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Abstract

Glass ceramic nanomaterials as yTeO,(100-y)[36Fe,05.10B,05.54P,05] (y = 1, 6, 9) were synthesized by the sol-gel
method. Their optical, structural, and dielectrical properties were investigated. Results obtained from UV-Visible
spectrum predicted that the optical band gap energy decreased from 4.97 to 4.94 eV. X-ray diffraction reveals that
BCC structure has a crystalline size from 9.77 to 26.68 nm. The distinct rounded or courous and porous morphological
structure of synthesized glass ceramic was examined using FE-SEM. The elemental detection is analyzed with the help
of Energy Dispersive X-ray spectroscopy. According to dielectric studies, synthesized glass ceramics shows low
dielectric loss as well as dielectric loss tangent (zand) decreases at high frequency. Hence it acts as a good conductor.
Synthesized glass ceramic material shows good biological activity. Based on the results of antimicrobial and
anticancer studies the present glass system may be used in various medical field applications.
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1. Introduction

Boro-phosphate glasses have received a lot of attention from researchers due to their greater
chemical resistance than the majority of silicate and borosilicate glasses. They have remarkable
chemical resistance and a low melting point [1,2]. The heavy metals, phosphates, and sulphates
contained in nuclear waste are not very soluble in borosilicate glasses. The next choice for
glasses would be phosphate or borophosphate ones. The remarkable chemical resistance of iron
phosphate glasses is well recognized. Due to their excellent chemical durability, iron phosphate
glasses have proven to be ideal for confirming high-level nuclear waste. As well as ternary
alkali borophosphate glasses are far more useful as solid electrolytes than their pure binary
alkali borate or phosphate equivalents because of their exceptional physical and chemical
stabilities and improved ionic conductivities [3,4]. Iron phosphate glasses have been studied for
a range of applications due to their high thermal expansion coefficient, low melting and
transition temperatures, optical transmission qualities, and compositional flexibility. Due to their
interesting mixture of physical and chemical features, boron-containing iron phosphate glasses
have recently attracted a lot of attention. Iron phosphate glasses demonstrated that the addition
of boron improved the thermal stability of iron phosphate glasses. Also, it has technological
applications like bone transplants [5,6].

The network structure of simple phosphate glass is composed of P tetrahedra that are linked to
other neighbouring tetrahedra by bridge oxygens. The addition of boron atoms to the phosphate
glass network and the combination of the two network formers, B,O; and P,Os, allows for
considerable changes to the material properties as opposed to simple borate and phosphate
networks alone. A fascinating area of research is the function that P,Os and B,Os play important
roles in the glass structure, and they interact with other components of the glass network.
Because of this, the merging of borate and phosphate groups that have been doped with 3d
transition metal ions is an interesting topic in the field of glass research [7]. Borate glasses are
electrically semiconducting when iron is added to them. The quantitative characteristics of
modifiers determine the amount of iron present in the glass in various valence states, which can
be in +2 or +3 depending on the oxygen atoms that are accessible [8-10]. Fe** ions are present in
both tetrahedral and octahedral configurations, whereas Fe®" ions are restricted to sixfold
coordination within glass structures, contributing to their modifying role. A high concentration
of P-Os and B20s; modifiers can enhance bioactivity, making them appealing for biomedical
glass fibers. However, these glasses tend to crystallize at the temperatures typically required for
fiber drawing. In biomedical applications such as bone regeneration and reconstruction,
phosphate glasses serve as favourable alternatives to silicate glasses [11-13]. It has been
investigated that by adding B,Os to iron borophosphate glass ceramics, it increases the thermal
stability while having little impact on its chemical resistance. The results suggest that iron
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borophosphate glass ceramics possess optical properties [14]. The majority of the research on
iron phosphate glasses has been on simple binary, ternary, or quaternary glasses made of P,Os,
Fe,O; and a few other elements [15]. Fe,O3; has been discovered to be an efficient oxide for
bioactivity in various glasses, among other transition metal oxides. Infact, it has already been
established that bioactive glasses can create apatite increases as their Fe,O3; content rises. Also,
it was established that Fe** ions play a critical role in boosting bone metabolism when combined
in the right proportions with bioactive glasses [16]. Fe,Oj3 is interesting due to a wide range of
physical and chemical characteristics as well as its antibacterial effects. The interesting concept
for the predictable future is to improve bioglass antibacterial characteristics and make it useful
for various medicinal purposes. The rich structural chemistry of borophosphate glasses and their
use in heterogeneous catalysis, photonics, ion exchange, and other areas give them importance
[17,18]. It may be advantageous to increase the chemical stability of phosphate-based glasses by
having the ability to dissolve certain metal oxides (MO). As a result of depolymerising P-O-P
structures and replacing weak P-O'M™ connections with stronger P-O-M bonds, the inserting of
metallic ions (Mn") enhances chemical resistance [19]. Additionally, bioactive borate glasses are
now generating more interest. The variety of dopant elements, such as Sr, Cu, Zn, Ag, and V,
which may be found in the human body and are known for having positive impacts on bone
metabolism, have been researched for their behaviour. An are form borate, and phosphate
bioactive glasses are some of these materials [20]. Although P,Os and B,O; are water-soluble
glass-forming oxides, their combination with modifier oxides results in the development of
borophosphate glass that is significantly more chemically resistant because B-O-P bridges
between phosphate (PO,) and borate (BO,4, BOs) structural units. As a result of the addition of
glassy TeO,, it is made up of TeO, structural units (as opposed to TeOz.,), in which three Te-O
bonds are shorter and one longer. Li,O and other modifier oxides increase the tendency of TeO,
to form glasses and the capacity of TeO, to convert into triangular, pyramidal structural units in
TeOs. According to present research, the structure and properties of borophosphate glasses
modify as TeO, concentration increases. The doping of tellurium oxide on phosphate and
borophosphate glasses often increases transparency in the ultraviolet and infrared spectrums as
well as the refractive index, making these glasses potentially glamorous materials for the
production of various optical and optoelectronic devices. TeO, is also known to improve the
chemical resistance and thermal stability of borophosphate glasses, which is a common problem
associated with the drawing of glass fibres [21]. The significant glass type known as
borophosphate glass has a number of beneficial qualities. Because it has a low melting point,
superior chemical resistance, and high irradiation stability, borophosphate glass containing iron
is also one of the most promising matrices [22]. The development of glass ceramics allows for
the modification of ceramics chemical, mechanical, and electrical properties [23,24].

