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Nanoscale Design of Catalyst Structures and Reaction Spaces to Realize Environment-friendly
Reactions ('Graduate School of Engineering, Osaka University) OHiromi Yamashita'

The utilization of unique reaction fields such as nanoporous spaces in zeolites, mesoporous
silica, and metal-organic frameworks (MOFs), as well as thin film interfaces, has been applied
for solid-catalyst design. By employing innovative catalyst preparation techniques, distinctive
catalytic structures and surface active sites have been designed, including single-site
photocatalysts (isolated metal ions and photo-functional metal complexes), ultra-fine
semiconductor photocatalysts, plasmonic catalysts, non-equilibrium alloy nanoparticle
catalysts, high-entropy alloy nanoparticle catalysts, and porous metal catalysts. Advanced
surface structure analysis using cutting-edge spectroscopic and microscopic methods, such as
synchrotron operando XAFS and aberration-corrected STEM, along with theoretical
calculations, has enabled the elucidation of mechanisms and the design of new catalytic
materials and reaction fields. The developed unique reaction fields and catalytic active sites
have been applied to environmentally friendly reactions, including hydrogen cycle reactions
(hydrogen production from water and hydrogen carrier molecules, hydrogen peroxide
synthesis), carbon dioxide fixation reactions (synthesis of CO, formic acid, methanol, methane),
and purification of air and water. By precisely controlling the structure of complex solid
catalysts and their surrounding reaction fields at the nanoscale, and applying advanced
operando spectroscopic analysis and thorough theoretical calculations, a new catalyst design
method, “nanoscale design”, has been established.
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