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ABSTRACT

Glasses in the system (65 — x)Bi,03—-15Li,0-20Ge0,-xWOs3 (where x=2, 5 and 10 mol%) were prepared
by normal melt quenching method. The change in density and molar volume in these glasses indicates the
effect of W03 on the glass structure. Fourier transform infrared (FT-IR) spectra show that these glasses
are made up of GeOy4, GeOg, BiOg, BiO3, WO,4 and WOg basic structural units. The structural units of BiOg,
GeOg and WOg increase with the increasing of W03 content. The optical constants of these glasses are
determined over a spectral range, providing the complex dielectric constant to be calculated. Higher
values for the refractive index and dispersion are recorded due to the high polarizability of bismuth and
tungsten ions. The values of the optical band gap E; for all types of electronic transitions and refractive
index have been determined and discussed. The dc conductivity measured in the temperature range
423-623 K obeys Arrhenius law. The dielectric constant (¢’), dielectric loss (tan§) and ac conductivity
over a wide range of frequency and temperature, of the glasses were investigated.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, glasses containing tungsten ions have many techno-
logical applications owing to their important optical and electrical
properties [1-3]. Such properties depend mainly on the existence
of tungsten ions in various oxidation states (hexavalent W6*, pen-
tavalent W>* and also in tetravalent W#* state) regardless of the
oxidation state of the tungsten ion in the starting glass batch
[4]. The tungsten W* ions participate in the glass network with
different structural units like WO4 (Tq) and WOg (Oy,) structural
units and W>* ions participate in the form of W>*03~ and occupy
octahedral positions [5]. Thus the presence of tungsten ions in dif-
ferent structural groups and oxidation states in the glass matrix
at a given temperature depends on the quantitative properties
of modifiers, glass formers, mobility of the modifier cation, etc.
[6-8]. On the other hand, glasses containing two glass-forming
oxides, such as the bismuth germanate glasses, which have supe-
rior properties, have a wide range of practical applications [7-9].
These glasses are attractive to researchers because of their unique
structural characteristics, which result from coordination changes
in bismuth and germanium. GeO, is a typical glass former while
Bi; 03 are conditional glass former [10,11]. GeO, alone can form
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a glass network that consists of tetrahedra and octahedra of ger-
manium coordinated by oxygen [12]. Despite the fact that Bi; O3
is not a classical glass network former, due to its high polarizabil-
ity, in the presence of conventional glass-forming cations such as
P5*, Si%*, B3*, it may build a glass network of both BiOg octahe-
dral and BiO3; pyramidal units [13]. In view of the aforementioned
aspects (65 — x)Bi,03-15Li;0-20Ge0,-xWO3 (where x=2, 5 and
10mol%) glasses have been synthesized. The aim of the present
work has been carried out to investigate the effect of replacement
of Bi, O3 by WO5 on the density, molar volume, structural, electrical
conductivity, optical and dielectric properties of glasses.

2. Experimental

Glass samples of (65— x)Bi;O3-15Li,0-20Ge0O,-xWO0O3; (where x=2, 5 and
10 mol%) were prepared by normal melt quenching technique. The glass samples
under investigation were prepared from Analar grade reagents of WO3, GeO,, Bi; O3
and lithium carbonate. The batches were melted in a porcelain crucibles at 1100°C
for about 45 min until a bubble free liquid was formed. The resultant melt was then
cast in a brass mould and subsequently annealed at 300 °C. The density d of glasses
was determined by the standard principle of Archimedes’ using carbon tetrachlo-
ride (p=1.53 kg/m?) as an immersion liquid. The molar volume (V;;) was calculated
using the relation V,, = Mr/d where My is the total molecular weight of the multi-
component samples. The glasses were then ground and optically polished. Infrared
spectra of the powdered glass samples were recorded at room temperature in the
range 320-1230 cm~! using a spectrometer (Perkin-Elmer FT-IS, model 1605). These
measurements were made on glass powder dispersed in KBr pellets. The UV trans-
mittance and reflectance spectra were recorded in the range of 190-1100 nm Jasco
V-570 Spectrophotometer. For the DC conductivity, the bulk samples were highly
polished; the two surfaces of each pellet were coated with silver paste. The DC
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Table 1
Physical properties for the studied glass system.
Xmol% d (g/cm?) Vin (cm3/mol) N x 10%? R(A) rp (A)
(cm?)
2 6.35 51.99 1.65 3.93 1.58
5 6.12 52.81 1.59 3.98 1.60
10 5.88 52.97 1.53 4.03 1.62

conductivity measured by means of two-probe method, which is appropriate for
high resistance materials. The current is monitored by means of a Picometer with
heating rate 2 K/min, constant voltage source 18.9V and a home-made furnace. The
dielectric constant &, AC conductivity and dielectric loss tangent (tan §) of the sam-
ples were measured in the temperature range 300-650K, and frequency range of
(0.12-100kHz) using a bridge system (Stanford model SR 720 LCR meter).

