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Preparation of polymer nanomaterials with complex morphology

based on polymerization induced self-assembly

Li Shunshun (Materials Engineering)

Directed by Prof. Zhang Jun

Abstract

Polymer nanomaterials are characterized by novel structure, diverse morphology, excellent
performance and good biocompatibility. Therefore, they play an important role in many fields
such as drug controlled release, biological imaging, bionic simulation and nano-catalysis. As a
new and efficient method to prepare polymer nanomaterials, polymerization induced self-
assembly has been widely concerned by researchers in the past ten years. Compared with the
preparation concentration as low as 1 mg/mL in traditional solution assembly, the
polymerization induced self-assembly method creatively increased the preparation
concentration to 500 mg/mL. At the same time, the problem of heterogeneous polymerization
for the preparation of polymorphic aggregates is solved. Since the polymerization induced self-
assembly method was reported, a variety of self-assembly structures including spherical, linear,
wormlike, vesicular and composite vesicles have been successfully prepared. However, as far
as the research on polymerization induced self-assembly method is concerned, the research on
the regulation mechanism of polymer assembly morphology is not thorough enough, the
morphological evolution law is not clear, and there is a lack of exploration on the application

of polymerization induced self-assembly method.

It is found that the high molecular weight of block copolymers and the high asymmetry of
hydrophilic and hydrophobic chain segments are the decisive factors for the preparation of
polymer nanomaterials with complex morphology. In order to prepare multi-morphological
polymer nanomaterials, the effects of polymerization time and feeding ratio on the assembly
morphology were studied, the regulation and evolution of morphology were summarized, and
the differences between conventional solution self-assembly and polymerization induced self-
assembly of multi-morphological polymer nanomaterials under the same block copolymer

structure were compared. Finally, functional macromolecular chain transfer agents were
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introduced to prepare polymer nanoparticles with stimulus-responsive and self-crosslinking

properties in one step.

In order to explore the factors influencing the polymerization induced self-assembly
morphology, RAFT polymerization was used to prepare PAA macromolecular chain transfer
agent with different degree of polymerization. The structure and molecular weight of PAA were
characterized by NMR spectrometer and gel permeation chromatography respectively. Then,
PAA-b-PS polymer nanomaterials were prepared by polymerization induced self-assembly in
methanol with styrene as monomer, and the effects of polymerization time and PAA chain
length on the assembly morphology were studied by dynamic light scattering and transmission
electron microscope. It was found that the morphology of the aggregates changed from
spherical-worm-vesicle-complex vesicle with the extension of polymerization time. At the
same time, with the same monomer and chain transfer agent feeding ratio, the morphology of
the assembly increased with the PAA chain length, and large complex structure complex
vesicles-simple complex vesicles-monodisperse vesicles occur, indicating that the high
molecular weight and high asymmetry of block polymers were the key factors for the

preparation of complex morphology polymer nanomaterials.

The P4VP-b-PS system was used to prove the applicability of the rule. Firstly, RAFT
polymerization was used to prepare macromolecular chain transfer P4VP, and its structure and
molecular weight were characterized by NMR and GPC. Similarly, in the methanol with styrene
as monomer through polymerization induced self-assembly method for the preparation of
polymer nano materials were studied with transmission electron microscopy and monomer
polymerization time and the feeding of chain transfer agent ratio on the morphology. With the
increasing of polymerization time and the proportion of monomers, morphology of the
aggregates changed from spherical-vesicles-composite vesicles, indicating that the ultrahigh
molecular weight and the high asymmetry of block polymers were the main factors which
affecting the morphology. During the preparation of the P4VP-b-PS polymer nanomaterials
through traditional solutions self-assembly , when PS segment degree of polymerization,
respectively 341, 663, 1112 and 1834, spherical, vesicle, dumbbell vesicles and tubular

structure were preparation respectively, and the preparation of tubular structure in the
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preparation of polymer nanomaterials field is of great significance. Subsequently, we continued
to increase the degree of polymerization of PS chain segment to 2681 and 3469, and prepared
loose tubular cage structure and compact tubular cage structure, respectively. When the degree
of polymerization of PS chain segment increased to 4703, pincushion of tubules was prepared.
Through comparative analysis, it was found that under the same block copolymer structure,

solution self-assembly can be used to prepare assemblies with more complex morphologies.

Finally, the application of polymerization induced self-assembly was explored. By
introducing boroic acid groups and combining them with electron-rich compounds and o-
dihydroxyl compounds, polymer nanomaterials that could detect hydroxyquinoline and alizarin
red were prepared. Siloxane modified polymer nanomaterials were prepared by introducing
macromolecular chain transfer agents containing siloxane groups, and showed excellent self-
crosslinking property, which is expected to play an important role in column chromatography

filler materials.

Key words: Block Copolymer, Polymerization Induced Self-assembly, Tubular Material, Nano

Material, Functionality
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=T T R S B 99.8% BRI A A R 7]
AE A e I 245 £ A AR AT BR 4 )
“EALR Iy Hrat I 24 4 Ak 2t A PR A+
P i Iy Hrat I3 24 4 Ak 2t A PR A 7
A Iy hr 4t I3 24 4 Ak 2t A PR A+
R Iy Hrat I 24 4 Ak 2t A PR A+
Ec e e I 245 £ A AR AT BR 4 )
PIIGIR srHrat I 245 B Ak 2t A BR 4 )

BE_RTIE 98% BT T A 2 A BR A
= orHrat I 245 B A 2t A BR 4 )
KO Iy Hrat I 24 4 [ Ak 2t A PR A
ISR il 4l R TR 25 BR A 2 A7 PR ]
N Iy Hrat I 24 4 [ Ak 2t A PR A
M Iy Hrat [ 24 4 Ak 2t A PR A ]
g ikl I 245 £ Ak 2l m A BR 4 )
X 2R Ty I hrat I 245 B Ak 2 alm A B 4 )
LTk I hrat I 245 £ Ak 2 alm A BR 4 )
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2.2.2 SRIGINEE

S i e AR LR 2-2.
K22 SERPTAGE

Table2-2 List of experimental instruments

& ELX S thsy CVRI I
HLF B R AL104 MR B -FERM 2 A IR A 7]
AT DZX-2 (6050B) AR SIS B A PR A
RLREILARPBEE AL AVANCE 111 78 Bruke 2 7
SRR ALV Ea S SZCL-1 LT AR A A
ReE F490010 AEH R e IR B EE A AT PR A )
AR RLEE A Nano S90 e B R SOAN SR PR A 7
Wy R E ST B JEM-2100F HAH 7R ot
BB 15 i TDA 302 e B R SOAN SR PR A 7

HAt A # R & AL, B, 258, A8 500, HRIE. Bt Ertiis:
FORLEEREE

2.2.3 SLIEMRIAYFAL T2

R 7 T i (AIBND ££ LB b A il i M, VKA B2 20 45 F b
t, AUE, [REasHREE, BESR =K, BTSN R (AA) FinAb
BXR T, 7E 40°C TS ARG S B T KA . DUEIRRE (THR) S S L
TP, B KPR R SRR, FEALEHEEEMH. Ko (SO @l
e =R AR AR N SR AL, BT UK S

2.3 HEEERE IRV E SRIE

2.3.1 N FHER B HI = H A B ER CTA BUHI&

-+ fRlE (40.38 g, 0.1mol) . PAfH (96.28 g, 1.66 mol) Fl =3¢k A&k
H (3.249, 0.008mol) 7EASARY FHIAF] 500 mL = B, BFRZ 10°C. [[x B

A Z I 50 Y%A AN K AW (16.80g, 0.21mol) , 20 min P IN5E, <. 15-
23
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20 min. B @itk (15229, 0.2mol) ¥ f# T Pl (20.20g, 0.34 mol) i N2 s itk
di, 20min WINSE, FEERNAAREMOEE . FE, FARPIRITIAN S (35.62
g, 1.2mol) A1 50 %I AMB/KER (809, 1mol) , KMNHLFER .

[ [ SR R HIN 150 mL /KA 25 mL SR ERR, ol i b 25 [ B BT B, 3 e 3
R 0ToE, K UTIE S AR T 5 NIE, JERRIR U IRAi 13 23 i i . Ko taifAfE RO
ft v B £ AR PR A AR B e A A

2.3.2 Ky FHEsEF5% PAA-CTA HIH) &

S
S
z OH
I . ~A OH THF anzg/\sJ\sM
H CuHp™ °S™ S + AIBN =3 oo O
'e) 80°C

o~ O

Bl 2-1 RAFT REH#I&RDFEEBN PAA-CTA BRI ER
Fig.2-1 Preparation of macromolecular chain transfer agents PAA by RAFT polymerization
¥ B EE R EE o AA: CTA: AIBN=1000: 10: 1 1 EL1, #ERIFREL AA(10 g, 140 mmol).
CTA(0.49 g, 1.4 mmol)F1 AIBN(34 mg, 0.14 mmol)i&fiET THF(10 mL)H, % 3H4A
BiF 50 mL REE b MEREESESEME, B TRATA GRS, HET
FRESENMBRS, MEETAKTHE. EEAG-TES-RIEERIEE E ek E
RAFIESE, BREEIREAE 80°CHIMIBH, BBt B 105 min, F#P X
BRI 5 B SR A, R T K S EA R 2 I
) S R TN 10 mL PUEURRME R SRRERE FEAIS , N 10 itk R HE I 2
dr, RPMRBRUTIENT H, JERR LIS, B2 ORI A . 445 2 1 [ 4495 T 8 mL
THF, FECBEFYUERRG, EER RS TE, SRRHAREHAR, ARG
B Ko FHER RS 77 (PAA-CTA) o REFEI=H) 8.059, 11HH =% 80.50%, RHEN
80, “F#4%> &N 6100 Da, 45 PAAso-
WA AAL CTA. AIBN HJEE/REE) 7)) 7 500: 10: 1 #1 2000: 10: 1, [AIFERA L
& RAFT REHIAE, 707|152 157> 15y 3700 Da A1 11800 Da HJ PAAs 1
PAA63.
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2.3.3 BTN MARIE

PRI A9 2N R BER A 77 8 mg, 3T 0.5 mL jiARE T, I AR R AR e 1 A 3
MEHALZ2 S5 K s [RIREAREL ] 2515 2 (0 R TG IR 10 mg, ¥ T TARET, RAEHAL 2458
TR RNIRIR S QAL 3 Okt — WAL P BEAT IRk, SRR ECH) 1 mg/mL 7Y
SRV, 8 RO LR PR FE R BE IS8 s R AL T E A 7 T 0 A

2.4 BEFSBEBRKFEFHIFE PAA-b-PS BEPIHRMAR)
2.4.1 PAA-b-PS AR B A IFEHHEKREMNIZEF

TG 55 1 LH 200 20 VA 7 P 4 3 A L R R 0o e 445 380 1) 2 2B A T 300 381 2 O
EEMEH, B AT s Rk UL B IEBIEE R, FR, @dE T 1.04 9
WA FREEN 1ML, 1.2mL, 1.4mL. 1.6mL. 1.8mL, HABKMFEEIAZE, it
T 5 AXTLESEE, RIS HEN 1.2 mL i, BRIGCKHERA BN E, MERES
KN —, b2 HEE R S &= 1.2 mL.

