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We study the  atomic adsorp t ion  o f  hydrogen on paramagnetic 

n i c k e l  100 surface, us ing  the  Green's f u n c t i o n  f o r m a l i m  a n d t h e t r a n s -  

f e r  m a t r i x  technique, which a l l o w s  the treatment o f  the g e o m e t r y o f t h e  

systern i n  a  simple manner. We incorpora te  e l e c t r o n i c  c o r r e l a t i o n a t  the 

adatoin o r b i t a l  i n  a  s e l f  cons is ten t  Hartree-Fock approach. The adsorp- 

t i o n  energy, l o c a l  d e n s i t y  o f  s t a t e s  and charge t r a n s f e r  between the 

s o l i d  and the adatom a r e  c a l c u l a t e d  f o r  d i f f e r e n t  c r y s t a l  s t r u c t u r e s  

(sc and f c c )  and adatom posi t i o n s  a t  the  sur face.  The resu l  t s  are d i s -  

cussed ir1 comparison w i t h  o t h e r  t h e o r i e s  and w i t h  a v a i l a b l e  experimen- 

t a l  data, w i t h  s a t i s f a c t o r y  agreement. 

Estudamos a  adsorção de h id rogên io  atômico em níquelparamag- 

nê t i co ,  usando o  formalismo .de funções de Green e  a  t i c n i c a  de m a t r i z  

de t rans fe rênc ia ,  que permi te o  t ra tamento da geometr ia do sistema de 

maneira simples. Através de uma aproximação auto-cons i s t e n t e  de Har t ree .  
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-Fock, incorporamos a  co r re lação  e l e t r ô n i c a  no o r b i t a l  do átomo adsor- 

v i d o  (adatomo) . A energ ia de adsorção, a  densidade l o c a l  de estados e  

a  t r a n s f e r ê n c i a  de carga e n t r e  o  sÕl ido e  o  adatorno são ca lcu ladas pa- 

r a  d i f e r e n t e s  e s t r u t u r a s  c r i s t a l i n a s  (sc e  f c c )  e  loca l i zações  d i v e r -  

sas do adatorno na s u p e r f í c i e .  Os resul tados ob t idos  são d i s c u t i d o s  em 

comparação com ou t ras  t e o r i a s  e  com dados exper imenta is ,  sendo o  acor-  

do s a t i s f a t õ r i o .  

1. INTRODUCTION 

A l a r g e  t h e o r e t i c a l  e f f o r t  i s  being d i r e c t e d  i n t h e  l a s t y e a r s  

towards a  b e t t e r  understanding o f  the chemical and phys ica l  p r o p e r t i e s  

o f  chemisorbed systems. Not o n l y  i s  the problem cha l leng ing  from the 

t h e o r e t i c a l  p o i n t  o f  view, s ince  i t  invo lves  both sur face and i m p u r i t y  

techniques, but  i t  i s  a l s o  o f  fundamental importance i n m a t e r i a l  sc ien-  

ce and i n  processes such as c a t a l y s i s ,  e l e c t r o n  emission, vaccum tech- 

niques and p repara t ion  o f  "clean" sur faces.  

Several models have been proposed f o r  the chernisorpt ion pro-  

blem. ~ e w n s l  uses a  Green's f u n c t i o n  rnethod w i t h  c o r r e l a t i o n  e f f e c t s  

a t  the adatom inc luded v i a  an Anderson term i n  the Hamiltonianand t rea-  

ted i n  the Har t ree  Fock approx imat ion.  Lyo and Gomer2 use the  sarne 

model, i n c l u d i n g  the nonor thogona l i t y  between m e t a l l i c  and adsorbate 

wave f u n c t i o n s  and a l s o  screening e f f e c t s  i n  a  phenomenological manner. 

