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Abstract 

This manuscript intends to the structural modifications, and physical and optical properties of 

a set of heavy metal alkali boro-tellurite glasses doped with Eu2O3. These glasses were produced by 

a conservative melt-quenching method. The existence of non-crystalline properties in the glasses was 

ascertained by X-ray diffraction analysis. The structural modifications were noticed by MAS-NMR 

spectroscopic investigation. Physical properties such as density, molar volume, oxygen packing density, 

average boron-boron separation, interionic distance, and polaron radius have been calculated by a suitable 

approach. The optical absorption studies were made through UV-visible absorption spectroscopy in 

the 350 nm to 800 nm wavelength range. The optical properties namely, optical energy bandgap, 

Urbach energy, optical basicity, electronegativity, and electric susceptibility, were also determined 

by using appropriate methods. The MAS-NMR spectroscopic experiments reveal that fewer BO4 units 

are converted to BO3 units and those NBOs are turned into bridging oxygen at a lower rate. The 

optical refractive index values and optical dielectric constant range from 2.241 to 2.358, and 5.0220 to 

5.5601, respectively. The obtained energy band gap values (Eg(d): 3.367 eV to 3.597 eV and Eg(ind) 2.109 eV 

to 2.863 eV) and other significant optical parameters suggest that the investigated glasses are potential 

candidates for europium-doped fiber amplifier applications and possible optical switching applications. 

1. Introduction 

 

High refractive index, relatively high optical dielectric constant, 

strong transmittance near the IR region, and high third-order optical 

nonlinearities are all well-known physical and optical features of 

glasses containing heavy metal oxides[1-5]. Tellurium dioxide (TeO2) 

is the one of the good conditional glass former, but it cannot cause 

form glass itself directly, therefore other supporting metal oxides 

such as PbO, WO3, La2O3, Bi2O3 are required as glass modifiers to 

prepare boro-tellurite glasses. Moreover, to achieve a high refractive 

index, multicomponent oxide glasses incorporating PbO, WO3, La2O3, 

TeO2, Bi2O3, and Nb2O5 have recently been synthesized [2-8]. If the 

glasses have a refractive index that is higher than n ~ 2, coloration 

occurs, which is primarily driven by the optical absorption edge, which 

is placed near-visible wavelength rather than deep-UV wavelength. 

Furthermore, the transmittance spectra of glasses are generally reduced 

around the absorption edge, resulting in greyish and yellowish colors 

in high refractive index glasses. It has been demonstrated that the 

transmittance shortfall towards the absorption edge is caused not only 

by impurity contamination [2], but also by glass structure disorder 

[3] or heavy metal cation valency changes [3-5]. The electronic resonance 

near the absorption edge improves the refractive index and optical 

nonlinearity significantly [5,6]. It has been observed that in glasses 

with a high refractive index, the blue-shifted absorption edge (wavelength 

less than 400 nm) and high transmittance in visible wavelength can be 

attained concurrently [2]. The optical nonlinearity of high refractive 

index features of various oxide glasses containing Pb, Bi, Te, and 

Chalcogenide glasses was investigated [4-11]. The bandgap energy 

(Eg) of boro tellurite glasses with different concentrations of Eu2O3 

plays a crucial role in determining their switching performance. Several 

studies have investigated the effect of Eu2O3 concentration on the 

bandgap energy of boro tellurite glasses. It has been observed that 

the bandgap energy of boro tellurite glasses decreases with increasing 

Eu2O3 concentration. For instance, a study by El-Mallawany et al. 

[8] reported a decrease in the bandgap energy of boro tellurite glasses 

from 3.27 eV to 3.09 eV with increasing Eu2O3 concentration from 

0 mol% to 0.8 mol%. These glasses have a high third-order nonlinear 

susceptibility of ꭓ3 ~ 10^(-11) esu, and a typical high refractive index 

of 1.9 to 2.5. The presence of the absorbance edge has an impact on 

the glasses optical nonlinearity, as a result, the stronger the optical  
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nonlinearity, the richer the coloration of the glasses. Because these 

glasses have a high transmittance in the near-infrared range, they 

can be employed as optical fibers in telecommunication wavelengths. 

Instead, the transmittance spectra near the absorption edge, particularly 

in high refractive index glasses, has been widely explored. 

