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Using the melt quenching approach, glasses having the formula ZnO-B,03-Ag,0 have been created.
Utilising the X-ray diffraction technique, the synthesized glass has been described. The Archimedes
method was used to compute the densities of these glasses,and the appropriate formula was used to
determine the associated molar volume.Absorption spectra were recorded using a UV-visible spectrom-
eter.Tauc’s figure has been used to examine the energy band gap.Ag,0 concentration-related variations in
band gap energy have been discussed.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the 2nd International Con-

ference on Multifunctional Materials.

1. Introduction

Borate glasses are excellent glass makers because they have a
crucial quality called optical transparency from the near infrared
and visible range. Photonic and opto-electronic devices use B,03
glasses[1,2].Due to its internal structure’s non-bridging oxygen
atoms, the borate glasses combined with alkali oxides like ZnO will
be re-arranged.[3]ZnO has two functions: one at high coyncentra-
tions it forms glass, and another at low concentrations it modifies
glass.Since ZnO is neither hygroscopic nor toxic, it aids in reducing
the moisture content of borate glasses[4]. Glass modifier features
linked to ionic bonding and network forming behaviour linked to
covalent bonding[2,5]. When doped with ZnO, Nobel metals like
Ag, Au, and Cu will become neutral atoms at high temperatures.
(See Table 1).

2. Experimental
2.1. Synthesis of sample

Samples that have general formula 60B,03-(40-x)Zn0-xAg,0
(ZBA) (where x = 0,1.0,1.5,2,2.5. mol %) fabricated by by melt
quenching method. The raw materials were used in the glass syn-
thesis are B,03Zn0,Ag,0 were weighed in a electrical micro-
balance and powdered,mixed thoroughly using mortar and pes-
tle.The mixture containing cruicible was placed in a furnace and
after one hour at1150°C homogeneous mixture was quenched at
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room temperature in between two brass moulds.The obtained
samples are annealed at around 300° for 1 h to eliminate thermal
stress and strain developed during quenching.

2.2. Density and molar volume

Densities of prepared glasses were measured by Archimedes
principle, using toluene as standard immersion liquid. The corre-
sponding molar volume was calculated using appropriate formula.
2.3. Optical properties

The absorption spectra was obtained in a UV visible spectrom-
eter of model UV-1800 Shimadzu spectrometer,in the range of
wavelength 200 nm to 1100 nm at room temperature.
2.4. X- ray diffraction study

The X-rd spectra of these samples was recorded using an instru-
ment Rigaku X-ray diffractometer in between 10° to 80° in 26
range.
2.5. FTIR study

To know the functional group of the glass samples the FTIR

(Fourier infrared spectrometer) spectra was recorded using instru-
ment, Parkinson Elmer from the range 500 cm~! to 4000 cm™!
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Table 1
Functional groups for ZBA glasses.

3600-3750 OH- group|23-25]

3200-3500 Molecular water

700-3000 Hydrogen bonding [21,24]

1346-1377 B-0 asymmetric stretching of trigonal bond [22]

1234 BO3 unit B-0 stretching vibrations of bond(B03)3[23]
993 Stretching vibration of B-O-Zn linkage[10]

670 Zn-0 bond vibrations and O-B-0 Bond bending

Vibrations.[21]

3. Results and evaluation
3.1. Analysis of X-ray diffraction

The spectra of glasses made of zinc-borate and Ag,0 are dis-
played in Fig. 1. There are no peaks to be seen in the picture, and
the presence of a hump at 32.74° and 57.37° confirms that the
material is glass.

3.2. Molar volume and density

Fig. 2 displays the variation in molar volume and density with
mol% Ag,0.When there are non-bridging oxygens present, density
increases after decreasing by up to 2 mol% for Ag,0. As expected,
the molar volume rises with an increase in Ag,O mol% up to
1.5 mol% before falling.These glasses’ densities were assessed using
a relation.

p_ _ ma
(

mXPT )

Where p; = toulene density and ma and ml are the sample’s
masses in the liquid and the air, respectively.
TheformulaV = M/ p; (2)

was used to compute the molar volume, where M stands for the
samples’ molecular weights. where pr is toluene’s density (at room
temperature), which is 0.866 g/cm’.

