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Abstract 
High energy  spect roscop ies  a r e  w e l l  su i ted  t o  address  the  c o n t r o v e r s i a l  

i ssue of Cu valence i n  the  new high Tc superconductors,  as they  can d iscr iminate  
between v a r i o u s  oss ib le  Cu conf igura t ions  (d8, d9 o r  dlO). XAS, XPS and AES PI spect ra  of cu1, Cu and culI1 compounds show that, as a  r e s u l t s  of hybr id izat ion,  
the  ac tua l  Cu d-count can be qui te d i f f e ren t  f r o m  what i s  expected f r o m  simple 
cons ide ra t i ons  based on the  f o r m a l  va lence.  A  v a l u e  o f  - 9.3 i s  i n f e r r e d  
e lec t rons  f o r  t he  superconducters .  Discrepancies i n  t he  pub l ished r e s u l t s  a r e  
a t t r i bu ted  t o  insuf f i c ien t  sample charac ter iza t ion :  we propose t o  adopt t h e  0 1s 
XPS signal  as a  s tandard  probe of su r face  condi t ion i n  these ma te r i a l s .  

l n t  r o d u c t i ~ n  
F o r  high energy spect roscop is ts  the  new high tempera tu re  superconductor  

m a t e r i a l s  a r e  i n te res t i ng  because they  g ive  the  oppo r tun i t y  t o  i l l u s t r a t e  the  
power  o f  t h e i r  techn iques and because they  show i n t e r e s t i n g  spect roscop ic  
phenomena. The use o f  photoe lec t ron spect roscop ies  (XPS, UPS, synch ro t ron  PSI, 
Auge r  spect roscop ies  (AES) and X-ray absorp t ion  and emission (XAS, XES) should 
be able t o  prov ide  ins igh t  in to  questions such as: I s  cu3+ (Cu d8) r e a l l y  p resent?  
A r e  perox ide- l i ke  species present?  and, how impor tant  a r e  e l e c t r o n  co r re la t i on  
and hyb r i d i za t i on  (mixing) of the  bands? Unfortunately,  t he  r u s h  of publ icat ions 
has l e d  t o  d iscrepanc ies  i n  the  i n te rp re ta t i on  o f  t he  data, and even i n  publ ished 
exper imenta l  data. The va r i a t i ons  of r e s u l t s  f r o m  nomina l ly  s i m i l a r  compounds 
i n  d i f fe rent  l abo ra to r i es  i s  an ind ica t ion  of the  complex i ty  of these ma te r i a l s .  
The m a t e r i a l s  LafCuO and YBazCu306 a r e  i n t r i n s i c a l l y  semiconductors  (opt ical  
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data i n d i c a t e  a  gap o f  - 2 eV i n  La2CuOq and  somewhat  l e s s  i n  Y B a ~ C u 3 0 7  / I ,  2, 
3 / ) .  M o r e o v e r ,  " d o p i n g "  w i t h  v a c a n c i e s ,  i n c r e a s i n g  o x y g e n  c o n t e n t ,  and  
s u b s t i t u t i o n  o f  La b y  S r  o r  Ba a l l  i n t r o d u c e  s t a t e s  i n t o  t h e  gap. C l e a r l y  s m a l l  and 
a t  p r e s e n t  p o o r l y  d e f i n e d  c h a n g e s  i n  t h e  dopan t ,  a s  w e l l  a s  s u r f a c e  
c o n t a m i n a t i o n ,  a l l  l e a d  t o  l a r g e  c h a n g e s  i n  t h e  p h y s i c a l  and  s p e c t r o s c o p i c  
p r o p e r t i e s  of t h e  m a t e r i a l s .  

R e s u l t s  and  d i s c u s s i o n  
Many  o f  t h e  p r o m i n e n t  h igh-energy  s p e c t r o s c o p i e s  (XPS, AES, UPS) a r e  s u r f a c e  

