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ABSTRACT

Optical absorption, differential scanning calorimetry (DSC) and Raman studies have been carried out on
(100 — 2x)TeO,-xAg,0-xWO5 (7.5 <x < 30) glass system. The Raman spectra showed that the structure
of glass network consists of [TeO4], [TeO3]/[TeOs+1], [WO4] units. The glass transition temperature (Tg)
values were measured from DSC thermogram and the variation in Ty has been discussed in terms of
physical parameters like number of bonds per unit volume (n,), average cross-link density (n¢), average
stretching force constant (F), oxygen molar volume (V,) and oxygen packing density (OPD) values. The
cut-off wavelength (A.), optical band gap (E,p), Urbach energy (AE) and refractive index (n) values were
calculated from optical absorption data. The observed decrease in optical band gap (E,), Urbach energy
(AE)andincrease inrefractive index (n)values have been discussed in terms of structural changes brought
about by WO and Ag,0 incorporation in to TeO, network.

Raman spectroscopy

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Currently heavy metal oxide, fluoride, and oxyfluoride glasses
receive considerable attention in view of their potential for use
as laser hosts, in fiber optics and as non-linear optical materials
[1-3]. Tellurium oxide based glasses attracted the scientific com-
munity due to their application in the field of glass ceramics, solid
state batteries and fuel cells, optical amplifiers and non-linear opti-
cal devices [4,5]. These glasses have low phonon energy [6], large
third-order non-linear susceptibility [7], low melting temperature
[8], low glass transition temperature, low crystallization ability [9],
good chemical resistance [10], good transmission for infrared rays
with a wide range of wavelength [11], high dielectric constants
[12] and large refractive indices [13]. For these reasons, tellurite
glasses have become the subject of thorough investigations. Raman,
IR spectra, some optical properties and MDSC study of TeO,-WO3
and TeO,-WO3-PbO glasses have been published by Upender et al.
[14,15]. Asurvey of the literature indicates that reports on the phys-
ical and optical properties of TeO, glasses containing WO3 and Ag, 0
are limited. In view of these, we have carried out Optical absorption,
Raman and DSC studies on TeO,-Ag,0-WOj5 glass system.

The present paper reports the short-range structure, DSC and
optical properties of TeO,-Ag,0-WO3 glass system. The variation
in Tg has been compared with physical and structural properties
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such as OPD, oxygen molar volume (V, ), number of bonds per unit
volume (ny), average cross-link density (n¢) and average stretch-
ing force constant (F). The optical properties such as the optical
band gap (Eopt), Urbach energy (AE), refractive index (n) have been
correlated with the Raman spectral studies of these glasses.

2. Experimental

The glasses used for the present study were prepared by the melt quench-
ing technique. The starting materials used in the present study were analar grade
TeO; (99.9% purity), Ag,0 (99.9% purity), WO3 (99.9% purity). The chemicals were
weighed to get the required composition and ground in a mortar with a pestle for 1 h
to obtain homogeneous mixtures. The compositions of glasses used in the present
study were (100 — 2x)TeO,-xAg,0-xWO3 (where x=7.5, 15, 22.5, 30). Each batch
was then transferred to a platinum crucible and melted at about 750-850°C in an
electric furnace. This melt was held at this temperature for 30 min until a bubble
free liquid was formed. The melts were stirred from time to time to ensure complete
homogeneity and were then poured on a pre-heated stainless steel mould contain-
ing circular holes and pressed with another steel disc. The prepared samples were
subsequently annealed for 12 h at 150°C in another furnace to relieve the mechan-
ical strains. The compositions of the glass samples employed in these studies are
given in Table 1.

X-ray diffractograms of powdered glass samples were recorded using a copper
target (ko =1.54A) on a Philips PW (1140) diffractometer at room temperature.

