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\hstract . The ac-conductivity of five samples of lead-bismuth-titanatc glasses have been ineasiiied at various temperatures and frequencies. It 
IS obscived that, the activation energy for dc-conductivity increases with decicase in PbO concentration at temperature 533K The ac-conductiviiy 
follow the relation (T(n)) = A n / (where A  is constant and is exponent) The values of the exponent (.V) has been evaluated from the plot of log <T(ra) 
,rM//s log (o It IS found that the values of .S' decreases \silh tlccrcase in PbO composition except foi the glass HXI r.xisting theories of ac-conduction 
iwive been analysed for interpretation of the present results Values of the density of state at the Pcrmi level foi different compositions of glasses has 
iIk* order of 1()-'' eV ' cm ’ (considering a  electron wave function decay constant equal to 09 A ' evaluated from the log erde vcr.vM.i hopping distance 
K) which suggest that the conduction is in localized states near the Fcimi level It is observed that the ac-conduclivity increases with frequency The 
\.iIuo of exponent (S) has lx;en calculated and w'as found to be less than 1 The results of ac coiuluetivily aic discussed on the basis ol QMT model lor 
ilic picscnl glass system
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1. In tn jd u c t io n

The e le c tr ic a l c o n d u c tiv ity  a n d  d ie le c tr ic  c o n s ta n t a rc  in te re s tin g  
p ropertie s w h ic h  p ro v id e  im p o r ta n t  in f o rm a t io n  re g a rd in g  the  

eond iic tion  m e c h a n is m  in so l id s . In  th e  re c e n t y e a rs , th e re  h as 
been an  in c re a s in g  in te re s t  in  th e  s tu d y  o f  e le c tr ic a l,  o p tic a l an d  

siructural p ro p e r t ie s  o f  o x id e  g la s s e s , b e c a u s e  o f  th e ir  p o te n tia l  
app lications, su c h  as  sw itc h in g  an d  m e m o ry  d e v ic e s , th e rm is to rs  
and s e m ic o n d u c to rs . T h e  tr a n s i t io n  m e ta l o x id e  g la s s e s  sh o w  
'‘C in ico n d u c tin g  b e h a v io u r ,  b e c a u s e  o f  tr a n s i t io n  m e ta l io n s . 
E lectrical tr a n sp o r t  p ro p e r t ie s  o f  th e s e  g la s se s  h a v e  b een  s tu d ie d  
hy a n u m b e r o f  re s e a rc h  w o rk e rs  f 1 -S ], F o r  a m o rp h o u s  m a te r ia ls  

various ty p e s  o f  c o n d u c t io n  m e c h a n is m s  h a v e  b e e n  su g g e s te d  
hy M o tt a n d  D a v is  111.

T h e  h o p p in g  c o n d u c t io n  in  lo c a l iz e d  s ta le s  g iv e s  r ise  to  
h c q u cn cy  d e p e n d e n t  a c -c o n d u c l iv i ty  o f  s e m ic o n d u c t in g  o x id e  

^'lasses. T h e re fo r e ,  m e a s u re m e n t  o f  a c -c o n d u c t iv i ty  in  g la s se s  
and o th e r  a m o r p h o u s  m a te r ia l s  is a  p o w e r fu l  e x p e r im e n ta l  

ihcthod to  o b ta in  in f o rm a t io n  a b o u t  th e  e x is te n c e  o f  lo c a l iz e d  
'States. S u c h  m e a s u re m e n ts  o n  c h a lc o g c n id c  g la s s e s  h a v e  b e e n  

*^v'poricd b y  m a n y  r e s e a rc h  w o rk e r s  [4 , 5 ]. T h e  a c -c o n d u c t iv i ly
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at lo w  te m p e ra tu re  is a lm o s t in d e p e n d e n t o f  te m p e ra tu re  hu t 

sh o w s  s tro n g  fre q u e n c y  d e p e n d e n c e  as  c r ( c u ) -  Aco' [31. T h e  

e x p o n e n t  ( S )  h a s  b e e n  r e p m te d  to  b e  le s s  th a n  u n ity  by  
M a n s in g h  etal [3J. A c -c o n d u c tiv i ty  o f  iro n -p h o sp h a te  |61 an d  
tu n g s la n  p h o s p h a te  g la s se s  (3 )  h a v e  a lre a d y  b e e n  s tu d ie d  an d  
th e  d a ta  h a v e  b e e n  a n a ly s e d  in  te rm s  o l d if fe re n t m o d e ls  su c h  
as  Q M  T m o d e l an d  f lO B  m o d e l.

