, 20 and 25 mole%). X-ray 

diffractograms were obtained for glass samples at room temperature. Based on the X-ray diffractograms, it can 

be concluded that the glass samples lack any distinct peaks, suggesting that they have an amorphous structure. 

Using the Archimedes principle, the density (ρ) of the glass samples was determined. Physical attributes such as 

molar volume (Vm) and oxygen packing density (OPD) were measured. Spectral data in the 400–2000 cm–1 

range were obtained using infrared spectroscopy. 
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I. Introduction 
Tellurite glass is appropriate for photonic applications, nonlinear optical applications, lasers, and 

communication applications [1]. Because of its good thermal, optical, and electric qualities and stability at room 

temperature, tellurite glass is frequently used [2, 3]. This glass can be employed in optical amplifiers, non-linear 

devices, photorefractive materials, and up-conversion lasers because of its high linear and non-linear refractive 

index and low photon energy [4-6]. Various metal oxides have been incorporated into the tellurite glass system 

to enhance its optical properties, like Sb2O3, Bi2O3, Nb2O5, MoO3, etc., [7, 8]. Several authors have carried out 

numerous investigations on glass based on tertiary tellurite [9–16]. As Tiefeng et al. [14] demonstrated, bismuth 

dissolution in the tellurite glass matrix enhanced the glass's non-linear properties. This enhancement was 

directly proportional to the bismuth content and inversely proportional to the barium content. In their study, 

they explored the optical non-linear properties of TeO2-Bi2O3-BaO glass. 

Ceramic materials and optical fibre use bismuth (iii) oxide because it can provide a high refractive 

index at low temperatures [17]. Its strong polarizability and low field strength valance cation are also useful in 

the electronic field [18, 19]. 

The special physical characteristics of tellurites and their industrial significance in producing glasses 

with desired structural and optical qualities have led to extensive research on boro-tellurite (B2O3-TeO2) glasses. 

Because boro-tellurite glasses include B2O3 and TeO2, their optical characteristics and structure must be 

precisely specified for industrial applications [17]. Chemical modifiers like Bi2O3 and BaO are added to the 

glasses to boost their density and enhance their structural and optical qualities. 

Barium (BaO), a heavy metal utilized in electro-ceramics and high-temperature conductors, is another 

safe heavy metal. Barium is not poisonous, does not bioaccumulate, and is not carcinogenic. It is highly helpful 

in the glass-making industry and can raise the glass's lustre and refractive index [20]. 

The structure of B2O3-TeO2 glasses is composed of TeO4 trigonal bipyramidal, TeO3 pyramidal, BO4 

tetrahedral units, and TeO3 trigonal units, with an accidentally high B2O3 concentration of TeO6 octahedral [21]. 

Studying materials' absorption spectra is an essential source of knowledge on the band structure and energy gap. 

Iskandar and colleagues [22] have examined the optical characteristics of glass containing varying 

concentrations of Pb-B2O3-TeO2. 

When additional glass formers and modifiers are added, the conditional glass formers TeO2 and Bi2O3 

are more inclined to form glass. These two materials cannot vitrify on their own under typical circumstances. 

The bismuth borate glass system's optical characteristics and capacity to produce glasses are improved by 

adding Ba2+ ions with a wide radius and strong polarizability [23, 24]. A literature survey indicates that very 

little systematic research has been done on bismuth-modified barium boro-tellurite glasses. In this research, we 

have examined how BaO affects the optical characteristics of bismuth boro-tellurite glasses. 
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Scientists have studied borate glasses containing heavy metal oxides like bismuth, tellurium, and 

barium oxide. These glasses have caught their attention due to their unique characteristics, such as high density, 

low melting temperature, a wide range of glass formation, excellent physical and chemical stability, and 

interesting nonlinear optical properties [25]. Heavy metal oxides typically do not form glasses independently 

due to their lower field strength, unlike regular glass-forming oxides. When combined with HMO, bismuth 

oxide glasses have demonstrated diverse uses in various fields, such as glass ceramics, optoelectronics, γ-ray 

absorption, mechanical and thermal sensing, and scintillation detection [26]. 

