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ABSTRACT - We have measured t h e  thermal c o n d u c t i v i t y  o f  pure and doped (Nb, 
Na, L i ,  Co, Ag, e t c  . . .) KTa03 s i n g l e  c r y s t a l s  t o  i n v e s t i g a t e  t h e  induced f e r -  
r o e l e c t r i c  phase t r a n s i t i o n  mechanisms. The s t r o n g  phonon s c a t t e r i n g  observed 
i n  t h e  "pures t1 '  KTa03 i s  t e n t a t i v e l y  exp la ined  as w e l l  as t h e  enhancement o f  
t h i s  s c a t t e r i n g  by  s u b s t i t u i n g  Nb i n  t h e  c r y s t a l s .  Resu l t s  o f  p r e l i m i n a r y  
numer ica l  a n a l y s i s  o f  t h e  curves a r e  g iven.  

I n  recen t  years ,  a  s u b s t a n t i a l  amount o f  work has been undertaken t o  understand t h e  

mechanisms by which a  f e r r o e l e c t r i c  phase t r a n s i t i o n  (FPT) can be induced by add ing 

i m p u r i t i e s  i n  I ' i n c i p i e n t  f e r r o e l e c t r i c s "  such as KTa03 (1 ) .  Several  au tho rs  have 

shown t h a t  t h e  mixed c r y s t a l s  KTa Nbx O3 (KTN) can undergo a  FPT a t  a  tempera- 

t u r e  Tc depending on x f o r  x  > xc = 0.8 %, b u t  a  number o f  quest ions  o f  i n t e r e s t  

about n u c l e a t i o n  and dynamic o f  FPT a r e  n o t  answered y e t  ( 2 ) .  A lso  t h e  o r i g i n  o f  t h e  

d i s o r d e r  induced Raman s c a t t e r i n g  observed i n  pure KTa03 i s  n o t  w e l l  unders tood ( 3 ) .  

Exper imental  - We have s t u d i e d  s i n g l e  c r y s t a l s  o f  KTa03 (pu re  o r  doped w i t h  d i f f e r e n t  

i o n s )  and KTN c r y s t a l s  ( 0  < x < 3  %)  by measur ing t h e  thermal c o n d u c t i v i t y  K(T) i n  

t he  temperature range from 50 mK t o  200 K, as t h i s  p r o p e r t y  has been shown s u i t a b l e  

t o  i n v e s t i g a t e  samples w i t h  bo th  i s o l a t e d  i o n s  and extended d e f e c t s .  

A l l  c r y s t a l s  were grown by a  f l u x  techn ique and p r e l i m i n a r y  r e s u l t s  on KTa03, pure 

o r  doped w i t h  Ag o r  Cu, and KTN c r y s t a l s ,  have been p r e v i o u s l y  r e p o r t e d  ( 3 ) .  I n  t h e  

p resen t  work, o t h e r  c r y s t a l s  doped w i t h  Co, N i ,  Fe, Na and L i  have been measured, 

and t h e  e f f e c t  o f  hea t  t rea tments  on pure  KTa03 has a l s o  been s tud ied .  The r e s u l t s  

a r e  i l l u s t r a t e d  i n  f i g u r e s  1 and 2  and can be summarized as f o l l o w s  : 

( a )  The s t r o n g  phonon s c a t t e r i n g  observed i n  "pure" KTa03 i s  n o t  s i g n i f i c a n t l y  

changed by ( i )  add ing paramagnet ic i m p u r i t i e s  such as Co, N i ,  Ag o r  Cu a t  con- 

c e n t r a t i o n s  l ower  than .5 % ( i i )  annea l i ng  i n  a i r  o r  vacuum ( i i i )  a p p l y i n g  a  

magnet ic f i e l d  up t o  7 Teslas ( f i g . 2  ; no te  t h e  en la rged  s c a l e  compared to f ig .1)  

(b )  Th i s  s c a t t e r i n g  i s  s l i g h t l y  increased,  t o g e t h e r  w i t h  a  change o f  shape, by add i tq  

1.5 % i r o n  o r  0.3 % L i  ; t h e  curves a r e  s i m i l a r  t o  t h a t  o f  a  semiconduct ing 

sample ( f i g . 2 ) .  

( c )  A  s t r o n g  enhancement o f  t h e  s c a t t e r i n g  depending o f  t h e  concen t ra t i on  o f  t h e  

dopant, and w i t h o u t  change i n  shape, i s  observed i n  KTN and KI -~N~,  TaOj ( f i g . 1 )  

One c r y s t a l ,  namely 1 % l i t h i um-doped  KTa03, cannot f i t  i n  t h i s  scheme : i t s  beha- 

v i o u r  around 7 K  i s  q u i t e  t h e  same than t h e  . 3  % L i  doped c r y s t a l ,  b u t  below .7 K  
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i t  e x h i b i t s  a  K(T) % T2  l aw  which i m p l i e s  a d d i t i o n a l  phonon s c a t t e r i n g  i n  t h i s  tem- 

p e r a t u r e  range s i m i l a r  t o  t h a t  observed i n  g lasses.  