T h e  d e p e n d e n c e  o f  a c -c o n d u c t iv i ty  0(0)) w ith  o > ', 5  <  1 is 
fo u n d  to  b e  a  g e n e ra l c h a ra c te r is t ic s  fo r  th e se  g la s se s  u p  to  th e  
fre q u e n c ie s  o f  1 M H z . H o w e v e r, th e re  is an a p p a ren t co n tro v e rsy  

o v e r  th e  n a tu re  o f  th e  te m p e ra tu re  d e p e n d e n c e  o f  o(0}) . S o m e  

w o rk e r s  [4 , 7J h a v e  r e p o r te d  a te m p e r a tu r e  d e p e n d e n t  a c -  
c o n d u c tiv ity , w h e re a s  o th e rs  |7 ,8 J  h a v e  o b se rv e d  te m p e ra tu re  

in d e p e n d e n t  b e h a v io u r  o f  o{o)) e v e n  a t f r e q u e n c ie s  at lo w  a s  1 

k H z . B u rg h a tc  et a! | 9 |  h a v e  re p o r te d  a c -c o n d u c t iv i iy  o f  le ad - 

b is m u th  g la s se s  a t v a r io u s  te m p e ra tu re s  a n d  fre q u e n c ie s . T h e  
e f fe c t o f  c o m p o s it io n  o f  g la s s e s  on  a c -c o n d u c t iv i ty  h a s  b een  

d is c u s s e d .

P ik e  [ 101 an d  E ll io t t [1 1 ] h a v e  su g g e s te d  th a t a c -c o n d u c tiv ity  
is a  p h e n o m e n o n  d u e  to  h o p p in g  o f  c h a rg e  c a r r ie r s  o v e r  th e  
b a rr ie r , c a lle d  H O B . T h is  m o d e l d is c u s s e d  th e  f r e q u e n c y  an d
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ic m p e ra lu rc  d e p e n d e n c e  o f  c o n d u c tiv ity . V a rio u s  m o d e ls  liav e  
b e e n  d e v e lo p e d  to  in te rp re t  th e  a c -c o n d u c t iv i ty  re su lts . T h e  
m o d e ls  a rc  ( i)  q u a n tu m  m e c h a n ic a l  tu n n e l l in g  (Q M T )  ( i i )  

o v e r la p p in g  p o la ro n  tu n n e l l in g , ( i ii)  c o r re la te d  b a rr ie r  h o p p in g
(iv )  h o p p in g  o v e r  th e  b a r r ie r  etc.

In  th e  p re s e n t p a p e r , a u th o r s  h a v e  s tu d ie d  th e  e le c tr ic a l,  
c o n d u c t iv i ty  o f  P b O -T iO ^ -B i^ O ^  g la s s e s  a t th re e  d if f e r e n t  

f re q u e n c ie s  0 . 1 , 1  a n d  10 k H z  m the  te m p e ra tu re  ran g e  3 1 3 -6 7 3 K , 
S im ila r ly  th e  dc* e le c tr ic a l c o n d u c tiv ity  is a ls o  m e a s u re d  fo r th e  

s a m e  te m p e ra tu re  ra n g e , 'Fhe q u a n tu m  m e c h a n ic a l tu n n e llin g  is 
fo u n d  to  e x p la in  th e  c c o n d u c t iv i ty  d a ta  o f  th e  p re s e n t g la s se s  
well.

