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Multiple Stimuli-Responsive Nanomaterials

Comprised from Amphiphilic Block Copolymers

Kanagawa University

Graduate School of Engineering

Haruka Takebuchi

Amphiphilic macromolecules have great potential for accessing functional nanomaterials, because their
hydrophilic and hydrophobic components prefer self-organization in aqueous media affording to
nanostructured entities such as spherical micelles, rod, warms, vesicles and more higher-level hierarchical
structure. Amphiphilic macromolecules used in stimuli-responsive nanomaterials are also called smart
polymers which can response to heat, pH, light, solvents. Such smart polymers can be applied in the fields
of nanosensors, bioimaging, catalysts etc. Among them, the temperature-responsive copolymers with the
lower critical solution temperature (LCST) and the upper critical solution temperature (UCST) were studied
most widely. As well-known, poly(N-isopropylacrylamide) (PNIPAM) is often used as the LCST type
polymer which shows a sharp coil-globule phase transition near temperature at 32 °C. Design of
copolymers possessing PNIPAM block or segment in different structural dimensions is very attractive and

desirable process to approach thermo-responsive materials with accompanying the other responsibilities.

In this work, we were targeting three multiple stimuli-responsive materials comprised from PNIPAM
component. First, we found that the comb-coil block copolymers with poly(methyl oxazoline) (PMOZ)
comb and PNIPAM coil show well thermo-responsive behavior in the aqueous solution to forrﬁ stable
nanomicelles when heated. Unexpectedly, we also found that the copolymers with PMOZ comb and
PNIPAM coil endowed PNIPAM coil with hydrophobicity and thus the copolymers play as like as
amphiphilic copolymers to form micelles when the polymer concentrations increased to CMC value. This is
an interesting knowledge because PNIPAM can become hydrophobic not only under heating but also via

intramolecular interactions with hydrophilic PMOZ.



Second, we synthesized a comb-coil block copolymer with PNIPAM coil and polyethyleneimine (PEI)
hes. Self-organization of the copolymer into micelle by heating and subsequent cross-linking of the
part of PEI corona resulted in a unique nanocapsule (i-CLM) with hydrophilic cross-linked PEI outer shell
and thermo-responsive PNIPAM inner brush. The nanocapsule appeared as vesicle-like hollow at room
temperature but did into micelle-like spheres when heated. And the feature is cycled reversibly with gradual
fashion under wide-range of temperature responding. The hollow of the nanocapsule is a good nano pocket

to promote the growth of nano crystals of Nile red as hydrophobic fluorophore.

Finally, we found a new photoluminescent amphiphilic block copolymer comprising theophylline (T)
and imidazole (I) residues in the suitable ratio in the side chains on usual polystyrenic block (PVBT/I). We
synthesized block copolymer consisted of hydrophobic PVBT/I and hydrophilic PNIPAM and investigated
its self-assembly into micelles and the micellar features such as thermo-responsibility,
fluorescence-emission, pH, metal ion-depended photoluminescence in detail. Especially, the micelle
showed intrinsic blue emission which was emitted from charge transfer association between T/I residues in
the intra-chains. Very interestingly, among many metal cations, only Pd**, which can chelate strongly with

theophylline, quenched relentlessly the photoluminescence from micelles.

Our finding from the multiple stimuli-responsive nanomaterials comprised from amphiphilic block
copolymer is a new insight into propose new macromolecular design for spherical micelles and capsules for

functional nanomaterials by thermo-responsive PNIPAM and stimuli-responsive segments.
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Poly(N,N-Diethylacrylamide) Poly(N-Isopropylacrylamide)  Poly(Methyl Vinyl Ether)

LCST: 25.0 °C LCST: 30.9 °C LCST: 34.0°C
n 'n n
0 o} o}
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)~ ) )

Poly(N-Isopropylmethacrylamide) Poly(N-Ethyimethacrylamide) Poly(N-Ethylacrylamide)
LCST: 44.0 °C LCST: 58.0 °C LCST: 72.0 °C

Scheme 1-2. Example of LCST polymers.
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-
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Figure 1-2. a) binodal diagrams for LCST polymers depending on polymer fraction. b) and a
typical diagram of transmittance vs. temperature of an aqueous PNIPAM sample. ¢) Schematic

showing the volume phase transition between coil and globular conformations.
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FERT AEEBERENREZ L AV bnd, BEORVERERIOERITERMEICILET 6N D
MR, ZEEAETIEZOLENZR, ZOFRAENIRD LR 5 S ZEEAKEMEOBZEH]

PNIPAM, from RAFT PiPOX,, from CROP PNIPAM,-b-PiPOX,,
Thiol-Ene
*W + PN it Click "\Hj.’\)\r‘i‘/‘"‘h
4 o o}\r
A

[N ,J\[,
PNIPAM,, PiPOx, <  PiPOxyg Before Coupling
B
A—J>7<:s——‘)—‘——l—‘—~ LCST (°C)
30 % 40 50
A
PNIPAM,-b-PiPOx,;s <  PNIPAM,,-b-PiPOx,y After Coupling

Different H-bond species after phase transition

. N dnter<block H-bond

. Imrer-block
H-horrd

\ PNIPAM,-b-PiPOx,, PNIPAM,-b-PiPOx,, /

Figure 1-3. Graphical abstract of Poly(N-isopropylacrylamide)-b-Poly(2-isopropyl-2-oxazoline)
diblock copolymers (PNIPAM-b-PiPOX).




IV ELEEPRON TN D,

PNIPAM & BUKMEE 4T & OFLEA TIXATROF] & 1302 LCST AME T35, BikitE7 = v
23K FICBT S B CABRCOBREN S & 72 0 LCST B4 T OBAKFNC L D B Z K0 X b—
RZEH D, Lai HITEEFEFEE AE) T THLIT NI T7==rFA 7= (TP) 71y
7 % P PNIPAM 7 0y 7 2B A L @S ) 7oy 7HRESEZ G L. 2
52329 °C TLCST 2/R$Z & 28 LT3 (Figure 1-4)2, AIE 3 71X B HEERFRER 7 =
=NAEERFLTRY oFRIENEEL B AEEESAHIR N5 &L BT HRESES T T
bd, TITEHAKCOBMEEZ LTI Ty 7 OFLNIEASHEZ TP #3237, PNIPAM
WanaFEeRdIvLEERL, TRENN TP OBEICHERT 5562 R7, PNIPAM O
LCST LA EIZ/nEd % & ER4E L7~ PNIPAM 28 TP & OMWVHEERZSI SR Z$ 2T TP =
T DREEAZHRE UEEHEITE L UK T L7, ZORPNIPAM IEI L DIE TH 0 7208 b
SEES T OFEIEOON?, "OFF’D k) H—DREN S - TWD, ZORRIIBREEE ST
2 E CARREOBREN A2 22 27200 Tle < | DORBISE &L F OREZ T 24 v F & L
THRIATERZ LEFR LTS, WTOH] s ABUSE &o T OMBRELZ LR 5700
FEL LT, ZBBERAVPENTHL I EEZ TR LTS,

PNIPAM OZVEE L EFE 3 DOBEROM, WH, @oFRim 20|24, N v —RED 2 &Y
WChEL SRS, BEEEOILRIZIZIZNDOBERAEAIIHEAGDE DL ENEEND, L
HLIDX ) REERERTEE L BTG E S S FOMIEREITEEL, ZhE

TR S U7 R 3 7o V3L U7 A LTI BUS B B RE O — BRI & 720,



1.3 RIBUSEMEE %+ Polyethyleneimine (PET)

~ Polymerization hydrolysis
n N O E+Nf\*:m E+ ﬁ\+mm
Y 1E &Lw conc. HCI N n
R' 2. Nuc 100 °C
(R=H, Me, Et, ..)

Scheme 1-3. Linear PEI via substituted 2-oxazolines.
EL854K Polyethyleneimine (LPEI) [I@EEDE 2 |7 I V2ROV F A U EEHFTH D,

PEI X 2-oxazoline M F 4 BABREGIZ X o TH 5415 Poly(2-oxazoline) (POZ) Z & %\ M
HENMAIRETHZ LIZL>THELN, BRTOKPCREBEEZTRLT 74 N—RORERHET
4% (Scheme 1-3)%, El ==y h %7 V(ZEAL T DKMBEIZ L > TRBMIZELT D, 2D
TR I BOR % 60 °C LA LITEAT 2 L AR % 728 PEL X UCST RBUSEMER S F OV L
2THDH LV 2B, Jin bIX PEI fERESERIREIC L 0 N> PR, 74 V2R EZE(EL,

INBENRVY WEREDT- D DEBEMEMPEL 2D Z L 2WMELTND 78, ELEBEEDT I
VAVRT pH INECEWEBREREEZFIA L TREFREDT /723 RICET TS A A
RSN TS, EBICRIGHICEDRT I 2@EPICE T2 PELIZZRXIRT 7 U7
I R, BMEME L DHROICRIET DT, ZARRREMDPAIREL 2D, FIZIE, ZERET 7
YNLT I Rz b=A 7 ARG E AV T PEL OB EITV, & FrS v E/ERT5Z L
MTE 3B 2, PEl OHARENSBAMRRKE FeZWIZ0EVMRKENLERR Y hT—
IREEN LY FEIZLD L LEEAERS FOHERBE L L TOBESHIFSFTE 5, BB
L-oTH/OLIhBE Fur/ Xy NI —7 OBEIIFEFAOREICX VRE S, LPEl 1346
Rt # SR ROBKEY = v~ B(LT 2, BERESNTVWSPELE Fa 0% R
e TAR~DBRREREINA 23—TF 5 F B PEL(h-PE]) ZF|H LT 5 300 518k, 5
2%, BI3I/XT IVOTRTEBEPICE T h-PEl TIHEEDHIENRES TIERWZD, XY
INERA— VOB N EERT DT LITREETH S ¥, Figure 1-5 {27 L7 TEM HEifgid
43U PEI /> 5HA&E L 7= PEI/PNIPAM t Fa ZF v Th b, ZiidsIEkAE PEI & NIPAM €/ <
— L BRI Cd B N,N-methylenebisacrylamide (BIS) % [RIRFIZSUMG &/ TARK L. EEHK 300 nm

DERRKBLTF L 2o T B 3, ZokDfllshicT / BEEOERICIEEES S AR
9



LPELIZ ZBAEMMNREE LW, O & oD =y hTIIFEEEL OIGALLED %8455 7% PEI
DI EEZ B 72, LA L PEI OATITEEEORIEIIE LW, thoms FERZMA Tz

HEESEIC L AMEHEAEROMERZ RS EL8 LR D,

acryloylated PEI PNIPAM/PEI

Figure 1-5. Schematic representation for the synthesis of PNIPAM/PEI microgels and

TEM micrographs of microgels at different resolutions?,
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1.4 ABFFED B & 5RSTRERR

Z 2 E TR XD ISR S RE O R BRI N XM 2R EA OIS TR < e b
ENHESTFELEOMKIC L > TEEBIIRE 2B E L7267, L ULiEER B8R
K% b BEAEOMEEM IR M OER S ZEFET D, ABFE TITBYEE M PNIPAM
EAEEEALICAAATE SR OL T 7y 7 EBEEEERETL, EAE, MY —2&Ls€E5
& CRBRT I OWTHRE L,

WHFZEEE TIE Poly(2-methyl-2-oxazoline) (PMOZ) % MAK4fE L T 5415 Polyethyleneimine
(PEI) OAR Y 7 I UEEIGER T 2R ECRICHEE & L TOMEICIER L. PEI BB ZF
B2 2R ITE D AT DWW T LT 2 3132, RBFSE TIZ RAFT A2 & U Poly(4-vinylbenzyl
chloride) (PVBC) L8 %A L, H:\V T RAFT Kiin> & NIPAM £/ v —OEEBEEZ{To 7, T
DYT vy s IEARERREHR L LT, < LIEE PMOZ R PElI 2F 757 7 BARY <
— DA SN SEE A 21T 2 72,

A LIFEIZ 3 DDOT =T L > THER STV S (Scheme 1-4),

% 2 B TI3 PNIPAM E£8 & < L D Poly(2-methyl-2-oxazoline) (PMOZ) & 5 Wi
Polyethyleneimine (PEI) % fHA& o7z ZEHEFAMENDBYUSEME DOl 7 T LR ESRE B/
L. 215 0BYREZES), i< LA PMOZ SR CORENRERIGE DM, B pH 72 8 <)L
F 7R P B PEIT DWW T EEMICFEA L 72 (Scheme 1-4 Chapter 2), PNIPAM & PMOZ D&
HETIEATRT LCST BMBYUSEMZ R LI BLEERT AN, R FTLL LEEEZ
PNIPAM 7 1 v 7 BWREDOEEZ 1T TREMNZ I B UVERELZ RTERZLZAL ML, &
72 PEI L fAEHE D Z & THN D ZERUCEME L pHISEMEIC W TEE LT,

HEIETIIE 2 ECAM LI PEIRE Y 7 VAL B RN OBYREIC Lo TR 2 T
BN E N UOBEREE S LBk T /) 7 ez on Tk <7z, PEI 36725
ST o NVBITREMDRG Y b, T DT BT = VB R BUKIEZEER] NN
Methylenebis(acrylamide) (MA) & %\ MIBZKMEZRFEH] Resorcinol Diglycidyl Ether (RCGE) TH&
EEE L, ZNFNATRTEUSE RGN 7 RS~ DR AKE L7 (Scheme 1-4 Chapter

3)e Elz I BAEFEST OMEFHIAE N HHEEE Nile Red (NR) 2 AV THRAE L7z,
11



% 4 ETIX. Scheme 1-4, Chapter 4 TRLUT= & 512, #HBEREZMLEL LpWFi- 22 9EtS
RAMEL LTT A7 4 Y VAEZSOBISEEY 7oy 7 RESEZEK LT, PVBC-b-
PNIPAM v 7 o BIAEIOMBIZT 74 V> (T) A4 IF Y= () ZEAL, ZhHART
FEHFHEEZTE Lo, TN BT X 2EIEFE~DZREZBT L. PNIPAM OBUSEME~DFE
ZHOHII LI, ET7 374V ORERNATZ VT LBMEEZFAL, B AP —
L LTOMEZREL:,

BSETEIAMEEZRIEL, SROBRBIZOVWTR~T,

Chapter2 L
LE S [t s AT A
Hlﬂ-< ol ™ () é'?} 3 :{J’:\(:i
NIPAM ™ Ki, MOZ kel &
A g s =
Tawesc in Benzonitrile —Q at 100 °C
cl in Dioxane 1
PVBC
FVEERE I, [PVBC ﬁPmoanmPaM (PVBC g-{PEI]] -b-PNIPAM
|
(: 0 o % orfand <:] —
at65°C L N ‘ at 65 °
in DMF ulg = H in watey | Cross-linker
theophylline  imidazole
Chapter4 Chapter3
o} H Xﬁ‘/\)kumﬂ)-l\/\i-,\

A DO A S o e
0 |
p o IR &
Cross-linked nanocapsu!e
PVBTII-b-PNIPAM

Scheme 1-4. Scheme of the amphiphilic stimuli-responsive copolymer series. double

12



1.5 Z& 3Tk

[11 a) Y. Zhang and H. Zhao, Langmuir, 2016, 32, 3567-3579

b) J. Chen, M. Liu, H. Gong, Y. Huang, and C. Chen, J. Phys. Chem. B, 2011, 115, 1494714955

¢) Y. Kim, E. D. Liemmawal, M. H. Pourgholami, D. L. Morris and M. H. Stenzel, Macromolecules, 2012,
45, 5451-5462

d) L. Wu, I-C. Wu, C. C. DuFort, M. A. Carlson, X. Wu, L. Chen, C.-T. Kuo, Y. Qin, J. Yu, S. R. Hingorani,
and D. T. Chiu, J. Am. Chem. Soc., 2017, 139, 6911-6918

e) Y. Dong, X. Ma, H. Huo, Q. Zhang, F. Qu, F. Chen, J. Appl. Polym. Sci., 2018, 46675

f) L. Sun, Y. Zhou, X. Zhou, Q. Fu, S. Zhao, X. Tu, X. Zhang, L. Ma, M. Liu and H. Wei, Polym. Chem.,
2017, 8, 500-504.

g) N. A. Nakeeb, J. Willersinn, and B. V. K. J. Schmidt, Biomacromolecules, 2017, 18, 3695-3705.

h) S. Liu, C. Zheng, Z. Ye, B. Blanc, X. Zhi, L. Shi, and Z. Zhang, Macromolecules, 2018, 51, 8013—8026.
[2] J. N. Israelachvili, D. J. Mitchell, B. W. Ninham, Biophys. Acta Biomembr., 1977, 470, 185.

[3] A. Blanazs, S. P. Armes and A. J. Ryan, Macromol. Rapid Commun., 2009, 30, 267-277.

[4] M. Karayianni and S. Pispas, J Polym Sci., 2021, 59, 1874-1898.

[5] W. Agut, A. Briilet, C. Schatz, D. Taton, and S. Lecommandoux, Langmuir, 2010, 26, 10546-10554
[6] O. Bertrand and I.-F. Gohy, Polym. Chem., 2017, 8, 52

[7] T. Kubo, K. Tachibana, T. Naito, S. Mukai, K. Akiyoshi, J. Balachandran and K. Otsuka, ACS Biomater.
Sci. Eng., 2019, 5, 759-767

[8] C. Yang, J. Xiao, W. Xiao, W. Lin, J. Chen, Q. Chen, L. Zhang, C. Zhang and J. Guo, RSC Adv., 2017,
7,27564

9] H. Yuan, H. Chi and W. Yuan, Polym. Chem., 2016, 7, 4901

[10] M. Heskins and J. E. Guillet, J. Macromol. Sci.-Chem., 1968, 2, 1441-1455

[11] G. Pasparakis and C. Tsitsilianis, Polymer, 2020, 211, 123146

[12] H. Zhang, X. Tong, and Y. Zhao, Langmuir, 2014, 30, 1143311441

[13] D. Giaouzi and S. Pispas, J. Polym. Sci. Part A: Polym. Chem., 2019, 57, 1467-1477
13



[14] G. L.-Barcenas, D. G. Gromov, J. C. Meredith, I. C. Sanchez, J. J. de Pablo, K. P. Johnston, Chemical
Physics Letters, 1997, 278, 302-306

[15] S. Won, D. J. Phillips, M. Walker and M. 1. Gibson, J. Mater. Chem. B, 2016, 4, 5673

[16] G. Riess, Prog. Polym. Sci., 2003, 28, 1107-1170

[17]]. Xu, J. Ye, and S. Liu, Macromolecules, 2007, 40, 9103-9110

[18]Y. Qu, X. Chang, S. Chen and W. Zhang, Polym. Chem., 2017, 8, 3485-3496

[19] a) S. Cammas, K. Suzuki, C. Sone, Y. Sakurai, K. Kataoka and T. Okano, Journal of Controlled
Release, 1997, 48, 157-164

b) Y. Zhou, K. Jiang, Q. Song and S. Liu, Langmuir, 2007, 23, 13076-13084

[21]Y. Zhou and P. Wu, Polymer, 2018, 153, 250-261

[22] C.-T. Lai, R.-H. Chien, S.-W. Kuo, and J.-L. Hong, Macromolecules, 2011, 44, 6546-6556

[23]Y. Xia, Xi. Yin, N. A. D. Burke and H. D. H. Stéver, Macromolecules, 2005, 38, 5937-5943

[24] R. Freitag and F. G.-Flaudy, Langmuir, 2002, 18, 3434-3440

[25] S. Wang, C. Liu, H. Zhou, C. Gao and W. Zhang, Polym. Chem., 2017, 8, 1932-1942

[26] M. Jager, S. Schubert, S. Ochrimenko, D. Fischer and U. S. Schubert. Chem. Soc. Rev., 2012, 41,
4755

[27]J.-J. Yuan and R.-H. Jin, Langmuir, 2005, 21, 3136-3145

[28] R.-H. Jin and J.-J. Yuan, Chem. Mater., 2006, 18, 3390-3396

[29] N. C. Dubey, B. P. Tripathi, M. Miiller, M. Stamm and L. Ionov, ACS Appl. Mater. Interfaces, 2015,
7, 1500—-1507

[30] a) A. B. Cook, R. Peltier, J. Zhang, P. Gurnani, J. Tanaka, J. A. Burns, R. Dallmann, M. Hartlieb and
S. Perrier, Polym. Chem., 2019, 10, 1202-1212.

b) H. Zhang, X. Dong, J. Wang, R. Guan, D. Cao and Q. Chen, ACS Appl. Mater. Interfaces, 2019, 11,
32489-32499

¢) N. C. Dubey, B. P. Tripathi, M. Miiller, M. Stamm and Leonid Ionov, Biomacromolecules, 2016, 17,

1610-1620
14



d) T. Wang, Y. Song, J. Hu, J. Li, S. Shi, Micro & Nano Letters, 2019, 14, 404-408
[31] W.-L. Wang, R.-H. Jin, Polymer, 2021, 212, 123239

[32] W.-L. Wang, R.-H. Jin, Adv. Mater. Interfaces, 2021, 8, 2002001

15



FrE

PNIPAM & RY AFNLNFXH Y /R F LA I UhbRHBBIREMEI D
BEAMEDOL L-af BT oy 7 aRr) <—

2.1 #S

3 (UV)L, BR(LEST 2, pH, 15 56, 47 72 COANBHRNIC N E 3 2 RIBUCE R o3t D=
JVFRHERENE R Y T b~ T U T NVCERTE D ZE b RECDLEY 2o TRFEED
BEHZEDTE T, @OFHEHCR Y 2RI E I —RICE S FRRCE S+ 7 VIR
%, BB OBA. WRP TER L QOO EESFINERIBIC L B O EE DT, &E
DEA . FIEIC X - TH B ORIZR & 2 S LS TR D W ISEGTHM B L LTo
MWEEMNET D ZERAREE 2D, pH A, BURESA T UINEE S ORIBISE @+ 0%
VISR TR THSBE A RET D720 KD 5 WITEBAMERE 2 F 3 5 o FI3iEcE
BT ORFIAFRTH D,

RSB E D FOHR THRORES BB EEE FFo&E 0 TId o DORMEICRBIS N D,
O &0l EIREESABE (UCST) BLEMR T, WIRIREDOEE Y & & bilmmF0KRE
P30, 5 UC FIREEFIAIRIRE (LCST) L MINn D &moFREDOEmEY & & BTk
BHMERE LK TS S 14 LR ON~Z LCST BE S 11d 1968 FIZF R I/ Poly(N-
isopropylacrylamide) (PNIPAM) T& 5 15, PNIPAM HRER Y = —D/KHIZIS D LCST i 32°C
FHETRER, AHMNICaA -7 o a—VERE N BULE 2T, BEROOIIRES

Z X BHELORFR PNIPAM B EORF (EGECMER L) ICX Y LCST Z BEICHIETE
BHETH D, D72 PNIPAM % MA43A A 2B BHIM EHE T, B, T 20 0FN 5
HEAEED TG 164

Schubert & I poly(2-ethyl-oxazoline) (PEtOx) & PNIPAM % #i2& 1o 72 LCST B DOBYLZE &
TETRT YTy 7 EAAE PEOx-b-PNIPAM % L TW\5 173,  PEtOx-b-PNIPAM [

PEtOx 75 45-55 °C. PNIPAM 7% 39-45 °C T LCST BIBGLE 2 ond, Z D _HEHOEYNE TIIbRE
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L2 BHEDENT 4 v V—DOREBR bI, 1T ‘..