3.3. Analysis of optical absorption spectra

ZBA glasses’ absorption spectra, as shown in Fig. 3.
o(v) =2.303 xAb/t (3)

was used to determine the optical absorption co-efficient

100

2theata

Fig. 1. X-ray Diffraction spectra of ZBA glasses.
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Fig. 3. Optical obsorption spectra.

where the sample’s thickness is t and the absorptance is Ab.
Tauc’s figure has been used to compute the band gap energy|[6,7].
Base glass exhibits an absorption peak at 365 nm; this peak may
be caused by Zn?* ions[8]. With the addition of Ag,0 concentration,
the degree of intensity of the absorption spectra increases.The
wavelengths of the Ag?* ion’s observed peaks are 220, 340, and
370 nm.

3.4. Eopt, the optical energy band gap

The absorption co-efficient has been calculated using UV-visi-
ble spectra and tauc’s plot[6,9]. Utilising the relationship, the direct
and indirect band gaps have been calculated.

ahv = B(hv — Egp)

oy @)

Y

where 'B’ is a fixed value, n = 1/2 and 2 for band gaps, both direct
and indirect respectively, Eopt is the optical energy, while hv is
the incident photon energy.

energy band gap.Calculated and visualised using (hv) v/s otho
was the indirect and direct band gap energy. Figs. 4 and 5 show
an indirect and direct version of the Tauc’s plot, a typical graph
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for the energy band gap. According to Fig. 6, the addition of more
non-bridging oxygen atoms from 0 mol% to 2.5 mol% causes the
energy band gap to widen as Ag,0 mol%.Due to a change in the
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Fig. 6. Shows the FTIR spectra of prepared glass sample.
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structure of the glass network, there is a modest decrease in the
energy band gap at 2 mol%.When a little amount of Ag,0 is intro-
duced into a host glass network, the energy band gap widens by up
to 1.5 mol% as a result of the breakage of Zn-B-O bonds, which
results in a decrease in Eopt values of 2 mol%.[10].

3.5. Urbach energy

The definition of urbach energy (u) is to understand the degree
of disorder in amorphous material. The following relationship is
given:

Lno = Ino + expU (5)

where o is a absorption coefficient. Plotting In(at) v/s (hv) photon
energy and taking into account the inverse slope of the linear com-
ponent of the curves, (U) has been determined.The computed
urbach energy is presented in Table 2 with the notation u and the
values of the optical energy band are diametrically opposed.The
growth of the width of the delocalized states has been used to
explain the rising order of urbach energy.The process of electron-
phonon relaxation within the glass structure may be the cause of
the optical absorption edge’s expansion [11].

