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A bstract : Iron titan ate  is  a  p seu d o b ro o k itc  and e x h ib its  sp in  g la ss  b eh av iou r, th erm al crack in g , m a g n etic  tex tu re , h igh  res is tiv ity  and m an y o th er  
iiiioio'.iing p ro p er tie s . H e n c e  p o ly c r y s ta l l in e  iron tita n a te  h as  m u lt ifa c e te d  a p p lic a tio n s  T h is  c o m m u n ic a tio n  p resen ts  s y n th e s is  and in v e s t ig a tio n  o f  
JfU rica l r e s is t iv ity  as a  fu n c tio n  o f  tem p era tu re  and d ie le c tr ic  b e h a v io u r  as a  fu n c tio n  o f  tem p eratu re  as w e ll  a.s fr e q u e n c y  (r e la x a tio n  sp ectra ) o f  

pure " and " m od ified "  iro n  tita n a te s .

Puie" iron titanate is sy n th e s iz ed  b y  usual standard ceram ic  m eth od  u sin g  A R. grade o x id e s  In "m odified" iron litan u ies, the ion ic  pair o f  "lithium  
4iici a i u i m n i i  m "  is  in corp ora ted  b y  th e cera m ic  tech n iq u e . T he p ercen tage  o f  lith iu m  and a lu m in iu m  in e a ch  sa m p le  is  d eterm in ed  b y  c h em ica l an a ly sis  
using ICAP t e c h n iq u e  T h e  s in g le  p h a se  fo r m a tio n  is  c o n f ir m e d  b y  X R D  te c h n iq u e  and stru ctu ra l in fo rm a tio n  is  o b ta in e d  u s in g  X R D  and F T IR  
i i L l in iq u e s  S tru ctu ra lly , a ll s a m p le s  rem ain  p se u d o b r o o k itc  h a v in g  o r th o rh o m b ic  c e l l

The a n a ly s is  o f  r e la x a tio n  sp e c tra  e s t a b l is h e s  th e  p r e se n c e  o f  s p a c e -c h a r g e , w h ic h  d e c ie a s e s  o n  in c o r p o r a tio n  o f ’ L iA l pair. T h e  c h a n g e s  in  
I' sistiN'iiy, d ie le c tr ic  c o n s ta n t, d ie le c tr ic  lo s s  are d is c u s se d  and analy.scd  on  th e  b a s is  o f  dipping, im p u rity  c o m p e n sa tio n  and gram  textu re

h r y w o r d s  . P s e u d o b r o o k itc , "LiA T -s u b s i i lu t io i i .  e le c tr ic a l and d ie le c tr ic  p rop erties

FACS N o s . 7 2 .f i0 .G a , 7 7 .2 2 .- d

1. Introduction

A .solid s ta te  re a c t io n  b e tw e e n  F c 2 0 3  a n d  T i0 2  fo rm s  th e  v e ry  
Ntable p h a se  F c 2T iO ,; [ I ] .  T h e  p r e s e n c e  o f  io n  is n o t 

observed in  th i s  p h a s e  [2 ] . E le c t r ic a l ly ,  i t  is  a n  n - ty p e  o f  
sem iconducto r [31. H o w e v e r , th is  is m a in ly  d u e  to  ra n d o m  

Jisfribution o f  Fc'^"  ̂ a n d  T i"^  io n s  [(Fe^"*’̂ ^^ 33

] a m o n g  tw o  o c ta h e d ra l s i te s  (viz  ̂ 8 f  a n d  4 c )  w h e re  

ion a c ts  a s  d o n o r . T h is  c o m p o u n d  h a s  b e e n  in v e s tig a te d  
extensively fo r  its  m a g n e t ic  sp in  g la s s  b e h a v io u r  [4-71. T h e  

Jntiferrom agnetic  o rd e r  in  th is  c o m p o u n d  is re n d e re d  sh o rt ra n g e  
by Ti layers a n d  th e  c o m p o u n d  h a s  sp in  g la s s  tra n s it io n  a t 53  K 

I^J T he a n ti fe r ro m a g n e t ic  o rd e r  is  f in a lly  d e s t ro y e d  a b o v e  6 5 0  
^ 19], R ecen tly , th e  c o m p o u n d  h a s  b e e n  in v e s t ig a te d  fo r  la rg e  

ihcmial e x p a n s io n  a n is o tro p y  [1 0 ] th e rm o d y n a m ic  e q u il ib r iu m  
in ]  and c ry s ta llo g ra p h ic  te x tu re  [1 2 ]. T h is  p se u d o b ro o k itc  e x is ts  

a o rth o rh o m b ic  o r  m o n o c l in ic  p h a s e  [1 3 ] . T h e  c o m p o u n d  h as  
aiso b een  u s e d  a s  p h o t o c a t a l y s t  [14]»  p h o to e l e c t r o d c  fo r  

electrolysis o f  w a te r  [1 5 , 16]. O v e ra l l  o n e  g e ts  a n  im p re s s io n
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th a t  thi.s c o m p o u n d  h a s  th e  p o te n t ia l  o f  a  w id e  r a n g e  o f  

a p p lic a tio n s .