3. Results and discussion
3.1. Density and molar volume

The density, molar volume, concentration of tungstenions N, the
mean spacing between tungsten ions R and the polaron radius r,
(where N, R and r are calculated using the relations reported ear-
lier [14]) for glass samples as a function of WO3 content are listed
in Table 1. From this table it can be seen that the density of samples
decreases while the molar volume increase with increasing of the
WOs3 content. This can be attributed to several reasons, firstly the
molecular weight of WO3 is lower than the molecular weight Bi, O5.
Thus decrease of a heavy metal ion leads to a decrease in the density
that has dependence on the composition. Secondly the transforma-
tion of some tungsten, bismuth and germanium from the fourfold
coordination to sixfold coordination states. Also this result is due to
the fact that tungsten ions have an intermediate behavior between
network formers and modifiers. Thus, depending on the own nature
of the other glass components in the three-dimensional structure
and on their percentage, they could play the role of formers or
modifiers and introduces excess structural free volume [15].

3.2. FT-IR spectra

Fig. 1 shows the FT-IR absorption spectra for glass samples
containing 2, 5 and 10mol% WO3 in the wavenumber range
320-1230cm™. The infrared spectrum of glass sample contain-
ing 2 mol% WO3 showed the presence of broad bands at 371, 410,
472, 510, 709, 745, 1015 and 1103 cm~!. Shoulders around 600,
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Fig. 1. FT-IR absorption spectra of (15Li,O0-(65 — x)Bi»03-20Ge0,-xWO3 where
x=2, 5 and 10 mol%) the wavenumber region 320-1230cm™".

844 and 935 cm~! were also observed. The broadening of bands is
due to the disorderness. The band around 371 cm~! is due to the
bending vibrations of W-O-W in the WOg units [16]. The three
bands appeared at 410, 472, and 510cm~! are assigned to the
Bi-O bending vibrations in BiOg units [15] and the band around
472cm~! may be ascribed to bending vibrations of the bonds
(Bi-O-W) [14]. The shoulder around 600 cm~! is assigned to the
stretching vibration in the BiOg units [17]. The band at 709 cm~!
is assigned to Ge-O-Ge stretching vibration in GeOg units while
the band at 745 cm~! identified as due to Ge-O bonds vibrations
in GeO4 units [18-20]. The shoulder at 935cm~! and the weak
shoulder at 844 cm~! corresponding to the vibration of WOs3 (Us of
WO, and vas of WOg, respectively) [15]. The band at 1015 cm™! is
assigned to the Ge-0 stretching vibrations in GeO4 units [21]. The
band at about 1103cm~! can be due to the Bi-O-Bi or Bi-O-Ge
linkage vibrations [22]. Infrared absorption band was observed at
1103 cm™! in the present glass samples, and it was attributed to
the linkage vibration of Bi-O-Ge or Bi-O-Bi. With the WO3 con-
tent increases, these bands shifted to higher wavenumber, thus
indicating that WO3 caused changes in the glass network. This
represents the substitution of BiOg octahedral by WO, tetrahe-
dra. The Bi-O-W linkages are expected to form from the Bi-O-Bi
and W-0-W species, because both bismuth and tungsten ions have
comparable electronegativity values (2.02 and 2, respectively) and
can therefore substitute for each other in bonding with oxygen
atoms. Although, it can be seen from Fig. 1 the intensity of the bands
at 472 and 745 cm~! decreases while the broadening of this band
increase. These bands correspond to the Bi-O bending vibrations
in BiOg units and Ge-0 bonds vibrations in GeO4 units in the glass,
respectively. This result can be associated to changes in the coor-
dination of Ge atoms, from four to six, in the glass samples [23].
It is clear from Fig. 1 that the relative intensity of the shoulder
band 935 cm~! decreases with respect to the prominent band at
371cm~! as WO3 content increases. This result indicates that the
W ion coordination state changes from fourfold coordination WO4
to sixfold coordination WOg. On the other hand, there is increase in
the relative intensity and broadening of the two bands around 1015
and 1103 cm~!, which ascribed to stretching vibrations in GeO4
and the linkage vibration of Bi-O-Ge and/or Bi—O-Bi units, respec-
tively, with increase WO3 content in the glass matrix, which can
be due to the contribution of the vibrations of W-0 bonds of WOg
units.

