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Summary of thesis contents

Two-dimensional covalent organic frameworks (2D COFs) are a class of lightweight
porous materials that combine both the long-range periodic feature of molecular
crystals and the extended conjugation skeleton as in conjugated polymers. The typical
2D COFs consist of light elements such as boron, oxygen, silicon, nitrogen, carbon
and hydrogen atoms and hence present amazing features such as high surface areas,
excellent thermal stability, and low densities. Up to now, 2D COFs have attracted
interest for diverse applications such as chemical separations, gas storages, catalysis,
optoelectronic devices and energy storage. Despite these desirable features, 2D COFs
remain far from fulfilling their potential because they are typically present as
microcrystalline powders, which are hardly to be utilized in practical applications.
The limited comprehension on the structure and properties of COFs impedes the

progress on improving COF crystallinity and developing new type of COF linkages.

This thesis is composed of experimental studies, computational simulations and
theoretical analysis on 2D COFs. The significance of such work lies in the insights
that it systematic development of a hierarchical multiscale model for elucidating the
crystalline structure of 2D COFs. This theoretical model of 2D COFs managed to
provide a convincing success for illustrating a series of experimental phenomena that
cannot been explained by the existing model. The polarizing optical microscopy (POM)
was first introduced into the research of crystalline structure of 2D COFs and
resulted in some crucial evidence to support that 2D COFs has a potential to achieve
high crystallinity. These results substantially enlarge our understanding on the

intrinsic properties of 2D COFs.

This thesis consists of five chapters.

In Chapter 1, the history and principles of two-dimensional covalent organic

frame-works are described.

In Chapter 2, the influences of guest molecules on crystalline structures of 2D COFs
are described. Two-dimension covalent organic frameworks are a class of crystalline
porous materials with highly-ordered one-dimensional open channels and exquisite
structural symmetries. In experiment, powder X-ray diffraction (PXRD) technique is
the most important method for determining the crystalline structures of 2D-COFs. In
this part, the author demonstrated a host—guest effect between the guest molecules

and the channels of 2D COFs can exert an evident influence on experimental PXRD
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spectra of COFs. This result explains the stacking behavior of COF-1 and implies a

possible way to the elucidation of unambiguous structures of 2D COFs.

In Chapter 3, the possibility of twisted stacking phenomenon in 2D COFs is discussed.
The crystalline structures of 2D COFs are composed by n-m stacking of layers, which
are not connected by covalent bonds, but joint together mainly by London dispersion
interactions. Hence, the turbostratic stacking may occur during the formation of 2D
COFs and then results in defects in crystalline structures. This kind of defects is
generally considered as the lateral offset between adjacent layers. In this part, the
author introduced a concept of relative rotation to describe the turbostratic structure
and gave out a universal mathematics modeling method for hexagonal and tetragonal
crystal systems. By analyzing the twisted stacking models in different rotation angles,
the author confirmed that the twisted stacking phenomenon has a probability to give
rise to Moiré patterns in TEM image, which has been observed in experiment. The
existence of twisted stacking phenomenon in 2D COFs can also be verified with the
asymmetric broadening of the PXRD peaks and the abnormal pore size distribution in

BET analysis, which cannot be explained by current theory.

In Chapter 4, the curvature structures of 2D COFs and the proposed mechanism are
described. 2D COFs have been considered to consist of planar sheets that align in
parallel. Considering the underlying diversity of macroscopic shapes, such as belt,
spheres, and rods, found in 2D COF samples, it seems that a variety of different
factors may involve in the control of the object morphology during the formation of
final products. In this part, the author first observed that an imine-linked COF with
triphenylbenzene vertices and phenyl walls (TPB-DMTP-COF) formed unique
spherical nanoparticles, as evidenced by high-resolution TEM measurements. These
spherical particles consist of multiple curved COFs layers with a hollow central space.
The author presented a curvature model to elucidate the origin of these hollow
spherical particles. Several representative curvature structures were modeled and
optimized with molecular simulation. By utilizing SEM, TEM, and polarizing
microscope techniques, the author further verified the existence of spherical particles
with sizes ranging from nanometer scale to microscopic scale and a new paralleled
crystallization mechanism was established, which may complement the formation
mechanism of 2D COF.

In Chapter 5, the conclusion of this thesis is described.
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Summary of the results of the doctoral thesis screening
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