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A b s t r a c t  - The energy of i n t e r p h a s e  boundar i e s  between nob le  
-Au, C u )  and v a r i o u s  i o n i c  c r y s t a l s  ( L i F ,  NaCl, KC1, MgO,  
Al203, mica )  was i n v e s t i g a t e d  by means of  t h e  p l a t e l s p h e r e  method. 
The r e s u l t s  o b t a i n e d  s u g g e s t  t h a t  t h e  c o i n c i d e n c e  model i s  n o t  
a p p l i c a b l e  t o  d e s c r i b e  t h e  s t r u c t u r e  of  i n t e r p h a s e  boundar i e s  of 
low energy between nob le  m e t a l s  and i o n i c  c r y s t a l s .  The a tomic  
s t r u c t u r e  of t h e  low energy boundar i e s  observed may be under-  
s tood  i n  terms of t h e  proposed " l o c k - i n  model".  Moreover t h e  
energy of i n t e r p h a s e  boundar i e s  seems t o  be s t r o n g l y  dependant  
on t h e  t e m p e r a t u r e .  Measurements of t h e  energy of  Cu/MgO and 
Au/A1203 i n t e r p h a s e  boundar i e s  a t  550° C and 950° C i n d i c a t e  t h e  
e x i s t e n c e  of a  t r a n s i t i o n  from an e n e r g e t i c a l l y  a n i s o t r o p i c  
boundary s t r u c t u r e  i n t o  an i s o t r o p i c  one.  

I n t r o d u c t i o n  

Whereas s t r u c t u r a l  models of g r a i n  boundar i e s  in  m e t a l s  ( l ) ,  ( 2 )  and 
ce ramic  m a t e r i a l s  ( 3 )  a r e  wel l  deve loped ,  much l e s s  i s  known on t h e  
s t r u c t u r e  and p r o p e r t i e s  of i n t e r p h a s e  b o u n d a r i e s .  Th i s  paper  r e p o r t s  
measurements of  low ene rgy  i n t e r p h a s e  boundar i e s  between Au o r  C u  and 
v a r i o u s  i o n i c  c r y s t a l s  ( L i F ,  NaCl, KC1, MgO, A1203, m i c a ) .  The i o n i c  
c r y s t a l s  were s e l e c t e d  i n  such a  manner t h a t  t h e  e f f e c t s  of l a t t i c e  
mismatch ( v a r i e d  between 1 . 3  and 35.1  % ) ,  t h e  e f f e c t  of  l a t t i c e  
s t r u c t u r e  ( c u b i c / c u b i c  and h e x a g o n a l / c u b i c ) ,  chemical  e f f e c t s  and t h e  
e f  e c t  of t h e  t e m p e r a t u r e  could  be s t u d i e d  s y s t e r n a t i c a l l y  ( 4 ) .  About $ .  10 ~ s o l a t e d  and c r y s t a l l o g r a p h i c a l l y  randomly o r i e n t e d ,  smal l  ( %  1 ~ m )  
s p h e r i c a l  s i n g l e  c r y s t a l s  ( m e t a l )  were s i n t e r e d  o n t 0  a  f l a t  s i n g l e  
c r y s t a l  s u b s t r a t e  ( i o n i c  c r y s t a l )  ( 5 ) .  In o r d e r  t o  minimize t h e  
i n t e r f a c i a l  ene rgy  of  t h e  boundar i e s  formed between t h e  small  c r y s t a l s  
and t h e  s u b s t r a t e ,  t h e  s p h e r e s  may r o t a t e  a t  e l e v a t e d  t e m p e r a t u r e s  
(5500 C - 9500 C) i n t o  o r i e n t a t i o n  r e l a t i o n s h i p s  of low ene rgy .  The 
r e s u l t i n g  a l ignment  of t h e  c r y s t a l s  can be measured by t h e  conven t -  
i o n a l  methods of X-ray t e x t u r e  a n a l y s i s .  

Exper imenta l  Resul t s  

I n t e r p h a s e  boundar i e s  of low energy a r e  c h a r a c t e r i z e d  by t h e  
p a r a l l e l i s m  of low index l a t t i c e  p l a n e s  and c l o s e  packed d i r e c t i o n s  
i n  both c r y s t a l s  ( f o r  d e t a i l e d  d e s c r i p t i o n  s e e  Ref.  ( 4 )  ) :  
The number of t h e  e x p e r i m e n t a l l y  found i n t e r p h a s e  boundar i e s  of low 
energy i s  dependant  on 
- t h e  l a t t i c e  mismatch ( a p  - a s )  / a p , ( a p y  as  : l a t t i c e  pa ramete r s  of 

t h e  p l a t e  p  and t h e  s p h e r e  s  r e s p e c t i v e l y )  
and t h e  l a t t i c e  s t r u c t u r e  
a p  - a s  smal l  : many o r ~ e n t a t i o n  r e l a t i o n s h i p s  (Au/LiF up t o  6 )  

a  - a s  l a r g e  : o n l y  t h e  cube lcube  o r i e n t a t i o n  (AuIKC1) 
P 

c u b . / h e x .  : O O i  n t a t ' o n  r e l a t i o n s h i p  of  low ene rgy  
rêLfAY283, LiuPmlcaJ 
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- c h e m i c a l  e f f e c t s  

