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The interaction of adsorbed atomic or molecular 
species with metallic surfaces can be studied via the 
valence electronic structure of the adsorbates . 
Various spectroscopic methods for measuring changes in 
the adsorbate electronic spectra include photoemission, 
field emission, ion neutralization and others. A common 
feature of such spectra are shifts in energy and some­
times broadening with respect to the gas phase levels. 
Here we present a model which makes possible a separate 
treatment of the interactions leading to chemisorption 
bond and nonbonding image effects important in stabiliz­
ing cationic species. Here we shall confine our atten­
tion to the case of a single atom with an s-like valence 
orbital adsorbed on a transition metal surface and em­
ploy the Newns1 > -Anderson2 > model appropriate for neutral
chemisorption. The Hamiltonian of this model reads : 

H = l £knka + L£anaa � l (Vakc:acka+h . c. ) +Una+nai ' ( l) 
ka a k 

where c!a and cta are the creation operators for the ad­
atom valence state l a> of energy £ and the substratea t state l k> of energy £k '  respectively, and n=c c. v

ak 
is

the electron hopping term due to chemisorption and u 
denotes the effective intra-adatom Coulomb integral . In 
addition to ( 1) ,  we introduce the surface response func­
tion3 > which describes the interaction of the adatom
charge with its dynamic image. For nearly spherical ad­
atom orbitals centered at distance d  outside the metal 
surface, this is defined as : 

RQ (w )  = (2ire2 /Q) e-2ad ( 1-£a (w) ) / ( 1+£a (w) ) , ( 2) 
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where O is  a wavevector parallel to the surface , e i s
the electron charge and Ea ( w) is a dielectric function
of the semi-infinite medium4 ) . The RPA limit of ( 2 ) 
which comprises single-pair. excitations and surface 
plasrnons gives rise to nonbonding relaxation shi fts , 
satellites and sometimes singular broadening in the 
spectra of adsorbate species . 

For nonbonding long lifetime orbitals (Vak=O ) , the
spectral density takes the form :. n + m -v/ws (v/ws ) +
p;0

(w ) = l e n !  F- (w-Eao + nws ) , ( 3 ) 
n=o 

where (+)  and (- )  refers to electrons and holes , respective-
2 ly , v=e / 4d ,  w =surface plasmon frequency , E =�-I+ (U-2v)s ao 

· <na- +v with �= substrate work function , I =  ionization
potential and

+ +2dw 
F- (w ) = e VF (.±_w ) y (d) ·- l  <;d

) y (d ) 0 (:!:,w ) / r (y (d) ) . ( 4 ) 
F

Here the singular exponent is  given by :
2 2 - 1 

y (d ) = ( 8k
F

d ) ln ( l . 59k
TF

d ) , ( 5 )  

with vF=Fermi velocity , kF Fermi wavevector , kTF Fermi­
Thomas wavevector and r is the gamma function . 

In the case of chemisorbed orbitals (Vka;o) , when u
is treated in the HF approximation and pair excitations 
are neglected in ( 2 ) , a speci fic diagrammatic technique5 > 

gives 

n pao (w )  = ( l-z )  6 + ___ 
z
_<v_

l
_
w
_s __ 

>
_
t. 
__ ..,,,... ___ .,,.......,,,..

2 2 2 2 2 (w-Ea0-A) +/l (w-E a0-ws- (v/ws ) A ) + (v/ws ) 6 
( 6 )  

in the limit V< <ws for the a-levels high above the Fermi
level (e . g .  alkalis ) . In ( 6 )  the width of the broadened 
a-level 6 (w )  = nI 1 Vak 1 2o (w-Ek ) at w=�-I is assumed
much smaller than Eaa and ws ' A is a Hilbert transform
of 6 and z � v/ws ·
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