Tooth-brush ' ‘

CLHOIZEHESED PNIPAM (ZX % 39-45°C T Comb

» | =

DAL, VT PEIOx IZ X B 45-55°C TOE o bl

AR AZNVZOBRERRY v —MHRICIY ' o

Star

block Cyclic
HHICHI T X 5, Hietala bIXEAKED w —]

Star | J_
PNIPAM. poly(ethylene oxide) (PEO). poly(N- gl Linear
acryloylglycinamide) (PNAGA) # #ilA& b7z
Polymer structure

UCST-LCST B~ SR b U 70 7 B4 3

FEBELTNS N, N T oy s EEAED Figure 12-1. Example of polymer architectures.

PEO-b-PNIPAM-b-PNAGA {3#J 35 °C TLCST %, 15°C TUCST 77§, HE—DLEZRT
TR BlZ 5 ME STV A2, LCST & UCST DMAEDLEIZL D 2 265 5 WITEROINE
HESF ORI, BRRERIIVELERRLETSH S 1080,

EGY 205327 gk BRI 2 RS BR 20X D ICRRIMEE R o L EARIIHEEE
Bz Lo THEICARTE 5 (Figure 12-1), MiEE S FIXSEOMEHPEHREHIHES L
BERRL, HTFENTHEREESHiZ B O L ORFELLOBLEREICDILVED
T& T, ZOBMAYREE ST IR &S FMREo B AR ZERESEL LB TED, F
CHEROESTHETHLY T 7 MEETHREIIKRE B2 5, HIZIE< LA PNIPAM [XESHK
PNIPAM (T, iz 5 7 ML & iz PNIPAM JIISHH TOMAERFEICL Y LCSTA LV &
BHI~E 7 bTHIERREIN TS (Figure 12-2)%,

WHFZEETIIINETCRY ZF LU EHCRY AXH VY (PMOZ) HAHWIERY =F
v4A 3 (PE]) Mz MAEDEEREST ¥ PR~/ 72/ B 28EL, ThTh
OB B L FOMBEEZ Y IT T L— LT HILTRRIELT BTV —DY]
HERICHHA LTS %,

EHE T 0 v 7 HiE TS5 0 F L5 7 e PNIPAM & PMOZ Z#lA&bElc —&
HAMEOREITIEFICE R DA, L L PNIPAM =4 )L L #i%D POZ & PEI 2H 4 5< L

—af BT oy 7 HBEAEICET AEZEITIWVERE RV, AFFE T PNIPAM =1 /L& PMOZ
17



3%\ PEL OB E 2 5 —EByS  A) VY T>LCST

collapse
gy et U, (EERIMEE 2 7S
A LT, B) T>LCST
PMOZ ¥ PEI 331z BAKMED DK I IA#
stretch
B3R, %FO PELITERFOAMEEES 1% e AN

--£+- OABA-g-PNIPAM,,
—8— P(0ABA-g-PNIPAM,,)
-+~ 0ABA-g-PNIPAM
P(0ABA-g-PNIPAM, . )
-b»- 0ABA-g-PNIPAM,

$

TiIIfEREERT Y, { L-aqBli7ay

2.

7 . EE K TIT 4-vinylbenzyl chloride &

NIPAM @ RAFT EAX° 2-metyl-2-oxazoline

Transmittance (%)
&

nN
o
1 i

OHF A EBEARALEDETAK

#1To 7=, X C®HIZAT 9 Poly(4-vinylbenzyl b e 20 2 3 3 4 4 ®
Temperature (°C)
chloride)-b-poly(N-isopropylacrylamide)
Figure 12-2. Image of thermoresponsive molecular

(PVBC-b-PNIPAM) DEFRTIERYY T potlebrushes of poly[o-aminobenzyl alcohol-graft-

Fr— FEAEHT S RAFT BIOHEETFT PNIPAM]. Temperature-dependent transmittance of
the 0.50 wt% aqueous solutions of the P(coABA-g-
VBC OEEZATL IRV T RAFT REGTE  pNipAM) bottlebrushes (solid line) and the 0ABA-

#i X 7= PVBC %~ 7 ol @#l & LT g-PNIPAM macromonomers (dotted line).

NIPAM BE&%{To7, DL TEAEDRA D PVBC-H-PNIPAM DENEIUIZAFH Y &
ZEA LIz, 2D & X PVBC @ CHx-Cl AW F A4 BIRES ORMEELL 72 0 ( HiELD PMOZ
Pated L-aA VT oy 7 EEE [PVBC-g-(PMOZ)]-b-PNIPAM &R S iz, ZDIE
kb PMOZ Z¥aEEIC L AR INA SRS 5 Z & THI%ZLD PEI ~ L ZEH# L7z [PVBC-g-
(PED)]-b-PNIPAM 7345 & 117z, [PVBC-g-(PMOZ)]-5-PNIPAM & [PVBC-g-(PED)]-5-PNIPAM & D#L
ST UV-vis JIE$ KO TH NMR JIEIC X ViBBF L, PMOZ R Tid 32 °C {112 T PNIPAM
Eorara—VEBIC L) RY =— v ATBREMED B EMARILETT D Z LR ENT
(Figure 12-3), %f LC PEI R T2 < L& PEI & =21 /LK PNIPAM {2 & % UCST-LCST O ZEIS%
NRRHA LT, 20 x0EDHEBLIZ65°C D UCSTUAETRY ~—IBAZFHEL, ZIh
5 35 °C ® LCST A F £ THHEIT % & PEI OFERIEEZBREI S & Liz 7 7 A N— KRR L

72, LCST-UCST %! — EHVLAE S FIFBUISE L7z ON-OFF IZ X Y flf S h /- B2 2RO
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BT L— b ERRB,

1 1
PMOZ-comb |.4~}8ym :
O PR
S ¢ :
b rt P4 ' PMOZ-comb
e T , PEl-comb
]
aggregates | PMOZ-comb |
P pEicomb HOMET . ascC
y & O N
| ] 2
<:| v W | Micellar
r.t. ! é, : aggredates
i
Fibrous . PEl-comb :
aggregates : |

Figure 12-3. Graphical abstract of [PVBC-g-(PMOZ)]-b-PNIPAM and [PVBC-g-(PEI)]-b-
PNIPAM block copolymers.
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2.2 EBR

2.2.1 REE LUWH

N-isopropylacrylamide (NIPAM, 98%, Tokyo Kasei Kogyo Co.) i n-hexane CHiftdm L7 b D&
Fi L7z, 4-(Chloromethyl)styrene (VBC, 90%, Tokyo Chemical Industry Co.) (XE & EEIEHKI% 15T
JL 2 F (SIGMA-ALDRICH, neutral, Brockmann) {2 X > CTlRELEZH O EMER L1, 2, 2-
Azobis(isobutyronitrile) (AIBN, 98%, Tokyo Kasei Kogyo Co.) {¥T# / —/WZ XV FiE& Lizd O
%z L7-., Benzonitrile (99%, Tokyo Chemical Industry Co.) IFB/FABIC LIV ER L= 0%
FIF L7z, 2-metyl-2-oxazoline (98%, SIGMA-ALDRICH) L& FABICFL VB L= 0 a2 f
AL,

UTOREKIHROLOEFOEFHER LT,

2-Phenyl-2-propyl benzodithioate (CDB, 99%, SIGMA-ALDRICH), benzoyl peroxide (BPO,
75%+wetted with ca. 25% water, Tokyo Chemical Industry Co.), tetramethoxysilane (TMOS, 99%, Tokyo

Chemical Industry Co.), Pyrene (>97.0%, Tokyo Chemical Industry Co.)

222 AELE

The Fourier transform infrared spectroscopy (FT-IR): FT-IR 4600 (JASCO). KBr #E&IiE£% 7=,
Nuclear magnetic resonance (NMR): JEOL INM-ECA-600 MHz. CDCls, D,O. WEfE#EY) & LT
tetramethylsilane Z % f L 7=,

Gel permeation chromatography (GPC): HLC-8320 (Tosoh, Japan), # 7 . : Shodex asahipak GF-510
HQ + GF-1G 7B, 47Bf# : DMF with 10mM LiB, #i# : 0.6 mL min’

Scanning electron microscope (SEM): Hitachi SU-8010 (Japan), ¥ > /IR Y ~—48E % >V
oy aA—IThE S EER LT,

Fluorescence spectrophotometer (PL): FP-8300 (JASCO)

Dynamic Light Scattering spectroscopy (DLS): FPAR-1000 (K& & T)

UV-vis spectra (UV): UV-2600 spectrometer (SHIMADZU) ~VF = AJRFHEEE (CPS-100) ZH

TIREHRHEZITo 1o,
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223 BUSEMEO TEHEAMNEL L-aA VBT y 7 HEGEDER
RAFT EAIZ X 5 PVBC-CDB DH L

< 17 RAFT BRSEHI & 72 % PVBC-CDB (LA T O RAFT ERIEIC L VB LTz, £9F/ <
— VBC (12.0 g, 78.6 mmol), RAFT #¢> CDB (0.21 g,0.77 mmol). T U /VBAAFID AIBN (32.4
mg, 0.2 mmol) %3 = L7 EIZEYELY . B 1,4-dioxane (5.24 g, 30wt%) (ZEEEHE S &
o BEVCHEURS » R - BURIC X ADIBRREE 3BV IR Lzh L, T OWEHRE 80 °C T
# LT 21 B O EA RIS EIT - e FISEIX THE THIRL, BRIZRA L/ —/WZET 152
L CEICERESRI A 3 BT 7, FEREIT 40°C THIBVBIE R L, SkEHMEREZHET-, (Yield:8.1

g. GPC: M, = 0.93 kg/mol, PDI= 1.13, degree of polymerization (DP) = 89)

PVBC-b-PNIPAM V7 1 v 7 LEGED G & Rimil

EUSEME T 1 v 7 0O PNIPAM 24 71 v 7 & L TEA L PVBC-b-PNIPAM DERLE F
FHNVR = FFEOBREEZLITICE T, v 7 niiaAl L L TPVBCg,-CDB (1.00 g,0.1 mmol),
5o VBRI E LT AIBN (4.9 mg, 30.0 umol), & ./ ¥ —@ N-isopropylacrylamide (NIPAM)
(11.0 g,97.2mmol) &3 = L > 7 FICEBVERY , WED 14-dioxane (18.0 g, 60 wt%) TR
SHTn, BT - A - BRI X A BB REL 3ER VIR LIZH L. T OBEEE 65 °C
THIENL T 7 D EGRIGEIT - 7o FUSEIL THF THRRL, BRI~ HD0EY
TFNT—F T 5 2 & TEIRERERZ 4 BT - /o, SRR 13 40 °C TMBBIERLER L |
BeE R AT, (Yield: 5.100 g. GPC: M, = 79 kg/mol, PDI: 1.35, DP = 890)

FAHNVRZNFFEOREDZ DY Ty 7 HESERORRLEEZIT 72, 100 mL FA
7 5 A 2 RTIR D PVBCso-b-PNIPAMsop-CMB (Mn (NMR) = 112 kg mol?) (2.5 g, 29 pmol of CDB
end group) & B/ BPO (0.187 g, 0.77 mmol) % £V LY | D 1,4-dioxane (60 mL) ZJHX T
SERURMRES YT, RN EZ IR T 1 REOERAT ) v 752 To0b, EhGORR’E
B B E TR A 80°C T 1 BFIT - 7o, ROREIL THE THRIR L, BRIZa~F I AW T L

THEIEER A 4 BT 7, BHEAIT 40°C TMEWRTEE L, BEMEEZE, (Yield: 1.842
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g. GPC: M, = 81 kg/mol, PDI = 1.40)

W75 LR Y = —[PVBC-g-(PMOZ)]-b-PNIPAM D %

W75 IR Y < — [PVBC-g-(PMOZ)]-b-PNIPAM % PVBC @ Cl &[G R & LTz A FvA
XY OB FAUHEBEES AV TAER LT, PVBCs-b-PNIPAMs (1.5 g, 17 umol) & KI
(049¢g. 3.0mmol) % 100mL T AT T R2WZEY LV, 7T RANOBEREBREIT o L RICE
A % VRIE O benzonitrile (45 mL) (IR S €72, & HIZE /¥ — O 2-metyl-2-oxazoline (15 mL,
170 mmol) &M%, 120 °C T 21 BEISUE 21T 272, FUSHIZ CHCl TAR L., diethyl ether (2
BF LU CHEBSE S 3 [HfTo 7, B LUARY vt EHAREAER L, =
BIZRIS % BT (cutoff 1000 Da) T4 AR, SMNERE A H / —/vH DUVNIBA A KIS E

U723 5 8l 21TV A R 48T o TEIIR U 7=, (Yield: 7.836 g, Mngumr): 934 kg/mol, DPper: 126),

BRI SR & 5 ZEBUKMER U = —[PVBC-g-(PED]-b-PNIPAM D& X,

PMOZ »>5 PEI ~DHEIEZEHIT PNIPAM DK Af % (o 7oV EIRBY R IR S R 0 1T
o717, KEEIH D [PVBC-g-(PMOZ126)}s9-b-PNIPAMsgo (0.80 g, 2.8 pmol) & 3M 2 (24 mL) %
100 mL 7275 ANZEYVERY, ZOBKE 60 °C DA A JL/NAT 1 REHIE S TRERN
DR Y = —% I VREE~ & H OB EET, E512 100 °C £ TIMRE L 5 FRF DIIAK 7
B AT o Tr.o RIS IZIAIR 2 BTN 2R U, SR i1 A4 AKIZ U TENTIE (cutoff 1000
Da) T—HER L, SHICHEBERET DD 7 E=7 KEKR (28vol%) T T—H, &%
SRR MRS 72 B E TLA AV KR CZ B, BT AT o 7o, BURREIRIC L0 B ERM T

H5HEEHREREILL T,

2.2.4 BAYEL L-aA VEIR Y <= —[PVBC-g~(PED)]-b-PNIPAM @ H CH#k{L
< L-aA VIS S0 B B oW TLATIZEE . [PVBC-g-(PEI)]-5-PNIPAM % 20 mg
EVEDY 4mL OfA AL KICMAZ T4, 65°C ETHANNATIEA LT, & DICEKREZED

%24 BEEE L CHECEBESE, ZTOHOHMBEROSEIRIZV I Y —ATHD
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tetramethoxysilane (TMOS) % % T 1 BB T 2 Z & T U WAL EIT o T, ENES
BF (65°C) ThIAEDORKIGE 5 BTV, RRILIEEY %= 0508 (10000rpm, Smin) T2y

WL, Shlzihalilfdrvk, 7T L TaERREEIN L,

225 ZEBAML L-aA ABRY v — OBURERH OWE

TEBAMETH S [PVBC-g-(PMOZ)]-b-PNIPAM & A/K 531 D [PVBC-g-(PED)]-b-PNIPAM
RBAA KT gL 225 X0 IOKBRERM Lz, ZOBER TENEH O TIRE SRR
f (LCST) & LIREGFISIKIRE (UCST) 23572 25-70 °C O THIRIEEZ 2L S+
UV-vis HIEIC LV BlREL2 B Lz, BRIIEERSBE T2y b L, FBRREOMBERE

R AT A% LCST & UCST & Lz,

2.2.6 _EEAME [PVBC-g-(PMOZ)]-b-PNIPAM O RSB E L E
KOH. KCl. KBr ##NFN 1M, 2 M DBRETCKEREHAR L, £l 7 B8R =
— YRR 2 gL TR L, R SR v —BROEELR 1: 11025 K0 KEAELELOE

UV BB & > TERRORERFELZ T L, 32357269 LCST ~OREBEZ T,
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2.3 FERLELR
2.3.1 BREMY T vy 7 LEGKOGR L ERE

PNIPAM =L & < LA PEI 257 5< L-aAf VA7 o v 7 ILEE/K [PVBC-g-(PED)]-5-
PNIPAM (X 5 DD AT » A2 LY B TE D (Scheme 2-1), PVBC-CDB % CDB H#HEIA],
AIBN BAZEHIDIFAE F T 4-vinylbenzyl chloride (VBC) @ RAFT EAIC LV A LTz, F T
NIPAM & DOILEAIZ LY PVBC-b-PNIPAM-CDB AE A &4, & 512 RAFT RIfORREE BT
PVBC-b-PNIPAM % &k L7z, < L-aA WRILEASEE § 578, PVBC-b-PNIPAM %+ 7 1
BAAI & LT VBC @ ClEZ USRI MOZ Dh T4 VEREBRES 21T 2. &2 < LA PMOZ

BB G #R L PEL ~ & S Z1T S Z & T (PVBC-g-PEI)-b-PNIPAM % 1577,

A O Q)sw(@
b m
CDB + AIBN NIPAM no S
_—______—>

NH
at 80 °C at 65 °C
Cl in Dioxane in Dioxane
Cli Cl
VBC PVBC-CDB PVBC-b-PNIPAM-CDB
. b i
nﬁ;j‘l’m % ,l,fg;’)'m
B m KI Moz /\ 3M HCI W
NH >
at 80 °C in Benzonitrile ~ O at 100 °C
in Dloxane S NH
Cl < é’
PVBC-b-PNIPAM [PVBC-g-(PMOZ)]-b-PNIPAM [PVBC-g-(PEN]-b-PNIPAM

Scheme 2-1. Representation of Synthesis of [PVBC-g-(PEI)]-5-PNIPAM block copolymers.
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A
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Chemical shift (ppm) 8 2 6 5 4 3 2 1 0
Chemical shift (ppm)
Figure 2-1. 'H NMR spectra of (A) PVBCso-CMB (V-1), (B) PVBCso-b-PNIPAMso-CMB (N-
1), (C) PVBCso-b-PNIPAMssg as macromonomer (N-4), (D) [PVBC-g-(PMOZ)iz]so-b-
PNIPAMsso (O-1) in CDCl3 at 25 °C and (E) [PVBC-g-(PEI)126] 89-b-PNIPAMsgo (E-1) in D>O at
25,

X LODORIETH D VBC @ RAFT EA TIX CDB & AIBN & DE/LHE 1000:1:0.25 & L.
1,4-dioxane 1 C 80 °C « 21 BrI D BEA RIS 21T o Tz, FIGERZ@RIRAZ ) — NI TT5
T LTHEWTHAY 7 AR PVBC-CDB #[EIX L, Z0OL&E/ ~v—OEKLEL H
NMR JIEDORBENEIDEHT 5 L 89%L K biviz (Figure 2-1, Support information % Z ),
RAFT KD 7 = =/L3 X ¥ CDB (1H at 7.25-6.20 ppm) & PVBC fI#{ CH,Cl (2H at 4.50 ppm)
EOBOEOLPERBEEZHAVTRE b >=ESE DP) 1X 89 THolt, ZOHIETIE
PVBC-CDB D#E{LIZ 89%. ¥ FE#45yF8 Mn iX 14 kg/mol ThHote, —FH T, GPC o3k
BHHA Mn & EEEHSTFE Mw 121 0.93 kg/mol & 1.05kg/mol, 73 F &5 Mw/Mn
1% 1.13 Th o7, (Figure 2-2A), EAFE 89 @ PVBC-CDB %~ 7 ni# B EA| & L T NIPAM

DTy 7 HEESEFEEOSRBETITWVO.PNIPAM OBESERRRA3BOY I AE2EK LT,
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Table 2-1 Synthesis and characterization data of diblock copolymers

Run Sample Feed ratio Rtime () MIONMR) M(GPC) oo pw  vield

(kg mol)¥ (kg mol™) (2)
V-1 PVBCs-CDB [monomer)/[RAFTY[AIBN] = 1000/1/0.25 20 14 0.93 1.13 8.1
N-1 PVBCs-b-PNIPAM;-CDB  [monomer])/[CTA)/[AIBN] = 1000/1/0.3 7 112 79 1.35 5.100
N-2 PVBCy-b-PNIPAM;-CDB  [monomer)/[CTAJ[AIBN] =600/1/0.3 7 52 40 1.30 2.719
N-3 PVBCsy-b-PNIPAM-CDB [monomer} [CTAJ[AIBN] = 200/1/0.3 7 22 15 1.20 2.315
N-4 PVBCjs-b-PNIPAMsg [PVBC-b-PNIPAM-CDB]/[BPO] = 1/20 1 81 1.40 1.842
N-5 PVBCgs-b-PNIPAM:2: [PVBC-b-PNIPAM-CDBJ/[BPO] = 1/20 1 42 1.43 1.995
N-6 PVBCjs-b-PNIPAM34 [PVBC-b-PNIPAM-CDB}/[BPO] = 1/20 1 - 20 1.26 1.740

a) Calculated by using the 1H NMR data. (The integral value)
b) As determined by GPC.

