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Dans certains compos6s, 1 'ytterbium possGde une configuration interm6di aire entre 
4f13 et 4f 14. Le mcme ph6nomGne dans le c6rium, cette fois pour les configurations 
4f0 et 4f1, a fait llobjet de nombreuses Gtudes, en particulier en ce qui concerne 
les r6percussions sur la photo6mission des 6tats de coeur 3d, qui est maintenant 
tout 2 fait comprise. Nous avons fabriqu6 une anode de silicium (SiKa = 1740 eV) 
et pr6sentons des spectres d16tats de coeur 3d dans Ybtt2.6, que nous comparons 2 des 
calculs thGoriques, et qui d6montrent la valence mixte de Yb dans ce compos6. 

In certain compounds Yb has an unstable 4f 13-4f l4 ground state configuration, compa- 
rable to the unstable 4f0-4f1 configuration of Ce, for which numerous studies of the 
3d core levels converged to a high level of understanding of ground state and final 
state properties. We have manufactured a Si anode (SiKa = 1740 eV) and present mea- 
sured and calculated 3d photoelectron spectra of YbH2.6 which clearly demonstrate 
mixed valent behaviour. 

It has been shown experimentally [l] and theoretically [2] that 3d core-level 
spectra of light rare earth (La,Ce) compounds exhibit satellite features which can 
be quantitatively related to the 4f occupancy in the ground state. Analogous pheno- 
mena are expected [3] for heavy rare earth (Yb,Lu) compounds. Their 3d core-levels 
are, however, not accessible with standard A1 or Mg radiation. We have recently 
manufactured a Si anode (SiKa = 1740 eV), and measured and calculated the Yb 3d 
core-level spectra of a series of Yb pnictides [4,5] confirming the above 
expectat ions. 

With hydrogen at moderate pressure Yb forms a solid solution phase, a nonmetal- 
lic nonmagnetic dihydride phase of orthorhombic structure and a metallic magnetic 
YbH2.6 phase of cubic symmetry [6-91. Apparently Yb is divalent (4f14) in the dihy- 
dride and possibly mixed valent in YbH2.6. At pressures in the 10 kb'ar range, tri- 
hydrides YbH2.96 were synthezised [lo]. According to magnetic suscepti bi 1 ity data, 
the trihydrides are trivalent (4f13). Very recently the synthesis of cubic YbH2.74 
at moderate pressure was reported [ll]. 

In this paper we present measured and calculated 3d photoelectron spectra of 
Ybtt2.6. The XPS spectra were taken in a VG Escalab 5 spectrometer at base pressure 
1 10-lo mbar. The ordinary MgIA1 twin anode was replaced by a home made MgISi 
anode. The resolution was set to give 1.6 eV (SiKa) FWHM of the Au 4f 7.2 peak at 
84.0 eV. Yb (99.9%, Research Chemicals) was cleaned in the preparation chamber by 
repetitive ~ r +  bombardement, filing and outgassing at 400°C at p = lo-' mbar. 
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Hydrogenat ion was performed i n  a  s p e c i a l l y  designed h i g h  pressure c e l l  i n s i d e  t h e  
spect rometer  a t  50 bar  hydrogen pressure between 400 and 250°C f o r  severa l  hours. 

The h y d r i d e  samples were o f  dark grey c o l o u r  and b r i t t l e ,  b u t  d i d  n o t  des- 
i n t e g r a t e  i n t o  powder. To reduce oxygen d i f f u s i o n  t o  t h e  su r face  t h e  samples were 
cooled w i t h  l i q u i d  N2 t o  = 100 K  i n  t h e  ana lyz ing  p o s i t i o n .  They were cleaned w i t h  
a diamond f i l e  i n  s i t u  immediately be fo re  t a k i n g  t h e  spect ra .  The contaminat ion as 
determined f rom Ols, CIS and Yb 4p peaks measured w i t h  MgKa r a d i a t i o n  was below 2%. 
S t ruc tu re ,  composit ion and homogeneity o f  t h e  samples were checked by X-ray d i f f r a c -  
t i o n  and vo lumet r i c  de te rm ina t i on  o f  t h e  hydrogen l i b e r a t e d  upon d i s s o l u t i o n  o f  
p a r t s  o f  t h e  samples i n  d i l u t e  acid. 