2.4.2 PAA-b-PS 1A R B SN K+ R 80 HI FidF=

S

/

o CyH /\SJLS D
~A OH MeQH %
+ CuHp™ 'S S n + AIBN =3 OH O
HO” Yo O 80"C

B 2-2 HIEHREREY PAA-D-PS IR FFER
Fig.2-2 Preparation of block copolymer PAA-b-PS by RAFT PISA

F IR EE R EE oA St PAAsi-CTA: AIBN=1000: 10: 1 FIELG, vHEREFREU S 5 St.
PAAs:-CTA F1 AIBN JIAF] 7.2 mL HIRE ARG S A1, AR5 K Bl 4 B i35 0
6 (I BTHE T 10 10mL IR & . BREEHATEME, B THRAEPAK
EAFGH, HAESFEREGENMEES, MGE TAKPME. ESAR-HE-
fRRIERAE e R B R A SRS, 2B 1hy 2h, 3h, 4h. 9hFI24h, HUEE
Ei, BTAKP QAR ML,

B AN F B A B (R0 T HERE 72 77) PAAgo-CTA Fll PAA1es-CTA, £ EEHH LLIE 206
AR, $EIRTIUE LB SR AT R A5 S A AR, BRITEARF PAA BEKRUE T
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ANFEIR A WA R S AR
2.4.3 PAA-b-PS 1A R BB SN K R BYFRAE

B 10 L 145 (1) PAAs1-b-PSX REWAKM BHEDIHE F ARSI 1 mL HEEH,
JEI 5 A e D/ 2 SOV L 4 D e PR P 7 R A B AT T S AN, g 3% 1)
RN I BEBOE IS 9 KO AL BE SCHEATREAR KNI 20 4T o FRAR BRI A9 RE 23 BB
2 10 5 AR A A EE IO =K, BRI RIS I 18R ) PAAs1-b-PSX [ HRBER 54,
T AR RESEARFN B2 125 0 1% o) ik BOR S W S5 I R AIE o

REAEARFR > T HERAL T T i 215 2N R BCR &Y PAAgo-b-PS 1 PAA163-b-PSX K
MBI ARE T3, BAT SR AR . R 73 A AN AR AL

2.5 ZER511ie
25.1 HEREBFIREBESYEMRIES S

K> T PAA-CTA FIIEILIRE S A1 GPC #th & Wil 2-3 fiic. Hd, PAA Y
"H NMR i Bk 2-3 A, sl By 725 0T BUK I PAA 88 &4 2 Ak ZE 3R B8 1
HJRF. Ed a lbiigh-CH-, fL2EAi 8 1E 6=1.51-1.62 ppm A1 1.78-1.09 ppm; b & K-
CHa-, th2EAF21H 6=1.65-1.75 ppm Al 2.29-2.45 ppm. ZHiIREE L T4 R S
PAA R R A% HY I8 45 2R — 3

A B
——PAAs1
——PAAs=0
——PAA1s3
5 ab
cunm"\s)j\s o
HO" S0 O
A 1

49 42 35 28 21 14 07 00 5 6 7 8 9 10
&/ppm Elution Volume / mL

B 2-3 RO THERBH PAA KIEBILIREER GPC H£R

Fig.2-3 'H NMR spectra and GPC curves of macromolecular chain transfer agent PAA
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PAA (1] GPC £k inl&l 2-3 B flizrs, TEIHHAFATE 8.8 mL Pz 2 I X BRI S,
SR ZHARREG R PAA 7 FEMSTES A5 0N: PAAss (Mn=17.6 kDa,
PDI=1.14) ; PAAg (Mn=5.8kDa, PDI=1.14) ; PAAs; (Mn=3.5kDa, PDI=1.15) . =
R THERR RN T RN T REAML, 2 TESMET 1.2, #3757
B, T RSMENESY.

2,52 BERNESEIX R EMMRIERHIF R

HI T~ 566 15 5 1 AL v A RV ) R R R U 1 R T BRI SR A R 7,
IR A 1T, BEAMA R NEIEE A, WG RGN R EK, PS HEKIZ Y
K, L PS Bt o 7 FEEZWT R AEDTENT Y, (R T PAA X PS fs g fERT, AIfi K
TSRS, HENRE ORI, RIS PS BEMIARSEE R, PAA BEA R IR E T K
() PS 5B, IR B, SAENAEIM. BT E IR R BOCR A B  F) A2
LW 2-4 FioR.

B 2-4 FAHRPBCIRAEE R BT RIEE4L (AOh; BO5h; Clh; D4h; E24h; F48h)
Fig.2-4 The digital photographs of the polymerization process with polymerization time
(A0Oh;B05h;C1h;D4h;E24h;F48h)

2 PAA /) 15N 11800 Da I, BEA 3R& R M [H HISER:, B 5GBS Lok
G, BEME R IR 1V I 5 B BOE R AR 4 B, AR BRI LR, BE S T
FLBB B BN, AR NS A I 3 e A o 2 325 B e B TR 35 0 0 % B0
REWIMAE 1 h LA B a4 218 23 BIRARTE 50 nm A M SIBRIE IR A . B4 PS %
BORG RGN, BRORIACRAZIZHIE K, 16 3h A RF] 100 nm A4, BEJEERELL
WORA RS, 193] 500 nm oA ()5 FE ARG HURIIR, £ 12 h J5793] 500 nm 745 (1) 9%
HRRGUA R, FREZ G — BEARRFEU MBI, Ve R &l 2-5 s, Hr
P RORST N 2 pms
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Bl 2-5 PAA163-b-PSx TESRBE RSB A {1384k (Alh; B3h; C6h; D9h; E12h; F24h)

Fig.2-5 Morphologies of aggregates formed by PAA163-b-PSx with the increasing of polymerization

(e« 2 3y

time (A1h; B3h; C6h; D9h; E12h; F24 h)
Kl 2-6 9 PAA163-b-PSx 14 I [8] AR AL LA 73 A1 FIAZ Ak il 2 o WA Bl v ] S WL 452 30 i
% S NI TR R AE A S ARH 2 B AR 70 B A 2R 22645 B B GRR M R RRLAR i A 32T 1
KH, VERFERUE > BRI GKA RS, AR AR AR R IR R S, R4LRAM
RIARK, RN A RE RS AR ARl & . RS — R4

A B

/‘\ 750 -
24h .
12h /\ 600 -
9h /7 N\ E
6h /N R

o 300
3h /\
1h N\ 150 -
) T T L T T 1 D T T T T T T T T T
1 10 100 1000 10000 0 3 6 9 12 15 18 21 24 27

Size / nm Time / h

B 2-6 PAA1es-b-PSx B RF [E] 134k
Fig.2-6 Size of aggregates formed by PAA163-b-PSx with the increasing of polymerization time
BARE), fEREWEDY 1 hi, B2HHRARARE 60 nm £f, XEH TIRKRN
B LR AR BOTE R AE BRI OB, 3K WAL B G K. B SR i )t — P e K

F 3h i, AR 2B K, FiA 110nm A4, X H T3 KRR IR R Z 1A A1
28



R (A B2 A0 S

B R G HAAT R i SR EGEER, XGRS P AR B AW E . 2R
GIFEY 9 h ), RISRG M, REMRARREI M ARA K, XA TR 24
RIKEIEAE, REEEmE, RN, RRZEBEED] T BOvRE MK, /27
BOR MBRIE I AR Bt & N BENDIREE o BEASRLAR (0 15045 AT 3% S L B WL 22 1) (R AL A 14
AN PNV St oll/R

& 2-7 PAAgo-b-PSx FE M E] A (Alh; B3hs C6h; D9h; E16h; F24h)

Fig.2-7 Morphologies of aggregates formed by PAAg-b-PSx with the increasing of polymerization
time (A1h; B3h; C6h; D9 h; E 16h; F 24 h)

4 PAA 4524 6100 Da i, MAMILEE, BEALRRFIREL )T s 2IR0H
BB SRR, (R BGI FRE AN TR PAA 7B R 5 3
STEEAN S R ATE SN AL, 1 h AN B Ja 2L B3 215 B RIAR/E 100 nm A2 45 (1 /NeR . B
% PS HERCRA IR, BRRIICRASZE B K, W5 KBRS, £33 500 nm Z 4
SR R OR, 7E 9 h A2 A ISR B FEILIR R AR AR L, BEIR R AR OB i a5 13
HEETM, HEZAFH 2 pm A WBCRE S BIRARGUKM R, A R 2-7 fir
s HAbR RS 4 5 pm.

2-8 24 PAAgo-b-PSX 14 Z i IR [H] A AU R A5 40 A FIAS AL I 25, 76 SR A 1) 1h I
1SRN BARRIARTE 50 nm iy, IX o BT IRBR P 2K 2066 AR (R 7E IR A I K S
SEBK LB HTIE R . BEE R AR R0 K3 3h i, BACRIAA RS K E] 120 nm /2
A, IS TR BN ERR R 2 (AR B & 3 AR 3 T ik URBGEERR, X — I A

BT EAR B R]. BERAREDN 9 h 5, REAEMKILIE KF) 550 nm itq,
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HE PAAD-PS EE1HET A AR R KR ESWAAKMEL

R RKBUEEAE 800 nm fidy, BORZIBEERRE] 7 BN E AR, B2 7KK
BRI IR A il & N FEMAR AT o BB REAR AU 1 5 SRR S v B8 W0 4 3 P 2 e AR A RS K
NAT DARBF W) & o

A B
2500-
24h
- /\ ] 2000 1 .
9h VAN £ 1500-
[+}]
6h /\ & 1000
an /\
500
ih /\
r T T T T T T 1 0 T T T T T T T T T
1 10 100 1000 10000 0 3 6 9 12 15 18 21 24 27
Size/ nm Time/ h

B 2-8 PAAso-b-PSx B [z B ] 134k

Fig.2-8 Size of aggregates formed by PAAg-b-PSx with the increasing of polymerization time

- N Y ' N T Ji N
B OISR
. AW
: AN K off o .
) v N

e . % :

B 2-9 PAAsi-b-PSx B R Bl RI)ZE (Alh; B2h; C3h; D4h; E9h; F24h)

Fig.2-9 Morphologies of aggregates formed by PAAsi-b-PSx with the increasing of polymerization
time (A1h; B2h; C3h;D4h; E9h; F24h)

2 PAA 73 ¥ 3700 Da It} , @i Z S RIS, 78 1h AN B e 41315 345
FIRIAEAE 100 nm A KI/NER. B PS BEBCR G AR, 2 h AA AR Z ARG
ARG TAE 3h A, JUPITA AR N BARE N, FA LR P 323
FEBORFERIEA . Oh AL 2 um AR KB AR, SR — PG
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HHE AR (R A A8 3

