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a b s t r a c t

The effect of modifiers on the optical features and radiation defying ability of the Eu3þ ions doped multi
constituent glasses was examined. XRD has established the amorphous nature of the specimen. The
presence of various functional/fundamental groups in the present glasses was analyzed through FTIR
spectra. The physical, structural and elastic traits of the glasses were explored. The variation in the
structural compactness of the glass structure according to the incorporated modifier was enlightened to
describe their suitability for a better shielding media. For the examined glasses, the metallization cri-
terion value varied in the range 0.613e0.692, indicating the non-metallic character of the glasses with
possible nonlinear optical applications. The computed elastic moduli expose the Li-containing glass
(BTLi:Eu) to be tightly packed and rigid, which is a requirement for a better shielding channel.
Furthermore, the optical bandgap and the Urbach energy values are calculated based on the optical
absorption spectra. The evaluated bonding parameters revealed the nature of the fabricated glasses
covalent. In addition, we investigated the radiation attenuation attributes of the prepared Eu3þ ions
doped multi constituent glasses using Phy-X software. We determined the linear attenuation coefficient
(LAC) and reported the influence of the five oxides Li2O3, CaO, BaO, SrO, and ZnO on the LAC values. The
LAC varied between 0.433 and 0.549 cm�1 at 0.284 MeV. The
39B2O3�25TeO2�15Li2O3�10Na2O�10K2O �1Eu2O3 glass has a much smaller LAC than the other glasses.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

For the past few decades in radiation physics, optical glasses
have been used as a substitute and impressive shield to protect
humans from hazardous radiation. Radionuclide emits excess nu-
clear energy in the form of ionizing radiation as beta and gamma
particles. Numerous applications of radiation sources have been
found in different fields such as nuclear reactors, accelerator
technologies, radiotherapy, nuclear medicine, agriculture, in-
dustries, etc., [1e6]. The continuous emission of radiation affects
the worker's lungs, leading to cancer and even causing death.
Hence to protect humans from harmful radiations, different
rimuthu).

by Elsevier Korea LLC. This is an
shielding techniques were handled through which gamma radia-
tion cannot penetrate. Previously, complex substances like concrete
bricks and tiles were used [7e11]. While using concretes, the pro-
longed exposure to radiation causes the water content to get
absorbed, and consequently, the wall falls off quickly. Following the
ordinary concretes, various materials were tested for the shielding
purposes like special concretes, polymers, alloys, glasses, etc.
[12e19]. On the other hand, glass possesses outstanding features
such as high density, durability, rust resistance, moisture resistance,
and transparency [20e25], making it an improved replacement for
concretes.

Investigations on rare-earth doped oxide glasses have been
carried out in recent decades in photonics and radiation physics.
Among several oxide glasses, borate and tellurite are the two major
host matrices involved in bringing out the best version of the glass
material with high chemical and thermal stability, low phonon
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Fig. 1. XRD pattern of BTCa:Eu glass.
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maxima, high dielectric constant, and low crystallization ability
[24,26]. TeO2 doping into the alkali borate glasses lessens the lat-
ter's hygroscopic behavior and enhances its refractive index,
durability, and infrared transmittance [27]. Furthermore, TeO2 is
also called a non-conventional glass former and cannot transform
itself into a glassy state on its own [28]. Moreover, a study carried
out by Kaur et al. [29] on the potassium tellurite glasses has shown
that up to a certain level of K2O content, the non-bridging oxygens
(NonBO) are created, and TeO4 tetrahedra do not change into TeO3
groups. And if the K2O content further increases, TeO4 transforms
into TeO3 groups. The B2O3 is one of the glass formers with a high
glass-forming ability at normal quenching rates. Borate glasses
have irregular network comprising tetrahedral and trigonal boron,
and their blend structures diborate, triborate, tetraborate, and
pentaborate units. Boro-tellurite glasses have potential applica-
tions, particularly in micro-electronics and Opto-acoustics, attrib-
utable to their excellent optical and electrical properties [30e32].
Based on neutron/gamma measurements the crystalline form of a-
TeO2 (NTe-O ¼ 4) consists of only Te4þ (tetrahedral coordination)
with oxygen, whereas the pure form of TeO2 has Non-BO < 4. When
alkali metals oxides such as Na2CO3 and K2CO3 (act as glass modi-
fiers) added to oxide glasses the rise in the Non-BO is confirmed in
the glass structurewhich further influences the thermal and optical
properties of the glass as well. Among lanthanides, the trivalent
europium ion has the non-degeneracy level of the ground state
(7F0) and excited state (5D0) which provides particulars about the
symmetry around the Eu3þ ions site and inhomogeneity of the
ligand field [33].

