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A B S T R A C T   

Vanadium doped lithium telluro-borate (LTB) glasses of the composition (20-x)Li2O-20TeO2-60B2O3-(x)V2O5 (x 
= 0, 0.5, 1, 1.5 and 2 in mol %) were synthesised by melt quenching technique. The structural, optical, physical, 
electrical and radiation shielding parameters of the prepared glasses were investigated to determine the effect of 
vanadium in the LTB glass matrix. Density of LTB glasses were found to increases from 2.52 to 2.98 g/cm3 under 
addition of vanadium oxide and certain density derived structural parameters were studied. XRD pattern con
firms the amorphous nature of the pristine and doped LTB glass. FTIR spectra shows the presence of various 
bonds in the vanadium doped LTB glasses. The direct optical bandgap (Eg) decreases due to the addition of V2O5 
and leads to creation of defects in the LTB glasses thereby increasing the Urbach energy (Eu). Physical parameters 
like refractive index (n), molar refractivity (Rm), reflection loss (Lr), molar electronic polarizability (αm), 
transmission coefficient (T) and metallization criteria (M) were calculated. The electrical properties including 
dielectric constant (εʹ), conductivity (σ) and activation energies (Ea) were analysed and observed that Ea de
creases under the addition of vanadium to the glass network proving the enhancement in electrical conductivity. 
Radiation shielding parameters such as MAC, LAC, HVL, TVL, MFP, R, ACS, ECS, Neff, Zeff, and Ceff were 
calculated using Phy-X/PSD and LTB_2V with the highest V2O5 additive shows enhanced result in gamma ra
diation shielding.   

Introduction 

Natural sources of radiation such as cosmic rays, terrestrial radiation, 
and man-made radioactive sources, like nuclear reactors are the major 
reason in the emission of alpha, gamma and X-rays. Radiation effects are 
harmful to the environment, therefore various researchers are working 
on radiation shielding and protective materials [1–3]. Materials that 
possess high density, refractive index and high atomic number were 
considered suitable for such application such as nuclear shielding, 
gamma ray telescopes and dosimeter application. Alloys, ceramics, 
polymers and concretes were used in general but since these materials 
were opaque and had limited applications. As an efficient alternative 
glass based radiation shielding materials came into utilization [4–6]. 
Glasses possess random network of structure with short range order, 
good transparency, hardness, and easy to manufacture. Glasses possess a 
unique property to accommodate foreign atoms in their interstitials. 
Glass formers therefore readily accept modifiers such as alkali, 

transition metal and rare earth ions to loosen the glass network. The 
choice of host material and concentration plays an important role in the 
properties of glass. 

When oxide-based glasses are considered, boron-based glasses 
(B2O3) have excellent glass forming properties like high transparency, 
low crystallization, low melting point, good thermal stability, and good 
dielectric constant [7,8]. Borates are good thermal conductors therefore 
have high phonon energy (1300–1500 cm− 1) which is used in applica
tions like heat detectors and thermal insulating materials, it also resists 
vibrations, possess lower viscosity, lower cation, low refractive index, 
high conductivity, short range order and higher bond strength [9–12]. 
Borate possess BO3 and BO4 structural units and which under the 
addition of other formers /modifiers gives rise to non-bridging oxygens 
(NBOs). To decreases the hygroscopic nature of borates and to improve 
the glass transparency and refractive index tellurium is incorporated in 
the glass matrix. Tellurium increases the density of glass thereby 
increasing its refractive index. The addition of tellurium in the borate 
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glasses gives rise to mixed glass former effect (MGFE) leading to 
telluro-borate glasses [13]. TeO2 also reduces the phonon energy 
thereby increasing the luminescence property of the borate-based 
glasses. TeO2 are conditional glass formers that possess low melting 
point, good thermal and chemical stability. In addition, it has high 
non-linear refractive index and exhibits good nuclear shielding behav
iour therefore used in gamma ray attenuators [11,12]. In addition to the 
above, tellurite based glasses exhibit good non-linear optical response 
[14]. To further reduce the melting temperature and to increase its 
thermal stability, network modifiers are added to telluro borate glasses. 
Alkali oxides such as Li2O, Na2O and K2O when added to borate glasses 
lowers its viscosity and aid in formation of glasses. Alkali like lithium 
interacts with the glass matrix as ionic conductors and helps to shift the 
optical absorption edge to longer wavelengths. 

