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Introduction:

Potential:

We investigate the formation [1] and properties of zinc nano
particles by nonequilibrium molecular dynamics (MD) simulations. A
new parameterization of the embedded atom method (EAM) [2] for
zinc is employed as interaction potential model [3]. Argon is added
to the vapour phase as carrier gas to remove the latent heat from
the forming zinc clusters. The interaction between the argon atoms
and the Ar-Zn is modelled by an Lennard-Jones potential. We
implement the Leapfrog algorithm using a time step of 2 fs.

The potential is modeled to describe the solid bulk state (c, c/a, Ec,
B, and Cij) as well as the gaseous state (D0, re).
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We also do comparative DFT (MPW1PW91-LanL2DZ) studies for
clusters N 57, which confirm that even for small systems the hcp
structure is preferred before the icosahedral.

Cluster definition:
Homogeneous nucleation & growth:
The two growth curves below show the biggest cluster in the system
versus the time. The left curve represents a system with a low
density. You can see that the cluster fluctuates between 2 and 3
atoms in the first 2 ns before it begins to growth. The right diagram
shows a system with a much higher density for three different
temperatures. In the first 2 ns the system exhibits nucleation
accompanying with surface growth. Then surface growth and
cluster-cluster growth takes place.

We compare two different methods, namely the basic cluster
definition by Stillinger and those extended by ten Wolde-Frenkel [6].
By Stillinger: all atoms which are in a distance shorter then the given
criteria by each other belongs to a cluster. TWF add the condition
that an atom must have at least 5 next neighbors, to belong to a
cluster.
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We can show that for our zinc system the simple Stillinger definition
with a small distance criteria ( 1.025 σ ) is a appropriate method.

Morphology & structure:
The growing clusters are still hot, liquid and rather spherical, with a
few icosahedral structured atoms at the surface. After cooling down
(300K) closed packed structure dominates.

Nucleation rates:
To obtain the nucleation rates we compare two different methods.
The threshold method introduced by Yasuoka [4] and the so called
'Mean first passage time' method, which is designed to analyse
stochastic processes and is first applied to nucleation by Wedekind
et al.[5].
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We do develop a new EAM potential for zinc and show, that it is
sweatable for the gaseous state (nucleation), and small liquid and
solid clusters. By comparing with the TWF method we have
approved our cluster definition. Both used methods to determine the
nucleation rate yield consistent results with a systematic deviation.
The prediction of the nucleation rate by our model is much better
than those obtained by the classical nucleation theory (CNT). We
gain nearly only spherical clusters, which develop bulk-like
structures after solidification.
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