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Summary of thesis contents

Covalent organic frameworks (COFs) are a new class of porous architectures that
allow the integration of organic units with atomic precision into long-range-ordered
two- and three-dimensional (2D and 3D) structures. From a synthetic point of view,
COFs are intriguing scaffolds since they allow a new degree of control of porosity,
composition and component positions. However, the construction of COFs to date has
been limited to certain monomers, and the lack of suitable protocols utilizing other
units has impeded further advances in this emerging field. To advance this emerging
field it is important to extend the limited number of synthetic protocols and monomer
units available. This motivated me to explore the possibility of constructing
functional COFs with novel o systems.

This thesis consists of the design, synthesis and functional exploration of novel
n-electronic two-dimensional covalent organic frameworks, with an emphasis on the
development of new m-electronic molecular frameworks.

In 2D COFs, the building blocks for the vertices and edges are covalently linked
to form extended 2D polygon sheets that stack to constitute layered frameworks. This
covalently linked and topologically crystallized 2D architecture merges two structural
characters, 1.e., periodic m arrays and ordered one-dimensional channels. The 2D
COFs offer a unique platform for constructing periodic columnar m arrays of arenes,
porphyrins, phthalocyanines, and thiophenes, which exhibit remarkable
light-emitting, semiconducting, photoconductive, charge-transferring, and
charge-separating properties. In addition, 2D COFs provide ordered one-dimensional
(1D) channels whose size and shape can be tailored for gas adsorption and guest
encapsulations.

In chapter 2, the author describes a protocol for the synthesis of a novel
m-electronic mesoporous imine-based covalent organic framework (COF) using
1,3,6,8-tetrakis(p-formylphenyl)pyrene (TFPPy) and 2,6-diaminoanthracene (DAAn)
as building blocks. This pyrene-anthracence COF (Py-An COF) with pyrene at the
vertices and anthracene on the edges has high crystallinity, high porosity and high
stability. These properties make Py-An COF a good material for potential
applications in gas storage, gas separation, and heterogeneous catalysis.

In chapter 3, the author describes the development of m-electronic walls of 2D
electronic COFs as catalytic beds to drive Diels-Alder reactions in neat water and
under ambient conditions. The Py-An COF described in Chapter 2 was utilized as a
heterogeneous catalyst for Diels-Alder reactions of 9- hydroxymethylanthracene and
N-substituted maleimide derivatives. The Py-An COF exhibited the highest catalytic

activities among the heterogeneous catalysts reported to date that work at elevated
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temperatures. And the COF catalyst remains its crystallinity, porosity, stability,
catalytic activity and morphology after four consecutive cycles. The results suggest a
tremendous potential of COFs for achieving novel catalytic systems via m-array
structural design.

The 2D COFs merge two structural characteristics, i.e., periodic m-columns and
precise nano-channels, which allow chromophores to be located in two spatially
separated domains, i.e. in the framework and mnano-channels. This spatial
configuration could potentially be exploited to promote the excitation energy transfer
from the framework to nano-channels and enhancethe luminescence of dyes in the
nano-channels. In chapter 4, the author describes the synthesis and functions of a 2D
n-electronic COF by introduce chromophore in to the nano-channels. The framework
and nano-channel was paired with an energy-donating and -accepting system, which
lead to a light-harvesting and energy- transferring configuration. The highly ordered
and densely packed-m-skeletons of COF serve as an outstanding light-harvesting
antenna to harvest photons and trigger an ultrafast and quantitative energy transfer
to the acceptor molecules that are spatially confined in the nano-channel domains of
the antenna COFs. The emission gradually changes from deep blue to light green and
finally to brilliant yellow when the DCM content was increased. The author
demonstrated the first example of light harvesting with m-electronic covalent organic
frameworks.

In summary, this thesis consists of the design, synthesis and functionalization of
n-electronic 2D covalent organic frameworks. This thesis focused on developing new
strategies for exploring COFs structures especially their unique m-Columns and 1D
Channels. On the basis of the characterization of their properties, m-electronic 2D
COF can be developed to be heterogeneous catalysts with high catalytic activity and
reusability or outstanding light-harvesting antenna by encapsulation of guest
molecules into 1D channels. It is believed that this thesis may not only inspire the
synthesis of new m-electronic 2D COFs with ideal building units, but also greatly
facilitate the development of COFs as heterogeneous catalysts or light-harvesting

antenna by their rational design with m-electronic molecular frameworks and pores.
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Summary of the results of the doctoral thesis screening
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