Transition metal ions when added as glass modifiers, they alter the 
geometrical arrangement of the nearby glass forming network and 
impart their characteristic colours into the parent glass [15]. When an 
alkali (in this case Li) and/or transition metal ion (here V) based glass 
modifiers are added to the telluro-borate glasses there is an increase in 
NBO’s due to changes in the BO3, BO4, TeO3 to TeO4 units. Mixing of 
vanadium in the lithium telluro-borate glasses improves luminescence 
property and increases its electrical conductivity. The exchange of 
electrons (hopping) between V4+ and V5+ states induce polarization 
around vanadium ions leading to formation of polarons [13]. These 
vanadium ions dissolve easily into the glass network and creates number 
of vacancies/ defects such as colour centres [16]. The formation of these 
colour centre helps in applications including optical signal processing, 
laser fabrication and memory devices. The vanadium content in the 
lithium telluro-borate glasses are not exceeded 2% in order to maintain 
sufficient transparency when glasses are used for luminescent converters 
[17]. The addition of transition metal like vanadium to the glass matrix 
is due to its peculiar property of very high thermal and electrical con
ductivity and high resistance to oxidation and corrosion. Some distinct 
application of vanadium doped borate glasses are in luminescence, high 
absorption and conductivity, nuclear waste management and change in 
activation energy of glasses. The influence of V2O5 in the structural, 
optical, electrical properties in borate glass systems are reported in 
recent times where the increase in NBOs results in major structural 
variation, the optical data shows good luminescence characteristics and 
decrease in bandgap. The electrical conductivity enhancement of 
various oxide glass systems due to this transition metal ion has been 
discussed by several researchers [16,18,19]. Rajinder Kaur et. al. has 
discussed the structural and thermal properties of vanadium tellurite 
glasses of the composition x V2O5 – (100- x) TeO2 (where x = 10, 30, 40, 
50 mol %) were the densities of the glasses decreases from 5.22 to 3.99 
g/cm3. The XRD and Raman spectra were used to elucidate the 
short-range structure of vanadium tellurite glasses [20]. Lead free ra
diation shielding materials are the need of the hours where materials 
like bismuth, barium and tellurium are given importance. The radiation 
shielding behaviour of tellurium-based glasses has been an interesting 
topic and is studied intensely, some are 20TeO2-(30– x) 
B2O3-30BaO-20Bi2O3- x Er2O3 glass systems, (70- x) 
BO–5TeO–20SrO–5ZnO- x BiO (with 0 ≤ x ≤ 15 mol %) system and 
bismuth titanium vanadium sodium tellurite glass system where the 
density of the specially-developed glass samples was increased from 
2.21 to 4.01 g/cm3 with the addition of Bi2O3 [21,22]. Several 
telluro-borate glass systems with addition of different transition metal 
ions and rare earth ions are have been reported as excellent shielding 
materials [23–27]. The novelty of the current work is based on effect of 
vanadium in lithium telluroborate glasses to enhance the electrical 
conductivity and to analyse the radiation shielding which is not reported 
elsewhere. Previous reports on vanadium-based tellurite glasses shows 
the enhanced electrical conductivity at room temperature and at higher 
temperatures due to V4+ ion content in the glass structure [28,29]. 
Therefore, vanadium based telluro-borate glasses were choosen for 
analysing the electrical conductivity and shielding ability. 

In the present work, efforts are made to study the synthesis of lithium 
telluroborate glasses and the effect of vanadium (0, 0.5, 1, 1.5 and 2 mol 
%) in the glasses for appropriate gamma ray shielding and enhanced 
electrical conductivity. The structural properties were studied using 
XRD, FTIR, RAMAN spectra, optical properties were discussed from UV- 
Vis spectrum. The dielectric constant and electrical conductivity were 
measured from room temperature to 575 K. The radiation shielding 
properties of the glasses against gamma radiation are also investigated 
using Phy-X/PSD. 

Methods and materials 

Experimental procedure 

Lithium telluroborate (LTB) and vanadium doped LTB glasses of the 
composition (20-x)Li2O + 20TeO2 + 60B2O3 + (x)V2O5 (x = 0, 0.5, 1, 
1.5 and 2 in mol %) were synthesized by melt quenching technique and 
the glass code and composition is listed in Table 1. Precursors of high 
purity 99.99 % were stoichiometrically weighed and grinded in agate 
motor and calcinated at 500 ◦C for 4 h. This calcinated froth was again 
grinded and melted at 900 ◦C for 2 h. The crucible was stirred periodi
cally to get homogenous melt. The molten flux was quenched on a 
preheated stainless-steel mould and the glasses were annealed at 300 ◦C 
for 6 h to increase the mechanical stability, reduce thermal stress and 
strain. The glasses were allowed to cool to room temperature and then 
polished on both sides to get uniform thickness of 1.5 mm. Fig. 1 shows 
the prepared LTB, LTB_0.5V, LTB_1V, LTB_1.5V and LTB_2V based on 
V2O5 concentration of 0, 0.5, 1, 1.5 and 2 (mol %) respectively. 