2. Experimental details

2 .7  Preparation of samples :

G la s s  s a m p le s  u n d e r  i n v e s t i g a t i o n  w e re  p r e p a r e d  in  th e  

la b o ra to ry  b y  m ix in g  a p p ro p r ia te  a m o u n ts  o f  B i^O ^, T iO ., an d  
P b O  (m o l %) u s in g  A n a la -R  g ra d e  c h e m ic a ls . A  h o m o g e n e o u s  

m ix tu re  o f  tw o  p o w d e rs  w e re  p re p a re d  a n d  f ire d  in a  f ire c la y  
c ru c ib le  a t 1(X)0 ±  lO'^C fo r  h a l f  a n  h o u r  in  a n  a u to m a tic a lly  

te m p e ra tu re  c o n tr o l le d  m u f f le  fu rn a c e . T h e  g la s s  s a m p le s  w e re  
th e n  f o n n e d  by  q u e n c h in g  th e  m e lt o n  a  s te e l p la te  h e ld  a t ro o m  

te m p e ra tu re . T h e  X -ra y  d if f r a c to g ra m s  o f  a ll th e  g la s s  s a m p le s  
a re  d e te r m in e d  (F ig u re  1). T h e  a b s e n c e  o f  p e a k  in  th e  X -ra y  

s p e c t r a ,  c o n f i rm e d  th e  a m o r p h o u s  n a tu r e  o f  g la s s  s a m p le s .  
S a m p le s  w e re  th e n  p o lis h e d  by  e m e ry  p a p e r. A  th in  c o n d u c tin g  

s i lv e r  p a in t ,  c i r c u la r  in  sh a p e  is a p p lie d  o n  th e  o p p o s ite  s id e s  o f
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th e  s a m p le  fo r  th e  p u rp o s e  o f  e le c tr ic a l m e a s u re m e n ts . SainjiJcs 
w e re  a n n e a le d  a t fo r  a b o u t tw o  h o u rs  to  s ta b iliz e  ilic
c o n ta c ts  an d  a lso  to  re m o v e  m e c h a n ic a l s tre sse s . T h e  differential 
th c n n a l  a n a ly s is  (D T A ) o f  th e  sa m p le s  is d o n e  in  th e  tem peratu re  
ra n g e  3 ()--5 7 (rC  in a ir  (F ig u re  2 ). T h e  g la s s  tran s itio n  tem pcratu ic  
(T g )  is d e te n n in e d  a n d  p re s e n te d  in  T a b le  I .

Figure 1. X-ray diffractograms of .samples BXl, BX2, BX3, BX4 and 
BX5

r r c )

Figure 2. DTA-curves of glass samples, BXl, BX2. BX3, BX4 and BX.*' 

2 .2  Electrical measurements :

A c -c lc c tr ic a l c o n d u c tiv i ty  o f  g la s s  s a m p le s  w a s  m e a su re d  b\ 

f in d in g  o u t th e  r e s is ta n c e  o f  th e  s a m p le . T h e  re s is ta n c e  ol tlie 
g la s s  w a s  m e a s u re d  by  v o lta g e  d ro p  m e th o d  g iv e n  by  K h c r and 

A d g a o n k a r  (1 4 )  a n d  Y a w a le  a n d  P a k a d e  (1 5 ) . T h e  vo ltag e  
m e a s u re m e n ts  a c ro s s  th e  s ta n d a rd  r e s is ta n c e  o l 1 M eg  ohm 

w as c a rr ie d  o u t b y  u s in g  a c -m ic ro v o ltm e tc r  (sy s tro n ic  411 India) 
h a v in g  a c c u ra c y  ±  1 |iV  a n d  in p u t im p e d a n c e  10 M e g -o h m  T i k  
a c - r c s i s t a n c c  o f  th e  g la s s e s  o f  v a r io u s  c o m p o s i t io n s  w as 
m e a s u re d  at a c -v o lta g c  (IV ) in  th e  te m p e ra tu re  ran g e  3 1 3-673K

T h e  a c -c o n d u c t iv i ty  w a s  m e a s u re d  a t f re q u e n c ie s  100 H /. 1 
k H z  a n d  10 k H z . T h e  re p r o d u c ib i l i ty  o f  th e  re s u lts  w as  checked  
b y  m a k in g  m a n y  r u n s  a t  d i f f e r e n t  t im e s  o v e r  th e  e ii ii ic  

te m p e ra tu re  a n d  f r e q u e n c y  ra n g e . I t  w a s  o b s e r v e d  th a t the 
c o n d u c tiv i ty  b e h a v io u r  w a s  a lw a y s  th e  s a m e  a n d  th e  values ol 
c o n d u c tiv i ty  w e re  w ith in  ±  2% o f  e r r o r  in  d if f e re n t  ru n s .

