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CONSTRUCTION OF FUNCTIONAL POLYMER
ASSEMBLIES BASED ON p-KETOESTER-BASED

MONOMER

ABSTRACTS

Polymer assemblies have broad application prospects in
interdisciplinary fields such as biomedical engineering, nanoreactors,
coating technology, and catalysis, thereby attracting significant attention
from researchers. In recent years, polymerization-induced self-assembly
(PISA) has emerged as a transformative technology, significantly
advancing the scalable fabrication of polymeric assemblies due to its
advantages of precise morphological control under high solid-content
conditions (up to 50% w/w) and its efficient and convenient preparation
protocols. However, existing PISA systems generally suffer from a critical
limitation: the nucleation segments lack functional groups, thereby
restricting their further application in the field of functional materials. This
master's thesis introduces ethylene glycol methyl ether acrylate
acetoacetate (AEMA), a functional monomer bearing distinctive -
ketoester moieties, for the construction of functional polymeric assemblies
via RAFT heterogeneous polymerization. The study investigates factors
influencing polymerization kinetics and morphological evolution. The
principal research contributions are as follows:

(1) PPEGMA,-PAEMA,, polymer assemblies were successfully

prepared in pure aqueous medium through redox-initiated RAFT emulsion
1
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polymerization of AEMA at 50°C, using poly(polyethylene glycol methyl
ether methacrylate) (PPEGMA,-CEPA) as the macro-RAFT agents.
Polymerization kinetics studies demonstrated a high reaction rate,
achieving 95% conversion within 30 minutes. By regulating the monomer
concentration and the degree of polymerization (DP), polymer assemblies
with distinct morphologies were obtained, and corresponding
morphological phase diagrams were constructed. The results indicate that
monomer concentration exhibits limited regulatory effects on the
morphology of assemblies in RAFT emulsion polymerization. Furthermore,
the versatility of this RAFT emulsion polymerization system was
confirmed by synthesizing PGMA4-PAEMA,, polymer assemblies under
similar conditions. Finally, post-polymerization modification, which
exploited the multifunctionality of the f-ketoester groups in the assemblies,
enabled the fabrication of luminescent polymer assemblies, whose
biocompatibility was subsequently evaluated.

(2) An 1n situ synthesis technique was developed by combining the
Hantzsch reaction with RAFT dispersion polymerization in an
ethanol/water (80/20) mixed solvent at 70°C. In this process, PPEGMA,;,-
CEPA was used as the macro-RAFT agent, with AEMA and benzyl
methacrylate (BzZMA) serving as the monomers, and azobisisobutyronitrile
(AIBN) as the initiator. Fluorescent polymer assemblies incorporating 1,4-
dihydropyridine (1,4-DHP) structures were successfully prepared. Kinetic
studies demonstrated that the system exhibited dispersive polymerization,
achieving 98% monomer conversion within 10h. By systematically
adjusting reaction parameters, a high degree of polymerization was
achieved and precise control over the assembly morphology was obtained,

with corresponding morphological phase diagrams constructed. The

v
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investigation of a series of fluorescent polymer assemblies confirmed both
the feasibility and universality of this strategy. Finally, fluorescence
spectroscopic characterization revealed that the polymer assemblies
exhibit strong fluorescence emission under 400 nm excitation. This study
demonstrates that combining RAFT heterophase polymerization with
multicomponent reactions extends the versatility of the RAFT-PISA
method, providing a novel strategy for the efficient preparation of

fluorescent polymer assemblies.

KEY WORDS: polymerization-induced self-assembly, functional
polymer assemblies, S-ketoester group, RAFT emulsion polymerization,

RAFT dispersion polymerization
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K 1-3 RAFT -4 HLER0

Figure 1-3 RAFT polymerization mechanism(2”
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Figure 1-5 Schematic diagram of polymerization-induced self-assembly based on RAFT
dispersion polymerization modulation(2°!
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Figure 1-6 Synthesis of P4VP-PS block copolymer assemblies with various morphologies by
RAFT dispersion polymerization in methanol3
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g R A R —— IR+ e HORNE DU ke, B ARIE BEb o 1L B v i s R
R TSR BT RAT Ry o 2022 4F, R SHRIE T 7E Vi A R ok
17 PISA #F5%, LL PLMA NK4>T RAFT iR5f % GlyMA [f] RAFT 73 HUR &
I & T AR T RN A WAH R . 2017 F, KA EBIRHAIB]
BT R F I B A A SR 5T, LASR R L P AR R -+ — 98U BE e (PDFMA)
YENRI>T RAFT W5fl, i RAFT 73ECR & MIISEIL | — RIVR S A LAk
(AT £ o MATTTEARE 7E 1 S BRI AN 2 2 BUME I R 3 A 9 &5 SR
BRI Z SR A T 2 M) BE AR .

IKNER—FME A LIAMRERIAN BT, 1EKh I PISA A R AU E B RS £
Theemth s, T B DL RAFI PR, DR 52 20z e 70 OGNS, 48T, 7K
FH A BOR & BE R BRAR L A0 58 VAR T 7K, T AR J R S5 i ANV Tk, 3 PR
T RTHIT/KAH PISA BBAAAFNSE . IR B, A8 O Bk 32 B N-S A R A A B M
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LAY TRER AR 2 AR S

(NIPAM) B0 FISEPIIRER RS (HPMA) B53210 3P i 3 15 Bk e (DAAM)
(53,5410 N, N- - . F£-2- ML (DEAAmM) %1, 2-FR Z & NI REE (MEA) B¢
Mz~ HENERE: (EGDMA) BT, K, A/KMHSEREIFEEZEM
T IR LA A0 R (Y R T 1A

Kl 1-6 PGMA-PHPMA ik B RV Bk (12356 PHPMA 2R-& 238 4K TEM [&]152]
Figure 1-6TEM image of the morphology of PGMA-PHPMA diblock copolymer assemblies as a
function of the degree of polymerization of PHPMA!S

2007 4, Hawker #(#Z FIAPOFFQIMEEE L T 1 /NKAH RAFT R AR R
ZBIBN PSRRI (N, N-— WL Bt ) (PDMA-TTC) 1E K77 RAFT i
F, FERE (70°C) 5l R %A4F T 28l NIPAM BB S, T 15% wiw 5 4F T35 5%
REAL AL 98% I IR WA etk , HILTEHNIR T 3K . 2011 4, Armes H#% 4]
BAPIZE B REfl AR M. LA PGMA fENK7rF RAFT &5f, @i % PHPMA
HEEL ) DP BHATRE AR, 7E/KH RAFT A BOCR A FE A, pRIhsel TERE . i
HURFIEE TSR (LK 1-6). ZHIBUE &R TEM IRAIRA TR E KM,
W5 B 43 ST HOIR B2 75 A0 78 45 04 o 3 e S5 44 (1) T AR T 0 HROTR R TRAE 43 3
R ARG E BIBWNEA, RAEARTN, NEAWHERETRS
LR B AR A R T DG DL

LB R AL KA PISA 7R RS LR, MW — RS AA
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REE IE ROV A ThRE B A . AR SRR HRIE R, ZEIBAT 2015 SRR A Thag
3L ) DAAM SR, fE7KA T I SEBL  RAFT 70 BCR & H PISA. BEFEAKHL,
DAAM TEZKPEA BT IR SR G R BERC IR, AN TG 4 /NIRRT 58 il B AR 1) 58 A A
I H R G R R AR S 1 3 0 2 R R R

a (405 nm) Spheres
=§:o Aqueous photo-PISA

{0\ —
ol J e ;

mPEG-PHPMA
oA | )

(HPMA) (mPEG-gEPA) \

1-7 7KAHA] WO FE PISA 7 i 1)
Figure 1-7 Schematic diagram of aqueous phase visible light modulated PISA!”]

SR KA RAFT 73 86 BT 78 CaRAT RBIVE R SR, (5 R B2 BUR K A=)
FHA L SR & D A A ) 2% b B s B B TS T Wb A PR 9 A G A 51 R A R e AE
70°C fpit NRHT, XAREF ARG/ 2 IR KAH RAFT 2 8UR &7 6 BOR U
H R T ] o 878 ) S04 R A Ve S MRS A 9 s, I e 5| R SR
T =R RAFT KOBEERAH R . RS H SPTP Ats| k7,
FE WA NI LIOE T K DAAM KA RAFT 730 BUR & ARSI 45 R R,
I BEIRF BRI IR . EAR RN, E SIS BE R 2015 FRHL
FEORTM . il 1-7 Fos, AR WOGSIK ) PISA A Rl SPTP
NIEEIRFIL LI Z B (mPEG113-CEPA) N KT RAFT 5, SZBL T Xt
HPMA H AR FERIRE B, RO 708 2RISR R S WAk 3
FHHRY], ZRNAKR AT 15 b A SEILEAA R e i, HER AR
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HORSHE 20 1 R R . RRRME AR IR, TR R RIRIR RS, B
TR RS SEEL 7 AR M AR (BSA) [HEA 73k ThAEAL S S 3R I 2
1.3.2 RAFT FLi&E&H PISA

JKAH RAFT 4 BUR & BRI 2 LS00 2R G WA A A, H1 32 BR T /K P o
PRI BRAE R, 1X —H AR 535 411 20 7 FL Sz Bn B VS o ARSI, 7KAH RAFT
PR G R R AR & 1, AR S AE T AT e B AT B K AR AT 4
SEORKE, P oy B E PR PISA SEHESENS, BLC N2 TR
IR TAR AL AR R IR, FIHBE TR B, AR AR & B R ) 2H %6
7, TEE AR PSS R BT T AR AE B35 BT o B Bh CHRAERIE A 2 RS fR T
AN Z VR ECHNPS s e 2

7E RAFT KL A VLG TFE M B, St 2 1 ZE K % k% #% . Charleux
R DT 2010 F R FFQIVERF 7 E IRBAIE T St ALK BT S IEER Y
BRI AT . L P(AA-co-PEGA) LY N K2 T RAFT W5, @it
AR EER RAFT FLIBERE il & 7 gl HUR G5 1 SR G W etk . AL
T, HFM{E ] PAA-TTC 5% PPEGA-TTC K% 7 RAFT {5, & RIAEHKS
LIS BE)E, 12U — P90 g T /KAH RAFT JLBEE A IR 7L, FE7KAH
H1 2L P(MAA-co-PEOMA)-CTA {E K5 RAFT i, 4% St i) PISA i %,
RIS T AR S AS TS . B RS HE TR % DP RLRARIR EE R Gl T
BRI i R R BTS00k B L SR A AR A . 2016 4F D’ Agosto #Ui% 14
FRAIGERAE R 738 T R T RAFT SR B HR NG5 K T 06 L 3 1 T 35 643
PN SEIGAESE, 84K T RAFT BB 2L A [ A7 5 51 N SE K I %,
A DA R S AR I AR o F 90 R, IR $h 4% S s B BB SR AT B0 K
TR, E0HE LA ST HOR TS0 00 AT 4% 1) 4%

PRt R AT LA St {F N RAFT LR A H R ik, #TRED
AR TSN L RO BIE 7C o SRR, FF B DR R T 5 AT 94 R T 28 PR A Dl o — 28
N LR E AR, FEKAH RAFT LIRS A 50 AR ERF BRI BRI 1T i
OBIERI, RS AAHET PISA B, AR LB AEIREERILIES. B,
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Armes HFZ IR Cunningham!®?l, Canning!3 1Pl }2 Hatton!*41%25E A\ AHZk$i%3& T LA
BzMA. PhA 1 GlyMA N % SR 31T RAFT JLIBCR G BT . WHFRR,

B L o [ 5 B 2 A = MERR S HOA S T, T A SEER A RESRAS BRIE 4544
RAFT aqueous emulsion polymerization of HBMA

HO{
PMAA,-PHBMA,
y =50 -1500 \Z

HBMA solubility ~ 20 gdm? ‘Monkey nut’ morphology
1-8 T RAFT /K IR 4] % PMAAse-PHBMA, % Bt S 2H B4 B HoASR TR (0 “ 84

dd VINEHd Suiseasnu

N7 T
Figure 1-8 Preparation of PMAAss-PHBMA, block copolymer assemblies by RAFT aqueous
emulsion polymerization and their specific “peanut-like” morphology!®s)

2017 4 Armes ZHZ IR QIEART T BARVE BRIV XT RAFT FLBER &
/5 PISA JESREAZ I RFENLH] . a0k 1-8 i, %0 70 838 M ik ] HBMA fF
NAZ AR, HAEKA BT (70°C) HEERAENT HPMA 5 BzMA Z[A]. &
IR PMAAse-TTC 1E N KT RAFT 7, ARG T SARIA AR M 1 2
ST AL AT S AR R S R . 25 58RI, TERE BN 5 FEAR A YE /)
If, FIERAS “TEAIR” G54, FFRIL AR I % A . X — BRI FUE G
S RRAZ SR PR VA TR RE R RS AL B AR T S AR (K G Y S

SN IR OE 2019 FFHUSRIMERR, REFR T AT WGEN
RAFT LR A 31 Photo-PISA & R . 18T AMGEE ST B (MBA) A Rit%
e, R TR RENGEREE (PPEGMA-CDPA) K4 RAFT 5, £=
IR RS TR, FERT WEHIR T S SEIL T A F TSR G AR il %, 04
BRE . i HUR K B0 55 . R4, ZURE 2 ST ol T —Fh T IR R 5 R
RAFT /KL G PISA 7R R, 124K & AT AEBUIR S S T #k47 . i 1-9 PR,
W50 K AR B 7K K 4> ¥ RAFT X7/ PPEGMA-CDPA-Me 5 ii#% # 1%
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GlyMA R SRR ST HAIE I 5 MBI RIS AL BERF P, 124K R AE 25-
50°CiR [X N 2 R DL Ry ROCR B AT O, J T SE L 2 R JE 35 1) R S I AL 2 A 1) )
Pt o SIS KRR MY, ROBOIR T ] B e R A B, IR
BT Ry BEARK ST RAFT G BEK DL 2R i iz B B ¥ DP,

AR TREENIES: 5 RAFT 7 ECR G MEL, £ RAFT ALBCR SRR H, &
AR BRI L AR B AL I SE M AN K o BE— 2D 70 rdios, BRARAE K B VA AR
BE I LU AR S IR B AR TRE (T 2 YUE @ R SUE S A R 5 .

