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BaTiOs-doped (5-40 wt %) 90V,0s—10Bi,0; (VB) glasses have been prepared by a quick
quenching technique. The d.c. electrical conductivities, o4, Of these glasses have been
reported in the temperature range 80-450 K. The electrical conductivity of these glasses,
which arises due to the presence of V4* and V®" ions, has been analysed in the light of the
small-polaron hopping conduction mechanism. The adiabatic hopping conduction valid for
the undoped VB glasses (with 80-95 mol % V,0s), in the high-temperature region, is
changed to a non-adiabatic hopping mechanism in the BaTiOs-doped VB glasses. At lower
temperatures, however, a variable range hopping (VRH) mechanism dominates the
conduction mechanism in both the glass systems. Such a change-over from adiabatic to
non-adiabatic conduction mechanism is a new feature in transition metal oxide glasses.
Various parameters, such as density of states at the Fermi level N(E¢), electron
wave-function decay constant, o, polaron radius, r,, and its effective mass, m#, etc., have
been obtained for all the glass samples from a critical analysis of the electrical conductivity
data satisfying the theory of polaron hopping conduction.

1. Introduction

Recently, many transition metal oxide semiconducting
(TMOS) glasses with V,05, Cu,0, Fe,03, etc., have
been studied [1-4] because of their possible applica-
tions as optical switching and memory devices [5-9],
cathode materials in battery applications [10], and
ferrites [11], etc. Among these, vanadate glasses with
glass-former oxides such as P,Os, TeO, and SiO,,
etc., have been widely studied. The pure vanadate
glasses are found to absorb moisture from the atmo-
sphere and hence are unstable. However, the vanadate
glasses formed with Bi,Os;, Sb,05, GeO,, etc., are
found to be quite stable [4, 12] and they are suitable
for technological applications as threshold and mem-
ory-switching devices [7-9]. The semiconducting
behaviour of these TMO glasses arises due to two
different valence states (e.g. V¥* and V3% in vanadate
glasses). The electrical conduction is due to the hop-
ping of electrons (or polarons) from lower to higher
valence state [13]. The effect of doping ferroelectric
(BaTiOs) or piezoelectric (ZnO) substances in TMO
glasses, such as V,0;-Bi,O; has not been well
studied. However, semiconducting BaTiO; grains,
separated from each other by insulating layers, have
been used to develop barrier layer capacitors [14].
A remarkable feature of the BaTiO;-doped
V,05-Bi,0; glasses is that their permittivity [15] is
of the order of 10* (or more depending on the BaTiO,
concentrations) which is possible when fine par-
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ticles/clusters of BaTiO; are present in the glass net-
work [16]. This behaviour of the BaTiOj;-doped
glasses is quite different from that of the pure
V,0;5-Bi,0; glasses or other TMOS glasses studied
earlier, where dielectric permittivity is comparatively
small and is not suitable for use as capacitor materials.
Therefore, it is interesting to study the electrical prop-
erties of the BaTiO;-doped glasses and to compare
them with those of the pure V,05-Bi,0; glass system.

The main objective of the present work was to
investigate the electrical properties (d.c. conductivity
denoted by o4.) of the BaTiOs;-doped 90V,05—
10B1,05 glasses for a wide range of BaTiO; concen-
trations. It was observed that the electrical conductivi-
ties of these glasses are much smaller than those of the
undoped V,05-Bi,O; glasses and can be well ex-
plained by the small-polaron theory which shows
a change-over from adiabatic (in V,05-Bi,0; glasses)
to non-adiabatic (in BaTiO;-doped glasses) hopping
conducion process.