Kebaili et al. observed the radiation protecting abilities of
lithium boro-tellurite glasses using the Geant4 code technique [34].
Sayyed et al. reported shielding attributes of borosilicate glasses
with the addition of varied BaO content [35]. Lakshminarayana
et al. analyzed the radiation protection features of the boro-tellurite
glasses, and the MCNP5 code was used to estimate the m/r in the
range of 0.015e15 MeV [36]. Dogra et al. studied and reported the
radiation shielding features of Bi2O3�BaO�B2O3�Na2O glasses
using 137CS source [37].

The focus of the present work is to shed light on the optical and
radiation resisting aptitude of a new series of multicomponent
unleaded glasses incorporated with modifiers such as Li, Ca, Ba, Sr,
and Zn. The Physical, structural, elastic, and radiation shielding
parameters of the prepared glasses were explored to observe the
structural changes. The physical and structural traits such as den-
sity, the molar volume of the glass, and rare-earth concentration
were estimated by the formulae which are reported earlier [36,37].
The optical parameters such as optical bandgap energy (Eg), band
tailing parameters (B) and urbach energy (DE) were determined
through the absorption spectra employing the tauc's plot. The
ability of a shielding medium is governed by some of its features
like MAC, HVL and mean free path (MFP) which are calculated and
discussed for the present samples in this report [38e40]. The re-
sults attained would be good for the scientific society to compre-
hend the potential effect of modifiers on the radiation resisting
quality of the unleaded multicomponent glasses.

2. Experimental methods

The glass composition in the present work is
39H3BO3�25TeO2�15MO�10Na2CO3 �10K2CO3�1Eu2O3 (M ¼ Li2O,
CaO, BaO, SrO, ZnO) and was manufactured by melt quenching
technique. The precursors such as boric acid, tellurium dioxide, po-
tassium carbonate, sodium carbonate, Europium dioxide, and all
other modifiers of high purity analytical grade (99.99%) were pur-
chased fromSigmaAldrich.Themixture isheatedat950 �C for25min;
consecutively, the melt is shaken to ensure the mixture's
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homogeneity, and formbubbles freeglasses.Theannealing isdone for
8 h at 350 �C to improve the mechanical strength and remove the
strain in theglasses. Thepreparedglasseswerepolishedonboth sides
before going for characterizations.

BTLi:Eu � 39H3BO3þ25TeO2þ15Li2Oþ10Na2Oþ10K2Oþ1Eu2O3

BTCa:Eu � 39H3BO3þ25TeO2þ15CaOþ10Na2Oþ10K2Oþ1Eu2O3

BTBa:Eu � 39H3BO3þ25TeO2þ15BaOþ10Na2Oþ10K2Oþ1Eu2O3

BTSr:Eu � 39H3BO3þ25TeO2þ15SrOþ10Na2Oþ10K2Oþ1Eu2O3

BTZn:Eu � 39H3BO3þ25TeO2þ15ZnOþ10Na2Oþ10K2Oþ1Eu2O3

For the structural and optical investigations, the prepared glass
samples went through different characterizations with the in-
struments given in Refs. [41e43].
3. Results and discussion

3.1. XRD and FTIR spectra studies

The XRD pattern of the present glasses was recorded in the
range of 10��2q � 80� and the XRD pattern of the BTCa: Eu glass is
shown in Fig. 1 as one of a kind. The pattern reveals a broad band
that attributes to the absence of crystalline or sharp peaks, and it
has no long-range order in the structure, proving the amorphous
character.

