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Abstract: The influence of BaO content on the optical properties such as energy gap, refractive index, optical basicity, molar 

and oxide ion polarizability, molar refraction and third order nonlinear susceptibility have been studied theoretically in [0.7 

TeO2 (0.3-x) B2O3 x BaO] (x =0, 0.1, 0.2, 0.3 mole%) and analyzed the parameters related to these compositions with 

theoretical predictions. The mass attenuation coefficients of glass system have been calculated at different energies. The 

theoretical results indicate that a decrease of the mass attenuation coefficient with increasing of gamma-ray energies and that 

glass in the present study may be developed as radiation shielding material and new nonlinear optical materials. 
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1. Introduction 

Increasing the use of gamma active isotopes in support of 

the application makes the study of the absorption and 

interaction of gamma radiation in materials an important 

research field. The photon attenuation coefficients are basic 

quantities required in determining the attenuation of X-rays 

and gamma photons in the matter. 

The glasses with higher nonlinear optical properties, 

especially third-order nonlinear susceptibility, are desirable 

to develop nonlinear waveguide devices applied to optical 

signal processing [1]. Glasses with higher refractive indices 

are expected to have higher third-order nonlinear 

susceptibility values [1]. It was found that bismuth and 

tellurite glasses possess high optical nonlinearity and have 

possible application as nonlinear optical materials [2]. Also, 

the calculation of the refractive index is very important to 

determine the suitability of glass material to be optical 

devices [3]. The understanding of optical basicity would be 

useful for the design of the novel optical functional materials 

with higher optical performances [4]. 

The mass attenuation coefficient (µ/ρ), which is a measure 

of the average number of interactions between incident 

photons and matter, that occur in a given mass-per-unit area 

thickness of the substance encountered. This coefficient can 

be usually calculated via XCOM data which is a computer 

program developed by (Berger and Hubbell, 1987) for 

different elements, mixtures and compounds between 1 keV 

to 100 GeV. 

The aim of the present work is studying the physical 

properties of [0.7 TeO2 (0.3-x) B2O3 x BaO] (x =0, 0.1, 0.2, 

0.3 mole %) and the factors which affect gamma-ray 

transmission with an XCOM computer program of mixture 

rules [5]. 

2. Theoretical Background 

The density of all the glasses under study can be calculated 

from the following expression: 

d= XTeO2 d TeO2 +XBaO dBaO+XB2O3dB2O3          (1) 

Where X is the molar fraction and d is the values of 

theoretical density respectively [6]. 

The optical electronegativity can be calculated as follows, 

∆χ*= XTeO2∆χ*TeO2XBaO ∆χ*BaO+XB2O3∆χ*B2O3     (2) 

Where ∆χ* is the values of the optical electronegativity of 

TeO2, BaO, and B2O3, respectively [7]. 
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The optical energy gap can be calculated by [8] 

Eopt=0.2688∆χ*                               (3)
 

The optical basicity can be calculated [8] 

Optical basicity = -0.5∆χ*+1.7                   (4) 

The electronic polarizability [8] of oxide ions can be 

calculated = 0.9∆χ*+3.59                     (5) 

The third order nonlinear susceptibility in esu units is 

given by the following relation [6, 9], 

χ
(3)

=(1.4x10
-11

)/((Eopt-1.96)(Eopt-1.31)(Eopt-0.65))     (6) 

The nonlinear refractive index n2 can be expressed as [9], 

n2= ((12x3.14) /n0) (χ
 (3)

)                        (7) 

As a photon makes its path through a matter, there is a 

probability that it makes an interaction with the material such 

as absorption (photoelectric effect), scattering (Rayleigh or 

Compton scattering) or splitting (pair production). Therefore, 

part of the incident beam of intensity (Io) will be partially or 

completely removed from the beam as a result of interaction 

within the absorber of thickness t. 

This reduces the transmitted intensity that reaches the to 

(I), where, introducing µ, the linear attenuation coefficient, 

µm is a mass attenuation coefficient measure of how strongly 

a chemical species or substance absorbs or scattering 

radiation at a given wavelength, per unit mass is given by [5]; 

I(t) = I0e
-(µ

m
) ρ t

                                  (8) 

Where ρ is the density, µm is the mass attenuation 

coefficient (cm
2
g

-1
). 

Mean free path (MFP) is the average distance a photon 

travels between collisions with atoms of the glass sample. It 

depends on the material and the energy of the photons: 

MFP (λ)  = 1⁄ µ                            (9) 

3. Discussion and Results 

3.1. Density and Molar Volume 

The values of density for all the studied glasses are listed 

in table 1. It is clear that, the values of density increase by 

increasing BaO content. This increase is due to replacement 

of a low density of B2O3 (2.46 g/cm
3
) by BaO (5.72 g/cm

3
). 

Also, it was found that the values of theoretical density are 

greater than the experimental one [6] due to chemical and 

topological defects of the prepared samples, It happens in the 

glass and the guide is to be glass. On the other hand, the 

molar volume (Vm) decreases with BaO content. The 

decrease in Vm reveals that the structural changes, due to the 

increase in BaO content, have the greater effect than that due 

to the molecular mass difference. 