RZAFE] 10 pm A MK S & FIRGUKM R, A R 2-9 s, Hdbr R
~FM 5 pme

2-10 9 PAAs1-b-PSx 14 5 BE N [8] B2 A A% 70 A1 A1 AR H 22, 72 2R & N ] 9 1 h i),
153 B HBARRATAE 100 nm Ao A7, 3% 72 BT AR N BB R CMs B A (R A R AR BESE K SO
SHBUKNZIZHE K., BANEZEKS] 2h K, KERASE 300nm A4, XEHT
15 B BRI IR AR TR A LR 5 5 AR A3 31 1 s HUR B IR, 3 — 1 A% I BB T 50 Hh g
IREMAUEER] . BIREN ]y 3h i, REMKATIE KE] 1um /it FRE I A48T
K3 9h 25, REMPARSTRERE 2.5 um A4, BAKAR IR SE R ANE G a0
L& RPN NG WA e L e

A B
241 /N\__ 25001
9h /\ 2000
JAN : '

ah £ 1500-
3h VAN @

= 1000
2n 500
1h VAN
T T T T T T 1 0 T T T T T T T T T
1 10 100 1000 10000 0 3 6 9 12 15 18 21 24 27

Size / nm Time / h

& 2-10 PAAs-b-PSx B 2 5 B 8] IZS 4

Fig.2-10 Size of aggregates formed by PAAs;:-b-PSx with the increasing of polymerization time

2.5.3 Ry FHER B BEKXT B S MAMRM R SR BV F2

B 2-11 ARG FEFKEBXNTESHIREM (APAAk:; BPAAg; CPAAs)

Fig.2-11 Morphologies of aggregates with different side chain lenth (A PAAsss; B PAAg; C PAAs)
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ERAA R PAA (4T85 519: Mn=11800 Da, Mn=6100 Da, Mn=3700 Da)
TERR FEEFR AN, TEREEP DR LI N HT REH S AR 24 h 555045
7RI, EERBMBRESGRIE, WK 2-11 fox, Hdbs RSN 5 um.

BRI, AICAWTE PAA HIEEKR SREEMATESNA E 2, TR R <& IERE
FHR B IR E A E SRR, (H2 PAA 2 TR/, RS R R, 2
PAA 7315~ 3700 Da i, 24 h 55587 10 um EABKME ST, PAA T EN
6100 Da I}, 24 h &3] 1 pm ZAAKEGFEN; 078 11800 Da itf, 24 h K&
TS A F) 500 nm [T . 1% 2 PAA [ M ARG, TESRFE AR 2 AR IR 4 1)
ARLTEE R, KHER PAA STPURMEVE BT RS, BRI K PS A RE K 4%
LA BV RE WAL, MU BB

2.6 RE/NE

FEART, WATLE 2O AR, =GR BRI & I 1Y) 5 PO R K 73 T BE R A2 771,
R 5 TR N5 AR, EREPEEREHSEHRENTT%E, D& T aRmEE.
i IR M SRS ISR SRR 8 S5 BB KoL
RLPEE SO BN A SR B T RE A PEARAIT T, 3RAT A BILRG R R B PR B AN S35 it 7 B B B A5
X A BRI B B G EZ AR . [FIRBEAE SR R ZE S, 19 24K EHE
SN 2%, Rtk B SR 6 0 1 v B A0S R P R /K i B v ) 1 e o 6 S AR T 301
et &R, NS SR AR A 1 BBk
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F=EF P4VP-b-PS BEIFEBHEEMNARFZEEVHKIE
31 5|5

REVT BRI S RGP R R 8, n] DUE I SRR i 26 Vv 70
KSR G — il e, RN, 107 ik & 5K, 50 Yo ] 2 & 4 28 ) DU 2 Tl AR P I 7R 22,
R TG A A% 0.5-1 mg/mL, KILEGH T HARBIRGELCkC 2R ER AN
R N B ) 5 SR S AR R S . O TR BRI Z RSN R SRR, I
WEFC R G AR RN S R 12U AA BIE BE 1Al 5 1 H K, B RE R B4R
TR R LR, EEVOVIRBER SR BLEL . 7T & 5T
At AR 25 PR 2R A 2 R A 2 2 2 A ™ A 5

fE E—m A TEE R AT B HRETTEP A T PAA-D-PS 7K R IR G I [ FISE
FIBEBL PAA IBER AU, KBRS BOMAE, KAEMDBREIREMA
AR [, SR ALRE R %, RN, A R R TR A I
5B o AR A B R S PR R B SR A I AN S B M o, Bt ) 28 T30 2 2% (1 SR B 4
N ZESE

R, R, AR L& s 5 AT i EE AN BR PR R B R O ke, A
RAFT AL, Hil &K 4-ZIREE (PAVP) VRN K FHREFFN, I iR
BB PCRAEHAL A EE R, A BEOE E il R AL T EM D TR0 4. W, IFEEN
OB, UR AR, DURER TS T RN SURGN), l RE T B4R,
% PAVP-b-PS 1k BIL RMALEEAR, I RTE S 7 S e AT 70 2R & I (8] A AR 5 B e %
FIRIFORE XS BB TE SR 52, B0E 2 B A3 20 SR & 15 5 A AL 7 iR fl & R
PR ABRIFSRAER &5 5 A ARG B R B R, A RILIRAEERZ
& O RAL R BCR S VIR G IR BLEL, IR BE S5 M AR B LU TSRO RE T, N —28
X PGV I A3 FI SR 5 5 5 B 2L ) AL AR T 30 2 M o 4%
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=& PAVP-b-PS &1 T H ALK R & R G WA K

}

ﬁ

[
“JAA

3.2 7’:%“1‘ nn'ﬁ

3.21 LEHH

S0 i 5 24 i LA 3-1.
K31 KRFTHAR

Table3-1 List of experimental materials

TN Hk% G
AR ik ag [ 25 5L B A 2 A IR 2w
R R T 98% BTz T A A BR A 7]
KA et [H 25 5L B A 2l A IR A w
MU ik gl K RbE B AL 2 G R A 7
4- LR FENLIE 98% BER I B IR AT
LT et [ 25 R A1 4k 2 AT R A w
I ik gl [ 25 4R A1 A 2 AT R A w
LTk et H 25 5L B A 2l A IR A w

3.2.2 SLIGINEE

SEIG AT TR AN ES LR 3-2,
R 3-2 SLWFrRME

Table3-2 List of experimental instruments

BE E S Uths] GRS
HLF o T RSP AL104 MR- FER 2 AR AT BR A 7]
AT DZX-2 (6050B) A P S B A PR ]
IR B AL AVANCE 1II f# = Bruke /A
R TR AL s SZCL-1 FiE T AR A A
ReE F490010 AE B GE IR B A BR A =
AL A Nano S90 Wi [ Ty SR SCA SR R A
Wy RS B JEM-2100F EENCES S e in
EEIRB IR TDA 302 B [ T AR SA B A B F
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FARACES Ve HASE, AR, B WAR U, MR, Bt RN kAt
AUREREE o

3.2.3 SRR FRALIE

KB S5 T CAIBND 72 BB AT, VKR L2V 0I5 45 07
th, AL, @EIEEERGH, EEGZK, BTKEE . AR (THF 5%/
ST HRPT R, 7 PO~ T 0 58 €, 6 TR AR R B0 4 26 2 (SO
Al 4-ZHEEMEE (AVP) BPSEIE b = U B EL M REVR MR AL, T UK 45 1

3.3 KO FiEET%5| PAVP RUHIE SRIE

3.3.1 PAVP-CTA H%I %

S
~ : Py
S PN )L OH THF CuHyg™ S

| P + CpHy™ °S™ 7S + AIBN ——3»
e} 80°C

N

Bl 3-1 RAFT REH| &K THFERN PAVP KIRMNMTER
Fig.3-1 Preparation of macromolecular chain transfer agents P4VP by RAFT polymerization

5 B8 B R EE A 4VP: CTA: AIBN=1000: 10: 1 ' E 5], YR FREX 4VP(10 g, 140 mmol).
CTA(0.49 g, 1.4 mmol)#il AIBN(34 mg, 0.14 mmol)¥afE T 7 A EE(7 mL), i3] 25
mL W TRREE . BRGESHETLHE, ETREATRIEEEMER, MR
FHEGEAMBESD, MEETRKTMRE. EEAHR-HE T -RRERE C 2k Lk
RPMER, BHREEEMERET 80CHMBHH, &M 5h40min, FfFREEGENE
ARG LR BRI 2L B A, 5 b4, BUH R G, RIRFERIKP R MRS
RN 1E

A S SO NN 10 mL 5 be, BRSO RS, A 10 AR &
ke, AR, RAEMUUENTH, FRYCIRHERE, 15 200 AR AR K . [
M ARE T 15 mL & T hE, FAELBRhITEM X, HRZA53 31 ERE =R RS T
i, BTS2 4- M 3Enkne (P4AVP-CTA) . FREFEI~4) 8.059, 115723 80.50 %,
REEN 96, T8 Mn=10kDa, 4’5 P4VPe-CTA.

35



F=F PAVP-b-PS KRG T B AR R REWARI L

3.3.2 PAVP-CTA HYFRAE

o) 4545 2 (1K 2 T BEFE RS 71 PAVP-CTA B 10 mg ¥ T 0.5 mL AR i, F
FIAZ G SEAR e A R AR H AL 2 850 5 53 o, BC IR B2 1 mg/mL ) PAVP DY Sk IR v
W BB I IS RIEH TR TR, ARNE 3-2 Fis.

