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Abstract. In the present work, using the melt quenching technique, a series
of five glass samples of Lithium-Zinc boro tellurite glasses, incorporated
with silver oxide and doped with Lanthanum oxide, were fabricated to
analyze the influence of substituting AgoO and ZnO with La;O3; on the
physical, optical, and radiation effectiveness of the produced glasses. The
focus of our research is on the physical, structural, Radiation and optical
properties of lithium-zinc boro-tellurite glasses, doped with La:Os in
amounts from 0 to 0.4 mol%, and containing a consistent Ag2O
concentration of 1 mol%. The spectral properties of the acquired glass
specimens have been analysed through UV—vis absorbance data. The non-
crystalline state of the synthesized glasses was validated through the XRD
technique. The structural changes and the presence of borate networks
(BOs and BOg), tellurite networks (TeOs and TeOs), and associated links
were established through FTIR techniques. Our work focuses on the
synthesis, characterization, of zinc oxide (ZnO) and silver oxide (Ag20)
added glass materials for optical and radiation shielding applications.
Radiation shielding properties were evaluated using the Phy-X/PSD
software. Considering the measured physical parameters and the structural,
optical, and shielding properties, we can say that these glasses show
promise for applications in photonics, including optical amplifiers and
optoelectronic devices, as well as for radiation shielding. 1

1. Introduction

The research community has shown increasing interest in borotellurite glasses over the past
few years for their applications in optics and photonics, primarily because they can be
easily produced and shaped into the required forms [1]. The ability of nonlinear optical
properties to enable one light beam to govern another is vital for diverse optoelectronic and
photonic applications [2]. Glasses based on boro-tellurite that incorporate different dopants
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have been extensively researched due to their nonlinear optical characteristics, rendering
them appropriate for uses in electro-optic modulators and ultrafast optical switches [3-5]. In
the present glass system, boron acts as a network former, while lithium, zinc, and silver
oxides function as network modifiers. Boron is utilized for its excellent solubility for rare-
earth ions, zinc oxide improves the overall glass forming properties, and silver oxide
influences the local structural layout of the glass network [6, 7]. Zinc oxide helps to
maintain low crystallization rates in the glass system. Adding Li,O as a modifier converts
four-coordinated tetrahedral boron [BO4] into three-coordinated triangular boron [BOs],
which increases the network dimensions and improves connectivity within the glass
structure [8]. Gedam and Ramteke (2012) highlighted that lanthanum oxide has a
remarkable ability to change the physical and optical properties of glasses and glass
ceramics. Halimah et al. (2010) noted that silver doping alters the structure of the glass
host, facilitating the transformation of the structural units in the tellurite networks from
TeO4 to TeOs [9, 10]. Lanthanum nanoparticles (La>O3) were used as the dopant in lithium—
zinc borotellurite glasses. When these glasses were doped with Lanthanum nanoparticles
and combined with silver oxide, the indirect energy band gap was found to range from 3.12
to 3.18 eV. Very few studies have been conducted to explore and reveal the characteristics
of glass materials when lanthanum, which tends to diminish optical properties, and Ag,
which enhances the optical properties, are incorporated into the lithium-zinc borotellurite
glass system. Therefore, this research aims to provide a deeper understanding of how the
integration of lanthanum nanoparticles and silver oxide into the lithium-zinc borotellurite
glass system influences and modifies the optical properties of the glass system [11]. The
incorporation of Ag>O and Lanthanum nanoparticles resulted in a nonlinear variation in
the optical properties of the lithium-zinc borotellurite glass system, particularly in the
energy band gap with respect to composition. Again, the introduction of lanthanum oxide
into lithium-zinc borotellurite glass reveals a nonlinear variation in the urbach energy of the
glass system. Therefore, this study aims to identify and discuss the effects of silver oxide on
the optical properties of the lanthanum zinc borotellurite glass network and also this
research focuses on lanthanum, a unique element in the lanthanide category that lacks 4f
electrons, to explore whether it exhibits the same extraordinary traits as other lanthanide
elements that possess 4f electrons [12]. Glass is preferred over many other materials
because it is transparent and non-toxic, which makes it suitable for radiation shielding
applications [13].