Characterization techniques 

The densities of the glasses were measured by Archimedes principal 
using AUY220 Analytical Balance from Shimadzu with toluene as 
immersing liquid, XRD measurement was performed by Empyrean, 
Malvern PANalytical X-ray diffractometer using Cu-Kα with scan speed 
of 5◦/min, step width 0.02◦ from 5◦ to 90◦. FTIR spectral measurement 
was measured using IRAffinity-1S - compact Fourier transform infrared 
spectrophotometer in ATR mode. The Raman spectra was investigated 
by Laser confocal Raman microscope -Renishaw, UK (laser excitation 
wavelength of 785 nm) at 0.5 mW power with 30s acquisition time held 
at room temperature. The optical properties of the samples were ana
lysed using Shimadzu UV-Visible spectrometer with 0.1 nm resolution 
for measuring 200–800 nm. The electrical properties like dielectric 
constant and A.C. conduction mechanism for the glasses was recorded 
from room temperature to 575 K at frequency ranging from 100 kHz to 2 
MHz using Wayne Kerr ZM278 LCR meter. The radiation shielding pa
rameters were determined using Phy-X/PSD software. 

Table 1 
The composition of the prepared LTB and vanadium doped LTB glasses.  

Glass codes Composition of the prepared glasses (mol%) 

B2O3 Li2O TeO2 V2O5 

LTB 60 20 20 0 
LTB_0.5V 60 19.5 20 0.5 
LTB_1V 60 19 20 1 
LTB_1.5V 60 18.5 20 1.5 
LTB_2V 60 18 20 2  
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Results and discussion 

Structural properties 

Density (ρ), Molar volume (Vm), Molar volume of oxygen (Vo), Oxygen 
packing density (OPD), Boron-boron separation (dB-B) and bond density 
(nb) 

Density ρ is an important intrinsic property that provides informa
tion on short range order of the glass matrix. It is used to measure the 
degree of structural compactness, change in configuration and coordi
nation number of the glass matrix. ρ was estimated from measuring the 
weight of glass in air and in immersing liquid of known density (toluene, 
ρ = 0.866 g/cm3) from which density of the glasses were found using 
Archimedes’ principle. The density of pristine LTB was 2.52 g/cm3 

which increases under the addition of V2O5 to a maximum of 2.98 g/cm3 

due to formation of non-bridging oxygen (NBO) this is in agreement with 
the report of Dalal et al. on vanadium doped zinc lithium borate glasses 
[30]. The addition of vanadium in the glass matrix has led to a compact 
structure with increase in network rigidity. As density increases Vm and 
Vo are found to decreases with increase in OPD as shown in Fig. 2 (a) and 
(b). The obtained values of Vm and Vo (in Table 2.) are decreasing from 

Fig. 1. Physical appearance of as-prepared LTB and vanadium doped LTB glasses.  

Fig. 2. Relation between (a) Density (ρ), Molar Volume (Vm) (b) Molar volume of oxygen (Vo), Oxygen packing density (OPD) and (c) Boron-boron separation (dB-B) 
and bond density (nb) of LTB and vanadium doped LTB glasses. 

Table 2 
Structural parameters of the synthesized LTB and vanadium doped LTB glasses.  

Structural parameters LTB LTB_0.5V LTB_1V LTB_1.5V LTB_2V 

Density ρ (g/cm3) 2.52 2.54 2.55 2.77 2.98 
Average molecular 

weight AMW (g) 
79.67 79.78 79.89 80.00 80.11 

Molar volume Vm (cm3/ 
mol) 

31.61 31.41 31.30 28.80 26.88 

Molar volume of oxygen 
Vo (cm3/mol) 

14.94 14.80 14.73 13.55 12.58 

Oxygen packing density 
OPD (mol/cm3) 

66.93 67.52 67.85 73.78 79.45 

Boron-Boron separation 
dB-B (× 10− 10 m2) 

8.17 8.15 8.15 7.92 7.75 

Bond density nb (× 1030 

m− 3) 
3.78 3.77 3.78 3.50 3.27 

Optical basicity Λth 0.581 0.582 0.583 0.584 0.585 
Ionicity Ic (%) 88.429 88.428 88.426 88.424 88.423 
Covalent Cc (%) 11.570 11.571 11.573 11.575 11.576 
Poisons ratio μcal 0.4686 0.4689 0.4690 0.4670 0.4691  
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31.61 cm3/mol to 26.88 cm3/mol and 14.94 cm3/mol to 12.58 cm3/mol 
for LTB and LTB_2V glasses. The Boron-boron separation, dB-B (distance 
between two boron atoms) and bond density, nb (distance between 
boron and oxygen) is found to decrease with addition of V2O5 and is 
shown in Fig. 2. (c). This may be due to increase in vanadium and ox
ygen, tellurium and oxygen bonds in the glass system and is discussed 
later in FTIR. 