2. Experimental procedure

The starting base glass, 90V,05-10Bi,O5 (VB), and
the BaTiO,-doped (VB + xBaTiOj;) glasses (VBBT)
with x = 5, 10, 15, 20, 30 and 40 wt % VB were pre-
pared by a quick quenching technique, similar to that
in our earlier works [4, 17]. The oxide materials,
V,0s, Bi,0O3, BaTiO; (grain size 1.8-2 um), used in
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TABLE I Chemical compositions, density, average site spacing, and phonon frequency of the 90V,0,-10Bi,0,—xBa¥iO, glasses®. The

values of v, are obtained from the fitting of the o, . data

x Density T, N At C=V**/V, R Vpn

(Wt %) gem™?) ¢ (10*'em™3)  (10°°cm™?)  (V,=V** +V5*)  (um) (10"* Hz)
5 4.108 234 5.04 6.15 0.122 0.583 1.15

10 4.195 246 492 5.86 0.119 0.588 1.06

15 4.287 250 481 548 0.114 0.593 0.95

20 4.378 275 4.70 5.12 0.109 0.597 1.04

30 4.560 286 452 4.75 0.105 0.605 091

40 4.773 312 4.39 391 0.089 0.611 0.90

*Maximum errors in the estimations of T, p and C are, respectively, £ 2°C, £ 0.05 gem ™2 and 4+ 0.02.

Transmittance (%) ( Arb. units )
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Figure 1 Infrared absorption spectra of crystalline BaTiO; powder
used for glass making (a) and 90VO,05—-10Bi,03;—xBaTiOj; glasses
at room temperature with x = (b) 5, (c) 10, (d) 20, (e) 30 and (f) 40
wt % BaTiO;. The peak around 480 cm™* (a) is a characteristic
peak of BaTiO, which is absent in the present glasses of our
investigation.

the preparation of the glasses were of 99.99% purity.
All the glasses were prepared by quenching from their
respective melts at 900-1100°C (depending upon
BaTiO; concentrations) between two copper blocks.
Each melt was kept at these temperatures for 2 h. The
glassy character of all the samples was confirmed [15]
by X-ray diffraction (Philips, Model PW1710) and
scanning electron microscopy studies (Model 415A,
Hitachi, Japan). The density of the glasses (measured
using Archimedes’ principle), as shown in Table I, was
found to increase almost linearly with BaTiO; con-
centration. The differential thermal analysis of the
samples was performed (Model Shimadzu DT-30) at
a heating rate of 10°C min~*. The glass transition
temperature, T, of the samples, given in Table I, was
also found to increase with increasing BaTiO; content
in the glass. The energy dispersive X-ray analysis in-
dicated that the ratio V:Bi:Ba:Ti was in agreement
with the mixing compositions. The infrared absorp-
tion studies of all these glasses are very similar, as
shown in Fig. 1, for some of these glasses. All the glass
samples exhibited a water band at ~ 3400 cm™'. The
peak at about 605 cm ™! corresponds to the phonon
frequency, Vg, of about 1.8 x 10'° Hz, which agreed
with that measured from the electrical conductivity
data, as discussed in Section 3.

For electrical measurements, the glass plates were
cut, polished and gold plated by a sputtering tech-
nique. The method of measuring the d.c. conductivity
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(between 80 and 450 K) was as discussed elsewhere
[17]. Each datum was taken giving sufficient time
(30—40 min) for temperature stability. The concentra-
tion of V** and V>* ions for all the samples was
determined by redox titration of the solution of the
samples against potassium permanganate solution
[18], similar to our earlier works [4, 7-9]. These
results have been found to agree, within + 5%, with
those obtained from the electron paramagnetic reson-
ance (e.p.r.) studies [19] (Model Joel, RE1X, Japan).
Detailed results of e.p.r. studies will be published else-
where. Table I shows the values of V**/Viu
(Viowr = V*™ + V") ratio obtained from chemical
analysis, together with other data.

