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Spatial decomposition was performed for the electrical conductivity. The
time correlation function of electric current conditioned by the ion-ion distance was defined, and
the conductivity was expressed as a space-time integral of a spatially-decomposed time correlation
function. The analysis scheme was applied to ionic liquids, and it was found that the ion-ion
correlation over nm scale affects the conductivity. The spatial-decomposition formula was further
developed for the viscosity, the relaxation modulus, the response of the orientational correlation
time of a solvent molecule upon addition of a solute molecule, and the solvation free energy. The
contributions to these properties from the solvent molecules at a variety of distances from the
solute were addressed quantitatively, and a systematic approach was established to elucidate the
effects of spatial correlations among the solute and solvent molecules on transport, spectroscopic,
and thermodynamics properties.
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