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Development of multicomponent quantum mechanics methods for analyzing excited
state chemical reactions

Udagawa, Taro
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CI-NEB

CI-NEB

The applicant has previously developed a chemical reaction analysis method
(Multicomponent quantum mechanics CI-NEB (MCQM_CI-NEB Method) using multicomponent quantum mechanics
theory that directly incorporates quantum fluctuations of light nuclei, such as hydrogen nuclei,
and has elucidated the effects of nuclear quantum fluctuations on chemical reactions. In this
research project, the multicomponent quantum mechanics theory has been further developed to enable
electronic excited state calculations. Additionally, to expand the applicability of MCQM_CI-NEB
method, efforts have been made to accelerate the CI-NEB method, which efficiently searches for
reaction pathways and transition states.
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Ogen! = 24.1825, ogen” = 35.6214

Qlopt
®B97XD/6-31+G(d,p)
21.6 kcal/mol 2.3 kecal/mol
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2. aopt
H.
Non-PT (OH...N) PT (NH...O)
MC _ QM(H) MC_QM(D) MC QM(H) MC_QM(D)
@opt 22.91 33.89 22.50 33.45
Ron [A] 0.997 0.990 0.972 1.963 1.988 2.050
Ryu [A] 2.058 2.067 2.100 1.064 1.054 1.031
Ron [A] 2.666 2.669 2.682 2.576 2.584 2.605
qy 0.566 0.557 0.534 0.530 0.521 0.496
2. Qlopt
QH.
Non-PT (OH...N) PT (NH...O)
MC QM(H) MC _QM(D) MC QM(H) MC _QM(D)
@opt 21.10 31.77 23.59 34.94
Ron [A] 1.051 1.031 0.998 2.272 2.279 2.295
Ryu [A] 1.717 1.771 1.865 1.032 1.025 1.009
Ron [A] 2.489 2.512 2.551 2.691 2.693 2.698
qy 0.585 0.578 0.558 0.509 0.499 0.475
non-PT RnH
2.058 ~2.100 A 1.717 ~ 1.865 A

MC_QM(H), MC_QM(D),
MC_OQOM(H)

MC_QM(H)
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