The effect of europium trioxide on the structural, physical, and 

optical aspects of alkali lead boro-tellurite glasses [LABT] is discussed 

in this paper. LABT has a rather sharp absorption edge, which is 

difficult to be noticed in traditional glasses with a high refractive 

index. The "Urbach Rule" [4,11-13] is used to study the structure of 

absorption spectra. Furthermore, B2O3, TeO2, and PbO contents are 

likely to have a significantly high refractive index and strong optical 

nonlinearity. Electronic polarizability and optical basicity were used 

to examine the refractive index and related optical properties of the 

obtained glasses [2-4,7-9]. 

 

2.  Experimental procedures 

 

2.1 Preparation of glass 

 

The Eu2O3 doped alkali lead boro-tellurite glasses possessing 

chemical composition (70-y) B2O3-15TeO2-10Na2O-5PbO-y(Eu2O3), 

where y is considered as 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 mol%, were 

fabricated by usual melt-quenching technique [1,4,11,14]. Here 

onwards, the synthesized sets of glasses are termed LABT0, LABT1, 

LABT2, LABT3, LABT4, and LABT5. The chemicals that were 

procured from Sigma Aldrich have appeared in powder form and 

have high purity of 99.9%. The chemical powders are weighed by using 

digital chemical balance according to stoichiometry and transferred 

to agate mortar, and chemicals were appropriately stirred over 35 min 

to get a homogenous mixture. The achieved homogeneous mixture 

was then placed into porcelain crucibles. The crucibles with the 

chemical mixture were kept inside the electric muffle furnace for 

heating. The chemicals were heated at 1100℃ for 1.5 h. Furthermore, 

the molten substance is stirred regularly to get the homogeneousness 

in samples. The molten substance was then dispensed and sandwiched 

between brass molds and pressed to each other. To achieve glasses, 

having no thermal stress in them, the synthesized glass substances 

were kept in a furnace for annealing at 360℃ for about 2 h. The 

obtained glasses as showed in figure were then taken in desired shape 

and size for appropriate characterizations. 

 

2.2 X-Ray Diffraction (XRD) 

 

Generally, the non-crystallinity studies were conducted on the 

prepared glass sample in powder form. The transparent glass samples 

were squashed by using a pestle and mortar to achieve fine and 

homogeneous powder samples and were then ground thoroughly with 

a plunger and grinder. The Bruker D8 Focus X-ray diffractometer 

of Cu Kα radiation with a wavelength in the range of 1.54 Å was used 

for XRD measurements. The radiations were incident on powder 

sample at the room temperature and diffracted angles of 2θ were 

recorded in the range of 20° to 60°. The XRD was made to operate 

at 40 kV and 30 mA. Then diffracted X-Rays intensities were recorded 

by using a scintillation detector. 

 

 

Figure 1. Images of prepared (70-y) B2O3-20TeO2-5Na2O-5PbO-y(Eu2O3) 

glasses. 

 

2.3 MAS-NMR measurements 

 

The structural analysis of the formed glasses with and without 

europium trioxide was done using a high-resolution solid-state 

Bruker AV400 MAS-NMR spectrometer. The measurements were 

carried out successfully at room temperature. With a field strength 

of 9.39 Tesla and a frequency of 128.26 MHz, the equipment captured 

11B MAS-NMR data. Also used for the measurements was a 90° 

pulse with a 2-second duration and a 2-second pulse delay. 

 

2.4 Physical properties 

 

The significant physical properties of glasses such as “density, 

molar volume, average boron-boron separation, interionic distance, 

polaron radius, rare-earth ion concentration, oxygen packing density 

(OPD), and field strength” were found by using the right mathematical 

relations [13-21]. The average boron-boron separation is one of the 

significant physical properties and was determined by using the 

formula: 

 

< 𝑑𝐵−𝐵 >  =  (
𝑉𝑚

𝑁𝐴× 𝑋𝐵
)

1

3
 (1) 

 

Here, molar volume is denoted as Vm and XB refers to the molar 

fraction of B2O3 in each glass sample and NA is Avogadro’s number. 