A recent investigation on the LixO-MgO-Bi;O3—SiO, glass system was made by
substituting Li,O with Ag,O. The study reported increases in density, structural stability,
and chemical durability. Glasses with higher Ag,O content also showed better attenuation
and mechanical properties, making them suitable for radiation shielding [14]. To develop
effective radiation shielding materials, borate glasses can be synthesized with heavy metal
oxides such as TeO» or La,Os;. Another approach is to modify the glass network by
adjusting the composition of network formers and intermediates. These strategies help
enhance both the shielding performance and the overall properties of the glass [15].
Previous research has largely focused on the role of various heavy metal oxides in borate
and silicate glasses. This study focuses on the analysis of radiation shielding parameters,
especially the mass attenuation coefficient and half value layer. The effect of La,O3 content
on the half-value layer and mass attenuation coefficient is examined, showing that even
thinner samples can offer good radiation shielding due to the high atomic number and
density of silver oxide containing lanthanum nanoparticles doped glasses.

This paper presents a new melt quench synthesised lithium-zinc boro-tellurite glass system
that includes lanthanum (La,O3) nanoparticles and silver oxide. The incorporation of La,03
nanoparticles and Ag,O significantly modifies the glass network, leading to a non-linear
change in density and structural compactness. We conducted UV-visible absorption
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measurements to examine the optical properties of La,Os-doped glass samples. Changes in
the refractive index, optical band gap and Urbach energy were analysed as a function of
La,O; nanoparticle concentration. Lithium—zinc boro-tellurite glasses containing La,O3
nanoparticles and silver oxide were analysed using experimental and theoretical methods.
The combined results give a clearer picture of their optical properties and radiation
shielding characteristics.

2. Materials and Methods

2.1. Synthesis of Glass Samples

Lithium-zinc boro-tellurite glass was doped with lanthanum nanoparticles (La>Os3). This
doping process involved melting analytical reagent grade B,Os3, which was added in the
form of orthoboric acid (H3BOs3), while Li,O, TeO,, and ZnO were the starting materials.
The chemicals were uniformly blended into a fine powder in a ceramic mortar to achieve
uniform homogeneity. The prepared batch was preheated in a porcelain crucible at 300 °C
for 30 minutes to remove moisture, volatile components and to enhance the melting
process. Subsequently, the temperature was raised to 900 °C and maintained for one hour to
obtain a homogeneous melt. To ensure a consistent homogeneity and avoid bubbles in the
melt, the crucibles were shaken often. The transparent melt was poured and promptly
quenched between stainless steel rings. Each glass was annealed at 300 °C for 2 hours to
decrease mechanical stress. After this, the furnace was switched off, allowing the samples
to cool gradually to room temperature at a controlled rate of 30 °C per hour. The glasses
prepared are referred to as BTLZAglal, BTLZAgl.a2, BTLZAglLa3, BTLZAgLa4, and
BTLZAglL a5, respectively.

2.2. Sample characterization

2.2.1. X-ray diffraction

The glassy state of the synthesized lithium-zinc boro tellurite glasses was examined through
XRD analysis. XRD spectra obtained using a Rigaku Ultima-VI at room temperature.

The structural analysis of the building units in the prepared glasses was conducted by
recording their Fourier Transform Infrared (FTIR) absorption spectra. PerkinElmer
instrument was used for the measurements. The spectra were collected within the range of
400-4000 cm™'.

2.2.2. Uv characteristics.

The optical (UV—Visible) absorption spectra of the polished glass samples, with an average
thickness of 2.67 mm, were recorded at room across a wavelength range of 200-1800 nm.
Each sample was measured twice to verify the reproducibility of the absorption peak data.

2.2.3. molar volume and density

The density (p) of the glass samples was measured experimentally using Archimedes’
principle. Each sample was first weighed in air and then immersed in toluene. The density
was calculated using the following equation (1) [16]:
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here W, is the weight of the glass measured in air, W, is the weight of the glass sample
when immersed in toluene, and p; is the density of toluene at room temperature, taken as
0.865 g/cm®. Subsequently, the molar volume (Vi) was found by dividing the average
molecular weight (M) of the glass composition by its measured density (p). Furthermore,
oxygen packing density is the measure of the compactness of the oxide network structure in
oxide glasses. The OPD can be calculated using the molar volume (V) and the number of
oxygen atoms (n) present in the glass component through the following formula (2).

