Crystallization Onset of Aerosol Au Nanoparticles
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Motivation

Gold nanoparticles have versatile applications in catalysis, gas sensing and medicine [1]. During aerosol synthesis, their crystallization sequence is elucidated by
molecular dynamics. The onset of crystallization is revealed by tracking the largest cluster size and its retained atoms fraction (RAF) during crystallization.
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temperatures (T,) of Au as a function of particle diameter with the Evolution of atomic potential energy of initially amorphous Au nanoparticles (d, = 10 nm) undergoing
regions for liquid (green), metastable (yellow) & solid (red) Isothermal crystallization at various T with images of the local crystalline disorder fraction [7] after 100 ns.
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Number of atoms In the largest cluster (black lines, left axis) and its retained
atoms fraction (RAF, red lines, right axis) of a 10 nm Au particle with 3D crystal
projection colored by crystalline disorder fraction of each atom (for crystalline
disorder fraction parameter smaller than 0.15). Crystallization takes place by
(A) “catastrophic” nucleation well below T resulting in many small crystal
domains (a, 500 K) and (B) accretion nucleation near T resulting in fewer
nanocrystals and larger crystal domains (b, 800 K).
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Cross-section snapshots during crystallization of a 10 nm Au particle at 800 K for 100 ns. Evolution of (a)
average atomic potential energy (orange line) and total crystalline disorder fraction (blue triangles) as well
as Iits (b) number of crystallites (green squares) and average crystallite size (black circles). Crystallization
proceeds in three stages: (1) subcritical Au nuclei formation; (Il) super-critical Au crystal formation
and growth by accretion; (lll) Au crystal domain formation.
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