3. Results and discussion

The d.c. conductivities, o4, of the VB + xBaTiO,
(VBBT) glasses as a function of inverse temperature
are shown in Fig, 2. It is observed that the d.c. con-
ductivity varies smoothly with 1000/T, showing a
temperature-dependent activation energy, W. Such
a behaviour is typical of small polaron hopping con-
duction in TMO glasses [13, 16, 19, 207. The inverse
temperature dependence of 64 .. for the V,05-Bi,0;
glasses is also shown in Fig. 3 for comparison. The
G4 value at any fixed temperature (say 300 K)
decreases with increasing BaTiO; concentration in
the glasses (Fig. 4). Above 250-300 K, depending on
the compositions of the glasses, the conductivity is
almost linear with inverse temperature. The activation
energies of the VBBT glasses, estimated at 330K
and 140K from Fig.2, are shown in Table Il. It
was found that activation energy increases with in-
crease of BaTiQ; concentration. In the V,05-Bi,0;
glasses, the activation energy increases with in-
crease of Bi,O; (cf. [4]). The activation energy ob-
tained for the VB glass is also reported in Table II
for comparison.

It is further observed that the current intensity in
the VBBT glasses, after the application of a fixed
voltage, remains constant with time. This implies
that the electrical conduction in these glasses is elec-
tronic in nature, which is also confirmed from the
measurement of thermoelectric power at ambient
temperature.

The well-known [20] expression for small polar-
on hopping conduction in semiconducting glasses is
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Figure 2 Logarithm of d.c. conductivity versus 1/T for different

values of x (wt %) of BaTiO; the 90V,05—10Bi,0;—xBaTiO; glass-
es. x: (O) 10, (@) 20, (W) 30, () 40 wt %.
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Figure 3 Logarithm of d.c. conductivity versus 1/T for (O)
95V,05-3Bi, 03, ((0) 90V,05-10Bi, 03 and (@) 80V,05—20Bi, 03
glasses.

given by
Od.c. = Vpn@”RZN BC(1 — C)exp( — 2aR)exp
x(—W/KT) (1)

where v, is the optical phonon frequency, N is the
number of transition metal ion sites per unit volume,
R is the average site spacing, C is the ratio of the ion

TABLE II Some important model parameters for 90V,0
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Figure 4 The variation of d.c. conductivity of (a) the

90V,05-10Bi,0;-xBaTiO; glasses with BaTiQ; concentration (x)
at three fixed temperatures, and (b) V,05-Bi,O; glasses with con-
centration of V,05 at 300 K.

concentration in the low valency state to the total
concentration of transition metal ions (Table I), o is
the electron wave function decay constant, so that
exp( — 2aR) represents electron overlap between sites,
W is the activation for conduction and B = 1/kgT (kg
is the Boltzmann’s constant and T is the absolute
temperature). Assuming strong electron—phonon in-
teraction. Austin and Mott [13] showed that

W = Wy+ Wp/2 (for T>6p/2) (2a)

W = Wy (for T <6p/4), (2b)

where Wy is the polaron hopping energy and Wy, is
the disorder energy arising from the energy differences
of the neighbouring sites. The Debye temperature, 6y,
is defined by hv,, = KgOp (where kg is Boltzmann’s
constant). The importance of the tunnelling term
exp( — 2aR) in Equation 1 for the present system of
glasses could be understood by plotting logo,..
against W at a chosen temperature for all the VBBT
glasses (Fig. 5). The temperature T.(say), estimated
from the slope of such a plot, would be close to the
experimental temperature when hopping is considerd
in the adiabatic regime [21]. On the other hand,
T, would be very different from the experimental

s—10Bi,0,-xBaTiO, glasses obtained by best fitting of the conductivity data

BaTiO, ¢, W (eV) W, V) AW (&V) r (nm)
300K H

140K 330K Eq.4 Eq.5
0 6.50 0.080 0.301 0.210 0.091 0.141 0.263
5 6.25 0.121 0.286 0.146 0.140 0235 0.241
10 6.05 0.122 0.296 0.150 0.146 0.237 0.250
15 591 0.124 0.300 0.152 0.148 0.239 0.259
20 576 0.126 0.350 0.155 0.195 0.241 0.267
30 5.66 0.144 0356 0.156 0.200 0.244 0278
40 5.57 0.174 0.421 0.157 0.264 0.246 0.282

