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Development and application of highly efficient multi-reference perturbation theory using
localized virtual molecular orbitals (' Graduate School of Science, Nagoya University)
OKazuma Uemura,' Masaaki Saitow,' Takeshi Yanai,'

The CASPT2 method is a multi-reference perturbation theory, which is accurate method
applicable to complex electronic states beyond the reach of the DFT level of theory. However,
the applicability is limited to about 50 atoms due to its high computational cost. The local pair-
natural orbital (PNO) framework solves this problem by using the locality of electron
correlation (PNO-CASPT2 method). Previous studies have suggested that use of the
conventional atom-based domain construction schemes result in a large number of localized
virtual MOs (LVMOs) in the PNO framework. Therefore, the conventional PNO-CASPT2
method uses the non-orthogonal and linearly-dependent projected atomic orbitals (PAOs)
instead of the LVMOs. However, the LVMOs are a set of more mathematically well-behaved and
more local functions than the PAOs. In this study, we find that there is a problem with the atom-
based domain construction scheme of the conventional method and have successfully
developed a highly efficient LVMO-PNO-CASPT2 method by introducing differential overlap
integrals for the domain construction.

The benchmark calculations for CsHsC,Hazn+1 shows that the LVMO-PNO-CASPT2 method
reproduces the conventional CASPT2 results more accurately than the conventional PAO-
based variant, while the domain size remains smaller. This suggests that LVMOs are more
suitable basis for describing dynamic correlation than PAOs used in the PNO framework.
Keywords ; Multi-reference perturbation theory, Electron correlation, Complete-active
space self-consistent field, perturbation theory.
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