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Abstract  

X-ray photoelectron spectroscopy has been used to study adsorption of oxygen, carbon 
monoxide and propylene on dysprosium and yttrium polycrystaltine surfaces at ambient 
temperature. O ks peaks produced by the adsorption of CO and 02 in the low uptake 
region have the same binding energy (about 530.8 eV), suggesting the same type of 
oxygen species formed from CO and low amounts of 02. C ls spectra of adsorbed CO 
and C3H6 are composed of three peaks whose binding energies do not depend on the 
parent molecule. They correspond to different carbon species produced by dissociation 
of the given compound. 

1. Introduct ion 

Most rare earth metals  are highly reactive towards  gases. Their surfaces  
when clean or  only slightly covered  usually comple te ly  disintegrate molecules  
of  adsorbed  simple gases into atoms.  With an increase in the amoun t  adsorbed  
the degree of  disintegrat ion gradually decreases .  The nature  of  the species  
fo rmed  and their behaviour  have been  cons idered  in a number  of  studies 
[1, 2]. 

The measured  heats  of  adsorp t ion  [ 3 - 5 ]  seemed to indicate that  molecules  
of  oxygen  and carbon  monox ide  dissociate on dyspros ium and yt t r ium surfaces.  
The aim of  this pape r  is to  obtain additional, more  direct exper imenta l  
evidence on the nature of  the species  fo rmed  at r o o m  tempera tu re  on 
polycrystal l ine surfaces  of  dyspros ium and yt t r ium by measur ing  the C l s 
and O l s pho toe lec t ron  spectra.  

2. Exper imenta l  detai l s  

The spec t ra  were taken in a VG ESCA 2 MkII e lectron spect rometer .  
The base pressure  in the spec t rome te r  was  in the low 10 -1° mbar  range.  
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The samples were prepared by vapour deposition of  a pure metal onto a 
molybdenum polycrystalline substrate cleaned by argon ion sputtering and 
maintained at room temperature.  The background pressure during the metal 
deposition did not exceed 5 ×  10 -1° mbar. No impurity peaks were visible 
in the wide scan X-ray photoelectron spect roscopy (XPS) spectra of the 
deposi ted metal. The thicknesses of the deposited metal layers were about 
50 nm. Gas exposures were carried out at room temperature  by leaking the 
gas into the spectrometer  chamber through a precision leak valve. The XPS 
spectra were excited using an A1 Ka source at 220 W. The electrostatic 
hemispherical analyser was operated in the fixed analyzer transmission (FAT) 
mode with a fixed pass energy of 20 eV. Detailed scans were taken over 
the C Is and O ls  regions. The spectrum collection time was typically 20 
rain. The XPS peak positions and areas were determined by fitting the 
unsmoothed experimental data after subtracting the clean metal background 
spectrum. The binding energies were referred to the Au 4f7/2 line (84.0 eV). 
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Fig. 1. O l s  core level spectra of CO and 02 adsorbed on dysprosium for exposure of 100 
L CO (spectrum 1), 0.2 L 02 (spectrum 2), 1.0 L 02 (spectrum 3) and a large dose (above 
1000 L) of 02 (spectrum 4). 
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3. R e s u l t s  and  d i s c u s s i o n  

W he n  dyspros ium was exposed  to oxygen,  an O l s  peak  at 530.8  eV 
ap pe a re d  at low exposu re  (about  0.2 L). Increasing e x p o s u r e  resul ted in the 
gradual  shift of  this peak to 531.2  + 0.1 eV, and in the region of  ra ther  high 
e x p o s u r e s  to s imul taneous  deve lopmen t  of  a second,  less intensive 0 l s  
peak  cen t red  at 5 3 3 . 3 _  0.1 eV (Fig. 1). Contaminat ion  by wate r  vapour  was 
sugges ted  to accoun t  for  this peak  [ 6 - 8  ]. More recent ly  this peak  was assigned 
[9] to surface  hydroxyl  species  p roduced  by the reac t ion  of  hydrogen  presen t  
in the residual  a tmosphe re  of  the vacuum sys tem with the oxidized metal  
surface.  