Table 1. Values of a{(0) of 533K at 10 kHz and exponent

Sample

No.

Glas.s composition.^ 

(mol %)
PbO TiO, B ip ,

Glass

transition
temperature

(Tg)K

ai(o) at 533K 

(ohm-cm)'*

Activation cncigy 

(eV) at 533K 
from dc- 

cotiductivily

al 543 K

BXl 47.5 2.5 50 528 1.22 X 10^ 0.51 0.294

BX2 45.0 5 0 50 613 4.43 X 10-“ 0 61 0 710

BX3 42.5 7.5 50 603 6.12 X 10 “ 0.69 0.659

BX4 40 .0 10.0 50 538 7 64 X 10^ 0.71 0.461

BX5 37.5 12.5 50 598 1 08 X 10-“ 0.74 0.357
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S im ila rly , th e  d c - c o n d u c l iv i ty  is  a ls o  m e a s u re d  b y  a p p ly in g  

5 V re g u la te d  d c - s u p p ly  a n d  u s in g  a  m ic ro v o l tm e le r  (S y s tro n ic s  

413, In d ia )  h a v in g  in p u t  im p e d a n c e  10 M o h m . W h ile  d o in g  th e  

ca lcu la tio n  th e  e f f e c t iv e  v a lu e  o f  r e s is ta n c e  h a s  b e e n  ta k e n  in to

c o n s id e ra tio n .

3. Theoretical considerations

A lte rn a tin g  c u r r e n t  c o n d u c t iv i ty  is  v e ry  in te re s t in g . In  e v e ry  

am o rp h o u s  s e m ic o n d u c to r ,  th e  f r e q u e n c y  d e p e n d e n c e  o f  ac - 

co n d u c tiv ily  fo l lo w s  th e  e q u a tio n
*

a { (0 ) -A (o \  ( 1 )

w licrc A is th e  c o n s ta n t ,  d e p e n d e n t  o n  te m p e ra tu re  a n d  S is th e  
trecjuency e x p o n e n t ,  is n e a r  u n ity  ( < ] )  a n d  m a y  be  w e a k ly  
tem p era tu re  d e p e n d e n t .

P ik e  f 10], vSpringett f 16] a n d  E ll io t t  [ 11J h a v e  su g g e s te d  tha t 

the a c -c o n d u c t iv i ty  is a  p h e n o m e n o n  d u e  to  h o p p in g  o f  c h a rg e  
carriers o v e r  th e  b a r r ie r , c a l le d  H O B . H O B  m o d e l d is c u s s e d  th e  

te m p e ra tu re  a n d  f r e q u e n c y  d e p e n d e n c e  o f  c o n d u c tiv i ty  a n d  
till* e x p o n e n t S is d e te r m in e d  fro m  th e  re la tio n

.V =  1 ~
a k T

w  ’
(2)

w here W is th e  b in d in g  e n e rg y  o f  th e  c a r r ie r  in  its  lo c a l iz e d  s ite , 

w hich is a s s u m e d  to  b e  b a n d  g a p , k is th e  B o lt / .m a n ’s c o n s ta n t. 

I he v a lu e s  o f  o b ta in e d  f ro m  e q . ( 2 ) a re  th e  th e o re tic a l v a lu e s .