Fig. S1 signifies the FaTIR spectra of all the investigated glasses.
It was explored to identify a range of stretching and bending vi-
brations of borate and tellurite units in three different regions such
as 400�800 cm�1, 800�1500 cm�1, and 3000�3500 cm�1. The
stretching vibrations of the tellurium (Te�O) network generally
exhibit two different vibrational modes in the regions
600�640 cm�1 and 680�700 cm�1. The two vibrations are (i) Te�O
vibration in trigonal bipyramid bands [TeO4] and (ii) Te�O vibration
in trigonal pyramid bands [TeO3] [44]. The broad peaks reveal the
mixed form of TeO3 group, TeO4 group, and the deformed structure
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of TeO4 group [45]. Similarly, in the absorbance of borate glasses,
the vibrational modes are active in IR spectral region, and the
spectral regions were divided into three bands at around 700 cm�1,
800�1200 cm�1, and 1200�1600 cm�1. The band at 700 cm�1 is
due to the B�O�B bending modes of BO3 and BO4 units. The bands
in the region 1200�1600 cm�1 are due to the B�O bond stretching
of BO4 units and the bands around 1200�1600 cm�1 gives the in-
formation about the asymmetric stretching vibrations of the B�O
bond of BO3 trigonal units.

The band positions of all the prepared glasses are on par with
the reported boro-tellurite glasses [46]. The observed band around
2873�3500 cm�1 is due to the fundamental stretching of OH group.
The bands at around 1725e1830 cm�1 were attributed to the
presence of NonBO [33]. The band positioned at around 1241 cm�1

is attributed to the stretching vibrations of BO bonds of trigonal BO3
groups in boroxol rings. The absorption peak at around 1001 cm�1

is observed due to the B�O stretching vibrations or asymmetric
stretching modes of BO4 vibrations attached with the NonBO in the
borate network [47]. The band observed at 705 cm�1 is due to
B�O�B linkages. The absorption of around 686 cm�1 is observed
due to the bending vibrations of TeO3 units. The band positioned at
around 465 cm�1 is due to the metal oxide bond and cation vi-
brations in the glass network [48]. The peak positions and their
assignments are listed in Table 1.
3.2. Morphological studies

The SEM analysis for one of the prepared glasses (BTZn:Eu) in
Fig. 2 (inset). The micrographs of Eu3þ doped Zinc boro-tellurite
glass is distinguished by three different magnification scales such
as 50 mm, 1 mm, and 5 mm in (a), (b), and (c) respectively. It is clear
from the images that there is no formation of pristine particles in
the respective sample. This specific trait confirms the amorphous
nature of the as-prepared sample. Similarly, the incorporation of
elemental analysis confirms the presence of all the elements added
into the composition. From the results of EDAX spectrum the total
wt % in the prepared glass is (BTZn:Eu) 72.04% partitioned by fused
elements such as B, Te, Na. K. Zn, Eu, and O.
3.3. Physical attributes

The density (r), molar volume (Vm), andMolar refractivity (Rm) of
the glass materials play a crucial role in analyzing the glass network
and the structural changes that they have undergone. The structural
modification in thevitreousglass structureswillbevisibly reflected in
the r value of the glasses, which also rely on the structural coordi-
nation number. While inserting modifiers into the host matrix,
structural compaction occurs, as observed through the r measure-
ment. Some of the assessed physical features of the Eu3þ doped
multicomponent glasses are given inTable 2. The formation ofNonBO
in the glass matrix caused some unusual changes in the Vm trend, as
offered inTable2. Theoxygendistribution in theglass structure iswell
Table 1
Band positions (in cm�1) and the corresponding peak assignments of FTIR spectra of the

S.No. BTLi:Eu BTCa:Eu BTSr:Eu BTBa:Eu

1 3012 3014 3102 3020
2 2923 2910 2941 2935
3 2848 2851 2811 2857
4 1001 1012 - 1016
5 704 705 705 706
6 611 615 611 611
7 693 699 686 686
8 - - - -
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known to be explored by the Vm; in other words, Vm depends on the
Non-BO of the glass system. The addition of the modifiers expanded
the glass structure depending on the bridging oxygens.

