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The thermal conductivity of single crystal l ine BaTiO 3 has been measured in the temperature range of 100- 
500OK. In the neighbourhood of the transition temperature a reduction of the thermal conductivity is obser-  
ved. This resul t  can be explained in view of a current  theory on fer roelect r ic i ty  which introduces the con- 
cept of low frequency fer roe lec t r ic  modes of lattice vibration. 

Op t i ca l  phonon e f f ec t s  in t h e r m a l  conduc t iv i ty  
s t ud i e s  h a v e  been  r e p o r t e d  b e f o r e  [1-3] .  

In th i s  no te  we r e p o r t  m e a s u r e m e n t s  on 
B a T i O  3 n e a r  i t s  t r a n s i t i o n  t e m p e r a t u r e s  that  d i f -  
f e r  f r o m  p r e v i o u s  m e a s u r e m e n t s  [4-6] .  We b e -  
l i e v e  to s e e  the  in f luence  of low ly ing  t r a n s v e r s e  
op t i ca l  phonon b r a n c h e s .  Our  way of r e a s o n i n g  
can a l s o  be  app l i ed  to  m e a s u r e m e n t s  on o t h e r  
s i ng l e  c r y s t a l l i n e  f e r r o e l e c t r i c  m a t e r i a l s  n e a r  
t h e i r  C u r i e  t e m p e r a t u r e  [7,8]. 

T h e r m a l  conduc t iv i ty  m e a s u r e m e n t s  have  been  
p e r f o r m e d  by a s t eady  s t a t e  hea t  f low m e t h o d  [9] 
in a t e m p e r a t u r e  r a n g e  of 100 - 500°K. D i f f e r e n -  
t i a l  t h e r m o c o u p l e s  of c o p p e r - c o n s t a n t a n  w e r e  
u sed .  A L e e d s  and N o r t h r u p  K3 p o t e n t i o m e t e r  t o -  
g e t h e r  wi th  a Hewle t t  and P a c k a r d  419 -A  d .c .  nul l  
d e t e c t o r  w e r e  u s e d  f o r  the  t h e r m o c o u p l e  m e a s u -  
r e m e n t s .  The  t e m p e r a t u r e  d i f f e r e n c e  was  of the  
o r d e r  of one to f o u r  d e g r e e s  c e n t i g r a d e s .  The  
s a m p l e  of rough ly  t h r e e  m i l i m e t e r  d i a m e t e r  and 
one m i l i m e t e r  t h i c k n e s s ,  was  g rown  by f loa t ing  
zone  p r o c e s s  [10] wi th  a Sr  dope of 1.5%. At 
r o o m  t e m p e r a t u r e  unde r  a p o l a r i z i n g  m i c r o s c o p e  
i t  showed  a m u l t i d o m a i n  s t r u c t u r e .  The  h e a t e r  
and the  t h e r m o c o u p l e s  of 0.05 m m  d i a m e t e r  w e r e  
g lued  to the  s a m p l e  and the  s a m p l e  to the  hea t  
s ink  by a high t e m p e r a t u r e - s e t t i n g  epoxy r e s i n .  

The  r e s u l t  of t he  m e a s u r e m e n t s  i s  shown in 
f ig .  1. The  c u r v e  shows  d ips  in the  ne ighbourhood  
of the  t r a n s i t i o n  t e m p e r a t u r e s .  At the  h igh  t e m -  
p e r a t u r e  s ide  i t  i s  r i s i n g .  We expec t  i t  to m e r g e  
to a h i g h e r  ly ing  c u r v e  tha t  has  a T - 1  d e p e n d e n c e  
a t  t h e s e  t e m p e r a t u r e s .  
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Fig. 1. The thermal conductivity of a BaTiO 3 single 
crystal• Vertical  lines indicate the values of the tran- 
sition temperatures as taken from l i terature on spe- 

cific heat measurements .  

Due to  the  s m a l l n e s s  of the  s a m p l e  the  a b s o -  
lu te  a c c u r a c y  of ou r  m e a s u r e m e n t s  i s  not  so  good, 
t h i r t y  p e r c e n t  i s  a r e a l i s t i c  e s t i m a t e .  

A n d e r s o n  [11] and C o c h r a n  [12] have  s u g g e s t e d  
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t h a t  t he  a n o m a l o u s  t e m p e r a t u r e  b e h a v i o u r  of t he  
d i e l e c t r i c  c o n s t a n t  of f e r r e e l e c t r i c s  can  be  r e -  
l a t e d  to  t he  t e m p e r a t u r e  d e p e n d e n c e  of a t r a n s -  
v e r s e  op t i c  m o d e  of l a t t i c e  v i b r a t i o n .  

Low ly ing  o p t i c a l  p h o n o n  b r a n c h e s  h a v e  b e e n  
o b s e r v e d  in  s e v e r a l  f e r r o e l e c t r i c  m a t e r i a l  by i n -  
f r a r e d  s p e c t r o s c o p y  [ 13 - 15 ]  in  s t r o n t i u m  t i t a n a t e  
a n d  t i n  t e l l u r i d e  by n e u t r o n  s p e c t r o s c o p y  [16,17]  
a n d  in b a r i u m  t i t a n a t e  by e l e c t r o n  d i f f r a c t i o n  [18]. 