RAFT-mediated Emulsion Polymerization

(0]

o]
S S e i3
o s % PEGMA MR o” Gyma MY Wo
‘(\,);1\“,\'<\/1L/é S5 CN é oo o

O ]

S ON 1 4 -Dioxane, AIBN, 70 °C "ﬁ Water, KPS/NaAs, 25- 50 °C

CDPA-Me O. ;L o O)L
X 59
PPEGMA-CDPA-Me PPEGMA-PGIYMA

oe | J.

Packing parameter

S

_—

1-9 JEiTd RAFT R RS & K5 F RAFT 7 LL L B IRJE 5] & RAFT ILIB R &5 K

PPEGMA -PGlyMA, i Bt 3L SR W) 2H 35 0 (1) 7 7= 167
Figure 1-9 Schematic representation of the synthesis of macromolecular RAFT reagents by RAFT
solution polymerization and redox-initiated RAFT emulsion polymerization for the synthesis of

PPEGMA,-PGlyMA, block copolymer assemblies!®”!

1.4 ETIhEEB AR PISA

AR, BAThEE S AR &R A A R 25 . Ak I BRS04 )
S FH RIS 1T 45 32 060 . R SR IB U i % 2 Dhie R A WIRa 2okng, Sz
BIFFC PP A5 BB AIESS O, VR BF 7835 BT ) 46 DA AT A 5 & 0 e B A R
BEFRIHR BT RS, A 55 TR TR S 2 A 1 S A2 1 A SE B D A
(01, A R TR A A B AT 4 A I T B 2, PISA S B e B AL e v
H R a5 K, FE B 0 20 4 R B R AL AR IR A & 32 50 . T

14



S W YN R VAN

FORFET DhRE SR Y PISA HiARIE I 5I N AR E N B R A Ak, oAs kiR
PEAARARIES. RAT S D se e vESR 4 1 37 G AR TR &M £ E I ReRrikiR
N R S S I U N SV 2 R PN SIVALC E75 Gl

Armes ZEZ R TIFI A PISA TP TR & MDA B AR 1K HAARE 5T . 1%
VR DLIR (2-FR R U IR IR 2805 ) W IEAR B (PMPC) JL R YIE K 7r 1 RAFT
Wi, 5IAZCEGT EGDMA 5 HPMA 1E AL Fk, KA RAFT KOHERS,
TR TR EMIE K. 24 EGDMA 8 B8 T s XHRAR, XAE T Rk
eI, SR, % EGDMA & &GN, R & mmtesgin, Ml 7k s
RICSURH “HolREE” TR X —28 0 T Re s B T2 BRRR i 1 BEini sk, A

SOMR T RN IR R o A AT I e 2 e A - BRI e, VRA ARSI A Bk
ke, AR R, HBMARE PR, JHRRE T EA L.

MG BT A, TERAAZ B R, BT 7E PISA R % A= R &
WEER IR AE, RN B S W B TR TR . HRENX — i, M
PR HPYIF R 7 — TP i SRS SEIL T PISA M BRAL A G IR LUK (N,
N-Z—HEPEIIZ ) (PDMAse) HERWVE N K IrT RAFT W, A HX PRI S 1
FNE F R (PR (BIS) BUASKRRACHAFI NI G (ALAMD 435l 5 1A
B E (DAAMD RIS HAE, 1 70°C Nidid RAFT /Ko ER A il % H
b DP 24 300, [EE8 20% wiw FIEREAWTEN. BHFRKIL, 4 1 mol%I# BIS
A I A IR BV I B I R AR AN S5 i AR e s 4% PDAAM ¥ H 4% DP #2
£ 400, [FINFREE S R 10% wiw I, A6 1-5 mol%H) ALAM FIT % Bl 2H 2
REEH T RRE . X EERFN ALAM BUKH SO EIR T R A 5 R A AL
ISSUR L

Charleux %R EHP M & 1 — T 7, i RAFT-PISA #il#% | FA A
M 1 A AL D e A I A OK B o« % URRRAH LA B /K DEAAm XU T g 544
MBA 1ENAZHER], LA PEO-b-PDMAA-TCC £ 9 K% T RAFT k51, A E
RAZWIERM T, WIhA T A PEO-h-PDMAAL-b-P(DEAAm-co-MBA)
HRBILIRYI . ZAKETE 15-50°C B3E FE P REAT IS RA ELOG IR, JRILH

15



S W YN R VAN

WS (8 — TR AT 9

B: Keto-alkoxyamine reaction 07710, o ———— 07 o

C: Metal ion complexation 070 0% Mo —> o® oo

K 1-10 (A j@iT PISA 7€ Z Wi il % PPEGMA-b-PAEMA ik BIL RN & itk 2% (B)
PAEMA 5t S RE A BR-1t I M (C) &)@ BT 5 PAEMA [f14%45 ) BT
Figure 1-10 (A) Synthetic route for the preparation of PPEGMA-b-PAEMA block copolymers
assemblies by PISA in ethanol; (B) Keto-alkoxy reactions of PAEMA with alkoxyamines; (C)
complexation of metal ions with PAEMA [74]

A ] BA AN R S SV B3 SR B, BRAE s AL TN S I XU BE A
A DA BTy 38 5 S5 S TR B e A, DT 364 B ARL PR TE S0 R 07 F) JR A A 12k
SR, A W& BOTVEE | 52 B A WD IR & P 97 dh e ik, —SER RN
REUIT IR E R R @E, GRAAKZIGENRIREEY), MEdeiEtEne
HE AR BB, A % AR 2 DR IR B . 2P B0 R i
18 7T PISA R LA KRR 77 B AR AS R ER A R AR T it /e . anl&l 1-10
P, RS IR R 1) WIEAEE R (PPEGMA) N K701 RAFT
7, AEMA Jypitz 544, @i RAFT B4 B0 & il & H— R BIL R
W ReAR . Ny T RS TR A E I, ] 0,0-1,3- A =% A Rk
NAZHRA, & T BRIE MBI E S A HE PPEGMA-b-PAEMA ik BIL R
P HeAR. TEM F1 DLS RALGIRUESE [ A2k 7 HIfaE . il p-Filakt 5
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Ag'RAESRS, BiJEH NaBHa ik J7, BRINFEERIE MBI A AR 1 R &
P EAR (AgNPs). WFFURIL, AgNPs TiEFR 55N 4% 3.5%.
AEAIHT S FURR » B 1 RE s 5 SR G WAL AR iz B B Th e 2 A R A=
RN, TE RIS S AR AR A B 5T o RS R A TR
I8 1A PISA FFRIH B-BiME H REAL i Bt PAEMA VRN SAZ BEBLIK SR, £ 4
B2 AE R RS, £ THADETIK RAFT 20HURGSEIL 1 JRAL A 4%,
2T p-AAlEE REA IRBOL R AR . Oy 1 SRR AR R AR AR e 1, QU 5
N IBOMA 13 R, B, 8L p-BR et 5 00 &R & 7RI E AL, seshifl e 7
LTRSS AR R (1 22 Th e R BOL SR AL A 44

; ' (405 nm)
)SL o O Yo" of 0
™M s ho” + ‘If
o E Ethanol/water, 25 °C
O

MPEG-PGMA
mPEG-CDPA \7
GMA l Y
H, NNz
. I\' <Meon .

Cross- Imkmg :
Spheres Worms Vesncies | Spheres Worms Vesicles ;

TPO

B 1-11 78 2B /K 631 R RAFT 2 BUE & 4K mPEG-PGMA, 4RJ5 il 2 AT
el
Figure 1-11 Synthesis of mPEG-PGMA by photoinitiated RAFT dispersion polymerization in
ethanol/water followed by crosslinking with ethylenediaminel7°]

ZR AU — D 30 T ThEEfk PISA “F & BN YR, shil & A s
BEAL R BOL R WALER . MR GMA 1EANThRE Ak, LUR Z % P
(mPEGass-CDPA) 1E N K705 RAFT k7], TPO A5IKF, =T T 4lE/K
(VR A 77 St photo-PISA, 3@ I 4% [ B S HURIN & R T — R AN EA Z R
SR AT BE M R BOL R AL R (L 1-1D) . BERE R, HAE 50°C 8RR
JEN, BREWAAGRLAFIGE. TEM 73R W], 253 EDA SZHAL 5, £ THF
o U 5% 3] 1) 2R A AL 2R A AT O B s BOIR RN BV T 30 . X ST JS 1) mPEGas-
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PGMA FEfHHEAT FT-IR RAEKIL, EDA KON G PR EHFEIET 2, X T 3%
BEPA RAEEA, RN R SRR TN TG EEEE, AMSEI T IRESY
RN R DA

FHLEF R AL FHMA Jy B 54k, 58 (2-FR R P I IR F2 PO iR D (PHPMA )
NRSF RAFT iRA, 76 FAEEH T RAFT R4, JRALH A0 % T /KR ThRE
L) PHPMA-b-PFHMA &Y 3K, B, {EHAEX T PFHMA M EE §Ig
0.5 FE/RECEOME, XS Prfs B2t ir R E 5B, 4IREY, SEERREY
AR RER TR (AR f5t. ZIREATSIETF R T —Fi & A
RSV PR R A1 1Y) 22 Th R k% A, @i PISA HAR I & i T BB TR ST
PERIRFE DIRE I SR G VDAL Bk, JHARAE 1R F DG AT IR 2 1) 46 ST BRI ST SR 540 5
W 1-12 fros. ZREAH LR Q-2 TN EIEN) (PHPMA) 1E 8K+
RAFT 57, DEMA 1RSSR, Bt RAFT 2 HUR & R AL % 7 2 A R
Mz AL ) PHPMA-PDEMA &) 360K ilid 7 T A% e Ak 5 e B 1 2 1H)
(I A BAE ] 5 R EMR% 4, 5 NaBHg (UG RVEF R, JRALA: & R TR
ROV RSk . FIH PISA & REW/ &R G H B = —Fhil
FH BB RS

jj ~SSiUAaSN _coon
0?0 hig .m
H S0%0 crosslinked nanoparticles

o¢° 7))” %élf %& UV 365 nm *Zg@ :
G RAFT-PISA #* crosslinking #* -

sphere worm vesicle
N

n

DEMA

gp lgi‘ & ..........
Au nanopariticles %

gold/polymer hybrids
1-12 JEACHEARE 1) PHPMA-PDEMA G W BRI 6/ 5 G A SAEE G AR A ik

VEL
Figure 1-12 Synthesis scheme of photocrosslink-stabilised PHPMA-PDEMA polymer assemblys

and gold/polymer assembly composites!’®]
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A CHR R EATIMRE 7T LR (N, N-ZH ) FEFER
(PDMAEMA) K731 RAFT i), 1 0K ZhRESAA MAEBA {9 B 54K,
Wid RAFT BE4rHOR G & 7 RS AL BRI i JUIRFI &I = Fh SR
S, LR RGEIg KLk . L MAEBA 70 FH S 5B E %= (DOX) 401 L
N R AR ARG RS, INTT I8 I R AN R 8 10 ML S 245 0 A RO AR R BIAZ 58 & W
o m T AR AR R ) A S S AT AR Y S R N IR R B — A T
R AN g FER 0 i A2 0318 R GUTTRE TR RS o LAk, VF 2 IRZH 3
T T T &A% T B TR G A 2 Ak o ARG T 242 AR 2 OO0 3 1 A Ik s
P REVREAT FAE, IflS TR Re R S AR Theato Ha% R4
M O’Reilly HiREAHBNR F & SUS TEB1E iz B A, i 46t R ATk
THEEMI SR A WLH LS Roth Zd 0820 B3I i Bt - 6f SR A R R B ] 75 T S R i

PR BER AT B, A3 TR R G R4

HATREE TIRE I IR S WA A R VF 2 e EBOR B Y B 221 6 o B B A
FERE, Hl4& A H 2 DRt R S AR TR Pk . # PISA HiR S
RE GG R — PN E BOgE, 7T UATECRFFES ARSI nT s 1 [F i, B3
FEThREACR I, N FHAMY R T I U,  ARRAESE 255 P JRBLE /1.
1.5 RRMXHARENEANE

RZHEFECHRFE D], PISA HOAR R H Tl % m [ & & B R S A Rk, B
2T 5T rh - B SRS W AL B AR ) AR B B AT AT S = Th R 2R [, X PR 1 HAET)
REAG L FH 78 ) - B4 PISA BORFIANWTEEA , I8 A A S B 2% A A e vt Sk,
S RZ B B B D AL C A — A 2 2 RIE I AL U7 1) o XN R A A R
TRV AL SR E YT RE IR B SR S WA A R AR T T AT 5. STk, AR
BT B-FHlaEL AR PISA, AR & T BT FE, B e — P
HIhBE R A WA IE R T

ARSI AL AT

(1) LA PPEGMA,-CEPA {E AN K% RAFT &7, WA p-HifsIE K

AEMA 1EAThEERAR, 1E 50°C Tl EME]R 5] & AEMA 1] RAFT /KA R
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G, T p-HNEHE DI RE R AR . KRB R A B 14T AT T
RGHEIT, FLHIAHRL T FITESUAH B, (RIS ER T T X 225 R T S0 78 1 2 TR 2K
)5, FIH PPEGMA.-PAEMAy REMHLAR b p-HRREIE ) 2 DI LT R &
JEiEM, T & DR R E A Rk