T h is  h a s  en co u rag ed  u s to  p u rs u e  sy s te m a tic  in v e s tig a tio n  

o f  its  e le c tr ic a l ,  d ie le c tr ic  a n d  m a g n e tic  p ro p e r tie s . A lso , th e  
e ffe c t o f  L iA lH ^ , w h ic h  is p r im a r i ly  k n o w n  a s  r e d u c in g  a g e n t 

117], o n  F c jT iO , is  in v e s tig a te d . T h is  p a p e r  re p o r ts  th e  sy n th e s is  
a n d  e le c tr ic a l p ro p e r tie s  o f  F c^ T iO j a n d  its  L IT H IA T E D  v e rs io n . 

T h e s e  c h a r a c t e r i s t i c s  w o u ld  i n c r e a s e  t h e  r a n g e  o f  th e  

a p p lic a b il i ty  o f  th e  c o m p o u n d .

2. Experimental

F c jT iO j  w a s  p re p a re d  b y  c a lc in a t in g  a  m ix tu re  o f  fin e  p o w d e rs  

o f  A .R . g ra d e  F C jO , a n d  T iO j  a t 1(X)0"C fo r  2 4  h o u rs  fo llo w e d  
b y  h o m o g e n iz in g  in  a n  a g a te  m o r ta r  a n d  a g a in  c a lc in a t in g  a t 
1000°C  fo r 2 4  hou rs . P o w d ered  sam p le  w a s  u se d  fo r X - ray  p o w d e r 

d if fra c tio n . F o r  "L ith ia tio n " , th is  p re p a re d  FC jT iO j. w a s  ta k e n , x - 

m o lc  o f  L iA IH ^  w a s  a d d e d  (w h e re  x = 0 .2 5 ; 0 .5 0 ; 0 .7 5  a n d  1 .00 ) 
a n d  m ix in g  th o ro u g h ly , it  w a s  c a lc in a te d  a t 1 0 0 0 °C  fo r  2 4  h o u rs . 
T h e  s a m p le s  a re  la b e lle d  a n d  h e re a f te r  re f e r r e d  to  a s  S q̂ ; S j j ;
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^50* ^75 ^100 rc sp e c liv e ly . T h e  p re se n c e  an d  q u a n tity  o f
li th iu m  a n d  a lu m in iu m  in th e s e  sa m p le s  w as c o n f irm e d  by 
c h e m ic a l a n a ly s is  u s in g  In d u c tiv e ly  C o u p le d  A rg o n  P la sm a  

(IC A P ) te c h n iq u e . T h e  re s id u e  is o b se rv e d  to  b e  0 .1 0 ; 0 .2 0 ; 0 .3 0  
an d  0 .4 0  m o le  o f  L iA l c o n ta in in g  L i : A1 in 1 : I ra tio .

D ie le c t r i c  c o n s t a n t  (K*) a n d  d ie l e c t r i c  lo s s  (K**) a r c  
d e te rm in e d  by  u s in g  L C R -Q  m e te r  at an in te rn a l f req u en cy  I 
k H z  by  m e a s u r in g  th e  c a p a c ity  o f  th e  p a ra lle l p la te  c a p a c ito r  
w ith  p e lle t o f  s a m p le  a s  a  d ie le c tr ic  m e d iu m ; w ith in  the ran g e  o f  
te m p e ra tu re  3 0 0  K  -  6 0 0  K . A lso , K' an d  K” a re  d e te rm in e d  a t 
ro o m  te m p e ra tu re  in  th e  ra n g e  o f  10 k H z  ~  10(X) k H z  u s in g  an  
a u to -c o m p u tin g  d ig ita l L C R -Z  m e te r (4 2 7 7  A  H ew le tt P ack ard ). 
T h e  d .c . re s is tiv ity  is m e a s u re d  by u s in g  th e  tw o  p ro b e  m e th o d  
in th e  te m p e ra tu re  ra n g e  fro m  ro o m  te m p e ra tu re  to  6 0 0  K.

