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Abstract

Abstract

Monodispersed stimu-sensitive block copolymers poly(ethylene glycol)-b-
poly(4-vinylpyridine) (PEG14-b-P4VP ¢7) and poly(N-isopropylacrylamide)-b-poly
(4-vinylpyridine) (PNIPAMs;-b- P4VP,¢) were synthesized through Atom Transfer
Radical Polymerization (ATRP). Micelles with the core of P4VP were achieved
through decreasing the degree of protonation of P4VP, due to its sensitivity to pH.
And the micellization process of PEG14-b-P4VP o7 and PNIPAMGs;3-b- P4VPa4 were
investigated by NMR when the degree of protonation is tuned. The results of the
Spin-Lattice Relaxation Time (T1) experiments indicate that micelles from
PEG15-b-P4VP)y; has formed at the degree of protonation of 0.54, while the
micelles from PNIPAM;s3-5-P4VPyg can be achieved at the point of 0.58. The
gradually disappearing of 1H NMR signal of pyriding illustrates that the core of the
micelle achieved changed from loose to compact with the decreasing of the degree
of protonation. The detected 2D NOE signal between PEG and PNIPAM when the
micelle  solutions made  separately from  PEGy4-b-P4VPy; and
PNIPAM;s;3-b-P4VP,g) are mixed, lends proof to the exchanges of macromolecules
between micelles and the diblock copolymer in slolution as well as the existence of
compound micelle achieved through mixing of two different micelle from different
diblock copolymer with loose core. The PNIPAM blocks of the compound micelle
from PEG-b-P4VP and PNIPAM-b-P4VP would collapse when the temperature gets
over the LCST of PNIPAM. The Gaussian simulation result of the 1H NMR signal
of PEG in such situation also suggests the formation of channel in the shell of
micelle.

Keywords: P4VP, NMR, micelle
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BRFE KRB RO R — KB RRBRIRIS AT, aNEd AR
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AHT, PRRBEARESZARSE, NTRBHK, M3 —KEURFR
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BMARKRBERY . MR EBRPAR PR L ZFF-b-RQ-LIHHAMIE)
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LR pH ERWAER, P2VP WK T XA FHUMERR[AEW, BN PEG-b-P2VP
& AAR AL, P2VP A8, UL PEG AFMIBIR.
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(PDMAEMA-b-PDEAEMA) PHE/K B ) pH W RY B 413547 4. Figure 1-1
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Figure 1-1. Schematic representation of pH-induced micelle formation by the
PSSNa-5-PSCOONa acidic block copolymers.
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Figure 1-2. Chemical structures of poly(N-alkylacrylamide) with LCST phase
behavior: (a) poly(N-isopropylacrylamide) (PNIPAAm), (b) polymer(N,N-
diethylacrylamide) (PDEA Am), (c) poly(2-carboxyl-N-isopropylacrylamide)
(PCIPAAm), (d) poly[N-(L)-(1-hydroxymethyl)propylmethylacrylamide]
(PLHMAAm), (€) poly(N-acryl-N -alkylpiperazine)
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Figure 1-3. The relationship between Relaxation Time and molecular motional correlation
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Figure 14. The sketch map of inversion recovery pulse sequence
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Figure 1-5. The sketch map of CPMG
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B U R A A EARSRER IR 7 LR T 1) A28 X B, TX-100 3K JE BB
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Figure 1-6. 1H NMR spectra of the micelle solutions in CDCI3 at fifferent transfer time (t) (A:
Imin; B: 3 min; C: 5min; D: 15 min; E:40 mins; F:90min G; 2h; H: 10h; I: 24h; J:120h; and K:
720h. (a) From 6 to 3 ppm and (b)from 9 to 6 ppm.
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Figure 1-7. 2D NOESY NMR spectra of SDS-PVP and SDS-PEG clusters at 40°C

7 =% (Figure 1-7) , &2 IHNMR, 13C NMR, 2D NMR &%#
NMR SRR T RAFEFREEEH T R ERBRMN( SDS)5 AKX
BHIET TR TRZERSZE( PVP)EE Z —E( PEG)|TE/KEW T EfR
FIRR. NMR GESEREH, SDS - FHEAKEANLEN C1~C2 KBRS
PVP 5T B E NP OM E5 o,C. IS EBE C1 3125 P1 ) C4 (id

-12-



F—F Hie

HPAYRBREHTREMIERGES, FHILHEN SDS 4 FEKLES PVP 4
TP ABERE R PRE FIAAB X SR 58 0 7 e A 7% BT SDS AR S PVP 6]
H TR EERMNM. 1 SDS KRR S PEG Flfknt, BRIRHEIRAL
REMBXBAAHTLIERS, 34 PEG B A8 A2 SDS RAKHRK C3
B BRI NI

BEE, HFENESLEAD20 12 HNMR 2% R854 TPEO-5-PPO
--PEO/ D20/ X ZHE U R ERMARBESMMZ HET H. BLLRNE
TENRRE R B e-@i% B ET, « B5E- B bR MT,A2H-NMR .
XFANMR #BER, EdFETIN%¥SH, FESERA2 HNMR #, 0K
W), BRI KD SRR N ERYIE, KB THRRNZHESH.

Figure 1-8. Contour plot of 2D NOESY maps of PAM/POEA solutions at concentrations (A)
2g/L, (B) 6g/L, (8) 8g/L, (D) 12g/L with a mixing times of 80ms.

#4055 TH NMRiZ A — 4 % Overhauser BN (2D NOESY) WIR T
PAM/POEATT LYK M P ) B RENH], RYPHKG&RBBI2- %5
LERIE T ML R (PAMPOEAVEKBH T BRRFER LR LUK
MESTHMMAER L, #£PAM/POEA HEEAKTMETEMTHERKE
BERMIE. (Figure 1-8) APAM/POEAZEAS Rl FE B i 1k R/ W 8 NOE 1%
A.
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Figure 1-9. Contour plots of the 2D NOESY maps of STS  aqueous solution (A), Cy4E;
chloroform solution (B) and STS/C;4E; mixed surfactants aqueous solution (C)

B A IHNMR g, B BRBR 4488 2D NOESY) i
KB T IFE I BB B 9 [n-CH3(CH,)13;0S05Na (STS) JHIF+ PR E Z
Hil(3)[n-CH3(CH,)130(CHsO 3 H(C4Es) 1EIHHI H B EUR —FH R A FH
HTAEA. 2D NOESY ¥4 £ XKW (Figure 1-9) , STS 5 CLE: BEEHE
HHAEM, AERRERR: BREGEERY, BEAKRF STS BkEFRTiES
TR, CuEs K A24") F1 B2CH2 (3") MEEHMREH. C4E; HIEKS
(CH,CH,0); #% M ZMEHK T RAIMEHERREF L. EERMTEDTE
VRABWERY, RERRWE AR FREEHEERBRRK.

77 B USRI P LB AR 1 - R SR Bl Ty) « - B et )
(T2) « B HARHD) MR =4 Overhausert 7% (2D NOESY) HAMA T %
EETERIIE + ZH AR (SDS) E R REBR(PAM) KEREE H10g/ L K
WP RIRET A. BT XFSDSHPAMM—E5) h¥5%, #EE TR
PLE. Figure 1-1080 & EHMIT, 5T,RESDSIK B X BB L sk, HEMIHLENT
SDSEEH M EAWIEM, S FRABIH=ABE: (1) SDSIKERIER, T).
TH BT BARHHEEK, 2R TRAMENET: (2) SDSE—/%
FIKETER AN, T). TLEERE TR, HIAEHITA, KAERKREXE SDS
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B—E 4id
FOa5EE; (3) SDSIKESKLELIM, FEBUEMKETM B, HEEKE
ZJEEm SDSHIKE, RASDSEEANMRERHAARELL, B+t SDSKE
E RN EUREIE .