It is important to remember that, in typical melting circumstances, pure TeO2 lacks its glassy network. 

Hence, to produce tellurite-based glasses, it is necessary to use network modifiers or glass-forming oxides. 

Alkali or alkaline earth oxides, or sometimes a combination of both, can be incorporated into glasses to modify 

their structural and physical properties. These network modifier oxides disrupt the bridging oxygen bonding in 

the glass network, generating non-bridging oxygen (NBO) [27]. 

Accordingly, in terms of glass compositions and melting conditions, high TeO2-containing glasses can 

exhibit a range of colours, from vivid purple to light green [28]. With components B2O3 and Bi2O3, we created a 

novel series of glass compositions in this study, which is based on barium-modified tellurite glass. In this 

research, the physical properties of tellurite-based glass were measured in terms of various barium contents. 

Studies on a tellurite glass system's molar volume and density were ascertained. To investigate the structural 

alterations of BaO-TeO2 glasses by adding B2O3 and Bi2O3 utilizing FTIR spectra. 

 

II. Experimental 
Glass preparation 

The melt-quenching technique was used to form 50B2O3-20Bi2O3-(30-x)TeO2-xBaO glasses with x=5, 

10, 15, 20 and 25 mole% of bismuth-boro-tellurite and BaO as a network modifier. The highest purity analytic 

reagent grade chemicals, TeO2, Bi2O3, and B2O3, were used as starting materials and combined in an agate 

mortar for 20 minutes. After being transferred into porcelain crucibles, the batch materials were heated 

electrically in a muffle furnace set at 900–950 degrees Celsius until a clear, bubble-free melt was achieved. 

After a short period, the liquid was transferred onto a stainless-steel plate and placed next to another, both kept 

at a temperature of 200°C. To reduce thermal stresses in the glass, the glass samples underwent a temperature of 

200°C for 12 hours. 

 

Glass characterization 

Figure 1 shows XRD patterns of 50B2O3-20Bi2O3-(30-x)TeO2-xBaO glasses. All the glass samples 

lack distinctive peaks, indicating their amorphous nature. 

The density (ρ) of the glass samples at room temperature was determined by applying the Archimedes 

principle and using xylene as the immersion liquid (ρ = 0.86 g/cc). Infrared absorption spectroscopy of the 

current glasses was performed in the mid-infrared (400–2000 cm-1) range using a Bruker optical spectrometer 

(Tensor 27, Germany). 

 

 
Fig.1. X-ray Diffraction of 50B2O3-20Bi2O3-(30-x) TeO2-xBaO (where x= 5, 10, 15, 20 and 25 mole%) 

glass system. 
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III. Results And Discussions 
Physical properties 

The examined glasses' surfaces lack microstructures and display an amorphous phase characteristic, as 

seen in Fig. 2 in a scanning electron micrograph. Equation (1) was used to determine density using the 

Archimedes method at room temperature and xylene as the immersion liquid. 

𝜌 =  
𝑊𝐴

𝑊𝐴−𝑊𝐿
× 𝜌𝐿                                                                  (1) 

When measuring, the weight of the glass sample in xylene liquid is WL and in air WA at room 

temperature, with the density of xylene being 0.86 g/cc. The measurements were conducted with an extremely 

high precision, accurate to 0.001 g/cc. 

 

 
Fig.2. SEM photograph of typical glass sample 50B2O3-20Bi2O3-20TeO2-10BaO. 

 

The compositional shift changed synthetic glasses' density ρ and molar volume Vm. It shows the impact 

of the glass structure's hardness, compactness, and toughness [29]. Table 1 presents the molar volume and 

density data for the synthesized samples. The results show a decrease in the density of the generated samples 

from 5.76 to 5.52 g/cc, as shown in Fig. 3; also shown in Table 1, the molar volume of the synthesized samples 

increases from 30.44 to 31.56 cc/mole. The compactness of the glass network structure can significantly 

influence the range of molar volume values (Vm) [30]. 