s e n s i t i v e  techn iques ,  and because  o f  t h e  n a t u r e  o f  t h e  new s u p e r c o n d u c t o r s  i t  i s  
d i f f i c u l t  t o  p r e p a r e  s u r f a c e s  o f  k n o w n  c o m p o s i t i o n .  The s i t u a t i o n  w i l l  n o t  
i m p r o v e  u n t i l  l a r g e ,  non-porous  s a m p l e s  a r e  m o r e  w i d e l y , a v a i l a b l e  f o r  c leavage  
and  f r a c t u r e  u n d e r  v a c u u m .  I n  o u r  o p i n i o n  t h e  0 1s s i g n a l  i s  one o f  t h e  m o s t  
i m p o r t a n t  m o n i t o r s  o f  s u r f a c e  cond i t i on .  U n s c r a p e d  s a m p l e s  show a  l a r g e  0 1s 
s i g n a l  a t  - 532 eV w h i c h  m a y  be a t t r i b u t e d  t o  h y d r o x i d e  ( they a l s o  show a  l a r g e  C 
1s XPS s i g n a l ) .  When w e  s c r a p e  a  f a i r l y  c o m p a c t  s a m p l e  o f  L a z C u O q  o r  
(LaSr)zCuOq t h a t  h a s  been  k e p t  away f r o m  a l l  m o i s t u r e ,  we f i n d  t h a t  t h r o u g h  
s c r a p i n g  (with, we th ink,  consequen t  f r a c t u r e  o f  m o s t  g r a i n s  c o n t r i b u t i n g  t o  t h e  
XPS s igna l )  we o b s e r v e  a  s i n g l e  0  I s  peak  a t  528.5 eV. I f  t h e  f r e s h l y  s c r a p e d  
s a m p l e s  a r e  l e f t  i n  v a c u u m  a  s h o u l d e r  g r o w s  i n  t h e  XPS peak  a t  - 531 eV (Fig. 
I). Th is  c o u l d  b e  a t t r i b u t e d  t o  some s o r t  o f  h y d r o x i d e  f o r m e d  b y  d i f f u s i o n  of 
s m a l l  amounts  o f  h y d r o g e n  f r o m  t h e  bu lk ,  o r  t o  t h e  e f f e c t  of oxygen  v a c a n c i e s  i n  
t h e  l a t t i c e ,  o r  t o  u n k n o w n  e f f e c t s .  I n  o u r  p u b l i c a t i o n s  w e  a l w a y s  r e f e r  t o  
s p e c t r a  f r o m  (LaSr)zCuOq s a m p l e s  w h i c h  gave  a  s i n g l e  b r o a d  0 1s peak at  528.5 
eV.  he s i t u a t i o n  f o r  Y B a 2 C ~ 3 0 7 _ ~  compounds i s  m o r e  c o m p l e x .  We do s t r o n g l y  
r e c o m m e n d  p u b l i c a t i o n  o f  0 1s XPS s p e c t r a  t o  p r o v i d e  a  b a s i s  f o r  c o m p a r i s o n  o f  
s p e c t r a  f r o m  d i f f e r e n t  l a b o r a t o r i e s .  
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F i a u r e  1 : 01s XPS s i g n a l  f r o m  a s u p e r c o n d u c t i n g  sample,  showing t h e  e f f e c t s  o f  
p e r m a n e n c e  u n d e r  vacuum.  



We have  p u b l i s h e d  e l s e w h e r e  XPS s p e c t r a  o f  t h e  Cu 2p  peaks  /4 / .  They show 
l a r g e  shake-up s a t e l l i t e s ,  r e m i n i s c e n t  o f  t h o s e  f o u n d  f o r  CuO and  Cu d i h a l i d e s  
/ 5 / .  They a r e  s u g g e s t i v e  o f  a  Cu d-count  o f  a p p r o x i m a t e l y  9 . 3 .  We h a v e  no t  
f o u n d  any ev idence  f o r  cu3+ (d8) i n  o u r  s p e c t r a ,  and w e  have  n o t  been conv inced  
b y  any  o f  t h e  l i t e r a t u r e  we have  seen  w h i c h  q u o t e d  h igh  e n e r g y  s p e c t r o s c o p i c  
d a t a  as e v i d e n c e  f o r  t h e  p r e s e n c e  o f  cu3+ .  We h a v e  a l s o  p u b l i s h e d  /6/  o u r  
op ln ion  t h a t  Cu LVV A u g e r  spec t ra ,  s a t e l l i t e s  i n  v a l e n c e  band  photoemiss ion,  and 
c o m p a r i s o n  o f  XPS v a l e n c e  bands w i t h  c a l c u l a t e d  d e n s i t y  o f  s t a t e s  c u r v e s ,  a l l  
g i v e  ev idence  t h a t  t h e  Coulomb i n t e r a c t i o n  b e t w e e n  t h e  Cu 3 d  e l e c t r o n s  i s  t o o  
h igh  f o r  t h e  Cu d8 c o n f i g u r a t i o n  t o  c o n t r i b u t e  m o r e  t h a n  some p e r c e n t  t o  t h e  t o t a l  
w a v e f u n c t i o n  i n  t h e  g r o u n d  s t a t e  o f  t h e  undoped m a t e r i a l s ,  and  t h a t  t h e  oxygen 
a t o m s  a r e  n o t  p u r e  0'-. We a r e  n o t  a l o n e  i n  t h e s e  o p i n i o n s  /7-12/ .  The d8 
c o n f i g u r a t i o n  m a y  h a v e  a  s l i g h t l y  h i g h e r  we igh t  i n  t h e  s u p e r c o n d u c t i n g  (doped) 
m a t e r i a l s ,  b u t  t h i s  i s  n o t  i m m e d i a t e l y  obv ious f r o m  t h e  s p e c t r a .  

