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Structural and optical properties of TeO,- SeO,-Na,O glass system
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80 TeO,-(20-x) Se0,-xNa,O (where x =0, 5, 10, 15, 20 mol %) ternary glass system have been successfully prepared
by conventional melt-quenching method. The non-crystalline nature of the tested glass samples has been confirmed by
X-ray diffraction. The structural transformation in the tested glass samples has been evaluated by measuring density (p),
molar volume (V),), oxygen packing density (OPD) and oxygen molar volume (V) values. The characteristic temperature
of the glass system (glass transition, 7, crystallization, T, ) decreases with increasing Na,O content. Raman spectra show
that addition of Na,O to TeO, + SeO, glass may result in cleavage of Te-O-Te and Se-O-Se linkages and formation of
TeO; and SeO; terminal groups in the glass system. FTIR spectra show that the units of TeOy4 units decrease and the
units of TeOs; / TeOs,, increase in the tested glass samples. The cut-off wavelength (Ac), optical band gap (E£,,),
refractive index (n), molar refraction (R,,), metallization criterion (), molar polarizability (a,,), electronic polarizability
of oxide ion (a,”), optical basicity (4), Fermi energy (Er), dispersion energy (E,), single oscillator energy (E,) and
Urbach energy (4E) have been calculated from optical absorption spectra. The reflectivity of light and extinction
coefficient (k) is used to find imaginary part of dielectric constant (¢;). The optical band gap energy and allowed
transitions have been investigated using five methods; indirect, direct, indirect forbidden, direct forbidden and imaginary
part of the dielectric constant. The optical band gap values of direct transition are in well agreement with the optical band
values of an imaginary part of dielectric constant. The obtained optical band gap values decrease with increasing sodium
oxide in the glass samples. Increase in Urbach energy values in the present glass system is due to an increase in the
number of defects in the glass structure. The tested glass samples possess higher values of Urbach energy, molar
electronic polarizability, and optical basicity. The excitation energy E, decreases with the increase of Na,O content in
the glass system.
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1 Introduction reported on physical, thermal, structural and optical

Tellurite glasses have excellent properties such
as good infrared transmissivity (5.5 pm), high
devitrification resistance, high refractive index
(1.8-2.3), high dielectric constant (10-35), thermal
and chemical stability, and show relatively low-
phonon energy (600-850 [w/cm), low glass
transition (~300 °C) and melting temperature (below
1000 °C). It's because of these properties; the glasses
have potential applications such as non-linear optical
devices, electrical behavior in semi-conductivity,
electronic switching effects, optical fiber amplifiers"
' Selenite glasses also have tremendous applications
such as super-ionic semiconductors, non-linear optical
devices, sensors, solar cells, photocells, reflecting
windows''""7. Adding selenium oxide to tellurite
glasses decreases the melting temperature of the glass
and changes its optical properties'™'. Authors have
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properties on binary telluride glass system and
tellurite ternary glass system using glass formers™ 2%,
There are not many studies on conditional glass
formers like tellurium and selenium oxides. The
formation of glass on two conditional glass formers
such as TeO, glass and SeO, glass is of scientific,
technological and practical interest. Adding a small
amount of modifier like Na,O to pure TeO,-SeO,
becomes a glass former. This may lead to the
formation of new structural units like cleavage of Te-
O-Te, Se-O-Se linkage, and formation of TeOs’, SeO;
terminal groups. The present investigation suggests
that increasing Na,O content acts as a network
modifier breaking up the network structure while
bringing down the SeO, content acting as a network
former in the structure with constant TeO,.
The objective of the present work is to understand
physical, thermal, structural and optical properties of
sodium-selenite-tellurite glasses.
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2 Experimental Details

80 TeO,-(20-x) Se0,-xNa,O (x =0, 5, 10, 15, 20
mol %) ternary system were prepared by conventional
melt-quenching method. High purity-grade oxides of
TeO, (99 %, Aldrich), SeO, (99.8%, Aldrich), and
Na,Co3(99.0 %, Aldrich) are used for the synthesis of
glass samples. These oxides are very much blended in
proper extent to shape 5g clusters. The blended extent
was grounded in a mortar with a pestle for 30 min to
get homogeneity. Each group was liquefied in
porcelain crucible with an open lid at 720-750 "C for
30 min in an electric heater to get without bubble free
liquid. The dissolve was then extinguished quickly
between thick hardened steel plates which were
warmed at 200 ‘C to avoid excess thermal shocks.
These glasses are annealed for 4 h at 200 'C to relieve
from mechanical strains.

The amorphous nature of the glasses at room
temperature was determined using X-Ray diffraction
by XRD-BRUKER D8 ADVANCE. DSC analysis of
the glass samples was investigated by NETZSCH
DSC 204 with a heating rate of 10.0 (K/min) up to
350 'C to determine glass transition (7, ), onset
crystallization temperature (7). Glasses were grinded
to obtain infrared spectra by IR- BRUKER OPTICS
TENSOR 27 in the range from 4000 to 600 cm™ at
room temperature. Raman spectrometer RAMAN-
HORIBA JOBIN YOUN, MODEL- LABRAM 633
nm laser wavelength was used to find out its structural
behavior at room temperature. Optical absorption
spectraare observed in the wavelength range of
200-1200 nm at room temperature using Varian, Cary
5000 UV-Vis-NMR spectrometer. The composition of
the glasses and the corresponding sample codes are
listed in Table 1.

