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On pr6sente  l e s  r 6 s u l t a t s  dlune 6 tude expgr imenta le  e t  t h 6 o r i q u e  des spec t res  de 
photoemission des niveaux de coeur 3d de 1  ' y t t e r b i u m  pour l a  s 6 r i e  YbN, YbP e t  
YbAs. l e s  spect res  exp6rimentaux sont  obtenus i 1 ' a i d e  de l a  r a d i a t i o n  Ka 6mise p a r  
une anode de S i  (hv  = 1740 eV). 11s c o n s i s t e n t  en un p i c  p r i n c i p a l  correspondant ?I 
l a  c o n f i g u r a t i o n  3d9 4 f 1 3  dans l ' e t a t  f i n a l  e t  un f a i b l e  s a t e l l i t e  3d9 4f14. l e  
degr6 de m6lange des c o n f i g u r a t i o n s  4 f 1 3  e t  4 f 1 4  dans 1  ' 6 t a t  i n i t i a l  en f o n c t i o n  de 
1  'anion, a i n s i  que l a  forme d 6 t a i l l 6 e  des spectres,  sont  obtenus en combinant l e  
fo rmal isme ?I N corps de Gunnarsson e t  Schoenhammer [I], avec un c a l c u l  de s t r u c t u r e  
atomique en couplage i n t e r m e d i a i r e .  

We p resen t  an exper imenta l  and t h e o r e t i c a l  s tudy  o f  t h e  3d co re  l e v e l  s p e c t r a  along 
t h e  p n i c i t i d e s  YbN, YbP and YbAs and determine t h e  degree o f  va lence m i x i n g  as a  
f u n c t i o n  o f  an ion e l e c t r o n e g a t i v i t y .  The exper imenta l  spec t ra  a re  ob ta ined  us ing  
SiKa r a d i a t i o n  (hv  = 1740 eV). They show on t h e  low b i n d i n g  energy s i d e  o f  t h e  
dominat ing  3d9 4 f 1 3  m u l t i p l e t s  a  weak 3d9 4 f 1 4  doub le t .  The t h e o r e t i c a l  l ineshapes 
and s a t e l l i t e  s t r u c t u r e s  a re  obta ined f rom a combinat ion  o f  many body techn iques due 
t o  Gunnarsson and Schoenhammer [I]  and s tandard  atomic c a l c u l a t i o n s  i n  i n te rmed ia te  
coup l ing .  

T h i s  paper i s  an a t tempt  a t  a  sys temat ic  d e s c r i p t i o n  o f  t h e  ground s t a t e  and o f  
t h e  3d co re  l e v e l  spec t ra  o f  t h e  p n i c t i d e  s e r i e s  YbN, YbP, YbAs, f o l l o w i n g  our  
recen t  success w i t h  one o f  them [2 ] .  I n  t h e  meantime, we have been ab le  t o  q u a n t i f y  
t h e  u n c e r t a i n t i e s  assoc ia ted w i t h  t h e  imper fec t  s t o i c h i o m e t r i e s  o f  our  samples, 
which c o n s i s t e n t l y  show an excess o f  y t te rb ium,  and t h i s  aspect shou ld  be k e p t  i n  
mind when we compare our  exper imenta l  r e s u l t s  w i t h  t h e  theory ,  which assumes a l l  Yb 
s i t e s  t o  be equ i va len t .  

X-ray d i f f r a c t i o n  o f  t h e  t h r e e  p n i c t i d e  samples showed a  s i n g l e  phase NaCR-type 
s t r u c t u r e  and t h e  l a t t i c e  constants  as g iven i n  t a b l e  1. The s t o i c h i o m e t r y  was 
determined by  a  chemical  t i t r a t i o n  method a f t e r  K j e l d a h l  f o r  t h e  N i t r i d e  and by  
X-ray f l uo rescence  f o r  t h e  Phosphide and t h e  Arsen ide (see t a b l e  1). The XPS spec t ra  
were recorded i n  a  VG Escalab under s tandard  c o n d i t i o n s ( p  < 2 lo- '  Pa, T  < 300 K). 

