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Our research in nanomaterials involves two related areas: (1) chemical synthesis and self-assembly of functional
nanocarbons; (2) construction of functional nanocarbons and their assemblies for applications in such composite materials
as Carbon Fiber Reinforced Plastics. We utilize the so called "nano-integration” approach for the construction of novel
composite materials from conventional materials and functional nanocarbons as fullerene. Recent our study has made it
possible for fullerene oxides to transform into their derivatives, which can be integrated into organic materials very easily.
As a result of these inventions a new nanocarbon technology will industrialize.

1. Functional Nanocarbons

(1) Synthesis of fullerene derivatives
Growing the needs of organic electronic materials as the alternatives of rare elements by the depletion of resources, the
application of fullerenes to n-type organic semiconductors increases in its importance. Our recent study found out the
reaction between Cs0O and anilines in the presence of clay catalysts, they are Lewis acid, gives Indolinofullerene
derivatives. This method can provide regioisomeric pure functionalized fullerene derivatives in large-scale and good yield;
thereby this method is highly useful from the aspect of industry. By the pursuit of the reaction with HPLC and Mass
spectroscopy, we proposed that the reaction consisting of nucleophilic addition and succeeding intramolecular cyclization,
both of two steps were catalyzed by Lewis acid.

(2) High-quality n-type semiconductor
Fullerenes are known as excellent electron acceptors and can be chemically modified to improve solubility in organic
solvents. Such soluble fullerene derivatives are known as some of the best n-type organic semiconductors. High-quality
functionalized fullerene derivatives are also indispensable for high efficiency organic thin photovoltaic devices. We have
found that new fullerene derivatives, which we have successfully synthesized from fullerene oxide Cs0Ox in the last year,
have readily been prepared to high quality orientation thin film by spin-coating process.

(3) Photochemistry of fullerene derivatives
The lifetime of singlet oxygen generated from triplet excited states of Ceo derivative and Pd-porphyrin have been measured
in poly(methyl methacrylate) (PMMA) films by using nanosecond laser flash photolysis technique. The lifetime of singlet
oxygen in PMMA differs from that observed in solution. We found that the lifetime of singlet oxygen from excited state of
Ceo derivative was unusually dependent on the concentration of Ceo derivative in PMMA. We proposed a model mechanism
that postulated the existence of a molecular aggregate between fullerene and singlet oxygen.

2. Nanocomposite Materials

(1) Improvement of carbon fiber reinforced plastic (CFRP)
Fullerene derivative layer within interface in carbon/epoxy composite is expected to improve its properties (toughness and
stability) and produce a durable CFRP which materialize a progressive airplane. In this study, surface energy of amorphous
carbon wafers applied with/without fullerene derivative is theoretically derived from contact angles of several liquids on
each wafer. The correlation between work of adhesion and chemical structures of the fullerene derivative is studied. It was
found that the total surface energy on amorphous carbon surface varies from 36.2 to 50.4 mN/m by coating with fullerene
derivatives.

(2) Development of fullerene based-antioxidants
The possibility of fullerene as an antioxidant to inhibit thermally or optically degradation of organic polymer was
investigated Kinetically by differential scanning calorimetry (DSC) measurement. In the polymerization of benzyl
methacrylate (BzMA) monomer in the presence of the fullerene derivative (PCBM) having good solubility, we observed both
the inhibition of initial radical polymerization and the retardation of chain propagation reaction. In addition, our
experimental results indicated that antioxidant activity of fullerene would vary from polymerization inhibitor to chain
propagation inhibitor according to the number of radical adduct.
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