3.6. FTIR research

Fig. 7. Fourier transform infrared spectra with wave numbers
between 500 and 4000 cm ™' were detected at room temperature.
From the fig, it can be seen that the metal cat ion vibrations of
Ag?* or ZnO bonds are responsible for the 500 cm~! absorption
band[12,13,27].Ag,0 vibrational bonds are the cause of the band
at 605 cm™'.The vibrational bending of B-O-B connections in BO,
triangles is what causes the band at 697 cm~! [14,18].The length-
ening of vibrations in B-O from BO4 units is what causes the
absorption band at 877 cm™! and 939 cm~'.The B-O vibrational
stretching in of BO4 units from various tri, tetra, and penta borate
groups is what causes the peak at 1054 cm™! is caused by the BO,
units from different tetra, penta, and tri borate groups entering the
B-0 vibrational stretching [ 15-17].The vibrational stretching of B-O
in BO3 units is the cause of the peak at 1278 cm~'.The band with
centres at 1000 cm~' and 1100 cm™' due to the vibrations of the
triborate, pentaborate, and (BO4)* tetrahedral group [19].The
asymmetric and symmetric stretching of the H,O molecule is what
causes the bands to be present at 2098 cm™! and 3325 cm™![20].
The peak at 2975 cm™! which was caused by O-H group vibra-
tional stretching, proves that glass samples are hygroscopic by vir-
tue of the presence of O-H groups in their network[10,21,22,28].
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Fig. 7. Refractive index vs mol% Ag,0.
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3.4 n is the refractive index. Energy band gap, Eg
Fig. 7 illustratgs how the computed refractive index chan'ges' as
/' Ag,0 concentration does. because there are more non-bridging
s2r - - oxygen atoms, the refractive index increases with concentration
of Ag,0 at 1.5 mol% after initially decreasing up to 1.5 mol% due
30k to the existence of less oxygen atoms that do not bridge.Fig. 8.
B
= ogl a \ 3.8. Molar polarizability (m), molar electronic polarizability (me), and
8 molar refraction (Rm)
26 [ Using the Lorentz-Lorentz equation presented below|[24,25],
the molar refraction, molar electronic polarizability, and molar
o polarizability for these glasses were calculated.
24
1 1 1 1 I I me = Rm(252) (7)
0.0 0.5 1.0 15 2.0 25
mol% n2 -1
Fig. 8. Optical energy gap with respect to concentration Ag20 of ZBA sample. R = n+2 (8)
m = | 3 ] x Rm 9)
i 70 ~ 4nNA
5.9 —m— molar polarizability I ] L 6s
ssl B _molar electronic polarizabity i Where n, Vm, and Rm stand for the refractive index, molar vol-
' -6.6 ume, and molar refractivity, respectively, and N is the Avogadro
57 [ 64 % number (6.022x1023).According to Fig. 9, both m and me are
2 56l -8 dependent on Rm and have a strong relationship to one another
% ' 6.2 g when the concentration of Ag20 is substituted.With an increase
N 551 l6o0 & in Ag,0 concentration, the number of non-bridging oxygen atoms
2 sal - S results in a decrease in molar polarizability, molar electronic polar-
g ' r58 = izability, and molar refraction.[26] Table 2 lists all the calculated
= [}
53| 9
2 56 © values.
52 54 %
42 .
51| L 55 4. Conclusion
L}
5.0 1'3 1'4 7520 Glasses made of Zn0-B,03-Ag,0 have been successfully created

utilising the melt-quenching technique.XRD was used to deter-
mine whether these samples were amorphous. The non-bridging
Fig. 9. Molar polarization v/s molar electronic polarization. oxygen atoms found in the glass network were used as a basis
for discussing the variation in molar volume and density with
Ag,0 mol%.Using Tauc's plots, the band gap energy values were
calculated.These glasses’ energy band gap values show that they
can be used in optical electrical and display device applications.

Molar refractive index

3.7. Index of refraction (n)

The following Dimitrov and Sakka equation [23] the ability to
determine the refractive index from energy band gap

measurements. CRediT authorship contribution statement
1/2
Eg/20 — n’ -1 n= 3-2(vEg/20 6) K.M. Shwetha: . B Eraiah: Conceptualization, Formal analysis,
n? 42 /Eg/20 Methodology, Project administration, Supervision, Writing -

review & editing.

Table 2
Density (p), molar volume V(m), direct (Eopt) and indirect (E’ opt) band gap, refractive index (n) and molar polarizability (om),electronic polarizability(ot),dielectric constant(e)
reflection loss(RI), optical transmission(Topt+0.002).

Sample 0ZBA 1ZBA 1.5ZBA 27BA 2.5ZBA
Concentration of samples(Ag20) 0 1 1.5 2 2.5
Thickness(cm) 0.399 0.2633 0.27833 0.2696 0.3263
Density(p)gm/cm3 3.5383 3.5193 3.5196 3.4706 3.7849
Molar volume(Vm)(mol/cm3) 21.005 21.294 22.006 21.771 20.050
Direct band gap Eg(ev) £ 0.001 2.426 3.177 3.265 2.791 3.132
Indirect band gap Eg(ev) + 0.001 2.497 2.480 2.468 2.354 2.601
Refractive index(n)(direct) 2.573 2.366 2.329 2.455 2.671
Molar refraction(Rm) + 0.001 13.695 12.880 13.114 13.637 14.808
MolarPolarizability(am) + 0.001x10*-24 cm”3 5.433 5.1086 5.2010 5.4085 5.8732
Molar Electronic polarizability(ome) £ 0.001 5.4346 5.111 5.2039 5.4115 5.8761
Dielectric constant (€) 6.6208 5.5989 5.4247 6.0294 7.1342
Urbach energy(Au) 6.2038 8.1685 5.6831 4.3996 4.8302
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