SiKa r a d i a t i o n  (hv  = 1740 eV, Au 4 f 7 1 2  a t  84.0 eV w i t h  1.6 eV FWHM) had t o  be 
used t o  e x c i t e  t h e  Yb 3d co re  l e v e l s .  The p o l y c r i s t a l l i n e  samples were c leaned i n  
s i t u  w i t h  a  diamond f i l e .  The su r face  contaminat ion  was kep t  below 5 at%, as con- 
c luded f rom i n t e g r a t e d  i n t e n s i t y  r a t i o s  normal ized by atomic c ross -sec t i ons  f rom 
MgKa e x c i t e d  0  I s ,  C 1s  and t h e  r e s p e c t i v e  N I s ,  P  2p and As 3d l eve l s .  I n  t h e  case 
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Table 1 - Exper imenta l  r e s u l t s ,  showing t h e  o f f - s t o i c h i o m e t r y  E t h e  l a t t i c e  con- 
s t a n t  ao, t h e  b i n d i n g  energy a t  t h e  maxima o f  t h e  3d9'413 r e s p e c t i v e l y  
3d 4 f 1 4  emiss ions ( +  0 .1  eV f rom spectrum t o  spectrum and + 0.2 eV on an 
abso lu te  sca le ) ,  and t h e  4 f 1 4  s p e c t r a l  we ight  ( +  0.001). 

o f  t h e  Arsenide, around 1527 eV b i n d i n g  energy (BE) [ 3 ]  one has t o  t ake  i n t o  account 
photoemission f rom t h e  As 2s l e v e l .  An e x t r a p o l a t i o n  o f  t h e o r e t i c a l  c ross -sec t i ons  
[ 4 ]  i n d i c a t e s  t h a t  t h e  As 2s emission i s  one o rde r  o f  magnitude weaker than t h a t  
f r om t h e  Yb 3d512 l e v e l s  and i s  smeared out  due t o  a  sho r t  l i f e t i m e  ( 2 r  - 3.5 eV) 

t 5  1. 

We processed t h e  exper imenta l  d a t a  as descr ibed i n  [ 2 ]  t o  remove an i n e l a s t i c  
background and c o n t r i b u t i o n s  f rom SiKa 3,4 r a d i a t i o n .  Us ing a  l e a s t  square f i t  f o r  
two Gauss convo lu ted L o r e n t z i a n  peaks i n  t he  BE range f rom 1528 t o  1518 eV, we were 
ab le  t o  e x t r a c t  t h e  s p e c t r a l  we ight  o f  t h e  3d9 4 f 1 4  c o n t r i b u t i o n  and t h e  l o c a l  
maxima o f  t h e  two m u l t i p l e t s .  

A  complete d e s c r i p t i o n  o f  ou r  procedure f o r  c a l c u l a t i n g  t h e  3d co re  l e v e l  spec- 

t r a  i n  y t t e r b i u m  compounds w i t h  non i n t e g e r  va lency has been g i ven  i n  r e f .  [2], t o  
wh ich  we r e f e r  t h e  reader  f o r  d e t a i l s .  I n  s h o r t  i t  c o n s i s t s  i n  t h e  f o l l o w i n g  two 
steps: f i r s t  we determine t h e  r e s p e c t i v e  we ight  o f  t h e  4 f  l3 and 4 f  l4 c o n f i g u r a t i o n s  
i n  t h e  ground s t a t e  of t h e  system by  comparing t h e  i n t e g r a t e d  exper imenta l  photo- 
emission i n t e n s i t i e s  f o r  t h e  cor respond ing peaks w i t h  t h e  computed ones. F o r  that,we 
use t h e  many-body t rea tmen t  o f  t h e  degenerate Anderson i m p u r i t y  model proposed by 
Gunnarsson and Schoenhammer [I].  Second we d e r i v e  t h e  complex 1  ineshape o f  t h e  " 4 f  l3 