Furthermore, the metallization criterion (M) verifies the glass
matrices to be insulators since Vm > Rm. The computed rare-earth
ion concentration is higher for the BTZn:Eu glass. The ionic radii
and bond length of TeO2 are higher when compared to B2O3. Hence
there exists easy occupation of B2O3 onto TeO2. Fig. S2 demon-
strates the correlation among r, refractive index, and Vm of the
studied glasses.

3.4. Structural features

The boron-boron separation (<dB�B>), and oxygen packing
density (OPD) values reveal the structure compactness and the
presence of NonBO in the glass system [49,50]. The compactness of
the glass structure due to the presence of boric acid in high quantity
can be assessed by calculating (dB�B), the average boron-boron
separation using the following relation [49].

dB�B ¼ðV
B
m

NA
Þ
1 =

3

where, VB
m is the boron molar volume or volume of 1 mol of boron

in a definite structure, and NA is the Avogadro number. Table 3
shows the structural properties of the Eu3þ doped multi constitu-
ent glasses. The <dB�B> value differs for each modifier, and it is
revealed that due to the inclusion of the modifiers at higher levels
inside the disordered glass structure, the dB�B got shortened. It is
highly interrelated to the ionic radii of the boron atom and that of
the additives. Fig. S3 shows the affiliation among the Vm, Vo, OPD,
and <dB�B> of the present glass series. It is noticed that the OPD
declines with a rise in Vm of the glasses. The increase/decrease in
the OPD exposes the distinction in the packing nature of the glass
structure where the network is open for macromolecular chain
reaction with rigid nature. One of the significant parameters in the
preparation of glass is the glass transition temperature which im-
pacts the construction of the glasses. The as-quenched glasses
follow the course BTBa:Eu > BTLi:Eu > BTSr:Eu > BTCa:Eu >
BTZn:Eu with a gradual rise in a rigid structure. Furthermore,
glasses with less OPD represent mobility inside the network that
requires minimal internal energy. Consequently, glasses with more
rigidness possess a more significant number of NonBO.

According to the metallization theory proposed by Dimitrov
et al. [51], the M will be smaller if Rm/Vm is larger. The lesser value
of M makes the width of the gap between valence and conduction
band rise. The appraised M value of the titled glasses lies in the
range 0.613e0.692 signifying the suitability of the samples for non-
metallic fields. The value of Two-photon absorption (b) depends
upon the electronic structure of the materials, and the calculated b
value for the present glasses was found in the range of
11.15e12.78 cm/GW.
BTM:Eu glasses.

BTZn:Eu Assignments

3109 O-H stretching vibrations
2932 Hydrogen Bonding
2546 Hydrogen Bonding
1015 B-O stretching vibrations of BO3

705 Vibration of B-O-B linkages
618 Symmetric stretching vibrations of Te-O in TeO4

672 Bending vibrations in TeO3

435 Stretching and bending vibrations of ZnO bond



Fig. 2. The elements occupied in the prepared glass were titled for BTZn:Eu glass. Their respective morphological analysis was shown in the inset as (a) 50 mm (b) 1 mm (c) 5 mm
respectively.

Table 2
Physical properties of BTM:Eu glasses.

Physical Properties BTLi:Eu BTCa:Eu BTSr:Eu BTBa:Eu BTZn:Eu

Density (r, g/cm3) 3.149 3.546 3.589 3.601 3.898
Refractive index (n) 1.517 1.524 1.552 1.580 1.677
Average molecular weight (M, g) 103.03 106.96 114.09 104.16 121.55
Molar volume (Vm, cm3/mol) 32.71 33.65 31.78 30.15 26.78
Molar refractivity (Rm, cm3) 9.296 9.826 10.157 11.200 10.063
Metallization criterion (M) 0.691 0.692 0.672 0.661 0.613
Rare Earth ion concentration (N, � 1020 ions/cm3) 3.681 3.994 3.788 3.577 4.507

Table 3
Structural properties of the BTM:Eu glasses.