3.3. Optical properties

Fig. 2 shows the UV transmittance and reflectance spectra for
glass samples containing 2, 5 and 10 mol% WOj3 in the wavelength
range 190-1100 nm. From this figure it is found that the visible
transmittance of the samples decreases and the positions of the
A¢ shift towards red when tungsten increases. This shift to higher
wavelength can be attributed to the increase in the non-bridging
oxygen, which in turn gives rise to a decrease in bridging oxy-
gen. Since non-bridging oxygen are bonded to only one framework
cation and bridging oxygen are bonded to two network cations.
The UV transmittance and reflectance spectra of present glass sys-
tem exhibit a weak band in the region 800-1000 nm reveal the
presence of W>* in addition to W%* jons. This broad visible band
is assumed to be due to the excitation of the W>* ion from by (xy)
ground state with crystal field parameters around A = 16,000 cm™!
and §=13,000cm~! [24]. Two optical excitations were predicted
starting from this ground state, but because of the strong inter-
valence charge transfer transition between W>* and W®* ions, the
two bands could not be resolved in the spectra of studied glasses
[5]. They further assumed that the lower intensity and half width
of the identified band observed suggested that the concentration



S.M. Salem et al. / Journal of Alloys and Compounds 513 (2012) 35-43 37

0.5
x=2 mol%
x=5 mol% T 1030
x=10 mol% ’
0.4
3 s —0.25 .
= . ~ Q
g —0.20
S 021 &
& R
o1k 40.15
0.0 T T 0.10
500 600 700 800 900 1000 1100

Wavelength nm

Fig. 2. The transmittance and reflectance spectra for the studied glasses.

of W* ions in this system is relatively low. According to Lambert’s
absorption law, the absorption coefficient as a function of attenu-
ation factor, n, and the thickness of the glass sample, t, is defined
as:

n(A) = exp[—a(A)t] (1)

A way of data reduction based on an iteration method is used
to calculate 1 and the optical constants n and k from the over-
all reflectance R(A) and transmittance T(A) of the glass samples.
The optical absorption coefficient, ¢, which is the relative rate of
decrease in light intensity along its path of propagation, Fig. 3 shows
aplotof o as a function of wavelength for the glass system. The opti-
cal absorption coefficient « of the studied glasses can be evaluated
from the optical transmittance, reflectance, and the thickness of the
sample t as:

o= [H In [“ ;R)} 2)

The UV-absorption edges of the studied glass are not sharply
defined which characterizes the glassy nature of samples. The
absorption coefficient « as a function of the photon energy (hv)
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Fig. 3. The absorption coefficient « as a function of wavelength and inset, the rela-
tion between Ina cm~! and photon energy eV for the studied glasses.

for direct and indirect optical transitions, according to Pankove is
given by [25]:

(e(v)hv)P = A(hv — Eg) (3)

The exponent p determines the type of electronic transitions caus-
ing the absorption and takes the values 1/2, 2/3, 2 and 1/3 for
indirect allowed, direct forbidden, direct allowed and indirect for-
bidden transitions, respectively, and A is a constant related to the
extent of the band tailing [26]. The values of optical band-gap
energy Eg can be obtained by extrapolating the absorption coeffi-
cient tozero absorptionin the (chv)P against photon energy hv plot
as shown in Fig. 4. The energy of the optical band gap was evaluated
for the glass samples at different values of P and listed in Table 2. As
seen in Table 2 the obtained values of the optical gap are changing
according to the selected value of the exponent P. Moreover, the
change in the value of the regression factor does not really decide
which value of P is better to be selected. Therefore, Eq. (4) may
be rather used only for the determination of the type of conduc-
tion mechanism, and E; itself should be determined using another
parameter the imaginary part of the dielectric constant, &, by which
the exact value of exponent can be selected. The value of optical
band gap is observed decreasing with the increase of WOs for any
value of P. Urbach and optical band gap energy could be explained
in terms of the structure of the prepared glasses. Tungsten ions
may be inserted in the bismuth-germanium-tungsten chains that
lead to a more ordered glass matrix. Therefore, the introducing of
WO3, which acts as network intermediate modifier to the glasses,
increases the connectivity of the network and hence Urbach energy
and optical energy gap in present glasses are smaller than the val-
ues of Urbach and optical energy for anther glasses. On the contrary,
Urbach energy increase and the optical energy gap decreases with
increasing WO3 concentration.