Impedance spectroscopy analysis of iron phosphate glasses revealed improved electrical
properties, but no clear connection was found between electronic and ionic conduction variation
[25]. It has been demonstrated that doping iron phosphate glasses with boric oxide increases
their chemical, thermal, and crystallisation resistance, as well as their resistance to strong
radiation. TeO, is a conditional glassmaker that can create glass when combined with network
modifiers including Li,O, AgO, MgO, ZnO, and rare earth oxides. The conductivity and
stability of the borate-glass network are improved by the addition of TeO, at lower mole
percentages [26,27].

However, due to the quality of the structure, diseases like bone abnormalities have become
widespread, increasing the therapeutic demands on tissue regeneration and wound healing.
Therefore, one important area that academics are investigating and attempting to highlight is the
advancement of new manufacturing methods for borophosphate. For borophosphate glass
material, standard solid-state sintering, melt quenching, and subsequent crystallisation have
proven to be the most widely utilised preparation processes. The disadvantage of solid-state
sintering and melting techniques is the evaporation of the volatile component when processing
at high temperatures. In contrast, the sol-gel approach offers great chemical uniformity while
requiring low processing temperatures. With the use of this technique, a wide range of
compositions can be produced in several different shapes, including powders, coatings, and
fibers. Additionally, bioceramics produced using the sol-gel process exhibit porosity and larger
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surface areas, both of which are advantageous for the bioactivity with low-cost raw materials for
sol-gel processing of bioceramics.

The sol-gel technology was used to design the glass ceramic in order to more effectively
dissolve the greatest amount of doping in it. Additionally, to achieve good homogeneity and
little phase separation, a chemical bottom-up sol-gel method is helpful. Therefore, a sol-gel
technique was employed to produce our present work, yTeO,(100-y)[36Fe;053.10B,03.54P,0s]
Where y = 1,6,9 borophosphate using tellurium and iron oxide with the objective of providing a
method for producing cost-effective applications in the biomedical field [28,29]. As a result, the
sol-gel process has essentially come to be associated with nanomaterials, particularly in the
context of glasses that briefly discuss their potential for biomedical uses like bone maintenance,
immunological function, and osteogenic effects, which allow for cell attachment (osteoblasts)
and subsequent growth [30]. Making bioactive glasses more flexible in regard to doping with
particular metals, such as iron, which stimulates their biological performance, is a benefit of
partially or completely replacing SiO, with P,Os and B,Os;. Due to its less antibacterial
capabilities, iron has a long history of being well-known. Doping bioactive glasses with iron
may encourage the breakdown of microorganism resistance, acting against bacterial activity
[31]. And tellurium has been incorporated into bioactive glasses, such as silica-based glasses, to
enhance their biological properties. The addition of tellurium dioxide (TeO,) in small amounts
does not disrupt the glass's amorphous nature but can alter its thermal properties and promote
the formation of hydroxyapatite, a key component for bone regeneration [32].

