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Size control of the metal clusters is one of the most important subjects in catalytic
chemistry from the point of view of both the reduction of rare metal usage and the scientific
interests. | developed the new synthetic method of an ultrafine metal subnanocluster
composed of 12, 28 and 60 atoms with a phenylazometine dendrimer as a template to control
the cluster size and to suppress the aggregation by stabilization of the dendrimer and
graphitized mesoporous carbon (GMC) as catalyst support and use the subnanocluster as a
hydrogenation and oxidation reaction catalyst. The catalytic hydrogenation of an unsaturated
bond of an organic compound is an important transformation in the chemical industry and has
been studied for a long time. The reaction by metal nanoparticle catalysts has been considered
to be structure-insensitive to the particle size, although the research at subnano-scale was not
sufficient to decide whether the size effect in hydrogenation of an unsaturated bond exists,
because of difficulties in the synthesis of the monodispersed platinum cluster, and the
synthesis of the size controlled platinum subnanoclusters at the atom level has never been
achieved.

Our research revealed that the Pt;, subnanocluster has exibited higher catalytic activity and
poison-tolerance to amines compared with large platinum nanoparticles (2.2+0.8 nm) versus
the precedent in the reduction of olefins and reductive amination reactions of aldehydes with
amines. In addition, Cusz,Pt,g and Au;,Cus,Ptis subnanoclusters encapsulated in the dendrimer
were synthesized by reducing the metal complexes on the dendrimer. This cluster shows
much higher catalytic activities for aerobic oxidation reactions of hydrocarbons than a
monometallic Ptg cluster catalyst. Mechanistic studies revealed that these enhancements of
the catalytic activities by alloying were a ligand effect of platinum and an ensemble effect of
copper in the oxidative addition of a metal atom to peroxide intermediates. The research
provides new insight into the size effects in the subnano-region and the synergetic effects of
alloying in catalytic chemistry and the potential of metal subnanoclusters as the catalyst.
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