3000 =5
a, -> 5
25001 i
) »
= 2000 Z
~ Ry
1500 e . o
(SN
1000{ *ee ‘\\ "
000 T iy
1 10 100
log [SDS] (ramoalst) tog [SDS] tmmot/L}

Figure 1-10. a: The T, values of SDS protons (S1, S3 and S4) vs. Log [ SDS] in the presence or
in the absence of PAM in theaqueous solutions (solid lines represent SDS aqueous solutions ,
dashed lines represent PAM + SDS mixed aqueous solutions); b: The T; values of SDS protons
(S1, 83 and S4) vs. Log [ SDS] in the presence or in the absence of PAM in the aqueous solutions
(solid lines represent SDS aqueous solutions , dashed lines represent PAM + SDS mixed aqueous
solutions).

llja K. Vrie de KeizerZ Ul ist B o5 4% BR-b- 28 R B L (P AAgo-b-PAAm4 ) AT
RLZBE-0-RQ-FELHEMIE) (P2MVPy,-b-PEOys) TEEH T EE T NEK
B (Janus micelle) , HWFigure 1-11f7R. B SR FER-b-BRHEHK
(PAA-b-PAAmM, ) KRN N-CHEFE LEFERNHRER)-0- K F RN RS
AKH B (PDMAEMA-b-PGMA) FiHIBHARMLLE, HHLWEE RSN
RO T XH . Figure 1-12H1 B AR R #92D NOESYi& &, 7 Figure 1-12 a &7 3k
Fiie X B ANOER S M, HrRELELMBIBNBREEKREEARRRS
HEETRRG—Mm.
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Figure 1-11. Representation of a disk-shaped micelle, Complex coacervate core (PAA and
P2MVP):orange, coronal hemisphere: green (PEO) and blue (PAAm)
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Figure 1-12. a: 1H NMR 2D NOESY contour plot of PAA4;-b-PAAmy;; and P2MVP4-b-PEO 46,
b: 1H NMR 2D NOESY contour plot of PAA;-b-PAAmy 7 and PDMAEMA-b-PGMA.

FOT WG RR

tHICHRERIA AT LA, BSEPE IR ELLIR DI 1 125, R I S RS UK ¥ 0
KPR B E B M B 2 TR . MR A oh i — AN A .
R@-ZHHEng) (PAVP) T xtpHIBUREHE, SZRRWF TIEER Z3X%
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% 4

FEOS), X T AREE FRTEMApHE (EE TR #PAVPRLTE,
BEIVPAVPERIZMIKR, HIRKEE, SHRMEXMAH, miTFRERER
RSB RPAVPEBRAR R FUEENRREMNERNSFIRE. IAPAVPE
BURER BT AR BE ) R AR T T AR SR AR i 72 DA R R P R A M U
SEHEEENERANHNME.

—RBOA A ZH 1k RpHIE K TP4VPIfIpKafll (£14.7) B, PAVPEEE A RBERK
BREIE, {EPAVPHIpHBUBAF M A i E R IO R R 4L, 7EpKaFbifpHIE
R R RS R R FREBENRAEL, SURTHREBERERNHNE
PAVPHERTE BB+ R A&

Bt R (NMR) SIS AR RIS FEM 55 h %5 thaaE h TR,
BEEIBBAREE LRSS . d12D NOESY NMRE AT LUKE K5 FiRZ &
26 F BN T0.5 nmi BT I EAE ARG R, TIshEetE (T, T,) Mk
o TEBEBRDHESR . B, BATS BEHETHEARAESXRR Y RHERE
BATERER, FXIBIRMGHBITRIES ER.

BaE A RBEERYRERRHEN, REKERFENMAAS SRE
SUET AMTHIRR R . BATHGIRE T 7 2 R 55 PEGH B AIPNIPAMBEER
(ERPAVPHE) ME&KIR, ZFHEFEPNIPAMIB I (R pHEFP4VPIBE)
JG, HPEGHEB H THRAH RIFF/KEE, B FEBEERLR/ S T UF S
@& (channel). 5PNIPAM (EiP4VP) KIBMEAIMIRARAM L, XFEEREE
SRR EAYERTERE R FONRAN R, A FHEE/HR R,
TEX AT BRI RIE, BT A M 45 M 3R T 58 A o0 3 47 18 5 24 A iR
R . MBI RER RAE AL T AR SRS S IPEGRE B KB E Mt fE, B
EXT “BIE” GEH S AEREIESR .
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B_E BFHY ARSI EIL R

FoE RTRBEAESHFERSMEREILEY

it R T HY BHBERE (ATRP), &K T &4 pH SURK B Q- Z 5 3EMe)
KB RY): RL_BE-b-R@-ZHEME) (PEGy4-b-P4VPy;) 5BN-F
P ZE I B R )-b- B (4 ZIBHEMEDE) (PNIPAMs3-b-PAVPyo) o AR S i
73 AIE : 34T PEGu14-b-PAVP 1oy FIEPE /S 89 PEG-Br A K4 F 51 R 73| & Hk
4-ZHHME: 35T PNIPAMs3-b-P4VPe0 554 IR 4-Z 5 B0LE K53 F 51 R Y
(PAVP-Cl), BHMARE N-FRAEFEHE (NIPAM) BE 4-ZF 500 -b-
RN-FRERERAL) (P4VP-b-PNIPAM) HKBRILEY).,

H— KB
2.1.1 FEHRRIAF

-5 E R Z 52 (1-PECI) AR(97%), ACROS

FAH AR, REMHFERF—T
12N g AR, REMLERN—
Hh# (36%) AR, KEMHEFERF—
VA AR, RKEMHERR =S
FKZ 2 AR, REMHERF
Tk Z. 8k AR, REMFERFIZ
) AR, RiEMHERH =
GiPS AR, REMHERTZ
Fok AR, REMHZERF =T
FHEE AR, REWHERNZ)

TH AR, REMLERN
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FoF B O a SR U KB LR Y

LG AR, KEmERAF ]
NN-ZHE Bk (DMF) AR, REWHERA ]

FE (88%) AR, REmfLERAR=

HEE (37%) AR, REMHERN S

=LR% AR, REMWHERN

4-ZJ& e 95%, Acros Organics, FHBI/EZKIE
N-57 5 N5 B 99%, Acros Organics, FIRIEZ &
=ZQ-BELIE)WL (Tren) 96%, Acros Organics

KZ_R (CH30-PEG114-OH) Mn=5000, PDI=1.05, Fluka

2-RATHIR (BMPB) 96%, Acros Organics

212 EEMH

Varian UNITY plus-4004% iz H 4% 5 35 4X (1HNMR) (EE), 4r%ILACDCI3
FID201EH o

Waters 600 275 1% (2.1 {X(GPC), THF & L Zh 48, KE¥825 °C, ## 1 mL/min,
LB 53 BOVE IR 2 206 b bt

BEH RS (TEM) , T20ST, MEALE200kV, #72%PhilipsAH .

TPI00EEAH N, RSB FHER () HFRAF.

