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Recently, we have deveIOﬂed multicomponent quantum mechanics (MC_QM)
-climbing image-nudged elastic gand (CI-NEB) method to analyze nuclear quantum effect in chemical
reactions. In this project, we have improved our MC_QM-CI-NEB method to analyze chemical reactions
in large molecules and systems. We have implemented free-end adaptive (FEA)-CI-NEB scheme and
Cl-string method, and have developed individual optimization method to efficiently calculate minimum
energy path. Using these CI methods, we have analyzed various proton transfer reactions, taking
into account the nuclear quantum nature of hydrogen nuclei.
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