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A b s t r a c t :  

Numer ica l  r e s u l t s  are g i ven  f o r  the s u r f a c e  c o r e - l e v e l  s h i f t s  

a t  c lean  s i n g l e  c r y s t a l  s u r f a c e s ,  s tepped and r e c o n s t r u c t e d  

s u r f a c e s  and s u r f a c e s  w i t h  chemisorbed atoms. These r e s u l t s  

demons t ra te  t h a t  s u r f a c e  c o r e - l e v e l  s h i f t s  can be used as a 

d i a g n o s t i c  t o o l  to s tudy  v a r i o u s  s u r f a c e  e f f e c t s .  

R e c e n t l y ,  seve ra l  e x p e r i m e n t s  have been 

per formed to s tudy  s u r f a c e  c o r e - l e v e l  

s h i f t s  1 ' 2 ' 3  The s u r f a c e  c o r e - l e v e l  s h i f t  

a r i s e s  from the change in  e l e c t r o s t a t i c  

p o t e n t i a l  as one goes from the bu lk  to 

the s u r f a c e  of  a s o l i d  4 and has been 

measured f o r  l o w - i n d e x  s i n g l e  c r y s t a l  

t r a n s i t i o n  metal  s u r f a c e s  1 ' 2 ' 5  f o r  re -  

c o n s t r u c t e d  s u r f a c e s  Ir( lO0) 3 and W(IO0) 6, 
7 f o r  the stepped s u r f a c e  I r ( 3 3 2 )  and f o r  

the hydrogen covered T a ( l l l )  and W(111) 

s u r f a c e s  5. A l t h o u g h  c a l c u l a t i o n s  us ing  the 

t i g h t  b i n d i n g  t e c h n i q u e  have been ab le  to 

c l o s e l y  rep roduce  e x p e r i m e n t a l  data ob- 

t a i n e d  f o r  low index  s u r f a c e s  4 ' 7 ' 8  i t s  

e x t e n s i o n  to more complex sys tems,  ( r e -  

c o n s t r u c t e d  and stepped s u r f a c e s ,  e t c . )  i s  

not  s t r a i g h t f o r w a r d .  In t h i s  paper we p ro -  

pose a s imp le  b o n d - b r e a k i n g  model f o r  the 

c o r e - l e v e l  s h i f t  wh ich  may be a p p l i e d  to 

v a r i o u s  s u r f a c e  s t r u c t u r e s  l i k e  c lean  

s i n g l e  c r y s t a l ,  s tepped and r e c o n s t r u c t e d  

s u r f a c e s  and s u r f a c e s  w i t h  chemisorbed 

atoms. Thus we are ab le  to demons t ra te  

t h a t  s t u d i e s  of  the s u r f a c e  c o r e - l e v e l  

s h i f t s  can be used as a d i a g n o s t i c  t oo l  

to i n v e s t i g a t e  v a r i o u s  i n t e r e s t i n g  su r -  

face e f f e c t s  i n c l u d i n g  c h e m i s o r p t i o n  and 

s u r f a c e  s e g r e g a t i o n .  

F o l l o w i n g  Johansson and M~r tensson 9, the 

s u r f a c e  c o r e - l e v e l  s h i f t  in  a s o l i d  w i t h  

a tomic  number Z can be w r i t t e n  as 

b s 
~ c ( Z )  = (Ecoh(Z~)  - Ecoh(Z~ ) ) 

b s 
- (Ecoh(Z)  Ecoh(Z ) ) (1) 

b E s ( Z ~ , Z ) )  (Eimp (Z~ 'Z )  imp 

where Z ~ denotes a c o r e - e x c i t e d  atom, 

E~ hs)(Z)" is the cohesive energy, of a 

Z-atom in  bu lk  ( s u r f a c e )  and E~ (S~(z~ ,z )  
imp 

i s  the heat  o f  s o l u t i o n  o f  spec ies  Z ~ in  

bu lk  ( s u r f a c e )  Z. Assuming a f u l l y  screened 

core ho le  and i n c r e a s i n g  the va l ence  

charge by one e l e c t r o n ,  the e x c i t e d  atom 

can be t r e a t e d  as a (Z+ I )  i m p u r i t y  i n  the 

hos t .  In a d d i t i o n  the c o n t r i b u t i o n  o f  the 

f i n a l  term in  Eq. ( I )  i s  expec ted  to be 
4 smal l  (we e s t i m a t e  i t  to be o f  the o rde r  