3 Results and Discussion

3.1 XRD patterns

The glass system 80 TeO,-(20-x) SeO,-xNa,O
prepared under the applied conditions with
compositions (where x=5, 10, 15, 20 mol %) are
visually transparent and sample where x=0 was

Table 1 — Glass sample code and compositions of 80 TeO,-(20-x)
Se0,-xNa,O (where x=0, 5, 10, 15, 20 mol %) glass system.

x in mol % Sample code  Composition (mol %)
x=0 IITSN1 80Te0,-20Se0,
x=5 IITSN2 80TeO,-15Se0, - 5Na,O
x=10 IITSN3 80Te0,-10Se0, - 10Na,0
x=15 IITSN4 80TeO,-5Se0; - 15Na,O
x=20 IITSNS 80TeO,- 20Na,O

opaque. The opaque sample was white in color and
other transparent samples were light yellowish in
color. The XRD was used to determine the structure,
crystalline and non-crystalline of a material.
The XRD pattern of tested glass samples are shown in
Fig. 1. The X-ray diffraction spectrum of glass
samples showed a broad hump indicates that the
sample was not a crystal but non-crystalline, i.e.,
amorphous in nature. The ITSN1 sample is does not
form a glass because of a lone pair of electrons,
higher oxidation state, and large ionic radius®. But it
will be prone to crystallization.

3.2 Physical parameters

Density of the glasses is evaluated with the help of
Archimedes’ principle using xylene as the immersion
liquid** using the following relation:

a+0.86
p= (ab) (D)
Where,

a = weight of the sample measured in air,

b = weight of the sample measured in Xxylene
(density of xylene is 0.86 g/cc).

The molar volume of the glass samples are
evaluated using the following relation:

Vy = — ... (2)
Where, M= average molecular weight of the glass,
p=density.

Oxygen packing density (OPD) of the glass
samples are evaluated using the following relation:

OPD = (%) * number of oxygen atoms per formula unit

.. (3)
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Fig. 1 — X-ray diffraction pattern of 80TeO,-(20-x) SeO,-xNa,O
(where x=5, 10, 15, 20 mol %) glass system.
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Oxygen molar volume of the glass samples are
evaluated using the following relation:

o= (2 (z 1) ot

Where, x; = molar fraction of each component ‘i’, M=
molecular weight, n/=number of oxygen atoms in each
constituent oxide.

In the present glass system, the density (p), Vi,
OPD, and V,values are calculated by increasing Na,O
and decreasing SeO, content with constant TeO, are
listed in the Table 2. The obtained values are plotted
and shown in Figs (2 and 3). The measured density of
the glasses was found to be in the range of 5.143 to
4.770 g/cc. The Vy, values of the present glass system
vary from 29.091-31.207 cc/mole. The OPD values
vary from 67.029 to 57.679 gatom/l and V), values
vary from 14.918-17.337 cc/mole in the present glass
system.

The theoretical density (pge) Vvalues were
determined using the constituent oxides of appropriate
compositions. It is clearly seen from the Fig. 2 that
the density (p.y:) and the molar volume show the
opposite behavior. It is observed from the Table 2
there is a minor difference between the theoretical
density values (p.,) and the measured density values
(Pexpt)- The minor difference in density values is due to
the variation in atomic arrangement between the
structure of glass and molecules of the constituent
oxides. The density values decreases with increasing
Na,O and decreasing SeO, content in the glass system
due to a lower molecular weight of Na,O comparing
with TeO, and SeO, oxides. The increasing molar
volume values with increasing Na,O and decrease in
SeO, content results in the formation of excess free
volume by opening up the glass matrix. From Fig. 3,
the oxygen packing density and oxygen molar volume
values show the opposite behavior. The oxygen
packing density values were found to decrease with

Table 2 — Physical and thermal properties of 80 TeO,-(20-x)
Se0,-xNa,O (x=5, 10, 15, 20 mol %) glass system.

increasing Na,O and decreasing SeO, content. This
behavior is due to the decrease in the number of
oxygen atoms per unit composition and it results in
fewer linkages in the glass matrix. The oxygen molar
volume values were found to increase with increasing
NayO and decreasing SeO, content. This behavior
could be explained by the substitution of SeO, with
Na,O which leads to looseness of packing of the glass
network with degradation of Te—O—Se and Se—O-Se
linkages. From the above results, it is concluded that
formation of less dense structure and less tightly
packing results in degradation of structural units and
formation of non-bridging oxygen sites in the glass
matrix. The similar behaviors were observed by
Miray Celikbilek et al** in TeO,- WO;-Na,O and
Kutlu B ez al.” in the TeO,-Na,O glass system.
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density and OPD values with increasing Na,O content.
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3.3 Thermal analysis