Anda e t  az3 go beyond, cons ider ing  c o r r e l a t i o n  e f f e c t s  i n  the ~ u b b a r d "  

instead o f  Har t ree  Fock scheme. Ying e t  a15 develop a  d e n s i t y -  f u n c t i o -  

na1 theory  i n  a  s e l f - c o n s i s t e n t  l inear- response approach which a l lows  

f u l l  e l e c t r o s t a t i c  s e l f  consis tency.  E i n s t e i n  and s c h r i e f f e r 6  suggest 

a  molecular  o r b i t a l  t reatment  and j c h r i e f f e r  and Gomer7 p r o p o s e  an 

induced cova len t  bond mechanism s i m i l a r  t o  the Heither-London approach 

t o  descr ibe  adsorp t ion .  

A  common aspect i n  the  above rnentioned t reatments i s t h e  d i f -  

f i c u l t y  t o  incorpora te  i n  a  sirnple manner the  b u l k  s t r u c t u r e  and the  

adatom p o s i t i o n  r e l a t i v e  t o  the sur face.  Most formal isms r e q u i r e  ex- 

p l i c i t  prev ious knowledge o f  the  c lean  subs t ra te  Green's f u n c t i o n  o r  

d ispers ion  r e l a t i ~ n ~ ~ ~ ' ~ ;  the  b u l k  i s  sometimes sirnulated by a  l i n e a r  



cha inl':', by the " j e l  l ium" mode15 o r  by an oversimpl i f  ied  surface den- 

s i  t y  o f  s ta tes2.  

Fassaert and van der  ~ v o i r d ~  performed c a r e f u l  LCAO numeri- 

c a l  s tud ies  f o r  hydrogen l a y e r  adsorp t ion  on N icke l  appl i ed  t o  f i n i t e  

c r y s t a l s ,  and determine t h e  s t a b i l i t y  o f  adsorp t ion  w i t h  respect  t o  

d i f f e r e n t  subs t ra te  and adsorbate geometr ies. However c o r r e l a t i o n  e f -  

f e c t s  a r e  n o t  inc luded i n  a s e l f  c o n s i s t e n t  manner, bu t  a r e  s imulated 

by mod i fy ing  the  hydrogen i o n i z a t i o n  energy from 13.6 eV t o  10 eV, 

which may be j u s t i f i e d  f o r  chemisorbed layers ,  b u t  n o t  f o r  a  s i n g l e  

ad-a tom. 

I t  i s  our  aim i n  t h i s  work t o  present  a  símple mode lca lcu la -  

t i o n  f o r  the chemisorpt ion problem, i n  which bo th  the c r y s t a l  s t r u c t u -  

r e  o f  the subs t ra te  and the  adsorp t ion  s i t e  a r e  taken i n t o  account.  

Our t i g h t  b i n d i n g  model Hami l ton ian i s  s i m i l a r  t o  the  one proposed f o r  

the t reatment  o f  hydrogen i m p u r i t i e s  i n  i n s u l a t o r s g ,  w i t h  c o r r e l a t i o n  

e f f e c t s  a t  the i m p u r i t y  t r e a t e d  s e l f  c o n s i s t e n t l y  i n  the Hartree-Fock 

approximat ion, which i s  equ iva len t  t o  Newns ' treatmentl . We develop a 

Green's f u n c t i o n  theory based on the t r a n s f e r  m a t r i x  technique l 0  ' I  l, 

(which i:; s i m i l a r  i n  some respect  t o  the method o f  moments12 and t o  

the cont inued f r a c t i o n  method13), and we a r e  a b l e  t o  incorpora te  the 

r e a l  s t r u c t u r e  o f  the s e m i - i n f i n i t e  c r y s t a l  as w e l l  as the  ad-atom po- 

s i t i o n  a t  the  su r face  i n  a n a t u r a l  way. 

