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Integral equation theory for molecular liquids serves as a powerful tool to investigate solvation structures,
thermodynamic properties, and chemical processes of solvated biomolecules. In the present project, we have developed
the theory, methods, and software implementation based on the integral equation theory, which are detailed as follows.

1) An extended formalism of molecular Ornstein-Zernike (XMOZ) theory has been proposed. The XMOZ theory can
handle spatial distributions of solvent molecules around solute. We propose that the XMOZ theory can be applicable to a
wide variety of chemical, physical, and biophysical problems in solution.

2) 3D-RISM software for the massively parallel machines with a volumetric 3D fast Fourier transform method has been
developed. The software was proven to have excellent scalability regarding the parallelization on RIKEN’s K computer.

3) An efficient implementation algorithm of 3D-RISM in the fragment molecular orbital (FMO) method has been
proposed, which we call an FMO/3D-RISM method. The method allows us to investigate electronic structures of an entire
macromolecule, such as a protein, as well as a solvation structure of a biomolecule.

Cooperating with these methods and software, molecular mechanisms of complex life phenomena driven by water can
well be probed. Such studies are in progress in our research group.




