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Large-scale MD simulations of nucleation process:
tests and improvements of the classical nucleation theory

Kyoko K. Tanaka **

The phase transition via homogeneous nucleation is a fundamental process and plays
important roles in many areas of science and technology, however, serious unrealiability
remains in model predictions for nucleation rates. We recently performed direct, large
molecular dynamics (MD) simulations of some homogeneous nucleation processes: vapor-
to-liquid nucleation with (1-8)x10° Lennard-Jones (LJ) atoms (or 4x10° water molecules),
and liquid-to-vapor nucleation with 5x108 LJ atoms. These large system sizes allow us to
measure extremely low and accurate nucleation rates. Our MD simulations of argon vapor-
to-liquid nucleation succeeded in quantitatively reproducing the nucleation rates obtained
in recent laboratory experiments at the same pressures and temperatures. It is also
possible to determine the formation free energy of clusters over a wide range of cluster
sizes from measurements of the cluster size distribution and to test the nucleation theory
from the precise comparisons. Our results indicate that the classical nucleation theory
needs updates in the surface energy of nano-sized clusters, the sticking probability, and the
prefactor in the nucleation formula.
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Fig.1. (left) A snapshot of an MD simulation (reprinted from ). The colour map represents density.
of clusters above various threshold sizes as a function of time for T = -

The nucleation rate is given by the slope.
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Fig.2. Nucleation rates measured in the large MD
simulations (circles) and previous studies (crosses). The
squares are argon nucleation rates from experiment”.
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Fig.3. (a,b) The steady number density, equilibrium number density, AG(i) at S=17, and AG(i) at S=1 for a typical
example (T=0.6 € /k). (c) AG(i) at S=1 as a function of / for various temperature. The dots show the size of critical
cluster. (d) The ratio of the surface tension of i-mer to the planar value as a function of the curvature®. The solid
lines show the MD results. The dashed lines show the theoretical models. The dashed-dotted line shows the fitting
formula of Eq.(14). (€) The nucleation rates by the analytical formula and simulations (reprinted from?>).
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Fig.5. (left) Snapshots of the cluster before (a) and
after (b) the crystallization. (right) Pair correlation

functions in the cluster before and after the
crystallization (reprinted from 1),

Fig.6 Solid clusters composed of 1000-5000
molecules obtained by MD simulations*”), where fcc
(or hep) is green (red).
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