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Alloy sub-nano clusters are expected to form homogeneous mixtures even with combinations
of metallic elements that are phase-separated in bulk or nanoparticles. However, the mechanism
by which the elements mix within them is not well understood, because local structural analysis
and elemental analysis are difficult in the sub-nanoscale due to characteristics such as
amorphous structures and dynamic structural changes.

In this study, we directly observe the atomic coordinate structure of sub-nano alloy clusters
using an annular dark-field scanning transmission electron microscope (ADF-STEM) with
atomic resolution. By analyzing these images, miscibility is calculated based on the number of
bonds within the cluster. Using this method, we develop a miscibility map categorized
composition and atomicity. We report on the similarities and differences in the elemental
miscibility of the binary alloy sub-nanoparticles by comparing miscibility maps.
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(Figure) Schematic representation of the procedure for a miscibility map, with the vertical axis showing the

number of atoms in a cluster and the horizontal axis showing composition.
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