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Abstract

The cluster is known as the material fifth state. It has been widely used in many
fields, such as physics, chemistry, biology, and engineering. And the cluster is
regarded as the new start of the material science. The stable structures of
clusters have attracted increasing attention because they play a vital role in their
unique physical and chemical properties. The size of cluster is ranged from
several angstroms to several hundred angstroms. It is too small to be
compounded or observed by experimental equipment. Therefore, it is more
important to investigate the stable structures by theoretical research. To search
the best stable structure of clusters is very difficult because there are thousands
of meta-stable structures during the reaching process, except the ground
structures. Structural optimization of clusters is a NP-hard problem, which has
been proved by scholars. However, the traditional optimization methods are
unable to solve this NP-hard problem. Thus, the evolutionary algorithm has been
widely used in structural optimization of clusters.

In this paper, we focus on structural optimization of Fe clusters, with the Finnis-
Sinclair potential employing to describe the interaction between atoms. The
objective of the optimization problem is to minimize the energy of the Finnis-
Sinclair potential. The differential evolution algorithm based on structural
clustering niche is proposed to solving the optimization problem. The algorithm
contains the cluster pool and the differential evolution algorithm instance. The
cluster pool is responsible for generation the niche sub populations. The clusters
can be classified with structure characteristics of the clusters as the classifying
criterion. By clustering the clusters with similar structures, the niche sub
populations can be generated. The differential evolutionary algorithm instance is
responsible for the evolution of the population. For the structural optimization of

clusters, a variety of mutation strategies have been applied in the algorithm



instance. Moreover, the crossover operator of plane cut cross and the adjustment
strategy make the algorithm more suitable for structure optimization of clusters.
In the experimental part, the performance of the algorithm has been analyzed by
discussion the pool size effect on the convergence speed and structural diversity.
The experimental results show that the larger the clusters pool size is, the higher
the structural diversity is. However, the convergence speed of the algorithm is
slower. Meanwhile, the accuracy and effectiveness of our algorithm has been
verified from the points of the energy evolution and structure evolution. In
addition, the structural stability of the Fe clusters have been analyzed by
calculating the average binding energies, the second differences energies, the
excess energies, the average neighbor distances and the average coordination
numbers. All the experimental results show that the proposed algorithm is

effective and stable for the structural optimization of Fe clusters.
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