The densities of glasses were determined at room temperature by the
Archimedes method using xylene (p=0.86 g/cc) as the immersion liquid. Repeated
densities measurements were agreed within +0.01%. From these density values, the
molar volume of glasses (Vp, = £x;M;/p) and the molar volume of oxygen (volume
of glass in which 1 mole of oxygen is contained, V, = (2x;M;/p)(1/ Zx;n;) were calcu-
lated. x; is the molar fraction of each component i, M; is the molecular weight, p is the
glass density and n; is the number of oxygen atoms in each oxide. Oxygen packing
density (OPD) of each glass was calculated from the density and composition using
the formula OPD = 1000C (p/M), C is the number of oxygens per formula unit.
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Table 1

Glass compositions and the Raman band positions of the glass system (100 — 2x)TeO,-xAg,0-xWOs;, with errors+1cm~'.

Sample ID Composition (mol%) Raman shift §+1(cm™1)

TAW1 85Te0,-7.5Ag,0-7.5WO03 342 459 666 764 823 916
TAW2 70Te0,-15Ag,0-15W0;3 344 475 702 775 835 908
TAW3 55Te0,-22.5Ag,0-22.5W0; 355 485 730 - 839 905
TAW4 40Te0,-30Ag;0-30WOs3 360 496 735 - 843 898

Raman spectra of the present glass samples were recorded at room temperature
using JOBIN-YVON HORIBA (LABRAM HR-800), spectrometer in the wavenum-
ber range 200-1050 cm~'. The excitation wavelength used was 632.81 nm (He-Ne
laser), with a power of 9 mW. The incident laser power is focused in a diameter
of ~1-2 wm and a notch filter is used to suppress Rayleigh light. Samples used for
the measurement were of 1 mm thickness and 1 cm in diameter. Raman shifts are
measured with a precision of ~0.3cm~! and the spectra resolution is of the order
Tcm-1.

The glass transition temperature (Tg) was measured using a temperature mod-
ulated differential scanning calorimeter (TA Instruments, DSC 2910). All samples
were heated at the standard rate of 10°C min~! in aluminum pans.

Optical absorption spectra of all the glass samples (~1 mm thick) were recorded
on a double beam Shimadzu UV-3100 spectrometer in the wavelength range
350-800 nm at room temperature using air as the reference medium. The uncer-
tainty in the observed wavelength is about +£1 nm.

3. Results and discussion
3.1. XRD, density, molar volume, OPD and oxygen molar volume

The short and medium range orders in the
(100 — 2x)TeO,-xAg,0-xWO3 glass system structure were tested
by means of X-ray diffraction. The obtained diffraction pattern
(Fig. 1) of all the samples showed a broad hump over the region
20-35¢ for 26 values, which is characteristic of the glass structure
for these samples. The measured density (p), molar volume (Vp,),
oxygen packing density (OPD) and oxygen molar volume (V,) of
the glass samples are given in Table 2. The densities of glasses in
the (100 — 2x)TeO,-xAg,0-xWO03 system vary between 5.903 and
6.593 g/cc for the glasses 85Te0,-7.5Ag,0-7.5WO03 (TAW1) and
40Te0,-30Ag,0-30WO03 (TAWA4), respectively. The density values
of the present glasses are greater than the density for pure TeO,
glass (5.67 g/cc) [16], and agree with the data reported elsewhere
[17]. From Fig. 2 it is found that the density (p) increases and
molar volume (V) also increases as the WO3-Ag,0 proportion
increases, at the expense of the TeO, content. The increase in
the values of density is attributed to the higher molecular weight
of W03 (231.84g/mol) and Ag,0 (231.74g/mol) in comparison
with that of the TeO, (159.6 g/mol) and it also related to change
in their atomic radii (Te=0.70A, W=0.62A and Ag=1.26A)
[17]. In general, it is expected that the density and the molar
volume should show opposite behaviour to each other, but in

Fig. 1. XRD patterns of TeO,-Ag,0-WOs3 glasses.

Fig. 2. Variation of the density and the molar volume of glasses as a function of the
WO5-Ag,0 content.