Optical basicity (Λth), Ionicity (Ic), Covalent (Cc) and Poisons ratio (μcal) 
The theoretical optical basicity Λth value was calculated for multi 

component glass system based on theory proposed by Yang et. al [31]. It 
was calculated depending on the algebraic sum of individual compo
nents in the glass matrix. Λth values for the prepared glasses were in the 
range 0.581 to 0.585 (refer Table 2). This is in good agreement with 
already reported vanadium based lithium glasses [30]. The increase in 
Λth reduces the covalent nature of oxygens in vanadium doped LTB 
glasses resulting in enhancement of sigma bond in the glasses. It also 
increases the bond lengths of vanadium and oxygen and in turn decrease 
in dB-B and nb in addition of vanadium. 

The synthesized LTB and vanadium doped LTB glasses possess about 
88.43 % of ionic nature and 11.57 % of covalent nature and is shown in 
Table 2. This was estimated using electronegativity of anion and cations 
present in the glass matrix [32]. The influence of vanadium has led to 
decrease in ionic nature and increased the covalent nature of the LTB 
glasses. Poisons ratio μcal was calculated (to determine the rigidity of the 
glasses) from the packing density as mentioned in the earlier reports 
[33]. From Table 2 the μcal of all the prepared LTB and vanadium doped 
LTB glasses are about 0.46 denoting the low cross link density. The low 
cross link density indicates that the prepared glasses have good trans
mission and reduced scattering which makes it suitable for optical fibres 
application. 

X-ray diffraction (XRD) 

XRD is used to determine the crystalline nature of the sample. XRD 
pattern of prepared pristine LTB is shown in Fig. 3. The LTB glasses are 
found to be amorphous with short range order. There is a broad hump 
over the range 2θ = 5◦–30◦ that indicate the disorder nature of the LTB 
glasses. The observed broad hump with no definite peaks confirms the 
non-crystalline nature of the pristine LTB glass. It also represents the 
random and chaotic arrangement of molecules in the glass matrix. 

Infrared spectrum (FTIR) 

To understand the structural dynamics and fingerprints of structural 
units present in the glasses the FTIR spectra was recoded at room tem
perature from 400 cm− 1 to 4000 cm− 1. The bands between 400 cm− 1 to 
1600 cm− 1 play a vital role in understanding the structure of LTB and 
vanadium doped LTB glasses. The glass composition shows six trans
mittance bands and they are assigned to various vibrational modes. The 
band at 464 cm− 1 corresponds to stretching (ν) oscillations of Te-O-Te 
bonds [34]. At 535 cm− 1 the band corresponds to vibrations of VO2 
groups of the VO4 polyhedral unit due to addition of V2O5 in the glass 
matrix. The band present in the region 662 cm− 1 to 687 cm− 1 is due to 
bending (δ) vibration of B-O-B bonds. The band at 700 cm− 1 denotes 
bending (δ) oscillations of TeO3/TeO6 units due to the presence of 
tellurium in the prepared LTB glasses. The region 908 cm− 1 to 940 cm− 1 

depicts symmetric stretching vibrations (νs) of B-O in BO4 units and VO2 
group in VO4 polyhedral unit. The band at 1200 cm− 1 to 1400 cm− 1 

corresponds to νs B-O in BO3 unit of boroxol ring and BO3 units in meta, 
pyroborate & orthoborate groups [35]. Fig. 4 and Table 3 shows the 
FTIR spectra of the glasses and its band assignment with corresponding 
patterns. 

Raman spectra 

Raman spectra was analysed for the powdered glass samples from 
100 cm− 1 to 1500 cm− 1. The band from 421 cm− 1 to 463 cm− 1 corre
sponds to bending vibrations of Te-O -Te linkages [36]. The band at 610 
cm− 1 is due to vibrations of TeO2 molecules and TeO4 units [37]. The 
band around 770 cm− 1 to 780 cm− 1 is due to presence of lithium ion in 
glass matrix [38]. As lithium concentration decreases, the intensity of 
the band decreases from LTB_0.5V to LTB_2V glasses. Symmetric 
stretching of V-O-V bonds in penta-coordinated VO4 groups are wit
nessed at 885 cm− 1. The stretching modes of V5+O4 tetrahedra with a V 
= O apex is seen from 900 cm− 1 to 1050 cm− 1 in vanadium doped LTB 

Fig. 3. The XRD pattern of pristine LTB glass.  Fig. 4. The FTIR spectra of pristine and vanadium doped LTB glasses.  
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glasses and not in LTB glasses as it does not contain vanadium [39]. The 
region between 1250 cm− 1 and 1500 cm− 1 corresponds to stretching 
vibrations of B-O, BO3-O-BO4 and B-O-B bonds in BO3 pyramidal units. 
The intensity of this band increases except for LTB_1.5V [37]. This may 
be due to the difference in the boron and oxygen bonds under the in
fluence of vanadium. The Raman spectra of LTB and different concen
trations of vanadium doped LTB are shown in Fig. 5 and the band 
assignments are given in Table 4. 