I n  Sec.2 we in t roduce  the  rnodel Hami l ton ian and o b t a i n  the  

Green's f 'unct ion m a t r i x  elements by the t r a n s f e r  m a t r i x  technique. A 

simple express ion f o r  the adsorp t ion  energy i s  developedin Sec. 3.  I n  

Sec. 4 we: est imate numerical values f o r  the parameters appearing i n  the 

Hami l ton ian t o  descr ibe  hydrogen chemisorpt ion i n  n i c k e l ,  and d iscuss 

the na tu re  o f  t h e  s e l f  c o n s i s t e n t  s o l u t i o n s  f o r  the  problem. I n  Sec. 

5 our  msin r e s u l t s  a r e  presented and compared w i t h  experiment and w i t h  

o t h e r  theor ies .  The l o c a l  d e n s i t y  o f  s t a t e s  o f  the ad-atom b a s i c a l l y  

agrees w i t h  prev ious treatments, b u t  we ge t  a  charge t r a n s f e r  from the  

b u l k  t o  the ad-atom o f  about O.le, which i s  smal l e r  than Newn's resu l  t1 

and i n  agreement w i t h  more e labora te  t reatments3 and w i t h  experimental 

ev i dence. 



2. THE HAMILTONIAN AND THE GREEM'S FUNCTION 

We r e s t r i c t  ourse lves t o  the problem o f  one i s o l a t e d  atom 

(ad-atom) on a  t r a n s i t i o n  metal sur face.  I n  tf ie t i g h t  b ind ing  one-elec- 

t r o n  approx imat ion,  we assume f o r  s i m p l i c i t y  one i s o t r o p i c  o r b i t a l  per 

s i t e  t o  form a  complete orthonormal b a s i s  se t  f o r  the semi - i n f i n i t e  

subs t ra te  p lus  ad-atom system. O f  course the t r a n s i t i o n  metal 6 e l e c -  

t r o n s  p lay  a  fundamental r o l e  i n  the chemisorpt ion mechanism, the re fo -  

r e  i n  the  numerical a p p l i c a t i o n  we take parameters t h a t  reproduce the  

c h a r a c t e r i s t i c s  o f  the 3d t r a n s i t i o n  metal band. 

sents 

sp i n  

H = I  
a 

I n  the l o c a l i z e d  basis  s e t  i / a , u > , I l i , o > ) l  , where - a repre-  

the ad-atom, i r rp resen ts  a  general s u b t r a t e  s í t e ,  and o  i s  the 

index, our model Hami l ton ian i s  w r i t t e n  as:  

nearest  
neighbors 

+ 
where cRa c rea tes  an e l e c t r o n ' i n  the  s p i n  o r b i t a l  / L ,  o>, R being a  

subs t ra te  o r  ad-atom s i t e .  

The f i r s t  term i n  the Hami l ton ian descr ibes the  ad-atom o r -  

b i t a l  s e l f  energy and c o r r e l a t i o n  e f f e c t s  i n  the Anderson scheme14. I n  

E q .  ( I  .b ) ,  EI i s  the ad-atom i o n i z a t i o n  l e v e l ,  U i s  the  in t ra- a tomic  

Coulornb r e p u l s i o n  and na (n,) i s  the occupat ion number a s s o c  i a  t e d  t o  

s p i n  a  (Ü = -o) o f  the  ad-atom o r b i  t a l .  I n  our  model , na i s  determi - 
ned s e l f  c o n s i s t e n t l y  (see Eq.  (27) and (28) below) and c o r r e l a t i o n  

e f f e c t s  a r e  considered only a t  the  ad-atom. The second and t h i r d  terrns 

a r e  associated t o  the  subs t ra te :  the  s e l f  energy A de f ines  the  energy 

o r i g i n ,  and the nearest  neighbors hopping i n t e g r a l  V i s  assoc ia ted  t o  

the t r a n s i t i o n  metal 3d bandwidth. Re laxa t ion  e f f e c t s  due t o  the 



sur face  can be incorporated by t a k i n g  d i f f e r e n t  va lues o f  A f o r  su r -  

face and b u l k  layers l l ,  bu t  we neg lec t  t h i s  e f f e c t  here. The l a s t  term 

i n  (1 ) descr ibes the ad-atom-substrate coupl ing; the sum i n  A runs over 

the ad-atom nearest  neighbor s i t e s  o n l y .  

