
Approximations to the exact solution of the Schroedinger
equation  (in the finite one-electron basis set).

Ψ=(1+C1+C2+ … CN)Φ0, where C1Φ0=Σci
aΦi

a

Crudest approximation: use only one determinant 
Φ0 = det{φ1,…, φn}
Variational principle tells us how to choose the “best”set of
orbitals to make the best Φ0: Hartree-Fock model
Non-linear equations for orbitals: F(φ)φi(x)=εiφi(x)

Formal attributes of HF method:
- Variational
- Size-extenisive (for closed-shell fragments)
- Scaling N4-N3, storage/memory ~ N2

- Predictive (no empirical parameters)
- Today: Accuracy



Measures of  errors: Systematic versus nonsystematic errors



Mean errors in bond distances, pm (10-12m=0.01 A)

These are systematic errors
HF systematically underestimates bond lengths



Standard deviation of errors in bond distances, pm (10-12m=0.01 A)

These are non-systematic errors.
HF is a least accurate method. Improving basis set beyond DZ does not 
help



Distribution of errors for calculated bond lengths in  closed-shell species

Helgaker et al., JCP 106 6430 (1997)
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Vibrational frequencies and anhrmonicities



Vibrational frequencies by HF method

Vibrational frequencies are overestimated (molecules are “too 
stiff”). Errors are large, e.g., for 6-31G* basis

AmHn: 8%    (8% of 3000 cm-1=240 cm-1)
AmBn: 13% 

About 3% is due to anharmonicity, but the remaining 10% are 
intrinsic errors of the method. 

Using scaling factors:   0.9 is a magic number. 



Performance of HF for different molecular 
properties

1. Bond lengths: too short. Error bars: +/- 0.05 A (not too 
bad!)

2. Dipole moments: too large (molecules are “too ionic”).
3. Vibrational frequencies: overestimated by ~10% (molecules 

are “too stiff”).
4. Relative energies: The good, the bad, and the ugly.

- Internal rotation; 
- Structural isomers;
- Energy change in chemical reaction: AB->A+B

∆E=E(AB)-E(A)-E(B)
- Potential energy surfaces.

5. DZP quality basis set (e.g., 6-31G**) is usually suffiucient.
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