Optical properties 

UV-Visible spectroscopy 
The optical absorption spectra were recorded for LTB to LTB_2V from 

200 to 800 nm. The non- sharp absorption edges were observed proving 
the glassy nature of the samples. The direct bandgap (Eg) was calculated 
for the prepared glasses from Tauc’s plot and is shown in Fig. 6. As 
vanadium concentration increases the Eg decreases from 2.74 eV to 2.16 
eV [7]. The Urbach energy (Eu) measures the disorderliness of the ma
terial and depends on certain factors like temperature, thermal 

vibrations in the lattice, average photon energy, ionic bond and static 
disorder. The slope of the graph of ln (α) versus hν gives Eu. Urbach 
energy is found to increase from 0.72 eV to 1.20 eV for increase in va
nadium concentrations. The influence of vanadium has produced colour 
centres which leads to reduced optical transparency in LTB glasses. 
Pristine LTB glasses which is white turns to yellow and brown based on 
increasing concentration of vanadium. Larger the defect level energies, 
smaller the optical bandgap which allows electrons to move quickly 
from valence band to conduction band thereby increasing its conduc
tivity [40]. 

Certain physical properties like refractive index (n), molar refrac
tivity (Rm), reflection loss (Lr), transmission coefficient (T), molar 
polarizability (αm) and metallization criteria (M) were determined from 
bandgap and is shown in Table 5. 

Table 3 
The peak position and band assignment for FTIR spectra of pristine and vana
dium doped LTB glasses.  

Wavenumber 
(cm− 1) 

Band assignment 

464 ν oscillations of Te-O-Te bonds [34] 
535 Vibrations of VO2 groups of the VO4 polyhedral unit [35] 
662 - 687 

1200 - 1400 
δ B-O-B [34] 
νs B-O in BO3 unit of boroxol ring [35] 
νs of B-O in BO3, units in meta, pyroborate & orthoborate 
groups [35] 

700 δ oscillations of TeO3/TeO6 units [34] 
908–940 νs B-O stretching vibrations of tetrahedral BO4 units & VO2 

group in VO4 polyhedral unit [34]  

Fig. 5. The Raman spectra of LTB and vanadium doped LTB glasses.  

Table 4 
The band assignment for Raman spectra of pristine and vanadium doped LTB 
glasses.  

Pattern Raman Shift 
(cm− 1) 

Band assignment 

421 - 463 
610 

Bending vibrations of Te-O -Te linkages [36] 
Vibrations of TeO2 molecules and TeO4 units [37] 

770 - 780 Presence of lithium oxide [38] 
885 
900 - 1050 

Symmetric stretching of V-O-V bonds in penta- 
coordinated VO4 groups [39] 
Stretching modes of V5+O4 tetrahedra with a V = O 
apex [39] 

1250 - 1500 Stretching vibrations of B-O, BO3-O-BO4 and B-O-B 
bonds in BO3 pyramidal units [37]  

Fig. 6. Optical direct bandgap of the synthesized LTB and vanadium doped 
LTB glasses. 
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Physical properties 
The refractive index (n) was estimated from bandgap using the 

Dimitrov Sakka relation [41], 

n2 − 1
n2 + 2

= 1 −

̅̅̅̅̅̅
Eg

20

√

(1)  

where, Eg is the optical bandgap. n is found to increase from 2.47 to 2.66 
under the addition of vanadium which is due to creation of NBOs from 
breakage of glass networks which is in agreement with increase in 
density of the glass samples [42]. This increase in refractive index leads 
to a subsequent change in polarizability of the glasses. The decrease in 
bandgap with increase in refractive index and Urbach energy is shown in 
Fig. 7(a) and (b). 

Using Lorentz - Lorentz formula, molar refractivity (Rm) and reflec
tion loss (Lr) are given by the relation [42], 

Rm =
n2 − 1
n2 + 2

× Vm (2)  

Lr =

(
n − 1
n + 1

)2

(3)  

where, Vm is molar volume calculated from density. 
Electronic polarizability (αm) is the magnitude of electrons response 

to an applied magnetic field which is given by the following relation 
[41], 

αm =

(
3

4πN

)

Rm (4)  

where, N is Avogadro’s number. Rm depends on αm of the material and is 
reported in Table 5. [43]. 