2.1.3 ATRPHE{L IR R BB &

2.1.3.1 RS ERSH &

FBT, HEGKREN 114 TURBRBAMRE 75 ZAREKD, BERK
BHFH) 15 TTHEALRE T 15 ZAEMKP SR, ERERET, BIEmBRNN
IKEBE B R ME R R FTAFAKERPE. BNEER, SEmx
2525 kb, MW 15 WERBMWET 1500 ZFAEBKP, EH TR
WK WP RINRY 2 BAKER, &H. BHARE, BEEAARL BLFH
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BUFE BFHE OGRS RS R B R Y

WHRAKR KT, FRABBERD B HAESOEHE—S)L, Hd
LERB, BIEETHIE. MEER0FEYRH 36%MZMmLRINK (FK
10 Z71), BALKIEERNRK (8K 30 ), REATKZEBEEARK
(8K 15 %), BEMEBHZYE SOCTEETE 2 /M, BRAGKHEK,
HEFMH TR, ©

2.1.3.2 Ei{k MesTREN RYHI &

£ 1000 mL MBS MA 0.2mol 30mL) = (2-BEZKE) B (Tren),
FPmE T oK S, ERBEERERAGET, BB (4 1ds) MA 50 mL
FIH R (36.5%), FrRNSEHESE, B BIMA 160 mL F& (88% ) 1 120 mL
R (37%), JWLRRETE 120 CHMB P INRET 6 M. REZER, RE
RUERERRTANEREDR, 5317k MesTren3HCL. A5 5 LS
B 300 mL 10% i NaOH /KiF#, iR B~ Bt 8] A5 F Z Bk 3 ICH == 40
MegTren. R/ % MesTren HIZBEHEASENHETREMMNE X268, B

2.1.4 #RER HBRYIPEG-b-PAVPRIS B

2.14.1 K5F351%% PEG-Br Myl &

6] 1000 mL # OBEELRFPMAL 650 mL F%, FRBETMA—EEH
PR EFE, MREIRL 8 h IR EFEFRENKSY, BETHEES.,
IR RZEE, M. ¥ 30 g (0.006 mol) HEEAEHMMWEZ B

(CH30-PEG14-OH) B 1000 mL I =158+, H 500 mL 485 i 5 20
. RJE, BIERLY 60 mL MPE, UBREBAEVERTRENKS.
K=ORRBEKAFERST 25C, AZOEMPMA 20 mL =2k (B
CaH, TRHAELWEZARD. % 3.5 (0.015 mol) 2-BB T MM F 4 80 mL
TRAES, REEBRTROHBEEEANT, BiXmRREEHEEIZE 1L
RMA=ZRLRRT . BXARR, BRNERER. 88 (5C) ek
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F_F RYHEY ARSI ERE RBILRY

48 h. RNEH/E, ¥RNEEYAKBEDRHIE, UBREERNE. RE
KrogBRERIRGE, BREKIMAMBE, RIREBTE 10 BEBROKZ 8B IR,
MIEEREHEG . BHEYESTREE®T pH 8 ~9 MkF, AZHFKE
R BBUERIN ZF RS A MSOs TIRIFITUE. BRI IEBIEZRIYE,
FFE 10 FEAIKZBEPITIE. BUUEMEREZ TR B2 276 g KA TFIXR
71 PEGy4-Bro (86

2142 BREBMBZ _E-b-BO-ZHBWR)HE R

X, KARFHBEHEES (ATRP) HiE, LICuCUMeSTREN b #
{7, LAPEG114-BrAXAZFEIRA, 5IR4-ZHEME (4VP) BRABFIHRER
L RYPEG-b-PAVP, BAKLCBRAT . 3] R B8 43 51 A01A0.10 g CuCl1(0.01 mol) .
0.23 gMe6TREN (0.01 mol) PAR2.0mLT §/FEEE (7:3, viv) HIRESHER,
HBEKRGERIMER. RS, WRNEFMAL.0gPEGI14-Br (0.008 mol)
R6.0mLT &l/7WRE (7:3, viv) MIREWH, BEIRYSFPEGI14-Bre &2,
BiE, MRMEFMAL2.0g4VP (0.048mol) , ¥ RNEREHEST. BRN
BEH, FEERRARF - MET - BRS—EKBEL=KERE, ERA
RGRHMETFMT, HEBBITRHRNE. BRNEEF45CKE S RMN4
he RMERE, AP RERRIIEEY, BHBHERREPHELEEN
i, PBRERPHRFEET. BN PSS Re ek G T 1052 H0k
LBEPULE . MIIBTEYLMERZREATTR, BEH57.94 g ARKBR
LR YIPEG-b-P4VP,

2.1.5 #RER BRI PNIPAM-b-PAVPHIS B

2.1.5.1 X$F51% 7 PNIPAM-C 898 5L

I HERFR B 0 AL T AN AC A Me  TRENIL B 45 52 B BE R EL A B F 12 o4t
BN, REMADF2-RENTRWRSENG SR SEE, FEAFORE
BAEWE. REMAZIKFI-PECI, BEMAFIANIPAM. TEREA G FTHE
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FE BFEBAMESHICRR RS RBIEY

2. RERZR, BEHBESHEEZ A THARNE. RNEEIWOCT
6/ R EUH HE HRERHE0C. EREGTYMNHERRY, A-HF
FER. SRADTERE, BREE =S40 EBNETEUR YRRk
W, A% CBRTREHIE. WtREZRET50°CEE T4/ M BIF

2.1.5.1 #:ERiLE24) PNIPAM-b-PAVP HIS K

EHRERFR 2 ) A T B FBLE MesTREN BB 35 & BE/R I B F 4 i 34
BEWEMA 2-HEA TR REERNDOHFRE, FEALTMEAEIE.
BRIEMA XS FEIRF P4VP-Cl, BJa 1% B8 T 56 B 5F 9k B b 51 2 51 24k
NIPAM. 7£0C, HEZ. BES=K. BEEMESHELZ THARNE .
RIAETE 40C R PY 48 /M. FFRPESEEETE, #HHEREAHZE 0C.

ERSVNHENRY, B_SFRER. BREVRNIEHRE, HBER
BEEF=ZFH_ENENHE, RSP ENREBMAREHE. W
BREZIK, BEH=YLESOCHE T4/,

F-NHaR TR

2.2.1 BiKMe,TrenHIFRAE

TEATRPRUN S, BE A8 X B I R R L & 8 th A B HLE I+ KEmT,
FATEESRPOMEA—EERM, FHAFSENRMEEMNEF#
BEi %, STHEELHATRP, BLAALHE T 2 8 60 BCAL 7 A X AL 75
HEEEW24, —BORY, & BAC/ERBC AL A% ) Bl BC AL 2 3000 3% hn i %6 oo
U0, 3t T4 sk B L 0 & Z B O ATRP R 7, X2, 2°-BEAL U (bpy) 584,4°-$ 3E-2,2"-
BRALE h AC A, BT R4S AT M0 IR B B A B T Y, o F1R4-2
BEME (4VP) XM EEEKE, EASRERAETFRAERBHEMER,
EEATRPRIE S, BEARMANRAESS5SREETREA™, Samte 550
AE &3 IEH M ATRPEEAL FIT™, BlCuBr/bpy 1k 14 VP ATRP R I3 # 4k 3%
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B8 FTHYE R LSS RBR Y
RAE, B, RARAAE D EROE K, BARDEITAVPH ATRPR S H)
K Z2-(ZHEEE)LEI (MegTren) Z—H4 TN B E T i % M AL &,
Matyjaszewski @ F F & A BRI BE /3 10 3K B T 4VPHI AT #8ATRP )R 274,

CH,—CH;—NH,
HzN—CHz-—CHz—N—-CHz—-CHZ—NHz
b a c
a b c
I v ] 4 T T L] - 1
3.0 2.5 2.0 1.5 1.0
8 (ppm)

Figure 2-1. "H NMR spectrum of Tren recorded in CDCl;.

CH;
CH,—CH,—N—CH;

H;,C—I]I—CHZ- —CHZ—N—CHZ—CHQ-—T—CH.,

CH; b a (y,
[V
c
s b |
AR
.".L J .\
r —— v — v —— ,
3.0 25 2.0 15 1.0

8 (ppm)
Figure 2-2. 'H NMR spectrum Me,Tren recorded in CDCl;.
AXPLU= Q-EHECE) B (Tren) HER, @it —P 4 B T MecTren,
FP=# }72%. Figure 2-1HFigure 2-24> %] A Tren F1Me6Trenfli 1H NMRiZEE . 1
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B8 RHBOHESRIAEHUSEIKE IR Y
Figure 2-17] W Tren f] R Bt B 3L 4R R U8 7 T8 =1.32 ppm#&t . MIEF=YHIIH
NMRi## B, §=1.32 ppmAt I 3EIRM UL 5%, 766=2.82 ppmibHEL T &
RIFL IR UL, WFigure 2-2FT/R. IXRBTren P HIME E B> F R, FF
B Me6Tren R H R B HIZLSE .

