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a b s t r a c t

The ac conductivity of tellurium based quaternary glasses having composition 60 TeO2 e 10 ZnO e

(30 � x) B2O3 e xBi2O3; x ¼ 0, 5, 10, 15 and 20 has been investigated in the frequency range 10�1 Hz to
105 Hz and in the temperature range 483 Ke593 K. The frequency and temperature dependent ac
conductivity increase with increase in bismuth content and found to obey Jonscher's universal power
law. The dc conductivity, crossover frequency and frequency exponent have been estimated from the
fitting of the experimental data of conductivity with Jonscher's universal power law. In the studied
glasses the ac conduction may be described by overlapping of large polaron tunneling model. The
activation energy is found to be decrease with increase in bismuth content and variable range hopping
(VRH) proposed by Mott with some modification suggested by Punia et al. is more or less suitable to
explain dc conduction. The value of the stretched exponent (b) obtained by fitting of M00 reveals the
presence of non-Debye type of relaxation in the presently studied glass samples. Scaling spectra of
electric modulus (M0 and M00) collapse into a single master curve for all the compositions and temper-
atures. The values of activation energy of electric modulus (ER) and conduction (W) are nearly equal for
all the studied glasses, indicating that the polaron have to overcome the same energy barrier during
conduction as well as relaxation processes. The conduction and relaxation process in the presently
studied glass samples are composition and temperature independent.

© 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

Heavy metal oxide glasses such as TeO2, Bi2O3 etc. have been
studied extensively in the recent years [1e4] due to their wide
applications in the field of glass ceramics, layers for optical and
electronic devices, thermal and mechanical sensors, reflecting
windows, etc. [5e9]. TeO2 based glasses have low melting tem-
peratures, high dielectric constant, and good infra red trans-
missions [10e13], whichmakes them suitable candidates for awide
range of applications such as optical materials used in laser tech-
nology [14,15] and fast-ions conducting solid electrolytes [16,17].
Glasses containing Bi2O3 and ZnO have a long infra red cut off and
third order non linear optical susceptibility which make them ideal

candidate for application as infra red transmission components and
photonic devices [18,19]. Addition of heavymetal oxides (like Bi2O3,
Nb2O3) to tellurite glasses enhances both the physical and optical
properties of these glasses and addition of ZnO to tellurite glass
network increases the stability of glass network and glass forming
ability [20,21]. The temperature dependence of conductivity of
tellurite glasses has been found to show the characteristic transi-
tion between conduction in a polaron band and due to hopping
[22,23]. The conductivity in these glasses depends on number of
mobile charge carriers and their mobility [24]. The electronic
transport properties of TeO2 e Bi2O3, TeO2 e V2O5 e Bi2O3, TeO2 e

ZnO, Bi2O3 e B2O3 e ZnO and other tellurite based glass system
have been studied by many researchers [25e30]. But, there is
hardly any report in literature on systematically composition and
frequency dependent ac conductivity, scaling behavior, electric
modulus formulation and conductionmechanism of TeO2e Bi2O3e

B2O3 e ZnO glass system.
In the present study, we report the ac conductivity, dielectric
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properties, electric modulus formulation and relaxation studies of
the tellurium based quaternary glasses using impedance
spectroscopy.

2. Experimental

Glasses having compositions 60 TeO2e10ZnOe (30� x) B2O3e

xBi2O3; x ¼ 0, 5, 10, 15 and 20 were prepared using analar grade
ZnO, Bi2O3, B2O3 and TeO2 chemicals by melt-quench technique.
The detailed discussion of preparation of studied glass system is
reported elsewhere [1]. X-ray diffraction studies of the samples
performed using Rigaku Table-Top X-Ray Diffractometer confirm
the amorphous nature of these samples. The values of glass tran-
sition temperature (Tg) of different samples were measured by DSC
technique using T A Instruments, Model no. Q600 SDT, at a heating
rate 10 �C/min in nitrogen atmosphere. The glass samples were cut
and ground to get rectangular shapes with thickness about 1 mm
and their surfaces were polished. For electrical measurements, both
sides of the polished samples were coated with silver to serve as
electrodes. Conductivity measurements were carried out by using
Alpha-A high resolution dielectric, conductivity, impedance, and
gain phase modular measurement system by Novocontrol Tech-
nologies GmbH& Co. KG in the frequency range of 10�1 Hz to 105 Hz
and temperature ranging from 483 K to 593 K. The fitting of
experimental datawas done by using linear fit and non-linear curve
fitting modules of Origin Pro 8.6 software.