W h en  N{Ep ) is  f in ite , th e  h o p p in g  tr a n s p o r t  o f  e le c tro n s  

occurs n e a r  F e rm i le v e l . A u s tin  117] a n d  M o tt  a n d  D a v is  11 ] 

have s u g g e s te d  fo r  s in g le  e le c tro n  m o tio n  u n d e rg o in g  q u a n tu m  

m ech a n ica l tu n n e l l in g , th e  e x p re s s io n  fo r  a c -c o n d u c t iv i ty  as

a(co) = ^e^kT{N(Ef )Ya~^(o ' n | ~ | (3)

K
w here ~  is  th e  n u m e r ic a l  c o n s ta n t ,  a  is  th e  e le c tro n  w a v e

lu n ctio n  d e c a y  c o n s ta n t ,  is  th e  p h o n o n  fre q u e n c y  a n d  N(Ep) 
is th e  e n e rg y  d e n s i ty  o f  th e  s la te s  n e a r  F e rm i lev e l.

T h e  h o p p in g  d is ta n c e  R a t  f r e q u e n c y  co is g iv e n  by

/? =  — I n
V

2a

R = ~ l n
V

l a O I T n

(4)

w here T q is  th e  c h a r a c te r i s t ic s  r e la x a tio n  lim e . T h e  fre q u e n c y  

‘Exponent S is  g iv e n  b y

5  =  1 - (5)

E q . (5 )  sh o w s  th a t, th e  e x p o n e n t  is d e p e n d e n t  o n  fre q u e n c y  
o n ly  a n d  in d e p e n d e n t  o l te m p e ra tu re .  Q u a n tu m  m e c h a n ic a l 
tu n n e l l in g  (Q M T )  o l a  c a r r ie r  th r o u g h  th e  p o te n t ia l  b a r r ie r  

b e tw e e n  th e  s i te s  s e p a ra te d  b y  a  d is ta n c e  /?, d e m a n d s  th a t (i) 
a c -c o n d u c t iv i ty  sh o u ld  be  d e p e n d e n t  o n  te m p e ra tu re  a n d  (ii)  
e x p o n e n t  (5 ) in d e p e n d e n t o f  f re q u e n c y , w h e re a s  in  h o p p in g  o f  
c h a rg e  c a rr ie rs  o v e r  th e  b a rr ie rs  (H O B ) iiu k IcI d e m a n d , e x p o n e n t
(5 )  to  be  d e p e n d e n t  o n  te m p e ra tu re .

In  th e  p re s e n t g la s s  sy s te m , in th e  h ig h  le m p e ra lu re  ra n g e  

j|« :-co n d u c tiv ity  is d e p e n d e n t  o n  te m p e ra tu re  (F ig u re  3 ) an d  
j t id e p c n d e n i in  lo w e r  te m p e ra tu re  ra n g e .

Figure 3. Plot of log aico) versus 107T for sample BXl al different 
frequencies 0 1.1 and lOkHz, BXl 47.5 Pb()-2 5 TiO, * SOBi.O,

E q. (3 )  is d e r iv e d  b y  a s s u m in g  th a t th e  m u ltip le  h o p p in g  is 
n e g le c te d  m e a n s  th e  h o p p in g  is c o n s id e r e d  o n ly  b e tw e e n  
in d e p e n d e n t p a ir s  o f  c h a rg e  c e n tr e s  a n d  n o  c o rre la t io n  b e tw e e n  

h o p  e n e rg y  a n d  h o p p in g  d is ta n c e .

H o w ev er. P o liak  [12] has rep laced  the  n u m erica l fac to r 7t/^ = 
(1 .0 4 7 )  in  eq  (3 )  b y  ;r^  /  9 6  =  (0 .3 2 2 )  • wSimilarly, B u tc h e r  an d  
H y d e n  [ 1 3 ]  h a v e  r e p l a c e d  th e  s a m e  f a c t o r  b y  3 .6 6

; r ' / 6  =  ( 6 .0 2 0 ) .