Her, PAVP (1) TH NMR B E Qi 3-2 A, @il H o a5/ ] LUK I PAVP Zh 4
A 8 FMLFIAEEN H T B a At R E MI-CHs, 2B (H 5=1.31-
1.35 ppm; b Al g xR 2 A BT T 32 BE-CHo- I 45 K ot I 4 -CroHoo-, LA RS ME
6=1.36-1.82 ppm F 2.29-2.45 ppm; c WX N KA HITH-CH-, L2EAAE 6=2.07-2.12
ppm; d WXL RE R EE N O H-CH-, b 2EAI R 5=6.09-6.82 ppm; e W& RMHEIE ¥
P N B0 )-CH-, 1b2A A7 #21H §=8.11-8.56 ppm; f U4 N 3-CHa-, K24 A1 A5 1H 6=3.21-
3.25 ppm; h WS Rk FE-CHs, fL2: A7 2 1H §=0.81-0.90 ppm. %R IR &G 1K 45 44 20 AT
S50 PAVP I ER R AL MG Hh Ve 28 S — S

PAVP ) GPC ik 3-2 B fiar, TEUHVATALE 21 mL PRSI HH X Bk ) LU,
ST T8 Mn=9.5kDa, PDI=1.12, iFSLHil &8 BN R EW 4 FEEAE,
[F I 43 7~ S A0 A 7

A B
OCH; b ¢ s f g h
HO-&- &€ CHy—CHY-5-E-S-CH2-C1gH20-CH3
H Lo
3 I :
e d b+g
a
h
f Cc
10 8 6 4 2 014 16 18 20 22 24
O /ppm Elution Volume / mL

B 3-2 KAOTFEREBA PAVP MR IREEM GPC iz

Fig.3-2 'H NMR spectra and GPC curves of macromolecular chain transfer agent P4VP

36



RS (RO B 22 AR S

3.4 BE15S BB EHIFE PAVP-b-PS B & HILh KRt

3.4.1 BEREXT PAVP-b-PS K R 55895200

S
7 S
OH
Cnst/\SJJ\S 4 CyH /\S)L
z o MeOH 11M23
+ | + AIBN —>
N

80°C

&l 3-3 RAFT REHIZRBEEY PAVP-b-PS IR MG FER
Fig.3-3 Preparation of block copolymer P4VP-b-PS by RAFT PISA

EREHG AL, REBCR &Y PAVP-b-PS [ w5 2l 3-3 FioR. B
REEAE LR A R IR BEJR Ll St: PAVPes-CTA: AIBN=25000: 1: 0.1 FIELf, vH AR T
SEJFUE 1) St P4VPes-CTA Fl AIBN ¥ AT 7.2 mL F B EC R A1, SR Ja B e il 4
I 79 6 A AN E] 10 ML W HEF IR G E . BREESHTEME, & T
WARTAGRERMAEY, HATEREGEAMERS, MEE TAKTE. E584
- E R E 2R B R P AAR, BEEIIRET 80CHMA T, 7%
B2h. 4h, 6h, 8h, 12h A1 24 h BV G, RIRAER KT 2R EME [ M2 1k .

K| & A3 B PAVPo6-b-PSX G WIA KA R 10 pL #RE 2 1 mL Iz, FH AR
FREER A b, BT IR0 . F6l R AR B BORAE A M R e =k, 159
3| PAVPoe-b-PSx [HHRER G, I AR R IEIR B ACFIRE R 1233 (1% 43 | Ak B
GG TR TR, )5 A E %

K FH 328 5 LT B AN R R RSO, 153 T RS I RS R AR A,
ik 3-4 . EREGRNYBHABMEES, RBERMERR S, HET PAVP X HH
PS B IIRREVERT, LA RSB, RIREIAEARNAER. 2h kR PEERE
RHRAER, R IR BRI A, BE 2 fky BiEs], 4 h BHE R A%
WA, BN AEE T [RINAEE SR, a8, 8 h A &R i 545 FEE T L,
12h TR R M2 R 300, SRR EEIN B HONGOR AR B R . A
RO, H HEEIR A AR AR BN B, A RO AL B2k OB AR, R
AT ASAS & o TR ER A

RE PR AR IR S AR R ] 3-5 o, Herpbs ROGE 8 2 pm.
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B 3-4 RERMNITEPHIBAFESFER RIKZE4L (A2h; B4h; C6h; D8h; E12h; F24h)

Fig.3-4 Morphologies of aggregates formed by PISA with the increasing of polymerization time

(A2h;B4h;C6h;D8h; E12h; F24h)

P PIS PISR PISRs

I II I I\Y
o: Free radical ®: Monomer

B35 RaRMIBARBEHEUSEE

Fig.3-5 Transformation of assemblies with polymerization process

3.4.2 FRERELXT PAVP-b-PS (K B S5 HI S0

HU P4VPgs-CTA F1 St 43512 8 & /R H >4 1: 500+ 1: 1000+ 1:2000. 1:4000. 1:5000.

1: 8000 F1 1: 10000 [ LG43 I MAE] 10 mL FIERAH, SN —R#T, ¥EEM
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SXHPEAE . 28 3 R 2 -MRR-1 R TEAMRIEBR B R P IR, e esE a4
MRS IE T 80CHmhistth, M 24 h, BUHEREH, RV KGR 2 R N2
1k,

K 1l £ 75 2] PAVPos-b-PSX HEEWIANRM AN 10 pL FikEE] 1 mL B, IS
MRBEICE IR L, BRI T ESORM . Fo A R R 3 BB A i P e =K, 19
31 PAVPos-b-PSx IR B A, RIS IRRAL IR BER GPIH L 254, @I BEiE
B AR BRI 7> T B T B AT HEAT RAL .

g'”".ﬁ.ﬂb“‘f

: 'Zf' TP Aty ¥

3-6  P4AVP-b-PS 35k TR R BRI L AR 4L,

(A 1:500; B1:1000; C1:2000; D 1:5000; E 1:8000; F 1:10000)

Fig.3-6 Morphologies of P4VP-b-PS aggregates formed by PISA with the increasing of feed ratio
(A1:500; B 1: 1000; C 1: 2000; D 1: 5000; E 1: 8000; F 1: 10000)

A 37 S FAE N A R RORHEE T 2R S 15 5 B A AR R AT TR SOWI , ] 3-6 iR,
HAbp RS 2 pm, 8517 A FEIORHEG R BR A 0 55 517K B B 0 xR 1 6 e &
TR . SR Dy 10 500 I, G 132IRIEUE PS BEBCT AR LT B4 PAVP it
g, PRIAAS 3 7 RORLE N ERTZ IR AR s B0k g 101000 B, AHXTER 1) PS HE B
HARTT LMREF (4% PAVP {R 47, (H 1 T W AZ SR G BE 3G K, 1331 T RIAR BUR BRI IR B
MPCRE LIS K F] 102000 B, KR PS WAZANRERE B PAVP FitARsE , HEIMRAE T I3
AlE RIEEAR, AR50 T BRI RSSO 0K, BRI A RS R S
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[ IN) FE S 0 N S 2 1AL 1/ NI A A SOkt EERE R 1: 10000 i), FER TS
IR 52

FIFERT, BTEBNREG RN, B HRIGAG FREGRME NG, A2
HoPH AL R R RN R AR, BRI EATT AT AIRAS AN R AR T i 0 T R RS

3.4.3 P4VP-b-PS & R B &ML K R BV G R AE

a

A i i f 9 h B

oCh b ¢ i | s
HO--C—£CHy~ CHA—£ CHy—CH—§-&-§-CHy-CygHyyCHy
n
k
|

m
CHy A
o —— 1:500
k+

P —— 1:1000
P — 1:2000
— 1:4000

b+i+g — 1:5000

— 1:8000
—1:10000

10 8 6 4 2 o0 14 16 18 20 22 24
5 /ppm Elution Volume / mL

B 3-7 BEBEAY PAVP-b-PS HIRZHISLIRE W
Fig.3-7 'H NMR spectra and GPC curves of block polymer P4VP-b-PS with different feed ratio

Kl 3-7 Ay PAVP-b-PS 5153 H AR5 B M BOR S W ISR S, A& h
SITRTEN, TER TR PAVP B b, ZH T K p AL SRR 2R3
SR T, R3] 7R BELRY) . K 3-7B Jy PAVP-CTA 5 St fEAFHEHEL N
19201 GPC HhiZk, MHiZerbortral s, BEEBOEILIIE R, dhek b gl g wiiE
R AR B 7 A5l , BT BBk, B 7 58 K ok 18 0 A Bl WLk 3-
3

AT PR XHR B A PAVP-b-PS Wl A 1535 il S5 50 10 W ol 4, 9k B3
R PAVP-b-PS R Z 1 St [ Ak ZR Bt HT B L7 A 3G RTS8 IS, IR BOR S 73
TRAMICT 1.30, FENSRHRAANEHZE BT ERM0, BERBA TSR
MEGHE. Fik, FRATKH PISA JEM I & 7 2 M85 G WK BHA R
132N T SR 7 A B I — L AN [RR B L Y PAVP-b-PS R B LR W)
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33 BBEEAY PAVP-b-PS ERBETRESES HHBNIER

Table3-3 Morphologies data for P4VP-b-PS via RAFT PISA in methanol

No. Feed ratio Conversion DPps Pavp Mn, Mw/My Morphology
(%) % (kDa)
1 1: 500 71 341 22.0% 45.9 1.22 spherical micelle
2 1: 1000 68 663 12.6% 79.4 1.25 spherical micelle
3 1: 2000 58 1112 7.95% 126 1.24 vesicles
4 1: 4000 48 1834 4.97% 201 1.25 vesicles
5 1: 5000 56 2681 3.46% 289 1.24 composite vesicles
6 1: 8000 45 3469 2.69% 371 1.26 composite vesicles
7 1:10000 49 4703 2.00% 500 1.25  large compound vesicles

3.5 KENE

FEARE, FATUASRI R T B R A PRI B GV, LR L6 o8 ik,
=R EE R S K2R (4- LR AEMENE ) K7 THEFAE ), R % T 5155,
FERETEE RG-S BARNTTE, Dl T OERE. ENME SREEL T
SRR A PANKATRL o 3883 A5 FH 325 S P B R A K O L FEE SO B A 1) R a1 P 2
TCo A DA 3 1) 4 7 e P 2 B A ey B P AN R i B R W 5 T LAAS 2 R
KL, KA —HIREMPKARL, BB BB B AR IRy, 453 2IRITE
PO R . XN LR IAFR RS B4R VA I ER S, FRINXK
MRE T AR AL B AR R S o

41



RS (RO B 22 AR S

EPUE PAVP-b-PS AR BLE&HIZREDAMKR
4.1 5|5

R BOL RV I B 4302 — TTh R s R BoR, B 1995 FHUER, o4
XA RTSLIL TTZ A%, BRI KRR, SRR S R kA . HERT R
ST AANRIN S, BRI E AL RIS L A B AR S5 T T A7 AE — € A HE R,
(BRI R ZH WS, WV ARAS B RN R 2 FE . e iR I R 8
R ESRAIN BN AR, A, R ORAN RO — R 46 R S 9K AR 20T
Beo SR H AT 5, iRBOLRYE L B R AR SR AR AR, JoHREAE
BORGEHTT I, [FR, Q2 OE AL AT B 1 2 TR S AR R R H KA
Rz ie s ok H 4, BERVERE, WA MERIE.