Fig.  1 shows t h e  uncorrec ted Yb 3d512 and 3d312 spec t ra  o f  YbH2.6. They c o n s i s t  
o f  a  r a t h e r  narrow peak a t  1521.7 and 1569.3 eV, r e s p e c t i v e l y  and r n u l t i p l e t - s p l i t  
s a t e l l i t e s  a t  7-12 eV h ighe r  b i n d i n g  energy. These s a t e l l i t e s  are comple te ly  absent 
i n  t h e  spec t ra  o f  d i v a l e n t  YbH2. Acco rd ing l y  t h e  narrower peaks r e f l e c t  t h e  4 f 1 4  
c o n f i g u r a t i o n  of t h e  ground s t a t e  and correspond t o  t h e  3d1° 4 f 1 4  + 3d9 4 f 1 4  ion-  
i z a t i o n  process, w h i l e  t h e  s a t e l l i t e s  are due t o  t h e  4 f 1 3  ground s t a t e  c o n t r i b u t i o n  
and correspond t o  t h e  3d1° 4 f 1 3  + 3d9 4 f 1 3  t r a n s i t i o n .  Valence band ana lys i s  ex- 
c ludes d i v a l e n t  su r face  YbH2. 

The cub ic  c r y s t a l  s t r u c t u r e  of YbH2.6 p o i n t s  t o  homogeneous mixed valency, 
though t h e  compound i s  nons to i ch iomet r i c .  T h i s  i s  supported by  measurements o f  t h e  
magnetic s u s c e p t i b i l i t y  down t o  1.7 K, which y i e l d  no o r d e r i n g  and a  paramagnetic 
Cur ie  temperature o f  - 75 K. A  s t r u c t u r e  re f inement  has been s t a r t e d  t o  c l a r i f y  
remain ing doubts. 

For comparison w i t h  t h e  t h e o r e t i c a l  p r e d i c t i o n s  (F ig .  2)  t he  measured Yb 3d512 
spectrum was n u m e r i c a l l y  co r rec ted  f o r  background and SiKa314 r a d i a t i o n  f o l l o w i n g  a  
procedure descr ibed e a r l  i e r  [4] .  

Our c a l c u l a t i o n  o f  t h e  3d core  l e v e l  spectrum o f  YbH2.6 i s  based on t h e  
Gunnarsson-Schoenhammer (GS) [2] f o r m u l a t i o n  o f  t h e  degenerate Anderson i m p u r i t y  
model. I n  t h i s  approach, t h e  r e l a t i v e  weight o f  t he  4 f 1 3  and 4 f 1 4  c o n f i g u r a t i o n s  o f  
t he  Yb i on  i n  the ground s t a t e  o f  t h e  compound i s  determined by t h e  energy dependent 
h y b r i d i z a t i o n  f u n c t i o n  v 2 ( & )  between t h e  l o c a l i z e d  4 f  o r b i t a l s  and t h e  valence 
and conduct ion band B loch func t i ons .  Since y t t e r b i u m  d i h y d r i d e  i s  an i n s u l a t o r ,  w i t h  
t h e  Yb i o n  i n  a  pure 4 f 1 4  con f i gu ra t i on ,  we s h a l l  assume t h a t  a l l  t h e  m ix ing  takes 
p lace  w i t h  a  band o f  conduct ion s t a t e s  de r i ved  f rom t h e  e x t r a  0.6 hydrogens i n  t h e  
system. We model v 2 ( & )  by  a  semiel 1  i pse  o f  t o t a l  w id th  2B = 5 eV, i .e. o f  t h e  same 
order  o f  magnitude as t h a t  o f  t h e  band due t o  t h e  hydrogens a t  oc tahedra l  s i t e s  i n  
t he  t r i h y d r i d e s  o f  t h e  l i g h t  r a r e  ea r ths  [12,13]. The experimental  spectrum shows 
t h a t  r o u g h l y  0.5 e l e c t r o n s  per  y t t e r b i u m  are t r a n s f e r r e d  t o  t h a t  band, which i s  then 
s l i g h t l y  more than h a l f  f i l l e d .  I n  t h e  c a l c u l a t i o n s  we t a k e  v 2 ( c )  t o  be symmetric 
around t h e  Fermi l e v e l  EF, and se t  t h e  parameter A n max V(E)  2, which measures 
t h e  degree o f  h y b r i d i z a t i o n  t o  0.1 eV, a  t y p i c a l  order  o f  magnitude a l so  found i n  Ce 
compounds [2 1. 