3 . R e s u l t s  a n d  d is c u s s io n

T h e  K*an d  AT" o f  S 2 5 ; 8 ^ 5  an d  8 ,^^ h a v e  b een  c a lc u la te d
by  u s in g  re la tio n

e ^ C t lA \  K '^ e /e o \  A:" =  ^ ' t a n 5  ;

w h e re  tan  g is th e  lo s s  fa c to r  a n d  C is th e  c a p a c ita n c e , t is th e  

th ic k n e ss  o f  th e  p e lle t a n d  A is  th e  su rfa c e  a re a  o f  the  p e lle t.

T h e  r e s is t iv i ty  ( p )  h a s  b e e n  d e te rm in e d  fro m  m e a su re d  
re s is ta n c e  (R ) o f  th e  s a m p le  b y  fo llo w in g  e q u a tio n

p = / ? . A / r ,

w h e re  A is  th e  c ro s s -s e c t io n a l a re a  o f  th e  p e lle t an d  a lso  o f  th e  
e le c tro d e  an d  r is th e  p e lle t th ic k n e ss . T h e  c o n d u c tiv ity  ( a )  is 
th e n

(T =  l / p .

3.J Dielectric characteristics at room-temperature :

T h e  d ie le c tr ic  c o n s ta n t (K') a n d  d ie le c tr ic  lo s s  (/T") m e a su re d  at 
ro o m  te m p e ra tu re  an d  a t  I k H z  a re  g iv e n  in  T ab le  1 . A lso , g iv en  

in  th e  ta b le  a rc  tw o  ra tio s  viz t^ 'ioicH z  ̂^  \ kHzl ^
B o th  th e  ra t io s  a re  m u c h  sm a lle r  th a n  u n ity  e x c e p t fo r  

S 25 w h ic h  is e x p la in e d  la te r  by  re la x a tio n  sp ec tra . T h is  in d ic a te s  
th e  p re s e n c e  o f  sp a c e -c h a rg e  an d  th e  re la x a tio n  f re q u e n c y  o f  
sp a c e -c h a rg e  w e ll b e lo w  10 k H z . T h e  d ie le c tr ic  c o n s ta n t ra n g e s  
fro m  2 0 0  to  500 . T h e se  v a lu e s  a re  m u c h  sm a lle r  w h en  co m p a re d

Table 1. Dielectric constant (K') and dielectric loss (K") at room 
temperature at 1 kHz and 10 kHz. and conductivity (a )  at room 
temperature at 10 kHz.

Sample S , S., S„„

K'lltMx 389 214 470 247 228

X’ / K’lOkHf ' tkNx 0,27 0.74 0.09 0.23 0.10

tMt 957 45 >1000 92 5 5

X" / X**l(%Hk ' IkMii 0.09 4.38 0.02 0.39 0.11

Conductivity {a) 
at 10kHz 
10-5 mho/m

5.67 6.33 4.04 2.74 1.47

to  a  fe r ro e le c tr ic  m a te r ia l lik e  B a T i0 3  re lax o r liî c

P b (M g ,,3 , N b 2,3 ) 0 3  [1 9 ]. H e n c e , th e  c o n tr ib u tio n  o f  d ipolar as 
w ell as  in te rfa c ia l p o la r iz a t io n  is sm a ll in th e se  sam p le s .

T h e  p lo ts  o f  K\ K" a t 1 k H z  a n d  10 k H z  an d  conductiv ity  ai 
10 k H z  as fu n c tio n  o f  L iA l c o n te n t a rc  g iv e n  in  F ig u re s  1 and 2 

A ll th e  p lo ts  a re  d o m e  sh a p e d , m a x im a  c o rre sp o n d  to  0.1 <  ̂<

0 .2  w h ere  x is ac tu a l L iA l p e rc e n ta g e  m o le  c o n te n t in  the fonmila 
o f  th e  sa m p le . O n c e  a g a in  it in d ic a te s  th a t th e  c h a n g e s  arc due 
to  in t e r f a c ia l  p o la r iz a t io n  i.e. s p a c e - c h a r g e  [2 0 ] . In tins 
c o n n e c tio n , it m ay  be n o te d  th a t p o ss e sse s  a  sh o rt range 

an ti fe r ro m a g n e tic  o rd e r  [ 8 ]. In itia lly , th e  in c o rp o ra tio n  o f LiA)

25 50 75

100

F i g u r e  1. A plot of d ie le c t r ic  constant (K') vs mole p e r ce n ta g e  oi 
LiAl (X) ai 1 kHz and 10 kHz at room temperature and dielectric less 
(K") vs mole percentage of LiAl (X) ai 1 kHz and 10 kHz at ro o m  

temperature.

