Vibrational Self-Consistent Field Method

Vibrational Schrodinger equation
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VSCF wave function
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Variational principles
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VSCF equation
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Integral over the potential using DVR method
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VSCF equation in matrix form
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Iterative algorithm

set up kinetic energy matrix
- loop until convergence

check convergence

- exit if converged
- loop over mode i

- diagonalize / store eigenvectors

L end of loop
update coefficients

L end of loop

calculate total energy / mean field matrix

- get kinetic and mean field matrix for |
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VSCF Configuration Functions

VSCF configuration functions
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- the number of configurations:

Neons = M7, (19)

(M is the number of basis sets for each mode)

Excited configurations
- one-mode excitation:
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- many-mode excitation:
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- the number of m-mode excitation:

f\"c(:;)f = ( / ) (M —1)™, (22)

f
Vo= 308 = 3 () -1



Hamiltonian matrix element
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- one-mode operator:
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- two-mode operator:
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- general rule:

(®m | H o |®p) = 0, (m > m) (36)
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- Brillouin’s theorem:
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(r is a reference VSCF state)

Approximation based on A,
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We assume the following equations, which are exact for HO,
hold also for VSCF:
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Then, we obtain,
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Vibrational Configuration Interaction

VCI wavefunction
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VCI equation
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Truncated VCI

VCI[m] : m-mode excitation
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(gmax is max quanta of excitation)

VCI[m]-(k) : m-mode excitation, maximum sum of quanta k
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VCI matrix for a 2MR system

1-mode 2-mode 3-mode 4-mode
ex. ex.
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Table 1. The number of VSCF configuration functions in VCI[4] and VCI[4]-(6)

with respect to the size of the molecule.

N® P VCI[4]° VCI[4]-(6)
4 6 24,337 887
6 12 691,489 12,888
9 21 8,051,527 119,652
12 30 36,409,681 498,981
15 39 108,598,231 1,427,895

[a] The number of atoms.
[b] The number of vibrational degrees of freedom (3N - 6).
[C] ¢.ax IS taken to be 6.
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