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Progress in the science and technologies of multi-element metal nanoparticles inspires
further development in the scientific measurements which allow for high-throughput data
collection and analysis of the catalytic nanoparticles. Transmission electron microscopy can be
a powerful tool for the multidisciplinary research of multi-element metal nanoparticles in terms
of the morphology, crystal structure, chemical composition, valency, etc. However, it remains
yet challenging to achieve the automated data collection/analysis in transmission electron
microscopy, as the data quality is highly dependent on the proficiency of scientists. To tackle
this problem, the authors attempt to develop basic methods regarding the automated data
collection/analysis of catalysts nanoparticles using scanning transmission electron microscopy
(STEM).

As displayed in Fig. 1, STEM provides an element-sensitive image, in which metallic
nanoparticles can be highlighted due to the difference in the cross section of inelastic electron
scattering from that of support material. To determine the positions of nanoparticles in a STEM
image, the authors applied the method of objective detection with the aid of deep learning. The
other method referred to as segmentation enabled further advanced image analysis: that is, the
latter method identifies the unfavored portion in STEM, in which two nanoparticles are
overlayed with reference to the incident electrons. Application of those methods to analytical
electron microscopy promotes high-throughput collection of chemical maps obtained by
energy-dispersive X-ray spectroscopy (EDS) and other such useful data.

This study was partly supported by “Demonstration Project of Innovative Catalyst
Technology for Decarbonization through Regional Resource Recycling” from the Ministry of
the Environment, Japan.
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Fig.1 Schematic illustration of automated transmission electron microscopy for multi-
element metal nanoparticles.
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