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destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
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RESUHE : Dans c e r t a i n e s  phases de t y p e  s i l l 6 n i t e s  B i  [ A ' ~ B * ~ ] o  l e s  d i s t a n c e s  i n t e r a t o m i q u e s  e n t r e  
12 .Q 6 .$O' ,, . 

l ' o x y g 8 n e  e t  l e s  c a t i o n s  A  e t  B  l o c a l i s 6 s  dans l e s  s l t e s  t e  r a e  r l q u e s  de l a  s t r u c t u r e  o n t  6 tC  
d t t e r m i n k e s  p a r  EXAFS e t  ce,  malgrC l e s  d i f f i c u l t e s  d ' e n r e g i s t r e m e n t  dues 2 l a  c o n c e n t r a t i o n  
r e l a t i v e m e n t  f a i b l e  des especes A e t  B  en p r t s e n c e  de b i smuth  f o r t e r e n t  abso rban t .  

ABSTRACT : I n  some B i r 2 [ ~ ~ B ~ ] 0 2 0  s i l l e n i t e  t y p e  phases t h e  i n t e r a t o m i c  d i s t a n c e s  between oxygen and A  
o r  8 c a t i o n s  l o c a t e d  I n  t e t r a h e d r a l  s i t e s  o f  t h e  l a t t i c e  can be de te rm ined  by EXAFS d e s p i t e  d i f f i c u l t  
r e c o r d i n g  c o n d i t i o n s  due t o  r e l a t i v e l y  l o u  c o n c e n t r a t i o n s  o f  A and 8 s p e c i e s  i n  presence o f  s t r o n g  
a b s o r b i n g  b ismuth.  

S i n g l e  c r y s t a l s  o f  B i ,2Si020 and B i  GeOEO p u r e  o r  doped p r e s e n t  ve ry  i n t e r e s t i n g  e l e c t r o - o p t i c a l  
12 - -  -. - -  

p r o p e r t i e s .  
The B i  M O  s i l l e n i t e  phases c r y s t a l l i z e  i n  a  body c e n t e r e d  c u b i c  l a t t i c e  (space g roup  123, Z = 

2)  (1) .  The A2ca$i)on l o c a t e d  a t  t h e  c o r n e r s  and t h e  c e n t e r  o f  t h e  cube i s  s u r r ~ u $ $ ~ b y  p e r f e c t  oxygen 
t e t r a h e d r a .  When M i s  s u b s t i t u t e d  by A and B  c a t i o n s ,  i s o s t r u c t u r a l  phases B i l  [A 8 ~ 1 0  a r e  o b t a i n e d  

(2). I n  t h i s  case, t h e  c r y s t a l l o g r a p h i c a l  i n v e s t i g a t i o n  l e a d s  o n l y  t o  average (;A-8-0 dis$.ances. 
EXAFS  seemed an a p p r o p r i a t e  t o o l  f o r  d e t e r m i n i n g  more p r e c i s e l y  t h e  concerned bond l e n g t h s .  

EXPERIRENTAL PROCEDURE AND OATA ANALYSIS 
\ 

The X - r  a b s o r p t i o n  s p e c t r a  o f  poudered Bil2(~e]0 o, B i 1 2 [ ~ s f q V / 5 a  1/J020, B i 1 2 [ ~ n t 1 1 ~ ~ ' v  !/3 213 10 2? 
and B i  [Ga+lTMnG\]020 have been reco rded  a t  room &mperature,  u s l n g  t r a n s m i s s o n  e c h m c s  a  
DCI ( L U R ~ ~ .  

Due t o  t h e  s t r o n g  a b s o r p t i o n  o f  b i smu th  a t  t h e  co r respond ing  pho ton  e n e r g i e s  (9500 t o  12500 eV) 
and t h e  low c o n c e n t r a t i o n  o f  A  o r  B  c a t i o n s  ( l e s s  than  1  f o r  12 b i smuth  atoms) t h e  t h i c k n e s s  o f  t h e  
samples has t o  be c a r e f u l l y  ad jus ted .  

L e t  us c a l l  p and p t h e  r e s p e c t i v e  a b s o r p t i o n  c o e f f i c i e n t s  b e l o u  and above t h e  K a b s o r p t i o n  edge 
1 2  

f o r  t h e  v a r i o u s  c a t i o n s  p r e s e n t  (Ge,As,Zn,Ga) and x  t h e  t h i c k n e s s  o f  t h e  sample. The optimum t h i c k n e s s  
c o n d i t i o n s  i s  p x  " 2 a t  t h e  a b s o r p t i o n  edge o f  i n t e r e s t .  B u t  t h i s  r e q u i r e m e n t  can  y e t  be f u l f i l l e d  as 

2 
t h e  v a l u e  o f  t h e  c o n t r a s t  ( p -p ) x  s h o u l d  be g e n e r a l l y  t o o  low t o  be de tec ted .  However, whereas the 

2 1 .  
d e t e r m i n a t i o n  o f  t h e  number o f  ne ighbours  r e q u i r e s  g e n e r a l l y  t h e  b e s t  p o s s i b l e  c o n d i t i o n s  f o r  d a t a  
r e c o r d i n g ,  t h e  f i r s t  s h e l l  r a d i u s  can be cons ide red  a s  a  l o v e r  l i m i t  h e r e  due t o  t h e  c r i t i c a l  measur ing 
c o n d i t i o n s .  Hence, ue have a d j u s t e d  t h e  t h i c k n e s s  o f  t h e  samples so t h a t  p x  = 4, uh i ch ,  i n  each case 
l e a d s  t o  a  s u f f i c i e n t  c o n t r a s t  ( i . e .  ( p  - y  ) x  >0.1. 

