LibreTextsw

2.9: Configuration Interaction

The best energies obtained at the Hartree-Fock level are still not accurate, because they use an average potential for the electron-
electron interactions. Configuration interaction (CI) methods help to overcome this limitation. Because electrons interact and
repel each other, their motion in atoms is correlated. When one electron is close to the nucleus, the other tends to be far away.
When one is on one side, the other tends to be on the other side. This motion is related to that of two people playing tag around a
house. The exact wavefunction must depend upon the coordinates of both electrons simultaneously. We have shown that it is a
reasonable approximation in calculating energies to neglect this correlation and use wavefunctions that only depend upon the
coordinates of one electron, which assumes the electrons move independently.

This "orbital approximation" is similar to playing tag without keeping track of the other person. This independent-electron
approximation gives reasonable, even good values, for the energy, and correlation can be taken into account to improve this
description even more. In describing electrons in atoms, it is not necessary to be restricted to only a single orbital configuration
given by a a single electron configuration (represented as a detrimental wavefunction e.g., a Slater determinant).

For example, for the two-electron Slater determinant wavefunction of helium, we could write

Yer(r1,r2) = c1Det|p15(r1)p15(r2)| 4 ca Det|p15(r1) a5 (r2)| (2.9.1)

ground state: 1s° excited state: 1s'2s?

where ¢; and ¢y are coefficients (that can be varied in variational method). This CI wavefunction adds the excited (higher energy)
configuration 1s'2s! to the ground (lowest energy) configuration 1s?. The lowest energy configuration corresponds to both
electrons being in the same region of space at the same time; the higher energy configuration represents one electron being close to
the nucleus and the other electron being further away. This makes sense because the electrons repel each other. When one electron
is in one region of space, the other electron will be in another region. Configuration interaction is a way to account for this
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Figure 2.9.1: Within the CI approach the wavefunction for helium is a combination of all possible configurations (themselves

described by Slater determinants. The wavefunction in Equation 2.9.1 would be the two left configurations

A single configuration description of an excited state is not very good because it does not take into consideration changes in the
electron-electron repulsion. This is compensated for by allowing configuration of the same symmetry to mix CI. For instance,
I (o, 0*) also has a 1 A; symmetry, but is at a higher energy than for ! (7, 7*). Let’s define

YA (m,m*) =1 A1,
1A1 (0’, cr*) = 1A1b
with CI, b << a and we get improved energies and wavefunctions.
The new energies, E, and E;, come from the solution of a 2x2 secular determinant, in this case:
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where Hys = <1A'1a |H'| 1A'1b> and H' is the electron-electron repulsion term in the Hamiltonian.

o If include all possible terms in sum (this is Full CI and is rarely done).

o Common to use all possible single and double excitations —CISD

o Choose a limited selection of configurations, optimize both configuration weights and MO’s —Multi-configurational self-
consistent field (MCSCF)

o Use perturbation theory formulism rather than variational-Perturbation is the difference between exact electron repulsion and
HF representations (Mgller-Plesset Perturbation Theory) MP2, MP3, MP4, etc.
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Summary

A CI wavefunction is simply describes the linear combination of Slater determinants used for the wavefunction. In terms of a
specification of orbital occupation (for instance, (1s)2(2s)2(2p)l...), interaction means the mixing (interaction) of different
electronic configurations (states). Due to the long CPU time and immense hardware required for CI calculations, the method is

limited to relatively small systems.
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