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Rhsum6: 
Nous p r 6 s e n t o n s  un s p e c t r o m i t r e  s i m p l e ,  s p 6 c f a l e m e n t  

c o n s t r u i t  pour  l e s  mesu res  d e  ReflEXAFS. 11 u t i l i s e  un t u b e  d e  
rayons-X c o n v e n t i o n n e l  a s s o c i 6  B un m i r o i r  p a r a b o l i q u e .  Un 
monochromateur B deux c r i s t a u x  (L iF )  permet  d ' o b t e n i r  une 
r 6 s o l u t i o n  d e  8 , s  eV ?I 8 keV. Le f a i s c e a u  i n c i d e n t  e s t  mon i to r6  
p a r  un compteur  p r o p o r t i o y n e l  e t  l e  f a i s c e a u  r h f l h c h i  e s t  
mesurh p a r  un compteur  a  s c i n t i l l a t i o n  (NaI )  q u i  permet  
d ' b l i m i n e r  l e s  harmoniques  p a r  d i s c r i m i n a t i o n  d 1 6 n e r g i e .  Le 
s p e c t r o m i t r e  e s t  u t i l i s a b l e  d e  7 B 1 8  keV. Les  s p e c t r e s  
r e l a t i f  s & l a  s u r f a c e  d ' u n  B c h a n t i l l o n  d e  n i c k e l  a v a n t  e t  a p r i s  
o x y d a t i o n  t h e r m i q u e  s o n t  p r6sen tBs .  

A b s t r a c t :  
A s i m p l e  s p e c t r o m e t e r  u s i n g  a  c o n v e n t i o n a l  X-ray 

g e n e r a t o r  has  been  c o n s t r u c t e d  f o r  ReflEXAFS measurements  a t  
g l a n c i n g  a n g l e .  The X-ray s o u r c e  i s  a  s e a l e d  X-ray t u b e  w i t h  a  
p a r a b o l i c  m i r r o r .  A monochromator w i t h  two f l a t  LiF  c r y s t a l s  i s  
used .  The ene rgy  r e s o l u t i o n  amounts t o  8.5 eV a t  8 keV. A 
p r o p o r t i o n a l  c o u n t e r  m o n i t o r s  t h e  i n c i d e n t  X-ray i n t e n s i t y  and 
a NaI s c i n t i l l a t i o n  d e t e c t o r  measu re s  t h e  i n t e n s i t y  of t h e  
r e f l e c t e d  beam. T h i s  sys t em i s  f r e e  f rom f l u c t u a t i o n s  of t h e  
i n c i d e n t  X-ray i n t e n s i t y  and harmonics  can  be  r e j e c t e d  w i t h  t h e  
e n e r g y  d i s c r i m i n a t i o n .  The  r a n g e  of  e n e r g y  i s  7 t o  18  keV. The 
ReflEXAFS s p e c t r a  r e l a t e d  t o  t h e  s u r f a c e  of a  n i c k e l  sample  and 
a  t h e r m a l l y  ox ided  n i c k e l  sample  a r e  p r e s e n t e d .  

INTRODUCTION. 
The u s e  of a  s y n c h r o t r o n  r a d i a t i o n  s o u r c e  i s  v e r y  

a t t r a c t i v e  t o  pe r fo rm EXAFS measurements  b e c a u s e  of i t s  u n i q u e  
p r o p e r t i e s  of h i g h  f l u x ,  s m a l l  beam d i v e r g e n c e ,  s t r u c t u r e l e s s  
s p e c t r u m ,  and p o l a r i z a t i o n .  However t h e  d i f f i c u l t y  of a c c e s s i n g  
such  f a c i l i t i e s  h a s  g e n e r a t e d  a  c o n s i d e r a b l e  i n t e r e s t  i n  
l a b o r a t o r y  s y s t e m s  (I), which can  be  d e s i g n e d  f o r  t h e  u s e r  
o r i e n t e d  c o n d i t i o n s  and problems.  S e v e r a l  s u c h  l a b o r a t o r y  
f a c i l i t i e s  have  been  d e s c r i b e d  ( 2 ) .  However, c o m p l i c a t e d  
a l i g n e m e n t  and c o n t r o l  p r o c e d u r e s  o r  e x p e n s i v e  r o t a t i n g  anode  
x-ray s o u r c e s  a r e  r e q u i r e d .  I n  most c a s e s ,  t h e y  a r e  n o t  
s u i t a b l e  f o r  Ref lEXAFS expe r imen t s .  
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We r e p o r t  h e r e  a  r e l a t i v e l y  s i m p l e  d e v i c e  we u s e  t o  t e s t  
t h e  s u i t a b i l i t y  of s amples  f o r  f u r t h e r  s y n c h r o t r o n  e x p e r i m e n t s ,  

s i n c e  t h e  ReflEXAFS e x p e r i m e n t s  r e q u i r e  s amples  of good 
q u a l i t y  and s p e c i a l  e x p e r i m e n t a l  c o n d i t i o n s .  

