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Table 1. The parameters of Fe, Pt, and their alloy.

Aij/e&V &[NV pi a; Ty /A

Fe-Fe  0.13315 1.6179 10.50 2.60 2.553

Pt-Pt 0.2975 2.695 10.612  4.004 2.7746

Fe-Pt 0.19903 2.0881 10.556 3.302  2.6638
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Fig. 1. (color online) The schematic of sphere-cut-
splice.
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SRR Fe i, AR Pt JEF, n &R Fe

Fig. 2. (color online) The lowest-energy configurations of Fe-Pt alloy clusters for different compositions with

N = 13. Fe atoms are in green, Pt atoms in white, n represents the number of Fe atoms and m represents

the number of Pt atoms.
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Fig. 3. (color online) The combinatorial optimization

schematic of alloy cluster structure: (a) Structured

optimization; (b) element configuration optimization.
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Fig. 4. The flowchart of the improved BHMC algo-

rithm.
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20:4 21:3 22:2 23:1
5 (MTIRE) N = 248, Fe, Pty i HLBIRARBE R A, SRR Fe i, AEFRRPLEF, Hin:m,
n Fox Fe JATH, m FRox Pt JR 4L
Fig. 5. (color online) The lowest energy configurations of Fe,Pty, for different compositions with N = 24,
Fe atoms are in green, Pt atoms in white. For the composition n : m, n represents the number of Fe atoms,

and m represents that of Pt atoms.
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K6 (MTIEMD) N =24 5&RIEMNFEZMNE Fe T B8 IMAHLLR 2 S 1AL £
Fig. 6. (color online) The similarity function curves of the stable structures of alloy clusters with the increase
of Fe atoms for N = 24.
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Fig. 7. (color online) The similarity function curves
of the stable structures of alloy clusters with the in-
crease of Fe atoms for (a) N = 13, (b) N = 22 and
(c) N =23.
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Fig. 8. (color online) The distance of centers of Fe and

Pt mass with the increase of Fe atoms for alloy cluster
with N = 24.
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Fig. 9. (color online) The lowest energy configurations of Fe-Pt alloy clusters with different sizes N = 5-24 and three atomic
ratios of (a) 2: 8, (b) 5: 5 and (c) 8 : 2. Fe atoms are in green, Pt atoms in white. For N (n : m), N represents the total

number of atoms, n represents the number of Fe atoms and m represents Pt atoms.
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Fig. 10. (color online) The second energy difference for the Fe-Pt alloy clusters with N = 13, 22, 23 and 24,

respectively.
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Fig. 11. (color online) The stable structures of Fe-Pt alloy clusters for the composition which the largest

of the second energy difference is largest when N = 13, 22, 23 and 24 respectively. Fe atoms are in green,

Pt atoms in white. For N (n : m), N represents the total number of atoms, n represents the number of Fe

atoms and m represents that of Pt atoms.
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Abstract

Alloy nanoclusters have received extensive attention because they can achieve bifunctional properties by making
good use of the cooperative effect of two metals. In this paper, an improved Basin-Hopping Monte Carlo (BHMC) algo-
rithm is proposed to investigate the structural stabilities of Fe-Pt alloy nanoclusters. Different cluster sizes and chemical
compositions are considered. Moreover, a similarity function is introduced to analyze the structural similarity between
the stable structures of alloy clusters and those of their monometallic clusters. Meanwhile, the atomic distributions of
Fe-Pt alloy clusters are considered for their stable structures. The results indicate that for Fe-Pt alloy clusters with the
size N < 24, there is no significant structural evolution with the increase of cluster size. Fe atoms prefer to segregate
at the peripheral positions of the clusters, while Pt atoms tend to occupy the interior. The same distribution result can
be obtained for the structures of clusters with different compositions. With Fe composition increasing, this distribution
trend is more pronounced for the Fe-Pt alloy clusters.

In addition, by calculating the structural similarity function between alloy and monometallic clusters, we find that
the stable structures of Fe-Pt alloy clusters gradually vary with composition ratio. Moreover, when the Fe atoms or Pt
atoms are added into the Fe-Pt alloy system, they change the stable structures of Fe-Pt alloy clusters, resulting in a
different structure from Fe and Pt monometallic ones. Also, the structural similarity is different when the Fe composition
varies. Furthermore, the best stable structures of Fe-Pt clusters with different compositions and sizes are obtained by

calculating the second-order finite difference in energy of Fe-Pt alloy clusters.

Keywords: alloy clusters, Basin-Hopping Monte Carlo, stable structures, atomic distribution
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