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Introduction

The embedded atom model (EAM) [1] is an effective multibody potential,
which is derived from the effective medium theory. It consists of a
functional of the local electron density, being a multibody interaction, and
a pairwise additive repulsion potential for the atomic cores.
In the literature one finds many EAM potentials for fcc metals, but for hcp
metals they are seldom. Most of them are specially built for solid bulk
simulations. Our approach is to develop a potential which should be able to
describe the solid, liquid and the gaseous state, for molecular dynamic
simulations (MD) to investigate homogeneous particle formation from
vapour phase. The EAM potential is given by:
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The investigated atomic system is separated into the core and the valence
electrons. To calculate the radial electron distribution of a single atom, one
has to know the natural population of the different orbitals. This problem
was already mentioned by Daw and Baskes [2], and solved by introducing
the parameter Ns. The ground state configuration for ruthenium is 4d75s1,
but the configurations 4d65s2 and 4d85s0 are very close to the ground state
[3], so we vary the Ns parameter between zero and two. In the case of zinc
(3d104s2) one has two full valence orbitals. We add the 3d orbital to the core
and presume a scharacter of NS = 2.
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The fit procedure
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The effective core charge

In the classic EAM the repulsive corecore potential is described by the
interaction of two screened charges. We propose a new analytic expression
for these effective core charge, which is derived from the radial electron
r
distribution.
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The electron density distribution
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Figure 1: a) The radial electron distribution of zinc (4s ) and b) the calculated effective core charge
as a function of the distance. The dashed red lines represent the approximation functions used in the
fit procedure instead of the solution of the integral (blue curve).
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The embedding function F() is located by fitting against the bulk
properties (*) [4] and the universal function from Rose et al. [5] by a
generic fitting algorithm.
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The zinc potential
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Figure 2: potential functions for zinc: a) the cohesive energy (blue), the effective pair
potential (red) and the dimer potential (green) as a function of the distance; b) the
cohesive energy as a function of the c/a ratio at a fixed equilibrium distance re.
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Figure 3: CNA from a given hcp zinc
cluster with 686 atoms at 50K during a
1 ns MD run.

The ruthenium potential
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Figure 4: a) The rdf from a MD run at 300K (Ar:Zn=512:512).
b) Temperature of the biggest cluster and c) the CNA of the biggest cluster.
d) CNA of the biggest cluster from an MD run at 400 K.

Conclusion
Figure 5: the cohesive energy a) as a function of the lattice constant a at a fixed c/aratio, b) as a function of the c/aratio at
fixed equilibrium distance re and a comparison of the cohesive energy at equilibrium distance from the fcc vs. hcp structure at
different Ns values.
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We show that the proposed core charge and the
electron configuration has a major influence on the
quality and preferred structure of the model. The zinc
potential is able to describe the gaseous and the solid
state correctly. The ruthenium potential is only
suitable for simulations of the solid state, which is
possibly a result of the flawed experimental values or
a wrong presumed core charge. Further investigation
is required here.

