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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
structures. From a synthetic pdint of view, COFs are intriguing since they allow a new degree of
control of porosity, composition and component positions. As high-surface-area materials that link
elements of low atomic mass by covalent bonds, COFs exhibit considerable potential for gas
adsorption applications. Since the first report on COFs in 2005, several families of COFs have been
reported. 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.

Phthalocyanines are large, planar p-electronic macrocycles with broad absorption profiles that
could serve as intriguing units in the construction of porous frameworks. To expand the scopes of
building blocks in construction of COFs and explore the semiconductive and photoconductive
properties of these novel porous materials, phthalocyanines are endowed with exciting application
values as main skeletons in the construction of two dimensional COFs. In this thesis, the author
focuses on the design, synthesis and properties researches of phthalocyanine based p-electronic 2D
COFs. The content of this thesis can be summarized as follow:

In Chapter 2, the author describes a protocol for the integration of large metallophthalocyanine
p-systems into two-dimensional covalent organic frameworks based on a boronate esterification
reaction using octahydroxyphthalocyanine and phenylene diboronic acid as building units in 90%
isolated yield. The resulting material, NiPc-COF, consists of a layered structure of planar sheets,
with uniform microporous channels and a large resulting surface area. Owing to well-ordered
'stacking of the phthalocyanine unit, NiPc-COF shows enhanced light-harvesting capability in the
visible and near-infrared regions, is semiconducting and facilitates charge carrier transport. As a
result, NiPc-COF is highly photoconductive, exhibiting a panchromatic light response and
exceptional sensitivity to visible and near-infrared photons. These properties are unique and highly
correlated with the structure of NiPc-COF. The remarkable results presented herein demonstrate the
enormous potential of two-dimensional covalent orgarﬁc frameworks in novel optoelectronics
applications. »

In Chapter 3, phthalocyanine macrocycles bearing different central metals for the synthesis of
high-rate charge carrier conducting 2D MPc-COFs have been reported. The AA stacking alignment
is the most favorable layer structure and offers columnar phthalocyanine paths, that is,
macrocycle-on-macrocycle channels, through which holes are transported within the COFs. The
center metals in the phthalocyanine rings play a dominating role in the distribution of electron
density for. phthalocyanine macrocycles, thereby leading to the formation of different-rate hole
conducting COFs. And owing to these well-ordered stacking of the phthalocyanine units, MPc-COFs
show enhanced light-harvesting capability in the visible and near-infrared regions, exhibit the

potential in novel optoelectronics applications.
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In Chapter 4, the research is about a strategy for the synthesis of the first example of n-type
semiconducting 2D COFs using electron-withdrawing blocks. NiPc-BTDA-COF adopts the AA-type
stacking arrangement and exhibits enhanced absorbance over a wide range of wavelength up to 1000
nm. NiPc-BTDA-COF exhibits panchromatic photoconductivity and is highly sensitive to near
infrared lights. Owing to the AA-type stacking, NiPc-BTDA-COF provides pathways for carrier
transport. As a result, the #-channel NiPc-BTDA-COF transports electron with high carrier mobility.
These characters clearly originate from the structure features of the 2D COF and hardly achieved
with other n-type semiconductors, and thus constitute a new aspect in the design of p-electronic
functions of COFs.

In Chapter 5, the author reports the molecular synthesis of a p-grid with discrete p-lattice
ordering based on 2D COFs using porphyrins and phthélocyanines as complementary functional
components that are alternately linked and two-dimensionally networked with atomic precision. The
" 2D COF materials are obtained as crystalline open networks bearing permanent 1D nanochannels,
consist of parallel p-stacking layers, and are hierarchically organized with built-in and periodic
p-lattice arrays of porphyrin-over-porphyrin and phthalocyanine-over-phthalocyanine columns. The
‘synthetic p grids enable the texture of p components with controlled sequence, distance, and density,
have no limitations on metal species centered in the macrocycles, and allow the tailor-made
synthesis of p-lattice arrays. As exhibiting great absorbance covering the solar spectrum from visible
region to near-infrared lights, these Pc-Por-COF materials are endowed with high potential

applications in optoelectronic devices.
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