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We report on atomic structure imaging of epitaxial L1, CoPt nanoparticles using chemically
sensitive high-angle annular dark-field scanning transmission electron microscopy (HAADF-
STEM). Highly ordered nanoparticles formed by annealing at 973 K show single variant
structure with perpendicular c-axis orientation, while multi-variant ordered domains are
frequently observed for specimens annealed at 873 K. It was found that the (001) facets of the
multi-variant particles are terminated by Co atoms rather than by Pt, presumably due to the
intermediate stage of atomic ordering. Coexistence of single variant particles and multi-variant
particles in a same specimen film suggests that the interfacial energy between variant domains
be small enough to form such structural domains in a nanoparticle as small as 4 nm in diameter.
Then we examined the effect of cooling rates on the size-dependent atomic ordering of CoPt
nanoparticles. The L1, ordering is strongly influenced by the cooling rate after annealing at
873 K for 1h: nanoparticles of ~3 nm in diameter show the disordered phase by rapid cooling
(1.83 K/s), while the L1, ordered phase is obtained when the cooling rate is slow (0.025 K/s).
The result unambiguously indicates that the order-disorder transformation temperature of CoPt
nanoparticles smaller than 3 nm is lower than 873 K. On the other hand, a slow cooling process
promotes the atomic ordering, which resulted in an enhancement of magnetic coercivity by
20%. The present study thus demonstrates the improvement of hard magnetic properties of CoPt
nanoparticles by controlling the cooling rate, and offers a kinetic explanation for size-dependent
atomic ordering, in addition to the thermodynamic explanation of a reduced stability for the

ordered phase in the smaller nanoparticles.
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