_ 1000xn

oPD ©)

m

3. Outcome & Scrutiny

3.1. Phase Recognition

Displayed in Fig. 1, is the XRD pattern of the BTLZAgLa glass sample, recorded within
the range of 10° < 0 < 90°. The absence of sharp diffraction peaks suggests that the
samples have an amorphous structure. The extensive variations in the patterns are due to X-
ray scattering in the disordered glass, which implies structural irregularities over a wide
range. Thus, it is confirmed that the materials are non-crystalline and possess a glassy
nature. Usually, boro tellurite glasses show a broad halo in their XRD patterns within the
range of 25° to 33°.

La,0; NPs
BTLZAgLa0.4
—_ BTLZAgLa0.3
3
8
2 BTLZAgLa0.2
4
2
E BTLZAgLa0.1
BTLZAgLa0
10 ZIO 3I0 4I0 5I0 SID TIO BIO 90

20 (Degree)

Fig. 1. XRD for La NPs Incorporated Zinc Boro-tellurite glasses.

3.2. Functional group investigation

A significant study in glass science is Fourier Transform Infrared Spectroscopy (FTIR),
which is utilised to identify the functional groups present within the glass system and
examine the construction units. The FTIR spectra recorded for the Lithium zinc boro-
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tellurite glasses containing Lanthanum nanoparticles is clearly shown in Fig. 2. The
samples were analysed within a wavelength range of 500-4000cm!. This study particularly
emphasised the mid-infrared region (500-1600 cm), where different vibrational modes
related to lanthanum NPs-doped lithium-zinc boro tellurite glasses are observed.
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Fig. 2. FTIR spectra of lithium-zinc borotellurite glasses doped with La20O3 NPs.

Table 1. Assignment of infrared transmission bands of lanthanum nanoparticles doped lithium-zinc
borotellurite glasses.

Wavenumber (cm’!) Assignment (vibrational modes) References
680 cm’! Formation of TeOs trigonal pyramidal [16, 17]
883 cm! B-O stretching vibrations in tetrahedral BO4 units. [18]
1356 cm™! Asymmetric stretching relaxation of the B-O band of [19]
trigonal BO3 units

Generally, tellurium and boron, which function as network formers, can be present in a
boro-tellurite glass system as TeOs, BO4, and BO3. The molecules will vibrate at 600-650
cm!, 650-700 cm!, 800-1200 cm™!, and 1200-1400 cm ™', respectively, after they absorb
infrared radiation [13, 17, 20]. The suitable assignments for Lanthanum nanoparticles
doped Lithium-zinc Boro-tellurite glasses are listed in Table 1. The band noted around 883
cm!' corresponds to di-borate units and B-O-B linkages in the borate structure.
Asymmetrical stretching of B-O vibrations causes a band to appear at 1356 cm’!. The
absence of an absorption band for ZnO and La,0s in the FTIR spectra indicates that the
zinc and lanthanum lattices are completely broken down [18].

3.3. Physical properties

3.3.1. density and molar volume

The density (p), molar volume (Vi), and oxygen packing density (OPD) of the prepared
glasses were calculated using standard formulas and are shown in Table 2. These
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parameters play a significant role in the investigation of structural changes. Various factors,
such as coordination number, network structure, cross-link density, and interstitial spaces,
impact these properties.

Table 2. Density (p) and molar volume (Vm) and Oxygen packing density parameter of the glass

samples.
La203 (mol%) Density (g/cm?) Molar Volume OPD
(cm’/mol) (g-atm/1)
0 2.9124 24.49182805 326.6395626
0.1 2.9261 24.4694303 449.5405028
0.2 2.9187 24.62397643 446.7190761
0.3 2.9467 2448162351 449.3166066
0.4 2.9345 24.67882092 445.7263187

Fig. 3 shows the relationship between p and Vi, as a function of La,O3; mol%, and the
corresponding values for the prepared glass compositions are given in Table 2. The density
of the glass samples lies between 2.912 and 2.9345 g cm™. The small increase in density
with changing composition results from the addition of heavier modifier ions, which create
a denser glass structure and improve atomic packing within the network. The slight
decrease in density is also observed for specific compositions at 0.2 mol% and 0.4 mol%.
This decrease can be explained by an increase in molar volume arising from structural
rearrangements in the glass network. In general, the molar volume (V) of a glass is
inversely related to its density. In our glass samples, an inverse relationship between
density and molar volume is observed across all compositions.
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Fig. 3. Variation of density and molar volume with La>;O3 (mol%).