Table 2-2 Synthesis and characterization of tooth-blush like PMOZ and PEI polymers

Feed waight (g Mn(NMR 4D
Run Sample PVBC-b-P:llPi;I" (ke ;;lol")) yx::)i
O-1 [PVBC-g-(PMOZ)126)s5-b-PNIPAMs00 1.501 934 7.836
©0-2 [PVBC-g-(PMOZ)oJss-b-PNIPAM: 0.3002 831 2.465
0-3 [PVBC-g-(PMOZ)ss]ss-b-PNIPAM;2 0.5040 551 2.996
O-4 [PVBC-g-(PMOZ):1]ss-b-PNIPAM:2: 0.7037 203 2.02
0-5 [PVBC-g-{PMOZ)s Jss-b-PNIPAM:, 0.1527 651 1.761
a) Feedratio :

PVBC-b-PNIPAM /KI/OZ=1/2/89*y. yv: (O-1. O-2, O-5: 150. O-3: 100. O-4. 50)
b) Reaction time : 22 hours

Run Sample N PEl ratio  Mn(NMR)

(%6) (kg/mol)
E-1 [PVBC-g-(PED)is]ss-b-PNIPAMss 15 85 790
E-2 [PVBC-g-(PEDo1]ss-b-PNIPAM:2: 0.5 90 528
E-3 [PVBC-g~(PED)ss]ss-b-PNIPAM;24 0.5 86 357
E-4 [PVBC-g-(PEDz]ss-b-PNIPAM:2: 1 68 160
E-5 [PVBC-g-(PEDsi]lss-b-PNIPAM:: 1 95 473

a) Hydration numbers : As determined by XRD pattems.

Figure 2-2A Tl GPC JIEIC K D HEEMEN-1. N-2, N-3 DG FESMZRLTWVD, PVBC-
CDB & 7= FNFNOEH E—7 X NIPAM EALAEE 5 I oW TEgFEAICENT,
= OFERH S PVBC @ RAFT Kifih» 2RI NIPAM B3R Z Y . #pkDR72% PVBC &
PNIPAM O 7 1 v 7 EEEBRER ENT-Z L B3RIB XN 5, Figure2-1B [ N-1 @ 'HNMR #IE
OERZPRLTEBY 207 oy ZIZHELTPVBC 7 12 v 7 O methylene 2 (-CHxCl) (ZHH
LT 4.5 ppm |2, F7- PNIPAM 7' 12 » 7 @ methine 2 (N-CHMey) (ZHIR LT 4.0 ppm (ZE
— 7 RA BN, ZO5SEODE—7 OSSN S PNIPAM OBESENRD LD (Support
information 22 M8), Table S2-1 TiZ N-1 7% N-3 @ PNIPAM EEEN LT 890, 324, 74
TholZ i FEL®, %< 2-methyl-2-oxazoline D F A L FIRE STV T CDB KimD
FEERSPIZ S MR 240, BREZ2EE L (/v (BPO) TN-1 b N3 RY <

—@ CDB kM OKREEITo7-, CDB KiglaEH% DR Y =—% N4, N5, N6 & LT Table 2-1 {Z
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R LT, UVevis IEIZ & 0 FHFF 450-550 nm DRI AL L. o7 20 7 @) R D

HHEBWAR~EE LT (Figure S2-1),

PVBC 7 v 7 OIS TH D CH.Cl % R A & LT 2-methyl-2-oxazoline O % F 4 FHER
BHEZITV. < LIEED poly(methyloxazoline) (PMOZ) A9 5 N-4 225 N-6 DV I %mE
% U7z (Table 2-2), IIGEEHRIINLA A 2 /K THEHBRZITV. BIED [PVBC-g-(PMOZ)}-b-
PNIPAM (I HRERLERIC X - CTEIN L7, PMOZ BEA TIIP RO~ 7 afitdAl (1.501g) 75 5.2
EEDARMAESED Z LR TE D, Figure2-1C IZ/R LT 0-2 @ 'THNMR HIE TiI# 7212 PMOZ
F44 (CHLCHLN) (ZH3E LT 3.25 - 3.60- ppm (127 12— FE—27 23, methyl £ (-N-C(=0)-CHz)
2251E 1.92-2.21 ppm (2 E— 7 BB, PVBC OMIEHIZ LA PMOZ BAERLEZ &0 5
methylene £ (CHxCl) ZF 3 4.5ppm O — 7 1XHIk L7, M2 T FT-IR BPIE Tid C-Cl1 i
5 672, 1263 cm! ORI ASE IS LT (Figure 2-2B), [PVBC-g-(PMOZ)]-b-PNIPAM [ IHEAK D
B2 0-1 05 0-5 D5 BENEMEINE, 0-1 2625 & PMOZ EAEEIL 3.25-3.60 ppm
(-CH,CH,N- on PMOZ block) & 1.1 ppm (-CH; on PNIPAM block) OFESEOKNGEH L, &
ST 126 &R S (Support information & FR), 5 2DY LD ) B PMOZ D&
BENENHDOTH 20, ZHENLOT 120 L EE 220 GPC BIETIEIAN T L0 b OELMN
W & 72 > 12 7= OBRIE BT DR Do Tr, —MRIZ PMOZ IR EMEE R 20, K P rm )
5 PNIPAM OEAEN 324 TH D 0-2 5>5 0-4 TiX XRD JWFEIZ L0 @EEERZ R ET©—2
23 150, 200, 24°, 30° |[ZELH &7 (Figure $2-2), %f LT PNIPAM OEX DR % 0-1, 0-5
TIEFEmPE 2R & 720> 77, PNIPAM 28 324 THiLIL PMOZ DEFEIZBL b7 /R SNk
PERFEET DM, ZDOMEEIL PNIPAM/PMOZ O HEEFZFIZE 53 PNIPAM OBEAEICH KX
ARTFLTWND T LR STz,

PMOZ I HEBHIZ T BT NEEZEZLRY T I FEEEZ AT L 2 L bSO ARBELKIC
BHCEIRT 22 LW TE D, PMOZ DK FRIIERES /KT U 7 DKEIRIZ L > T
GIZATH Z N TE, BEAIIC polyethyleneimine (PEI) ~ L HEEEH I N D 627, R

PNIPAM HI8HI17 2 REAZATHIRY 7 I FO—FETH D, & 2Tk PMOZ Z3&E RIS
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KR Tz, SeITHFZE CTIXEARME PMOZ & Bk poly(phenyloxazoline) (PPOZ) H& 72 % il
BT 0y 7 IEEEDO PMOZ OEFERVIKZIREZ PPOZ =7, PMOZ ¥ =/VvDEgT Ik
JVIRBE TIT o 2Bl 2 LT\ 5 8, Z 2 TiX LCST LA E DR T PNIPAM 23 BfAK(b3 2 HEE
ZFFA L. PNIPAM =7 O I BELEFERIED Z & TEBRINNAK ML ES L, EBIZIE
[PVBC-g-(PMOZ)]-b-PNIPAM @ 3M HEiER¥AH % 100 °C T 5 WFHEBEHT 5 Z & TIAKZ#EZ1T
=72, PNIPAM IZSUGER 32 72 < PMOZ 71 v 7 ORHDFEEIRIMAK SR L - T B-1
DB E-5F THL L-a A AAHEEAR [PVBC-g-(PED]-b-PNIPAM 23 & 1% X415 Z & 1Z THNMR
HIEDF v — RHFER LT 5, #lxiE, PMOZ O ATV (C(O)CHs) IZAK L7 1.92-2.21
ppm D E—7 (ZiHK LTV AH 5 PNIPAM O VY 7z ELE (NC(CHz),) (ZH3KT 5 1.12 ppm
D — 7 \ZEX 2o 7o (Figure 2-1E), & B ISR 2% O FT-IR JI/E TIX 3275 em™ (256
TR 22 (CHINHCHy) ICHSET 2IREINER I Nz, ZORUT I FEEEE LREBS
PMOZ D Fr 7% MK 533 2 BRI HUZ PNIPAM OBUSEMEIZIN S 2 B A4S T Cidiz <,
PNIPAM O 7 2 FEDTWAKSRIEIZ HEELTND, B E LT RAFTERIZL > TARK L
72 PNIPAM RER Y <~ —DONKSfEE 100 °C ITNE L 72 3M HEg & FIH O SM HiBESMH F T
Totre LU WT I OERIESM T PNIPAM IXINAK D S /ads- 72 (Figure $2-3), AL
({2 < L#IE PMOZ 2> 5 PEI ~O G2 HE 11BN IZ 1L S v, [PVBC-g-(PED)]-5-PNIPAM %

BAHZENTE D,

E LIk PEI(LPED) DN EEHERRE TR O TRE ERDDIT L MOENT WD, EHIZZ DR
SREEIIAKFIRREIC L » TH B EL, =F LA v (EBD) ==v FZ &K (0.5, —K
. BAXAKR (1.5), _AKFEFNFNTERLFERMELTT P, PEIRE7 FORMmIKES
¥R XRD HIEIZ & » CEHili L7z, Figure 2-3 1278 L7 XRD BIEDHRER T E-1 725 B-5 £ %
NOEHT AT — L PR TE LB LT 7V TIE Bl = =y Mox LT EAFAKFREED LPEL
EFEIT 18, 24, 26, 32°IZBT BEIF A F— PR OV, FEkIZ B2, B-3 TIE¥K, B4,
E-5 Tid—AFUREETH D, AFELT > 7 IVEIER O BETEREO X 0 ICBEREBICE b Sh

A7 ETARMBIIRDT A, 2B DRERITZE-1 225 B-5 DT _RTOL L-aA VBT oy 74k
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HEENREDRERD PEIHZE L2 ORRKICEFRECHRAREBLE 25 L 2RE LT

Do
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324/ 91

24 /65
324 /
74 / 91

5 10 15 20 25 30 35 40
2Theta Cu Ka (degree)
Figure 2-3. Powder XRD patterns of [PVBC-g-(PEI),]so-b-PNIPAM;, (m/z).
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232 L L-aA VEIT oy 7 LEEEOBISEIC L 5 B Elgit

“EmHEAMEOL L-as BT ey 7 EAR [PVBC-g-(PMOZ)]-5-PNIPAM & [PVBC-g-
(PED)]-b-PNIPAM (37K 1 COYRIE % 753, [PVBC-g-(PED]-b-PNIPAM (3% DR AIRNRED <
UHETE PEI BRIR T OAKT TR 2 Oloxt U T KR CIIEMe 5 LR TE D, 2
BOLELSEROBYSEME TH NMR & UVevis HIEC L - TRE L, FREICBIT @m0 TH

DEENCDONWTHE LT,

[PVBC-g-(PMOZ)]-b-PNIPAM @ LCST BUEEEIEE

O-1 \ZE A A4 T, 'H NMR JIE % D0 W H CfT - 12 #5 R % Figure 2-4A 1IN LT2, 25 °C
T3 PNIPAM DA Y 7 B LE & PMOZ D7 £ F /L EIZH K L2 57220 methyl D v —7
A 1.2ppm & 2.1 ppm BN, BIEREA 35, 40, 45, 50°C [TMBAL TV &A1 YT EV
o 12ppm O E—7 REK L, & L TT 2 FNVED methyl & — 7 ITEED 252, T
T £ 0 BARMES = VB EHAEa T h o2 R v — I BLEER L THNDHI %
S, OF0 . BIEfLEY = ABAE—7 & LTRHENL2DICH LT 1 2 a—/LifEk
DT IEFOBEBREEIC L VB SN2 8B, 50 °C 135 25 °CITMAEIT LS & A Y T r v

— 7 IXEOEN T, ZOW A 7 ViE 40 °C £ C LCST BMOBUGEMZ &5 Z & 2R LT
W5,

—J5. 1.0 g/L DEET 0-1 15 0-5 OAKERZ AR LEERORELLAZ B L, EE
500 nm OBFBRCTT v L7 T 7 % Figure 2-4B T LTz, 0-5 ZFRW ez 4 DOY 7L
RIBE FHACES TEREMNME T L, BARDIRE T LCST 2737 Z & MEE S, PNIPAM
(A NVAR) DEAE PD, A 890, PMOZ (< L#ER) @ PD, 7% 126 @ O-1 % 34 °C T LCST &1
Utre 723450 PD 2% 324, < LERDS 21 @ O-4 JX LCST 28 35 °C Th o7z, LCST &tk
B4 5 & < LD PD AEV 0-2, 0-3 T LCST 2% 37~38 °C THL{L, < LA PMOZ ® PD
PNIPAM XA LED LCST I T& A Z L 2R L TW5, LAL PNIPAM @ PD 3 74 &
FONEATE PMOZ < LEOSFEEIGHRETE A OICAMRBISE 2 RERD»o T, T

NOEDOFRERNS L L-aA VBT 0y 7 RESGESBUSEW 2R O0ENE 2 DOBUKMERS
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Figure 2-4. (A) 'H NMR spectra of [PVBC-g-(PMOZ)126]s9-b-PNIPAMz9o in D20 conducted at
different temperature. (B) Transmittance dependence of [PVBC-g-(PMOZ)y]ss-b-PNIPAMy on
temperature at &, = 500nm for aqueous dispersion (1 g/L). (C) Transmittance variation depending
on heating-cooling cycle between 25°C and 40°C at A = 500 nm for the 1 g/L of aqueous solution
of sample O-1. (D) Photographs of the 1 g/L of solution of O-1 at different temperature.

PNIPAM * PMOZ ® PD (m & y) O3 m/89y ICKELEFEND LB BND, SEIOY
AIXHENR 0.04 B2 5 & PNIPAM ORUSE #HAREICR T Z EBHALN LR, SBIZO-
1 DKEESIE (1.0g/L) %2V, 5 EOME-GE% &V RETEBENE (40°C-25°C) ([Z& ViRE
AT SV THRE L L 25, —EOREFMZBV TRIETZIZ- & LRER
D on-off MR BND Z & HRhroT- (Figure 2-4C),
T OBRE L BBEBOE(IT PNIPAM @ LCST SHBEBERICH . KEKREZ MBS HIE
PNIPAM =4 ASBiKFN L CBAKME & #5883 5 7= Figure 2-4D (2733 X O ICERIZBE T

-

., DI TCEIEAOIEL LA PMOZ MEHE L7z PNIPAM 2 A V25 5 X 512 LT PNIPAM =
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F/PMOZ ¥ = VBN ERARY = —I vV EEHRTHENI Z L THD,

FEROBEIC LR ==L OEHE D LT, BRIBIU45°CITEIT S 0-2 DES 2
LOVEE (CMC) ZFHid 5 2 & THRIEEICRT 5 @ o F AU OB « BUKHERIEIC OV T
A L7 0, HE IR LT e —T L LTE L2 L, BA2BEICAMINE 0-2 KE
B (02x10°~50gL) &Ly 2mM) 2iRE L. BEREFEEZ RN LEE - B A~
R L DRIE T - T2, Figure 2-5A-C 2 FNFNOR Y = —REIZBIT 2#HNAEDRK R L £ D
YRR L/ (B—Y—7 [372nm] L —7 (382nm] OHEIERE) &7y L2
STChE, BABRI LI Ly u—T 2 AN EtREORRE., IR TS MEURTEE (45°C)
ThIFE A CREDOEEZ R TN A Z EAHHA Lz, #EE— 27 3REN 0.1 g/L BLEiZ7:
AL IOERBEMA~NEYT ML, S BIZHER L/ OEIXERIC B Ue (Figure2-5C), 20
BALIZE LU RNEKMRE L 25 3 ral ~eHASNEELZE L U AER X< —
YT A LICRBELTWS, BER L/ 01gL »baEIZEfLL, 2O CMC ZEIZI®
JVRBE~ LB LT & EZ bivs, L LR HARERIZIIT 5 PNIPAM 2 H 9% “EHE KM
Q L-aA VBT ay 7 HESEBIEE LTINS TH I VEBLE 232 L3k
EWEETH D, ELkTIcRT 28KE (RETH) RELZFAET 2 - DICIZIERITERN
B E T D, BAMSFTHLE L UVTHAKE RAAS TN T vy a5 LR LT+
LTI ¥ v — (excimer) ZTERR LA « HEKEN T 7 MT2ME2H S 3, PNIPAM &
Ly O EAEA A BEET 572 HI2, PMOZ (PD = 147) & PNIPAM (PD = 334) RERY v —%
0-2 LRI CEHEIZ 2D LD ITEAS LI AKEKE 005 ~5 /L THE LFEEROEIREZIT > 7=,
Figure 2-5E-F & Figure $2-4 {278 L7238 Y PMOZ/PNIPAM EEHRIZEK T 5 'L 2 DHEA Y
U S gL ECEELED THEMB LN 572 (PNIPAMsss TR U = —DFH TR
DEBRZITH BB LRETH o), £z PMOZ & PNIPAM, & %\ & PNIPAM &€
RY v —DAHDBEASNTNGRETTIIE L2 b T v 7T 89 2BRAKME R A A Rz
RNFERRBEAETHD L EEAREL TS, MLEORERELMKT S L L-aA s
2B 02 DX RRYv—DBE, PNIPAM O/KFENFEAM S LE PMOZ OB %Z KE <

BT CUND D LRI E LS, PMOZ D= hEANLIE N, N-dimethylacetylamide D& ZFH{EL
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LTWAEDFDROVIMBTET— AL MLV KRS TLAREST O ENARTHDS &
ENTVD 2, LIER-T, AU ~—RENENT 2 & < LB PMOZ #3453 T8 P D PNIPAM =
ANDEB KRS FE2ES . DT PNIPAM & K5 T & DHAMERZRE L2k R,
PNIPAM T BUAMEEZHOE LV E N T v 7 T2 B2 L5, FRT., MBEFL HICFE T
CMC OEEFTR, IEAPCHASHAY L ORNEEEITRZR D, FRCEEMREILER
br v & MBALETFTHEBICET T, ZHXPEORY v —407 THER SIS T BVEER
NERA TG L0RBAERTHEIEE - TVD DK L, MEEMFT T
PNIPAM DBELEITAE S IGEIC L WV BIZEE L TV A Z BRI LTS EEZ HND, ZD
TEARDOEEICL > TE L OB SEESMERH IR E < | E8 F Tls/ARICIZ b
TWB ERBEEnD,

VLY DEEN G2 59 2 L OFE ) FE R Dh ~ORE 2 MG & KR4 DRT7
TH#E L77, Figure2-5D T E L OFEIIED 5T I B/ OELRED 25°C (Dh:20~30nm) &
D% 45°C (80~ 140nm) DHRKEL | DEDORY v —nbEET S I BANLMEICLY 2

EARTOBRELEUDH I EBRENT,
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Figure 2-5. Fluorescence emission spectra of pyrene in the aqueous solution of O-2 [PVBC-g-
(PMOZ)o1]s9-b-PNIPAM324 at (A) r.t. and (B) 50 °C (polymer concentration: 0.05 ~ 5 g/L). (C)
Plots of the fluorescence intensity ratios Iss:/I372 vs polymer concentrations. (D) Dh of
polymeric micelles from O-2 in the presence and absence of pyrene (the polymer concentration:
0.1 g/L). (E) Fluorescence emission spectra of pyrene in the solution containing two homo
polymers PNIPAMs3; and PMOZi47 (the feeding ratio is equal to the composition of the
copolymer O-2). (F) Plot of the fluorescence intensity ratios Isgs/Is72 vs the concentrations of

the mixture polymers.
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LCST BESZEM: [PVBC-g-(PMOZ)]-b-PNIPAM O $EHS EEAF B E

A F A OTINC X % AKEEHRT T PNIPAM @ LCST Z{LiZ K< M6 TV D23, A<
e CH Y 7 AEOFMIC XD LCST ~DFEIZ OV T [PVBC-g-(PMOZ)]-b-PNIPAM (ZfE /R
PUTTEE LE, KU ~— (0-1) K&K 1 gL, EHIE (KOH, KCI, KBr) KEED 0.5M
T B L ) RBRAREFR L, BRRAEICL Y ENTHO LCST OELEFHE L7z, £DIF
PERSHEIREE 2 1 0 IR O I M ICTRE L, SRR E OB b 5T RISE DR b RE
L=, BIEOFEER, SHOWRMIZ L Y PNIPAM @ LCST 2MEF L7z (Figure2-6), 7 =3 > % Br,
CIDIEIZ 29°C, 27.5°C & LCST IZ/h&< 720 . KOH OFMTITEBLU T O 22°C TERZT
L7 (Table 2-3), & HIZKBri#E# 0.5M, 1 M L&Em®H DT & TLCST #8275 °C, 25°C L&
FLi, ZOEMIZEEBEDCREE VICL > TERBEEMIZ LCSTHAMET T VI @EL —K
T3, THIEREREEHEVWI LN, KR TEBIBREHHA TV REVPEEDL LWV
5z L LRBENLTH D, MUOKFRES %2 L OMER KA 45 PNIPAM OBUKMEE(ERA

Table 2-3 Cloud point temperature of [PVBC-g-(PMOZ)]-5-PNIPAM (O-1) aqueous solution

with potassium salts

Csalt
(mol/L) KBr KCl KOH
0 34°C
0.5 29 °C 27.5°C 229
1.0 MSC - -
A) 100 4 g) 100 1
"1 (8)"2 ]
g 80 9 80 A
o /01 KOH 0-1 o 107
2 60 - 2 60 -
£ 50 - £ 50 -
E 40 - E 40 -
g 30 A g 30 A
= 20 - = 20 4
10 - 10 -
0 = e 0 T T T . A T T '
15 20 25 30 35 40 20 25 30 35 40
Temperature (°C) Temperature (°C)

Figure 2-6. Cloud point temperature of 1 g/L. [PVBC-g-(PMOZ)]-b-PNIPAM (O-1) aqueous
solution as a function of added potassium salts (salt concentration:.0 ~ 1 M).
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FEH. BAFEEET S, SEHAWET =42 Br, CI. OH) bR EEERA 4
T, LCST 2 FFAZNZEhOEN S RITF 7~ A4 2R FZ—RFIcHE LT ERT 2% g

7o

THEBSEM: [PVBC-g-(PEID)]-5-PNIPAM > LCST-UCST BB Bt

Figure 2-4 @ XRD IZR 515 X 92 PMOZ M bAIKSARIZ L 0 L S h/-< LA PEI
ILEREREDIRABD E-1 77D E-5S DT RTTHREEELZ L > TVD ZEAFBOVLESTH S,
PEI DB 2ROV L DN Z OFESMZEE ) & LB CEETH D, MBS KE
BRPCT—EBMELEPEINGHIT AT TRFICIVIRA REA 740 V=2 b2 T /A X
DREREBDZENTED 78, AREHROI XTIV E—va v O—ME LTPEIDOT ./
R EMERT L — e LTU ) BT ¥ VEEREERT 2SR S 5 3,

