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Abstract of Thesis

Two-dimensional (2D) materials including graphene oxide, carbon nitride and phosphorene are widely used
in many fields such as sensor, biology, photocatalysis and so on. Among a lot of methods to synthesize 2D
materials such as nanosheets and nanodisks, liquid phase exfoliation from layered materials is one of the
straightforward methods while its mechanism is unclear. Covalent organic frameworks (COFs), bulk layered
materials, are potential to be studied as a starting material in synthesizing 2D polymers. COFs are a new class
of organic materials forming 2D or three-dimensional structures with building blocks bound by covalent bonds
in their extended structure, and have been used for a variety of applications, for example, gas storage and
separation, sensor, and catalysis.

In this dissertation, a series of porphyrin containing exfoliated covalent organic nanodisks (e-CONs) with
enhanced photocatalytic activity under visible light irradiation were investigated. The mechanisms of
exfoliation on porphyrin COFs were clarified and their photocatalytic activities such as hydrogen (H2) evolution
and reactive oxygen species (ROS) generation were investigated.

In Chapter 1, the liquid-phase exfoliation of COFs comprising porphyrin using common solvents were
investigated, and it was found that tuning the solvent surface energy as well as mechanical stirring is crucial
for effective exfoliation. The synthesized thin-layered, porphyrin e-CONs in a common solvent by mechanical
stirring showed their enhanced photocatalytic activity.

In Chapter 2, porphyrin e-CONs were synthesized by exfoliating COFs in acidic aqueous solution at pH = 4.
The synthesized porphyrin e-CONs showed remarkable bactericidal effect against Escherichia coli due to
enhanced generation of singlet oxygen upon visible light irradiation.

In Chapter 3, the porphyrin e-CONs were synthesized through the simultaneous axial coordination of
pyridines and metal ions to porphyrin COFs. The synergistic effect of zinc ion and 4-ethylpyridine were studied
and the photocatalytic activities were investigated.

In Chapter 4, the exfoliation of metalloporphyrin-based COFs with pyridine as the axial ligand, and
adjustment of the thickness, were found to enhance the photocatalytic activity. H2 evolution and 3,3’,5,5-
tetramethylbenzidine oxidation reactions were investigated as representative photocatalytic reactions, with an
increase of photocatalytic activity up to seven times that of the original free-base porphyrin COFs.

The mechanisms of exfoliation of porphyrin COFs were clarified and their photocatalytic activities such as Hs
evolution and ROS generation were investigated. It is demonstrated that proper exfoliation of COFs to
synthesize corresponding e-CONs could accelerate the photoinduced generation of electrons or ROS production,
leading to an intensive photocatalytic activity. This study provides an important prerequisite for the

development of organic polymer photocatalysts.
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