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We have been involved for some time in preparation of organic-inorganic hybrid materials

as well as inorganic materials by seamless use of inorganic and organic chemistry. Our
recent research activities can be divided into the following categories:

1.

@)

Preparation of inorganic-organic hybrid materials via surface modification of inorganic
nanomaterials.

Inorganic-organic hybrid materials have been prepared using inorganic nanomaterials,
typically transition metal oxide nanoparticles and nanosheets. Organic groups are
immobilized on the surfaces of inorganic nanomaterials via surface modification with
various coupling agents, including phosphorous compounds, such as organophosphonic
acids and esters of phosphoric acid, and alcohols. In particular, surface modification
using biphasic systems on both bulk and micro scales has been developed. Grafting of
polymer chains has also been achieved via atom transfer radical polymerization (ATRP)
using organophosphorous compounds bearing ATRP initiator groups and subsequent
polymerization. These have been employed as nanofillers for polymer-based hybrids,
and the properties of the resulting polymer-based hybrids including optical and
mechanical properties have been evaluated. Regioselective surface modification of
nanosheets, on the other hand, can provide Janus nanosheets bearing two properties
located separately, one each of the two surfaces of individual nanosheets. They can be
utilized as a two-dimensional surfactant and a dual-functional material.

. Preparation of organic-inorganic hybrid materials via chemical routes.

Hybrid materials have been prepared via several chemical routes. One route utilizes
intercalation reactions, insertion of ions and molecules in the interlayer space of layered
compounds, to provide two-dimensional hybrid materials. Intercalation chemistry for
some layered compounds, such as kaolinite, has been developed. New intercalative
grafting reactions have also been produced. Another route involves a sol-gel process,
which typically utilizes organophosphorous compounds and metal compounds, for
preparing organic-inorganic hybrid materials with such functions as Li-ion conductivity.

. Preparation of inorganic materials from chemically prepared precursors.

Non-oxide ceramic materials have been prepared from inorganic polymers as precursors
via pyrolysis, and their development has focused mainly on high-temperature/high-
pressure processes for high-pressure phases of nitrides, that can be used as hard
materials. In addition, superparamagnetic magnetite nanoparticles have been prepared
via decomposition of precursors containing tetrachloroferrate anions. Porous carbon
materials have also been prepared from precursors via pyrolysis. Their electrochemical
properties have been evaluated for potential applications.
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Figure 1 Janus nanosheets.
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Figure 2 Surface modification of titanium dioxide nanoparticles
in a liquid-liquid biphasic system.
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