T h e se  v a lu e s  o f  n u m e r ic a l fa c to r  a rc  d if fe re n t , b u t w h ile  

p lo t t in g  o(co) versus T. w ill n o t c h a n g e  th e  b e h a v io u r  by  th e  

c h a n g e  in  fac to r. H o w e v e r , th is  m a y  a ffe c t th e  v a lu e  o f  e n e rg y  
d e n s i ty  o f  s ta te s  ) (T a b le  2 ). T lic  th e o re tic a l d is c u s s io n  o f

Tabic 2. Values of N(E^ ) at 10 kHz at 313 K from Mott and Davis (I). 
Poliak [12], Butcher and Hyden [13] formula

Sample Class composition 
(mol %)

N(E^) X 1020 (eV '-cm ’) from 
the formula given by

PbO TiO, Bi,0, Mott and Poliak 
Davis

Butcher 
and Hyden

BXl 47 5 2-5 50 2,538 5 393 1.058

BX2 45.0 5.0 50 2 595 4.675 1.082

BX3 42.5 1 5 50 2.927 5.273 1.221

BX4 40.0 10.0 50 1.073 1.933 0 44]

BX5 37.5 12.5 50 1.284 2.313 0 535
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h o p p in g  o v e r  th e  b a r r i e r  ( H O B )  a n d  q u a n tu m  m e c h a n ic a l  
tu n n e llin g  (Q M T )  m o d e l h a s  b e e n  re p o r te d . H ow ever*  th e  Q M T  

m o d e l is  u se d  to  d is c u s s  th e  re s u lts  o f  a c -c o n d u c t iv i ty  in th e  

p re s e n t  g la s s e s .

4. Results and discussion

F o r  a m o r p h o u s  m a t e r i a l s  v a r i o u s  t y p e s  o f  c o n d u c t i o n  

m e c h a n is m s  h a v e  b e e n  su g g e s te d  :

i. B a n d  c o n d u c tio n

ii. C o n d u c tio n  in  lo c a l iz e d  s ta te s  n e a r  b a n d  e d g e

iii. C o n d u c tio n  in  lo c a l iz e d  s ta te s  n e a r  F e rm i le v e l a n d

iv. C o n d u c tio n  in e x te n d e d  s ta te s .

T h e  b a n d  c o n d u c tio n  is  g e n e ra l ly  o b s e rv e d  in  c ry s ta ll in e  

s e m ic o n d u c to rs .  T h e  c o n d u c tio n  in  lo c a liz e d  s ta te s  n e a r  b an d  
e d g e  d e m a n d s  te m p e ra tu re  d e p e n d e n c e  o f  a c -c o n d u c t iv i ty  to  
b e  in d e p e n d e n t o f  fre q u e n c y  u p to  10 M H z . A ls o  fo r th e  tra n sp o rt 

b y  c a r r ie r s  e x c ite d  to  th e  e x te n d e d  s ta te s , w e  m a y  e x p e c t th a t 

th e  a{co) s h o u ld  s a t is fy  th e  D ru d e  ty p e  fo rm u la .

a(0)) =
l+eo^To (6)

T h e  g la s s  t r a n s i t io n  te m p e ra tu re  (T g )  o f  th e  g la s se s  is alsr) 

m e n t io n e d  in  T a b le  1.

T h e  D T A  c u rv e s  o f  a ll th e  g la s s  s a m p le s  a re  sh o w n  in F igure

2 . E a c h  c u rv e  e x h ib its  an  e n d o th e rm ic  d ip  d u e  to  g la s s  transition , 

a n d  o n e  o r  m o r e  e x o t h e r m i c  p e a k s  c o r r e s p o n d i n g  

c ry s ta l l iz a t io n  o r  p h a s e  tr a n s i t io n .

F ro m  th e  p lo t o f  lo g  a((0) versus lo g  1/T (F ig u re  3) fo r .sample 

B X l ,  it is  o b s e rv e d  th a t  th e  a c -c o n d u c t iv i ty  re m a in s  a lm osi 

u n c h a n g e d  w ith  te m p e ra tu re  u p to  5 0 IK . T h is  s u g g e s t th a t ihe 

c o n d u c tio n  o c c u rs  in  lo c a liz e d  s ta te s  n e a r  F e n n i  lev e l. T h e  naluic 

o f  th e  c u rv e  lo g  <7{a>) versus 1/T u p  to  5 0 I K  is tem p era tu re  
in d e p e n d e n t. A t h ig h e r  te m p e ra tu re ,  th e  v a lu e  o f  a ((U ) s ta lls  

in c re a s in g  fro m  th e  c o n s ta n t v a lu e  a n d  at s till h ig h e r  tem p era tu re  

it sh o w s  s a m e  v a lu e  fo r  d if f e re n t  f r e q u e n c ie s .