o f  0 .05 eV f o r  the s t u d i e d  t r a n s i t i o n  me- 
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t a l s  10) and is  t h e r e f o r e  neg lec ted  in  the 

p resen t  s t udy .  C o n s e q u e n t l y ,  Eq. (1) can 

be s i m p l i f i e d  to 4 '9  

b (Z+ I )  - E s 
~c = (Ecoh cob ( Z + I ) )  

b s Z) ) (2) 
(Ecoh(Z)  - Ecoh( 

= Es (Z+ I )  Es(Z) t 

wh ich is  s imp l y  the d i f f e r e n c e  o f  two 

s u r f a c e  e n e r g i e s  f o r  n e i g h b o u r i n g  e l e -  

ments.  

S ince r e l i a b l e  va lues  of  Es(Z ) f o r  v a r i -  

ous s o l i d  su r f aces  are sca rce ,  they  have 

been c a l c u l a t e d  from bu lk  thermodynamic 

data us ing  a bond -b reak i ng  model .  In t h i s  

approach ,  wh ich has a lso  been s u c c e s s f u l l y  

a p p l i e d  to the s tudy  of  su r f ace  segrega-  
11 t i o n  in  a l l o y s  , the cohes ion  energy 

E b(s)  can be w r i t t e n  as 
coh 

I (NIE + N Ecoh = ~ i 2E2 ) "  

Here, N I and N 2 denote the number o f  

n e a r e s t -  and o v e r n e x t - n e a r e s t - n e i g h b o u r s ,  

r e s p e c t i v e l y .  W r i t i n g  the o v e r n e x t - n e a r -  

e s t - n e i g h b o r  bond energy E 2 as 

E 2 = E 1 e - q ( d 2 - d l )  ' 

where E 1 is  the n e a r e s t - n e i g h b o r  bond 

energy  and d I and d 2 are the c o r r e s p o n -  

d ing  bond l e n g h t s ,  then 

1 
Eco h = # N e f f E l '  

where 

N e l f  = N l + e - q ( d 2 - d l ) N 2  " 

Nef f i s  de te rmined  by us ing  f o r  e - q ( d 2 - d l )  

the approx ima te  va lue  0.3 in  the case of  

f c c - c r y s t a l s  and 0.6 in  the case of  bcc-  

c r y s t a l s .  Note,  the f a c t o r  e - q ( d 2 - d l )  in  

the e x p r e s s i o n  f o r  N r e s u l t s  from 
, 12 e f f  

P a u l i n g  s argument c o n c e r n i n g  bond- 

s t r e n g t h  or e q u i v a l e n t l y  from the usual  

d i s t a n c e - d e p e n d e n c e  o f  the hopping i n t e -  
!3 g ra l  Thus,  the s u r f a c e  energy is  g iven  
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by 
N b N s 

e f f ( Z )  - e f f ( Z )  a H v a p ( z ) ,  (3) 
Es(Z) = b 

N e f f ( Z )  

where s and b r e f e r  to s u r f a c e  and bu lk  

and where EI=2~HvaP/Nb r e s p e c t i v e l y  e f f  
has been used i m p l y i n g  a s t r u c t u r e  i nde -  

pendent bond-energy  and t h a t  t h i s  energy 

is  the same in  the bu lk  and at  the s u r -  

face 14. ~ H v a p ( z )  i s  the heat  o f  v a p o r i -  

z a t i o n  15 of  the e lementa l  substance Z. 

Combining Eqs. (3) and (2) and assuming 

i d e n t i c a l  c r y s t a l  s t r u c t u r e s  16 f o r  spe- 

c i es  Z and (Z + 1 ) ,  one o b t a i n s  

~c (Z )  = ~ N e f f ( Z )  ( a ~ a P ( z + l ) - a ~ a P ( Z ) ) , ( 4 )  
N b (Z) 

e f f  

w i t h  ~ N e f f ( Z )  = N b N s e f f ( z )  e f f (  Z ) 

h 
The f a c t o r  ~ N e f f / N ~ f  f in  Eq. (4) pe rm i t s  

us now to per fo rm c a l c u l a t i o n s  f o r  va- 

r i o u s  atomic s t r u c t u r e s  l i k e  s i n g l e  

c r y s t a l ,  r e c o n s t r u c t e d  and stepped su r -  

f aces ,  e t c . ,  and a lso  f o r  c o r e - l e v e l  

s h i f t s  from second s u r f a c e  l a y e r  atoms. 