FEAE, PATHEIE X W WK B IRY) PAVP-b-PS fE IR (1) H 41, Sl T
— AR R RGN R BO L R B AL IR s . AT B PAVP-b-PS
RETT BARE AT R BOCRMEATIHRE , 2T A & 2R R A b
HATIRGF @I, 31X — 59 BB A ARE T DR R R B VI i BE AR RR AN 21 &R
w0 H AT PR EM T 5 R G %S B AR SRR AT ST X E . P 4 60
EOIRGE R 1 R B R E AL I E5 M B, NS MBI R 2t — 2B R e 1
W@

4.2 KM SINER

4.2.1 LK

xK 41 ERFTAZEGR

Table4-1 List of experimental materials

2y il AR Py G
ILEWPR ik ag KT RbE B AL S G A R A 7
i ik ag I 255 b 2 sl A R A
H et [ 2455 b 2 lGr A R A w
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4.2.2 SEIGINEE

SEIG R AR A A L3 4-2.
R 42 LTRSS

Table4-2 List of experimental instruments

BEEA S Eee) G
HLF o T R AL104 MR - FE R 2 A A BRA 7]
7Y & peie LA i) JEM-2100F H A HF kot
Y, SRR LT G HITACHI S-4800 EENERY!
(B RER I TYD 01 TR5E B IR R R A 7]
YAk 84-B L 2R B e AR A R 2 7]
KO RLEEAL S90 Y[ By IR AL A PR A 7]

4.3 B4 KHE PAVP-b-PS B ALK R}
431 ERBAMNKMRIEF &

HERAPR IR BUIL IR YY) PAVPo6-b-PSig3s VA T YUK EX I FLIE T THF th, JFERE 24h fif
H vk, THIF3E] 10 mg /mL FATR, SRJEH 9 mL FEREAE g i £ 1 v R i e
FEHEE UL 1 mUh B EREINE] 1 mL REW0 THE . Kl &3 200 A A1k
S BUBAERIZAERE T IS AR R, iR TR TESR, A3 2R iod s
i g K BB AR T4 L, R TEM R SEM W IR SR RAE . BLFRE 77 ) &%
P4VPgg-b-PS1112+ P4VPgs-b-PSggs Fll PAVPos-b-PSaay it B 3 4 1A R 2E 25 75 2 o Fy 5%
EIIIAKI KL

TERBL IR AW PAVPos-b-PS1aas 78 ZHh, 1 /0 B BEAE SL VA7) THR BORA & b
43919 10 %+ 20 %. 30 %. 40 %A1 50 %, ki 5T B A AT Al LB I 5 FR R DN B R
M 2 350 A0 P B T A2

SR FH 325 555 LB A 4 P B X A TR A B L9 T R L A R AT TR SR AE, A 4-1
Fis, HAAR RO A 1 um. 24 PS BEBCRG BN 341 I, PAVPos-b-PSaa1 H 41T
RiA2Z) 110 nm FIERIRIR: 24 PS #EBUR A B 663 I, il %45 3 T K42 257 400 nm.

BEJFZ) 70 nm IR 2 PS BEBUR & N2 1112 Iy, AAR453] 1 Piim) 600
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nm FIEEHI RN 6-10 N2 230 nm EEDIR, KA 6 um FIWEEIREIRGE M. 24 PS B
Bt — s 1834, 1534M%24) 300 nm. BEJEZ) 70 nm. N{E%) 160 nm FIKAE 15
um FIERGER . 5 HAWA S FRIRBOER S Wia R B A2 t, HoFEEEEL. i,

e ANREARAL 7 Al i 73 5~ B AE T A IR 5 ) ) o 6 IR B2

&\

. W 4 > g P

. e d \', :
")L.(( 3 r‘_“ ‘sug Cq (), : e 05
AgY ﬁuﬂmqﬂ)"l WOLEx \-‘}-———-—.—-T_—-q 5 st K p Acc S 3 2 $;
—- _— K E ) t /1 19 ‘¢
— 90 6 T4y - NG 5OX | 3 ; ez 64,1 P A e

4-1 #RBELEY PAVP-b-PS E$§¢%&%%ﬁ&k%ﬂ%&t&%%
(A DPps=341; B DPps=663; C DPps=1112; D DPps=1834)
Fig.4-1 Morphologies of aggregates formed by self-assembly technique with the increasing of block
ratio (A DPps=341; B DPps=663; C DPps=1112; D DPps=1834)

F IS BB AN B W S EDIR G M TR B 78, 25 Rl 4-2 s, Hobs R
JSERN L ume X T2 550 PAVPes-b-PSigas KBS R Y, 24 THF R HIHEE S &N
10 %, WIEEH| T RALL 60 nm BRI, 4 B & 845 K3 20 %, HAEATE
SR BRI AR BRI, R R R BRI R SRR F800 (R I A7 1 24 FRRE 5 Bh 30 %, JFUR R
ARHAIRE, TR R T AR A BRI B, BERI424) 600 nm, BEJEZ) 60
nm, EILEEIE S ERATIIERTE R R R AIE, S BRI R S TR . B
FIAF] 40 %I, FRRERBRAE RS, KELAN 4 um, R AKAEL 500 nm T,

o 8-10 MEEAMM TN, X BRENIEIE PAVPes-b-PSup fEEHT JH 152
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TESRRARBAR), BEIISE RAS RIS P )&, [RIFEEE S 1 39 Rk B S K BB 1
i RS B RE) 50 %, 133 7 ENDGERERS K, ERH BRI EZ S K] 6
um. KRG R ERAREMENT SR E] 7KL 15 pm,  HARZ) 300 nm,  HimZ) N
500 nm FI3EL.

(A10%; B 20%; C30%; D40%; E50%; F Z&EH)E)

Fig.4-2 Morphologies of aggregates formed by self-assembly technique with the increasing of

methanol content (A 10 %; B 20 %; C 30 %; D 40 %; E 50 %; F after dialysis)
4.3.2 BREERGHR SINRMEIRHI &

R B I IR Y PAVPo6-b-PSaaeo 1 T-HLVA T THF th, B 24 h (EIL 7870 VA, BCH)
35 10 mg /mL HIEW, AR5 9 mL HEEVE Y B md o o v 22 BL 1 mL/h )
IS L mL RBEWH THF SR o Rl 2645 200 4H S 4R 0 HORAE R ZAHE T InA
BRI, R RIS, Rt E e A AR R TR T AR kB, R
I TEM A1 SEM X HIE SR AE . ARIFER 75 301 2% PAVPos-b-PSaesr itk B L SR HIVE MR
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2R AT BN R TR A DIAAKA R

TEMRBUR AW PAVPos-b-PSasee 18 1, 1T /0 HIGH FRBEAESLVA T THF BOFRFRL (5 L
735079 10 %+ 20 %- 30 %. 40 %1 50 %, ik i% 5T A B RN Al LB L 5% FR DN =R
N T 02 AR P RE A 1 A

K FHZ8 S L R 0 FL B S [ R B LU T T R 2 AR AT TR SRRAE, ] 4-3
Fs, Hds RORSE A 2um. 24 PS BEBUR-B TS 2681 I, PAVPos-b-PSaeer H 42T
FLARL) 1.5 um 2247 SRR B B IR RS, 1241 28R T S BRZ) 250 nm A7, HZ%
AMt 200 nm ZEAANAE 70 nm AT BVERIRARAG G, & 4-3 A A0 C 930k i HE 5 He
BRI BB IR Y PS BEBCR G JE IR 3469 B, 4453 T RIAELA 2.3 um
R E IR IE S5, IR R R 170 nm 247, 4 FHI4ME 220 nm A1
BEJE 80 nm A2 A IR GE M AL, P 4-3 B I D 43 SR IR 28 425 W 2E B A 1035 B e
BEAE R R

D | ST
ol ¢
~n

= N ~ny
i 3

WV SgotMan ] Det WOLEG
g V00 15977x SEy 63,1 X

B 4-3 BRBUFLRY PAVP-b-PS 78 BB T Rl SRR A T 3 B 8k B L 240

(A DPps=2681; B DPps=3469; C DPps=2681; D DPps=3469)
Fig.4-3 Morphologies of aggregates formed by self-assembly technigue with the increasing of block
ratio (A DPps=2681; B DPps=3469; C DPps=2681; D DPps=3469)
WRAE L BOL R B AR, EFEIEERISLEFRILLX BCP MBS AL B 2

e il 4-4 fros, A RO 1pm, B S AT L2 1 30 HOTE A
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FVUEE PAVP-b-PS ¥ H 425 4 R A A Kk

A X TSR L Y PAVPos-b-PSaaee IR B R Y, A GBS o BT AN 1 AT 7T 1
ANTE] R N EIRIE S A N IR E S M AL R . 2 10 % BRI N IR BOEER
Porg VUSRI VAR IS, 153 P EPRAE0Y 80 nm A HIERIE ROR 45 s 24 W & Iy
INE| 15 %I, 733 7 -FRARAE 600 nm A4 £ LIRS EA L, MRS E
BEINE 20 %I, FEREHOTI R LS, BT P AR E RN, 5
P4V Pos-b-PS1g3a ik B I 18 WA UK B IR ML B IR S5 #) A [, 24 PS B 5 45 T4 31 3469
i, FIEMRE AU AEE—4E (B 4-4C IR EaEk) , IRAEE Y (K 44
FREIRTH BH D A =4k 2C R s k) 5 1, SBUERE ML ReE, LS &
FEINE] 30 %y, —ZERGMEREIRA M) . 4EEIREH B 8| 45 M A =4 E IR 2 AL R ERAL T
HAPRAE; SRS B E] 40 %I, KEUG 2] 7 BOVRR LI E B S M EOR ;s = F
EEIE KR 50 %I, R AR AR AV ERIEL AT . X 50 % P R N AR 2 1
WAL B BT e, 52 17 REDEHE R EIRIEL M .

BRSNS | | el Y
-‘. - \ B IO -1’
SN B L e

K 4-4 BREBIERY) PAVPos-b-PSause 7 R EEH T LI R E AR TES

(A10%; B15%; C20%; D30%; E40%; F50%; G/H #HT)E)

Fig.4-4 Morphologies of aggregates formed by self-assembly technique with the increasing of

methanol content (A 10 %; B 15 %; C 20 %; D 30 %; E 40 %; F 50 %; G/H after dialysis)
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4.33 SHEERERR SRR &

F ik BLIL IR PAVPo6-b-PSazos 15 T- 3LV THF o, #E 24 h R0 R, FCH
930 10 mg /mL [, 85, 4% 9 mL F VR N B 1 i e A S 2 LA 1 mL/h
PO NN E 1 mL SRE W) THE SR o e 1) 5 15 31 (6 216 A o0 BORUPE Ji 2045 1 R
NB AR R RE R, RS T AREMTES A, R e IR A AR T4 L
FIH TEM At SEM X H 5 R AL

TEMRBUR AW PAVPos-b-PSazos 18 R, AT /0 HIGH FRBEAESLVA 1) THF BOFRR 5 L
7319 10 %+ 20 %- 30 %-. 40 %A1 50 %, ik i% 5T F B A A LB L 5% F I DN B R
M T S50 2 AR P BEA 1 FE

5

& & x
o P

AN = S < TR
&l 4-5 K BAILIRY) PAVPos-b-PSaros 75 FEE T ) SRAE AR TSR
(A10%; B20%; C30%; D40%; E50%; Fi&H/E)
Fig.4-5 Morphologies of aggregates formed by self-assembly technique with the increasing of
methanol content (A 10 %; B 20 %; C 30 %; D 40 %; E 50 %; F after dialysis)
TE R BEHZR W) PAVPos-b-PSaz0s VAR H A1 R b, SR A IZE S B0 FE i HEAT T3

AT, S5 RANPE 4-5 FioR, HAbR RSN 2 um, AN R S AR R KB
48



HIUE PAVP-b-PS IR H 41 & JE A A A K

NERBY, FEE. ER. BE RERG MRV EDIREH . Ak, H RS RN 10 %0, 15
B TRIAZRLI 90 nm ZE AT MERFE A 24 FRBE & S0k 1) 20 6l , 33 T B4R 660 nm
e BEJEDY 110 nm Ao HIFEIEEAL, 1 FEU IR RE SRR B 145 2] 1) 3R R ARORL A% R 3
F2Y, IR BB IR A A TR A s W — D m RS BN % 30 %, il 758 T
KR 2.3 um ZEAREIRE K, XEERAZLARTT DL B E 22 B RR 45 f fab &k
;4 PR B IA B 40 %R, EIRTESAkE R AER G, 193] TR, MP RS R
B AR H) 50 %, FHE] T RHUBLIEDRREMR, NIZL 1.8 pm, 4574005 1.1 um A
ARG o 2l P EEENT G453 7 EIRET BRI, ZRAEANIZ L 4.3 pim,
Hb5EZ08 1.2 um.