()BT 7 —Fioks Hantzsch B 5 RAFT 43 BUR G AHSE & R R EHA,
R T — RIVEA TOURE R R G A 4K . LA PPEGMA21-CEPA Y K731
RAFT &5, £EE/7K (80/20) NIRNEF], AEMA 1 BzMA LR ik, AIBN
NEIKRF, 78 70°C K8 AN 5 Hantzsch [N T 75 2H 2076 — B b R AL 4 T 45
BRI & 1,4-DHP S5 I3RS LA, FHF R A ZE R T IR E 3]
JIFAT R W SR B CRARIREE. R, ST — RIIAFETE
IIOCKE WAL . |5, WIZTOCR G AR R IR . A0 5Lt
— ¥ T H T RAFT-PISA il 4% 25 44 A Th e B & W A 2 AR BBk L v 1
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£ 2F p-EIREETNRERFR RAFT LR AFESFBEAR

2.1 5|18

bt RDRP AR ¥R &, BkBR 2 Fh 2 1) SR i D 5 NSRS ek,
G R BB AR &5 7 S 1 RE e . SR, did PISA SE
A% BE BN REAG B T A AR, 3 B T DI R AR B BUE SR 5 26 T A
DT A 2 L A2 4850 . N T 7Kk RAFT-PISA HITEHE, 20T Kk B £ & iE 1)
7, FEARThEERAR, BRI NEE. X —dEEE T & RAE RN ESN I
RESE G ZE e, DT 0 i LA S ik I3 FH A 1R )

RAFT 7380586 I — A QB 4 e 45 TR F B A DR 1 1) U S A4Sk 4 2 T
REALI R G RN . EXFPREER T, CRIIENH T ZFhDRe ik, af
GlyMAU?l, DAAMP3), PFPMAFRI 2,k 2.8 L AR £ — 2 lE (AEMA) [
o KpAlfE, AEMA BIJLEAVETER p-HrlE ik A 52 2w B AL, X LedE [ g
RBE 2 Al S A 851 XA E e R G S B R i 1 —ANE I R, vF
MBI DI RE, WAEHRAL S &8 B 7 IS A A s S5 B0, 3X Bl 22 T e M faf
AEMA RO BAT S R I B A 2 BEAL S I D e SR S My ) SAR e 2 . R
H Al O 2 W 50408 18T AEMA (1) RAFT 7 BUR &l % p-BiFR RN RE R &
PIHEEAA, (R T 00 B I FLIBER & R TSR U4 5870, 14t R RAFT 43
HUR A AEMA I, SRAFAIE HORESIB Oy R . EZ R R TET RAFT FRE
B2 REE) IR, 50HCREAHE, SEIE B EIES (an
i HUR AN ZEI) BN IR

XTI TAET, AREFFRIFR T —FEMIE R 51K AEMA [ RAFT FLIRE S
HI759%, FH AR BRI R T il & p-BR Gk D Re R A AL A, it AT 4w
I MILZINEG T — RIVBA @GN TSN DR R S YA Bk, B 7 B 43
AT RFTESEAS, AR T p-Hla I SR G AR I 581, DURRIXLET)fe 5k
VIR 2 D REME RNV LE N o ASHIEFE O BRI B R AT AT E HIRHIE R DI Re SR &
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SHAEARAR AL T T ILMR, HES) T iU K R
22 KIGERS
2.2.1 LI ERIFN RS
A% 2 3% A JEORHRIAFR A 38 2-1 7R, AEMA 0t S AL 8BRS 77, AIBN
A1 KPS & 5 45 i 4iidl .
F 2-1 JFURATA)

Table 2-1 Materials and agents

AR ELUES AT
LB LR RN £ B (AEMA) 95% T i Ak
FEEPHERIG AL (AMA) 99% 22 W F
BB AL T AR B
99% [SEv
(PEGMA, Mx = 475 g/mol)
R PR ER A K H R (GlyMAD 99% i
SALEN (NalD 60% in oil i L2
i lE 98% Falii T
iAkR (CS2) 99% 22} 2 1k
BRI (L) 99.8% 22 5 1k
22-E R TH (AIBN) 98% 2 H AL
44 fHER A-FIHELED (ACVA) 98% [ SETAE
=R 98% Zim L
1.4-2 "ty 99% 22 AL 2
4- (CRfgHR) RREE 98% i 2 1k
WREEL (D KA
99.99% Damas-beta
Th(NOs)3-6H20
THEREE (D K&
99.99% Damas-beta

Eu(NOs);-6H20
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1o (4-EH BRI -122-=K 0 98% LM b2
T ATt B Y 98% 3A
B P AL A 200-300 3A
WUHERE (KPS) 99% [GETAN
4- " HEEMIE (DMAP) 98% TN AL
SRR (NaAs) 98% LN A
14- " H N 99% LN H A
MEM #5772 - T
54 M i& - T 5
3-(4,5- I REmEM 2 5E)-2,5- IR FE YR L
4 (MTT) R
22 I
Table 2-2 Experimental Instruments
e ks AT
T RF ATX124R R EE (RED
(VAR e R 90-5 R R
Jie i 25 B A N-1300 TR
TR DZF-6020 Fifi—fER
B AL TD3 i A ES L

2.2.2 IV F RAFT ik 5| CEPA BUA R

A 500 mL BRI 310 mL 2.8k, FFE 60 B T 0kis b A4k R
7E 0-4°C. BiJ5, 221 hn\ NaH (8.0 g, 0.20 mol, 60% in oil), #H+E 20 7>4hEH =
TR — BRI #5, WiR SF RN O g (12,4 ¢,0.20 moD), JF
FREEDERE 30 min. {RFF I BIREAE 0-4°C 44T, I CS2 (15.2 g,0.20 mol),
SN The #R)G, IONEAFRH (254 ¢ 0.10mol), 7E=IR FLESHHE 1he NS
WG, BoiiEid s U, Bl S A 200 mL GRACERER SN /K VA EL 3 IR LARBR
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Zid B KA HLE DIOKRBRA TR, H e e 2 8 Wk4d, 15204
7 . BEfG, ¥ s ACVA (56.1 g, 0.20 mol) M 1 L =115 ke
i, T 500 mL ZBR OB IR B EE, IR EA No RREE 1 he K5,
SRR E T 80°C [HIA L 20 he RIMZAER G, F 258 F/KZEBR =) 5 Ik,
PTG /KB BRAN TR I e 28 R Bk LA WA a5 G0 e STV ek
P, WA ENT (PeBBCN DCM/CH3OH, ALy 30 ¢ 1) #HT4ifk. &g
HARIFIE 45°C AT, WAHITH/N T RAFT 77 CEPA.

2.2.3 KOF RAFT RFIB A AL

(1) PPEGMA,-CEPA 6 i

LA PPEGMA 1o-CEPA HI& BB, PERINTS . 7E 250 mL [BEBEHE H AR U n
A PEGMA (30.0 g, 63.2 mmol). CEPA (1.107 g, 421 mmol). AIBN (0.069 g,
0.42 mmol) A1 = H & (0.568 g, 6.32 mmol). BEJE I 45.0 g 1 1, 4- 5/ 3K,
I B B TR A, X 0.1 mL FIVAWHET 'H NMR RAE. #4, Xt
R No W4 60 min J5 %35, HET 70°C Wi RN 8he RMEH G,
BB HE T 250, HETUOKIBH&IE RN . X437 'THNMR £4E, 45
R BRI RN 80%, MRIEEILLBITHEREEEL N 12, Hikaa N
PPEGMA»-CEPA. )5, Rid&EIECkins RBORET, = iiE, EE
3G, T 45°C FHET 24 h IE D TR AR EBRARBNER . R A 572 %
PPEGMA,1-CEPA K43 RAFT 7.

(2) PGMA44-CEPA 14 %,

e R A R EE (GMAD T FE AR BR 4K H s (GlyMA) 1]
KRG B BARTTEA: 78 1L MR I GlyMA (50.0 g) 5 450
g MEBETI/K, 78 80°C NHIRSIL Ohe KIFEMSE, KRG A, mIH
MIATE/K NaCl, HAZHAVRE, H DCM Z2REFEH, HIJE/K NaxSOs T4,
SRJE I IR ISR IR I e R AR B R RIAR AN, AL H TR B4
GMA.

Rk, 4 PGMA44-CEPA K701 RAFT il FE @ 17 150 mL #:
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1] JEE B9 23 BN GMA (30.0g, 0.19 mol), ACVA (80%, 0.29 g, 1.03 mmol),
CEPA (1.10 g, 4.18 mmol), =X H (1.69g,0.019 mol) LA & /K L1 (45.0g),
FEBERAE BT AT 4 58 VAR . X 0.1 mL OB EREEST 'TH NMR R1E., £ 51
TN N2 45 min, AJERHEE, £ 70°C FRM 3 ho RMN5ERSG, @it 'H
NMR 3 BRI 96%, Kk PGMA MEREELN 4, KHmHN
PGMAw-CEPA. #¢i, HEIECHE (3x500mL) KB F=piiiesith, Frfs
[ AL 45°C T FL 2 T4 DA 25 BR AR BR V5

224 EHIEIES % RAFT FLikE & & PPEGMAW-PAEMA,

AEMA MRS R AEKTFH PPEGMA,-CEPA k7T RAFT 5k
ITRE RS, 8IS NG R T — RN R G ER . DL PPEGMA -
PAEMA 100 CHRARIRE A 15% wiw) R, SEETTZRMT: K AEMA (1.0g,4.67
mmol). PPEGMA1,-CEPA (0.278 g, 0.047 mmol) FIEEB /K (5.52 ¢) A 10
mL FJREEF . 7E 50°C FI7KH Ni@ N2 15 min f5%E, 75 N2 SR FH R
S NaAs /KIS (62 uL, 50 mg/mL, 0.016 mmol) LK KPS /KiEW (84 uL,
50 mg/mL, 0.016 mmol) ([PPEGMA>-CEPA]: [KPS]: [NaAs]=1:0.3:0.3) KX
TR I TR S AR B S SR, RREE SN 3 h DASEE AR SE A SN, R
B AR UREE ). I TH NMR MR 0%, TEM RAER S WA AR )
JE3i, THF GPC RIER G &E.

2.2.5 PPEGMA,-PAEMA,, BA I HF AR

PA PPEGMA 12-CEPA 4K 4> RAFT i5f], SCifi AEMA [ RAFT FLR A
. E¥IT DP A 100, HARKIE 15% wiw I561E TR AEMA 3R &
AT N, BARSEE 7 RN F . FREL PPEGMA12-CEPA (0.696 g, 0.12 mmol).
AEMA (2.5g,11.7mmol) A1 DMF (0.6mL) & T 25 mL fJEJEESH T, SR
ANEHFIK (12.87 g), £E 50°C 7K FRFEEEA N2 20 min JE%E, £ N2
R FUL IE S NaAs ZKVETR (770 pl, 10 mg/mL, 0.039 mmol) il KPS /Ki%&
W (525 ul, 20 mg/mL, 0.039 mmol) ([PPEGMA >-CEPA]: [KPS]:[NaAs]=1:0.3:
0.3) AR I Ff By S 2 S B N o 7E No ORGP T, 42 FRTUU R B[] [
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R BUHHIORE R TR, I EX R &R G . BJG, KR
BT DMSO-ds 11, LAEAT 'TH NMR 4.
2.2.6 PPEGMA 12-P(AEMA 150-co-AMA7.5) B & A

AT =00 R AR AEMA (1.0 g, 4.67 mmol)« AMA (0.029 g, 0.23 mmol)
1 PPEGMA>-CEPA (0.19 g, 0.032 mmol) fIA 10 mL FREEE . A5, A
—ERMEE TR REIFH 3.90 g LLEMATH . 1E 50°C MIKHE N4
JH N215 min J5% &, @I MEMKXKEN KPS (56 uL, 50 mg/mL, 0.01 mmol) F
NaAs (42 uL, 50 mg/mL, 0.01 mmol) i< # ([NaAs] : [KPS] : [PPEGMA 2-
CEPA]=0.3:0.3:1), ¥F&/xi 3 h UffRfkse i, b 2RSS ER
&)
227 RAREVARARIHZ

(1) AIE Zhfe R &H Rk

HAGE IR K PPEGMA12-PAEMA 150 B &4 250K (0.110g, FARIKEE
N 20% wiw) IIANE]—/NEK (1.8 g) B S mL IR, LML HITIRG .
TE5— M, % TPE-NH. (0.005 g) ¥ f#7E DMF (0.5mL) H. #A)5¥1% TPE-
NHEMRAERF S FE NI 2R S . K iR i d: 24 /i, DL
(R RAL LI AIE THREE S4Bk . 2k 0 S SE T, B B AL, HA
ARRORRF—FL.

(2) Wik RICEEYHSA

ARG RUNR : A3 £ /K (15 mL) # [ E B K I PPEGMA 1.
P(AEMA 50-co-AMA75) (0.2 g,23% w/w) F1 NaOH (17 mg), FH/EZE NHi+E 30
min, {FH L0 H. REH Tb(NOs):*6H0 (21.4 mg, 0.047 mmol) &fET £ 5
TK (SmL) H, I FIRHOK, dRERE IR T e She RAHEG (9999
rpm, 3 min) £ RSB AR, I BT 255 K43 3] PPEGMA -
P(AEMA 50-co-AMA75)/Tbo 584 FLABAE - Je 2 BT, A58 FH AH A i R 2k B AR
Tb(NO;)3:6H20.
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2.2.8 PRIMNAREE MR
(D 44

43~ Control 1.« AIE 4. 2+ Control ZLI0AEEANFL 100 puL fr) 58 415 95 4

AIE ZHMAEEAL 100 uL AS[FHREE (OFE S AR . RS AC BRI i 3 AR AL
(2) MTT L5

¥ B KA Hela AARTHEUS, VAREILRE, 2L 6 % 10° BeFh £
96 fLE T, T 5% COa 37°CHEIRIE FRAR el B IR flr dm NG BE o 42 SE56 73 A Ak
IRk 9% 24 h, BERRIEIRIESS, PBS WRIK=IK, &ML 100 pL & 0.5
mg/mL MTT (35953, T 5% CO,, 37°CIEIRIE AT IEFE 4h. 2L, M
ASFLHIMA 100 pL () DMSO, #%% 10 min 50l 570 nm "ROGE{E .

