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Dielectric properties and polarizability of
molybdenum tellurite glasses

R. A. EL-MALLAWANY, L. M. SHARAF EL-DEEN, M. M. ELKHOLY
Physics Department, Faculty of Science, Menoufia University, Shibin El-Kom, Egypt

The dielectric behaviour of the [TeO;];-x[Mo0Os],, x = 0.2, 0.3 and 0.45 mol %, glassy
system is reported for the temperature range 300-573 K and the frequency range of
0.1-10 kHz. Both the static and high frequency dielectric constants for these binary tellurite
glasses decrease with increasing MoO; content. The temperature dependence of the
dielectric constants of these glasses are positive. The frequency dependence of the dielectric
constant identifies a frequency dependence which does not show a flattening at low
frequency. The room temperature static dielectric polarizability is discussed in terms of the
MoO; concentration. The temperature dependence of the dielectric constant has been
analysed in terms of the temperature changes of both volume and polarizability and also

a volume change of the polarizability.

1. Introduction

Our interest in the electrical properties of transition
metal (TM) tellurite glasses is due to the reports of
TeO,-WQ,; glasses behaving as n-type semi-
conductors [1-3]. The semiconducting behaviour
arises from electron transfer of an unpaired d-electron
of the transition metal ion (TMI) in a low oxidation
state [1]. The measurements of the low (static) and
high frequency dielectric constants of pure TeO, [2]
and TeO,-WOj; glasses in the temperature range of
77-300 K were discussed in terms of the molar polar-
izabilities of the glasses. The most important para-
meters of the charge transfer process in these glasses
were calculated [3] as being:

(1) In the high temperature region: hopping, disorder
energies, the number of ions per unit volume, the
polaron radius and the polaron separation distance.

(i) In the intermediate temperature region: the elec-
tron coupling coefficient, the number of polarizable
atoms per unit volume and the polarizability of these
atoms.

(i) In the low temperature region: wave function
decay of the electron and density of states near the
Fermi energy level.

A study of the dc¢ conductivity of a range of
TeO,-MoO; glasses has been reported [4]. In addi-
tion we have reported an analysis of the ac conduc-
tivity of the present glass system [5].

The aim of the present study is to measure and
analyse both the frequency and temperature depend-
encies of the dielectric constant and polarizability
of [TeO,]; _[Mo00O;], and the effect of MoQO;
additions on these parameters.

2. Experimental
In this investigation glass samples of [TeO,];_x
[MoO,], were prepared for x values of 0.2, 0.3, and

00222461 © 1996 Chapman & Hall

0.45mol %. The glasses were prepared by mixing
TeO, and MoO; in an alumina crucible. In order to
reduce volatization the mixtures were calcined at
400 °C for 1 h. The crucible was then transferred to the
melting furnace at a temperature determined by the
composition of the sample. The melt was cast at room
temperature into a steel split mold and annealed at
300°C for 1 h. The amorphous nature of the samples
was confirmed from X-ray diffraction (Shemadzu
X-ray diffractometer model XD-3). The densities
of the prepared samples were measured using the
Archemides principle. The dielectric measure-
ments were performed on disk shaped samples of
diameter = 0.1cm and thickness = 04 cm that
were cut and polished using a fine Al,O5 lapping
powder, (0.1 um particle size). Silver electrodes
were coated on both faces of the samples. The dielec-
tric constant was measured using the method dis-
cussed elsewhere [6].

3. Results and discussion

The experimental results on the temperature and fre-
quency dependence of the measured dielectric con-
stant, g, for the prepared samples over the temperature
range (300-573K) and the frequency range (0.1-
10 kHz) are presented in Fig. 1(a—c). These measure-
ments showed that while & was almost frequency and
temperature dependent, it was noticeably affected
by the molybdenum concentration, as is shown in
Figs 1(a—c) and 2(a—c). The low frequency region can
be used to obtain the value of the static dielectric
constant g (zero frequency). The experimental results
will be discussed in terms of, frequency, temperature
and composition. Firstly, the dielectric constant of
these transition metal tellurite glasses decreases with
increasing the percentage of MoQO; in the glass. For
example, g decrease at room temperature from 9.8 to
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Figure ] The dielectric constant as a function of frequency at the
temperature; ((1) 15°C, (A) 30°C, (&) 50°C, (3¢) 70°C, (+) 100°C,
(x) 130°C, (x) 160°C and (%) 190°C for the glasses (a) 80%
TeO,-20% MoO;, (b) 70% TeO,-30% MoO; and (c) 55%
TeO,-45% TeO,.