4.4 5L

AR 2= M BRI 2 7T A B, A R 250 . S IR B 7 B B
5[] PAVP-b-PS kB G MR A] LB B 70 SRR AR T [ 3 TSR I R
BAVELFIHE AR 96 [ PAVP Ko THEREH, KOGHEREHHIREGETHA
PRI IR BOL IRV AT IR A %8, TEARRIHRBL LG T lehifil & 7 B0% . 3,
MERRERIR . BRI EDIRIE . B3 IR B RS — RIS T E RS
GUKARE, N 4-6. AT EEPAEAF SR NS R A AR I 2] PAVP-b-PS H %S
HHEL i 4-7 s, HAds ROXE 9 2 um.

K 4-6 BREBYFLRY PAVP-b-PS 7E BB T Rl ) SRR A T 30 B ik B L 240

(A/F DPps=1112; B/G DPps=1834; C/H DPps=2681; D/l DPps=3469; E/J DPps=4703)

Fig.4-6 Morphologies of aggregates formed by self-assembly technique with the increasing of block

ratio (A/F DPps=1112; B/G DPps=1834; C/H DPps=2681; D/I DPps=3469; E/J DPps=4703)
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g 3004 |= Tubular loose clew
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8 S las . . + " ¢ Tubular dumbbell
§ 100+ .. . * - « * Vesicle
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Methanol content / v%

B 4-7 HBILERY) PAVP-b-PS 7E FEE R R R EAES A E
Fig.4-7 Phase diagram of the morphology formed by block copolymer P4VP-b-PS in methanol
MARE 4-7 RT AR, AT B B e 5 BN I I & B An 43R S 2] 7 2
RKEZWNEN, FE%E PAVP-b-PS 7> TR I & & AN, SHUE RS & B NEIRIE
B RS, BRIEREIRE RS MMA. 7EAH B NEIRNER 1 TE S 50 BT T DLk
DL, FERIRELS R H & R EIRR IR e TR 3R . B, M BB A 5 ]
F AR R BV R B AR B AR

45 KBNS

FEART, BATHR PAVP-b-PS 1R R 1RG5 B AR H 2515 2 A R R B b 1 ik BUL 2R
VIR FH 2 SLIRV R B LB R % T BLAEERTE . 30, AR ERIR. BRIk, BRRERET
HARTEZ ML RSP B, X — RIAEIR KR BIRf T3 i B A
BARKIEIASE . BLAh, JEIEE B R il B B A X TS B RE B 7T, AT
I et 7R R e L AN MR VR AL T B L TP AR AR B S B AE T, 0 DS Ak
BCR G % R 2R R A IR KIS % 5

I, EECRREG T HAURS 2R BOR S Y52 20 TV 4132 10 75 2n] LLELW
R ELB 3 2 1145 B R RIS XA, Wi e e A J v 2R o B BT T A A AH ]
B LIS, WAL T S BN 28 45, WiE k. BDIRGE . BHEREE, MRS
75 H AL B AR 21 7 3R & BRI AR A5 .
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FHE BAFSEAREFEHIEZNEMRE SRR
5.1 51§

RE AR RIS 11 R A 7 22 sk L LB B, afiEfe . fedi.
Gy 507, AT SRR ARV R AR R A E RN S sHAT S, REY)
AR RLR) ThREAAEALIE S VI B 5 2% BE A 2 B IR SE DL, XA 5 0 AR B A B 3
R, HRE—ERE EAERER IR, flg WA S, AR PR sl K
Sy SR AT ThREVE I 2R S VAR KA K — 20 il 2 T AR KR 1) o ) 5 1) AR
B, ARGUAKFTEH R R I 5 T 22 18]

IR Ak LA 5 DR A i ) s rl 12, S 5 B R A 5 D TR i 7 A2 Qs A
LR R RGN 2. G, IR S AT AT A S A 48 R e 54
KA G, BRI E T LR B IR G M 25, BRVE R AF R A R A AR
PRtz N Ty B AR Al TR G . RN, CRINIREE I B & A) DAFE S50k 5 A T
RAEAEARR], 152 =RARIIE NG, X Rl 8 1 sh S s AU A5 S TR 2
A& B IR B A A S5 R T o A, B PR e P A e e i
(HQ) %% L T &M BAT RSB Z5 & 71, FFRIU BRI, R R B2 M
T8 BT Em .

FETCRAE N — P B Ry, [RIRRAE A P AR I P BT S A . B
AR AR LA D05 TS AR A R vt (0 SR 1k O N P - 2 Bl 3 (R vk SR &
Y H SCRA B BT S A A MU A7 Tk e (A TR SR A5 Uk [R] A
PrEE R BB SRR SRR T DR G A R F B I H R
FP B AR RHE Rt S s 55 KT R R

FEART R, A TR % A TR AL ) AR 4- 206K 0IR (VPBA) FIA A HESA
Fre ik [ FC) F i AT T S ik PR 2k = SR e (TEPMD , SRJE AT RAFT SR A il 270931
IR AR SR e 2 T K T RER A T, FRZ BGRB8 (i RAEAS 2
REWMEEI 775 KR EBOEE K& 7S BB IE Pl B Lk
THRESE B SN KDL, 3 32 5 H B AN AN K IO R BE SO 1l 2515 2 9 KA REEEAT

TEHIRAL, e IR R A BARTT REAEAE I L o
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5.2.1 LI

SIS FIT 5 24 i L3R 5-1.
F 51 LWFTAZ

Table5-1 List of experimental materials

24 5h A TR B IR
R oy b [ 254 AL R4 B A 7
MR 5T 98% BB T AL A PR 7
I Sy [ 255 AL B A A
R fa ikl [ 254 AL B A A
Z.k Sy [ 255 AL B A A
H R R 3-(= 2 SR E ) T 98% BT T AL A PR
4R LI 98% FIT b T IR
AR = 98% ILSCB AR AR A A
E3 99.99% B4 75 1k 2 A R A )

5.2.2 SLIG{YES

SEIG P TR A A WL 5-2.
R5-1 SEOFTREE

Table5-1 List of experimental instruments

BE E S Uths] GRS
HLF 4T RSP AL104 MR- FER 2 AR AT BR A 7]
e 28 AN RE-52AA R RAL AT BR A 7]
BRI LRI AN AVANCE TII 78 Bruke /A 7
AR Y AL kR = SZCL-1 TR TR A T
ReE F490010 BB GE IR B A A BR A =
PERBOCRLEEAL Nano S90 B [ T AR SOA B A B N F
Y & piin IR G JEM-2100F H A 7 IR att
B iBiE Ok TDA 302 Wi B R SCAX A R A
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FARACES Ve HASE, AR, B WAR U, MR, Bt RN kAt
AUREREE o

5.2.3 SERUMARIHFALLIE

Keere M e g, BT RAAERTSH. BE R THE (AIBN) f£LiEH
INAEC DS AR, PRI RERG W, ERESRRE=R, BTIKME&M. F5
PR -3-(= LA ERE) IR (TEPMD I3 28RS il o B ToKAR & H - DUSEIRIR (THF)
S A EAC TR R, AR R R, WEAREEREMH. KL
fi (St Ik = AL R AR R B BRPELEE R, BT OKFE &

5.3 2 HHNELE H R SR R RHI &

5.3.1 VPBA R H K7 FHEEBTIHE

1) VPBA 16 il S B
AN J N N
Mg B(OMe)3 HCI
THF
Cl MgCl Me0” > “OMe Ho* ®~oH

5-1 VPBA M&BAERE
Fig.5-1 Flow chart of VPBA synthesized with Grignard reaction

2) VPBA il %%

Y R E T HAE R B 5 h, FRIEJEEE 29 WE DN, 30 G IR 26 2%
B, BB E O R AR, B2 ORI AL R B I F e 7l . AR s
WAL L A, B RIS S A 80°C, RS PR R .

FER AT 18I N B HI I BRI L)@ DY SR VE G N 0.1 mL | 1, 2- R
CREAERFIR, WL T R 2 h, 5 SLRIZON FTA KR A2, Al si— BAb T
TogRIRAS, W15 2 AT SR 2K LR B IR EERE [GIRF, BARRHE =,

B B AF % B, AR RUSUR B AN-15°C T S8 0 i A\ B R = F 166 10 DU S0k o
WU it EE, 30 min BARS5E, AN RE R R E A B TR . RO R S
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B 4-ZIFEERNIR R KB 2 M ERER R, BiRE 3 h, FH MR OBRAEUR BT
VIR, e TR TR AR e T O, PP 2 TR K R I 7 4 1) G I N T /K B R T
i 2 R T 175 PR VTR

Ve R A5 B A MUAH IR A 25 38 CREARDIRI A, FRINNZBIRK, FHIRZE 95°C, {3 430
VAR, JEHAKAREICTUKAE EER BT, B3 A AR E A S SRR TR R
A 4- OIRFERWIIR, SUE 98%, 7% 95%.