The values of refractive index were estimated
n=(1+RY2)/(1=RY2), R is reflectivity of the sample in the
transparent region of glasses studied [17]. Fig. 5(a) and (b) shows
the extinction coefficient, and refractive index as a function of
wavelength for the glass system, the extinction coefficient is the
imaginary part of the complex index of refraction, which also
relates to light absorption. It is clear that, the refractive index n as
shown in Fig. 5(b) decreases with increasing the wavelength of the
incident photon, and on the contrary increases with the increase in
the WO3 content. Thus, the dependence of the refractive indices on
the WO5 content of the studied glasses can be explained as follows.
According to the Lorentz-Lorenz [27] equation, there are some
factors influences the increase of the refractive index such as, the
coordination number, Z, of the studied glasses. Introducing W03
causes as discussed previously, the increase in the coordination
number of the glasses [28]. Also, the creation of NBOs creates more
ionic bonds which manifest themselves in a larger polarizability
over the mostly covalent bonds of bridging oxygen providing a
higher index value. The complex dielectric function describes the
interaction of electromagnetic waves with matter. It reflects by
that interaction the underlying molecular mechanism [29]. The
complex dielectric, &, constant components of a material in terms
of the optical constants n and k are given as:

g1 =n®>—k* and &, =2nk (4)

where ¢ and ¢, are the real and imaginary part, respectively.
Fig. 6(a) shows the real part of the dielectric constant, €1, versus
the photon energy hv for the present glass samples. For all sam-
ples the dielectric constant shows an exponential steady increase
with photon energy and with the increase of the concentration of
WOs. This means that the free carrier concentration of the different
glass compositions change in the same way with the change in W03
content, which is consistent with the increase of the glass index of
refraction with increasing WOs. Fig. 6(b) shows the imaginary part
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Fig. 4. The relation between (a¢hv)P against photon energy hv where p=1/2, 2/3, 2, and 1/3 for the glass system.

of the dielectric constant, £;, versus the photon energy for the stud-
ied glass system, the fundamental absorption band which could be
determined from the measurements of reflectivity at normal inci-
dence [26]. The absorption band is obtained when the imaginary
part of the dielectric constant is plotted as a function of photon
energy. The behavior of ¢, and n suggests that hole exchanges are
in the local displacements of electrons or holes in the direction of
the electric field, which then cause polarization. On a comparison
of the optical energy gap values obtained from the transmittance
and reflectance spectra in the case of indirect allowed transition
are in good agreement with the values estimated from the dielec-
tric measurements €,, however, the type of electronic transitions
in the present glass system is indirect allowed. The refractive index
variation with respect to photon energy could be obtained from the
following relationship, based on the single oscillator approximation
suggested by Wample [30]:

_ E4E
B2 -E?]
where n is the refractive indices at a specific wavelength, E=hv is

the photon energy, E, is the average electronic energy gap for tran-
sition and Ej; is the electronic oscillator strength. E, and E; can be

n? -

(5)

Table 2

determined from the linear fit of 1/(n? — 1) versus E2 (see Fig. 7).
The values of E, and E; were listed in Table 2. It is clearly seen
from this table that the average electronic energy gap E, decreases
as WOs increase. The lack of crystalline long-range order in amor-
phous or glassy materials is associated with a tailing of density of
states [31]. At lower values of the absorption coefficient, the extent
of the exponential tail of the absorption edge characterized by the
Urbach energy and it is given by:

a(hv) = ay exp (h—u)