These properties are particularly valuable in addressing pressing healthcare challenges such as
antimicrobial resistance and cancer, which are significant global health concerns. Tellurium
nanoparticles have demonstrated cytotoxic effects against various cancer cell lines, including
breast cancer and melanoma cells. These effects are observed at relatively low concentrations,
indicating the potential of TeNPs as anticancer agents. Importantly, these nanoparticles show
minimal cytotoxicity towards normal cells, suggesting a degree of selectivity in targeting
cancerous cells [33]. The development of such materials is part of a broader trend towards
utilising bioactive glasses, which are known for their ability to release therapeutic ions, thereby
enhancing biological responses while maintaining the structural integrity and amorphous nature
of the glass [34]. Tellurium nanostructures synthesised using green nanotechnology approaches
have shown significant antibacterial activity against resistant strains such as Methicillin-resistant
Staphylococcus aureus and multidrug-resistant Escherichia coli. While other dopants like
copper and zinc also exhibit antimicrobial properties, tellurium is particularly noted for not
adversely affecting cell viability or immune response, unlike silver, which significantly
decreases cell viability [35]. Although the primary focus has been on antibacterial effects, some
research indicates that tellurium nanoparticles may also possess antifungal properties, although
higher concentrations may be required compared to antibacterial applications [36].

In this work, we prepared yTeO,(100-y)[36Fe,03.10B,05.54P,0s5] glass material by sol-gel
method. Investigating the structural, electrical, morphological, and microbiological
characteristics of yTeO,(100-y)[36Fe,03.10B,05.54P,0s] glasses throughout a range of TeO,
concentrations is the goal of this study. TGA was used to study the thermal properties. The
optical band gap and absorption peak are intended to be measured using UV-visible
spectroscopy. Utilising X-ray diffraction, the structural characteristics of the glasses were
determined. Scanning electron microscopy (FE-SEM) is used to examine molecule shape. Using
EDS, the elemental percentage composition analysis was done. The dielectric loss tangent (tan
d) and dielectric loss were calculated using the dielectric constant. We employed a traditional
zone of inhibition test to assess the antibacterial properties of two or three representative
specimens in some bacterial cultures in order to further study the multifunctionality of the
current samples.

1.2 Experimental Work

1.2.1 Chemicals

The analytical-grade AR chemicals such as iron nitrate Fe(NO3);.9H,0, boric acid (H3;BOy),
ammonium di-hydrogen Orthophosphate (HgN,PO,), and telluric acid Te(OH)s were used as Fe,
B, P, and Te sources for the synthesis of yTeO,(100-y)[36Fe,05.10B,03.54P,05].
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1.2.2 Synthesis of glass ceramics yTeO,(100-y)[36Fe,03.10B,03.54P,0x]

For the synthesis of glass ceramics yTeO,(100-y)[36Fe,03.10B,05.54P,05] (y = 1, 6, 9), the
used precursors are telluric acid Te(OH)g, boric acid (H3BOgz), ammonium di-hydrogen
orthophosphate (HgN,PO,), and iron nitrate Fe(NO3)s. All these precursors were added with 20
ml of distillate water in a beaker. The reaction mixture was stirred for 2 hours with an acidic pH.
After that, the reaction mixture was heated at 80-90°C to form a gel within 2 hours. At the

same temperature, within 2 hours the gel was fully dried to produce a fine powder of
yTeO,(100-y)[36Fe,05.10B,03.54P,0s]. This raw glass ceramic powder was calcined at 600°C
for eight hours and used suitable for all subsequent characterisations.

1.2.3 Experimental method for antimicrobial activity

Dimethyl sulfoxide (DMSO) was used to dissolve the glass components, resulting in a final
concentration of 10 mg/mL. For the evaluation of bacterial and fungal activity, respectively,
standard antimicrobial agents gentamicin and clotrimazole were utilised. First, pathogenic
cultures were added to nutritional broth, and they were then incubated for 24 hours at 37°C.
Using sterile saline, the broth's turbidity was carefully controlled to reach a standardised value
of 0.5 McFarland. A 200 ul diluted suspension of the pathogen was evenly distributed across
Muller-Hinton agar plates. Wells were created on the agar plates, and 100 ul of each compound
was separately added to them. Additionally, another well was filled with 100 ul of DMSO
without the compound to evaluate its effect on bacterial growth. The plates were incubated at 37
°C for 24 hours, and the inhibition zones were carefully examined during this period. The
absence of growth around the well was considered a positive result. The inhibitory zone's
diameter was measured in millimeters (mm). The minimum inhibitory concentration was
determined using the glass compounds yTeO,(100-y)[36Fe,03.10B,03.54P,0:] (y = 1, 6, 9),
selected based on their largest inhibition zones. All experiments were performed in triplicate,
and the results were expressed as mean values.