Figure 2. A plot of conductivity <(t) at 10 kHz vs mole percentage; 
LiAl (X) ai 1 kHz and 10 kHz at room temperature.
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pair m ay p a rtly  d e s tro y  a n ti fe r ro m a g n e tic  o r d e r  T h is  m a y  re le a se  

more s p a c e  c h a rg e .  L a te r  a t h ig h e r  c o n te n t  o f  L i A l
a new m ag n e tic  o rd e r  m a y  c o m m e n c e  d u e  to  th e  a ff in ity  o f  lith iu m  

towards iron . T h is  w ill re s tr ic t  th e  m o b ili ty  o f  Fe^'*' F c ^  sp a c c -

charge.

j.2  Relaxation spectra :

In o rd e r  to  o b ta in  m o r e  i n f o r m a t io n  o n  s p a c e - c h a r g e  th e  
iclaxation s p e c tr a  o f  th e  s a m p le s  a rc  a ls o  in v e s t ig a te d .  T h e  se t 
ot iw o p lo ts  ( i)  K' v /s  f re q u e n c y  a n d  ( ii)  K" v /s  f re q u e n c y , k n o w n  
as re lax a tio n  s p e c tra  a re  g iv e n  in  F ig u r e s  3 a n d  4  re s p e c tiv e ly . 

Fhe n a tu re  o f  c u rv e s  is  s im i la r  to  s h o w n  b y  M a x w e ll -W a g n e r  
iTiOdcl fo r s p a c e - c h a rg e  [2 0 J . F ro m  F ig u r e  3, it is c le a r  th a t  th e  

value o f  d ie le c tr ic  c o n s ta n t is  m a x im u m  fo r S^y H e n c e , it
IS co n c lu d ed  th a t th e  s p a c e - c h a r g e  is m a x im u m  in  s a m p le  Sjy 
The cu rv e  fa lls  r a p id ly  w ith  f r e q u e n c y . H e n c e  th e  re la x a tio n  
hequcncy  o f  th e  s p a c e - c h a rg e  o f  m a y  b e  lo w e r  th a n  lO k H / 
but close to  10  k H z . T h e  v a lu e  o f  d ie le c tr ic  c o n s ta n t  K ’ a t 1 0  k H z

Log f

Figure 3. A relaxation spectra (dielectric constant K ) of ( . ), S,, (♦ ) . 
(■), S„ (0 )  and (0 ) at room temperature

4. A relaxation spectra (dielectric loss K“) of ( . ), S,, ( ♦ ) ,  
(■), ( 0 )  and (0 ) at room temperature.

a n d  its  s u b s e q u e n t  fa ll w ith  f re q u e n c y  is s o m e w h a t le s s  in  c a se  

o f  T h is  im p lie s  th a t  s p a c e - c h a rg e  as  w e ll as  its  re la x a tio n  
f re q u e n c y  in  a rc  le s s  th a n  in F o r  th e  re m a in in g  th re e  

s a m p le s , th e  s p a c e -c h a rg e  is o b .se rv cd  to  be  v e ry  sm a ll .

It is  c le a r  f ro m  F ig u r e  4  th a t K" is  th e  la r g e s t  fo r  S^y 
T h e re fo r e ,  th e  la rg e s t  c o n d u c tiv i ty  te rm  c o r r e s p o n d s  to  S 2 5 . 

T h e  c o n d u c tiv i ty  t e n n  c o r r e s p o n d in g  to  is sm a lle r  th a n  th a t 
c o rre s p o n d in g  to  S.,^. T h e  c o n d u c tiv i ty  te rm s  a re  m u c h  s m a lle r  
fo r  re m a in in g  sa m p le s .