Table 2

Physical and optical parameters of the glass system (100 — 2x)TeO,-xAg, 0-xWOs.
Parameter x=7.5 x=15 x=22.5 x=30
Average molecular weight (g/mol) 170.429 181.257 192.086 202.914
Density, p (g/cc) 5.903 6.132 6.359 6.593
Molar volume, Vi, (cm3/mol) 28.872 29.559 30.207 30.777
Oxygen packing density (mol/l) 69.271 67.661 66.209 64.994
Oxygen molar volume, V, (cm?/mol) 14.436 14.779 15.104 15.386
Glass transition temperature, Tg (°C) 287 276 273 271
Onset crystallization, T, (°C) 375 346 365 352
Thermal stability, AT (°C) 88 70 92 81
Average cross-linking density (n¢) 1.72 1.48 1.27 1.08
Number of bonds per unit volume (1028 m—3) 8.34 8.15 7.98 7.83
Average stretching force constant, F(N/m) 215.10 214.47 213.91 213.21
Cut-off wavelength, A (nm) 404 436 449 580
Optical band gap, Eqp: (eV) 2.47 2.45 2.36 2.01
Urbach energy, AE (eV) 0.37 0.29 0.26 0.15
Optical basicity (A, ) 0.927 0.894 0.861 0.828
Refractive index (n) 2.55 2.56 2.59 2.73
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Fig. 3. Variation of the oxygen packing density (OPD) and the oxygen molar volume
(Vo) of glasses as a function of the WO3-Ag,0 content.

the present glass system the behaviour is different. However,
this anomalous behaviour was reported earlier for many glass
systems, for example, TeO,-Nb,05-Bi, 03 [18], TeO;-Na,0-B,03
[19] and Bi; O3-Li;0-Zn0O-B, 03 [20]. The molar volume behaviour
reveals that an increase in the W0O3-Ag,0 content leads to the
formation of non-bridging oxygens (NBOs) and opens up the
structure of the glasses. From Fig. 3 and Table 2, it is found that
oxygen packing density (OPD) values decrease from 69.271 to
64.994 mol/l, the oxygen molar volume (V,) increases from 14.436
to 15.386 cm3/mol. Hence the network is more open and the
network becomes less tightly packed. This behaviour could be
explained taking into account that the substitution of TeO, mol
by mol by W0O3-Ag,0 content, two silver atoms and one tungsten
atom are introduced, while the number of oxygen atoms are same
according to the ratio 4/4. The large value of the radii (1.26 A) and
bond length (2.549A) of Ag,0 [21] compared to those of WO3
and TeO,, resulted in a formation of excess free volume, which
increases the overall molar volume of these glasses. This supports
the variation in OPD and V, values.

3.2. Glass transition temperature (Tg)

The DSC curves of TAW1 and TAW4 glasses scanned at a rate
of 10°Cmin~! are shown in Fig. 4. Each DSC scan exhibits a small
endothermic peak corresponding to the glass transition temper-
ature, Tg, at 287°C for the 85Te0,-7.5Ag,;0-7.5WO03 (TAW1) and
at 271°C for the 40Te0,-30Ag,0-30WO03 (TAW4) glass. Thermal
parameters such as the glass transition temperature (Tg), onset
crystallization (T,) and thermal stability (AT=T, — Tg) for differ-
ent glass compositions prepared in TeO,-Ag,0-WOQO3 system are
given in Table 2. It is well known from the literature that when
TeO, is substituted by WOs yields an increase in Ty this is due
to stronger W-0 bond than the Te-O bond (bond enthalpies are
672 and 376 kJ/mol, respectively) [22] and the cross-link density
for TeO, is 2 whereas it is 3 for WO3 [23]. Hence it is obvious
that when a higher bond strength and a higher cross-link sub-
stance substitutes for a lower one, the mean bond strength and
network connectivity increases resulting in the increase of Tg. But
in the present glass system the substitution of TeO, by WO3-Ag,0
content causes a slight decrease in Ty, this is contrary to above
result. This can be understood as follows: when WO3;-Ag,0 content
increases, due to Ag,0 content rather than WOs, the glass network
becomes more open and this suggests that the addition of Ag,0
creates more non-bridging oxygens, moreover the Ag* ions with
larger ion size as compared to Te** and W®* would eventually form

Fig. 4. DSC curves of 85Te0,-7.5Ag;0-7.5WO03 and 40Te0,-30Ag,0-30WO0;
glasses. Heating rate was 10°C/min.

loosened glassy network, and thus Ag,0 is the most contributing
oxide to decrease the Tg. On the other hand, the decrease in Ty may
be ascribed due to lower the bond enthalpy of Ag-0 (155 k]/mol)
as compared to bond enthalpies of Te-O and W-0.