6340

16 -

1 0
Jay
w

|4

+

0 L L L LR B L L AL L L LR R L L L L LB L L L LA

0 50 100 150 200
(a) Temperature (°C)

Dielectric constant
o

TS N T N T O A IV B A B A I

10

Dielectric constant
~Jd
paareaaeadaecaananabaavaasnslrannuraanlerpaenenabonunraaes

4 e

0 50 100 150 200
(b) Temperature (°C)

10

Dielectric constant

(=]
IEETERTTRRARENA AR UEN NI RN NNN AR RN A AR PR RN A RN AT

3 ‘e

0 50 100 150 200
(c) Temperature (°C)

Figure 2 The temperature dependence of the dielectric constant
measured at frequencies of: ([J) 0.2 kHz, (A) 0.4 kHz, (&) 0.6 kHz,
(+%) 1.0 kHz, (+) 40kHz and (x) 10 kHz on samples of (a) 80%
TeO,-20% MoOQ;, (b) 70% Te0,-30% MoO; and (c) 55%
TeO0,-45% MoOs,.



7.5 to 5.5 for MoO, = 20, 30, and 45 mol % respec-
tively. The dielectric constant has a negative de/df, and
a positive dg/dT depending upon the percentage of
MoOQOj;.

Whilst the data clearly shows that the dielectric
constant decreases with increasing molybdenum con-
tent, it is not clear what causes this decrease. Two
potential reasons can be identified by making use of
the macroscopic Clausins—Mosotti equation
g, — 1 4noaNsp

g + 2 IM

(1)

g

where, o, p, M,, and N, are the static polarizability,
the density, the molar weight, and Avogadro’s num-
ber, rtespectively. An increasing concentration of
MoQ; can affect either o or p/M. A plot of
(es — 1)M,/(e, + 2) against p (Fig. 3) should give
a straight line of gradient 4no/3, if the effect of molyb-
denum is to alter p/M,. Unfortunately in the present
studies we observe a nonlinear relationship in Fig. 3
which means that o has a real effect which produces
these nonlinear results. This suggests that the MoO;
does not alter the polarizability of TeO,. A useful check
for this would be to examine the position of pure
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Figure 3 Plot of [(e — 1)/(e + 2)] M, against density for a series of
TeOQ,-MoO; glasses. The glasses shown are: (#) pure TeO, [2], (A)
TeO, 80% TeO,-20% MoO,, (A) 70% TeO,-30% MoO; and ()
55% TeO,-45% MoOs.

TeO, [2]. The reduction of the dielectric constant for
higher MoO; contents is due to a hopping process
between TM atoms [5] rather than polarizing. Table I
summarizes the static dielectric constants at room
temperature for the tellurite glasses containing differ-
ent MoOj contents and for comparison purposes data
for the TeO,~WO; glasses is also listed. The con-
clusion of a hopping process operating in these sys-
tems can be confirmed from Fig. 4, which shows the
variation of static dielectric constant and dc electrical
conductivity at room temperature for different
TeO,-MoQ; glasses [4]. It is clear that a high MoO;,
content increases the electrical conductivity due to the
higher number of TM ions in the glass which produces
easier conditions for electron hopping and decreases
the electrical polarizability. Fig. 5 shows a compari-
son between the static dielectric constant of pure
TeO, glass [2] and the binary tellurite glasses
TeO,-WO; [2] and TeO,—MoO;. The WOj slightly
decreases ¢, from 20.1 to 17.8, while MoO, decreases
g, to approximately half of the value for the pure TeO,
glass for the same mol % of modifier. This reduction in
g, closely agrees with the values of the dc electrical
conductivity of both glass systems o4 (TeO,-
MoQO;)=99x10"2Q tem ! [4], o4 (TeO,-
WO;)=72x10"*Q 'cm ' [1]. Both the TM ions
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Figure 4 The static dielectric constant (290 K) as a function of
molybdenum content and the static electrical conductivity of
TeO,-MoO; glass system.

