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Second-Order Coupled-Perturbed Equation
with Fractional Occupation Number

oYoshio Nishimoto
Fukui Institute for Fundamental Chemistry, Kyoto University, Japan

[ Abstract] A formulation of second-order coupled-perturbed (CP) equation with fractional
occupation number was derived and implemented with the density-functional tight-binding
method. Although the purpose of solving CP equations is supposed to obtain derivatives of the
molecular orbital (MO) coefficient, the actual quantity we want is derivatives of the density
matrix. From this assumption, I derived a formulation which directly computes them. When
fractional occupation number is employed, rotation of MOs among partially occupied orbitals
has to be additionally considered. In such a case, some terms may have vanishing
denominator when MOs are quasi-degenerate. However, as it will be shown, it is possible to
utilize limit values, and therefore the singularity can be avoided. Preliminary calculations
were performed in order to verify the accuracy of the hyperpolarizabilities computed by
solving second-order CP equations, and they are compared against those computed using
Wigner’s 2n+1 rule.
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