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ABSTRACT

Optimal atomic configurations in a nanoparticle were predicted by genetic algorithm. A truncated octahedron with a fixed

composition of 1 :

1 was investigated as a model system. A Python code for genetic algorithm linked with a molecular dynamics

method was developed. Various operators were implemented to accelerate the optimization of atomic configuration for a given
composition and a given morphology of a nanoparticle. The combination of random mix as a crossover operator and total inversion
as a mutation operator showed the most stable structure within the shortest calculation time. Pt-Ag core-shell structure was predicted
as the most stable structure for a nanoparticle of approximately 4 nm in diameter. The calculation results in this study led to successful
prediction of the atomic configuration of nanoparticle, the size of which is comparable to that of practical nanoparticls for the

application to the nanocatalyst.
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Fig. 1. Schematics of 2-Dimensional PES for the various
nanoparticle structures. )
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Fig. 2. Concept of the genetic algorithm for searching the
optimal atomic configuration in binary nanoparticles
with fixed composition (1 : 1) and fixed atomic position.
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Fig. 4. Conceptual flows to obtain the final offspring produced by crossover and mutation.
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Fig. 5. Atomic configurations of Pt-Ag TOh nanoparticles; (a) representative configuration in the initial population, and (b) predicted

optimal configuration by genetic algorithm.
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Table 2. Atomic Radius, Surface Energy, Cohesive Energy of Ptand Ag

Pt Ag
Atomic radius [pm]*” 139 144
Surface energy [erg/cm ]20) 2480 1250
Cohesive energy [eV]24) -5.84 -2.95

Table 1. Comparison with Searching Performance Between Combinations of Several Crossover and Mutation Operators (CPU clock : 2.2 GHz)

relative total energy w.r.t.

number of chromosomes computational time

crossover mutation initial configuration [eV] calculated [d/h/m]
inversion total_shift -98.44 204,600 3d/15h/07 m
random mix total_shift -100.33 141,200 2d/03 W19 m
shift total_shift -102.65 299,000 4 d/10 /23 m
inversion total_inversion -100.45 70,800 1d/02 h/03 m
random mix total_inversion -103.57 71,000 23h/21 m
shift total_inversion -102.20 70,400 23h/23 m
inversion total_shuffle -96.73 123,000 1d/21 h/08 m
random mix total_shuffle -99.80 102,600 1d/13h/29 m
shift total shuffle -101.73 251,000 3d/14h/17m
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