1.2.4 Experimental process for anticancer activity

Compounds demonstrating superior antimicrobial efficiency were selected for further
assessment of their anticancer properties. Anticancer activity was evaluated against human
breast cancer cell line MCF-7, human cervical cancer cell line HeLa, and human ovarian cancer
cell line SK-OV-3 using the sulforhodamine B (SRB) assay method. The cancer cell lines were
first cultured in a medium supplemented with 10% fetal bovine serum and 2 mM L-glutamine.
The experiments were conducted using 96-well microtiter plates. One hundred microliters of the
sample were added to each well, which contained 5000 cells per well. The plates were then
incubated under controlled conditions at 37°C, with 5% CO,, 95% air, and 100% relative
humidity for 2 hours. Prior to administering the investigational drug, the compound was diluted
in an appropriate solvent to reach a concentration of 100 mg/ml. This solution was then further
diluted with distilled water to obtain a final concentration of 1 mg/ml and stored frozen until
needed. When the drug was applied, an aliquot of the frozen concentrate at 1 mg/ml was thawed
and then diluted to concentrations of 100 pg/ml, 200 pg/ml, 400 pg/ml, and 800 pg/ml in a
complete medium containing the test article. Aliquots of 10 pl from these dilutions were added
to wells containing 90 pl of the medium, resulting in the final drug concentrations of 10 pg/ml,
20 pg/ml, 40 pg/ml, and 80 pg/ml. The plates were incubated under standard conditions for 48
hours, after which cold trichloroacetic acid was added to halt the assay. Cellular fixation to the
microtiter plate was accomplished by adding 30% TCA to achieve a final concentration of 10%,
followed by incubation at 4 °C for 1 hour. The supernatant was then removed, and the plates
were washed five times with tap water before being left to air-dry. Fifty microliters of
sulforhodamine B (SRB) at a concentration of 0.4% (w/v) in 1% acetic acid were added to each
well, and the plates were incubated at room temperature for 20 minutes. After staining with
SRB, the unbound dye was removed, and any remaining dye was eliminated by washing the
plates five times with 1% acetic acid. The plates were air-dried, and the dye that had adhered to
the cells was recovered using a 10-mM Trizma base solution. The absorbance of the microtiter
plates was measured at wavelengths of 540 nm and 690 nm. The percentage growth of cancer
cells was calculated by comparing the test wells with the control wells using a standard formula,
with calculations performed for each plate, comparing the test wells to the control wells. This
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growth measurement was expressed as the ratio of the average absorbance of the test wells to
the average absorbance of the control wells, multiplied by 100.
Average absorbance of the test well

Percentage Growth = 100

Average absorbance of the control well X
1.3 Result and Discussion

The glass ceramic yTeO,(100-y)[36Fe,03.10B,05.54P,05] (y = 1, 6, 9) has been successfully
synthesised using the sol-gel technique. The thermal properties were examined by using TGA.
An ultraviolet-visible spectrophotometer is used to determine a maximum absorption peak and
band gap. XRD was used to determine the interplanar distance, lattice parameter, X-ray density,
crystal structure, and particle size. The field emission scanning electron microscopy (FE-SEM)
was used to analyse the structural morphology. EDS provides fundamental sequence analysis.
The dielectric constant was used to calculate the loss tangent and dielectric loss. Using MIC
testing, it was possible to identify the synthetic glass material that exhibited antimicrobial
activity.

1.3.1 Thermal Analysis

The current study shows that the thermal expansion coefficient value decreases as the amount of
Fe,O; increases [8]. Figure 1.1 demonstrates the simultaneous thermogravimetric analysis of
the crude powder sample. The thermogravimetric measurement curve showed three distinctive
stages of mass reduction. The initial stage was observed in the temperature region of 30°C-
200°C with a mass reduction of about 0.75%, and it appeared to stage-1 correspond to the
elimination of adsorbed water. The next stage of mass reduction, which was accomplished in the
temperature region of 200°C-400°C, exhibited a small mass reduction of 0.53%, which was
related to chemically adsorbed water dehydration [21]. The final stage of mass reduction is
shown at a temperature range of 400°C-700°C, exhibiting mass loss of 2.93%. This could be
recognised as the elimination of by-products from incomplete condensation of the starting
materials, mostly due to the elimination of nitrate ions [22]. Thermogravimetry is the most
reliable analysis used to determine the calcination temperature of dried samples derived from the
sol-gel technique. The temperature at 600°C which the mass reduction becomes constant. Hence,
the synthesised glass ceramic material shows 95.79% thermal stability [23].
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Figure 1.1 TGA plot of Al,TeO;YB,0;[(6-X-Y)P,0s]
1.3.2 Optical Study
For the analysis of the optical properties of a yTeO,(100-y)[36Fe,03.10B,03.54P,0:] (y = 1, 6,
9) glass ceramic material, the UV-visible spectrophotometer is used. In the experimental result,
all samples were soluble in a 0.01M HNO; solution for analysing the maximum absorption peak
in the 200-800 nm range. The broad and intense band observed at 302.07 nm is depicted in
Figure 1.2(a). The band gap of all samples were calculated using the indirect TAUC plot,
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which was 4.97, 4.95, and 4.94 eV, respectively is shown in table 1. As determined using Tauc's
plot relationship, the optical band gap is stated as follows:
(0hv) "=C (v -Eg) - (1)
Where a = the absorption coefficient, v = frequency (v = c/A, h is Planck's constant, A =
wavelength, ¢ = speed of light), n = 1/2 for indirect optical band gap, respectively, C =
proportionality constant, and Eg = band gap. The confirming band gap decreases as the
concentration of iron decreases with increases in the concentration of tellurium [7]. The band
gap spectrum is shown in Figure 1.2(b) With a progressive increase in TeO, concentration, the
optical band intensity steadily decreases.
Table 1: Optical band gap of yTeO,(100-y)[36Fe,03.10B,03.54P,0s]

