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ABSTRACT

Monte Carlo simulations were carried out to estimate the free energy of homogeneous
nucleation in supersaturated Lennard-Jones vapor phase. We suggested a simple model
for the homogeneous nucleation as phase transition between the cluster phase and the
supersaturated vapor phase. The Monte Carlo simulations were performed to obtain the
cluster phase and the vapor phase separately, and we estimated the free energy of the
nucleation as a difference between the free energies of the each phase. The Helmholtz free

energy was obtained by the thermodynamic integration.  Such simulations were performed
among 2-80 of the number of particles, 0.01-1.00 &/k of the temperature, besides 30, 43.2,

90, 240, and 1000 s® of the volume per particle; where the symbols & and s are the
Lennard-Jones potential parameters. From the simulation results, we assumed the
equation of state for the Helmholtz free energy of the nucleation as a function of the
number of particles, temperature, and volume per particle. The equation of state gave the
maximum against the number of particles; the maximum corresponds to the size and the
free energy of the critical nucleus. Moreover, we rearranged the equation of state for
estimating Gibbs free energy of the nucleation as a function of the number of particles,
temperature, and pressure by taking into consideration the volume dependence of the
thermodynamic properties. It was concluded that the equation of state could represent

Gibbs free energy of the homogeneous nucleation except for the high-pressure region.
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