P lo t o f  lo g  <j(co) versus lo g  o) a rc  sh o w n  in  F ig u re  4 at 

te m p e ra tu re  5 4 3 K  fo r s a m p le  B X 1, B X 2 , B X 3 ,B X 4 , an d  BX."). A i  
lo w  t e m p e r a t u r e ,  th e  a c - c o n d u c t i v i t y  o b e y s  th e  re la tio n  

G{(0) =  A(0'\ T h e  v a lu e  o f  e x p o n e n t d c tc m iin c d  fro m  th e  slopes 

o f  th e s e  p lo ts  ( c a l le d  e x p e r im e n ta l  v a lu e s )  a re  re p o r te d  m 

T ab le  1.

w h e re  Tq is  r e la x a tio n  t im e , w h ic h  is  v e ry  s h o r t  ( lO ’̂ '̂^s) a n d  a  

d e c re a s e  in  g (co) w ith  1/ is  n o t e x p e c te d  u n til a  f re q u e n c y  

o f  a p p ro x im a te ly  lO ' "̂ H z  is re a c h e d . T h e  c o n d u c tio n  in  lo c a liz e d  
s t a t e s  n e a r  F e r m i  l e v e l  o c c u r s  w h e n  a c - c o n d u c t i v i t y  is  

te m p e ra tu re  in d e p e n d e n t  a n d  v a r ie s  l in e a r ly  w ith  fre q u e n c y . 
W h e n  N{Efr) is  f in ite  th e  h o p p in g  tr a n s p o r t  b y  e le c tro n s  o c c u rs  
in  lo c a lis e d  s ta te  n e a r  F e rm i le v e l.

P lo t o f  lo g  o f  m e a s u re d  a c -c o n d u c t iv i ty  lo g  a((o) versus 
1 0 ^ /T a t d if fe re n t f ix e d  fre q u e n c ie s  fo r  sa m p le s  B X l is sh o w n  in 
F ig u re  3. T h e  b e h a v io u r  is  m o re  o r  le s s  s im ila r  to  th a t re p o r te d  

fo r  th e  d if f e re n t  t r a n s i t io n  m e ta l o x id e  p h o s p h a te  g la s se s  (6 , 
1 8 ] .  A t lo w  t e m p e r a t u r e  t h e  c o n d u c t i v i t y  s h o w s  w e a k  

te m p e ra tu re  d e p e n d e n c e  -  a lm o s t  c o n s ta n t  u p  to  5 0 1 K  a n d  

su b s ta n tia l ly  h ig h e r  th a n  d c -c o n d u c l iv i ty  ). T h e  v a lu e  o f  

<T(ft>) is a lso  h ig h e r  fo r  h ig h e r  fre q u e n c y . A t h ig h e r  te m p e ra tu re , 

th e  te m p e ra tu re  d e p e n d e n c e  b e c o m e s  s tro n g  a n d  v a r ia tio n  o f  

CT(ft)) w ith  f re q u e n c y  is  sm a ll .  A t s t il l  h ig h e r  te m p e ra tu re  th e  
m e a s u re d  c o n d u c tiv i t ie s  a t  a ll f r e q u e n c ie s  b e c o m e  e q u a l a n d  

a ls o  e q u a l  to  d c - c o n d u c t iv i ly .  S im i la r  ty p e  o f  te m p e r a tu r e  
d e p e n d e n c e  h a s  b e e n  o b s e r v e d  in  o th e r  s a m p le s  B X 2 , B X 3 , 

B X 4  a n d  B X 5 . T h e re fo re , th e s e  p lo ts  fo r  o th e r  s a m p le s  h a v e  n o t 
b e e n  g iv e n . T h e  n a tu re  o f  c u rv e s  in  F ig u r e  3 fo r  d c  a n d  ac - 

c o n d u c tiv i ty  is o b s e r v e d  to  b e  sa m e .