In o rde r  to t e s t  the u s e f u l n e s s  of  t h i s  

approach ,  we p resen t  in  F ig .  1 the co re -  

l e v e l  s h i f t s  f o r  l o w - i n d e x  faces of  the 

3d, 4d and 5d t r a n s i t i o n  meta ls  c a l c u l a -  

ted w i t h  the he lp  of  Eq. 4. In the l i g h t  

o f  the s i m p l i c i t y  of  the model the agree-  

ment w i t h  the a v a i l a b l e  e x p e r i m e n t a l  data 

and p r e v i o u s  c a l c u l a t i o n s  by Johansson 
et  al . 4,9 is  most s a t i s f a c t o r y .  As a l -  

ready noted p r e v i o u s l y  4 ' 9 ,  the s ign  of  

the s h i f t  is  p o s i t i v e  at  the b e g i n n i n g  

and n e g a t i v e  towards the end of  a s e r i e s  

which is  due to the d o m i n a t l y  p a r a b o l i c  

shape of  ~ H  vap as a f u n c t i o n  of  Z. As 

would be expec ted ,  the c l o s e s t  packed 

su r f aces  g i ve  r i s e  to the s m a l l e s t  ob- 

served s h i f t s .  The n e g a t i v e  va lues  f o r  

~c o b t a i n e d  f o r  V and Cr occur  as a re -  

s u l t  o f  a d ip  in  ~H vap in  the m idd le  

of  the 3d s e r i e s .  



Vol. 41, No. 4 

3b 

°.if O, 0 
0 

" -0.2i~ 
<u - 0 . 4  & & x 

-0 6 v v 

~1 I I I I I I J 
Sc Ti V Cr Mn Fe Co Ni 

hop hcp bcc bcc cub bcc hcp fcc 

Calculation: 
o ~-cc(lll) hcp(O001) nbcc(llO] 
<~ fcc ( I00)  X bcc (100) 

A ~ { c c ( l l O )  V bcc( l l l )  
o v a  Exper imenta l  values 

0 
0 

0 . 6 F O  

O. 

- 0 . 4  

- 0 . 6  

Y 

4d 

SEMIEMPIRICAL THEORY FOR SURFACE CORE-LEVEL SHIFTS 275 

the core- level  s h i f t  from the top layer 

w i l l  be larger  by approximately a factor  

of 2. Comparison with experimental data 

from W(111) and Ta(111) are presented in 

table I and show a good overa l l  agree- 

ment. 

o 

8 

Zr Nb Mo Tc Ru Rh Pd 
hcp hcp bcc bcc hcp hcp #cc ~:CC 

5d 
0.6  --0 

0 
0,4 -- ~v 

> 0.2 --  A 

0 O 

- 0 . 4  - -  0 

- 0 . 6  $ 
- 0 . 8  [3 

Lu Hf  Ta W Re Os I r  P t  
hcp hcp bcc bcc hop hcp fCC fCC 

C a l c u l a t e d  and e x p e r i m e n t a l  

s u r f a c e  c o r e - l e v e l  b i n d i n g -  

energy s h i f t s  ,<i c f o r  the 3d, 

4d and 5d t r a n s i t i o n  metal  se- 

r i e s .  The zero of energy corres- 

ponds to the bulk value. The 

experimental data for  Ta, W 

and I r  are taken from Ref. 5, 

2 and 3 respect ive ly .  

F ig .  1 

Tab le  I Su r face  c o r e - l e v e l  s h i f t s  

f o r  c l ean  and hydrogen cove-  
1 

red bcc (111) s u r f a c e s .  ~c  
2 and ~c  r e f e r  to s h i f t s  f o r  

f i r s t  and second l a y e r  metal  

atoms. E x p e r i m e n t a l  va lues  

are taken from Ref.  5. 