2.2.2 #REREBYIPEG-b-PAVPRY E1E

EEXH, WhEKEAEHBOEZ R (CH;0-PEG,,-OH) 5285
TBRRM, B3 T KT EREFHATRP K2 F3 & AIPEG) 4-Br, K~
#89%. )5, LLCuCUMesTRENIIRL & W) #EMLH, BIPEG) -Br3|&4-25%
BB (4-VP) RHITEFHBAHLREERS (ATRP) RN, BFHKELRY
PEG-b-PAVP, F=E%88%. k& ¥4k Figure 2-3FT 7.

O CH; O CH;
T N(CH,CHs), ]
1) CH;0~CH,CH,0)——CH,CH,0H + Br—C—C—CH; —————» CH30~{CH,CH,0}— C—C—CH,
n-1 [ Toluene, 25°C n |
Br Br
g
CuCl/MegTren
2) CH CH,CH,0)—C—C—CH CH;=CH ——» CH,CH,O CH,—CH
) 30~ CH,CHy }E‘ ] 3+ ,=Cl Butanone —{CH,CH; )n—( 2 );
Br 2-Propanol
()  2°c.4n O
N N

Figure 2-3. Synthesis of block copolymer PEG-b-P4VP.

Figure 2-4#2 K7} F 51 K FPEG 14-BrfECDCL P ) 1H NMRi . Ha. b
He=AMERHABTRZ-BHRERE—MMFERE (5=337ppm). L&
TEHREE (5=3.63 ppm) FRME—MEFENFELHE (5=1.93 ppm).
L HMc, aNIENERZ A R2:1, RERZ-EIHEREDERE-
RATBRELHENL, FREMAERE.

Figure 2-54 #k R 3L RYIPEG-b-P4VPIECDCLF #11H NMRiZ B . tha. d
P BTE AR LU T o S R B R X H AR, N TTB EIPAVPIR BRI A B
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BLE BYHYHOESRAEEURTERBELRY
DPomr= 107, FEREBRITHERESYE (DPth=100), ZEH LEERMN
HERFHAENE, REIVPHELELERA.

b
[
a b OCH
CHO—CRCH,0t—C—cH,
Br
e c
A
-
40 35 3.0 25 20 1.5
8 (ppm)

—He i
n
m

c H, Ho = | H,
He N Hy

M ip

" 3 I 7 T 1 H 1
PPmM

Figure 2-5. '"H NMR Spectrum of PEG14-b-P4VP,¢; in CDCl, at the room temperature.

Figure 2-6 A ) R S Yk BRIL B YWKIGPCHZ . HGPCHE ZIPEG) 4-Brif
SHIEH (PDD 41.06, WiEHRZ —EHMPDIN1.05, WEEFEIT. KR

HRYIPEG)14-b-PAVP,nIGPCHI 2 £ #ilE, PDI=1.15, REBH T R
A B BUIL R Y
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FoE RTEE O AL RS EUSE IRBOLEY

PEG, -6-P4VP i _

/ PEGl . 4-Br
| v 1 v 1 v L
20 30 40 50

Retention Time (minutes)

Figure 2-6. GPC traces for PEG) 4-Br and PEG;4-b-P4 VP47 in DMF at the room
temperature with narrowly distributed polystyrene as the calibration standard.

2.2.3 HRERHEEYIPNIPAM-b-PAVPHIE B 5 FEIT

BERFEBAHERS, &L 1-PECI A51%7, LA CuCl/MeTREN HIED
Y AELR, ERT PNIPAM BE4Y. BLL PNIPAM JASF3IEF, L
CuClUMesTREN MIECEH AR, & Btk B 3L R Y PNIPAM-b-PAVP. & 5%

#:30 Figure 2-7 iR,

CH;~CH-C1 + nCHy=CH CQuClMecTren CHy—CH—-CH,—CHy-CI
! { 40°C/12h (1: =o“

§-0 :
NH NH
CH(CH,), CH(CH;),

CuCUMe,T
CHy—CH~(-CH,—CH-Cl + mCH;~CH —;6‘,(:—/——;"’“» CHy—CH--CH; ~CH-y~CH,~CH 3.CI
c=0

?=o Z | z
NH | NH J
| X ! SN
CH(CH;), N CH(CH3)

Figure 2-7. Synthesis of block copolymer PNIPAM-b-P4VP

B HBIKSF 51 R PNIPAM-Cl flik B 3L ZE Y60 PNIPAM-5-P4VP #5451
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BUF B A0 RIS KB Y

SR EY, GPC RMFTIFR YIRS Yy 8.1k . B2 (B E 10 Figure 2-8
Ffi7~ . Figure 2-8a & PNIPAM K45 RFMIZHE (¥#)% CDCI3), Figure
2-8b RIKBIILRY) PNIPAM:;-b-P4VPy MIHHLER. BH5=1.190(a)fik 2
PNIPAM R BE SRRSO, §=4.156(b)fIIE R B/ B 5L BT AU &L
FIRE. BFS=6.4(c) M5=8.3(d)P4VP _EmtugEf I JUANE YR Wik,

2
ox
~
Ox
(2]

n m bi
°
,,IH 7 |c
HCRHC A d
b a N

_JLJLJL_L_J“/‘ I

Figure 2-8. NMR spectrum of PNIPAM-CI (a) and NMR spectrum of PNIPAM;3-b-P4VP1g
(b)

ARG & MR KR E A L AT LB B E A Bt . BRKRAF 31K
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BT BRTEY QAL SIS KBIERY

STERESF T, REFTENMERTUBRE ZRENSTE, N
i sk ik BRI 77 B . IRYE XA 52 8 Figure 2-8 b FHIBAN B AT IEM
B BRI A Ant e 2R BTN SRS, FTRUR H BRELIE R Y PNIPAM-b-P4VP
#1 PNIPAM # P4VP B E & B0 H 4514 53:260

PNIPAM-CI

e

- T v T [\W
30

20

Retention Time (minutes)

Figure 2-9. GPC traces of block copolymer PNIPAM-CI

Figure 2-95 K4 F 5| K FIPNIPAM-CIFIGPCHi £k, HM#3s% (DD %
1.10. #5517 8K5699, HIRYPERRITNEASI.
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F_F BTHD O hESRASEBUEN RBILRY

£=1 &

I B AL RN 1 PEG JEAT BUME, BLLDI& T K9 F 51 K7 PEG-Cl,
BEERETEHERE (ATRP) EHIFHRMACE MesTREN HIEERBER, &K
T EBURIK BULRY) PEGi14-b-PAVP 7. BT 1-EEEZIE (1-PECD A
IR, EA CuC/MesTREN HIRCE YA WA, & T PNIPAM ¥R, F#H U
PNIPAM B R A KXKS FEIAMEL ATRP AR THEXED
PNIPAMs3-b-P4VPog. S BFMRBOILRYIIRIERY], Hid ATRP BIIERT
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B8 BRI R RFEEMAS BHELE

F=E RRUITERZENEIBHRIE

[l

SCHRIRTE TR (4- ZABHEMENE) (PAVP) ) pKa 274 47576, R FAv R REa]
DS it V95 # VB pHL ER AT . RRRF AR 0 PAVP 7EX I BV AR RE
RBH)RENRR, MTIAER AR pH 204 PAVP HPIRBIL R WAL
UL PAVP HHHIIER . AR ch 3B BB AR IRER T it % PAVP IR F
R T BB R i 72

F—T TRIHH
3.1.1 FEHERERKT

AL E R SARALE 99.5%(DCl K FE 33%-36%), dbAt22BEZ
7

AREE AL ARALTE 95%, JbikEERAF]

ALK TARAE 99.5%, JbikEEE/\H]

S]] AR, KEMHFRAN =

B E B/ (DMF) AR, REWHERAN =

ZIRFMK A%l

%3 (Pyranine) R TEHRR S (TCD
RL_FE-b-R(4-ZIHEMIE) (PEGy14-b-PAVPo;) FIEB(N-F 0K 45 BE
fii)-b-BE(4- ZIHHEMNE)  (PNIPAMs3-b-P4VPys) ¥ =TS .

