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Newns-Anderson model for chemisorption
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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)

><≈><+><−= −−−−− σσσσσ aaaaa nnn(t)n(t)n        ) (



  

(8)     )( )()( ~    )()( tGtV tGt
t

tGi ka
k

akaaa
aa σσ

σ

σ

εδ ∑++=
∂

∂

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 

)(ε∆ )(εΛ

σεε a
~-

ε

ε

)(ερa



  

W

Weak coupling Strong coupling

Hydrogen atom chemisorption
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