D iscuss ion - From these r e s u l t s ,  i t  i s  c l e a r  t h a t  s c a t t e r i n g  i n  "pure"  KTa03 cannot 

be due t o  i s o l a t e d  de fec t s  such as paramagnetic i m p u r i t i e s  o r  oxygen vacancies o r  

hydrogen. The o t h e r  p o i n t  i s  t h a t  Nb and Na dop ing l e a d  t o  q u a l i t a t i v e l y  comparable 

e f f e c t s  ; t h i s  i s  n o t  t h e  case f o r  L i ,  c o n f i r m i n g  t h e  p e c u l a r i t y  o f  t h i s  system (es- 

p e c i a l l y  a t  concen t ra t i ons  around 1 %),which has been c la imed by seve ra l  authors (5)(6). 

There fore  we suggest t h a t  phonon s c a t t e r i n g  i n  "pure"  KTa03 a r i s e s  f rom ve ry  smal l  

q u a n t i t i e s  o f  e l e c t r i c  d i p o l e s  induced by r e s i d u a l  and unavo idab le  Nb o r  Na (namely 

% 10 ppm, f rom t h e  more accu ra te  a v a i l a b l e  a n a l y s i s ) .  These d i p o l e s  can l o c a l l y  

p o l a r i z e  t h e  1  a t t i c e  o v e r  severa l  a tomic  d i s tances  v i a  l o n g  range i n t e r a c t i o n .  

It can be expected t h a t  these extended de fec t s  a re  s t r o n g l y  coup led w i t h  phonons. 

Th is  s c a t t e r i n g  must be n e a r l y  c o n c e n t r a t i o n  independent as l o n g  as no o v e r l a p  be t -  

ween t h e  pe r tu rbed  reg ions  takes p lace.  From t h e  l e s s  concen t ra ted  Nb-doped c r y s t a l s  

measured ( - 1 5 %  and . 3 %  ) we can rough l y  es t ima te  a t  1000 ppm t h e  mean concen t ra t i on  

t o  ach ieve o v e r l a p  so t h a t  t h e  r a d i u s  o f  one pe r tu rbed  r e g i o n  would be 5-10 a tomic  

d i s tances .  I n c r e a s i n g  t h e  Nb c o n c e n t r a t i o n  r e s u l t s  i n  an ex tens ion  o f  t h e  "ordered"  

p a r t  of  c r y s t a l ,  u n t i l  x  = xc where t h e  whole sample becomes f e r r o e l e c t r i c  over  t h i s  
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c r i t i c a l  concen t ra t i on .  Supplementary Nb do n o t  p l a y  any r o l e  o the rw ise  a c t i n g  as 

ponctua l  de fec t s  a t  h i g h  temperature.  A l though t h e  measurements on K1-xNaxTa03 c rys -  

t a l s  a r e  n o t  so comprehensive and t h a t  t h e  de te rm ina t i on  o f  r e l i a b l e  Na c o n c e n t r a t i o n  

i s  s t i l l  a major  problem, i t  can be expected t h a t  a q u i t e  s i m i l a r  i n t e r p r e t a t i o n  

ho lds  f o r  t h i s  system. 

P r e l i m i n a r y  computer c a l c u l a t i o n s  have been done w i t h i n  t h e  Cal laway model. A l l  t h e  

Nb and Na-doped c r y s t a l s  can be f i t t e d  u s i n g  a t o t a l  r e l a x a t i o n  t ime  

.r-I (w,T) = v /aL  + Aw4 + ( w , ~ )  + T-i + T  -1 
R N 

where v/aL i s  t h e  boundary s c a t t e r i n g  te rm c a l c u l a t e d  f rom t h e  s i z e  o f  t h e  samples, 

A U ~  t h e  p o i n t  d e f e c t  s c a t t e r i n g  and I--; i s  g i ven  by t h e  phenomenological express ion : 

exp [-a [(T-TO(X))/TO(X)I . f  T<TO(X) ~- i  (w,T) = D (x )  . w2 . f (T )  w i t h  f (T )  = 3 
exp [-B [T - To 

The parameters needed t o  f i t  t h e  adjustements shown i n  f i g u r e  1 a re  l i s t e d  i n  t h e  

t a b l e  1. 
Table 1 

It can be seen t h a t ,  a l t hough  x i s  changing by  a f a c t o r  20 f o r  t h e  KTN samples, 

D(x) (s -1)  

a 

B 

To (K) 

a and B a r e  n e a r l y  cons tan t  w i t h i n  a f a c t o r  o f  2. The parameter To decreases c o n t i -  

nous l y  down t o  - OK as x increases.  I f  we suppose t h a t  To de f i nes  v e r y  c r u d e l y  t h e  

wavelength o f  t h e  most s t r o n g l y  s c a t t e r e d  phonons, t h i s  wavelength increases w i t h  x 

Na 

2 l o 7  

3.2 

. 22 

8 

and can be r e l a t e d  t o  t h e  ex tens ion  o f  t h e  "ordered" p a r t  o f  t h e  c r y s t a l .  A l so  t h e  

va lue To = 8 K f o r  pure  KTa03 l eads  t o  a pe r tu rbed  volume o f  about 8 u n i t  c e l l s ,  i n  

"Pure" 

3 . 1 0 ~  

2.6 

. 15 

8 

agreement w i t h  t h e  q u a l i t a t i v e  e s t i m a t i o n  g i ven  above. 

.3 % Nb 

3 x l o 7  

2.2 

. 22 

6 

. I 5  % Nb 

l o 7  

2.6 

. 3  

7.2 
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