The mathematical equations were used to calculate the polaron 

radius and field strength of Eu3+ ions. [4,15-22]: 

 

𝑟𝑝  =  
1

2
(

𝜋

6𝑁𝑖
)

1

3
 (2) 

 

𝐹 =  
𝑍

𝑟𝑝
2 (3) 

 

Ni is the concentration of rare-earth ions, Z is the valency of the 

rare-earth ion, and rp is the polaron radius. Equation (4) is used to 

calculate the oxygen packing density of glasses [19-22]. 

 

𝑂𝑃𝐷 =
 1000×𝑂𝑛

𝑉𝑚
 (4) 

 

Here, On is taken as the number of oxygen atoms in the glass 

samples. 

 

2.5 UV-Visible spectrometer investigation 

 

The obtained LABT glass samples were taken in the dimensions 

of thickness of 1.4 mm to 2 mm, and diameter of 0.8 cm to 1.2 cm. 

 
LABT0 LABT1 LABT2 LABT3 LABT4 LABT5 
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To achieve parallel, shiny, and flat planes, the specimens were polished 

with adequate (P1500 grade) emery polishing paper. The Perkin-

Elmer Lamda-30 absorption spectrophotometer was intended to work 

in the wavelength range of 200 nm to 1100 nm at room temperature. 

 

2.6  Optical properties  

 

With appropriate formulae, optical properties such as “dielectric 

constant, Urbach energy and steepness parameter, molar refraction, 

molar polarizability, reflection loss, metallic or non-metallic nature, 

electronic oxide polarizability, optical basicity, electronic negativity, 

and electronic susceptibility” have been determined [4,22-32]. 

 

3.  Results and discussions 

 

3.1  X-Ray Diffraction Analysis 

 

Figure 2 depicts the spectra of the X-Ray diffraction pattern of 

ready LABT glasses. It is noticed from the diffraction patterns that, 

the presence of wide range scattering about small-angle sections in 

its place of crystalline peaks is essentially characteristic property of 

non-crystalline materials. Therefore, it can be stated that the prepared 

glasses exhibit a non-crystalline nature and short rage atomic arrangement 

[1,11,14]. 

 

3.2  11B MAS-NMR Spectroscopy analysis 

 

On ready glasses, 11B MAS-NMR spectroscopy was used to 

evaluate structural expansion in the BO3 and BO4 units, which could 

occur during the production of LABT glasses. Figure 3 displays the 

11B MAS-NMR spectra of LABT glasses containing different 

amounts of europium, which shows two significant resonance peaks, 

one at 0.64 ppm and the other near 10 ppm to 13 ppm. The first peak, 

which is more intense and acute, is connected to the four coordinated 

BO4 units in the glass system and is caused by a strong quadrupolar 

interaction. The second peak, which is somewhat broader and less 

intense than the first peak and is positioned between 10 ppm and 

13 ppm, is categorized as a minor significant quadrupolar broadening 

and assigned to three coordinated BO3 units [33-37]. 

 

 

Figure 2. XRD pattern of (70-y) B2O3-15TeO2-10Na2O-5PbO-y(Eu2O3) glasses. 

 

Figure 3.  11B MAS-NMR spectra of LABT glasses. 

 

3.3  Physical properties 

 

The density and molar volume of LABT glasses were estimated 

by Archimedes' principal [1] and are shown in Figure 4. The average 

dB-B distance is determined to test the impact of Eu2O3 on the variation 

of glass structure and obtained dB-B values vary with change in Eu2O3 

concentration. The dB-B values of LABT glasses range from 4.846 

to 5.254 Å. In Figure 4, not only the reverse nature of density and molar 

volume was noticed, but the modification of densities and molar 

volume due to the addition of europium trioxide was also observed. 

The significant variations in the density are attributed to i) larger 

changes in average molecular weight in oxide ions of glass owing to 

the higher molecular weight of Eu2O3 than B2O3, ii) considerable changes 

in molar mass of europium trioxide, iii) addition of lead ions with Eu3+ 

ions holds greater atomic mass. Additionally, the generation of non-

bridging oxygen (NBO) in LABT glasses also impacts modifications 

in density, and similar work is also reported in the literature [1,9,11,20, 

38-41]. It is noticed that the density of glasses has been increased up to 

LABT2 glasses with rise in concentration of Eu2O3 and decreased 

at LABT3 and LABT4 glasses. The density is increased yet again for 

LABT5 glass. The highest density is reported for the 0.2 mol% 

(LABT2) glass as 3.205 g∙cm-3 which is due to significant changes 

occurred in glass network which leads to the less generation of non-

bridging oxygens. In Figure 5 it is noticed that both polaron radius 

and interionic distance are decreased with increasing of Eu3+ ions 

as reported in Table 1. Because of contracted and distorted lattice sites, 

and a decrease in the interionic distance, the polaron radius decreased 

with an increase in Eu3+ ion concentration in ready glasses. 