GENERAL TECHNIQUE : 
When a n  X-ray beam impinges  on a  s u r f a c e  w i t h  a  g l a n c i n g  

a n g l e  s m a l l e r  t h a n  a  c r i t i c a l  a n g l e  0 c  ( < 10 mrad f o r  t h e  u s u a l  
compound i n  t h e  e n e r g y  r a n g e  of  i n t e r e s t ) ,  i t  i s  n e a r l y  t o t a l l y  
r e f l e c t e d  and c o n t a i n s  t h e  EXAFS and XANES c h a r a c t e r i s t i c s  of t h e  
t o p  of t h e  s u r f a c e  ( p e n e t r a t i o n  d e p t h  abou t  3 nm). To pe r fo rm t h i s  
s o - c a l l e d  ReflEXAFS t e c h n i q u e ,  a  v e r y  nar row X-ray beam ( 25 IJm) 
w i t h  a  low d i v e r g e n c e  ( < 0.1 mrad) i s  needed ,  and i t  i s  n o t  
p o s s i b l e  t o  u s e  c l a s s i c a l  d e v i c e s  w i t h  a  b e n t  c r y s t a l  f o r  enhanc ing  
t h e  f l u x .  

MONOCHROMATOR. 
The monochroma t o r  c o n s i s t s  of two s e p a r a t e d  LiF (200)  

f l a t  c r y s t a l s  i n  t h e  c l a s s i c a l  (+ -) a r r angemen t  shown i n  f i g u r e  1. 
Energy s c a n n i n g  i s  o b t a i n e d  by d i r e c t l y  r o t a t i n g  t h e  whole  
t w o - c r y s t a l s  a s sembly ,  a t t a c h e d  t o  t h e  mechan ica l  a x i s  of a n  
a c c u r a t e  i n c r e m e n t a l  a n g l e  encode r .  The a n g u l a r  d i s p l a c e m e n t s  of 
t h e  monochromator a r e  t h u s  made w i t h  a  t y p i c a l  r e s o l u t i o n  of 0.002 
deg ree .  A c c u r a t e  p a r a l l e l i s m  between t h e  two c r y s t a l s  c a n  be  
a c h i e v e d  w i t h  a  d c  motor.  The s p a c i n g  be tween t h e  two c r y s t a l s  i s  
mon i to red  by a  mic rocompu te r  i n  o r d e r  t o  a v o i d  a  d i s p l a c e m e n t  of 
t h e  beam w i t h  t h e  ene rgy .  

F i  .2. Coun t ing  r a t e  of t h e  
F ig .  1. Schema t i c  d iagram.  s c f n t i l l a t i o n  c o u n t e r  showing t h e  

e f f i c i e n c y  of t h e  mon i to r :  
A) w i t h o u t  mon i to r  
B )  w i t h  mon i to r .  

X-RAY SOURCE. 
The X-rays a r e  g e n e r a t e d  by a  c o n v e n t i o n a l  s e a l e d  X-ray 

t u b e  i n  i t s  l i n e  image p o s i t i o n .  By choos ing  anode  m a t e r i a l  such  a s  
Ma, c h a r a c t e r i s t i c  l i n e s  which may s e r i o u s l y  deform t h e  s p e c t r a  can  
be ,  i n  p r i n c i p l e ,  avo ided  i n  t h e  r a n g e  7 t o  1 8  keV. However t h e  
i n t e n s e  c h a r a c t e r i s t i c  La l i n e  of t u n g s t e n  and o t h e r  s p u r i o u s  
l i n e s  c a n n o t  be a v o i d e d ,  due t o  t h e  f i l a m e n t  e v a p o r a t i o n  ( a s  shown 
f u r t h e r  below, t h i s  d i f f i c u l t y  c a n  be  overcome by u s i n g  a  mon i to r  
s e t  i n  t h e  i n c i d e n t  beam). 



I n  o r d e r  t o  i n c r e a s e  t h e  f l u x  w i t h o u t  i n c r e a s i n g  t h e  d i v e r g e n c e ,  a 
go ld -coa t ed  p a r a b o l i c  m i r r o r  i s  used .  The p a r a b o l i c  form i s  
o b t a i n e d  by bending  a  g l a s s - p l a t e ( l 6 0  x  30  x  3  mm3 ). Thus t h e  f l u x  
i s  a b o u t  7 t i m e s  h i g h e r .  

MONITOR AND DETECTOR. 
X-rays coming f rom t h e  f i r s t  s l i t  (25  um) p a s s  f i r s t  

t h r o u g h  a  home-made p r o p o r t i o n a l  c o u n t e r  coup led  w i t h  a  f a s t  
p r e a m p l i f i e r .  The c o u n t e r ,  equ ipped  w i t h  e n t r a n c e  and e x i t  X-ray 
t r a n p a r e n t  windows ( k a p t o n )  , i s  f i l l e d  w i t h  P10 g a s  (90% a r g o n  and 
10% methane)  a t  a t m o s p h e r i c  p r e s s u r e  so  t h a t  i t  a b s o r b s  10-20% of 
t h e  X-ray beam depending on t h e  ene rgy  r a n g e  of i n t e r e s t .  