3.12 FEMNE
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BIE BRI RREEMIASENEE

Varian UNITYplus-400 % NMR %{%
BHAE (TEM T20ST, MIEME 200kV, 7% Philips 28])
TPIOOEEFE RN, RKBAEFHEA (dbs) HHRAR.

3.1.3 ¥EEREE &

PR B B TS vhinis: B iEaANERIET DMF HRn
B 25 204, EEWK: BHERREANE R TRES RS 25 54,
ERAK: RERGERNEETRATRT, RFEMERPLREE.,

(=) BT RRALT BRI AR &

BRARHERETRAKPEEKRES 3.53x10%mol1 & DCl %R, BETE
MREEUMBETRAKPEEKEHN 6.06x10°mol/l £ NaOD ¥ik. #
PNIPAMs;-b-P4VP2g M PEGy14-b-P4VP 17 23 HI¥E T DCl B P, 8% 5.3 mg/ml
[] PNIPAMs3-b-P4VP g ¥ % 4.8mg/ml (] PEGy14-b-P4VP, o7 Y5 K .

BEBMRBRILEDMER, ZBMAEEN NaOD Bk, SR AR
GE5, 25CHE 2 Rt WA—ZFHEBBA CHEAS T RS,
BATRHLR.

¥ BB RS KL PAVP R F R S A A R A9 PNIPAM;;3-b-P4VP,g) F
PEG 14-b-P4VP o7 & B HIBHIBORE MR GRS, 85, 25CHE 2
KEFiE], il

() ATRRZRHAS BHHES

BRARRBETRAKSEREKRES 1x107moll # DCl B, ¥
PNIPAM-5-P4VP 1 PEG-b-PAVP $ZHEE/RILZ) 11 #F DCl &P, #HI18
Img/ml BIE 73 PR BRAREET DCLFRF . B BB RIS
DTHEBRT, FRESEREHLEEEREBHRSLE R, WEEN.

3.14 EHRREAEMNTE
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BT RO R RSCRETR B R LE

S RS R SRSF ZE KRR R 500 %5, —RiFsRE G AR
PMOHEEFOFN L, #E S min FRBREREHM EEX0%R, BE
HABETHE 10min REMEATHR, BEEETHRATIETE 120, &
W, WEIERER 200 kV, TEM MERRAEDHEA.

=T BRRUSEMRTHERSi$E

ALRP, PAVP HBRKRFUEE () STHRETCHEFE 4VP 2T
FE/RES 4VP BT R BEREZ H, B) o=[VPH')/((VPH']+[VP]). f&B) P4VP
TR BRI B AR B pKa~4.7 ATEAHH S i P B PAVP BB FAL
B . pKa=pH+log(a/(1-0)), a AFFILIEE (degree of protonation), ZFZA L
R P85 B NHE pH RSP, VP M VPH RIKEMA—EM, A1%H3 M,
W VP 1 VPH I 2 A4 Mo*(1-0)F Mo*a 3 S TFKE ((H'D 1 vPH'
IR A —EE, TRA M, WE M=Mo*a+ [H']. Bt LIBE
s A REPARR pH & TR FAREE.

FEE ] BB R R AT RAEZ B S AR R A 28X T AE B0 DCL ¥
#5 NaOD HWHTRIE, WMRKIERBRAERN pH EARTRAE LR ME
RS . ERBHERT, REMLREINERA: KERMIRAE T K EKE
BPEETRENARTREES. SEARTSLRF, oAk Re
B&AE.

W7E B fe-ft s BRAT kit , iRRTE (d1) 5% 60 B UL,

32.1 BB RYIPEG)14-b-PAVP o R 1L 1T 48 AL R FRATE

HTSEACE 1) NaOD 1812 M PEG)14-b-PAVP o, IR F, EHF 48 G,
AR & NaOD ¥ iR 2 T AT S 5

Figure 3-1 & PEG14-b-P4VP o7 T2 20 FEAR B T AL FE BT A2 P O L i 1R
a. b B RBILRY L AR TR, ¢ HIRBILEY S PEG #ER LT H
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FE BT R AEMATS B R E

HEHFF I . Figure 3-1 PREVERS LSS T I E B REE TR R4
RHABKBREST. XROTERMEEMET, HEFREREFERETL, BB
THEBESE b TSN BT, TR R R TR R R SR Ty
WM B FRSES: MO TR, Mesf ko T rHmtE R
55, WEMBHEBREK.

] AN
0.35 AN
0.25
0.17

0.08 J
R0 — X
r T T T T v T T
10 9 8 7 8 s 4 3

ppm

Figure 3-1. 'H NMR spectra of PEG14-b-P4VPy¢7 in D;O at different degree of protonation. The

degree of protonation of each spectrum is indicated on the left side. Signal a is assigned to H, of

PEG14-b-P4VPyy;. Signal b is assigned to Hy, of PEG4-b-P4VPyq;. Signal at ppm 4.8 is assigned
to HDO

Hi Figure 3-1 o1&, ERTARERKE 0.54 20, FSBERERL,

X R IR SR A ROR AL R e FAGRR A 5 0.54 I, SR pH (E 24 4.62,
SRS BIR RPN 2 TR AR, BRESBELLEAD, HRIBADX



FoE BT R RERMA S B HRIE

R o TERERECR N PAVP BB UM T LR BRI, BEshitFMRK
KIBHE, SEETEBELFAREW: ZERESEREARTHEREK,
XA HTHE R TR ERR, PAVP BBRARNZEEER M,
PAVP BB 3 8] Z 2 E KR BB ES R A AR, BoESHER
T#HR, BRFURERNORETH 4VP LMK T RENZ, RNEAWN
Bl RS B — AR pH EAT 4.7 1 PAVP BB ERER
RRREE, 5T EaHK, BRNKRARSE RRACRERERN p4ve 4
B SRERA R, ZJ5ME R ACH B R AT e W0 2 85 4 e i
55, ERTUEERNORATEHR.

LR EF PEG HBRIKBBEAZEW, BHARFHLEBHGES
SRR H .

| NI I ) 1 4z,
i 7=5(3) " ’{1+Zfr;+i-,-4u=:§} (1

BIE-fait SR e E 11

¥

Vo

BEXeE Te

Figure 3-2. The sketch map of Spin-Lattice Relaxation Time (T;) vs correlation time 1c
EWER—ESHE, Bi-BE0ENE T, BRES FERBRTIES)
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F=F BRI RFEMAES BT

AEHHISRTS, BRI N AR @S FRAAARNE « AR, T, BENEL, K
BT 2 THISSER, B TFRRRET IR . Figure 3-2 P HFZ(1)ENE
BT T) SR wc FBEXR, HRTHE T BEF « HEKTERHTRE
B, HEPETA, X /AT ImB (0=2n*ve, vo X9 Larmor %), B4
FRUIEIBRBEARRTEAD, KR o MR, T1 HEED; %4 ZF
Wvo i, Ty HIEBAME: B3 FEDNEDBEHERS « LMK, T, EUS
HMHEKR.

1.2

1.0 4

T

0.8

0.6 S

0.4 S

Figure 3-3.. T, of H, (a) and H,, (b) of the pyridyl and H_ (c) of the methylene in PEG chain

of the diblock copolymer PEGy4-b-P4VP,; at different degree of protonation at 25°C.

