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Structural optimization of Fe nanoclusters based on niche
differential evolution algorithm

Zheng Ji-Wen*, Fan Tian-E*, Shao Gui-Fang', Liu Tun-Dong", Wen Yu-Hua?
(1. Department of Automation, Xiamen University, Xiamen 361005;

2. Department of Physics, Xiamen University, Xiamen 361005)
Abstract:Structural optimization of Fe nanoclusters is of importance to their applications since their
magnetic and catalytic properties are strongly dependent on their structures. Essentially, the task of
determining the structure of Fe cluster is a global optimization problem that consists in finding the
global minimum of the potential energy surface. The global optimization problem is often
nondeterministic polynomial-time (Structural optimization of Fe nanoclusters based on the niche
differential evolution algorithmNP) hard and the number of local minima grows exponentially with the
clustersize. In this paper, a niche differential evolution algorithm has been employed to search the
globally steady structure of Fe nanoclusters. The algorithm combines the cluster pool and the
differential evolution algorithm instance. The cluster pool is responsible for generation the niche sub
populations. The differential evolutionary algorithm instance is for the evolution of the population.
Meanwhile, 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.
Furthermore, the performance of the algorithm has been analyzed by discussing the pool size effect on
the convergence speed and structural diversity. The accuracy and effectiveness of our algorithm have
been verified from the points of energy and structural evolution. Additionally, the structural
optimization of Fe clusters with the increasing cluster size has been predicted by optimizing their
structures containing up to 80 atoms, that is, the lowest-energy structure of Fe clusters contains many
icosahedra, and the number of the icosahedral rings increases with the cluster size.

Keywords: Fe cluster; structural optimization; niche differential evolution; cluster pool.
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