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[ Abstract] Describing potential of mean forces (PMF) along chemical reaction paths is
essential to analyze mechanisms of the chemical reactions theoretically. Umbrella sampling [1],
[2] 1s one of the standard methods to calculate free energy differences along reaction
coordinates. In our study, we proposed a new method based on the umbrella integration [3][4]
to explore PMFs along the reaction paths. In this method, we use the scaled hypersphere search
method [5],[6],[7] to obtain saddle points. After we found saddle points, free energy reaction
paths and new equilibrium points are calculated by umbrella integration [4]. To show
applicability of our method to chemical reactions in high-dimensional reaction coordinates, we
calculated the 4 dimensional PMF on the Ramachandran map of alanine tripeptide in water.
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Fig. 1. The structure of alanine tripeptide.
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Fig. 3. The RMSD average structure of EQum.  § 2 \,\ ]
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Fig. 4. The RMSD average structure of EQscet.
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Fig. 2. The free energies (in kcal/mol) of equilibrium points

(EQs) along r(O-H). The values are relative to that of EQum.
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Fig. 5. The relative free energy profile along the

conformational change path from EQum to EQseet.
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