ALBH, B ILRY) PEG14-b-PA4VP o TEE PAVP BEBR I ST FALFEE T
BUR IS 2 S, PAVP B b HIMENE SR A0 SR T 10 B Be- Sk s it ) T) KR
R B . Figure 3-3 41 PEG, 14-b-PAVP o7 75 R F A0SR B8 1T A5 otk
BEFF LIS (Ha, Hb) M1 PEG EIE (He) 80 T, &4k ihisk . K528 b, P4VP
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F=F RS ERFEEMAS B KL

HEREHLFFUEEETEKE 0.63 1, HTFHKEEELRE  EHHX,
T EZE TF#, 5 Figure3-2 F T\ B w MR EHE—B, RWALNEE
KEMDE EBRKR); ERTHREELT 0.63 £ 0.54 &, T, F2BIRE
REEMTCERNARRAER, XRENIE PAVP B H1E 575 bl 4 B & FER
REXE, EZR, E7 BRERENSM, FBT T MEIRE: BEER
FUBERALRK PAVP BB B TH KBRS, KEHTEZR, B3
IR . EHEEY, o RITEIE T =1 XS A, T) HBR/ME,
ZJEBEE . AR T EFFHEH LX), 5 Figure 3-2 X8, H T,
TURBER T HE PAVP BB FUEEREHSE, REERAHRER
Fit .

HERL R4 60 BHIEERRE (d1) TZ K THMEM T, 1R,
AR LR T REFERIE (d1) KTRET 60 BEER. SHH.

FEARLE pH HEH N PEG SR T H KB AW, TI EEAREE.

. . NaOH N
0w ' J/ . \\\'\ S
PAVP " Nm
PEG )
Degree of Degree of Degree of Degree of
Protonation | Protonation 0.54 Protonation 0.45 Protomation 0

Figure 3-4. Schematic diagram of self-assembly of micelles from PEG;;4-b-P4VP,q;

Figure 3-4 Bl PEG4-b-P4VP o, 7E PAVP BB HI R AL TR % 20 A i 7
AEE. ERFUREER 054 HOHRRER, RRNZEEGL: 25, K
ROBEHEYX, BEERTUEEATNREERNE PAVP ER BRI
55. ERFHEEN 0.54 B, VIAEEFIKEN 3.53x10 mol/l ) DCI ¥
hEH 9%MEE TSR, B 48mg B PEG14-b-PA4VP o BEA 1ml pH 1R
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BEE R R R AR RIS B

174 (-log(3.53x102x0.51)=1.74) WIBRBFEHKRER. RIE Figure 3-3 F
BAET &, ERTHERER 063 NERAKRER, KHNGEEETFREHR
3.53x10%moll # DCl W FEF RUMEAE FH PN, B 48mg 1
PEG 14-b-P4VP 107 %A Iml pH {4 1.69  (-log(3.53%102x0.58)=1.69) HIESH+
AEHBRRE R

3.2 288 FR L B YIPNIPAM:;-b-PAVP 6o R L 13 12 UL R AE

[FIHE ¥ 56 AL B 1Y) NaOD ¥ 5E B I\ PNIPAMs;3-b-P4VP,¢o HIRE T AL K
KBRS, 48 MR, BHTHBILER.

ppm

Figure 3-5. 'H NMR spectra of PNIPAM;;-b-P4 VP, in D,O at different degree of protonation.
The degree of protonation of each spectrum is indicated on the left side. Signal a is assigned to
H, of PNIPAM;;3-b-P4VP)g. Signal b is assigned to Hy, of PNIPAM;3-b-P4VPyg. Signal at ppm

4.8 is assigned to HDO
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Figure 3-5 4 PNIPAMSs3-b-P4VPyo 7E38 A FEAR I T AL R RIRZ B A
5 Figure 3-1 K4, wipeF EMERFH TR FREERT, HEMBESE
RTURENREHAEMB R &S . weRRFHERSS, MEf i
P RUESS, WEMBMEERE K.

FIEER), R TUREEREE 0.58 2§, MeHh FERTFHESHEERE
ARAk, XA AR b skt i A IR A R FER TR R 0.58 B, kR
pH {54 4.56, ZRCHNBHE R AN EH KRR ER, BHESBETLED,
BATA A X R BT ENERERE PAVP BEIUER T W BRHA I, &g
A RAK B E, WG S8ELEAZEW,; LT RHES Figure
3-1  PEGi14-b-P4VP gy REIE B ALMBL: BEE R TALTRRE M4k SEFR 1K,
PAVP B AMMBEEEEAFEM, PAVP BB )45 18] 2 3 3 K R B BUE
HEBEANERE, BAESERRMGR, FELGESERAETHER
&, ZRTALERA 0 MFTH 4VP R 2RER T RENZ AEERUEE
BPHEHAES .

Figure 3-6 4 PNIPAMs3-b-P4VP;eo 7 S T ALFEFE BRAR T FE P it i 2R LA

(H,» Hy) 1 PNIPAM EME (Hy) B T, B IZ. HBMME SikEIt
EY) PEG14-b-P4VP oy IEFE ML, PAVP BBEAEHF FRELHREE 0.69
i, BT HAKEEED R BHHK, T, EHEE TR, XULNEEREM
B CEREIR), 4 FEg)xXe R eE: ERFHEELT 0.69 F 0.58
B, T\ K2 RIREX AR TEEAARR AR, XRE R PAVP BB M
12 5 [E) 4 PR T R Z X M, IBB)Z R, 18 ¢ BRKIBEMSE M, ST
T M2 RIFK, X5 Figure3-3 B4 RAE—3: BEEF TR 4R LEF4(K PAVP
BB FIOKAMBREE, REHTEZR, BIRIFEEH, €25
ET W bt Ty HIUR/ME, ZJEBEE 1o ARG K T, HITHhEHI K,

S50 BTIAR B B BE- SRR ShERATIR] (T)) B0 FLAR (8 it /b T e B P 48R
Bl (d1) MREME, i, KTFETF 60 B dl HEXRIISLB PR IFH.
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FoE BOANSRRER MRS B REIE

AHK.
AL pH ZFALTEE A PNIPAM #B B FHEKERHEARZZW, BT,
ERARRFEEME.

—e—2a
1.7 4 —s—b
1.6 2 d
15- H \N
S d ‘I’I”Ho
1.4

4 ._//./.
1.3 4
1.2
-
= 1.1 ] ./
1.0-. .. l/
E \._\ ° ./.,l
0.9 ~\\ ./.
J ‘e o
0.8 -
a y
. - A A A - A 4 - 4
07 T v ¥ T 1 o L v 1
0.2 04 0.6 038 1.0

Figure 3-6. Ty of H, (a) and H,, (b) of the pyridyl and H; of the methyl of PNIPAM of the
diblock copolymer PNIPAMs;-b-P4 VP, at different degree of protonation at 25°C

e
SRS

PNIPAM f\/

Degree of Degree of Degree of Degree of
Protonation 1 Protonation 0.58 Protonation 8.51 Protonation 0

Figure 3-7. Schematic diagram of self-assembly of micelles from PNIPAM;3-5-P4VPy¢

Figure 3-7 Bl PNIPAMs;-b-P4VPog 7E TR M A IR KRR EE: 7
BiFALFERE K 0.58 B A ER M A i, FF BB ICEHAR MBERTIEER
0.51 B, IRRBELHE —ERENES: HERFUREE AT, PAVP #ERE
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S =B RO AR B 5 E A G 93 S & AE

HEETREEOZSP.

Ak, 7F PAVP MR FHEEHR 058 B, BEERED
PNIPAMs3-b-P4VPyo WP CH MR B, W HIMEAE FIKE R
3.53x10%mol/l 1 DCl HWHEH 38%MAE T#H LA, I 53mg
PNIPAMs3-b-P4VPyso ¥ A 1ml pH {4 1.66  (-log(3.53%102x0.62)=1.66) I
WP EA R A K. TERTAFER N 0.69 B M BA BARAR, YRR T
WEE R 3.53x107mol/l 9 DC1 ¥Hih EF 26%M2 5 T A, B 53mg f
PNIPAMGs3-b-P4VP ¥ A Iml pH 24 1.59  (-log(3.53x107x0.74)=1.59) K&
R HBERE L

3.2.3 #RERHBYIPEG, 4-b-PAVP, 3 5SPNIPAM;;-b-PAVP. BT 2 AL BE 3R B 15

S IR ARAE

Figure 3-8. TEM images of: (a) PEG4-b-P4VPy; micelles prepared with about 92% 4 VP units
are deprotonized; (b) PNIPAM;3-h-P4VP;¢ micelles prepared with about 81% 4VP units are
deprotonized.

