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Summary (Abstract) of doctoral thesis contents

Covalent organic frameworks (COFs) are a new class of crystalline porous polymer
that possesses periodic structure and nanometer-sized open channels. Owing to the
ordered two-dimensional layered structure, COFs have great potential as organic
semiconductors and have shown their functions in energy transfer, electric
conductivity, photoconductivity, photo-induce light emitting, organic field effect
transistor and organic solar cells. However, COFs reported to date have limited
stability and are still poor in optoelectronic properties, which preclude their practical
implementations. To challenge these fundamental issues of the field, it is necessary to
explore new strategies for the design and synthesis of COFs. This background
motivated me to enter into the field of COFs and to concentrate myself on exploring
novel COFs with unprecedented structures and functions.

Through the three-year study, the author explored new strategy for designing and
synthesizing a series of novel light-emitting and semiconducting COFs. In chapter 1,
the state-of-the-art researches in the COFs field were comprehensively reviewed. In
chapter 2, the author describes the design and functions of a series of novel
semiconducting COFs by integrating isoindigo units into the COF skeletons to
construct ordered structures with strong electron deficient and high electron mobility.
These isoindigo-based COFs exhibited greatly enhanced electron mobility, whereas
the stacked isoindigo m-columns provide pre-organized pathways for carrier transport.
This design strategy offers a new way to n-type or ambipolar semiconducting COFs.
In chapter 3, the author describes a new strategy for designing highly emissive COFs
by integrating aggregation-induced emission (AIE) mechanism to the skeletons. The
integration of AIlE-active units into the polygon vertices yields crystalline porous
COFs with periodic m-stacked columnar AIE arrays. These columnar AIE =m-arrays
dominate the luminescence of the COFs, achieve exceptional quantum yield via a
synergistic structural locking effect of intralayer covalent bonding and interlayer
noncovalent w-m interactions to prohibit the rotation induced excitation-energy
dissipation. Highly luminescent covalent organic frameworks are rarely achieved
because of the aggregation-caused quenching of m-m stacked layers. Therefore, this
strategy breaks through the ACQ-based mechanistic limitations of COFs and opens a
way to explore highly emissive COF materials. Notably, these highly emissive COFs
exhibit exceptional activity in sensing ammonia gas down to sub ppm level. Such a
high sensitivity originates from the supramolecular self-assembly driven by Lewis
acid-base interactions between boron atoms of the COFs and nitrogen atom of
ammonia. In chapter 4, the author develops the C=C bond formation reactions for the
design and synthesis of COFs by exploring Knoevenagel polycondensation reaction
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under solvothermal conditions and discovers m-conjugated, fully sp?-carbon COFs.
These sp2-carbon COFs were synthesized in high vyield, exhibited extended
m-conjugation in the 2D layers and are redox active with a low bandgap. These
sp?-carbon COFs exhibited unique semiconducting properties and extremely high spin
density upon chemical doping. These COFs offer a new platform for developing novel
organic spin and magnetic materials based on ordered framework structures. In
chapter 5, the author presents the light-driven water splitting for H2 evolution by
developing sp?-carbon COFs as photocatalysts. These COFs exhibited exceptional
activity in producing H2 upon irradiation with visible light. The efficiency is the best
one among COFs and other porous materials reported to date. When comparing with
amorphous conjugated polymers with the same chemical structure, the crystalline
sp?-carbon COFs exhibited efficiency that is much superior to the amorphous
analogues. These results demonstrate the importance of the crystalline structure of
sp?-carbon COF in water splitting and hydrogen evolution, in which the ordered
n-structure prevents exciton recombination and enables efficient separation of
excitons into electrons and holes. In chapter 6, the author demonstrates the
light-emitting functions of a series of sp?-carbon COFs. The phenyl vinylene-based
AIE skeletons endow these COFs with bright orange-red luminescence and high
quantum efficiency. Either dispersed solutions in common solvents systems or solid
powder exhibited prominent light emitting property. Significantly, these COFs are
highly stable in water, organic solvents, and acidic and basic solutions. These COFs
kept their crystalline structures even upon exposure to air for more than a half year.
Together with ordered layer and porous structures, these luminescent COFs serve as
novel chemo- and biosensors.

In summary, through the three-year study, the author has developed a new strategy
for the design and synthesis of a series of highly emissive and semiconducting COFs.
Especially the discovery of sp?-carbon COFs opens a new molecular platform based
on two-dimensional organic materials for exploring novel semiconducting, spin and
magnetic functions.
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