Ag INaCl  : n e a r l y  a l 1  s p h e r e s  i n  t h e  c u b e l c u b e  o r i e n t a t i o n  ( 5 )  

AuINaC1 : v e r y  f e w  s p h e r e s  i n  t h e  c u b e l c u b e  o r i e n t a t i o n  

a l t h o u g h  t h e  l a t t i c e  c o n s t a n t s  o f  Ag and  Au a r e  n e a r l y  i d e n t i c a l  
( i 0.2  % d i f f e r e n c e ) ,  

- t h e  t e m p e r a t u r e  

Cu/MgO, Au/A1203 : a t  950' C no o r i e n t a t i o n  r e l a t i o n s h i p  o f  l o w  
e n e r g y , a t  550° C  s p e c i a l  o r i e n t a t i o n s  

Au/MgO : a t  a l 1  t e m p e r a t u r e s  i n v e s t i g a t e d  (550°  - 900° C) 
s p e c i a l  o r i e n t a t i o n s .  

D i s c u s s i o n  

1 )  T e m p e r a t u r e  = c o n s t .  = 550' C 

The r e s u l t s  o b t a i n e d  s u g g e s t  t h a t  b o u n d a r y  m o d e l s  based  on t h e  
c o i n c i d e n c e  c o n c e p t  a r e  n o t  a p p l i c a b l e  t o  i n t e r p h a s e  b o u n d a r i e s  o f  
l o w  e n e r g y  b e t w e e n  m e t a l s  and  i o n i c  c r y s t a l s .  F o r  example ,  F i g . 1  
shows a  s c h e m a t i c  c r o s s  s e c t i o n  t h r o u g h  a  c o i n c i d e n c e  b o u n d a r y  be tween 
Au and  KCI.  T h i s  b o u n d a r y  was n o t  o b s e r v e d  e x p e r i m e n t a l l y  t o  b e  o f  
l o w  e n e r g y ,  whereas  t h e  h i g h l y  s y m m e t r i c  c u b e l c u b e  b o u n d a r y  was f o u n d  
t o  be e n e r g e t i c a l l y  p r e f e r r e d  ( F i g .  2 ) ,  a l t h o u g h  t h e  i n t e r f a c i a l  
m i s m a t c h  i s  3 5 . 1  %. 

Fig. 1: Schematic cross sect ion through a  coincidence boundary between Au and KCl 
The atoms ( ions )  a t  coincidence s i t e s  are ind ica ted  i n  black. This 
boundary was n o t  observed t o  be o f  low energy. 

Fig. 2: Schematic cross sect ion through the  low energy boundary observed between 
Au and KC1. The two c r y s t a l s  have the  cube/cube o r i e n t a t i o n  r e l a t i o n s h i p  
( ( 0 1 0 ) ~ ~  1 1  ( 0 1 0 ) ~ ~ 1  and clOO>Au 1 1  <~O~>KCI 1. 

A l s o  f o r  s y s t e m s  w i t h  s m a l l  l a t t i c e  m i s m a t c h  ( e . g .  1 .3  % A u I L i F )  
e x p e c t e d  c o i n c i d e n c e  b o u n d a r i e s  ( E =  5 ,  7 ,  9, 11 e t c . )  d i d  n o t  r e s u l t  
i n  l o w  e n e r g y  b o u n d a r i e s  and  t h e  l o w  e n e r g y  b o u n d a r i e s  o b s e r v e d  d i d  
n o t  c o r r e s p o n d  t o  h i g h  c o i n c i d e n c e  o r i e n t a t i o n  r e l a t i o n s h i p s  ( 4 ) ,  ( 6 ) .  
Assuming  t h a t  t h e  p l a n e  o f  t h e  i n t e r p h a s e  b o u n d a r y - b e t w e e n  a  m e t a l  
and  a  i o n i c  c r y s t a l  l i e s  p a r a l l e l  t o  t h e  l o w  e n e r g y  ( c l e a v a g e )  p l a n e  
o f  t h e  i o n i c  c r y s t a l  ( f o r  example  { 1 0 0 }  f o r  c u b i c  c r y s t a l s ) ,  t h e  
' s u r f a c e "  o f  t h e  i o n i c  c r y s t a l  may be d e s c r i b e d  i n  t e r m s  o f  a  s e t  o f  
c l o s e  p a c k e d  r o w s  o f  a toms s e p a r a t e d  b y  r e l a t i v e l y  deep  " v a l l e y s " .  
The e x p e r i m e n t a l l y  o b s e r v e d  l o w  e n e r g y  b o u n d a r i e s  a r e  i d e n t i c a l  w i t h  
t h o s e  c o n f i g u r a t i o n s  f o r  w h i c h  t h e  c l o s e s t  p a c k e d  rows  o f  t h e  atoms 
a t  t h e  " s u r f a c e "  o f  t h e  m e t a l  f o r m  a  " l o c k - i n  c o n f i g u r a t i o n "  w i t h  t h e  
v a l l e y s  o f  t h e  " s u r f a c e "  o f  t h e  u n d e r l y i n g  i o n i c  c r y s t a l .  



