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INTRODUCTION 

Recent experimental i nvestigations of the 
el�ctronic properties of vari ous chemisorbed 
species /1 / have revealed the exi stence of 
additi onal structures in the adsorbate XPS 
core l evel .spectra whi ch are not present i n  
the correspondi ng spectra of atoms or· mclecu­
l es in gas phases . Here we present an outl i ne 
of a theoretical description of electroni c  
shake up and relaxation effects whi ch may 
occur i n  chemisorption systems as a conse­
quence of the sudden formation of a core hol e  
i n  XPS. It  i s  shown that thi s  model enabl es 
a theoretical explanation of rel al{ation 
shi fts , shake up and satel l i te sthctures ob­
served in the XPS core spectra of adsorbates . 

FORMULATION OF THE MODEL 
The core l evel photoelectron spectrum in the 
sudden approximation is proportional to the 
core level densi ty of states Pc (w) whi ch i s  
obtained from the rel ation 

Pc{w) = 1r- 1 pm Ge (w ) I . ( 1 )  

Here Ge { w )  i s  the Fourier transform of the 
core level Green ·s function defined in the 
standard way. Creation of a core hol e  within  
the adsorbate i n  XPS suddenly switches on an 
interaction between the charge densi ty fl u­
ctuati ons in the core and val ence states 
whi ch parti ci pate in the chemi sorption bond. 
Thi s  i nteraction may be written in the form 

H ·= - Una{ 1-nc) • ( 2 )  
where n8 and nc denote the occupation· opera­
tors for the valence and core l evels  respec­
ti vely. H" gi ves rise to the el ectron rela­
xati on and �hake up processes l ocal i zed at 
the adsorbate , and as may be shown /2/,l eads 
to the fol lowWlg form for Ge: 

Gc ( t-t " )  = gc {t-t " )
t 

x exp [U J dT � ( T ,T;t ,t ') ] • ( 3 )  
t .. 

Here gc i s  the c-hole  Green ·s function in the
absence of the interaction (2 )  and � descri­
bes the propagation of an e lectron in the ad­
sorbate valence resonant state in the time 
interval when (2) is swi tched on : 

�(T ,T .i  t , t · )  D g8 (T-T ')  -
t 

-U J dt1 ga(T-t1 ) ii> { t1 ,T ' ;t ,t ' ) , (4 )
t .. 

Here 9a describes the propagation of adsorba­
te valence electrons before (2 ) has been swi t­
ched on .  
The rel ations ( 1 ) ,  ( 3 )  and ( 4 )  a re  the bas ic  
equations from which one can determine both 
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stati c and dynami c properties of the adsorba­
te core l'eve 1 spectra wi thout being res tri c­
ted to any parti cul ar model of chemi sorption . 
RELAXATION SHIFTS IN THE CORE LEVELS 
Appearance of a hol e  in an adsorbate core l e­
vel pul l s  down the valence resonance whi ch is  
then parti al ly or completely fi l led up  by the 
el ectrons from the s ubstrate . Thi s gives rise 
to an upward rel axation shi ft in the core l e­
vel .  Inspection of the l ong time behavi our of 
(3 ) and (4 )  yiel ds the relaxed threshol d  ener­
gy of the c-level

c· .. c0 + U< n > f , ( 5 )  C C a 
where co and <n > are the unperturbed core
l evel enirgy and atfte final occupation of the
valence resonance respectively (3 ) . On the 
other hand , as can be shown usi ng ( 3) and (4)  
the mean energy or the centre of gravi tY. of 
the c-spectrum remai ns unaffected by tlra re­
l axation processes and reads : 

<c > = c0 + U < n > , (6 )  
C C a O 

here < n > i s  the occupation of the val en-
ce resonaAcH before the creati on of the core 
hol e .  Thi s  i s  the "zero work" sum rule  wh ich 
i mpl i es that s ince <na>f � <ni)>o the major
part of the spectral wei ght 1s l ocated below 
the threshol d energy (5) . 