3. Results and discussion

The ac conductivity of different glass compositions of 60 TeO2 e

10ZnOe (30� x) B2O3e xBi2O3; x¼ 0, 5, 10, 15 and 20 glass system
recorded in temperature range 483 Ke593 K and frequency range
10�1 Hz to 105 Hz show similar frequency and temperature
dependence. The frequency dependent conductivity goes on
increasing with increase Bi2O3 content in studied frequency range
at any particular temperature, a typical compositional variation of
s0(u) with frequency at 553 K is shown in Fig. 1.

The frequency dependent conductivity is characterized by two
regions: (i) plateau region and (ii) dispersion region as observed for
various other oxide glasses [24e28].

The ac conductivity s0(u) of the studied glass system is analyzed
in the light of Jonscher's Universal Power Law [31,32].

s0ðuÞ ¼ sdc

�
1þ

�
u

uH

�s�
(1)

where sdc is direct current (dc) conductivity, uH is crossover fre-
quency separating dc regime (plateau region) from the dispersive
conduction and s is frequency exponent that lies between 0.7 and 1
[31,33]. The values of sdc, uH and s are obtained by the fitting of the
experimental data of s0(u) measured at different temperatures
with Eq. (1). As shown in Fig. 2, the experimental data fitted with
Jonscher's universal power law (Eq. (1) gives very good fitting with
best parameter fit, R2, in the range 0.9995e0.9998. Jonscher's
universal power law is observed to be obeyed in all the presently
studied glass compositions indicating that the ac conduction in the
present glass systemmay be attributed to hoppingmechanism [31].

The conductionmechanism in anymaterial could be understood
from the temperature dependent behavior of frequency exponent
(s). Various models based on classical hopping of charge carriers
over barrier, quantum mechanical tunneling and the overlapping
large-polaron tunneling [24,34e39], have been proposed on the
basis of variation of frequency exponent with temperature and
frequency.

(i) If s decreases with temperature then it follows correlated
barrier hopping (CBH) conduction mechanism [40].

(ii) If s depends upon frequency but is in dependent of temper-
ature then the conduction mechanism can be explained by
the quantum mechanical electron tunneling theory [40].

(iii) If s increases with increase in temperature, then the con-
duction process can be explained with the small polaron
quantum mechanical tunneling theory where as if s de-
creases at first, reaching a minimum and increases thereafter
with increase temperature then it can be explained by large
polaron quantum mechanical tunneling model [40].

The temperature dependence of frequency exponent (s) ob-
tained from the fitting of experimental data with Eq. (1) is found to
be lying between 0.7 and 1 in the studied range of temperature. For
the presently studied glass system, frequency dependence of s has
not been observed in the studied frequency range, so temperature
dependence of frequency exponent plays a key role in estimation of
conduction mechanism. In studied tellurium based quaternary
glasses, s first decreases and attains minima and then after, it

Fig. 1. Compositional variation of total ac conductivity s0(u) of 60 TeO2 e 10ZnO e

(30 � x) B2O3 e xBi2O3 glass system at 553 K.

Fig. 2. Measured total ac conductivity (s0) for 60 TeO2 e 10ZnO e (30 � x) B2O3 e

xBi2O3 glass composition shown as function at twelve different temperatures. The solid
lines in the figure are the best fits obtained from fitting of experimental data with
Jonscher's power law.
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