The glass transition temperature (Tg) depends on a number of
parameters. It is more informative for analyzing the glass network
to correlate data between thermal and structural properties, e.g.,
between (Tg) and average cross-link density (7¢), number of bonds
per unit volume (n,) and the average stretching force constant (F).

The average cross-link density (n¢) of the glass is calculated
using the relationship [24-26].

[ xi(ne)i(Ne )]
Do Xi(Ne);

where x; is mole fraction; n. is number of cross-links per cations
and is equal to the number of bonds minus two; N. is number of
cations per glass formula unit.

The increase of WO3-Ag,0 content at the expense of TeO, from
2x=15-60 mol% leads to decrease in the average cross-link density
from 1.72 to 1.08 as shown in Table 2.

The number of bonds per unit volume (n;) of the glass is calcu-
lated using the relationship [24-26].

ny = %Z (nfx) (2)

J i

(1)

Ne =

where Ny is Avogadro’s number; Vi, is molar volume; ny is coordi-
nation number of the cation; x is mole fraction. The coordination
numbers of W, Ag, and Te are 6, 2 and 4, respectively. The value of
ny, for pure TeOy is 7.74 x 1028 m~3 [27]. The number of bonds per
unit volume of the present glass system is found to decrease from
8.34 x 10%8 to 7.83 x 1028 m~3 with increasing W0O3-Ag,0 content
as shown in Table 2.

Average stretching force constant (F) of the glass is calculated
using the relationship [24-26].

in(nf)Fi
L — 3)

in(nf),-
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Fig. 5. Raman spectra at room temperature of TeO,-Ag,0-WOs3 glasses.

where ny is coordination number of the cation; x; is mole fraction
and F; is given by

17
Fi=25 (4)

where F; is the stretching force constant of oxide and i denotes
the component oxide, and r is the bond length between cation
and anion. The average stretching force constant of the bond
Te-0 is 216 N/m [27]. The average stretching force constant (F)
of the present glass system is found to decrease from 215.10 to
213.21 N/m with increasing WO3-Ag,0 content (Table 2). There-
fore the decrease in Ty of the present glass system can be ascribed
due to the decrease in average cross-link density (n¢), number of
bonds per unit volume (11;,) and average stretching force constant
(F). The observed decrease in Tg of the present glass system with
increase of WO3-Ag,0 content in the glass matrix, as shown in
inset of Fig. 4 is also ascribed to some structural changes such as
transformation of some TeO,4 tbp units with bridging oxygen (BO)
into TeOs3 tp units with NBO via TeO3.1. The observed variation in
oxygen packing density (OPD) and oxygen molar volume (V,) val-
ues can also be correlated to the decrease in Tg. The glass transition
temperature (Tg) is a measure of the strength of a material [28].
Hence, from DSC results, it is concluded that the strength of the
present glass system decreases with WO3-Ag;0 content. The Ty of
present glasses are lower than T of the glasses in TeO,-WO3 sys-
tem [29] and higher than T of the glasses in TeO;-Ag,0 system
[30], TeO,-Ag,0-V,05 system [31] and comparable to T, of those
found in [17].

3.3. Raman spectral studies

The Raman spectra of the glass samples
(100 — 2x)TeO,-xAg,0-xWO03 with 7.5<x<30mol% is shown
in Fig. 5. The assignments of Raman bands are given in Table 3
and observed Raman band positions for all the compositions are
summarized in Table 1. The deconvoluted Raman spectrum for
the TAW1 is shown in Fig. 6. The Raman spectrum of TAW1 glass
consists of six Raman bands (RB) at around 342cm~! (RBsg),
459cm™! (RB459), 666 cm™! (RBGGG)- 764cm™! (RB754), 823cm™!
(RBgp3)and 916 cm~! (RBgy6). The RB4s9-RB764 seems to be typical
for tellurite matrix in various tellurite glasses: WO3-TeO, [32],
Zn0-Bi; 03-Te0; [33], PbO-WO03-TeO, [34]. Hence, in accordance
with [32-34] we assign observed RB as follows: (i) RBggg to sym-

Table 3
Assignments of Raman bands of glass system (100 — 2x)TeO,-xAg,0-xWOs.