Thermal behavior of 80TeO,—(20-x) SeO,—xNa,O
with x=5, 10, 20, 30 mol % glasses are determined by
performing DSC analysis and obtained thermo grams
are shown in Fig. 4. DSC analysis of the glass
samples showed an exothermic peak representing
phase transformation and crystallization of different
phases. The obtained values of glass transition
temperature (7;) and onset crystallization temperature
(T.) are listed in Table 2. All glass samples showed
the broad exothermic change between 294 °C and
247 °C corresponds to the glass transition temperature
(T,). From Table 2, it has been observed that 7, values
decrease with decreasing SeO, mol % and increasing
Na,O mol %. The decrease in glass transition
temperature is due to weaker Se-O bonds whose
binding energy is less than Te-O bond binding
energy’’. The onset crystallization temperature (7))
values from the thermo grams are observed between
329 °C and 275 °C. As the concentration Na,O mol %
increases (SeO, mol % decreases), the onset
crystallization temperature decreases. The decrease in
onset crystallization temperature with decreasing
SeO, mol % and increasing Na,O mol % is due to the
decrease in the number of bonds per unit volume® **,
which results in the less tightly packing in the glass
matrix. These results suggest that Se,O act as
conditional network former and Na,O acts as a
network modifier by breaking up the glass network
structure. The glass stability, 4A7=7.-T, values are
calculated and listed in Table 2.

3.4 Raman spectra

The Raman spectra of 80 TeO,-(20-x) SeO,-xNa,O
(where, x=5, 10, 15, 20 mol %) glasses are recorded
and shown in Fig. 5. In the present investigation, the
absorption bands are observed in the wave number
range of 325-332 cm™, 450-476 cm™, 663-676 cm™,
700-739 cm™ and 753-786 cm'and are presented in
Table 3. Their corresponding peak assignments are
listed in Table 4. The band 325-332 cm™ is assigned
to vibrations of TeOs (tp) overlapping with Se-O-Se
and /or Te-O-Se vibrations®’. The band around 450-
476 cm’ is attributed to symmetric bending vibration
of TeO, (tbp) while symmetric stretching vibration of
Te—qOa—Te linkages are formed by vertex sharing
TeO, (tbp) and bending vibrations of Te-O-Te or
Te-O-Se linkages®™™’. The high-intensity Raman band
663-676 cm’' is assigned to a symmetrical stretch of
Te-O bonds in TeO, units combined vibrations of
asymmetric stretching of Te—4Oa.—Te bonds and
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Fig. 4 — DSC curves of 80 TeO,-(20-x) SeO,-xNa,O (x=5, 10, 15,
20 mol %) glass system.
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Fig. 5 — Raman spectra of 80 TeO,-(20-x) SeO,-xNa,O
(where x=5, 10, 15, 20 mol %) glass system.
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Table 3 — Raman peak frequencies of 80 TeO,-(20-x)
Se0,-xNa,O (where x=5, 10, 15, 20 mol %) glass system.
Sample code Peak positions (cm™)
IITSN2 325 450 663 700 735 770 786
IITSN3 331 466 669 713 739 758 782
IITSN4 332 472 664 707 733 761 780
IITSNS 328 476 676 715 732 753 774

stretching mode of the TeO; trigonal pyramid (tp)
units”*’. The Raman band around 700-739 cm™ is
assigned to the vibration of TeO, groups*" **. The low
intensity Raman band 753-786 cm’ is assigned to
stretcil}ling vibration of TeOs polyhedra or TeOs4; (tp)
units™.
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Table 4 — Peak assignments of raman bands of 80 TeO,-(20-x)
Se0,-xNa,O (where, x=5, 10, 15, 20 mol %) glass system.

Peak frequencies (cm™) Peak assignments

325-332 vibrations of TeOs tp overlapped with
Se-O-Se and/or Te-O-Se

450-476 Te—qO.—Te linkages and bending
vibrations of Te-O-Te or Te-O-Se
linkages

663-676 symmetrical stretch of Te-O bonds in a
TeQy units and stretching mode of the
TeO; trigonal pyramid (tp) units

700-739 the vibration of TeO4 groups

753-786 stretching vibrations of TeOj3.polyhedra

or TeO; trigonal pyramid (tp) units.

It is observed from the Raman spectrum that each
spectrum showed broad peaks and shoulders reveals
the disorder nature of the glass system. It is noticed
that the intensity of Raman bands in the range of
450-476 cm™ decreases and peaks move towards
higher wave number from 450 cm™ to 472 cm™ due to
the breakage of Te-O-Te or Te-O-Se linkages as Na,O
mol % increases. This implies that the modifier
reduces the hardness of relevant bonds and the
rigidity of the glassy network. The strong peak in the
region 663-676 cm’ is due to the formation of
stretching vibrations of TeQO, trigonal bipyramids
(tbps) units and bending mode of Te-O-Te or O-Te-O
linkages. The peaks are in the region 774-786 cm™ is
due to the formation of TeO, trigonal bipyramids
(tbps) to TeO; trigonal pyramids (tps) via
intermediate type TeO;.; polyhedra or TeO; trigonal
pyramid units. The weak Raman band at 786 cm™' for
IITSN2 sample is shifting to lower wavelength side
7774 cm™ (786 cm™ —782 cm™ —780 cm™ —774cm™)
as Na,O mol % increases in the present glass system.
It is also observed in the Fig. 5 for IITSN2 glass
sample the weak shoulder is broadening as Na,O mol
% increases from 5 to 20 mol % in the glass samples.
This behavior could be related to vibration modes
arising from glass former and glass modifier, which
results in the number of TeO, structural unit’s
decrease and that of the TeOj; structural unit increase
with increasing Na,O content in the glass samples.
This results in increase of non-bridging oxygens
concentration (NBOs) in the glass matrix. In the
present glass system it can be concluded that with the
increase in Na,O mol % (SeO, mol % decrease) the
coordination number of TeO, leads to a gradual
reduction of the tellurium coordination number
from TeOy4(tbps) to TeOs(tps) with the increase in
number of non-bridging oxygens. Such a change in
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Fig. 6 — IR spectra of 80 TeO,-(20-x) Se0,-xNa,O (where x=5,
10, 15, 20 mol %) glass system.