20 25 30 35 40 45 50 55 60

 

LABT5

LABT4

LABT3

LABT2

LABT1

LABT0

2 (deg)

In
te

n
si

ty
 (

a
.u

.)

 

 

LABT0 

LABT1 

LABT5 

LABT4 

LABT2 

LABT3 

Chemical shift (ppm) 

-60    -50    -40    -30    -20    -10      0      10     20     30     40     50      60 



GOWDA, G. V. J., et al. 

J. Met. Mater. Miner. 33(2). 2023    

68 

Table 1. Density(ρ), molar volume(Vm), Boron-Boron separation (dB-B), rare earth ion concentration (Ni), Polaron radius (rp), Inter ionic distance (Ri), Field 

strength (F), and Oxygen packing density (OPD). 

 

Sample y 

mol% 

ρ 

(g⸳cm-3) 

Vm 

(cm3) 

dB-B 

(nm) 

Ni 

(ions⸳cm-3) 

rp 

(Å) 

Ri 

(Å) 

F 

(1014 × cm-2) 

OPD 

(g⸳atom⸳L-1) 

  ±0.001 ±0.001 ±0.001 ±0.001 ±0.001 ±0.001 ±0.001 ±0.001 

LABT0 0 2.523 52.424 5.254 - - - - 46.162 

LABT1 0.1 2.957 44.803 4.980 4.033 11.749 3.072 2.173 54.014 

LABT2 0.2 3.205 41.406 4.846 8.728 9.083 2.254 3.635 58.445 

LABT3 0.3 2.828 47.001 5.049 11.533 8.277 2.054 4.378 51.489 

LABT4 0.4 2.717 49.019 5.104 14.746 7.626 1.892 5.157 49.374 

LABT5 0.5 2.935 45.441 4.982 19.881 6.903 1.713 6.294 53.255 

 

Figure 4. Density and molar volume variation against mol% of Eu2O3 

 

   

Figure 6. Average boron-boron separation and OPD changes versus mol% of Eu2O3 

 

Figure 5. Polaron radius and Interionic distance variations with mol% of Eu2O3. 

 

     

Figure 7. Plot of field strength versus mol% of Eu2O3

 

The oxygen packing density (OPD) provides the idea of an array 

of oxygen atoms in oxide glass. In Figure 6, the average boron-boron 

separation and OPD variations with Eu2O3 concentration are depicted.  

The improvement in Eu2O3 doping accompanies the variations of 

molar volume and it also signifies the hardness of oxide glass. The 

improvement in NBO atoms and extension of the structure is described 

by the changes in OPD with Eu2O3 content [1,11,41-43]. Figure 7 

depicts the relationship between field strength and Eu2O3 concentration. 

The attractive interactions between ions and nearby structural units 

grow as the concentration of Eu3+ ions rises. As a result, field strengths 

increase as the interionic distance decreases [4,44]. 

 

3.4  Optical properties 

 

The absorption spectra of all LABT glasses and LABT5 shown 

in Figure 8. The plot of LABT5 consists of seven prominent and 

sharp peaks situated at 394, 417, 466, 525, 534, 578, and 587 nm 

which are due to the electronic transitions of 7F0-5L6, 7F1-5D3, 
7F0-5D2, 7F0-5D1, 7F1-5D1, 7F0-5D0 and 7F1-5D0, respectively. For 

all glass samples, the absorption coefficient i.e. α(ν) was measured 

near the absorption edge at photon energies. It has been reported that 

direct and indirect bandgap data well fit an Equation (5) proposed 

by Davis and Mott. [1,9,18,20,21,40-46]. 
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𝛼(ℎ𝜗) = (
𝐵