3.4. Optical characteristics

UV-visible spectroscopy serves as an effective method for exploring the optical properties
of materials, including band gaps and Urbach energies. Fig. 4 displays the UV-visible
diffuse absorbance spectra of the analysed glass samples.
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Fig. 4. Optical absorption spectra for the prepared Lithium zinc boro-tellurite glass samples.

The absorption edge ranges widely from 320 to 400 nm in the base glass, highlighting the
amorphous nature of the prepared samples. Below 320 nm, the spectra indicate a saturation
region, and beyond 320 nm, there is a decrease in absorption, which corresponds to
transitions from the valence band to the conduction band [21]. Optical transitions are not
seen in the visible region. This is because there are no partially filled d orbitals available to
support d—d electronic transitions, given that the ions like Ag* and Zn?>' have filled d'°
electronic configurations. Moreover, network formers such as B>O; and TeO, do not
facilitate d—d transitions. The optical spectra observed in non-crystalline materials often
consist of three distinct regions: (i) a phonon-assisted constant absorption region, (ii) the
Tauc region, which corresponds to strong absorption caused by inter-band electronic
transitions, and (iii) the Urbach region, where the absorption coefficient has an exponential
relationship with photon energy [22].

3.4.1. Energy Band gap

The optical band gap indicates the energy difference between the maximum of the valence
band and the minimum of the conduction band. For amorphous materials, the calculation
can be performed using models derived from the Tauc method, initially introduced by
Davis and Mott, and represented by the following equation [23, 24].

ahv = q (hv — Ej)™ 3)

Where hv signifies the energy of the photon, q is a constant, E, is the optical band gap, m
refers to an index that can take on different values (1/2 for indirect transitions and 2 for
direct allowed transitions), and a is the absorption coefficient.
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Fig. 5. Part of indirect band gap graph (chv)'”? in prepared glass.

Fig. 5, displays the E, Values (indirect band gap) associated with the prepared glass
samples. The indirect band gap values, Urbach energy, and refractive index values are
summarised in Table 3, highlighting a non-linear variation in relation to the concentration
of La,O3 nanoparticles.

Table 3. Eg, AE and Refractive index of lithium-zinc borotellurite glasses doped with lanthanum

nanoparticles.
Lax0Os3 (mol%) | Indirect energy band | Urbach energy, | Refractive Index

gap, Eg (eV) AE (eV) (R.D)

0 3.12 0.288 2.36

0.1 3.16 0.297 2.35

0.2 3.12 0.284 2.36

0.3 3.22 0.272 2.34

0.4 3.18 0.320 2.35

The presence of bridging oxygen in the glassy matrix is responsible for the increase in Eg
values [25]. Thus, the introduction of La,O3; NPs into the glass network has hindered the
flow of electrons within the synthesised materials [26]. The indirect optical band gap of the
synthesised glass samples ranges from 3.12 to 3.18 eV, demonstrating their wide band gap
characteristics and excellent optical transparency. The non-linear change in E; with varying
La,Os concentration is due to the competing influences of non-bridging oxygen formation
and network reorganisation. At intermediate levels of La,0Os3, there is an increase in E; due
to structural compactness. The considerable drop in the energy band gap value may be due
to a significant structural change that occurred in the glass system of the glass sample with
a 0.3 molar fraction of La,O3; NPs. Urbach energy (AE) values are calculated from the
slopes of the linear sections of the In a versus hv plots. An observable decrease in AE
occurs as the amount of La;O3 NPs in the glass system increases at 0.2 mol% and 0.3
mol%. This downward trend in AE is linked to a reduction in the number of defects present
in the glass matrix.