coordination number is associated with the formation
of more number of non-bridging oxygens than
bridging oxygens (BOs) in the glass matrix.

3.51R spectra

The IR spectra of 80 TeO,-(20-x) SeO,-xNa,O
(where x=5, 10, 15, 20 mol %) glasses are recorded
and shown in Fig. 6 (as absorbance units versus wave
number). In the present investigation, the absorption
bands are observed in the range of 627-669 cm™,
726-777cm’, 807-875 cm’, and 932-949 cm™ are
presented in Table 5. Their corresponding peak
assignments are listed in Table 6. The absorption
bands located around 627-669 cm™ are assigned to
asymmetric vibrations of TeQO, (tbps) and vibration of
symmetrical TeO; groups**°. The band located in the
range of 726-777cm’ is assigned to stretching mode
of TeO; (tps) with non-bridging oxygens®* * " 8,
The band located around 807-812 cm™ is assigned to
Te—O bending vibrations® in TeO;. The absorption
band located in the range of 858—880 cm ™' is ascribed
to the vibration mode of the Se—O—Se bond of
SeO;* ions™. The bands located around 932-950 cm’
'is assigned to isolated pyramidal SeO; groups**%-°",

Two modes of vibrations regions are noticed in the
case if tellurium glass structure The first band occurs
at 600-646 cm’ for TeO, (tbp) and second band
occurs at 660-700 for TeO; (tp)**.The absorption
region around 627-646 cm™ in the present study may
be assigned to asymmetric vibrations of TeOy (tbp)
structural units. However, the absorption region
around 662-672 cm’ is assigned to vibration of
symmetrical TeO; groups. In the present study, it is
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Table 5 — Infrared absorption bands of 80TeO,-(20-x) SeO,-xNa,O (where x=5, 10, 15, 20 mol %) glass system.

Sample code

IITSN2 637 646 662
IITSN3 631 646 669
IITSN4 628 - 671
IITSNS 627 646 672

Peak positions (cm™)

736 777 812 866 947 947
728 777 808 860 948 948
- 777 - 875 932 932
726 777 807 858 949 949

Table 6 — Peak assignments of IR bands of 80TeO,-(20-x) SeO,-
xNa,O (where x=5, 10, 15, 20 mol %) glass system.

Peak frequencies Peak assignments

(em™)
627-646 asymmetric vibrations of TeOy(tbp)
662-672 the symmetrical vibration of TeO; groups
726-777 stretching mode of TeOs(tp) with(NBO)
807-812 Te—O bending vibrations in TeO3 groups
858-880 vibration mode of the Se—O—Se bond of

SeO,” ions

932-950 isolated and pyramidal SeO; groups

assumed that there is an existence of both TeO4 and
TeOs; structural units in the glass matrix. The shoulder
at 662 cm™ for the glass sample IITSN2 at x=5 mol %
turn out to be a broad peak as Na,O mol % increases
from x=5 to 20 mol % in the glass samples, which

results in the transformation of TeO, structural units
into TeO; structural units. The weak shoulders at 736
cm™ for the glass sample IITSN2 at x=5 mol % is
broadly enhanced at 728 cm™ for the glass sample
IITSN3 at x=10 mol % and 726 cm™ for the glass
sample IITSN5 at x=20 mol %. The decrease in
absorption region 736-726 ¢cm™(736 cm'—728 cm’
' 5726 cm™) for all the tested glass samples could be
related to the Te—O stretching vibrations of TeOy
trigonal bipyramid (tbp) units decrease, and the peaks
related to the TeOs;; ployhedra or TeO; trigonal
pyramids (tps) increased due to the formation of non-
bridging oxygens (NBOs) in the glass sample.
Dimitriev ef al.’' reported that a weak band at 780cm™
in a TeO,-SeO, glass system is attributed to TeO;
trigonal pyramids (tps) with NBOs or TeOj.junits.
Hager et al.*® reported that the addition of Na,O to
tellurite glasses may cause the vibration of TeOs;
groups around the absorption region 745-790 cm .
The high-intensity band observed at 777 cm™ did not
change despite changing the SeO, and Na,O mol %
for all the glass samples. In the present study, the
absorption band around 777 cm’ attributed to
symmetric and anti-symmetric stretching vibration of
the TeOs trigonal pyramid (tp) with NBO or TeOs,,
unit*. The weak shoulders at 812 cm™ for the glass
sample IITSN2 is turn out to peak at 808 cm™ for the