The i n t e n s i t y  r e f l e c t e d  by t h e  s ample  i s  measured by a  
NaI(T1) s c i n t i l l a t i o n  . d e t e c t o r  chosen  f o r  i t s  good n o i s e  
c h a r a c t e r i s t i c s .  I t  c a n n o t  h a n d l e  coun t  r a t e s  much above  10' 
c o u n t s  s - I  ; bu t  t h i s  coun t  r a t e  c a p a b i l i t y  i s  s u f f i c i e n t  f o r  
ReflEXAFS measurements  where  t h e  f l u x  beh ind  t h e  s l i t  n e v e r  r i s e s  
above  t h i s  l i m i t .  Harmonics c a n  be  r e j e c t e d  w i t h  t h e  e n e r g y  
d i s c r i m i n a t i o n .  A l l  t h e s i g n a l s  a r e  coun ted  u n t i l  t h e  number of 
pho tons  d e t e c t e d  by t h e  f i r s t  c o u n t e r  r e a c h e s  t h e  p r e s e t  number of 
t h e  d u a l - s c a l e r .  The  r a t i o  be tween t h e  two d e t e c t o r s ,  w i t h o u t  any 
sample ,  i s  shown i n  f i g u r e  2 ;  on a c c o u n t  of t h e  l a c k  of d e t e c t o r  
l i n e a r i t y ,  t h e  W-La c a r a c t e r i s t i c  l i n e  i s  d i v i d e d  by 300. 

SAMPLE HOLDER. 
I n  o r d e r  t o  make v e r y  f i n e  a d j u s t m e n t  t o  t h e  p o s i t i o n  and 

t h e  o r i e n t a t i o n  of t h e  sample ,  a  p r e c i s e  g o n i o s t a t  was employed. I t  
a l l o w s  t h e  a l i g n m e n t  of t h e  sample  p a r a l l e l  t o  t h e  beam and i n  t h e  
midd le  o f  t h e  beam. Then t h e  a n g u l a r  dependence  of t h e  r e f l e c t i v i t y  
can  be per formed ( f i g .  3) .  
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F i  .3.  An u l a r  dependence  of t h e  4. E x p e r i m e n t a l  measured 
r e f l e c t i v f t y  from N i  a t  8200 eV Gfk& c a r a c t a r i s t i c  f i n e .  

PERFORMANCE AND APPLICATION. 

The e x p e r i m e n t a l  r e s o l u t i o n  was deduced f rom t h e  measured 
i n t e n s i t y  p r o f i l e  of t h e  c h a r a c t e r i s t i c  e m i s s i o n  l i n e  (La )  of t h e  
t u n g s t e n  i m p u r i t y  ( f i g .  4) .  Taking  t h e  n a t u r a l  l i n e  w i d t h  of  a b o u t  
7 .2  eV, t h e  a c t u a l  ene rgy  r e s o l u t i o n  i s  e v a l u a t e d  t o  be 8.5 eV. 
With  a  s l i t  w i d t h  s e t  t o  25 u m  t h e  X-ray s o u r c e  o p e r a t i n g  a t  20 kV 
and 40 mA g i v e s  an  X-ray f l u x  of 5000 c p s  a t  8  keV. 
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W i t h  t h i s  s y s t e m ,  s a m p l e s  u s e d  f o r  s t u d i e s  of  p r o t e c t i v e  
o x i d e  f o r m a t i o n  o n  m e t a l  s u r f a c e  ( 3 )  c a n  b e  t e s t e d  b e f o r e  t h e  f i n a l  
e x p e r i m e n t s  u s i n g  t h e  s y n c h r o t r o n  r a d i a t i o n  s o u r c e .  As a n  e x a m p l e ,  
f i g u r e  5  a n d  6  show t h e  ReflEXAFS s p e c t r a  f r o m  a  n i c k e l  s a m p l e  
b e f o r e  a n d  a f t e r  o x i d a t i o n  ( t h e  d u r a t i o n  of  t h e  d a t a  c o l l e c t i o n  p e r  
s e t  was  a b o u t  6 h o u r s ) .  I n d e e d  t h e  s p e c t r a  a r e  o b t a i n e d  w i t h  
r e l a t i v e l y  p o o r  s t a t i s t i c s ,  b u t  i t  i s  s u f f i c i e n t  t o  a s s e s s  t h e  
q u a l i t y  of  t h e  s a m p l e s .  

F i g . 5 .  ReflEXAFS s p e c t r u m  f r o m  F i g . 6 .  ReflEXAFS s e c t r u m  f r o m  
Ni s a m p l e .  b e f o r e  o x i d a t i o n .  N i  s a m p l e  a f t e r  o x f d a t i o n .  
( 8  = 5.5 mrad)  (8  = 5 .5  mrad)  
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