Ta ( I I I )  

I 
~c 

4 2 
C 

i /  2 
~c ~c 

W (111) 

I 
A c 

~ 2  
C 

I / ~ 2  
A c  c 

CORE-LEVE 

c lean  

t h e o r y  e x p t .  

0.35 0 .40 

0.17 0.19 

2.1 2.1 

-0 .39  -0 .43  

-0 .18  

2.1 

L SHIFT (eV) 

H - covered 

t h e o r y  e x p t .  

0.53 0.63 

0.34 0.34 

-0 .26  - 0 . 28  

-0 .06  ~0 

In the f o l l o w i n g  we use Eq. (4) to c a l -  

c u l a t e  new r e s u l t s  on s u r f a c e  core l e v e l  

s h i f t s .  F i r s t ,  we c a l c u l a t e  ~c f o r  atoms 

in  the second s u r f a c e  l a y e r .  S ince the 

c o o r d i n a t i o n  in  t h a t  l a y e r  d e v i a t e s  f rom 

the bu lk  v a l u e ,  a c o r e - l e v e l  s h i f t  f o r  

those atoms is  a l so  expec ted .  Th i s  e f f e c t  

i s  most pronounced f o r  the more open s u r -  

faces such as f c c ( 1 1 0 )  and b c c ( 1 1 1 ) .  For 

the l a t t e r  case the e f f e c t i v e  number o f  

broken bonds ~ Nef f in  the top l a y e r  i s  

5.8 w h i l s t  i n  the  second l a y e r  i t  i s  2 . 8 .  

Thus,  from Eq. (4)  i t  may be seen t h a t  

In the case o f  s u r f a c e  c o n t r a c t i o n  wh ich  

is  expec ted  to be the l a r g e s t  f o r  the 

open s u r f a c e s  ment ioned above,  the d i s -  

tance o f  the top l a y e r  atoms to  t h e i r  

n e a r e s t  n e i g h b o r s  in  the u n d e r l a y e r  de- 

c reases .  The bond e n e r g i e s  are t h e r e f o r e  

expec ted  to i n c r e a s e ,  wh ich  r e s u l t s  in  a 

decrease o f  ~c i n  magn i tude .  As a conse-  

quence of  t h i s ,  the r a t i o  o f  the top and 

the u n d e r l a y e r  c o r e - l e v e l  s h i f t s  may 

change. As an i l l u s t r a t i v e  example ,  the 

d i s c r e p a n c y  between the t h e o r e t i c a l  and 

e x p e r i m e n t a l  va lues  f o r  ~ c / ~  on W ( I l I )  
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( t a b l e  I )  can be a t t r i b u t e d  to t h i s  

e f f e c t .  

Second l y ,  we ana l yse  ~c  at  s tepped su r -  

f aces .  Recent XPS measurements from a 

stepped I r ( 3 3 2 )  s u r f a c e  7 have shown f o r  

the c o r e - l e v e l  4 f 7 / 2  a s t r u c t u r e  which 

has been i n t e r p r e t e d  as the s u p e r p o s i -  

t i o n  o f  3 peaks. Here,  the two s u r f a c e  

peaks have been a t t r i b u t e d  to em iss ion  

from t e r r a c e  and s tep s i t e s ,  In the 

b o n d - b r e a k i n g  p i c t u r e  the lower  c o o r d i -  

n a t i o n  of  the s tep s i t e s  i s  man i f es ted  

by the l a r g e r  c o r e - l e v e l  s h i f t  wh ich is  

e x p e r i m e n t a l l y  observed .  The (332) s u r -  

face is  composed o f  t e r r a c e s  w i t h  (111) 

orientat ion separated by (I IT) steps 

(Fig. 2) and as expected the core-level 

shi f ts  of the terrace atoms mirror those 

SEMIEMPIRICAL THEORY FOR SURFACE CORE-LEVEL SHIFTS 

Table  I I 

F ig .  2 

Seep 

H a r d - b a l l  model o f  a I r ( 3 3 2 )  

stepped s u r f a c e .  The t h ree  i n -  

e q u i v a l e n t  s i t e s  on t h i s  su r -  

face are denoted by 1, 2, 3. 

o f  the low index  (111) f ace .  Resu l t s  ob- 

t a i n e d  by us ing  Eq. (4) w i t h  4 N e f  f va-  

lues  5.9 and 3.9 f o r  the s tep and t e r r a c e  

s i t e ,  r e s p e c t i v e l y ,  are g i ven  in  t a b l e  

I I .  