glass sample IITSN3 at x=10 mol % and 807 cm™ for
the glass sample IITSNS at x=20 mol %. The decrease
in absorption region 812-807 cm™(812 cm™—808 cm™
—807 cm™) for all the glass samples could be related
to Te—O bending vibrations in TeO; groups, which
results in increasing TeOj; units in the glass matrix. By
considering above results it is concluded that the
structural investigation of TeO,-Se0,-Na,O glasses
results in the formation of non-bridging oxygens
(NBOs) in the form TeO; and TeOs.; units as Na,O
mol % increase and SeO,mol % decrease in the glass
sample. The formation of non-bridging oxygens in the
present glass system is in the form of TeO;s;, TeO;
unit’s results in looseness of packing in the glass
structure.

3.6 Optical properties

The investigation of the principal absorption edge
in the UV spectra is a valuable technique for the
examination of optical changes and electronic band
structure in both crystalline and amorphous materials.
The analysis of optical absorption spectra (Fig. 7)
shows that the principal absorption edges are not
sharply defined for all the glass samples. It indicates
the glassy nature is observed in the glass samples™. A
distinct cut-off was observed in all the glass samples.
The cut-off wavelengths (A¢) are noticed for different
tested glass samples and are listed in Table 3. The cut-
off wavelengths (Ac) blue shifted due to increase in
the rigidity of the glass system with increase of Na,O
mol % in the glass samples. The decrease in cut-off
wavelength results, the conversion of structural units
from TeO, to TeOj; in the glass matrix*2.

The shape of the fundamental absorption edge in
the exponential tail, i.e., Urbach region, provide
information on low crystalline, poor -crystalline,
disordered and amorphous materials because these
materials have localized states which are extended in
the band gap. In the low photon energy range, the
spectral dependence of the absorption coefficient and
photon energy is known as Urbach empirical rule.

The absorption coefficient «(v) at a particular
temperature was calculated using empirical relation
known as Urbach rule®® given by:
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h
a(v) = agexp [ﬁ]
Taking the logarithm on both sides of the above
equation, we get a straight line equation as:

.(5)

Where, hv=photon energy, a,=constant, 4E=Urbach
energy.

Therefore, the AE can be determined from the slope
of the straight line of plotting /n (o) vs hv.
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Fig. 7 — Optical absorption spectra of 80 TeO,-(20-x) SeO,-
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The absorption coefficient of each spectra are
evaluated by the relation:

2.3034
t

av) = . (6)
Where, =Thickness of the sample.

A=absorbance coefficient for the corresponding
thickness of the tested glass sample.

The optical absorption at the fundamental edge is
given by the Tauc’s™ equation
(ahv)/™ = const[hv — Eyp] (7
Where, E,,~optical band gap, hv=photon energy,
const=bond tailing parameter.

The exponent n=1/2, 2, 3/2 and 3 determines the
type of electronic transition of direct allowed, indirect
allowed, direct forbidden and indirect forbidden band
gap, respectively. By plotting (ahv)" vs hv, one can
determine optical band gap for all -electronic
transitions.  £;,, values were determined by
extrapolating the linear of (ahv)Y/™ vs hv curve at
(ahv)""=0 of the samples are shown in the Fig. 8 (a),
(b), (c) and (d). The obtained E,, values for all
electronic transitions ‘n' for the tested glass samples
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are listed in Table 7. It is clearly noticed from the
Table 7 for each exponent ‘n’ the E,, values decrease
with the increase of Na,O mol % in the tested glass
samples. The obtained values of the optical band gap

are varying according to the selected value of each
exponent ’n’. From the exponent n=1/2, 2, 3/2 and 3
one cannot determine exactly which value of
exponent ‘n’ is better to be selected. Therefore, by
using absorption measurements alone one cannot
decide which optical band gap values are fitted for the
exponent ‘n’ in glass samples. Hence, the Eq. (7) may
be used only for the determination of the type of
conduction mechanism? in glass materials. To find
more accurate optical band gap values Gosain DP
et al’* and L Escobar-Alarcon et al.’® proposed a
theory of reflectivity of light. The refractive index (n)
and extinction coefficient (k) values can be
determined from the theory of reflectivity of light.
According to the theory the reflectance of light™ ** >,
the reflectivity(R) and extinction coefficient (k) are
evaluated by the relation

[(n—1)? + k?]
[(n+ 1) + k?]

OrR =1 - Texp (222) .. (8)
and

_a(w)i .
k= o ...9
Where, JA=wavelength of the incident photon,

k=extinction coefficient of the imaginary part of the

Table 7 — Optical properties of 80 TeO,-(20-x) SeO,-xNa,O
(x=5, 10, 15, 20 mol %) glass system.