peak" by d i s t r i b u t i n g  t h e  i n t e n s i t y  over t h e  d i f f e r e n t  m u l t i p l e t s  o f  t h e  f i n a l  s t a t e  
3d9 4 f 1 3  c o n f i g u r a t i o n ,  t a k i n g  i n t o  account t h e  f a c t  t h a t  t he  i n i t i a l  ( 5  ground) 
s t a t e  has pure  * F ? / ~  charac ter .  The m u l t i p l e t  c a l c u l a t i o n  i s  done i n  i n te rmed ia te  
c o u p l i n g  and i nc ludes  t h e  d i p o l e  m a t r i x  element f o r  t h e  t r a n s i t i o n  o f  t h e  3d 
e l e c t r o n  t o  a  cont inuum np ( o r  e q u i v a l e n t l y  n f )  s t a t e .  

Theory and exper iment are  compared i n  F ig .  1 f o r  t he  t h r e e  compounds. I n  o rde r  
t o  reproduce t h e  measured s a t e l l i t e - t o - m a i n  peak i n t e n s i t y  r a t i o s ,  t h e  c a l c u l a t i o n s  
r e q u i r e d  0.94, 0.94 and 0.88 ho les  i n  t h e  Yb 4 f  s h e l l  f o r  YbN, YbP, and YbAs. From 
t h e  o f f - s t o i c h i o m e t r y  alone, and assuming a  t r i v a l e n t  anion and an e l e c t r o n  t rapped 
a t  each anion vacancy, t h e  we ight  o f  t h e  4 f 1 3  component would be: 0.938 + 0.020, 
0.950 + 0.020, and 0.976 + 0.020 r e s p e c t i v e l y ,  i n s t e a d  o f  1. T h i s  s t r o n g l y  suggests 
t h a t  i n  t h e  p e r f e c t l y  s t o i c h i o m e t r i c  compounds o n l y  YbAs would show c l e a r  c u t  mixed 
v a l e n t  behaviour,  YbP i s  a  b o r d e r l i n e  case, and Yb i n  YbN i s  c e r t a i n l y  i n t e g e r  
va lent ,  w i t h  a  pure  4 f 1 3  c o n f i g u r a t i o n .  
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1540 1520 - BINDING ENERGY ( e V )  

F i g .  1 - Processed XPS data, i n  c o m ~ a r i s o n  w i t h  t h e o r e t i c a l l y  c a l c u l a t e d  spectra,  
showing t h e  Yb 3d512 l e v e l s  o f  YbN, YbP and YbAs. The arrows i n d i c a t e  t h e  
p o s i t i o n  o f  t h e  weak 3d9 4 f 1 4  c o n t r i b u t i o n  i n  t h e  f i n a l  s t a t e .  I n  t h e  case 
o f  t h e  phosphide t h e  t h e o r e t i c a l  3d9 4 f 1 4  m u l t i p l e t s  and t h e i r  weights,  
which are  used f o r  a l l  t h r e e  cases, are d isp layed.  
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An i n t e r e s t i n g  outcome o f  t h e  c a l c u l a t i o n s  i s  t h a t  t h e  va lue o f  t h e  model- 
parameter Ufc, which descr ibes t h e  r e p u l s i o n  between t h e  core  h o l e  and t h e  one i n  
t h e  4 f  she l l ,  i s  much lower i n  t h e  n i t r i d e  (7  eV) than i n  t he  phosphide and i n  t h e  
arsenide, where it l i e s  a t  9  eV and 8.6 eV r e s p e c t i v e l y .  We have no est imate t o  
which e x t e n t  t h e  l a t t i c e  c o n t r a c t i o n  f rom t h e  arsenide t o  t h e  n i t r i d e ,  dev ia t i ons  
f rom s t o i c h i o m e t r y  o r  o the r  e f f e c t s  account f o r  t h i s  v a r i a t i o n  o f  Ufc. 

We thank B. Aeschliman f o r  t he  c a r e f u l  X-ray f luorescence measurements o f  YbAs 
and YbP. The he lp  o f  D.D. K o e l l i n g  i n  generat ing t h e  s e l f c o n s i s t e n t  bandst ruc tures 
o f  a l l  t h r e e  p n i c t i d e s  i s  a l s o  g r a t e f u l l y  acknowledged. 
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