The transmission coefficient (T) is determined from the value of the 
refractive index by using the Fresnel’s formula [43], 

T =
2n

n2 + 1
(5) 

The variation in the transmission coefficient with reflection loss 
again different concentration of vanadium in LTB glasses in show in 
Fig. 7(c) and Table 5. The transmission coefficient decreases from 
0.6955 to 0.6569 as vanadium concentration increases this is due to the 
formation of colour centres that absorb light of specific wavelength and 
reducing the amount of light transmitted through the glass and increase 
the amount of light reflected. Therefore, the reflection loss is found to 
increase from 0.1795 to 0.2070 for increasing V2O5 content this is in 
agreement with telluroborate glass systems reported by Umar et. al [44]. 
Metallization criteria (M) based on refractive index is given by Eq. (6), 

M = 1 −
Rm

Vm
(6) 

The metallization criteria decrease for the addition of vanadium 
from 0.37 to 0.33. The relation between OPD and M is shown in Fig. 7 
(d). Oxide glasses with good nonlinearity have metallisation standard 
ranging from 0.35 to 0.45 as reported by Kh. S. Shaaban et. al. [45]. This 

Table 5 
Optical, electrical, and other physical parameters of LTB and vanadium doped 
LTB glasses   

LTB LTB_0.5V LTB_1V LTB_1.5V LTB_2V 

Direct optical bandgap Eg 

(eV) 
2.74 2.65 2.44 2.33 2.16 

Urbach energy Eu (eV) 0.72 0.78 0.88 1.16 1.20 
Refractive index n 2.47 2.49 2.56 2.60 2.66 
Molar Refractivity Rm 

(cm3/mol) 
27.97 27.48 27.34 26.88 26.59 

Reflection loss Lr 0.18 0.18 0.19 0.20 0.20 
Transmission coefficient 

T 
0.69 0.69 0.68 0.67 0.66 

Molar polarizability αm 

(Å3) 
11.08 10.89 10.83 10.65 10.24 

Metallization criteria M 0.37 0.36 0.35 0.34 0.33 
Activation energy Ea (eV) 0.31 0.30 0.28 0.24 0.24  

Fig. 7. The relation between (a) bandgap and refractive index, (b) bandgap and Urbach energy, (c) reflection loss and transmission co-efficient and (d) oxygen 
packing density and metallization criteria of the prepared LTB and vanadium doped LTB glasses. 
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confirms that LTB, LTB_0.5V and LTB_1V have good nonlinearity 
behaviour. Table 5 shows the variation in physical properties of the 
present LTB and vanadium doped LTB glass system. 

Electrical properties 

Dielectric constant 
Dielectric constant (εʹ) was calculated from the measured parallel 

capacitance of the electroded LTB glasses. The variation of dielectric 
constant as a function of temperature for various frequencies (100 kHz 
to 2000 kHz) is shown in Fig. 8. The dielectric constant increases with 
temperature and decreases with frequency. The higher values of εʹ at 
lower frequencies is due to interfacial polarisation i.e., charge accu
mulation at the interface (between electrodes and LTB glasses). These 
high values of εʹ at lower and medium frequencies makes LTB and va
nadium doped LTB glasses suitable for optical devices [46]. The rise in εʹ 
with temperature is due to thermal activation of Li+, V4+ and V5+ ions. 

The dielectric constant increases with addition of V2O5 in the glass 
matrix and is maximum for LTB_1.5V. There is a slight decrease in the 
dielectric constant for higher concentration (LTB_2V). The dielectric loss 
was also measured for these glasses and it was found to decrease from 
nearly 0.25 for pristine to about 0.05 for all vanadium doped LTB 
glasses. The range of dielectric constant of vanadium and other transi
tion metal doped borate glass systems and LTB_1.5V glass at 100 kHz is 
shown in Table 6. The LTB-1.5V glasses show good dielectric constant 
than other tabulated results [18,47,48]. The highest value of dielectric 
constant 19.07 was recorded for LTB_1.5V glasses. 

