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The Hohenberg-Kohn Theorem
• The basis of DFT is the HK theorem (1964).

– One-to-one correspondence between the potential and electron
density of the ground state.

– The total energy of a quantum mechanical electron gas is a
unique functional of its density

• Raleigh-Ritz variational principle:

minimize the energy to find the exact ground state
energy and density

P. Hohenberg and W. Kohn, Phys. Rev. 136 (1964)
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The Kohn-Sham Equations
One electron wave function:

veff and φi unknown => solved self-consistently

The effective potential is written:

where v(r) is the sum of the kinetic & ionic potentials and vH(r)
is the Hartree potential and:

The XC functional is a local functional describing the e-e interaction

W. Kohn and L.J. Sham, Phys. Re. 140 (1965)

where :
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The Exchange-Correlation Functional
The KS eq. are in principle exact, however, in practice the Exc[ρ]
has to be approximated as its exact functional is unknown.
XC energy at the point r is taken to be that of a homogeneous
electron gas at a density of ρ = ρ(r) :

Another approximation (GGA) includes the gradient of the
density in the XC functional :

where s(r) is the reduced density gradient :

D. Langreth and J.P. Perdew, Phys. Rev. B, 15 (1977)

W. Kohn and L.J. Sham, Phys. Rev. 140 (1965)
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Atomic & Molecular
Chemisorption Energies on
Transition-Metal Surfaces

Atomic chemisorption energy:

Dissociative chemisorption 
of molecules:

Self-consistent PW91 densities &
volumes are used as inputs for the
non-self-consistent energies.

Hammer et al., PRB, 59 (1999)
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The Local Exchange Enhancement Factor
Exchange energy functional:

where         is the
local exchange energy density
from the LDA, and s is the
reduced density gradient:

and FX is a local exchange
enhancement factor.

PBE and revPBE:

with κ = 0.804 in PBE but
κ = 1.245 in revPBE

RPBE:

with κ = 0.804
All these functionals are constructed to have the
same behavior for small s:

Upper bound: 1.804

Hammer et al., PRB, 59 (1999)

revPBE

RPBE
PBE
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Which values of s give rise
to the improvement of the
chemisorption energies?

System: CO/Pd(100)

Fig b) Where does the
chemisorption energy
(relative to LDA) change
with s ?
   => Between s = 0.5 - 2.5
Fig c) Non-negligible
difference between
ΔEchem,PBE(s) and
ΔEchem,revPBE(s) lies in this
range also.

Hammer et al., PRB, 59 (1999)

RPBE & revPBE

PBE & PW91
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Summary
• Theoretical background of DFT and XC functionals

was briefly illustrated.
• Results of chemisorption energies of atoms and

molecules on transition-metal surfaces were presented
for different XC functionals :
– LDA: chemisorption energies ca. 1.5 eV too large
– PW91 & PBE: overbinding reduced too ca. 0.5 eV
– revPBE & RPBE: overbinding ca. 0.2 eV

• The RPBE functional only differs from the PBE
functional in the choice of the mathematical form for
the exchange energy enhancement factor.


