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Development of computational methods for exploring unknown chemical reactions based on
quantum chemical calculations (‘Faculty of Science, Hokkaido University, *WPI-ICReDD,
Hokkaido University, *MaDIS, NIMS) OSatoshi Maeda'*?

Ab initio prediction of an unknown chemical reaction has been difficult since one needs to
systematically evaluate the paths of various elementary reactions based on quantum chemical
calculations. To overcome this difficulty, we have developed automated reaction path search
methods based on quantum chemical calculations [1]. In particular, the artificial force induced
reaction (AFIR) method [2] has been developed to enable the on-the-fly kinetic simulation
which predicts products and their generation paths while solving the kinetic equations [3], the
quantum chemistry-aided retrosynthetic analysis (QCaRA) which explores possible reactant
candidates through inverse reaction pathway searching from the target product [4], and
mechanism studies in complex systems [5], as illustrated in Figure 1. In this talk, the
development and applications of the AFIR method will be summarized.
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Figure 1. An overview of the AFIR method: (A) a schematic illustration of how AFIR induce
a chemical transformation, (B) a conceptual diagram of the on-the-fly kinetic simulation which
generates a reaction path network while solving kinetic equations and predicts possible
products and their generation paths, (C) a conceptual diagram of the quantum chemistry-aided
retrosynthetic analysis (QCaRA) which predicts reactant candidates through an inverse
reaction path search from the target product, and (D) an application scope to complex systems.
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