Whi le t h e  GS method a l l ows  f o r  an accurate  de te rm ina t i on  o f  t h e  weights  o f  t h e  
4 f13  and 4 f 1 4  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  from a  measurement o f  t h e  i n t e -  
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F ig .  1 - Yb 3d5/2,3/2 pho toe lec t ron  
spec t ra  o f  YbH2.6 ( raw data)  
each o f  them showing a  narrow 
4 f 1 4  peak and a  m u l t i p l e t - s p l i t  
s a t e l l i t e  a t  h i g h e r  b i n d i n g  
energy due t o  4 f 1 3  ground s t a t e  
c o n f i g u r a t i o n .  

F i g  V) 2 - Exper imental  3d5/2 pho toe lec t ron  
spectrum o f  YbH2 6, c o r r e c t e d  
f o r  background a i d  SiKa3 
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grated i n t e n s i t i e s  o f  the corresponding peaks i n  the 3d photoemission spectra, it i s  
too  simple t o  account f o r  the complex l ineshape o f  the 'f13-peak". This  i s  due t o  
the  m u l t i p l e t  s p l i t t i n g s  i n  the  f i n a l  s ta te,  w i th  two open shel ls ,  and can be ob- 
ta ined  from an atomic ca lcu la t ion .  By d i s t r i b u t i n g  the t o t a l  i n t e n s i t y  f o r  the  4 f13  
conf igurat ions among the d i f f e r e n t  m u l t i p l e t s  according t o  the  r u l e s  given i n  our 
recent work on YbP [4]  a c lose agreement w i t h  experiment i s  found i n  the  present 
case also, conf i rming our observat ion t h a t  the  mix ing w i t h  the conduction and 
valence bands does no t  produce any in te r fe rence  between f i n a l  s t a t e  m u l t i p l e t s  
w i t h i n  a given 4 f  conf igurat ion.  The ca lcu la t ions  y i e l d  a ground s t a t e  w i t h  0.53 4 f -  
ho le per Yb ion, i.e. s l i g h t l y  less than would be expected from the s to ich iometry  on 
the  bas is  o f  a pure ly  anionic model f o r  the  hydrogen. 

I n  conclusion, we have shown t h a t  the 3d-core leve l  spectra o f  YbH2 can be 
c o n s i s t e n t l y  i n t e r p r e t e d  i n  terms o f  a homogeneously mixed va lent  ground s t a t e  f o r  
t h i s  system. 

I t i s  a pleasure t o  thank W. Hermann and H. Scherrer f o r  t h e i r  s k i l f u l 1  ass is t -  
ance i n  the  development o f  the Si anode, T. Greber and H.C. Siegmann f o r  f r u i t f u l  
discussions, and the  Swiss Nat ional  Energy Research Foundation (NEFF) f o r  f i n a n c i a l  
support. 

References 

1. F.U. H i l l eb rech t ,  J.C. Fuggle, P.A. Bennett, Z. Zolnierek, and Ch. Freiburg, 
Phys. Rev. B 27, 2179 (1983). 

2. 0. Gunnarsson and K. Sch'dnhammer, Phys. Rev. B 28, 4315 (1983). 
3. R. Monnier, L. Degiorgi,  and D.D. Koel l ing,  Phys. Rev. L e t t .  56, 2744 (1986). 
4. L. Degiorgi,  T. Greber, R. Monnier, L. Schapbach, F. ~ u l l i ~ e r ~ ~ u r o p h ~ s i c s  

L e t t .  4, 755 (1987). 
5. T. Greber, L. Degiorgi,  R. Monnier, L. Schlapbach, F. Hu l l i ge r ,  E. Kaldis, t h i s  

conference. 
6. G.G. L ibow i tz  and A.J. Maeland, Handbook on the  Physics and Chemistry o f  Rare 

Earth, eds. K.A. Gschneidner and L. Eyring, (North Holland, Amsterdam, 1979) 
Vol. 3 p. 299. 

7. R.R. Arons, Landolt-Btirnstein, New Series, Vol. 12 Par t  c, p. 372 (Springer, 
Ber l i n ,  1982). 

8. R. Bischof, E. Kaldis, and I .  Lacis, J. Less-Common Met. 94, 117 (1983). 
9. P. Knappe and H. Nil l e r ,  J. Less-Common Met. 124, 263 (1986). 
10. K. Wakamori, S. F i l i p e k ,  and A. Sawaoka, Mat. Res. Soc. Proc. 22, 69 (1984). 
11. H. Dru l i s ,  M. D ru l i s ,  and Z. Borkowska, J. Less-Common Met. 128, 173 (1987). 
12. D.K. Misemer and B. Harmon, Phys. Rev. B 26, 5634 (1982). 
13. A. Fuj imor i ,  F. Minami, and N. Tsuda, Phys. Rev. B 22, 3573 (1980). 