Raman band (cm™')
observed in the glass

Assignment

890-920 Stretching vibrations of W-0~ and W=0 bonds in
WO, or WOg units

820-850 Stretching vibrations of W-0-W in WO4 or WOg
units

340-360 Bending vibrations of W-0-W in WOg units

720-735 Stretching vibrations of TeO3;/TeOs:; units

760-775 Stretching vibrations of TeO3/TeOs.; units

650-670 Stretching vibrations of TeO4 units

440-496 Stretching vibrations of Te-O-W linkages

metric stretch of Te-0O bonds in TeOy4 trigonal bipyramidal units or
to Te-O-Te linkage between two fourfold coordinated Te atoms.
(ii) RB7g4 to stretching vibrations of Te-O bonds of TeO3/TeOs3+q
units. (iii) RB479 to the stretching vibrations of Te-O-W linkages.
However, the RB4s9 was observed in many tellurite glasses and it
is a signature of bending modes of Te-O-Te linkages. The Raman
studies on tungsten tellurite glasses have shown that observed
RBg1g is assigned to symmetric stretching vibrations of W-0—
and W=0 bonds associated with WO4 or WOg units [17,35]. The
RBg,3 is assigned to stretching vibrations of W-0O-W in WO,
or WOg units [17,35]. The RB34; is the characteristic bands of
tungsten glasses which may be attributed to bending vibrations
of W-0-W in the WOg units [17,35]. Equimolar substitution of
TeO, by WO03-Ag,0 causes significant changes in the Raman
spectra arising from tungsten network and tellurite network (see
Fig. 5). As WO3-Ag,0 proportion increases up to 2x =45 mol%, the
RBgss and RB7g4 gradually overlap and form a new RB73¢ and this
RB73¢ is shifted to RB;35 as WO3-Ag,0 proportion increases up to
2x =60 mol%. The RB73¢_735 is typical for tellurite glasses prepared
from TeO, and heavy metal oxides and the RB739_735 is assigned
to symmetric stretching vibrations between Te and non-bridging
oxygen (NBO) in TeOs.q units (The TeO3.;7 unit can be thought of a
distorted trigonal bipyramidal (TeO4) unit with one oxygen further
away from the central tellurium than the remaining three oxygens)
or possibly to stretching mode of TeO3; unit [36] most likely to
Te=0 bond stretching in O=TeO, units [32]. As the W0O3-Ag,0
content increases from 15 to 60 mol%, the intensity of the RB4sg
decreases while this RB4sg is shifted to higher frequencies (RB4gg).
This is expected result since there are fewer Te-O-Te linkages
and more Te-O-W linkages [37]. This observation can also be

Fig. 6. The deconvolution of the Raman spectrum of 85Te0,-7.5Ag,0-7.5W0O3
glass.
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Fig. 7. Optical absorption spectra of TeO,-Ag, 0-WOs5 glasses.

explained as follows: as WO3 + Ag,0/TeO, mole fraction increases,
NBOs are created both at equatorial and axial positions, leading to
the formation of Te-.qO~Ag", Te-1xO~Ag" and also Te=0 which
in turn shifts the RB4sg9 to higher frequencies. On the other hand,
WO3-Ag,0 content also creates a part of the NBO by modifying the
W-0-W linkages with the structural units of the form, W-0~Ag*
and W=O0. All these species prevents the formation of TeO4 tbp
units in all samples (TAW2-TAW4). These results are in agreement
with the reported results [17].

As the WO3-Ag,0 content increases from 15 to 60 mol%, the
intensity of RBg1g increases while this band is shifted to lower fre-
quencies (RBggg). The observed shiftin the RBg;¢ band toward lower
wave numbers and variation in the intensity of the bands is may be
an indication of the decrease in bridging oxygens of WO, units and
simultaneous increase in non-bridging oxygens of W04 units and
also due to the bond between NBO and tungsten atoms is weakened
and therefore, the vibration appears in the lower wave number
region.