E;
where o, is a constant, E; is the Urbach energy which indicates the
width of the band tails of the localized states. The optical absorp-
tion coefficient just below the absorption edge shows exponential
variation with photon energy indicating the presence of Urbach’s
tail. From the curves of In(«), against photon energy, hv, the Urbach
energy is calculated for the glass taking the reciprocals of the slopes
of the linear portion in the lower photon energy of these curves, see
inset of Fig. 3. The values of E; for different compositions are listed
in Table 2. The exponential dependence of the optical absorption
coefficient with photon energy may arise from the electronic tran-
sitions between the localized states, which have tailed odd in the

(6)

Optical energy gap values E; obtained for different types of transitions and Eg from &5, E;, average oscillator energy for electrons E,, dispersion energy parameter Eg4, respectively,

for the studied glasses.

Xmol% p=1/2 p=2 p=2/3 p=1/3 Eg— &2 E, E, Eq am (A) M
2 1.61 2.31 1.78 0.93 1.75 0.045 2.85 6.06 41.41 0.45
5 1.44 2.24 1.61 0.48 1.53 0.047 2.82 7.23 43.18 0.43

10 0.86 2.08 1.24 0.21 0.85 0.067 2.80 10.79 49.47 0.35
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wavelength for the glass system.

band gap. The density of these states falls off exponentially with
energy, which is consistent with the theory of Tauc [31]. However,
the exponential dependence of the optical absorption coefficient
on energy might arise from the random fluctuations of the internal
fields associated with the structural disorder in many materials.
The values of E; and Eg for indirect allowed transition as shown
in Table 2, the Eg decreases while E; increases with an increase
in WO3 content. The behavior of E; and E; versus WO3 content
can be attributed to the structural changes that are taking place in
the studied glass system. According to the FT-IR analysis, germa-
nium and bismuth have more than one stable configuration [32,33].
The relation between the refractive indices, molar volume and the
molar refraction Ry, is given by [34]:
2 2
Ry = [(n* — 13//(n +2)] 7)
m

where R=(n2—1)/(n2+2) is known as the reflection loss and n
is the refractive index. The molar refraction is proportional to
the molar electronic polarizability of the material, om, accord-
ing to the relation oy =(3/47N)Ry, where N is the number of
polarizable ions per mole [34]. The increase in molar refraction
and the increase in refractive index accompany the increase in
polarizability. According to the theory on metallization of the con-
densed matter proposed by Herzfeld, the necessary conditions
for predicting the non-metallic nature of the solid are: Ry [V > 1
(metal) and Ry /Vin <1 (non-metal) [35]. The difference from unity
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M=1—(Rm/Vn) is called metallization criterion [36]. The obtained
values of oy, and M are listed in Table 2.

3.4. Dielectric properties

The variation of the dielectric constant as a function of temper-
ature at 1kHz for the glass samples containing 2, 5 and 10 mol%
WOs are depicted in Fig. 8(a). From this figure it can been that the
dielectric constant ¢’ increases with increase of temperatures and
WO3 content. The variation of the dielectric constant as a function
of temperature at various frequencies (120 Hz to 100 kHz) for the
sample containing 10 mol% WOs5 is shown in Fig. 8(b). The dielec-
tric constant (Fig. 8(b)) becomes larger at lower frequencies and at
higher temperatures which is normal in oxide glasses and is not an
indication for spontaneous polarization [37,38]. This may be due
to the fact that as the frequency increases, the polarizability part
from ionic and orientation sources decreases and finally vanishes
due to the inertia of the ions. At low temperatures, the contribution
of electronic and ionic components to the total polarizability will
be small. As the temperature is increased the electronic and ionic
polarizabilities sources start to increase [38,39].

The variation of the dielectric loss (tand) as a function of tem-
perature at various frequencies (120 Hz to 100 kHz) for the sample
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Fig. 9. Variation of dielectric loss tané with temperature at different frequencies
for sample x =10 mol%.

containing 10 mol% WOs3 is shown in Fig. 9. The value of tan§ is
found to increase with increase in temperature especially at higher
temperatures and at lower frequencies. It should be noted from
this figure that tan § at low frequency increases, where dc conduc-
tivity dominates. The frequency dependence of tan§ is associated
with losses by conduction or movement of charge carriers through-
out the glass network, creating conduction losses. Consequently,
dielectric losses for samples with higher electrical conductivity are
higher than for the samples having low electrical conductivity. The
increase in dielectric constant (&’) values with increasing WO3 con-
tent could be attributed to charge transfer transition between W>*
and W6* ions. Such tendency suggests that tungsten ions occupy
octahedral positions, crosslink decrease with the other structural
units and decrease the rigidity of the glass network. In other words
such cross-linkages decrease the concentration of free charge car-
riers that would build up space charge polarization.

