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Thesis Summary

Design and synthesis of composite materials realize new functionality and improved property
beyond the components. Redox-active small organic molecules, such as quinone (QN) derivatives,
have potentials for sustainable charge storage system. However, the redox-active organic crystals
are not fully applied to the active materials for charge storage because of their high solubility and
low conductivity. Previous studies focused on the molecular structures to achieve the dispersion in
molecular level. The effects of the morphologies from nanoscopic to macroscopic scales on the
properties were not studied in previous works. 7-Conjugated polymers, such as polypyrrole (PPy),
have both redox activity for charge storage and conductivity for charge transportation. However, it is
not easy to control the morphologies due to the low solubility and processability. In this thesis, new
methods were developed for formation of the PPy/QN composites with the controlled morphologies
from nanometer to micrometer scales. The morphology control of the composites contributed to
enhancement of electrochemical properties based on the redox reaction of both the components.

Chapter 1 summarizes the background and previous works related to this work.

Chapter 2 shows the host-guest composite by incorporation of QN into the hierarchical PPy. The
QN was incorporated in the interspaces between the PPy nanoparticles around 50 nm in size. The
redox reactions of both QN and PPy were observed on the composites.

Chapter 3 mentions the sea-island composite of QN and PPy through a new phase separation
induced by simultaneous crystallization and polymerization. The QN nanocrystals 100 nm in size
were dispersed in the conductive matrix of the PPy nanoparticles 50 nm in size. The smooth redox
reaction of the both components was observed even at the high current density.

Chapter 4 shows simultaneous polymerization and etching to obtain the bicontinuous composite
of QN and PPy. The network of the sheets around 1 pum in thickness consisted of the nanocomposites
of the connected PPy particles 200 nm with incorporation of QN nanocrystals in the interspace. The
improved electrochemical property of the hierarchical bicontinuous composite was one of the
highest electrochemical properties in previous reports about charge storage based on QN.

Chapter 5 shows the morphology-property relationship of the PPy samples after removal of the
QN domain from the composites. The nanostructures and the micrometer-scale continuous structure
have effects on the enhancement of the electrochemical properties.

Chapter 6 summarizes the results and describes the future prospects of organic charge storage.