AR D% %2 PEL & PNIPAM ZA G DRI FREHNI LY =V FRISEEEZF
ZLMBHIFFTE D, PELIZMEA L2 KBIRICHIETH 553, BR T TIXEO/RRLIC L ) RE
HIZ2 D, DF Y PNIPAM & IZRZI OB (UCST) &#fbH. & 5T PEI BRI AR IC AR
THERPHE ITEEEORETIIRRLT 22D L2V,

ATH TIIKEEIE T O [PVBC-g-(PED]-b-PNIPAM @ LCST-UCST —EEULEMEZHE L7z,

Figure 2-6 {2, PNIPAM =i /L0 DP % 324, < L7 PEI  PD 7% 65 T 5 E-3 % et AR AE

Aa
c';s' ci=

(A)

i 50°C
N . S0YC
L A__35°C
e A 30°C
) A2 25°C
5 4 3 2 1 0 5 4 3 2 1 0
Chemical shift (ppm) Chemical shift (ppm)

Figure 2-6. '"H NMR specira of (A) protonated form of [PVBC-g-(PEI)ss]se-b-PNIPAM324 and (B)
free base form of [PVBC-g-(PEI)ss]so-b-PNIPAM324 conducted at different temperatures in D;O.
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(pH8) BL VT h1LIREE (pH3) THEIE L7z 'HNMR A7 hLER LTV 5, HEBEE R
RBOIELH 7% DO R TT0°CITMALZNLHREML, KW TERE THHILEZ, AR
L= 7% 'H NMR JIEIZ & U ZIREICKT 2 EDOE(LZBH 3% & Figure 2-6B (2R
T X 51T, 25°C TIFBEN Tz PNIPAM D A F)LEIZHHET S 1.0 ppm DO B —2 3340 °C T
IEFICHI ooz, TRIRIREED 40 °C 2R D L. E— 7 NEAITIHE L PNIPAM A3iAK
FUBAKENLELAEZLERLTNS, SHIZIRED 50°C ¥ TERT 5L PEI EH0D
CH2CH, IZH2HT 5 2.53 ppm DB —2 TH D C DMBENRBE R LIz, BEN I BIZ70°C IZEF
THE, E—Z3HEEFICELS Rolt, ZHIXPEI BMBA XN KICERTH20THD, Zih
BOREFRIZ, PNIPAM =24 VAMEIR E LT LCST 4L, < LB PEIB UCST 273 &5
TEOBYSEMERL TS, < LA PEI BEBEMZ 7o b AL ShizREEDSE . PEI E
®D CHCH2 IZ & B B —Z i, 30~50°C LT 3.3ppm (ZHAL 5, F7z PNIPAM @ 2 F /L5 CH;
I2X% 092 ppm O E—7 ik, BEM 25°C 235 50°C I ERTHIzon T, FEHITTHE ooz
(Figure 2-6A),

E-3 DiEEEER L 7o P AVRIOBREME T A 72012, R UEE 1.0 g/L TpH3 (&
BT e b AGIREE) & pHS GEBEHEEIREE) O 2 SO E2 KBRERAB L-, Zh bOKEE
IZB T DR 500 nm TOFEEFEZ FE Lz, Figure2-7A 12777 X 512, 30°C Kl TD pH3 @

AKIERITHERED 08%LL L TERTH A DT L, 35 °C TILEREN 0% ETIETL, &5

(A) (B)
f pH3 : pH8

-
-
o
o
o

Transmittance (%)
8
Transmittance (%) _.
(o]
(4]

80 —— At tp——r——
25 35 45 55 65 25 35 45 55 65
Temperature (°C) Temperature (°C)

Figure 2-7. Turbidity curves for the aqueous solutions of (A) protonated and (B) free base forms
of [PVBC-g-(PEI)ss]s0-b-PNIPAMa324 (E-1) solution at A = 500 nm (1 g/L)
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\Z40°C FTERTDEBO%ITEF Lr, TDHILT0°C FTHEL CTHFBENIFEAEE
L7 o Tn, TAULPNIPAM A VR 35°C x5 & a7 & UTEEL I BARE
T 5 & AR LT D, pHS DAKBEEDOEATE pH3 S 13K & < B D EMICEUGE L TWD
(Figure 2-7B), pHS8 O E-3 /K¥AWE (1.0 g/L. MBS CHRE L 720 bITmAD) 1325 °C THEIEE
98% S FITHEATH Y . ZDEETIEL LE PEIOREBR IR E L o7 2 & 2R LT
W5, ERIREED 30 °C Z#E 2 D L FBBEIIRAITME T L, 45~50 °C AL THRADATH D 93%
WE L, TO%BINEE KT 5 & FRERITHIER A~ L8 T 70 °C T 98%12720 . < LA
PEI ¥ 2352 2T KR LI dREE TR KM = L & B L. PNIPAM =1 A VDS BOKME & 72 o TR
KERTERELIZZEARELTWD, I ZTCTHEDERSE 70°C TOFHEIL, FEBEIZIX
SESERERIZLD, BTEIIZRIETO PNIPAM 2 A LOEMHEICERTHHDOTHY | #
1L 70 oC THL LA PEI OVERMEIZE 2 6D TH D, LIzii> T, PNIPAM 214/ < LA
PEI 76725 L-aA VBT oy 7 HESEITI ZEFUSEMEELF T 57217 T2 <, pH bk

BB ENWZ D,
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2.3.3 —HEBREM: [PVBC-g-(PED)]-b-PNIPAM Ofii)7 > 7L — b & L TOFIH

890 /126 324 / 91 324 / 65 74 / 91

cooling

Figure 2-8. SEM images of silica hybrids obtained in the presence of aggregates formed by
cooling or heating process of the different the [PVBC-g-(PEI).]so-b-PNIPAMm (m/z) polymers in

water.
TEBAMEEESEICBIT B LA PEI O ZEOBSEMEE) L AR E ZREET 5720
i, BARZBETO—ED 4 OOEEESMHEL E2, E3, BLOES ZEAL TV Y 1EELE
Tole. ET. BEN 2.0 wit%lZ72 5 & 5 IMBRE CHEAHRKEREFAR L., BREE
RIZER T TAH LACHEBRLSE-%. ZOAB L7-ERiIc TMOS 27 L, 2 R L
7. PEEBICEIN S -t % SEM B2 )T 7= (Figure 2-8 A-D), EE TR Bk 03k
BAGEEEEMEL LT, TORECRIGEEZY Y WIXR UROEEBEZR > THWD I EH
bind, ZHIZBKICEMREGE L XEAED B Sl L TRBEORIZZY, U I
RESNEZLERLTND, KT LRICEREAETS. 65°C THT 25 HEEICIET
VBT OEEA L 2o 7=, < LB PEI & PNIPAM = A V&1 2 7o T T OLEA RS INEASEH
TCERR I BAEERZ AR L, BETIIFERONY FVEERT S, BLELEEOZALD

FSBEEIT PE] O ML L TOBX 2R TV I HICEEESNZLOTHS 52973, “hbh
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RIS EES T LB FEEAEPED 2 EICL Y BELLZT TH AR

HTOEL 730 o—52HHTEAZLERLTVND,
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2.4 B

PNIPAM =1 /L& < L PMOZ $»5VMI PEL 2 AT A ZEHBAMES L-aA/ 7oy 74LE
A1£1% 4-vinylbenzyl chloride & N-isopropylacrylamide ® RAFT &, 2-methyl-2-oxazoline D7
FA4 L BEES. B XU PMOZ OBROIBEIENMAKGROMEAEDLHIC L > TR S, <L
#1 PMOZ & PNIPAM A VA EHT AL L-aA 7 1y 7 EERIE, KEHRT T PNIPAM (2
B3k 2 BIFRBUSEMER L, BT A ELRE LT/ IR T 5, BLVREE L
. < LE PMOZ & PNIPAM = A V% 2 7= [PVBC-g-(PMOZ)]-b-PNIPAM [F/K TN TE
NENDT 1 v 7 Py TN TESINRAKRRBEIEZ L, FRAIZ PNIPAM =2 /VIZBUKTEE
BHz4, LENRoT, BY~—EBEN CMCIGET S &, HEAKRIIFBREMES S FO X
o T v VI EAEBET S, PNIPAM ITIMEA F 7207 C72 < BUKME PMOZ & D2+
VR & o THBKMEIC 2 A FTEEMEN 5 2 LD OIXFBREVER TH 5, ZOEEISF
PBEOEN LBEL s/ WVEEORAGDE LV I ELS FREADPRIEELT0D, 6
|2 PNIPAM 2 & % LCST DfEiZ. PNIPAM & XU PMOZ DL S DUVNIEEEIZ K-> TR
2B, KSR D PEL/PNIPAM (X L/ A L) % CiE, AU T I TH % PEL 21 VTR
CRERMEE R L, HEAKITILCST B LU UCST @ —EHLEMESE pHIGEMEEZ R LTz, R
7 3T D PEI & BYSEME PNIPAM % < L-aA VAN G OE 5 2 & THREDREIGE

WEETHNFIREERTF LD, w1

3
v

HRR DR FH I EA R OB K & 2245
IMEEE 75T 2 EIEA 6 TH S, PEI OFEEMEITE CAMICK DT 7 A =R D
FRIZ. PNIPAM OBUSEIT a7 & = VERR I BV OBEICHT ST 5, T ORI, BikiE
FElZ L 0 7L L— MEE L ON-Off SEDHREZFF O, Y7 PRBIWELEIANATY v

R Ao FRRNIC kU TR G EAS 3 5.

41



2.5 Support information
CMB % RAFT #l & L 7= poly(chloromethylstyrene) D& ks L U< PNIPAM OLEEIZHIT

HEAEOFEES V-1, N-1 2HIICLATIZRRT, #EICIREEZ AV, RAFT RinO ' —7

BEVEICHR IR LEMEEZRE LK (A, B), £/ PMOZ OEEEFHEIL PNIPAM ' —7 2%

# L LT PVBC £ TAE L= PMOZ O 0 iR LEHEZEH LK (C).

(A) V-1: PVBCge-CMB

= i |
5 . 23“(; 1:5=22.88 _1.:n
2H ' 2H
S n=289
°] £
= a
. b
551 1 I
i . sl 3
Tk 70 60 50 ) 30 20 10
X : parts per Millica : 1H
(B) N-1: PVBCgq-b-PNIPAMgg-CMB
" e
L q=190,592 _ g9
b:d= e =89:m
1 m = 890 ’

S Y

50 70 60 50 40 30 20 10
X : parts per Millien : 1H

(C) 0O-1: [PVBC-Q—PMOZ-] 26] gg-b—PNipAMSQO
= - b ':‘
B
f ‘S"Kg

abninlance

i}

d:f=12.3925 _g90:89x y
iH 4H
3 y =126
;:'5

|

80 70 60 50
X : parts per Million : 1H
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0.07 ~

0.06 - —— PVBCgy-b-PNIPAM;,-CMB
© 0.05 4 B PVBng-b-PNIPAMn
[&]
& 0.04 -
2
$0.03 -
el
<0024 ®
0.01 -
0

300 400 500 600
Wavelength (nm)

Figure S2-1. UV-vis spectra of (a) PVBCss-b-PNIPAM724-CMB (N-3) and (b) PVBCso-b-
PNIPAM374 as macroinitiators (N-6).

DPenipam / DPpuoz

324/ 21

74191

5 10 15 20 25 30 35 40
2Theta Cu Ka (degree)

L} Ll L]

Figure S2-2. Powder XRD patterns of [PVBC-g-(PMOZ),]so-b-PNIPAMy, (m/z).
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DMSO

Chemical Shift (ppm)

Figure S2-3. 'H NMR spectra for PNIPAM (1g) before (a) and after treated by 3M HCI (25 mL)
at 100 °C for 3h (b) and tratred by 5SM HCI (30 mL) at room temperature for 24h (c). There were
no changes in spectral and integration ratio especially in methine (N-CHMe2) in the three cases

indicating that no hydrolyzation took place.

(A)25 (B) 2
20 15
215 - Polymer conc. -
@ 5g/L - 1 A
: 3
£ 10 1 0.05 g/L = : P —
5 | 0.5 -
0" T T 0 T T T T TTTT T —Tr—TTTTT
350 400 450 500 0.05 0.5 5
Wavelength (nm) Polymer conc. (g/l)

Figure S2-4. A) Fluorescence emission spectra of pyrene-loaded PNIPAM334 solution. (Polymer
concentration: 0.05 ~ 5 g/L.); B) plot of the emission ratio of 1372/13ss.
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Fig. I3-1. Selected examples of
Stimuli-Responsiveness
nanoparticle morphologies (column
1), physical/chemical stimuli (column
1), common responses manifested by
shape, color, and dimensional changes

(column III).

polymeric

ERBICONTESFREMRL 2 A WRIEE~ LB 5 24, — HIX T IREFERIEE (LCST)

LIEITh, KEIE LD E LEEEICER L QWSS THBEREBEEOREY & & biIThEbd

LZEUSEMED - R WS 58, il 2 1E poly(N-isopropylacrylamide) (PNIPAM)X> poly[2-
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(dimethylamino)ethylmethacrylate] (PDMAEMA)Y®*, poly(2-isopropyl-2- oxazoline) (PIOx) 332 72 &
AR LCST BOESF & LTET b5, EDOHTH PNIPAM iZZ=R T 0K TR REMRIES
b2 b 32 °C £ T LCST %8 %777, PNIPAM [3MNBNC ) AKX > T/ rEa—
MEB L, KIZRIEEL 725, PNIPAM O X 5 IS TRELRBEB 2 X DBISEARA~— b
) w—i3AEL AV B, TR HDLCST A U ~— MRS ESE DI & - THEICHI#Ed
5 EMHsES 337, PNIPAM 2 S 0BUSEMR Y ~—0 B CHBMLEIISEEET 28, £
O THMOBAMESEIZ X - THE N7z PNIPAM EH 5\ \id PNIPAM BIoEtE 7Bkt
Ay F—BILL>THRENZRY v— Y —L20FITL 2L ¥ HIrPEEELETD
PNIPAM &H Y v —Y — LOBFEHFI THEDNEEDHIZ PNIPAM #H% 15 L2fliTlE S
TR,
BEATFOHCHARLIC Lo TR

M koeN 7 8 U — % P KAMICEE

‘“ﬂ'ﬂ_ ;5 [“: fi\ %ﬂﬁ% {EIS Pk] Ip.‘ﬁs {[: -C ;&%EFE %. ﬁ : PEG-b-P(NIPAmM-co-UPy) Core cross-linked glasais::ego::mws

micelles
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Figure 1I3-2. Core cross-linked double
— R AR AR AT H Y . BEEREAHEE  hydrophilic block copolymer micelles based on

multiple hydrogen-bonding interactions.

BRENNIZESFIED L DRB~RED, £D

72 DN T & 1 P— ORI ITRBIRI AN B 12 "Switch ON"OIRIEIZ L 2T hidZe b7an, #
B POSEAME T T -V = T )R F ORISR EIC X VR LI BT 2R
BLSEAFERD D, BBIERY =— I B/ULREFBO I BATEP L DS R BSE &
B A REEHOT L AHEK S, FlZ1E Chen 5 Upy (2-ureido-4[1H]-pyrimidinone) {HIEH % #F
I & T PEG-b-P (NIPAM-co-UPy) OEYLE a7 -V = /v I B ZREL S B - £FUKERE
RY v —RIFERE LTS (Figure [3-2)%, ZZTEIBLaTEERT DT L TRILEZE
BA R LR I EAMERRESE . BRBRO I VIEREY TH LU TFOR
. HRHESETREE 720 . ESEMEE L COBERNERLTWD, MATERAMEL WD

5 REENEEME L OBFMEEZBED TVWD, 2 BLORR-CHELRFICARERZEH L2
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CEBAVEBHIB AN R HOR, — Rt “he

reductive

o r R-CO;H vi . "
FTHREFNIDR2, O\NHSstor (0 R'-CHO
R-}_N/\*X bk teophilic
. £ o
E 81k poly(ethyleneimine) (PEI) 1% UCST %! OJ\!SH 0 |a ‘Pn"\%"" m“‘:“’"‘*‘x J *Fn’\-{'“"

DRELEEZF LEBSTFOOLES2TH D,

R
ring-opening
R+"/\‘+x " _addition / (@ &”"""
R'O
PNIPAM & 272 ¥ PEI I 60 °C LA EDKIZEE i R.FN,-\,}.X
RO" 0 R-{.N,\_,!.x
RL, -2 bERETTARETHZLT Py

Figure I3-3. Chemical transformation of the
fEdfbt 5, PEl RESICHVEE TH MK,  amino groups of PEL
TIVHFELTWERI 7 I 0o—/T, bEHRARE LTS MRS REF o0
BRI, 7TVT b FRRBEMBBREOBTHT ALV LI2BEERORE LR S
(Figure 13-3)%, F7z PEl I _EHREMEOEGH L OIKIZ L2 7 MERFAIETH D, BT
PNIPAM & iR PEI 525722 2 BUSEMET ) SV R PEIFRE AT 7 VLT 2 FEBHZ RS &
THIETERLESIND D Y, REMEME L <AL T AT 4 INVGFEIZBOTORMAIC
(X 200 nm LA FORBED S DOHRLEELWA, ZOHEITH 500 nm OKE 2B F 2R L TU
Do ZODIENFIBISEMER Y = —NOAREINIEE/A T V= OBEITH DD, BEHIZL-
TIEF 2a—=U T E2T3HNXIE LA ERY,

ABFFETIL LCST % B2 PNIPAM =4 /L & UCST % %2 PEI < L% 1> _EBYS &M
W7 IIRRY v —TEARY TS, SHICHET T VRRY ~— 3BT 2 2 L TERVWEE
@ PEI$}J@ & PNIPAM 2 TIZ L ARV =—I A ZEMT D, ZOWEZFIHATHIE PEI 24
BLESEDZLTRUEE T ) W TN ER/B LB TE D, AR TIIEBA L L TEAM
N,N’-methylenebisacrylamide (MA) & Bfi7k{% Resorcinol diglycidyl ether (RCGE) % 3&R L ZE4&H
L PEI £ OB CRBRIGEITV, RY ~v—IkLDOY = /VEREESET (Figure 3-4), =D
FISIZ & - TH LD BAKMET / RLF O PELIZZESGIZ X 0 @R ER RV, K~OBMEER
Y, ARTEARY v — I BN OEWE L -BYSEMERET /) 7 72 PZEOARIIC PNIPAM
$47 inner brush DIRFBITIETET 2 Z L ICHKT 2BUSEEBIZ OV THE T D, BUSEIZL Y
PERENL T -V 2 VI BANEEREIND T/ AT BMITA NV Ly KRS0 —T

ELEERTHxRY V7 L LTOREIZRLT, b7 e LTOREREBRO (MA &
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RCGE) EHEIC X W (LT 5 Z LI oW THEMIZHETT 5,

Cross-linker
0 o O
S~ Az ‘"\"’@"V%
H H

MA RCGE

3o
EQ:
T+

=
x

r.t.
RPN T e
S : heating Cross-linking heating

Thermo-responsive nano-object

Scheme I3-4. Graphical abstract of double hydrophilic capsule of polymeric micelle self-

assembled from thermo-responsive comb-coil block copolymer.
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3.2 HEE

3.2.1 AFE LUK

N-isopropylacrylamide (NIPAM, 98%, Tokyo Kasei Kogyo Co.) 13 n-hexane TH i L7z b D& H
A L. 4-(Chloromethyl)styrene (VBC, 90%, Tokyo Chemical Industry Co.) i3 ESEEIEA Z{HET
JU 3 F (SIGMA-ALDRICH, neutral, Brockmann) IZ k> TlRELL OO ZHEM LI, 2,2-
Azobis(isobutyronitrile) (AIBN, 98%, Tokyo Kasei Kogyo Co.) &% / —/VIZ X D FfEE LI b D
% L7, Benzonitrile (99%, Tokyo Chemical Industry Co.) IXBEZARBIZ L VKR L bD%
FIF L7, 2-metyl-2-oxazoline (98%, SIGMA-ALDRICH) (I#HEFARBIC L VR L2 b0 &2
L7z,

UTOREIIFHRObDOEEDEEEH LI,

2-Phenyl-2-propyl benzodithioate (CDB, 99%, SIGMA- ALDRICH) . benzoyl peroxide (BPO,
75%+wetted with ca. 25% water, Tokyo Chemical Industry Co.). N,N-methylenebisacrylamide (MA,
>98.0%, Tokyo Chemical Industry Co.). Resorcinol diglycidyl ether (RCGE, >98.0%, Tokyo Chemical
Industry Co.). NileRed (9-(Diethylamino)-5H- benzo[a]phenoxazin-5-one, Tokyo Chemical Industry

Co.)

3.2.2 JEILE

The Fourier transform infrared spectroscopy (FT-IR): FT-IR 4600 JASCO). KBr #£#4lik% MV 7o,
Nuclear magnetic resonance (NMR): JEOL JNM-ECA-600 MHz. CDCls. DO, WHIEHEH & LT
tetramethylsilane Z F|H L 7z,

Gel permeation chromatography (GPC): HLC-8320 (Tosoh, Japan), % 7 2 : Shodex asahipak GF-510
HQ + GF-1G 7B, 4B : DMF with 10mM LiBr, ¥ : 0.6 mL min’!

