
Narrative Highlight Text:  
This study directly reveals the dynamic structural and chemical evolution of Pt3Co NPs 
during thermal annealing. The nanocatalysts exhibit distinct elemental diffusion behavior at 
critical annealing stages: the formation of a Pt-rich shell with a randomly alloyed core; the 
preferential nucleation of ordered domains associated with specific surface facets; the 
establishment of a fully ordered L12 phase and, finally, pre-melting. The dynamic coupling 
of surface faceting and elemental inter-diffusion during annealing was also discovered, 
which should be carefully considered during catalyst design. The major facets, {111}, {110} 
and {100}, play differing roles during NP evolution. Our results provide insight regarding the 
rational design of NPs at the atomic scale aimed at creating enhanced catalytic activity and 
stability through optimizing the surface structure and elemental distribution using thermal 
annealing. Finally, our studies demonstrate the power of directly tracking the atomic 
configurations, including both atomic position and chemical distribution, within single 
particles during in situ annealing using sub-Å-resolution HAADF-STEM imaging.
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