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Design and Synthesis of Polythiourea-Based Polymeric

Materials for Self-Healing and Stimuli-Responsive Properties

Student; Tse-Yu Lo Advisor: Dr. Jiun-Tai Chen

Ph. D. Program, Department of Applied Chemistry
National Yang Ming Chiao Tung University

ABSTRACT

Polymeric materlals possess excellent stluctural tunabIhty and plocessablllty and are

/

widely used in textj‘l:es/,,pqckaglng, electromc"components, and adhesrye ‘materials. However,

P [ s

ERCS

prolonged exposure'lo meehanieal loading .andf"envlronmentalttfac‘t!ors éaﬁ eeuse irreversible
damage, ther_eby limiting service life ancl inereasing resource consumption for material
replacement andwaste disposal. Se_lf-healing' polymers can restore damaged structures through
reversible bondmg andmpolymex chain 1eorgamzat10n The: further incor poration of light-,
thermal-, and ac1cl base -responsive functlons enables these materlals to regulate their optical,
thermal, and mterfamal prOpe1 ties in response to extemal st:mull .

In this study, a polyethel-based polythlourea (PTUEGg) contammg ‘multiple dynamic
hydrogen-bonding sﬁes,serves as the central molecular framework Polymer blending, main-
chain copolymerization, and ‘side- cham funct1onal1zat10n are employed to develop functional
polymeric materials that integrate self healmg, stlmull -responsive, and adhesive properties,
while the relationships among molecular structure, segmental dynamics, and macroscopic
performance are systematically investigated.

In the first part, polyether-based polythiourea (PTUEGs:), which contains multiple
hydrogen-bonding sites, is synthesized and blended with thermoplastic polyurethane (TPU).

Flexible fibrous membranes with microscale porous structures are subsequently fabricated

through electrospinning. The damaged fibers can be repaired under thermal or compressive

ili




conditions, thereby recovering their mechanical properties. The fibrous membranes exhibit
stable self-healing performance and favorable durability while retaining their original
morphology and breathability, demonstrating their potential for use in wearable textiles and
sensing substrates.

In the second part, azobenzene units capable of reversible isomerization are introduced
through molecular design to synthesize a main-chain stimuli-responsive copolymer, PTUEG:-
co-Azo. The resulting material exhibits distinct acid—base-induced color changes and thermally
induced conformational transitions. Moreover, modulation of its molecular configuration
enables tunable interfeeial adhesion and visual indication, suggesting potential applications in
smart packaging;,g.r_l_id ?Ontpqllap]e adhesive systems.

In the thi_yel part, azobenzene greups are incou‘porated_into the polythiourea side chains

through ﬂex“iﬂlef" spacers. Comperedw with»th'e main-chain configuration, the side-chain

K )
e

azobenzene cle51gn prov1des greater confm matlonal freedom whxle px ese1vmg the backbone

flexibility of the po]ythlourea The resultmg ﬁlms exhlblt reverSIbIe ac1d—base-mduced color

changes and stable trans—cis photmsomerlzatlon under alter natmg ultraviolet and visible- -light
irradiation. Uitreviolet irradiation converts the azobenzene side chains into a cis-rich state,
altering moleculef paeking and increasing segrﬁeﬁtal mobility, thereby promoting chain contact,
diffusion, and rearranéehi‘ent“at damaged interfaces. Lap-shear _testi"ng fuither demonstrates that
sequential ultraviolet and visible-_light’_ treatments significantly enhance the interfacial load-
bearing capacity of the material. These resﬁlts indicate that photoisomerization-induced
changes in segmental dynamics can be effectively translated into light-assisted self-healing and
photoenhanced adhesion.

This study integrates self-healing capability, flexible processability, and responsiveness to
external stimuli through molecular-level design of polythiourea-based polymer systems. The
resulting materials exhibit substantial potential for advanced functional applications and offer

a novel, feasible design strategy for developing smart materials and sustainable polymers.




Keywords: Polythiourea, Self-healing, Electrospinning, Flexible fiber, Stimuli-responsive,

Azobenzene, Adhesion
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