I n  orde; t o  incorpora te  the s u b s t r a t e  t r a n s l a t i o n a l  symmetry 

p a r a l l e l  t o  the su r face  xy p lane e x p l i c i t l y  i n  the formal ism, we d e f i -  

ne two dimensional Bloch f u n c t i o n s :  

I i$. t 
/n,%,a> = - 1 e li, o> 

fi i (n) 

where the sum i s  performed over the N s i t e s  x i  o f  the  n - t h  l a y e r <  

(n=0,1,2 . . . )  and % belongs t o  t h e  corresponding two dimensional B r i l -  

l o u i n  zone ( 0 . 2 . ) .  The l a y e r  index corresponds t o  the r e a l  space z d i -  

r e c t i o n ,  and runs from n=O a t  the su r face  p lane t o  n=-. 

We per form a bas is  t rans fo rmat ion ,  from the  f u l l y  l o c a l i z e d  

set  into the h y b r i d  se t :  

i n  which t h e  m a t r i x  elements o f  H g iven  by ( 1 )  a r e  e a s i l y  ca lcu la ted :  

The form f a c t o r :  

3 
w i t h  RA ruming over  the ad-atom nearest  neighbors p o s i t i o n  vec to rs  re -  



l a t i v e  t o  the  ad-atom s i t e ,  depends on the p o s i t i o n  o f  the  ad-atom 

p r o j e c t e d  a t  the n=O layer .  The q u a n t i t i e s  s($)  and L ( $ )  and charac- 

t e r i s t i c  o f  the  subs t ra te  s t r u c t u r e :  

where the  summations a r e  performed over the  r e l a t i v e  p o s i t i o n  vec to rs  

o f  a  g iven c r i s t a l l i n e  s i t e  o f  the  n - t h  l a y e r  and i t s  f i r s t  neighbors: 

the  index 2 r e f e r s  t o  neighbors on the  same l a y e r  (n) whi l e  p(+) and 

p ( - )  r e f e r  t o  layers  (n+l )  and (n-1) r e s p e c t i v e l y .  

We,consider below bo th  sc and f c c  s t r u c t u r e s ,  f o r  which: 

s(%) = 2-05 ( d  kZ) + cos ( d  k  )] (1O.a) 
Y 

and 

1 ,  S .C .  

L+($) = L-(%) = L(%) = 
dk  

( lO .b )  

c o s ( ~ ) ]  , f . c . c .  2 

where d i s  the  l a t t i c e  parameter o f  the  t u o  dirnensional square l a t t i c e .  

No t i ce  t h a t  f o r  these s t r u c t u r e s  the  f a c t o r s  have no e x p l i c i t  n-depen- 

dence, and t h e r e f o r e  we drop t h i s  s u b s c r i p t .  

We a r e  i n t e r e s t e d  i n  c a l c u l a t i n g  the  GreenLs f u n c t i o n ,  whose 

m a t r i x  elements r e l a t i v e  t o  bas is  s e t  (3)  s a t i s f y  DysonLs Equation: 

Using eq. (4 ) - (6 ) ,  we o b t a i n  the equat ions corresponding t o  the  diago- 

na1 element r e l a t i v e  t o  the ad-atom o r b i t a l :  



This infinite set of coupled equations may be solved by in- 

troducing the transfer function: 

where /b,o> is any element in (3) with spin o, since (12.c) is still 

valid i f  ]a ,o> i s  substituted by Ib,o>. From eq. ( 1 3 )  and (12.c) a 

second order equation for T is obtained, whose solutions are: 

where the choice of sign is discussed below eq. (20). 