229 URERE

MG ILAREE ("HNMRO: R A5 FE T CDCls 58t DMSO-ds 1, 1 Bruker
Avance NEO 500 MHz #Z AR IEAXAE IR (25°C) ST FREATINR, K
BN 16 IK;

BB G (GPC): @it THF A1 DMF A GPC Rl & T A Y425 AR 1)
ST EUY FENARTEE: H Waters 2414 BUEH 5 (0% € THF GPC,
PAAE ) AT ) PS NbRERE, {8 H THF AsiAH, WEREN 1.0 mL/min, JKHE
J¥ 4 35°C; DMF GPC #2&H] LabSolutions GPC 20A SR 5E (il e, PA%E
SIATI PMMA SHARMERE, f8H DMF SAizhal, #EREY 1.0 mL/min, WK
12N 50°C;

% B B AEE (TEMD: i HITACHIHT 7800 L% i H 1 B 6% W 82 5%
EVHLARITES . R IKARE, SR MRS B T, & 3
min JG HIEARER 2 2 RIBE, H—HEERRANAR (0.5 wiw) TEMZEHERM -, #HE
et 3 min, N5 FHIBAVR RN 26 2 RIEHTH, KA L A 100 kV;

A OGCHE (DLS): AWM R AR L RRLAZ 40 A i@ id Malvern
Panalytical Zetasizer Pro Zeta HLAL AR B 43 BT A4S, DRI BN 25°C;

ZRARERIL (DSC): f#H DSC25 TA Instruments 77~ 474 & HA AT
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ITEFIERE T o B 5-10 mg TIRFFEERAE IR F, 78 N2 50T B 10°C min™ 3
RPAT-50°C & 150°C FIRFHFESF

PIEHE: RAEMIMIDIENIEH JASCO FP-8550 K6 e e iHilE, ¥
KK 250-350 nm, $E4E% N 2.5 nm, KHFIETERA 350-680 nm, 4
J&% 5 100 nm/min.

2.3 ER51HE

2.3.1 K9F RAFT KFIMWE B SR
(1) /N3F RAFT 57 CEPA &%

w © o
3 8 s 0 nose &
( ) ° 2 e 2 58838 8§
a - ~ - © A=@mw o
b e = g gnf3 o
| | I £t
cDcl,
[o]

bh
d a
. e 9
c . ; ol
| | L n Lkl
250 280 270 260 250 240 230 220 210 200 190 180 170 180 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10 O
Chemcial Shift (ppm)
s S d i ¢
a
b g
b § CN
c
a
b
e
| ¥
g ErY S g 3
g aed 5 g
7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 1.5 1.0 0.5

Chemical Shift (ppm)
2-1 CEPA ] (a) 3C NMR &L (b) 'HNMR i%H

Figure 2-1 (a) '*C NMR spectrum and (b) "H NMR spectrum of CEPA in CDCls
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KREH S A RN T RAFT 55 CEPA, £ 3C NMR ] (F 2-1a) LK
'THNMR (& 2-1b) RAEFEHE W F: CNMR (500 MHz, CDCls, 8/ppm): 216.65
(c), 176.96 (i), 118.92 (), 46.18 (e), 33.47 (g), 31.40 (b), 29.48 (h), 24.85 (d),12.82 (a).
'H NMR (500 MHz, CDCls, 8/ppm): 3.32-3.43 (2H, b), 2.64-2.75 (2H, e), 2.37-2.62
(2H,d), 1.91 (3H, ¢), 1.34-1.42 (3H, a). 1 CNMR g5 n %1, 7£ 216.65 7]l C=S
EfC, 176.96 ] WREE L C, 7F 118.92 A ILEE L C, 1 H ARG
FLE AR XSS, H "HNMR 455051, CEPA ™1 =Hii i 55 (1) V. FF L A
B TS AT b A a kb, HASREER 2.00 £ 2.98, SEIRME (2:3) H—
B, BRI E DAY et —— X R g5 R, kU AT C JETH
H R 38— — %t B, S R AR &, SR8 AR B [ o ik B 30 A4 R
EX} 542 RAFT A A K,

(2) K%rF RAFT | PPEGMA,-CEPA [1]4 &

K H R £ B LR LIS ERES (PEGMAD FIRIR R A9 LA w B K
Wk AEIARBNVERI TS YRV T ) 44 o IXSRRRIE(E A3 5L T PEGMA MRS W1E
JKHH PISA HLHIRE T8 o BN B AR E . FEIXHL, i RAFT RS GRS
K437 RAFT 377 PPEGMAN-CEPA, Wl 2-2 fivs. fEiX—idfEH, CEPA fEN
/N7 RAFT WFMEH], AIBN 1E #4051 A&« 43 5] PPEGMA Bt DP f2 R4
FLAREEAL R T 11

be oy
oSS COOH AIBN W

o 70 °C 1,4-dioxane

N

°><_

PEGMA
CEPA PPEGMA ,-CEPA

Kl 2-2 i RAFT &5 & & L PPEGMA,-CEPA
Figure 2-2 Synthesis of PPEGMA,-CEPA by RAFT solution polymerization
N THR K77 RAFT SRS 8 S S rp ORFF B il 1, JRB17 L v ) SR A4
WRFZA T REVH I “HUHE”, 75N R AW AT PR 3], RGN
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TESARIC A e A7 b @I ROSHORHE PLER TH NMR R AEAS 3 1
REEACR T, A RATENHIA 12 F1 21, XFRFIAS T RAFT X714 5 6y
4, °A PPEGMA 1,-CEPA F1 PPEGMA-CEPA. |l 'TH NMR (500 MHz, CDCl3) X
PPEGMA 1o-CEPA #47 T RAE (41 2-3 Fian ). 455 78 : PPEGMA 45#41% PEG
Y B L - HH IHAE 3.4-4.5 ppm (d, ¢); 1 3.3 ppm(e)Ad H BB v B 2L 5T 1
s a A1 b 456 B HE 0 H I R R R R0 . DL b RRAGE U6 Y H I AIE B
PPEGMA 12-CEPA {16 B2 S Zh ). it THF GPC A% LK H: PPEGMA -
CEPA 13357 ¥ & (Ma) A 7.9 kg/mol, 738504 (Mw/Ma) 9 1.11; PPEGMA2;-
CEPA ) My 4 10.1 kg/mol, Mw/M, A 1.12. W& 2-4 Fiox, B2 F RAFT iR
FIH) GPC Ml 2 A — S PRI B, 7y TR0 AR 7, HBE% PPEGMA B3R
BRI, T EAHRIE K. X 45K ] PEGMA ) RAFT R&d 23 1
RAFER], RSS9 B S RS T n] S8 K L fi .

d

b a o]
\/S\H,SWOH
N

S oo e
¢ d
01
(o]
+e

! J_JL%___JE_A_,B%J_

fo 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
Chemical Shift (ppm)

2-3 PPEGMA 1,-CEPA [fJ 'H NMR it

Figure 2-3 '"H NMR spectra of PPEGMA 1,-CEPA in CDCl3
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I SCE, SN FEANE 2-5 Fias . A sk
s K PRI BE R HITE 10% wiw, FFTEASAELE FIRML 9 /Mo RNARRZT T
MFEAR B AR B A F AR I TR, A AT A REAE W] A o B S 4 B 040 < 3
i TH NMR EAF, 25 R 2-6 fivR. £ 4.5-5.0 ppm (f, £, g) bW S 2|57
T, HAAWERSER——X R, GlyMA Tl TR 52 RE A
MR GMA . SCHRIESE, GlyMA B7K AR FFER AT AR RSP et A [ 43 S R 4k 1) 7
Yy, ARFE B AR AR & EBUIR, ANFema fE Sl o X — g5 R 1K AR

PPEGMA,-CEPA

PPEGMA;-CEPA
M, =7.9 kgimol

M, =10.1 kgimol MM =111
MM, =1.12 /My =1.

VIRV,

13 14 15 16 17
Retention Time (min)

2-4 PPEGMA,-CEPA (n= 12, 21) [f] THF GPC Hh£k
Figure 2-4 THF GPC traces of PPEGMA,-CEPA (n= 12, 21)

(3) K43F RAFT ik 7] PGMA4-CEPA 1145 i

o}
\"j\ 0 \/STSWOH
0O  H0, 10% wiw r om0 OH

ACVA, CEPA
— —
80°C,9h, O 70 °C, ethanol
GlyMA 2 GMA OH

PGMA ,,-CEPA

2-5 GMA 1 PGMA-CEPA [FJ4& %

Figure 2-5 Synthesis of GMA and PGMA44-CEPA

MRYESCHRIC R & g1, GMA [l a3 T GIyMA FY7KAEIT 34 S B

R R, 9 GMA B 524t 1 n] 58 ) Sk .
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major minor

Ho J. d
a . e b
e
EO OH OH
t
a 5 f g e
ccC
f d DMSO

L

6.5 6.0 55 50 45 4o 35 30 25 20 15 1.0 05
Chemical Shift (ppm>

2-6 GMA [ '"H NMR i %]

Figure 2-6 'H NMR spectra of GMA in DMSO-ds

PGMA,-CEPA
M, = 16897 g/mol
M, /M, =1.16

12 14 16 18
Retention Time (min)

2-7 PGMA44-CEPA ] DMF GPC #1£%
Figure 2-7 DMF GPC traces of PGMA44-CEPA
Kl 2-5 s T A RAFT %5 & & B PGMA-CEPA R [FIFE, N T
B LE v ) AR R AL B N RS I “BERE Y, SeER rh R S R S T, AT
R RAE AR I A AR AR A 1o i R N BORHEE AT TH NMR RAE
IS BAR AL R M, BiE T PGMA HIERATEN 44, icfE PGMAw-CEPA.
734k, F DMF #H GPC Xl Hor 15, 451 Mo 16.90 kg/mol, 7rF &4 Af
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Mo/My 9 1.16 (L 2-7). BFFRM, RAFT &0 LA &l PGMA K&
i, BHEGTFRESMRA, AP T RS 5.
232 SWWIRFES| % AEMA B RAFT AiRBENNERK

RAWIRKAHFLIR PISA SEERAE 70°C (7K #E4T, ffH KPS/NaAs 1E 951K
7, LA PPEGMA;-CEPA 1E A K7 RAFT k5l 2810, RNABRAFE, 3k
BT REM, XA TSR T PEG BERI/KIETERRIKES, BE)E, FIHELL
B JE R R AR B B, 7E 50°C FRET T AEMA 1) RAFT KABRSE, K
PRI 2-8 FTR. AT #7R %A R RAFT AR A0, MR RAS 1%
7M. W 2-9 Fias, L PPEGMA-CEPA A K%>T RAFT 7, H#¥s DP A
100, BAAMKIEN 15% wiwe 75 No R4 T, B ESHERCE AN [N 8] (R) RS HURE, i
'H NMR % AEMA SARLEAS [F] S SIS 8] IR R AL 3R 64T 7l . LA DMF R 94
#E, ATLLE 2] AEMA W k-fi U 5T 086 (5.5-6.5 ppm) {5 5B #TAL 55, 30 404
JE A RERINE], B9 AEMA £ RAFT FLRSRE & i A rh I M

o
o ~US S
e O;Z‘ YWOH
T e oo oo O
0% S KPS/NaAs \ J\
)\l + o é (o] O o
) ;o 50 °C, H,0 \if %
b o
(o]

PPEGMA,-CEPA AEMA PPEGMA,-PAEMA,

oe \,. )

Spheres Worms Vesicles

>

Packing parameter

2-8 AMIEI T K AEMA (1) RAFT JLiBUR & 15 i PPEGMA,-PAEMA, &) 4144
Figure 2-8 Synthesis of PPEGMA,-PAEMA,, deblock copolymer assemblies by redox-initiated
RAFT emulsion polymerization of AEMA
K 2-10 (a) oR 1 HARFALR S S NI TR] R R . S5 R3], £E 30 min

SZEL T PR AL (4 95%). B 2-10 (b) [EA 3R SR TR AR =
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MAEBTBL. HIAERT B PURTENS K B 3K B4, TP ROR . 26
ZBrBL BUKPERAR AEMA IZHTRIARA, R AR N, S ECR AR
S BT I el AR TR BOL R iz S FE 40 Armes /NALE I A]
TPHEINAE X T ERHUN (SAXS) BT & 200, B4 (0 32 2R A
e AR AR I BOR N o fE 8RR B B BEE R & M4k, AR, PRAARTRORTH 2%
REBE T AR, BORKIE A KAE RAFT JLR G 3) Jaiie =
REERIEM . PERTE K B R0 s B A et 7 AR A KRR+,
MTIFE R T IR BN R G AR . B RGN Rk, R GTHE NIRRT B, R
EIER ML PR, X3 R R T AR LR S BRI, I SOk Ok
T RAFT FLIUR & H45 FARLPY,

AEMA

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 O
Chemical Shift (ppm>

2-9 7£50°C F, Xt HAR4LS N PPEGMA 12-PAEMA 100 [¥] 15% wiw [¥] AEMA 1T RAFT
FURCR A IR I 73 FE A 1K TH NMR K3 (DMF AW R
Figure 2-9 '"H NMR pattern of an aliquot extracted during RAFT emulsion polymerization of
AEMA with a target composition of 15% w/w PPEGMA 1,-PAEMA 0 at 50°C (DMF was used as

an internal standard)
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100
(a) R

— 80+ =

§ .

5 60; g,

2 5

%40- = .

8 "

204 .

