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Fig.1 Atomic configurations of Pt nanoparticles with particle
radius of 3 nm at different relaxation temperatures
(white-amorphous atoms; green-fcc): (a) 300 K, (b) 800 K,
(c) 1500 K, and (d) 2000 K
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Fig.2 Potential energy Per atom (Ep)-temperature (T) curve of

particle melting with the radius of 2 nm
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Table 1 Atomic ratio of Pt nanoparticles with different particle radii (%)

Particle radius, Rm/nm 1 2 3 4 5 6 7 8 9 10
fcc 43.90 67.10 76.60 82.30 85.40 87.90 89.50 90.80 91.80 92.60
Other 56.10 32.90 23.40 17.70 14.60 12.10 10.50 9.20 8.20 7.40
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Fig.4 Potential energy-temperature relationship between

shell-core Pt atoms during heating
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of Pt nanoparticles at different temperatures
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Molecular Dynamics Study on Phase Transition Properties of Pt Nanoparticles

Hou Jincheng'?, Chen Wengang', Wang Xiao?, Yu Xiaohua?, Rong Ju?, Xu Kui®
(1. School of Machinery and Communications, Southwest Forestry University, Kunming 650224, China)
(2. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(3. Institute of Advanced Materials, Key Laboratory of Flexible Electronics, Jiangsu (KLOFE),
Nanjing Tech University, Nanjing 211816, China)

Abstract: Platinum (Pt) nanoparticles have been widely used in energy and energy storage due to its excellent catalytic activity. The
investigation demonstrates that the catalytic capacity of Pt depends on the number and type of active sites on the surface, however, the
regulation mechanism of its surface activity is not fully understood. In this paper, the microstructure and phase transformation of Pt
nanoparticles were studied based on LAMMPS software. The results show that the proportion of disordered atoms of Pt nanoparticles
decreases with the increase of particle radius, and the melting temperature of Pt nanoparticles decreases with the decrease of particle
radius. In addition, the particles can be further divided into two parts: the surface shell and the inner core. Like the bulk material, the
coordination number of the inner core is also 12. The thickness of the shell is about 0.27 nm with the thickness close to 2 layers of atoms
and the coordination number decreases with the increase of the core distance. This unique core-shell structure resulting in that the potential
energy of the surface shell atoms is approximately lower than that of the core. In this study, we found that the Pt shell atoms with particle
radius of 3 nm can melt at 1300 K, whereas the inner atoms cannot melt. Therefore, the structure characteristics of Pt catalyst can be
regulated by the phase transformation law, which provides a theoretical basis for the regulation of surface activity.

Key words: thermodynamics of nanocrystalline materials; molecular dynamics; Pt nanoparticles; characteristics of surface phase

transition; coordination number; catalytic activity
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