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The development of density functional theory which can describe excited
electronic state of hybrid system with both molecule and periodic solid state

and its applications
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In this research project, we succeeded in developing new long-range
corrected density functional theory (LC-DFT) with a two Gaussian inter-electronic operator [LC-DFT
(2Gau)] which can be simultaneously applied to both periodic and molecular systems with the same
accuracy as the LC-DFT and much reduced time cost. We also developed Gaussian multipole screening
scheme which is tailored to accelerate Hartree-Fock exchange integrations of Gaussian operator. We
found that LC-DFT(2Gau) is nearly 20 times faster than LC-DFT. Then, we applied this LC-DFT(2Gau) to

the calculations of CO molecule and Cu surface and found that LC-DFT(2Gau) can reproduce the
experimental lattice constant and surface energy of Cu and adsorption energy between CO molecule and
Cu surface with high accuracy.

Finally, we installed our LC-DFT(2Gau) into Crystall4 software and we made it possible to calculate
excited state of hybrid system with molecule and solid state simultaneously with LC-DFT(2Gau).
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