A.C. conductivity 
A.C conductivity (σ) was calculated from the conductance (G) 

measured using LCR meter [7]. Hopping mechanism and band con
duction are responsible for electronic and ionic conduction in materials. 
High disordered shells provide suitable conditions for electron hopping 
in transition metal ions. The mobility of ions in the glass matrix increases 

Fig. 8. Variation of dielectric constant at frequency ranging between 100 kHz to 2000 kHz from RT to 575 K.  
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with increase in temperature leading to increase in overall conductivity 
obeys Jonscher’s universal power law [49]. The increase in electrical 
conductivity is due to both ionic and electronic conduction, where ionic 
conduction occurs due to immigration of Li+ ions and electronic 

conduction occurs due to V4+ and V5+ (when local structural deforma
tion takes place due to a phonon, an electron transforms by hopping 
from lower valance state to the higher valance state). Similarly, in the 
tellurium networks TeO4 units are replaced with TeO3 units thereby 
giving rise to electronic conductivity and is described by small polaron 
hopping (SPH) theory [50,51]. This is also accompanied by increase in 
the formation of NBOs in the glasses under the effect of vanadium and 
tellurium. Arrhenius plot of the prepared LTB glasses (ln σ versus 
1000/T) was derived for frequencies 100 kHz to 400 kHz and is shown in 
Fig. 9. The activation energy of conduction at 100 kHz frequency was 
calculated and is shown in Fig. 10 (a). Ea decreases for increasing V2O5 
concentrations from 0.3184 to 0.2473 eV and is given by Fig. 10 (b) and 
Table 5. The activation energy is lowest for LTB_1.5V glasses (0.2420 
eV) thereby confirming its high electrical conductivity behaviour. 

Table 6 
The dielectric constant of vanadium and other transition metal doped borate 
glass with LTB_1.5V glasses.  

Glass networks Glass composition Dielectric 
constant 

Vanadium doped lithium 
fluoride [18] 

0.25LiF–0.75B2O3 -0.5V2O5 17.05 

Vanadium doped borate [47] 15V2O5-85B2O3 14.70 
Copper doped sodium 

fluoroborate [48] 
40 NaF-59B2O3-1CuO 13.98 

Vanadium doped lithium 
telluroborate 

18.5Li2O-20TeO2-60B2O3- 
1.5V2O5 

19.07  

Fig. 9. Variation of ln σ at frequency ranging between 100 kHz to 400 kHz from RT to 575 K.  
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Radiation shielding 

The prepared LTB glasses possess good efficiency to protect from 
gamma radiation due to the presence of TeO2 which has high density of 
5.67 g/cm3. The effect of vanadium in LTB and how it acts in radiation 

shielding property is discussed below. Shielding parameters like mass 
attenuation coefficient (MAC), linear attenuation coefficient (LAC), half 
value layer (HVL), tenth value layer (TVL), mean free path (MFP), R 
value for Compton Scattering, atomic cross section (ACS), electronic 
cross section (ECS) from which effective electron density (Neff), effective 

Fig. 10. (a) Linear fit of ln σ with temperature from RT to 575 K (b) Activation energy for all glasses at frequency of 100 kHz.  

Fig. 11. (a) Mass attenuation coefficient (MAC), (b) Linear attenuation coefficient (LAC), (c) Half value layer (HVL) and (d) Tenth value layer (TVL) LTB and LTB_V 
glasses as a function of gamma energies 
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atomic number (Zeff), and effective conductivity (Ceff) are studied to 
understand how vanadium doped LTB glasses supports in shielding. 

MAC (μm) describes the interaction probability between gamma 
photons and the mass per unit are for certain medium. This is given by 
Beer-lambert law as follows [52], 

I = Ioe− μt (7)  

where, I and Io are attenuated and un-attenuated photon intensities, μ is 
LAC and t is the thickness of the material [53]. The photon energy in
creases from 0.001 MeV to 15 MeV where the MAC and LAC decreases 
rapidly and then decreases gradually. For high photon energies the 
values of MAC and LAC remains unchanged and is shown in Fig. 11 (a) 
and (b). There are three factors responsible for decreasing LAC and MAC 
such as (i) Photoelectric effect (PE), (ii) Compton scattering (CS) and 
(iii) Pair production (PP) [54]. The rapid decline in MAC and LAC is due 
to photoelectric effect where maximum energy of photon is absorbed, 
the gradual decrease is due to Compton scattering and at very high 
energy (5–15 MeV) it denoted pair production. 

The HVL and TVL are the thickness at which radiation intensities are 
reduced by one half and one tenth. There are determined from LAC by 
the following relation [52], 

HVL =
0.693

μ (8)  

TVL =
2.302

μ (9) 

From the prepared LTB and vanadium doped LTB glasses, LTB_2V 
glasses which had maximum density has the least HVL and TVL proving 
it has best attenuation than the other glasses. LTB glasses of thickness 
1.6 mm can shield 0.015 MeV of gamma rays whereas 1.4 mm of LTB_2V 
can shielding the same energy. LTB_2V glasses has superior prospect of 
interactions with gamma photons leading to less transmission of these 
photons. The variation of HVL and TVL for different LTB glasses are 
shown in Fig. 11(c) and (d). 