0 . T T T T T T 04

0 5 10 15 20 25 30 0 5 10 15 20

Time (min) Time (min)

K 2-10 AEMA it RAFT ARG CRAAIRIEEN 15% wiw, HAr417 8 PPEGMA -
PAEMA00) 1E 50°C THIZEGENI¥. (a) FR SR RE: (b)) FAFMR 0 #IA
Figure 2-10 Polymerization kinetics of AEMA via RAFT emulsion polymerization (monomer
concentration 15% w/w, target composition PPEGMA 1.-PAEMA 1¢9) at 50°C. (a) Plot of

conversion versus time; (b) Semi-log plot of conversion

233 |IEIRES| & AEMA HJ PISA

(a) PPEGMA ,;-PAEMA 15% wiw PPEGMA. ;-PAEMA, 3 15% wiw PPEGMA,;-PAEMA. 35 15% wiw PPEGMA,;-PAEMA, 5, 15% wiw

2-11 ANFEIFARIKE T AEMA 1) RAFT Ll R A 1] % ) PPEGMA 12-PAEMA,, 5 &) 2H %%

) TEM R (a) 15% wiws (b) 20% wiw; (c) 25% wiw
Figure 2-11 TEM images of PPEGMA .-PAEMA,, polymer assemblies prepared by RAFT
emulsion polymerization of AEMA at different monomer concentrations: (a) 15% w/w; (b) 20%

w/w; (c) 25% w/w
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S

IS PISA il #% 5 G W 4H 2 A4 TR T 3 32 BEHL T P AR B I AR AR 2 4
XK RS H (P) B, 7E RAFT-PISA t, P W] LUl %8B 1) DP
FR 37 RAFT ARG 4 F 2R T A, AR AR T T SRR E LA ). PAEMA
Bty DP i 1258 A R ) 4549 21 1 i B SR A B AR TR S 52 e . 8 S LA
PPEGMA 1,-CEPA Jy K73 RAFT ik, 175 544K A PAEMA B DP,
T — RYNRB LR AR o X e 2H Rl I S BT AR (TEMD 3RAE,
nkEl 2-11 fion. TEM BUG SR, )& a1 4l SOR IS0 . (EERM
5, 1f PAEMA BYIEEATEN 100 58 125 F, WL S A ok 1) 9896 15 i 7
$io X — I U B R A S AR DL R S AR AN B K % B A AR S s 1
5 RAFT 7KAHZF BCR GBI, iF BRIV RS, ARG R R EIE. /£ AEMA

M B A, 3 AR AL 52 s HUIR IR 17 R o

PPEGMA ,-PAEMA,,
M, = 26.8 kg/mol
M, /M, =1.86

PPEGMA,,-PAEMA, ;,
M, = 42.2 kg/mol
M, M, =258

PPEGMA,,-CEPA
M, = 7.9 kg/mol
MM =111

/

8 10 12 14 16 18
Retention time (min)

Kl 2-12 AEMA (20% w/w) ] RAFT FLBEE G Hil 4% S S V44K 1) THF GPC i 4
Figure 2-12 THF GPC curves of polymer assemblies prepared by RAFT emulsion polymerization

of AEMA (20% w/w)

AR FCIENT LR ) PPEGMA 1-PAEMA, 1 B AL BRI 346 HE4T T GPC
FAE, W& 2-12 Fion. GPC Z5REW], & Rk Bt YA Bk A B0 K 7
TE M, XA gEHRNTREEEFTIER XU REY . TN EIE An N2

HI AR — B0, 120 7B AR R EUR T AEMA PR SRR G540 . XUBEE
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328 S (¥ 300 FH 22 P T 52 PSR AT Bk (K0 52, EAT IR 1 RO, 5 1 R AR ST RO
PRRE AR, BRI iR E] DUE 5 AEMA BT BN BIE R ILIRVE RIS
BIRSE, (H2, XEREN H h3 g BRI RN, HARRBENCRIREY)
ik HAERENAR, KRN A2 T ER B R YA RAR 1A Ed 53
BRI AEMA, AT LU BEYH I 5 AR, S/ MESBARIEER RS, i
TR BRI o T,

160_
140

Mixed

-
N
o

DP of PAEMA
)
2

(0]
o

60

15 20 25
Monomer Concentration (%)

2-13 AEMA [F] RAFT FLii &4 PPEGMA 1o-PAEMAm BB& W2 4k 0 T3040

Figure 2-13 Morphology phase diagram of PPEGMA 1--PAEMA, polymer assemblies prepared by
RAFT emulsion polymerization of AEMA

HURIREAE RAFT A 30 HOR G o i B R H Bk T SR e
VEVER . G, B I ARIR R EE T s B SRR R R, RO SR Y T A K
(RIS A BRI I O2, O T VPl AR IR EEXT RAFT FLBER A IR, A 7L
¥% | PPEGMA 1-PAEMAy R & WA BARKITESAH K], tn &l 2-13 i . 5 RAFT
AHCRG TSR A, £ RAFT JLIE A, SR Rk g IF R B
AR TESUAH B o 3X — WL 5245 F 5 18 S1) e UR R ZH R F 70 A B — B0 8 AR,
ZIGIET RAFT FLIE A HIEANIE . T A/ K T A R R b
FAE KA LSRR T ARAE o BEE JROR P SRR IR RP RV FE, il R AR BT
AR A . BRI, FEFITRIE 78 (0 SRRV B2 X AT P, BRI FE X SR Bk R bl 4%
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2-14 LA PPEGMA -CEPA Jy K737 RAFT W7, 7L R LB & B IKK/ L BEHR GVEH
AT AEMA 5EHH RAFT B3 SN ARSI A CRAIREZ: 15% wiw, HAxDP=150) K&
REREG s (TEM) B
Figure 2-14. Digital images of reaction mixtures for heterogeneous RAFT polymerization of
AEMA (15% w/w, target DP of 150) mediated by PPEGMA 1,-CEPA in a water/ethanol mixture
with different ethanol contents, along with TEM images taken after polymerization

£ RAFT-PISA o, [ NIVA T AL RAE H BOL SR AL AA T S A8 rh bt o &2
REENAER . Nl TR CRESI NFLBEE &, #8907 HXT AEMA 1£ RAFT-
PISA R LS AL (R M . FARIK BN 15% wiw, REMARN
PPEGMA>-PAEMA1s0. W1 2-14 7R, JGHT, HT AEMA WGRATE T /KA
T, MEBNRIMER . 8RR GG, R T AREn, RUESHAH
TARMIE K. B2 AEMA BRI, JFH B SR . 1A SN 7 s
L2 51 K RAFT FLR 17 RAFT 73 B 65 (K196 A2 4E L7 7K B DR 20/80Cw/w)
I, #8755 AEMA AL SN AT B, SR8 IR AR SR . RISk T,
B2 R BRI AR SR o R B AR DL O AP AE . BRI, SRR S
L RAFT JLBEE S M RAFT 70 BUR & KR S HLHIEEAT . e AR IR 51 K5
VA L A B, R B R YLLK I o 24 LI/ 7K BE3EIN 4 40/60 (wi/w )
I, AEMA S8 &R MRETR ST, BEanFmEIDAEY . i A it s 5]
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KI5, WRASNE M, £ AEMA @i RAFT R & . SHRAFER T TEM
RAERT KIL, RN CEER, BB R AR T 2T MBI Mol s &
HEINE) 20% 8}, WL RIE HORFIZEI IR S TES . U LS R 40%0), B3t
BENERCIR . AL, SN Sl & &5 a1 SR AE SO o A AR
TR MK iz o P9 S 3 B AR FE IR R B o b Ah, R SRR FE SR A T A B B )
G IR E B, b T IRARAGJE AT TR & Ak I, RAFT FLHCR S

= ['1 RAFT
PR G RFEAA R TR (nsit) BIE .

(a) PPEGMA,;-PAEMA 5, (b)

J

PPEGMA,;-PAEMA,

d'=66.99 nm
DI = 0.061

PPEGMA,,-PAEMA, ;,
d=5547 nm
PDI=0.164

Normalized intensity(%)

10 100 1000
Hydrodynamic diameter(nm)

K 2-15 (a-c) &i#iL AEMA (20% w/w) [f] RAFT FL 5K & 45 1) PPEGMA,1-PAEMA

WA TEM Bg; (D Y5 (o) TREWABEMRAIR R DLS #ik
Figure 2-15 (a-c) are TEM images of PPEGMA,;-PAEMA , polymer assemblies prepared by
RAFT emulsion polymerization of AEMA (20% w/w); (d) are DLS curves corresponding to the
polymer assemblies shown in (a-c)
JUE AL PPEGMA 12-CEPA I AU S B BRIE A A, (H s FH B w70 1 1
() PPEGMA.1-CEPA K4z AEMA MR EG, BAESSHERIPRIRRS%. W
K 2-15 a-c 7R, (EHARIREEN 20% wiw I, [ PAEMA B HBRR S EMN
150 3G hn3] 300, JEA T ERIBRHR . W shEGHUN (DLS) XJIXLEERTE i ik
1T T RAE, g5 2-15d fios. BARKGE, BE%E PAEMA BUHRGFEM 150 1
JNE| 200 1300, “FHIKEEAS MM 55.47 nm H1E] 66.99 nm Fl1 86.27 nm.
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30
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P 2-16 @il TEM B33 1) PPEGMA,-PAEMA,, (m =150, 200, 300) RH N 4374 E
T R EIE (A2 e T ER
Figure 2-16. The histogram displays the micelle size distribution obtained from the TEM images
of the PPEGMA,-PAEMA,, (m = 150, 200, 300), with Gaussian fitting (red line) used to
determine the average diameter

B4k, f# ] Image Pro Plus 6.0 #4 TEM B4 SR HORANEAT T 00T
HRAEHE (4% BETHEZE (K 2-16). WEFTR, Fi% PAEMA B
KA, BRHRKANZEHE K. PAEMAiso. PAEMA 1 PAEMA3o0 134
FEAR RN BN 52,92 £0.92 nm. 62.43 +0.70 nm £ 90.84 £0.72 nm. 5 DLS Il
FHFBR AR MELL, TEM 331 RSEE RN Big b, X —Z Rl 2
K4 TEM S 02 IR RS I8, B TR il g A b b i) A e
T2, FTREARAG 7 92Pr R #HR, DLS S 2R KA BAR, X AR
JE B R AL A 5, DR IS ) RO R X — 22 e R 1 A FH 2 R R AR R A
SEATH TR/ NRITE SR B EE . JR1M, PAEMAse IR TEM EE Ht
HARBIMRH KT DLS WEE, Kix—ZRHETNERE. HILANFEETRE
fRRER — 25 5 o S 1 A R0 AT TEM B A ) SR K /N7 [ AT 0 R R A,
B BB 1) S W DA Sk = AR TV o A, A R AR AT T30 0 B T e
SINRZE, Reple— L st IR e A BRI . RUE AP TR IR LU 7E 1), WL S22
TSR — 5, LibAiBid DLS 62 TEM & . HA&KiE, BE%E PAEMA
B FERIE N, PPEGMA2-PAEMAW 5 AW ol (1 R~ 128 4 K

W 2-17 Fias, & PPEGMA-PAEMA o0 (20% wiw) &4 31K ) DSC
ek, BEILEEARIRE (Ty) {1 N-15.20C, [FIINHZ L2 1A B L6 1R K I a) i35 40
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Figure 2-17 DSC curves of PPEGMA 1,-PAEMA 199 polymer assemblies prepared by RAFT
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Figure 2-18. (a-d) TEM images of PGMA44-PAEMA, polymer assemblies prepared by RAFT
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emulsion polymerization (20% w/w). (¢) DLS curve corresponding to shown in (a-d). (f-i) TEM
images of PGMA44-PAEMA,, polymer assemblies prepared by RAFT emulsion polymerization
(25% w/w). (j) DLS curve corresponding to shown in (f-i)

N T RAEZEAIE R 51 K PISA A RMATHEGE, AUFFEIR T HET
PGMA [¥1K%>F RAFT k57, LL#ZH] AEMA [f] RAFT #LiliE & PGMA MR
T BISE/KPE [ 4 , 385 FH T RAFT ZKAH > BOR & ol B2 549K B F1 PAEMA
BX ) DP, #%% T — %] PGMA44-PAEMA, BS54 EK . TEM 4047 Sos, A
XL AEAREIE A T ERIER R (] 2-18). Bb4k, DLS RAEEIR, FE#E PAEMA
B R A FEREm, BROEI AR AR/ NBARRIE K (B 2-18 e,)). RAERAEIRIFHE S
IS (Cnid HUIRAZEIE) 1) PGMAw-PAEMA R AW 34K, (HIX—45 1Al
TEAMIERE KK AEBMA FLBCRA RIS E M. EARERRE, MHS 7285
) PGMA 2 K707 RAFT 5fl| il fE et AEMA £ RAFT FLBER & F it —
WIHEAR, AR T AT T E
2.3.4 AIE IJgE R & 44H SRR ROHI &

TR, RIREMHBARFE RIS BT5 . 7R GMEDH ARG
BETZ R, ST REER T ER, 2001 4E, JEAREEE LFIRILT
— P T PR K (ACQ) WHILE, FONRER TR (AIE)
B4, GBI LASK, ATE DRe S YA o] L a1t 2 S A0 AT AT 550K 5 B R
MR T KRBTSR, ATE ARHRIHL I A1 A R W AE A R e #5635 195 96,
TEREE AIE ThRESREMIM BT i, A JE B2 —FhA R SRNE, 7T LA 5§
ST OIREAG, IR T FLHT AR DA 56 S F S o SR R B e R
A1, 3 e AT LLE I B4R B R 4] BT T ARG .