Scanning electron microscope (SEM): Hitachi SU-8010 (Japan), ¥ > 7 /Ud AR Y = —53iik % v U
O AN B SRR L T,

Fluorescence spectrophotometer (PL): FP-8300 (JASCO)

Dynamic Light Scattering spectroscopy (DLS): FPAR-1000 (¥ 1)
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UV-vis spectra (UV): UV-2600 spectrometer (SHIMADZU) /v F = 2R E (CPS-100) &AW
TIRERBEEZITo I,

Transmission electron microscope (TEM): JEM-2010 (JEOL) ALEEEIE 200 kV TEHE LT,

3.2.3 “EEAMER Y = —[PVBC-g-(PED)]-b-PNIPAM D5 L
1) PVBC-b-PNIPAM VU7 12 v 7 JLEHG KR DGR & Rl
EHYSENMET 2 v 7 O PNIPAM 28— 7y 7 & L TEA L PVBC-b-PNIPAM D&KL E F
FHIR =T FEOBREIEEZ LU TICE T, <27 1BlfaAl & LT PVBCy,-CDB (V-1, 1.00 g, 0.1
mmol), 7 P H/VEEAHFIE LT AIBN (4.8 mg, 30.0 pmol), &/ ¥ —® N-isopropylacrylamide
(NIPAM) (6.58 g, 58.3 mmol) % > = L 7 EIZEVIRY . EHED 1,4-dioxane (11.0 g, 60 wt%) T
SEAVRRSE T, FEVTHER - MR - BUMRIC L DI RREL 3 ER VIR b &, Z OB
% 65°C THEL T 7O BEAIGEITo7c, FOGHIZ THE THAR L, @RIa~TY - H 5
IVEFNT—TIOUCE T4 5 2 & TEILBRER A 4 BT o 72, FERIEIE 40 °C TINEEIL

w . HEEBREET, (N-2,Yield: 3.4 g. GPC: M, = 40,000, PDI: 1.13, DP = 324)

T ay s HEBSEKRROF A I NR =N FFEOREZLLTO®YIT o7, 100 mL A
7 5 A 2 RR D VBCso-b-PNIPAM124-CDB (Mn (NMR) = 52 kg mol ') (1.0 g, 0.2 pmol of CDB end
group) & BFI72 BPO (0.124 g,0.39 mmol) 2 &V ELY | ¥IED 1,4-dioxane (60 mL) Z 12 TH4
ST, RINEKRERIRT 1 REOBEEAT I VI E2To0b, EREDOERPELIC
725 E TEME 80°C T 1 BEE{T o7, RIGHIE THF THAIR L, @RIZ2~F P AT LTHE
IEMERLA 4 BT o 7-, FEEALIT 40 °C THIIEEERZE L. ABMEKRE[B (B-3,Yield: 0.82 ¢,

GPC: M, = 42,000, PDI = 1.43),

2) |7 T R Y <= —[PVBC-g-(PMOZ)]-b-PNIPAM DG %
75 2 HR Y < —[PVBC-g-(PMOZ)]-b-PNIPAM (34 F ¥V U v Oh T REEES L M

WTARR L7z, PVBCso-b-PNIPAMsso (0.504 g, Cl: 12.8 umol) & KI (0.29 g, 1.74 mmol) % 100
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mL TRTTRAIZEY LD, T TRINORREBIEZIT > 2 RITIEEW % benzonitrile 40 mL
WA LTn, & 51T 2-metyl-2-oxazoline (7.5 mL., 87.3mmol) ZA1Z., 21 K], 120°C TRu %
o717, RIS#IE CDCl TABR L. 3[4 diethyl ether IZFHILE S 72, BR LR Y <= —3BJE
gy UEAEAR A EIN U, ReWE BT (cutoff 1000 Da) T4 B, /MNRIZAZ /—dH
BHUNIBEA A AKIZAZH L 72N DR AT o7z, 7 T VIR Y = — [PVBC-g-(PMOZ)ss]s9-b-
PNIPAMau (X EEEZIRIC X D BN L2 (& : 2.996 g), A (Dp) i& 'HNMR (CDCly) DFE

SEC LV EE LT,

3) BRMA SR L D ZEHBEAMNR Y ~—[PVBC-g-(PED}-b-PNIPAM D& HL

F5517% D [PVBC-g-(PMOZ)ss1s9-b-PNIPAM324 (1.5 g) & 3MHCL24 mL % 100 mL 7 A7 7 X 3T
Iz 7, WA 1B, 60 °C DA A WS ATreflax L, S 5HIT 5K, 100 °C THASRE
1T T FUSERBRIONE S iAo A2 K UTERTIE (cutoff 1000 Da) T—HRER L7z, Sb6iC
HEEERET S0 T UESTKER (28vol%) FT— R EBICEBRATHEIZE O ETH
LA VAKPTEZRIE, B ETo/. BRERY TH 2 AEEEITHRMERERIZI Y EIR LT

(Yield: 1.149 g),

324 BUSEIZ LB I AR LEBANE ST/ 72V (i-CLM) OHRK

BUSEIZ X0 B LntE 7 T L BIR U = — [PVBC-g-(PED]-b-PNIPAM (E-3) & AF L
VERT 7 VT R REEREEENVE (NH/CH=CH-) 2:1 TEA L, IB/MRETY = /VE
DEEFEH T OEY T, 100mL T A7 T AIIZE3RY~v—50mg ZE VY, ZNEH
A A 2K 25 mLAZAEL S H . 65 °C DA A N AN THENT 5 2 & TPNIPAM =27, PEI ¥ =)L
B 2 TR & B DML X7, = 212 N,N-methylenebisacrylamide /K¥EHE (56 mg (0.36
mmol) ®HiA A 7K 3 mL \ZEEME) B A T21%, 65 °C T 24 RS S E, UK TH, =
B 72 - 12 RISRIR & BT AR 3 B RIKR CENBE 21T o -, FBRERERZRICIY

A EI L7 (i-CLM-MA: 43 mg),
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FEIRRICBUKIESRIGHR] RCGE = W o a Oa ik # L TIZR <%, E3 & RCGE & OZ4E
&% i-CLM-MA #% & F#EIZ, BReEE/LE (NH/epoxy) 732 : 112722 X9 IZEE& L. BT
DEYVIT>Tc, 100mL F AT T AT E3 R Y <—50mg &V EY | s F Kk 25mL 124y
BEHE, 65°C DA A NANRATMEATEZETIBARR~EBCHBESER, 22
Resorcinol diglycidyl ether & (0.080 g (0.36 mmol) % A &% / ~/)L 0.3 mL [ZI&fR) 22 /-1,
65 °C T 24 BFRARUG S /T2, UG T, |IRIT/2 > HRIGER 2 BHTFIC AL, 3 BRIAS

TENEREITo -, RERGEFBREC X 0 EERZEY L7 ((-CLM-RC: 49 mg),

325 7/ B TR OFE

i-CLM @ LCST §HliEliA Z > Az LY 1 gL OWRERE L TiT- 72, RIEOFMIT 25-
70 °C O#BH CHIE L7z DLS IZ L W iT -7,

i-CLM ~BUKEBRTHH T ALy B (NR) OFETLL FOBECIT -T2, 7/ A 7 EL
(i-CLM) KB (1 g/L,2mL) & NR & (3.8 mM, 50 uL, MeOH) #EE& L. ThEZBEAEK
(NR/A-CLM) & L7z, ZHEEEHETDHZ ECLD 25, 45, 65°C I2BIT 5 i-CLM DB/KME

BRBE 2 3Hm L 72,
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33 MRLER

3.3.1 BAMEFZeF ) 7BV i-CLM-MA OA L& ik

[: J b m
NIPAM BPO * nﬁ}'y
NH
at ao °c at 65 © at ao °C A
in Dioxane in Dioxane in Dloxane

PVBC-CDB PVBC-b-PNIPAM
N= & #
'\/o * ﬁgy} m * b ) m
n
Kl, MOZ NH  3mHcl NH
- AN — A
in Benzonitrile (o] at 100 °C
N-’( H

> e

[PVBC-gPMOZ)]-b-PNIPAM  [PVBC-g-(PEI)]-b-PNIPAM

(8] 6 d ~ fk& 9 °
"o H H H XE/\)LnANJJ\/\;?\
)\ Heating MA H H
e —_—
\SN., ’ 65 °C, 24h
e Micellar aggregate
[PVBC-g-(PEN)]-b-PNIPAM i-CLM
Thermo-responsive - Hydrophilic cross-linked micelle

copolymer
Scheme 3-1. Schematic representation of A) synthesis of double hydrophilic comb-coil block
copolymer and B) capsulation of polymeric micelle self- assembled from thermo-responsive

comb-coil block copolymer.

RAFT E&IZ X Y ARk L7z PVBC-b-PNIPAM ~ 7 11 Bi#4#l (PDI<1.40) % VT, PVBC E#
@ Cl E# K5 A & LT 2-methyl-2-oxazoline (MOZ) O H F A L BHBREASZITV, S HIZ3M
e % FAVN T2 NS X 0 PMOZ 25 PEL ~ & BIRAYIC AR S LD (Scheme3-1A), 5 2 TR
RIZEY . KSR D (PVBC-g-PED)-b-PNIPAM 37K FCMNEL S Z £IZX Y PNIPAM =27
% PEI V=V TBI B TESTFIBAEREHRT B, Z0L %I UVREICIZEBR SO RKE R
7 I v (NH-) %8 PEI BEEFEET S, € 2 T Scheme3-1B O X 5 IZAIE THAKL LT E-
3H A NERNTHRY w— I LD = /LB T N,N -methylenebisacrylamide (MA) % FHV /=28
BIZL Y I ELDOEELEIT T2, Ktk 7SV ZROTF TR 6T, mEE L FERO

SEIRREEE R EEThoTz, ZTHIEI EAVHORBRIGHEZ bRV EE2TFRY 5,
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BTSSR & BRI 2 TR D2 EFPIE XRD, 'THNMR, FT-IR I X 0 #ERE L.
BERIGHIOE T 7 L EMER Y ~—i3 PEI < UBEICHER T 2#5&EZ 7 L. XRD #IET
13 15°~30CICET E— 7 BB D, L LEBRGRIZARY—7 380 T, TELVT 7 A
RETHD T LR ENT (Figure 3-1A), PEI 3% ® 2 #7 X > (CH.NHCH) & ffdaKE @
MEERIC L VEREEZRIRT I, ~ A ZIUIIRIGIC K 22846 RS T PELE®D 2 /&7 2
VICERTZUNAT IR (MA) AEAZNDZ LT PEI HOW Y BT K BERMEN KD
hiztEx2 b5, FLIR JEK & 2ERE TIX PEI FOFE KT I > (-NH-) ke 2
93251 em’! OWRILASZEME R IXIE S L, 3030, 3291, 1383, 1521 & 1671 cm™ (ZZR4GHI MA D
7 2 FEICHRTAREI Y — 7 BF Bz (Figure 3-1B),

BBESIZ XV MA 1 PELICOAHEA X, PNIPAM (ZIXRUE L72Vy, T OFET Figure 3-
212 R L7z 'THNMR BIED S EBATBROE— 7 BRI X VR TH T &N TE %, Figure 3-2D
Y Figure3-2C {3Z84GRiD PEI R 7 7 VBB R FOF ¥ — FTH D, THLHL25°C & 65°C
KBTS D0 FORARZ b EFRLTWVWSA PNIPAM ICHXERT 514 Y Tr v E
(CH:CHCH3) @ * F/LEZRT 1ppm O E— 7 IZB{LA BN S, 25°C Tid 1.02 ppm (He) (ZH
NTWABNESRE—7 120, Bl%E 65°C £ TMET 5 Z & T PNIPAM = A LD BKFIZHE D
BAILIZ LY BE— 27 LT B, 5 LT 25°CIZmAIT 5 & PELEHD A F L & (CH,NHCH))

%34 2.8 ppm (Hy) D E—7 1% 65°C I[ZMBAT 5 Z & ThbdafE PEI OEMESIEL, v—7 i
(A) (B)

5 10 15 20 25 30 35 40 4000 3400 2800 2200 1600 1000 400
26 Cu Ka (degree) Wavenumber (cm™)
Figure 3-1. A) Powder XRD patterns of [PVBC-g-(PEI)]-b-PNIPAM (E-3) and its derivative of
i-CLM. B) FT-IR spectra of E-3 and i-CLM-MA.
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65 °C Y ! }
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Chemical Shift (ppm) ppm

Figure 3-2. Temperature-dependent '"H NMR spectra of reaction tracking of i-CLM-MA in
D,0. A) [PVBC-g-PEI]-5-PNIPAM at 25 °C, B) [PVBC-g-PEI]-5-PNIPAM at 65 °C, C) i-
CLM-MA at 65 °C, and D) i-CLM-MA at 25 °C. The spectra were recorded against the
external standard of 3-(trimethylsilyl)propionic-2,2.3,3-d4 acid sodium salt in D2O.

EREKLT- (3.0 ppm), T Z745 PNIPAM 217 & PEI = V@ % b O® 0T I B ORFRH
RIE XD, BBEUGIEZ DMBREE TIT oL, RIS 65°C 1231 5 'THNMR Tid#H72(Z PEI
ICHASHT- MA DAF LU E («CH, 2H) D E—27 78 4.4 ppm (Hy) (2B 7z (Figure 3-2B),
— 75T 25°C |2 EI 1 PNIPAM @ A Fv3 (1 ppm) BEFUHINT (Figure3-2A), EI &L
(i-CLM-MA) &z M#vd 5 & PEI REEL R U X 91 PNIPAM E—7Z i3k Lz, 2Dz &
> HEEE R B PNIPAM BSROBUSEMERHER S D Z LB L MNICR o7, A T 2228
ppm (ZHi7- 2 B —2 BSHIEE L7, Zhid PEI ® CH;CHoNH F84{ L 226510 CH.CH, 2R L
TW5, ZBHBEEIE Hy & Ho. Hoeo Ha OFESEDEDS 63% TH D L AL - 7= (Figure $3-1 2
M), FEROFGRMH TG %Z 72 R £ TIER T 5 & 81%% TRIGEDN LR D1 7V
DK~DFEHIZIET T2 (77 7KEK). Gk, T LD a7 & 725 Tz PNIPAM (388
BIELVORANZHFEL, FORY ZEBINIZPEIMA DY 7 MRS VEHRB>TWNWHZ L

BHERI SN D,
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3.3.2 BAMES 7NV i-CLM-MA OFENT 10—

SR ENEH T ENL ((-CLM) IMEAEETOI A KRETEBINLTND, ZO i-CLM-
MA DELT + uP—E2BETHD, FrINAokGBEEY ) 3y vEA—ERH SN
CuZV vy FIZIE T LERSEZOBHIZ SEM, TEM #BlE%1To7, SEM B TIIEEEIZL D
MO HBy— hRELTEESREEDHABREKREFLE VI bOEIAGN RN
(Figure 3-3A), L7>L TEM B TIZZ b ¥ — b AER 35-40 nm, REEAT 11 nm D PZERIF-A3
SEICEE L TEEZER L TWAZ EABIESh (Figure 3-3B), & HIT i-CLM-MA D77
% 60 °C ITIB LT Cu 7Yy FIRIMFLEHA., SOV FITHEBEEZRD Z LR
Shi- (Figure3-3C), ZMDZ LiE, 1) MEVRIBIZ TR L2 I B DY = VRV IR S CER

iz, SkAaTE LTHUAD BT PNIPAM 2 A L3, i-CLM-MA OZRT T3l 7V

ORENC TAFUREETEEL, 2) I 7 EARKFTHOMB S LS &Rl PNIPAM 235K

Eh, PERFNOFRRIF~LEMLIEZ L2RRT D,

Figure 3-3. A) SEM image of the capsule (i-CLM-MA) on a silicon wafer and TEM images of
the capsule sample loaded at B) r.t. and C) 60 °C on the copper grids.
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3.3.3 BlAMED FEN i-CLM-MA DOESZH:

Large —— Small

(A)
24

. 13 -
B ©

©

Frequency (%)

S

'1 T T : T T T T T T 1 30 L v T T T T T T T T
10 20 30 40 50 60 70 80 90 100 25 45 70 25 45 70 25 45 70 25

Dh (nm) Temperature (°C)

Figure 3-4. Thermo-responsibility of the capsule i-CLM-MA in water (1 gL ™). A) Temperature-
dependent DLS curve. B) Size variation depending on a heating- cooling cycle between 235 °C to 70
°C.

AR L7- & 9IS PEL v = VB R ZRBIL LTe ) 2 B 7o R ZEh 7V ONBEICBICIFET
% PNIPAM S{IZ K - TEUSZMEZ RIS T Z L NEETH D L VWA D, £ T THLEERE
BT 2 7= K EFEEIC i-CLM-MA % (1 mg/mL) ZFAR L, BERE 2K 2250 S8R
HEL (DLS) HIE & FBERENTE 21T o 7=, Figure 3-4A |% DLS HIEIZ X 0 HIBH L= #EER
Dh DIREIZ L AE{LER LTS, 25°C TO Dhix48nm T, 45°C IZM#$ 5 Z & T45mm
12, EBITT0°CITMEATHE IS ETHT AR LIz, ZDX T/ 7T
BEEOICINBA T B Z L TRAZAMET 5 Z LRSIz, BERENZ LITHEUN25 °C ICHmEd
57 L THRIZE L OY A XE TIAET 5, Figure3-4B IR L & 51 25, 45, 70°C & 20 %
M OPRFFRF R 2 B B 72203 b Be RIS B-In A 2 4 V IR DICE bR T 7Y A X7
WHCE L LTz, AT A A ReFa=y FOESEIMRBEBERICH D, Table $3-1 IZRT
X 512 PEI OEAEHA 100 TH Y PNIPAM ESEDRLRD E-1, E-2, E-5 Z AV i-CLM-

MA O=IR T TORE% LL#T 5 & PNIPAM EEEN KX WIEIZ 85.9nm, 30.1nm, 18.0nm &
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BIBRDBINE L 725, BBBRISERIC 2 7 L 725 PNIPAM 13 F O ESER AT A X&2RD 5120
Rt bF ) TR DOY A ReEET 5 EEZ bIND, I TITFET H7KFN L7z PNIPAM &
ENIBLOREEE 25 5T, PNIPAM EHE N 324 TEE S, PELESERRLRD B-
2. B-3. B-4 # 2 i-CLM-MA OF N ENDORIR % 5 & PEI EAENREWIEIZ 30.1
nm, 48.3 nm. 159.6 nm L HIFENKE 7257z, PEIHOFE S/ PVBC THOEAKLITT
T 89 T—EDTZY, ¥ = /VEOREEL PRI RIBHOES LT 5, LY AIEMOEED
B < 725 B-2(DPppi=91) TIHEBBOEALNKEL 2D % LT E-4 (DPem=21) TIILEMEE
DEBBNEL e BHEZELLND,

i-CLM-MA ZE O R 500 nm (28T 2 FBRHEA BT 5 &, 25°C 5 70°C ~& BFEFRIIC
INET A 7 LT 90%h 5 100%~ & 24k L7 (Figure $3-2), Z U0 7 /L ORI FIEAED 40 nm
UTETREL R0l & CAIBRANEE L, KPEE LR 2ol dTh 5, WIIZ/FE
4% PNIPAM 50 (70 °C £ TO) EVVREEIH COERIZEE L PNIPAM HER Y = — B3R
% 32 °C TOFBRIEE L 1TE 72 < B2 PNIPAM O JEIRELMIE D KIE$ LCST ~D
EMEIIERETE RV LRI SN, LCST SEEHAFURKICEESND FER
PNIPAM @ LCST RBYSE A2 T VA 35 L CEER Y 7 7 X —L725, [NWOFH TOHERT
72 LCST #8477 PNIPAM 58T/ 47 ¥ = OREFIL LCST ZHl#H T 2D R0 TH KR
BE L\, % < IFET 5 LCST OFIENZ BT 2% < OHFZEF] Tl PNIPAM (2B 5 Bk
W I BT/ OBKE 0 T a y J EREHTHIE T LCST BEAHLIWVIETREEDLZ &N
ARETHDENI ZERMENT VA L2, Z 2 CHBET A7y 7 ORGTFENI LV D
FRNDENLT FuP—FHEFT DI LI L DREINEETOHEIC OV T O REE 2 RR

LTV,
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3.3.4 F 7 3 7ENi-CLM-MA OfFEHEFMRE
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Figure 3-5. Fluorescence spectra of NR probe in the A) capsule (i-CLM-MA) and in the C)
copolymer(E-3) at different temperatures and plot of NR fluorescence emission intensity (at 650
nm, excited at 594 nm) against heating-cooling cycle in the presence of B) i-CLM-MA and D)
toothbrush copolymer

+ 7 #7EN i-CLM-MA |34 7R/ OsEE (PEI-MA) O{LEFERIFFEEE(LSETIC, NEE
(PNIPAM) ZZUSEIC X > THAKMES 2V TBKESN L BLS R D ZENAREL 2D, £DT
¥ i-CLM-MA (32T T H 5 WIEEEOTODFELRY 55, BAREREEARTHDLTA
ALy B (NR) BIARGEGAZETHY  BEOBESHEET S M) v 7 AT X - TE DA

WNET DL TN TS, EOROAKEEEPIZI T 5{LFHH 5\ M EREIRE D
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B D 7= DI AN DA ML, BREG T ROMIED A A=Y ZEE LTRSS 55,
) HTEALOHEELE LTOMEERRS D i-CLM-MA ~/KTIZ31T 5BUKMES T O A
7% NR CaMli L7z, Z<AEBDONR A ¥/ —/VEEK (50 uL,NR: 3.8 mM) % 2mL D1 Z
K. BBV 2 mL OFKMEBGRE S 72 KK (1 gL) W T LT 21D NR & A KER
APEL, 2N DO NRIZK ZHIEBEZFTE L7z, 2 7R (NRA-CLM-MA) DFEGiE
i-CLM-MA %2 £ 2 WKIBRICHERTISEDRELE—Y vy 7OT7)—37 b (26nm) %
= L7 (Figure $3-3), Z#Lid NR & H ¥ & < SUNREE DRRIEDAKIZ A~ TR < . NR & PNIPAM
DOMOHEEANLIVEESNAZENL NR BT S EVICTRESINZZ L 2R L TND %
F o TN R 25 °C 025 65 °C F CEMERICINENT 2128 T NR OBABEIXETT5
(Figure 3-5A), ZAUTIRE EF & & £ PNIPAM 23 KR L, 1 70 O AEIZ UKL LT
L ZETHT BN ATHNONR DEERETL, BEEAEZEZ LD EBEIOND, HE
FAIZIEIS 5 NR DFIE% 25 °C 1D 45 °C £ TOME-BENY A 7 VEIETEST &, —
FER OV 7V TH25°CH 5 45°C IZFRT 5 Z & THATRED 700 25 200 £ TR T T 5,
FON25 °)CICET HAaOGRE LS SR LRV (Figure 3-5B), Z DIREEMNS 6 DA 7 V%
BTH NROENEEF EROKLERET, I e rnbiand Zeildnnot, £
IS DRI A =B T THE L7eBA OEEREDE(E 30 SmICHE LE L2 A S
BERAFE 121X 100 226 50 £ CHOECTRENK T L7z (Figure S3-4A), = HITMEME OISR ERE %
MZCREBICER FOKE Lz ZARNREIMEVNEEEMPIEEAERONRD 2T
(Figure $3-4B), # D72 H SN a 7RI A-> 7 NRIGBHER THREICEE SN TND &E
Z 5D, HEE LTNR 2GS MBI EIZ 0 R T IR D 2R % RS LART D BUS B
L-3A RIS B3 TITo 7o, WIRIEE R 25 °C 725 45 °C £ TLER SE 5 & i-CLM-MA
& [FIREIC NR BSREDOH0OEIETEYE L7z (Figure 3-5C), L2 ULIEA-MGEI A 27 /VRE TldaE e mE
PRI HE LTI ER & TREBVIR LD IEOENBEFE TIIREO 2oz, 2O
BTN AL BRAKYE PNIPAM 2 7 OF 4 7- LB AR BT 2 L RIFICNR 2 2 TIZH LAY
IR L TWD, EBmE L7ZBRICITBARMES ST 5 U < —ICH0 NR 2 S

NABZ & THEREN LR LI-EEZ NS, ZORENS i-CLM-MA & 7 & /Li3/KH T
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AIHENR 2GS 52 L DOTER T /Ry FEFOLVZD,

NR ZHACiA® =T ) I TENADA A —V %5725 NRA-CLM-MA ¥ > 7V 2 —BRELH§R S
®7-b 0% TEM B L=, B35 20 nm ® NR 7/ RIFABWNE L LTBRShic
(Figure 3-6A), N AEy b EiiZiZ->& Y LTI R LN, NRIFBT /) B T EAVNTH
EEHRLTVWAZERFRINE, LTI EALEEERV NR OH% TEM TBETD
L 100 nm LL LD K& BfEENR bR 2 B FOFRKIZR 0 o7 (Figure 3-6B), Zh b DR
MERT v MROF ) B TR NTBAES 2 SROCERE L. AT B RESE 5
EEAETIHZ LN RRINT,

Figure 3-6. TEM images of the samples of A, A°) NR/i-CLM-MA and B, B*) NR without i-CLM.
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3.3.5 BUKMZEFBAZ AW BUREMT /) 1 7V i-CLM-RC D& R & BuiZt

) > Q’)’:‘ 2\,o‘©,o\/fo

)\ Heating RCGE OH ¥ =

> > ;Il\\i“/o o N
‘g’ ‘. 65 °C, 24h U l(

Micellar aggregate i-CLM-RC

[PVBC-g-(PEIl)]-b-PNIPAM

Thermo-responsive
copolymer

Hydrophilic cross-linked micelle

Scheme 3-2. Schematic representation of capsulation of polymeric micelle self- assembled from

thermo-responsive comb-coil block copolymer.