https://doi.org/10.1051/epjconf/202635601037
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Defects present in the glass network, such as an increasing number of non-bridging
oxygen and cation-anion vacancy pairs, could explain the increase in the AE value at a 0.4
molar fraction of La,O3 nano particles [27]. Refractive Index: Table 3 provides the specific
values of the refractive index. The relationship and understanding of the refractive index
can be enhanced by analysing the formation of bridging and non-bridging oxygen in a
substance. The findings of this research indicate that with a higher amount of La>Os;
nanoparticles, there is a decreasing trend in the refractive index, which is attributed to the
presence of low-polarizability bridging oxygen in the glass network. Simultaneously, the
structural alterations that take place at 0.2 and 0.4 molar fractions of La,O3 nanoparticles
resulted in a marked increase in nonbridging oxygen formation. Nonbridging oxygen is
responsible for creating more ionic bonds, which display a higher polarizability than the
mainly covalent bonds associated with bridging oxygen. As a result, a greater refractive
index value is observed when nonbridging oxygen is present in larger quantities than
bridging oxygen within the material [28].

3.5. Gamma radiation attenuation properties

The mass attenuation coefficient (im), as seen in Fig. 10, and the half value layer (HVL), as
illustrated in Fig. 6, were examined for the synthesised lithium-zinc borotellurite glass
composites with different La,O3 concentrations over the energy range of 0.015-15 MeV. It
is clear that when the y photon attains 1 MeV, the MAC values drop rapidly. This reduction
is due to photoelectric absorption. This effect is particularly important at lower photon
energy levels. Therefore, the MAC values for the glasses being studied and the materials
being compared are highest in the low energy range. The analysis demonstrated that the
highest MAC values for all BTLZAgLa samples were found at 0.015 MeV, with a
subsequent sharp decrease as photon energy increased. At 0.015 MeV, the MAC values are
23.369 cm?/g and 23.846 cm?/g for La,03 at 0 mol% and 0.4 mol% respectively.

[~@—MAC- La,0; - 0%

|=@—MAC- La,0, -0.1%
~@—MAC- La,0, -0.3%
|=@—MAC- La,0, - 0.4%

Fig. 6. Mass attenuation coefficients (1/p) of the investigated glasses as a function of the photon
energy-La>O3 incorporated glasses.

The HVL of BTLZAgLa glass is illustrated in Fig. 7, as a function of energy. A significant
metric for any shielding material is the HVL, which is the thickness required to reduce the
photon-beam intensity by half as it passes through the material. Therefore, selecting lower
values is advisable for identifying the most effective y-ray shielding composition. For
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Lax03-0.4% glass, the HVL value was found to be 4.750 cm at 1.5 MeV, The lowest HVL
value of La>03-0.4% glass highlights its superior shielding capabilities compared to all
other glasses produced.
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Fig.7. half-value layers versus incident photon energy

4. Conclusion

Lithium-zinc borotellurite glasses infused with lanthanum oxide nanoparticles have been
successfully created. The structural, physical, radiation and optical characteristics of the
produced samples were thoroughly examined and documented. The broad hump observed
in the XRD diffraction pattern validated the amorphous nature of the samples. The
declining trend in urbach energy values indicates that the glasses fabricated are less fragile.
The pattern variations at 0.3 and 0.4 molar fractions of La,O3; nanoparticles for urbach
energy and refractive index are attributed to structural changes in the glass system, which
lead to a greater formation of non-bridging oxygen.

The results indicate that the highest MAC values were observed at an energy of 0.015 MeV
for all the prepared glasses. The results indicate that the BTLZAgl.a0.4% glass has the
lowest HVL. Therefore, the evaluation of shielding characteristics implies that
BTLZAglLa0.4% glass provides superior gamma radiation shielding compared to other
traditional materials. The results show that lithium-zinc borotellurite glass doped with
lanthanum nanoparticles and containing silver oxide has a higher refractive index than
conventional silicate glass, which is commonly used for optical fibers. This implies that
rare-earth doped borotellurite glass could be an effective material for optoelectronics and
photonics applications. Lithium-zinc borotellurite glasses doped with La,O3 nanoparticles
and silver oxide show notable optical and radiation shielding capabilities, positioning them
as promising options for rare-earth-doped optical glasses, optoelectronic applications, and
radiation protection.
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