WHTATIR, p-HRBEREHARE 5 — RV E RE R m U S, BRI RS . F
FX — 5k, AR B-BiESThBE1L I PPEGMA 1-PAEMAy A W41 3R HEAT
TREJGBM, #& T REFIRY (AIE) BEWARK, BAmS, Kaxdt
TheReA VU3, 207 (TPE-NHy) fE= % N 5 RIERA LA RS (B 2-19a). K
MG R AR R THNMR 3 (B 2-20) &R, TPE FIZRINEHILAE 6.9-7.2

Iy
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ppm, T RIHII G &M . TEM BUFIESE, oot SRR T 3 ss i

( 2-19b). R TADII AIE 2087, AT TPE Sutk ik BUIL S M4 25 R e — H
FHBE I (DMF) VB /K 73 BOR 2 66 . anf&l 2-19 ¢ B, TPE BfE4]
AR DMF VBAE 470 nm BARKE LA 5O, T/K 2B FE 470 nm S
bR AR FL PO . X B R R WIAEAE AIE AN, 5T TPE HITlER
BRI R 7y N e 32 R

—— Assemblies in H,0
—— Assemblies in DMF|

400 450 500 550 600 650
Wavelength (nm)

2-19 (a) W EFEIEE AIE TR G B % AIE DiRe R S WAHLAA KR &
Kl (b) AIE Djse R &MHEARN TEM BlE. (o) AIE DIREERAWH F /K7L DMF FlZK
FIE e ETE B . PRIAE S B EORLIR EE YN 80 pg mL e Aex = 350 nm, FRE4%7%EE N 2.5 nm.
A AIE DI RS WA BARD6 2O0 IR
Figure 2-19 (a) Schematic of preparing AIE functionalized polymer assemblies by post
modification with amine functionalized AIE small molecules. (b) TEM image of AIE
functionalized polymer assemblies. (c) Fluorescence spectra of AIE functionalized polymer
assemblies in DMF and water. The particle concentration of both samples was 80 ug mL!. Aex =
350 nm, slit width 2.5 nm. The inset shows the optical fluorescence image of AIE functionalized

polymer assemblies
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Figure 2-20 '"H NMR spectrum of AIE functionalized polymer assemblies modified with TPE-NH,

S S St e TWW
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221 () EMEIIIREILI AIE N> T IR GBS % AIE DhRE R WAL R
BEHE; (b) AIE DIReREMARAI DO B FBRLREZ Y 80 ug mL"o Aex =350
nm, FREETEFEN 2.5 nm. KN AIE ThEER SRR 62206 A
Figure 2-21 (a) Schematic illustration of preparing AIE functionalized polymer assemblies by post

modification with aldehyde functionalized AIE small molecules. (b) Fluorescence spectra of AIE
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functionalized polymer assemblies. The particle concentration of the sample was 80 pg mL™!. Aex =
350 nm, slit width 2.5 nm. The inset shows the optical fluorescence image of AIE functionalized
polymer assemblies

BEAh, I AEH T DRI ALE /NG TN R A AR AT OO, RIS
F| AIE ThEE R EWEH . & 2-21 a pon, BEREBALH AIE hp1 5 EIEH
RA W BMAE = CHAFAERITIRIE A T R A 2-21b iR, EE R A
ZH AR IR 7K A3 BORAE 450 nm YK R o SR 586 R Gt e, 4 (B iR T TE 254
nm PJEAMEIRGT R, BEEE ATE Sok 20 28 15 7E /K H i € R Ok

NT SRR AIE WReR G WA SETE RIS IIEE R, AW
VPG T AR AR . TEABETEH, (] MTT VA VP4l TPE-NH, St R & P2 3¢
TREINRTERE I, 500 B R & HeLa 40035 S oRBAT VA« WG E A7 S 40
R HCR AR LG, SO T A 4 R PR A g 2 &l e A B2 S AR A E2H (O
fE% TPE-NH i PER B IL R Bk (035 R S 85 2R (4D EATERA, mTRAaE
SRR G RE AR AN, AT 6 7~ 4 R 1 A7 3 56
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2-22 @i MTT 05 TPE-NH, Bt i) 58 & W) 4 SR AE AN [RIAC B2 T % Hela 40 il 1 44 41
o 1k
Figure 2-22 In vitro cytotoxicity of TPE-NH, modified polymer assemblies against Hela cells at

different concentrations, assessed by MTT assay
Wk 2-22 Fras, 24 TPE-NH, MU SRS YA 2R K EEK T 20 pg/mL #Y,
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HeLa A HIAFTE L IRFFAAS . B AEA EE =18 100 pg/mL B, 283 24 /i)
5 TPE-NH, SR EWHRAILIE T 5, MM RATIRIFE 80% U . XLk
GEREW, AIE DhEERAWHIEARLENT 20 pg/mL (9 T # kT DLZBE R
Vo HEERAUE T B-BAEE R G VD2 22 DRI, X e 20 6 A ) LU Skl i B
A RUFAEYIAR R TR AT R KK, ARWFFETEHRIF T2t — 5
PR ILAE LG 3 P T E R o
23.5 B A XBEAMARENHIE

AEMA [f) p-FRFGH AR08 500 R S T HECAL, & &8 RIB A A RHE At
TR TEAE R T, AR AR I S AU B G T AE R S HANEDSS T (B, T 1%
FCALAE A 3025 0 2 B 1 SR B WA 2 AR AR TE IR /b o FEARE T, J I A AN
IR TS p-EEe AT IO, RN A S B ROGHERE I ThBe SR &4
Btk & 2-23 JeoR TR E T 5 p-BR R R FIECAL R ROV 2.

R1 R1 R1
0} o OH- 0=
_—H+3 —» R€.
0 0 Re3* "0
RZ R2 Rz

1223 BIARES 715 f-BISE AL A7 = R

Figure 2-23 Reaction formulae for the coordination of lanthanide ions with S-ketoester groups

NTHRHEAE TS p-ERBEFER m AL, 520 RS Y R AR AT 5T HR
DA R AE & AR R T IR AR B . Stk SR 44 T PPEGMAL-P(AEMA 150-
co-AMA7s) CHER G EEN (BARIRIE DY 20% wiw ). #R)5, 1 PPEGMA -
P(AEMA 150-co-AMA7.5) 5 6 SR G W) B8 43 B 35 A S A I R Bk
¥ EEMMBRENKAEY (Tb(NOs)-6H0 ) LAl FR 4 7/~ K & 1)
(Eu(NO3)3-6H20) HU/KIRE )5, M RINE B, JFuee— BN Kk
Nio B, BU— @ B AIRE M4 BUE THE ARt A7 2 ek, B iR, To
Bu¥" B 70l 5 p- i i 5 ] (0 BO A AR P 0E R eerE . & 2-24 H ) a R b 4303
fif 7 %1%k Tb A1 Bu B FRIEH RN . BAATS, M 2-24 a dmy LLEHTW
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SZFTE 489, 545, 583 J 619 nm Ak H I Tb FL A4 IRFAE & $0%, 1 KN 254 nm
EANER R T FT THF AR S GOt FIFER, B 2-24 b thaf LLIE T
MELRNE 592, 613, 652 J2 699 nm H H Eu Fl-& ) AL 200 A i, 4 & o
THF 43801 Eu FUE B IEAE RSORS00 N BRI Se 2L B0 . X E8E5 JUIEsL [
- T 5 ] 5 0 R - S A 1 T AT

(a) 7000 (b) 550 ]
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Kl 2-24 BRI 58 R B T-RCALJE 2 BUE THE H 58 e o AE S RO FE XN 80 ng
mL", Aex =298 nm, FREETEE AN 2.5nm): (a) Tb*; (b) Eud*. #HEANFLIR A
Figure 2-24 Fluorescence spectra of cross-linked vesicles dispersed in THF after coordination with
lanthanide ions. The particle concentrations of the samples were all 80 1 g mL-1, Aex = 298 nm,
and the slit width was 2.5 nm):(a) Tb>'; (b) Eu’*. The inset is an optical fluorescence photograph

2.4 INGE

KEH T 3T PPEGMAL-CEPA 3% ()& LiE R 5] % AEMA ) RAFT
FIRRERR, BRI T S-BRlE IRtk PPEGMA-PAEMAR & W4 254k
NIV TR, 2R RAE 30 4080 N AR AL ol 95%, RESHREAH
TR IR gE S5 SR B . @ VA% DP AR S, SEIAIE HUIR
FNFEW TR AT M0 30, 45 B 7R S AR BE X ZH AR TR 3R M 2 i B A PR . A2
BE— DR O RS VA ISR I R 28 ORES RIS H)
40 wt.%m}, HFARMITEI TR NERIY, IO R SALH B RAFT FLBER A
AN RAFT 7rHUCRG . WG, HfEHE G 75 PPEGMA2-CEPA 1%
AEMA [ RAFT FLIR GRS, HINER T BRICER . tah, IRz r)E

M, AR T ER DA L T PGMA-PAEMA,, 58 & W) 4H 3544 .
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o, BN AIE /N>F (40 TPE-NH.) HHTJEThEEAL, FEB T AR
M) 25 1) SE BE A (R T R AT % 1 DG 25 1 SR G LA A o AR AR PRI il 25 Rk
B, 24 TPE-NH, IUIH S-S A AR BEAR T 20 pg/mL B, 207 iE Rl T 95%,
UE B SR MR . A T I0AE X S T R SR A LS AR B e BT, A I
£z % PPEGMA 12-P(AEMA 150-co-AMA7 s) B SR S  BERAE T 8k Eu* [IAF1E
T THF o0, sEl TR ST 5 R EMHBARNAE BB AR T
FEERRINTEZ IR, DU T I e 20 5 Aot S S M s fR g 77, 20
Y058 LR ek AR, AT ARAGIE B 51 K RAFT JLIBR & AT 9 g 1t 5 Tk Ak
FIAT T K S M SIZ B8 B 45 s ) S I8 FH R A B B 0 3
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EI3E FNBES Hantzsch RENTSHREFSEER

3.1 5|5

UT4EK, Hantzsch < RLAT RAFT SR-EAE A4 5 s ok B 2 SR &, 43l
HEANE S &5 T ARk 4 s A T2 S A o Hantzsch OS2 — 22 LR 2 20
Gy R RS, SR - RN 0 = A5 IR, BB R A L RAR TR
YER) 1,4-Z&0ERE (1,4-DHP) &40 1000, axseqy &) BA R 1) LA 51
RETESRAMBUR N 2B 6N, RO RHESL, RRMMGWIE RA V2 B
1R 07/ s e e A N 71 2 AR AN 7 R e e N /1 = v | T e
H0S1554% . RAFT RE1EN—MIEIER2 B ARG BOR, @id RAFT &7 1 ay
R AL MRS HE R S A A, P& 20 T & 0 A0 B USSR Fh 45 M T 4% 1 1)
e 2> T AL

HSR Hantzsch X5 RAFT 570 @A R EGUR, (0 2 PR S H I
R RIS . BTNy TR R, RSB JE T AR AR A AL AR S
YERIThRE AT Wit 1k . BT 45 4 Hantzsch &N IR IA B RE 1S RAFT R4
rmTHEtE, BEAE SR 2RI R SR R . Biltn, 2015 4, BR#&E#E0R
PR OO G o S B Hantzsch [N 5 RAFT AR A HIFL T, EEATIE
T RERCT & 1,4-DHP 25 MR HT BT RE S A7 . 2017 4F, RGN A
A AIE RN T 4- (1,2,2- =336 2063 ZKH I (TPB) {EA Hantzsch Jx
MR, @i RAFT MR 45 Hantzsch RN 45E, —#ddl#&H A
AIE FrtE I SEIE R B Y. 2R EME AU R BRI R M EM, M)
AN RS - 2019 4F, PRI OSIE Bl 1 — i EL A A o 1 s 10 H PO R — O
% (TPDA) &4k}, JFiEid Hantzsch e N Al RAFT MR A4S, 1537 H
FLFIEI A A Y PEG-TPD. I8 Id LR A W — 1 2 R &1, 45
BRIEAFIRIFERIEL T, WE ML EKEBF, PEG-TPD HITet R H
WHAE 509 nm AL R OKR I, FAEEBER AIE BL%. LB RAUES T
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Hantzsch x5 RAFT ¥R G RN EA RIFHAHZE M, 187 Hantzesh-RAFT
PR G R R — R B DR i o 1 B8 757 (HG2, H AT AR IR
LK Hantzsch [N AT RAFT StHI B AL & IER

& B-HABE R AEMA fE5 M E PN REE GV T2, Hin2 H 5 &
B2, IXELEEGYIRT T AR . DU B AR A2 1 S gk 06 10914 A
AW, BAVFR T —Foks Hantzsch B 5 RAFT 0 BUR &M S A,
JEAL = 4 T — R BATOCRER R G EAR, R T ixE R TR E
1%, MEBUERNSE, AT — R BA SRS OGRS ARk
HFAAFRRYIESS T Hantzsch B 5 RAFT 7 #U5RA RO AN EE 1
BRI, ATAERRT 245 KV-RAFT FAHE AR R A BARTE &R
EOTHIKE RS, R TET RAFT 5BUREH &4 AT R A4 %
PRI FE G L
3.2 SEEERSY
3.2.1 SERRRIALF

AN i F 0 R RIAR A R 3-1 FizR, AEMA Rl BZMA S0t F Ak B pR
%5, AIBN fll KPS £ 5 45 i 4lifh.