AT/ ATENVDERICBOTRBRIOEREITR L TES 2V, I 7EALOHEIE, t*
BiZZOR)~—HRAXETHEBLDONRERTH D, Z 2 TIIEBEAIOBERB XIET
F ) BTN OWE~DOEBETET 57D MA Tid72 < Bk HZRE#I RCGE % A\ Ti-CLM
AR LTz, BAKHEREBRITHS MA X LT RCGE IIRVEBVREATFAVEEZRTHHK
HRBEA TH D, FISHEDE WA T U EZ W ARRICFHF O _EEIERFBAITLH 5, KETIX
BUKMESRIGER MA L OB D= RCGE #81FAI L LT PEI Y= A2 EELS®, 2GR
IS L DBEI L OWE~DK B2 A LIz (Scheme 3-2), PEI DFE T I LT
TARFVENERICRD X D IHUEAALTESRE MA L [F URGNREE - FUSFR R CIIRBE X 50%
WCBED, BBED 3% Tho7c MA L HA~D &KR - BAKMEPELCRIGE®E S &) JTH
7KPE RCGE TIIRUSEhENR TR LEZbILD,

RCGE % FW=Z2RGG % @ 'HNMR BIFE X V. RCGE R#FAICH KT 27 ==L ETn

k> (643, 7.05ppm, 4H), =F L-> 7w b (3.79ppm, 3H) OF /=72 —27 BB, EHE
— 7 i 3mmEE M (22 -2.8 ppm) ~& 7 b L7z (Figure 3-7A), FT-IR {28\ TiL, i-CLM-RC
TIEHARUBUBRIZHIE LTz 1447, 1489, 1590 e [ZHT 72 72 URASHHER L PEI O 7 2 V% (-NH-)
IZH¥ET S 3200 cm™ TR ORI ER LIZZ E O RBRIGIC L 2EEE LA MIETE 2
(Figure 3-7B), E£7= XRD IZ & ¥ SO Z1T 5 & 28RS TiX PEI R OFE R Y — 2
BBEEINTTa—RLina—NE—v Lol Z L PLEBRIITENT 7 AEE~L
AL LIz Z L AVRE & iz (Figure 3-7C), Tl PEIHOHT Y B4 X A FFBSEERINIC &
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DENDT=DIEEEZBND, AR LT/ 47V 0ERK#EE% SEM - TEM Bl&8%1T-
j=& Z A, SEM EED5 i-CLM-RC [3fEE 08 LEREK 50 nm ORRKFTHDHZ &
DHEFR S f= (Figure 3-7D-a), =7z TEM [E[f£ > 51 i-CLM-RC {34 50 nm DHERIFTH S
Z E NG o Tz (Figure 3-7D-b), i-CLM-MA TiZHZEREEE > 7= DIZt LRERLF L 2o 72D
BRI OBEDENC LD bDEEZOND, FAED i-CLM-MA (TKFIZBWTHEMEL

TWANWERy NU—27 2T 5 DIZH L, BRAKMED RCGE Tid/KH T D4R RUG R R Th<

(A) (B)
1 |
N-H
.r,!l\ OH Hy, OHA,-. = : E'S
t:I \H/:}IO@O\/’VNL = (amine)
c H, \E'i
i.cLM-Rc  |P© 8
Hq
- H. £
i A I £ i-CLM-RC
c
E-3 o C-H
J Ll” a (aromatic)

8 7 6 5 4 3 2 1 0 4000 3400 2800 2200 1600 1000 400
Chemical Shift (ppm) Wavenumber (cm™)

(C) (D)

i-CLM-RC

M,

E-3 (PEI)

5 10 15 20 25 30 35 40
26 Cu Ka (degree)

Figure 3-7. A) Temperature-dependent 'HNMR spectra of reaction tracking of i-CLM-RC in

D,O at 25 °C. The spectra were recorded against the external standard of 3-

(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt. B) FT-IR spectra of E-3 and i-CLM-RC.

C) Powder XRD patterns of [PVBC-g-(PEI)]-b-PNIPAM (E-3) and its derivative of i-CLM-

RC. D) SEM image of the capsule (i-CLM-RC) on a silicon wafer (a) and TEM images of the

capsule sample loaded at r.t. on the copper grids (b).
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BEMEMNHY ., TNEERISED LEBY 2 VBN CHA, THOFE SR FDOX D
BRI NE LD EEZ OND, BUKME, BT ORGH 2 FV 2% T b RS ZIER
CHEAT L, BRI L > THEDRR DT /) A7V = 2GR TH LB TEL, ZOL T

)BT NLOERICB W TEBRINENL 740U — I RESEETHZLITHLNTH D,

RY=—I %O PEl ¥ VERBIRICEB SIS/ /A7 V=DV 2 VABICIE, £2< D
PNIPAM S D L S IZE S TR ->TW5DH, ZOHMBA PNIPAM $H0 LCST ZFIH L7/ 4
7'V x i-CLM-RC DEUSEFMEIT o7, BAME, BAMET 7V 2% DO 15
x4, 'JHNMR TIREZS{bA R TH D & 45°C T PNIPAM O A F/LE (1.01ppm) B — 7 H3H
e UT- (Figure 3-8A), = D72 HEEEHR L 4UER v U —ZIZ[AEN S Z & 72 < PNIPAM DEYL
ERHERFTEDZ LRGN D, IHIT1 gL OFEHE I B KIERKRETE L, BIROLHEL (DLS)
BB X VB ORE TORRE T, BKIERERTH L RCGE Z VW23 E I AT
MEGZ XY -CLM-MA &8 U <R/ NE L R DRT B R BV (Figure 3-8B), 25°C.45°C,
70 °C L IET BI2hEV, 7/ BT 56 nm, 38 nm, 29 nm EWUAE L 7o, LAl IR UEE
TEERERICRE L, FEE 20 SHOERSFMEZREL 2D O FEMBLIT O & FEERDORLT D/
DRSNS BISER IR D 56 nm £ TRNRNE WD Z L3057 (Figare 3-8C) o
IR BUREC K D BUKMED > m VB A T PNIPAM S EIRIZE > THHUNL—X
RAaAWVRICENTICA T ENOEREZBSIARI L TND Z L 2R LTS, THISRHIK
FHEOBREBI LB Z BN, BIERFOAIREFRSRFMIZ 205 Th oo/, thi#kd LTE-1 2
/% RCGE CTZUE S¥ 7 i-CLM-RC % VT & HIZREFRFE 2 & < U TREDRIEE(LE
IBER L7~ (Figure 3-8D), E-1 &% A i-CLM-RC D&, RO 2 BEEOMBIZ LY
BiE%1% 709nm 225, 560nm., 143 nm & YUHE L7 (Figure S3-5) . Z DA ZF#E L, MO
B 25 kA 1B 5 L ARRIFRDS 90 4y DR CHIIORIAE TH 249 700 nm £ TR L7, i-CLM-
MA TR 20 45 CTHIHAORIERE CRo 0, X 0 HIE G 7 o T BUK SRR X
TE, BERO Ay F NIl TRELEN B RN EMEER L, TURESHICDS

FPICIREINEDRIEEZ R T EEZL BILD, T B 2L OREREDOMEE B3NSR D PNIPAM D EL
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JEEOIERIC R E S EET 5 2 L IREICEIREN. L THY | HDRIBUISE LR E B
IZE DB THBEBNICTEREIE D 2 LIToRD2 5,

BTIE -CLM-MA ~OBUKIERE NR OBEAZER & OL# - LT, i-CLM-RC TH RO %
BRAATV N, R L LT OMRER B Uiz, BRZAKME NR IEBKERGRINEZE N TV D -
CLM-RC (2iF3K E FEREBRREHET L IITRETDH LEZLLNS, -CLM-RC &
NR #EEG L EEHEAIT o2 & 2 A -CLM-MA & W~ TREDNE < 72272 (Figure 3-9A),
NR 13K CIIEMRE TRV E R E 3 L0y, BiKHE i-=CLM-RC Tl NR 2SBRUKIER AN K
FH LB LUIREE~ BT B, RESEHBENEMLZEEZLN D, MBI LD R
BEM 30%FRE F L7201 i-CLM-MA & [FERIZH 7B/ OUHE, BERICK Y NR BEX LI
DTH B, FVTLEEI B/ARICE AL NR BV IRTEIGEICL D ED & 9 B x iy
BONETE LI, MBGSEIY A 7 V% SEREVIR L L Z A i-CLM-RC THIREZR(LIZLD
SRR IR, BT L 0 R St (Figure 3-9B), MA D& & R/ U BAREIZ n)HfH)
7B YRR DR B A AR 0 KT DI i-CLM-RC TIINR 230 7BV OBERIC B FE LTV
BIEEELTVWD EEZDNRD, MA B TIEI B3 7MICH Tia® b7z NR ZNE
\Z % B O 2T LT 2 28 RCGE 2848 THEBK IR BT 3 D BEIRICR A L ZENR
M. MBI L BB T L DOEE - IERICELE CRE L PHEREVIET Z PR TELHDITH
STREMEE T S, D EORENLBEUSEHREITED 52 &b REBFRIOERIZLY

RS LTOWERRELSEDD T LBREEND,
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Figure 3-8. Temperature-dependent 'H NMR spectra of i-CLM-RC in D,O at different
temperature. Thermo-responsibility of the capsule i-CLM-RC in water (I gL™). B)
Temperature-dependent DLS curve. C) Size variation depending on a heating- cooling cycle
between 25 °C to 70 °C. D) DLS size of nanoobjects size change with time at room temperature
from 70 °C.
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Figure 3-9. A) Fluorescence spectra of NR probe in the capsule (i-CLM-RC) at different

temperatures and B) plot of NR fluorescence emission intensity (at 650 nm, excited at 594 nm)

against heating-cooling cycle in the presence of i-CLM-RC.
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34 B

ASIECIE LCST (PNIPAM =11 V) & UCST(L LA PEl) OMWE AR ZEELEME T T >
BIES T OB DI BALERISH E LT, N0 Y = /VE TORERBEIUSIC & D5BKERIS
BMeF ) T T L ORI DBEEEIC DU il e, IIERVREE T3 < LA PEL A58 &ITKFI L.,
PNIPAM = A /L3RI L CKICRIEE 725, ZOMWEIC &0 BUREIZ L D 8UKEZEEE ) &
LTPNIPAM =7, PEl 2 uF@x &oa7-a ) I LR BT 5, IIERREA HERF L 72228
5 N,N’-methylenebisacrylamide (MA) & %\ & Resorcinol diglycidyl ether (RCGE) ZZR4EHAI & L
CPEl & = VBA B S TT ) W TRV A ER Ule, BBRIEN Z & ICOUREF = 7ICFE L
TV 7= PNIPAM 13ZEMEH% &0 72 A MICE E 0 | F|RICR20ED 72/ REEIZ PNIPAM 8203
AR LT-REECEET 5, Zhae BT IERERF /  R—r s, THETEOMET
IZ PNIPAM 7' v 7 248 L, SIBICER CRUEE 5 LCST BlaiaF R B Th - 7228,
PNIPAM S48 NN AFTET B ARE D /) h 72 )0 CIIRWIRE IR CHEAH 22 LCST O RS
B, ) T T VIR A BRI INEN S S 2 & TR 15 nm £ TTREATS A LIS
B, ML TN F /DTN EERECHATLIE L DY A RETHET D, ZORCE
FERIERICAT DI D 23, 2 OMWEITBUKIESRMER] RCGE 2V TcHBE THIRKRICBIR SN D
BRI OB I FRTE N BEE SN T, T o S VEESE L LTE S 28 b TEi-CLM-
MA CHBKMEEZED NR ZEHEIC 20 nm £V /NE72 NRERA D 72N TER L, *f
LT i-CLM-RC TIIBUKMEREIC NR AHEENTNAS Z ERBENT, ZOXIITT /7
T -CLM OMWHIFEEROBREICL VAL, 7/ V77 8—arif, Bri—°

FUF L2 DT Y r— g UAOEIERETH LV D,
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3.5 Support information

1
H. O H, He lpscq ,(,?*
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Iy
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11.19 N
|
|
l A | L. ]
]
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Chemical Shift (ppm)

I
Lper aty = Tprera- ———— X 8H
(PEI all) + oH
I,
I(cross-]hﬂdng) = T X 8H
" I(cross—]inkh1g)
A’(cross—l‘uﬂdng) - %100
I(PEI all)

Figure. S3-1. Calculation of Cross-linking degrees from the integration ratio of the characteristic
peaks.

Table S3-1 Dh data of i-CLM-MA Cross-linked micelle

Dh (nm)
1.t 45°C 70 °C
E-1 | 890/126 85.9 64.9 66.3
E-2 324/ 91 30.1 15.6 12.6
E-3 324 /65 48.3 453 37.7
E-4 324 /21 159.6 111.8 98.5
E-5 74 /91 18.0 14.2 10.7

PNIPAM/PEI
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Figure. S3-2. (A) UV-vis transmittance spectra and (B) temperature-dependent turbidity for the
aqueous solutions of i-CLM at A =500 nm (1 g/L).
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Figure $3-3. Fluorescence spectra of the cross-linked micelle i-CLM Nile Red (NR) probe solution
and NR solution at 25 °C.
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Figure S3-4. Time-dependent release of NR from NR-loaded E-MA solution after heating (a) and
addition of HClaq (b).
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Fig. S3-5. DLS size of nanoobjects i-CLM-RC in difference temperature (1 g/L).
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@ ON/OFF ZEREHEZE{LIZ X - THlE

THILRARETH D, BAREERD
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FIECEALITAKF o B DM E R

S, PAkEEV o VEETERY

v—IELEEKT S, st i ssive s Emissive aggregate ot

B 2 1Bk 7 o w7 iz Figure 14-1. The Graphical Image of aggregation-caused
quenching (ACQ) and aggregation-induced emission
(AIE) of (A) DDPD and (B) HPS in THF—water mixtures
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OBKEMEFERIC L » TKEHEAEF CESEABET 2 Z LIk v s n s
(Figure 14-1)*3b, AIE &3 FIXHBEK CTIIRAE L2NICHEDL 53, BERE X 2 IXEAKKE
THL RNT 5, BEELL DRE. HDWVIEEBERIRIC/ZZS & AIE 2 FiX & 0 BEMEI
KT %, AIE B FIZBAEEGRRER Y7 = =V EEAT 57 aXI@EL o, FHART T
7 x=VEOBHERRIZ X YRR R VX —REE SWEXT D2, BIREIC2 S L BREER
WIE XD = DRI IR SN B, F 72 AIE 88 & XHBZ 72T OB EEHE (ACQ) TH D,
ACQ DI & LT poly[fluorenyl-alt-p-phenyleneethynylene] (PFPE) F8HIZ 77 /L 7R » Ee7R 5L % FF
D IBRAR YV ~—ORE, KEGEEFTHEEET I LEEET I 2R 586t
— & LT BiR® s, BIET X D6, AINVEVBERELOHEERICL > TR v—
FND o BEROIEKRIZE > T ACQIFRZ BRWA, FHFEKT IV & o HEE S TFOERIC
Y VAEUE nMEERIZEZ->TACQ PR B 3,

HIEEMEHZBWTA I F Y — L EFHELZ D - EE DT EMAAT Z L BEIRAIZ
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L7a b7 T E—LBAIVEELDL, ERAAVRpH ILBETH S, 1IF4V—
NEWREE BT REERESFICEAL, A F 2o —ORF L LTHIAT 601355
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B VF R EMEICE A Z Y T, BUSEEIOBKEDO PNIPAM 7 0 v 7 LT AT 4 U U
BWNEA I F Y — A TEM S pHOBISEEDOI LR RBKER ) 2 F v 7w v 7 ZixGE
Lz, BYUE=ARyPrraF4 K (PVBC) & PNIPAM O 7 1 v 7 3LEEK%Z RAFT E&
CEVARL, ZlkTFA T4V eAIFS—NERVF YV M EE LTEALRE, 7474
Uy (T) &4 I &Y —L (1) DEALL T1 % 100/0, 77/23, 0/100 £ KX % Z & T PVB(T/N)-b-
PNIPAM % &% L7, WM& T 5 PVBT-b-PNIPAM (P1, T/I=100/0) & PVBT/I-b-PNIPAM
(P2, T/1=77/23) XKML T PNIPAM 2> = VEE LR Y =— I BVEEK L, PVBI-b-
PNIPAM (P3, T/I=0/100) (3K CREEMT 5 _EFRAERF FL 25, WTHhORESHET
3, PNIPAM I[CHEDGEE AR L, 27474 U 2EA LT P1, P2 TIRBAREREOEH
HRRENE, TR v—#NTT A 74 YV VAL HDIZVRTF T4V A I T =
D CEHBHZMELTATX I —R=X VT Ly 7 ARERTHI L TRELELLSE
2 bhB, 07D TN HITEBUKIEZ HIET 5 & AFCEERED 2 b e — BB 5,

METCTTFAT7 4V UINBRIZ Pd A A DX L— MEZRZITZ L TRBICHET D2 L
B PA(ID) A AP —E LTOIHABEHFTE S (Figure14-2), AETIZZOLIIZT A
7 4 VI ACHRT B EREOEEEEE TR L, S HICBUREE. @RISR ESIEITDIZD

HEEEME A 3 5 PVB(T/)-b-PNIPAM (22> TREMIZIE~ 5,

PVBT/I-b-PNIPAM

Figure I4-2. The Graphical Abstract of “Smart Polymer Micelle with Thermo-
/pH-/Photo-Responsibility and Its Feature in Selective Optical Sensing of Pd(II)

Cation.
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4.2 EBR

4.2.1 RHEB L OBHE

N-isopropylacrylamide (NIPAM, 98%, Tokyo Kasei Kogyo Co.) % n-hexane THHffifh L72 b D & fE
Fi L7z, 4-(Chloromethyl)styrene (VBC, 90%, Tokyo Chemical Industry Co.) (LEGEIEAIZIEFMET
JU 3 F (SIGMA-ALDRICH, neutral, Brockmann) {Z X > ClRELZbOZER L7, 2, 2-
Azobis(isobutyronitrile) (AIBN, 98%, Tokyo Kasei Kogyo Co.) {&™4& / —/WIZ XV ik L7z b D
M L7,

UTOREITRO b DEEDOEEMEH LT

Cyanomethyl benzodithicate (CMB, 99%, SIGMA-ALDRICH), benzoyl peroxide (BPO, 75%twetted
with ca. 25% water, Tokyo Chemical Industry Co.), Theophylline (99.0+%, FUJIFILM Wako Pure
Chemical Co.), Imidazole (98.0+%, FUJIFILM Wako Pure Chemical Co.), N,Ndimethylformamide
(GODO Co.), 1,4-dioxane (99.5+%, FUJIFILM Wako Pure Chemical Co.), dimethyl sulfoxide (99.5+%,
FUJIFILM Wako Pure Chemical Co.), methanol (99.5+%, FUJIFILM Wako Pure Chemical Co.), metal

acetates (palladium, silver, barium, zinc, copper) (FUJIFILM Wako Pure Chemical Co.)