Whi le  our  a b s o l u t e  va lues  are somewhat 

s m a l l e r  than e x p e r i m e n t a l l y  obse rved ,  the 

r a t i o  o f  s tep to t e r r a c e  c o r e - l e v e l  s h i f t  

agrees w e l l  w i t h  e x p e r i m e n t .  Th is  suggests  

t h a t  the heat  o f  v a p o r i z a t i o n  does not  

r e p r e s e n t  the s u r f a c e  bonds p r o p e r l y  f o r  

t h i s  system. F u r t h e r  i t  i s  to be noted 

ro t .  41, No. 4 

Sur face  c o r e - l e v e l  s h i f t s  

f o r  ( i i i )  and (332) s u r f a c e s  

o f  I r  A t and As r e f e r  to 
" c - - c  

s h i f t s  f o r  t e r r a c e  and step 

atoms. Expe r imen ta l  va lues  

are taken from Ref.  7. 

I r  (111) 

c 

I r  (332) 

t 
~c 

s 
~c 

s /  t 
~c ~c 

CORE-LEVEL SHIFT (eV) 

t h e o r y  

-0 .30  

-0 .30  

-0 .46  

1.51 

e x p t .  

-0 .50  

-0 .48  

-0 .75  

1.56 

t h a t  in  genera l  the t e r r a c e  atoms (mar- 

ked 2 in  the f i g u r e )  a d j a c e n t  to the 

s tep have a h i g h e r  c o o r d i n a t i o n  (bu t  less  

than b u l k )  as compared to o t h e r  t e r r a c e  

atoms. Th is  shou ld  be c o n s i d e r e d  w h i l e  

d e c o n v o l u t i n g  the e x p e r i m e n t a l  c o r e - l e v e l  

l i n e  shapes. 

Ano the r  i m p o r t a n t  a p p l i c a t i o n  o f  co re -  

l e v e l  s h i f t  measurements i s  to systems 

w i t h  chemisorbed atoms. For the s u b s t r a t e  

atom an a d d i t i o n a l  term needs to be i n -  

c luded in  Eq. (4) to accoun t  f o r  adso r -  

b a t e - s u b s t r a t e  i n t e r a c t i o n s .  Then, the 

average c o r e - l e v e l  s h i f t  f o r  a s u b s t r a t e  

atom can be g i ven  as 

~ N e f f ( Z )  ~Hvap a (aHvap(z+z)  - (Z) - ~c '  4c(Z) = N b (z) 
e f f  5) 

where 
ad(z )  ).~ : (E d(z+l) E x 6) 

i s  the d i f f e r e n c e  of  a d s o r p t i o n  e n e r g l e s  

f o r  X on Z and (Z + I )  s u r f a c e s .  The ad- 

so rba te  coverage ( r a t i o  o f  adso rba te  to 



Vol. 41, No. 4 SEMIEMPIRICAL THEORY FOR SURFACE CORE-LEVEL SHIFTS 

s u b s t r a t a  atoms) i s  denoted by 8. Pub- 

l i s h e d  va lues  17 f o r  E~d(z)  have been 

used here to c a l c u l a t e  the c o r e - l e v e l  

s h i f t  f o r  h y d r o g e n - c o v e r e d  (B= I )  T a ( l l l )  

and W(111) s u r f a c e s .  The r e s u l t s ,  p resen-  

ted in  t a b l e  I ,  e x h i b i t  ve ry  good agree-  

ment w i t h  e x p e r i m e n t .  On these open s u r -  

f a c e s ,  due to i t s  smal l  s i z e ,  hydrogen 

can p e n e t r a t e  i n t o  the s u r f a c e  l a y e r  18. 

Consequen t l y  i t s  i n t e r a c t i o n  w i t h  f i r s t  

and second l a y e r  atoms has been taken 

in  the f i r s t  a p p r o x i m a t i o n  equal  when 
2 e v a l u a t i n g  ~c  in  t a b l e  I .  

Regard ing  the v a r i a t i o n  o f  the co re -  

l e v e l  s h i f t  w i t h  0 one expec ts  i t  f rom 

Eq. (6)  to be l i n e a r .  However,  the ad- 

s o r p t i o n  energy  i s  c o v e r a g e - d e p e n d e n t .  