5141



—4
(a)
—6 —
T = 250K
. al (7=350K)
-8
-10
f=
(4
\G B
5 12 T=125K
9 (T,=281K)
S 1 I I
3 :? 0.1 0.2 0.3 0.4 (b}
-2
T = 500K
-3 F (T, =530K)
— 4
—SJ T= 300K
(T,=345K)
61— T = 300K
(T,=330K)
_7 | i | [ 1
0.26 0.30 0.34 0.38

WieV)

Figure 5 (a) The logarithm of d.c. conductivity versus activation
energy, W, for the 90V,05—10Bi,0,—xBaTiO; glasses. The open
values of temperature correspond to the experimental temperatures
while the temperatures within the parenthesis correspond to the
values estimated from the slopes. Here experimental temperatures
and the corresponding temperatures obtained from the slopes, T,
are quite different. (b} The logarithm of conductivity versus activa-
tion energy curves for three vanadate glasses showing the adiabatic
hopping conduction mechanism. (O) V,05-P,05, (4)
V,05-TeO,, and (@) the present base glass V,05-Bi,0;. For all
these samples, experimental temperatures, T, and the temperature,
T, estimated from the corresponding slopes, are almost equal.

temperature if the hopping is considered in the non-
adiabatic regime. Such a plot for two chosen tempet-
atures (T = 125 and 250 K) is shown in Fig. 5a for
VBBT glasses. The temperatures, T, estimated from
the slopes of the curves of Fig. 5a are 281 and 350 K,
respectively, which are somewhat larger than the
coresponding chosen temperatures. Similar curves
drawn for the V,05-Bi,0;, V,0;-P,0;5, and
V,05-TeQ, glasses [4] in Fig. 5b indicate that the
experimental temperature and the T, values are quite
close to each other for all the glass systems. Thus, the
higher values of T, from the corresponding experi-
mental temperatures for the VBBT glasses suggest
non-adiabatic polaron hopping conduction, while for
the V,0:-Bi,O;, V,0,—P,05; and V,0,-TeO,
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glasses, the adiabatic hopping conduction mechanism
is valid. The general conclusion that may be drawn
from Fig. 5a and b is that the pre-exponential term in
Equation 1, inclusive of exp( — 2aR), is virtually con-
stant for all vanadate glasses. The thermal activation
energy for conduction, therefore, appears to dominate
the factors that determine the conductivity in this
glass system. In particular, the tunnelling term
exp( — 20R) need not be assumed to vary rapidly with
the site spacing, R, in order to explain the variation in
the conductivity for the VB glasses. Many TMOS
glasses [21] (except Bi,O3—Fe,04 [22, 23], where the
conduction mechanism is non-adiabatic) behave in
this manner. Here we should mention that for all the
multicomponent Bi—Sr—Ca—Cu-O-type glassy pre-
cursors for high T, superconductors, the conduction
mechanism is non-adiabatic [24]. For the VBBT-type
glasses, where the non-adiabatic hopping mechanism
is valid, the tunnelling term is found to be very impor-
tant. The presence of BaTiO; in the VB glasses is
responsible for the change-over from the adiabatic to
non-adiabatic small polaron hopping regime in the
present VBBT glass system.

The small polaron model [13] predicts that an
appreciable departure from a linear plot of oy,
against 1/T should occur below a temperature 0p/2.
Figs 2 and 3 also show that a temperature-dependent
activation energy is observed only below about 250 K.
Thus the small polaron model provides an estimate
for 8p/2 of about 250 K. The estimated phonon fre-
quency for all the glasses in our investigation is of the
order of 101® Hz, as shown in Table I. The character-
istic phonon frequency estimated from the infrared
spectra (Fig. 1) is found to be of the order of 1.8 x
10'3 Hz, corresponding to an infrared band around
605 cm ™~ 1. Therefore, the values of phonon frequency
estimated from the small polaron theory (Table I) are
close to the optical phonon frequency estimated from
infrared studies. It is worthwhile noting that the in-
frared spectra of different compositions of the VBBT
glasses are very similar (Fig. 1), suggesting that the
optical phonon distribution does not differ appreci-
ably between different compositions of the glasses.