 

 
Fig.3. Variation of density and molar volume of present glass system. 
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Present glasses get less dense as the amount of barium oxide rises. TeO2's higher density (6.70 g/cc) 

compared to BaO's (5.72 g/cc) is another factor contributing to the drop in glass density with BaO 

concentration. According to Table 1, an increase in BaO concentration decreased oxygen packing density from 

87.03 to 77.61 (g-atm/cc). However, the oxygen molar volume (Vo) increased from 11.48 to 12.88 (cc/mole). 

Bi3+ ions (NBi) concentration dropped in the produced glasses as Barium rose. Including BaO in the glasses 

increased their molar volume, indicating a relaxation in the glass structure. The concentration of BaO is directly 

connected to the increase in the polaron radius (rp) and the inter-ionic separation (ri). The strength surrounding 

Bi3+ ions grew, as indicated by Table 1, decreasing bismuth ion field strength values and increasing boron-

boron separation, which were computed using formulae [31]. 

 

 

Table 1. Average molecular weight MW, experimental density ρ, molar volume V
m

, oxygen packing 

density OPD, oxygen molar Volume Vo, Bi
3+

 ion concentration NBi, polaron radius r
p
, inter ionic distance 

r
i
 Field strength 𝑭𝒔 and boron-boron distance dB-B, theoretical density ρth,, cross-link density 𝒏c, bond 

density nb and co-ordination number of glass m of 50B
2
O

3
-20Bi2O3 -(30-x)TeO2-xBaO (x = 5, 10, 15, 20 

and 25 mole %) glasses. 
Physical Parameters X = 5 X = 10 X = 15 X = 20 X = 25 

MW (g/mol) 175.568 175.255 174.941 174.628 174.314 

ρ (g/cc) 5.76 5.68 5.61 5.56 5.52 

Vm (cc/mol) 30.44 30.82 31.15 31.36 31.56 

OPD (g.atm/l) 87.03 84.34 81.86 79.71 77.61 

Oxygen molar volume 
Vo (cc/mol) 

11.48 11.85 12.21 12.54 12.88 

𝑁𝐵𝑖  (*1021 ions/cc) 3.95 3.90 3.86 3.84 3.81 

rp (Å) 2.54 2.55 2.56 2.57 2.58 

ri (Å) 6.32 6.34 6.37 6.38 6.39 

Field strength 𝐹𝑠 (*1016 cm-2) 12.78 12.68 12.59 12.53 12.47 

Vm
B 30.44 30.82 31.15 31.36 31.56 

dB-B (A
0) 3.69 3.71 3.72 3.73 3.74 

ρth (g/cc) 4.65 4.66 4.67 4.68 4.69 

Cross-link Density 𝑛c 1.94 2.00 2.05 2.11 2.17 

Bond density nb (*1022) (cc-1) 8.90 8.98 9.08 9.21 9.34 

Coordination no. of glass m 4.5 4.6 4.7 4.8 4.9 

 

FTIR Spectrum 

Fourier transform infrared spectroscopy (FTIR) is a highly effective method for obtaining the 

absorption spectrum of solids, liquids, or gases in the infrared range. Additionally, it can offer some structural 

hints about the material's overall molecular structure. Figure 4 displays all the boro-tellurite glass systems' 

infrared spectra with varying additives. 

 

 
Fig.4 Shows the FTIR spectra of the present glasses. 
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These spectrums cover the 400–2000 cm-1 range. The infrared spectra display multiple broad, 

moderate-band peaks, as Figure 4(a-e) illustrates. The de-convoluted FTIR spectra's peak locations and 

amplitudes are presented in Table 2. Due to the chaotic structure, a diffuse band is observed in the 500–600 cm-1 

range; this represents the vibration modes of the TeO3 and TeO4 entities [32]. 

 

 

 
 



Comprehensive Study On Physical And Structural Properties Of 50B2O3-20Bi2O3-(30-X)…….. 

DOI: 10.9790/4861-1604012633                       www.iosrjournals.org                                      31 | Page 

 

 

 
Fig.4 (a-e) Shows deconvoluted FTIR spectra of present glasses. 
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Bending vibrations of BO3 triangles: 628-671 cm-1 [33]. The huge bands centered at 700 cm-1 are 

composed of band vibration modes in both TeO3+1 units, referred to as the tellurium atoms' intermediate 

coordination between 3 and 4. TeO4 units and TeO4 tetrahedrons connected by Teax-O-Teeq chains have a 

shoulder at around 775-768 cm-1, which is attributed to the symmetric vibration of Te2eq [34]. 

