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Large scale MD simulations of nucleation from vapor
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Nucleation theory from the vapor phase plays an important role in origin of cosmic dust particles. The widely used classical
nucleation theory gives a macroscopic description of homogeneous nucleation. However it predicts nucleation rates which dis-
agree by several orders of magnitude from experimental measurements and also from numerical results from molecular dynamics
(MD) and Monte Carlo simulations[1-6].

We present first results of large scale molecular dynamics simulations of homogeneous nucleation. We performed MD sim-
ulations of nucleation from vapor for systems of 109 Lennard-Jones (L-J) type molecules in order to test nucleation theories.
The MD simulations were done with the LAMMPS code (:Large-scale Atomic/Molecular Massively Parallel Simulator) on up to
32’768 cpus on the HERMIT and SuperMUC supercomputers. We obtain a PRACE award (Partnarship for Acvanced Computing
in Europe) of 36 million cph hours on Hermit at HLRS. Simulations were done for wide ranges of the initial supersaturation
ratio and temperature (T =0.3-1.0e/k) wheree andk are the binding energy of the L-J potential and the Boltzmann constant,
respectively.

Here we present the results of the nucleation rate form these simulations and compare them to two widely used nucleation
models, the modified classical nucleation theory (MCNT) and the semiphenomenological (SP) model [1]. At low temperatures
MCNT significantly underestimates the nucleation rates (by up to 109) and at T=1.0e/k it overestimates the nucleation rates
by up to 105. The SP model matches the nucleation rates and the cluster size distributions found in previous MD simulations at
higher supersaturations quite well [4,6]. However at the lower supersaturations probed here the SP model predictions differ from
the MD results by large factors (up to 103−5). The reason of differences would come from that the correction by the second virial
coefficient is not enough because the critical clusters are larger for lower supersaturations. We will also present MD results on
cluster size distributions, free energy functions, and sticking probabilities.
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