* 3-1 RS IR

Table 3-1 Materials and agents

i i T
OB 2B TR IR R £ —BEfE (AEMA) 95% (NMR) 2 7 5
R B A A R
99% (OEvA
(PEGMA, M, = 475 g/mol)
FEEPGER R 2R (BzMA) 98% 2 7 A
7 e 99% TN L5
s 98% L A
1-Z5 g 97% i
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2-MEy R 98% 2l 4 {2
e SLE 99% S L
13- = 98% B 1k
LR 98% S T
HEmR 99% L
22-BR 5 THE (AIBND 98% iR E
=R RE 98% 2T 4k 2
L4-7R ) 99% LA
DR e 200-300 B 3A
LI 99.9% S L2
oK B A 99% k2
4- W EFEHEE (DMAP) 98% i

32 SR

Table 3-2 Experimental Instruments

PEER i ke AT
iR ATX124R Bl (hED
R R 05 PE 4% 90-5 R R
Jig i 75 A N-1300 TEELR
HETEME DZF-6020 b ER2E

3.2.2 K%F RAFT ik PPEGMA,;-CEPA HI& A

HRZH 222,
323 £ EEE R 1,4-DHP SR ESYE R IR

(1) 1,4-DHP 54 B4 & i

it Hantzsch AT 1,4-DHP S5 8 BRI SN 7 R0 R KUK 2K
i (1.061 g, 10mmol), AEMA (2.142 g, 10 mmol), iA3Ef{ (1.402 g, 10 mmol)
2 FR% (1.156 g, 15 mmol) JIA 25 mL R ERE+, S8)5, A HZ R (0.113
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g, L.5mmoD) MZJE (10 mL) 73 AENREAFIFN S BEE o B BT 70°C i
W B 6he JRMESHG, Y EB FKITE, HKMIE QK LR LB
(10/1) HEEFYE 3 X, REEE BSTREREREN, &EFRBRE O
AR 4
(2) 1,4-DHP Z5H4 AR K] RAFT 70 HUR &
¥ 1,4-DHP 450 ARG il 1E CBE/ KR &% A FH PPEGMA2-
CEPA K41 RAFT AT RAFT 78R G, DARARIKEE N 20% wiw, Bix
DP & 200 A, SZITRMF: K 1,4-DHP Z5# 54K (2.6 g, 6.15 mmol),
PPEGMA,;-CEPA (0.315g,0.03 mmol), AIBN (0.0017 g, 0.01 mmol) #1Z.EE/7K
(8.32g/2.08 g) MKIIMA 25 mL [ H . EZEIR NRFZEEAN 15 min Na J5 %
E, SRIGT 70°C [FmyE4A T B 24 h DUOSEEl R se b, REEHRE, Hik
IVE SRS W ST YRt 78
3.2.4 RAFT 8 B2 & B PPEGMA,1-P(AEMA -co-BzMAm)

f# F§ PPEGMA,1-CEPA 1E N K%F RAFT 7, L AEMA f1 BZMA AL E
BUR, TELEEDKIR AR 4T RAFT 40 BUL R A B PPEGMA2-P(AEMA -
co-BZMAm)I R EMAHEEAK . LA i PPEGMA21-P(AEMA 190-co-BzMA 100) (LA
WEER 20% wiw) A, SE88 77 2200 °R < 7€ 10 mL R EBE - 43 51 I PPEGMA -
CEPA (0.382 g, 0.037 mmol), AEMA (0.8 g, 3.73 mmol), BzMA (0.652 g, 3.73
mmol) F1 AIBN (0.0020 g,0.012 mmol), #RJ5 [ [ JEFEHM I 2B /7K (4.666
g/4.167 g), AT EBAA MM, EER FIESLEA 15 min Ny 5% H
SRIGTIN 70°C BB, SO 24 h DASEILSRAR IR 58 4 SORE, 4 S5 B 28 8 /<
RILIE T/ 8
3.2.5 [RA#IEE 1,4-DHP S0 B S H4E 2K

it RAFT 730 HUR &5 Hantzsch RBARSS SR RS, @bl 1
% 1,4-DHP Z5W IR GV Rk, DR HEEAIA LNy Hantzsch M EY), H
FRZH AN Hantzsch-PPEGMA21-P(AEMA 100-co-BzMA 100) Cll 4% BAAKIKR N 15%

w/w) Al #IKCKE PPEGMAL-CEPA (0.382 g, 0.037 mmol), BzMA (0.658 g,
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3.73 mmol), AEMA (0.8 g, 3.73 mmol), A3 (0.524 g, 3.73 mmol), K&
(0.396 g,3.73 mmol), ZF&%% (0.432¢g,5.60 mmol), HZ R (0.042 g, 0.56 mol)
TINF] 25 mL BEJERH S, 1A AIBN (0.002 g, 0.012 mmol) 1FNEESI K
A, N CEE/K (6.610 g/1.653 g) 1ERRMIET, HoWH 780 i b B 277 4
I, AR TRLEAN 15minNy J&, FREEHET 70°C Flgsd, K
i 24 h fS AR SE AL . RS IRE , I FREE AT, IFIEE Y. FH 'THNMR
M5 BAREAL R, ] TEM RAFER SWHEMIES, FH DMF GPC RIERAMH

T E. LRHAANRIRYN, 8RR T 5 G RO R SIS,
3.2.6 JRALHIE 1,4-DHP SR EME R AN IERR

Wit DL 2K F R RN A S A Hanztsch N Y, H AR 41N Hantzsch-
PPEGMA;1-P(AEMA 100-co-BzMA 100) CHill 5 BRI A 15% wiw) IZAF FER 5T
REBN AT RN, BAERERITEZWT: KUK PPEGMA,-CEPA (0.478 g, 0.047
mmol), BzMA (0.823 g,4.67 mmol), AEMA (1.0 g, 4.67 mmol), AR (0.654
g, 4.67 mmol), ZEHE (0.495 g, 4.67 mmol), ZFR%% (0.540 g, 7.00 mmol), H
M (0.053g,0.70mol) A1 DMF (0.05mL) JIAZF] 25 mL [ EELHH, A
AIBN (0.0026 g, 0.016 mmol) {ERNEA T A, MALEE/K (8.263 g/2.066 g)
VERNETR, R fidt BERRAR A ME M. £5E TIESEA 20 min Ny,
HR FHE BT 70°C B SO o FRYE Tl S 15 e I Ta) TR)R% , 72 No fR3 R
HURE. FERMBREEMESS, NIRRT R MR RS, %, H DMSO-
de W FRFE AT TH NMR &AL
327 (LFBERIE

BHEHPREGE (CHNMR): B AFIFEE T DMSO-ds 1, f#H Bruker Avance
NEO 500 MHz #Z B IR MEREAE F iR (25°C) 4 Rk, H3RECN 16
Ve

BRBE B (GPC):: RAMARMN HTE L LT E a5
LabSolutions GPC 20A A4 ¥t i i23% (il O 5E , W oI FH FR A DR 2 404 1)
PMMA, f§iH DMF Az, ¥Em#EA 1.0 mL/min, MWEIEE ) 50°C;
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BT BB (TEMD: @3 HITACHIHT 7800 %438 5 f 1 5 1 s W 48 5%
EYHARRIEI . BRI AR, SREIC— MBS T, #E 3
min 5 FHUEARRR 2 2 R, 1 —TERRMVER (0.5 wiw) RINEMM L, #E
Jeft 3 min, A5 FHIEAVERRIR L 2 RIS, WARINE B EN 100 kV;

ZRHFERIL (DSC): f#H DSC25 TA Instruments 278313 & HGHEAT
ITENERE T # 5-10 mg TIRFEEFEAEH IR, 78 N U450 F B 10°C min™ 8
HPAT-20°C F 250°C WIFHRFIFEF

PG RAMIR LI H JASCO FP-8550 %6 et BEile, ¥
RPN 400 nm, FREETEDY 2.5 nm, AEHHARETEE Y 390-680 nm, FHFEEEL N

100 nm/min.
33 FR51Ti8
3.3.1 & 1,4-DHP & A& R SR

3
3

Hantzsch Reactiorl

CHO

(0]

7do NH,OAc

& 3-1 Hantzsch [N RCE 1,4-DHP S5 K41 544
Figure 3-1 Hantzsch reaction for the synthesis of monomers containing 1,4-DHP structures
W 4iEid Hanztsch S S& 5 1,4-DHP 250080k, il 3-1 Fis. Sk
Iz AR R EIE R : "H-NMR (500 MHz, DMSO-d6, 8/ppm): 9.12 (1H, f),
7.03-7.14 (5H, g), 6.00 (1H, b), 5.69 (1H, b), 4.85 (1H, ¢), 4.17-4.29 (4H, c), 2.18-2.44
(2H, h), 2.28 (3H, d), 1.96-2.15 (2H, i), 1.86 (3H, a), 1.01 (3H, j), 0.84 (3H, k). Hi 'H-
NMR 255K, 1,4-DHP 458 B ficeb 7 B IEAFAEIE (4.85 ppm) 1R 2 E A R
Bl BoR Ce dnid), (A Br-HroSUER R T 106 5 1,4-DHP 2514 v IE AR RE R R AR 0

IR b (Te.00/Ts.60/Tags) N 0.99:0.99:1, SHSM (1:1:1) MH—F (nE 3-
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2), UEWIEIE Hantzsch M EE & K 1 BA T 1,4-— SE0E 4540 (1 544

H,O
b | [ [
o -‘ ' ‘
L J\n, ~o o oMo |
J o : J |/ Iy
d
a .
]l |k
9
b e c )
lf h+i
g g EREY FURY g24% gy
- w El El - - M m oo
95 90 85 BO 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Chemical Shift (ppm)

] 3-2 1,4-DHP £ FAA ) 'H NMR 1 5]
Figure 3-2 'H NMR spectrum of 1,4-DHP structural monomers

3.3.2 [R{uHI#F 1,4-DHP B EWEZ AN HERR

oSS
T
— H psydn g
s N I Hantzsch Reaction
+ N

[s]
n OH
0 N
s}
S ¢ N
RAFT-PISA >

®  R-CHO ° *
dc rR=< WH
w NH,OAC

CHO
CHO S CHO
CHO
R-CHO : N wr

A IECUEE 1-ZEHEE 2-IEN) B
o o o]
S HENGY QL
5, 5-HHE-1 3-BR = 1, 3-% O =

3-3 JEALE AN FIZ AR 1,4-DHP 258K A4 20k 1 n =

Figure 3-3 Schematic representation of in situ synthesis of polymer assemblies with different
compositions of 1,4-DHP structures

iR Hantzsch V5 RAFT 0 R GRS &, TPR T — R R G 10K,

MTFRRE T — & 51EH 1,4-DHP K5ORSGV SR, K 3-3 Jior,
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KA T 4 MAFRRER ST CRREE, IECBE. 1-25 TR 2-BEm i) 12 FiA
FIFIEAZE 7 GESEEIAT 1, 3- 3R fD, 78 &R AWMLk, &
BRE, RSSO JERE, S B R B B B : AEMA
BzMA : ZFR%: - HERR =1:1:1:1:1.5:0.15, HPHEMKE AN Hanztsch )X
AR, RN PPEGMALi-CEPA Al AIBN 43 5I/E A RAFT 43 #R & 1K
55 F RAFT GRS K, Ba N CEEK (807200 JRAVEFINENIRBNA I -

il

85 80 75 70 65 60 55 50 45 40 35 3 25 20 15 10 05

Ghemical Shift (ppm)
3-4 £ 70°C F, VIZEHEEFIASER N Hantzsch SN JERY, T H bR A%~ Hantzsch-
PPEGMA: -P(AEMA 100-co-BzMA 100) 1] 15% wiw I BAAIR FEIEAT RAFT 43 BRI S EUK)
SEMFER) TH NMR i (DMF AR
Figure 3-4 '"H NMR patterns of aliquots extracted during RAFT dispersion polymerization of 15%
w/w monomer concentration of the target composition Hantzsch-PPEGMA;-P (AEMA 19o-co-
BzMA 100) at 70°C using benzaldehyde and dimedone as Hantzsch reaction substrates (DMF was
used as an internal standard)

ARSI B DL F AT A SE N Hanztsch [IBIEA), AEMA/BzMA (1:1) M3k
R, AIBN A5 K7, {#H PPEGMA2-CEPA {EA K4 T RAFT ik, 1£Z
/7K (80/20) HIVRAVER T EL 15% wiw AR EZ ) % H br2L R Hantzsch-
PPEGMA, -P(AEMA 100-co-BzMA 100) R TR G B, XHZIk R RS 7)
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FIREATHETC . L& DMF fE 2R UE, 75 No fR3P T, FIESS 88 REEAN R S B2 I T8
(RORE S, JEIE TH NMR W@ AR 8] R B 5kt 28 . nlsl 3-4 Bios, MHhalLl
&t AEMA A1 BZMA HBik-BOBUEE 5T 10845 5 (5.5-6.5 ppm) BEZE SN I Ta] 3
TN ZEHRTS, R 10 h J5 SR IA H CRR i3> 98%), R RAFT 45
HORA R RE IR R . B 0 R, R R BEAMSE AR Yk
B BONSSIAHIE BV, BE R BT I HE M . LIRS A T 40 0y 5 4
VAR TV R T B S VA 7R B B I RS K, S IR B SRS R AR AR 4
TR A B, X RAFT 23 B3R B IRRRAE

Kl3-5 (a) iR fa i 26 R 4h 55 6 h WHEALES 78IS 69%
55 84%, 10h G 6 (£98%). & 3-5 (b) X #ih &t — B 7R 7w
AN B BB R B — I BORBUAZI, SR T, R, TR
SRR TR, I TIEREM B . I BURIGEY, ERHT
REFRERI R, LR AEF AR 5 B0 B HATE BB R, T A 0 17 B R

REAL BV EE BUA AL, SBUR TR , M RAE R .