Structural properties BTLi:Eu BTCa:Eu BTSr:Eu BTBa:Eu BTZn:Eu

Boron-Boron separation (dB�B � 10�10m) 3.82 3.79 3.93 3.85 3.57
Oxygen molar volume (Vo, cm3/mol) 11.45 10.59 12.19 11.78 9.35
Oxygen packing density (OPD, mol/cm3) 84.06 91.19 86.51 81.51 91.68
Nearest neighbor coordination number (nav) 4.36 4.27 4.00 4.36 4.36
Optical basicity (Lth) 1.0634 1.0067 1.0421 1.068 1.0039
Two photon absorption (b) 11.15 12.78 12.62 12.39 12.54
Bond density (nb, � 1028m�3) 8.04 8.53 7.59 7.80 9.84
Ionic factor (Ic, %) 91.33 96.62 96.82 97.05 93.27
Covalency factor (Cc, %) 8.67 3.38 3.18 2.95 6.73
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The nearest neighbor coordination number opposes the boron-
boron separation values for the investigated glasses. The nearest
neighbor coordination number and bond density increase reduce
the dB�B values [52]. Another crucial parameter of glass is basicity,
which governs the electron donating power of an oxygen atom in
an oxide glass network. In Table 3, the structural properties of the
Eu3þ ions doped glasses are submitted. The OPD and basicity values
show the same course following the modifier in the glass compo-
sition. The structural deviations can also be examined by analyzing
the ionic or covalent character of the glasses established in terms of
the electronegativity difference between the anion and cation [53].
3844
It is observed from Table 3 that the ionic factor ranges from 91.33 to
97.05%, whereas the covalent factor ranges from 2.95 to 8.67%. The
ionicity is maximum for all the glasses irrespective of different
modifiers in the composition, which proves that the prepared
glasses are ionic.

3.5. Mechanical attributes

The elastic moduli are estimated for the present Eu3þ doped
multi-component glasses and listed in Table 4. The young's and
bulk modulus values of the samples follow the trend



Table 4
Elastic properties of the BTM:Eu glasses.

Elastic properties BTLi:Eu BTCa:Eu BTSr:Eu BTBa:Eu BTZn:Eu

Young's modulus (E, Gpa) 83.12 75.15 65.76 63.72 79.92
Bulk modulus (K, Gpa) 58.80 50.18 39.88 38.97 52.11
Shear modulus (G, Gpa) 32.84 30.05 26.80 26.02 32.12
Poisson's ratio (s) 0.26 0.25 0.22 0.22 0.24
Fractal bond connectivity (d) 2.23 2.39 2.68 2.67 2.46
Hardness (H, Gpa) 5.15 5.00 4.91 4.72 5.47
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BTLi:Eu > BTZn:Eu > BTCa:Eu > BTSr:Eu > BTBa:Eu. The Poisson's
ratio follows a different trend BTLi:Eu > BTZn:Eu >
BTCa:Eu > BTSr:Eu¼ BTBa:Eu for the studied glasses. Among all the
glasses, the BTLi:Eu glass is more compact and rigid which is highly
required for shielding radiations. Usually, when the Poisson's value
falls in the range 0.1e0.2, then the connectivity of the glass is
perceived to be high. The present work's values lie in the range
0.22e0.26, thus claiming better connectivity in the glass structure.
The fractal bond connectivity (d) results lie in the range 2.23e2.68,
which indicates the 2D structure of the prepared glass matrices.
The hardness (H) of the glass explicitly indicates the amount of
stress required to neglect the free volume in glass [52]. For the
studied glasses, H falls in the range 4.72e5.47 GPa, implying the
hardness and resistance of the glasses to be penetrated, and it is
high for BTZn:Eu glass.
3.6. Optical analysis and band gap estimation

Fig. 3 reveals the optical absorption spectrum of the BTBa:Eu
glass recorded in the range 350e2300 nm. The observed absorption
bands arise due to the f�f optical excitation from the ground state
(7F0 and 7F1) to various excited states and the bands centered at
around 390, 475, 520, 720, 2090, and 2207 nm correspond to the
transitions 7F0/5D2, 7F0/5D1, 7F1/5D1, 7F0/5D0, 7F0/7F6 and
7F1/7F6 respectively [54]. The parameters such as Nephelauxetic

ratio (b) and bonding parameter (d) are used to examine the
bonding nature of the glass samples [55]. Using the aquo ion [56] as
a reference, the parameters are computed and presented in
Table S1. Following the ligand field, d will come out as positive or
Fig. 3. Absorption spectrum of BTBa:Eu glass.
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negative, representing the covalent or ionic nature of the bond. The
nature of the bond in the prepared Eu3þ doped multi constituent
glasses is revealed to be covalent from the evaluated positive
d values and the covalent nature rises in the order
BTZn:Eu > BTBa:Eu > BTLi:Eu > BTCa:Eu > BTSr:Eu.

