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Thesis Abstract

Behavior of molecules within nanoscale conditions has become a prominent research
topic with the advancements in Nanotechnology. Two-body problems for molecules have
been pretty much solved. For example, the interaction between noble gases such as
argon and water dimers has been successfully investigated through experimental and
theoretical studies. The physical behavior of many-body systems, however, has yet to be
fully understood.

Molecular dynamics (MD) simulation is a method that traces each molecule by solving
Newtons equation of motion, and it is a useful tool to study condensed matter composed
of many molecules. MD has also been used to predict physical behavior under extreme
conditions such as high temperature, high pressure, and nanoscales. A major problem
of MD is that the results sometimes depend on the initial conditions, where the global
equilibrium cannot be achieved because of computational restraints. To alleviate this
problem, a generalized-ensemble has been proposed in the late 1990s, where one can
sample a wider range of potential energy spaces without the system getting trapped in a
local minimum. One is able to estimate the statistical mechanical average of a physical
property at any temperature; moreover, one can decide two-phase equilibrium conditions
without performing extensive calculations of the free energy of each phase.

Classical MD and the generalized-ensemble are applied to this study on condensed
matter composed of many molecules in the nanoscale system. Five nanoscale systems are
studied: (1) Bulk Lennard-Jones particle system, (2) Lennard-Jones cluster, (3) Water
cluster, (4) Lennard-Jones particles in slit-pores, and (5) Water in slit-pores. The tem-
perature dependence of the heat capacity, enthalpy, and pressure is computed and the
transition temperature is determined from irregularities of these physical properties. The
transition temperature in system (1) and (2) agrees with those of previous researchers.
For (3), it is found that the type of phase transition depends on the cluster size. Fi-
nally, for systems (4) and (5), the temperature of liquid-solid phase equilibrium has been

quantitatively determined for the first time and the effect of the slit size is clarified