A p p a r e n t l y  t h e s e  low ly ing  t e m p e r a t u r e  d e p e n -  
dan t  o p t i c a l  p h o n o n  b r a n c h e s  can  get  z e r o  e n e r g y  
a t  z e r o  w a v e  v e c t o r  w h i c h  c a u s e s  the  p e r m a n e n t  
p o l a r i z a t i o n  of t he  c r y s t a l .  N e a r  t he  t r a n s i t i o n  
t e m p e r a t u r e  the  o p t i c a l  b r a n c h e s  h a v e  e n e r g i e s  
c o m p a r a b l e  to  t he  e n e r g i e s  of t he  a c o u s t i c  b r a n c h -  
e s  w h i c h  u s u a l l y  t r a n s p o r t  t he  h e a t .  Qu i t e  c l e a r l y  
t h i s  wi l l  i n f l u e n c e  the  n u m b e r  of s c a t t e r i n g  p r o -  
c e s s e s  in  w h i c h  o p t i c a l  p h o n o n s  p a r t i c i p a t e ,  r e -  
s u l t i n g  in  a r e d u c t i o n  of t he  c o n d u c t i v i t y  due  to t he  
a c o u s t i c  b r a n c h e s .  In c a s e  t he  t r a n s v e r s e  o p t i c a l  
p h o n o n  b r a n c h  s h o w s  enough  d i s p e r s i o n  a n d  i s  no t  
s c a t t e r e d  too  m u c h  i t s e l f ,  one  m i g h t  e x p e c t  s o m e  
a d d i t i o n a l  c o n d u c t i v i t y  w h i c h  m i g h t  c o m p e n s a t e  f o r  
t he  e f f e c t  of t he  d e c r e a s e d  c o n d u c t i o n  by t he  a c o u s -  
t i c  p h o n o n s .  

I n f r a r e d  s p e c t r o s c o p y  d a t a  r e v e a l  [15] t h a t  t he  
t r a n s v e r s e  a c o u s t i c  p h o n o n  b r a n c h  in b a r i u m  
t i t a n a t e  i s  s t r o n g l y  d a m p e d  n e a r  the  f e r r o e l e c t r i c  
C u r i e  t e m p e r a t u r e ,  r e a s o n  to b e l i e v e  t h a t  i t  wi l l  
no t  c o n t r i b u t e  h e a v i l y  to  the  c o n d u c t i v i t y  s o  t h a t  
a r e d u C e d  c o n d u c t i v i t y  in  t he  n e i g h b o u r h o o d  of t he  
f e r r o e l e c t r i c  C u r i e  t e m p e r a t u r e  m a y  be  e x p e c t e d .  

E l e c t r o n  d i f f r a c t i o n  d a t a  [18] b e l o w  the  C u r i e  
t e m p e r a t u r e  show t h a t  in  t he  f e r r o e l e c t r i c  s t a t e  
(with the  p o l a r i z a t i o n  v e c t o r  a l o n g  (001 } t h e r e  
a r e  s t i l l  low ly ing  t r a n s v e r s e  o p t i c a l  phonon  
b r a n c h e s  n e a r  k = 0 wi th  p o l a r i z a t i o n  v e c t o r s  
p o i n t i n g  in t he  (100} and  (010}  d i r e c t i o n s .  On d e -  
d r e a s i n g  t he  t e m p e r a t u r e  b e l o w  - 5 ° C  t he  t e t r a -  
g o n a l  b a r i u m  t i t a n a t e  g o e s  o v e r  in to  an  o r t h o r -  
h o m b i c  p h a s e .  At  t h i s  t r a n s i t i o n  t he  p o l a r i z a t i o n  
t u r n s  f r o m  b e i n g  a l o n g  a (001} a x i s  to  b e i n g  a 
f a c e  d i a g o n a l .  At  abou t  - 9 0 ° C  a n o t h e r  p h a s e  
t r a n s i t i o n  to  a r h o m b o h e d r a l  p h a s e  o c c u r s .  H e r e  
t he  p o l a r i z a t i o n  t u r n s  i n t o  t he  (111} d i r e c t i o n .  

Bo th  t h e s e  p h a s e  t r a n s i t i o n s  a r e  a c c o m p a n i e d  
by p e a k s  in the  d i e l e c t r i c  c o n s t a n t ,  l i ke  a t  t h e  
C u r i e  t e m p e r a t u r e .  T h i s  s e e m s  to i n d i c a t e  t h a t ,  
l i ke  a t  the  C u r i e  t r a n s i t i o n ,  low ly ing  t r a n s v e r s e  
o p t i c a l  b r a n c h e s  in o t h e r  c r y s t a l l o g r a p h i c  d i r e c -  
t i o n s  get  z e r o  e n e r g y  wh ich  r e s u l t s  in a t u r n i n g  
of t he  d i r e c t i o n  of t he  s p o n t a n e o u s  p o l a r i z a t i o n .  
C l e a r l y  one  m a y  a g a i n  e x p e c t  a n  a n o m a l y  in t he  
t h e r m a l  c o n d u c t i v i t y  a t  t h e s e  t e m p e r a t u r e s ,  a s  
h a s  b e e n  found.  

T h a n k s  a r e  due  to Dr .  F.  B r o w n  of W i l l i a m s -  
c o l l e g e ,  W i l l i a m s t o w n  M a s s .  who was  k ind  enough  
to  s e n d  u s  one  of h i s  f l o a t i n g  zone  g r o w n  b a r i u m  
t i t a n a t e  s p e c i m e n s  and  to D r .  G. A. A c k e t  of 
P h i l i p s  R e s e a r c h  L a b o r a t o r i e s  f o r  he lp fu l  d i s -  
c u s s i o n s .  
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