At h i g h e r  coverages adatom-adatom i n t e r -  

a c t i o n s  come i n t o  p l ay  and lead to qua- 

d r a t i c  and h i g h e r  o rde r  terms in  ~ 

t h e r e b y  making ~ c ( Z )  to depend n o n - l i -  

n e a r l y  on coverage .  Th is  n o n - l i n e a r  be- 
19 h a v i o u r  has been r e c e n t l y  observed 

f o r  H/W(111).  

F u r t h e r  in  the case o f  i s l a n d  f o r m a t i o n s  

( low coverage)  one expec ts  at  l e a s t  two 

s u r f a c e  c o r e - l e v e l  s h i f t s .  One a r i s i n g  

from atoms covered w i t h  adso rba te  and the 

o t h e r  from the c l ean  p o r t i o n  o f  the s u r -  

f ace .  S ince the s u r f a c e  c o r e - l e v e l  s h i f t s  

are s i g n i f i c a n t l y  e f f e c t e d  by adsorba tes ,  

such measurements may s u p p l i m e n t  the low 

energy  e l e c t r o n  d i f f r a c t i o n  (LEED) ana- 

l y s i s  o f  the a d l a y e r  s t r u c t u r e .  

We have a l so  s t u d i e d  ~c at  the recon -  

s t r u c t e d  s u r f a c e s  I r ( l O 0 ) - ( l  X 5) and 

W(IOO)-(~r2=X f2")R45 ° .  F i g .  3 shows the 

geomet r ies  o f  these two systems wh ich  

have been proposed on the bas is  o f  LEED 

r e s u l t s  20 '21 The r e c o n s t r u c t e d  I r ( l O 0 ) -  

( i  X 5) s u r f a c e  looks  s i m i l a r  to the un- 

r e c o n s t r u c t e d  I r ( l l l )  s u r f a c e  and thus i n  

t h i s  model the c o r e - l e v e l  s h i f t  i s  ex-  

pected to be the same f o r  these two s u r -  

faces  as i s  con f i rmed  by the e x p e r i m e n t  3. 

, --~\ff ~ iCf ~', 
r-%. 

\ / - \  / \  

\ 

I r  (100) -  (I  x S )  

W (100)  - (~/-2 x v/2 ) R 4 5  = 
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F ig .  3 Proposed geomet r i es  f o r  the 

r e c o n s t r u c t e d  I r ( l O 0 ) - ( l  X 5) 

and W( lOO) - ( } r2 "  X ~r~')R45 ° s u r -  
16 faces 

For W(IO0) c l ean  and hyd rogen -cove red  

s u r f a c e s  s u r f a c e  c o r e - l e v e l  s h i f t  measu- 
6 rements have been per formed r e c e n t l y  

For the c lean  s u r f a c e  two s u r f a c e  co re -  

l e v e l  s h i f t s  have been observed wh ich  

have been a t t r i b u t e d  to the c o e x i s t e n c e  

of  r e c o n s t r u c t e d  and u n r e c o n s t r u c t e d  

domains.  In the f o l l o w i n g  we d i s c u s s  

how the observed s p e c t r a  may a l so  be 

i n t e r p r e t e d  in  terms of  s h i f t s  a s s o c i -  

ated w i t h  f i r s t  and second l a y e r  atoms 

in  these two domains.  

For the c l e a n ,  u n r e c o n s t r u c t e d  s u r f a c e  

~Nef f f o r  the f i r s t  and second l a y e r  

atoms i s  4 .6  and 0.6 r e s p e c t i v e l y .  For 

the case o f  homogeneous r e c o n s t r u c t i o n ,  

these va lues  change to---4.2 a n d ~ . O .  The 

r e s u l t i n g  c o r e - l e v e l  s h i f t s  f o r  the two 

cases are shown in  t a b l e l l l .  Our va lue  

~ , 0 ~  is  i n  good agreement w i t h  the f o r  

measured va lue  6 o f  -O.35eV. However our  

~ , r  i s  l a r g e r  than the ob- va lue  o f  

served s h i f t  6 o f  -O.13eV. G e n e r a l l y ,  
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Table  I I I  
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W ( I 0 0 )  

A 'r 

,r 

C a l c u l a t e d  s u r f a c e  co re -  

l e v e l  s h i f t s  f o r  W(IO0).  
a~ ' O ( r )  and ~ , O ( r )  are the 

c o r e - l e v e l  s h i f t s  f o r  the 

f i r s t  and second l a y e r  atoms 

o f  the u n r e c o n s t r u c t e d  ( r e -  

c o n s t r u c t e d )  s u r f a c e .  

