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In the present study, using molecular dynamics (MD) simulations, a new force field of monovalent ions is developed
and the partial molar volume of ions and the salt effects on the solubility of nonpolar and polar solutes and on the
hydrophobic interactions between solute molecules are examined. The thesis consists of four chapters including General
Introduction as Chapter 1. The summaries of the other three chapters are as follows.

Chapter 2 describes a force field of ions developed to study the ion effect on the physical properties of aqueous
solutions using MD simulations. The force field of the ions sets the ionic charge scaled by a factor of 0.75 to account
for the electronic polarization effect of the solvent, and the other parameters are determined so that the density of aqueous
solutions consisting of the TIP4P/2005 water and the model ions is in accord with the experimental data. Furthermore,
it is verified that the developed force field reproduces the solubility of methane in aqueous electrolyte solutions and the
partial molar volume of salt at the infinite dilution limit.

Chapter 3 describes the microscopic origin of ion size effects on the solubility of hydrophobic solutes in aqueous
electrolyte solutions through analyses of correlation function integrals, packing fractions of solvation spheres of different
radii centered at an ion, orientations of water molecules in the solvation spheres, and the solute-ion potential of mean
force. In particular, the origin of the exceptionally small salting-out effect of Li* (in the order Na* > K" > Cs* =~ Li") is
clarified.

In Chapter 4, the relationship between the ion-specific effect on the solubility of a solute and that on the effective
interaction between solute molecules in aqueous solutions is examined. The ion-specific effect on the solubility is
measured by the Setschenow coefficient K. Recently, Okamoto and Koga proposed the salt-enhanced-association (SEA)
coefficient defined by C; = — l}ir_r)lo (0B /0ps)rp, where Bis the osmotic second virial coefficient and ps the density of
a salt in aqueous solutions of electrolytes (X, - Y,,_), as a measure of the ion-specific effect on the effective interaction
between solute molecules and derived an approximate relation C; ~ KZ/2(v, + v_). Both C; and K for various sets of
ions and solutes are calculated by performing MD simulations. The numerical results of Ci and K are in good agreement

with the approximate relation when K is positive (when solutes are salted out).
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