Sr. % Doping of Optical Band Gap
No. y (eV)
1 1 4.97
2 6 4.95
3 9 4.94
3
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Figure 1.2 a) UV - Visible spectra of yTeO,(100-y)[36Fe,03.10B,03.54P,0x]
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Figure 1.2 b) TAUC Plot of yTeO,[100-y)(36F€,0;.10B,03.54P,04]
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1.3.3 Structural study
Figure 4.3 shows the XRD pattern of the three samples with different Te doping concentrations

of glass ceramic material having a series of TeO,(100-y)[36Fe,03.10B,05.54P,0s] (y = 1, 6, 9).
All the diffraction peaks are sharp, diffraction peaks as the tellurium concentration is raised,
indicating the presence of a crystalline phase in the glass ceramic material [9,10]. The peaks
indicate planes (200), (200), (210), (211), (311), and (420), which shows the BCC structure
having a particle size ranging from 9.77 to 26.68 nm, which is calculated by using the Debye-
Scherer equation as,

__ 091
b= Bcos6 (2)

Where 1 = 1.543A°, = Full width of half maxima. The interplanar distance d was calculated by
using the formula

d=2128in®@ - 3)
The lattice parameter a is given as,

a=dyh?+Kk*+12= (4)

The volume is given by,
v=2a ®)

As the concentration of Tellurium increases, the interplanar distance (d) as well as X-ray density
increase, respectively. But the lattice constant (a) and volume (V) goes on decreasing.
According to Table2, as the X-ray density rises, the average particle size (D) similarly rises
with an increase in TeO, concentration [11].

Figure 1.4 shows a decreasing concentration of octahedral and tetrahedral sites, according to dat
a from Table 3. The variation in the lattice constant is shown in Figure 1.5. Figure 1.6 depicts
the variance in crystalline size. The opposed relationship between unit cell volume and x-ray
density is seen in Figure 1.7.

Table 2 Inter planar distance (d), Lattice constant (a), Volume (V), X-ray density (d,),
Particle size(D), and Crystal Structure of yTeO,(100-y)[36Fe,05.10B,05.54P,0s]

Sr. y d a Vv de X 107 D(nm) Crystal
No Structure
1. 1 2.5366 6.9620 337.44 54998.81 9.77 BCC
2. 6 2.6439 6.8097 315.82 55830.37 24.28 BCC
3. 9 2.6028 6.6940 299.95 56929.87 26.68 BCC
Table 3 Hopping lengths ‘L’ & ‘Lg’ of yTeO,(100-y)[36Fe,03.10B,03.54P,05] series
Sr. No. y La Lg
1. 1 3.015 4.923
2. 6 2.948 4.815
3. 9 2.899 4.733
e g y=1
=il = y-6
— S = = y=9
2 ¥ z ]
5 ~—
z
g
E ——/,AAA—\/\N
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Figure 1.3 XRD spectra of yTeO,(100-y)[36Fe,03.10B,03.54P,05] series
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Figure 1.5 Variation of Lattice constant with Concentration of ‘y’ for
yTeO,(100-y)[36Fe,05.10B,05.54P,05] series
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Figure 1.6 Variation of Crystalline size with Concentration ‘y’ for
yTeO,(100-y)[36Fe,05.10B,05.54P,05] series
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Figure 1.7 Variation of unit cell volume and X-ray density with Concentration ‘y’ for
yTeOQ(10O—y)[36F620310820354P205]

1.3.4 Field Emission Scanning Electronic Microscopy (FE — SEM)

The structural and morphological shape of yTeO,(100-y)[36Fe;03.10B,03.54P,0s5] glass
ceramic material at different concentrations where (y = 1, 6, 9) have been seen in the images of
Figures (1.8 a, b, and c). All three images shows a flower type of morphological structure with
a pure glassy surface. With an increase in TeO, content, the flower type crystal phase increases
[20]. According to histogram the size of the material is 49.97nm, 52.53nm, and 71.24nm for
their respective atomic weight %.