Property x=5 x=10 x=15 x=20
Ac(nm) 477 470 468 452

n=1/2 3.121 3.113 3.105 2.992
n=2 2.489 2416 2.287 2.047
n=3/2 3.121 3.097 3.113 2.440
n=3 2519 2.454 2214 1.676
Eypifrom é; 3.176 3.113 3.144 3.000
n 2.365 2.367 2.369 2.399
Ry 17.599  18.201 18.200 19.135
M(E,,) 0.395 0.394 0.394 0.386
0,107 cm’ 6.879 7.218 7217 7.588
aZ (Egpr)A’ 2911 3.106 3.182 3.469
A(Egpe) 1.096 1.132 1.145 1.188
Ep(eV) 1379 1.238 1.766 1.770
E (eV) 14.002 9.328 10.667 27.277
Eo(eV) 3.570 3.152 3.232 5.237
AEEV) 1.949 1.264 1.355 4.129

complex index refraction which relates to light
absorption.

The extinction coefficient is utilized to quantify the
part of loss of light by scattering and absorption per
unit distance of the glass medium. The estimations of
the refractive index can choose with respect to
reflectivity by using the relation:

2 _ (1+R1/2)

= (1—R1/2)

... (10)

Where, R=reflectivity of the sample in the transparent
region of glass studied.

Figure 9 and 10 shows the extinction coefficient
and refractive index as a function of wavelength for
the glass system, respectively. It is clear from Fig. 9
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Fig. 9 — The extinction coefficient ‘k” as a function of wavelength
for 80 TeO,-(20-x) SeO,-xNa,O (where x=5, 10, 15, 20 mol %)
glass system.
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that the extinction coefficient found to be decreasing
with increasing wavelength (low wavelength region)
of the incident photon. It is noticed form the Fig. 10
the decrease in the refractive index indicates that the
normal dispersion behavior is observed in the glass
samples. The decrease in the extinction coefficient
with an increase in wavelength (low wavelength
region) results in the fraction of light lost due to
scattering and decrease in absorbance.

The complex dielectric study is one of the basic
natural properties of the material which contains real
and imaginary part. The real part shows the amount of
speed of light which slow down in the material. The
imaginary part shows the amount of dielectric
material that absorbs energy from an electric field
because of dipole movement.

The complex dielectric constant is one of the
fundamental intrinsic properties of the material. It
contains real and imaginary part. The real part shows
how much it will slow down the speed of light in the
material. The imaginary part shows how much a
dielectric material absorbs energy from an electric
field due to dipole motion. The extinction coefficient
is the imaginary part of the complex index refraction
and also relates to light absorption. The ratio of the
imaginary and real part of dielectric constant provides
information about the loss factor. Real and imaginary
parts of the dielectric constant (e, &;) are related to the
‘n’and ‘k’ values, using the formula:

242
& =n-k

&=2nk

.11
.. (12)

Figure 11 shows the variation of ¢, vs hv energy for
the present glass system. It can be seen clearly from
the Fig.11 that the real part of the dielectric constant
shows an exponential steady increase with an increase
in photon energy.

Figure 12 shows the variation of the ¢; vs Av for the
present glass system. The imaginary part of the
dielectric constant is related to the extinction
coefficient and also light absorption. The values of the
E,, can be determined by extrapolating in the linear
region of the imaginary dielectric constant (g;)
versus energy curve at g;=0 are listed in Table 7.

By comparing the E,, values obtained from
absorption spectra and the values estimated form the
imaginary part of the dielectric constant (¢;), one can
find the best fitting exponent for electronic transition
is n=1/2. Therefore, the E,, values obtained from
absorption spectra and imaginary part of the dielectric
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Fig. 11 — The real part of the dielectric constant (¢,) as a function
of photon energy for 80 TeO, (20-x) SeO,-xNa,O (where x=5, 10,
15, 20 mol %) glass system.

7.0010" T T T T T T

= |ITSN2

e IITSN3
6.0x10™ A |ITSN4

v TSNS
5.0010% - o

v v
MALLZZZ 2 A AN .

4.0x10° 4
W s ®
3.0x10° °a" "
gitat
b 4 L]

22 .
2.0x10°% gien 1
x Mxn!‘

1.0x10° 4,

T T T
175 200 225

— T T T T~ T T T T T T T T
250 275 300 325 350 375 400
Photon nergy(hv)(eV)

Fig. 12 — The imaginary part of the dielectric constant (&)
as a function of photon energy for 80 TeO,-(20-x) SeO,-xNa,O
(where x=5, 10, 15, 20 mol %) glass system.

constant measurements are in good agreement for the
exponent n=1/2. Thus, the direct band gap is present
in the tested glass samples.

In the tested glass samples, the direct band gap
decreases from 3.121 to 2.992 eV as Na,O mol %
increases. The decrease in E,, values may be
associated with the structural change which has been
occurred in the glass samples as Na,O content
increases. When Na,O mol % increases the glass
structure becomes a less ordered state, which causes
breaking up of the regular structure of tellurite and
selenite, leading to a decrease in optical band gap in
the present glass system. This decrease is due to an
increase in the disorder and more extension of the
localized states within the gap. The decrease in the
band gap energy also suggests that non-bridging
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oxygens (NBOs) concentration increases as Na,O
content increases in the glass samples. Similar
behavior is observed by Halimah er al*' in the glass
system (TeO,-B,0;-Ag,0).