The band gap energy (Eg) values of the glassy materials assessed
from the optical absorption spectra offer detailed information
about the optically induced transitions. For pure crystalline com-
ponents owning sharp conduction and valence band edges, the
energy bands will be precisely defined. On the other side, the glassy
constituents display the tailing of the localized states into the
forbidden energy gap. Using the optical absorption spectra, the
tauc's plot for direct and indirect Eg of the prepared glass samples
are plotted and shown in Fig. 4 (a) and (b), respectively [57]. The
directly deduced Eg values are found to be 3.29, 3.34, 3.39, 3.20,
3.36 (direct Eg eV) and 3.82, 3.82, 3.84, 3.80, 3.83 (indirect Eg eV) for
the BTBa:Eu, BTSr:Eu, BTLi:Eu, BTCa:Eu, BTZn:Eu glasses respec-
tively. The BTBa:Eu is noticed to hold higher Eg value, proposing a
better shielding channel to resist harmful radiations. The rise in the
Eg accounts for the decrease in the non-bridging oxygens due to the
rise in the oxygen anions in the glass structure.

The measure of imperfections in the glass is preferably attained
using Urbach energy (DE) values in the range of 0.10e0.87eV for the
investigated glass set. Table S1 shows the optical band gap and
Urbach's energy values of the synthesized glasses. The reduction in
the DE values depicts the stability and homogeneity of the samples
due to the reduction in the defects and disorders in the glass
matrices [41].
Fig. 4. (a) Tauc's plot for direct transitions (n ¼ 1/2) of the BTM:Eu glasses. (b) Tauc's
plot for Indirect transitions (n ¼ 2) of the BTM:Eu glasses.



Fig. 6. The half value layer (HVL) for the BTM:Eu glasses.
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3.7. Radiation shielding features

We investigated the radiation attenuation attributes of the
prepared Eu3þ ions doped multi constituent glasses using Phy-X
software [58]. We investigated the radiation attenuation factors
for the energy range varied between 0.284 and 1.33 MeV. We
determined the linear attenuation coefficient (LAC) and examined
the influence of the five oxides Li2O3, CaO, BaO, SrO, and ZnO on the
LAC values (see Fig. 5). The LAC decreases exponentially as the
energy increases, and this finding follows the Lambert-Beer law (i.e.
I]I0 exp�LAC*x). This implies that the glasses with different oxides
have good attenuation performance at low energy and the LAC
varied between 0.433 and 0.549 cm�1 at the first low energy used
in this work. When the energy increases to the second energy in
this work (i.e., 0.347 MeV), the LAC becomes in the order of
0.362e0.448 cm�1. One must remember that the photoelectric ef-
fect is an important process at such low energies, so the LAC has
high values for all glasses regardless of the type of oxide used. The
LAC is still in decreasing trend, and the lowest values happened at
1.33 MeV and are equal to 0.163, 0.184, 0.184, 0.185, and 0.202 cm�1

for BTLi:Eu, BTCa:Eu, BTBa:Eu, BTSr:Eu and BTZn:Eu. If we consider
one specific energy, we can investigate the influence of the five
oxides on the LAC values. The BTLi:Eu glass has a much smaller LAC
than the other glasses, and this is expected since the atomic
number of Li is small and it has a feeble attenuation ability against
gamma radiation. Also, the density of BTLi:Eu is smaller than the
rest of the glasses, so it has the least LAC. While the density of
BTZn:Eu is higher than the other glasses, and has the highest LAC.