With y t t r ium we obta ined  under  the same condi t ions  a single O 1 s peak  
at 5 3 0 . 8 + 0 . 2  eV on exposu re  to oxygen.  This binding energy increased  
slightly (up to 5 3 1 . 1 + 0 . 2  eV) at h igher  exposures ,  but  no second  0 l s  
peak  was observed,  in con t ras t  to the 0 2 - D y  system. If the explanat ion  given 
in ref. 9 is co r rec t  then  this finding points  to a lower react ivi ty of  y t t r ium 
oxide  towards  hydrogen  c o m p a r e d  with dyspros ium oxide.  
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Fig. 2. C l s  core level spectra of CO adsorbed on yttrium: clean metal surface (spectrum 1) 
and after exposure to 0.15 L (spectrum 2), 2.2 L (spectrum 3), 52 L (spectrum 4) and more 
than 100 L (spectrum 5). 
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Fig. 3. C ]s core level spectra of CO adsorbed on dysprosium for exposures of  0.05 L (spectrum 
1), 0.125 L (spectrum 2), 0.23 L (spectrum 3) and 3.23 L (spectrum 4). 

The observed binding energies of the main O l s  peak fall into the range 
530 .5-531 .5  eV repor ted  for the surface layers formed by the reaction of 
oxygen with most  rare earth metals [6--9l. The metal core level shifts on 
oxidation were also measured and are discussed elsewhere [10, 11]. 

The O 1 s binding energy of the oxygen species formed at low oxygen 
exposures  is the same as in the adsorption of CO (Fig. 1) which amounts 
to 530.7_+0.1 eV and 530.8_+0.1 eV for the CO-Y and CO-Dy systems 
respectively. This suggests that the same type of  oxygen species, i .e.  chem- 
isorbed oxygen atoms, is formed from the two molecules at the given conditions. 

The C ]s spectra  resulting from the adsorption of  CO on dysprosium 
and yttrium display similar features for both metals (Figs. 2 and 3). At low 
CO exposures  only one C l s  peak is observed, located at 281.5_+0.2 eV. 
At higher exposures,  two additional overlapping C l s  peaks appear. Their 
binding energies amount  to 283.1 _+0.2 eV and 284.9+_0.2 eV. 

Figure 4 shows C l s spectra  obtained after saturation of the yttrium 
surface by the adsorption of CO and of  propylene. The C l s spectrum 
observed with the CO-Dy system under the same conditions is also given 
for the sake of comparison. In all these systems, three C l s peaks result, 
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Fig. 4. C ls core level spectra for saturation coverage of propylene-Y (spectrum 1), CO-Y 
(spectrum 2) and CO-Dy (spectrum 3). The values under the peaks give the relative contributions 
(in per cent) to the total C ls intensity. They were obtained by curve fitting of the spectra. 

sugges t ing  tha t  s imilar  or  identical  t ypes  of  c a r b o n  spec ies  are  f o r m e d  f r o m  
CO and C3H6. The  first p e a k  a round  281 eV can  be ass igned  to  carbidic  
c a r b o n  f o r m e d  by  the  d issocia t ion  of  CO or  C3H8 o I / t h e  m o s t  ac t ive  sites. 
This  a s s i g n m e n t  is ba sed  on c o m p a r i s o n  of  the  C 1 s b inding energ ies  with 
the  pub l i shed  b ind ing  energies  for  meta l l ic  ca rb ides  [12, 13]. 

The s e c o n d  p e a k  a round  283 eV can  be  a sc r ibed  [10, 11] to c a r b o n  
f o r m e d  on  the  less  ac t ive  s i tes  which are  p o p u l a t e d  at  h igher  su r face  coverage .  

The  thi rd  C l s p e a k  is a s s igned  to graphi t ic  c a rbon  f o r m e d  at  h igh 
su r face  c o n c e n t r a t i o n s  of  the  d i s soc ia ted  c a r b o n  a toms .  This  a s s ignment ,  
a ccoun t ing  for  the  p e a k s  found  for  bo th  CO and  C~H8 adsorp t ion ,  a p p e a r s  
to  be  m o r e  real is t ic  than  the  original ly s u g g e s t e d  a s s i g n m e n t  [11] to  non-  
d i s soc ia ted  CO which  was  b a s e d  on  the  a s s u m e d  ana logy  with  the  resu l t s  
r e p o r t e d  for  the  C O - S c  s y s t e m  [14]. 