2 4 80 80 100
Particle Size (nm)
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Figure 1.8 FE — SEM Micrograph of yTeO,(100-y)[36Fe,0;.10B,03.54P,0s]series

1.3.5 Energy Dispersive X-Ray Spectroscopy (EDS)

The elemental composition of yTeO,(100-y)[36Fe,05.10B,03.54P,0s] is analysed using energy-
dispersive X-ray analysis. This spectroscopy was performed on annealed samples to establish
the presence of the Te, Fe, B, O, and P elements illustrated in Figure 1.9 (a, b, and c). The
distribution of elements in the samples structural phase is shown in Figure 1.9 (a-c).

According to the elemental detection, there are no impurities in the synthesised glass substance.

The elemental mass composition in weight percentage and atomic percentages are co-related
and given in Tables 4 and 5.
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Figure 1.9 EDS Spectrum of yTeO,(100-y)[36F¢e,03.10B,03.54P,05]

nanoparticles analyzed by (Weight %) obtained by EDS

Table 4 The elements of each sample composition yTeO,(100-y)[36Fe,03.10B,03.54P,0x]

Sr. Composition Elemental Composition (Weight %)
No

y B o P Fe Te
1. 1 0.10 49.09 23.15 27.33 0.33
2. 6 0.13 48.43 21.50 29.61 0.36
3. 9 0.15 59.23 25.21 15.06 0.34

Table 5 The elements of each sample composition yTeO,(100-y)[36Fe,03.10B,03.54P,0x]

nanoparticles analysed by (Atomic %) obtained by EDS

Sr. | Composition
No

Elemental Composition (Atomic %)

y B O P Fe Te
1. 1 0.03 66.78 20.50 12.60 0.09
2. 6 0.08 71.03 16.30 12.40 0.09
3. 9 0.08 77.23 17.00 5.60 0.09
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1.3.6 Raman Study
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Figure 1.10 Raman Spectra of yTeO,(100-y)[36Fe,05.10B,03.54P,0¢]

Raman spectra, in the wave number region between 100 to 1500 cm™, of the synthesised

yTeO,(100-y)[36Fe,03.10B,05.54P,05] glass ceramic material are shown in Figure 1.10. For
the Tellurium doped iron borophosphate glass ceramic, Raman peaks occur at 126 cm™, 159 cm’
', 197 cm™, 247 cm™, 281 cm™, 432 cm™, 542 cm™, 588 cm™, 648 cm™, 754 cm™, 1015 cm™,
1439 cm™. The Raman spectrum observes bands between 100 cm™ and 300 cm™, which are
related to the vibration and rotation of metal cations like Fe** as given in Table 6. The band at
432 cm™ is attributed to the bending mode of O-P-O and the bending vibration of Te-O-Te or
O-Te-O linkages and Fe-O-Te bridges [37]. The absorption band between 542 cm™ and 588 cm’
! principally corresponds to the bending modes of O-P-O. The band at 648 cm™ is assigned to the
stretching vibrations of Fe-O-P bonds. The band at 754 cm ™ can be attributed to the bending
vibrations of B-O-B bonds in [BO,4] units. The peak at 1015 cm'1 consists of a band due to the
symmetric stretching vibration of non-bridging oxygen (O—P-0O). The bands located at 1439 cm’
L are related to the B-O stretching vibrations in different borate groups [38].

Table 6 Raman bands assignment for the studied glasses

Sr.No | \wave number (cm'l) Assignments

1 100-300 cm' Vibration and rotation of metal cations like
Fe**

2 380 and 500cm ' Attributed to the bending mode of O —P -0
and the bending vibration of Te — O — Te or
O — Te — O linkages diborate

3 642 and 588cm’ Corresponds to the bending modes of O
-P-0

4 648cm ' Stretching vibrations of Fe — O — P
bonds

5 754 cm’ Attributed to the bending vibrations of B-O-
B bonds in [BO4] units

6 1015 Band forms because of Symmetric
outstretching oscillation of non- bridging
oxygen (O—P-0)

7 1440 cm™' B-O stretching vibrations in different
borate groups
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1.3.7 Dielectric Study (Dielectric Constant and Dielectric loss tangent
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Figure 1.11 (a) variation of dielectric constant with log f (b) variation of dielectric loss
tangent (tand) with log f for yTeO,(100-y)[36Fe,05.10B,05.54P,0s]series
Figure 1.11(a,b) shows the dielectric constant (¢’) and dielectric loss tangent (tan 6) of
a series yTeO,(100-y)[36Fe,03.10B,03.54P,05] at different concentrations (y = 1, 6, 9) with

frequency ranges from 100 Hz to 20 MHz . Dielectric constant (¢’) has been evaluated from the
following relation,