SHAPES OF THE CORE SPECTRA 

Qua l i tative estini'ates of the c-level spectral 
shapes can be 111¥8 starti ng again from ( 3 )  
and (4 )  and us ing some model functi on for. the 
valence resonance densi ty of states . A sim­
pl er case j.s that of .  an adsorbate va l ence re­
sonance l ocated close to the Fermi level 
{Fi g , 1 ) .  The transient interacti on (2 )  causes 
in thi s  case si ngul ar e�ci tation of soft el � 
ectron-hol e  pai rs i n  the system which gi ves 
ri se to di vergent asyrmietric behaviour of the 
c-spectrum near the threshol d .  Neglecti ng the
decay of the core hole we find /3/:

( 6 I ir ) 2- 1  l im pc(111) « (&c-w) 8 (cc- 111 ) ( 7 )

for w c lose to c • The phase shi ft 6 in the 
cri ti cal exponentci s  found to diminish as the
resonance moves away from the Fermi l evel . In 
such a case part of the spectral wei ght i s  
transfered from the threshol d  singul ari ty to­
wards < cc >  where a new maxi mum may appear. 
To demonstrate this we cal cul ate the mean 
square devi ation of the c-spectrum from i ts 
centre of gravi ty and find:  
< (111 - <c > )

2
> = u2< n > ( 1-<n > ) ,  (8 )c a o a o 



which means that for systems where the val en­
ce resonances l i e  h igh above (below) the Fer­
mi energy in the i ni ti a l s tate . the correspm­
di ng core spectra wi l l  exhib i t  a sharp maxi­
mum at the unrelaxed energy (6 )  and consequ­
ently much weaker s ingul ar structure at the 
threshol d. Recent model cal cul ations of the 
c-spectra based on the Anderson Hami l toni an 
and the s i mpl e Lorentzi an-1 i ke resonances
confi rm these predictions /3 14/ (F ig . 1 ) .  

A more compl i cated s i tuation regarding r� 
l axation and shake up processes may occur i n  
chemisorption o n  transi ti on metal s ubstrates 
l i ke tungsten or ni ckel where one may encoun­
ter val ence resonance dens i ty of states sket­
ched in Fig . 2 .  The l atter represents a com­
bi nation of a pai r  of bondi ng and antibondi rg 
states below and above the Fermi l evel and 
some band structure around i t .  Expressions 
for the magni tude of the rel axation shi ft ( S) 
and the mean energy (6) apply also to the 
present case whereas the spectral shape �hich 
reflects a variety of shake up processes 
occuri ng in the system turns 9ut to be more 
compl i cated . In the l i mi t  U < 1 e:  I , 1 £  I i t  
i s  possib l e  t o  cal cul ate shapesaof thebc­
spectra analytical ly i n  a certai n  approxima­
tion ( see Fig . 2 ) . Note here the appearance 
of mul tiply peaked satel l i te structure below 
the thresho l d  due to  the possibi l i ty of va­
ri ous shake up trans i tions between the l evel s 
&
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Atathe end we poi nt out that another pos­

si bl e  mechanism whi ch may give ri se to the 
satel l i te structure and asymmetri c broadenirg 
i n  the adsorbate core spectra are multiple 
surface pl asmon and e lectron-hol e  shake up 
l osses induced by image screeni ng processes 
in the subs trate /5 /, 
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fj_g_J__._ Top left: s imple val ence resonance 
aerisl'ty of states i n  the i ni ti a 1 s tate; 
bottom: the adsorbate core l evel spectrum. 
Dashed l i nes denote the effect of the c-1 eve 1 
l i fetime broadening.  
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� Top l eft : val ence resonance dens i ty 
or's"tates with a pai r  of bonding (b ) and 
anti bonding ('a) states ; bottom: correspondi ng 
mul tiply peaked core l evel spectrum. 