3.3 %riation of dielectric constant {K’) with temperature at /  
kHz

F u rtlie r , th e  v a r ia tio n  o f  K’ w ith  te m p e ra tu re  (f ro m  3fX) K to  6 5 0  
K ) is| in v e s t ig a te d  to  f in d  if  th e re  e x is ts  fc r ro c ic c tr ic /d if fu sc d  

p h a s i o r  an y  o th e r  tran s itio n . T h e  v a ria tio n  o f  / ( 'w i th  tem p era tu re  
IS sh d w n  in  F ig u re  5 fo r  all th e  .sam ples. T h e  c u rv e  c o rre sp o n d in g  
to  S qp s h o w s  th a t K' in c re a s e s  s lo w ly  fro m  3(X) K . It sh o w s  
d is c o n tin u ity  at 5 0 0  K  a n d  increa .scs ra th e r  ra p id ly  fro m  5(X) K. It 

is  in te re s t in g  to  n o te  th a t th e  d is c o n tin u ity  a t 5(X) K  a g re e s  w ith  
a n li fc r ro  to  p a ra m a g n e tic  t r a n s it io n  (9 |.  H e n c e , it is c o n c lu d e d  
th a t  a b o v e  5 0 0  K  F c ’*̂ s p a c e - c h a rg e  b e c o m e s  a v a ila b le
in  th e  la rg e  q u a n ti ty  a n d  th e re fo re ,  th e  d ie le c tr ic  c o n s ta n t (K') 
in c r e a s e s ,  r a p id ly  a b o v e  5 0 0  K . In  c o m p a r is o n ,  th e  c u rv e s  
c o r re s p o n d in g  to  o th e r  s a m p le s  a rc  r a th e r  w e ll s e p a ra te d  fro m  
th e  c u rv e  b e lo n g in g  to  S ^ .  T h e  d ie le c tr ic  c o n s ta n ts  o f  th e  o th e r  

sa m p le s  re m a in  a lm o s t c o n s ta n t fro m  3(X) to  5 5 0  K . B e y o n d  5 5 0  
K  th e ir  d ie le c tr ic  c o n s ta n ts  in c re a se  ra th e r  slow ly . It is  in te re s tin g  
to  n o te  th a t  th e  tr a n s it io n  a ro u n d  5 5 0  K in  th e  o th e r  s a m p le  is 
ra th e r  b ro a d . T h is  im p lie s  th a t a  p re t ra n s i t io n  m a g n e tic  o rd e r  is  

w e a k  a s  in  th e  c a se  o f  S,00*

11.5

3.5

300 400 500 600
T«K-

Figure 5. A plot of dielectric constant <K’) vs temperature.

T h e  o v e ra l l  lo w e r in g  o f  th e  s p a c e - c h a rg e  in  th e  re m a in in g  
s a m p le s  m a y  b e  a t t r ib u te d  to  th e  f o l lo w in g  p o s s ib i l i t ie s

(i) (L iA !)"^  re p la c e s  T i"^ ,

(ii) L i is  k n o w n  fo r  its  a f f in i ty  to w a rd s  o c ta h e d ra l  s i te s  

a n d  iro n .
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(iii) Li*'*' m a y  a c t  a s  a n  a c c e p to r  a s  sh o w n  in  F ig u re  6 . 

T h is  m a y  e lim in a te  p re se n c e  o f  io n s a t le a s t partly .

Conduction band

m a y  a ls o  b e  m in o r  c o n tr ib u to r s  to  th e  d e v ia t io n  f ro m  linearity 

T h e re fo r e ,  it is  c o n c lu d e d  th a t  L i a c ts  a s  a  d o p a n t  (acceptor) 
a n d  c o m p e n s a te s  ’n ’ im p u r i ty . A ls o ,  i t  is  c o n c lu d e d  a  L iA l’ pair 

s u b s ti tu te s  T i m a in ly  o n  th e  g ra in  b o u n d a ry , a lte rs  g ra in  growth 
H e n c e , d o p in g , im p u r i ty , c o m p e n s a t io n  a n d  g ra in  tex tu re  arc 
r e s p o n s ib le  fo r  c h a n g e s  in  th e  re s is t iv i t ie s ,  d ie le c tr ic  constant 
a n d  d ie le c tr ic  lo s s  in  th e  s a m p le s .

Tl*-

U*

Valaece band

Fe®* Ions are in 
majority

Figure 6. Li^ acts an acceptor

3,4 Conductivity at JMHz at room-temperature :

In  o rd e r  to  e la b o ra te  th e  ro le  o f  "L iA l"  p a ir, th e  d .c . c o n d u c tiv it ie s  

o f  th e  sa m p le s  a re  m e a s u re d  a t ro o m  te m p e ra tu re . T h e y  a re  sh o w n  

in  T a b le  2 .

lliible 2. Data .showing effective carrier concentration, room temperature 
conductivity and particle size

Figure 7. A plot of carrier concentration (Y) vs conductivity (tr) ji 
room temperature
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