In infrared spectra, the six-membered boroxol ring's distinctive peak is 805 cm−1 [35]. B-O stretching 

vibrations in BO4 units from the Penta, tetra, and tri-borate groups are thought to be responsible for the IR band 

seen between 1104 and 1110 cm−1 [36]. In metaborate, pyroborate, and orthoborate units, the Asymmetric 

stretching vibrations of the BO3 triangles are responsible for bands between 1335 and 1368 cm−1 [37]. Infrared 

radiation detected in the 1482–1649 cm−1 range is ascribed to the stretching vibrations of BO3 triangles 

connected to a substantial portion of the borate network [38]. The allocations for the FTIR bands are displayed 

in Table 3. 

 

Table 2: Peak position (cm-1) and amplitude (A) (a.u) of deconvoluted peaks of FTIR spectra of different 

compositions of 50B2O3-20Bi2O3-(30-x)TeO2-xBaO (x= 5, 10, 15, 20 and 25 mole %). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X=5 X=10 X=15 X=20 X=25 

C A C A C A C A C A 

  599 794.45 615 896.66 619 762.45   

675 7536.53       683 6536.51 

    768 723.79 778 1144.56   

786 1198.35 794 1909.44 805 192.31   1109 1881.39 

      1111 1484.67   

    1112 1163.41     

1114 1745.49 1125 1846.93   1483 789.09   

1487 2042.36   1511 2167.24   1525 2620.41 

  1551 

 

8590.98   1555 2257.22   

    1577 302.77  

 

   

1588 4907.35   1633 904.58   1687 2410.39 
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Table 3: Assignment of the FTIR Scattering bands measured in 50B2O3-20Bi2O3-(30-x)TeO2-xBaO 

glasses for (x= 5, 10, 15, 20 and 25 mole %). 

Wavenumber (cm-1)                                                 IR Assignments 

 
500-600 cm-1                       Vibration modes of both the TeO3 and the TeO4 entities [32] 

628-671 cm-1                       Vibrations of BO3 triangles [33] 

~700 cm−1                                          Vibration modes of bonds in both TeO3+1 [34] 

~775-768 cm-1                    Symmetric vibration of Te2eq in TeO4 units and TeO4 tetrahedrons linked with Teax-

O-Teeq chains [34] 

~805 cm−1                            Six membered boroxol ring [35] 

1104-1110 cm-1                    Penta borate, tetra borate, and tri-borate groups [36] 

1335-1368 cm-1                    Asymmetric stretching vibrations of the BO3 triangles in  

                                                  metaborate, pyroborate, and orthoborate units [37] 

1482-1649 cm-1                    Stretching vibrations of BO3 triangles attached to large  

                                                    segment of borate network [38] 

_____________________________________________ 
 

 

 

 

 

IV. Conclusions 

• From the current work on the physical, optical, and structural properties of 50B2O3-20Bi2O3-(30-x)TeO2-

xBaO glasses, where x =5, 10, 15, 20, and 25 mole%, the following results have been made. 

• The fact that none of the samples had any Bragg's peaks indicated how amorphous they are in XRD Spectra. 

• There is a decrease in density and a rise in the molar volume of glass samples as the BaO concentration 

increases. 

• The disordered structure of the material results in a diffuse band in the 500–600 cm-1 range, which is thought 

to represent the vibration modes of both the TeO3 and TeO4. 

• The huge bands centred at 700 cm-1 are composed of bond vibration modes in both TeO3+1 units, referred to 

as the tellurium atoms' intermediate coordination between 3 and 4. A shoulder at around 775-768 cm-1 is 

accredited to the symmetric vibration of Te2eq in TeO4 units and TeO4 tetrahedrons connected to Teax-O-Teeq 

formula. 

• Infrared radiation detected in the 1482–1649 cm−1 range is ascribed to the stretching vibrations of BO3 

triangles connected to a substantial portion of the borate network. 
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