The intensity of the RBgy3 changes and it shifts to RBgyq3 with
the content of WO3-Ag,0 up to 60 mol%. The intensity of the
RBs34; increases and it shifts to RB3ss as the WO3-Ag,0 content
increases from 15 to 45 mol% and after its intensity decreases and
shifts to RB3gg as WO3-Ag,0 content increases up to 60 mol%. All
these observations suggest that the addition of WO3-Ag;0 content
causes continuous structural transition in TeO, through the contin-
uation creation of non-bridging oxygens in the form of Te-.q0~Ag™,
Te-.x0~Ag*, Te=0, W-0~Ag* and W=O0. On the other hand, both
W6* and Ag* are heavy metal ions; therefore WO3-Ag,0 addition
to the glass may distort and strain the TeO, network.

3.4. Optical properties

3.4.1. Optical band gap (Eqp¢) and Urbach energy (AE)

The study of optical absorption edge is a useful information for
understanding the optically induced transitions and optical band
gaps of materials. The principle of the technique is that a photon
with energy greater than the band gap energy will be absorbed.
There are two kinds of optical transitions at the fundamental
absorption edge: direct and indirect transitions, both of which
involve the interaction of an electromagnetic wave with an elec-
tron in the valence band. Fig. 7 shows the optical absorption spectra
of TeO,-Ag,0-WO5 glasses recorded at room temperature in the
wavelength region 350-800 nm. A distinct cut-off wavelength (A.)
was observed for each glass sample and the A. values are presented

Fig. 8. (¢hw)'? as a function of hw for TeO,-Ag, 0-WO3 glasses.

in Table 2. From Table 2, it is clear that A. observed at 404 nm for
TAWT1 glass is found to be shifted gradually towards higher wave-
length side (red shifted) with increase in the WO3-Ag,0 content
(580 nm for TAW4).

The absorption coefficient « (w) near the fundamental absorp-
tion edge of each spectrum shown in Fig. 7 was determined at
wavelength intervals of 2.5 nm in the non-linear region and 5 nm
for the linear region, from the following relation [38].

o= (2)n(2)

where t is the thickness of each sample and In (I/I,) corresponds to
absorbance.

The relation between «(w) and photon energy of the incident
radiation, hw is given by the following relation [39].

A(T'l(l) — Eop[ )p
o(w) = Y
where Eq) is the optical band gap energy in eV (the optical band gap
in amorphous system is closely related to the energy gap between
the valence band and conduction band), A is a constant and p is
an index which can be assumed to have values of 1/2, 3/2, 2 and
3, depending on the nature of the electronic transition responsible
for absorption, p is equal to1/2 for allowed direct transitions, 3/2
for direct forbidden transitions, 2 for allowed indirect transitions
and 3 for forbidden indirect transitions. For amorphous materials,
indirect transitions are valid according to the Tauc relations [40],
i.e., the power part p=2; so, the values of indirect optical band
gap energy Eopr can be obtained from Expression (6) by extrapo-
lating the absorption coefficient to zero absorption in the (ahw)!/2
vs hw plot, as shown in Fig. 8. The respective values of Egp: are
obtained by extrapolating (ahw)'/2 =0 for the indirect transitions
[40,41]. The values of the Eop; for the glass samples are presented
in Table 2. It is observed from Table 2 that the values of optical
band gap (Eopt) decreases from 2.47 eV to 2.01 eV, as the content of
WOs3-Ag,0 increases from 15 to 60 mol%. These Eop; values are also
in reasonable agreement with the optical band gap values found
in other tellurite glasses [42-44]. The increasing incorporation of
WO03-Ag,0 is mainly responsible for the Eqp diminishing.

From the Raman spectra analysis, it is clear that the addition
of W0O3-Ag,0 content to the TeO, network leads to the forma-
tion of NBOs in the form of Te-¢qO~Ag", Te-,x0~Ag", W-0O~Ag",
W=0 and also Te=0. Hence increase in WO3-Ag,0 content results
in progressive creation of NBOs at the expense of bridging oxygen
(BO). The NBO which bound an excited electron less tightly than

(6)
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Fig. 9. Urbach plot of TeO,-Ag,0-WOs3 glasses.

the BO and NBO is more polarizable than the BO. Thus, creation
of NBOs seems to be reason for shift of cut-off wavelength (A)
towards higher wavelengths and in turn decreases the Eop; values.
However, the decrease in Eop by addition of Ag,0-WO3 content
may also be related to the change in the E, of constituent oxides
(TeO,=3.79eV, Ag,0=1.3eV, W03 =2.70eV) [16].