TABLE I The composition, frequency and temperature dependence of the static dielectric constant of TeO,-MoO; glasses and other

selected vitreous tellurite glasses

(a— 1) 1073 de/dT
M, S Ak
e+ 2 e—DE+2

Glass Density g at de/df de/dT

(gm cm ™3 290 K (Hz™ Y (x1073*K™!
TeO, [2] 5.101 20.1 —62x1077 8.2 137.9 1.90
(TeO,)o.5—(M0Os3)o 2 5.0 [5] 12.0 —412% 1073 25 1229 17.0
(TeO,)o.7—(M0O3)0 3 4.9 [5] 7.8 ~16.6x107° 7.0 1074 11.3
(TeOs)y.55—(M0O3)0.45 4.8 [5] 6.5 —~33x1073 23 99.2 57.5
(TeO2)0.67+(WO3)0.33 5.7 17.8 —57%x1077 6.3 156.1 2.10
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Figure 5 The static dielectric constant of; (B) TeO,~MoQO; glasses,
and (@) pure TeO, and [2] (&) TeO,—WO; glasses.

prefer to be octahedrally co-ordinated however the
TeO, network only contains tetrahedral sites. The
presence of the octahedral ions inside the TeO, tetra-
hedral network creates non bridging oxygen ions
(NBOI). As the NBOI replace bridging oxygen ions in
the glass structure, the glass network is weakened,
making ion displacement easier. The weakening
of the glass structure with MoQO; substitution 1is
clear from the observed decrease in the Young’s
modulus [7]. We have quantitatively analysed
in a previous publication [8] the high values of
the elastic moduli [9] of TeO,—-WO; glasses in
terms of high values of the stretching force constant
of the W—-O bond.

The temperature dependence of the dielectric
constant at different frequencies for the TeO,-MoO;
glasses is shown in Fig. 2(a—c). This figure shows
two features of interest; namely that the variations
are linear with temperature, and also an increasing
rate of change as the frequency decreases, that is
especially true for higher MoO; content samples.
This behaviour in the TeO,-MoO; glasses has
been previously  reported for binary TeO,-WO;
glasses [2]. The present analysis will be based
on Equation 2 [10] for an isotropic material at
constant pressure.

1 de _ —1/dv
|:(8—1)(8+2) <E>p‘[¥ <ﬁ>l

v{da\ 1 [dov 1 /da
{a(z—w)'@(d—rﬂp{s—a‘<&fﬂ=/‘“”C

2

where, v is the volume and the rest of notation is
as before. The three constants 4, B, and C have the
following significance. A represents the decrease in the
number of polarizable particles per unit volume as

6342

16

14

12

10

Dielectric constant

15 20 25 30 35 40 45 50
Mo O, concentration (mol %)

Figure 6 Static and high frequency dielectric constant of binary
TeO,-MoOj; glasses, measured at; ([1) f = 0.2 kHz, T = 100°C, (A)
f=02kHz, T=190°C, (¢) f=10kHz, T=100°C and (5%)
f=10kHz, T =190°C.

the temperature increase and it has a direct effect on
the volume expansion; B relates to the increase in the
polarizability of a constant number of particles as the
available volume increases and C reflects the change
in polarizability due to temperature changes at con-
stant volume. It may be noted that the term A is
inversely related to e but both B and C are directly
related to €. It has been found that the sum (4 + B) is
always positive [9] and hence it contributes to an
increase of € with increasing temperature. However,
the factor C is negative for solids with ¢ > 10 whilst
being positive for those with & < 10. The experimental
values of [(e —1) (e +2)]7 ' (de/dT) obtained for
molybdenum tellurite glasses are given in Table I,
together with data for other selected vitreous
materials selected for comparison purposes. This
positive behaviour can be attributed to the higher
values of thermal expansion of TeO,—-MoO; glasses
as compared to TeO, glass due to the presence of
NBO atoms in the network. In addition, the increase
in polarizability with the increase in available
volume as the temperature raised is greater for
these binary glasses than for pure tellurite glasses.
The change in polarizability with temperature for
a constant volume corresponding to process C
appears to be small. Fig. 6 summarizes the behaviour
of the dielectric constant for these binary TM tellurite
glasses. It is clear that the dielectric constant for
all compositions between frequencies of 0.2-1.0 kHz
at a temperature of 190°C are higher than those of
100°C.
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