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The present thesis aims to elucidate the nature of the effective interaction between solute molecules in a solvent. The
strength of the solute-solute effective interactions depends on the microscopic and chemical properties of the solute
molecules, such as size, shape, and solute-solvent attraction. The main focus of this work is on the solute-size effect. I
show that the driving factor of the effective interaction is different for small and large solutes.

First, I investigate the solute size dependence of the strength of the effective interaction between solute molecules in
water. Based on the molecular dynamics simulation, I calculate the potentials w(r) of mean force and the osmotic second
virial coefficients B for solute particles with different diameters o ranging from methane size to Ce fullerene size (about
1 nanometer). When the strength of the solute-water attraction is the same as that of the methane-water one, the first
minimum of w(r) decreases with increasing o, indicating that the effective interaction between solute particles becomes
more attractive as the solute size increases. The osmotic B is negative, and its magnitude increases with increasing o
following the power law B « ¢ with a = 6 or 7. I also examine the effect of the solute-water attraction on the solute size
dependence of the solute-solute effective interaction.

Second, I focus on the solute-size effect on the solute-solute effective potential w(r) in water. This potential has some
minima and maxima at particular inter-solute distances r, corresponding to the change in the microscopic structure of
water. I evaluate the enthalpic and entropic contributions to the effective potential w(r) as a function of the solute
diameter o to elucidate the thermodynamic factors determining the o dependence of w(r) at specific distances r, including
the first minimum. The enthalpic contribution to w(r) is related to the change in the spatial distribution of the number of
hydrogen bonds between water molecules around the solute pair.

Third, I verify the universality of the power-law relationship between the osmotic second virial coefficient B and the
solute diameter ¢. Based on the integral equation theory, I calculate B for hard-sphere particles with different o ranging
from 1 to 50 times larger than the diameter of hard-sphere solvent particles. The osmotic B is positive for small-size
particles, but its o dependence changes at a particular ¢, and for large particles, B becomes negative and decreases with
increasing o. I validate the power-law behavior of B versus o based on the thermodynamic identity for the osmotic virial
coefficients.

Finally, I study the hydrophobic interaction between 1-propanol molecules in the aqueous solution. 1-Propanol and
water are miscible over the entire concentration range, but it is known that 1-propanol molecules locally aggregate in
the solution with low alcohol concentrations. Molecular simulation results indicate that the local aggregation of 1-

propanol molecules is due to the hydrophobic interaction.
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