Using eq. (13) in (12.a,b), we get 

from whioh the local density of electronic states per spin at the ad- 

-a tom may be obta ined : 

where the summation i s  performed over all poles of < a , o l ~ l a , o > .  

By a similar procedure, any matrix element of G may be ob- 

tained. In particular: 



and 

11 

The spec t ra l  d e n s i t y  o f  s ta tes  per sp in  a t  l a y e r  2 i s  

and the  t o t a l  d e n s i t y  of e l e c t r o n i c  s t a t e s  o f  the syste, i s  g iven by: 

The s i g n  o f  the square r o o t  i n  eq. (14) i s  chosen so as t o  

s a t i s f y  the  proper boundary and assymptot ic  cond i t i ons ,  namelyi 

I im I T ( ~ , E )  

l ~ l *  
which y i e l d s  a  p o s i t i v e  s i g n  

t i v e  s i g n  otherwise.  

f o r  E  (A + &(X)V  - ZL(~ ; )V)  and a  nega- 

Not i ce  t h a t  T(%,E), and t h e r e f o r e  G, i s  immaginary i n  the  

energy i n t e r v a l  I A ~ - ~ v ~ L ~ ~  < 0, where the  argument o f  the  square r o o t  

i s  negat ive;  s ince  t h i s  i s  the i n t e r v a l  corresponding t o  the  continuum 

o r  band s ta tes ,  the  band edges f o r  a  g iven  spec t ra l  d e n s i t y  o f  s t a t e s  

a r e  easi l y  obta ined:  

and from eq. (lO.a,b) the complete continuum range f o r  the  considered 

s t r u c t u r e s  i s  g iven  by: 



A -c 6V , sc 

'b.eq = 
( A  + 4v * 8v , f c c  
L 

3. ADSORPTION ENERGY 

The energy change o f  the systern due t o  the adsorp t ion  p ro -  

cess, ie ,  due t o  the " a c t i v a t i o n "  o f  the ad-atom-s!ibstrate coup l ing  V 
a 

i s :  

where t h e  f i r s t  term descr ibes the  t o t a l  energy o f  the  system a f t e r  

chemisorpt ion,  and t h e  second term i s  the  energy o f  t h e  unper turbed 

system descr ibed by Hami l ton ian (11) w i t h  V = 0 ,  which corresponds t o  
a 

an i s o l a t e d  atom i n  s ta tes  l a , o  and the c lean  subs t ra te .  W e c a l l  u'(E)  
f 

and D ~ ( E )  the  per turbed and unperturbed densi t y  o f  s t a t a s ,  end E; and 

E the corresponding values o f  the Fermi l e v e l .  The c o n d i t i o n  o f  con- F 
s e r v a t i o n  o f  t o t a l  number o f  e l e c t r o n s  together  w i  t h  t h e  f a c t  t h a t  

E; = E leads to2:  F 

We assume t h a t  the  o n l y  r e l e v a n t  c o n t r i b u t i o n  t o  AW f rom the surnmation 

Z [ D ~ ~ , ~ - D ~ ~ , ~  i r  due t o  the  n=O ( su r face)  term, t h e r e f o r e  we ne- 
n5t 
g l e c t  the c o n t r i b u t i o n s  d ~ e  t o  the energy change o f - t h e  inner  layers ,  

which i s  a reasonable approx imat ion8,  and we get :  



4. HYDROGEN CHEMISORPTION IN NICKEL 

The experimental parameters f o r  Ni re levan t  t o  our model a r e  

l i s t e d  i n  Table I .  I f  we choose the cen te r  o f  the 3 d  band as the  zero 

o f  energy, the appropr ia te  values o f  A and V accord ing t o  eq.(22) and 

t o  the experimental band w id th  a re  g iven i n  Table I I  f o r  the  s c a n d f c c  

s t r u c t u r e s .  The i o n i z a t i o n  energy o f  hydrogen i s  I = 1 3 . 6  eV and the 

in t ra- a tomic  c o r r e l a t i o n  i s  U = 12.9 eV; the i o n i z a t i o n  l e v e l  p r o p e r l y  

r e f e r r e d  t o  the energy o r i g i n  a t  the cen te r  o f  the band i s  g iven  by 

