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Purpose of this lecture

Pd PdH

the lowest band is lowered by 3 eV almost 
everywhere in the whole Brillouin zone 
EF is pushed above the d-band 
the s-p band above the d-band is lowered 
somewhat. The shift is significantly smaller 
than that of the lowest band.
the width of the d-band is reduced with 
respect to that of pure Pd.

1st reminder: the H2
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Solution of the Schrödinger equation 
for one electron in a crystal

leads to the energy

with

2nd reminder: a linear chain of atoms
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Solution of the Schrödinger equation 
for one electron in a crystal

leads to the energy

with

3rd reminder: only s –states, but in 3D
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The tight-binding approximation

Schrödinger equation for one electron in a 
crystal

Solution of the form

where ϕj(r-R) is an atomic wave function 
located at R which satisfies the atomic 
Schrödinger equation 
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The tight-binding approximation

Schrödinger equation for one electron in a 
crystal

Solution of the form

where ϕj(r-R) is an atomic wave function 
located at R which satisfies the atomic 
Schrödinger equation 
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Schrödinger equation in a matrix form

Schrödinger equation in a matrix form. Multiply by 
an atomic function ϕm(r) 

and integrate over real space 

Make use of the orthogonality of the ϕj(r) located 
at the same atomic site,

and quasi-orthogonality
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Schrödinger equation in matrix form

Then 

In matrix notation 
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The potential

Close to a given atom the 
crystal potential resembles 
strongly the atomic 
potential 
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Vanishing determinant

With the overlap integral  

The matrix is

A non-trivial solution exists if the determinant vanishes
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Vanishing determinant

With the overlap integral  

A non-trivial solution exists if the determinant vanishes
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Overlap integrals after Slater and Koster (1954)

(l, m, n) are the direction cosines of the lattice vector R. The 
fundamental overlap integrals are ddσ, ddπ and ddδ
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Elementary overlap integrals

ddσ ddπ ddδ ddδ

d-d overlap integrals for FCC

Overlap integrals after Slater and Koster  for the nearest-neighbours in the FCC lattice.  The 
fundamental overlap integrals ddσ, ddπ and ddδ  are defined in Table.VI.1. The ddδ overlap 
integral are set equal to zero 
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For a FCC metal
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d-states only
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No overlap
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No hybridisation
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Diagonal d - elements
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s-d-hybridisation
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Influence of s-d-hybridisation Comparison
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For FCC metals  dxy has the lowest energy You are now ready to understand this !

a) b)the lowest band is lowered by 3 eV almost 
everywhere in the whole Brillouin zone 
EF is pushed above the d-band 
the s-p band above the d-band is lowered 
somewhat. The shift is significantly smaller 
than that of the lowest band.
the width of the d-band is reduced with 
respect to that of pure Pd.

Pd PdH
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Density of states of PdH
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Influence of H on the density of states
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Simple linear chain model for MH
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Overlap integrals of the form
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