T a b le  1 g iv e s  a  s u m m a ry  o f  a ll th e  r e le v a n t  p a ra m e te r s  Le. 
a t 5 3 3 K , a c t iv a t io n  e n e rg y  o f  d c -c o n d u c t io n  a t  5 3 3 K  a n d  

^expt o b ta in e d  in  th e  c a s e  o f  s o m e  o f  th e  ty p i c a l  g la s s  
c o m p o s it io n s . T h e  a c t iv a t io n  e n e rg y  h a s  b e e n  c a lc u la te d  fro m  

<T^. versus l / T  p lo t ,  g iv e n  b y  th e  e x p re s s io n

-[ i f ] ^

Figure 4. Plot of log a{<a) versus log w for samples BXl, BX2,
BX4 and BX5 at temperature 543K.

F ig u re  5 s h o w s  p lo t o f  lo g  a t  te m p e ra tu re  4 7 3 K  versus 
h o p p in g  d is ta n c e  R. T h e  v a lu e  o f  a  is d e te rm in e d  fro m  the

Oexp
Figure 5. Plot of log v e r s u s  hopping distance R  for four differen 
samples BXl, BX2, BX3, BX4 and BX5 at temperature 473K.
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i,lope of this plot found to be equal to 0.90 A ' .  This has been 
obtained from the relation

CT,/, -  constant exp (- laR ). (8)

The value of A(£y.) calculated at 10 kHz at the temperature 
of 113K (taking electron wave function decay constant a - 0.09 
A ') from Mott, Poliak and Butcher formula 11,12,131 reported 
in Table 2. The range o f N(Ep) is found to be 10̂ ® (eV)*'cm'^ 
Such a value of N{Ep) near the Fermi level suggests localized 
States. The value of a  is calculated from the plot of log a,/, 
versus hopping distance, R at 473K (Figure 5). The hopping 
distance, R has been calculated by the formula

R =
M

(Nod)MS (9)

where No is the Avogadro's number, M  is the molecular weight 
of the glass sample and d is the density of glass sample.

In conclusion, it may be stated that the ac-conductivity 
increases with frequency. The value o f A(£^.) is finite for the 
hopping transport by electrons with energies 10 near the Fermi 
level. The exponent (S) in equation a{(0) = A w ' is less than I 
lor the frequencies at which ac-conductivity is measured, and is 
lound to be in d e p e n d e n t o f freq u en cy . A lso  a((0) is 
pioporiional to tem perature  is the range 50l-ft73  K and 
imlcpcndcnt in the range 313-501K.

The values of A(£^.) depends strongly on the value of 
The value of A/(£^.) is calculated using eq. (3) and considering 
ihc value of electron wave function decay constant ( a ) equal 
to 0 .9  a  '. The numerical constants given by Mott and Davis
( I ) ,  Poliak 112], Butcher and Hydcn [13] have been u.scd to 
I'valualc the value of N(E^ ) and for comparison the data are 
picsented in Table 2. In the light o f above facts, it may be 
s ondiided that the hopping conduction occurs in localized slate 
near Fermi level.

5. Conclusion

In the present glass system , it is found that dc and ac- 
conductivity (T{(o) vary linearly with tem perature in high

temperature region, and independent at lower temperature. Ac- 
conductivity follows the relation fr(« ) = A m '. Ac-conductivity 
follows lineality with frequency. The electron overlap integral 
decay constant ( a ) is found to be 0.9 A ' The range of A /(£ ,) 
is found to be lO'" (cV) ' cm suggesting conduction in 
localized .states near Fermi level. Thus for the above reasons, 
the Q M T m odel explains the resu lts o f ac-conductiv ity  
satisfactorily for the Icad-bismuth-titanate gla.ss system.
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