3) PVPBA HI& K

S
7
S CyH /\SJLS "N O
)L OH THE 07
+ CyHy” Y87 s + AIBN ——3 °
'e) 80°C
Ho” ®~oH B
HO” “OH

Bl 5-2 & KRSFHEEBA PVPBA KRBT ER
Fig.5-2 Preparation of macromolecular chain transfer agents PVPBA by RAFT polymerization
¥ B EE R EE o VPBA: CTA: AIBN=1000: 10: 1 fyLLfl, EFFREL VPBA4 g, 27.2
mmol). CTA(0.25g, 0.68 mmol)Fl AIBN(5.2mg, 0.03 mmol)i#T THF(38 mL)+, AP
1B A R R I MK A OB IR R SR A R, U4k (2 mL), %% % 50 mL i
FHEREETD, BREEHATEME, B TWATAGREAMH, HAETREBERS
ENHEET, MEE TR, BRI - fRR B 8 AR 2R R A
o BREMRET 80 CHmst, KM 24h, HEEE, B TAKP A HE
SR L
AR R HIIN 10 mL USRI (14 RoRG FEREAIG, BB SR N 10 (AR 1 LTk
WL IASE A RS VE T, SRR LIRS, AR A ARV T 30 mL PUEE
Mg, T LA R R AR A SRR e Bk, BRSO, HIRAEE T8, 53
EREOEEN AR, BN (4-2mE2RR) 57277 (PVPBA-CTA) . FREFSHHE {4
PR 3.2 9, TR 80%, KA N 80, FH4rT RN 12kDa, 44’5 PVPBAs % H .

5.3.2 VPBA R EH K3 FiEFE B FIHIFRIE

3 HIFREL VPBA F1 PVPBA % 10 mg, & TR T H LN, F) B R L AT

SEREIRRAE . H K> T HER R 77 PVPBA KLy 1 mg/mL HIPU S MRIIER, RIS &
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HIBUIRES, 7870 ML 24 h Jailid DURIR Z0 bRt (eI 23 il Hodt AT 70 78
o TR AT RAL

A a B
C = b Hzo
d | ab
de é e cuH;;/\sJ'Ls 2y OH
c 0
Hch‘OH f d
DMSO 0P om
b a DMSO
c f
d ¢ " ‘ ab

© 8 7 6 5 4 3 2 1 0 9 8 7 6 5
&/ ppm )
Bl 5-3 VPBA RIS VIRBILIREE B
Fig.5-3 'H NMR spectra of VPBA and PVPBA
AR VPBA 1] 'H NMR 5 11 5-3 A Affis. VPBA F3LE4 6 P [E 4 22 3R 5
MR T, B a Ay Z AR HERUE b [ (=CH2, 23=hiF{H §=5.31-5.35 ppm: b 4t
FRIIE A T 25 44 FRI=CH2, U221 FE M 6=5.82-5.88 ppm; ¢ I =CH-, tL2:47 F41H 6=6.65-
6.88ppm; d WERZRIR FEEE SR INA, FEARAE §=7.79-7.83 ppm; e WENZRIR L EEIR
MR, ARIRE{E 6=7.42-7.49 ppm; IS NIFEIE-OH, fL2AAif8{l 6=3.46-4.55
ppm, T AIK ST HISE A T 28 SER .

R THERF55) PVPBA B 'H NMR i B4 5-3 B . B a bR RS
P50 b EHE-CH-, b ALHIIEARE T8 -CHo-, a F1 b AR ZE G (&I b R 0 S tulg, 1h2%
PIFEMA 6=1.03-1.82; c MG RN AR R REMA, =M E 6=6.22-6.68 ppm; d
AEFR IR IR EEEIE AR IR A, AR {E §=7.19-7.80 ppm; HH Tl pEE KA
IS4 R, FE R AR b i B BRAS, AK SRR ZE, WO 2.
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——PVPBA
——PVPBA-b-PS

40 45 50 55 60 65 70 75 80
Elution Volume /| mL
B 5-4 HEIFAY PVPBA-b-PS [ GPC £k
Fig.5-4 GPC curve of block copolymer PVPBA-b-PS
PVPBA KBS IE il 2k tn 8] 5-4 th B PR, 537078 Mn=12 kDa, 7}

B34t PDI=1.18; ZLZ N BUR G GPC 2k, Hghr BHear, AR/,
YRR T, RARRIEIE a0k 5-3 P,

£53 RERAEY PVPBA-b-PSEFBTREESHAELKEE

Table5-3 Data for PVPBA-b-PS via RAFT PISA and morphologies obtained via BCP self-assembly

in methanol
No. Feed ratio Conversion DPps Pavp M, Mw/Mn Morphology
(%) % (kDa)
1 1: 250 70 175 36.0% 28.4 1.22 spherical micelle
2 1: 500 65 325 23.3% 44.0 1.25 spherical micelle
3 1: 750 57 427 18.7% 54.6 1.24 spherical micelle
4 1: 1000 53 530 15.7% 65.4 1.26 spherical micelle
5 1: 1500 55 825 10.6% 96 1.25 spherical micelle
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5.3.3 PVPBA-b-PS R E&MI4KM R BIHI 5 FRIE

FE R BE /R B SN 1: 250, 1:500. 1: 750+ 1: 1000 A1 1: 1500 FEL, HERAFREL PVPBAgo-
CTA I St 73 43 AINAE] 10 mL i 7RG E . BEREESETLME, BETHR
RhA GRS, HETERRESENMERT, MEETRKTRE. BEAK
ME T -RRRIE T 2R ERRPNEAR, BREGEEHFRET 80CHMnmmt,
RIL24h 5, BUREREGE, RETEIKFP A EE RN 2L,

S S
OH

7 C311H23/\3)LS n C11H23/\S
O MeOH
+ + AIBN =3
80°C
B

HO”  “OH

B 55 #HI&REEESY PVPBA-b-PS HIRBIFER
Fig.5-5 Preparation of block copolymer PVPBA-b-PS by RAFT PISA

Fe ) A3 N1 PVPBAso-b-PSX A WA KA BRI RE 5 ELH FH TSR, 45T R 11
AR AR R TB0E o 9 KB E SGHEAT R /NI AT o T4 B 9 KA L 40 BIGRAE 2
fik T IE =K, 193] PVPBAgo-b-PSX IR BUR &Y, F TR HESEIRAIEE 15 15 i o ik
B A WERINRAE

SR FHZ ST FEUBE AT 41 FELBE 0 AN [R) I B B 91T T i R A 36 AR AT TR SR AE, ] 5-6
AR . 2480k 1: 250, PVPBA-b-PS H 4126 T BURi4£4) 200 nm-500 nm 1IERR A TR,
WA AR T, KAL) 2[R 1:500 I, #4753 7 RARF 8 21 Z1N
300 nm 724 BRI OR ;48R L 1: 750, 413545 3] T Ri422928 200 nm F1 500 nm ]
BRILIRR, HIRHRIE— @ VE I N 8y 5 q8ekkb oy 10 1000 B, [AFEAS3]T 100
nm-500 nm 73 A A S FIERE R 43Rk 1: 1500 B, il #4532 T 200 nm-500 nm
I3 A A S ERTE IR

ST I, BN PVPBA TE HI B ISR S HURCK, A TE N 80 (MZR &4 HEE ] LA
T MK PS B, FTCARNEBEE SR LG K, BRI 15 2 T BRI IR .
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(B

—500 nm— —500 nm

(C D

'

500 nm —500 nm—

—500 _nm—
B 5-6 AFEHECEERH&BRK PVPBA-b-PS A3 AT SR

Fig.5-6 Morphologies of aggregates formed by PISA of PVPBA-b-PS with different feed ratio

5.3.4 PVPBA-b-PS B &K R0 K2 14 B fff 33

F T B S5 R -, DL SR R T T AR 55 408 — S R A A W AH ELAE FH A e T 3
IR e B0 A FEA B, 2 IR A= A1 4 & W 5l SR AGH I ' F A S W 2 B (HQD
28, [N AT DU SRR 5 48 — B A Rk % R 40 (ARS)

A T 1] %% 19 2 IR BL R Y PVPBA-D-PS ERIEZA 31K, PVPBA 1E MRV B %
BEAERRIE LA, R B ATCARRI L 1: 500 B 1] #5752 5 2 51 O ER T B ARAE o e 1R
EHEAT HQ A1 ARS AN .

s i) £ 73 I RO BR T s 523 BRG] 10 A5 R AN R R+, C A1) HQ 1Y) R VA,
FH IR BTN B AL, 22K 365 nm SEAMT R T, 74 B
BTN, M HQ T, ZHORIEYE, MARE HQ G 15 B BRI B4R
PG, WIETRERE ARS MBI IORETIE o, AR R YOk
BON P2 A2 S R BEAT AL, 4531 7 PUOKIRIE I AR S HQ AN & 1 AR AL i 2%
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DL K 342 nm (R ANEE NBOR TCIR, BEANMA 2R 1028 6 om BE BEE HQ RN B 4 3 i
Vi PVPBA-b-PS G KB R 4 E A 8 2 HIMIIRIE ], KA T AIFR L M bk it vy 45 5
K 5-7 Firs o

AN

4é0 | 5(|)O | 5&|30 | 6(I)O
Wavelength / nm
5-7 PVPBA-b-PS EWGUKAEHRI HQ FIBHD R F Mootk A
Fig.5-7 Digital photos and fluorescence spectrogram of HQ detected by PVPBA-b-PS polymer
nanomaterials

A 8 WL ) ARS FREVAR, B UMD 1B T I\ 2IM e 5 1) PVPBA-b-PS 2§
EYAKI R, Ky 365 nm PERAMT IS, P R AR, FEIA
ARS T, ZrEURIETE, IIATE ARS WG E] 7 RGRIVEL G5, WL
ARS NI\ E (3 BB 58, S AFREIE— @ M R ZOb A OO = AR 5 e )i 72
BHATRAE, 33 T YORERIZIR AR KB ARS I = A2, LLK > 355 nm
JEAERNBOR G, AR R IR EREE ARS I IZ #4658, 58 PVPBA-b-PS 4
KIS A Z 8 2 BRI, KA T FIvhE R ALl 45 & i 5-8 iR .