The refractive index in terms of the optical band
gap (E,,;) of the tested glass samples is calculated by
using the equation™ is:

__ |Eopt
20

It is clearly seen from the Fig. 13 that the refractive
index increases from 2.365 to 2.399 due to increase in
NBO’s as Na,O mol % increases in the glass
samples.The obtained values are higher’®”’ than those
for TCOZ*ZHO*Nb205*Gd203, 7OTCOZ*25WO3*
5La,05—Gd,05 glass system. Consequently, there is a
direct proportional relationship between polarization
and the refractive index could be achieved™ due to
high polarization of the host material®® TeO,.

The molar refraction (R, in cm?) is calculated by
using the equation™ is:

n?-1
n2+2

.. (13)

n?-1
Ru = (5) Vi .. (14)
Where, V), is the molar volume and ‘n’ is the
refractive index of the glass and the term

2
(n2+2) represents reflection loss. The molar refraction
values increases from 17.599-19.135 as Na,O content
increase in the glass samples. These values are listed
in Table 7.

The theory of metallization criterion M(E,,)
proposed by Herzfeld® to predict whether the glasses
are metallic or non-metallic. The metallization

criterion is calculated by using the equation® ® is:
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Fig. 13 — The refractive index and optical band gap for 80 TeO,-
(20-x) Se0,-xNa,O (where x=5, 10, 15, 20 mol %) glass system.

M=1-M
Vm

The calculated values of ‘M’ are listed in Table 7.
The metallization criterion for the tested glass sample
lies in the range of 0.386-0.395. The smaller
metallization values for all the glass samples indicates
that the width of both conduction band and the
valence band become large, which results in the
decrease in the optical band gap energy values™®. If
Ry/ Vi>1 then the glass exhibits metallic nature and
if Ry/ V< I then the glass is treated as a non-metallic
or insulating nature. From this metallization criterion
theory, the present glass system is non-metallic or
insulating in nature.

According to the Clausius-Mossotti equation, the
molar polarizability (a,,) is proportional to the molar
refraction (Ry)® of the material is given by the
relation:

m = (47[3;\1,4) RM

Where,"N,” is Avogadro's number. The calculated
values are listed in Table 7. It is observed from the
Table 7 the increase in refractive index and molar
refraction accompanies the increase in molar
polarizability.

The oxide ion polarizability (@27) is based on
the optical band gap energy, E,, is evaluated by the
relation:

where, ‘E,,’ optical band gap, ‘V),’ is molar volume,
‘a;’ is polarizability of the molar cations, ‘p’ and ‘g’
denote the number of cations and oxide ions
respectively in the chemical oxide C,0,. The molar
cation polarizability values of Te'" (az=1.595 A?),
Se® (ag. = 0.075 A’) and Na”™ (ay, = 0.181 A?) ions®.
The calculated values of ag_(Eopt) are listed in
Table 7. It is noticed from the Table 7 that
ag_(Eopt)Values increases from 2.911-3.469 as Na,O
content increases from 5 to 20 mol % in the glass
samples. The values of the optical energy band gap
based oxide ion polarizability have an increasing
trend. The increasing trend due to increasing amount
of non-bridging oxygens that has high polarizability
as the concentration of sodium oxide increases in the
glass system. The increase in non-bridging oxygen
number can be confirmed in the FTIR result where the
fractions of TeOj; structural units with non-bridging

... (15)

... (16)

62, 63
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oxygen increases while the fraction of TeO, structural
units with bridging oxygens decreases. The values
of a2, Ry, and @, have shown increasing trend with
increasing Na,O content in the present glass samples.
The increase in refractive index is a result of the
decrease in optical band gap values. At the same time,
molar refraction increased with an increase in
refractive index, which in turn increased both oxide
ion polarizability and molar polarizability of the glass
samples.

The optical basicity ‘4’ on the basis of E,,, and ‘n’
are calculated® using the following relation:

4= 167(1-=)

ao

... (18)

The obtained values of optical basicity of E,,
values are listed in Table 7. The values of optical
basicity of E,, lie between 1.096 and 1.188 in the
present glass system. The A(E,,,) values are increasing
as Na,O content increases from 5 to 20 mol % in the
glass samples. The optical basicity is associated with
the electron power of the oxygen in glasses. The low
value of optical basicity refers to a covalent bonding
and high value refers to more ionic bonding. So, it
helps in the assessment of the type of bonds present in
the tested glass sample. By using this relation, the
increase in the oxide ion polarizability increases the
optical basicity, it results in an increase in the
refractive index and decrease in the optical band gap.
The increase in the optical basicity suggests that the
cation-oxygen bonds are becoming more ionic than
covalent. The increase in the optical basicity also
suggests that the number of non-bridging oxygens
(NBOs) are created than bridging oxygens (BOs).
The similar behavior observed by N. Elkhoshkhany
et al. in the TeO,—ZnO-Nb,05—Gd,Osglass system5 6,

According to ultra-violet absorption bands,
the extinction coefficient (k) obeys Fermi-Dirac
distribution function®"® for the different glass samples.