In glass and amorphous materials there exists a band tailing
in the forbidden energy band gap. The extent of band tailing is a
measure of the disorder in the material and can be estimated using
Urbach rule [45].

a(w) = o exp [%} (7)

where «, is constant and AE is the width of the band tails of elec-
tron states in the forbidden band gap and which is also known as
the Urbach energy. This relation was first proposed by Urbach to
describe the absorption edge in alkali halide crystals [45]. Fig. 9
shows the variation of Ina with photon energy (Aw) for present
glass system (Urbach plot). The values of Urbach energy (AE) were
calculated from the reciprocal of the slope of the linear region of
the curves and are presented in Table 2. It is found that AE lie in the
range of 0.37-0.15 eV, decreases with increase of WO3-Ag;0 con-
tent. The least Urbach energy (AE=0.15¢eV) is observed for TAW4
glass. This suggests that the degree of disorder of present glasses
decreases with WO3-Ag,0 content.

3.4.2. Theoretical optical basicity (A, ) and refractive index (n)

The theoretical optical basicity (A, ) for the glass system under
study has been calculated using following equation which is based
on the approach proposed by Duffy and Ingram [46].

A = X(TeO3) A(Te0,) + X(Ag,0) A(Ag,0) + X(WO03) A(WO3)

where X(TeO,), X(Ag,0), X(WO3) are the equivalent fractions of the
different oxides, i.e., the proportion of the oxide atom they con-
tribute to the glass system and A(TeO,), A(Ag;0) and A(WO3) are
optical basicity values assigned to the constituent oxides. Here the
values of A(TeO;,)=0.96, A(Ag,0)=0.441 and A(WO3)=1.04 have
been taken from literature [16,47]. The Ay, values calculated using
above equation for the present system are given in Table 2. It can
be seen from Table 2 that the values of Ay,, for the present system
lie between 0.927 and 0.828.

Therelationship between the refractive index (n) and the optical
band gap (Eqp¢) was examined by the relationship [16].

n2 -1 _ Eop[
<#+2)_1V20 )

The refractive index (n) values calculated using above equation
for the present system are given in Table 2. It is observed from
Table 2 that the refractive index (n) increases from 2.55 to 2.73 with
an increase in the WO3-Ag,0 content. The increase in the refrac-
tive index (n) depends on some of the following factors such as
(i) from Raman analysis, it is shown that more NBOs are created
with W03-Ag,0 content, these NBOs creates more ionic bonds,
which manifest themselves in a larger polarizability over the cova-
lent bonds of BOs, providing a higher refractive index value. (ii) The
increase in density and molar volume are related to the increase
in refractive index. (iii) The increase in refractive index may also
be related the lower cation polarizability of W6* ions (0.147 A3),
compared with cation polarizability of Te** ions (1.595 A3) [48].

4. Conclusions

Transparent and stable glasses were obtained in the
TeO,-Ag,0-WO3 system. The physical and optical properties
of present system are affected by the changes in the glass compo-
sition. The Raman analysis shows that addition of WO3-Ag;0 to
TeO, glass matrix results in the formation of W-0~Ag*, W-0O-Te,
Te-eqO~Ag*, Te-,xO0~Ag*, Te=0 and W=O species, while that of the
Te—O-Te linkages decreases as WO3-Ag,0 increases. The density,
molar volume and oxygen molar volume values increases with
the WO3-Ag,0 content. The values of ny, 7ic, F and OPD decreases
with increasing the content of Ag,0-WOs3, which is in agreement
with the decrease in Tg. The optical band gap (Eopt) (2.47-2.01¢eV),
Urbach energy (AE) values (0.37-0.15eV) decreases and the
refractive index (n) values (2.55-2.73) increases with WO3-Ag,0
content.
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