100 -

(a) . (b)

~ 80- " 41 y

X

S 601 ] ES-

[ =2

o - = 0

> 40- =2

c

o n

O 20- 1
0 : : - - - O+ - | , _ - -
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Time (h) Time (h)

K 3-5 38 1d RAFT 70U S CRUPUARIREEN 15% wiw, HARZH BN Hantzsch-PPEGMA,;-
P(AEMA p0-co-BzMAo0)) 7E 70°C FTHIR GBI, (a) AR EHRERAE; (b) #iL
SRS
Figure 3-5 Polymerization kinetics by RAFT dispersion polymerization (total monomer
concentration 15% w/w, target composition Hantzsch-PPEGMA»-P (AEMA 1¢0-co-BzMA 109)) at

70°C. (a) Plot of conversion versus time; (b) Semi-log plot of the conversion rate
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3.3.3 [RA#HIEE 1,4-DHP 8BS H4E K

REFET AN — KRBT RHTF R — LA, BHEIUR BORT e mr
RFREMHANR . DK REAIAEN Hantzsch SJEYIANG], RNLER G
BURE T A TR . 40P 3-6 Tz, "H NMR 455 2R, 1,4-DHP 45 F4 [ 4FAE i
HILLE 4.94-3.79 ppm (b)), i H AEMA 15 p-BFEAH S AL REE S A 5%, iIF
AT RO Gk R Hantzsch [N IR BEAT H BB B S IR . FR,
AEMA Al BZMA 1 207535 ) WUk IE (6.5-5.5 ppm) ¥IEH 2%, i8] RAFT 2 #k
A I IEAT o HoAth A [F) S A TR 1) 25 1) 58 W 2L 2 ARt 3 TR S B PRy 45
R XU RR, AR REREM LIS 2 Hantzsch RNV GIERRY), 5

RAFT 7} R G AHE

s Seast \'H | A
D Uiy, N FE D! NN
0 : o /\
St *
ph " / Y Il'Lﬂ
AN U - L | IO W 1, L
Sy
oA
ph Aﬂﬁ
Ln AN Jo Ty L J"‘/\"M

8o 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Chemical Shift (ppm>

K 3-6 RIS 4145 H An4H N Hantzsch-PPEGMA1-P(AEMA 100-co-BzMA 100) ( LLIE £ il
N Hantzsch X MRV SR-EPIAHBLARR TH NMR 54
Figure 3-6 '"H NMR spectra of different aldehydes prepared target compositions of Hantzsch-
PPEGMA;1-P(AEMA 100-co-BzMA 100) (with dimedone as substrate for Hantzsch reaction)

polymer assemblies

N T IR IR R A BORIIA R, B3 T =M F T % & R S A
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BARMLER CLRFRENGD: — Mol AR SRR B & K 1,4-DHP 451
REWHENR, —FRALS MNP 0Ed Hantzsch N5 S 1,4-DHP 25141
AR, PR RAFT 0 BUR G35 “207 IR G4 3R, 53 —Fh /2 Hantzsch [z
MAZHESHANREMARAE, Z2EEFEMK AEMA 5 BzMA ) RAFT
I HOLRE S AR . W 3-7 s, RYE THNMR 8085R B0, £49P0 ks
BRSNS AL R G RS B R SR LFH[F . 1 JC Hantzsch
R INAT BN 1R EABARTE 9.05 ppm () FFIEHELERR F-NH-IRHEE . SEa04s
FAEM Tz F ARG BOR M RIAT I, 12500 Al DU & (3T B AR R S
AR

(a) f M In-situ JK_/J

(b) « ‘Pure’ | B )
] — Mm'\_.___ _Av_,/'ﬂ\_y/“-__,al L‘.‘ I\Au IVJI \'\_J“J JU \¥
() No Hantzsch JL
J\; . M

5 90 85 80 75 70 65 é‘%hei}ial si'gt (P;'.r:) 40 35 30 25 20 15 1.0 05
K 3-7 REJFiES &R WASERN 'THNMR B, () FEARERA: (b) 5k
REWiHE; (o) Jt Hantzsch W
Figure 3-7 '"H NMR spectra of polymer assemblies prepared by different methods. (a) In situ
polymerization; (b) conventional monomer-polymerization two-step method; (c) no Hantzsch
reaction

£ RAFT 0 HUE S, B EE B S PR B A A e PR i 5 ¢ B 221
HOl, e To A U BE BUI N 2 2B BRI R &0 T HEIZsh I, RIAEAE ] A AR
AT, HRZREEBENSRES 3R A A R KA R . XTI, I

% T (ERFPERI SR AR, I R M A A AR T IR RS E M . Ik 3-
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1R, SRR R RIS, SR W25k %45 2 SR S AL AR 1 T (i =
% 161.4°C, SEAHBMAEREGIRRRLRAEFEENE, — B )5 ok geff 4 e
R, HNEFIPITH . T RIRR SN T fE, Ed %k B2MA fE LS
i, R EALE L 1,4-DHP S5 H 3 SV K . BzMA 1F 8 — K H E N IRIR
BE UK, T2 T RAFT REE LR S 5 BOL R B 413, HIHAH
SEARH) T HA TR AT REMAR Ty SERERER, @A B2MA
ZHILK, ReVWHRM T, BF K, RIVETE RRAREEN . BEfE, 18 HHAR
MR AN 2E1E A Hantzsch S HIJEY), WINE T — &5 1,4-DHP 251115
GYHESAR SRR, XEREYIN T HEEREAL, R 4irrdH3oREs, K
Hr DLIE A IR SR S A 2R 1) T (EBAR . A 17— P IRIIE Hantzsch < B
HAE M, AR AR T A4S Hantzsch 407> i) PPEGMA2i-P(AEMA 100-co-
BzMA 100) R &AM . DSC 45 REW], H T [HW BT 5 1,4-DHP 4iF 11 5K
EVH AR, IR 2 T IERE A A R B SR B B 1 T M .
% 3-3 1,4-DHP Z51 RS HFAR ) DSC FAEME 2

Table 3-3 DSC characterization information for polymer assemblies of 1,4-DHP structures

UGBS [2S AW R Ty/°C
o i H-P21-PAsoo 161.40
o i 124.99
EC R 96.23
18 S H-P21-PA100B100
1-2% HI g 117.26
2-Tggwy R % 102.47
7 H H-P21-PA100A 100 114.77
1, 3-3 & i o i H-P21-PA100B100 117.90

- - PPEGMA,i-P(AEMA 100-co-BzMA 100) ~ 15.16

* H-P21-PA100B100 4 Hantzsch-PPEGMA21-P(AEMA 100-co-BzMA100) ] 5 5 H-P21-PAzo0 AL 4L HAR- T A 2514
il % AW 4k Hantzsch-PPEGMA21-PAEM Ao ] 5
Zi L PIR, AN R SR AN 2K 7 TR A, Bneidnd R A R A HR 1S
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#|E 1,4-DHP SRR G SAR, HE—BUESL 7 RALE L 1,4-DHP £t %R G
P2 2 A i 1
3.3.4 1,4-DHP AR EMHE R T IRIRR

5 RAFT ALBRA A, 16 RAFT 20 HUCR &, HASRMIE 52 3 s Ak
WIS R 2. WA 3-8 PR, ASHEFE DL R RIIA LNy Hantzsch J N
Y, 8T SO R BE B ) SR A R RN BRI FE ) & T Hantzsch-PPEGMAg)-
P(AEMAm-co-BzMAm) EEYIH LR, FHAIH TEM XX S S04 1L E4T 3R
fit. HR#4E TEM 4528, 2] AN E (K 3-9).

Hantzsch-PPEGMA,-P(AEMA,,;—co-BzMA ;) Hantzsch-PPEGMA,-P(AEMA ,;—c0-BzMA 5

(a) ,;ﬁ'

Hantzsch-PPEGMA ,,-P(AEMA 5-c0-BzMA45)  Hantzsch-PPEGMA,,-P(AEMA ;s-c0-BzMA ;) Hantzsch-PPEGMA,-P(AEMA.;-co-BzMA.55)

Hantzsch-PPEGMA,,-P(AEMA o;-co-BzMA ) Hantzsch-PPEGMA,,-P(AEMA ;-co-BzMA ;) Han! mwssm-ﬂusu.—«am »)

(c)

Hantzsch-PPEGMA,,-P(AEMA ,,,~co-BzMA ;5) Hantzsch-PPEGMA,,-P(AEMA,5-co-BzMA. 5

(d)

Kl 3-8 JALH 455 1,4-DHP S5 S G MALARIR K TEM B (LK BERIIASE BT Y Hantzsch
RBLJEYD . (a) 10% wiws (b) 15% wiw: (¢) 20% wiws (d) 25% wiw

Figure 3-8 TEM images of polymer assemblies containing 1,4-DHP structures prepared by an in

situ method (benzaldehyde and dimedone as Hantzsch reaction substrates). (a) 10% w/w; (b) 15%

w/w; (¢) 20% w/w; (d) 25% w/iw
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S 300
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0 280

E 240
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. 220
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o 200
(=)

180
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Kl 3-9 JR A7 % 1) Hantzsch-PPEGMA1-P(AEMA m-co-BzMAR) B &V 4 254 (LA FE S AN
JAZE AN Hantzsch SR HITE S
Figure 3-9 Conformational phase diagrams of Hantzsch-PPEGMA,1-P(AEMA-co-BzMA )
diblock copolymer assemblies prepared by the in situ method (with benzaldehyde and dimedone
as substrates for the Hantzsch reaction)

MK 3-8 F1& 3-9 AILAE !, RAFT 43R &% 1f) Hantzsch-PPEGMA2)-
P(AEMAn-co-BzMAm) SR & WAL AR (T 30 52 1) B AR 2 DA K A Bk BOR B TE I
MUHE I o 2 BRI E Y 10%0, A RARHIE S v aliih SRB S, BBl B
BB SR A T B SEIN T A AR T A AR, IR B T AE BRI EE I, TR 5 JR TR
G LR/ . B BARIR S S E 15%8 20%, 1AL EEB R AN 200 B2
g HORIE 3, (2 % i BOR & BEE— DN, ZH A AR T 50 A s SR
] IR AR . XD, B RAORERR S, IR SRR S LR,
11T A% BE B 5 T 1 AR IR o BEAE 2 A ANBTEAT , BRI BE BOZ i e B2 5
BB HOEIE T 1, SERIWIERS 52 a6~ FATHES Y, AeZalid i /KA F ey id
3TV RS TE B -F- T XU Z S5, S 71 B B 7 o AR T, AT B 2RI R
R R TE A o7 L 2 B BOHEAR S 0 3R 2/ 70 A b [RI A T B &5
XTI RAL T RA YA 7 B AT N, A BT sk R R
Yo AR — DR a2 25%0), RIEZE B B BUOR & BRI AN T B
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e HCR IR, T 0] T8 B HUR 5 R TR S T3 . B R BEBOR &
FERISEIN, HBARTEAEEAL Al v RIREE M . 1Ah, 3R 3-4 JEoR T DR I EAIA
2l Hantzsch [ 8 KA & 14 1,4-DHP S50 5 AP 2ER Y GPC RAEEHE .
MR LURITE, BEE BUZ BB RS RN, REVH o T EWRiEH &, 2
i1, RGNS E T 7> T E G K, XAl T AEMA HAKH)
FRR SR AL S S AR e S B, AT R M) B 24 L A Y 73 1~ B A

* 3-4 DIZKHIEEANIASERA Jy Hantzsch SRR,  JRALHI S 1,4-DHP 2509 55 W4 3R 1)

GPC RALEHE
Table 3-4 GPC characterization of polymer assemblies containing 1,4-DHP structures prepared by

in situ method using benzaldehyde and dimedone as substrates for Hantzsch reaction

DMF GPC
FARIRE REMAERK
M, (kg/mol) My/M,

H—Pz]—PA125B125 77.26 2.20
10% w/w

H-le-PAlsoBlso 87.74 2.14

H—Pz]—PA]ooB]oo 63.88 1.56
15% w/w H-le-PAlszlzs 71.95 1.86

H-P21-PA150B150 81.34 1.79

H-P21-PA100B10o 69.24 1.69
20% W/W H—Pz]—PA]sz]zs 80.70 1.81

H-P»1-PA150B1s0 115.17 2.10

H—Pz]—PA]ooB]oo 74.57 1.78
25% W/W H—Pz]—PA]sz]zs 89.30 2.02

H-P21-PA150B150 111.39 2.70

B — X PLIE 8 4E A Hantzsch [ WP 2% 15 1,4-DHP 51 &)
ZHAEARIEAT TEM RA4E. W 3-10 Fian, PAIE /N Hantzsch NV JEY), #id
JEAL £ B R AW 2R CRARIR SN 20% w/iw) B TEM MG 80 A R RS 7E
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SUHATRHE . AL FEBOR A LN 200 I, AT DO SR 3R L IERE RS, BE
NI BCR G IR R 2 300 N, ERIEASHAN R IR IRE A, T REIE R R =
NI Sy Z T

Hantzsch-PPEGMA,,;-P(AEMA ;og—c0-BzMA ;o) Hantzsch-PPEGMA,,-P(AEMA ;5;—co-BzMA ,5,)

() o7 PR (b)

3-10 LAIECLEMIIASE Ny Hantzsch [ SR, AL % ) Hantzsch-PPEGMAg) -

P(AEMAm-co-BzMAm) CBAARIKJE N 20% wiw) BEW4L 44K TEM E. (a) 200 DP;

(b) 300 DP
Figure 3-10 TEM image of Hantzsch-PPEGMA2;-P(AEMAm-co-BzMA ) (monomer
concentration 20% w/w) polymer assemblies prepared by in situ method using hexanal and
dimedone as Hantzsch reaction substrates. (a) 200 DP; (b) 300 DP
N T BE— AR IS BB 20 OonS SRS WD A e A TE S AR A IR 52 R, £E AV N
BzMA HIZ5AF T, SOl 7 TR EE M B RE R AEMA B TR G . AR
HHIBEFNIESEHA /y Hantzsch MR, 7ESARIRIE N 20%8% 25%HI561F T, il
it JEA #1 4% Hantzsch-PPEGMA21-P(AEMAm-co-AEMA ) B S W4 . gk 3-1
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Figure 3-11 TEM images of Hantzsch-PPEGMA,1-P(AEMA y-co-AEMA,;) polymer assemblies
prepared by in situ method using benzaldehyde and dimedone as Hantzsch reaction substrates. (a)
20% wiw (b) 25% w/w
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Figure 3-12 Fluorescence emission spectra of polymer assemblies containing 1,4-DHP structures
prepared by in situ method using different aldehydes and ketones as substrates and the solid-state
quantum yields of the corresponding assemblies. The particle concentrations of the samples were

all 80 pg mL". Aex = 400 nm and the slit width was 2.5 nm
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