E = - I + 0 + EF = - 7 . 3 4  eV. The o n l y  f r e e  parameter i n  our ca lcu -  
I 

l a t i o n  i s  V the  hopping i n t e g r a l  between the  ad-atom and one o f  i t s  
a ' 

nearest neighbors. 

gi ri -2.89 

Table I - Experimental values f o r  the 3d 

band w i t h  ( B . w . ) ,  Fermi l e v e l  measured from 

band cen te r  ( E ~ ) ,  work f u n c t i o n  ( 4 )  and ad- 

s o r p t i o n  energy (AW) o f  N icke l ,  as quoted i n  

r e f . 1 .  A l l  energ ies a r e  g iven i n  eV. 

f c c  ( -0.95 1 0 .24  

Table I I - V a l u e s  i n  eV o f  the 

t i g h t  b i n d i n g  parameters f o r  

the subs t ra te .  



Fig.1 - Adsorp t ion  s i t e s  cons ide red  f o r  H on N i  100 surface. 

We consider  th ree  d i f f e r e n t  p o s s i b i l i t i e s  f o r  the adsorp t ion  

s i t e ,  as shown i n  F ig.1:  they a r e  denoted as A (a top) ,  B (b r idge)  and 

C (centered) .  For each o f  these geometr ies, the form f a c t o r  

eq.(7) s a t i s f i e s :  

For a  f i x e d  geometry and a  g iven  va lue  o f  V a ,  the 

occupat ion per s p i n  i s  e a s i l y  ~ b t a i n e d l ' ~ :  

g iven i n  

(26. a )  

(26.  b) 

(26. c )  

average 

(27) 

the re fo re ,  the s e l f  consis tency c o n d i t i o n s  which determine (na,n-) are: 

Two p h y s i c a l l y  d i s t i n c t  s i  t u a t i o n s  may o c c u r :  m a g n e t  i c  

(no#n-cr) and non magnetic ( n  =n- ) s o l u t i o n s .  Non magnetic s o l u t i o n s  
(5 o  

e x i s t  f o r  a l l  V w h i l e  magnetic s o l u t i o n s  a r e  found o n l y  up t o  a  c e r -  a' 
t a i n  maximum value V o f  V which depends on the p a r t i c u l a r  geome- 

max a'  
t r y .  The s e l f - c o n s i s t e n t  s o l u t i o n  o f  eq.(28) f o r  sc s t ruc tu re ,a top  ad- 

s o r p t i o n  and th ree  d i f f e r e n t  va lues o f  V i s  presented i n  Fig.2. No- 
a 



Fig.2 - Self c o n s i s t e c t  c a l c u l a t i o n  for (",aj), A- adsorp t ion  o n  sc 

subs t ra te ,  f o r  d i f f e r e n t  ralues of  V : a )  !n,,ni,) = (1.00, 0.03) o r  

(ü.65, 0.65);  b) (no,ng) = (0.90, 0.21) or (0.55.0.55);  c )  q,w-=0.53. 

In a )  and b) Va<Vmax and i n  c )  azVmax. 
a 

t ice that whi le V increases, the two degenerate magnet i c solut ions 

merge continuously into the non magnetic one. Values of V for four max 
different geometries are given in Table 1 1 1 .  