CORE-LEVEL SHIFT (eV) 

t h e o r y  

-O.30eV 

-O.04eV 

-O.28eV 

-O.07eV 

the e f f e c t s  o f  hydrogen c h e m i s o r p t i o n  

on W(IO0) w i l l  be the same as p r e v i o u s -  

l y  d i scussed  on W ( I l I ) .  I t  shou ld  be 

noted t h a t  f o r  low hydrogen coverages 

the a n a l y s i s  o f  van der Veen et  a l .  6 

p r e d i c t s  t h a t  the c o r e - l e v e l s  from the 

r e c o n s t r u c t e d  and u n r e c o n s t r u c t e d  do- 

mains move in  o p p o s i t e  d i r e c t i o n s .  

Severa l  e f f e c t s  may cause these d i s c r e -  

panc i es .  In the a n a l y s i s  o f  the e x p e r i -  

mental  da ta ,  e f f e c t s  a r i s i n g  from the 

second l a y e r  have been c o m p l e t e l y  neg- 
21 l e c t e d .  In a d d i t i o n ,  i t  is  known t h a t  

hydrogen c h e m i s o r p t i o n  can s i g n i f i -  

c a n t l y  change the e l e c t r o n i c  s t r u c t u r e  

o f  the s u b s t r a t e ,  t h e r e b y  m o d i f y i n g  

the bond e n e r g i e s .  
I t  has been shown above t h a t  s u r f a c e  

r e c o n s t r u c t i o n ,  stepped su r f aces  and 

c h e m i s o r p t i o n  g i ve  r i s e  to a p p r e c i a b l e  

s u r f a c e  c o r e - l e v e l  s h i f t s .  I t  would be 

most i n t e r e s t i n g  to f u r t h e r  i n v e s t i g a t e  

the v a r i a t i o n  of  these s h i f t s  as a 

f u n c t i o n  of  t empera tu re  and coverage 

in  those systems wh ich  undergo a s t r u c -  

t u r a l  phase t r a n s i t i o n .  In a d d i t i o n ,  

changes in  p o s i t i o n  and i n t e n s i t y  as a 

f u n c t i o n  of  coverage in  an a d s o r p t i o n  

expe r imen t  cou ld  perhaps p r o v i d e  v a l u -  

ab le  i n f o r m a t i o n  on the a d s o r p t i o n  s i t e  3 

and s u p e r s t r u c t u r e s .  So f a r  expe r imen-  

t a l  a t t e n t i o n  has been focused s o l e l y  

on the su r f aces  o f  me ta l s .  Note,  measu- 

r i n g  s u r f a c e  c o r e - l e v e l  s h i f t s  in  

a l l o y s  y i e l d s  a l so  i n f o r m a t i o n  on s u r -  

face s e g r e g a t i o n .  Th is  has been d i s -  

cussed t h e o r e t i c a l l y  in  d e t a i l  e l s e -  
where22,  23 For m i x e d - v a l e n t  systems 24 

the s u r f a c e  c o r e - l e v e l  s h i f t  g i ves  va-  

l u a b l e  i n f o r m a t i o n  about  the s u r f a c e  

va l ence .  

In c o n c l u s i o n ,  the s imp le  model p resen-  

ted here has proven s u c c e s s f u l  in  re -  

p roduc i ng  e x p e r i m e n t a l  data f o r  a va- 

r i e t y  o f  s u r f a c e - r e l a t e d  prob lems.  I t  

f u r t h e r  g i ves  promise to be ab le  to 

i n t e r p r e t  data from more complex sys-  

tems, where use of  more s o p h i s t i c a t e d  

models would be d i f f i c u l t .  I t  i s  hoped 

t h a t  t h i s  paper w i l l  s t i m u l a t e  f u r t h e r  

e x p e r i m e n t a l  work in  t h i s  f i e l d .  
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