
Comparison of HartreeComparison of Hartree--Fock Results with Other ObservablesFock Results with Other Observables

Another meaningful link of the orbital energies, εI to physical properties is to the 
ionization energy.

To a reasonable approximation
εI for the highest occupied orbital ≅ the first ionization energy

For example, for the first ionization energy for F, ∆ ~ 15%.
Calculation versus experimental = 19.95 eV : 17.42 eV Koopmans’ theorem





By analogy, εI for the lowest unoccupied orbital ≅ the electron affinity

However, the Hartree-Fock limit results in much less accurate electron affinity 
e.g., Hartree Fock results in a negative value for the electron affinity for F, 
meaning F− is less stable than F, contrary to experiments.

A better estimate of the electron affinity of F:

the electron affinity ≅ Etotal of F – Etotal of F−

Results give an electron affinity of F = .22 V, better, but still short 
of the experimental value of 3.34V

More accurate calculations need to include electron correlation





Atomic Sizes and RadiiAtomic Sizes and Radii

There is no one way to define the ‘size’ of an atom, like we can define the size of a 
billard ball.  i.e. there is no single quantum mechanical operator that defines the atomic 
size.

Perhaps the best approach is to choose a method which suites the information that you 
need.  In this course this might include:

• Single-bond covalent radii - radii assigned within a covalent bonding 
situation.

• Ionic radii - radii assigned to ions of the elements in 
predominantly ionic compounds

• Metallic or van der Waals radii - non-bonded contact distances.



Could also be taken as van der Waals radius



Relative atomic radii in pmRelative atomic radii in pm

Dmitri Mendeleev: devised
the Periodic Table





Consequences of Neglecting Electron CorrelationConsequences of Neglecting Electron Correlation

Hartree-Fock calculations neglect electron correlation. Therefore, the calculated total 
energy is larger than the true energy by an amount called the correlation energy

The correlation energy for He = 110 kJ·mol-1.  

It increase roughly linearly with the # of electron pairs in the atom

It is a small percentage of the total energy of the atom (~ 1.4% for He)
However, it can present a problem if we want to apply the Hartree-Fock calculations to 
chemical problems. In chemical reactions, we are more interested in the difference in the 
Gibbs energy and enthalpy, not in the total energy, of the reactants and products. The 
change in the energy in chemical reactions are on the order of 110 kJ·mol-1

However, the error is often similar for the reactants and products, so it cancels out 
and the effect is less significant than might be expected

Over the years, it has made possible to make corrections for the electron correlation
This has made it possible to calculate thermodynamic functions, activation energies 
for reactions, phase diagrams, etc., for which experimental data are difficult to 
obtain.



The Molecular HamiltonianThe Molecular Hamiltonian

The full non-relativistic Hamiltonian for a 
molecular system made up of ne electrons and 
NN nuclei is given by:
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nuclear coordinates, indices referred to with capital letters, I, J, NN, RIJ

electron coordinates, indices referred to with lowercase letters, i, j, ne, rij

Notes on Labeling Conventions (used here but not necessarily by all others)

The zero for the potential energy is the state where all electrons and nuclei are an 
infinite distance apart.