3.5. Electrical conductivity

The understanding of the conductivity is often used to conclude
information regarding the dynamic behavior of ion conducting
materials. The low frequency spectra of conductivity are fre-
quency independent and are illustrated as dc conductivity. The
temperature dependence of the dc conductivity gives informa-
tion about the long time ion dynamics and it is well described by
the Arrhenius law, reflecting the activated nature of ionic hopping
processes. At high frequencies, the conductivity becomes strongly
frequency dependent, varying approximately as a fractional power
of frequency. The frequency dependent electrical conductivity oac
increases approximately linearly with angular frequency w up to
108 Hz [40]:

O = Oac + 0qc =A(1)S+O'dc (8)

where o 4. is the frequency-independent component, A is a temper-
ature dependent constant, sis the frequency exponentand o ,c =Aw’
represents ac or dissipative contribution to the total conductivity,
which depends on frequency, temperature and composition of the
sample.

3.5.1. DC conductivity, o 4.

The reciprocal temperature dependence of the DC conductivity,
O 4o for glass samples containing 2, 5 and 10 mol% WOj3 are shown
in Fig. 10. From this figure it can be seen that o4 increases with
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Fig. 10. A comparison plot of variation of (In o4.) with (1/T) for the studied glasses.
Inset variation of (Ino4.) and Wy, as function of composition.

increase in temperature, indicating the semiconducting nature
of the present glasses within the studied range of temperature
(320-762K). The variation of o4. was also observed to be a ther-
mally activated process and is due to the hopping of polarons
between the multivalent states of transition metal ions in the glass
matrix [41]. The temperature dependence of both pure DC and
AC conductivities has been considered in the light of Mott’s small
polaron hopping model. The electrical conductivity in the non-
adiabatic regime is expressed as [42]:

o (%) ()

where W is the activation energy and oy is the pre-exponential
factor, k is the Boltzmann constant and T is absolute tempera-
ture. This is likely to facilitate greater mobility of ions resulted
an increase in conductivity and decreases the activation energy.
The average distance R between tungsten ions is calculated as
R=(1/N)'/* where N is the concentration of tungsten ions per unit
volume (Table 1). Using the values R, the polaron radius ry is esti-
mated as rp =R/2(7r/6)'/3 for a non-dispersive system. The possible
effect of disorder has been neglected in the above calculation; the
small values of polaron radii suggest that the polarons are highly
localized [43]. Inset of Fig. 10 shows the plot of activation energy,
W and electrical conductivity at fixed temperature 325K, as a func-
tion of WO3 content. It is observed that as the WO3 content increase
the activation energy of conduction decreases. Such a behavior is
characteristic of SPH in this system [42]. From Inset of Fig. 10 it
can be seen that the conductivity increases with increase in W03
concentration such behavior is likely to arise due to the structural
changes occurring in glass network. In the present glass system,
the effective of modifier concentration Li;O and WOs5 leads to the
reconversion of the structural units of BiO3, GeO4 to BiOg, GeOg
units. Due to the creation of non-bridging oxygen, the openness of
the net work results in the weakening of the structure.

3.5.2. AC conductivity, ogc

The reciprocal temperature dependence of the total conductiv-
ity o, at 1 kHz for glass samples containing 2, 5 and 10 mol% WO3
are shown in Fig. 11. The reciprocal temperature dependence of the
total conductivity o as a function of frequency (120 Hz to 100 kHz)
for the sample containing 10 mol% WOs is shown in Fig. 12. The val-
ues of AC activation energies W obtained for the samples from the
slope of Ino(w) versus (1/T). The increase of applied field frequency
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Fig. 11. A comparison plot of variation of In(o) with 1/T measured at 1kHz for
the studied glasses. Inset variation of In(o) and activation energy W as function
of composition.

