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In this study, based on our design strategies for molecular oxide catalysts, metal
nanoparticle catalysts, and cluster catalysts from mononuclear metalates (such as [MO,]™
species consisting of one metal), we will establish and generalize methodologies “for
designing multinuclear active site structures with orderliness in terms of metal species,
number, arrangement, structure, and size. In addition, we will target highly difficult
reactions involving small molecules as shown in Figure 1, design truly potent inorganic
catalytic materials to realize these reactions, and aim to construct catalytic reaction
systems at practical levels.
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By utilizing precise sequential reactions in organic solvents between mononuclear metalates
and lacunary POMs, we develop methods for designing multinuclear active site structures
with orderliness in metal species, number of metals, arrangement, structure, and size
(Figure 1). We also develop methods for designing ordered metal nanoparticles/clusters by
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® Development of Highly Difficult Reactions Using Small Molecules
Using the catalysts designed in this way, highly difficult reactions using small molecules
such as oxygen, hydrogen, water, ammonia, and carbon dioxide are realized. For oxygen-
related reactions, we aim to achieve selective oxygenation, oxidative functionalization, and
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dehydrogenative oxidation by activation of an oxygen molecule and C-H bonds
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~ / OH related reactions include C-O bond cleavage and
RR + 0, —> )\ Je +Hz —> R o~ highly efficient dehydrogenative aromatization
R R RSR +H,0 —> o KNp+ H ; ; + |-|
. 2 RZSR T T2 and  hydrogenation.  Dehydrogenation and 2Hz 2
RN 40, —> RL O/ = R_:(j’ +H, hydrogenation can be used for synthesis of key
Z compounds (phenol, aniline, etc.) with hydrogen
@ Ammonia/hydrogen related reactions - production (Figure 4) . We also develop OH NH»
NH, ® Carbon dioxide/hydrogen related reactions reactions using water as an oXygen source and © 2H @ ONH @ +H,
RSR +NH, —> g +H CO,+H, ——> CO/CH,OH /C,H.OH/ C,H,, etc. ammonia as a nitrogen source, and highly 2 2
: RETR T2 22 / CH;OH/CH;OH/ CH,, eto efficient multielectron carbon dioxide reduction E'%‘Fége‘.‘{ gr{)r(‘jtﬂ‘gtsign"f key compounds with
Figure 1. Catalyst design strategies and reactions involving the small molecules targeted in this study. POM reactions. \ '

= polyoxometalate, a metal oxide cluster composed of multiple metal oxide units; NP = nanoparticle. A ) N A ) L.
We establish and generalize new guidelines and scientific principles for the above

® Background to the Research Proposal : catalyst design and development of highly difficult reactions, as well as gain

The development of highly efficient material conversions that take into account the need to : : . et .
address energy, environmental, and resource issues is an important research topic. In knowledge for future implementation of the developed highly difficult reactions.

particular, the development of highly efficient chemical synthesis using small molecules
such as oxygen, hydrogen, water, ammonia, and carbon dioxide, as well as energy Homepage http://park.itc.u-tokyo.ac.jp/yamaguchi/en/index.html
conversion, storage, and transportation technologies, would greatly advance the realization Address etc. Kvama@appchem.t.u-tokyo.ac.jp

of a carbon neutral society. To efficiently activate these molecules, it is essential to precisely e




