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The present thesis aims to propose the scaled-charge force field of common ionic species for the classical molecular
dynamics (MD) simulation and, investigate the thermodynamics of solvation free energy of alcohols and ion effect on
the solubility of a poly(N-isopropylacrylamide) (PNIPAM) 5-mer in aqueous solutions by MD simulations. The thesis
consists of three chapters as follows.

First, the author develops the ionic force field that can reproduce several properties of aqueous electrolyte solutions
for classical MD simulations. The force field is nonpolarizable, and the electric charge of monovalent ions is set to £0.75
in electron charge units instead of £1 to account for the electronic polarization effect of water. The partial molar volume
of an individual ion in water at infinite dilution of the electrolyte was chosen as the target property to determine the
parameter of a force field. The author shall propose the ion models of the common ionic species Li*, Na*, K*, Cs*, F-,
CL, Br, I, OH, and H30" and discuss the validity of these ion models with respect to the temperature and salt
concentration dependences of the densities of aqueous solutions, the transport properties, the surface tension at the
water/gas interface, and the change in solubility of a hydrophobic solute (methane).

Second, the author investigates the solvation properties of alcohols, methanol and 1,2-hexanediol in water. The
author calculates the solvation free energies p* of the two alcohols as functions of temperature, pressure, and
concentration of NaCl, and other solvation properties derived from p*, such as the solvation volume, the solvation
enthalpy, and the solvation entropy. The author also investigates the efficient free energy calculation method based on
the mean-field approximation, the linear response approximation, and the exact perturbation formula.

Third, the author examines the distribution of ions around a PNIPAM 5-mer and the ion effect on the solubility of
PNIPAM in aqueous solutions of HCI, NaCl, and NaOH. The author calculates the Setschenow coefficient K, which is
a measure of the intensity of the salting-out effect with K; > 0 indicating the salting-out and K < 0 indicating the
salting-in, to quantify the ion effect on the solubility of PNIPAM. The simulation results are compared with experimental

cloud point measurements of PNIPAM polymer.
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