ATRIEBMALERAER, RNERABHMEXREBEIEEY
PEG,14-b-P4VP 7 55 PNIPAMs3-b-P4 VP fiT AL IMINE AU AT T R AL . Figure 3-8
1 a Jj PEG)14-b-P4VP 7 TE S FLFLEE 4 0.08 B (¥ TEM B Jy, e R L 42 7F 45nm
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R RO R R EMA 2 B RRIE

A5 bR PNIPAMs;-b-PAVPy TELFALTEEN 0.19 BT TEM Blf, IRKRE
£FE 370m A . WA, EERLERTHERBEASRETHR T EREBIR.

3.2.4 #2ERHBYIPEG, 14-b-P4VP o, SPNIPAM;;-b-PAVP I IR RIB &
[5892D NMRERAE

£ Overhauser BN (fEj#% NOE) RIEZMIER 0.5 nm WENHHERE T
BB REBREBE, SHP— M TR KT Rnes, 51N
) NMR #g8E S RAEZZTORR . E8 TR B R RTHITZ
#3308 B 44X Overhauser 2( NMR i,

X MRBILRYIBEE PAVP BB 5 TSR I8 L (R 53 B TE BB R
S RHATRIEE, BRIGRFAREHENFHRRRERIBAREY 1: 1
BE, ME 48 /PG, HITZHLR.

a b
F2 3 ,_ F2
(ppm} o (ppw)| ———
1-5_5 @ . ....«TM 1.5—; 4,1
2.0 i 2.03 s
2.53 : C 2.5]
3.04 - 3.0 .
35—..»_..___...__.@__ 3.5y -
' 4.0 ' '
Tl'rllllllllllllIIIII'I'IIIIHI'IIII'I’I' IIIIIIlllllll"Illl'lll'llllllllll'llll
3.5 2.5 1.5 0.5 3.5 2.5 1.5 0.5
F1 (ppw) F1 (ppm)

Figure 3-9. (a) contour plot of 2D 'H-'H NOESY spectrum of the 1:1 (v:v) mixture of
PEG4-6-P4VP,y; micelles with the degree of protonation of 0.54 and PNIPAM;s3-b-P4VP,g
micelles with the degree of protonation of 0.58. Circles indicate where cross peaks between PEG
and PNIPAM should occur in case of close proximity. (b) contour plot of 2D 'H-'H NOESY
spectrum of the 1:1 (v:v) mixture of PEG;4-b-P4VP)o; micelles with the degree of protonation
of 0.45 and PNIPAM;53-b-P4VP, micelles with the degree of protonation of 0.51.

Figure 3-9a Z ¥ PEG,14-b-P4VP;y; F1 P NIPAMs;3-b-PAVPy, 7 i FALIEFE 5
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BoE BRI RRCEBES B RRIE

72 0.54 F1 0.58 B 7 A K S SR VS WARR &, P4 48 /NI JS 9 2D NMR NOESY
i%B&l. B Figure 3-9a B LA FACREE S R0 0.54 F1 0.58 BY % BIE AL
WRHIES /5, PEG Ml PNIPAM EHJFEH NOE 55 (HLKKIEA), XitH
PEG T HE AR FS PNIPAM ELREENSRFERIEEAE 0.50m TEH
N; HTRRKERKBEESHKT. Figuore 3-9b & PEG14-b-P4VP,p;
PNIPAM;s;3-b-P4 VP 7E S F AR 2510 0.45 1 0.51 B & BRI R IR S G
i) 2D NOESY i%&. 5 Figure 3-9a #iX1 8, Figure 3-9b R AEHZLHNXEA
tH 3L NOE {55 . AT A1 7E PEG14-b-P4VP) g7 Il PNIPAMs3-b-P4VPys 76 SR FALFZE
57 A 0.54 71 0.58 R ET ALK R 5 @ 4 F &R E 36T, MR A BHIK
RESHEF THEXRRZRE. FIEALREATUEEEHHRERSY
FHABNRRERS, BRMKRETETENRE, RRESS THER
BIASHE T THEHRRE, @R NOEF5.

BATIAATE PEG14-b-P4VP o7 F1 PNIPAMs;-b-P4VPogo ZE SR FALIERE S 5K
0.45 A1 0.51 B & HEBMEIRBEE, BRTHHD PAVP MisE N PEG M
PNIPAM FMERKME SRR ERFAEERSEHEREVNATEREES
HRFAF %R AR SR . Figure 3-10 G A R BYEBRRRESE,
BERARREBKRER,

S\

Figure 3-10. Schematic diagram of compound micelle from mixing micelles from
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PEG4-b-P4VP 47 and PNIPAM;;3-b-P4V Py at different degree of protonation.

BT ZTEWHESBMRHERETE

H P 1k B R Y) PNIPAM-b-P4VP 5 PEG-b-P4VP I8 (8 A A, Hot
JZ ti PNIPAM FI PEG FiFHaEBUAL R, — LA N PR BEBUIL R 351 5 A 52
B. EhREHHREE D, L& T PNIPAM [ LCST i, PNIPAM BB
LBEMM. HT PEG BEERKGRIIARA RIFFAKSEY, #fMAA PEG
HBRATERME, R A/ Flid 98 (channel). #5 OB, W
PEG #E AN FHRMAFRREE . H—hEBBEEN, EERhadiE, w
Figure 3-11 BUKE PR GRKEAR: 5 #BBERE, BaHMZR, H
th¥ PEG BB /K YE, MG SN YRARERH L, W Figure 3-9 ALK
P o R B X TR

Channels

Heating

PAVP e PEG == PNIPAM =

Figure 3-11.  Schematic map of the fom of channel in the shell of compound micelle.

3.3.1 PNIPAM$%ER 15 B G PEGHEEL B T, FRAE

A IR E B H FHR S 46°CJa, PNIPAM BB 248 58 2353 . tH Figure 3-12
A%, 7F 46°CH PNIPAM HEE: LI HFIERF IR (L2008 0 1.23) BAIR4E
M K. 26°CHt PEG EHE EMITEH IEMFFIEW (L2208 3.79) EEREFA T
46°C It R g 15 FEE T e R Gk T 5 Il (K 370«
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—l-cug—cuz—oA]-—{-—crlz—cui———
b b ™ | A

f 46' C

ppm
Figure 3-12. NMR spectra of compound micelle of PNIPAM-b-PAVP £j PEG-b-P4VP at
different temprature.

34 PEG #ETE PNIPAM #BURME, T AR S, M RAE—FF
Frid IR R BIE, BE PEG BBREARAEPH B E- kb EaE T,. @
23R 180 BERKH 5 90 BERK I (] (B 50T 6] ©, MIB—FFI 1H NMR EE.
& 3.1 BUAF « &R PEG 15 S M4 AR RAIRE IEE .