We perforn the surnrnations in the two dimensional B.Z. by the 

special points technique suggested by cunningharn15. We obtain i% pre- 

cizion in the poles and residues of D (E) using 136 special points. 
a 

Table I I I  - Vmax (value of V above which only non rnagne- 
a 

tic solutions exist), TILit ("alue of V which reproduces a 
the experimental adsorption energy) and calculated excess 

Substra te 
S C I fcc structure 

1 1  I A , 

ad-atom charge in electron ( ~ q / e )  f o rd i f í e r en tgeo rne t r i e s .  

(ev) 
I 

vmax I 
3 .40  1 2 .60  1.55 1 4.15 1 



5.RESUL.TS AND DISCUSSIONS 

The adsorp t ion  energy f o r  hydrogen chemisorpt ion on N icke l  

100 surfaces i s  e a s i l y  c a l c u l a t e d  from express ion ( 2 5 ) .  The r e s u l t s  

a r e  presented i n  F ig.3 f o r  f o u r  d i f f e r e n t  geometries as 3 f u n c t i o n  o f  

the paranieter V  . Not i ce  t h a t  when a  magnetic s o l u t i o n  e x i s t s ,  i t  i s  
a 

associated t o  a  bound s t a t e  which i s  always lower i n  energy than the  

corresponding non magnetic s o l u t i o n .  For n fized vaZue of V and f o r  a 
a g iven  c r y s t a l  s t r u c t u r e ,  we o b t a i n  AW(C)<AW(B)<AW(C), i n d i c a t i n g  a  

s t ronger  b i n d i n g  w i t h  inc reas ing  

as expected. On the o t h e r  hand, 

o f  V and the 3d wavefunct ions 
a' 

Va(A)>V (,?)>V (C) ,  t h e r e f o r e  the 
a a 

ver ted,  as i s  a c t u a l l y  obta ined i 

number o f  the  ad-atam f i r s t  neighbors, 

AW i s  a  s t r o n g l y  decreasing f u n c t i o n  

s p a t i a l  c h a r a c t e r i s t i c s  suggest t h a t  

s t a b i l i t y  c r i t e r i u m  above may be i n -  

n  LCAO s tud iess  which i n d i c a t e  a  

g rea te r  s t a b i l i t y  f o r  the A- p o s i t i o n  i n  H l aye rs  a d s o r p t i o n  i n  N i c k e l .  

I n  a11 cases, the experimental va lue  o f  AFl' may be fitted by 

a  va lue  V  = v f i t  , (g iven  i n  Table I I I ) ,  f o r  which o n l y  the non mag- 
L! a 

n e t i c  s o l u t i o n  e x i s t s ,  which i s  i n  agreement w i t h  prev ious m ~ d e l s " ~ ' ~ .  

No t i ce  t h o t  v f i t  i s  t y p i c a l l y  b igger  than V  by one o rder  o f  magnitude, 
a  

which imp l ies  t h a t  the H-Ni nearest  neighbors e q u i l i b i i u m  d is tance  i s  

smal ler  than the N icke l  l a t t i c e  parameter, i n  agreement w i t h  LCAO s t u -  

d i e s  ! 

AW ( e V i  * I - m a g n e t i c  s o l u t i o n  
- - n o n  m a g n e t i c  so lu t ion  

Fig.3 - Adsorption energy for sc s u b s t i - a l e  and Atop ( A ) ,  Bridge (a), and 

Centered (C) adsorption sites and for fcc  substrate, Atop adsorption ( A ' ) .  



F i g . 4 -  Excess adatom charge i n  e l e c t r o n s  for A-adsorpt ion in sc s u b s t r a t e  

We have tes ted  the s t a b i l i t y  o f  our  r e s u l t s  w i t h  respect  t o  

changes o f  +I eV i n  A and t 0 . 1  eV i n  V, which correspond t o  a  maximum 

v a r i a t i o n  i n  the va lue o f  A W  o f  15%, and g ives  no q u a l i t a t i v e  change in  

the general behavior o f  AW as a  f u n c t i o n  o f  V a' 

