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Newns-Anderson model for chemisorption

⌉ a >

⌉ k >

V ka = hopping matrix element

V ka

>
>

a|
 |k

:stateatom 
               }{  :states metalatom

surface

V ε

Fε

levelenergy  occupiedhighest energy Fermi ==Fε



  

Model Hamiltonian
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We now apply the Hartree-Fock approximation, 
neglecting correlations. The matrix elements of the 
retarded Greens' function GR , 
assuming that ( |a>, { |k> } ) form a complete basis set:
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Determining GR will give us the adsorbate projected density of states

Time derivative of Eq. (1)
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Eq. (4) then takes the form 
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The derivative of the destruction operator in Eq. (3) is evaluated 
with the Heisenberg relation for the time derivative of an operator 
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Home problem 1

Show in details that the Newns-Anderson model hamiltonian gives
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We then have

Comparing Eq. (7) with Eq. (1) and (2), we realize that the fourth term 
in Eq. (7) is a higher order Greens' function, thus we have an infinite 
hierarchy of equations. One way to break this is to apply the 
Hartree-Fock approximation. This means that we neglect the correlation 
between the “up” and “down” electron in the adsorbate orbital  
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The approximation is ok if :

1)   we consider the “up” spin and the fluctuations of the “down” spin is small

2)    if U is small compared to the band width W 
       (the energy range of the | k >  states)
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We then have
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Now proceed in the same way, taking the time derivative of Eq. (2). We obtain
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Home problem 2

    Evaluate the energy dependent Green's functon and show that 
you obtain the result

    whith the self-energy of state ”a”
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Simple 1 D model for calculation of the self-energy
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Home problem 3

        Show that the energy spectrum is given by
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1D Linear chain model
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0

W/2

In this model we have obtained a semi-eliptical  chemisorption function
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And the shift function is linear in energy within the band
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0

Weak coupling
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Localized states 
outside the band !

Strong coupling 
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Hydrogen atom chemisorption

e-

occupied

un-occupied

METAL H-ATOM

ε

)(ερa

ε

Fε

)(ερa



  

∫

∫

∞−
↓↓

↑↓
↓

↓

∞−
↑↑

↓↑
↑

↑

↓

>=<

><+=
∆+Λ−−

∆=

>=<

><+=
∆+Λ−−

∆=

><

F

F

dn

nU

dn

nU

n

aa

aaa
a

a

aa

aaa
a

a

a

ε

ε

εερ

εε
εεεε

ε
π

ερ

εερ

εε
εεεε

ε
π

ερ

)(

~with  
)()](~[

)(1)(

)(

~  where
)()](~[

)(1)(

loop consistent-self

22

22

><+><
><−><

=
↓↑

↓↑

aa

aa

nn
nn

ζ

Spin polarization



  

}
2

)
~

{arctan(1)(

)! Lorentzian(
]~[

1)(

0

0

2
0

2
0

0

πεε
π

εερ

εεπ
ερ

ε

−
∆

Λ−−
=>=<

∆+Λ−−
∆=⇒

↑

∞−
↑↑

↑
↑

∫ a
aa

a
a

F

dn

0

0

)(
)(

Λ≡Λ
∆≡∆

ε
ε

simplifications

(a)

(b)

states ofdenstity  substrate)(,)(||

)(||)(||)(

2

22

==

−≈−=∆ ∑∑
ερερπ

εεδπεεδπε

sso

k
kok

k
ak

V

VV

(c)

||2                                     

)(||  re       whe,)(

:scattering surfaceatomin  modeling

2

2
0

2
0

><+=

≈∆∆=∆

−

↓↑

−
↑

↑

aa

Fso
z

nUm

Vez

εγ

ερπσγ





  

REFERENCES

D. M. Newns, Phys. Rev. 178(1969)1123

P.W. Anderson, Phys. Rev. 124(1961)41

book: 

S. Doniach and E.H. Sondheimer, Green's functions for solid state physics, 

Benjamin/ Cumings publ. Comp. Mass. 1974 

Application in atom-surface scattering:

“Effect in intra-atomic Coulomb repulsion on 

charge transfer in atom scattering on metal surfaces” 

B. Hellsing and V.P. Zhdanov, Surf. Sci. 274(1992)411 


