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Summary (Abstract) of doctoral thesis contents

Covalent organic frameworks (COFs) as a unique class of crystalline porous
polymers, enables precise integration of organic building blocks into structures that
establish skeletons and ordered channels. One significant feature is that their
designable structure can be obtained from the geometry and dimension of the
building blocks. In addition, their pore channels can be further functionalized with
varieties of groups based on topological design and pore surface engineering.
Especially, the designable skeletons and pores have been developed into a broad
diversity of properties, and are used in chemical sensors, charge separation, charge
carrier transport, ion conduction, and catalyst. My study focuses on the design and
synthesis of novel COFs for exploration of their potentials in electrochemical energy
storage and conversion by developing outstanding electron and ion conducting
functions.

In chapter 1, I summarized the field of COFs. I illustrated the design principle,
the diversity of building blocks, and the availabilities of linkages. I also outlined
the progress of COFs in electrochemical energy storage and conversion devices,
including capacitors, lithium-ion batteries, lithium-sulfur batteries, and fuel cells.
And I also reviewed the recent progress about the synthesis of COF-derived carbons,
that target for supercapacitors, catalysts, and electrochemical catalysts.

In chapter 2, I described a general strategy for converting conventional COFs into
functional carbons based on template pyrolysis. COFs were grown as a shell on
crosslinked polymer spheres to form a thickness-tunable core-shell structure. This
unique structure makes a synergistic structural effect to produce carbons which
possess conductivity, microporous structure and heteroatom density, which are
attractive in energy storage. The obtained capacitors achieve exceptional capacitance
at different current densities (411 F g-1! at 0.5 A g! and 287 F g ! at 1 A g1),
high-rate charge and discharge, and stable performance over 10000 cycles.

In chapter 3, I demonstrated a methodology to synthesize an ideal electrochemical
catalyst in oxygen reduction reactions by combining two strategies: the use of COFs
as a carbon-precursor and the development of a suitable template to guide the
pyrolysis. This methodology results in carbon layers that possess high conductivity,
hierarchical porosity and abundant edges. The prepared carbon layers work as
catalysts for oxygen reduction reactions and exhibit superior performance, with
exceptional onset (about 0 V vs Ag/AgCl) and half wave potentials of —0.11 V, and
high limit current density of 7.2 mA cm-1. The results are superior to the
state-of-the-art Pt-based catalysts and reveal novel materials platform based on
COFs for designing catalytic energy conversion systems.

In chapter 4, I demonstrated design and synthesis of all solid lithium electrolytes
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based on 2D COFs in which the one-dimensional pore channels are functionalized
with oligoethylene oxide chains which have formed a pre-organized pathway for
lithium ion conduction. The targeted COF (TPB-BMTP-COF) was synthesized by
condensation of 1,3,5-tri(4-aminophenyl) benzene (TPB) and 2,5-bis
((2-methoxyethoxy) methoxy) terephthalaldehyde (BMTP). The COF exhibite a high
Brunauer—Emmett—Teller (BET) surface of 1750 m2 g-1, with the corresponding a pore
volume and pore size of 0.96 cm3 g-! and 3.0 nm, respectively. More importantly, the
COF is stable until 300 °C under nitrogen. The COF enables to load of lithium
sources within the pore channels to obtain complexes, which exhibited ionic
conductivity of the complexes is as high as 6.9 X10-3 S cm-! at 100 °C. the complexes
shows excellent cyclic stability to retain a high conductivity after 24 h continuous
operation at 100 °C.

In chapter 5, I described the design and synthesis of series of solid electrolytes
based on COFs by pore surface engineering methods. The designable frameworks
possess short ethylene oxide chains that are linked by click reactions. The short
chains on the pore walls retain high motion flexibility that can facilitate ion
transport along the 1D channels. And the COFs allow for the precise tune of and
control over the length and content of chains on the pore walls. The designed COFs,
upon load of lithium ions, work as electrolytes that promote lithium ions transport
fast along the 1D channels. The results demonstrate the greatly importance of
ordered channels and ordered electrolyte sites in facilitating ion conduction.

In chapter 6, I summarized this research work and exhibited the perspectives in

energy storage and conversion based from COFs.
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