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Abstract of Thesis

1,2,3-Triazole is a nitrogen-rich heterocycle, which has a large dipole moment and aromaticity. Since
1,2, 3-triazole can form hydrogen bonding with protic compounds and interact with ions, it is promising as
an interaction site. It is thus highly expected that polymers with dense 1, 2, 3—triazole on the backbone exhibit
associative functions. Previously, we synthesized oligomers of 3-azido—1-propyne (AP) by copper (I)-catalyzed
azide—alkyne cycloaddition (CuAAC) polymerization, but these oligomers were almost insoluble in common
solvents. It is a great challenging to study the various potential properties of these polymers. In this
thesis, new block copolymers possessing poly (ethylene glycol) (PEG) and dense 1, 2, 3-triazole blocks have been
prepared. The properties and functions of these copolymers were systematically investigated

In Chapter 2, diblock copolymers possessing a dense 1,2,3-triazole block were synthesized by CuAAC
polymerization. The author has chosen poly(ethylene glycol) (PEG) as a well-soluble and thermoresponsive
block, and synthesized a series of diblock copolymers, poly(ethylene glycol)-A-poly(3-azido—1-propyne)
(EGm-b-APn) and poly(ethylene glycol)-b-poly(3-azido—1-butyne) (EGmH-ABn), where mand n denote the degrees
of polymerization of PEG and dense 1, 2, 3-triazole blocks, respectively. The block copolymer samples obtained
are well soluble in water. Their association behavior and thermoresponsive properties in aqueous solution
are systematically investigated. The block copolymers self-assemble into various nanostructures, i.e.
spherical micelles, vesicles, and cylindrical micelles, depending on the relative length of blocks and
composition. Aqueous solutions of these assemblies undergo lower critical solution temperature (LCST)-type
phase separation, as illustrated in Figure 1. The thermoresponsive association behavior can be controlled

by adjusting the ratio of block lengths and by attaching methyl substituents.
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Figure 1. Typical illustration of the EGmbh-APn aggregates formed and their thermoresponsive behavior.

Chapter 3 reveals the novel photophysical properties of the diblock copolymers in different solvents. A
new type of dense triazole—based fluorescent polymers are developed. The diblock copolymer samples were well
soluble in common polar solvents because of the PEG block. Increasing the length of APn block, the solubility
decreased in these solvents. Unexpectedly, blue fluorescence was observed for a solution of EG45-H-AP22 in
DMF under UV irradiation. The author thus studied the absorption and emission properties of the block
copolymers. The experimental data have exhibited that APn block is an intrinsic fluorophore. The emission

of EGumrbH-APn can be easily tuned from ultraviolet to green fluorescence by changing the excitation wavelength.




This enables fine—tuning of its optical property without the need of changing the chromophore. Since it is
known that triazole captures metal ions through coordination bond, the fluorescence response toward metal
ions have also been investigated. Figure 2 shows fluorescence spectra for an aqueous solution of EG18-4-AP10
in the absence and presence of Na', Zn?', or Cu?’. As can be seen in this figure, Cu®" quenched markedly the
fluorescence from EG18-5-AP10, whereas Na' or Zn?" did not. These observations are indicative of potential

sensing applications of the diblock copolymers
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Figure 2. Optical picture of emission and the effect of metal ions on fluorescence

In Chapter 4, the author prepared BAB type dense 1, 2, 3—triazole—based triblock copolymers, APmbH-EGumb-APn.
Using the strong dipole- dipole interaction of dense triazole—based blocks, new strong and highly stretchable
elastomer with good self-healing ability was developed. This new dense triazole-based elastomer exhibited
distinct characteristics. To the best of the author’ s knowledge, this self-healable APn—A-EGmb-APn copolymer
had the lowest molecular weights < 4.6 x 10°, but with strong mechanical properties possessed a maximum tensile
stress of 7.2 MPa and a strain as high as 770%. Moreover, the preparation of these copolymers was simple
robust, and efficient. No requirements of tedious synthetic steps, specific chemicals, and harsh experimental
condition were required. The excellent mechanical and self-healing properties of these copolymers resulted
from two factors; (1) rational molecular design of dense triazole blocks, in which individual triazole rings
interact cooperatively, and (2) the presence of microphase separation as shown in Figure 3. The strong
intermolecular interaction of APn blocks caused microphase separation, which in turn enhanced mechanical
properties. The author believes that this work presented here will afford a new aspect for fabricating new

novel triazole-based functional materials.
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Figure 3. Illustration of the network structure of the elastomer formed by triblock with dynamic dipole—dipole

interaction and microphase separation.
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