PVPBA-b-PS 1k & 41755 H AR Rl R EWAKM B S HQ 1 ARS #H

B AR R A & Ean E 5-9 Fr .
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I ! I ! I ! I ! I
550 600 650 700 750
Wavelength / nm
Bl 5-8 PVPBA-b-PS EEMYIKA RN ARS BB/ AF L E
Fig.5-8 Digital photos and fluorescence spectrogram of ARS detected by PVPBA-b-PS polymer

nanomaterials

&

%

i\xz“ T~
/B\
H

\C

4, &0
H+

= O
\ ARS Len

G o o

R
%%

Bl 5-9 PVPBA-b-PS SEEWGIAKIRL I 2 KW NAT N7 =
Fig.5-9 Schematic diagram of preparation and response behavior of PVPBA-b-PS polymer

nanomaterials
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5.4 RHEFEIRERR SR BRI &

5.4.1 K5 F8E5E#7 PTEPM-CTA BYHI&

X,

S
S P )L N OH
H X on e
+ CpHpy” 87 s + AIBN —3» o °
0 80°C
Si<
0) (IDO’\ Si
A ) /lO‘ Cl)‘o’\

B 5-10 RAFT &% THEBF PTEPM
Fig.5-10 Preparation of macromolecular chain transfer agents PTEPM by RAFT polymerization
¥ B EE R Eb o TEPM: CTA: AIBN=1000: 10: 1 fLLfil. YEFFREL TEPM(4 g, 27.2
mmol). CTA(0.25g, 0.68 mmol)#l AIBN(5.2 mg, 0.03 mmol)¥&T THF(38 mL) ', # 5
FESHTLME, BETHATR GRSk, HASEERSENMERST, B)h
BIRKPRER. BEEAGR-TR TR R ER AR RTEAR, BRGEEH)
RET 80 CHImI T, &AM 24h, BUREEE, REKTHRKT SR MA L.
Kl %320 PTEPM-CTA #£ 50 AR B rRaEMT =ik, &XIENT 3 h, 152
PTEPMs2-CTA (1] F B R o

5.4.2 K9 FiEEE#55 PTEPM-CTA RUFRIE

FREL TEPM. PTEPM il PTEPM-b-PS % 10 mg, #% T 0.5mL 5ACE i+, FI Rt
HIRFAE AL ZZ . R TR PTEPM AR B &4 PTEPM-b-PS iy 1
mg/mL 1 U SR IR A S T DL SRR 2 bR R I BB 8 Gl 0] kAT o R R o
TR AIRAE

HI TEPM 2> FE5 AT AN, &0 78 7 MIAEEAFER H 1. B4k TEPM ) 'H
NMR & B 5-11 A TR, B H 73900 N — 20 5T 506 o a Ak ity e A 3 Ui ey g
=CH,, 8=6.2 ppm A1 5.6 ppm; b W F 7R XU AHZE )-CHs, AL 1 6=1.95 ppm; ¢
I Ayl KL R A M —AN-CH2-, WAL FEME delta=4.2 ppm; d AHIHI-CHa-, A7
1 5=1.8 ppm; e AFN Si AHIEM]-CHz-, HEAIFEAE §=0.73 ppm: f gt Ui o AHIE -

CHa-, h2AAr 21 6=3.8 ppm; g Niidk-CHs, fL2AAiF%MH 6=1.23 ppm.
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PTEPM (] 'H NMR Kl 1 & 5-11 B fiz . S HARFH LG, 5GP IR DU FM 3T
JF R HH A B T FR ARV A B0, XU SR & G TH R, TEREEIX 2 T s RS
Y EEERE IO EE T o 2L R4 T B AR RN P S A R R, HARRIL
TR IR, i B AL R

g Ll
A ﬁ b B Cllﬁzjﬂsis%oﬂ
Q 0 (o]
éj'; c~d f
e - 'SE\OE'\
010 f 7o
~ Z?f ~ 71‘
b
L J
c
a a al e ‘ dpe
|| L y af )
8 7 6 5 4 3 2 1 0 8 7 6 5.4 3 1 0
3 /ppm o/ppm
B 5-11 TEPM EIEXTME SV ILREER
Fig.5-11 'H NMR spectra of TEPM and PTEPM
A b B
h.
cunﬁf"sj‘s PN ot
] ——PTEPM
k Cﬁ d —— PTEPM-5-PS
1 G ©
0-6']“0“\
7f
g
K 1
R AN_
g 7 6 5 4 3 2 1 0 2 3 4 5 6 1 8

o/ ppm Elution Volume / mL

K 5-12 BREREEY PTEPM-b-PS KIZRIILIRE B GPC #h4k

Fig.5-12 'H NMR spectra and GPC curve of block copolymer PTEPM-b-PS
Kl 5-12 NikBSLERY) PTEPM-b-PS HURZREILIRE 1 BIATAE R 125 (it ih 2. d1 18]
5-12 A WA, FEJE RS FREF R BT 2 B T R O st SR E] 74
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PR R EX A M 5-12 B MBI IBE I 7, BEFSaHES R E
FEY IR a7, WMEAERE LD, BEEESM Y TE. B RO TeEE%ER
Mn=23 kDa, PDI=1.16; xEE &Y Mn=61 kDa, PDI=1.19,

5.4.3 PTEPM-b-PS B2 &4l K44 %4 80 HI & S FRAE

IR EE /K EE A 1: 1000 (e, HERAFREL PTEPMss-CTA F1 St I 10 mL i1
FIEREGE T, MAREERSEG. BREESATERME, & TRE TR E AT
e, HRTFEKREEENMERS, MEE TAKPEE. B VR-H 2 - R R A
TR RTIEAS, BREEEHFIRE s0CHmHT, KM 24 h, BURES
B, RIRTERKPEAEE &l V72U 5-13 Frs.

S

S
M OH
CuH” s SM 011H23/\S)L
z oo O

MeOH
+ + AIBN —>
80°C

5-13 #] & RE RS PTEPM-b-PS i ) B TR

Hi

Fig.5-13 Preparation of block copolymer PTEPM-b-PS by RAFT PISA
5.4.4 PTEPM-b-PS B ZBk4H 3 (AR HOHI &

R B AIE = S A T T LUR AR B B ac ik, BRIk S ik b &t 2 T
TRIRIAER, 41 KH550-KH570 RA1A HLEE A BT . R R A S A A7 EH] %
[¥] PTEPM-b-PS ZE-& 04N K RI0RL I 2 5] B AT K& (e S be B (1, DR mT DAAE = 2145 1)
AL T B 5 SIS B SRR B R -

U] %75 B BRE B R 22 80K 5 mL, FEm PRI =20 3-5 W, BT 70°CHAAK
B 24n 5, HWECENT, JEMRES B 2 5B I RE S F B a1 B [ ACHRER

LR ERAE, K] 5-14 TR,
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5-14 HREBRAY PTEPM-b-PS AR BART BT E
Fig.5-14 Morphology of PTEPM-b-PS assembly before and after cross-linking

M B SZHRRT J5 B3E S AR IR AT AR, 7RSSR AT 70 B S BRI EOR, RiA2 2
400nm A, = O E R Ja 13 3] 1 R S5, Hazgs o] B2
B HIVARHERT R, BBRIB R B4R 5 SRR RAR AR 2[RI Sg e gl i BAT 1R &
RS e I, WUV R R IR D L i 7S 23 S 7 RAL AR IR AT APR BB O ASIRAR A, RIS
MG V55 B 2] 2515 2RSSR ) B il e T8 Aee k. AR EAMNINAZ I
SALE, DL, EA IR E T RS SRR — E B R AT

N T HERRE BRI &5 B AT AW % S R S MUK R B AZ AR
AR, s & B K 5-15 Bk,

B 5-15 PTEPM-b-PS RA&WPIKIM B IH] & KRR BAT A= E

Fig.5-15 Preparation and crosslinking of PTEPM-b-PS polymer nanomaterials
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55 KRE /NG

TEARE, BATCAZROIE AR, 50 =GR B b R (4- LIR R
O B PP DA 0 T A A i = R e AR R TR R R, R R T IR 51 AGH),
FEREE Tl R EH T AR T, s 7R3 A RKAS KNIERIER R . FH
PVPBA [WHlER 4] 5 HQ A1 ARS #H 456 HIHE s, K il 2515 B (R T 4R oK e AR Ry o
JEARENRSEDL T HQ A1 ARS Al L, XFT HQ RISy R, Heimik®) H Al
SCHRHRIE SRS O FLRA I K B TR RS ARS AH TR ARG 4055, (R
R BCRAR RS 22, ARARAR RIS B B PO B ARk, RN L2 G il oA e i 2 1)
R FIH PTEPM [kt AR 1E = S MAGTI SR IF R R B IR RR I, 4% T B A
IR S WAKATRL, %45 B R ASREE MRS B« ToRR AMINATHRF, ERE (i et
RS HAT — 58 1 B A 5

L P AN B DhREIE K7y TRER R AIRE FINERGH S E AR, RR TR
H T BARRSCI A Re 7 R E IR, 9 BUG DIRENE SRS WA KA R ) ] £ B
IS )9 FE AR AL 7 — s 15 Bl
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& ®

KRR FELFESHARE VL, @BidX PAA-D-PS. P4VP-b-PS. PVPBA-b-PS Al
PTEPM-b-PS 1A RIJHHZ, Hl#%33] VIEINF & 2RISR, nakE. &
Bk, BEAE STIEE— RVISH . 4 PAVP-b-PS &S H AL R AR IR BIL Y
F R A28 0 7 ik ) & A3 2 TR MR IR BPIRE A IRET RS — RAIE
ITCSPKATRL, B L TS AR B R A PR A AR S KA FES
A % H AT B) R R . B, 18I 9] ANThREME K2>T85 Bt PVPBA 1 PTEPM 7
il ] £ 1 R TS T IIIR B A ARk SUoe 5L A 1) SR S WDk IR R, R A & I RR JE T K 2R
PERSZIL T X8 BT A HQ LU & AT e b &9 ARS (R, 11 & Tk A e ik (]
1 SR P sk I e G 1 A B A3 31 T R M A e S RS A (R A ), FEATE B i T 7
RS RA B 1 S AT . BARG IR T

(DB REHES QAR 5H1% T PAA-D-PS 1A R IR E ALK KL R RAFT
REWTTEE T AR R G BRI RS THER R 7 PAA, T IR IR EE MBS %
WX H AT T 458 7 TR AN TR ATIIRAE . IIE T BT IR T 5 G (A X 2H 4%
LSRN, 2 PAA A TE N 163 I, HAEARREIR A RIAER:, HILMNERFE-IE
R-FEHRTEFRRIFEAT 1 PAA TRETE D 84 I, ZH2& A2 Az NBRTE -4 -390 - 53 4 230 1)
FAR 1 PAA TG TEN 51 I, ZH 2% A A BRI -0 e -390 - 53 & 800K (10 52 & 26 19
A XTHOARE 264 N ANIR] PAA BEK, I PAA BT NSRS %, AN, BR/KEE
B SR FE R W 3 R 2%

(2) D BCR AW @ TR E AN BRI A, Wit R AT AR E &
PAVP-b-PS 1A R 9K A 25k . 126 R RAFT A ITVEG LT PAVP KK Tk
B, IR SRR 15 05 g AT 40 2 TR 7 80 il (I RAE.
M 375 A L R R SR G I [ R AR TSR R, RIEEE N 96 ¥ PAVP K4 T4k
FERAT, HBEARRAERRIE-T0- 2 5 RIS . 0 SO ik S5 5 R0 13
B, AR RIRE A T BRI -3 -2 A BRI 13648 o 150 BH 1) % i 29— 1 R o P AN X R
B G2 R AT B e BB e TR &

(3) FH PAVP-b-PS F 515 T B 421k AR & A3 B ik B S kAT Vi B 43,

X
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4he

il A5 2] EVIRS MEREIR S EIRFEAE IR IR AL AR iR . =4 PS BERIZR G LM 341
HGKF) 4703 I, ZHARARTE S K AL BROE -JE90 - 2% B IR -G I IR- A B B IR T - R 3
WRIE-E IR AR 8 I SR I A e T A RV R) P I ) 5 B, AR ] DA 46— 3R 471
R 2 DE e /RN
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