The e l e c t r o n i c  charge t r a n s f e r  t o  the ad-atom, A q ,  i s  s imply  

r e l a t e d  t o  the s e l f  cons is ten t  va lues o f  n : 

where e i s  the e l e c t r o n  charge. The behavior  o f  t h i s  q u a n t i t y  as a  

f u n c t i o n  o f  V i s  q u a l i t a t i v e l y  the same f o r  a l l  geometries: i t  inc re -  
a 

ases w i t h  V i n  the reg ion  where the magnetic s o l u t i o n  e x i s t s ,  and i n  
a 

the non magnet i c  reg ion  

resu l  t s  f o r  A-adsorpt i o n  

agreement w i  t h  the resu l  

a r e  presented i n  Table I 

-atom o f  the o rder  o f  O .  

t decreases w i t h  V . I n  F ig.4 we present the a 
i n  sc subs t ra te ,  w h i c h  i s  i n  q u a l  i t a t  i v e  

f i t  
s o f  ~ e w n s l .  The values o f  Aq/e f o r  Va = Va 

I, and i n d i c a t e  a  charge t r a n s f e r  t o  the ad- 

e ,  which i s  cons iderab ly  smal ler  than t h e r e -  

su l  t s  o f  ~ewns '  A q  - 0.16 e ,  and ~ a s s a e r t  et az8 A q  - 0.3 e and agrees 

w i t h  the r e s u l t s  o f  Anda e t  a z 3 .  A l a r g e  va lue  f o r  the charge t r a n s f e r  

c o n t r a d i c t s  the experimental evidence g iven  by the small  change i n  the 

work f u n c t i o n A 0  - 0 . 3 e V  I 6 d u e  t o  H adsorp t ion  i n N i .  W e o b t a i n  

smal ler  values f o r  A q  i n  A-adsorpt ion,  which i s  an i n d i c a t i o n  o f  the 

s t a b i  l i t y  o f  t h a t  adsorp t ion  s i  t e  wi t h  respect  t o  the o thers ,  while the 

dependence i s  n o t  ve ry  s t rong  on the subs t ra te  s t r u c t u r e s  exarnined, 

which i s  reasonable. 

The l o c a l  d e n s i t y  o f  s t a t e s  a t  the ad-atom f o r  f c c  s t r u c t u -  



r e ,  A- binding and V = v i i t  = 4.3 eV i s  presented i n  F ig.5.  Most o f  a 
the d e n s i t y  o f  s t a t e s  i s  concentrated i n  the l o c a l i z e d  s t a t e s  above 

and below the band. Th is  i s  i n  q u a l i t a t i v e  agreernent w i t h  Newns' r e -  

su l t l ;  q u a n t i t a t i v e l y ,  the p o s i t i o n  o f  the p o l e  below the band i s  i n  

agreement w i t h  h i s  r e s u l t ,  w h i l e  the p o l e  above tha band i s  about 1.5 

eV h igher  i n  h i s  c a l c u l a t i o n .  

F i n a l l y  we would l i k e  t o  mention t h a t  f o r  a11 the phys ica l  

q u a n t i t i e s  s tud ied  as a f u n c t i o n  o f  the ad-atom-substrate coup l ing  V - a 
namely the s e l f  cons is ten t  d e n s i t y  o f  s t a t e s ,  the adsorp t ion  energy 

and t h e  charge t r a n s f e r  - the  sarne general behavior i s  obta ined f o r t h e  

c r y s t a l  s t r u c t u r e s  and adsorp t ion  s i t e s  considered, which a l l o w s  us t o  

consider  V as a parameter which scales the phys ics o f  the systern ac- a 
cord ing  t o  i t s  geornetry. 

F ig .5  - Local density of s t a t e s  for H a top  adsorp t ion  on N i c i e l ,  V -vfit a a 

bie thank D r .  H.S. Brandi and D r .  E. Anda f o r  h e l p f u l  d iscus-  

s ions and suggest ions. 
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