ℎ𝜗
) (ℎ𝜗 − 𝐸𝑜𝑝𝑡)

𝑚
 (5) 

 

𝛼(𝜆) = 2.303 [
𝐴

𝑑
] (6) 

 

Here, A is the absorbance, d is the thickness of the LABT glass 

samples, and m indicates an index that has values such as 2, ½, 3/2, 

and 3 corresponding to indirect allowed, direct allowed, direct forbidden, 

and indirect forbidden respectively, B is a constant which indicates 

the band tailing parameter, hν is photon energy and Eopt is the optical 

energy bandgap. The direct and indirect bandgap energy values 

were found by Tauc’s plots and those plots are denoted in Figure 9.

  

Figure 8. Optical absorption spectra of the LABT Glasses and LABT5 glass. 

 

   

Figure 9.  (a) and (b) Typical plot of Variation of (αhν)2 versus hν of LABT0 and LABT4 glasses, (c) and (d) Typical plot of Variation of (αhν)1/2 versus hν 

of LABT0 and LABT4 glasses. 
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The variation in the bandgap energy of boro tellurite glasses with 

increasing Eu2O3 concentration has been ascribed to the formation of 

Eu2O3 clusters in the glass matrix, which create defect states in the 

bandgap of the glass. These defect states act as traps for charge carriers, 

leading to a significant modifications in the bandgap energy. The optical 

direct energy bandgap values for LABT glasses are increased up to 

0.3 mol% and decreased at 0.4 mol% and then after the Eg is yet again 

increased for 0.5 mol%, the same kind of observations are also reported 

[8,31]. The optical direct energy bandgap and indirect energy bandgap 

are depicted in Figure 10. Obtained direct and indirect bandgap values 

lay between 3.367 to 3.653 eV and 2.019 to 3.021 eV, respectively. 

The significant variations in the bandgap values with the addition 

of Eu3+ ions into the glass were noticed which is mainly because of 

the formation of NBOs. The addition of Eu2O3 results in the glasses' 

new structural alterations and a larger number of NBOs, which 

modifies the value of bandgap. The increase in Eu3+ concentration 

is consequently attributed to an increase in bandgap energies, which 

may demagnify the degree of localization by causing a defect in the 

charge distribution and pushing the nearest oxygen ions' energy levels 

closer to the top of the valence band, raising donor centers in the glass 

matrix. The energy band gap narrows because of the rise of donor centers.  

Urbach energy is the parameter that measures the disorders in 

both crystalline and noncrystalline materials. It can be measured by 

relation (7) and by taking the reciprocal of the slope at the linear region 

of curves in the plot of ln(α) versus hν and as shown in Figure 11. 

 

𝑙𝑛𝛼 = 𝑙𝑛𝛼𝑜 +
ℎ𝜗

∆𝐸
  (7) 

 

The obtained results affirm considerable variations originated 

from the addition of Eu2O3 into the glass network. The highest 

disorderliness was obtained for the LABT2 glass. The variations in 

Urbach energy are ascribed to the transformation from weak bonds 

to defects, this leads to improvement in the disorder in the glass structure. 

The variations of Urbach energy and steepness parameter versus 

rare earth concentration are shown in Figure 12. These disorders have 

a greater influence on more restricted states when band gaps exist. 

It has been observed that ΔE values can be used to determine the 

structural stability of glasses [4,41,45]. The lower the ΔE values, 

the more stable the glass structure will be. With the addition of Eu2O3, 

it is observed that the ΔE values change, indicating changes in  

structural strength, as well as alterations in the degree of the defect 

and electron delocalization. The steepness parameter can be used to 

investigate the relaxation of exciton-phonon or electron-phonon due to 

the expansion of optical absorption (S). The obtained values of the 

steepness parameter of LABT glasses are in the range of 0.0416 to 

0.0556, which accomplishes the less temperature dependence. 

An important and more useful parameter i.e., refractive index 

was evaluated by a Lorentz- Lorentz equation (8), here Eg refers to 

the energy gap. 

 

𝑛2−1

𝑛2−2
= 1 − √

𝐸𝑔

20
 (8) 

 

 

Figure 10. Optical direct energy gap and indirect energy variations with 

Eu2O3 mol%. 

 

     

Figure 11. ln(α) versus hν for LABT4 glass.

