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[ Abstract] We introduced two methods to correct the singularity in the calculation of
long-range HF exchange for long-range corrected density functional theory (LC-DFT)
calculations with periodic boundary condition in plane-wave basis sets. The first method
introduces an auxiliary function to cancel out the singularity. The second method introduces a
truncated long-range Coulomb potential, which has no singularity. We assessed the
introduced methods using the LC-BLYP functional by applying it to isolated and extended
systems. The introduced methods succeeded in overcoming the singularity problem in HF
exchange calculation. We investigated the effect of the singularity correction on the excitation
state calculation and found that careful treatment of the singularities is required compared to
ground state calculations. We finally examined the excitonic effect on the band gap of the
extended systems. Our findings suggest that the excitonic effect for inorganic semiconductors
is not small and more investigation on the excitonic effect is necessary.
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Fig. 1. The convergence of the total energy: (a) naphthalene against the cell size, and (b)
Si against the number of k points sampled. The red square shows the result with

singularity correction, and the black cross shows the result with no correction.
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