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Thermodynamics characterization of subnanoparticles by in-sifu heating using STEM

('Lab. for Chemistry and Life Science, Science Tokyo) O Toshiki Tokuda', Masataka
Yoshida!, Takane Imaoka', Kimihisa Yamamoto'

Metal subnanoparticles, composed of several to several dozen metal atoms, have been
considered incapable of forming stable crystalline structures, leading to the belief that their
structures dynamically fluctuate. Recent advancements in the temporal and spatial resolution
of electron microscopy have enabled the direct observation of these atomic motions. By
investigating how the dynamic structures and their distributions change with temperature, it is
expected that the thermodynamics governing these particles can be elucidated. In this study,
Aus clusters were directly observed under in-situ heating during electron microscopy to analyze
the temperature-dependent changes in structural distributions.

Gold atoms were deposited onto graphene using the arc plasma deposition method to prepare
samples. Subnanoparticles supported on graphene were observed using a scanning transmission
electron microscope (STEM), and structural data were extracted from the obtained videos. The
analysis revealed that Aus clusters predominantly adopt a structure with a maximum bond angle
of 60° (Fig. 1A), and the proportion of this structure increases at higher temperatures (Fig. 1B).
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Fig.1 (A)Au; cluster structure distribution, (B) Bond angle distribution of Aus by temperature
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