Table 1. The molar volume, the theoretical and experimental density of the glass samples. 

x Density (g/cm3) (Theoretical) Density (g/cm3) (Experimental) Molar volume (Vm) (g/cm3) 

0 4.71 4.69 28.15 

0.1 4.81 3.38 28.00 

0.2 4.91 3.56 27.85 

0.3 5.01 3.63 27.71 

 

3.2. The Optical Basicity and Polarizability 

The optical basicity, addresses the ability of oxide glass in 

contributing the negative charges in the glass matrix. In other 

words, it defines the electron donating power of the oxygen 

in the oxide glass. The theoretical optical basicity can be 

calculated according to the approach proposed by Duffy and 

Ingram [7]. The values of theoretical optical basicity for all 

the studied samples are listed in table [2]. The increase in 

values of optical basicity may be attributed to replacement of 

a low optical basicity oxide B2O3 (0.42) by a high– optical 

basicity oxide BaO (1.23) and this increase indicates that the 

glass system is basic in nature. 

The relationship between electronic polarizability of oxide 

ions and optical basicity of oxide Ath is given by this equation 

[4], the Electronic polarizability of oxide ion increase with 

increasing the optical basicity as shown in Table 2. 

3.3. The Molar Refraction and the Average Single Bond 

Strength 

The values of cation polarizability and the values of oxide 

ion can be taken from [10]. It is clear that from the values of 

molar polarizability and 

The molar refraction Rm is shown in table2, the glasses 

under investigation become more polarized by increasing 

BaO content and decreasing the values of average single 

bond strength. 

Table 2. Optical basicity, oxide ion polarizability, molar refractivity and average single bond strength of all glass samples. 

x 
Optical 

basicity(Ath) 

Oxide ion polarizability 

(αααα02-)(A0)3 

Molar polarizability 

αm(A0)3
 

Molar refractivity 

R m (cm3/mol) 

Average single bond 

strength (KJ/mol) 

Molar polarizability 

αm(A0)3
 

0 0.798 1.915 5.523 13.92 311.1 5.523 

0.1 0.841 2.014 5.536 13.95 288.4 5.536 

0.2 0.884 2.125 2.548 13.98 265.7 2.548 

0.3 0.928 2.251 5.560 14.01 242.9 5.560 
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3.4. The Theoretical Optical Energy and Refractive Index 

From Table 3, the decreasing value of theoretical optical 

band gap energy by increasing BaO content means that the 

weaker bond strength of Ba-O(84 KJ/mol)compared to B-

O(373 KJ/mol are responsible for the decrease of optical 

band gap energy[3]. Also, we noticed that the theoretical 

values of Eopt are larger than the experimental values [6], this 

due to the amorphous nature of prepared glass samples. 

The refractive index depends on the polarizability of glass 

material [3]. The values of the refractive index increase by 

increasing BaO content as well as the values of molar 

polarizability increase. 

The third-order nonlinear susceptibility in esu units is 

given by the following relation [6], the values of third order 

nonlinear susceptibility for all the studied glass samples, 

were found to be in the range (2.987-3.561) x 10
–13

esu as 

shown in table 3 and figure 1, this means that all the studied 

samples are probably good candidates for nonlinear optical 

applications [9, 11 and 12]. 

Table 3. The optical energy, refractive index and third order nonlinear susceptibility of all glass samples. 

x 
Theoretical optical energy 

gap(eV) 

Experimental optical energy 

gap(eV) Refractive index 

Third order nonlinear susceptibility χ3x10-

13esu. 

0 5.11 3.22 1.984 2.987 

0.1 5.04 2.44 1.995 3.169 

0.2 4.96 2.29 2.006 3.360 

0.3 4.89 2.25 2.017 3.561 

 

In figure 1 and 2 the third-order nonlinear susceptibility as 

a function of the optical energy gap and refractive index. It is 

seen that third-order nonlinear susceptibility increases with 

decreasing the optical energy gap and increasing the 

refractive index for all the glass samples these means that the 

nonlinear properties of glass system. 

 

Figure 1. Variation of the third order nonlinear susceptibility as a function of the optical energy gap. 

 
Figure 2. Third order nonlinear susceptibility as a function of the linear refractive index. 
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3.5. Total Mass Attenuation Coefficient (µm) and Shielding 

Properties 

The theoretical values of mass attenuation coefficients at 

different energies ranged from (1 keV-100 GeV) low, 

medium and high energies are shown in Figure 3, where 

figure 3 shows that the mass attenuation coefficients increase 

linearly with the weight fraction of BaO and decrease by 

increasing gamma-ray energy. This is due to high density and 

high atomic number of BaO than B2O3. 

 

Figure 3. The mass attenuation coefficients as a function of different energies (1keV–100 GeV). 

 

Figure 4. The MFP as a function of different energies (1keV–100 GeV). 
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In figure 4 shows the mean free path [MFP (λ)] as a 

function of BaO content, at different γ ray energies, for the 

boro-tellurite glasses. As expected, the MFP decreases with 

increasing BaO content and nearly constant at h energy, 

which is the most absorbing one of the three compounds. 

This may be due to the increase in densities of glass samples 

and the higher values of mass attenuation coefficients. 

4. Conclusion 

1. In the present work, Boro-Tellurite Glass doped with 

Barium has been observed to be promising gamma ray 

shielding material capable to minimize the nuclear 

radiation hazards below the permissible dose. The high 

value of mass attenuation coefficients and mean free 

path (MFP) indicates that the volume required for shield 

design for being less than the traditional shield. 

2. The values of electronic polarizability and oxide ion 

polarizability increase with increasing refractive index 

and decreasing optical band gap energy. The optical 

basicity of the glass materials increases by increasing 

number of oxide ion polarizability and shows that the 

glass materials are more basic. 

3. Finally, all the above values are a good basis for 

predicting new nonlinear optical shielding materials for 

gamma-ray. 
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