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This thesis describes a synthetic method of the copper-based multimetallic subnanoparticles (SNPs) by using a
dendritic template and evaluation of their catalytic performances for the hydrocarbon oxidations. The multimetallic SNPs,
consisted of several metal elements with a well-defined total atomicity in the ultrasmall particles (about 1 nm), have
attracted a great attention toward the scientific application in the field of catalysis. The precise controls for the atom
numbers and the compositions are one of the most important issue for tailoring the multimetallic SNPs. Although
conventional synthetic methods have never provided the multimetallic particles with a finely-controlled atomicity and
composition, the dendritic phenylazomethine (DPA) as a synthetic template of the ultrasmall particles can define the
exact number of metal atoms based on an intramolecular electron density gradient of the imines allowing their stepwise
complexations with metal ions. My thesis describes the preparation of copper-based subnano binary oxides (SBOs)
composed of an oxophilic element, bismuth (Bi), or redox active noble metal, ruthenium (Ru), by using the DPA template

and their catalytic performances for selective oxidation of alkenes.

In chapter 2, bimetallic Cu-Bi SNPs, which are immiscible even above melting point in the bulk phase, were
synthesized using the dendrimer templating for controlling the atomicity and composition. The Cu-Bi SNPs were
prepared via the accumulation of the mixed CuCl-BiCls complexes in DPA, chemical reduction of NaBH4 and air
exposure, resulting in the formation of the Cu-Bi SBOs. The Cu-Bi SBOs were performed for the selective styrene
bisperoxidation. The catalytic performance and durability were improved by incorporation of oxophilic Bi into the Cu

subnano oxides.

In chapters 3 and 4, different bimetallic Cu-Ru SNPs, which are not mixed in the bulk state, were also prepared by a
similar accumulation of the CuCl2-RuCls complexes, yielding the Cu-Ru SBOs after aerobic oxidation. The Cu-Ru SNPs
exhibited the hydrogen reduction at lower temperature, compared to the corresponding monometallic CuO or RuOz bulk
materials. The Cu-Ru SBOs were used for the gas-phase epoxidation of ethylene or propylene with molecular oxygen as
oxidant. The Cu-Ru SBOs exhibited the interesting catalytic activity in these epoxidations, different from those of the Cu

oxide and Ru oxide SNPs.
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