 

Table 2. Eu2O3 (mol%), Optical direct band gap Eg(d) (ev), optical indirect band gap Eg(ind) (eV), Urbach energy _ΔE (EV), Steepness Parameter (S), Molar 

refraction (Rm), Optical dielectric constant (K), Reflection loss-RL (%), Electronic molar polarizability-αm(Å3), Metallization criterion (M). 

 

y 

mol% 

Eg(dir) Eg(ind) ΔE S Rm K RL αm n M 

±0.001 ±0.001 ±0.01 ±0.001 ±0.001 ±0.001 ±0.001 ±0.001 ±0.01 ±0.001 

0 3.510 2.863 0.46 0.055 35.257 5.107 0.672 1.399 2.26 0.327 

0.1 3.418 2.331 0.59 0.043 31.143 5.560 0.695 1.235 2.35 0.304 

0.2 3.520 2.548 0.62 0.041 27.925 5.143 0.674 1.108 2.26 0.325 

0.3 3.653 3.021 0.60 0.043 31.391 5.022 0.667 1.245 2.24 0.332 

0.4 3.375  2.019 0.56 0.045 33.434 5.294 0.682 1.326 2.30 0.317 

0.5 3.477 2.72 0.47 0.054 30.768 5.193 0.677 1.220 2.27 0.323 
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Further, with the knowledge of the refractive index, the dielectric 

constant, molar refraction, molar polarizability, reflection loss, and 

metallization criterion were determined with precise mathematical 

formulae [16,20-24]. The obtained values are tabulated in Table 2. 

The optical refractive index and dielectric constant vary nonlinearly 

with the addition of Eu2O3 content as shown in Figure 13. This is 

due to perturbation in the glass structure with the insertion of europium 

trioxide, which leads to a disturbance inside the glass network by 

increasing NBO atoms. The highest refractive index is reported for 

LABT1 glass. Further, the significant modifications in the refractive 

index are owing to considerable improvement in NBO atoms. 

The important parameter reflection loss (RL) is calculated by 

the ratio of molar refraction to the molar volume. It is seen that the 

obtained RL values vary with the addition of Eu2O3 mol%. The 

indication of the non-metallic and metallic nature of solids can be 

engaged by using the metallization criterion [46-49]. Additionally, 

Dimitrov and Komatsu [25,28,29,50] recommended the metallization 

criterion for most of the oxide glasses by using the Lorentz-Lorentz 

relation, with optical bandgap and static refractive index. The values 

of RL are useful to find the metallization criterion values.  

The perceptions proposed by Xinyu Zhao et al., [51] give the idea 

about the non-metallic nature of solids which is based on the metallization 

criterion. The reflection loss RL greater than or equal to one indicates 

the metallic nature of solids and RL values less than one shows the 

nonmetallic nature of solids [52]. The obtained RL values of LABT 

glasses range from 0.6678 to 0.6951 and the metallization criterion 

values vary from 0.304 to 0.332. Additionally, the values are matching 

with non-linear optical values 0.3 to 0.4 [26,50-52]. The addition of 

Eu2O3 into the glass network influences the metallization criterion 

values. in this kind of development, the influence of increase in both 

the valence and conduction bands arises with narrowing the bandgap. 

As a result, the produced glasses have a nonmetallic appearance. As 

a result, the established values of LABT glasses make them appropriate 

for optical computing, optical data storage, and optical switching 

applications [49,53]. 

 

3.5  Electronic negativity, Electron oxide polarizability, 

Optical basicity, Electronic susceptibility 

 

The very important factors of LABT glasses such as electronic 

negativity (ꭓ), electron polarizability (α0), optical basicity (^) and 

electric susceptibility (ꭓe) [24-30] were estimated by mathematical 

equations; and obtained values are tabulated in Table 3. 

 

ꭓ  =  0.2688Eg  (9) 

 

α0  =  0.9ꭓ + 3.5     (10) 

(^)  =  0.5ꭓ + 1.7    (11) 

 

ꭓe  =  (
𝑛2−1

4𝜋
)    (12) 

 

In equations, Eg denotes the optical direct energy bandgap, and 

n refers to the refractive index.  