It is interesting to estimate the decay constant, o,
from the high-temperature electrical conductivity data
using Equation 1. For this purpose, log(cy. T ) is
plotted against 1/T in Fig. 6 for different VBBT glass-
es. The lines in Fig. 6 are obtained by the least squares
fitting method. The pre-exponential factor in Equa-
tion 1 obtained by this fitting procedure is shown
in Tablel. The values of o are obtained from
exp( — 20R) using known values of the parameters of
Table L. It is observed from Table III that the values of
o caleulated for various glass compositions, indicate
strong localization in these glasses. For the VBBT
glasses under study, the values of o lie within the limits
suggested by Austin and Garbett [25] for the TMO
glasses. For the calculation of polaron binding energy,
W ,, Holstein [26, 27] derived the relation

W, = (2N) 12|y, 2hvy/2n ?)

where v, is the electron—phonon coupling constant
and v, is the frequency of optical phonons with wave
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Figure 6 The variation of log (5,4, T') with inverse temperature for
the 90V,05—10Bi,03—xBaTiO; glasses. x: (@) 10, (O) 20, (M) 30,
(@) 40 wt %.

number ¢, and N is the site concentration. Austin and
Mott [13] have also derived a more direct expression,
namely

W, = (e?[e,r,)/2 4

where r, is the polaron radius and ¢, is an effective
dielectric constant given by 1/g, = 1/g, — 1/g; (where
€, and g, are the high-frequency and static dielectric
constants, respectively).

Bogomolov et al. [28] showed that Equation 4 can
also be derived from Equation 3 for a non-dispersive
system of frequency v,;,. The polaron radius is given by

ry = 1/2(n/6)*R )

The value of r, calculated from Equation 5 using the
average value of site spacing, R (from Table I), are
shown in Table II. An experimental estimation [13] of
fp, as obtained from Equation 4 taking

W Wy =W, =(e*/4e,)(1/r, — 1/R)  (6)

is also shown in Table II. The value &, is found from
the refractive indices of the glasses (g, = ¢, = n?,
where n is the refractive index) and n varies from
2.35-2.55 as determined from the measurement of
Brewster’s angles. The estimated polaron radius, r,, is
found to be less than the average site spacing, R,
suggesting small polaron formation in these glasses.

The disorder energy, Wy, is calculated from Miller
and Abraham’s. theory [29] using the relation
Wp = 0.3¢?/e,R. The values of static dielectric con-
stants, g, are estimated from the dielectric gonstants
measurements [15]. We notice that the values of
AW(=W — Wy) at 330K vary in the range
0.14-0.26 eV (depending upon BaTiO4 concentrations
shown in Table IT) which is much higher than the
theoretically calculated values of Wy /2. Similar re-
sults have also been observed for Bi,O;-Fe,0; (cf.
[22, 23]) and vanadate glasses [3]. This discrepancy
might be due to the differences in the microstructures
of the glass network.

At low temperatures, where the polaron binding
energy is small and the static disorder energy plays
a dominant role in the conduction mechanism, Mott
[20] has suggested a variable range hopping process.
The conductivity for the variable range hopping is
given by

Gac. = A exp(—~ B/T'*) (7
where A and B are constants and B is given by

B =2.1 [o®/kg N (Eg)]"/* (8a)

B =24 [Wp(aR)? /ky]t* (8b)

where N(Er) is the density of states at Fermi level.
Fig. 7a shows a plot of logo, .. as a function of T ™ /4
for different VBBT glasses under study. It is interest-
ing to note that there are actually two distinct straight
lines with different slopes above and below 102 K. For
the VB glass this value is about 100 K (Fig. 7b). From
the slopes of the curves, the values of o and Wy, have
been calculated using Equation 8 taking N(Ey) =

1x10'° eV~ !cm ™3 as obtained from fitting of the a.c.
conductivity data with the overlapping large polaron
tunnelling model [19]. Here, too, the values of
o (Table 1II) reside within the limit suggested by
Austin and Garbett [25], but the calculated values of
W p (using Equation 8b) are unacceptably large. This
type of large value has also beeen reported earlier [3,
22, 23] for many TMOS glasses.