4.2.2 PEEE

The Fourier transform infrared spectroscopy (FT-IR): FT-IR 4600 (JASCO). KBr $£#{&E% v 7z,
Nuclear magnetic resonance (NMR): JEOL INM-ECA-600 MHz. CDCl. D,O. WEMEEH & LT
tetramethylsilane Z %I L7z,

Gel permeation chromatography (GPC): HLC-8320 (Tosoh, Japan), 737 2 : Shodex asahipak GF-510
HQ + GF-1G 7B, ZyBf#& : DMF with 10mM LiB, Jit# : 0.6 mL min’*

Scanning electron microscope (SEM): Hitachi SU-8010 (Japan), ¥ 7 /IR Y < —3ififiz > U
Ay EA—IRBSERER LT

Fluorescence spectrophotometer (PL): FP-8300 (JASCO)

Dynamic Light Scattering spectroscopy (DLS): FPAR-1000 (K& 1)

Differential scanning calorimetry (DSC): X-DSC-7000 (HITACHI), Al Sv % HW7e,
82



UV-vis spectra (UV): UV-2600 spectrometer (SHIMADZU) ~bF = RHIEE (CPS-100) Z W

CIEERELITo T,

4.2.3 RAFT EAIZ L 5 PVBC-CMB D& L

< 77 11 RAFT BA#E% & 725 PVBC-CMB 1324 F O RAFT EATEIC KV B LTz, £9% /<
—@ VBC (10.0 g, 65.5 mmol), RAFT #l> CMB (0.12 g,0.66 mmol), 7 "7 /VER#EFID AIBN (27
mg, 0.16 mmol) &> = L > 7 FIZEV Y | BWEHD 1,4-dioxane (4.35 g, 30 wt%) (BRI S
i, FROTHR - IR - BRIC L BBEBREEREE SERVIRLzH L, ZOWREIERE 80°C T
ANELLC 21 B O EA RIS &2 1T 17, BUSH%IE THF THR L, @RIR AL /=W 15
& CHILESEEE 3 HITo 7, FEEMEIT 40 °C TMBRERR L. EHRERL, (Yield:

7.3 g. GPC: M, = 10471, M, = 11998, PDI= 1.146, degree of polymerization (DP) = 74)

4.2.4 PVBC-b-PNIPAM V7' 1 v 7 LEHAKD G K & RimLHE

HUSEMET 7 v 7 O PNIPAM 2% -7 uy 7 & L CEA L PVBC-b-PNIPAM DOEK E F
FHNAR =N FFEOREEE L TICERT, v 7 abith#le LT PVBC,,-CMB (1.00 g, 87.1
umol). T ¥ W IVEEAHKI & L T AIBN (4.3 mg, 26 pmol), & / ¥ — @ N-isopropylacrylamide
(NIPAM) (9.84 g, 87.1 mmol) % ¥ = L2 ZEIZEV Y | BWIHD 1,4-dioxane (16.3 g, 60 wt%) T
SEAURES T, BT - IR - BRI L ATBEBEREL SERVIR LI &, ZORK
% 65°C TMBL T 6 IO BAILE T2 7o BUGHIE THE THIRL, BRIAA~FT 55
WE Y FAT—T I R 5 2 L TEINBBRE 4 BT 7, FEREZT 40 «C TINEWRIE

Wk L. HkERES 7, (Yield: 4.3 g GPC: M, = 60,022, M, = 75,649, PDI: 1.260, DP = 383)

FADNRZNFAEOREDOTHY T 1y 7 LEEEORRLEEZIT 572, 100 mL 1A
75 % =\ Z B3R D PVBCra-b-PNIPAM3gs-CMB (Mn (NMR) = 55 kg mol) (2.0 g, 37 pmol of CMB
end group) & BF|72 BPO (0.177 g, 0.73 mmol) % &V BV | ¥HE D 1,4-dioxane (60 mL) ZHZ T

SEAVRS YT, FONREERIET IROERAT I 21T Ob WG ORI
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B2 B F TiERE 80°C T 1 Kfff1T» 7=, MUGRIX THE CTHIR L, BEIZA~FT ICE T L
THILEEE 4 BT o7, FBRZIT40°C TNEWEZEL, AEHEREE, (Yield: 1.8¢.

GPC: M, = 61,177, Mw = 98,649, PDI = 1.61)

425 7A 7 4 ) UBREZEA L PVBT/I-b-PNIPAM D5 K

TAT 4V BREZBEA LY 7 ny 7 HEBLHEK PLOGHRE LA TICE T, 30mL FX7 7
A 2 PVBCrs-b-PNIPAMg; (0.09 g, Mw: 54600, Number of mol,;: 0.13 mmol), theophylline (24 mg,
0.14 mmol), X & LT K,CO;3 (37 mg, 0.27 mmol), KI (45 mg, 0.27 mmol) Z &V HV | EED
DMF (10mL) Z/N% T 80°C T 24 FFfif iz S/ 7, BlT4, KA Z J — /BBEE (viv=1/1)
IR S, BOOBEC XV KB A EIR L, BEROBIES 3 [0 R L CERE ATV, &K

KA BB EREZ ST, (Yield: 91 mg, Theo: 99%, Mwamr): 68000)

TAT 4 VA IZY = NEARRIRHCEA LT P2 DERIEE LUTICE T,
30 mL AT T A 3T PVBCr4-b-PNIPAM33 (0.09 g, Mw: 54600, number of molcs: 0.13 mmol),
theophylline (17 mg, 0.094mmol,), imidazole (3 mg, 0.041 mmol). K>CO3(23 mg,0.14 mmol), KI(19
mg, 0.14 mmol) # &V BV | O DMF (10 mL) %1% T 80 °C T 24 By )i &¥7-, =R
WZIRDETEG LR, BT OMNE : BilA 42 K) 21To 7, RBREBITERELREITO.

FE R &2 R L7z, (Yield: 105 mg, T: 77%, I: 23%, Mwamz): 66100)

AIFNVEEEEANLEAHAE P OGREE L TFICET, 30mL A7 T A =|Z
PVBCs-b-PNIPAM;g3 (0.09 g, Mw: 54600, number of molci: 0.13 mmol), imidazole (9 mg, 0.14 mmol),
K>CO;3 (23 mg, 0.14 mmol), KI (19 mg, 0.14 mmol) % &V BV | #ED DMF (10 mL) #0%2 T
80 °C T 24 RIS S ¥ 70, HIRIZRHETES L, BHHER GME : Bia 2K 217

ofz, FBREBITHRTRAITO, AEHFREEIN L7, (Yield: 89 mg, I: 99%, Mwamg): 59700)
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4.2.6 RY <— I BILFEOFAR

R =— I B ASHIRORBIILL FOBBRZHIEZ L 01757, A7 U 2—FIZ 4 mg OF
J=— (P1, P2, P3) 2EVIY, ZZIZHHEDODMSO # 02mLMA T, Thahy b AH
— 5Tt A Z L THREEM S, 1.8 mL OFRFKICBI LB LM FL 2 mg/mL O%
e Uiz, pH ORI DIRE 2T ABIZIIERNCER T pH22, HDWIET VE=T KT
pH10.2 I[ZFHE L= R AKICHE T LT, 2@ BERRERIR 4 RS 2 56 X RRIC A&
B 25 mM H AT 0.025 mM 12722 KO ICHHB LRI T Ui, LEOREET 2

mg/mL ORY v —ERPFAR S5, RREIZDLS, FEREEIC X0 Btz 5 L7z,
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43 HREBE

431 BYSBEM YT vy 7 IREREROG K L Ptk

PVBC-5-PNIPAM

N
o‘l £
(ﬁ'I!fN\ ! <§B
9] L )
thieophyfline { h T N ; fmidatole
H >~ and (N]
o H
theaphylline fridazole
v
P1 P2 P3
b N
g 100 iGN N e
NH NH
QIS X
]
} Oa N
O N _n Yy N N
1 i
s 07 S ¢ IR B
8 [¢]
PVBT-6-PNIPAM PVBTA-b-PNIPAM PVBI-b-PNIPAM

Scheme 4-1. Representation of Synthesis of PVB(T/I)-b-PNIPAM block copolymers.

PVB(T/)-5-PNIPAM (3 ZYSEME PNIPAM 23572 5 8AKMET 1y 7 ER Y AF L EHICT
FT7 4V BANEA IFE Y L EEA LK Ty 7 b 5EREERESFTHD
(Scheme 4-1), PVBC-b-PNIPAM % RAFT A %AV /2 3 A7 v 7 CERLS 4L, FFIZ PVBC I8
X Cl BARGALE LTRBICTIVEETDLIT AT AV VAT —VEEANTDH I LR
Hi3k %, Scheme S4-1 (TR Y . BUktE VBC OESE. BAKM PNIPAM & DIEAS, £LT
RAFT K DBREEZRCEEERDIBEDTEEM LT, £T RAFT Al& LT Cyanomethyl
benzodithioate (CMB), T /L34 KI & LT AIBN Z&IR L VBC £/ v —DEAZIT-T,
BHNEEALE 74 © PVBC &~ 7 mBEHBER & LC NIPAM OESZ{TV., BRI 383 ©
HKME PNIPAM $H 48§ MBS S T2 6 LTz, ®&IT PVBCy-b-PNIPAMy-SC(=S)Ph
DFAr— FREEREL. TH%E PVBC-b-PNIPAM (P0) & L7z, 'HNMR IZ & 2HE#FAT T
IFARIC BTV F I ENTTRTOFIIAY T FE2RBBE L, T FRLOT ny 7 DELE
AR A RO MBI X 0 BHE U7 (Figure S4-1), GPCIEN S, RAFT E5 2 MW 5
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Figure 4-1. '"H NMR spectra of (A) PVBCr4-b-PNIPAMss; (P0), (B) P1 in CDCl; at 25 °C.

L THTESAAN 1.61 DRI S #ED PO 218/-Z LAV RE 7o (Table S4-1, Figure S4-
2)e

BENTARLEPODCIEIZTA T4V HBWVIEA IFY —VEBIRT S Z & THADZE
el T A E B S BYUSEER S T PI~P3 28R L7c, HiAAEIX Table 4-1 (ZRCik
DY, POICT AT 4 U ETEA I 4 Y —/L % DMF T 24 B, 80 °C TRIGEH, P1,
P2.P3 2187, Zh b Pl P2, P3 1327 na R/l ACkt L CRGFREMREEZRT, LIzl T,
CDCl; Z ¥ L LT 'THNMR JIEIC & o THEERT 21T o 7c & 25, ERBRIITA7 4 U Vi

METAE =74 DO — 27 BB (Figured-1) , 7474 VD2 2D AFNEITHRT

Table 4-1 Synthesis and Characterization Data of Diblock Copolymers

PVB(T/I)-b-PNIPAM Po:;‘:}(’ "(':‘!;'Hﬂ GO X;‘;ﬁ‘;‘ﬁ L(Eg;“’ ('Eg) Dh (nm)*
) T 1 25°C  45°C
P1 1/1/- 99% - 65 315 1412 89 380
P2 1/0.7/0.3 77%  23% 63 335 1418 71 24
P3 1-11 - 99% 57 365 1454 - 200

2 Conversion of Theo/Imi residue calculated from the corresponding *H NMR (Figure S-5)* LCST measured by transmittance
change determined ata wavelength of 500 nm. © The glass transition calculated by DSC curves. ¢ The size of polymer micelles
determined by DLS .
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Figure 4-2. (A) UV-vis spectra of PVB(T/I)-6-PNIPAM in CHCl; measured at 25 °C. (B) 1s the
focused area around 300-400 nm of the (A).

% 333ppm & 3.53ppm DE—Z LA IFY —VBROAF L7 r b ATHRK LT 7.35ppm &
7.55 ppm (ZHF8 72 B — 2 BHBL LTz, A4 ¥ 7 1 EVEEIZ B3k L 72 PNIPAM @ methine (N-CHMe>)
D 4.00 ppm, 2 DDA FAEERT 1.34 ppm D E— 7 ([ZITRIGHTE TRILIZ 2272, XL
. PVBC 7 2 v 7 @ methylene (-CHCl) ' —7 (4.48 ppm) IERIS£IC 5.39 ppm F TR
ST ML PLOBE, T4 74 Vv DBEARET AT 4 YDA F)VE ((NCH3)& PVBC 7
& v 7 O methylene (-CH:N) OFESEDHNOEIM LIz L T 5 9% TH -7 (Figure $4-3), =
7= P2 & P3 @ 'HNMR ffHT O #E $13 Figure $4-4 {278 L7z, PO & TA(E/VEL : 70:30) 2SS
B2 P2 CIZEREO TN HIZ 7723 THD Z & BROEDOLN LA LT, Tabled-1 IZE L DT
IS0 PThOF L ILTETEF 74V v, A IFY— NV BICERMIC Cl E~LEASH
il

HEEL I » TR AH =W E UVevis A7 MU X YRR L7z (Figure 4-2A), &
SFREOT AT 4 Ve IFY—NE 2 gL ORETZ naf/VLIIERSETREZT
5 L ZN2FN273nm & 241 nm THWRINAE N (Figure $4-5), £727F7 4 U UIZR- T
1% 340 nm FHE TR/ SRR S bz, ZOBET—FEHLIZ, ELEhEREZEA
T HEIEOEDT POP3 DI 21T o1l TAH, 7474 U VERENEASHLTVRVPO &
P3 T 273 nm ICRINZ R & h o, HLTPLEPIE2B3 miIZT A7 4 Y RUF |
HSEDOWIN BN, 300 725 400 nm DOFEFHICB W TIEA I ¥V — N DHEZHEA LK P3 T

WL DT —Y RN TAF T4V rHDINNEA IF Y — NV EFITEALIZPL & P2 T
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360 nm T 3 V& —E—27 RBIE Iz (Figure 4-2B), PO Tix Z OHEFHICBIIIENZ2 H >
s

PO~P3 (Figure 4-3A) 3 X RER Y ~—PVBCr. PNIPAMs3 (Figure 4-3B) OEMIEDFEH
% DSC HIBIZ L » T{T o7z, BER YU <= —PVBCys & PNIPAM334 3 1LE 41 89.2°C & 124.8°C
o H T AEEBIRE (Tg) ¥ (Figure4-3B), PVBCulZT 47 4 U VEREZEA LHITRY
v—#FALTOREEANPBREY, MEXZHETIL T Tg X 1803 °C £TERTS, HLT
PNIPAM3g; 70 v 7 E AR Y AF LV REFHNHR2 S PO-P3 TiE, FERY =— &V H&iREMT
WS X < Bz 140~ 145°C DOFEFRAIC Tg RB Tz, BIREWZ LIZRY AF LV UREH (E
A 74) & PNIPAM (BEG:383) OS5 2oD7 0 v 7 IZBWTHSEHTIR AR -7, M

7y 7 OEVHBERR Y v —EHRA L OBAHEVERILL Tg OBMRKEZBRBNZLEZONS,

(A) - (B)
PNIPAM
140.1°C .
3 =
8| p2 141.2°C G
Q O
a) a
=]
P3 141.8°C
145.4°
100 120 140 160 180 200 50 80 110 140 170 200
Temperature (°C) Temperature (°C)

Figure 4-3. DSC curves of the second heating of (A) block copolymers and (B) homopolymers.
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Figure 4-4. DLS traces of aqueous dispersions of P1~P3 (concentration: 2 g/L) at (A) 25 °C and
(B) 45 °C. (C) Temperature depended on transmittance of the aqueous dispersion P1~P3 (2 g/L.)
at A =500 nm. (D) Transmittance variation for the dispersion of P1 (2 g/L) depending on heating-
cooling cycle between 25 °C and 45 °C at A = 500 nm.

FATA VU TFEAZ ) —NVEKCEBFTD, LinL, 7374V RUF bz EAL
7R ER Y = —PVBT 3 100 °C [THEA L 7o KIC S ZEMFT 5 Z L1372V, ERIET TR A
% )= DMF 2B W, 272 L7 mais LN L7z DMSO (23 RWIEHEZ 7R
T, ZOIEMBETAT LY RUF M EEALEZRTHR, MEADT7 == VELTET7 4
VEEOBICAHFN - HFHET - MEMERANMB & SR ORHERBRN T LHRITE 5, ZOHE
B & W KRBEBICBIT BT 0y 7 FEEEROEBHOBEMEED D Z LA TE D, FAE,
Bkt PVBC 72 v 7 X0 BWBUAMED PNIPAM 70 v 7 28325 P1 & P2 7225, EBRIZIX
BAMEZR L, DMSO 7 ruh/V AR BT 5, T LTP3KICEWEFEZRT,

SEY P1 & P2 IIHBEMEOME, PIIT_EBRAMMEEERLTWVWAENL S,
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I CERISBRIUEIC L D PO S P2 O 2 EIALEREIT o T2, MEIEOKEKIZ PO 2D P2
FIEND DMSO WA T S8 2 gL OSRIKREZRE L7z, L2 PO TR CIRETHEAL
FEWC A EEBR AR U e, EBKM A3 P3IISERICERR U EAEHRKER L o1,

BV PNIPAM #% 8> 7 1 v 7 LB A IR MR TRULEM 277§, P1 225 P3 DK
T 3 DTS BIR DB E M % UV-vis IZE & DLS TEBFL 72, DLS (CBWT=IERD P1 &

2 SEEITF I ENBEFR 89 nm & 71 nm D I BATBHER L - TWAH R, P3 TIES RO

WCIEEEL Y Z T VT S h o T (Figure 4-4A), kF LT Figure 4-4B TlE 45°C [ZANE L
FYTRIC BT DRIESH 2R LTINS, 20 & &0 PLIZBIT DA FEAIT 380nm F TH
KU, KXHZ P2 Tl 24 nm £ TUUHE L7z, P3 TIIMEUZ X 5 PNIPAM DBl K 2 BUKER
a7 & LTI BAMEMSRED . RAESEERIL 2000m 277 L7z, —F5 THEE 500nm (25
T B VBT IE DS B % Figure 4-4C 127k L7z, 30°C TO P1id 30%L L O@E@EIZHN, 35°C £
THENT % & 0% < £ CRBISERENMET Uiz, P3 TiX 50°C ~DMNEAT 92%70>5 50%E
TIFEBEHABET L, P2 T 50°C £TIZ87%0 D TT%ETIERT Lz, WTFhod 7 bFEE
EAED PNIPAM 7 11 v 7 2857035 P1L, P2, P3 O LCST IXF1 i1 32, 33, 37°C T
272, P1 O BEASEIRICET 2EREOMBYREY A 7 VHIEEZITV, BUSEIEDO RIS
BEAE L7, BIETL 25°C & 45°C O#FFETITV, FNENOIRE TLEE THIRE 10 5D
(RERIF R 2 F /-8 7=, Figure 4-4D (2R LR RIL P1 OFIRBYSE 2 ARIR LTV D, &
OMEIZ P2 L P3THREIETH T,

T P1 OBYLZE % DO ¢ H NMR HIFEIC £ - CTEFill L 72 (Figure S4-6), 25 °C IZHW
TIEPNIPAM D1 Y 70 )L =2 OANRBEN D, T P12 T -2 =)L I B AEEEZ R -
TWAHZEIZERAL, 20L& T 47 4V EERZEHR Y AF L ZEHIT 2T (RERER).,
PNIPAM 7' 11 7 B3 =)L (24 )VIRER) 2 Hl> T 5720 'THNMR Tid PNIPAM E'—7 DA
DR SN EEZBND, ETAEREN 45 o«C ETERI 5 & PNIPAM $HOH KM = 1
JVRBED BRI LTz 7 0 B o — VREE~OMEREIZ LY PNIPAM O I WLVY T S &RY

— 73K LT,
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Polymers Temp.<LCST Temp.>LCST
A
Pl o ?ﬁ ‘
)
' PI" Aggregation
ywk Micelle
P2 o PP A Core: PVBT
O EIRY) sl Micelle
¥ Shell: PNIPAM Colenilng
‘E%‘?C} T\ *
P3 A :
; ‘ Micelle
G Coll phase Core: PNIPAM
Shell: PVBI

Figure 4-5. Schematic representation for the self-assembly of the temperature-responsive PVB(T/I)-
b-PNIPAM series in water.

I IETOBEHOBENLHREND PVBT/I-b-PNIPAM RAR Y v—0D I EAVURRRER
Figure 4-5 (2% & 7z, LCST LA FDIRE T P1 & P2 (I PNIPAM & =/L & PVBT 27026725
a7-v= VI AEFRLTWS, LCST LLETIX P1 /0D ¥ =/Lid PNIPAM 23 iKF1 %
BT ENOBKE~LEL, L9 I VEOBKEEEFERAHERLRERIBVERLED
BEAZA LD, ZOBITME-HHERIC L > TAFMICEZ 5, P2 OBETEIEAMT
DEEITE LT LCST U EDBETE VW /MERIBVERETT, ZOBHRIIIBIVHNOER
WCEoTAEL S, T72bb, PNIPAM & = VB BAFIC L VAREEL., 2 BANOaTEREILF
FETBBAMET A7 4V viA IF =V L BUKEE PNIPAM SHOFE/ERABIEShDH 2 & T
HEUD, PLERBILTA IFY—AEE0LP2 I ELOBSE TIEI EANICEREE>T
W3, ThOBGEICLHBENRIELMB LI VEI EAATEZ 292N 5027 O
BThHhBEEZDNS, FIZEaTRTAT7 4 ) DHTHRD P1 THEMFIZ L > TI IVH
DRERBELZFRL, L TAIFS—NETFT 4 Y UBRESHE P2 TREIEAAIC
BUSEIIIE 5, 20X D ICBUSEHEEIMBUELESEPL L P2 O TRRLH, &
BAMT 0y 7 BEAEKTHD P3 OHEIL LCST AT Tl =<v—= A /LIKRB, LCST LAk

TIXPNIPAM 2327, PVBI SV = VB ERDaT- VI BMIRDB I EBRBEI N,
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Figure 4-6. Fluorescence emission spectra (hex = 365 nm) of the micellar and unimer solutions of

P1~P3 (2 g/L) at room temperature (A) and at 45 °C (B).

