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Abstract of Thesis

In this doctoral dissertation, poly(L-lactide) (PLA) and polyethylene glycol (PEG) were employed as building
blocks to design the multiblock copolymer backbone. Through facile, sequence-controlled, and systematic
tailoring of the copolymer segment structure, composition, and topological architecture at the molecular level,
the author has precisely tuned various properties, including hydrophilicity, crystallization behavior,
biodegradability, mechanical properties, etc. There are three chapters, each corresponding to the author’s
published research findings. Each Chapter presents a different set of conditions, demonstrating the potential
for tuning the properties of PEG-PLA multiblock copolymers and their wide range of applications.

In Chapter 1, the novel PEG-PLA bioplastics with either sequence-controlled alternating or random
structures were developed using a facile ring-opening and coupling reaction energy-efficient method. The
molecular structure was carefully controlled and modified to explore the balance between using hydrophilic PEG
as a building block to modify PLA in terms of thermal behavior, mechanical properties, deionized water
durability, and marine biodegradability. The resulting bioplastic maintains durability in wet environments
while degrading quickly in seawater, which is crucial for preventing marine pollution after disposal. A thorough
characterization was conducted to analyze their crystallization and mechanical properties, ensuring their
reliable performance. This makes PEG-PLA an excellent material for packaging, medicine, and agriculture
applications to combat marine plastic pollution.

In Chapter 2, a biodegradable shape memory PEG-PLA multiblock copolymer stent with precise control
over transition temperatures and water was designed, which enables its suitability for in vivo applications. This
research introduces an innovative approach that combines shape memory polymers with body temperature- and
biofluid-responsive behavior, utilizing the inherent stimuli of human physiological conditions. The PEG-PLA
stent demonstrates exceptional toughness, pH-dependent and gastrointestinal biodegradability, and a dual-
shape memory effect triggered by temperature and water. Additionally, in vitro simulated evaluations revealed
that the self-expanding stent could locally and sustainably release drugs, potentially impacting disease
treatment significantly. The development of this innovative multiblock copolymer stent, capable of responding
to the body temperature and biofluids while serving as a drug carrier, holds promise for localized and sustained
drug delivery, addressing inflammation, and inhibiting tumors.

In Chapter 3, a novel approach directly blends separate components in different solvents via evaporation-
induced co-assembly by introducing water-insoluble PEG-PLA copolymers into cellulose nanocrystals (CNCs) to
create a composite film with exceptional toughness and reversible structural color changes, making them easier
to handle and manipulate. These composite films exhibit responsiveness and reversibility to various stimuli,
including left-handed CPL, different backgrounds, viewing angles, and changes in environmental relative
humidity. Additionally, they respond rapidly to environmental humidity and solvent presence, proving ideal for
methanol detection sensors. The elaboration of mechanical toughness and the potential for intricate encryption
applications suggest a promising avenue for developing green, flexible CNC-based materials for multifaceted
optical devices and color sensors. This research contributes a new perspective to the field of biodegradable
photonic materials with controllable and multi-responsive structural colors.

In summary, functional films based on PEG-PLA multiblock copolymers were comprehensively developed.
This doctoral dissertation is expected to contribute to developing high-performance biodegradable copolymers

with advanced functionality and exploration of these materials in diverse applications via facile design.
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KLiE, RV FLo Y a—naR)(L-F 27 F R)wAF7ay 7 LEAEK (PEG-PLA) D4Rk LHEEREIN
RICETL2HEEELDIELOTHY, Fame Am=, RIENLRD, TORNBRELENTLEUFOLEY TH
Al

E—ETIE, AGBHEBESB LN v 7Y U VRIS L o THAM PEGEZ A v b &EIAM PLAEZ AL b
WM AT, o —H 2B ENT-RHEE 2135 & L PEG-PLA dLBEAEE G L CHEHA 2R A5 RS A A
TIAF w7 OFFHERF Uiz, REAERO S TS E RS ICHIER L OWET 2 2 Sk 0, BRerE, B
FePE. A A AR TOMARIEZFIE T2 Z & A TE 72, WIBNREE & SR BB i 57 TR MBI RrME 2 7% L
PEG OEAIZLYD PLA P #HOZMMENEE D, V7 ABBEENMETLEZZE2RAELE, 618, ®EAE
PEG-PLAv/VF 7 1 v 7 LEHA KRN ERH CREBICHERDMTE, FELSHERBR THLPLAR G TE W &
WL, 28HRIKT2 452 2 RH LI, L7zh-> T, ABFETEHKR LIZAZAPEG-PLA~/VF 7 1 v 7 T
HGWEF A AT T ATy 7 & LT, @25, EE, BERERNT ORIEREE T, WEASMNELS . BAETHE
PR E MRS Y — U MBHOGH T&E 5 Z L BRI ST,

BRI, o FHEZ AL MERIET L Sk BREEE R OESMER BEPEG-PLAV LT 7 v 7 3t
BAEAT VM EERE L, IREISEME & KIS T 2 MM 2 B BICHE L TS A~T U 7T~ E L THRE
L7ze BARDREPEG-PLA L F 70y 7 BEAEIIV IRy MHBREASBLIOY v 7V U7 RIGICE VAR L
F. BARBPEGLPLAEZ AV Mk EFHIBIT A Z &N TE T, B LI AHPEG-PLA~ VT 7 1 v 7 ILEARIL,
TR FTRE AR ERRBIR L L N2 KM EZ R L, mWEET R O S N7 pH RIFMER L OB RE S f#EZ R LT, in
Vitro K5 v 7 F U N —FHIClE, A LT HPEG-PLA~ VF 7 1 v 7 LEAEIL BT e 1o 3850 %
TELHZENRENT, DX, KREIREEE KEEEZFIRAT2Z e bic, EHOXF v U T & L THRE
TEHLWEREE~ALTF T ay 7 HESEAT V MOBRIL, REREOERFREOISHEZIZILD, v Tl
MERRFHI L 0 DAL A ~T VTV TE D Z e R I iz,

FEZEHTIL, KTRBETHHPEG-PLALEGERZZARFELN CEALEFH L TEAR—XF 7 U X&)V
(CNC) IZHEATIH LW FEEZRRF L, BEittl L O a2 & a2 b 2 o868 7 « v AOERZ BT L
7oo VTEHLU7-PEG-PLAJLEAMRICNCHES 7 4 AV AiE, AV HEKICE > TRZ2 G0N R, Rip264, BX
OBRBEMAMBEOEE G S F SERFMMIISE L, FIEEEAELE R LTz, (L 72PEG-PLAILEA K
ICNCHEA 7 4 /v AT O ) | & AT s e B (b2 o7z, ettt v —IgbAcE | i
BRTREN DL B O E A E FF O R EDMHEEAE 7 4 VA E LURAZIBRT 22 L3 A[HETH 5,

Pl X Hic, KanIRV(L-F7F MWKV =F L7 ) a— LB AT L EREIKIC L > THEE -tz
B TE D Z Ea2EIA L, i TRE/RBIE A= (SDGs) ICHERT 58 LM B ORFEH 2R LD TH
5y FoT, HBEHIELTUMMELILDLEEDD,