“Dimitrov, Sakka, and Komatsu” proposed appreciated relations 

for electronegativity, optical basicity, and cation polarizability of 

oxide ions [29,54,55]. The term "electronegativity" refers to the strength 

with which an ion can attract electrons, this also holds good for all 

oxide glasses. 

 

 

Figure 12. Variation of Urbach energy and steepness parameter versus 

Eu2O3 mol%. 

 

 

Figure 13. Variation of refractive index and dielectric constant versus 

Eu2O3 mol%.  

Table 3. Electronic negativity (ꭓ), electron polarizability (α0), optical basicity (^), and electric susceptibility(ꭓe). 
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  ±0.001 ±0.001 ±0.0001 ±0.001 
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LABT1 0.1 0.918 2.673 1.241 0.3628 
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LABT3 0.3 0.982 2.616 1.209 0.3200 
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The greater the value of electronegativity, the more powerful 

the pull of ions towards the bonded oxide ions. This causes the tight 

bonding between ions in the glass structure, which in turn leads to 

the development of covalent nature in the material. As predictable, 

it is observed that ꭓ values that were calculated with optical direct 

energy bandgap are changing with an increase in molar concentration 

of Eu2O3 and the highest ꭓ value reported for LABT3 glass is 0.982. 

Figure 14 depicts the variation of electronic negativity and electric 

susceptibility with a molar concentration of Eu2O3 and Figure 15 portrays 

the variation of optical basicity versus molar concentration of Eu2O3. 

The ability of the glasses to deliver a negative charge to the glass ion 

is referred to as optical basicity [28,29,49,51]. The LABT glasses' 

optical basicity was investigated, and the results show that these glasses 

can give negative charges to neighboring cations. The oxygen-cation 

bonds become more covalent because of this [53]. Modifications in 

optical basicity with an increased rare-earth ion concentration in glasses 

were used to investigate improvements in ionic chemical bond to 

covalent chemical bond conversions. Because a rise in optical basicity 

weakens the metal-oxide link, the covalent character of the bond 

may be reduced. This type of ionic behavior accepts the formation of 

non-bridging oxygen atoms (NBOs) in the investigated LABT glasses. 

 

 

Figure 14. Plot of electronic negativity and electric susceptibility with 

Eu2O3 mol%. 

 

 

Figure 15. Plot of optical basicity versus Eu2O3 mol%. 

 

Additionally, it is also proved by experimentally calculated 

dropping of energy bandgaps [25,55]. The obtained results of physical 

and optical properties and other significant structural parameters 

suggest that the investigated glasses are potential candidates for 

europium-doped fiber amplifier applications and possible optical 

switching applications, optical computing, optical data storage, and 

broadband appliances [1,15,17,20,39,40,45]. 

 

4.  Conclusion 

 

The conventional melt quenching method was used to produce 

the europium trioxide dope alkali Lead Boro-Tellurite Glasses. The 

non-crystalline structure was affirmed by XRD patterns. The 

considerable changes in density, molar volume, and other physical 

properties were analyzed and this is due to the generation of non-

bridging oxygen and modifications in OPD. The structural changes 

and structural stability of glasses were deliberated with 11B MAS –NMR 

spectroscopy. It confirms the occurrence of quadrupolar broadening 

in BO3 units and quadrupolar interactions in BO4 in all LABT glasses. 

The addition of Eu2O3 gives important modifications to NBOs 

within LABT glasses. The optical energy band gap was found to be 

having variations with raising the concentration of Eu2O3 which is 

due to shifting of the absorption edge. Optical properties were found 

to be undergoing significant variations by increasing Eu2O3 

concentration. The highest refractive index is found at 2.358 for 

glass LABT2 and the lowest one is found at 2.241 for LABT3 glass 

which is because of NBOs. Significant alterations in the metallization 

criterion are described, as well as signs of effective changes in optical 

bandgap energies and Urbach energy. The reported steepness parameter 

values support the hypothesis of less temperature dependence. 

Ionic nature and its considerable variations are shown by changes 

in parameters such as electronegativity and electronic polarizability 

for prepared glasses. Overall, the newly prepared glasses with their 

“structural stability, refractive index, metallization criterion, optical 

dielectric constant, electronegativity, and electronic polarizability” 

suggest potential applications in developing fibre manufacture, optical 

switching. 
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