As mentioned above, information about the nature
of hopping conduction in the VBBT glasses can also
be obtained from Holstein’s condition [26, 27, 30].
The polaron band width, AE;, should satisfy the in-
equality

AE; 2 ks T Wu/m)' (hvpn/m)'/? ©)

TABLE II1 Some important model parameters (q, ¥, and AE}) for the 90V,0,~10Bi,0,-xBaTiO, glasses obtained from fitting of the

experimental d.c. conductivity data

x(wt %) (o) Y, AE, m_[m*
(om ™) (V)

0 12.70 (28.9) 14.0 0.2930 1.20 x 108

5 6.92(1.3) 7.05 0.0110 0.12 x 10*
10 6.87(3.0) 7.24 0.0116 0.14 x 10*
15 6.02(1.4) 7.39 0.0120 0.16 x 10*
20 4.72 (1.8) 749 0.0125 0.18 x 10*
30 4.40(2.0) 7.50 0.0128 0.19 x 104
40 2.76 (4.4) 7.60 0.0132 0.20 x 10*

2 The values of o are calculated from Von ¢%p( — 20R) knowing v, = 10** Hz and R (shown in Table I} and the corresponding values of
o within the brackets are obtained from Mott's T ~ 14 analysis (Equation 8)
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Figure 7 Plot of log o4 as a function of 1/T* at low temper-
atures for (a) the 90V,0;5-10Bi,O;—xBaTiO; glasses, and (b) the
V,05-Bi,0; glasses for different mol % Bi,05: (O) 4.8, (@) 9.7,
(d) 19.5.

where the greater than sign indicates hopping in the
adiabatic regime, and the less than sign indicates hop-
ping in the non-adiabatic regime, respectively. Fur-
ther, the condition for the formation of a small polar-
onis AE; € Wg/3. Now, from the estimated values of
Wy and AE; listed in Table 1T and IT1, respectively, we
find that this condition is satisfied for the VBBT
glasses, suggesting the existence of small polarons.

The value of AE; can be estimated from the approx-
imate relation derived by Mott and Davis [31],
namely

AE; ~ [ N(Ep)/e3]"2 (10)

Putting the values of g, from Table II and taking
N(Eg) =10 eV~ cm ™3 (as obtained from the a.c.
conductivity data for the VBBT glasses [19]), the
values of AE; lie in the range 0.011-0.013 eV for the
VBBT glasses, which is less than the right-hand side of
Equation 9 (taking vy, = 10* Hz), and Wy from
Table II1), thereby suggesting that non-adiabatic hop-
ping theory is most appropriate for describing polaron
hopping condition in the VB + xBaTiO; (VBBT)
glasses. For VB glass, on the other hand, an adiabatic
hopping conduction mechanism is observed [4],
because the value of AE; (from Equation 10) is esti-
mated to be ~ 0.293 ¢V, with a value of N(Eg) =
7x10* eV~ 'cm™? and ¢, = 6.5, whereas the right-
hand side of Equation 9 is ~ 0.003eV with
Wy =021¢€V and v,, = 10" Hz. The value of the
small polaron coupling constant, y,, which is a
measure of the electron—phonon interaction in the
VBBT glasses, can be estimated from the relation [20]
Yo = 2Wy/hv,,. The values of vy, for the VBBT
glasses (listed in Table III) are found to vary from
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7.05-7.60. Austin and Mott suggested that a value of
¥, > 4 usually indicates strong electron—phonon inter-
action in solids. From the values of y,, an estimate of
the polaron effective mass, m,, in the VBBT glasses is
obtained using the relation [20]

my = (h/2 AE; R?) exp(y,) = m* exp(y,)  (11)

where m* is the rigid lattice effective mass. The cal-
culated values of v, and m,/m* are found to be quite
large (Table III) indicating strong electron—phonon
interaction in these glasses, which also supports the
formation of small polarons [31].

