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The purpose of this project is to contribute on a field where reaction
control and catalytic design are difficult. It was implemented by means of introducing a new
transition state search method while taking advantage of the unique quantum chemical calculation
theory -Elongation (ELG) method- for large-scale molecular systems. We introduced two types of
approach: one is to construct an ELG-Hessian method that efficiently calculates the Hessian matrix
around the active region which is chemically important and the other is to establish an efficient
Replica-Path (ELG-RP) method that does not require heavy Hessian calculations. The method was
applied to homogeneous and heterogeneous catalytic reactions. In addition, to analysis of each
orbital interaction at transition state we developed a Through Space/Bond method for transition
structure analysis.
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