F ig .  3  : 

"Lock-in" s t r u c t u r e  o f  one o f  the 
low energy boundaries observed 
between Au and L iF .  

W i t h  i n c r e a s i n g  l a t t i c e  m i s m a t c h  t h e  w i d t h  o f  t h e  " r o w s "  and t h e  
" v a l l e y s "  becomes g r a d u a l l y  i n c o m p a t i b l e .  So t h e  number o f  l o w  
e n e r g y  " l o c k - i n "  c o n f i g u r a t i o n s  d e c r e a s e s  
Chemica l  e f f e c t s  and  t e m p e r a t u r e  e f f e c t s  a r e  n o t  i n c o r p o r a t e d  i n  t h e  
l o c k - i n  m o d e l .  

2) Temperature = va r iab le  (550 '  C - 950' C) 

A t  900' C t h e  b o u n d a r y  e n e r g i e s  o f  t h e  s y s t e m s  Cu/MgO and  Au/A1203 
became i n d e p e n d e n t  o f  t h e  r e l a t i v e  o r i e n t a t i o n s  o f  t h e  Cu ( A u )  
c r y s t a l s  w i t h  r e s p e c t  t o  t h e  Mg0 ( A l  O ) l a t t i c e .  A t  l o w e r  t e m p e r a -  
t u r e s  ( 5 5 0  C) s p e c i a l  o r i e n t a t i o n  r e l a t i o n s h i p s  w e r e  f o u n d .  

Low e n e r g y  i n t e r p h a s e  b o u n d a r i e s  c a n  o n l y  e x i s t ,  i f  t h e  a t o m i c  
b o u n d a r y  depends  on  t h e  o r i e n t a t i o n  o f  t h e  t w o  c r y s t a l s  on b o t h  s i d e s .  
I n  o t h e r  w o r d s ,  i f  t h e  b o u n d a r y  i s  o r d e r e d ,  hence ,  t h e  o b s e r v e d  
t r a n s i t i o n  o f  t h e  e n e r g e t i c a l l y  a n i s o t r o p i c  b o u n d a r y  s t r u c t u r e  t o  
an i s o t r o p i c  one may be i n t e r p r e t e d  i n  t e r m s  o f  a , o r d e r / d i s o r d e r  
t r a n s f o r m a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  i n t e r p h a s e  b o u n d a r i e s .  
Q u a l i t a t i v e l y ,  s u c h  a  t r a n s f o r m a t i o n  may be u n d e r s t o o d  i n  e n e r g e t i c  
t e r m s  asan  e f f e c t  o f  t h e  e n t r o p y  o f  t h e  b o u n d a r y ,  s i m i l a r  t o  phase  
t r a n s f o r m a t i o n s  a t  f r e e  s u r f a c e s .  

T h i s  t r a n s i t i o n  was n o t  o b s e r v e d  i n  a l 1  s y s t e m s  i n v e s t i g a t e d .  F o r  
example  t h e  i n t e r p h a s e  b o u n d a r i e s  Be tween Au and Mg0 a r e  o r d e r e d  a t  
a l 1  t e m p e r a t u r e s  i n v e s t i g a t e d  ( 5 5 0  C - 950' C ) ,  w h e r e a s  i n  t h e  
s y s t e m  Cu/A l  O no o r i e n t a t i o n  r e l a t i o n s h i p s  o f  l o w  e n e r g y  were  f o u n d .  
T h i s  seems t g  $e  c o r r e l a t e d  w i t h  t h e  l o c k - i n  model  i n  t h e  manner  
t h a t  s y s t e m s  w i t h  s m a l l  m i s m a t c h  (Au/MgO) a r e  o r d e r e d  u p  t o  h i g h  
t e m p e r a t u r e s  whereas  s y s t e m s  w i t h  a  l a r g e  m i s m a t c h  d i s o r d e r  a t . h i g h  
t e m p e r a t u r e s  (Cu/MgO, A u / A 1 2 0 3 ) .  
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