£ 3.1 FRIEHERB] « BARS ERKRGE 56 FE

t(s)| MomE| Romfais BomEs+120 | BomEAF150
0.01 100 215 220 250
0.02 98.34 213.34 218.34 248.34
0.04 95.04 210.04 215.04 245.04
0.05 93.09 208.09 213.09 243.09
0.07 88.62 203.62 208.62 238.62

0.1 82.87 197.87 202.87 232.87
0.13 78.02 193.02 198.02 228.02
0.18 69.3 184.3 189.3 219.3
0.25 59.41 174.41 179.41 209.41

0.3 52.33 167.33 172.33 202.33
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F=F BRI REREENAS BRRIE

04 38.51 153.51 158.51 188.51
0.5 26.67 141.67 146.67 176.67
0.6 14.32 129.32 134.32 164.32
0.75 -0.33 114.67 119.67 149.67
0.95 -18.89 96.11 101.11 131.11
1.3 -41.92 13.08 78.08 108.08
1.8 -66.34 48.66 53.66 83.66
25 -87.69 27.31 32.31 62.31
35 -102.58 12.42 17.42 47.42
5 -109.56 5.44 10.44 40.44
7 -112.34 2.66 7.66 37.66
15 -112.75 2.25 7.25 37.25
35 -114.67 0.33 5.33 35.33

BT E@ALHTREME KRS PEG BERNMRREF KB E],
WRBENREBRMUE BEHMAANE BENEFEY HAIE) « s
A f(r)=axexp(—x+T)+bxexp(-x+T1'), T, 5 T,"3 %% PEG ZE R RIS

T B iE- kSRt IR, o E MRS EAE. 7 PNIPAM HEBfhsk
Ja, PEG S REUARSNNLSHRIELUEG, RIEEITER
f(t)=axexp(-x+T1) . AJLASTHRIEHAE EXRE A S Rt1TxE, XA
HZRUSMT B HREHEH, A NS %R R PEG # B Hih gt
B ¥ IEF LA

HERTMEER 115 B, WNTFXIEERUE, HAE 5% 5 E T IR A
FiB4RMIREN RMSE=0.6637, 57 95%M A5 FHRIEHMENRE
RMSE=1.16 MiLL, ATAMNRBASEREMEF TRBEEUEER; Ha5b0E
HMESFB% (ab=212.9:3.44) , I Figure 3-13 FiR.

AT HBERT HAMATIREI A OERTI R BT T A B 47
BRI = AR W, T AR IR M E T RRIME & (115,120, 150) .
Figure 3-14 AR A E0E LA IME A 120 BH AR 35 5LA (Figure 3-14b) KX
¥ E (Figure 3-14a) ; FIHE S%HMAREETERREBEHNIRE
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BE BAA R RS E R A ) B R AIE

RMSE=3.234 MiLt, XUREIIA (IR 2= RMSE=0.6573 i ok, HEGHLAlFH
H P R U A il 2 B O S S B 1T AR B A R S R AR BRI AR

e =

Figure 3-13. a: the second order exponential fitness when the added constant is 115; b: the
first order exponential fitness when the added constant is 115.

Figure 3-15 A7ERMHEAR FAME R 150 B R E0UE (Figure 3-15b)
ek KRB S (Figure 3-15a) MiZk; [FIFEAE 95%RI W5 T 5 R8-S
ff7% % RMSE=15.88 MLk, XUEHHLIA 7% % RMSE=0.6563 .35 25, i P
Al SR EO A i 2R ) B0 S SR LA O i SR S A 4 5 R R B v &
MAER . SiE Ll =48-S BaR M b BT AR H, 5 xRS AL A 2
ZREMIBK. FF%ERLE Figure 3-13 PRITEEIIA LR P a 5 b MEK
ZBE, LA SR ) T) TEAR R AR M T X2+ PEG %
fiE; RETREHAETREZEDE PEG fo/M UG R AEH PEG HoA
HAHEE KA



R BRI R RS R AR S 1 AE

Figure 3-14. a: the second order exponential fitness when the added constant is 120; b: the first
order exponential fitness when the added constant is 120.

Figure 3-15. a: the second order exponential fitness when the added constant is 150; b: the first
order exponential fitness when the added constant is 150.
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3.3.2 3 1H NMRiZE FPEGIEH S HT S

BRI Ty RORABBEAERRIRICER, RIVKATUM 18
NMR #E I PEG BRMATEGER R FULNER, R
ABEMLMIT, 1H NMR KRGS By — A . 4 b T T4
T S BTG i T IRITTATERT, AT LB R M L & 7 A A9 LIy
A

Simulatod NMR spectr

simulated NMR spectra at 3.936 ppm
simulated NMR spectra at 3.946

~— T T L ¥ T T T d T ¥ T T T v

392 3.93 3.94 3.95 3.96 397 3.98
ppm

Figure 3-16. Solid black line: the orifinal spetrum of PEG before PNIPAM collapses; Dashed red
line: the Gaussian simulated spectrum of PEG; Solid red line: the Gaussian simulated spectrum
of PEG in the channel; Solid green line: the Gaussian simulated spectrum of PEG out of the
channel.

T PEG 45 F RIS TEAE 26'C 5 46°CRII B B 2 7, RIAIm il & %7 46C
if 9 PEG $FIEI3#1T T 4091 201 Figure 3-16 B, B LLERRHTREN PEG
¥F1E% 1H NMR 55; AEEBLARFSEMKER PEG FEEK 1H NMR
55, HEPTUESLNERESBRENERYARE: AELEEFAR
&, X PEG FRAE TR )G B BIM — M, A1 NIX Z7E PNIPAM 15
Kaf5 4t F channel ) PEG HEMBHIGS: SEALZRFIAGHIEHM Y
fIR LT channel 8 PEG ERMIBHGET. HEPM, MERELERLT
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chanel ] PEG BRI IR 5 HIECRE TEEF K PEG #RHMZHES B
BT AR RES RIETE MR B X 7T LU R Dl X — R R 2 A A PEG #
BT AERT B S M HE S R IZFh 88 1 B R

BmT &g

BB R (BRE-MEBEERTE (T)) , 2D NOESY) 5&EHEE%EF
BERMER T HBIL Y PEG)14-b-PAVP o7 H1 PNIPAMs3-b-P4VPag TE 5 3 [
(& P4VP BRI T RS RN RE R, HXbE SRR S
BERBIMBRRHEIT T RIE. TRERRY PEG14-b-PAVP,0 7E PAVP EB IR F
WHERE %R 0.54 BY & B BRAA RS IR, 10 ELSLBY BB B9 PAVP R BRI LM 5
BERAEE, 25, BERTFURENRREROEEEE LS paVP &#
BEBRHE S REA TR EEE R K. T PNIPAM:;-b-PA4VP 5B, 7
 PAVP BB TFHEEREE 058 NEARBRMNKRERER, ZEEES
PEG)14-b-P4VP o SR, FH i 2D NOESY S:BFSE T ARSI Fraff T i
ERIENITE B A IR R & 0 F s A E S AT, EESHRT
AR TR BOR B RIR & /5 7T LAS )52 2 5F PEG FIPNIPAM B FH AR B &
R

BRLXS 46°CH PEG BEBRHUFHEIEHAT SRS, XI1E PNIPAM HEBLPE
A, RTARFERN PEG BBRMBHMESHBE THRS . BFl&4ERRRE
JRBIEA MR TF IR T 58 F I MIEHE .
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FNE 2X5E

1. BHHE PAVP BRI RTWEE, AR MREIARYIITERLL P4VP A
BRIBER . ST RS Rl B AR AT T RAE. BT HAMRESEER
VRBRRMERRFUERENTEE: FRNBERRERRZORRE
P4VP BB MG S REH RERTNEMEE R FUEENANIHKES &
BEAHRBEZH XK.

2. BRIRBILEYE B R MERNRRERE, MEZEF4H. 2D NOESY Lk
ZRRAERFURERNBSNERNEREERIANEK, BERREE
B BS T RER A S A T s A MEIN PNIPAMs3-b-PAVP 6 AR
5 PEG14-b-P4VP o K RBBMHB A GREB B EITESH PEG 5 PNIPAM
PMER M E AR,

3. 7E 46°CE, H PEG-b-P4VP 5 PNIPAM-b-PAVP #IBMEARKREEFH
PNIPAM # B35/, #@idxf PEG BERAVFFIEEHITRATHLE, A% PEG #)
1H NMR 7 PNIPAM B RET AR, iELTRRXTEREE “8
" 4.
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