, cd
&€= gomr? ©)
Where C = capacitance, d = thickness, r = radius of the disc-shaped sample, and &, = free space
absolute permittivity.
As observed in Figure 1.11(a), the dielectric constant is high at lower frequencies and
becomes low at higher frequencies due to looses in their polarization gradually. The high
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dielectric value at low frequencies is attributed to the formation of various polarizations,
including electronic, ionic, space charge, and orientation polarization. At higher frequencies, the
dielectric constant decreases due to the gradual loss of these polarizations. In this range, the
applied electric field affects the remaining space charge and orientation polarizations,
facilitating electron hopping between various sites within the glass. The incorporation of TeO,
into the glass network leads to a decrease in the dielectric constant in the glass structure because
non-bridging oxygens play a crucial role in the polarization of the glass network [26,39].
The dielectric loss tangent (tan ) can be evaluated from,

(tand) == r-eoeeoeneeo @)

The dielectric loss tangent has been found to gradually decrease with increasing
frequency, as depicted in Figure 1.11(b). As a result, Conductivity of the synthesized glass
increases significantly with increase in TeO, concentration [40].

1.3.8 Antimicrobial activity

Te0,(100-y)[36Fe,05.10B,03.54P,05] (y = 1, 6, 9 ) was found to be antibacterial against Gram
positive and Gram negative bacterial and fungal pathogens in all three compounds. However,
antimicrobial activity was more against fungi Aspergillus niger ATCC 16404 and Candida
albicans ATCC 10231 as compared to bacteria, indicating its potential use against fungal
pathogenic infection. No zone of inhibition was observed with DMSQO; the standard drugs
Ciprofloxacin and fluconazole showed antibacterial activity against all pathogens in Table 7. A
minimum inhibitory concentration (MIC) test was performed for all three compounds as per the
method and guidelines of the Clinical and Laboratory Standard Institute (CLSI). All
experiments were performed in triplicate, and the results were expressed as mean + SD in
pg/mL Table 8. The MIC for the selected compounds against Bacillus Subtilis ATCC 6633 was
found to be 325 +2.3 pg/mL, 250+1.4 pg/mL, and 650+1.5 pg/mL for the compounds y=1, y=6
and y=9 respectively. MIC for the selected compounds against are Pseudomonas aeroginosa
ATCC 9027 was 240+1.2 pg/mL, 180£0.8 pg/mL, 200£2.3 pg/mL for the compounds y=1, y=6
and y=9 respectively. The antimicrobial activity against both Gram-positive and Gram-negative
pathogens indicates a synergistic effect of these components on microbial growth, which is
dependent on their concentrations, as shown in Figure 1.12. The Photographic images of
Antimicrobial activity of glass material against different microbial pathogens shown in Figure

1.13.
Table 7 Antimicrobial activity of glass compounds against microbial Pathogens #
Microorganisms DMSO | Standard”
Y=1 |Y=6 |Y=9
Bacillus Subtilis ATCC 6633 21 22 17 - 35
Staphylococcus aureus ATCC 6538 12 16 16 - 23
E. coli ATCC 8739 17 15 15 - 16
Pseudomonas aeroginosa ATCC 9027 26 27 25 - 30
Aspergillus niger ATCC 16404 14 14 18 - 23
Candida albicans ATCC 10231 16 17 23 - 27

a-
b-

Inhibition zone diameter(mm)
Ciprofloxacin and fluconazole was used as antimicrobial standard compound
“-“indicates negative results

Table 8 MIC determination of glass compounds (pg/ml)
Microorganisms x=3, Y=2.5 x=2,Y=15 x=1, Y=0.5 Standard
Bacillus Subtilis ATCC 6633 | 325 2.3 250+1.4 650+1.5 35+2.6
Pseudomonas aeroginosa 240£1.2 180+0.8 200£2.3 30+0.6
ATCC 9027

In report of tellurium Bio Te BioTe nanoparticles show high antibacterial activity against
Escherichia coli due to membrane damage, while tellurite toxicity may be linked to sulfur
metabolism [41]. Hybrid tellurium-lignin nanoparticles show strong bactericidal effects against
antibiotic-resistant bacteria offering potential as an alternative antimicrobial agent without
causing harm to human cells [42].
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Figure 1.12 Antimicrobial activity of glass material against different microbial pathogens
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Figure 1.13 Photographic image of Antimicrobial activity of glass material against
different microbial pathogens
1.3.9 Anticancer activity
Anticancer activity against human cervical cancer cell lines HeLa showed that increase in drug
concentration d results in decrease in the growth of cancerous cell, drug concentration 80 pg/ml
results in 50% inhibition of HeLa cell lines. Anticancer activity against human Ovarian cancer
cell lines SK-OV-3 showed that increase in drug concentration results in decrease in the growth
of cancerous cell, drug concentration 80 pg/ml results in 54.1% inhibition of SK-OV-3 cell
lines. Anticancer activity against human Breast cancer cell lines MCF-7 showed that increase in
drug concentration results in decrease in the growth of cancerous cell, drug concentration 80
pg/ml results in 46.8% inhibition of MCF-7 cell lines.
Overall this y = 1 compound showed approximately 50% of growth inhibition of the three
human cancerous cell lines HeLa, SK-OV-3 and, MCF-7, indicating anticancer properties of this
compound. Indicating its anticancer activity. Work by other researcher also reported that the
tellurium compounds exhibit anticancer properties by inducing oxidative stress, cell cycle arrest,
and apoptosis in cancer cells [43-45].
Table 9 Average values for % control growth for the cell line MCF-7
Human Breast Cancer Cell Line MCF-7
Drug Concentrations (pg/ml