Recently, Triberis and Friedman [32, 33] used
percolation theory to evaluate the conductivity of
disordered materials at high and low temperature.
Taking correlation into account, they derived [32, 33]
an expression for the d.c. conductivity similar to
Mott’s expression for VRH conductivity

Sa.c. = Oo exp(— To/T)"* (12)

where constants o, and T, have different values at
high and low temperatures. However, if the correla-
tion is neglected, the temperature dependence of the
conductivity reduces to the form

Oa.c. = Goexp(— To/T Y** (13)
The present conductivity data for the VBBT glasses

- are analysed with the model of Triberis and Friedman;

the temperature dependence of d.c. conductivity, as
predicted by Equations 12 or 13, has not been ob-
served for the glasses of our present investigation.

Finally, Schnakenberg [34] has also suggested that
as the temperature is lowered the multiphonon pro-
cesses are replaced by a single optical phonon process
and, at the lowest temperatures, the polarons hop with
one or more acoustic phonons making up the differ-
ences between sites. The fall of activation energy with
temperature in the intermediate temperature region is
expressed by the relation [34]

W = W'(tanhhoy, B/Ahom B)  (14)

where W and W’ are the low- and high-temperature
activation energies, respectively, B = 1/kgT, 0y = 21V
and h is the Planck’s constant. In Fig. 8a the experi-
mental values of W /W' and also the theoretical values
given by Equation 14 are plotted against 1/T, for
a typical 90V,05-10Bi,O; glass doped with 20 wt %
BaTiOj;. Other glass samples also show similar behav-
iour. A similar plot for VB glass is shown in Fig. 8b for
comparison. The experimental value of activation en-
ergy decreases with decreasing temperature, but the
guantitative fit with the theoretical plot of Equation
14 is rather poor. This indicates that the decrease in
magnitude of conductivity with temperature cannot
be accounted for by the decrease in activation energy
alone. Thus the theoretical models of polaronic con-
duction can qualitatively explain the conductivity
data, but fail to give any quantitative agreement for
the present glass system.

4. Conclusion
Small polaron theory can explain well the temperature
dependence of d.c. conductivity of the V,05-Bi,0;
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Figure 8 (a) Plot of W/W' as a function of 1/T for the
90V,05—10Bi,03~-xBaTiO; (for x = 20 wt %) glass. (-——) Theoret-
ical [34] plot, and (O) experimental results. (b) Plot of W/W' as
function of 1/T for the 90V,05-10Bi,O; glass. (~——-) Theoretical
[34] and (@) experimental points.

and the BaTiO;-doped V,05-Bi,0; (VBBT) glasses.
At higher temperatures, the adiabatic hopping theory
is most appropriate for the V,05—Bi,O; glasses for
describing polaronic conduction, while for BaTiO;-
doped V,05-Bi,0; glasses, non-adiabatic hopping
theory is most appropriate. Such a change-over in the
conduction mechanism appears to be due to the
change of the network structure of the vanadate glass-
es on the addition of BaTiO5. Similar behaviour is
also observed for V,05-Bi,O5 glasses doped with
StTiO3 (unpublished). For V,05-Bi,O; glasses with
a lower concentration of V,05, the glass-forming re-
gion with BaTiO; and SrTiOj is less (1-10 wt %). An
appreciable change in the mechanism of a.c. conduct-
ivity has also taken place in the BaTiO;-doped VB
glasses [19]. While the correlated barrier hopping
model [35] is applicable for the V,05-Bi, 05 glasses,
an overlapping large polaron tunnelling model [36] is
suitable for the BaTiOjz-doped V,05-Bi, 05 glasses.
However, in the low-temperature region, for all the
glasses (both doped and updoped), conduction takes
place by a variable range hopping mechanism.
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