BE., TAT 4V RS TF L LTREIN TRV, EBKITIE 340 nm DR THES 2
WU %8s, EERIE, ERIRB OIS TRIREOEELZ R T (Figure $4-7), ZHid7T A7 4
) U FRENBFHEELZEEOREEZRTEICL > T rv—RERLZZ L
ICREET B L EX BB, Figured-2B ICRT X HIRCT AT 4V EAIF—NRUFZ U bR
MA L7 P2 1E 2 v o AL AR T 300nm LA EICRINE RS, ZOFEERITA T4V eA
IV A TCOBRBBNARESEEZERL TV S LHRITEX S0, R v—pRAML L
T FTREMENRE Z BB, EZTPL 26 P3 ETO I LS I VNE2 =~ —WROFOLRE
#1T-7-, Figure 4-6A IZR L7=X ) IZhhiEHiR% 365 nm ICRELIZEE R IZTAT 4 U~
SFOBEE LY bREEMO 425 nm THREICERAREIEZ R Lz, X LT PLIZ P2 DMEDH
STREE, P3 I TR LR LA, B EIIR S 2 o7, P2 O I B VIEROSHE .,
45 oC |2 B3 % L8 EIREE 1L 905 25 726 £ CIETF L7= (Figure 4-6B), ZAUIMBEIC LY
/a7 £ T PNIPAM ¥ = V05RREE « BRE LEBRIC, REDT A7 4 U /A IF =i
OHEFERZHEELZZLCRBALELbDLEZbND, LEL LTERLZ T LA 29/71,
13/87 Dt O TIXBAZ %R HITRON2 o 72 (Figure S4-8A), T/ Heds 77/23 @ P2 3%k b
BUOREEMEZRLEILIHETREZLTHS, ACBED oSV ABKFTH P2
IR E TN, FOREZIEARELY FES (Figure S4-8C), Los LEBRIRNC
Lz, A L4 T DMSO %7213 DMAc FCHIE L= H &1 35R W R LR 278 L7z (Figure S4-
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8B)y ZDTFFT 4 VA I Z SV ERICEA LR CTEOLHEEN LY & E HERIE
PNIPAM 7' 1 v 7 % %7272\ PVBC R E AR U = — (PVB(T/) 12BN THEHETH - 72 (Figure
S4-9A), PVBT7 DFEIEHREE T 3, T/ Fh23 77/23 T D PVB(T/)ya DIEITHI 1.5 fEOEZE R

L. A IFY— L EORBEADHRELZREZ LTS, s L TEERETO P1, P2 DX
SRIERITH & T E/AREE, SFIRIRIEEOR M I~ mEIRE LK T L
(Figure S$4-9B),

P2 2 % BRI OBIRETED D720 2 OKER A ER UECHEZT o7, O&
SEFHT 4 VA IX SIS TF R 7123 OFEIVIICE S LB LK, —537
FT 4V DBREREDOPL EA I F Y —NDHO P & T7/23 DENERILR D KO TEE LTS
WCTH DB, MEE P2 BHTFOTA T 4 VA I —LOFEREIIEDYE, ThTh 34
mmol. 1.03mmol 12725 X S ICHI Lz 8E & A CEARIEERE RN o72, BREDPL & P3
DIBLOTRIE T H R IEFOE OB KITR S Rd -7 (Figure $4-8D, F), I HIA IF Y —45 T &
P1 S BV%E T/ 73 BB WE 5/5 12725 & D ICIRA LIcBa baAFOBRITE S
727557 (Figure S4-8E), ZHHDRRIZTA T 4 ) v & A I XV =N 2B LREAWI LIXE
BT THoTHOEOTF L F Y MREETH > THEAFELORLITR RN T & ZaEH L
TV, P2EIRT AT 4V v IFY—ADTF FLEEBAEETHY , A IF Y — LR
WEIAREAS CEHA SN TWA EWVWE S, P2 IXEAEMFHEIIT AT 4V e A IH Y —VE
BEOSFHEANBEEFICEIARANZF VT Ly 7 AEBELIZLDTH Y | EHNTO—
FEILO TIZZAMR—EHTH D B2 N5, XV TFreHELIEEEZ LT HT 1)
VIEERA I F = BICENTE RSN D A I F Y VBRI EFRRICE D, ©
DEERA I X —VERREF R T =820 747 4 Vv & na HAERITERBEIR2Z)
BA L5, F£7- P2 1% UVivis AIE (Figure 4-2B) (2L 0 2 b nn fHAAERIC L - T 340
nm BRI E RO 2 ERRENTWS, EHIZP2DFIEANRY PAnb, 7 o ad/b AR
WHETH I EASBIT T 365 nm CORMNPBMBARRERIC2S LA L, ZORT
RY ~—fIERICBICEAINET AT 4 ) VA LFY ML DERBEREDORIEITK

ELFHELTVD T EWRRREN TN D,
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Figure 4-7. (A) Fluorescence emission spectra (Aex = 365 nm) of P2 dispersion in different pH at
25 °C. (B) DLS traces of P2 dispersion in different pH at 25 °C (the polymer concentration: 2 g/L).

BRD L ST AT VUV BHBNEA IF =D I E -CN-BEERL LT, &R
HFFr~DY H o Eh2/HBNETu b T2 E—E LTEIK, ThwiAIVE -
C=N- 1378 N EZEHDVEIEBA A EXF L — METE DD INOLREIC X 2E0EH
i pH REBA AV ETH B2 BN,

ZZTpH OR% P2 I A GBIRE AR Lﬁ%%@]@%{t%i@oﬁ:o HorLH HCl 5
UM NH; T pH Z 7% L7-/KIZ DMSO I[ZIEfiF S 7 P2 2 T S8, £ Th pH2.2 & pH10.2
DYEE % FB L=, Figure 4-7A \ZR LTz X 512, #MFREET pH7.0 & pH10.2 TRICETH -
7=d5, pH2.2 THHE L EE Lz, THhIEB LA I 5 -C=N- D71 b AL LY R
BEELTWETA 74 Ve IV —VEO na MEERAPHE 2O THD, FFE
\Z pH DR BT TO BNV OFAESFEREE DLS JIFEIC X 0l L7z, 2 B/VERIET
M (pH7.0) L HEM: (pH10.2) TIXZENEH 33 nm & 25nm LiF L A EERER R Do IDITH
LT, EEMESHE (pH2.2) T278 nm TR L, ZOEKIZ=T- =L I BAFIZEBNT,
BkE7Tny 7RO 7o hAbEh N=C-ERBKMET 7 v 7 FL0 - HE(ER & Bk

BERBE T LICEELTWA L EX BbND, 7. aTHAOTE AL X AHERREN
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THERSET S, FHRGCEROEREZRI LB bNE, 20X 7% pH FRHEOE:
A oGO P2 DEYREIT Figure S4-10A O X 5 ICBMEL M TR E B LR BTz, pH2.2 DR
21T A 500 nom TOBBEROELEHRD L, BRORR TYT TIZ 15% & REBEVWEZR LT
WA, ¥ LTEIRICEIT S pHT.0 & pHI02 &M TiX, & HIZK 90%DEmWERELR LT,
JNE3 A & pH2.2 Tl 31 °C THEICHE L, pH7.0 TIiX 38 °C T 74%E T LEREPMET
L7, ¥77 pH10.2 TiX 36°C T 84% % THEBMEIMET L7z, DX D28 %L LCST LA RN
LU HE1E. BV pH TV /AERI B, | pH TIEE Y RERIBMITR o720
PNIPAM FER Y = —TIHXZ D L 572 pH ISEIZ K ABUSEDELITR b e -Te, MAT
IR A2 N LTI IE R 23 pH2.2 C pH7.0 & pH10.2 X V& L7z (Figure S4-10B),
TOETYH pHIC X AEEN RTINS, BKkET vy 7 ORMBEHIZT o X LTTH T4 ) /A
I LR A S P2 i RN Y v —HE RV RR 5% pH L BUTISET HFEE
MES T ThBERRMTTOND, 26D T+ IR BV RAEFBELETA T4 ok
A IE VBRI AEMBENEY L MAEERICZ o TREL, 201 I K -
C=N- E+DOEEIZL DT TAZ—BRAEOROHEE ZH > TS %52, I -C=N- &
S b TBRETAE T4V e A IEY A HED en FAEEAZIEE LELRENTH 2D
ZIHIEF S NITA T E Y VIR T DRI R E LTS 2 E Y LRI R R
TEE LR WEHTEREITH Y HEM C=N- ICL > T r b BT TRBBITA &

OWMEMERZETHZENLERA AV LD Y —BRICHIFES RIS,

434 T VU LBEREY—L LTOKE

FAT 4 ) o PASEREREDSESERT /v 2@ THERRRE SN TE %%, 2
B )L IR TAT 4V v (T) [TEBERG T TH->Th Pl & L— b EJERL
TARIENTEDW TPAT NORDILE LIZEERDIEHRS AL 2D, £leT747 4D
VEET A L TERDERA A BRE S EEHEA THEIIIC ST VY AERETE D
MBS CX 3, P2OREMELEBI T AL L OBRERET 2720, P ED P2-DMSO

VR & B 7 2.5 mM BEES BKIRIR (Agh, Ba?', Zn?*, Cu?, Pd*) IS T 9562 &2k V P2 2
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Figure 4-8. (A) Fluorescence emission spectra (Aex = 365 nm) of micellar dispersion of P2 (2 g/L) in

the presence of 2.5 mM metal acetate at room temperature. (B) Photographs of the dispersions.

B EIR AR LTz, Figure4-8 IR L72DIE P2 L @B OREIRICEIT HHENREDORERT
b5, ZIZTiXAg,Ba?, Zn?, Cu i L RORMEAT DRF B RO DM, KR P TIRELIC
MY L7, Agh, Ba?, Zn®, C*NEEND I EASEIRKIZERMKE L THBENILALE
bod, LG LAV (Figure 4-8B), LaL, P EIBA LIS, RP TIZENEICEHATRE
DR L., Zhb% 45 °C £ TEG 5 & 7 /WTERL LI BEERTER TS (Figure S4-11A),
LBA A LML LT=% D PNIPAM v = VBIEEDOLTRBEVEUSEMZRI TS Z LAH
kb, PHERALIZEEZOP ITSIRIEBREZLEC DM, ZOROLEYM%Z SEM TBET S
CEREMN 200 nm BEOo v RIREEEZ - TW5AD Z EAVRE T2 (Figure S4-11B), ZiuiET
F74 ) UEELHBEERTS Pd BILVELORBAOKREZHE) ZL TRELILLEER
5D, EVEZNIE, P2IIPAHEELBSEZRRMA TS EWVWAD, R EPAA T U %
BATAZAILVZIIE P2 OHECHEBME o R cKEREEL S5 2, P2 OHCHBR(LEIC
P&*ZFMT 5 & T-PA-T BRI RY ~—#HNBLUOR Y ~—#HE TEL I BV RORIELFH
BT AARENLR DD, WThORKEZREELTH, 7474V A IFY— VD nn
HER#HDIEVBEELZVTAD 7 VI Xy BVAIREET S,
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IO P2 OEBREAREIX Pd A A BV —L LTHIATE 2RMREMZ R LTV, T
P2 2 L4 BOEIZISIREE o PA(IT) (0.025 mM, 5.6 ppm) & HIBHITHZ L AHALE, ZOF
W2 BE T P2/Pd SBIRICIERIZAE LT, ERMZ T T I BAOBEEMER L, P22
mg/mL)/Pd (0.025 mM) ¥EFDIENL%E SEMICL W EBET I L, WilEF v A b LEERE
M TR TERL L B 100nm DKED I EARSE L TWA Z L2349 H5 (Figure S4-11C),
P2 DHDFNZ T P2 (2 mg/mL)/Pd (0.025 mM) I E/VATROENIEE X 20%E2E £ TIET
T5, ZOXIICHERENT oy 7 EAE P2 OENIT PAID) BEE LRITHIEON™IZ,
PA(I) Z23¥MN X ALIX"OFF” & 72 5 ”ON/OFFBEREZ K278, KHPIZBIT D Pd A A DT
H—L LTORWBREOOE 2225 L EX BN 5 (Figure S4-11D),

P2 2 BEAVDEBIODRDT, Pd A A2 ORIEM & BEM E W 5 BMONEIT K X 2Bk R,
Figure S4-12A TIX Pd A A OHETMIZ L 5 I A HBIROE{LE EE L SEM Ef§ TR L7,
Pd A > OHBEFMZ L2 P2/Pd 2 E/VRIEIZH G CORE L P2 2EURIZ Pd A A2 (2.5
mM) ZHETFT5ZLTELN, BEIZA LV PROEBRBPER LTz, Z DERAIT theophylline
[PA(DEEAE D AFRIT X 5 A[HEIEEE (400-500nm) TORINTH 2 ¥, ZOE%E SEM (2 X 0 #l

BTHL, Z7AN—RORy NI—IBBESh, ZOT7 7 A4 N33R I A RILREE

(A) 1000 (B) =
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= 800 - '
g
-
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Figure 4-9. (A) Fluorescence emission spectra (Aex = 365 nm) of micellar dispersions P2 (2 g/L)
containing mixed metal acetates (Ag®, Zn**, Cu** and Pd**, each ion is 0.025 mM) at room
temperature. (B) photographs of the dispersions of P2 with and without metal acetates under
ambient (top) and under UV light irradiation (bottom).
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T A CHEFERE A B> TV D, BELL, ZOBETEIIEVRAFEST LT L7 4
R IE X LU— MET B LTI AMORE AR T, OB I B A
BT 5 21, E72 Pd A A VBEAAEIC LT 0.025 mM (5.6 ppm) DEFTITI P2 It
IS BORICTRIN L1214 b TRBR SRR L 72y > 72 (Figure S4-12B), LaxL, B AREDT I 7
S UV IES—VBREN PAA L X L—METHZ LT, BNAREIL P2 DHDOLD
2T 9% E TR T L7 (Figure $4-12C), P2 K'Y = —@ Pd BHPWEDFL AT 5 70 £ T4
BA F L BEAS LIERIE TOMICRE DR E B LT, Figure4-9A 127118 Y | Ag', Zn?,

C'ZIRE LT EBEIROBAT P2 OBIREIL 4% E TET L, X LTZ03EOER
A Z M2 T, P (0.025mM) ZIEA SH TEMHELITI & 8.7%E THOGMEMET L7z,
T OWEONEITHSCPAA AV EFMLIEZ T X2 TH D, Pd % Ag'. Zn* | Cu®*
CIRA L7=BE. P2ITBIAIC Pd 2583k L CIEYEL TV 2, Figure4-9B (TR L 725 H T Pd**
EINZ A LM TRWEETUV BFIZ X DR EDESVR P EZL AR THRE

SHEHIELTWDZ ENGhd,

99



4.4 B

ARG O R BN 7 1 v 7 JE AR PVB(T/D)-5-PNIPAM 237K 1 CTEYpH )i
RE L, PO TV A A AORET AL b eWE L, 20T 1y 7 AR
e p- BB TIER L BAREDT AT 4V HDNIEA IE Y= E DT N TRIED
57 DIEHBERRARNFOORNERT, A—BoTHNOT AT 4 V& A I FY — V[
THEULD on MAMERITERSEEERICEN LR 470, UV B T THRIZIET D,
I OFEEM T a v 7 RESEITBAMER T 2 v 7 L BUKIEOBYSENE PNIPAM 257210 |
AMEBAETTa 7oz~ BEMARET 2, 2713 pH E&BA A I bInET D%
WFNMET 11 v 7 THERE L, ¥ = VBT EYSENE PNIPAM THLD, L7ch-> T, 2O &b
6. B pH, BRA AL L NTFIIRETH I ENTE D, ZITEERDIII EADNERE
A A VREEETIAE LTZEA, HCPd A AV —L LTEE UV RE T TIEFELL
W E WS RRETHD, ZOMEKIET AT ¢ U VERENWSNNIZ T VT L~DRALHET) &
FELTWAZ EITHEL, ZICL YT AT 4 U v/A I8 — A OFRIEERML (FREF) 23Rk
FTAEDTHDH, =2 THRASNIR LI o A ¥V —AFEEREL R ~—/IEHITEA
T3 I L TEEEME A L S D TOBITH B, PVBT/I-b-PNIPAM & D e 73 F 13 HUGE
PEAMERE LT, IR M, Bo YRl 07 Y r—3a UaDISHERESIIDRRD

TEDTEDIRAT—MMEIOOEDENZ B,
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4.5 Support information

PVBT74 DA Fk: PVBCr4 (0.10 g, Mw: 11300, molci: 0.66 mmol),  theophylline (119 mg, 0.66 mmol),
K2COs (91 mg, 0.66 mmol),  KI (109 mg, 0.66 mmol) % 30 mL F~A 7 F A= |Z& Y BtY DMF (10
mL) ([CYEMRSH7-%. 80 °C T 24 BEIRIG S ¥ 7c, BIRE TERRICHA AL K/AF ) —
BAW (viv=1/1) QB SEELTBYEZEIR L, [ UH#EEZ 3 B0 IR L TRE L
BITWMETER ST EAKMKRES,  (vield: 189 mg, 97%, Conv.: Theo = 97%)

PNIPAMs34 D& F: NIPAM (6.00 g, 53.0 mmol), 2-(2-Cyanopropyl)dithiobenzoate (14.5 mg, 68 umol),
AIBN (2.9 mg, 18 pmol) & 1,4-dioxane (18.0 g, 75wt%) % ¥ = L'V 7 FIZ& Y BV EREMRT 5
Ol L, BRE-E-BARRIES 3 E R L CREBEEE{T o720 HIz 70°C T 21 R0
Rt %1T o o, BOGHEIE THE THABR LiBRI72 n-~F ¥ Al T Ui, kO FILERRER Z 3 [H
fTo =D bICE % 40°C TMEWREHE S EHEMREZS/-, (Yield: 2.2 PDI: 1.392) 7

PNIPAM O EA I b HATOEKEZ 'THNMR HIE L TE-REEND., U Tols{bREIZ L

DRDT=,
" cocl,
';-_
ajf:a
o d [ d . b+b’
= c!
- WU ml)'J | .
70 €0 ) 40 10 0 10
| [ | |
] &1 5
X pars per Mllica : 1H
c‘
Cc
N b m
d /\[r \F -
o
s
NIPAM PNIPAM
Iexmany 1.00
Yonipany = i X100 = —————— X100 =41.9%
(NIPAM*PNIPAM) 1.39+1.00
NIPAM
mol ratio
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at80°C at 65 °C at 80 °C

| in Dioxane in Dioxane in Dioxane Eé

vBC PVBC-CMB PVBC-b-PNIPAM-CMB PVBC-b-PNIPAM

&) owernmy Nc%{@ mm '%Q 3,@

Scheme S4-1. Synthesis of diblock copolymers

Table S4-1 Synthesis and characterization data of diblock copolymers

. . Mn(NMR) Mn(GPC) 2) Conv.”
Sample Feed ratio R time (h) (ke/mol) _ (k/mol) Mw/Mn' %)
PVBC;:-CMB [VBC)/[CMBJ/[AIBN] = 100/1/0.25 21 11 12 1.15 74
PVBC-b-PNIPAM;g:-CMB  [NIPAMJ/[CTAJ/[AIBN] = 1000/1/0.3 6 55 76 1.26 38
PVBC1-b-PNIPAM;s3 [PVBC-b-PNIPAM-CMBJ/[BPO] =1/20 1 55 99 1.61
a) As determined by GPC.b) Calculated by using the 'H NMR data.
e
c
c
- b
e H
b
e
Y 4
d L
c c
© | b a | » QIS
J » é'%l} S
e b H
i ad c é\e
(B) 1.0 f 2.59 M . 2
Py c 3 1
743 o »s(@
“ M [V
oA : a c

T r v Ll T

8.2 7.2 8 6 5 4 3 2 1 0
Chemical Shift (ppm)
1.0 743
DP of PVBC,, : = T En
2H 2H
1.0 2.59
DP of PNIPAM,, : = T4 :m
2H 1H

Figure S4-1. 'H NMR spectra of (A) PVBC,,-CMB, (B) PVBC,,-b-PNIPAM,,-CMB, (C)
PVBC,,-b-PNIPAM,, in CDCI, at 25 °C, and calculation of DP of the polymers by integrated

ratio of the selected protons.
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—— PVBC,,-CMB
—— PVBC;,-b-PNIPAM:-CMB
. PVBCu'b‘PNIPAMgga

T T T T T T E 1

8 10 y 14 16
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Figure S4-2. GPC profiles of the PVBC,,-CMB homopolymer and the PVBC,,-b-PNIPAM,, (P0)
block copolymer.
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4.00.
35—
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LWz
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I
I —
e XA
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Figure S4-3. Calculation of introduction ratio of theophylline (P1) by integrated ratio analysis method

from the characteristic peaks.
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Figure S4-4. 'H NMR spectra of (a) PO ~ P3 in CDCI, and (b) P3 (blue line) and PO (black line) in

DMSO-g46 at 25 °C.
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Figure S4-5. UV-vis spectra of theophylline and imidazole in CHCI, at 25 °C.
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Figure S4-6. 'HNMR spectra of P1 in D,O conducted at different temperature.
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Figure S4-7. PL spectra (hex = 345 nm) of theophylline (solid state and aqueous solution,

2 g/L).
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Figure S4-8. Fluorescence and excitation spectra of (A) PVB(T/I)-b-PNIPAM series solution
(in water, 2 g/L), (B) P2 in different solvent (2 g/L) and (C) P2 in aqueous dispersion (2 g/L)

and in CHCl, solution at rt. Fluorescence spectra of (D) P2 in aqueous dispersion (2 g/L) and

the solution of theophylline-imidazole mixture (mol ratio = 7:3), (E) P1 dispersion containing

imidazole in different concentration and (F) P1 and P3 mixed aqueous dispersion (2 g/L).
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Figure S4-9. (A) Fluorescence and excitation spectra of PVB(T/I)74 series solution (in water, 2
g/L), (B) Solid-state UV/Vis spectra of P1, P2, PVB(T/I)74 and theophylline molecule.
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Figure S4-10. (A) The relationship between transmittance of aqueous dispersion of P2 (2 g/L)
at different pH and temperature at A = 500 nm. (B) Excitation spectra of aqueous dispersion of
P2 (2 g/L) at different pH.
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Figure S4-11. (A) Photographs of aqueous dispersion of P2/Pd”" (2.5 mM) at different
temperature. SEM images of P2/Pd”" (B: Pd**=2.5 mM, C: Pd**=0.025 mM) prepared at

room temperature. (D) Fluorescence emission spectra (Aex = 365 nm) of aqueous dispersion

P2(2 g/L);"Pd2+ containing 2.5 mM or 0.025 mM palladium acetate at rt.
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Figure S4-12. SEM image and photographs of P2 dispersion after post-addition of pd*’ (A: 2.5

mM, B: 0.025 mM) at room temperature. (C) Fluorescence emission spectra (Aex = 365 nm) of P2

dispersions (2 g/L) containing 0.025 mM palladium acetate at rt.
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