It  is well  k n o w n  tha t  ad so rp t i on  of  CO on n u m e r o u s  me ta l s  occu r s  
wi thou t  d i s soc ia t ion  [ 15] and  mul t ip le  p e a k s  a re  o b s e r v e d  in the  XPS s p e c t r a  
of  the  C l s  region.  However ,  the  C l s  b inding  energ ies  found  [15, 16] 
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( t y p i c a l l y  2 8 5 . 8  eV) a r e  h i g h e r  t h a n  t h o s e  o b t a i n e d  fo r  d y s p r o s i u m  a n d  
y t t r i u m  s u r f a c e s .  

R e s u l t s  s i m i l a r  to  o u r s  w e r e  r e p o r t e d  fo r  t h e  C O - S c  [14] ,  C O - C o  [17] ,  
C O - R u  [ 18 ] a n d  Cell2, C 2 H 4 - G d ( 0 0 0 1 )  [ 191 s y s t e m s .  In  c o n t r a s t  to  d y s p r o s i u m  
a n d  y t t r i u m ,  o n l y  o n e  a s y m m e t r i c  C i s  p e a k  w a s  o b s e r v e d  fo r  s c a n d i u m  
s a t u r a t e d  b y  CO. T h e  a s y m m e t r Y  w a s  a s c r i b e d  to  t h e  p r e s e n c e  o f  n o n -  
d i s s o c i a t e d  m o l e c u l e s  o f  CO. D i s s o c i a t i o n  o f  a f r a c t i o n  o f  t h e  CO a d s o r b e d  
o n  c o b a l t  a n d  r u t h e n i u m  a b o v e  3 0 0  K g a v e  r i s e  to  t w o  C 1 s p e a k s  a s s i g n e d  
to  c a r b i d i c  a n d  g r a p h i t i c  c a r b o n .  

T h e  r e s u l t s  o b t a i n e d  l e n d  s u p p o r t  to  a s i m p l e  i d e a  [20,  21]  b a s e d  on  
t h e  e n e r g y  leve l  d i a g r a m ,  n a m e l y  t h a t  a l o w  w o r k  f u n c t i o n  o f  t h e  m e t a l  
p r o m o t e s  d i s s o c i a t i v e  a d s o r p t i o n  o f  CO. 

S o m e  a d d i t i o n a l  i n f o r m a t i o n  c a n  b e  g a i n e d  f r o m  t h e  i n t e n s i t i e s  o f  t h e  
C l s  a n d  0 l s  p e a k s  o f  a d s o r b e d  CO. T h e  a t o m i c  r a t i o  O:C c a l c u l a t e d  f r o m  
t h e  i n t e g r a l  i n t e n s i t i e s  o f  t h e  a b o v e  l i ne s  n o r m a l i z e d  to  t h e  p h o t o i o n i z a t i o n  
c r o s s - s e c t i o n s  [22]  is  a p p r o x i m a t e l y  u n i t y  f o r  t h e  s u r f a c e s  s a t u r a t e d  w i th  
CO. Th i s  i n d i c a t e s  t h a t  t h e  b o t h  a t o m i c  s p e c i e s  p r o d u c e d  b y  d i s s o c i a t i v e  
a d s o r p t i o n  r e m a i n  a t  o r  c l o s e  to  t h e  s u r f a c e .  

In  c o n c l u s i o n ,  o u r  r e s u l t s  g ive  e x p e r i m e n t a l  e v i d e n c e  i n d i c a t i n g  t h a t  
c a r b o n  m o n o x i d e  a n d  p r o p y l e n e  a d s o r b e d  a t  r o o m  t e m p e r a t u r e  o n  p o l y -  
c r y s t a l l i n e  d y s p r o s i u m  a n d  y t t r i u m  s u r f a c e s  a r e  c o m p l e t e l y  d i s s o c i a t e d .  In  
t h e  C l s  s p e c t r a  t h r e e  c h e m i c a l l y  d i f f e r en t  f o r m s  o f  c a r b o n  s p e c i e s ,  t h e  
r e l a t i v e  c o n c e n t r a t i o n s  o f  w h i c h  a r e  a f u n c t i o n  o f  t h e  s u r f a c e  c o v e r a g e ,  w e r e  

i den t i f i ed .  
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