1
1+exp|E—Egr/kg T]

k(1) = ... (19)
Where, E= hc/A is the variable photon energy to
investigate the sample, ‘%' is planks constant, ‘c' is the
velocity of light in free space, ‘Er’ is the Fermi
energy, kT is the thermal energy due to absolute
temperature 7=297 K, ‘kp’ is the Boltzmann constant.
By linear fitting of the Eq. (19), the Fermi energy
values are evaluated for the present glass system and
are listed in Table 7. The obtained high Fermi energy

values are (#kpT) reliable with the property that tested

glass samples are of dielectric nature.

The optical response of a glass sample is mainly
studied in terms of the optical conductivity (¢) which
is given by the relation®:

anc
Where, ‘o’ is the absorption coefficient, ‘c’ is the
velocity of light and ‘n’ is the refractive index.

The Fig. 14 shows the variation of optical
conductivity (o) vs photon energy for the tested glass
samples. It is seen clearly that the optical conductivity
directly depends on the refractive index and
absorption coefficient of the glass sample. It follows
the same trend as that of the absorption coefficient
and refractive index with an increase of wavelength.
It is observed from the Fig. 14 that the optical
conductivity increases with photon energy for
all the glass samples. The increase in optical
conductivity can be assigned to increase in absorption
coefficient. The maximum value of the optical
conductivity for the glass samples IITSN2, IITSN3,
IITSN4 and IITSN5 are 1.83 x 10" ohm™-m”, 2.789
x 10" ohm™-m™ , 2.375 x 10" ohm™-m™ and 2.950 x
10" ohm™-m™ at 4.5 eV, respectively.

The single-effective oscillator model was proposed
by Wemple and Di Domenico®’. Using this model the
single- oscillator parameters (E, E,) are calculated
and listed in the Table 7. This model describes an
important role in determining the behavior of the
refractive index. The optical data of the refractive
index can be described by the single-oscillator
model is:

3.5x10"
= IITSN2

.| ® ITSN3
_ 30T A iTsNg v ]
= v IITSNS o3¢
-t 2.5x10" » e
E ,! A A
< 20x10" v o 4
s vv A
2 vv
Z - o i gun®
T 1.5x10" ° a®
=] Ag
2 S4m
8 1.0x10" '.25-'
8 1 at=
=1 o
& sox0 ﬁ.ﬂ

0.0 - T T T T T
15 20 25 3.0 35 40 45

Photon energy(hv)(eV)

Fig. 14 — Variation of optical conductivity as a function of photon
energy for 80 TeO,-(20-x) SeO,-xNa,O (where x=5, 10, 15,
20 mol %) glass system.
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n?—1= % .. 1)
Where, ‘hv’ is the photon energy, ‘n’ is the refractive
index, ‘E, is the dispersion energy, measures the
average strength of the inter band optical transitions
and ‘Ey' is the single oscillator energy and also called
the average excitation energy for an electronic
transition. The Fig. 15 shows the variation of 1/ (n’-1)
vs. E°. The plotting 1/ (n’-1) vs E* allow us to evaluate
the single-oscillator parameters by linear fitting to the
points in the Fig. 15. E; and Ej can be evaluated from
the slope (EsE,) ~' and intercept (Ey/E,) on the vertical
axis. The obtained values of E; and E, are listed in
Table 7. The low E, values are observed indicates
strong iconicity exists in the glass samples®’.

The Urbach plot has been shown in Fig. 16. Urbach
energy AF is evaluated by taking the reciprocals of
the slopes of the linear portion of the /n(a) vs hv
curves. The obtained values of Urbach energy
are listed in Table 7. The value of Urbach energy
increases as Na,O mol % increases. The increase in
Urbach energy indicates that the degree of disorder
increases in the glass matrix™ and also increases the
number of defects in the glass system®’.

4 Conclusions

Te0,-Se0,-Na,O glass systems have been prepared
by using melting and quenching technique. From
the physical properties, it has been observed that
formation of less dense structure and less tightly
packing results in degradation of the structural units
and formation of non-bridging oxygen sites in the
glass matrix. The structural investigation of TeO,-
Se0,-Na,O glass system reveals the formation of Se-
O, Se=0, TeOs;, TeO; units in the glass structure.
The results suggest that increasing the Na,O content
acts as a network modifier by breaking of the network
structure while decreasing the SeO, content acts as a
network former in the structure. E,, values obtained
from absorption spectra, imaginary part of dielectric
constant measurements are in good agreement with
the exponent n=1/2. So, direct band exists in the
glass system. The optical band gap values are found
to decrease with increase in Na,O content. The optical
band gap energy values suggest that NBOs
concentration increases as Na,O content increases in
the glass samples, which lowers the band gap
energy.The theory of metallization criterion revels the
present glass system's non-metallic or insulating
nature. The values of ag', Ry, and a,, have shown
increasing trend with increasing Na,O content in the
glass sample. The optical basicity value increases as
Na,O mol % increases in the present glass system.
From the obtained high Fermi energy values (>>kzT)
that the tested glass samples are in dielectric nature.
The increase in optical conductivity can be assigned
to increase in absorption coefficient. The low E,4
values indicate iconicity exists in the glass samples.
As Na,O content increases in the glass system the
Urbach energy increases that lead to an increase in the
degree of disorder in the glass matrix.
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