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Pursuit of accuracy of the Nuclear-Electronic Orbital Method for the theoretical control of
molecular properties governed by the quantum wave nature of protons (‘Chuo University,
’Department of Theoretical and Computational Molecular Science, Institute for Molecular
Science) OKohei Motoki,' Hirotoshi Mori'

Momentum for new theoretical drug discovery and functional material design is increasing,
aiming at higher functionality by focusing on protons' quantum wave nature to suppress side
reactions. In drug discovery and material design, high-precision physical property prediction
based on quantum chemical calculations under the Born-Oppenheimer approximation has been
established. However, to predict the phenomenon dominated by the quantum wave nature of
protons, high-precision quantum chemistry calculations beyond the Born-Oppenheimer
approximation are required.

The purpose of this study is to focus on the Nuclear-Electronic Orbital (NEO) method as a
quantum chemistry calculation method considering the quantum wave nature of protons and to
pursue its accuracy. This time, we calculated the tunneling splitting value by combining the
NEO method with various basis sets and methodologies for the molecule that causes tunneling
splitting of the energy level by the intramolecular proton transfer reaction and compared it with
the measured value. The accuracy was evaluated. The calculation level used was a set of NEO-
CI with electronic and nuclear basis sets of cc-pVDZ and DZSPDN. Systematically changing
the active orbitals, it has been shown that tunneling splittings at zero point levels can be
evaluated in high accuracy with only several cm™ level errors (see Table 1).
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