K501-3vn-02 The 103rd CSJ Annual Meeting

Development of metal nanoparticle catalysts modified using
multidentate polyoxometalates

(!School of Engineering, The University of Tokyo, *Graduate School of Science, Tokyo
Metropolitan University, *National Institute for Materials Science) OKang Xia,'! Takafumi
Yatabe,! Kentaro Yonesato,! Tomohiro Yabe,! Soichi Kikkawa,? Seiji Yamazoe,> Ayako
Nakata,® Kosuke Suzuki,! Kazuya Yamaguchi'

Keywords: Polyoxometalates; Metal Nanoparticles; Au Nanoparticles; Hybrid Materials;
Catalysis

Metal nanoparticles modified with polyoxometalates (POMs) have been extensively
studied because these modifications can modulate their catalytic performance and achieve
concerted catalysis.!? Despite utilization of unique multielectron transfer and photoredox
property of POMs in photo- and electro-catalysis, the inherent low stability of POM-modified
metal nanoparticles still limits their catalytic applications.? In this regard, we designed two
strategies towards robust Au nanoparticle catalysts utilizing an electronic interaction between
Au nanoparticles and multivacant lacunary POMs as multidentate ligands. Firstly, we
developed anionic Au nanoparticle catalysts on a carbon support with both increased activity
and improved stability for oxidative dehydrogenation of piperidone derivatives to the
corresponding enaminones.® Interestingly, by modulating these electronic interactions, their
catalytic performance can be correspondingly altered. However, unless being immobilized on
a carbon support, agglomeration of POM-modified Au nanoparticles inevitably occurs in an
aqueous solvent. Hence, in a further study, we developed a rather feasible strategy to obtain
ultrasmall stable Au nanoparticles (~3 nm) modified with multidentate POMs in a non-polar
organic solvent. It is noted that they possess an extraordinarily high stability that is tolerant to
high concentration, temperature, and long time, having them well-perform in the selective
aerobic oxidation of benzyl alcohol to benzaldehyde without noticeable particle size changes
even after the reaction. Such fascinating properties may be attributed to the enhanced electronic
effect and steric effect of multidentate POM ligands.
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