A n o t h e r  t e c h n i q u e  w h i c h  can g i v e  some i n s i g h t  i n t o  t h e  e l e c t r o n i c  s t r u c t u r e  
o f  Cu i n  i t s  compounds i s  x - r a y  a b s o r p t i o n .  I n  F ig .  2  we i l l u s t r a t e  t h e  s p e c t r a  o f  
t h e  Cu L 3  and  LZ  edges  a t  932 and  9 5 2  eV. When i t  i s  a v a i l a b l e ,  t h e  2p-3d 
e x c i t a t i o n  c h a n n e l  i s  s t r o n g e r  t h a n  t h e  2p+4s channe l .  Thus d i v a l e n t  Cu ions, 
w h i c h  a r e  n o m i n a l l y  Cu d9 and  have  one d  hole,  g i v e  s t r o n g  s h a r p  peaks  a t  t h e  Cu 
L and L2 edges, w h e r e a s  c u O  (e.g.  Cu m e t a l )  and  cul, w h i c h  a r e  n o m i n a l l y  Cu 
diO, g i v e  no  s h a r p  p e a t .  Thus i f  one c a n  s a t i s f a c t o r i l y  n o r m a l i z e  t h e  s p e c t r a ,  
one c o u l d  u s e  t h e  i n t e n s i t y  of t h e  p e a k s  n e a r  t h e  edges  t o  e s t i m a t e  t h e  Cu 
d-count  i n  Cu compounds.  We have  n o t  y e t  f o u n d  a  m e t h o d  o f  n o r m a l i z a t i o n  o f  t h e  

CU LP XAS 
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h v  (eV) 

F i a u r e  2 : Cu L z , ~  XAS s p e c t r a  o f  n o m i n a l l y  cuOn cul, CU" compounds, n o r m a l i z e d  
t o  t h e  same i n t e n s i t y  be low t h e  edge, and  o f  a  h igh  Tc samp le .  A r r o w s  
m a r k  t h e  c o r r e s p o n d i n g  XPS b inding e n e r g i e s .  
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s p e c t r a  s a t i s f a c t o r  f o r  t h i s  purpose ,  b u t  it i s  c l e a r l y  p o s s i b l e  t o  d i f f e r e n t i a t e  
b e t w e e n  cu l  and  CuP1 compounds .  Note t h a t  CuzO, w h i c h  i s  n o m i n a l l y  cur, i s  a  
s p e c i a l  c a s e .  The  s p e c t r u m  s h o w s  a weak f e a t u r e  a t  - 0930.7  eV due t o  CuO 
i m p u r i t y ,  and  t h e n  a s t r o n g  peak  a t  933 .7  eV. This  l a t t e r  i s  p r o b a b l y  assoc ia ted  
w i t h  a l a r g e  c o n c e n t r a t i o n  o f  Cu 3 d  c h a r a c t e r  w h i c h  i s  p r e s e n t  i n  c a l c u l a t i o n s  of 
t h e  u n o c c u p i e d  s t a t e s  ( t o  b e  p r e s e n t e d  i n  a d i f f e r e n t  p a p e r ) .  Th is  shows t h a t  
e v e n  CU'  c o m p o u n d s  n e e d  n o t  b e  s t r i c t l y  d l 0  b e c a u s e  o f  t h e  e f f e c t s  o f  
h y b r i d i z a t i o n .  T u r n i n g  t o  La1  .gSr0.2Cu04,  we f i n d  a s i n g l e  s t r o n g  peak  a t  t h e  
edge. We f i n d  no  s e c o n d  peak as  o b s e r v e d  i n  CUI" c o m p l e x e s  and  compounds l i k e  
NaCu02 / 13, 14/ .  - 
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