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Nanoporous materials that have large specific surface areas are of broad interest in relation to
their outstanding functions and wide applications in various fields such as gas adsorption and storage,
catalysis, light-emitting diodes, semiconductors, and light energy conversions. Among various
porous materials thus far developed, conjugated microporous polymers (CMPs) represent a new
class of porous architectures because CMPs are purely organic polymers that can be composited with
light-weight elements via strong covalent bonds. One significant feature of CMPs is that the
molecular skeleton is p conjugated, thus making a sharp contrast to other families of porous
materials. Most studies on CMPs to date have focused on the development of synthetic approaches
for the control of pore size and surface area. However, the functions of CMPs, apart from gas storage,
have not yet been well explored. In this thesis, the author focused on the design, synthesis, and
functional exploration of CMPs.

(1) Three-dimensionally Interlocked Architecture for the Construction of Conjugated
Polymers ' '

Conjugated polymers play a vital role in lasing, light-emitting diodes, flexible transistors, and
solar cells. Owing to their rigid conformation, they have a high tendency to aggregate in solution and
the solid state. Such aggregation leads to the dissipation of excitation energy and ultimately limits
their utility as light-emitting motifs. In Chapter 2, the author describes the design, synthesis, and
fucntions of new light-emitting conjugated polymers.

The author developed a strategy for the design of highly luminescent conjugated polymers by
restricting rotation of the polymer building blocks through a microporous network architecture. The
author demonstrated this concept using tetraphenylethene (TPE) as a building block to construct a
light-emitting conjugated microporous polymer. The interlocked network successfully restricted the
rotation of the phenyl units, which are the major cause of fluorescence deactivation in TPE, thus
providing intrinsic luminescence activity for the polymers.

To monitor the development of the porous network and the growth in p-conjugation, time-
dependent Yamamoto reactions of tetrakis(4-bromophenyl)ethene were carried out at different
reaction times to produce a series of TPE-CMPs. TPE- have high surface area and possess
homogeneous micropores with a size of about 0.8 nm. The TPE-CMP network grows larger with
increasing reaction time to achieve large surface area but with retained pore size.

The absorption bands of TPE-CMPs redshifted as the reaction time was increased, which
indicates a progressed extension of p-electronic conjugation. Fluorescence spectroscopy shows that
the emission bands of the TPE-CMP samples were increasingly redshifted. Fluorescence anisotropy
measurements showed that the fluorescence of TPE-CMPs were significantly depolarized in
comparison with linear polymer analogue, indicating that the CMP structure can facilitate exciton
migration over the three-dimensional network.

The absolute quantum yield of fluorescence (@) of monomer and linear polymer analogue
were only 0.20% and 0.65%, respectively. In sharp contrast, the Pg;, value of TPE-CMPs was as
high as 40% under identical condition. Therefore, the interwoven CMP scaffold can efficiently
enhance luminescence activity. More significantly, the TPE-CMP samples are highly luminescent
even in the solid state, without showing deterioration in light-emitting activity or with any apparent
differences between the samples prepared over different reaction time.

The CMP network with three-dimensionally interlocked skeleton suppresses the rotation of
building blocks, promotes p-electronic conjugation, facilitates exciton migration, and enhances
luminescence irrespective of the solvent and material state. These positive “CMP effects” on
p-electronic conjugation feature CMPs as a unique platform for the design of de novo conjugated
materials, which can be difficult to achieve with conventional linear polymers. Because emission
losses induced by rotation are ubiquitous among chromophores, this network approach can be
generalized for the development of various efficient light emitters and wavelength converters.

(2) Core-Shell Architecture for the Construction of Conjugated Polymers
Core-shell structuring is a fascinating approach that combines two materials to produce an
onion-like morphology. This approach has been well established for constructing inorganic
nanoparticles, organic—inorganic hybrids, and macromolecular assemblies, and it has shown its high
potential for achieving unique architectures and outstanding functions. However, .
core—shell-structured p-conjugation system is unprecedented and remains a synthetic challenge.
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In Chapter 3, the author describes a strategy for the core-shell structuring of p-conjugated
systems based on CMP architectures. The author demonstrates this concept through a consecutive
polymerization of two different CMP networks to form the core and shell parts of the polymer
skeleton. A one-pot, two-step polycondensation system was newly developed to initially construct a
blue-luminescent polyphenylene CMP network as the core, onto which another yellow-luminescent
polytetraphenylethene CMP skeleton is grown to form the shell. The different chromophores in the
core and shell allow monitoring of the core—shell structural development.

As revealed by absorption and fluorescence spectroscopy together with nitrogen sorption
isotherm measurements, the core-shell structure enhances the porosity, develops a progressed
extension of the p-conjugation, and promotes exciton migration. These CMPs are highly luminescent
with a @y of about 30%, and retain their emission colors irrespective of the solvent including
CH,Cl,, CHCl;, hexane, DMF, THF, dioxane, benzene, methanol, and water. Interestingly, the
core—shell-structured CMPs are highly luminescent even in the solid state and give emission colors
similar to their solutions. In this sense, the core—shell-structured CMPs represent a new class of
light-emitting materials, which not only allow the tuning of fluorescence over a wide range of
wavelengths but they are also robust in that they retain both the emission color and brightness,
irrespective of the solvent and state. Moreover, a change in the content of the shell or the inversion
of the core and shell components tunes the color of the emitted light over a wide range of
wavelengths, from deep-blue to near-white, green, and deep-yellow. ‘

These outstanding features are not achieved by the conventional linear conjugated polymer
architectures and are highly correlated with the three-dimensional architecture of the CMP scaffolds.
This methodology is compatible with other cross-coupling reactions and is applicable to various
p-building blocks. Therefore, the core—shell-structured CMPs offer significant potential in both the
architectural and functional design of light-emitting and semiconducting materials.

(3) Fused Network Architecture for the Construction of Conjugated Polymers

In Chapter 4, the author describes the design, synthesis, and functional exploration of
conjugated polymers with fused network architecture. By extending the strategy established in
Chapters 2 and 3, the author extended the study to the fused network structure, with an aim to
constructing a conjugated polymer with exceptional conducting properties.

The author developed hexaaminotriphenylene and pyrene tetranone as monomers for the
construction of phenazine-fused porous network polymers. The tuning of reaction conditions allows
the synthesis of the networks with high surface areas and extended p-conjugation. These fused
network polymers are useful for photoenergy conversions and electric energy storages.

As summarized above, through the three-year work, .the author demonstrated that the
three-dimensional CMPs with p conjugated skeletons together with well-defined nanopores enable
the development of novel materials that are completely different from traditional linear conjugated
polymers without porous structures and conventional porous materials lacking p correlations among
the building blocks. Especially, the author has developed new principle and strategy for the
molecular design of light-emitting conjugated polymers, which are completely different from
molecular approaches based on site isolations with bulky polymeric matrices that have been
developed to prevent the aggregation of conjugated polymers. Those approaches provide highly
luminescent polymers, but at the price of a loss in interchain electronic communications. In contrast,
the three-dimensional CMPs are highly active in mediating exciton migration and charge carrier
transport, thus proving a novel platform for lasing, chemical sensing, and energy storage.
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