The MFP is the average distance between interaction of two gamma 
photons and is given by [55], 

MFP =
1
μ (10) 

MFP is an important parameter to discuss the ability of any material 
to reduce gamma penetration. Lower the MFP, better the shielding 
ability i.e., good radiation absorbing material. On comparing the mean 
free path of LTB glasses series with already reported lithium borate 
glasses, the MFP of LTB glasses are lesser than lithium borate (LBO) 
glasses thereby proving its efficiency towards gamma ray shielding [7]. 
LTB_2V glasses possess lowest MFP than other glasses in this study and is 
shown in Fig. 12. At 3 MeV the mean free path decreases from 11.243 
(LTB), 11.158 (LTB_0.5V), 11.116 (LTB_1V), 10.236 (LTB_1.5V) to 9.517 
(LTB-2V). This confirms that LTB_2V has greater shielding properties 
among the other glasses that are considered in the present work. The 
inset of the Fig. 12 shows the difference in MFP of LTB_2V than other 
LTB glasses. 

To see the effect of Compton scattering in the gamma ray absorption 
at a given energy range the R value is obtained using Eq. (11), 

R =
(μ/ρ)cs

(μ/ρ)tot
(11)  

where, (μ/ρ)cs is MAC of Compton scattering (μ/ρ)tot MAC of total 
scattering. R value obtained is almost unity and is shown in Fig. 13 (a). 
This denoted that all contribution to LAC is due to CS. The ACS and ECS 
are found to decrease sharply till 0.01 MeV as in shown in Fig. 13 (b) and 
(c). The Neff and Zeff are calculated from ACS and ECS. 

The effective electron density (Neff) and effective atomic number 
(Zeff) are important parameter for radiation shielding materials and is 

expressed by the following relations [1,56], 

Neff =
MAC

σel
(12)  

Zeff =
σa

σel
(13)  

where, σa and σel are the total atomic cross section (ACS) and total 
electronic cross section (ECS) respectively. There is an increase in Neff 
and Zeff below 0.1 MeV and decreases after that which is due to domi
nation of pair production in the energy region. Zeff is maximum at 0.04 
MeV for all the LTB glasses. It is found to decrease from 45.03 (LTB), 
44.75 (LTB_0.5V), 44.47 (LTB_1V), 44.17 (LTB_1.5V) and 43.87 
(LTB_2V). The effective conductivity (Ceff) also shows similar trend as 
Neff and Zeff and is shown in Fig. 14. Ceff corresponds to number of free 
electrons resulting from photon matter interaction (PE, CS and PP) and 
is directly proportional to Neff, Zeff and densities of materials [57]. 
Therefore, the presence of TeO2 and incorporation of V2O5 content in 
LTB glasses raised the shielding competency against gamma photons. 

Conclusion 

The influence of V2O5 addition on the structural, optical, physical, 
electrical and radiation shielding properties of lithium telluro-borate 
glass has been investigated. Density of the glasses were found to in
crease from 2.52 to 2.98 g/cm3 under addition of V2O5 from which 
certain structural parameters like Vm, Vo, OPD, dB-B, nb, Λth, Ic, Cc and 
μcal were determined. XRD pattern confirms the amorphous nature of 
LTB glass. The presence of tellurium, vanadium, and lithium bonds 
along with their functional groups in the borate glass matrix was 
confirmed from FTIR and Raman spectroscopic investigations. The op
tical bandgap was found to decrease with increase in Urbach energy for 
increasing vanadium concentration in LTB glasses. Physical parameters 
like n, Rm, Lr, T, αm and M were analysed. The dielectric constant and A. 
C. conductivity of the samples were found to increase under the influ
ence of vanadium and activation energy was decreasing. LTB_1.5V 
shows the least activation energy. The conduction mechanism was due 
to ionic and electronic conduction from Li+, V4+, V5+ and tellurium ions 
on bases of small polaron hopping theory. Radiation attenuation 
behaviour of LTB and vanadium doped LBT glasses were studied using 
Phy-X/PSD software for gamma energies ranging from 0.001 MeV to 15 
MeV. LTB_2V glasses was found to exhibit greater shielding ability than 
other LTB glasses. 

Fig. 12. The mean free path (MFP) of prepared glasses and inset: close view of 
MFP as a function of gamma energies 

S. Karthika et al.                                                                                                                                                                                                                                



Chemical Physics Impact 8 (2024) 100430

11

Fig. 13. (a) R (b) atomic cross section (ACS) and (c) electronic cross section (ECS) of LTB and LTB_V glasses as a function of gamma energies  

Fig. 14. (a) Effective electron density (Neff), (b) Effective atomic number (Zeff) and (c) effective conductivity (Ceff) of LTB and LTB_V glasses as a function of 
gamma energies. 
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