From the LAC, we examined the HVL. The importance of this
parameter is that it gives information about the thickness of the
layer that can attenuate 50% of the radiation. In Fig. 6, we investi-
gated the influence of the energy and the different oxides used in
the glasses on the HVL. The first observation from this figure is the
relation between the energy and the HVL. The HVL for the glasses
with different compositions is less than 1.5 cm at 0.284 MeV, and
this is the smallest HVL observed for these samples. This reflects the
importance of using a thin layer of these glasses to shield the
photons with low energy. Increasing the energy means that we
need a sample with a higher thickness to shield the photons, and
this thickness is less than 2 cm at 0.347 MeV and varies between 2
and -2.5 cm at 0.511MeV. At 1.33 MeV, the thickness of the samples
needed to attenuate the photons becomes 3.4e4.2 cm, so a thick
glass is recommended to be utilized in high-energy applications
Fig. 5. The linear attenuation coefficient for the BTM:Eu glasses.
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(less than 1.5 MeV). The second observation from Fig. 6, the relation
between the HVL and the type of oxides used in the glasses. If we
look at the HVL for the sample with Li2O3, we see that the HVL of
this composition is higher than the other compositions. While, due
to the high density of BTZn:Eu sample, it has the least HVL.

We compared the tenth value layer (TVL) for our prepared Eu3þ

ions doped multi constituent glasses with other glass systems at
0.662 MeV. In Fig. 7, we compared the TVL for these glasses with
the BaOe-Li2O-B2O3glass system [4]. Clearly, due to the low density
of BTLi:Eu, it has higher TVL than the BaO-Li2O-B2O3 glasses with
different compositions. BTZn:Eu has a very close TVL with 25BaO-
15Li2O-60B2O3 glass. BTCa:Eu, BTBa:Eu, and BTSr:Eu have lower
TVL than 35BaO-5Li2O-60B2O3, but higher TVL than 30BaO10-
Li2Oe60B2O3. In Fig. S4, we compared the investigated glasses in
this study with the CaF2-BaOeP2O5 glass system [3]. Again, BTLi:Eu
has higher TVL than all the selected CaF2eBaOeP2O5glasses. Due to
the relatively high density of BTZn:Eu, it has lower TVL than all the
CaF2eBaOeP2O5glasses. BTBa:Eu has almost the same TVL with the
6CaF2e44BaOe50P2O5 sample, while BTCa:Eu has a very close TVL
with 4CaF2e46BaOeP2O5.
Fig. 7. Comparison between the tenth value layers for the prepared BTM:Eu glasses
and BaO-Li2O-B2O3 glass system at 0.662 MeV.



M.K.K. Poojha, K. Marimuthu, P.E. Teresa et al. Nuclear Engineering and Technology 54 (2022) 3841e3848
4. Conclusion

In this work, the compositional dependent Eu3þ doped multi
constituent glasses are prepared and analyzed through XRD, FTIR,
and other techniques. The amorphous structure of the glasses was
revealed via the XRD measurement. FTIR analysis validated the
stretching and bending vibrations of BO3/BO4, and TeO4/TeO3
functional groups in the titled glasses. The density and refractive
index of the prepared glasses were calculated to vary almost line-
arly depending on the incorporated modifiers. Investigation of the
structural properties like OPD and VO confirms the presence of a
higher amount of bridging oxygen sites, making the glass matrix
tightly packed. The evaluation of b evidenced the prepared glasses
as effective source materials for any nonlinear or photonic appli-
cations. The computed elastic moduli expose the BTLi:Eu glass to be
tightly packed and rigid, required for a superior shielding channel.
The higher bandgap values for BTLi:Eu glass and the calculated
Urbach's energy value reveals that the prepared glasses own lesser
defects essential for better shielding. The radiation shielding per-
formance was investigated in LAC, HVL, and MFP. At 0.347 MeV, the
MFP follows the order BTLi:Eu > BTCa:Eu > BTSr:Eu > BTBa:Eu >
BTZn:Eu. The BTLi:Eu, glass has a higher TVL than the BaO
Li2OeB2O3 glass system. BTZn:Eu has very close TVL with
25BaOe15Li2Oe60B2O3 glass. BTCa:Eu, BTBa:Eu and BTSr:Eu have
lower TVL than 35BaOe5Li2Oe60B2O3.
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