2 

T h e x ( E )  d a t a  f o r  Ge,As,Ga,Zn a t  $he ~ - l e d ~ e  a r e  g i v e n  i n  Fig.1. The u i n d o u  used f o r  t h e  F.T. o f  
t h e  k 3 x ( k )  d a t a  ex tended  f o r  a l l  samples f rom 30 eV t o  450, 300, 270 and 220 eV f o r  Ge,As,Ga and Zn 
r e s p e c t i v e l y .  
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The back t rans fo rmed c o n t r i b u t i o n  o f  the f i r s t  oxygen c o o r d i n a t i o n  s h e l l  has been c a l c u l a t e d  us ing  
t h e o r i t i c a l  amp l i tude  and phase s h i f t .  

Since the  d i s t a n c e  between germanium and oxygen a re  known i n  B i  l ~ e l 0  f rom the c l a s s i c a l  
c r y s t a l l o g r a p h i c  data,  we have used t h i s  compotnd t o  check the  v a l i d i t y  o u r  Tats t rea tment  method. 
The value o f  Ge-0 d i s t a n c e  is found t o  be 1.77 A, va lue  which ve ry  w e l l  agrees w i t h  X-ray d i f f r a c t i o n .  

For the  z i n c  compound which g i v e  the  worst exper imenta l  data,  we have s e l e c t e d  ZnO ( w u r t z i t e )  as a  
re fe rence  compound. We have found t h e  the  Zn-0 d i s t a n c e  was unchanged us ing  a window e i t h e r  f rom 30 t o  
600 eV o r  ex tend ing  f rom 30 t o  220 eV, 

LOO 
E1.W 

az! 

a) EXAFS spectrum o f  the s t u d i e d  compounds above the  Ge,As,Zn,Ga K-edge. 
b )  Rad ia l  d i s t r i b u t i o n  f u n c t i o n  ( w i t h o u t  phase s h i f t  c o r r e c t i o n ) .  
c )  Back-Four ier  t ransformed c o n t r i b u t i o n  of  the  f i r s t  neighbour s h e l l  : exp.(points) ,  c a l c . ( f u l l  

l i n e ) .  
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E (*W 

+I1 +V 
Fig.2 - a)  EXAFS s p e c t r a  o f  B i  [~n+ I I kn+ '  10 and ZnO above Zn+II !vedge. 

b  a i l  d i s r i b u t i o n 2 f u n o n w i u i t i o n s )  : ~ i ~ ~ ( l " ~ ~ l * ~ ~  ( f u l l  

l i n e ) .  ~ i , ~ [ ~ n ; ~ ~ ~ s ; V / 3 ' ] 0 ~ ~  (dashed l i n e ) ,  ZnO ( ~ o i n t s ) .  
c )  Back-Four ier  t rans fo rmed  c o n t r i b u t i o n s  o f  t h e  f i r s t  ne ighbour  s h e l l  : exp. ( p o i n t s ] ,  ca l c .  

( f u l l  l i n e ) .  

RESULTS - 
The r e s u l t s  o b t a i n e d  a re  summarized i n  Table I. 
I n  s p i t e  o f  t h e  presence i n  the  m a t e r i a l s  o f  a  h i g h  number o f  s t r o n g l y  absorb ing  b i smuth  atoms, 

EXAFS has a l l o u e d  t o  determine some i n t e r a t o m i c  d i s t a n c e s  betueen oxygen and A  and ( o r 1  B  c a t i o n s  
l o c a t e d  i n  the  t e t r a h e d r a l  s i t e s  o f  t h e  s i l l e n i t e  t y p e  s t r u c t u r e .  

The most v a l u a b l e  r e s u l t  has been t b t a i n e d  f o c  the  B i  Iz~+IIAs+' 113 2/31°20 o x i d e  f o r  u h i c h  t h e  Zn-0 
and As-0 d i s t a n c e s  a re  r e s p e c t i v e l y  1.83 A  and 1.71 A. The d i f f e r e n c e  betueen those va lues  c l e a r l y  shows 
t h a t  t h e  t e t r a h e d r a  cannot  be i d e n t i c a l  i n  t h e  l a t t i c e  when they  a r e  occupied by d i f f e r e n t  c a t i o n s .  
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TABLE - Cornparaison o f  EXAFS results uith crystallographic d a t a .  

I I I'rrvious I 
I EXAFS r e s u l L s  I c r y s L d l l o g r ~ ~ ~ h i c  I 
I I d a t a  I 

-- .. , .. - 1  
I IAbsorbinqlaIweic~11t)lE l e v ) )  I A - 0 ) - o  a 1 o ( A )  I ~ I A )  I M-o 1 
1 Phascs 1 cal.ion I~~sorbinqlk-rdqrleiDls(sn=e f A ) I  ! 0 . 0 1  1 : 0 . 0 ( 1 1 I D l b ~ . r 8 r c e l ~ ) l  

I I ' I c a t i o n  I I t 0 . 0 2  I I 1 I 
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