enhances the electronic jumps between localized states, and con-
sequently, the activation energy W decreases, which confirms the
hopping conduction between the defect centres around Fermi level
to be a dominant mechanism of conduction. This means that o(w)
at high frequencies is not thermally activated in a relatively wide
range of temperatures. On the other hand, at lower frequencies and
higher temperatures, the AC conductivity is temperature depen-
dent, similar to that of DC conductivity. The activation energy is
found to decrease while the conductivity increases with increase
in WO3 content as shown inset of Fig. 11. Because, the conduc-
tivity is associated with increase in the concentration of mobile
electrons or polarons, indicating an increase in the concentration of
W?>*03~ complexes in the studied glasses that act as modifiers [2].
On the other hand, activation energy decrease while the conduc-
tivity increases with the increase of WO3 at the expense of Bi; 03
in the glass matrix can be identified by the structural changes in
the studied glass system. The frequency exponent, s determined
from the slopes of In o versus Inf plots as shown in (Fig. 13(a)), for
the present glasses. In the correlated barrier hopping (CBH) model
the bipolaron has been proposed to interpret the frequency depen-
dent conductivity. This model was successful in explaining many

O 0.12KHz
-12 o 1 KHz
A 10 KHz
v 100 KHz
x=10 mol%
_ -14
=
IC} A\VAVAY/
B -16
£ YAVAVA\
-18 0 Coop0 009
ljaaanas n
1 " 1 " djI DDDD
0.0016 0.0020 0.0024 0.0028
(/T K"

Fig. 12. Plots of In(o) versus 1/T for x=10 mol%, at different frequencies.
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Fig. 13. (a) The plot of In(o,¢) versus In(f) for the studied glasses. (b) Temperature
dependence of frequency exponent, s, for the studied glasses.

temperature dependent conductivity results at low temperature.
However, it does not explain the high temperature behavior par-
ticularly in the low frequency range. This theory was extended to
high temperature by assuming a single polaron hopping [44], where
it produces more satisfactory results. In this respect ac conductivity
given for correlated narrow-band limit for random sites and single
polaron hopping [40] as:

Oac(w) = (21—4) 713808/(1)(%)6 (10)

the hopping distance R,, =e?/me,&'[Wum — KTIn(1/wt,)], where e is
the electronic charge, €’ is the dielectric constant, &, is the dielectric
constant of free space, W), is the maximum barrier height, 7, is the
Debye relaxation time [45], and K is the Boltzmann constant. On the
contrary, the frequency dependent conductivity in the CBH model
can be expressed in terms of the frequency exponent s, by:

6KT

S=1- [Wy — KT In(1/w1,)]

(11)

The CBH model electrons in charged defect states would hop over
the coulombic barrier of height W, given as; W= W), — [ye?/mg,6R],
where y is the number of electrons to hop y=1 for single polaron
case and y=2 for the bipolaron case, and e the electronic charge.
Fig. 13(b) displays the temperature dependence of frequency

exponent, s, it is noted that s decreases with increase the tem-
perature [2]. This suggests that the correlated barrier hopping
conductivity (CBH) is dominant in ac conductivity mechanism of
the studied glass system.

4. Conclusions

From the present study of (65 — x)Bi, O3—15Li, 0-20Ge0,-xWO3
(where x=2, 5 and 10 mol%) glasses it is observed that the struc-
tural units of BiOg, GeOg and WOg increase with the increasing
of W03 content. The changes in density and molar volume with
WO5 content have been discussed in terms of changes in the glass
structure. The optical band gap E; for all types of electronic transi-
tions decreases with increase in WO3 content due to an increase in
the concentration of non-bridging oxygens. The optical energy gap
obtained in the case of indirect allowed transition Eg = 0.86-1.61 eV
which are in good agreement with the estimated values from
the imaginary part of dielectric measurements Eg=0.85-1.75¢eV.
Therefore, the type of electronic transitions in the present glass
system is indirect allowed, and the present glasses behave as indi-
rect gap semiconductors. The high values for the refractive index
and dispersion are recorded due to the high polarizability of bis-
muth and tungsten ions. The increase in dielectric constant and
loss (¢’ and tand) values with increasing WO3 content could be
attributed to charge transfer transition between W>* and W6* ions
and that tungsten ions occupy octahedral positions. The DC and
AC conductivity increased and activation energies decreased with
increase of WO3 content. Based on these results it is concluded that
tungsten ions, enhances the electronic and ionic motion. The tem-
perature dependence of frequency exponent, s, has been explained
by correlated barrier hopping model CBH.
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