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4 Conclusion

We have analyzed the potential of mean force (PMF) between
two toluene molecules in water using the three-dimensional
interaction site model (3D-RISM) theory.14,15,23 The contribution
from hydration to the PMF is calculated and decomposed into
energetic and entropic components. The energetic component is
further decomposed into van der Waals (vdW) and electrostatic
terms. These decompositions, which cannot readily be made by a
molecular dynamics simulation, have revealed the physical origins
of differences between the interactions in vacuum and in water.

In vacuum, the London dispersion (i.e., vdW) attractive
interaction strongly induces a contact of toluene molecules. It
is much stronger for the face-to-face (FF) stacking than for the
T-shaped (TS) contact. However, the electrostatic interaction is
repulsive for the former, whereas it is attractive for the latter. As
a consequence, the FF stacking and the TS contact share almost
the same stability.
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