10 20 40 80
Y=169 84.9 81.1 72.3 63.4
ADR -80.4 -80.1 -719.4 -70.0

Table 10 Average values for % control growth for the cell line HeL a

ADR — Adriamycin, Positive control compound

Human Cervical Cancer Cell Line HelLa

Drug Concentrations (ug/ml)

10 20 40 80
y=16,9 102.5 100.4 84.0 50.0
ADR -84.8 -84.5 -81.4 -51.7

Table 11 Average values for % control growth for the cell line SK-OV-3

ADR - Adriamycin, Positive control compound

Human Ovarian Cancer Cell Line SK-OV-3

Drug Concentrations (ug/ml)

10 20 40 80
y=16,9 93.1 84.0 76.2 54.1
ADR -29.2 -53.0 -69.6 -61.9

ADR — Adriamycin, Positive control compound
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Table 12 Median growth inhibition (G150) values for tested compound and ADR
Drug concentrations (ug/ml)
Cell line Name of the drug GI50
MCF-7 y =169 >80
ADR <10
HelLa y=1.69 >80
ADR <10
SK-OV-3 y=16,9 >80
ADR <10

G150 = Concentration of drug causing 50% inhibition of cell growth

Growth curve Human Cervical Cancer Cell line Hela
150.0
100.0 >~ &
<
3
°
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S
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‘g’ 0.0
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®
-50.0
-100.0
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Figure 1.14 Percentage control Growth of Human Cervical Cancer Cell Lines HeLa by (y=1) and
ADR

Growth curve Human Ovarian Cancer Cell line -SK-OV-
3
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Figure 1.15 Percentage control Growth of Human Ovarian Cancer Cell Lines SK-OV-3 by (y = 1) and
ADR
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Figure 1.16 Percentage control Growth of Human Breast Cancer Cell Lines MCF-7 by (y =1) and
ADR
The images of Anticancer activity of glass material against different cell lines shown in following
figure 4.17

SK-OV 3 Control SK-OV 3 ADR SK-OV 3 Sample (y=1)

National Interdisciplinary Conference on Chemical Innovations-Environmental Ethics And Global Future
[9" Oct 2026] 573



QIDYAB;*ARATI Vidyabharati International Interdisciplinary
Research Journal ISSN 2319-4979

Ay
D
l' h

DG
L...
ey T

s Il

MCF-7 Control MCF-7 ADR MCF -7 sample (y = 1)

Figure 1.17 The images of Anticancer activity of glass material against different cell lines

1.4 Conclusion

This study reports the iron borophosphate glass material coated by tellurium was successfully
synthesized using the sol-gel method. The impact of tellurium oxide on glass series yTeO,(100-
y)[36Fe,05.10B,03.54P,05] at different concentrations (y = 1, 6, 9 ) was studied by optical,
structural, and electrical study. The maximum absorption occurs at 302.07 nm, which has an
optical band gap of 4.97 - 4.94 by optical study. In the XRD analysis, The BCC structure was
discovered Using the Scherrer formula, and its particle sizes were determined to be in the 9.77-
26.68 nm range. According to FE-SEM analysis, glass material shows distinct rounded or
courous and porous morphological structure. EDS analysis was used to verify the elemental
composition and its purity. According to a Dielectric study, glass can thus be successfully used
as a conducting medium because of its low dielectric loss. Based on the findings of
investigations on dielectric properties and antimicrobial resistance, the current glass system may
be used as a multifunctional material. These glasses have the potential to be used as battery
material. Due to its strong biological activity, the glass system can be employed in a variety of
medical applications. The antimicrobial activity of our compound was observed against the
human pathogens against both Gram positive and Gram negative bacterial and fungal pathogens
in all three compounds. Bacillus Subtilis ATCC 6633, Pseudomonas aeroginosa ATCC 9027,
Aspergillus niger ATCC 16404 and Candida albicans ATCC 10231 showed growth inhibition.
The anticancer activity was also reported against human cancerous cell lines HeLa, SK-OV-3
and, MCF-7. Indicating possible use of these compounds as antimicrobial and anticancer agent.
Due to its strong biological activity, the glass system can be employed in a variety of medical
applications.
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