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Performance: HF equilibrium bond lengthsPerformance: HF equilibrium bond lengths

Hartree-Fock calculations systematically underestimate equilibrium bond lengths



  

Performance: HF atomization energyPerformance: HF atomization energy

Hartree-Fock calculations systematically underestimate atomization energies.



  

Performance: HF reaction enthalpiesPerformance: HF reaction enthalpies

Hartree-Fock method fails when reaction is far from isodesmic.
Lack of electron correlations!!



  

Electron correlationElectron correlation

In the Hartree-Fock model, the repulsion energy between two 
electrons is calculated between an electron and the average 
electron density for the other electron. What is unphysical 
about this is that it doesn't take into account the fact that the 
electron will push away the other electrons as it moves around. 
This tendency for the electrons to stay apart diminishes the 
repulsion energy.
If one is on one side of the molecule, the other electron is likely 
to be on the other side.
Their positions are correlated, an effect not included in a 
Hartree-Fock calculation.
While the absolute energies calculated by the Hartree-Fock 
method are too high, relative energies may still be useful.
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Basis set superposition errorBasis set superposition error

Calculations of interaction energies are susceptible to basis set superposition
error (BSSE) if they use finite basis sets.

 As the atoms of interacting molecules or two molecules approach one another, their
basis functions overlap. Each monomer ”borrows” functions from other nearby components,
effectively increasing its basis set and improving the calculation.

 The counterpoise approach (CP) calculates the BSSE employing ”ghost orbitals”. In the
uncorrected calculation of a dimer AB, the dimer basis set is the union of the two monomer
basis sets. The uncorrected interaction energy is

where G denotes the coordinates that specify the geometry of the dimer and EAB(G, AB)
the total energy of the dimer AB calculated with the full basis set AB of the dimer at that
geometry. Similarly, EA(A) and EB(B) denote the total energies of the monomers A and
B, each calculated with the appropriate monomer basis sets A and B, respectively.



  

Basis set superposition errorBasis set superposition error

The counterpoise corrected interaction energy is

where EA(G, AB) and EB(G, AB) denote the total energies of monomers A and B, respectively, 
computed with the dimer basis set at geometry G, i.e. in the calculation of monomer A the 
basis set of the ”other” monomer B is present at the same location as in dimer A, but the nuclei 
of B are not. In this way, the basis set for each monomer is extended by the functions of the
other monomer. The counterpoise corrected energy is thus

BSSE is present in all molecular calculations involving finite basis sets but in practice its effect 
is important in calculations involving weakly bound complexes. Usually its magnitude is few kJ/
mol to binding energies which is often very significant.
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